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STUDIES ON THE OLIGOSACCHARIDE-DECOMPOSING 
ACTIVITY OF YEASTS

By

E.  K .  N o v a k

State In stitu te  o f  H ygiene , Budapest 

(R eceived  O c to b er 31, 1959)

Sum m ary. The f i r s t  step  of ra ffin o se , lac to se , saccharose, m altose  fe rm e n ta tio n , i. e. th e  
c leavage  o f these  oligosaccharides hav e  b e en  s tu d ied  in  Saccharomyces carlsbergensis and  Candida  
pseudolropicalis. L ive o r ace to n e -trea te d  cells a n d  cell-free  hom ogenates w ere used fo r th ese  
stu d ies . T he fe rm e n ta tio n  process w as fo llow ed b y  p a p e r  ch ro m ato g rap h y .

I t  was s ta te d  t h a t  S. carlsbergensis c leav ed  ra ffin o se  and  saccharose  e x tra ce llu la rly  a n d  
o n ly  th e  m onosaccharides w ere ta k e n  u p  b y  th e  l iv in g  cells. The cleavage o f ra ffin o se  ap p eared  
to  be  a stepw ise  p rocedure  as th e  c leavage  o f m elib iose  s ta rte d  on ly  a f te r  th e  to ta l  ra ffin o se  
a v a ilab le  h a d  been  used  up . W e fa iled  in  d e m o n s tra tin g  th e  ex trace llu la r c leavage  of m altose . 
Su ch  a process was o bserved  on ly  in  a c e to n e -tre a te d  S . carlsbergensis cells. L ac to se  was re ad ily  
ta k e n  u p  b y  Candida pseudotropicalis a n d  c leav ag e  w as on ly  p resen t in  ace to n ized  or hom oge
n ized  cells.

P re -fe rm e n ta tio n  h y dro lysis o f o lig o sacch arid es has been d e m o n s tra te d  in  th e  e x p e ri
m en ts  a n d  suggestions a re  m ad e  as to  th e  possib le  ce llu la r localization  o f  th is  process.

The  ex am in a tio n  of th e  su g ar fe rm e n ta tio n  of yeasts is o f b o th  tax o n o m 
ic an d  physiologic im p o rtan ce , since th e  fe rm en ta tio n  of c e r ta in  mono- and  
oligosaccharides allows taxo n o m ic  conclusions to  be d raw n [1], while from  a 
physio logical p o in t of view  i t  supplies in fo rm a tio n  abou t the  p e rm ea tio n , decom 
p o sitio n  an d  u tiliza tio n  as ca rbon  a n d  energy  sources of th e  sam e substances [2]. 
T h u s th e  form er reg isters only th e  f in a l re su lt, while th e  l a t te r  exam ines th e  
m echan ism s as well.

I n  physio logical stud ies, a f te r  h a v in g  discovered the  m echan ism  one m ay  
a t te m p t  to  in fluence  th e  processes b o th  n eg a tiv e ly  and p o sitiv e ly  and  one m ay  
ex am in e  th e  fac to rs  enhancing  or in h ib itin g  th e  m etabo lism  o f y east cells.

In  ou r la b o ra to ry  we h av e  s tu d ie d  th e  possible role of c e r ta in  chronically  
ad m in is te red  drugs in  p rovok ing  endogenous mycoses or in  increasing  th e  
se v e rity  of an  ac tu a l m ycotic  p rocess b y  enhanc ing  the  m e tab o lism  of p a th o 
genic y eas ts , p a r tic u la rly  Candida albicans. As a firs t s tep  o f  th is  w ork th e  
in fluence  of th e  above substances on th e  m etabo lism  of fung i, p a rtic u la rly  th e  
su g a r  fe rm en ta tio n  of y easts  w as ex am in ed  [3]. In  order to  specify  th e  site  o f 
ac tio n  in  th e  sequence o f reac tio n s, we s ta r te d  w ith  th e  ex am in a tio n  of th e  
f ir s t  s tep  of o ligosaccharide fe rm e n ta tio n , i. e. th e ir  cleavage to  m onosaccha
rides. T he p resen t p a p e r  sum m arizes ou r genera l observations.

1 Acta Microbiologica VIII/1.
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Materials and methods

T he ex am in a tio n s  w ere perform ed w ith  th e  tr i-  and  d isacch arid es raffinose , lac to se»  
saccharose  and m alto se . T h e  decom position o f ra ffin o se , saccharose a n d  m altose  was e x a m in e d  
w ith  Saccharomyces carlsbergensis, th a t  o f lac to se  w ith  Candida pseudotropicalis. T he e x p e r i 
m e n ts  were perfo rm ed  b o th  w ith  live  an d  a ce to n e -trea te d  cells, a n d  cell-free h o m o g en a tes . 
T h e  changes tak in g  p la c e  d u rin g  u tiliza tio n  o f th e  sugars w ere fo llow ed  b y  p ap er c h ro m a to 
g ra p h y  in  every  case.

Fungus s tra in s  w ere  cu ltiv a ted  in  R o u x  flask s on  th e  m olasses ag ar of Csilla g  [4]» 
in c u b a tin g  for 4 d ay s a t  ro o m  tem p era tu re . D e ta ils  o f fu r th e r  t r e a tm e n t  o f the  cu ltu res  a re  
g iv en  in  F ig . 1. C e n trifu g a tio n  w as perform ed a t  4000 rp m . fo r 30 m in u te s . F o r acetone t r e a t 
m e n t cold ( + 4 °  C) a ce to n e  w as used. The cell sed im en t was re su sp en d ed  b y  a stepw ise a d d it io n  
o f  a n  equal volum e o f  ace to n e . The acetone t re a tm e n t  las ted  10 m in u te s  on  every  o ccasio n . 
F o r  hom ogenization  c en tr ifu g e d  cells cooled to  + 4 °  C were g ro u n d  w ith  a double v o lu m e o f  
q u a r tz  sand for 10 m in u te s ;  b o th  th e  g r in d e r a n d  th e  sand  w ere cooled. Live cells, a ce to n e  
p o w d er and h o m o g en a tes  w ere suspended in  th e  sam e vo lum e o f  p h o sp h a te  b u ffe r  e a c h .  
M /15 p H  7.2 p h o sp h a te  b u ffe r  was used th ro u g h o u t. The hom o g en a te  w as cen trifuged  a t  a b o u t  
6000 rp m . for 30 m in u te s  in  o rder to  fa c ili ta te  G— 5 f iltra tio n . T h e  m a te ria l  was in c u b a te d  in  
a  1 p e r cen t sugar so lu tio n  ex cep t for ra ffin o se  w h ich  was used  in  a  2 p e r  cen t co n ce n tra tio n  ; 
sam p les were tak e n  a t  c e r ta in  in te rv a ls . T he q u a n ti ty  o f th e  in o cu lu m  w as changed b y  d i lu t in g  
th e  m ate ria l in  o rd e r to  accele ra te  or slow dow n  th e  process. T h e  a c tu a l  q u an titie s  o f  y e a s t  
u se d  in  th e  single e x p e rim e n ts  are given in  th e  leg en d  to  th e  F ig u re s . In cu b a tio n  vo lum e w a s  
3 m l each, in  W idal tu b e s . A t c e rta in  in te rv a ls  a n  a liq u o t p a r t  w as rem oved  and  fe rm e n ta tio n  
sto p p ed  b y  exposure to  100° C for 2 m inu tes in  a  w a te r  b a th . T he m a te r ia l  was cen trifu g ed  a n d  
fro m  th e  su p e rn a ta n t 20 f i \  sam ples were tra n s fe rre d  b y  m eans o f  a  m ic ro p ip ette  to  th e  c h ro 
m ato g rap h y  p ap er. T h e  schem e of th e  p ro ced u re  is show n in  F ig . 1.

Paper c h ro m a to g ra p h y  was perform ed accord ing  to  o u r ow n m eth o d  [5] using  a s o lv e n t  
m ix tu re  generally  a p p lie d  fo r th e  sep ara tio n  o f o rg an ic  acids (b u tan o l-g lac ia l acetic  a c id -w a te r  =  
=  4 : 1 : 1 ) .  The ascen d in g  techn ique  w as a p p lie d  for 24 ho u rs  u s in g  a n  unspecified  lo t  o f  
m ed iu m  tig h t f i ltre  p a p e r .  D eveloping w as c a rried  o u t a f te r  a  b en z id in e  spray  in  fu r fu ro l  
v a p o u r  w ith o u t h e a tin g  [5].

m olasses ag ar cu ltu res R o u x  flask s
l

w ashing  w ith  iso ton ic  N aC l
I

cen tr ifu g a tio n
-!•
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I
phosphate  b u ffer

-----------c e n tr ifu g a tio n
Ф

acetone tre a tm e n t and  c en trifu g a tio n  
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l
d ry in g

Ф
p h o sp h a te  buffer

fe rm e n ta tio n
Ф

h ea t in ac tiv a tio n  an d  cen trifu g a tio n
I

c h ro m a to g ra p h y  -------------

hom ogenization
•1

phosphate  b u ife r

. *cen trifugation
I

G— 5 f iltra tio n
I

I

L

live cells a ce to n e -trea ted  cells 

Fig. 1. P ro ced u re
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Experim ental

The resu lts  o f th e  ex p erim en ts  a re  p resen ted  in  th e  ch ro m ato g ram s.
R affinose decomposition  of th e  live cells is p resen ted  on th e  ch ro m a to 

g ram s in  F igs. 2a, 6, c.
The ch rom atog ram s show th e  e x tra c e llu la r  and stepw ise ch a ra c te r  o f r a f 

finose decom position . F ructose, th e  sp lit p ro d u c t of ra ffinose  decom position  
d id  n o t appear on th e  ch rom atog ram s, i t  w as p robab ly  im m e d ia te ly  ta k e n  up  
b y  th e  cells. B y using  3 d ifferent sizes of inocu lum  the  3 phases  o f th e  process 
cou ld  be d e m o n s tra te d  sep ara te ly . T he f i r s t  step  was th e  decom position  o f  
ra ffin o se  to  m clibiose and  the  th ird  th e  u tiliz a tio n  of g a lac to se  or glucose. 
E v e ry  step  was p receded  by th e  c o n su m p tio n  of the  su b s tra te  availab le  from  
th e  p rev ious phase o f th e  process.

The raffinose decom posing a c t iv i ty  o f  th e  ace to n e -trea ted  cells is show n 
in  F ig . 3a, b.

R affinose decom position  w as s tep w ise  in  ace to n e -trea ted  cells as well. 
In  th is  case i t  w as possible to  d e m o n s tra te  fructose. M oreover, b y  app ly ing  a 
h ea v y  inoculum  (F ig . 36) the  sy n th es is  o f a sugar-like m a te ria l o f  low  R e v a lu e  
w as observed. T he s tre tch ed -o u t sp o ts  in  th e  m iddle of th e  ch ro m a to g ram  
suggested  a sim u ltan eo u s presence o f  b o th  glucose and g a lac tose .

The resu lts  ach ieved  w ith  th e  cell-free hom ogenates a re  p resen ted  in  
F ig . 4 a , 6.

The stepw ise cleavage was ob v io u s h e re , too , and  th e  sy n th esis  of th e  
sugar-like m a te ria l could also be o b serv ed .

Lactose u tiliza tion  of the live cells is p re sen ted  on Fig. 5.
Fig. 5 d em o n stra te s  the  fac t t h a t  la c to se  is ta k e n  up b y  th e  cells w ith o u t 

c leavage.
T he lactose decom posing a c tiv i ty  o f th e  ace to n e-trea ted  cells is dem on

s tra te d  on Fig. 6.
A fte r acetone tre a tm e n t th e  la c to se  decom posing  a c tiv ity  becam e e x tra 

cellu lar. The ch ro m ato g ram  suggests a re -sy n th es is  of lactose.
The lactose decom posing a c tiv i ty  of th e  cell-free h o m ogenate  is dem on

s tra te d  on Fig. 7.
In  th e  cell-free hom ogenate a g a in  a re -sy n th esis  of lac tose  an d  syn thesis 

o f a sugar-like m a te r ia l is observed.
Sucrose decomposition  by  live cells is p re se n te d  on Fig. 8a, 6.
T he saccharose inversion  b y  liv e  cells is ex trace llu lar.
T he sucrose-decom posing a c tiv ity  o f ac e to n e -trea ted  cells is d em o n stra ted  

on F igs. 9a, 6. 14 an d  15.
A cetone t r e a tm e n t  had  no in flu en ce  on sucrose cleavage. I n  experim en ts 

w ith  a heavy  in ocu lum  (Fig. 96) th e  sy n th e s is  o f a sugar-like m a te r ia l  ensued 
also u n d e r these  cond itions. A fter 72 h o u rs  (an d  p a rtly  also a f te r  48 hours) 
glucose an d  fructose  ap p eared  as sp lit p ro d u c ts  o f th e  n ew ly -sy n th e tized  sugar.
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Fig. 2a, b, c. P a p e r c h ro m a to g ram  of ra ffin o se  decom position  b y  liv e  Saccharomyces carlsber- 
gensis cells (d raw in g  from  th e  o r ig in a l)

a )  C ontrols: le f t m elib iose , r ig h t  glucose an d  g a lactose . The f ig u res  on  th e  s ta r t  line d e m o n s tra te  
th e  sam pling  in te rv a ls  in  hours following in o cu la tio n . In ocu lum : 5 m g o f live  cells (w et w e ig h t)
b)  C ontrol: glucose, r ig h t .  T he figures on  th e  s ta r t  line  d e m o n s tra te  th e  sam pling in te rv a ls  in

hours fo llow ing  inocu la tion . In o c u lu m : 50 mg of liv e  cells (w et w eight)
c)  L e ft: ra ffinose , m elib iose  and  cell suspension  con tro ls. R ig h t: f ru c to se , glucose a n d  g a lac to se  
co n tro ls. T he f ig u res  on  th e  s ta r t  line  d e m o n s tra te  th e  sam p lin g  in te rv a ls  in  hours fo llow ing

in o cu la tio n . In ocu lum : 2 g o f live cells (w e t w e ig h t)

Fig. 3a, b. P a p e r c h ro m a to g ra m  of ra ffin o se  decom position  b y  a ce to n e -trea ted  Saccharomyces 
carlsbergensis cells (d raw in g  from  th e  o rig in a l)

a )  R ig h t: glucose a n d  galactose  controls. T he fig u res on th e  s ta r t  lin e  dem onstra te  th e  sam p lin g  
in te rv a ls  in  hours fo llow ing  inocu lation  (0 to  48 hours). In o cu lu m : ace to n e-trea ted  cells (50 m g

live  w e t w eigh t)
b)  L eft: ra ffin o se , m elib iose  and cell suspension  contro ls. R ig h t:  fru c to se , glucose a n d  g a lac to se  
co n tro ls . T he f ig u re s  on  th e  s ta r t  line  d e m o n s tra te  th e  sam p lin g  in te rv a ls  in  hours fo llow ing

in o c u la tio n . Inoculum : a ce to n e -trea te d  cells (2 g liv e  w e t w eight)
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T he sucrose-decom posing a c tiv ity  of th e  cell-free h o m ogenate  is d em o n 
s tr a te d  on  F ig . 10a, b.

Sucrose cleavage was accom plished  accord ing ly  also b y  a cell-free ho m o 
g ena te .

H e a v y  in ocu la  were passed  th ro u g h  a Seitz filtre  in s te a d  o f a G-5 f i l t r e  
an d  co n seq u en tly  —  as observed  u n d e r th e  m icroscope —  c e rta in  cell p a rtic le s  
passed  in to  th e  f i l tra te , th o u g h  no presence o f u ndam aged  cells could be de-
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F ig .4 a ,b .  P a p e r ch ro m ato g ram  Tof ra ffin o se  decom position  b y  a cell-free  hom ogenate  o f  
Saccharomyces carlsbergensis (d raw ing  from  th e  orig ina l)

a )  T he f ig u res on  th e  s ta r t  line d em o n s tra te  th e  sam p lin g  in te rv a ls  follow ing in o cu la tio n  fro m
0 to  24 hours. Inocu lum : hom ogenized cells (50 m g live w e t w e ig h t)

b) L e ft: ra ffinose , m elib iose and  cell suspension con tro ls. R ig h t: fructose, glucose an d  g a lac to se  
co n tro ls. T he fig u res on  th e  s ta r t  line  d e m o n s tra te  th e  sam pling  in te rv a ls  in  h o u rs  follow ing

in o cu la tio n . Inocu lum : hom ogenized  cells (2 g live  w et w eigh t)

te c te d . T he presence of these cell pa rtic le s  acco u n ted  fo r th e  d isap p earan ce  
o f  m onosaccharide  com ponents from  th e  so lu tion . T he sy n th esis  o f a su g a r 
w as also en co u n te red  in  th is  case, w hich  w as how ever u tilized  la te r .

M altose-decomposing activity  o f live cells is d e m o n s tra te d  on Fig. 11a, b. 
T he m alto se  u p ta k e  of live cells is a slow process an d  free glucose could  

be d e m o n s tra te d  in  only  one case w ith  a h eav y  inoculum .

Fig. 5. L ac tose  decom position  b y  live  Candida pseudotropicalis cells (d raw ing  from  th e  o rig ina l) 
L eft: lac tose  an d  cell suspension contro ls. R ig h t:  glucose an d  galactose  c o n tro ls . T he figu res 
o n  th e  s ta r t  lin e  d e m o n s tra te  th e  sam pling  in te rv a ls  in  h o u rs  follow ing in o cu la tio n  from  0 to  

72 hours. In o cu lu m : 2 g live  cells (w et w e ig h t)
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F ig . 6. L actose d eco m p o sitio n  by  a c e to n e -tre a te d  Candida pseudotropicalis cells (d raw ing
fro m  th e  o rig in a l)

L e ft:  lac tose  and  cell suspension  contro ls. R ig h t:  glucose a n d  ga lactose  con tro ls. T he f ig u res  
on  th e  s ta r t  line d e m o n s tra te  the  sam pling  in te rv a ls  in  hours follow ing in o cu la tio n . In o cu lu m : 

ace to n e-trea ted  cells  (2 g live w et w e ig h t)

F ig . 7. L actose d eco m p o sitio n  b y  a cell-free  h o m o g en a te  o f Candida pseudotropicalis (d raw in g
fro m  th e  o rig ina l)

L e ft:  lac tose  and  ce ll suspension con tro ls. R ig h t:  glucose a n d  ga lactose  con tro ls. T he fig u res 
on  th e  s ta r t  line  d e m o n s tra te  the  sam pling  in te rv a ls  in  hours fo llow ing in o cu la tio n . In o cu lu m  : 

hom ogenized cells (2 g live  w et w e ig h t)

©
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F ig . 8a , b. Sucrose decom position  by  liv e  Saccharomyces carlsbergensis cells (d raw ing  from  th e
o rig in a l)

a )  L e ft: sucrose c o n tro l.  R ig h t: glucose a n d  fru c to se  con tro ls. T he figu res on th e  s ta r t  line  
d em o n s tra te  th e  sa m p lin g  in te rvals in  h o u rs  fo llow ing in o cu la tio n . In ocu lum : 50 m g live  cells

(w e t w e ig h t)
b) L e ft: sucrose a n d  cell suspension c o n tro ls . R ig h t:  glucose a n d  fructose  con tro ls. T he figu res 
on  th e  s ta r t  lin e  d e m o n s tra te  th e  sam p lin g  in te rv a ls  in  hours fo llow ing in o cu la tio n  (0 to  72

hours). In ocu lum : 2 g liv e  cells (w et w eigh t)
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F ig. 9a, b. sucrose deco m p o sitio n  by  a c e to n e - tre a te d  Saccharomyces carlsbergensis cells (d ra w 
ing fro m  th e  o rig ina l)

a)  L e ft: sucrose c o n tro l. R ig h t: glucose a n d  fru c to se  con tro ls. T he fig u res on th e  s ta r t  l in e  
d em o n s tra te  th e  sa m p lin g  in te rv a ls  in  h o u rs  fo llow ing  ino cu la tio n  (0 to  60 hours). In o cu lu m :

ace to n e-trea ted  cells  (50 m g live w e t w e ig h t)
b) L eft: sucrose an d  c e ll suspension co n tro ls . R ig h t:  glucose an d  fru c to se  contro ls. The f ig u res  
on th e  s ta r t  line  d e m o n s tra te  the  sam pling in te rv a ls  in  hours fo llow ing in o cu la tio n . In o c u lu m :

a ce to n e -trea ted  cells  (2 g liv e  w et w eigh t)
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Fig. 10a, b. Sucrose decom position  by  a  cell-free  h o m ogenate  o f Saccharomyces carlsbergensis
(draw ing fro m  th e  o rig ina l)

a )  T he fig u res on th e  s t a r t  line  dem o n stra te  th e  sam p lin g  in te rv a ls  in  h o u rs  follow ing in o cu la 
tio n  (0 to  24 h o u rs ) . Inoculum : hom o g en ized  cells (50 m g live  w e t w eigh t)

b)  L e ft: sucrose and ce ll suspension co n tro ls. R ig h t:  glucose an d  fru c to se  contro ls. T he f ig u res  
on th e  s ta r t  line  d e m o n s tra te  th e  sam pling  in te rv a ls  in  hours follow ing inocu la tio n  (0 to  24 
ho u rs). In o cu lu m : hom ogen ized  cells (2 g liv e  w e t w eigh t). In s te a d  o f G-5, Seitz  f iltre  w as u se d

T he m altose-decom posing a c tiv i ty  o f ace to n e -trea ted  cells is show n on  
Fig. 12a, b.

T he cleavage o f  m altose to  g lucose could  be d em o n stra ted  by  ap p ly in g  
a h ea v y  inoculum . T h e  synthesis o f  a sugar-like  m a te ria l w as again  observed .

T he m altose-decom posing a c tiv i ty  o f  a cell-free inocu lum  is d em o n stra ted  
on  F ig . 13.

In  th e  h o m o g en a te  passed th ro u g h  G-5 an d  Seitz f iltre s  no m altose c leav 
age could be d em o n stra ted .
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F ig . l i a , b. M altose d ecom position  b y  liv e  Saccharomyces carlsbergensis cells (d raw ing  fro m
th e  o r ig in a l)

a )  L e f t:  m altose co n tro l. R ig h t:  glucose c o n tro l. T h e  figu res on th e  s ta r t  lin e  d e m o n s tra te  th e  
sa m p lin g  in te rv a l in  h o u rs  following in o c u la tio n . In ocu lum : 50 m g liv e  cells (w et w e ig h t)
b )  L e f t :  m altose an d  ce ll suspension co n tro ls . R ig h t:  glucose co n tro ls. T he fig u res on th e  s t a r t  
l in e  d em o n s tra te  th e  sa m p lin g  in te rvals in  h o u rs  follow ing in o cu la tio n . In o cu lu m : 2 g live  cells

F ig . 12a , b. M altose decom position  b y  a c e to n e - tre a te d  Saccharomyces carlsbergensis cells
(draw ing fro m  th e  orig ina l)

a )  L e f t:  m altose c o n tro l. R ig h t: glucose c o n tro l.  T he figures on  th e  s ta r t  line  d e m o n s tra te  th e  
sa m p lin g  in te rv a ls  in  h o u rs  following in o c u la tio n  (0 to  60 hours). In o cu lu m : a c e to n e -trea te d

cells (50 m g liv e  w e t w eigh t)
b )  L e f t:  m altose a n d  ce ll suspension co n tro ls . R ig h t:  glucose co n tro l. T he fig u res on  th e  s t a r t  
l in e  d em o n stra te  th e  sam p lin g  in te rv a ls  in  h o u rs  follow ing in o cu la tio n . In o cu lu m : a ce to n e -

trea te d  cells (2 g liv e  w et w eight)

Fig. 13. M altose  d ecom position  b y  a  c e ll-  
free  hom ogenate  o f Saccharomyces ca rlsb er

gensis (d raw ing  from  th e  o r ig in a l)  
L eft: suspension 2, m altose  an d  su sp en s io n  
1. contro ls. R ig h t:  glucose co n tro ls . T h e  
fig u res on th e  s ta r t  lin e  d e m o n s tra te  th e  
sam pling  in te rv a ls  in  hours fo llow ing  i n 
ocu la tion . In o cu lu m : hom ogenized cells  (2 g 

live  w e t w e ig h t).
Suspension 1: G— 5 f il te re d  h o m o g e n a te  
Suspension 2: S e itz -filte red  h o m o g en a te
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Discussion

T he p re sen t fin d in g s concerning ra ffinose  decom position  su p p o rted  o u r 
earlier re su lts . In  th e  course of developing  ou r ch ro m ato g rap h y  m eth o d  fo r 
th e  q u ick  ex am in a tio n  of th e  fe rm en ta tio n  q u o tie n t we a lread y  observed  t h a t  
th e  3/3 raffinose fe rm en ta tio n  was a stepw ise process [5]. The f irs t sp lit p ro 
duc ts  w ere m elibiose an d  fructose. A fte r th e  u tiliz a tio n  o f fructose, m elib iose 
w as h ydro lized  to  glucose and  galactose. O f these  p ro d u c ts  glucose w as fe r 
m en ted  f irs t.

T he stepw ise c h a ra c te r  o f raffinose decom position  w as also obvious w ith  
a c e to n e -trea ted  cells an d  th e  cell-free e x tra c ts  of hom ogenates.

T he stepw ise n a tu re  of decom position  can  be ex p la ined  only on an enzym e- 
biological basis. T he possib ility  of an  a d a p tiv e  enzym e synthesis in  th e  
sequence of th e  ap p earan ce  of su b stra te s  h as  been  excluded  b y  the  re su lts  o f  
experim en ts carried  o u t w ith  ace to n e -trea ted  cells an d  cell-free hom ogenates. 
T hough  th e  stepw ise ch a ra c te r  of decom position  w as d em o n stra ted  also  in  
these  sy stem s, th e  single steps seem ed to  b e  to o  sh o rt to  p e rm it any  enzym e 
syn thesis . A ccording to  th e  genetic ex am in a tio n s b y  L o sa d a  [7] and  W in g e  
an d  R o be r t s  [8] s tra in s  w ith  e. g. gen gs (slow  galac tozym ase  sy n th e tiz e r)  
m ay  need  as m uch  as som e days to  accom plish  galac tose  fe rm en ta tio n . C on
seq u en tly , i t  is th e  enzym e synthesis an d  n o t  th e  en zy m atic  reaction  th a t  p ro 
ceeds som e orders o f m ag n itu d e  slower. In  our ex p erim en ts  th e  original p re s 
ence of th e  enzym es w as clearly  d e m o n s tra te d  b y  th e  re su lts  ob ta ined  w ith  
tre a te d  cells. N evertheless, th e  undam aged  s tru c tu re  has a ce rta in  role in  th e  
reg u la tion  o f en zy m atic  reactions, as th e  sam e q u a n ti ty  o f live m ateria l re q u ire d  
m ore tim e  for th e  process w ith  undam aged  cells th a n  w ith  ace to n e-trea ted  o r 
hom ogenized cells.

I t  w'as rem ark ab le  th a t  th e  co o rd ina tion  of th e  in d iv id u a l en zy m atic  
reactions corresponded  to  th e  stepw ise sequence o f th e  raffinose  decom position  
process of th e  in d iv id u a l ty p es , i. e. 3/3 y eas ts  ex h ib ited  f i r s t  a b ehav iou r as 
1/3 ones an d  n e x t as 2/3 ones. The above o b se rv a tio n  has suggested  th e  co rre 
spondence  o f th is  line to  th e  sequence o f ev o lu tio n  o f th e  s tra in . For th e  tim e  
being  th e re  is no  p o ssib ility  to  decide w h e th e r th e  sequence of stra in  ev o lu tio n  
follows a 1/3 to  3/3 line or vice versa . W e m ay , how ever, consider th e  p ro g 
ressive process as th e  m ore probable  one, as an  1/3 fe rm en ta tio n  m ay  be  
in itia te d  b y  th e  p resence of invertase , an  enzym e fre q u e n tly  p resen t in  
y easts .

As to  o th e r  o rgan ism s, raffinose decom position  does n o t inev itab ly  s ta r t  
wdth an  in v e rta se  effect, e. g . M icrosporum  gypseum  and  M . canis are fe rm e n t
ing  raffinose b u t  n o t sucrose [9]. The ra ffinose-decom posing  a c tiv ity  o f  
ce rta in  E . coli s tra in s  is also enhanced  b y  a -ga lac tosidase  [10], th u s  le a v 
in g  th e  sucrose in ta c t  an d  u tilizing  on ly  galactose. A t p resen t on ly  one
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y e a s t  is know n to  cleave raffinose w ith o u t invertase  b y  a -ga lac tosidase  
(m elib iase) a c tiv ity  [11]. T he sp lit-p ro d u c t galactose is ch iefly  u tilized  
b y  ox id a tio n .

T he sugar sy n th es is  b y  a c e to n e -trea ted  cells and  cell-free h o m o g en a tes  
is  n o t  su rp rising  in  th e  lig h t o f th e  d a ta  on o ligosaccharide-syn thesis b y  e x tra c ts  
w ith  hyd ro lyzing  a c tiv ity  [12], an d  th e  T a k a  d iastase p ro d u ced  from  m oulds 
is also  able to  ex h ib it tra n sfru c to s id a tio n  b y  tran sfe rrin g  th e  fru c to se  com po
n e n t o f raffinose to  a n o th e r sugar, e. g. glucose [13].

L actose is ta k e n  u p  b y  live cells w ith o u t ex trace llu lar h y d ro ly sis . H y d ro 
ly s is  m ay , how ever, be d em o n stra ted  in  th e  fe rm en ta tio n  f lu id  of ace tone- 
tr e a te d  cells and  cell-free hom ogenates. A ccordingly , lac to se  decom position  
m a y  occur e ith er w hen  passing  th ro u g h  th e  cell wall or w ith in  th e  cell. A cetone  
t r e a tm e n t  e ith er dem asques cell-wall enzym es, or —- supposing  an  in tra c e llu la r  
h y d ro ly s is  —- enhances a re-flow  of p ro d u c ts  th ro u g h  th e  d am ag ed  cell w all 
in to  th e  fe rm en ta tio n  flu id . In  th is  case th e  cleavage occurs e ith e r  a c tu a lly  
w ith in  th e  cell or b y  an  enzym e loosely b o u n d  to  th e  cell w all, w hich enzym e 
passes  in to  th e  so lu tio n  a fte r  th e  rem o v a l o f cell debris follow ing ho m o g en i
z a tio n . U p to  now  th e re  has been no ex p la n a tio n  w hy th e  sp lit p ro d u c ts  do n o t 
d isa p p e a r  from  th e  fe rm en ta tio n  f lu id  o f  ace to n e-trea ted  cells and  cell-free 
h o m o g en ates . One m ig h t suppose th e  p resence  of a co rre la tio n  betw een  th e  
ap p ea ran ce  of th e  sp littin g  a c tiv ity  an d  th e  persistence o f th e  sp lit p ro d u c ts  
in  th e  m edium .

As to  th e  m echan ism  of lactose fe rm en ta tio n , opinions s till d iffer. H y d ro 
ly s is  an d  d irec t fe rm e n ta tio n  b y  phosphoro lysis  or p h o sp h o rila tio n  b o th  h av e  
th e ir  own ex p erim en ta l proofs. T he fa c t t h a t  certa in  y e a s ts  a re  fe rm en tin g  
lac to se  qu icker th a n  th e  bu ild ing-stone  m onosaccharides [15] is no clear ev i
dence  of d irect fe rm e n ta tio n  as th e  com plex  process m ay be  in flu en ced  b y  p e r
m eab ility . More suggestive  are  th e  f in d in g s  b y  R ogosa [16], K l u y v e r  an d  
C u s t e r s  [17] an d  W il l st ä t t e r  an d  Op p e n h e im e r  [18]. A ccord ing  to  
R ogosa  [16], lac to se  w as ferm en ted  b y  a y e a s t s tra in  w hich  d id  n o t fe rm e n t 
g a lac to se  in  a galactose-glucose m ix tu re ; nevertheless i t  is s till to  be decided  
w h e th e r  th e  galac tose  w as p erm ea tin g  (a g lucose-adap ted  s tra in  being  used) 
o r  ra th e r  th e  lac to se  h a d  done so ow ing to  its  glucose co m p o n en t. I t  is well- 
k n o w n , how ever, t h a t  sugars en te r th e  cells b y  active tra n s p o r t  [18]. Cl u y v e r  
an d  Cu st e r s  [17] fo u n d  th a t  B lastodendrium  interm edium  w as n o t re sp ira tin g  
o n  lac tose , only on a glucose su b s tra te . A ccordingly th e re  is no free g lucose 
fo rm ed  in  th e  case o f lac tose  fe rm e n ta tio n , as th e  y e a s t does n o t consum e 
oxygen . W il l st ä t t e r  an d  Op p e n h e im e r  [18] s ta te d  th a t  th e  lac tase  c o n te n t 
o f  y eas ts  does n o t suffice to  ensure a h ig h e r fe rm en ta tio n  ra te  fo r lac to se  th a n  
fo r  m onosaccharides, th u s  fe rm en ta tio n  does n o t seem to  s ta r t  w ith  h y d ro ly sis . 
I n  b ac te ria  ( Streptococcus lactis) N o v ik o v a  [20, 21] fo u n d  som e p ro o f  o f 
phosphoro lysis, n am ely  lactose decom position  requ ired  p h o sp h a te , th e  lab ile
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org an ic  phosphate  c o n te n t increased an d  g lu co se -l-P  w as also u tilized  if  a d d ed  
as su b s tra te .

T he opposed v iew  is supp o rted  b y  th e  d a ta  o f R ogosa  [16], who observed  
th a t  a s tra in  a d a p te d  to  lactose, becam e s im u ltan eo u sly  a d a p te d  to  galactose 
as w ell, th ough  th e  la t t e r  sugar h ad  n e v e r b een  used  fo r n u tr i t io n  of th e  s tra in  
in  question . In  F is c h e r ’s [22, 23, 24] v iew  th e  fe rm e n ta tio n  of p o ly sacch a
rid es  is generally  p reced ed  b y  hydro lysis. In  th e  m an u fa c tu rin g  o f d a iry  p ro d u c ts  
lac to se  is usually  re n d e re d  digestib le b y  y e a s t lac tase  h y d ro lysis  [25, 26, 27]. 
T h is  procedure is p e rfo rm ed  b y  in ta c t  cells, th o u g h  th e  zym ase com plex is 
in a c tiv a te d  by  h e a tin g  or cooling in  o rd er to  p re v e n t th e  loss of sugar.

T he possib ility  o f  po lysaccharide  sy n th esis  has a lread y  been  discussed in  
connec tion  w ith  ra ffin o se .

T he ex trace llu la r inversion  of sucrose ta k e s  p lace qu ick ly  and  live cells 
ta k e  up  th e  sp lit p ro d u c ts  glucose an d  fru c to se  a t  an  equal speed . B o th  acetone- 
tr e a te d  cells and  cell-free ex trac ts  a re  in v e rtin g  sucrose ra p id ly  nevertheless 
th e y  seem  to  fe rm e n t fru c to se  still qu ick er. T h is su p p o rts  th e  view  th a t  th e  
u tiliz a tio n  of su g a r b y  live cells is d e te rm in ed  b y  th e  p e rm ea tio n  of glucose 
a n d  fructose; w hile in  ace to n e -trea ted  cells an d  cell-free e x tra c ts  th e  p e rm e
a b ili ty  fac to r is abo lish ed  and  only th e ir  tu rn o v e r  ra te  con tro ls  th e  velo c ity  
o f  u tiliza tion .

As to  sucrose fe rm e n ta tio n , th e  re su lts  o f  K o sik o v , Ge l y m a n  and  R a e v 
s k a y a  [28] are of g re a t in te re s t. T h ey  observed  th a t  even species deprived  of 
in v e rta se  ferm ented  saccharose, an d  d e m o n s tra te d  th a t  in  th ese  cases th e  role 
o f  in v e rta se  (/?-fructosidase) was ta k e n  over a d a p tiv e ly  b y  m alta se  (a-glucosi- 
d ase). A ccording to  D o u d o r o ff , K a p l a n  an d  H a s s id  [29] Pseudomonas 
saccharophila  cleaves sucrose by  phosphoro lysis.

In  th e  course o f m alto se  fe rm en ta tio n  b y  live cells u su a lly  n o t free g lu 
cose can  be d e m o n s tra te d  although  w ith  th e  use of h eav y  inocu la  free glucose 
is p re se n t in  a sh o rt e a rly  phase. W e th in k  th a t  in  live cells th e  cleavage o f 
su g a r  m ay  tak e  p lace d u rin g  p erm eatio n  of th e  cell w all. G lucose w as,how ever, 
d em o n stra ted  w hen using  ace to n e -trea ted  cells an d  th is  fa c t su p p o rts  th e  v iew  
t h a t  a cleavage m ig h t be localized in  th e  cell w all. This is fu r th e r  p roved  b y  
th e  resu lts  ob ta ined  w ith  cell-free h om ogenates n o t  decom posing  m altose. T his 
m ak es i t  h ighly p ro b ab le  th a t  the  m a lta se  h a d  been  rem oved  to g e th e r  w ith  th e  
cell w all debris d u rin g  th e  ex trac tio n  p rocedure .

In  th e  case o f  m a lto se  i t  is genera lly  su p p o sed  th a t  th e  in ta c t  m olecule 
is p e rm ea tin g  th e  cells [2]. I t  has b een  observed , how ever, th a t  m altose fe r
m e n ta tio n  m ight be s tim u la te d  b y  m in u te  a m o u n ts  of glucose, fructose a n d  
tra c e s  of an u n id en tified  substance  [30]. N everth e less , no e x a c t d a ta  are av a il
ab le  as to  the  possible ro le  o f the  above su b stan ces.

G enerally , th e  ex trace llu la r  loca liza tio n  o f  cleavage is considered m ore 
p ro b ab le , as th e  speed , i .  e. th e  ra te  o f  c leavage, is th e  sam e in  b o th  live a n d
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a c e to n e -tre a te d  cells. H a d  on th e  c o n tra ry  th e  m onosaccharide  c o n te n t o f th e  
m ed iu m  o rig inated  fro m  re -p e rm ea tio n  th is  process shou ld  have  b een  g re a tly  
en h an ced  by  acetone tre a tm e n t.

T he ch rom atog ram s have d e m o n s tra te d  also th e  fa c t th a t  live cells» 
a c e to n e -tre a te d  cells a n d  cell-free e x tra c ts  equally  sy n th e tize  one o r m ore  
su g ar-lik e  com pounds o u t o f w hich one com ponen t m o stly  p ro v ed  to  be th e  
su g a r decom posed a t  th e  s ta r t .  N ev erth e less , fo r th e  tim e  being  we do n o t 
w ish  to  en te r in to  a d e ta iled  d iscussion  o f  th is  p rob lem .

In  th e  case o f live cells th e  p o ss ib ility  o f a re -p e rm ea tio n  o f m onosaccha
rid es  from  th e  cells is co n trad ic ted  b y  th e  resu lts  o f th e  lac to se-decom position  
ex p e rim en t in th e  course of w hich free  m onosaccharides could  only  be dem on
s tr a te d  in  the  fe rm en ta tio n  flu id  c o n ta in in g  ace to n e -trea ted  cells. T h e  e x tra 
ce llu la r a c tiv ity  o f in v e rta se  in y eas ts  is a know n fac t [2]. T he О-tim e  sam p les  
o b ta in e d  from  ex p erim en ts  ca rried  o u t  w ith  heavy  inocu la  (live cells u sed  w ith  
ra ff in o se  and sucrose) also su p p o rt th e  v iew  th a t  th e  p e rm ea tio n  o f  th e  su g a r 
a n d  th e  re -perm eation  o f th e  com p o n en ts  a fte r  cleavage can  be avo ided . A ccord
in g  to  th e  ch rom atog ram s, О-tim e sam ples exh ib ited  a rem ark ab le  degree  o f  
c leav ag e. This g re a tly  su p p o rts  th e  p ro b a b ility  of an  ex tra c e llu la r  cleavage.

O ur exp erim en ta l resu lts  h av e  genera lly  suggested  th e  o ccu rrence  o f  
c leavage previous to  fe rm e n ta tio n ; th is  process, how ever, ap p ears  to  be in tr a 
c e llu la r  in  som e an d  ex trace llu la r in  o th e r  cases.
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(R eceived F e b ru a ry  12, 1960)

Sum m ary . E n te ro v iru s  iso lations ca rried  o u t  in  Szeged in  th e  years 1956— 1959 a re  
su m m ariz ed . One h u n d re d  a n d  n in e ty  s tra in s , in c lu d in g  116 s tra in s  o f  po liov irus, were iso la te d . 
D a ta  o n  th e  incidence o f  n eu tra liz in g  an tib o d ies  a g a in s t th e  th re e  ty p e s  of po liov irus in  th e  
sera  o f  in h a b ita n ts  o f Szeged are  p resen ted . F a c to rs  in flu en cin g  th e  course o f th e  c o u n try 
w ide ep id em ics in  th e  y ea rs  1957 and  1959 are  d iscussed .

I n  H u n g a ry  th e  f ir s t  a tte m p ts  to  d em o n stra te  po liov irus by  la b o ra to ry  
m eth o d s  were m ade in  1952 [1]. Since tissu e  cu ltu re  m ethods had  becom e 
av a ilab le , F ö ldes [2, 3, 4 ], P in t é r  e t al. [5, 6], Mo ln á r  an d  F ornosi [7, 8] 
and  M o ln á r  [9] h av e  rep o rted  on th e  iso la tion  an d  in v es tig a tio n  of e n te ro 
v iru ses  inc lud ing  p o liov irus stra ins.

In  th e  p resen t re p o r t  th e  resu lts o f th e  d iagnostic  ex am in a tio n s for e n te ro 
v iru ses  carried  ou t in  th is  In s ti tu te  fro m  1956 to  1959 are  sum m arized. M ost 
o f th e  specim ens ex am in ed  derived from  p a tie n ts  w ith  po liom yelitis, th e  re s t ,  
from  p a tie n ts  w ith  d ia rrh o ea  or less d e fin ab le  m inor illnesses. F u rth e rm o re  th e  
inc idence  o f neu tra liz in g  an tibod ies a g a in s t po liovirus in  th e  sera of in h a b ita n ts  
o f  th e  to w n  Szeged a n d  its  su rround ings a re  p resen ted .

Materials and methods

T issu e  cultures. H u m a n  em bryonic  cell c u ltu re s ; H eL a cells p rep ared  as p u b lish ed  
p rev io u s ly  [10]; hum an  a m n io n  cell cu ltu res b y  a m eth o d  [11] e sse n tia lly  th e  same as desc rib ed  
b y  Z it c e r  e t a l. [12].

F a e ca l sam ples w ere s to red  a t  — 15°C, th e n  suspended  1 : 1 0  H a n k s ’ solution co n ta in in g  
500 I .  U . p en ic illin  and  500 [ig s trep to m y cin  p e r  m l. The suspensions were cen trifuged  a t  
3000 r .  p . m . for 25 m in u te s . T he su p e rn a ta n ts  w ere cen trifu g ed  a g a in , a t  10 000 r. p . m . 
for 30 m in u te s . T issue c u ltu re s  w ere ino cu la ted  w ith  0.2 m l of th e  second su p e rn a tan ts . T h ro a t  
sw abs w ere  p laced  in  2 to  3 m l H a n k s’ so lu tion , an d  th e  e x tra c ts  w ere ino cu la ted  in to  tis su e  
cu ltu re s , 0.2 m l per tu b e .

S uck ling  m ice one o r  tw o  days of age w ere su b cu tan eo u sly  in o cu la ted  w ith  0.03 ml 
faecal suspension .

N eutraliza tion  tests. T o a v iru s  suspension co n ta in in g  ab o u t 100 TCD 50 per 0.1 m l th e  
sam e v o lu m e of ty p in g  serum  w as added , and  th e  se ru m -v iru s m ix tu re  w as incu b a ted  a t  37° C 
fo r 1 h o u r. T issue cu ltu res  w ere ino cu la ted  w ith  0.2 m l of th e  m ix tu re . H yperim m une sera  
ag a in s t each  o f th e  th ree  ty p e s  o f po liov irus w ere  p rep ared  in  ra b b its :  EC H O  reference sera  
w ere k in d ly  supplied  by  th e  V irus Laboratory o f  She ffield  University.

H u m a n  sera were in a c tiv a te d  a t  56° C fo r 30 m in u te s , d ilu te d  1 : 4 and  tes ted  a g a in s t 
100 T C D 50 of each of th e  th re e  ty p es of p o lio v iru s (M ahoney, M E F X a n d  S aukett).
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R esults

O ne h u n d red  a n d  n in e ty  v iru s  s tra in s  w ere iso la ted  fro m  faecal sp ec i
m e n s  o b ta in ed  from  d iffe ren t p a r ts  o f H u n g a ry  during  th e  p e rio d  1956— 1959. 
O f th e  iso la ted  s tra in s  116 proved  to  be po liov irus.

In  1956 nine s tra in s  were iso la ted , a ll from  faecal sam ples. Seven o f th em  
w ere  po liov irus, viz. 3 ty p e  1, 3 ty p e  2 a n d  1 ty p e  3 v iru s.

A  poliom yelitis  epidem ic occurred  in  H u n g a ry  in  1957. T h e  incidence r a te  
w as  h ig h e r th a n  ever before  [13]; fo r th e  to w n  Szeged i t  w as 27 p er 100 000 
in h a b ita n ts .

I t  was a tte m p te d  to  classify th e  cases y ield ing virus acco rd ing  to  th e  c lin 
ica l p ic tu re . T ho u g h  th e  grouping w as to  som e ex ten t a rb itra ry , i t  essen tia lly  
a g re e d  w ith  th e  p rin c ip les  o f c la ss ifica tio n  generally  accep ted . “ T y p ica l” , 
“ a b o r t iv e ”  and  “ q u estio n ab le”  cases o f  po liom yelitis , “ non-po lio”  and  “ a b a c 
te r ia l  m en ing itis”  w ere d istingu ished . Cases w ith  p e rm an en t p a ra ly sis , need ing  
a f te r -c a re , were re g a rd e d  clinically  “ ty p ic a l” ; p a tien ts  show ing  paresis b u t  
so o n  com pletely  reco v ered  were c lassified  w ith  the  group o f  “ ab o rtiv e”  cases; 
n eu ro lo g ica l cases w ith  u n certa in  sy m p to m s n o t ch a rac te ris tic  o f  po liom yelitis  
w e re  reg a rd ed  as “ q u estio n ab le“ . T he d is tr ib u tio n  of th e  cases y ield ing  v iru s  
a c c o rd in g  to  th e 'c l in ic a l  p ic tu re  are  p re sen ted  in T ab le  I .

Table I
Distribution o f  the virus strains isolated in  1957, according to the clinical picture

C 1 i n  i c a p i c t u r e

T o t a lV i r u s
typical abo rtive non polio abacterial

m eningitis

Poliovirus 1 ........................ 18 4 22

Poliov irus 2 ........................ 1 1

Poliovirus 3 ........................ 2 2

E C H O  ................................... 5 2 7

U niden tified  cy to p a th o - 
genic agent ..................... 2 1 3

C o x sack ie ............................... и 11

T o ta l: 21 11 3 и 46

T able I show s t h a t  th e  g rea t m a jo r i ty  of th e  s tra in s  d eriv ed  from  “ ty p i
c a l”  cases in  v a rio u s p a r ts  of H u n g a ry  w ere ty p e  1 po liov irus s tra in s . T he sam e 
w as  fo u n d  b y  Mo l n á r  [9]. This fa c t p ro v es  th e  p redom inance  o f th is  ty p e  o f  
v iru s  in  th e  1957 ep idem ic. F rom  cases o f ab ac te ria l m en in g itis  occurring  w ith  
a  p a r tic u la r  h igh  freq u en cy  in  S ep tem b er, 1957, C oxsackie A s tra in s  w ere 
re c o v e red . Of th e  seven  ECH O  s tra in s  in  T ab le  I, th re e  belonged  to  ty p e  1, 
tw o  to  ty p e  8, a n d  tw o  to  ty p e  9.
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D u rin g  this ep id em ic , the fre q u e n c y  of n eu tra liz in g  an tib o d ies  against 
th e  th re e  types of p o lio v iru s  in th e  se ra  of in h a b ita n ts  o f Szeged w as also s tu 
d ied . M ost of the sera  te s te d  were o b ta in e d  from  ch ild ren . T h e  sera  were sen t 
in  from  M ay to  m id -Ju ly , 1957.

Table II

Incidence o f neutralizing antibodies against po liovirus in the sera o f  persons o f  different age

Age g roup, years
N um ber 
of sera 
te s ted

S e r a  n e u t r a l i z i n g

typ 1 type 2 type 3

p o l i o v i r u s

Number P e r  cen t N um ber P e r  cen t N um ber P er cent

1 /2 — 2 30 21 70 5 17 6 20

3— 7 8 6 75 4 50 4 50

8— 15 29 19 65 i6 55 17 59

16 and  above 14 12 86 9 64 9 64

A s show n in T a b le  I I ,  the  in c id en ce  ra te s  of ty p e  2 a n d  3 an tibod ies in  
th e  d iffe ren t age g ro u p s a p p ro x im a te ly  agreed w ith  th e  ra te s  pub lished  by  
o th e r  au th o rs , w hereas ty p e  1 a n tib o d y  un d er 7 years o f age w as rem ark ab ly  
m ore fre q u e n t th an  ex p ec ted . The h ig h  incidence m igh t be a t t r ib u te d  to  the  
w id esp read  frequency o f  po liom yelitis  in fec tion  during  th e  ep idem ic.

I n  1958, when th e  incidence o f  po liom yelitis  w as u n u su a lly  low  (1.7 per 
100 000 population), few  faecal specim ens were exam ined . T en  s tra in s  were 
iso la te d : five type 1, one  ty p e  3 s t r a in ,  and  four u n id e n tif ie d  s tra in s  being 
n e ith e r  polio  nor C oxsackie virus. O f th e  six cases y ie ld ing  po liov irus only tw o 
w ere “ ty p ic a l” .

1959 was an o th e r epidem ical y e a r . T he m o rb id ity  ra te  for Szeged was 
13 p e r  100 000 p o p u la tio n . D uring th is  epidem ic 78 po liov irus s tra in s  were 
iso la ted , 75 of these b e long ing  to ty p e  1 an d  3 to  type  3. B esides, 46 Coxsackie 
В s tra in s , and  an u n id e n tif ie d  s tra in , w ere  iso lated . T he s tra in s  o b ta in ed  were 
classified  according to  th e  clinical sy m p to m s (Table I I I ) .

T h e  high incidence o f poliovirus in  th e  faeces of non -po liom yelitis  cases 
was rem ark ab le . Six su c h  p a tien ts  h a rb o u re d  poliovirus in  th e ir  th ro a ts  as well.

I n  th e  same y ea r faeca l specim ens o f  children  a d m itte d  to  th e  D epartment 
o f  Paediatrics, U niversity M edical School, Szeged, w ith  en te ric  sy m p to m s, chiefly  
d ia rrh o e a , were also ex am ined . C oxsackie В v irus w as iso la ted  fro m  m ost of 
these  faeces. I t  was re m a rk a b le  th a t  th e  frequency  of po liov irus increased  con
tin u o u s ly  from  April to  A ugust and  dec lin ed  suddenly  th e re a f te r . U nlike th is , 
the  inc idence  of C oxsackie В stra ins w as  th e  h ighest in  A u g u st a n d  Sep tem ber.

2  Acta Microbiologica VIII/1.
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Table III

Distribution o f  the virus strains isolated in  1959, according to the clinical picture

V i r u s

C l i n i c a l  p i c t u r e
. . .

T o t a l
typica 1 abortive question

able
non polio abacterial

meningitis

Poliov irus 1 ....................... 46 4 2 1 7 + 6 * 75
Po liov irus 2 .......................

P o liov irus 3 ....................... 3 3
C oxsackie В ......................... 3 32 +  10* i 46
U n id en tified  cy topatho-

genic agent ..................... 1 1

Total: 46 8 2 5 2 + 1 6 * l 125

* Isolated from  th ro a t  swab.

A fter the 1959 ep idem ic, in  D ecem ber, we te s te d  42 sera  fo r n eu tra liz in g  
an tib o d ies  against th e  th re e  ty p e s  o f poliovirus. T he re su lts  are  sum m arized  
in  T ab le  IV .

Table IV

Incidence o f neutralizing antibodies against poliovirus in  the sera o f  persons o f different age

S e r a  n e u t r a l i z i n g

Age group, years
N um ber 
o f sera 
te s ted

type 1 type  2 type 3

p o l i o v i r u s

N um ber P er cent N um ber P er cen t N um ber P er cent

3 - 7 31 25 81 17 55 13 42

O ver 16 i l 9 82 6 54 7 64

A lthough th e  n u m b e r o f sera te s te d  is too  sm all fo r d raw ing  de fin ite  
conclusions, th e  h igh  incidence  o f ty p e  1 an tibod ies in  th e  age group from  3 to  
7 y ea rs  is rem ark ab le  an d  can n o t be a ttr ib u te d  to  th e  p reced in g  Salk vacci
n a tio n , as an tib o d ies  ag a in s t ty p e  2 an d  ty p e  3 w ere considerab ly  less fre 
q u e n t. Im m une response  to  ty p e  2 v iru s w as genera lly  th e  b e s t as d e m o n s tra te d  
b y  o th e r au thors [14].

Discussion

The period 1956— 1959 was o f g rea t im p o rtan ce  in  th e  h is to ry  of polio
m y e litis  and of en te ro v iru s  in fections in  H un g ary . T he coun try -w id e  epidem ics 
in  th e  years 1957 a n d  1959 exceeded all th e  po liom yelitis  epidem ics reg istered
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in  H u n g a ry  u n til  th e n . T he ty p e  d is tr ib u tio n  o f th e  few  poliov irus s tra in s  iso la ted  
in  th is  lab o ra to ry  does n o t ind ica te  th e  predom inance  o f  ty p e  1 in  1956. N ev e r
the less, ta k in g  in to  considera tion  th e  h igh  p ro p o rtio n  o f ty p e  1 s tra in s  in  
Mo l n á r ’s m ateria l, th e  lim ited  o u tb re a k  in  1956 w as p ro b a b ly  th e  p recu rso r 
o f th e  coun try -w ide  ep idem ic in  1957.

A ccording to  P e tr ill a  [13], th e  1957 epidem ic cam e to  an  end  a t  a n  
earlie r season th a n  po liom yelitis  ep idem ics usually  do in  H u n g a ry . H e te n d s  
to  a t t r ib u te  th is  p h enom enon  to  th e  S a lk  v acc in a tio n  cam p aig n  in  face o f  th e  
epidem ic.

T he low incidence of po liom yelitis  in  1958 —  b ased  on th e  stud ies of 
D ömök e t al. [15] —  m ig h t be exp la ined  a t  least p a r tly  b y  th e  in te rfe rin g  effect 
of th e  Coxsackie B-3 v iru s , w hich caused  a coun try -w ide  B o rnho lm  epidem ic 
in  th e  sum m er o f th e  sam e year. O ur o b se rva tions in  Szeged in  1959 were sim i
la r. A fte r  th e  po liom yelitis  epidem ic h a d  come to  an  end  C oxsackie B-3 s tra in s  
w ere ch iefly  iso lated .

I t  should  be n o te d  th a t  in  1959 H eL a cells w ere exclusively  used. T his 
m ig h t exp la in  w hy n e ith e r  EC H O  n o r  Coxsackie A s tra in s  w ere iso la ted  in  
th a t  y e a r .

W e th in k  th a t  th e  c u rre n t v acc in a tio n  cam paign  w ith  Sa b i n ’s live a t t e 
n u a te d  vaccine will g re a tly  a lte r  th e  epidem iological c h a ra c te r  of po liom yelitis  
in  H u n g a ry . T he in v estig a tio n s p re sen ted  here  m igh t be usefu l fo r ev a lu a tin g  
th e  p o stv acc in a tio n  changes in  th e  epidem iology  of po liom yelitis .
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Sum m ary. A p ra c t ic a l  procedure h a s  b e en  w orked o u t fo r th e  p u rific a tio n  of d ip h th e r ia  
to x o id . The form alin  t r e a tm e n t  of h igh v a lu e  to x in , ob ta ined  fro m  s ta n d in g  cu ltu res g ro w n  on  
d ig es ted  m eat m edia a n d  h a rv ested  a t  o p tim u m  tim e , is p e rfo rm ed  w ith  a  calcu la ted  a m o u n t 
o f  fo rm alin  a t  an  a d e q u a te  tem p era tu re . T h e  to x o id  th u s p ro d u c ed  is  p rec ip ita ted  w ith  t r i 
ch lo race tic  acid in  th e  p resence  of sod ium  tr ic h lo ra c e ta te  ions, a t  a  p H  of ap p ro x im a te ly  4 .0 . 
T he m ate ria l is im m e d ia te ly  redissolved a n d  th e n  p rec ip ita ted  a g a in  w ith  trich lo race tic  a c id  
in  th e  presence of p o ta s s iu m  rhod an ate . T h e  p re c ip ita te  is th e n  d isso lved , su b jected  to  s h o r t  
d ia ly sis , centrifuged, p e r fe c tly  d e to x ica ted  a n d  sterilized  b y  m ild  fo rm alin  tre a tm e n t.  T h e  
a n tig e n  th u s  o b ta ined  is  o f  sh o rt K f v a lu e , a n d , in  general, o f  1000 to  1300 L f/m g/N  p u r i ty .  
F ro m  good q u a lity  c ru d e  to x o id  a t least 90 p e r  cen t o f the  a n tig e n  can  be recovered . T he c o n 
c e n tra te d  p u rified  to x o id  can  be stored fo r  o v e r a y ear w ith o u t loss o f  value. A dsorbed  to  p re 
c ip i ta te d  a lum inium  p h o sp h a te , such p u r if ie d  to x o id  produced  a d e q u a te  im m u n ity  b o th  in  
e x p e rim e n ta l an im al a n d  in  hum ans. O w in g  to  i ts  p u rity , th e  v acc in e  p repared  fro m  th is  
m a te ria l  causes a t m o st a  m ild  v a cc in a tio n  reac tio n .

T he w idespread  use of com bined  p rec ip ita ted  v acc in es  and  th e  e n d eav 
o u rs  a t  dim inished inocu la tio n  re a c tio n s  call for ro u tin e  p roduction  o f p u r i
f ie d  an tigens, in c lu d in g  com m only ap p lied  d ip h th eria  to x o id .

O ur purpose w as to  develop a p ro ced u re  ensuring  p u r i ty  of 1000 L f/m g/N  
or even higher of th e  d ip h th eria  to x o id  w ithou t im p a irin g  its im m unogenic  
ac tio n  or causing a s ig n ifican t loss o f  an tigen . This deg ree  of p u rity  h as  been  
fo u n d  acceptable, b ecau se  in  large g ro u p s of children in o c u la te d  w ith  com bined  
p re c ip ita te d  d ip h th e r ia  pertussis v acc in e , p rep ared  from  toxoid  o f  su ch  
p u r i ty  exerted  good im m u n o g en ic ity  b u t  caused no, o r  on ly  very  m ild , r e 
a c tio n  [1].

In  the  p resen t w ork , the m o d ify in g  effect of conversion  of to x in  in to  
to x o id  and  acid p re c ip ita tio n  in th e  p resence  of va rio u s sa lts  or ions has been  
s tu d ie d .

Materials and methods

Culture media a n d  stra ins. D ip h th e r ia  to x in  was p ro d u ced  fro m  th e  s tra in  P . W . 8 
W eissensee on P o p e ’s [2] t r y p t ic  digest m e d iu m . The co n cen tra ted  to x o id s  o b ta ined  fro m  th e  
I n s t i tu te  “ H um an”  for Serobacterio log ical P ro d u c tio n  and R esearch , B u d ap es t, were p re p a re d  
on L i n g o o d ’s m edium  [3].

Production and detoxication o f toxin . T o x in  was prepared  in  s ta n d in g  cu ltu res in  R o u x  
fla sk s ; L f and K f va lues w ere  checked in  sam p le s  ta k e n  from  se v e ra l flasks from  th e  th ir d  o r
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fo u r th  d a y  of cu ltiv atio n . W h en  th e  rise  in  to x in  p ro d u c tio n  was slowed d o w n  an d  associated  
w ith  lo w  K f  values, u su a lly  o n  th e  f if th  to  sev en th  d a y  o f cu ltiv a tio n , th e  to x in  was h a rvested  
a n d  d e to x ic a te d  w ith  fo rm a lin , as described below .

T itra tion  o f  toxin  a n d  toxoid. T o x in  a n d  to x o id  w ere t i t r a te d  b y  R a m o n ’s technique  [4] 
w ith  o u r  s tan d ard  serum  e q u iv a le n t to  th e  in te rn a tio n a l  s ta n d a rd  p re p a ra tio n . K f  values are  
g iv en  w ith  reference to  25 L f.

Reagents. A 50 p e r  c e n t  (w /w ) so lu tion  o f tr ic h lo rac e tic  acid was u sed  fo r p recip ita tio n . 
S o d iu m  tr ich lo race ta te  w as p re p a re d  b y  w /w  m ix tu re  o f  10 N  N aO H  so lu tio n  a n d  trich lo racetic  
a c id . P o ta ss iu m  rh o d a n a te  w as em ployed  as a  25 p e r  c en t stock  so lu tion .

Determ ination o f  p H .  A  p H  m easuring  a p p a ra tu s  supp lied  w ith  a  g lass  electrode was
u sed .

P u r ity  o f  the antigen. P u r i ty  was ca lcu la ted  as L f/m g/N . S c h u l e k — F ó t i ’s m icro-m ethod 
[5] w as em ployed for th e  d e te rm in a tio n  of n itro g en .

Electrophoresis and  chromatography. E lec tro p h o re s is  was m ade o n  W h a tm a n ’s p ap er 
N o. 4, w i th  1500 V, in  p y r id in e  b u ffe r, fo r one h o u r. D escending  ch ro m a to g ra p h y  was perform ed 
a t  r i g h t  angles, in  b u ta n o l-a c e tic  acid -w ate r m ed iu m  fo r 24 hours. T h e  ch ro m ato g ram s w ere 
d r ie d  b y  h e a t, developed w i th  0.2 pe r cen t n in h y d r in e , a n d  fix ed  w ith  c o p p e r  n i tra te .

Tests o f  active im m u n iza tio n . G roups o f 5 g u in ea  p igs each were im m u n ize d  w ith  p rec ip 
i ta t e d  v acc in e  of 30 L f/m l p re p a re d  fro m  p u rif ie d  to x o id  and  ad m in is te re d  in  0.5 m l doses 
o f a  tw o fo ld  and fifteen fo ld  d ilu tio n  on tw o occasions a t  a n  in te rv a l o f fo u r  w eeks. On th e  14th 
d a y  fo llow ing  th e  second in o cu la tio n , sam ples o f b lood  w ere tak e n  an d  a n ti to x in  co n ten t was 
d e te rm in e d  in  a m ix tu re  c o n ta in in g  equal am o u n ts  o f  th e  sera. C hild ren  h a l f  to  one y ear o f  
age w ere  g iven  0.5 m l doses o f  vaccine  a t  a n  in te rv a l  o f  four weeks. B lo o d  was w ith d raw n  
fo u r te e n  days and six  m o n th s  a f te r  th e  second in o cu la tio n ; th e  a n ti to x in  c o n te n t was d e te r
m in e d  b y  in d iv idual t i t r a t io n .

T h e  sera o b ta in ed  f ro m  b o th  th e  im m u n ized  an im als  and  c h ild ren  w ere  tes ted  b y  th e  
m e th o d  o f  J e n s e n  [ 6 ] .  W ith  g u in ea  pig sera, t i t r a t io n  w as carried  o u t a t  th e  level of Lr/300, 
in  th e  case  o f sera fro m  in o c u la te d  ch ild ren  a t  L r/3000.

T h e  d a ta  for th e  in o c u la te d  ch ild ren  w ere a n a ly sed  b y  s ta tis t ic a l  m e th o d s, exam ining 
s ig n if ic a n t  differences in  th e  tw o  a r ith m e tic  m ean s b y  th e  “ t”  te s t  in  th e  case of sam ples 
co m p o sed  of few elem en ts.

R esults

A  great n u m b er o f  crude d ip h th e r ia  tox o id  sam ples w ere te s ted  for 
tr ic h lo ra c e tic  acid c o n c e n tra tio n  of th e  an tig en  in  th e  p resen ce  of sodium  
tr ic h lo ra c e ta te . T he re su lts  of a c h a ra c te ris tic  te s t  are p re se n te d  in  Table I .

Table I

Concentration o f diphtheria toxoid with 50 per cent trichloracetic acid at p H  4.0 in the presence 
o f  various amounts o f  sodium  trichloracetate 
C rude toxoid: L f/m l =  84, K f  =  40 min.

Sodium
trich lo rac e ta te

%

L f recovery
%

K f
m inutes Lf/m g N

a fte r  concentration

0 81 36 460

0.01— 0.02 88 30 555
0.02— 0.04 87 29 520

0.04— 0.08 87 31 510

0.16— 0.32 89 40 480

T he add ition  o f  a ce rta in  a m o u n t o f sod ium  tr ich lo race tic  acid to  c rude  
to x o id  before p re c ip ita tio n  w ith  tr ich lo race tic  acid resu lted  in  h ig h er recovery ,
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g re a te r  p u r ity , an d  sho rten in g  of th e  K f. In crease  of th e  sod ium  tr ic h lo ra c e ta te  
c o n c e n tra tio n  p re sen ted  no a d v a n ta g e . U n d e r our ex p erim en ta l cond itions 
so d iu m  tr ic h lo ra c e ta te  values of 0.01 to  0.02 per cen t w ere found  o p tim a l.

In  su b seq u en t experim en ts th e  p H  op tim um  w as d e te rm in ed  fo r th e  
p re c ip ita tio n  of d ip h th e r ia  toxo id  in  th e  presence of sm all am o u n ts  o f sodium  
tr ic h lo ra c e ta te . T he resu lts  are p re se n te d  in  T able I I .

Table II

Concentration o f  diphtheria toxoid with 50 p er  cent trichloracetic acid in  the presence o f  0 .015 per  
cent o f  sodium trichloracetate at various p H  values 

Crude toxoid: Lf/m l =  84, K f =  40 min.

pH

L f recovery
% K f  m inutes Lf/mg N

a f te r  concentration

3.5 1 0 0 40 483
3.8 95 34 510
4.0 93 33 550
4.2 92 28 600

4.5 82 25 • 620

W ith  sodium  tr ic h lo ra c e ta te  -f- trich lo race tic  acid p re c ip ita tio n  a t  p H  
4 .0 — 4.2 th e  an tig en  w as recovered  in  a t  le a s t 90 per cen t. I t  h ad  a low  K f  
v a lu e  an d  show ed a sa tis fac to rily  h ig h  p u r i ty . A  rise in  p H  caused  on ly  sligh t 
im p ro v em en t; in  th a t  case, how ever, th e  an tig en  recovery  decreased. T hus, 
u n d e r th e  cond itions app lied , p H  4 .0— 4.2 w as regarded as op tim al.

In  o rder to  o b ta in  th e  form olizing  procedure  m ost su itab le  for p u rif i
ca tio n , th e  follow ing experim en ts w ere p e rfo rm ed . Toxin sam ples from  la rg e r 
b a tch es  w ere d e to x ica ted  w ith  d iffe ren t co n cen tra tio n s of fo rm alin  a t d iffe ren t 
te m p e ra tu re s  for d iffe ren t tim es. T h e  fo rm o l toxoids were co n cen tra ted  a fte r  
v a rio u s periods of in c u b a tio n  w ith  0.015 p e r  cen t sodium  tr ic h lo ra c e ta te  -j- 
tr ich lo race tic  acid a t  p H  4.0. The m o st im p o r ta n t  d a ta  are show n in  T ab le  I I I .

A ccording to  T ab le  I I I ,  th e  re su lt  o f co n cen tra tion  is considerab ly  in f lu 
enced  b y  th e  m ode o f de to x ica tio n . T h e  b e s t resu lts  as to  th e  reco v ery  o f a n t i 
gen, th e  K f  an d  p u r i ty  w ere o b ta in e d  w ith  0.3 per cen t fo rm ah n  a t  37° C 
genera lly  on th e  12 th  to  15th  day , w ith  0 .6  p e r cen t fo rm alin  a t  20° C a f te r  
th e  th ird  week. C oncen tra tions p erfo rm ed  a t  o th e r  tim es w ere d isad v an tag eo u s 
for th e  K f  value an d  p u rity .

A ccording to  an  earlie r o b se rv a tio n  o f  Ma n d u l a  [7], in  th e  presence of 
a h igh  co n cen tra tio n  o f K SCN  th e  a lb u m in  loses its  h ea t-co ag u lab ility  an d  
can  be fra c tio n a ted  b y  acid  p re c ip ita tio n . T ak in g  th is fin d in g  in to  considera
tio n , i t  w as th o u g h t th a t  th e  ad d itio n  o f K SC N  to  a toxoid  w h ich  h ad  a lread y
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Table III

Result o f  concentration o f  diphtheria toxoids obtained by different modes o f  detoxication 
C rude tox in : Lf/m l =  116, K f  =  9 m in.

C oncentrated  w ith 50 p e r  cen t trich loracetic  acid a t  p H  4.0 in  th e  p resence  of 0.012 p e r c e n t
sodium  trich lo race ta te

Batch

Form alin trea tm en t Lfrecovery  j
%

K f
m inu tes Lf/mg N

»//о days * °c
after concentration

76/1 0 .3 8 35 8 6 33 650

76/2 0 .3 12 35 85 25 780

76/3 0 .3 2 0 35 90 j 2 2 725

76 /4 0 .6 8 2 0 78 34 600

76/5 0 .6 12 2 0 89 25 750

76/6 0 .6 2 0 2 0 96 2 2 800

been  concen tra ted  w ith  trich lo racetic  acid  w ould  m ake i t  possible to  s e p a ra te  
th e  antigen from  a t  le a s t a considerable p a r t  o f n itro g en -co n ta in in g  im p u ritie s . 
U nlike the  above-described  experim en ts, th e se  stud ies w ere carried o u t w ith  
b a tc h  43/II to x o id , p rep a red  and  co n cen tra ted  by  th e  In s t i tu te  “ H u m a n ”  fo r  
Serobacterial P ro d u c tio n  and  R esearch. A fte r th e  ad d itio n  o f KSCN, th e  a n tig e n  
w as p rec ip ita ted  w ith  trich lo racetic  acid. I t  w as found  th a t  d iph theria  to x o id  
w hich had p rev io u sly  been tre a te d  w ith  tr ich lo race tic  acid  could ag a in  be 
p rec ip ita ted  in  th e  p resence of KSCN a t  p H  4.0 to  5.0. A fte r  un iting  th e  f ra c 
tio n s , the  an tig en  w as recovered  w ith o u t loss. The p u r ity  o f the  p re p a ra tio n  
ob ta ined  a t p H  4 .0  w as n ea rly  id en tica l w ith  th a t  p re c ip ita ted  a t p H  5 .0 . 
A ccordingly, in  su b seq u en t experim en ts th e  K SC N -concen tra ted  d ip h th e r ia  
toxo ids were p re c ip ita te d  a t p H  4.0.

For th e  d e te rm in a tio n  of th e  op tim u m  q u a n tity  o f KSC N , to  co n c e n tra ted  
toxo ids various a m o u n ts  of KSCN were ad d ed  an d  th e  p rec ip ita tio n  w ith  
trich lo racetic  ac id  w as rep ea ted . The resu lts  are  show n in Table IV .

From  T ab le  IV  i t  is seen th a t  a f te r  th e  second p re c ip ita tio n  w ith  tr ic h lo r 
acetic  acid, in d e p e n d e n tly  of th e  KSCN c o n cen tra tio n , th e  p u rity  of th e  v a r io u s  
an tigens was n e a rly  id en tica l. The resu lt o f p u rif ic a tio n  was rem arkab le  an d  
th e  antigen w as alw ays recovered w ith o u t loss.

The a c tu a l p ro te in  concen tra tion  is w ell-know n to  p la y  an im p o rta n t p a r t  
in  purification  te c h n iq u e . T able У p resen ts  d a ta  as to  th e  influence of a n tig e n  
concen tra tion  on p u r ity .

From  T ab le  V  i t  is ev iden t th a t  a t  h ig h er an tig en  concen tra tions h ig h e r  
purities were o b ta in e d . E x am in a tio n  o f h ig h  level an tig en s revealed th a t  th e  
op tim um  c o n c e n tra tio n  of th e  an tigen  w as betw een  500 an d  1000 Lf/m l.

In  th e  fo llow ing  experim ents the  effect of re p e a te d  K SC N -trich lo racetic  
acid p rec ip ita tio n s  w as stud ied . The q u estio n  w h e th e r th ese  procedures r e s u lt
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Table IV

Trichloracetic acid repurification o f diphtheria toxoid in the presence o f  various amounts o f
po ta ssiu m  rhodanate

Toxoid: B a tch  43/11 H u m a n , L f/m g N  =  313, K f  =  30 m in.
R ecovery: 100 p e r  cen t in  every  ex p erim en t

KSCN % Lf/m g N K f minutes

1 0 .0 6 7 4 4 7

7 .5 6 6 0 4 0

5 .0 6 5 3 4 0

2 .5 7 0 6 3 8

2 .0 7 1 7 7 6

1 .0 7 9 3 5 5

0 .5 7 7 7 5 4

Table V

Trichloracetic acid repurification o f  d iphtheria toxoid at various concentrations o f antigen  
KSCN = 0 . 5  per cen t. P rec ip ita tio n  a t  pH  4.0.

Toxoid: B atch  43/11 H u m a n , L f/m g N =  313, K f =  30 m in.

Lf/m l Lf/m g N K f m inutes

500 720 73

250 648 55

125 568 45

63.5 442 35

Table VI

P otassium  rhodanate repurification o f  various trichloracetic acid concentrates o f toxoid

K f, m inutes Lf/mg N

Batch recovery
%

Before A fter Before A fte r

precip ita tion precipitation

25 97 62 90 313 632
42/1 76 40 56 443 704

42/3 87 30 43 329 530
43/II 100 30 54 313 777
43/IV 84 35 . 52 332 770

45/1 82 39 57 710 904

46/2 85 45 119 320 424

47/1 96 41 56 224 372

48/5 97 34 39 412 780

49/1 88 28 40 781 830

50/1 99 30 40 602 917



2 6 К. ÚJHELYI and L. ORMAY

in  fu r th e r  p u rific a tio n  w as regarded  im p o r ta n t  since in  th e  presence of KSCN 
th e  an tig en  could be  p re c ip ita te d  w ith o u t loss. H ow ever, re p e a te d  p re c ip ita 
tio n s  b ro u g h t no fu r th e r  im p ro v em en t.

I n  these  in v es tig a tio n s  b a tc h  43/11 H u m an  to x o id  w as used. R esu lts  
w ith  o th e r b a tch es w hich  h ad  been p ro d u ced  on L in g o o d ’s m edium  [3] are 
p re se n te d  in  T ab le  Y I.

F rom  T ab le  V I i t  is clear th a t  th e  in d ica ted  tr ic h lo ra c e tic  acid-concen
t r a t e d  toxo ids could  be fu r th e r  p u rif ie d  b y  re -p re c ip ita tio n  w ith  0.5 p e r 
c e n t  KSCN -f- tr ich lo race tic  acid. D ep en d in g  on th e  q u a li ty  o f th e  an tig en , as 
m u c h  as 400 to  900 L f/m g N was o b ta in e d . These s ta b le  d ip h th e ria  to x o id  
c o n c e n tra te s  w ere p re p a re d  w ith  a slig h t o r no loss o f a n tig e n .

A sim ilar good re su lt  was o b ta in ed  w ith  toxoids w h ich  h a d  been p ro d u ced  
i n  P o p e ’s m edium  [2 ], h a rv es ted  a t  th e  o p tim a l tim e, s lig h tly  form olized an d  
c o n c e n tra te d  w ith  sod ium  tr ic h lo ra c e ta te  -)- tr ich lo race tic  acid . The re su lts  
a re  show n in  T ab le  V II .

Table VII

Concentration and repurification ivith 1 per cent potassium  rhodanate-trichloracetic acid
o f  diphtheria toxoids

Batch

C r u d e  t o x i n C oncentrated toxoid* Purified toxoid

Lf/m l T o ta l Lf K f min.
L f

recovery  1
% Í

K f
min.

Lf/m g
N

L f
recovery

%
Kfmin.

Lf/m g
N

76/a** 114 460.000 9 86 16 890 100 18 1275

M ix. I l l 90 2,700.000 10 98 20 670 100 22 1000

M ix. IV 65 4,500.000 11 96 30 480 95 40 1050

* C oncentration  in  th e  presence of 0.012 p e r cen t sodium  tr ich lo race ta te  a t  pH  4.0 w ith  
50 pe r cen t trich lo racetic  acid.

** B atch  76/a was p rep ared  in  P o p e ’s b eef m edium  w hich h a d  been  d ilu ted  before in 
o cu la tio n  w ith  d istilled  w a te r  to  4 : 1 .  A fter cu ltiv a tio n  for 6 d ay s 0.3 cen t per form alin  was 
ad d ed  and left to  s tan d  a t  37° C for 20 days.

D epending on th e  q u a lity  of th e  crude  toxo id , a p u r i ty  co rrespond ing  
to  1000 to  1300 L f/m g N was o b ta in ed  w ith  a s lig h t loss. S ho rt K f  va lu es  
show ed  th e  good q u a lity  of th e  an tig en . As th e  exam ple  o f  “ d ip h th e ria  to x o id  
m ix tu re  No. IV ”  show s, th e  p rocedure  can  a d eq u a te ly  be  app lied  in  case o f 
to x o id s  of m ed ium  leve l an d  also fo r sem i-p lan t scale or in d u s tr ia l p re p a ra tio n .

Since K f  is re g a rd ed  b y  som e a u th o rs  [8, 9] as th e  in d ic a to r  of th e  q u a lity  
o f  an tigen , e x am in a tio n s  were perfo rm ed  w ith  d ip h th e r ia  toxo id  No. IV  as 
to  th e  re la tio n sh ip  b e tw een  K f  an d  L f  a t  th e  p u rified  to x o id  —  sta n d a rd  a n t i 
to x in  equivalence p o in t. T he d a ta  are  p resen ted  in  T a b le  V III .

W hen e v a lu a tin g  th e  above fin d in g s, th e  p a p e r o f  L e v in e  e t al. [8] w as 
co n su lted , who described  a sim ilar connection , show ing t h a t  only toxo id s  w ith
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Table VIII

R elationship between the flocculation tim e ( K f )  and titre ( L f)  o f  p u rifie d  toxoid 
at the toxoid— antitoxin equivalence point

L f value 
observed

K f  values

Calculated Observed

37 26 28

33 33 33

28 40 40

2 0 64 •57

15 95 90

* C alcu la tion  of K f: log K f =  3.66 —  1.42 log L f

a  lin ea r lo g a rith m ic  re la tionsh ip  b e tw een  K f  an d  L f are ex e rtin g  an  effective 
p ro tec tiv e  ac tio n . A ccording to  P r i g g e ’s th e o ry  [10], th e  p o ten cy  o f vaccines 
expressed  in  p ro te c tiv e  u n its  (PU ) an d  th e  L f  v a lu e  show  th e  fo llow ing re la 
tio n sh ip

P U  =  c [ i f -  A

w here c is a c o n s ta n t depend ing  on th e  q u a lity  o f th e  ad so rb en t, an d  A  is th e  
w eigh t o f th e  a d so rb e n t. W ith  such toxo ids a s ta n d a rd  an tigen ic  effect m ay  be 
ex p ec ted  w hen  eq u a l q u an titie s  o f L f  a re  in o cu la ted . O f course, th e  q u a lity  o f  
th e  p u rified  an tig en  depends to  a la rge  e x te n t on  th e  basic c rude  m ate ria l. 
T he p u rif ic a tio n  o f good q u a lity  d ip h th e ria  to x o id s  by  th e  described  tech n iq u e  
y ie lded  a n  an tig en  o f v e ry  h igh s ta n d a rd  w ith o u t an y  sign re fe rrin g  to  th e  
h a rm fu l effect o f th e  p rocedure.

O n th e  basis o f th e  p resen t in v es tig a tio n s , th e  steps of th e  p u rif ic a tio n  
p ro ced u re  can  be sum m arized  as follows.

Preparation and purifica tion  o f  d iphtheria toxoid

1. D u rin g  in c u b a tio n  th e  to x in  p ro d u c tio n  is u n d er c o n s ta n t con tro l. 
T h e  to x in  is h a rv e s te d  w hen K f  is th e  low est (genera lly  a fte r 5 to  7 days).

2. T he to x in  is tre a te d  w ith  0.3 p e r cen t fo rm alin  a t 35° C fo r 12 to  15 
d a y s  or w ith  0.6 p e r cen t fo rm alin  a t  18° C to  22° C for 21 days.

3. To th e  p ra c tic a lly  to ta lly  d e to x ica ted  a n tig e n  0.015 p e r cen t so d ium  
tr ic h lo ra c e ta te  is ad d ed , th e n  i t  is p re c ip ita te d  w ith  50 per cen t trich lo race tic  
acid a t  p H  4 .0 . A fte r com plete p re c ip ita tio n , th e  m ix tu re  is im m ed ia te ly  
cen trifuged .

4. T he p re c ip ita te  is dissolved in  d is tilled  w a te r  w ith  th e  a d d itio n  o f 
N  N aO H  so as to  o b ta in  an  a p p ro x im a te ly  n e u tra l  reac tion  an d  a ca lcu la ted  
L f c o n cen tra tio n  of 500 to  1000 p er ml.



28 К. ÚJHELYI and L. ORMAY

5. To th e  so lu tio n  1 per cen t K SC N  is added , th e n  th e  an tig en  is p re c ip i
ta te d  again  w ith  50 p e r cen t tr ic h lo ra c e tic  acid  a t  p H  4.0. A fte r co m p le te  
p rec ip ita tio n  th e  m ix tu re  is im m ed ia te ly  cen trifuged .

6. T he p re c ip ita te  is dissolved in  th e  sm allest possib le am o u n t o f  d istilled  
w a te r an d  N  N aO H  so as to  give an  a p p ro x im a te ly  n e u tra l  reac tion . T he h ig h ly

Fig. 1. E le c tro p h o re tic  a n d  ch ro m ato g rap h ic  p a t te rn  o f s u p e rn a ta n t  rem ain ing  a f te r  p rec ip i
ta t io n  o f d ip h th e ria  to x o id  w ith  KSCN -f- trich lo race tic  acid

co n cen tra ted  a n tig e n  solu tion  is d ia ly sed  ag a in st d ilu te  sodium  b icarbonate*  
th en  ag a in st d is tilled  w a te r u n til no  tra c e  of K SCN  rem ains.

7. In  o rd er to  rem ove f lo a tin g  corpuscles, th e  dialysed an tig en  is c e n tr i
fuged  for 30 m in u te s , th e  volum e o f th e  so lu tion  is m easured , the p H  is a d ju s te d  
to  7.0— 7.5 an d  a liq u o ts  are ta k e n  fo r th e  ex am in a tio n  of Lf, K f  a n d  N . T hen  
th e  an tig en  is p laced  in to  a sterile f la sk . A fte r th e  a d d itio n  of 0.3 p e r  cen t fo r
m alin  the fla sk  is closed w ith  a s te rile  s to p p er and  th e  flu id  is v ig o ro u sly  
shaken .

8. T he fo rm olized  an tigen  is k e p t  a t  35° C fo r one week th e n  a t  room  
te m p e ra tu re  fo r 30 days. T hen a liq u o ts  are ta k e n  fo r to x ic ity , s te r il i ty  an d  
an tig en ic ity  te s ts . W hen  in  e x cep tio n a l cases d e to x ica tio n  is n o t co m p le te
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f u r th e r  0.3 p er cen t fo rm alin  should b e  ad d ed . The re p e a te d  ad d itio n  o f  fo r
m a lin  ex h ib its  no h a rm fu l effect.

F o r vaccine  p re p a ra tio n , th e  p u r if ie d  tox o id  is m ixed  to  an  a d e q u a te  
q u a n t i ty  o f p H  5.5 A 1P 04 m ade acco rd in g  to  H o l t ’s p ro ced u re  [11]. A fte r  
th e  a d d itio n  o f  th e  an tig en , th e  m ix tu re  is a d ju s te d  to  p H  3.5 w ith  a 10 p e r  
c e n t s te rd e  A1C13 so lu tion . P rev ious in v e s tig a tio n s  [12] h av e  show n t h a t  b y  
th is  m e th o d  an  im p ro v ed  an tig en  can  b e  p ro d u ced , as th e  ad so rp tio n  o f  th e  
a n tig e n  becom es s tro n g er a n d  m ore se lec tiv e . T he re a c tio n  of th e  m ix tu re  
sh o u ld  be asce rta in ed  b y  m eans of an  e lec tric  p H  m eter th ro u g h o u t th e  p ro 
ced u re ; w hen  th e  p H  in d ic a te d  is re a c h e d , a sterile  15.75 p e r cen t N a3P 0 4 
so lu tio n  is im m ed ia te ly  ad d ed  u n til th e  re a c tio n  has been  a d ju s te d  to  p H  
6 .0 —6.3. F in a lly , th e  vaccine is p reserved  w ith  H o l t ’s ace ta te -m e rth io la te  [11].

I n  o rd er to  s tu d y  th e  m echanism  o f  K SC N  -f- tr ich lo race tic  acid p u r if i
c a tio n , i t  was necessary  to  determ ine th e  n itro g en -co n ta in in g  substances p re s 
e n t in  th e  su p e rn a ta n t w hich  had  b een  se p a ra te d  from  th e  an tigen .

A fte r p re c ip ita tin g  th e  an tigen  w ith  K SC N  -f- trich lo race tic  acid , th e  
s u p e rn a ta n t  w as c o n cen tra ted  and  su b je c te d  to  e lectrophoresis. This rev ea led  
th e  p resence o f acid, n e u tra l  an d  alkaline am in o  acids. The am ino  acids o b ta in e d  
b y  electrophoresis w ere fu r th e r  s e p a ra te d  b y  descending ch ro m a to g rap h y . 
T h e  tw o-d im ensional ch ro m ato g ram s are  show n in Fig. 1.

A ccord ingly , th e  su p e rn a ta n t c o n ta in e d  various am ino  acids b u t  no 
h ig h e r p ro te in s . S im ilar analyses show ed no  free am ino acids in  th e  K SCN - 
p u r if ie d  an tig en . T rich lo racetic  ac id -co n cen tra ted  d ip h th e ria  tox o id  w hich h a d  
n o t  b een  t r e a te d  w ith  K SC N  gave th e  ch ro m ato g ram  p re sen ted  in  F ig . 2.

A ccord ing  to  F ig . 2 th e  toxo id  c o n c e n tra te  no t su b jec ted  to  K SC N - 
p u rif ic a tio n  con ta ined  acid , n eu tra l a n d  a lk a lin e  am ino acids. These co rre 
sp o n d ed  to  free am ino acids, as on p ro lo n g ed  dialysis th e y  w ere rem oved . 
B y  e lectrophoresis an d  ch ro m a to g rap h y  th is  d ialysed  an tig en  was show n 
to  be devoid o f am ino acids. A cco rd ing ly , its  p u r ity  defined  as L f/m g 
N , increased .

T hese ex am in a tio n s h av e  revealed  th e  m echanism  o f K SCN  p u rifica tio n . 
O n  p re c ip ita tio n  w ith  trich lo race tic  acid  considerab le  am o u n ts  o f am ino acids 
a re  p ro b a b ly  adso rbed  on th e  p rec ip ita te . T h is  adso rp tio n  seem s to  be p re v e n te d  
b y  K SC N , as KSCN is m ore effec tively  ad so rb ed  on th e  surface o f th e  p re 
c ip ita te  th a n  am ino acids. T h a t  the  p h en o m en o n  w as rea lly  due  to  ionic a d so rp 
tio n  w as p ro v en  b y  p re c ip ita tio n  w ith  K B r , N aB r an d  K I. T hese com pounds 
a c te d  s im ila rly  to  KSCN. T h e  lyo trop ic  p ro p e r ty  of B r~  an d  I -  ions is closely 
re la te d  to  th a t  o f SCN-  io ns; th u s  it  m a y  be assum ed th a t  th e  m echan ism  of 
th e  p u rif ic a tio n  m eth o d  is connected  w ith  th e  lyo trop ic  p ro p e rty  of K SC N .

T he p re sen t m eth o d  is a p rac tica l p u rif ic a tio n  p ro ced u re  allow ing th e  
p re p a ra tio n  o f a tox o id  o f  h igh  p u rity  a lo n g  w ith  a m in im um  loss of an tig en . 
T h e  im m uniz ing  cap ac ity  a n d  th e  a b ility  fo r th e  p re p a ra tio n  of vaccines o f
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Fig. 2. E lec tro p h o re tic  an d  ch ro m atograph ic  p a t te rn  o f d ip h th e r ia  toxo id  c o n c e n tra te d  b y
trich lo race tic  acid  p re c ip ita tio n

th e  d ip h th e r ia  to x o id  o b ta in ed  b y  o u r m e th o d  w ere considered  in  f u r th e r  
ex p erim en ts .

B a tch  43/11 H u m a n  toxo id  c o n c e n tra te  was fu r th e r  p u rified  by  K SC N  -f- 
-\- tr ich lo race tic  ac id  tre a tm e n t an d  used  for th e  p re p a ra tio n  o f A 1 P 0 4~ 
p re c ip ita te d  com bined  vaccines.

T he im m uniz ing  p o ten cy  o f th e  v acc in es  was exam ined  a t  th e  S erum  a n d  
V accine C ontrol D e p a rtm e n t of th is  I n s t i tu te .  T he resu lts  are  show n in  T a b le s  
IX  an d  X .

In  T ab le  IX  th e  effective im m u n iz in g  po tency  of th e  K S C N -p u rified  
d ip h th e r ia  to x o id  in  an im al experim en ts is show n.

T ab le  X  sum m arizes th e  re su lt o f im m u n iza tio n  o f  ch ild ren  o f  h a lf  to  
one y e a r  o f age. In  th e  ex am in a tio n s tw o  com bined  d ip h th e ria -p e rtu ss is -  
te ta n u s  vaccines w ere com pared. One o f  th e m  was b a tc h  N o. 3744/a o f  B ern a  
(S w itzerland ), th e  o th e r, b a tc h  O K I 7 w as o u r own p re p a ra tio n  from  d ip h th e r ia  
to x o id  p u rified  b y  rep rec ip ita tio n  w ith  K SC N  - f  tr ich lo race tic  acid.

A ccording to  T ab les IX  and  X , th e  im m uniz ing  p o ten cy  of b a tc h  O K I 7 
w as sa tis fa c to ry  in  a ll respects. T he a n tib o d y  co n ten t o f th e  blood se ru m  o f  
b o th  th e  guinea pigs an d  ch ildren  show ed th a t  p u rif ic a tio n  w ith  K SCN  o f  th e  
to x o id  h a d  n o t re d u ced  its  an tigenic  p o ten cy .
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Table IX

The im m u n iz in g  potencies fo r  guinea p ig s o f  various diphtheria-pertussis-tetanus combined vaccines 
prepared fro m  K S C N  — trichloracetic acid precipitated diphtheria toxoid Batch  43/11 H um an

Batch
Toxoid
Lf/ml

D iph theria  A.U./ml in  sera of guinea pigs

a f te r  f ir s t  im m unizaton a f te r  second im m unization

I II I I I

O K I 3 ........................ 7.5 1.0— 2.0 0.05 4— 8 1— 2

O K I 4 ....................... 15 0.5— 1.0 0.4— 0.5 2— 4 i6

O K I 5 ........................ 30 0.5— 1.0 0.05— 0.1 1— 2 1— 2

O K I 6  ............................. 30 0.05— 0.1 1— 2 16 16

O K I 7 ........................ 30 0.5— 1.0 0.5— 1.0 2— 6 16

O K I 8 ............................. 60 0.5 0.1— 0.5 4— 8 8— 16

O K I 10 ..................... 30 2.0 0.05— 0.1 4— 8 8— 16

O K I 13 ..................... 30 0.5— 1.0 0.5 4— 8 16

O K I 14* ................... 30 0.1— 0.5 0.5— 1.0 16 16

H u m a n  3 2 ................ 30 0.1— 0.5 0.5— 1.0 16 16

B ern a  3744/a ......... 4— 8 1— 2 4 — 8 32— 64

I  =  Im m u n iz a tio n  w ith  1/2 m l vacc ine
I I  =  Im m u n iza tio n  w ith  1/15 m l vacc ine  
* A ntigen  n o t purified  w ith KSCN

Table X

The im m unizing  potency fo r  children o f  diphtheria-pertussis-telanus combined vaccine prepared  
fro m  K S C N  -)- trichloracetic acid precip ita ted  diphtheria toxoid Batch 43/11 H um an  

Age of ch ild ren , 1/2 to  1 year

Designation 
o f vaccine

D istribution of sera  according to  A.U./ml No. of 
persons

Log.
average of 

A.U./mlI. Two weeks I I .  Six months

a fte r  im m unization
x-

II I 11
I

0.05 0 .1

I

0.2 ! 0.5 1 .0 2 .0 0 .0 0 1 0.05
!

0 .1  j 0 .2 0.5
.

,
0 . 1 11 0 .2 0.5 1.0 2 .0 5.0 0.05 0 .1 0.2 1 0.5 1 .0

O K I 7 ......... о  : 3 7 1 4 2 5 5 3 6 ; 3 3 21 2 0 0.60 0.08

B ern a  3744/a
4

5 6 1
1

2 2 10 2 2 , 2

1

1 2 0 17 0.29 0.03

I II

t n ° /P /о t  p%

2.33 < 5 2.11 < 5
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Discussion

In  recen t y ears  a n u m b e r of in v es tig a tio n s  h av e  b een  carried  ou t w ith  
re sp e c t to  th e  th e o re tic a l an d  p rac tica l p rob lem s o f p u r if ic a tio n  of d ip h th e ria  
to x o id . F irs t of all th e  p a p e r  of E r ic s s o n  an d  N e u m ü l l e r  [13] should be m en 
tio n ed , in  w hich im p o r ta n t  d a ta  have  been  re p o rte d  as to  th e  special role o f 
tr ic h lo ra c e ta te  ions b e y o n d  th e  acid p re c ip ita tio n , an d  as to  th e  role p lay ed  
b y  th e  sho rt fo rm oliz ing  period  in  th e  decrease o f th e  fo rm a tio n  of form ol- 
p ro te in  im purities. T h ese  substances, due to  th e ir  s im ila r physicochem ical p ro 
p e rtie s , are v e ry  d iff ic u lt to  sep a ra te  from  th e  to x o id . I n  th e  p resen t e x p e ri
m e n ts  care has been  ta k e n  to  em ploy sim ple p rocedures. T he “ forced a d so rp 
t io n ”  of P o p e  and  St e v e n s  [14] req u irin g  u ltra f i l t ra t io n , subm erged c u ltiv a 
tio n  and  th e  ap p lic a tio n  o f  a special charcoal, an d  o th e r  m e th o d s requ iring  th e  
use  of sem isyn the tic  m ed ia  [11, 15, 16], a lth o u g h  en su rin g  ex trem e p u rity , a re  
d ifficu lt to  ca rry  o u t a n d  have no t y e t been  ro u tin e ly  em p lo y ed  in  th is  c o u n try .

In  our very  sim p le  procedure  o f p u rify in g  th e  to x o id  p roduced  in  a m e
d iu m  p repared  from  try p t ic  digest of beef, th e  fo llow ing conditions are co n 
sidered  necessary, (i) T h e  ap p lica tion  o f a s tra in  p ro d u c in g  h igh  levels of to x in  
w ith in  a sh o rt in c u b a tio n  period. In  th is  w ay  th e  ra tio  o f p ro te in  im p u rities  
fo rm ed  during  c u lt iv a tio n  can be decreased , (ii) O p tim a l c ircum stances in  
fo rm alin  tre a tm e n t (q u a n tity , te m p e ra tu re , tim e) to  in h ib it p rodu c tio n  o f  
aspecific  fo rm ol-p ro te in s. (iii) The ap p lica tio n  o f o p tim a l q u a n titie s  of tr ic h lo r
a c e ta te  in  the  tr ic h lo ra c e tic  acid co n cen tra tio n  o f th e  c ru d e  toxoid , in  o rd e r 
to  increase the  d iffe rence  betw een th e  p re c ip ita b ility  o f an tig en  and p ro te in  
im p u ritie s , (iv) T h e  a d d itio n  of p o tassiu m  rh o d a n a te  allow s th e  re -p re c ip ita 
tio n  of the an tig en  w ith  trich lo racetic  acid  w ith o u t loss an d  the  sep ara tio n  o f  
th e  co n tam in a tin g  low  m olecular w eight n itro g en  co n ta in in g  substances.

B y the  m e th o d  described , s ta r tin g  from  th e  f i l t r a te  o f flask  cu ltu res, we 
w ere able to  o b ta in  p re p a ra tio n s  h av in g  a p u r i ty  o f 1000 to  1300 L f/m g N . 
T h e  an tigen  was reco v e red  in  a t le a s t 85 to  90 p e r c en t. T he vaccines p re p a re d  
fro m  th is  an tigen  h a d  a very  effective im m uniz ing  p o te n c y  and  caused v e ry  
s lig h t inocidation  reac tio n s .

Acknowledgement. T h e  au th o rs  w ish to  th a n k  to  th e  I n s t i tu te  “ H U M A N ” for S ero b ac- 
te r ia l  P roduction  a n d  R esearch , B udapest, fo r v a rio u s b a tch es  o f tr ich lo race tic  ac id -co n cen 
t r a te d  toxoids; to  D r . T . D é v é n y i, In s t i tu te  o f B iochem istry , H u n g a r ia n  A cadem y of Sciences, 
B u d ap es t, for th e  c h ro m a to g ra m s; and to  D r . L. E rdős, S ta te  I n s t i tu te  o f H ygiene, B u d a p e s t,  
fo r th e  im m unological ex am in a tio n s .
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SALMONELLA-UNTERSUCHUNGEN IN BUDAPEST 
IN DEN JAHREN 1956— 1958

V o n

I r é n  M i h á l y f i , É va  K e n d e , E r z s é b e t  J ónás  und G y . V ámos

Bakteriologisches Laboratorium  der Station f ü r  Gesundheitswesen und  Epidemiologie, B udapest

(E ingegangen a m  19. M ärz 1960)

Z usam m enfassung . 1. E s w ird über die im  V e rla u f  von 3 J a h re n  (1956— 1958) im  B a k te 
rio logischen L ab o ra to riu m  d e r  B udapester S ta t io n  fü r  G esundheitsw esen  u n d  E pidem io log ie  
d u rch g efü h rten  S a lm onella-U ntersuchungen  b e r ic h te t .  W ährend  d e r 3 J a h re  w urd en  a u s  
S tu h lp ro b en , die aus B e ru fsre ih en u n te rsu ch u n g en  u n d  bei E rk ra n k u n g e n  v o rgenom m enen  
U n te rsu ch u n g en  s tam m ten , 1847 S a lm onella -S täm m e iso liert.

2. D ie D urchseuchung  der gesunden B ev ö lk e ru n g  m ach te  im  D u rch sch n itt de r 3 
J a h re  0 ,32%  aus.

3. D as V orkom m en d e r  Salm onella -Fälle  in  den Ja h re n  1956, 1957 u n d  1958 w ird  
besprochen .

4. U n te r  den 1847 S tä m m e n  waren 15 v e rsch ied en e  T ypen  a n zu tre ffen . B ei der H ä lf te  
de r S täm m e h a n d e lte  es s ich  u m  Salmonella sa in t  p a u l.

5. V on den  E rk ra n k te n  w aren  43%  jü n g e r  a ls 2 Jah re .
6. D ie A usscheidung des K ran k h e itse rreg e rs  h ö rte  in  80%  d e r  F ä lle  in n erh a lb  e ines 

M onats au f.

Die B ehand lung  d e r S alm onella-F rage  n im m t in  d er m edizin ischen und  
v e te rin ä rm ed iz in isch en  L ite ra tu r  von J a h r  zu J a h r  m ehr R au m  ein. In  d er 
ganzen  W elt h a t m an  b eo b ach te t, dass d ie  Z ahl der Salm onella-F älle  in  den  
le tz te n  J a h re n  s ta rk  z u n a h m  [1— 14]. A u c h  in  U ngarn  is t ih re  Z ahl w esen tlich  
höher als in  früheren  J a h re n  und J a h rz e h n te n . Diese T a tsa c h e  erfo rdert, dass 
w ir uns m it der F rage d e r  Salm onella-In fek tionen  — als seh r akeinem  tu e llen  
hyg ien ischen  und  epidem iologischen P ro b le m  —  e ingehender beschäftigen .

N achfo lgend  b e r ic h te n  wir über d a s  d re ijäh rige  S alm onellen-M aterial des 
B akterio log ischen  L ab o ra to riu m s der B u d a p e s te r  S ta tio n  fü r  G esundheitsw esen  
und  Epidem iologie. D ieses M aterial s ta m m t aus zwei s tre n g  abgeg renzten  
G eb ie ten : 1. Von S tu h l-R e ih en u n te rsu ch u n g en  der W e rk tä tig e n  im  B ereich  
der L eb en sm itte lv e rso rg u n g  und der K in d e rk o llek tiv en  in  G ross-B udapest.
2. Von bei E rk ra n k u n g e n  vorgenom m enen  S tu h lu n te rsu ch u n g en  in  einzelnen 
B ezirken  von  B u dapest.

M aterial u n d  M ethoden

Verarbeitung der U ntersuchungsm aterialien. B ei den  Berufs- u n d  an d eren  R e ih en u n te r  - 
suchungen  w u rd en  m it den  S tu h lp ro b en  W ism u th su lfit-A g ar-  (L o v r e k o v ic h ) u n d  D esoxy- 
ch o la t-Z itra t-A g arp la tten  b e im p f t;  den von K ra n k e n  stam m enden  S tu h l v e rim p ften  w ir n ic h t  
n u r a u f  obige N ährböden , so n d e rn  auch au f B rilla n tg rü n -A g a rp la tte n  u n d  N a triu m -S e len it-  
A nre icherungsböden . Vom  A n re ich e ru n g sn äh rb o d en  e rfo lg te  die A b im p fu n g  n ach  24 stü n d ig er 
In k u b a tio n  a u f  W ism u th su lfit-A g ar und B rilla n tg rü n -A g ar. Bei jedem  M ateria l geschah d ie  
A blesung zw eim al, zuerst n a c h  24stündiger In k u b a tio n  bei 37° C, so d an n  n a ch  S tehen  b e i  
Z im m ertem p era tu r w ährend  w e ite re r  24 S tu n d en . D ie  Id en tifiz ie ru n g  d e r v e rd äc h tig e n  K o lo 
n ien  erfo lg te  n a ch  den ü b lic h e n  b iochem ischen u n d  serologischen M ethoden .

3*



3 6 I. MIHÁLYFI e t al.

Ergebnisse und Besprechung

У о т  1. M ärz 1956 bis zum  1. J a n u a r  1959 w urden  im  R ah m en  der B e ru fs
re ih e n u n te rsu c h u n g en  205 000, im  Z u sam m en h an g  m it E rk ra n k u n g e n  74 000, 
in sg esam t also n a h e z u  280 000 S a lm o n e lla -U n te rsu ch u n g en  d u rch g efü h rt. A us 
d iesem  M ateria l e rg ab en  sich 653 bzw . 1194, in sgesam t also 1847 p o s itiv e  
S alm onella-B efunde. Diese Z ah len  u m fassen  w eder die w ied erh o lt p o s itiv en  
S a lm o n e lla -R esu lta te , noch  die T y p h u s- bzw . P a ra ty p h u s  A-, P a ra ty p h u s  B- 
u n d  P a ra ty p h u s  C -Fälle (T abelle I).

Bei der B ew ertu n g  der Z a h len an g ab en  m uss b e rü c k s ic h tig t w erden, d ass  
d ie  A nzahl d er m it L a b o ra to riu m su n te rsu ch u n g e n  v e rif iz ie rten  positiven  F ä lle  
n ic h t m it der A n zah l der e ffek tiv en  In fek tio n en  id en tisch  is t. E in  gew isser 
P ro z e n tsa tz  der p o s itiv e n  F älle  e rg ib t sich  aus F o rsch u n g su n te rsu ch u n g en ; in  
d iesem  M ateria l k o m m en  aber sich er au ch  R ek o n v aleszen ten  v o r. Gewiss g ib t 
es jed o ch  e rheb lich  m ehr effek tive  S a lm o n e lla -E rk ran k u n g en  als die F ä lle , 
in  denen  die bak terio log ische  U n te rsu c h u n g  vorgenom m en w ird .

Tabelle I

Die Ergebnisse der Salmonella-Untersuchungen

U ntersuchungsm aterial Zahl Salmonella-positiv

B erufsreihenuntersuchungen  ................... 205 000 653

Mit E rk ran k u n g en  zusam m enhängende 
U n tersuchungen  ..................................... 74 000 1194

Insgesam t ........................................................ 279 000 1847

D a es sich bei dem  S alm onellosen-P rob lem  um  w eitverzw eig te  F ra g e n  
h a n d e lt, sollen aus dem  uns zu r V erfügung  stehenden  M a te ria l n u r  einige w ich 
tig e  herausgegriffen  w erden , u n d  zw ar die In fe k tiv itä t  d e r gesunden B ev ö lk e 
ru n g , das zah lenm ässige V orkom m en  d er Salm onella-Fälle  in  den e inze lnen  
Ja h re n , die A u fte ilu n g  der b e o b a c h te te n  Salm onellen n a c h  T ypen , das A lte r  
d e r E rk ra n k te n  u n d  das P ro b lem  d e r A usscheidungsdauer.

Die In fe k tiv itä t der gesunden Bevölkerung. A u f die F rag e , wie h ä u f ig  
S alm onella-A usscheidung  u n te r  d e r gesunden  B evö lkerung  v o rk o m m t, g eben  
d ie  R e ih en u n te rsu ch u n g en  A n h a ltsp u n k te . Ü ber diese F ra g e  stehen  fo lgende 
ungarische  A n g ab en  zur V erfügung . R a u s s  h a t  in  seiner 1949 ersch ienenen  M it
te ilu n g  [15] das M ateria l der J a h re  1936— 1944 au fg ea rb e ite t. In  d iesen  9 
J a h re n  e rgaben  800 000 U n te rsu ch u n g en  lediglich 46 S alm onella-Fälle , d . h . 
0 ,006%  (ohne Т у ,  P a ty  А, В u n d  C). L á n y i  u n d  H a m a r  [16] te ilten  die d ie s 
bezüglichen  A n gaben  der B ak te rio log ischen  A bteilung  des S taa tlich en  H ygiene- 
In s t i tu ts  aus dem  J a h re  1953 m it. In  n ah ezu  100 000 R e ih en u n te rsu ch u n g en  
fan d e n  sie 83 =  0 ,085%  p o sitiv . W ir s te llte n  in  den le tz te n  3 J a h re n  bei 205 000
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B eru fsre ih en u n te rsu ch u n g en  653 =  0 ,32%  S alm o n ella -T räg er fest. W ä h re n d  
also in  den  J a h re n  1936— 1944 in  U ngarn  a u f  16 000 M enschen 1 A ussche ider 
en tfie l, k am  1953 b e re its  1 a u f  1000 u n d  h e u tz u ta g e  1 a u f  300. Diese T a tsa c h e  
bew eist, dass die Z ah l d er Salm onellosen au ch  in  U n g a rn  s ta rk  gestiegen  is t .

Im  Ja h re  1957 w a r im  Ju n i  und  J u l i  in  B u d a p e s t eine S a lm o n e lla -E p id e 
m ie au fg e tre ten . Die A n g ab en  dieses J a h re s  b ie te n  d a h e r  die M öglichkeit fe s t 
zustellen , wie sich  das V erh ä ltn is  der A usscheider zu r Z eit einer E p id em ie  
gegenüber den  ep idem iefreien  Perioden  v e rä n d e r t . B ei den  78 000 R e ih e n 
u n te rsu ch u n g en  im  J a h re  1957 b e tru g  die Z ah l der S a lm onella-P ositiven  273, 
d. h . 0 ,3 5 % . W en n  w ir die V erh ä ltn iszah l der P o s itiv e n  in  den M o n a ten  
m it Lind ohne E p id em ie  des Jah re s  g esondert e rrechnen , so fin d en  w ir, dass 
sie in  der ep idem iefreien  Periode au f 0 ,16%  s in k t u n d  in  d er E p idem ieperiode  
a u f  1%  a n ste ig t. D em en tsp rechende  A ngaben  gew annen  w ir auch  bei der d ie s
bezüglichen  A nalyse  des M ateria ls vom  J a h re  1958, als in  den  S om m erm onaten  
zw ar die Z ah l d er E rk ra n k u n g e n  gestiegen , ab e r k e ine  ep idem ieartige V e r
m ehrung  der F älle  e in g e tre ten  w ar. D er J a h re s d u rc h s c h n itt  der Salm onella- 
A usscheider w ar 0 ,1 5 % , d. h . er s tim m te  m it dem  in  d er epidem iefreien P erio d e  
des Jah re s  1957 fe s tg e s te llten  P ro zen tsa tz  ü b ere in .

Das Vorkom m en der Salmonella- Fälle in  den einzelnen Jahren. A us d en  
Z ah lenangaben  u n seres  m it E rk ran k u n g en  zu sam m enhängenden  U n te rsu 
chungsm ateria ls  seien  fo lgende hervorgehoben : Im  J a h re  1956 w urden 177, im  
J a h re  1957 563 u n d  1958 454 positive F ä lle  b e o b a c h te t (A bb. 1).

Bei der n ied rigen  Z ah l des Jah re s  1956 h a n d e lt es sich  um  eine re la tiv e  
Ziffer. E inerse its  b e fass te  sich  das L ab o ra to riu m  1956 n u r  8 M onate m it d iesen  
U n tersu ch u n g en , an d e rse its  b le ib t 1956 die V e rh ä ltn iszah l der m it E rk ra n 
kungen  zu sam m en h än g en d en  U n te rsuchungen  (29,6% ) im  Vergleich zu s ä m t
lichen U n te rsu ch u n g en  noch  bedeu tend  h in te r  den V erh ä ltn iszah len  der J a h r e  
1957— 1958 (37 ,7%  bzw . 39% ) zurück . E s m uss b e m e rk t w erden, dass d ies 
w ahrschein lich  n ic h t a u f  e iner n iedrigeren  E rk ra n k u n g sz a h l b e ru h te . W ir fa n 
den näm lich  in  den  S om m erm onaten  0 ,6%  gesunde A usscheider, w oraus ge
schlossen w erden da rf, dass in  diesen M onaten  d em en tsp rech en d  m ehr E rk ra n 
kungen  vorgekom m en sind . Die n iedrigere Z ah l der b e i E rk ran k u n g en  v o r
genom m enen U n te rsu c h u n g e n  lä ss t sich d a ra u f  z u rü ck fü h ren , dass die e in 
schlägige A rb e it unseres L abora to rium s im  J a h re  1956 noch  n ich t a llgem ein  
b e k a n n t w ar u n d  die Ä rz te  bei en te ra len  E rk ra n k u n g e n  n u r  selten  an  Salm o
nellose d ach ten .

Im  J a h re  1957 k am en  563 positive S alm onella-F älle  in  unserem  K ra n k e n 
m a te ria l vo r. H ie rv o n  s ta m m te n  351 aus d e r in  den  Som m erm onaten  a u f
g e tre tenen  E p idem ie . Im  J u n i  und  Ju li  h a t  die Z ahl d er S a lm onella -K ranken  
u n d  -A usscheider im  V erg leich  zu den e rs ten  5 M onaten  des Jah re s  m ä c h tig  
zugenom m en. Bis J u n i  w u rd en  im  M o n a tsd ru c h sc h n itt 20 F älle  b eo b ach te t, 
im  J u n i  u n d  J u l i  sp ra n g  die Zahl der P o s itiv e n  a u f  215 bzw . 236. In  d e n
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e n tsp re c h e n d en  M onaten  des J a h re s  1956 w ar die Z ah l d er Salm onella- 
F ä lle  gleichfalls gestiegen, aber 1957 e rre ich te  die A nzah l d er p o s itiv en  
F ä lle  d ieser b e id en  M onate die Z ah l d e r in  8 M onaten  des Ja h re s  1956 
g e z ü c h te ten  S täm m e. Im  A u g u st sa n k  die Zahl der p o s itiv en  F ä lle , u n d  
im  S e p te m b e r e n tsp ra c h  sie b e re its  d e m  M o n a tsd u rch sch n itt u n d  zeig te

A bb. 1. M onatliche V erte ilu n g  der in  den J a h r e n  1956— 1958 gezü ch te ten  Salm onella -S täm m e 
Z eichenerk lärung  :
----------------- -—- A us K ra n k en m a te r ia l g ezü c h te te  Stäm m e;
— .— .— .— .—  v o n  B e ru fsre ih en u n te rsu ch u n g en  gezüchtete S täm m e;
----------------------in sg esam t

d a m it das A bklingen  der som m erlichen  Salm onella-E pidem ie an . I n  der 
ü berw iegenden  M ehrzahl, zu 76% , w aren  die E rk ran k u n g en  von  dem  S tam m  
Salm onella  sa in t p a u l  v e ru rsa c h t w orden , und in  derse lben  Z e itsp an n e  
z ä h lte n  auch  61%  d er von  B eru fsre ih en u n tersu ch u n g en  h e rrü h re n d e n  S täm m e 
zu  diesem  T y p u s. A ngesichts des s tü rm isch en  A nsteigens d er E rk ra n k u n g e n  
h a t  unser L eb en sm itte llab o ra to riu m  U n tersuchungen  d u rch g e fü h rt, u m  fe s t
zu s te llen , w o rau f das ep idem ieartige  E rsch e in en  der Salm onellose b e ru h t. W ie 
d ie  U n te rsu ch u n g en  ergaben , w aren  die zu  jen e r Zeit in  den  H an d e l gekom m e
n e n  rohen  F le isch so rten  (h au p tsäch lich  die un rich tig  b e h an d e lten  tie fg ek ü h lten  
R o h fle isch so rten ) u n d  die in  den F le isch ere ien  b en u tz ten  G egenstände  (F le isch 
tra n s p o r tk is te n , H ack b än k e , E issc h rä n k e  usw.) in  hohem  P ro z e n tsa tz  m it B a k 
te r ie n  der S alm onella-G ruppe in f iz ie r t. U n te r  den Salm onella-T ypen  k a m  im
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h ö c h s te n  P ro z e n tsa tz  Salmonella sa in t p a u l , d ann  Salm onella Heidelberg u n d  
Sa lm onella  anatum  v o r, was m it d e r  T y p en v e rte ilu n g  der aus den  S tu h lp ro b en  
g e z ü ch te ten  Salm onella-S täm m e ü b e re in s tim m te  [17].

U n te r  den b ish e r erw ähn ten  A n g ab en  is t  die im  F e b ru a r  1957 m it M assen
e rk ra n k u n g e n  au fg e tre ten e  L eb en sm itte lv e rg if tu n g  n ich t b e rü c k s ic h tig t, die 
v o n  den  in  U n g a rn  zum  erstenm al g e zü ch te ten  Salmonella heidelberg h e rv o r
g e ru fen  w orden w ar. V on den E rk ra n k te n  w urde  der E rreg e r in  n ah ezu  100 
F ä lle n  gezüch te t. U ngefäh r zur g le ichen  Z eit m it der L e b en sm itte lv e rg iftu n g  
w u rd e  derselbe E rreg e r auch aus d e n  aus versch iedenen  T eilen  d er S ta d t  e in 
g e sa n d te n  S tu h lp ro b en  gew onnen, ebenso  w ar er u n te r  den v o n  B eru fsre ihen 
u n te rsu ch u n g en  s tam m en d en  S tä m m e n  v e rtre te n .

Im  Ja h re  1958 kam en  u n te r d en  m it E rk ran k u n g en  zu sam m en h än g en d en  
U n te rsu ch u n g en  454 positive S a lm o n ella -F ä lle  vor. In  den 5 M onaten  zw ischen 
J u n i  u n d  O ktober w a r die Zahl d er p o s itiv e n  F älle  nahezu  d o p p e lt so hoch  wie 
in  d en  übrigen  7 M onaten  zusam m en , w as a u f  die sa isonartige  Z unahm e der 
Salm onellose im  Som m er d eu te t. E in e  grössere Epidem ie w ar ab er in  d iesem  
J a h r  n ic h t zu b eo b ach ten .

Sofern w ir u n sere  A ngaben m it  den v o n  R auss  bzw . v o n  L á n y i  u n d  
H a m a r  m itg e te ilten  vergleichen, so f in d e n  w ir auch h ier eine b ed eu ten d e  V er
m e h ru n g  der positiv en  S alm onella-F älle . I n  9 Ja h re n  iso lierte  R a u s s  v o n  K ra n 
k en  in sg esam t 96 Salm onella typ h i m u r iu m -, 26 Salmonella enteritidis Gärtner- 
und  17 andere Salm onella-S täm m e. L á n y i  und  H amar  z ü c h te te n  1953 n u r  
58 S alm onella-S täm m e. In  unserem  3 jäh rig en  K ran k en m a te ria l Avar ab er die 
Z ah l d e r gezüch te ten  S täm m e 1194. D iese E rh ö h u n g  d ü rfte  n u r  zum  geringen  
T eil a u f  die s tänd ige  E n tw ick lung  d e r  bak terio log ischen  D iagn o stik  u n d  a u f 
d ie T a tsa c h e  zu rü ck zu fü h ren  sein, dass die Ä rz te  dieses K ra n k h e itsb ild  h äu fig e r 
e rk e n n e n  u n d  bei E n te r itid e n  h ä u fig e r  S tu h lp ro b en  u n te rsu ch en  lassen .

D ie T ypen  der gezüchteten Salm onella-S täm m e. U n te r  d en  gezü ch te ten  
S tä m m e n  kam en 15 verschiedene S a lm o n e lla -T y p en  vor (A bb. 2).

E tw a  50%  der F älle  m ach te  Salm onella  sain t pau l aus. H äu fig  w aren  
Salm onella  ana tum , Salmonella bareilly , Salm onella heidelberg, Salm onella typ h i  
m u riu m , Salmonella meleagridis u n d  Salm onella  manhattan  v e r tre te n , und  zw ar 
zu 5— 11% . Salm onella bredeney, Sa lm onella  kottbus, Salm onella abony, S a l
m onella enteritidis (G ärtn er), Salm onella  Oranienburg und  Salm onella tennessee 
w u rd e n  n u r  in 0,1— 2 %  der Fälle b e o b a c h te t. D er hier seit 3 J a h re n  in  g rösste r 
Z ah l vo rkom m ende T y p  Salmonella sa in t p a u l  w urde 1940 in  d en  V ere in ig ten  
S ta a te n  [18] besch rieben  und  e rsch ien  in  D eu tsch lan d  1954 [19] u n d  in  d er 
O stslow akei 1955 [11]. In  U ngarn  w u rd e  er zuerst von  K u b i n y i  u n d  L á n y i  
[20] 1953 aus dem  S tu h l von K ra n k e n  u n d  A usscheidern  iso liert. N och im  sel
b e n  J a h r  w urde bei einer u m fan g re ich en , v o n  Sülzw urst h e rv o rg eru fen en  
F le isch v erg iftu n g  n eb en  Salmonella ana tum  auch  Salmonella sa in t p a u l als 
E rre g e r  festgeste llt [21]. Seither h a t  s ich  Salm onella saint p a u l zum  h äu fig sten
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S alm onella-T yp e n tw ic k e lt und  ist in  diesen J a h re n  m indestens so endem isch  
in  U n g arn  gew orden w ie Salm onella typ h i m uriu m  in  v ie len  anderen  L än d e rn . 
In  unserem  M ateria l s in d  ausserdem  5 T y p e n  ersch ienen , die in  U ngarn , zu m in 

d est hei m enschlichen  E rk ran k u n g en , b ish er n ich t b e o b a c h te t w urden  ( S a lm o
nella Heidelberg, Salm onella  m anhattan, Salm onella bredeney, Salmonella Oranien
burg und  Salm onella tennessee). Von diesen is t Salm onella  Heidelberg, wie b e re its  
e rw äh n t w urde, h e u te  eine der h äu fig s ten  T y p en . H ie r sei unsere B eo b ach tu n g  
e rw äh n t, dass es S tä m m e  g ib t, die ö fter aus K ra n k e n  als anlässlich der R e ih e n 
u n te rsu ch u n g en  g e z ü c h te t w erden kö n n en , z. B . Salm onella typhi m u r iu m , 
Salmonella Heidelberg u n d  Salmonella bareilly. D ie be i uns v o rkom m enden

Abb. 2. V o rk o m m en  der Salm onella -T ypen  in  den J a h re n  1956— 1958
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T y p en  sind  auch  in  den  grossen zu sam m en fassen d en  M itte ilungen  der a u s lä n 
d ischen  L ite ra tu r  a ls häufigste  T y p e n  e rw ä h n t w orden  [3, 22].

D as A lter der E rkrankten  (T a b e lle  I I )  le n k t die A ufm erksam keit a u f  e in e  
sehr w ich tige T a tsa c h e .

Tabelle II

J a h r
J a h re

2— 6
J a h re

6— 14
Jah re

Ü ber 14 Jah re Insgesam t

Z ahl % Zahl % Zahl % Zahl % Zahl %

1956 66 38 16 9 и 6 84 47 177 1 0 0

1957 235 42 127 2 2 26 5 175 31 563 1 0 0

1958 2 1 1 46 68 15 36 8 139 31 454 1 0 0

Insg. 51Ö 43 211 18 73 6 398 33 1194 1 0 0

W ie aus (len D a te n  der drei J a h r e  h erv o rg eh t h a n d e lte  es sich bei 61 °/
d. h . d er ü berw iegenden  M ehrzahl d e r  E rk ra n k te n , um  K in d e r u n te r 6 J a h re n ,  
bei 4 3 %  um  K in d e r  v o n  noch n ic h t  2 J a h re n . Bei d er E pidem ie des J a h r e s
1957 w ar dieser P ro z e n tsa tz  noch  e tw as  e rh ö h t. D as zeig t, dass diese A lte rs 
gruppe der S alm onella-In fek tion  g eg en ü b er am  em p fin d lich sten  ist. Im  J a h r e
1958 verg lichen  w ir d ie A lte rsv e rte ilu n g  der an  Salm onellose und  D y sen te rie  
E rk ra n k te n . In te ressan te rw eise  k a m e n  K in d e r u n te r  6 J a h re n  in  beiden G ru p 
pen  in  nah ezu  dem selben  P ro z e n tsa tz  v o r  (61%  bzw . 5 7 % ). Bei der D y sen te rie  
v e rh ie lt es sich in d essen  bei den G ru p p e n  u n te r  2 J a h re n  u n d  von  2— 6 J a h r e n  
u m g ek eh rt: die M ehrzah l der E rk ra n k u n g e n  t r a t  in  d er A ltersg ruppe v o n  
2— 6 J a h re n  zu tage , u n d  au f die G ru p p e  d er K in d e r bis zu  2 J a h re n  e n tf ie le n  
led ig lich  18%  sä m tlic h e r  D y sen te rie fä lle . O bw ohl die A nzah l unserer D y se n 
teriefä lle  im  J a h r  1958 etw a das D o p p e lte  der S alm onella-F älle  b e tru g , w a r  
in  d er A lte rsg ru p p e  u n te r  2 J a h re n  die ab so lu te  Z ah l d er S h ige lla -P ositiven  
dennoch  n iedriger als die der S a lm o n e lla -P o sitiv en . F ü r  die stä rkere  D isposi
tio n  d er jü n g s te n  A lte rsg ru p p e  d e n  S a lm o n ella -In fek tio n en  gegenüber zeu g t 
auch  die T a tsach e , dass in  u n se rem  M ateria l die H ä lfte  d er K inder in  d e r  
A lte rsg ru p p e  u n te r  2 J a h re n  das 1. J a h r  noch  n ich t ü b e rsc h ritte n  h a tte  u n d  
1/3 sogar jü n g e r w a r  als 6 M onate. 1, 2 oder 3 M onate a lte  Säuglinge w aren  
u n te r  den  K ran k en  a u c h  zu finden . I n  d ieser A ltersk lasse k a n n  es sich o ffen b ar 
n u r um  eine K o n ta k tin fe k tio n  h a n d e ln . D as U n te rsu ch u n g sm a te ria l aus d ieser 
A lte rsg ru p p e  w ar v o n  den  Ä rzten m e is ten s  als dysen te rie  v e rd äch tig  zu g esan d t 
w orden. D ie au f G ru n d  des k lin ischen  B ildes fü r  D y sen te rie  gehaltenen  F ä lle  
hab en  sich  jedoch  in  d e r überw iegenden  M ehrzahl als Salm onellosen erw iesen. 
In  der L ite ra tu r  w u rd e  gleichfalls a u f  die spezielle E m p fän g lich k e it der S äu g 
linge u n d  K le in k in d er d en  Salm onella gegenüber hingew iesen [23— 30], w e ite r
h in  d a rau f, dass die Salm onellose in  d iesem  A lte r o ft n ic h t im  Bilde der G a s tro 
e n te ritis , sondern  als schw ere g en era lis ie rte  Sepsis a u f t r i t t .
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D ie A usscheidungsdauer. In  den J a h r e n  1957 und  1958 u n te rsu c h te n  w ir 
a u c h  die A usscheidungsdauer. In  diesen b e id e n  Ja h re n  fan d en  w ir 528 S alm o
nella-A usscheider, b e i denen  wir den  E rre g e r  im  S tuh l zwei- oder m eh rm al 
{bei einzelnen m ehr als 30mal) nach zu w eisen  verm och ten . In  80%  der F älle  
h ö r te  die A usscheidung  innerhalb  eines M o n a ts  auf, und  zw ar in  30%  der F älle  
b in n e n  1 W oche, in  2 6 %  nach 2 W o ch en , in  15% nach  3 W ochen  u n d  in  
9 %  n a c h  4 W ochen. B e i den restlichen  2 0 %  d auerte  die A u ssche idung  län g e r 
a ls e inen  M onat, 2— 3— 4—5 M onate , in  einigen F ä llen  sogar län g e r als 
e in  halbes J a h r .  H ie r  m uss e rw ä h n t w erden , dass w ir b e re its  einige 
ch ro n isch e  Salm onella-A usscheider k e n n e n , w elche die B ak te rien  se it m eh r als 
1— 2 J a h re n  k o n tin u ie rlic h  ausscheiden. E in e n  Z usam m enhang  zw ischen A u s
sch e id u n g sd au er u n d  Salm onella-T yp h a b e n  wir n ich t fe s ts te llen  kö n n en .

L IT E R A T U R

1. Se e l ig e r , H . P . R .:  A rch . H yg. (B éri.) 140, 499 (1956).
2 . Se e l ig e r . H . P . R .:  Z b l. B ak t. I . A b t. R e f. 169 , 193 (1958).
3 . Se e l ig e r , H . P . R .:  Z b l. B ak t. I. A b t. O rig . 174 , 324 (1959).
4 . M e y e r -Oschatz, W . J . :  Z. ä rz tl. F o rtb ild . 50, 679 (1956).
5. M e y e r -Oschatz, W . J . :  J .  H yg. E p id . M ic ro b io l. Im m . (P rag), 2, 190 (1957).
6 . D rä g eh , H .: D tsch . G esundh.-W es. X I , 37 , 1347 (1956).
7. M a ie r , L .: K in d e rä rz tl .  P rax . 25, 159 (1957).
8. R o h d e , R .: A rch . H y g . (B erl.) 139, 148 (1955).
9. K r e u s c h e r , A. u .  Sy l v e s t e r , B.: Zbl. B a k t .  I .  A b t. Orig. 159, 176 (1953).

10. P o t iz n ik , V., K n it t l o v á , О. u . H a jz l a r , M .: Y oj. zd rav o tn . L is ty  2, 71 (1957). zit. E x c . 
M ed. Sect. IV , 11, 77 (1957).

11. T a ra bca k , M.: L ek . ob zo r 6, 231 (1957). zit.  E x c . Med. Sect. IV , 11, 273 (1958).
12. A rbu zo w a , W . A .: Z . M ikrobiol. 8, 101 (1957). zit. E xc. Med. S ect. IV , 11, 406 (1958).
13. A t k in so n , N .: A u s t. J .  exp . Biol. m ed. Se i. 36, 369 (1956). zit. E x c . M ed. S ect. IV , 11, 23 

(1958).
14. S a v a g e , W .: B rit.  m ed . J .  11, 317 (1956).
15. R á ü s s , K .: N épegészségügy  (B udapest) 1, 6 (1949).
16. L á n y i, B. u . H a m a r , M .: O rv. H e til. (B u d a p e s t)  30, 812 (1954).
17. B á th o ry , P .: e rs c h e in t dem nächst.
18. E d w a r d s , P . R ., B r u n e r , D. W. u . M o r a n , A. B .: J .  in fec t. D is. 83, 220 (1948).
19. H o fm a nn , P . u . W o l l - J o hn , R .: Zbl. B a k t .  I .  A b t. Orig. 162, 357 (1955).
20. K u b in y i-Sc h w a n n e r , M., Lá n y i, B .: O rv . H e t il .  (B udapest) 44, 1210 (1955).
21. K n e f f e l , P. u . R u d n a i , O.: Orv. H e til. (B u d a p e s t)  44, 1213 (1955).
22. Sa ph r a , I. u . W in t e r , J .  W .: New E n g l. J .  M ed. 256/24, 1128 (1957).
23. H orm a ech e , E ., Su r r a c o , N . L., P e l u f f o , C. A . u . Al e pp o , P . L .: A m er. J .  D is. C hild . 

66, 539 (1943).
24 . S in io s , A., T il in g , E . u . H a nish , R .: D tsc h . m ed . W schr. 82, 1329 (1957).
25. R o h d e , R .: Zbl. B a k t .  I .  A bt. Orig. 166, 67 (1956).
26. Cl y d e , W. A. JR .: P e d ia tr ic s , 19, 175 (1957).
27. Szá nton , V. L .: P e d ia tr ic s , 20, 794 (1957).
28. Co o p e r , M. L ., K e l l e r , H . M. u. W a l t e r s , E . W .: P ed iatrics , 19, 411 (1957).
29. H e n z e , В. О.: O ff. G esundhdienst. 19, 292 (1957).
30. S ta a ck , H. H .: A rc h . H y g . (Berl.) 142, 105 (1958).

A dresse der Verfasser:

I r é n  M ih á l y f i , É va K e n d e , E r z s é b e t  J ónás, Gy u l a  V á m o s

Bakteriologisches Laboratorium  der S tation für G esundheitsw esen und  Epidemiologie, Váci ú t  174, Budapest X III , U ngarn



THE RELATION OF SURFACE PROPERTIES 
AND ANTIBIOTIC-RESISTANCE 
IN STAPHYLOCOCCUS AUREUS

I I I .  T H E  E F F E C T  O F  U N SA T U R A T E D  F A T T Y  A C ID S ON T H E  R E SIST A N C E
TO A N T IB IO T IC S

B y

L. VÁczi a n d  M. F o d o r

In s titu te  o f  Microbiology, U niversity  M edical School, Debrecen 

(R eceived A p ril 27, 1960)

Sum m ary . Staphylococcus aureus s t ra in s  o f v a rio u s  se n s itiv ity  to  an tib io tic s  w ere te s te d  
for se n s it iv ity  to  u n sa tu ra te d  fa tty  acids, viz. o leic  acid , lino le ic  acid  and  linolenic acid .

S e n s itiv ity  to  th e  b a c te rio s ta tic  e ffec t o f  th e  u n sa tu ra te d  f a t ty  acids show ed no re la tio n  
to  a n tib io tic -s e n s it iv ity ;  o leic acid, lin o len ic  ac id  a n d  lino le ic  acid , as p resen t in  th e  ag ar 
m ed ium , in h ib ite d  th e  g ro w th  of th e  s tra in s  te s te d  in  co n cen tra tio n s  exceeding 0.12, 0.03 a n d  
0.03 p e r c e n t, re sp ec tiv e ly . In  flu id  m ed ium  h ig h e r co n cen tra tio n s  were requ ired .

T he p en ic illin -sen s itiv ity  of the p o ly re s is ta n t a n d  p en ic illin -re sis tan t s tra in s  w as e n 
han ced  b y  th e  u n sa tu ra te d  fa tty  acids p re se n t in  c o n cen tra tio n s  as low  as 0.004 pe r cen t.

In  th e  presence o f su b s ta tic  co n cen tra tio n s  o f  p en ic illin , u n sa tu ra te d  f a t ty  acids re d u ce d  
th e  oxygen  co n su m p tio n  o f th e  p en ic illin -re sis tan t cells b y  45 pe r cen t; th a t  o f th e  p o ly re s is ta n t 
cells b y  59 p e r cen t. T h e ir  effect on sen sitiv e  s tra in s  p roved  to  be less m arked.

U n sa tu ra te d  f a t ty  acids exerted  no  d ire c t a c tio n  on  th e  endopenicillinase  en zy m e.
T he m ark ed  sy n erg ism  d em onstra ted  b e tw een  pen ic illin  and  u n sa tu ra ted  f a t ty  acid s 

in  th e  case o f  re s is ta n t s tra in s  appears to be  cau sed  b y  th e  in creased  v u ln e ra b ility  o f these  ce lls  
and  b y  th e  in h ib ito ry  e ffe c t o f fa tty  acids on  p en ic illin ase  p ro d u c tio n .

T he d iv e rs ity  in  th e  surface s tru c tu re  o f  re s is ta n t  and  sen sitiv e  cells, and  i ts  p ra c tic a l 
im p o rta n ce  a re  p o in ted  o u t.

A lth o u g h  th e  in fluence  of s a tu ra te d  an d  u n sa tu ra te d  fa t ty  acids on th e  
g ro w th  o f b ac te ria  h a d  been recognized long  ago, c e rta in  details of th e  m ech an 
ism  o f th is  effect h a v e  rem ained u n re v e a le d  [1, 2, 3 ] .  K o dice k  [4] suggested  
th a t  th e  effect of f a t ty  acids highly dep en d s on th e  com position  of th e  b a c te r ia l 
surface, a n d  th is  is in  accordance w ith  th e  fa c t th a t  G ram -positive  a n d  n e g a 
tiv e  b a c te r ia  are d is tin c t in  th e ir s e n s itiv ity  to  f a t ty  acids. T he surface p h en o m 
ena w hich  are  d iffe re n t in an tib io tic -sen s itiv e  an d  re s is ta n t s tra in s  o f  S t. 
aureus w ere d ea lt w ith  in  our p rev io u s  re p o rts  [5, 6, 7]. In  o rder to  o b ta in  
fu r th e r  d a ta  on th e se  divergencies, i t  seem ed in te re s tin g  to  in v es tig a te , how  
u n sa tu ra te d  f a t ty  ac ids influenced th e  se n s itiv ity  to  various an tib io tic s  of 
re s is ta n t a n d  sensitive  St. pyogenes aureus  s tra in s .

Materials and methods

Bacteria. St. aureus N o. 100 (D uncan s tra in ) ,  sensitive  to  each  of the  a n tib io tic s  p e n ic il
lin  (P ), s tre p to m y c in  (Sm ), chloram phenicol (C h), te rra m y c in  (T ), au reo m y cin  (A) and  e ry th ro 
m ycin  (E ).
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S t. aureus N o. 102, sensitive  to  P , Sm , Ch, T , A  a n d  E .
S t. aureus No. 1, r e s is ta n t  to P , sensitive  to  Sm , Ch, T , A and  E .
S t. aureus No. 53, re s is ta n t  to  P , Sm , Ch, T , A  a n d  E  (p o iy res is tan t s tra in ) .
S t. aureus No. 54, r e s is ta n t  to  P , Sm , Ch, T , A a n d  E . (p o iy res is tan t s tra in )
B . subtilis N o. 60, re s is ta n t  to  P , sen sitiv e  to  Sm , Ch, T , A an d  E .
B . megaterium  N o . 44, sensitive  to  P , Sm , Ch, T , A a n d  E .
E a c h  of th e  St. aureus  s tra in s  p roduced  coagu lase , liq u if ied  g e la tine , fe rm en ted  m a n n ite  

a n d  p ro d u ced  p ig m en t.
Sensitiv ity  to antibiotics  was tes ted  b y  th e  p a p e r  d isc m eth o d  on solid  m ed iu m , a n d  b y  

se ria l d ilu tio n  in  b ro th . W h en  using  th e  fo rm er m eth o d , 1 m l o f th e  1 : 10 d ilu te d  2 4 -hour b ro th  
c u ltu re  o f th e  b a c te r iu m  to  b e  te s ted  was p la te d  on  a g a r p la tes . A fter d ry in g  fo r 90 m in u te s  
th e  p a p e r  discs were p laced  o n  th e  p la tes. T he d ishes, 8 m m  in  d iam e te r each , w ere cu t o u t  fro m  
S ch le ich er— Schüll 2043/B  f i l t r e  p ap er soaked in  a n tib io tic  so lu tion  an d  d ried . E a c h  c o n ta in ed  
50 fig  o f  one of th e  a n tib io tic s  pen ic illin , s tre p to m y c in , au reom ycin  or te rra m y c in , o r 30 fig  
o f  ch lo ram phen ico l. A  s tr a in  w as regarded  as sen sitiv e  i f  th e  e x tin c tio n  zone w as m ore th a n  
25 m m , an d  re s is tan t i f  i t  w as less th a n  8 m m , in  d iam e te r.

Serial d ilu tio n s w ere  p rep ared  in  W id a l tu b e s ; to  1 m l o f each d ilu tio n  one d rop  o f th e  
1 : 10 d ilu te d  24-hour b ro th  cu ltu re  o f th e  b a c te r iu m  w as added . R esu lts  w ere  re a d  a f te r  24 
h o u r ’s in cu b a tio n  a t  37° C.

Penicillinase  w as a ssay ed  according to  H e n r y  a n d  H o u sew r ig h t  [8]; th e  re su lts  a re  
ex p ressed  in  te rm s of ,«1 C 0 2.

O xygen c o n su m p tio n  w as de te rm in ed  in  th e  W arb u rg  a p p a ra tu s  in  a  to ta l  vo lu m e o f  
4 m l o f  n u tr ie n t  b ro th  in o cu la te d  w ith  109 b a c te r ia  p e r  m l. The frequency  o f sh ak in g  w as 120 
p e r  m in u te .

R esults

I n  a p re lim in a ry  exp erim en t th e  s e n s itiv ity  to  f a t ty  acids o f an tib io tic -  
sen s itiv e  and  a n tib io tic -re s is ta n t (in  th e  follow ing, sensitive a n d  re s is ta n t)  
s tra in s  were com pared . The s tra in s  w ere te s te d  aga in st oleic acid , lin o le icac id  
a n d  linolenic acid  in  b o th  ag ar an d  b ro th  m ed ia . The g row th  o f  th e  S ta p h y lo 
coccus s tra in s  te s te d  w as no t in flu en ced  b y  0.12 p er cen t oleic acid  (or sod ium  
o lea te ) in  the ag ar m ed ium . H igher co n cen tra tio n s  proved  to  be b a c te r io s ta tic . 
T h e  th resh o ld  co n c e n tra tio n  for lino leic ac id  an d  linolenic ac id  w as e q u a lly
0 .03  p e r cent. B . m egaterium  an d  B . subtilis  p roved  to  be re m a rk a b ly  m ore  
sen s itiv e  to  th e  f a t ty  acids th a n  St. aureus. F o r th e  fo rm er, co n cen tra tio n s  
ex ceed ing  0.01 p e r cen t were b a c te r io s ta tic . T he sam e f a t ty  acids w ere less 
e ff ic ien t in  flu id  m ed iu m ; b o th  sen sitive  a n d  re s is ta n t b ac te ria  w ere ab le to  
g row , a t  a slow r a te ,  in  b ro th  c o n ta in in g  even  2 per cen t u n s a tu ra te d  f a t ty  
a c id . As a conclusion  o f these  ex p e rim en ts ; sensitive an d  re s is ta n t b a c te r ia  
co u ld  n o t be d is tin g u ish ed  on th e  basis o f th e ir  sen s itiv ity  to  th e  b a c te r io s ta tic  
e ffec t o f f a t ty  ac id s. O n th e  o th e r h a n d , th e  m ore u n sa tu ra te d  lino leic  a n d  
lin o len ic  acids g en era lly  were m ore e ffic ien t th a n  oleic acid.

N ex t, th e  in flu en ce  of m inu te  a m o u n ts  o f f a t ty  acids on th e  re s is tan ce  to  
a n tib io tic s  of S taphy lococcus s tra in s  w as te s te d , on agar m ed ium . T he re su lts  
a re  show n in T ab le  I .

The se n s itiv ity  o f  th e  sensitive  s tr a in  N o. 102 was n o t in flu en ced  b y  0 .04  
p e r  cen t sodium  o lea te , w hereas th e  re s is ta n c e  to  penicillin  o f th e  penic illin - 
r e s is ta n t  s tra in  N o. 1 an d  of th e  p o iy re s is ta n t s tra in  No. 53 h a d  con sid erab ly  
w eakened . I t  shou ld  be no ted  th a t  th e ir  re s is tan ce  to  o th e r  a n tib io tic s  w as 
u n ch an g ed  an d  th a t  linoleic acid an d  lino len ic  acid behaved  sim ilarly .
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Table I

S en sitiv ity  o f  S t. aureus stra ins to antibiotics on norm al agar and on agar m edium  containing P.04
per cent sodium  oleate

S train S ensitiv ity M edium
D iam eters o f th e  inhibition zones in mm

p Sm Ch T A E

í agar 28 28 25 31 23 29
No. 102 sensitive

1 oleate-agar 31 33 29 37 23 33

No. 1 penicillin- / agar 0 25 23 29 26 29
resistant 1 oleate-agar 15 28 26 30 21 31

Г agar 0 0 0 0 0 3
TSo. 53 polyresistant

\ oleate-agar 11 0 0 0 0 6

In  b ro th  0.004 p e r  cen t sodium  o lea te  d id  no t a lte r  th e  sen sitiv ity  o f th e  
sen sitiv e  s tra in s  o f S t. aureus (T able I I ) .

Table II

E ffect o f  0.004 per cent sodium  oleate in the nu trien t broth on the pen ic illin-sensitivity  o f  sensitive
and resistant bacteria

Bacterium Sensitivity  to antibiotics

Sensitivity  to penicillin 
=  U/m l in  the Increase 

in  sensitivity

b ro th o leate-bro th

S t. aureus 
No. 102 sensitive 0.12 0.12 —

S t. aureus 
N o . 1 penicillin-resistant 200.00 6.00 33 : 1

S t. aureus 
No. 53 polyresistant 100.00 2.5 40 : 1

B . megaterium  
No. 44 sensitive 0.25 0.25 —

B . subtilis 
No. 60 resistant 50.00 50.00 —

U nlike th is , th e  p en ic illin -resis tan t a n d  th e  p o ly re s is ta n t s tra in s becam e 
33 tim es an d  40 tim es respective ly , m ore  sen s itiv e  to  p en ic illin  (see also Fig. 1). 
P ra c tic a lly  th e  sam e re su lts  were o b ta in e d  in  ex perim en ts w ith  th e  o th e r tw o  
f a t ty  acids.

T hus, su b s ta tic  doses of u n s a tu ra te d  f a t ty  acids in c reased  th e  sen s itiv ity  
to  penicillin  of th e  p en ic illin -res is tan t a n d  p o ly re s is tan t s tra in s , b u t d id  n o t 
a lte r  th e  a n tib io tic -se n s itiv ity  of th e  sen sitiv e  s tra in s . T his ac tio n  of th e  u n s a t
u ra te d  f a t ty  acids, w h ich  appears to  be  specific  for r e s is ta n t s tra in s , is to  be  
d is tin g u ish ed  from  th e  b a c te rio s ta tic  e ffec t o f  these  com pounds.



4 6 L. VÂCZI and M. FODOR

In  th e  follow ing ex p erim en ts  th e  in fluence  of oleic ac id  on th e  0 2 co n 
su m p tio n  b y  sensitive  an d  re s is ta n t s tra in s  o f St. aureus w as te s te d  in  th e  W a r
b u rg  a p p a ra tu s , in  th e  presence o f  pen ic illin  (T able I I I ) .

F ig . 1. S en sitiv ity  to  a n tib io tic s  o f th e  p o ly re s is ta n t St. pyogenes aureus s t r a in  No. 53 as te s te d  
on  norm a! ag ar an d  on  ag ar m ed iu m  co n ta in in g  0.04 per cen t so d iu m  oleate 

1. p en ic illin , 2. strep to m y c in , 3. ch lo ram phen ico l, 4. te rram y c in , 5. au reo m y cin , 6. te r ra m y c in . 
N ote  th e  d ifference in  th e  se n sitiv ity  to p en ic illin

Table III

E ffect o f  0.004 per cent sodium  oleate on the 0 2 consumption o f sensitive and resistant strains o f  
St. aureus in  the presence o f  substatic doses o f p en ic illin

S train Sensitivity

0 2 consum ption in /'i/m g dry bacterium  in bro th  
containing

R eduction  
per cent 

D—-Cnone
A

oleate
В

penicillin
C

o leate  -f- 
penicillin 

D

N o. 53 po ly resis tan t 1120 1012 874 362 59
N o. 100 sensitive 853 589 555 481 13
N o. 1 penicillin-resistant 876 771 766 338 56

As show n in co lum n В o f T ab le  I I I ,  0.004 per cen t oleic acid slig h tly  re 
d u ced  0 2 consum ption : m ost s ig n if ican tly  th a t  of the  sen sitive  s tra in , w hile th e  
re sp ira tio n  of th e  p o ly re s is ta n t s tra in  w as h a rd ly  red u ced . In  colum n C o f 
T ab le  I I I  th e  0 2 consum ption  in th e  presence of su b s ta tic  co n cen tra tio n s o f 
pen ic illin  (300 u n its  p er m l for th e  re s is ta n t s tra ins, 15 u n its  per m l fo r th e  
sen s itiv e  one) is p resen ted . T he re d u c tio n  in  th e  re sp ira tio n  was rem ark ab le  in
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each  case. C olum n D  o f Table I I I  show s th e  figu res o b ta in e d  in the presence 
o f  b o th  sodium  o le a te  (0.004 p er cen t) an d  pen ic illin  (see above). The effec ts  
as show n in th e  la s t  co lum n ap p ear to  be sy n erg istic  in  th e  case o f th e  penicillin- 
re s is ta n t and p o ly re s is ta n t s tra in s  (56 and  59 p e r  cen t re d u c tio n , respec tive ly ). 
A synerg istic  e ffec t like  th is cou ld  n o t be d e m o n s tra te d  w ith  the  sensitive  
s tra in .

B ased on th e  foregoing d a ta , th e  synerg ism  observed  has been ascribed  
e ith e r  to  a d irec t a c tio n  on penicillinase a c tiv ity , or to  th e  inh ib ition  o f th e  
syn th esis  of th is  en zy m e , or th e  to  in c reased  v u ln e ra b ility  o f  th e  re s is tan t cells 
due  to  certa in  fe a tu re s  d is tingu ish ing  th e  su rface  o f these  cells from  th a t  o f

F ig . 2. E ffec t o f so d iu m  o lea te  on the  p en ic illin ase  a c t iv ity  o f th e  p o ly re s is ta n t stra in  N o. 55

th e  sensitive ones. T o  o b ta in  fu r th e r  ev idence, we ex am in ed  th e  effect o f v a rio u s  
con cen tra tio n s of so d iu m  oleate on th e  endopenicillinase a c tiv ity  of th e  p o ly 
re s is ta n t s tra in  N o. 53 . The resu lts  a re  p re sen ted  in  F ig . 2.

As seen in  F ig . 2 , enzym e a c tiv i ty  was n o t a lte red  m ark e d ly  b y  co n cen tra 
tio n s  from  0.004 p e r c e n t to  0.160 p e r c en t o f sod iu m  oleate . In  ad d itio n , n e ith e r  
o f  th e  th ree  u n s a tu ra te d  fa t ty  acids te s te d  p ro v ed  to  be  sy n erg is tic  concerning 
th e  sen sitiv ity  to  p en ic illin  of B . su b tilis , a b a c te r iu m  p ro d u c in g  exopenicilli
n ase . T hus, a d ire c t a c tio n  on th e  enzym e h as no, or h a rd ly  any , role in  th e  
synerg istic  effect. T h is  is p robab ly  d u e  to  o th e r  fa c to rs ; n am e ly , inh ib ition  o f  
th e  enzym e p ro d u c tio n  and  surface effects.

In  fu rth e r e x p e rim e n ts  we ex am in ed  how  th e  endopenicillinase a c tiv ity  
o f th e  p o ly res is tan t s tra in s  was a lte red  on th e  ad d itio n  o f 0 .04 p e r cen t sodium  
o lea te  a t  various s ta g e s  o f cu ltiv a tio n . The re su lts  are  show n in  Table IV .

M arkedly  re d u c e d  endopenicillinase a c tiv itie s  w ere fo u n d  in  th e  24-hour 
cu ltu re s  if  the u n s a tu ra te d  fa t ty  ac id  h ad  b een  ad d ed  a f te r  6 to  8 hours o f  
c u ltiv a tio n , i. e. soon  a f te r  the  lo g a rith m ic  p h ase  h a d  b eg u n . I t  should be
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Table IV

Endopenicillinase activity o f  24-hour shake cultures o f  a polyresislant strain o f  St. aureus
(C ultivation  a t  37° C)

Tim e o f adding oleate,* 
hour of cultivation

CO, production in /Л/m g 
d ry  bacterium  per hour

0 75

2 70

4 75

6 78

8 16

No oleate 207

* Sodium  oleate, 0.04 p e r cent

n o te d  th a t  b ac te ria l cells a t  th is  s tag e  o f  cu ltiv a tio n  are m o st sensitive  to  th e  
b a c te r io s ta tic  and  b ac te ric id a l effects o f  f a t ty  acids.

T he elec tronm icrog raphs show  so d iu m -o lea te -trea ted  (F ig . 3 a n d  4) and 
n o rm a l (F ig . 5) St. aureus  cells in  u l t r a - th in  sections.

T h e  fo rm er a p p e a r as sw ollen cells w ith  reduced  e lec tro n  d en sity , espe
c ia lly  in  th e  m arg ina l a reas; th e  cy to p la sm  being d e tach ed  th e  cell w all show s 
loose s tru c tu re .

D iscussion

S ynergism  in  vitro  an d  in  vivo b e tw een  certa in  p la n t  oils an d  pen icillin  
h a s  b een  suggested  b y  several a u th o rs . As d em o n stra ted  b y  Ga b r i e l l i  [9], 
e x tra c ts  o f  P in u s  p u m ilio  su spended  in  2 p e r cen t T w een 80 are  h ig h ly  sy n e r
g is tic  on pen icillin -sensitive an d  p en ic illin -resis tan t s tra in s  o f S taphy lococcus. 
M a r u z e l l a  and  B loch  [10], who ex am in ed  240 p la n t oils, re p o rte d  t h a t  the  
e ffec t o f an tib io tic s , m o st fre q u e n tly  t h a t  o f penicillin , w as enh an ced  by  th e  
oils in  58 com binations.

O ur own fin d in g s suggest t h a t  th is  effect o f  p la n t  oils m ig h t be 
cau sed  b y  u n sa tu ra te d  f a t ty  acids p re se n t in  th e  oil p re p a ra tio n s . I t  is 
w ell know n  th a t ,  w ith in  ce rta in  lim its , th e  m ore u n s a tu ra te d  a f a t ty  ac id  and  
th e  lo n g er its  ca rb o n  chain , th e  m ore  an tib a c te ria l i t  is. S ince th is  effect of 
f a t t y  acids is d ep e n d e n t on th e  co m p o sitio n  of the  cell su rface , th e  synerg ism  
d em o n strab le  on re s is ta n t s tra in s su g g ests  only th a t  th e  com position  o f  th e  cell 
w a ll is d ifferen t in  re s is ta n t and  in  sen s itiv e  stra ins o f S taphy lococcus. A n o th er 
possib le  ex p lan a tio n  is th a t  u n s a tu ra te d  f a t ty  acids in h ib it  th e  p ro d u c tio n  of 
pen ic illinase . VÁCZI e t  al. [11] fo u n d  th e  surface o f re s is ta n t  b a c te r ia  m ore 
a b u n d a n t in  lip ids th a n  th a t  of sen s itiv e  ones. D ifferences in  lip id  com position  
a n d  m etabo lism  m ig h t exp lain , w hy  synerg ism  was d em o n strab le  also on  resis
t a n t ,  b u t  n o t on sen sitive  S taphy lococcus stra ins.
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Figs. 3 and  4. P o ly re s is tan t Si. aureus cells tre a te d  w ith  sodium  o leate. E lec tro n m icro g rap h s of u l tra - th in  sections. F ixed  by  0.3 pe r cen t 
K M n 0 3, em bedded  in  m éth y lm é tac ry la te . X 60 000 (M ade in  th e  C entra l L ab o ra to ry  of U n iv e rsity  M edical School, D ebrecen)
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Fig. 5. C ontro l cells

T he following d a ta  su p p o rt th is  conception , (i) L ec ith in e , being able to  
be coupled to  oleic ac id , ac ts  as a d e to x ican t, th u s  in h ib its  or even stops th e  
d e s tru c tiv e  effect o f  th e  la t te r ,  (ii) VÁCZI et al. have  d e m o n s tra te d  th a t  th e  
increase  in  the  re s is tan ce  to  an tib io tic s  of E . coli ru n s  p a ra lle l w ith  th e  rise in  
th e  ra tio  cephalin  p e r  lec ith in e  in  th e  cell surface, (iii) A ccord ing  to  M a r k o v  
a n d  Sa e v  [13], th e  su rface  o f sensitiv e  S taphylococci is p o o r in  m onophosphate  
es te rs , (iv) G i l i s s e n  a n d  R u d a  [14] h av e  d em o n stra ted  t h a t  th e  m ore re s is ta n t 
a S taphylococcus s tra in , th e  h igher its  p h o sp h a tase  a c tiv ity .

T he d a ta  suggest th a t  on th e  surface of re s is ta n t cells th e  d e tox ica tion  
o f  f a t ty  acids is in h ib ite d . I f  so, th e  f a t ty  acids r e ta in  th e ir  dual cap ac ity  
o f (i) destroy ing  th e  cell, an d  (ii) in h ib itin g  pen icillinase p ro d u c tio n . P en i
cillin  ac ts by  in h ib itin g  cell-w all syn th esis , and  its  effect is m ost m arked  during  
th e  logarithm ic  p h ase  w hen  th e  cells a re  m ost sen sitiv e  to  f a t ty  acids. T h e  
re su ltin g  tw ofold d am ag e  considerab ly  reduces th e  v ia b ili ty  o f th e  b ac te riu m .



T h e above re su lts  have p rov ided  new  evidence o f re la tio n sh ip s  b e tw een  
th e  su rface  s tru c tu re  a n d  sensitiv ity  to  an tib io tic s  of b a c te ria , p a r tic u la r ly  o f  
S taphy lococci; fu rth e rm o re , they  h a v e  p o in te d  to  th e  u n u su a lly  fav o u ra b le  
sy n erg istic  effect o f  u n sa tu ra te d  f a t t y  acids on p en ic illin -resis tan t an d  po ly - 
re s is ta n t s tra in s  of S t. pyogenes aureus.

A c k n o w le d g e m e n t. We are indebted to Dr. K. B enkő for the electronmicrographs.
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Summary, (i) The properties of phase II of Sh. sonnei and of R variants of enteric bac - 
teria have been compared.

(ii) The morphological, cultural and physicochemical properties (spontaneous, trypa- 
flavine and acid agglutination, Millon reaction) of phase II are similar to those of enteric 
R variants.

(iii) Phase II bacteria, as well as the R variants of enteric organisms, are non-virulent 
and only slightly toxic for mice. The absence of human pathogenicity of these bacteria is shown 
by the lack of phase II agglutinins and mouse-protecting antibodies in sera of patients who 
have been suffering from Sonne dysentery.

(iv) The reversion of phase II into phase I is not possible. Observations on this kind of 
reversion may be explained by the dissociation of mixed cultures.

(v) From phase II an artificial antigenic variant may be obtained.
(vi) The present investigations have shown that the phase variation of Sh. sonnei 

should be regarded as an S— R variation.

T he colonial v a ria tio n  of Sh. sonnei has been know n since th e  classical 
o b se rv a tio n  of S o n n e  [1]. The serological d ifference ex isting  b e tw een  th e  tw o  
ty p es  o f colonies h as  also been ea rly  rea lized  [2]. T he opinions reg a rd in g  th e  
essence o f th e  v a r ia tio n  are n o t un ifo rm . A ccord ing  to  earlier in v es tig a to rs , i t  
co rresponds to  an  S— R  v aria tio n  [3, 4 ]. T h is concep t is p o s tu la te d  to d a y  b y  
K a u f f m a n n  [5]. Since th e  w ork o f W a a l e r  [6] an d  p a rticu la rly  th a t  o f W h e e 
l er  an d  M ickle  [7] i t  has been w ide ly  believed  th a t  th e  phenom enon  is in d e 
p e n d e n t of th e  S— R  v a ria tio n , an d  th e  te rm s  phase  I  and  phase  I I  have  com e 
in to  genera l use. T hese au tho rs iso la ted  a th ird  ty p e  o f colony, w h ich  d iffered  
from  ph ase  I I  colonies w ith  its  m ore d is tin c t roughness, its  ten d en cy  o f giv ing 
sp o tan eo u s ag g lu tin a tio n  and  its  d iffe ren t an tig en ic  s tru c tu re . B ac te ria  fo rm ing  
colonies of th is  ty p e  w ere regarded  b y  th e  la t te r  au th o rs  as th e  R  v a r ia n ts . 
T hese find ings w ere n o ted  also b y  B a k e r  e t al. [8], who confirm ed  th e  concep t 
b y  th e  o b se rv a tio n  th a t  th e  so m a tic  an tig en s iso la ted  from  p h ase  I  a n d  I I  
gave closely sim ilar an a ly tica l re su lts , w hereas in  th e  R  v a r ia n t no som atic  
an tig en  could be d em o n stra ted .

A critica l s tu d y  of th e  im m une-b io log ica l p ro p ertie s  o f phase  I I ,  how ever, 
m akes i t  q u estio n ab le  w hether th e  p h en o m en o n  is r ig h tly  reg a rd ed  as a v a r ia 
tio n  o th e r th a n  S— R . In  th e  p re sen t in v e s tig a tio n s  we have a tte m p te d  to  se ttle
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th e  p rob lem . F o r th e  sake of sim p lic ity , in  th e  ex p erim en ta l p a r t  o f th is  p a p e r  
th e  te rm s  phase  I  a n d  I I  and  R  v a r ia n t  are  to  be  used  w ith o u t reference  to  ou r 
op in ion .

M ateria ls a n d  m ethods

Cultures. In the experiments 10 freshly-isolated and 10 stock cultures of Sh. sonnei were 
used. Several of the strains were pure phase II cultures. The stock cultures had been maintained 
in  this laboratory for 1 to 10 years.

Im m u n e  sera. Phase I sera were prepared in rabbits with suspensions obtained from 
isolated phase I colonies. The colonies were removed with a loop and suspended in  saline con
taining 0.2 per cent formalin. The suspension contained 1000 million bacteria per ml. The 
rabbits were injected intravenously 4 or 5 times at 4-day intervals. The titres of the sera were 
1/1600 to 1/6400. In spite of the careful preparation of the antigen, phase II agglutinins appeared 
up to 1/5 to 1/10 of the phase I titre of the sera. These were removed by phase II suspensions 
(10 ml 1/20 diluted serum absorbed by bacteria grown in 2 to 3 Kolle flasks).

Phase II sera were prepared from phase II colonies of strains which had been isolated 
freshly or years ago. From agar plates the selected colony was transferred into broth, then this 
culture was streaked again on an agar plate. Provided that the culture was purely in phase II, 
the selected colony was transferred onto an agar slant (see part entitled “ The stability of 
phase II” ). The growth from the slant was suspended in 0.2 per cent NaCl and killed by the 
addition of 0.2 per cent formalin. Immunization was carried out as described above. The titres 
of phase II sera were 1/800 to 1/1600. Cross absorption experiments showed that sera prepared 
from old and freshly-isolated strains were identical.

A gglu tina tion . Serum dilutions were prepared in 0.5 ml volumes. To each tube 1 drop 
of formolized suspension containing 1000 million organisms was added. In order to avoid 
spontaneous agglutination, when phase II bacteria were examined, dilution was performed 
w ith 0.2 per cent NaCl solution, and the suspensions were prepared with a solution containing 
0.2 per cent NaCl and 0.2 per cent formalin. The use of formolized suspensions allows an easier 
reading than that of living organisms, as in contrast to the powdery aggregation shown by the 
latter, the formolized bacteria give a coarser type of agglutination on shaking.

A c id  agglutination  was carried out as recommended by B é g u in  et al. [19] in glycine 
buffer at different pH values ranging from 1.9 to 3.5. In 1000 ml of distilled water 7.505 g of 
glycine and 5.58 g of NaCl were dissolved. By mixing different quantities of this solution and of 
N/10 HC1, a series of tubes containing buffer solution with different pH values were prepared. 
Into each tube 1 drop of formolized suspension was pipetted. Readings were made after the 
tubes had been allowed to stand at room temperature for 1 to 2 hours.

M ilieu 's  test. The culture from an agar slant was suspended in 3 ml distilled water, 
washed 3 times by centrifugation, then resuspended in 3 ml of distilled water. To 1 ml of sus
pension 5 drops of Millon reagent were added. The tube was then kept in boiling water for 5 to 
10 minutes. Positive reaction was indicated by a brick-red deposit.

A rtific ia l in d u ctio n  o f  R  variants w as a tte m p te d  b y  th e  m eth o d  of B é g u in  e t a l. [19] 
a )  in  se ru m  b ro th  a n d  b )  in  hyp erto n ic  b ro th .

a) The organisms vere serially subcultured in broth containing phase II serum in a dilu
tion of 1/100. Altogether 20 transfers were made at 2-day intervals. Then the cultures were 
streaked on agar plates and the colonies w ith the morphological properties of R variants were 
isolated.

b) The transfers described under a) were performed in broth containing 2 per cent
NaCl.

Toxicity . Bacteria were dried with acetone and ground flourfine in a mortar. Then sus
pensions were prepared containing 10 mg/ml of the bacteria. Mice were injected intraperitone- 
ally w ith graded amounts of the suspensions. Toxicity was estimated from the number of mice 
killed within 72 hours.

Virulence. Suspension containing various numbers of bacteria wore prepared from 24- 
hour Bacto-peptone water cultures. The density of the suspensions was measured turbidi- 
m etrically against a standard. Groups of 4 mice each were injected intraperitoneally with  
various numbers of bacteria. Virulence was estimated from the number of mice killed within 
72 hours. When the mucin technique was employed, the bacteria were suspended in 5 per cent 
sterile 1701 W mucin.
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M o u s e -p r o te c tio n  p o te n c y  o f  sera . Graded quantities of sera were injected intraperitone- 
ally to groups of mice. One hour later the anim als were infected intraperitoneally with titrated  
amounts of peptone water cultures suspended in  5 per cent mucin.For the precise determination 
of the LD50 the corresponding doses of bacteria were simultaneously injected into untreated 
mice.

R e su lts

The problem o f  “ R  variant" . I n  o rd e r to  iso la te  th e  th ird  colonial ty p e , 
th e  “ R  v a r ia n t”  of W a a l e r  and W h e e l e r , iso lated  colonies of phase I I  s tra in s  
m a in ta in e d  for years  in  our collection w ere carefully  exam ined . In  som e cases 
am o n g  th e  colonies sm alle r and ro u g h e r colonies w ere fo und . These w ere r e 
m oved , ag g lu tin a ted  in  phase  I I  serum  a n d  used for th e  im m uniza tion  o f  ra b b its  
a n d  fo r C astellan i’s abso rp tion . The sero logical ex am in a tio n s show ed th a t  th e  
a n tig e n ic  s tru c tu re  o f  these  m orpho log ica lly  som ew hat d ifferen t colonies w as 
p e rfe c tly  id en tica l w ith  th a t  of phase I I  organism s, d isp lay ing  cross a g g lu tin a 
tio n  a n d  m u tu a l a b so rp tio n  of the he te ro lo g o u s sera . T h u s  th e  d ifference b e 
tw een  th e  tw o ty p e s  o f  colony was m e re ly  a m orphological one. I t  is k n o w n  
th a t  colonies of R -ap p earan ce  are  n o t  alw ays ch a rac te rized  by  an  a lte re d  
im m une-b io log ical p ro p e r ty , and th e ir  ap p ea ran ce  is o ften  only a m orphological 
change depending  on  ce rta in  c ircum stances [9, 10].

In  su b seq u en t experim ents th e  a rtif ic ia l in d u c tio n  of R v a r ia n ts  w as 
a t te m p te d ,  b y  m eans o f  serial su b c u ltu r in g  of th e  o rganism s in hom ologous 
a g g lu tin a tin g  serum  a n d  hypertonic b ro th .  T he p ro ced u re  was carried  o u t on 
5 p h ase  I I  s tra in s of th e  cu lture co llec tion . W hen th e  2 0 th  subcu ltu re  from  th e  
h y p e r to n ic  b ro th  w as s treak ed  on a g a r  p la te s , one of th e  s tra in s  gave o ff som e 
ro u g h e r  colonies. T h e  subcu ltu re  o f  o n e  o f  these colonies was d esig n a ted  as 
R t a n d  used  for th e  p re p a ra tio n  of a g g lu tin a tin g  serum .

Properties o f  phase I I  and o f v a r ia n t R v  A com parison  was m ade b e tw een  
the  p ro p e rtie s  of p h ase  I I ,  of v a ria n t R x an d  of R  v a r ia n ts  of enteric  b a c te r ia .

A ccord ing  to  A rk w rig h t  [11, 12, 13], W hite  [14], S chütze [15], I b r a 
h im  [16], D e K r u i f  [17], Scho ltens  [18], H e y m a n  [9], K röger  [10] a n d  
B é g u i n  [19], th e  R  v a r ia n ts  of en teric  b a c te r ia  are ch a rac te rized  b y  th e  fo llow 
ing  p ro p e rtie s : 1) m orphological a n d  c u ltu ra l b eh av io u r; 2) an tigen ic  s t ru c 
tu re ; 3) im m une-b io log ica l behaviour. T h e  chem ical p ro p ertie s  of th e  an tig en s  
w ill be  discussed in  a sep a ra te  paper.

1. M orphological, cultural and physicochem ical properties
T h e  following p ro p e rtie s  m ay be  re g a rd e d  as ch a rac te ris tic  of th e  R  v a r i

a n ts  o f en te ric  b a c te ria .
a) ro u g h  colonies;
b) fo rm atio n  o f  deposit in b ro th , th e  su p e rn a ta n t often  rem ains c lear;
c) spon tan eo u s agg lu tina tion  in  sa line ;
d) sen s itiv ity  to  try p aflav in e ;
e) ac id  a g g lu tin a tio n  betw een p H  2 an d  3 [19];
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f) p rec ip ita tio n  an d  sta in ing  w ith  M illon’s reagen t [2 0 ].
a) P hase  I I  colonies show th e  k n o w n  m orpho log ical ch a rac te rs  of R 

v a r ia n ts , w ith  th e  d ifference th a t  th e y  are  la rg e r  an d  som ew hat f la t te r .  Colonies 
o f v a r ia n t  resem ble m ore closely th e  ty p ic a l R v a rian ts . T h e  colonial m o r
p h o lo g y  itse lf is, h o w ev er, no t decisive, as i t  is a p ro p e rty  chang ing  easily  
acco rd in g  to  th e  c u ltu ra l  c ircum stances. As show n by  th e  care fu l stud ies o f  
H e y m a n  [9] and K r ö g e r  [10], on soft m ed ia  th e  colonies becom e less ro u g h , 
w hile w ith  higher co n cen tra tio n s of ag a r a n  in c reased  roughness can  be 
o b se rv ed .

b) P hase  I I  does n o t produce su ch  a d is tin c t deposit in  b ro th  as th e  R  
v a r ia n ts  do. As i t  w ill be discussed in  co n n ec tio n  w ith  th e  p ro b lem  of sp o n 
ta n e o u s  ag g lu tin a tio n , th is  p ro p e rty  is o b v io u sly  connected  w ith  th e  low er s a lt  
s e n s it iv ity  of the  fo rm er organism . V a ria n t R j form ed a deposit in  b ro th .

c) —-f) D a ta  concern ing  sodium  chlo ride , try p a flav in e  a n d  acid  a g g lu ti
n a tio n , and d a ta  o f M illon’s reac tion , are  p resen ted  in T ab le  I.

Table I
Comparison o f S  and R  strains o f enteric bacteria and Sh. sonnei phase I I  and its variant R ,

A gglutination
Millon's
reactionV arian t S train 0.9 % NaC 1 T rypa

flavine 
0.3 %

pH
2—3.5

pH
4— 5living 100° c

S h . so n n e i phase I _ — __ _
s S h . f l e x n e r i  lb — - — — —

S h . f l e x n e r i  3 — — — — —

S h . so n n e i 1 ph ase  I I — + + 4 — 4 4
S h . so n n e i 2 ,, — + + 4 4 4
S h  so n n e i 3 ,, — 4- 4 4 _|—L

R S h . so n n e i 4 ,, — j 4- 4 _ 4 4  '
S h . so n n e i 5 ,, — 4 4 4 4 —1-

S h . so n n e i Rj 4 4 4 + 4 4 4 4

S .  ty p h i  63 R 4 + 4- + — 4 4 4 4

All th e  reac tio n s w ere negative  w ith  p h ase  I and  th e  co n tro l Sh. fle x n e r i  
s tra in s . S im ilarly  to  S . typh i R form , w hich  w as used as a co n tro l, phase I I  an d  
v a r ia n t  R x were sen sitiv e  to  try p a fla v in e  a n d  to  p H  2.0— 3.5 an d  gave a p o si
t iv e  M illon reac tio n . T he only difference betw een  phase I I  an d  S. typ h i R 
v a r ia n t  was th a t  th e  fo rm er did n o t a g g lu tin a te  in  saline. P h ase  I I ,  how ever, 
is a g g lu tin a ted  w hen  th e  stra ins are b o iled  in  saline [22]. A ccording to  o u r 
o b se rv a tio n s, th e  sa lt-sen s itiv ity  o f th e  R  form s of en teric  b a c te ria  is so m e
tim es  revealed  a t  bo iling  only. V a rian t R j gave spontaneous ag g lu tin a tio n  in  
sa line .
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A ccord ing ly , as to  m orphological, cu ltu ra l an d  physicochem ical p ro p e r
ties , no essen tia l d ifference can be d e m o n s tra te d  be tw een  phase I I ,  th e  a r t i f i 
cial v a r ia n t  an d  th e  R  v a r ia n ts  o f e n te r ic  b ac te ria .

2. A ntigen ic  structure. As to  th e  an tig en ic  s tru c tu re , th e  serological p ro 
p e rtie s  o f R  v a r ia n ts  d iffer from  th o se  o f  th e  S form s [11, 12]. The serological 
d ifference b e tw een  Sh. sonnei phase  I  an d  phase I I  w as f irs t observed  b y  
Or sk o v  an d  La r s e n  [2]. T his f in d in g  w as con firm ed  la te r  b y  Le u c h s  [23], 
R r a u n  [24], R a u s s  [25] an d  R o e l c k e  [26]. T he an tigen ic  s tru c tu re  o f th e  
“ R v a r ia n t”  iso la ted  b y  W h e e l e r  [7] a n d  B a k e r  [8] differed from  th a t  o f  
phase  I I .  G o e b e l  an d  J esaitis  [27] to o , found  a serological difference b e tw een  
phase I I  an d  th e  p h a g e -re s is ta n t form  reg ard ed  as an  R v a ria n t.

T he p re se n t re su lts  have  co n firm ed  th e  w ell-know n fa c t th a t  no an tig en ic  
connec tion  ex ists b e tw een  phase I  an d  I I  (T able  I I ) .  V a ria n t R x is ag g lu tin a te d  
b y  low er d ilu tions o f serum  phase I I .  T h e  connection  is un ila te ra l, as phase  I I  
does n o t ag g lu tin a te  in  serum  R t . T h u s  th e  t i t re  o f serum  phase I I  show s som e 
decline w hen  ab so rb ed  b y  R x; ab so rp tio n  b y  phase  I I ,  how ever, does n o t change 
th e  t i t r e  o f serum  R j. T he d iffe ren t an tig en ic  s tru c tu re  o f  phase I I  an d  o f  
v a r ia n t  R]̂  is fu r th e r  d em o n stra ted  b y  th e  o b se rv a tio n  th a t  Sh. boydii 6 and  
E . coli 014, w hich are closely re la te d  to  p h ase  I I  [7], are  n o t ag g lu tin a ted  b y  
serum  R r

Table II

A ntigenic structure o f Sh. sonnei phase I ,  phase I I  and variant

Sera A gglutination titre s

U nabsorbed Adsorbed by phase I phase I I R' Sh. boydii 6 E . coli 014

Phase I 0 2560 ___ — -- .

phase II or Rj 2560 — — - —

Phase II 0 — 2560 320 1280 640

R i — 1280 — 640 640

R. 0 — 640 — —

phase II _ — 640 —

A ccord ingly , phase  I I ,  co rrespond ing  to  th e  p rin c ip a l crité riu m  o f en te ric  
R  v a r ia n ts , show s a n  an tig en ic  s tru c tu re  d iffe ren t from  th a t  o f phase I . The 
a rtif ic ia l v a r ia n t, R 15 differs in  an tig en ic  s tru c tu re  also from  phase I I .

3. Im m une-biological properties. A s reg a rd s th e  im m une-b io logical b e h a v 
io u r o f th e  R  v a r ia n ts , A r k w r ig h t  [13] an d  I b r a h im  [16] n o ted  th a t  th e se  
h a d  no p ro tec tin g  p o ten cy . As th e y  c a n n o t be iso la ted  from  p a tie n ts , th e  con
cep tion  th a t  th e y  re p re se n t a n o n -p a th o g en ic  an d  a v iru le n t v a r ia n t, becam e 
genera lly  acknow ledged  [15, 17] . T his op in ion  found  co n firm atio n  in  th e  fa c t



58 K . RAUSS e t al.

t h a t  th e  R  v a r ia n ts  o f en teric  b a c te r ia  show  decreased to x ic ity  an d  v iru 
le n c e  [15, 17, 28].

As phase I I  o f Sh. sonnei can  be show n a t  th e  f irs t, d irec t p la tin g  o f 
m a te r ia ls , its  p a th o g en ic ity  is c e rta in ly  a q u es tio n  o f im p o rtan ce . I n  th e  l i te r 
a tu r e  th e re  are severa l p e rta in in g  p ap e rs  w ith  b o th  p ositive  a n d  n eg a tiv e  
d a ta  [29]. W e a t te m p te d  to  a p p ro ach  th e  q u es tio n  b y  perfo rm in g  an im al 
e x p e rim e n ts  and  b y  exam ining  th e  se ra  o f  p a tie n ts .

T h e  L D 50 doses p resen ted  in  T ab le  I I I  show  th a t  th e  to x ic ity  o f acetone- 
k ille d  phase  I  b a c te r ia  is ap p ro x im a te ly  3 tim es h igher th a n  th a t  o f phase  I I  
a n d  o f  v a r ia n t R r  B o i v in  found  a h ig h er difference betw een  th e  to x ic ity  o f 
S a n d  R v a r ia n ts  [28]. O ur resu lts  co rresp o n d ed  m ostly  to  m ore recen t in v e s ti
g a tio n s , w hich h a v e  p o in ted  o u t t h a t  b y  a su itab le  p rocedure a lipo id-like to x ic  
su b s ta n c e  m ig h t be iso la ted  from  th e  R  v a r ia n ts  [30].

As regards th e  v iru lence fo r m ice, th e  difference is even  m ore consider
a b le . F o r k illing  50 p e r cent o f th e  m ice, ap p ro x im ate ly  200 m illion  p h ase  I  
b a c te r ia  w ere n ecessary . T he co rresp o n d in g  n u m b er for b o th  phase  I I  an d  
v a r ia n t  R x was a p p ro x im a te ly  1000 m illion . T h u s a 5fold d ifference ex is ted  
in  th e  L D 50 b e tw een  phase I  a n d  th e  la t te r  b a c te ria . W ith  m ucin  th e  v iru lence  
o f  p h ase  I  was so increased  th a t  a b o u t 10 b a c te ria  were su ffic ien t to  k ill 50 
p e r  cen t o f th e  an im als . U nder th e  sam e cond itions the  L D 50 o f phase I I  w as 
a b o u t  10 m illion tim es h igher (T ab le  I I I ) .

Table III

T o x ic i ty  a n d  v ir u le n c e  f o r  m ice  o f  S h . s o n n e i  p h a s e  I ,  p h a s e  I I  a n d  v a r ia n t  TÎ x

Toxicity  of acetone-dried 
bacteria

V irulence of 6-hour peptone w ate r cu ltu res

W ithou t mucin W ith  5% mucin

mg phase I phase II Ri No. of bacteria
Phase

1
Phase
11 R. No. of bacteria Phase I Phase II

0.5 3/4 4/4 4/4 100 million 3/4 . 10 2/4
1.0 2/4 4/4 4/4 200 million 2/4 * 100 0/4
2 .0 0/4 3/4 4/4 400 million 0/4 4/4 4/4
3.0 0/4 2/4 2/4 600 million 3/4 3/4 50 million 1/4
4.0 1/4 0/4 800 million 2/4 2/4 100 million 2/4

1000 million • 1/4 0/4 200 million 0/4

Key: surviving/infected animals.

T he g rea t differences in  th e  v iru len ce  are  show n also b y  phagocy tosis 
a n d  invasion  ex p erim en ts  ca rried  o u t in  m ice. T he anim als w ere in jec ted  in tra -  
p e rito n e a lly , a n d  1 h o u r la te r  th e  p e r ito n e a l ex u d a te  was exam ined . W ith  phase  
I a h igh  ra te  o f m u ltip lica tio n  o f b a c te r ia , a s lig h t degree of leu k o cy te  reac tio n  
a n d  phagocy tosis , w ith  phase I I  a pow erfu l phagocy tic  a c tiv ity  an d  p ra c tic a lly
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no ex trace llu la r  b a c te ria  w ere observed . T w o hours a f te r  in fec tio n  h a rd ly  an y  
b a c te r ia  w ere seen in  th e  perito n ea l c a v i ty  of mice w hich  h a d  received  p h ase  
I I ,  w hile in  th e  an im als w h ich  h ad  b e e n  g iven  phase I , a n  enorm ous n u m b e r o f 
b a c te r ia  a n d  b roken  up  leukocy tes w ere  p re sen t. As to  th e  invasive  a b ility  o f 
p h ase  I  a n d  I I ,  th e re  w as also a co n sid erab le  difference. A fte r  in tra p e rito n e a l 
in jec tio n  p h ase  I I  caused  o n ly  la te  a n d  tra n s ie n t  b ac te riaem ia , w hereas p h ase  I  
b a c te r ia  w ere found  in  th e  h ea rt-b lo o d  as soon as 10 m in u te s  a fte r in fec tio n  
(T ab le  IV ).

Table IV

Virulence fo r  mice o f  Sh . sonnei phase I  and I I

Phase
No. of b ac teria R esu lt o f  heart-b lood culture a t  m inu tes after infection

injected i. p.
10 30 60 120

I 50  m ill io n + + + +  + + + + + + + +

и 300  m ill io n — —  + —

T he fa c t th a t  p h ase  I I  stra ins d o  n o t cause k e ra to c o n ju n c tiv itis  in  th e  
ey e  o f th e  guinea-pig, is a n o th e r  sign o f  th e  lack  of v iru lence . P h ase  I  b ac te ria , 
s im ila rly  to  o th e r sh igellae, are re g u la r ly  capable  of g iv ing  rise to  k e ra to c o n 
ju n c tiv it is  [39].

T h u s, as to  an im al to x ic ity  a n d  v iru lence , phase I I  b ac te ria  are  s im ila r 
to  th e  R  v a r ia n ts  of o th e r  en teric  b a c te r ia .

T h e  pathogen ic  ro le  o f  th e  ex am in ed  organism s w as m o st clearly  dem on
s tra te d  b y  th e  m ouse-p ro tec tio n  ex p e rim en ts  perform ed w ith  sera  from  p a tie n ts  
(T ab le  V).

Table V

A gglu tin in  and mouse-protection titres against Sh . sonnei phase I  and I I  o f  sera fro m  patients
with dysentery

In te rv a l betw een onset 
of disease and sampling 

o f blood

A verage agglutinin t i t r e M ouse-protection ti tre

Doses of 
immunizing 
serum  ml

Challenging doses
P hase  I P h ase  I I Phase I 

3750 LD 50
Phase I I  
2.5 LD 50

10 days ............................ 1 : 80 1 : 20 0.01
0.1

2/4
4/4 .

0/4
0/4

20 days ............................ 1 : 320 1 : 20 0.01 3/4 0/4
0.1 4/4 0/4

20 m o n th s ....................... 1 : 20 1 : 20 0.01 0/4 0/4

- -
0.1 0/4 0/4

K ey: surviving/infected anim als
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Table Y p re se n ts  th e  average o f th e  m ouse-p ro te c tio n  p o ten cy  and  ag g lu 
t in a t in g  titre s  o f a poo l of th e  sera from  10 p a tie n ts , w ho h a d  been su ffe rin g  
fro m  a Sh. sonnei in fe c tio n . D uring  th e  course o f th e  d isease phase I I  b a c te r ia  
could  be a b u n d a n tly  iso la ted  from  th e  faeces of these p a tie n ts . The blood sp e c 
im en s were ta k e n  on  th e  10 th  an d  2 0 th  d ay  o f th e  disease and  20 m o n th s  
la te r .

The average a g g lu tin a tin g  t i t re  fo r p h ase  I  was 1/320 a t  th e  20 th  d ay  o f  
th e  disease. A t th e  sam e  tim e  th e  increase  o f ag g lu tin in s  fo r phase I I  co u ld  
n o t  be d em o n stra ted . T he low t i t r e  fo r phase  I I  m ay  be  considered n o rm a l 
since 20 m onths la te r ,  a f te r  th e  im m u n ity  h ad  ceased, i t  w as still a t th e  sam e  
level.

T he m o u se -p ro tec tio n  t i t re  o f th e  serum  was even m ore  d em o n stra tiv e . 
T h e  serum  ta k e n  on th e  10th and  2 0 th  d ay  o f th e  disease w as p ro tec tive  in
0.01 m l am ounts fo r  50 per cen t of th e  m ice ag a in st a challeng ing  dose of 3750 
L D -H of phase I, w h ile  0.1 ml serum  affo rded  no p ro te c tio n  ag a in st 2.5 L D 50 
o f p h ase  I I  b a c te ria . In  accordance w ith  our observations on th e  d u ra tio n  o f  
im m u n ity  a fte r S h . f le x n e r i  in fec tion  [38], no h um ora l an tib o d ies  were show n 
in  0.1 m l of th e  se ru m  pool 20 m o n ths a f te r  th e  onset o f  th e  disease.

The p resen t ex p e rim en ts , in  accordance  w ith  th e  unsuccessfu l a tte m p ts  o f  
R o elck e  a t in fe c tin g  m an  w ith  phase  I I  [29], confirm  th a t  phase I I  is no n - 
p a th o g en ic . T hus in  th is  respect i t  also corresponds to  th e  b ehav iou r of R 
v a r ia n ts .

The stability o f  phase I I .  The fin d in g  th a t  phase I I  can  be reverted  in  th e  
h u m a n  body or in  an im a l experim en ts in to  phase I  [32], h as  been  regarded  a s  
one o f  the  ev idences fo r th e  difference b e tw een  phase I I  a n d  th e  R v a r ia n t , 
since  a reversion o f  th e  R form  in to  th e  S form  has n o t b een  d em o n stra ted . 
R eversion  of ph ase  I I  in  vitro has also been  n o ted  [33, 34]. To elucidate th e  
p ro b lem  of b o th  th e o re tic a l and  p rac tica l im p o rtan ce  th e  follow ing experim en ts  
w ere  perform ed.

From  a p r im a ry  cu ltu re  on eosin -m ethy lene b lue ag a r typ ica l phase  I  
colonies were p ick ed  a n d  s treak ed  on agar p la te s . N ex t d ay  5 of the  m orpho lo 
g ica lly  typ ica l p h a se  I I  colonies, w hich ap p ea red  in  a d d itio n  to  th e  phase  I  
colonies, w'ere su sp en d ed  in  0.5 m l o f saline. T he d en sity  o f th e  suspension w as 
se t to  contain  1000 m illion  organism s p er m l. P a r t  of th e  suspension  was t r a n s 
fe rre d  in to  b ro th , o th e r  p a rts , each co n ta in in g  100 m illion  organism s, w ere  
in je c te d  in tra p e rito n e a lly  in to  m ice. T he b ro th  cu ltu re  w as streaked  a fte r  6 
h o u rs  of in cu b a tio n  on  an  agar p la te ; th e  m ice were k illed  1 hour a fte r  th e  
in jec tio n  and c u ltu re s  w ere m ade from  th e  heart-b lood  and  p eritonea l e x u d a te . 
O ne of th e  ex p e rim en ts  is p resen ted  in  T ab le  V I.

From  T able V I i t  is clear th a t  3 ou t o f the 5 m orphologically  typ ical f i r s t  
gen era tio n  phase I I  colonies o f  one o f th e  exam ined  s tra in s  were in  r e a li ty  
m ix ed  cultures, w h ich  a fte r  a single tra n s fe r  in  b ro th  d issocia ted  in to  phase  I
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Table VI

Reversion o f  phase I I  ( strain No. 137)

P roportion o f colonies on agar p la tes 
inoculated w ith b ro th  cultures R esu lt o f cultivation 1 hour a f te r  th e  infection o f mice

Designation 
of cu ltu re

Phase I
%

Phase II
%

H eart-blood P eritoneal cavity

P hase I Phase I I P hase I Phase I I

l 2 0 80 — -U -j- ■ + + +

2 — 1 0 0 sterile sterile — + + + +

3 5 95 — + + + + +

4 10 90 — + + + + +
5 __ 1 0 0 sterile sterile —  ' - K + + +

a n d  phase  I I  colonies. T h e  colonies w ere exam ined  w ith  slide a g g lu tin a tio n  in  
p u re  p h ase  I  an d  I I  sera . T he d issoc ia tion  o f the  sam e 3 colonies w as observed 
in  m ice as well. F rom  th e  p e rito n ea l e x u d a te  b o th  p h ases , from  th e  heart- 
b lo o d  phase  I  colonies on ly  were reco v ered . I t  has a lread y  b een  d iscussed  th a t  
th e  in a b ility  o f phase  I I  organism s to  p roduce  b a c te riaem ia  is an  evidence 
o f  th e  lack  of v iru lence . In  these  ex p e rim en ts  5 colonies o f  each  o f 10 fresh ly  
iso la ted  s tra in s  w ere exam ined . In  8 s tra in s  1 to  3 o f th e  5 colonies consisted  
o f  m ixed  cu ltures.

T yp ica l phase  I I  colonies from  th e  cu ltu res show ing  d issocia tion  were 
su b se q u e n tly  exam ined  b y  th e  above-described  m ethod . In  th e  second genera
tio n  th e  ex am in a tio n  of 85 colonies rev ea led  th a t  one o r tw o  colonies of 4 
s tra in s  s till consisted  o f m ixed  phases. I n  th e  th ird  g en e ra tio n  only  one colony 
o f  one s tra in  show ed d issociation . In  th e  fo u rth  g en era tio n  no d issociation  
occu rred . These ex p erim en ts  shed lig h t on th e  p h enom enon  th a t  has been 
b elieved  th e  reversion  o f ph ase  I I  an d  w hich , accordingly , m ay  be a ttr ib u te d  
to  th e  d issociation  of m ixed  colonies. T hese observations a re  in  ag reem en t w ith  
th o se  o f S e r é n y  [35], w ho show ed t h a t  in  Sh. sonnei c u ltu re s  colonies w ith  
s ta r- lik e  s tru c tu re  are f re q u e n tly  en co u n te red . This lig h t re fra c tio n  ph en o m e
n o n  is due to  th e  sim u ltan eo u s occurrence  o f  phase I  an d  I I  c o n s titu e n ts .

D iscussion

T he prob lem  w h e th e r the  so-ca lled  “ phase v a r ia tio n ”  o f Sh. sonnei can  
re a lly  be regarded  as a phenom enon  in d ep en d en t o f th e  S— R  v a ria tio n  has 
been  app roached  from  severa l aspects. T h e  careful in v es tig a tio n  of p u re  phase 
I I  s tra in s  of th e  cu ltu re  collection d id  n o t reveal an y  colonies d iffe ren t in  
an tig en ic  s tru c tu re  from  phase  I I .  O n ly  a d rastic  p ro ced u re  (cu ltiv a tio n  in  
h y p e rto n ic  b ro th ) induced  some colonies serologically an d  m orphologically  
d iffe ren t from  phase I I .
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The p roperties o f  phase I I  an d  of th e  a rtif ic ia l v a r ia n t  were co m p ared  
w ith  th e  R  v a ria n ts  o f  en te ric  b ac te ria . T he th re e  k in d s o f o rgan ism  show ed no 
essen tia l difference e ith e r  in m orphological, c u ltu ra l an d  physicochem ical p ro 
p e rtie s  or in  an tig en ic  s tru c tu re . Accordingly, phase I I  is to be regarded as an  
R  variant. The re su lts  o f  th e  experim en ts concern ing  v iru len ce  for m ice a n d  
h u m a n  p a th o g en ic ity  o f phase  I I  have  con firm ed  th is  op in ion . P hase  I I  b a c 
te r ia  are perfec tly  a v iru le n t for m ice, th e ir  v iru lence  can  h a rd ly  be en h an ced  
w ith  m ucin, an d  co m p ared  w ith  p h ase  I  s tra in s , th e y  are  o n ly  sligh tly  to x ic  
fo r  m ice. The fa c t t h a t  d u rin g  disease no p ro tec tiv e  an tib o d ie s  are p ro d u ced  
a g a in s t phase I I ,  is an  in d irec t p ro o f o f  th e  lack  o f h u m a n  p a th o g e n ic ity  of th e se  
b a c te r ia . In  th is  re sp e c t th e y  are  sim ilar to  th e  R  v a r ia n ts  o f  en teric  b a c te ria .

I f  phase I I  co rresponds to  an  R  v a r ia n t, how  shou ld  th e  position  o f th e  
a rtif ic ia lly  induced  v a r ia n t  be ex p la ined?  I t  is know n  fro m  th e  ex am in a tio n s 
o f  W hite  [36] a n d  H e n d e r s o n  [37] th a t  v a r ia tio n  does n o t  end a t th e  R  
fo rm , b u t m ay p ro ceed  a n d  re su lt in  g v a ria n ts  (gx a n d  g2). A lth o u g h  th e  v a r ia n t  
is m o stly  re la ted  sero logically  to  th e  R  form , i t  has an  an tigen ic  s tru c tu re  
in d ep en d en t o f t h a t  o f  th e  la t te r .  I t  w ould a p p e a r th a t  v a r ia n t  R x is th e  gx 
v a r ia n t  of Sh. sonnei. T h is seem s to  be confirm ed  b y  th e  serological b eh av io u r 
o f  R x: it  is a g g lu tin a te d  b y  phase I I  serum , b u t  th e  rev erse  of th is reac tio n  
c a n n o t be d e m o n s tra te d . This show s th a t  s tra in  R j is a d eg rad ed  v a r ia n t o f 
p h ase  I I ,  as in  p h ase  I I  th e  an tig en  ch arac teriz in g  R t is p re se n t, while R x lacks 
th e  com ponents o f  p h ase  I I  an d  con ta in s only  th e  fo rm er an tig en , w hich  in  
p h ase  I I  is p ro b a b ly  m ore deep ly  s itu a te d . T h e  “ th ird  colonial ty p e ”  of 
W a a l e r  [6] an d  W h e e l e r  [7] an d  B a k e r  [8] w as a p p a re n tly  a q v a r ia n t , 
as well as Go e b e l ’s [27] “ R v a r ia n ts”  p ro d u ced  b y  p h ag e  ac tion .

The p resen t in v es tig a tio n s  have  se ttled  th e  long  d e b a te d  question  w h e th e r 
p h a se  I I  m ay re v e r t  to  phase  I . I t  has been c learly  d e m o n s tra te d  th a t  w hen  
a reversion  seems to  occur, in  re a lity  a d issociation  of colonies conta in ing  b o th  
p h ase  I  and I I  is ta k in g  place. In  ou r ex perim en ts seem ing ly  pu re  phase  II  
colonies con ta ined  p h ase  I  b ac te ria  in  th e  second a n d  even  in  th e  th ird  gener
a tio n . In  such c u ltu re s  th e  ap p earan ce  of p h ase  I  u n d e r su itab le  cond itions 
m a y  be m istaken  fo r  a n  evidence o f reversion .

The p resen t in v es tig a tio n s  have  show n th a t  ph ase  I I  o f  Sh. sonnei co r
resp o n d s to  th e  so fa r  know n ch arac te ris tic  p ro p e rtie s  o f  th e  R  v a rian ts  o f  
en te ric  b ac te ria . A ccord ing ly , th e  so-called phase v a r ia tio n  m a y  be reg a rd ed  
as a phenom enon id e n tic a l w ith  th e  S— R v a ria tio n ,
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ISOLATED FROM RHIZOBIUM MELILOTI
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(R eceived Ju n e  17, 1960)

Sum m ary . F is k ’s te s t  w as com bined w ith  L e d e r b e r g ’s rep lica  m eth o d  and  b y  th e  
re su ltin g  te s t  152 stra in s  o f  R h .  m e lilo ti fresh ly  iso la ted  from  nodules w ere exam in ed  in  every  
possible co m bination . A h u n d re d  and  th ree  s tra in s  p roved  to be phage carrie rs  or lysogenic. 
F ro m  th e  u n filte red  ly sa tes 63 phage iso lates cou ld  be recovered; on  th e  basis o f  th e  im m u n ity  
te s t  44 o f th ese  appeared  to  be tem p era te , 11 b eh av ed  as v iru len t. E ig h t phages w ere u nsu it able 
fo r th e  im m u n ity  te s t. O f th e  44 tem p era te  p h ages 8 proved to  be  p o ly v a le n t, 10 and  26 
show ed m ed ium  and low v a len cy , respec tive ly . T hree  sensitive s tra in s  o f R h . m e l i lo t i  were 
a tte m p te d  to  lysogenize using  40 d ifferen t phages. O f th e  lysogenic d e riv a tiv e s  th u s  o b ta in ed  
13 w ere ex am in ed  for changes in  th e ir  phage p a tte rn .  B ased on th e  changes caused  in  th e  phage 
p a tte rn  o f th e  b ac teria  th e  13 phages were d iv id ed  in to  7 groups.

T h e ag ricu ltu ra l im p o rtan ce  o f R hizobiophages was recognized  chiefly  
b y  th e  investiga tions of R a z um o v sk aya  [1], K leczkowska  [2] an d  A llen  
an d  A l l e n  [3] severa l decades ago. S ince th en , th ough  general in te re s t has 
been focussed on ly sogeny  and the  genetic  phenom ena accom pany ing  i t  [6], 
ly sogeny  in  R hizobia has been  scarcely s tu d ied  and th e  ex istence  of te m p e ra te  
R h izob iophages has n o t been  m entioned  b u t  in  tw o sh o rt com m unica tions [4, 5].

In  th e  p resen t in v estig a tio n s a g re a t num ber of Rh. m eliloti iso lates were 
s tu d ied  to  o b ta in  lysogenic d érivâ tes in  su ffic ien t num ber fo r ou r fu tu re  genetic 
s tu d ies . T he ex istence of num erous te m p e ra te  R h izob iophages has been 
d em o n stra ted .

Materials and methods

O r ig in  o f  the  b a c te r ia . T he R h . m e l i lo t i , R h . t r i fo l i i  an d  L o tu s  r h iz o b ia  s tra in s  
w ere o b ta in e d  p a rtly  from  B u d a p es t, p a r tly  fro m  B ala to n b erén y . T h ey  w ere iso la ted  from  th e  
nodules o f  M elilotus, T rifo liu m  an d  Lotus p la n ts , respec tive ly . T he nodu les c u t o ff to g e th e r 
w ith  sm all pieces of roo t w ere w ashed w ith  s te rile  w a te r  several tim es, th e n  tre a te d  w ith  70 
pe r cen t e th a n o l for ab o u t h a lf  a  m in u te  and w ash ed  once more w ith  ste rile  w a te r. T h is was 
follow ed b y  tre a tm e n t w ith  0.1 pe r cen t m ercu ry  chloride for 3— 4 m in u te s . A fte r a n o th e r 
w ash ing  th e  nodules were b u rs t  betw een  two slides each ; th e  expressed  ju ice  w as d ilu te d  w ith  
s te rile  w a te r  an d  p la ted  in  La ir d ’s M5 agar m ed iu m . T he p u rified  cu ltu res  o b ta in e d  b y  rep ea ted  
p la tin g s w ere num bered  in  th e  o rd er o f th e ir  iso la tio n .

I d e n t i f i c a t io n  o f  the  iso la te s . The clonal cu ltu res  th u s  ob ta in ed  w ere id en tif ie d  b y  in o c
u la tio n  in to  th e  h o st p lan t. F o r  th is  purpose seedlings, grow n on N u tm an ’s ag ar in  tu b es 
u n d e r s te rile  conditions w ere used . The e x p erim en ts  were rep ea ted  th re e  tim es. Seeds were 
s te rilized  in  th e  sam e m an n e r as nodules.

M e th o d s  o f  c u l t iv a t io n . T he cu ltu res w ere m ain ta in ed  on L a ir d ’s М2 and  M5 m edia  as 
m odified  b y  us, and  on As h b y ’s m edium . The co m position  of the  M5 m ed iu m  w as 0.5 g K 2H P 0 4: 
0.2 g M gS 04; 0.1 g NaCl; 100 m l y eas t w a ter; 900 m l H 20 .  M edium  М2 w as p re p are d  b y  add in g

-5 Acta Microbiologica VIII/1.
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5 g o f m aim ite  and 1 g o f p o ta to  dex trose  to  1 l itre  M5 m ed ium . T he s to ck  cu ltu res were m a in 
ta in e d  on Ash by ’s m ed iu m  com posed as follow s; 0.2 g K 2H P 0 4; 0.2 g M gS04; 0.2 g (N H 4)2S 0 4; 
10.0 g m an n ite ; 0.2 g N aC l: 0.1 g C aS04; 5.0 g C aC 0 3; 20 g a g ar; 1000 m l H 20 .

Isolation o f  Rhizobiophages. F is k ’s co m b in a tio n  te s t  o rig in a lly  ap p lied  for S taphylococci 
w as com bined w ith  L e d e r b e h g ’s rep lica  m eth o d  [8, 9]. A ccord ing  to  F is k ’s technique  e v e ry  
co m b in a tio n  of 4 s tra in s  is  te s te d  on  one p la te ;  th is  m e th o d , th o u g h  effec tive , proved to  be to o  
slow  to  te s t a  large  co llec tio n  of b a c te r ia ; th ere fo re , in s tea d  of s tre ak in g  th e  in d ica to r o rg an ism  
on  th e  surface of th e  m ed iu m  we p la ted  i t  in  th e  usua l double  so ft ag a r lay e r. U sing a rep lica tin g  
a p p a ra tu s , 15 s tra in s  c o u ld  be  p laced b y  a  single m o v em en t on  th e  to p  o f th is  layer. D u rin g  
in cu b a tio n , th e  p h a g e -lib e ra tin g  cu ltu res  fo rm ed easily  recogn izab le  ly tic  zones in  th e  p la te  
c u ltu re  o f th e  in d ic a to r  b a c te r iu m . T he d iam e te r o f th e  ly tic  a rea  seem ed to  depend on th e  
a m o u n t o f th e  re leased  p h ag e . In  o rder to  iso la te  th e  p h ages , sm all pieces o f agar fro m  th e  
ly tic  zones were p ick ed  a n d  suspended  in  М2 m ed iu m ; th e  phages w ere iso la ted  by  re p ea te d  
p la tin g s . P ro p ag a tio n  a n d  t i t r a t io n  o f phages w as based  on A dam s’ m ethod ica l w ork  [10]. 
T he cu ltu res were f i l te re d  th ro u g h  S ch o tt G5 glass f iltre s .

Soil b ac terio p h ag es w ere  iso la ted  b y  Cro sse  an d  H in g o r a n i’s m eth o d  [7] as m odified  
b y  us. B riefly , in  E rle n m e y e r  flask s 50— 100 g fresh  soil sam ple  w as ad d ed  to 60 ml М2 m edium  
in o cu la ted  w ith a fresh  R h izo b iu m  cu ltu re . A fte r in cu b a tio n  th e  cu ltu res  w ere cen trifuged  an d  
f i lte re d . The lysa tes w ere  p la te d  and  in cu b a ted . T he ph ag es w ere iso la ted  from  th e  p laq u es 
ap p ea rin g  in  the  cu ltu re s . O f th e  soil phages th u s  o b ta in e d  o n ly  one, N o. 16-3, was used  in  
ex p erim en ts .

Lysogenization. O ne loopfu l o f th e  f ilte re d  ly sa te  w as b ro u g h t on to  an  in d ica to r p la te .  
I f  secondary  colonies h a d  g row n  on th e  ly tic  a rea , b a c te r ia  w ere iso la ted  from  th ere , a n d  p ro 
p a g a ted  and p u rified  b y  c lo n a l iso la tion . T he clones w ere te s te d  fo r p h age  p ro d u c tio n  on  in d i 
c a to r  bac teria . T h eir im m u n ity  aga in st th e  hom ologous phage was d e m o n s tra ted  b y  d ro p p in g  
o n  th e  f i ltra te  o f th e  hom ologous phage (sp o t te s t) .

Experimental

Collection o f  bacteria. On th e  basis of th e  l i te ra ry  d a ta  i t  was su p p o sed  
th a t  a large co llec tion  o f b ac te ria  was needed  to  o b ta in  lysogenic s tra in s . 
F o r  th is purpose iso la tio n  of nodule  b a c te ria  w as a tte m p te d  from  173 R h .  
m eliloti nodules. F ro m  th ese  152 b ac te ria l s tra in s  w ere o b ta in ed . E ach  of th e se  
in d u ced  n o d u la tio n  in  th e  ex p erim en ta lly  in fec ted  seedlings. F rom  Rh. tr ifo lii  
15, from  Rh. lotus 12 s tra in s  were o b ta in ed . M ost o f th e  s tra in s  were of th e  
m ucoid  ty p e ; one o f  th e m , Rh. m eliloti No. 65, is a p ig m en t-p roduc ing  s tra in .

In  the  id e n tif ic a tio n  te s ts  n o d u la tio n  in  h o st p la n ts  grow n under s terile  
conditions becam e v isib le  a fte r 10 days an d  th e  nodules w ere fully  developed  
w ith in  one m on th . T h e  n u m b er of th e  nodules, i. e. th e  q u a n tita tiv e  effic iency  
o f th e  stra ins, w as n o t  ta k e n  in to  accoun t.

Testing fo r  lysogeny by the combination test. T he tech n iq u e  applied allow ed 
to  te s t  the  152 R h. m eliloti s tra in s  in  every  possible com bina tion . O f these  103 
s tra in s  proved to  be p h ag e  carriers or lysogenic. T he so-called u n filte red  ly sa te s , 
w h ich  had  been p ick ed  from  th e  ly tic  zones, an d  su spended  in  М2, co n ta in ed  
101 to  106 in fec tive  pa rtic le s  each. F ro m  th e  96 u n filte re d  lysates te s te d  63 
phages (66 per cen t) w ere recovered , w hereas 33 w ere lo st, p robab ly  b y  in 
ad eq u a te  sto rage .

Demonstration o f  lysogeny. T he v iru s-ca rry in g  b a c te r ia  were te s te d  fo r  
im m u n ity  ag a in st th e  hom ologous phage. T he s tra in s  show ing im m u n ity  w ere  
reg a rd ed  as lysogenic  an d  th e  lib e ra ted  phages as te m p e ra te  [6].
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T he im m u n ity  t e s t  consisted o f  p a ra lle l ti tra tio n s  o f th e  f i l tra te s  in  cu l
tu re s  o f  b o th  th e  p h a g e  carrier an d  a n  a p p ro p ria te  in d ic a to r  s tra in . O f the  63 
carrie rs  44 proved  to  be  lysogenic, w hereas in  11 cases th e  p h ag e  appeared  to  
be v iru le n t. E igh t p h ag es  were u n su ita b le  for th is  te s t.

H ost range stud ies. H ost range w as estab lished  b y  te s tin g  phages against 
each  o f th e  Rh. m eliloti s tra in s av a ilab le  an d  ag a in st 5 R h . tr ifo lii, 5 Rh. lotus 
a n d  4 E rw in ia  tum efaciens  stra ins. T h e  sam e rep lica  m e th o d  w as used as in  
th e  com bination  te s ts .

B ased on th e ir  host-range , th e  44  te m p e ra te  R h izob iophages were divided 
in to  th e  following g ro u p s : (i) p o ly v a le n t phages lysing  40— 73 h o s t organism s; 
(ii) phages w ith m ed iu m  valency  ly s in g  19— 33 organism s; (iii) th o se  w ith  low 
v a len cy  lysing 1— 15 s tra in s  each. T h e  phages in  groups (i), (ii) an d  (iii) n u m 
bered  8, 10 and 26 respective ly .

Plaque m orphotypes. I t  is g en era lly  accep ted  th a t  th e  sh ap e , size and  
o u tlin e  of th e  p la q u e s  are  c h a rac te ris tic  o f th e  phage s tra in . The p laques 
b ro u g h t abou t b y  th e  R h izob iophages s tu d ied  b y  us w ere ra th e r  variab le . 
F ro m  p in -po in t p la q u e s  to  those w ith  4— 6 m m  in  d ia m e te r  every  size was 
fo u n d ; th e ir  ap p ea ran ce  varied  fro m  tu rb id  to  clear. In  c e r ta in  p laques th e  
clear cen tre  was su rro u n d e d  by  a tu rb id  halo . In  som e cases th e  p laque was 
ta rg e t- lik e  showing concen tric  zones.

Lysogenization. I n  order to  d e m o n s tra te  lysogen iza tion  b y  th e  tem p era te  
R hizobiophages, 3 R h . meliloti s tra in s  (N os. 29, 41 an d  69), w hich  had  been 
fo u n d  susceptible to  m o s t of the  p h a g e  iso lates, were p la te d  on  agar m edium  
a n d  te s te d  w ith  40 p h a g e  isolates. B a c te r ia  w ere th e n  p icked  fro m  th e  secondary  
colonies growing in  th e  p laques, a n d  p u rif ied  b y  successive p la tin g s . M ost of 
th e  d ériv â tes  thu s o b ta in e d  proved  to  be phage p roduc ing  a n d  im m une  against 
th e  hom ologous p h a g e . T he clones w h ich  h ad  been  s tab ilized  a f te r  rep ea ted  
iso la tions were used  in  th e  following experim en ts.

Phage patterns o f  the lysogenized dérivâtes. In  a d d itio n  to  serological re la 
tio n sh ip s  th e  a lte red  p h ag e  p a tte rn  o f  th e  lysogenized b a c te r ia  is regarded  as 
th e  m ost ap p ro p ria te  basis for g ro u p in g  bac te riophages an d  to  estab lish  th e  
degree o f re la tio n sh ip  am ong th em . H o st-ran g e  stud ies using  on ly  non-lysoge- 
n ized  hosts offer less v a lu ab le  in fo rm a tio n .

In  Tables I  a n d  I I  th e  phage p a t te rn s  o f tw o R h. m eliloti s tra in s  (Nos. 29 
an d  41) and  of th e ir  lysogenized clones are p resen ted .

T he phage p a t t e r n  for 13 of th e  40 lysogenized d e riv a tiv e s  w as estab lished  
w ith  41 phage iso la tes. O n the basis o f  th e  changes induced  in  th e  phage p a tte rn  
b y  lysogenization  th e  13 phages w ere d iv id ed  in to  7 w ell-d istingu ishab le  groups 
as show n in Table I I I .

F u rth erm o re , i t  shou ld  be m e n tio n e d  th a t  th e  s tra in  R h . m eliloti No. 41, 
w hich  was im m une a g a in s t the  p h ag es  N o. 57, 62 an d  169, becam e  susceptib le 
to  th e  sam e phages w h en  lysogenized b y  group A phages (T ab le  I) . E lu c ida tion

5*



Table I

C ha n g es in  the  p h a g e  p a t te r n  o f  R h .  m e lilo ti  N o . 41 b y  ly so g e n iza tio n

The susceptible clone and 
its lysogenic derivatives

I n  d c a о г P Ь a g e s

36 64 128 132 138 4 16 -3 160 161 32 ш 72 31 34 38 143 147 157 152 153 154 157 167 170 169 62 57

41 + + + + + + + - f- + + + + + + + + + + +* + + + _LГ 0 0 0

4 1 (1 6 — 3) + + + * + + + 0 0 0 + + + + + + + + + + + + + + + +

(1 6 0 ) + + + + + + 0 0 0 + + + + + + + + + + + -f- + + -J-

(1 6 1 ) + + + + + + 0 0 0 + _L + + + + 4 - - f + + + + +

4 1 (3 2 ) + + + + 0 -4- + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(3 8 ) + + + + + + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(7 2 ) _1_ + + ' + + + + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1 4 3 ) + + + + + + 4 - + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1 4 5 ) + + + + + + + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 1 (1 1 1 ) + + + + + 4 - + + _L1 - f 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 (1 4 7 ) + + + + + + + + ~T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 (1 5 1 ) + + + + 4 T~ + + + + + 0 + 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 (1 5 2 ) T" + + + + + + + + + 0 + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E x p lanations: -f- =  lysis by  th e  ind ica to r phage

0 no lysis

The 16-3 phage was isolated from  a soil sam ple
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Table II

Changes in the phage pattern o f Rh. meliloti No. 29 by lysogenizalion

The susceptible 
clone and its 

lysogenic 
derivatives

I n d i c a t o r p h a g e s

37 43 73 79 90 57 96 121 123 164 168 145 147 159 157 166 151 31 32 38 72 111 152 153 169

29 -f- + -f- + + + 4 - + + + _L + + . + + + + + + 4 - . + + +

29(111) + + + + + + + + . + 0 0 0 0 0 0 0 0

29(38) + + . + -f- 0 + + - j- + + + + 0 0 0 0 0 0 0 0 0

29(166) + + + + + + + + 0 0 0 0 0 0 0 0 0 0 0 0

(152) + + + + + 1 ' + + + - 0 0 0 0 0 0 0 0 0 0 0 0

29(145) + + “Г + + + + + 0 0 0 « 0 0 0 0 0 0 0 0 0 0

29(32) + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

E x p lanations : -f- =  lysis by  th e  ind icator phage 

0 =  no lysis
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Table I I I

The  7 groups form ed  by Rhizobiophages

Group Phages No.

A 16-3, 160, 161

В 32, 72, 143

C 38, 166

D 147, 151

E 111

F 152

G 145

o f  th is  phenom enon n eed s  fu r th e r  in v estig a tio n s. T hese a n d  th e  biological ch a r
a c te riz a tio n  of th e  g ro u p s  are in  progress.

Conclusions

1. In  c o n tra s t to  li te ra ry  d a ta , specific  te m p e ra te  p h ag es were often  
fo u n d  in Rh. m eliloti c u ltu re s  and  could  be iso la ted  th e re fro m  b y  th e  com bi
n a tio n  test. The d iv e rg en ce  in  th e  re su lts  can  be a t t r ib u te d  to  th e  following 
d ifferences in th e  te c h n iq u e : (i) in s te a d  o f soil sam ples we used  a g rea t num ber 
o f  fresh ly  iso lated  b a c te r ia  as s ta r tin g  m a te ria l; (ii) a g re a t n u m b e r of s tra in s  
w ere  te s ted  for p h ag e  carrie rsh ip  in  every  possible co m b in a tio n . The m ass 
in v estig a tio n s w ere m a d e  possible b y  th e  a p p ro p ria te  te c h n iq u e  w orked ou t 
b y  us.

2. The p laque m orpho logy  o f th e  phages was v a riab le .
3. As regards th e i r  host-range, m ost o f th e  phages a p p ea red  specific; 

p o ly v a le n t phages a n d  p hages w ith  m ed ium  va len cy  o ccu rred  less frequen tly . 
T h e  re la tive  high fre q u e n c y  o f phages w ith  n a rro w  h o st-ran g e  m igh t exp la in  
th e  negative re su lts  o b ta in e d  b y  o thers.

4. A ttem p ts  w ere  m ade to  in fec t th re e  suscep tib le  s tra in s  o f R h. meliloti 
w ith  40 d istinct R h izo b io p h ag es. A n u m b er o f lysogenized derivatives, i. e. 
phage-p roducing  clones im m une  ag a in s t th e  hom ologous p h a g e , were b ro u g h t 
a b o u t.

5. On th e  b as is  o f  th e  changes in d u ced  by  ly so g en iza tio n  in  th e  phage 
p a t te r n  of the  b a c te r ia  th e  13 phages te s te d  so fa r w ere d iv id ed  in to  7 groups. 
S tu d ie s  on the  re la tio n sh ip s  am ong th e  rem ain ing  phage d e riv a tiv e s  as well as 
th e  biological c h a ra c te r iz a tio n  o f th e  re la te d  s tra in s  are in  p rogress.

Acknowledgements. T h e  a u th o rs  are  in d eb te d  to  D r. B. G y o r f f y , D ire c to r o f th e  I n s t i 
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Sum m ary. G enetic  reco m b in a tio n  was observed  in  Streptom yces aureofaciens. B y th e  
m eth o d  applied  th e  colonies o f th e  p ro to tro p h ic  reco m b in an ts  a re  d ire c tly  observable  a n d  
co u n tab le . The av erag e  reco m b in a tio n a l freq u en cy  for single p a re n ta l  co m p lem en ta ry  au x o - 
tro p h s  was found to  be 8.5 X  10-6 . Som e re la tio n  is suggested  to  ex is t b e tw een  th e  m ech an ism  
o f th e  genetic  re co m b in a tio n  and  th e  a n tib io tic  a c tiv ity  o f th e  re co m b in a n ts . R eco m b in an ts 
w ith  increased  a n tib io tic  a c tiv ity  w ere p ro d u ced  m ore fre q u e n tly  b y  b iochem ical m u ta n ts  
d e riv in g  from  two d iffe re n t d e scen d an t lines th a n  by  those  o rig in a tin g  in  th e  sam e line.

Several a u th o rs  have  re p o rte d  on genetic reco m b in a tio n  in  th e  genus 
S trep tom yces [1— 6] .  A l ik h a n y a n  [5] d em o n stra ted  th a t  w ith  Streptomyces 
rim osus  these gene tic  in te rac tio n s  m igh t be accom pan ied  b y  increased  a n t i 
b io tic  a c tiv ity  [5].

T he p resen t w ork  p rov ides new  d a ta  on reco m b in a tio n  in  Streptomyces 
aureofaciens and  on th e  re la tio n  o f reco m b in a tio n  to  a n tib io tic  ac tiv ity .

M ateria ls and  m ethods

The biochem ical m u ta n ts  were p rep ared  from  tw o s tra in s  (L . S. 536 [7] and  L ederle 
8234) iso lated  a t  d iffe ren t places. As m u tag en ic  ag en ts  UV or X  ir ra d ia t io n  w as app lied  th ro u g h  
sev era l generations (F ig . 1). In  th is  w ay  th ree  lineages o f a u x o tro p h s  w ere o b ta ined .

To augm en t th e  co n id ium  co u n t, th e  f i l t r a tio n  m ethod  was a p p lied  a f te r  each  irra d ia tio n . 
T h e  f i lt ra tio n  m eth o d  w as f i r s t  used b y  F r i e s  [8] in  s tu d ies on O p h io sto m a, and  B r a e n d l e  
a n d  S z y b a l s k i  [2] a d a p te d  th e  m eth o d  to  S trep to m y cetes . T he p en ic illin  tech n iq u e  [9], w hich 
is ex ten siv e ly  app lied  in  sim ila r s tud ies on b a c te ria , can n o t be a d a p te d  to  S trep to m y cetes , a n d  
e ffo rts  to  replace p e n ic illin  b y  o th e r  an tib io tic s  have  been unsuccessfu l [2].

The conidia to  be  ir ra d ia te d , w hich  h ad  been  o b ta in ed  fro m  cu ltu re s  o f the  p ro to tro p h s  
g row n  on th e  m inim al m ed iu m  (MM), w ere suspended  in  d is tilled  w a te r . T he com position  of th e  
MM was 15.0 g sucrose, 3.5 g C a (N 0 3)2, 1.0 g K H 2P 0 4, 0.5 g M gS 04 • 7 H 20 ,  1.0 g NaCl, 0.05 g 
F e S 0 4* 7H 20 ,  1 l itre  d is tilled  w a te r, 20.0 g agar, w ith  th e  p H  a d ju s te d  to  6.8. U sually  1— 15 
p e r  cen t of th e  conidia h a d  su rv ived  irra d ia tio n . The ir ra d ia te d  suspensions w ere in o cu la ted  
in to  m in im al b ro th  com posed  o f 25.0 g so luble  s ta rch , 2.0 g K 2H P 0 4, 1.0 g K H 2P 0 4, 3.0 g 
C a (N 0 3)2, 2.0 g K N 0 3, 0.5 g M gS04- 7 H 20 ,  1.0 g C aC 03, 10.0 m g Z n S 0 4, 1.0 m g M nS04, 1.0 m g 
C u S 0 4* 5H 20 ,  1.0 m g F e S 0 4* 7H 20 ,  1000 m l d istilled  w a te r; p H  w as a d ju s te d  to  6.8. T he 
m ed iu m  was d is tr ib u te d  in  500 ml E rlen m ey e r flasks, 100 ml in  each . T he ino cu la ted  flask s 
w ere  in cu b a ted  a t 27° C fo r 16 hours u n d e r con tinuous sh ak in g , th e n  th e  cu ltu res  were passed  
th ro u g h  G3 filtres. T he f i l t r a te s  co n ta in ed  m ain ly  au x o tro p h ic  con id ia , fo r th ese  had no t begun 
to  g e rm in ate  in  the  m in im al b ro th . U nlike  these, m ost o f th e  p ro to tro p h ic  con id ia , those w hich  
h a d  g e rm in ated , w ere rem o v ed  b y  th e  f i lt r a tio n . The conidia in  th e  f i l t r a te s  were p la ted  on 
s y n th e tic  com plete m ed iu m  (CM), and in cu b a ted  a t  27° C for 10— 14 d ay s. T he com position  
o f th e  CM was 15.0 sucrose , 3.5 g C a (N 0 3)2, 1.0 g (N H 4)2H P 0 4, 1.0 g K 2H P 0 4, 1.0 g N aC l, 
0.5 g M gS04- 7H 20 ,  0.05 g F e S 0 4* 7 H 20 ,  1.0 g /-asparag ine ; g lycine , /-a lan in e , /-valine, Z-nor- 
v a lin e , /-leucine, /- iso leucine, /-a sp a rtic  acid , /-g lu tam ic  acid , /-p h en y la lan in e , /-ty rosine , 
/ - try p to p h a n , /-p ro line , /-se rin e , /- th reo n in e , /-oxypro line , /-cy s te in e , /-m e th io n in e , /-a rg i-
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n in e , /-o rn ith in e , /-c itru llin e , /-ly s in e  an d  /-h is tid in e  in  th e  f in a l c o n ce n tra tio n  0.5 -10-3 M ;  
Ca p a n to th e n a te , n ico tin ic  a c id  am ide , v ita m in  H] a n d  v ita m in  Be in  th e  f in a l co n cen tra tio n  
1.0 X 10-4 M ;  v itam in  B 2, cy to s in e , u rac il, adenosine , guan ine , x a n th in e  an d  h y p o x an th in e  
i n  th e  f in a l  concen tra tion  0.5 X 10-4 M ;  20.0 g w ashed  ag ar an d  1000 m l d is tilled  w a te r; p H  
a d ju s te d  to  6.8. Conidia fro m  th e  colonies g row n  on  th e  CM were p la te d  on  MM an d  CM sim ul
tan e o u s ly . I f  auxotrophs h a d  developed  colonies on  th e  CM, these  w ere tra n s fe rre d  o n to  several 
m ed ia  e ach  contain ing  c e r ta in  g ro w th  fac to rs  o f  those  p re sen t in  th e  CM. In  th is  w ay  th e  
g ro w th  fa c to r  req u irem en t o f th e  a u x o tro p h s  w as de term ined .

B y  th is  m ethod th e  freq u e n c y  of o b ta in in g  au x o tro p h s v a ried  b e tw een  0.05 an d  0.5 pe r 
c e n t  as calcu la ted  from  th e  n u m b e r o f th e  iso la ted  colonies. T he b io ch em ica l m u ta n ts  w ere

L.S. 536Í7 )

^ Л / o / u r o /  v a r ia n t

B - 2 8

X ir ra d ia tio n

D - 13

7 5 0 0 e r g s /m m 2
UV irra d ia tio n

C-43II

Fig. I - L ineage o f th e  biochem ical m u ta n ts

c u lt iv a te d  on m inim al m ed ia  (MM) su p p lem en ted  w ith  th e  fa c to r re q u ire d  for th e ir  aux o tro p h ic  
g ro w th . The co n cen tra tio n  o f th e  g ro w th  fa c to r in  th e  m edium  w as 10-3 M.

G enetic reco m b in a tio n  was d e m o n s tra ted  b y  th e  m eth o d  o f B r a d l e y  an d  L e d e r - 
b e r g  [7]. The conidial suspensions co n ta in in g  105 to  106 con id ia /m l o f  com p lem en ta ry  au x o 
tro p h s  were m ixed in  th e  p ro p o rtio n  1 : 1 a n d  in cu b a ted  on p ro p e rly  supp lem en ted  MM a t 
27° C. T hus, the  m eth o d  w as e ssen tia lly  th e  sam e as th a t  used  b y  S e r m o n t i  and  S p a d a —  
S e r m o n t i  [1].

In  co n trast to th e  m eth o d  of S e r m o n t i  an d  S p a d a — S e r m o n t i , in  o u r ex p erim en ts MM 
w as n o t  supplem ented  b u t  w ith  th e  facto rs req u ired  by  th e  p a ir  o f  b iochem ical m u ta n ts . The 
co n ce n tra tio n  of th e  su p p lem en tin g  fac to rs  v a rie d  betw een  5 X 10-5 a n d  10-8 M, depending 
o n  th e  biochem ical m u ta n ts .  O p tim u m  co n cen tra tio n  was estab lish ed  em pirica lly .
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T h e  recom binan ts fo rm ed  regu larly  d ev elo p in g , sep ara te  colonies on p ro p erly  su p p le 
m en te d  MM .

In  a d d itio n  to  c u lt iv a t io n  on p ro p e rly  su p p lem en ted  MM, th e  con id ia l suspensions o f 
b o th  a u x o tro p h s  were p la te d  s in g u larly  on  M M  as well. Those suspensions w hich  h ad  show n 
b ack  m u ta t io n  were n o t u se d  in  the  re c o m b in a tio n  experim ents.

T en  b iochem ical m u ta n ts  were te s te d  fo r  recom bination  in  e v e ry  possible co m bination . 
T he g e n e tic  m arkers o f th e  au x o tro p h ic  m u ta n ts  are shown in  T ab le  I.

T ab le  I

Genetic markers o f  biochemical mutants

M utan t M arkers M utant M arkers

N — 2 P 1SsWCTC1a rg " N— 8 P 1SsCíCTC1arg _

N — 3 P 1SrC»’CTC1a rg - N— 9 P 1SrC“'CTC1a rg -

N — 4 P 2SsC«CTC2m e th - N— 10 P 0SsCu’CTC1cys"

N— 5 P 0SsWCTC1a rg “ a m _ N— 11 P 1SrC"'CTC1m eth - am -

N— 6 P 1SrC*CTC2arg~ cys_ N— 14 P 1SrC«CTC1a m -

E xplanation  o f the sym bols

P j  =  Producing w ater-insoluble ra sp b erry -red  pigm ent 
P 2 =  Producing w ater-soluble, red  p igm ent.
P 0 =  No p igm en t production .

Ss>r — S treptom ycin-sensitive, re s is tan t.
C8>w =  Conidia g rey , w hite.

,CTCn == C hlorte tracycline  production  in  100 U. 
a rg “ , cys” , m eth - , a m “ — arginine

cystine-cysteine 
m ethionine 
am ino-n itrogen

dependence

S e n s itiv ity  to s tre p to m y c in  was te s te d  o n  MM or su p p lem en ted  MM. S tra ins grow ing  
w ell in  th e  presence of 5 m g stre p to m y c in  s u lp h a te  pe r litre  were re g ard e d  as resis tan t.

A n tib io tic  p ro d u c tio n  w as de te rm in ed  in  shaken cu ltu res . C u ltu res grow n on MM or 
su p p lem en ted  MM were in o c u la te d  in  500 m l E rle n m e y e r  flasks co n ta in in g  100 m l o f th e  follow 
ing seed m ed iu m : 20.0 g s ta rc h ;  20.0 g corn s te e p  (d ry  w eight); 4.0 g C aC 0 3; d istilled  w a te r to  
1 l i tre ;  p H  was brought to  6 .8 . A fte r 48 h o u rs’ in cu b a tio n  a t  27° C 2 p e r cen t seed cu ltu re  w as 
b ro u g h t in to  th e  fe rm e n ta tio n  m ed ium  com p o sed  of 30.0 g s ta rch , 6.0 g corn  steep liq u o r (d ry  
w e ig h t), 6.0 g N H 4N 0 3, 5.0 g C aC 0 3, 2.0 g K C l, d is tilled  w a ter to  1 l i t r e ;  p H  was a d ju s ted  to  
6.2. T he ino cu la téd  cu ltu res  w ere  shaken a t  27° C for 72 hours, th e n  th e  a n tib io tic  a c t iv ity  o f 
th e  fe rm e n ta tio n  liquor w as d e te rm in ed  p h o to m e tric a lly , b y  th e  fe rrich lo rid e  colour te s t,  an d  
m icrob io log ica lly , by  th e  a g a r  d iffusion m e th o d  using the  ATCC 6633 s tra in  o f B . subtilis.

R esu lts

I n  th e  firs t p a r t  o f  th e  ex p e rim en ts  the  genetic m ark e rs  of th e  p ro to - 
tro p h s  o b ta in ed  from  m ix e d  cu ltures w ere  studied . T he colonies of th e  p ro to - 
tro p h s  w ere tran sfe rred  to  MM, an d  tw o  passages w ere m ade on th e  sam e 
m ed ium . T h e  cultures th u s  ob ta ined  w ere  exam ined fo r th e  genetic m ark ers . 
T he o rig in  and  the g en e tic  m arkers o f  a  few cu ltures a re  show n in  T ab le  I I .

I t  is clearly seen t h a t  co m b in a tio n  of the  p a re n ta l m ark ers  occurred  in  
each  o f  th e  cases show n in  th e  T ab le .
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F rom  each o f th e  m ix ed  cu ltu res 0— 25 p ro to tro p h ic  reco m b in an ts  w ere 
o b ta in e d . Three c o m p le m e n ta ry  a u x o tro p h ic  m u ta n ts  p ro d u c e d  no recom bi
n a n ts  un d er the  sam e co n d itio n s  a lth o u g h  th e  experim en ts w ere rep ea ted  seve
ra l  tim es . The pairs N  — 2, N — 10; N — 3, N — 4; an d  N — 8, N — 11 appeared  to  b e  
inco m p atib le .

In  fu rth er e x p e rim e n ts  th e  an tib io tic  a c tiv ity  of th e  reco m b in an ts  w as 
ex am in ed . In  th is r e g a rd  th e  reco m b in an ts  could be c lassified  in to  3 groups, 
v iz . group I  w ith  h ig h  a c tiv ity  (syn thesiz ing  2000— 2600 U  C hlortetracycline 
p e r  m l); group I I  w ith  m ed ium  a c tiv ity  (1000— 1700 U  p e r  m l); group I I I  
w ith  low  ac tiv ity  (u n d e r  200 U p e r ml). T he d is tr ib u tio n  o f  th e  reco m b in an ts  
in  th e  3 groups is p re se n te d  in  T ab le  I I I .

Table II

O rigin and genetic markers o f  some recombinants

Auxotrophic paren ts
Recombinants

N—4 X N— 9 J — 1 arg + m eth + P ^C Ä C T C 25

N—4 X N— 8 J — 6 arg+m eth+  P 2CTCl

N— 4 X N— 10 J — 14 cys+ m eth + P 0C£CTCU

N— 4 X N— 9 J — 35 arg~ m eth + P jS sC£CTC26

N— 9 X N— 14 .1— 162 arg+ am 4 C^CTC20

N— 6 X N— П J — 179 arg + cys+ m eth + am* СШСТС21

N— 2 X N— 11 .1— 205 arg 1 m eth + am +SsCu’CTC2

N— 3 X N— 10 J — 217 arg + cys+ P jS sCTC2e
N— 4 X N— 5 .1— 254 arg 1 am 1 m eth + P 0CTC15

E xplanation  oi' th e  sym bols see Table I.

Table III

D istribu tion , by antibiotic activity, o f  tile recombinants

Group
Antibiotic

activity
Number of 

recombinants
Percentual

distribution

I. H igh 3 2 1 1 .5

II. M edium 8 8 3 1 .7

I I I . Low 1 5 8 5 6 .8

T o ta l 2 7 8 1 0 0 .0
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T he an tib io tic  p ro d u c tio n  b y  th e  in itia l p ro to tro p h s  a n d  b y  severa l 
b iochem ical m u ta n ts  a n d  reco m b in an ts  are show n in  T ab le  IV .

Table IV

Antib io tic  activity o f  the parental prototrophs and o f  some biochemical m utants and recombinants

P aren ta l
pro to trophs

A ntibiotic activ ity  
U/m l Biochemical m utants

A ntibiotic activ ity  
U /m l

C— 991 1690 N — 4 160

C— 1051 1540 N— 6 100

D — 13 1420 N— 9 80

D— 59 1580 N— 10 90

D — 89 1460 N — 11 105

Le— 51 1140 N — 14 85

Recom binants
A ntibiotic ac tiv ity  

U/ml

A ntibiotic activity  
in per cent of th a t 
of th e  prototrophic 

paren ts

Group
(see Table III )

J— 1 2490 159 I
J—6 115 7 h i

J— 14 1385 86 и
J—35 2560 163 I
.1— 162 2020 155 I
J—179 2120 142 I
.1—205 240 16 h i

J—217 2080 140 I
J—254 1510 95

1

и

T he group I  reco m b in an ts  show ed a 40 to  60 p er cen t in crease  in  th e ir  
an tib io tic  a c tiv ity  as com pared  to  th e  a c tiv ity  of th e  in itia l p ro to tro p h s .

I t  is s trik in g  th a t  m a in ly  p a re n ta l au x o tro p h s  deriv ing  from  tw o d ifferen t 
d escen d an t lines p ro d u ced  h ighly  ac tiv e  reco m b in an ts  (see also F ig . 1); e. g. 
a  g rea te r  p ro p o rtio n  o f  th e  reco m b in an ts  deriv ing  from  th e  co m p lem en ta ry  
au x o tro p h s  N— 4 an d  N — 9 or N— 14 a n d  N — 9 belonged to  g roup  I  th a n  of those 
d e riv ing  from  N — 4 a n d  N — 10. In  T ab le  У  th e  reco m b in an ts  h av e  been  grouped  
accord ing  to  origin a n d  an tib io tic  a c tiv ity .

E ig h ty -one  p e r cen t o f th e  h igh ly  ac tiv e  reco m b in an ts  derived  from  p a 
re n ta l  au x o tro p h s belong ing  to  tw o  d iffe ren t d escen d an t lines.
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Table V

D istribution o f  the recombinants by lineage

Lineage o f th e  
recom binants

N um ber o f the 
recom binants 

te sted

O f these recom binants w ith 
high an tib io t. ac tiv ity  

(group I)

N um ber P er cent

Two different descendant 
lines ................................. 132 26 19.7

One descendant l i n e ......... 146 6 4.1

Total 278 32 11.5

D iscussion

Genetic re c o m b in a tio n  has been  observed  b y  o th e r a u th o rs  in  5 species 
o f  S trep tom ycetes, v iz . S . coelicolor, S . frad iae , S . griseoflavus, S . rim osus, and
S . griseus. Our p re se n t ex p erim en ts  have  fu rn ish ed  ev idence o f reco m b in a tio n  
in  S. aureofaciens. U sing  our ow n m ethod , th e  tra n s fe r  of th e  reco m b in an ts  
fro m  th e  “ tu f t”  m a y  be o m itte d  (in  co n tra s t to  th e  m e th o d  recom m ended  b y  
S e r m o n t i  and  S p a d a — S e r m o n t i  [1] an d  app lied  also b y  A l iic h a n y a n  [5]), 
since the  reco m b in an ts  fo rm  sep a ra te  colonies in  th e  m ixed  cu ltu re  itse lf , 
p ro v id ed  th e  c o n c e n tra tio n  of th e  supp lem en tin g  fac to rs  in  th e  m edium  is 
ap p ro p ria te . In  th is  case a m in im um  germ ination  o f th e  con id ia  and  fo rm atio n  
o f  colonies by th e  re c o m b in a n ts  precede th e  conid ium  fo rm a tio n  b y  th e  auxo- 
tro p h s . The colonies th u s  o b ta in ed  are d irec tly  co u n tab le . T h is m eth o d  seem s 
to  be suited  to  re v e a l q u a n tita tiv e  re la tio n s concern ing  th e  m echanism  o f 
recom bination .

A lthough th e  p re se n t s tud ies did no t aim  a t  th e  ev a lu a tio n  of recom bi- 
n a tio n a l frequencies, th e y  p ro v id ed  som e in fo rm atio n  in  th is  re la tio n . I t  is well 
k n o w n  th a t,  because  o f th e  m u ltip lic ity  o f th e  genetic  in te ra c tio n s  in  S trep to m y 
ce te s , the  freq u en cy  o f  genic recom bina tion  can n o t be dete rm in ed  exac tly . 
A nom alous h e te ro k a ry o n s  are often  h a rd ly  d istin g u ish ab le  from  recom bi
n a n ts  [11] and , in  ad d itio n , S trep tom ycetes can  p roduce  selective agents w hich  
a re  capable of in flu e n c in g  th e  fo rm atio n  of in d iv id u a l p o p u la tio n s [12]. F u r 
th e rm o re , i t  is n o t  c lear, w h e th e r au x o tro p h ic  reco m b in an ts  can  or can n o t be 
d e tec ted  by  th e  p re s e n t te ch n iq u e  in  th e  case of double  p a re n ta l  au x o tro p h ic  
m ark ers . R eg ard in g  all these  circum stances, we a tte m p te d  to  es tim ate  th e  
reco m b in a tio n a l frequencies fo r single p a re n ta l au x o tro p h s  on th e  basis o f th e  
exp erim en ta l d a ta . T h e  reco m b in a tio n a l frequencies for th e  com plem en tary  
au x o trophs N— 4 a n d  N — 9 were 2.2 x 10-5 , 5.8 x 10~e, 6.5 x H U 7, 3.4 X 10-6 , 
1.2 X  1(U5 and  7.1 X  10~6 in  six  in d iv id u a l ex p erim en ts  w ith  th e  a rith m etica l 
m ean  8.5 X 10 6. P re lim in a ry  d a ta  show ed no difference in  th e  recom bina-



t io n a l frequency  as to  w h e th e r o r n o t  th e  co m p lem en ta ry  a u x o tro p h s  belonged 
to  th e  sam e lineage.

On the  basis o f  th e  p resen t in v estig a tio n s a re la tio n  m ig h t be supposed to  
ex is t betw een th e  a n tib io tic  a c t iv i ty  of th e  reco m b in an ts  an d  th e  m echanism  
o f th e  recom bina tion . T hough  th e  n u m b er of ex p erim en ts  is too  sm all to  allow  
fin a l conclusions, th e  find ings suggested  th a t  th e  course o f recom bination  
m ig h t be d ifferen t in  d iffe ren t g ro u p s of b iochem ical m u ta n ts . R ecom binan ts 
w ith  h igh ly  increased  an tib io tic  a c t iv i ty  m ay m ain ly  be ex p ec ted , if  th e  com ple
m e n ta ry  au x o tro p h s d e riv e  from  tw o  d ifferent d escen d an t lines.
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Sum m ary. T ra n s fo rm a tio n  in  Streptom yces aureofaciens au x o tro p h s  w as in d u ced  b y  p u r i 
f ied  D N A  p rep ara tio n s. U s in g  th e  a u th o r’s m e th o d  th e  a m o u n t o f D N A  re q u ire d  to  g ive  rise  
to  one tra n s fo rm a n t w as a b o u t  10-4 fig. In te rs p e c if ic  tra n s fo rm a tio n  w as d e m o n s tra te d  in  th e  
genus S trep to m y ces , n a m e ly  D N A  prep ared  fro m  Streptomyces griseus  gave  rise  to  tra n s fo r 
m an ts  in  Streptomyces aureofaciens au x o tro p h s . T h e  re la tio n  b e tw een  th e  a m o u n t o f D N A  a n d  
th e  n u m b e r o f tra n s fo rm a n ts  w as found to  b e  p o ly n o m ia l; t h a t  b e tw een  th e  dose o f U V  i r r a 
d ia tio n  a n d  th e  in a c tiv a tio n  ra te  for th e  tran s fo rm in g  c ap a c ity  o f D N A  a p p ro x im a te d  a n  
e x p o n e n tia l  re la tion .

Since th e  role o f  deoxyribonucleic  acid  (D N A ) in  tra n s fe r  o f  gene tic  
m ark ers  h ad  been d iscovered  [1], tra n s fo rm a tio n  m e d ia ted  b y  cau tio sly  p u r i
fied  D N A  p re p a ra tio n s  has been o b se rv ed  in  num ero u s g roups o f m ic ro 
organism s.

I n  th e  p resen t w o rk , beyond c o n firm a tio n  o f th e  ex istence  o f tra n s fo r
m a tio n , evidence o f in te rspec ific  tra n s fo rm a tio n  in  th e  genus S trep to m y ces is  
p ro v id e d . Some q u a n ti ta t iv e  re la tions in  tran sfo rm a tio n  are  also p re sen ted .

Materials and methods

M edia . M in im a l m e d iu m  ( M M ) .  15.0 g sucrose , 3.5 g C a (N 0 3)2, 1.0 g K H 2P 0 4, 0.5 g  
M gS04 • 7 H 20 ,  1.0 g N aC l, 0.05 g F eS 0 4 • 7 H aO , 1 l it re  d istilled  w a te r , 20.0 g a g ar; p H  a d ju s te d  
to  6.8.

M ed iu m  fo r  shaken cultures o f  Streptom yces aureofaciens. 20.0 g s ta rc h , 20.0 g co rn  s te e p  
liq u o r (d ry  w eight), 4.0 g C a C 0 3, 0.22 g K H 2P 0 4, 1 l it re  d istilled  w a te r ;  p H  a d ju s te d  to  6 .8 .

M ed iu m  fo r  shaken cultures o f Streptom yces griseus. 20.0 g glucose, 20.0 g so y b ean  m ea l, 
3 g (N H 4)2S 0 4, 2.5 g N aC l, 5 .0 g  C aC 03, 0.5 g K H 2P 0 4, 1 l itre  d is tilled  w a te r ;  p H  a d ju s te d  to  6 .8 .

M ed iu m  fo r  shaken cultures o f  Streptom yces rim osus. 5.0 g s ta rc h , 30.0 g so y b ean  m ea l, 
0.5 g co rn  steep  liquor (d ry  w e ig h t), 4.0 g N a C l, 2.0 g C aC 03, 0.33 g K H 2P 0 4, 1 l i t r e  d is tilled  
w a te r ;  p H  ad ju s ted  to  7.0.

M icroorganism s. T h e  p ro to tro p h s a n d  th e  au x o tro p h s  used  in  th e  tra n s fo rm a tio n  ex p e 
r im e n ts  a re  ch aracte rized  in  T ab le  I.

T h e  s tra in s  were p ro d u c ed  in  th is la b o ra to ry  b y  UV a n d  X -ra y  ir r a d ia t io n  [2].
P reparation o f  con id ia l suspensions. C o n id ia  o b ta in ed  fro m  c u ltu re s  g ro w n  on  su p p le 

m en te d  MM were tw ice w a sh e d  w ith , and su sp en d e d  in , saline. T he liv e  c o n id ia  coun ts o f  th e  
susp en sio n s w ere alw ays d e te rm in e d  using th e  sam e m edium . T he g ro w th  fa c to rs  re q u ire d  w ere 
ad d ed  to  MM in  10-3 M  co n cen tra tio n .

P reparation  o f  D N A .  M ycelia for th e  p re p a ra tio n  o f D N A  w ere o b ta in e d  fro m  sh a k e n  
c u ltu re s  (see above) in c u b a te d  a t  27° C in  500 m l E rlen m ey er f la sk s  e ach  c o n ta in in g  100 m l 
m ed iu m .

T h e  m ethod  a p p lie d  in  th e  p re p a ra tio n  o f  D N A  was a  c o m b in a tio n  о f  sev era l k n o w n  
m eth o d s [3, 4, 5]. The sh a k e n  cu ltu res w ere c e n trifu g e d , an d  th e  m y ce lia  tw i ce w ashed  w ith  
sa line . T h e  sed im ent w as fro ze n  a t  — 15° C a n d  g ro u n d  w ith  q u a r tz  sa n d ; th e  w e t m y ce liu m ,

fr
6  A cta Microbiologica VIII/1.
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Table I

Genetic markers o f  the strains used in  the experiments

Name and code o f m icroorganism G enetic m arkers

Streptom yces aureofaciens D — 242 P  1SsC^,CTC22arg + cys+ m e th + ain+

N — 4 P 2SsC£CTC2arg+ cys+ m e th _am +

N — 6 P 1SrC£CTC2arg- cys- m e th + am +
N — 10 P o S 4^C T C 1arg'*'cys_metli'*~ am +

N — 11 P 1SrCH’CTC1arg + cys+ m e th _am~

Streptom yces griseus R — 574 P 0SrC=CTC°arg+ cys+ m eth + am "

Streptom yces rimosus I— 20 P„SSC£ CTC°arg+ cys+ m e th + am +

P j =  P ro d u c tio n  o f  a  w a te r  insoluble, ra sp b e rry  coloured p igm en t 
P 2 =  P ro d u c tio n  o f  a  w a te r soluble, red  p igm en t 
P 0 =  No p ig m e n t p ro d u c tio n  

S V  =  Sensitive , re s is ta n t  to  strep tom ycin  
CSV  =  Grey, w h ite  conidia 

CTC” =  C hlo rte tracycline  p roduction  in  100 U
a rg “cys" met líra in  “ =  arg in ine, cystein-cystine , m eth ion ine , am inon itrogen  dependence

1 g  in  8 m l, was su sp en d ed  in  a  cold so lu tio n  co n ta in in g  0.1 M  N aC l a n d  0.05 M  sodium  c itra te  
a n d  tw ice  cen trifuged . T h e  second  sed im en t was frozen  a t  -—15° C a n d  resu sp en d ed  in  cold
2 M  N aC l, 1 g in  5 m l. T h e  su sp en s io n  was sh aken  w ith  g lass b ead s fo r 10 m in u te s  an d  c e n tr i
fu g e d  a t  0° C; two v o lu m es o f  96 p e r  cen t e th an o l w ere th e n  ad d ed  to  th e  su p e rn a ta n t;  th e  
f ib ro u s  p rec ip ita te  w as f i l te r e d  an d  k e p t in  tw o vo lum es o f 2 M  NaCl a t  0° C for 14 h o u rs . 
T h e  sam ple  was d e p ro te in iz ed  b y  f iv e  consecu tive  e x tra c tio n s  w ith  a  chloroform -isoam yl- 
a lc o h o l m ix tu re . D N A  w as p re c ip ita te d  from  th e  aqueous phase  b y  a d d in g  80 p e r cen t e th an o l. 
T h e  d r ie d  p rec ip ita te  w as re su sp e n d ed  in  ste rile  2 M  N aC l so lu tio n ; th e  D N A  p rep ara tio n s  
th u s  o b ta in ed  were u sed  in  tra n s fo rm a tio n  experim en ts .

T he DNA p re p a ra tio n s  w ere te s te d  for p ro te in  co n ta m in a tio n  b y  th e  m eth o d  of L o w r y  
et al. [6] and  for R N A  b y  th e  o rcine  te s t  as m od ified  b y  C e r i o t t i  [7]. T hose show ing e ith e r  
p ro te in  o r R N A  c o n ta m in a tio n  w ere d iscarded . D N A  w as assayed  w ith  th e  n itro p h e n y lh y d ra - 
z in e  re ag e n t recom m ended  b y  W e b b  and  L e v y  [8, 9].

R esults

I n  the  f irs t e x p e rim e n ts  i t  was a tte m p te d  to  ind u ce  tra n sfo rm a tio n  b y  
th e  D N A  p re p a ra tio n  o b ta in ed  from  th e  p ro to tro p h ic  s tra in  Streptomyces 
aureofaciens D— 242. C onidial suspensions o f au x o tro p h s  w ere p la te d  on MM, 
a b o u t  104 conidia p e r  p la te . A fte r 5 h o u rs’ in c u b a tio n  each  p la te  was o v e r
la y e re d  by  1 ml D N A  so lu tio n  of know n co n cen tra tio n  a n d  th e  cu ltu res w ere 
re in c u b a te d  a t 27° C. T h e  tran sfo rm ed  m onoconidial colonies becam e v isib le  
3— 5 days la te r  an d  re a c h e d  th e ir  fu ll deve lopm en t be tw een  th e  10 th  an d  1 4 th  
d a y s  o f incubation . Som e o f th e  colonies w ere su b jec ted  to  consecu tive passages 
o n  MM and  th e ir  g en e tic  m ark ers  w ere observed  in  severa l genera tions.

D N A  p re p a ra tio n s  o b ta in ed  from  au x o tro p h s  (e. g. Streptomyces aureo
fa c ie n s  N— 11) also g av e  rise  to  tran sfo rm an ts .
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T he origin an d  th e  genetic  m ark ers  of several tra n s fo rm a n ts  are  given 
in  F ig . 1.

As show n in  F ig . 1, th e  tran sfo rm a tio n  of a u x o tro p h s  to  n u tr itio n a l 
in d e p e n d e n t p ro to tro p h s  w as accom pan ied  in  a few  cases b y  tran sfe r o f o th e r

I { D — 242} N — 4 I -> T— 22 (P2SSC2 meth+)
I {D— 242} -*  N — 10 I -> T— 38 (P 1SSC“' cys+)
I { N — 11} ->■ N — 6 I -> T— 13 (PjC* arg+ cy$+)
\ { N — 11} -> N — 10 I -> T— 29 (P 0Sr cys+)

F ig . 1. T he orig in  an d  g en etic  m arkers o f  tran sfo rm an ts . {} in c lu d e  th e  tran sfo rm in g  ag en t 
show ing  its  orig in . Л in c lu d e  th e  sy s tem  co n sistin g  of the  tran s fo rm in g  a g en t and  th e  rec ip ien t 

w h ich  h ad  y ie ld ed  th e  tran sfo rm an ts  coded  w ith  T

genetic  m arkers; e. g . th e  ab ility  to  p roduce  p ig m en t w as tran sfe rred  to  th e  
tra n s fo rm a n t T — 38 an d  resistance  to  s trep tom ycin  to  T — 29.

E x p erim en ts  w ere carried  o u t to  calculate th e  a m o u n t of D N A  requ ired  
b y  a conidium  to  be tran sfo rm ed .

Table II

Influence o f  the amount o f  D N A  on the number o f transform ants*

A uxotroph
A uxotroph 

count per p la te

N um ber o f  transfo med colonies* * in  th e  presence of
DNA f ig  per 
transform ant300 100 10 1 0

f i g  DNA per p late

N — 4 1.5 104 197 71 8.3 2 .0 0 7.9 10-5
N— 6 1 .2 104 28 1 2 1.7 0.3 0 5.9 IO“ 1

N — 10 1.4 104 181 92 19 1.7 0 6.9 1 0 ~ 5

N — 11 1.5 104 54 16 2.3 0 .2 0 3.5 i o - ‘

* M ean values, calcu la ted  from  several experim ents.
** The figures only show th e  tran sfo rm a tio n  of auxotrophs to  p ro to tro p h s .

I t  can  be seen in  T ab le  I I  th a t  single auxo trophs re q u ire d  ab o u t 10~ 
D N A  p er tra n s fo rm a n t. T he double au x o tro p h s  N— 6 a n d  N — 11 requ ired  m ore, 
on  th e  average 7.1 tim es m ore, D N A . T hus, an increase in  th e  degree of auxo- 
t r o p h y  from  one to  tw o was follow ed b y  a m uch s teep er rise in  the am o u n t of 
D N A  req u ired  to  give rise  to  a p ro to tro p h ic  tra n sfo rm a n t.

O n the  o th e r h a n d , as ca lcu la ted  from  the figures in  T ab le  I I ,  the  re la tio n  
b e tw een  the  lo g arith m  o f th e  a m o u n t o f DNA per co n id ium  an d  th e  lo g arith m  
o f  th e  n u m b er of tra n s fo rm a n ts  p ro v e d  to  be rec tilin ea r, a t  le a s t w ith in  th e  
g iven  lim its  (Fig. 2).

N ex t, UV in a c tiv a tio n  of th e  tran sfo rm in g  a c tiv ity  o f D N A  p rep ara tio n s  
w as s tu d ied . Sam ples co n ta in in g  840 [xg D N A  per m l 2 M  N aC l w ere ir ra d ia te d  
w ith  1000, 2000, 3000 an d  5000 erg  p e r  m m 2, resp ec tiv e ly , u n d e r con tinuous 
s tir r in g  a t  -f-4° C. “ A m ik ro b ”  lam p s w ere used. In  th e  ex p erim en ts  yield ing 
th e  in a c tiv a tio n  cu rve  show n in F ig . 3, DNA p repared  fro m  th e  D — 242 s tra in

6*
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o f Slreptomyces aureofaciens, an d  th e  a u x o tro p h  N — 4 w ere u sed . T he curve 
p re s e n te d  app rox im ates in  ex p o n en tia l re la tio n . The second  cu rve  in  Fig. 3 
show s th e  killing ra te s  fo r conid ia  of th e  D — 242 s tra in  e x h ib ite d  by  th e  sam e

Fig. 2. Influence o f  th e  a m o u n t o f D N A  on th e  n u m b er o f tr a n s fo rm a n t colonies

d oses of UV irrad ia tio n . (T he suspension co n ta in ed  8000 liv in g  conid ia  per m l.) 
T h e  tw o  curves ru n  n e a r ly  para lle l, th e  k illing  ra te s  be ing  alw ays sligh tly  
lo w e r th a n  the  co rresp o n d in g  in a c tiv a tio n  ra te s .

This slight, b u t  c o n s ta n t, d ifference suggests th a t  th e  s tru c tu re  of DNA, 
w h ic h  is the m ed ia to r o f  th e  genetic  m arkers, is m ore lab ile  u n d e r the  given 
co n d itio n s  th an  c e r ta in  s tru c tu re s  essen tia l for life.

F inally , we a t te m p te d  to  induce in te rspec ific  tra n s fo rm a tio n  in S trep to- 
m y ces . Slreptomyces griseus  an d  Streptomyces rim osus D N A  p rep ara tio n s  iso
la te d  from  p ro to tro p h ic  s tra in s  an d  Streptomyces aureofaciens au x o tro p h s were 
u se d . T he results a re  su m m arized  in  T ab le  I I I .

T ransfo rm ation  w as induced  b y  Streptomyces griseus  D N A  in  tw o auxo
tro p h s  of Streptomyces aureofaciens, b u t  th e  experim en ts  w ith  Streptomyces 
rim osus  DNA have n o t  y ie lded  tran sfo rm an ts .

The existence o f  in te rsp ec ific  tran sfo rm a tio n  was p ro v e n  beyond doub t 
n o t  only by the  d e m o n s tra tio n  of th e  tran sfo rm a tio n  of Streptomyces aureo
fa c ie n s  auxotrophs to  p ro to tro p h s  by  D N A  p repared  from  th e  Streptomyces 
g riseu s  p ro to troph ic  s tra in , b u t  also by  th e  ap p earan ce  in  tran sfo rm an ts  o f 
su c h  genetic m arkers as strep to m y c in -resis tan ce , w hich h a d  been  exclusively
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F ig. 3. In a c tiv a tio n  of th e  transfo rm ing  c a p a c ity  o f DN A  p re p a ra tio n s , and  k illing  S tre p to -
m yces b y  U V  ray s

1. Decrease in  tran s fo rm in g  a c tiv ity .
2. D eath  ra te .

T able  I I I

Interspecific transform ation

P ro to troph ic  donor s tra in s
(300 /л g D N A /plate)

N um ber o f transform ed colonies in the auxotrophs*

N — 4 N—6 N — 10 N—11 0

Streptomyces griseus R — 574 .................. 22 6 0 0 0

Streptomyces rimosus I— 20 ....................... 0 0 0 0 0

Streptomyces aureofaciens D — 242 ......... 197 28 181 54 0

N il ........................................................................ 0 0 0 0 X

* T he num bers o f  a u x o tro p h s  agree w ith  th e  figures in  T able  II.

ch a ra c te ris tic  o f Streptom yces griseus. F ig . 4 shows th e  g en e tic  m arkers o f th re e  
in te rsp ec ific  tra n s fo rm a n ts .

I {S. griseus} -+ N— 4 I ->• T — 58 (P 2SrC«CTC2 meth >)
I {S. griseus} -*• N — 4 I —> T — 64 (P 2SSW CTC2 meth ~)
I (S . griseus} -> N — 6 I -> T — 69 ( P ^ C iC T C 1 drg+ cys+)

Fig. 4. G enetic  m ark e rs  o f  in te rspecific  t ra n s fo rm a n ts . {} in c lu d e  th e  tran sfo rm in g  a g e n t 
show ing i ts  o rig in , [I in c lu d e  th e  system  co n sis tin g  o f th e  tran sfo rm in g  ag en t and  th e  re c ip ie n t 

w h ich  h ad  yielded th e  tra n s fo rm a n ts  coded  w ith  T

In te rsp ec ific  tra n sfo rm a tio n  w as n ev e r accom pan ied  by  any  change in  
a n tib io tic  a c tiv ity .

As reg a rd s  q u a n ti ta t iv e  re la tio n s , a rem ark ab le  d ifference was o b se rv ed  
be tw een  th e  in te rsp ec ific  an d  in tra sp ec ific  tra n sfo rm a tio n s . W hile of th e  h o m o 
logous D N A  as l i t t le  as 1.0 X 10~4 f i g  a n d  8.9 X  10-4 f ig  were su ffic ien t to  
give rise  to  a tra n s fo rm a n t in  th e  a u x o tro p h s  N— 4 a n d  N— 6, resp ec tiv e ly ,
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a  sing le  tra n sfo rm a tio n  induced  b y  Streptom yces griseus D N A  in  th e  sam e 
a u x o tro p h s  req u ired  9.1 X  10-4  an d  4.2 X 10~3 fig D N A , resp ec tiv e ly . W e 
fa ile d  to  give rise to  tra n sfo rm a n ts  in  tw o  o th e r  b iochem ical m u ta n ts .

D iscussion

T he resu lts  o f th e  p resen t s tu d y  p ro v id e  fu r th e r  evidence th a t  tra n s fo r
m a tio n  can be in d u ced  b y  D N A  p re p a ra tio n s  in  th e  genus S trep to m y ces. T h is 
h a s  to  be em phasized , since in  1958 Sz y b a l s k i  [10] still re g a rd ed  th e  ex istence  
o f  tra n sfo rm a tio n  in  th is  group of m icroo rgan ism s as u n p ro v en . Since th e n  
H o r v á t h  and  B u d a y  [11] have d e m o n s tra te d  th e  phenom enon  in  sev era l 
species of S trep tom yces. T he p resen t ex p e rim en ts  revealed  fu r th e r  d e ta ils  o f 
th is  phenom enon  as observed  in  th e  sam e genus.

T he use o f au x o tro p h s , f ir s t  in tro d u c e d  b y  Spiz iz e n  [5] fo r s tu d y in g  
tra n s fo rm a tio n  in  B . subtilis, w as found  u sefu l in  d em o n stra tin g  som e q u a n ti
t a t iv e  rela tions o f tra n s fo rm a tio n  in  S trep to m y ces .

W e d e m o n s tra te d  b y  a sim ple m e th o d  th a t  tra n sfo rm a tio n  o f  a single 
in d iv id u a l of S trep to m y ces  req u ired  a b o u t 1 0 ~ 4 fig  DNA, i. e. n ea rly  th e  sam e 
a m o u n t as req u ired  b y  b a c te ria  acco rd ing  to  H o t c h k iss  [1 2 ], S p iz iz e n  [5 ], 
a n d  F o x  and  H o t c h k is s  [4].

As d em o n stra ted , th e  tra n sfo rm a tio n  in  double au x o tro p h s requ ires co n 
s id e ra b ly  m ore th a n  tw ice (7.1 tim es) as m u ch  D N A  as th a t  in  single a u x o 
tro p h s . This is in  acco rdance  w ith  ou r f in d in g  th a t  only few  o f th e  tra n s fo r
m a n ts  showed accessory  m ark ers  (e. g. s trep to m y c in -re s is tan ce , p ig m en t p ro 
d u c tio n ) as resu lts  o f tran sfo rm a tio n .

These find ings m ig h t be exp la ined  b y  a d isp ro p o rtio n a te  a rran g em en t o f  
th e  correspond ing  gene tic  loci in  th e  D N A  segm ent, o r b y  th e  assu m p tio n  
t h a t  th e  DNA segm en ts are d ifferen t in  size and  la rger segm en ts are  less 
f re q u e n tly  in c o rp o ra te d  th a n  sm aller ones. Since, accord ing  to  F o x  a n d  
H o t c h k is s  [4], th e  ou tcom e o f a tra n s fo rm a tio n  is de te rm ined  b y  th e  fo rm a
tio n  o f a “ com plex”  b y  th e  in d iv id u a l to  be  transfo rm ed  an d  th e  d o n o r’s 
D N A  an d  th is  fo rm a tio n  is th o u g h t to  be rev ersib le , th e  la t te r  a lte rn a tiv e  seem s 
to  b e  accep tab le .

T he re la tio n  b e tw een  th e  am o u n t o f D N A  and the  n u m b e r of tra n s fo r
m a n ts  is a po lynom ial one (F ig . 2). This agrees w ith  H o t h k is s ’ re su lts  [4 , 12] 
o b ta in e d  in  ex p erim en ts  w ith  b ac te ria . A ccord ing  to  th is  a u th o r , how ever, th e  
n u m b e r  of tra n s fo rm a n ts  can n o t increase b ey o n d  th e  lim it, w here  th e  sy s tem  
h a s  a sa tu ra tio n  effect an d  th e  lim it c o n c e n tra tio n  highly  depends on th e  q u a l
i t y  o f  th e  DNA p re p a ra tio n  [12]. U sing co m p ara tiv e ly  low  co n cen tra tio n s  o f  
D N A , we did n o t observe  such a s a tu ra tio n  effect.

As regards th e  in a c tiv a tio n  of th e  S trep to m y ces  D N A  b y  U Y  irra d ia tio n , 
th e  shape  of o u r dose-effect curve ag reed  w ith  th e  “ ex p o n e n tia l” cu rv es
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o b ta in ed  b y  Z a m e n h o f  [13] in  ex perim en ts ca rried  o u t on o th e r m icroo rga
n ism s, b u t  in  o u r ex p e rim en ts  th e  doses necessary  to  com plete  in a c tiv a tio n  
were h igher (3000— 4000 erg  p er m m 2 in s te a d  of 800— 1000 erg p e r m m 2). 
H ow ever, th is  re m ark ab le  difference does n o t in d ica te  th a t  S trep tom yces D N A  
is m ore re s is ta n t th a n  th e  p rep ara tio n s  ex am in ed  by  Z a m e n h o f , since th e  con
d itions of ir ra d ia tio n  w ere d ifferen t; e. g . Z a m e n h o f ’s D N A  suspension con
ta in ed  227 pg  p er m l, w hereas ours as m u ch  as 840 ц g p e r ml.

T he ex istence o f in te rsp ec ific  tra n s fo rm a tio n  in  S trep tom yces was re 
p ea te d ly  d e m o n s tra te d  in  th e  p resen t s tu d y , b u t  n o t in  ev e ry  re la tio n . W e failed  
to  o b ta in  tra n s fo rm a n ts  w ith  D N A  p re p a re d  from  Streptomyces rim osus in 
Streptomyces aureofaciens, a n d  a tte m p ts  to  tra n sfo rm  ce rta in  au x o tro p h s of 
Streptomyces aureofaciens b y  Streptomyces griseus  D N A  w ere also unsuccessful. 
F u rth e rm o re , th e  n u m b e r o f tra n sfo rm a n ts  w as alw ays less in  th e  case o f in te r 
specific tra n sfo rm a tio n  (T ab le  I I I ) .  T hese d a ta  suggest th a t  in  th e  case o f 
in terspecific  tra n s fo rm a tio n  th e  free course o f ce rta in  u n k n o w n  processes m ay  
p a r tly  or com pletely  be in h ib ited . A n o th e r e x p lan a tio n  is th e  a ssum ption  of 
genetic  hom ology [14] b e tw een  th e  in d iv id u a ls  capab le  o f giv ing rise to  t r a n s 
fo rm atio n . T he g rea te r th e  hom ology, th e  easier the  in co rp o ra tio n  of th e  D N A . 
The la t te r  a ssu m p tio n  m ig h t be ex ten d ed  to  th e  ex p la n a tio n  of th e  low er 
rec ip ien t p ro p e rty  o f doub le  auxo trophs.
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S u m m a ry .  F ro m  m a te ria l  derived fro m  1200 p a tie n ts  su sp ec ted  o f m ycosis 433 stra in s  
o f  y eas ts  have been c u ltiv a te d . Id en tified  a f te r  th e  m ethod  of LoDDERand K r eg er — van  R i j , 
th e  s tra in s  could he ra n g e d  in to  9 genera  a n d  32 species. T he m a jo r ity  o f th e  iso lated  s tra in s , 
d e riv e d  chiefly  from  th r o a t  and  bronchial sec re tio n , were p a th o g en ic  C andida albicans, Candida  
pseudotropicalis, C andida tropicalis, and  C andida krusei. A g re a t n u m b e r o f y eas ts know n so 
f a r  as saprophytes h av e  b een  isolated fro m  secretion  o b ta in ed  fro m  th e  re sp ira to ry  t ra c t  and  
o th e r  sites.

The re sp ira to ry  t r a c t  has been fo u n d  to  con ta in  g re a t  n u m b ers  o f C andida species, 
G eo trich u m  stra ins, Rhodotorula m ucilaginosa, an d  Torulopsis inconspicua. Candida albicans, 
Cryptococcus difflucns. a n d  Rhodotorula m ucilaginosa  were iso la te d  from  blood, and  m ain ly  
R h o d o to ru la  species, in  a d d itio n  to C andida albicans, from  b ile . In  g a s tr ic  ju ice , C andida and  
G eo trich u m  species w ere  com m on. In  n e c ro p sy  m ate ria l C andida kruse i w as th e  m ost freq u en t.

The strains iso la te d  w ere tested  fo r  p a th o g en ic ity  b y  in tra p e r i to n e a l  ino cu la tio n  of 
a lb in o  m ice. C andida spec ies known as p a th o g en ic , G eo trich u m  s tra in s , and  Cryptococcus 
neoform ans were fo und  to  be  pathogenic  to  m ice. Candida u tilis , Rhodotorula m ucilaginosa, 
H ansenu la  subpelliculosa, Saccharomyces m arx ia n u s, and  Saccharomyces fra g ilis  species also 
cau sed  lesions and th e  d e a th  o f mice.

Owing to  th e  w idespread  use o f b road  sp ec tru m  an tib io tic s , secondary  
m ycoses caused b y  y e a s ts  have b een  n o ted  w ith  in c reasin g  frequency  and  th e  
occu rrence  of endogenous mycoses has been o ften  reco rd ed  [27]. S tudies on 
th e  aetio logy of th e se  conditions a n d  reg u la r d escrip tions o f th e  h u m an  y eas t 
f lo ra  appear to  be so m ew hat scarce. In  th e  earlier case re p o rts  a tte n tio n  was 
focussed  m ainly on th e  patho log ical p rocess; only in  re c e n t l i te ra tu re  have th e  
y e a s ts  th a t  occur in  th e  hum an  o rg an ism  come to  be d iscussed, and  for no 
lesser reason th a n  th e ir  occasional p a th o g en ic ity . In  L o d d e r  an d  K r e g e r  —v a n  

R i j ’s m onograph on  y eas ts  num ero u s species are su p p o sed  to  be o f h u m an  
orig in , b u t for lack  o f  specific  te s ts  w ith o u t conclusive proofs. In  all p ro b ab ility  
th e  ex tensive ap p lic a tio n  of an tib io tic s  in  th e  la s t  decade  has b ro u g h t ab o u t 
a considerable change in  the  h u m a n  m icroflora , especially  in  th e  q u a lita tiv e  
an d  q u a n tita tiv e  co m position  of th e  y e a s t flora.

M ost of th e  y e a s ts  o f hum an  o rig in  have been  iso la ted  from  th e  g as tro 
in te s tin a l tra c t. In  th e  o ra l cav ity  a n d  th e  th ro a t th e  m o st com m on species 
are  C andida, T o ru lopsis  an d  some ascosporogenous y e a s ts , such  as Saccharo
m yces cerevisiae, D ebaryom yces species [2, 4, 6, 10, 15, 18, 23]. The b ilia ry

Presen ted  a t th e  1958 and 1959 C ongresses of H u n g a rian  M icrobiologists
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d u c ts  and^ duodenal ju ic e  h a rb o u re d  m ostly  R h o d o to ru la  species [24, 25]. 
C andida  albicans is com m on in  th e  faeces; th is  species is a m em b er o f no t only 
th e  n o rm a l in testin a l f lo ra , b u t  also o f th e  oral flo ra . Candida pseudotropicalis, 
C andida  tropicalis, C andida krusei, an d  o th e r C andida species are  also com m on 
in  faeces, from  w here G eo trich u m  species, Torulopsis inconspicua, Trichosporon 
cu taneum , and Saccharomyces cerevisiae have  also been  iso la ted  [5, 10, 18, 21, 
23, 26 ]. In  add ition  to  Candida albicans, Candida krusei, C andida tropicalis, 
C andida  pseudotropicalis, Candida parapsilosis, Candida g u illierm ond ii, G eo tri
ch u m  species, and  C ryptococcus species have been iso la ted  from  th e  re sp ira 
to ry  t r a c t  [4, 5, 8, 10, 15, 23].

F rom  the g en ita ls  Candida albicans, Candida krusei, C andida tropicalis, 
C andida  stellatoidea, C andida parapsilosis, Torulopsis glabrata  an d  Rhodotorula  
species have been iso la te d  [5, 10, 14, 17, 22, 23], an d  from  u rin e  C andida spe
cies, even  R hodo to ru lae  an d  ascosporogenous yeasts  [5, 10, 23].

As sta ted  by  F r a g n e r  [11], 56 p e r  cen t o f th e  fungal f lo ra  in  th e  a u d ito ry  
c a n a l is com posed o f C and ida  species.

A lm ost every  species of y e a s t can  be iso la ted  from  th e  sk in  surface 
[5, 7, 10, 13. 18, 23].

M ate ria l an d  m ethods

T he following is a  re p o rt  on th e  y e as ts  iso la ted  from  m ate ria l d e riv ed  fro m  1200 p a tie n ts  
su sp ec t for system ic m ycosis. In  view  o f  th e  o rig in  o f th e  sam ples, o u r re su lts  th ro w  lig h t on  
th e  m ycoflora  of th e  d iseased  organ ism . O f th e  cu ltiv a ted  species som e h av e  been  know n a s 
p a th o g e n ic  to m an, o th e rs  as sap ro p h y tes  o r  fa cu lta tiv e  p a th o g en s. T he la t te r  are  a p t to  ap p ea r 
as seco n d ary  pa thogens in  a n  organ ism  w eakened  by  som e p r im a ry  d isease.

As culture m ed ia , Sa b o u r a u d ’s glucose ag ar, Csilla g ’s m olasses ag a r, and p ep to n e  
a g a r  con ta in ing  pen ic illin  a n d  s tre p to m y c in  w ere used. W hen p u re  cu ltu re s  h ad  failed to  p ro 
du ce  chlam ydospores u p o n  tran s fe r  to  co rn  m eal ag ar [20] —  an d  w ere th u s  d isproved  to  be 
C andida albicans —  th e  species was id en tif ie d  accord ing  to L o d d er  and  K r e g e r — v a n  R i j [16]. 
P a th o g e n ic ity  tests w ere perfo rm ed  in  ev ery  in stan ce  b y  in tra p e r ito n e a l in o cu la tio n  of tw o 
m a le  a lb ino  mice. Fo llow ing  d e a th  o f th e  m ice resp . th e ir  sacrifice  on  th e  se v e n th  to te n th  
d a y , th e  liver, k idneys a n d  spleen  w ere su b jec ted  to h isto log ical ex am in a tio n  a fte r  sta in in g  
w ith  S c h if f ’s periodic acid  leucofuchsin .

R esults
I

From  the  1200 sam ples, 433 y e a s t s tra in s were iso la ted . T h e  d is trib u tio n  
o f  th e  strains in th e  v a rious m a te ria ls  is p resen ted  in T ab le  I . T he 433 s tra in s  
co u ld  be classified in to  9 genera ; th ese  included  a p p ro x im a te ly  32 species. 
I n  ag reem ent w ith  th e  d a ta  in  th e  lite ra tu re , th e  C and ida  species recognized 
as pa thogen ic  were th e  m ost com m on, viz. Candida albicans, Candida krusei, 
C andida tropicalis, Candida pseudotropicalis, Candida parapsilosis, Candida  
guillierm ondii. Cryptococcus neoform ans was iso la ted  in  tw o  cases.

As shown in T ab le  I , various y easts  know n to  occur in  th e  h u m an  o rgan 
ism  as saprophy tes w ere also iso la ted . The presence o f H ansenula  subpelli- 
culosa  in  hum an  sec re tio n  has b een  described by  ourselves [19]; how ever, to  
th e  b e s t of our know ledge, no re p o rt has so far been p u b lish ed  on th e  occurrence
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of Rhodotorula f la v a  in  m an . A scosporogenous y easts  w ere iso la ted  on severa l 
occasions, e. g. Saccharom yces fra g ilis , a perfect fo rm  o f Candida pseudotro- 
p ica lis  [16].

T h ro a t secre tio n  y ie lded  th e  g re a te s t num ber o f  y e a s t species. As seen 
in  T ab le  I ,  here  n ea rly  every  species o f C andida o ccu rred  w ith  th e  h ighest 
incidence. N um erous y eas ts  w ere iso la ted  from  laryngoscop ic  an d  b ro n ch o 
scopie secretion , in  ad d itio n  to  th e  com m on C andida species, Saccharomyces 
fragilis, G eo trichum  s tra in s , Rhodotorula mucilaginosa  an d  Torulopsis incon- 
spicua.

F ro m  th e  b lood , y easts  w ere iso la ted  in th ree  in s tan ces , viz. Candida  
alb icans, Cryptococcus d iffluens  an d  Rhodotorula m ucilaginosa.

F rom  bile, besides Candida albicans, R h o d o to ru la  species w ere grow n.
G astric  ju ice  y ie lded  C and ida  an d  G eo trichum  species in  m ost cases.
In  post mortem  m a te ria l th e  h ig h  incidence o f Candida krusei deserves 

special no tice; th is  w as iso la ted  on fo u r occasions, while Candida albicans in  n ine.
P a th o g en ic ity  te s ts  in  albino m ice were carried  o u t w ith  every  iso la ted  

s tra in  b u t  those  o f Candida albicans, th e  m ouse p a th o g e n ic ity  o f w hich is well- 
know n [20, 28] (see T ab le  II) .

The scale of p a th o g en ic ity  w as se t up a rb itra r ily  on th e  basis o f th e  
m o r ta l i ty  an d  th e  p o s t mortem  fin d in g s.

In  ag reem en t w ith  th e  li te ra tu re  [12, 28], the  species know n as p a th o g en  
C and ida, G eo trichum  s tra in s  an d  Cryptococcus neoformans p ro v ed  to  be  p a th o 
genic to  m ice. M oreover, lesions a n d  d e a th  were caused  b y  Candida u tilis , 
Rhodotorula m ucilaginosa, H ansenula  subpelliculosa, Saccharomyces m arxianus, 
Saccharomyces fra g ilis  s tra in s  iso la ted  from  m an. T hese species h av e  been 
m ark ed  in  Table I I  w ith  th ree  crosses.

T he species m a rk e d  w ith  tw o  crosses did n o t kill th e  mice b u t  i t  w as 
possible to  d em o n stra te  th e  p a th o g en  histo logically  seven to  ten  days follow ing 
in fection .

W ith  th e  species m arked  w ith  one cross, in tra p e r ito n e a lly  in o cu la ted  
m ice su rv ived . Cells o f th e  in o cu la ted  fungus were d iscovered  sp o rad ica lly  in  
th e  tissues and  on th e  surface of o rgans. In  the  section o n ly  th e  po lysaccharides 
of th e  decom posed fu n g a l cells w ere s ta in e d  red by  S ch iff’s dye. H isto log ical 
in v estig a tio n s h av e  failed  to  confirm  th e  m ouse p a th o g e n ic ity  o f 7 species. 
H ansenula  anom ala  an d  Torulopsis fa m a ta  were found  to  have  a v a ry in g  
p a th o g en ic ity ; Torulopsis fa m a ta  s tra in s  iso lated  from  cerebrosp inal flu id  
w ere n o t pa thogen ic  in  mice.

In  c o n tra s t w ith  th e  p e rta in in g  lite ra ry  d a ta  [3, 12, 28], num ero u s 
species know n as sap ro p h y te s  p ro v ed  to  be pathogen ic  to  a lb ino mice upon 
in tra p e rito n e a l in o cu la tio n . This m a y  p resum ably  be ex p la ined  b y  all ou r 
s tra in s  hav ing  been  grow n from  m a te r ia l derived from  p a tie n ts  suspect fo r 
system ic  m ycosis an d  h av in g  th u s  b een  v iru len t yeasts.
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Table I

The origin o f  cultivated yeast strains

S p e c i e s

T
hr

oa
t 

se
er

.

L
ar

yn
ge

al
 s

ee
r.

B
ro

nc
hi

al
 s

ee
r.

B
lo

od

U
ri

ne

C
er

eb
ro

sp
in

al
fl

ui
d

s G
as

tr
ic

 j
ui

ce

F
is

tu
lo

us
 s

ee
r.

O ther m aterial

vag ina l seer. 1
cu ltu re 6
p o st m ortem 9

C andida a lbicans................... 142 27 49 1 l 6 9 2 faeces 3
p o st m ortem 4

krusei 9 — 2 — — — — 1 — culture 1
tropicalis 6 1 5 — — — — — —
pseudotropicalis 9 2 1 — — — — — —
stellaloidea — — — — 1 — — — —
parapsilosis 7 — 1 - — — — — 1 p o st m ortem 1
guilliermondii 2 — 3 — — — 1 — —
utilis 4 2 — — — — — 1 — surgical 1
mellibiosi — — 2 — — — — — — n asal seer. 1
pulcherrima 1
rugósa 1 — — — — — — —
mycoderma 1 — — — — — — — —
zeylanoides 4 2 — — — — — — —

Cryptococcus neoformans — — 1 — — l — — —
diffluens 1 — - l — — — — —
laurentii — — 1 — — — — —
albidus 1 — — — — — — 1

Khodotorula mucilaginosa 2 4 3 l — — 2 — —
fla va — — — — — — 1 — —
rubra — 1 — — — — — — —
glutinis — 1 - — — — —
sp. 1 1- 1 — — — — — —

Torulopsis fam ata 2 — 2 — 1 l — — 1
Candida _ — — — — — — — 1
inconspicua 6 1 2 — — — 1 — —
glabrata — 2 — — 1 — — — —
gropengiesseri — — 1 — — — — — —
aeria surgical 1
sp.

H ansenula anomala 2 post m ortem 1
subpelliculosa — — 1 — — — — — —

Saccharomyces cerevisiae 1 — — — — — — — — post m ortem 1
marxianus — thoracic punct. 1
fragilis 3 1 3 — — — — 1
sp.

Geotrichum sp. 6 2 6 — __ — 3 __
Sporobolomyces sp. post m ortem 1
'Trichosporon cutaneum — 1 — — — — — — post m ortem 1

T o ta l 214 47 86 3 14 4 11 14 7 33
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Table II

Pathogenicity o f  yeasts o f  hum an origin

Species
Patho

genicity 
for mice

Species
P athogenicity  

fo r mice

C andida albicans ............

krusei ........................

tropicalis ...................

pseudotropicalis . . . .

stellatoidea ..............

parapsilosis ............

u t i l i s ............................

Cryptococcus neoformans 

Rhodotorula mucilaginosa  

H ansenula subpelliculosa 

Saccharomyces fra g ilis  . .

m a rx ia n u s ...................

Geotrichum sp .....................

C andida gu illierm ondii .

m ellibiosi.....................

m yco d erm a .................

Cryptococcus d ifflu en s . . .

laurentii ...................

albidus ..........................

+ + +

+ + +
+ + +
- + + +

+ +
+ +
+ +
+ +

Rhodotorula glu tin is

sp............................
Sporobolomyces sp .............

Torulopsis inconspicua . 

glabrata .....................

sp..........................
Candida ru g ó sa .................

zey la n o id es .................

Rhodotorula fla v a

Saccharomyces sp .............

Torulopsis fa m ata  .........

H ansenula anomala  

Candida pulcherrim a  . . .

Rhodotorula ru b r a ..........

Torulopsis aeria ..........

C andida .....................

gropengiesseri 

Saccharomyces cerevisiae 

Trichosporon cutaneum

T T

H— h  

+ +  

+ +  

+ +

+
+
+

changing

changing
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S u m m a ry .  T w en ty -s ix  a rth ro sp o ro u s  s tra in s  o f  fung i have  b een  id en tified  a fte r L o d d e r  
a n d  K r e g e r — VAN R u ’s m eth o d  com plem ented  b y  te s ts  for b ism u th  red u ctio n , ge la tin  l iq u e 
faction , and  se n s it iv ity  to  a c tid io n . T he 26 s tra in s  hav e  been  fo u n d  to  show re la tio n sh ip  in  
c e rta in  c h arac te ris tic s . O f th e  s tra in s , 14 have b een  id en tif ie d  as Geotrichum candidum , 4 as 
Trichosporon cu taneum , 2 as Geotrichum matalense , 6 as Geotrichum l in k i i  n. sp.

W ith  reference  to  th e  c r it ic a l  ev a lu a tio n  o f th e  l ite ra tu re  on  arth ro sp o ro u s fung i a n d  
th e  resu lts  o b ta in e d  b y  th e  a u th o r ’s in v estig a tio n s i t  is  suggested  th a t  th e  G eotrichum  gen u s, 
fo rm erly  classified  in  th e  fam ily  M ucedinaceae o f  th e  ordo H y p h o m y ce tes , should he t r a n s 
ferred  to  th e  su b -fam ily  T richosporo ideae  of th e  fa m ily  C ryptococcaceae.

A new  species has been  d escribed  u n d e r th e  n am e of Geotrichum lin k ii  n. sp.

In  m a te r ia l from  p a tie n ts  suspected  o f system ic  m ycosis, fungi h a v e  
re p e a te d ly  b een  fo u n d  w h ich  m u ltip ly  th ro u g h  a rth ro sp o re s  p roduced  b y  th e  
b reak ing  u p  o f tru e  m ycelium . Some of th em  have been  fo u n d  to  produce b u d 
d ing  cells, to o . In  th e  p e r ta in in g  lite ra tu re  a rth ro sp o ro u s  fu n g i iso lated  from  th e  
hum an  o rgan ism  are reg is te red  under th e  n am e  of Geotrichum candidum , a n d  
a re  know n e ith e r  as m em bers o f th e  n o rm al ora l an d  e n te ra l  flo ra  [4], o r as 
occasional p a th o g e n s  held  responsib le  fo r geotrichoses [5, 5— 9, 11, 12].

Y east-like  fung i fo rm ing  arth ro sp o res  are know n  in  th e  dairy  in d u s try  
u n d er th e  n am e of O idium  lactis or Oospora lactis. O n th e  su rface of m ilk th e y  
som etim es fo rm  a w rin k led , m ould-like m em b ran e , a n d  u tiliz ing  lac tic  ac id , 
th e y  neu tra lize  sour m ilk , p e rm ittin g  th e  p ro life ra tio n  o f  b ac te ria . As show n 
b y  G a r r i s o n ’s in v e s tig a tio n s , these fung i are  tra n s fe rre d  to  m ilk  from  cow- 
m anure  [4]. A ccord ing  to  P r e s c o t t  and  D u n n  [10], th e y  occur m ost fre q u e n tly  
in  C am m em bert cheese a n d  som e varie ties  o f b u t te r  a n d  h av e  a rem ark ab le  
role in  lipogenesis. T his species m ay  be u sed  as fodder y e a s t. S trains cap ab le  
o f b reak ing  dow n cellulose m ay  im pair te x tile s .

V arious s tra in s  m u ltip ly in g  b y  a rth ro sp o res  an d  iso la ted  from  th ro a t  or 
b ronch ia l secre tion , g a s tric  ju ice , faeces, e tc . h av e  b een  fo u n d  to  form  d iffe r
en t colonies. T h is h a s  in d u ced  us to  s tu d y  th ese  s tra in s  m ore closely, w ith  
especial re g a rd  to  th e  q u es tio n  w hether all of th em  m a y  b e  classified as Geo
trichum  candidum . T h e  fin d in g s o b ta in ed  h av e  ra ised  th e  second q u estio n , 
nam ely  th e  d e te rm in a tio n  o f th e  system ic p lace of th e  genus G eotrichum .
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Table I

A ssim ila tion  o f sugar by arthrosporous strains

Designation  
o f Strain Budding

Assimilation of Sugar

Gl. G. S. M. L. R.

7 / 1 3 2 ....................... — ~r — — — — —

8 / 1 1 1 ....................... — + — — — — —

9 / 3 2 .......................... — + — — — — —

9 / 1 5 0 ....................... — + — — — — —

9 / 4 3 4  ....................... — + — — — — —

6 0 /2 2  ....................... — + — — — —

8 / 9 2 .......................... — + + + + +

D / l  ....................... — + + ' + _l_ + +

T .c ............................... + + + + + -t - +

8 / 2 5 .......................... + + + + + + +
8 / 1 9 9 ....................... + + + + + + +
9 / 4 3 6  ....................... + + + + + + +

G . c . ( P r . )  ............ — + + — — — —

8 / 5 9 .......................... — + + — — — —
8 / 9 5 .......................... — + + — — — —
8 / 1 8 6 ....................... — + + — — — —
8 / 2 9 6  ....................... — + + — — — —
8 / 3 5 2  ....................... — + + — — — —
9 / 2 1 3 ....................... — + + — — — —
9 / 3 1 1 ....................... — 4- + — — — —
9 /4 2 6  ....................... — + + — — — —
G„ ..................... — + + — — — —

g8 ......... . — + + — — — —

v2 .............. — ' + + — — — —

v8 .............. — + r f — — — —
C sat! ................... — + + — — — —

Code: G1 glucose, G galactose, S =  sucrose, M m altose, L  glucose 
R raffinose

Materials and methods

T he m orphological a n d  physio log ical p ro p e rtie s  o f the  stra in s  w ere d e te rm in ed  w ith  th e  
m e th o d s  of L o d d e r  a n d  K r e g e r — v a n  R i j  [8].

E a c h  s tra in  was te s te d  fo r p a th o g e n ic ity  b y  in trap erito n ea l in o cu la tio n  of tw o m ale  
a lb in o  m ice; th e  spleen, liv e r , and ren al tis su es  o f  th e  anim als were ex am in ed  in  sections a f te r  
s ta in in g  w ith  S c h i f f ’s p e rio d ic  acid  leucofuchsin .

T h e  b ism u th  re d u c tio n  te s t  was also s tu d ie d , since sim ilarly  to  som e o th e r yeasts» 
a r th ro sp o ro u s  stra in s  show  m uch  b e tte r  g ro w th  on  th e  b ism uth  su lp h ite  a g a r used  in  m ed ica l
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Table II

Investigation o f  arthrosporous strains

D esig n atio n L itm u s G e la tin A c tid io n B is m u th P a th o g en ic ity
o f  s tra in m ilk l iq u e fac tio n

100 m g/1 50 mg/1
re a c tio n fo r  m ice

7/132.................. L. — -4- +
8/111.................. P. — + r f +
9/32.............. — — + — + +
9/150............ — r. — — — +
9/434 ............ — r. — — — + +
60/22 ............ — — — — +  ' +
8/92.............. L. — — — + —

D /l Co.r. — — — +

T .c ........................ Co.r. — + + +
8/25..................... — r. — + + +
8/199 Co.r. — + — + +
9/436 .................. Co. — + + — +
G .c.(P r.) ......... L. — — — +
8/59..................... Co.r. — — — + +
8/95..................... — — + — + +  -
8/186.................. L. — + + + —
8/296 ............ — — + — + +
8/352 ............ L. — — +
9/311............ L. — + — + +
9/426 ............ — r. — — — + —
g.2 ..............
G .s

L.

L.
—

+ +
+ —
+

—

v .2 .............. — r. — — — +
v.„ .............. L. — + + +
Csat/1 ................ L. — + T ' +

Signs
L itm us m ilk

L =  a lkalization ; г — litm us red u ctio n  
Co — coagulation; P  =  pep ton ization

A ctid ion
-f- =  positive  inh ib ition  
—  =  no in h ib ition

b acterio lo g y  th a n  on  th e  m edia  com m on in  m ycological w ork (Sa b o u r a u d ’s agar, m olasses- 
a g a r) , an d  have th e  p ro p e r ty  o f reducing  b ism u th , as ev idenced  by  th e  d a rk  g ray  or b lack  co lou r 
o f th e  colonies.

In  add itio n , we s tu d ied  th e  a c tid io n  se n s it iv ity  o f our s tra in s . T he b asa l d ilu tio n  w as 
1.5 to  100 mg/1 a c tid io n , and  the te s ts  w ere m ade w ith  d ilu tio n  series 1 : 2 on b ism u th  
su lp h ite  m edia.

T he in v es tig a tio n s  in cluded  g e la tin  liq u e fac tio n  te s ts  an d  c u ltiv a tio n  in  litm u s m ilk .

7 A cta Microbiologica V III/1.
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R esu lts

T w en ty -six  a rth ro sp o ro u s  s tra in s  w ere stu d ied . O f th ese , 19 were iso la ted  
fro m  p a tie n ts  suspect fo r system ic  m ycosis, one from  sew age. Six s tra in s  h av e  
b e e n  o b ta in ed  in  cu ltu re , 1 s tra in  from  P rag u e , l f ro m  th e  S ta te  In s t i tu te  o f H y 
giene (D y sen te ry  L a b o ra to ry ) , 4 from  D r. I . Y itéz  (S ta te  I n s t i tu te  of H ygiene).

As to  m icro-m orphological an d  ce rta in  physio logical ch a rac te ris tic s , th e  
s tra in s  w ere un ifo rm . T h ey  did  n o t fo rm  ascospores, fe rm e n t sugars, u tilize  
n i t r a te ,  or produce s ta rc h . A m ong th e  s tra in s  fo rm ing  a rth ro sp o res  2.6 to  5.2 
b y  4 .6  to  27 m icrons in  size, b u d d in g  cells w ere d iscovered  on ly  in  four.

S ign ifican t d ifferences w ere reco rd ed  in  su g ar assim ila tion . I n  th is  re sp ec t 
o u r  s tra in s  were d iv id ed  in to  th re e  g roups. T he s tra in s  classified  w ith  th e  f irs t 
g ro u p  assim ilated  on ly  glucose; th e  m em bers of th e  second  group u tilized  
g lucose an d  galac tose ; th o se  of th e  th ird  g roup  a ssim ila ted  glucose, ga lac
to se , sucrose, m alto se , an d  lac to se . T h is th ird  group  consisted  o f tw o p a r ts  ; 
one m u ltip lied  solely w ith  a rth ro sp o re s  an d  th e  o th é r also w ith  b u d d in g  
cells (T able  I).

A ll th e  s tra in s  u n d e r review  w ere found  to  red u ce  b ism u th . G row th  in  
l i tm u s  m ilk  d id  n o t re su lt in  ac id ifica tio n  b u t  som e s tra in s  b ro u g h t a b o u t 
co ag u la tio n  or a lk a liza tio n . T he s tra in s  v a ried  in  th e ir  p a th o g e n ic ity  fo r m ice. 
L iq u efac tio n  of g e la tin  d id  n o t occur even  on c u ltiv a tio n  fo r four w eeks. The 
use  o f 50 to  100 mg/1 so lu tions of ac tid io n  caused in h ib itio n  o f v a ry in g  degree 
(T ab le  I I ) .

D iscussion

I n  possession o f  th e se  d a ta  we h a v e  u n d e rta k e n  th e  tax o n o m ic  c la ssifi
c a tio n  o f our s tra in s , w ith  due co n sid e ra tio n  o f th e  p e r ta in in g  lite ra tu re .

In  1928, G i l l i e r m o n d  classified  th e  fung i m u ltip ly in g  solely by  b reak in g  
u p  o f  a tru e  m ycelium , i.e. b y  a rth ro sp o re  fo rm atio n , in to  g roup  A; th e  y eas t 
m u ltip ly in g  b y  b o th  a rth ro sp o re s  a n d  b u d d in g  w ere ran g ed  in to  g roup  B. 
G ro u p  A included  th e  genus G eo trich u m  described  b y  L i n k  in  1809 [cit. 8 ] .

T he ascus-form ing  fung i m u ltip ly in g  th ro u g h  a rth ro sp o re s , classified  b y  
G i l l i e r m o n d  in to  g ro u p  A, w ere ran g ed  b y  S t e l l i n g — D e k k e r  in 1931 in to  
th e  genus E ndom yces described  b y  R e e s s  in  1870 [c it. 8].

W hile s tu d y in g  Oospora lactis (S y n . O id ium  lactis)  in  1951 W i n d i s c h  

o b se rv ed  ascus fo rm a tio n  an d  th e re fo re  c lassified  th e  species in to  th e  genus 
E n d o m y ces, u n d er th e  nam e  of Endom yces lactis [14]. I n  1958, F r a g n e r  

a c c e p ted  th e  c lassifica tio n  o f W i n d i s c h  w ith  re se rv a tio n s  on ly  [3].
As s ta te d  b y  C a r m i c h a e l  in  1957, Geotrichum candidum  is an  im p erfec t 

fo rm  o f th e  y east called  Endom yces lactis w hich p roduces ascospores an d  m u lti
p lies b y  a rth rospo res [1].

A ccording to  fu r th e r  rep o rts  an d  C a r m i c h a e l ’s s tu d y , th e  m a jo rity  of 
th e  G eo trichum  species described  u n d e r  various n am es a re  id en tica l w ith
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G eotrichum  cand idum  or m ay b e  considered  to  co rresp o n d  to  a synonym  of 
Trichosporon cu taneum  [1].

The physio log ica l ch a rac te ris tic s  o f th e  genus G eo trich u m  have b een  
n eg lec ted  or s tu d ie d  su perfic ia lly  b y  old au th o rs . In  1957, S a e z  claim ed th a t  
g lucose, galactose, sucrose, m a lto se , an d  lac to se  were a ss im ila ted , th o u g h  n o t  
fe rm e n te d , by G eotrichum  cand idum , w hich also p ro v ed  to  in d u ce  coagu la tion  
a n d  acid  fo rm atio n  in  litm us m ilk , b u t  no liquefaction  o f  g e la tin  [11].

In  1959 V i e u  a n d  S e g r e t a i n  d iffe ren tia ted  G eotrichum candidum  an d  
Trichosporon cu taneum  on th e  b as is  o f th e  follow ing p ro p e rtie s  [13];

a) Geotrichum candidum  fo rm s a rth ro sp o res , a ss im ila te s  glucose a n d  
g alac tose , and does n o t  sp lit a rb u tin .

b) Trichosporon cutaneum  p roduces a rth ro sp o res  a n d  budd ing  cells, 
ass im ila te s  the ab o v e-m en tio n ed  f iv e  d iffe ren t sugars, a n d  sp lits  a rbu tin .

T hus of th e  26  s tra in s  s tu d ie d  b y  us 14, those  t h a t  fo rm ed  arth rospo res 
a n d  assim ilated  g lucose and  g alac tose , m ay  be classified as Geotrichum candidum  
acco rd in g  to  V i e u  a n d  S e g r e t a i n ’s c rite ria . F o u r s tra in s , fo u n d  to  p roduce  
b o th  arth rospores a n d  b udd ing  cells, an d  to  assim ilate  f iv e  d ifferen t sugars, 
m a y  be iden tified  as Trichosporon cutaneum .

V i e u  and S e g r e t a i n  have  in v e s tig a te d  th e  b io logical charac teristics o f  
Geotrichum matalense described in a d e q u a te ly  b y  C a s t e l l a n i  in  1915. W ith  
d u e  consideration  o f  th e  d a ta  p u b lish ed  b y  these  au th o rs , th e  tw o  G eotrichum  
s tra in s  we had  iso la te d  and  fo u n d  to  form  no b lasto sp o res  b u t  to  assim ilate 

f iv e  d ifferen t sugars, m a y  be id e n tif ie d  as Geotrichum m atalense  Cast.
O u r rem ain ing  six  stra ins co u ld  n o t be classified  as a n y  o f  th e  G eotrichum  

species on the  basis  o f  old, in co m p le te  descrip tions: we h a v e  therefore been  
com pelled  to define  a new  species, an d  nam e i t  G eotrichum  link ii n . sp .

Geotrichum l in k i i  n . s p *  A  ram ify in g , sep ta ted , t r u e  m ycelium  w hich  
b re a k s  up  in to  a rth ro sp o re s . T he a rth ro sp o re s  are  b a rre l-sh a p ed , assum ing a 
sp h e rica l form  w hen  th e y  becom e o lder. O n m a lt ag ar a n d  in  m a lt  ex trac t th e  
size o f  th e  cells v a r ie s  be tw een  4 .6  to  5.2 p  b y  5.2 to  15.6 p . Geotrichum lin k ii  
fo rm s rings and a p e llicu la ; i t  does n o t develop ascospores o r fe rm en t sugars; 
i t  assim ila tes only g lucose. I t  does n o t  use up  n itra te , p ro d u c e  starch , liquefy  
g e la tin , acidify or c o ag u la te  litm us m ilk . I t  has been iso la ted  in  th re e  cases from  
la ry n g e a l secretion, in  one case fro m  p h ary n g ea l secre tion , in  tw o  cases from  
b ro n c h ia l secretion.

H ence the  fu n g i th a t  m u ltip ly  exclusively  b y  a r th ro sp o re s , as the  m em 
bers o f  th e  genera E n d o m y ces an d  G eo trich u m , owing to  th e  absence  of budd ing

* G eo tr ich u m  l i n k i i  n .s p .  Mycelium verum cum arthrosporis. Cellulae elongatae et 
cuboideae, 4.6—-5.2, 5.2—-15.6 f t .  Sedimentum annulusque formantur. Ascosporae non for- 
mantur. Fermentatio nulla. Assimilatur solum glucosum. Nitras kalicus non assimilatur. 
Amylum non formatur. Gelatinum non est liquefactum. Lac non coagulatur, acidum non 
formatur. Ex secretione bronchopulmonale, laryngeale et pharyngeale.

7 *
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cells, do n o t belong to  th e  group  o f  y e a s ts . In  th e  yeast sy s te m  o f L o d d e r  an d  
K r e g e r — v a n  R u ,  th e  genus E n d o m y ces is nevertheless c lassified  as a m em b er 
o f  th e  fam ily  E n d o m y ce taceae  on th e  basis  of ascus fo rm a tio n . These fungi 
th e re fo re  rep resen t a tra n s it io n  from  th e  yeasts in  th e  d ire c tio n  o f  H y p h o - 
m y c e te s .

A s evidenced b y  re p o rts  in  th e  l i te ra tu re  and our ow n fin d in g s, th e  orig in  
a n d  th e  m orphological a n d  physio logical p roperties of th e se  fu n g i show  a resem 
b la n c e  to  those o f th e  tru e  yeasts . F o r  th e ir  id en tif ic a tio n  w e used in  ag ree
m e n t w ith  S a e z  [11] th e  m eth o d s a p p lie d  for the  d e te rm in a tio n  o f y e a s ts . 
O u r ow n investig a tio n s h av e  rev ea led  a  rela tionsh ip  b e tw e e n  th e  species T ri- 
ch o sp o ro n  and  G eo trich u m . Geotrichum candidum, b e in g  a n  im perfec t fo rm  
o f Endom yces lactis, belongs in to  th e  fam ily  C ryp tococcaceae, th e  group  o f 
im p e rfe c t yeasts.

C onsequently , w e suggest th e  tra n s fe r  of the  g en u s G eo trichum  L i n k  

f ro m  th e  fam ily M ucedinaceae o f ordo  H yphom ycetes o f  th e  class F u n g i im p er- 
fe c ti , to  th e  ordo E n d o m y ce ta les , in  th e  sub-fam ily T richosporo ideae  o f  th e  
fa m ily  C ryptococcaceae in  acco rdance  w ith  Fig. 1.

Endomycetales
1

Endomycetaceae

Endomycetoideae

*
Cryptococcaceae

1
Trichosporoideae

4
Endomyces

4
E .  la c tis

1
Geotrichum

;
Trichosporon

I
T .  c u ta n e u m
(Gl, G, S, M, L, T

4 .
Geo. l i n k i i  n .  s p .  
(G!)

G eo. c a n d id u m  
(Gl, G)

4
Geo. m a ta le n s e  

(Gl, G, S, M, L, R)

F ig . 1 . Classification of the genus G eo tr ich u m  in the yeast system 
The signs in brackets refer to assimilation of sugar by the species:

G1 =  glucose G =  galactose L =  lactose M =  maltose R =  raffinose S =  sucrose
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THE RESULTS OF SALK VACCINATION IN HUNGARY 
AS MEASURED ON THE 1959 POLIOMYELITIS

EPIDEMIC

B y

O. R udinai and G. B a r s y  

State Institu te  o f  H ygiene, B udapest 

(R eceived  S ep tem b er 30, 1960)

Sum m ary. T he v a cc in a tio n  h is to ry  o f 1769 o f th e  1830 p a tie n ts  a fflic ted  by  th e  1959 
po liom yelitis  epidem ic in  H u n g a ry  has been a sc e rta in e d . T he fo llow ing conclusions w ere 
d raw n .

1. Only 35.4 pe r c en t o f  th e  p a tie n ts  h a d  rece iv ed  3 o r  4 doses o f  vacc in e , a lth o u g h  80 
p e r c en t o f th e  sensitive  p o p u la tio n  were a t  le a s t  t r ip ly  v a cc in a ted .

2. Among th e  tr ip ly  v a cc in a ted  p a tie n ts  th e  p ro p o rtio n  o f th o se  w ho h ad  received th e  
la s t  dose one y ear, o r m ore, e a r lie r  was co n sid erab le .

3. Among th e  th re e  g ro u p s  differing  in  th e  v a cc in a tio n  schedu le  th e  h ighest p ro tec tio n  
w as show n by  th a t  w h ich  h a d  received  th e  th i r d  s tim u lu s  e ig h t m o n th s  before th e  ep idem ic. 
S tr ik in g ly , alm ost th e  sam e p ro tec tio n  was a ch iev ed  b y  tw o  stim u li g iv en  3 and  4 m o n th s 
before . The w eakest e ffect w as show n b y  the  g ro u p  h av in g  received  th e  th ird  dose 15— 16 m o n th s 
p rio r to  th e  o u tb reak . T h u s, th e  im m u n ity  in d u ce d  b y  th e  v a cc in a tio n  m u s t have  been re m a rk 
a b ly  w aning in  th e  la s t  g ro u p .

4. The average  p ro tec tio n  ra te  a ttr ib u ta b le  to  th e  tw o y e a rs ’ S a lk  v acc in a tio n  is e s t i
m a te d  to  exceed 60 p e r  cen t.

5. Case fa ta l i ty  w as s ig n ific a n tly  low er in  th e  v a c c in a te d  g ro u p  th a n  in  th e  u n v a c 
c in a te d  one.

In  H u n g ary , like all over the  w orld , th e  incidence o f  poliom yelitis w as 
s ig n ifican tly  increasing  d u rin g  the la s t decade . E p idem ics occu rred  m ore an d  
m ore frequen tly , so th a t  in  fou r of th e  six  y ea rs  from  1954 to  1959 th e  incidence 
ra te  exceeded 10 p er 100 000 pop u la tio n  [1].

I t  has been obv ious for long th a t  p o liom yelitis  c an n o t be suppressed b u t  
b y  vaccination . Since S a lk ’s favourab le  re su lts  h a d  been  p u b lished  [2], m ass 
im m unizations w ith  th e  in a c tiv a te d  polio  vaccine  h av e  been  carried  o u t in  
num erous countries.

In  H u n g ary  S a lk  vacc ine  wras f i r s t  used  on a la rge  scale a t  the  p eak  o f 
th e  1957 epidem ic. In  t h a t  cam paign  th e  in tra c u ta n e o u s  tech n iq u e  was app lied . 
As d em o n stra ted  b y  P e t r il l a  [3], the inc idence  ra te  w as a t  least 50— 60 p e r 
cen t less in th e  v a c c in a te d  th a n  in  th e  u n v a c c in a ted  g ro u p ; w ith in  th e  age 
g roups involved in  th e  cam paign  th e  in c id en ce  ra te  fo r th e  u n v acc in a ted  ch il
d ren  was five tim es t h a t  fo r the v a c c in a ted  ones. A ccord ing  to  B akács [4], 
a b o u t 2000 persons h ad  escaped p o liom yelitis  in  1957, as a re su lt o f v acc i
n a tio n .

Im m u n iza tio n  w ith  th e  Salk vacc in e  w as co n tin u ed  in  1958 and  1959 
(F ig . 1 and  T ab le  I) . T h e  children  im m u n ized  w ith  tw o  doses in  1957 w ere
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F ig . 1. Salk  v a c c in a tio n  in  H u n g a ry , 1957-— 1959

Table I

Vaccination groups, 1957— 1959

G
ro

up
 N

o.

B i r th  d a te

A ge a t  th e  
t im e  o f  th e  

ep id em ic , 
y e a rs

1 st a n d  2nd doses 3 rd  dose

T im e  in te r 
v a l  in  

m o n th s , 
b e tw e e n  th e  

l a s t  d o se  
a n d  th e  

I ep id em ic

1 1 Ja n .,  19441— 31 Dec., 1950 9— 14 Feb . and Mar., 1958 N ov., 1958 8
2 1 J a n .,  1951— 28 F eb ., 1957 2— 8 Ju ly  and Aug., 1957 A pr., 1958 15
3 1 M ar., 1957— 31 Aug., 1957 1— 2 M ar. and Apr., 1958 N ov., 1958 8
4 1 Sep., 1957— 30 Sep., 1958 0— 1 M ar. and Apr., 1959 J u ly  to  Sep., 

1959*
3*

* In  m ost o f these  cases no th ird  dose h a d  been given, or too la te  to  be  effective.
1 The d a ta  o f those  bo rn  betw een  J a n . 1, 1940, and Dec. 31, 1943 are n o t included  in  

th e  T ab le , since m o rb id ity  in  th is age group  was very  low.

g iv en  a th ird  dose in  th e  sp ring  o f  1958. F u rth e rm o re , th o se  b o rn  b e tw een  
J a n u a r y  1, 1940, an d  A ugust 31, 1957, b u t  n o t involved  in  th e  1957 cam p aig n  
rece iv ed  tw o doses in  th e  sp ring , an d  one in  th e  a u tu m n , of 1958. T he ch ild ren
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b o rn  b e tw een  S ep tem b er 1, 1957, and  S ep tem b er 30, 1958, received th e  f i r s t  
tw o doses in  M arch  an d  A pril, 1959, an d  the th ird  one in  J u ly  or A u g u st o f  
th e  sam e y e a r. A t th e  sam e tim e  those w ho h ad  escaped  v acc in a tio n  w ere a lso  
im m unized , a n d  n ea rly  305 000 persons w ere given a fo u r th  dose of v acc in e . 
D uring  th e  th re e  y ea rs’ period over 80 p e r cen t of th e  p o p u la tio n  u n d e r 15 
years of age w ere im m unized  w ith  th ree  s tim u li. T he vacc in e  was ad m in is te red  
in  1958 ch iefly , in  1959 exclusively , in tram u scu la rly .

As reg a rd s  th e  incidence of po liom yelitis , th e  y e a r 1958 was p a r tic u la r ly  
favourab le ; 165 cases h ad  occurred , less th a n  in  an y  o f th e  p reced ing  20 y e a rs . 
The low  incidence  m ay  be a t tr ib u te d  to  th e  h igh  in fec tio n  ra te  in  1957, to  th e  
in te rfe rin g  effect o f th e  s im u ltaneous w idesp read  B ornho lm  epidem ic [5, 6] a n d , 
beyond  d o u b t, to  th e  large-scale v acc in a tio n .

In  such  a fav o u rab le  s itu a tio n  th e  1959 epidem ic cam e unex p ec ted ly . 
In  th a t  y ea r 1830 cases were reg istered , m ore th a n  in  a n y  year except 1957 . 
I t  w as th ere fo re  of in te re s t to  see w hether a h igh  incidence like th is  in d ic a te d  
th a t  all th e  effo rts  of th e  th ree  y ea rs’ v acc in a tio n  h ad  b een  in  vain  or w ith o u t 
v acc ina tion  th e  epidem ic w ould  have been  m ore ex ten s iv e . The aim  o f th e  
p resen t re p o rt is to  answ er th is  q u estio n  on th e  basis o f  th e  epidem iological 
d a ta  of th e  y e a r  1959. The d e ta iled  descrip tio n  o f th e  ep idem ic and  th e  d is
cussion of th e  v ac c in a tio n ’s in fluence  on th e  clinical course o f th e  disease w ill 
be o m itted , since th ese  have  a lread y  been p u b lished  [1, 7].

In  o rder to  o b ta in  reliab le d a ta  on th e  im m u n iza tio n  s ta tu s  of th e  in d i
v iduals in  w hom  poliom yelitis  was d iagnosed  in  1959, questio n n a ires  w ere 
sen t to  th e  P u b lic  H e a lth  and  E pidem iological S ta tio n  c o m p e te n t to  the  d o m i
cile of each o f th e  p a tie n ts . T he re tu rn e d  questio n n a ires  w ere contro lled , a n d  
those  w ith  in co m p le te , or u n ce rta in , or obv iously  erroneous d a ta  were se n t 
b ack  for com ple tion  or correction .

A fter a n o th e r  carefu l con tro l th e  d a ta  o f 1769 q u estio n n a ires  re fe rrin g  
to  90 per cen t o f  th e  cases rep o rted  in  1959 w ere w orked  up .

B ased on th e  im m unization  d a ta  th e  p a tie n ts  w ere d iv ided  in to  3 c a te 
gories, viz. (i) ,,vaccinated”  : th e  num ber an d  tim es o f v acc in a tio n s  were co n 
firm ed  by  th e  v acc in a tio n  reg isters an d /o r v acc in a tio n  c a rd s ; (ii) v acc in a tio n  
condition  u n k n o w n : no records were o b ta in ab le , th e  in fo rm a tio n  supplied  b y  
th e  p a tie n t or th e  re la tiv es  w ere u n certa in ; (iii) “unvaccinated”  : according to  
th e  records th e  p a tie n t  h ad  n o t been v acc in a ted , as co n firm ed  also by  th e  
p a tie n t or re la tiv es .

T able  I I  show s th e  im m uniza tion  co n d itio n  of th e  p a tie n ts . O f the  1769 
p a tie n ts  u n d er s tu d y  583 (33 p er cent) h ad  received  no vacc in e . F o r th e  sak e  
o f com parison th e  p a tie n ts  w ith  unknow n v acc in a tio n  h is to ry  (9 per cent) w ere 
considered u n v acc in a ted . T he n u m b er o f “ v acc in a ted ”  p a tie n ts  was 1026.

O f th e  “ v a c c in a te d ”  p a tie n ts  168 h a d  received one, 231 tw o doses o f  
vaccine. U sually  tr ip ly  v acc in a ted  ind iv iduals only  are reg a rd ed  as com pletely
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v a c c in a ted . In  our m a te r ia l  511 p a tie n ts  w ere tr ip ly  v ac c in a ted , w hile 116 h a d  
rece iv ed  four doses. T h u s , as few  as 35.4 p e r  cen t had  been  com plete ly  im m u 
n ized , th e  others (64.6 p e r  cent) were u n v a c c in a ted  or inco m p le te ly  im m unized . 
A s o v er 80 per cen t o f  th e  susceptib le  age groups had  rece iv ed  th ree  doses b e 
tw e e n  1957 and  th e  o u tb re a k  of th e  ep idem ic , i t  can  be s ta te d  t h a t  th e  incidence 
r a te  fo r the  com pletely  im m unized  p o p u la tio n  was d e fin ite ly  low er th a n  th a t  
fo r  th e  u n vacc ina ted  g roup .

T ab le  I I  also p re se n ts  in fo rm a tio n  on th e  im m u n iza tio n  d a ta  o f  th e  
p a t ie n ts  by  age. T h e  p e rcen tag e  o f u n v a c c in a ted  p a tie n ts  w as h ighest u n d e r 
o n e  y e a r  (71.0 p er cen t) an d  over 15 y ea rs  o f  age (78.4 p e r cen t) ; i t  was h ig h er

Table II

Age incidence o f  poliom yelitis by vaccination status, 1959

.1U nvacci-
n a te d

V a c c in a 
t io n  s ta tu s  
u n k n o w n

V a c c in a te d  w ith
T o ta l

v ac c in a te d
T o ta l

e x a m in e dA g e  in  y ea rs 1 2 3 4

d o ses  a s  c o n firm e d  b y  reco rd

Cases
0 259 10 65 27 4 — 96 365

l 76 22 51 94 44 189 287
2 44 21 27 48 87 27 189 254

3— 8 86 74 24 51 319 84 478 638

9— 14 9 15 — 5 5 52 62 86

15— 109 18 1 6 5 — 12 139

T otal 583 160 168 231 511 116 1026 1769

b) P e r cen t

0 71.0 2.7 17.8 7.4 1.1 — 26.3 100.0

1 26.5 7.7 17.8 32.7 15.3 — 65.8 100.0

2 17.4 8.2 10.6 18.9 34.3 10.6 74.4 100.0

C
O1C
O 13.5 11.6 3.7 8.0 50.0 13,2 74.9 100.0

9— 14 10.5 17.4 5.8 60.5 5.8 72.1 100.0

15 78.4 13.0 0.7 4.3 3.6 — 8.6 100.0

T otal 33.0 9.0 9.5 13.1 28.9 6.5 58.0 100.0

fo r  th e  one-year-old  ch ild ren  (26.5 p e r  cen t) th a n  fo rth o se  b e tw een  2 an d  14 years 
age (10.5-—17.4 p e r cen t). The d ivergencies should be ascribed  to  th e  low  p e r
cen tage  of v a cc in a ted  persons u n d e r one y e a r and  over 15 years  of age.

The role o f  the tim e interval between the last vaccination and the onset o f  
the illness was also s tu d ied . As show n in  T ab le  I I I ,n e a r ly  6 p e r cen t of th e  tr ip ly
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v a c c in a te d  p a tie n ts  h a d  fallen ill w ith in  tw o weeks follow ing th e  la s t v a c c in a 
tio n , t h a t  is, a t  a tim e  when the  b o o s te r  effect h ad  h a rd ly  developed.

T able  III

Cases o f  poliom yelitis having three or fo u r  doses o f  vaccine * by age and time interval between the
last vaccination  and the attack

T im e  in te rv a l
A ge in  y ea rs

3— 8 9— 14 15 a n d  above

T r ip ly  vaccinated 

a )  Cases

0— 2 w eeks .........

3 w eeks— 5 m onths

6— 11 m o n th s .........

1 y e a r and  m ore. . .

2

2

13

29

1

1

5

24

38

20

9

21

43

246

3

29

20

3

2

29

79

114

289

T otal 4 44 87 319 52 5 511

i)  P e r  cent

0— 2 w eeks ........... 50.0 29.5 5.8 2.8 - — 5.7

3 w eeks— 5 m onths 50.0 65.9 27.6 6.6 5.8 15.4

■6— 11 m o n th s ......... — 2.3 43.6 13.5 55.7 60 .0 22.3

1 y e a r an d  m o re . . . 2.3 23.0 77.1 38.5 40.0 56.6

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

H a vin g  fo u r  doses 

a )  Cases

0— 2 w eeks ........... — — 14 47 3 64

3 w eeks— 5 m onths — - 13 31 2 46

6— 11 m o n th s ......... — — 3 —  — 3

1 y ear and  m o re . .  . — — — 3 —  1 — 3

T otal — 27 84 5 — 116

b)  P e r  cent

0— 2 weeks ........... — — 51.9 55.9 60.0 — 55.2

3 w eeks— 5 m onths — — 48.1 36.9 40.0 — 39.6

6— 11 m o n th s ......... — — — 3.6 — — 2.6

1 y ear an d  m o re . .  . — — — 3.6 —  ! — 2.6

T otal — — 100.0 100.0 100.0 —  ' 100.0

Confirm ed by  record
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F o r  193 p a tie n ts  (37.7 per cen t o f  th e  tr ip ly  v acc in a ted  p a tien ts)  th is  
in te rv a l  varied  betw een  3 weeks an d  11 m o n th s ; in  these  cases a good p ro tec 
tio n  m ig h t have been  expec ted . A m ark e d ly  h igh p ro p o rtio n , n ea rly  57 p e r  
c e n t, o f  th e  trip ly  v a c c in a te d  p a tien ts  h a d  received  th e  th ird  dose m ore th a n  
a y e a r  before the  a t ta c k .

A m ong the  116 p a tie n ts  v acc in a ted  w ith  four doses 49 h ad  received  th e  
la s t  dose from  3 w eeks to  11 m onths ea rlie r, w hereas for 64 (55.2 p er cent) 
th e  in te rv a l was sh o rte r  th a n  tw o w eeks. I n  th e  la t te r  cases th e  fo u rth  dose w as 
n o t, b u t  th e  th ird  w as, ex p ec ted  to  p ro te c t. In  48 of th e  64 cases (75 p er cen t), 
h o w ev er, th e  lack of p ro te c tio n  m igh t be exp la ined  b y  th e  long in te rv a l (m o re  
th a n  a year) betw een  th e  th ird  v acc in a tio n  an d  th e  a tta c k .

I t  seem ed in te re s tin g  to  s tu d y  th e  incidence ra te s  in  th e  0, 1, 2, 3— 8 
a n d  9— 14-year age g ro u p s separa te ly . P e rso n s from  15 to  19 years  o f age w ere 
o m itte d  from  the an a ly s is  because of th e  low  incidence in  th a t  age group . 
In  T ab le  IV  the  average  age specific m o rb id ity  ra te s  for th e  period  1952— 1957 
a re  com pared  w ith  th e  corresponding ra te s  for 1959.

Table IV

A ge specific incidence rates fo r  the population under 15 years o f  age, 1952— 57 and 1959

Age in y e a rs

In cid en ce  p e r  
100 000

In d ices
tak in g  0 y e a r  =  100

1952/57 1959 1952/57 1959

0 88.5 253.2 100.0 100.0

l 155.4 187.3 175.6 74.0

2 93.7 147.8 105.8 58.4

1 CO 23.4 59.6 26.5 23.5

9— 14 6.4 9.7 7.2 3.8

T ak in g  in to  a c c o u n t th a t  only a low  p ro p o rtio n  of th e  in fa n ts  h ad  been  
v a c c in a ted , it m ay be s ta te d  beyond d o u b t, th a t  th e  sh ift o f  th e  p eak  of th e  
age cu rv e  from  1 y e a r  to  0 year h ad  re su lte d  from  th e  v acc in a tio n . To m a k e  
th e  com parison  c leare r, m orb id ity  ind ices w ere com p u ted  fo r th e  above age 
g ro u p s b y  tak ing  th e  age specific m o rb id ity  ra te s  for th e  0 -year age group equal 
to  100. The indices c lea rly  show th a t  th e  re la tiv e  m o rb id ity  fo r each  of th e  
1, 2 a n d  9— 14-year age groups w as co nsiderab ly  low er in  1959 th a n  in  th e  
s ix -y e a r  period 1952— 1957. The decline in  th e  index  for th e  3— 8 -y ear age  
g ro u p  w as less defin ite .

T he in fo rm ation  o b ta in ed  from  th is  com parison  is in accu ra te  for tw o 
re a so n s , viz. (i) th e  re la tiv e  m o rb id ity  ind ices h ad  never been co n stan t in  
H u n g a ry , especially n o t  in  th e  period im m ed ia te ly  preceding  Salk  v acc in a tio n ; 
(ii) n o t  all of the  0 -y ear-o ld  in fan ts can  be  considered  u n v acc in a ted ; those bo rn
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before S ep tem b er 30, 1958, had  rece iv ed  a basa l im m u n iza tio n  w ith  tw o doses. 
N everthe less, th e  d ifference in th e  degree o f p ro te c tio n  o f th e  age groups u n d e r  
s tu d y  is clear.

To o b ta in  m ore  in fo rm ation  on th e  p ro te c tio n  p ro v id ed  by  th e  v a c c in a 
tio n  th e  m o rb id ity  ra te s  for the  fo u r im m u n iza tio n  groups were c a lc u la te d . 
T he to ta l  n u m b e r o f  ind iv iduals in each  o f  th e  g roups was estim a ted  on th e  
basis o f s ta tis t ic a l  d a ta . These were, how ever, less ex ac t th a n  th e  figures y ie ld e d  
b y  a m ost re c e n t census. F o r th e y  w ere  b ased  on th e  d a ta  pub lished  b y  th e  
C en tra l B u re a u  o f  S ta tis tic s  of H u n g a ry , on  th e  g ro u n d  of the  census h e ld  on  
J a n u a ry  1, 1949, a n d  corrected  acco rd ing  to  th e  b ir th  an d  d ea th  s ta t is t ic s  
pu b lish ed  since th e n . I t  should be ad d e d  th a t  (i) th e  v accination  s ta tis t ic s  
did n o t co n ta in  th e  d e ta iled  d a ta  o f th e  im m u n iza tio n  condition  o f th e  in d i
v idua l cohorses; (ii) p riv a te  vacc in a tio n s were being  perform ed b o th  befo re  
and  a fte r  th e  v a c c in a tio n  cam paigns, an d  (iii) a considerab le  num ber o f p e rso n s 
w ho w ere n o t  e lig ib le w ere v acc ina ted  d u rin g  each cam paign . Thus, th e  n u m b e r  
o f v a c c in a ted  p e rso n s  could no t be e s tim a te d  w ith  h igh  accuracy , ex cep t fo r 
th e  y o u n g est age g roups.

I t  shou ld  be p o in te d  ou t th a t  in  th e  cohorses b o rn  betw een J a n u a ry  1, 
1944, an d  A u g u st 31, 1957, the  n u m b e r o f  th e  tr ip ly  v acc in a ted  sub jec ts  w as 
only  know n; for th is  reason  in th e  follow ing only those  v acc ina ted  w ith  th ree  
or m ore doses a re  in c lu d ed  in the  v a c c in a te d  p o p u la tio n ; all th e  o th e rs  a re  
considered  u n v a c c in a te d . The poliom yelitis  cases are  classified b y  th e  sam e 
princip le . In  th e  y o u n g e s t age groups, on  th e  o ther h a n d , all those who rece iv ed  
tw o doses in  M arch  a n d  A pril, 1959, are  reg a rd ed  as vacc in a ted .

T he inc idence  ra te s  for the v a c c in a te d  an d  u n v acc in a ted  p o p u la tio n , 
and  th e  re su ltin g  p ro te c tio n  ratios, a re  p resen ted  in  T ab le  Y. The figures a re  
in  accordance  w ith  th e  re la tive  m o rb id ity  indices show n in T able IY .

As a co n c lusion  th e  p ro tec tion  ra tio  was th e  h ig h est in th e  tw o g ro u p s  
w hich h a d  rece iv ed  th e  th ird  dose 6 to  8 m o n th s  before  th e  epidem ic (69.3 a n d  
71.1 p er cen t, re sp ec tiv e ly ); i t  was h a rd ly  low er (66.3 p e r cent) in  th e  y o u n g e s t 
group im m u n ized  b y  tw o  doses ad m in is te red  sh o rtly  before. The p ro te c tio n  
was d e fin ite ly  w eak er (53.2 per cent) in  th e  age group b o rn  betw een J a n u a ry  1, 
1951, an d  F e b ru a ry  28, 1957, i. e., in  th e  g roup  w hich  h ad  received th e  la s t  
dose m ore th a n  a y e a r  earlier.

T he n u m b e r o f  p rev en ted  cases in  th e  p o p u la tio n  u n d er s tu d y  w as ca l
cu la ted  on th e  b as is  o f  th e  incidence am o n g  th e  “ u n v acc in a ted ”  persons, a n d  
was fo u n d  to  be 1147. Since the  “ u n v a c c in a ted ”  g roup  included  a considerab le  
n u m b er o f in co m p le te ly , v accinated  in d iv id u a ls  an d  persons who h a d  b een  
v a c c in a ted  o u t of cam p a ig n , th is n u m b e r shou ld  be reg a rd ed  as a m in im u m .

T he genera l p ro te c tio n  ra tio  re su ltin g  from  th e  th ree  years’ Salk v acc i
n a tio n , i. e. th e  av e rag e  o f th e  p ro tec tio n  ra tio s  of th e  fo u r groups under s tu d y , 
was ese tim a ted  to  a t  le a s t 60— 65 p er cen t. T he rea l p ro tec tio n  ra tio  was cer-
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Table У

Incidence o f poliom yelitis by vaccination groups, 1959

D e sig n a tio n
V a c c i n a t i n  g Г  O U P »

N o. 1 N o . 2 N o. 3 N o . 4

B ir th  d a te ................................... Sep. 1, 1957- i

I
M ar. 1, 1957- i Ja n . 1, 1951- Ja n . 1, 1944-

Sep. 30, 1958 ! Aug. 31, 1957 1 Febr. 28, 1957 | Dec. 31, 1950

T im e o f im m unization

1st dose ................................. M ar., 1959 M ar., 1958 Ju ly , Aug., 
1957

F eb ., 1958

2nd d o se ................................. Apr., 1959 A p r., 1958 Aug., Sep. 
1957

M ar., 1958

3rd dose ............................... Ju ly .-Sep., 19591 N o v ., 1958 Apr., 1958 N ov., 1958

A d m in is tra tio n  of vaccine
1st d o s e ................................. 1.0 ml i.m .* 0.2 m l i.c.** 0.2 ml i.c. 0.2 m l i.c.

2 n d  d o s e ................................. 0.5 ml i.m . 0.5 m l i.m . 0.2 ml i.c. 0.2 m l i.c.

3rd  dose .............................. 0.5 ml i.m . 0.5 m l i.m . 0.5 ml i.m . 0.5 ml m.

V a c c in a te d  p o p u la t io n .......... 120 000 59 000 900 000 950 000

U n v acc in a ted  population^" 40 000 21 000 235 000 164 000

T o ta l p o p u la t io n ..................... 160 000 80 000 1 135 000 1 114 000

In cidence

V acc in a ted  c a s e s ............ 1/179 2/70 2/441 2/55

U nvaccinated  cases+ . . 177 81 246 33

356 151 687 8 8

In c id en ce  per 100 000 
p o p u la tio n

V acc in a ted  c a s e s ............ 149.2 118.6 49.0 5.8

U nvaccinated  cases+  . . 442.5 385.7 104.7 20.1

T o ta l c a s e s ........................ 222.5 188.8 60.5 7.9

In c id en ce  ra te  in th e  v acc i
n a te d  popu lation  in  pe r 
c en t o f th a t  in th e  u n 
v a cc in a ted  p o p u la tio n  . . 33.7 30.7 46.8 28.9

P ro te c tio n  ra tio  per cen t . . . 66.3 69.3 53.2 71.1

E x p ec te d  cases in th e  v acc i
n a te d  popu lation  as ca lcu 
la te d  from  th e  incidence 
r a te  in  th e  u n v acc in a ted  
p o p u la t io n ............................ 531 228 942 191

P re v e n te d  cases ..................... 352 158 ;  * 501 136

+ U n v acc in a ted  an d  incom pletely im m unized . 
1/ o f these 49 h a d  received three, 130 tw o , doses 
2/ T hree or m ore doses had been given 
* In tram u scu la rly  

** In tracu tan eo u sly
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ta in ly  h igher, for th e  u n v acc in a ted  g ro u p s  h ad  included  p a r t ia l ly  im m u n ized  
in d iv id u a ls .

As regards th e  d u ra tio n  of th e  im m u n ity  follow ing S a lk  v a c c in a tio n  
eq u iv o ca l d a ta  have  been  pub lished . Sa l k  [8] found th e  a n tib o d y  level s a t is 
fa c to ry  as la te  as one o r tw o years a f te r  th e  booster dose, p ro v id e d  th e  v ac c in e  
w as o f  ad eq u a te  p o ten cy . S im ilar is  th e  conclusion d raw n  b y  Ma c L e o d  [9 ]. 
I n  c o n tra s t  to  th ese  d a ta , o ther a u th o rs  [10, 11, 12] fo u n d  a  considerab le  fa ll 
in  th e  an tib o d y  t i t r e ,  especially  to  ty p e  1 poliovirus, one y e a r  a f te r  th e  la s t  
dose. T he p resen t re su lts  suggest t h a t  th e  im m u n ity  w as re m a rk a b ly  w an in g  
a f te r  th e  f irs t y ea r follow ing th e  th i r d  dose. The o b se rv a tio n  th a t  tw o  doses 
g iven  3 an d  4 m o n th s earlie r p roved  to  b e  as p o ten t as th e  th ird  (booster) dose 
g iv en  6 m on ths earlie r m erits  special a t te n tio n .

T ab le  Y also p re sen ts  th e  ro u te  o f  a d m in is tra tio n  a n d  th e  volum e o f th e  
v acc in e  in jec ted . U n fo rtu n a te ly , th e  re la tiv e  po tency  o f  th e  in tra c u ta n e o u s  
v a c c in a tio n  could n o t be e stim ated  in  th is  w ay  because in tra c u ta n e o u s  v a c c i
n a tio n  was alw ays fo llow ed by  in tra m u s c u la r  one or ones, tim in g  was v a ria b le , 
a n d  th e  v acc in a tio n  g roups were d if fe re n t in  age. N ev erth e less , th e  tw o  age 
g ro u p s  each of w hich  h a d  received tw o  in tracu tan eo u s  s tim u li followed b y  an  
in tra m u sc u la r  b o o ste r dose show ed th e  b e s t  and  w orst p ro te c tio n  ra tio , re sp ec 
tiv e ly . The only d ifference in  th e  im m u n iz a tio n  schedule  o f  th e  tw o g roups 
w as th e  tim e  in te rv a l be tw een  th e  b o o s te r  dose and th e  ep idem ic. This o b se r
v a tio n  confirm s th e  im p o rtan ce  o f  th e  tim e  factor.

F ina lly , th e  in flu en ce  of v a c c in a tio n  on th e  case f a ta l i ty  w as s tu d ied . 
T h e  d a ta  in  T able V I suggest th a t  th e  fav o u rab le  case f a ta l i ty  of po liom yelitis  
in  th e  y ea r 1959 m ay  f ir s t  of all b e  a t t r ib u te d  to  th e  v a c c in a tio n . A m ong th e

T ab le  VI

Case fa ta lity  by vaccination status, 1959

V a cc in a tio n  s ta tu s N u m b e r  o f  cases
F a ta l c a se s

N u m b e r P e r  c e n t

V accinated w ith*

1 dose .............................. 168 5 3.0

2 doses .............................. 231 4 1.7

3 doses .............................. 511 8 1.6

4 doses .............................. 116 1 0.9

T otal v a c c in a te d ................ 1026 18 1.8

U nvaccinated  or unknow n 743 31 4.2

T otal 1769 49 2.8

Confirmed by record.
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1830 p a tie n ts  w ith  po liom yelitis  53 (2.9 p e r  cent) d ied ; o f  th e  1769 cases u n d e r  
s tu d y  49 ended  fa ta lly  (2.8 p er cen t). Case fa ta l i ty  for th e  u n v acc in a ted  p a tie n ts  
an d  tho se  w ith  u n c e rta in  im m u n iza tio n  h is to ry  w as 4 .2  p e r  cen t; for th o se  
w ho h a d  received one, tw o , th ree  an d  fo u r doses, i t  w as 3 .0 , 1.7, 1.6 an d  0 .9  
p e r  cen t, re spec tive ly . T h u s , th e  m ore doses h ad  been g iven , th e  lower th e  r a te .

Case fa ta li ty  b e in g  h igh ly  d ep en d en t on age, its  e v a lu a tio n  needs special 
c au tio n . In  H u n g a ry  case fa ta lity  o f po liom yelitis  has a lw ays been h ig h e s t 
over 15 years of age; e. g . in  th e  average  o f  th e  years 1952— 1958 case f a ta l i ty  
fo r th e  groups above a n d  below  15 w as 10.3 and  5.3 p e r  cen t, resp ec tiv e ly . 
Since, how ever, on ly  few  persons over 15 years of age h a d  been v a cc in a ted  
w hile a h igh p ro p o rtio n  o f  th e  u n v acc in a ted  fa ta l  cases h a d  com pleted  15 y e a rs , 
th e  above conclusion m ig h t have  been  false a t  expense o f  th e  u n v acc in a ted  
p a tie n ts . I t  seem ed th u s  m ore co rrect to  re s tr ic t th e  com parison  to  th e  age  
g roups under 15 y ea rs  (T ab le  V II). D oing so, case f a ta li ty  in  th e  u n v acc in a ted

Table VII

Case fa ta lity  o f  poliom yelitis, by vaccination status fo r  children o f  0— 14 years o f  age, 1959

V acc in a tio n  s ta tu s
N u m b e r  of

C ase f a ta li ty  p e r  c e n t
cases d e a th s

U nvaccinated  or rep o rted  to  be 
v a c c in a te d ...................................... 616 19 3.1

V accinated  w ith  1— 4 doses, con
firm ed  by  r e c o r d .......................... 1014 18

■

1.8

group  w as found  to  be  1.7 tim es h igher th a n  in  th e  v a c c in a te d  group (3.1 an d  
1.8 p e r cen t re sp ec tiv e ly ). This ra tio  is re m a rk a b ly  low er th a n  th e  10 : 1 ra t io  
ca lcu la ted  b y  G e f f e n  [13] by  analyzing  th e  po liom yelitis  eases th a t  occurred  
in  E n g lan d  and  W ales in  1958. N evertheless, th e  d ifference in  our m a te ria l is  
also rem ark ab le .

T he ad v an tag es  an d  d isad v an tag es o f  th e  Salk vaccine  as well as the  su p e 
r io r ity  of th e  live a t te n u a te d  vaccine to  th e  Salk  vacc in e  h av e  been clearly  
ex p la ined  b y  B a k á c s  [4]. A fte r his p a p e r h a d  been p u b lish ed , vaccination  w ith  
S a b in ’s live vaccine h a s  p roduced  u n eq u iv o ca lly  fav o u rab le  resu lts  w herever 
i t  w as applied  e x ten s iv e ly ; its  sy s tem a tic  use in  th e  fu tu re  m ay  lead  to  th e  
e rad ica tio n  of po liom yelitis . N evertheless, th e  p resen t re su lts  confirm  th e  v iew  
th a t  v acc in a tio n  w ith  S a l k ’s fo rm olin ized  vaccine w as th e  f irs t im p o r ta n t 
success in  th e  strugg le  a g a in s t po liom yelitis.
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III. CONGRESS O F T H E  HUNGARIAN ASSOCIATION O F MICROBIOLOGISTS 

B udapest, 3 to 5 October-, 1961

T he Congress w ill be held u n d e r  th e  auspices o f  th e  H u n g a rian  A ca
dem y  of Sciences.

T he m ain  to p ic  to  be d iscussed  w ill be “ V accination  A ga inst In fe c 
tious Diseases” , w ith  special re sp ec t to  en te ra l b a c te ria l infections, tu b e r 
culosis, in fluenza a n d  poliom yelitis. A  lim ited  n u m b er of lectures dealing  
w ith  o th e r  topics w ill be accepted .

M icrobiologists o f foreign co u n trie s  are  co rd ially  in v ited  to  p a r t ic i
p a te  a t  th e  Congress.

F o r ap p lica tio n  form s and  a n y  o th e r in fo rm ations concerning th e  
Congress th e  O rganizing  Com m ittee shou ld  be consu lted . A ddress: Professor 
J .  W e i s s f e i l e r , G yáli út 2—4, B u d a p est I X . ,  H ungary .

III. ВЕН ГЕРС К И Й  М И К РО БИ О Л О ГИ ЧЕС КИ Й  С Ъ Е ЗД  

С 3. по 5. октября 1961

Состоится III. Венгерский Микробиологический Съезд, организуемый 
Венгерской Академией Наук и Венгерским Микробиологическим Обще
ством. Основная проблема, которая обсуждается: «П редохран и т ел ьн ы е  
п р и ви вк и  п рот ив инф екционны х за б о л ева н и й »  в особенности против ки
шечных инфекций, туберкулеза, гриппа и полиомиелита. Кроме того, 
доклады по другим вопросам тоже могут быть представлены. Интере
сующиеся сердечно приглашаются. Заявки на участие и другие запросы 
просим направлять Оргкомитету Съезда по адресу: В е н гр и я , Б у д а п е ш т  
I X ,  Д я л и  у т  2 —4 , П роф . Ю . В ей сф еи л ер у .



INTERNATIONAL ASSOCIATION OF MICROBIOLOGICAL SOCIETIES

Notice

Collections o f  M icro-organism s e x is t  in  m a n y  coun tries o f th e  w orld , som e are fin an ced  
b y  a  go v erm en t d e p a r tm e n t, o thers b y  u n iv e rs itie s  o r research  in s t i tu te s .  M any w ork on sm all 
b u d g e ts  and  could im p ro v e  th e  serv ices th e y  re n d e r  i f  th ey  had  a b ig g er incom e. Some co llec
t io n s  m ake a charge  fo r cu ltu res , o th e rs  issu e  th e m  free  o f charge.

C ulture  C ollections, p a r tic u la r ly  sp ec ia lised  Collections co n ta in in g  s tra in s  n o t av ailab le  
e lsew h ere , o ften  serve in te rn a tio n a l ends b y  m ak in g  these  s tra in s  an d  specia lised  know ledge 
a v a ila b le  to  w orkers in  o th e r  co u n trie s , a n d  in  do ing  so in cu r expenses th e y  have d iff ic u lty  
in  m ee tin g . The E x ec u tiv e  C om m ittee  o f  th e  In te rn a tio n a l A ssocia tion  o f  M icrobiological 
S ocieties (IAMS) ac ts  as an  ad v iso ry  b o d y  in  th e  a llocation  of w h a tev e r  funds are a v a ilab le  
f o r  fu rth e rin g  th e  in te rn a tio n a l a c tiv itie s  o f  such  Collections. T he a m o u n t o f m oney is a t  
p re se n t  lim ited , b u t  in  o rd e r th a t  th e  C o m m ittee ’s advice m ay  be as in fo rm ed  as possib le , 
i t  is  e ssen tia l for IAM S to  have  d e ta ils  o f  C ollections a t  p resen t d is tr ib u tin g  cu ltu res in  th is  
w a y , includ ing  th e ir  f in an c ia l dependence on  e x te rn a l g ran ts .

I t  is su ggested , there fo re , t h a t  c u ra to rs  o r d irec to rs  o f cu ltu re  co llections should  n o tify  
th e  sec re ta ry  of th e  Executive Committee o f  I A M S  (D r. C. G. H e d é n , K arolinska  In s ti tu te t , 
Stockholm  60) o f th e ir  co llection , s ta tin g  i ts  p u rp o se , th e  type(s) a n d  n u m b ers of o rgan ism s 
k e p t ,  special in te re s ts  (e. g. m ed ical b a c te rio lo g y , in d u s tr ia l fe rm e n ta tio n s , e tc .) , w h e th e r  
c u ltu re s  are charged  fo r, th e  general f in a n c ia l  s ta te  o f th e  co llection , (w h e th er subsid ised  b y  
th e  s ta te ,  in d u s try , e tc .)  and  f in a lly  th e  a m o u n t o f  in te rn a tio n a l in te re s t  in  th e ir  co llections, 
a n d  to  w h a t degree th e y  are  u n ab le  to  m ee t in te rn a tio n a l d em ands as fu lly  as th e y  w ould  
lik e  because o f th e  e x p en d itu re  in v o lv ed . T h e  s ta te m e n t m u st reach  IA M S’ S tockholm  office  
before M a y  15th in  o rd e r to  be considered  th is  y ea r.



The A cta  M icrobiologica  publish  pap ers  on m icrob io log ical su b jec ts  in  English, G e rm an , 
F ren ch  an d  R ussian .

T he A cta  M icrobiologica  appear in  p a r ts  o f  v a ry in g  size, m ak in g  u p  volum es. 
M anuscrip ts sh o u ld  be  addressed  to

A cta  M icrobiologica, Budapest, K ele ti Postahivatal, P osta fiók  64.

C orrespondence w ith  th e  ed ito rs shou ld  be  s e n t  to  th e  sam e a d d ress .
The ra te  o f su b sc rip tio n  to  th e  A cta  M icrobiologica  is 110 fo r in ts  a volum e. O rd ers  

m ay  be p laced  w ith  “K u ltu ra ” Foreign T rad e  C o m p an y  for B ooks a n d  N ew spapers (B u d a 
p est I .,  Fő  u tc a  32. A cco u n t No. 43-790-057-181) o r w ith  re p re se n ta tiv e s  abroad .

Les A cta  M icrobiologica  para issen t en  fran ç a is , a llem an d , ang la is e t russe e t p u b lie n t 
d es tra v a u x  d u  do m ain e  d e  la  m icrobiologie.

Les A cta  M icrobiologica  son t publiés sous fo rm e  des fascicules qu i seront réu n is  en  
volum es.

On est p rié  d ’en v o y er les m an u scrits , d e s tin é s  à  la ré d ac tio n , à  l’adresse s u iv a n te :  

A cta  M icrobiologica, B udapest, K ele ti Postahivatal, P osta fiók  64.

T oute  co rresp o n d an ce  avec la ré d ac tio n  d o it ê tre  envoyée à c e tte  m êm e adresse.
Le p rix  d e  l ’ab o n n em en t est de 110 fo rin ts  p a r  volum e.
On p e u t s’ab o n n e r à  l ’E n trep rise  p o u r le C om m erce E x té rieu r d e  L ivres e t J o u rn a u x  

« K u ltu ra » (B u d ap es t I . ,  F ő  u tc a  32. C o m p te -co u ran t N o. 43-790-057-181) ou à l’é tra n g e r  
chez to u s les re p ré se n ta n ts  ou  dépositaires.

« Acta M icrobiologica» п убликую т тр ак таты  и з  области  м и кробиологии  на р у сск о м , 
немецком, ан гли йском  и  ф ранцузском  я зы к ах .

«A cta  M icrobiologica» вы ходят отдельны м и в ы п ускам и  разн ого  объема. Н еско л ько  
вы пусков  составляю т один  том.

П редназначенны е д л я  публикации  ру к о п и си  следует н а п р а в л я т ь  по адресу :

A cta  M icrobiologica, B udapest, K eleti Postahivatal, P osta fiók  64.

П о этому ж е  ад р есу  н ап р ав л ять  всякую  корреспонденцию  д л я  редакции.
П одписная цена « A cta  Microbiologica» — П О  форинтов за  том . З ак азы  п риним ает 

п редприятие по внеш ней торговле к н и г  и  га зе т  « K u ltu ra » (B u d a p e s t I . ,  Fő u tc a  32. 
Т екущ ий  счет №  43-790-057-181) или его загр ан и ч н ы е  представительсва и уполном о
ченные.
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SOME OBSERVATIONS ON THE MECHANISM OF THE  
M IDD LEBRO O K -DUBOS HAEMAGGLUTINATION TEST

By

J .  F ö l d e s

In s titu te  o f  Microbiology, U niversity  M edical School, Szeged 

(R eceived A p ril 6, 1960)

Sum m ary . T h e  sero logical beh av io u r o f po lysaccharides a n d  p ro te in s iso lated  fro m  
tu b erc le  bacilli has  b een  s tu d ied  b y  th e  M iddlebrook — D ubos te s t.

P o ly sacch arid e  P  I  w as capable to  ad so rb  o n to  th e  su rface  o f sheep red  blood cells, 
while u n d e r th e  sam e ex p erim en ta l conditions po ly sacch arid e  P  I I  fa iled  to  do so. P rev io u s  
tre a tm e n t o f th e  re d  b lood  cells w ith  try p sin , pepsin , p a p a in  an d  ta n n in  d id  no t in fluence th e  
ad so rp tio n  of p o ly sacch arid es a t  37° C. W hen  using  ta n n in - tre a te d  re d  b lo o d  cells, no a d so rp tio n  
of e x tra c t P  I  could  be  o bserved  a t  room  tem p era tu re .

As to  ad so rp tio n , th e  e x tra c ts  of p ro te in  c h a ra c te r  ex h ib ited  a  fa ir ly  uniform  b eh av io u r. 
S en sitiza tion  w as th e  m o s t p ro n o u n ced  w ith  ta n n in - tre a te d  red  b lood cells; th e  degree of a d so rp 
tio n  on to  p a p a in - tre a te d  re d  b lood  cells was so m ew hat less, th o u g h  still rem arkab le .

In  ex p erim en ts  p e rfo rm ed  w ith  ta n n in - tre a te d  an d  p ro te in -sen sitiz ed  red  blood cells 
th e  grade of h a e m ag g lu tin a tio n  in h ib itio n  b y  e x tra c ts  o f p ro te in  c h a ra c te r  was p ro p o rtio n a l 
to  th e ir  p ro te in -b o u n d  po ly sacch arid e  con ten t.

T he S ch m id t— T h an n h a u se r  reac tio n  destro y ed  th e  sensitiz ing  c a p a c ity  of e x tra c t P  I .  
A q u a n tita tiv e  d eco m p o sitio n  of th e  ribonucleic  acid  c o n te n t o f m a te r ia l  P  I was o b served , 
while th e  b o u n d  lip id s cou ld  still be d em o n s tra ted  in  th e  e x tra c t.

On th e  basis o f  th e  re su lts  an  a tte m p t h as b een  m ade  to  ex p la in  th e  m echanism  o f th e  
M iddlebrook— D ubos te s t .

In  th e  course o f  s tu d ies  concerning th e  n a tu re  a n d  sp ec ific ity  of an tibod ies 
i t  was observed  t h a t  b ey o n d  ag g lu tin a tin g  th e  b a c te ria l cells, an tibodies w ere 
able to  p re c ip ita te  a n d  f ix  com plem ent w ith  e x tra c ts  o f  th e  sam e organism . 
A ccordingly , a g g lu tin a tio n  m ig h t be reg a rd ed  as a p re c ip ita tio n  th a t  occurs 
on th e  surface o f  p a r tic le s  [1]. This h y p o th es is  w as su p p o rte d  b y  th e  m odel 
ex perim en t of J o n e s  [2], who succeeded in  d e m o n s tra tin g  th e  agg lu tin a tio n  
o f b a c te r ia l-e x tra c t-c o a te d  collodion pa rtic le s  b y  a hom ologous an tib o d y . A  
p rac tica l a p p lica tio n  o f th is  observa tion  w as f ir s t  accom plished  b y  K e o g h  et al. 
[3, 4], w ho a g g lu tin a te d  b ac te ria l p o ly sacch arid e-co a ted  re d  blood cells b y  
hom ologous an tib o d ie s  in  th e  absence, an d  ly sed  in  th e  p resence , of com ple
m en t. T he above m e th o d  w as applied  b y  M i d d l e b r o o k  a n d  D u b o s  [5] for th e  
serodiagnosis a n d  im m unolog ica l in v es tig a tio n  o f tu b e rcu lo s is . Shortly  a f te r 
w ards th e  basic  p rin c ip le  of th is  ty p e  o f  h a e m a g g lu tin a tio n  w as adop ted  fo r 
th e  serodiagnosis o f  a w ide v a r ie ty  o f diseases caused  b y  d iffe ren t m icroorgan
ism s (bac te ria , R ic k e tts ia e , viruses, lep to sp irae , etc.)

A ccording to  th e  general view  [6], th e  specific ity  o f  b ac te ria l-ex trac t-  
coa ted  red  b lood  cell is d e te rm ined  b y  th e  po ly sacch arid e  or th e  p ro te in  
adsorbed . T here is no  ag reem en t, how ever, as to  th e  n a tu re  o f th e  m echanism s 
possib ly  invo lved  in  th e  adso rp tion . A g rea t n u m b er o f  experim en ta l d a ta

1 Acta Microbiologies VIIÍ/2.
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p o in t  to  the im p o rta n t ro le of lip ids in  th e  adso rp tion  [7, 8, 9 ]; th is  hy p o th esis , 
h ow ever, canno t be accep ted  as of a g en era l v a lid ity  even fo r th e  G ram -nega tive  
b a c te r ia  [10]. In  o u r ow n ex p erim en ts  perform ed w ith  cell com ponen ts of 
tu b e rc le  bacilli iso la ted  b y  f ra c tio n a tio n  [11, 12, 13], o n ly  one com ponen t 
(po lysaccharide  P  I) ad so rbed  read ily  o n to  th e  surface of w ash ed  n o rm al red  
b lo o d  cells. The resu lts  o b ta in ed  on ex am in in g  the  fac to rs  invo lved  in  th is  
p a r tic u la r  case of ad so rp tio n  suggested  th e  im portance  o f th e  ribonucleic  acid 
(R N A ) p resen t in  co m ponen t P  I . T h e  p resen t pap er sup p lies  som e fu r th e r  
d a ta  on beha lf of th is  hyp o th esis  an d  gives an  account o f o u r recen t s tud ies 
on  th e  adso rp tion  o f p ro te in  and  po ly sacch arid e  com ponen ts o f tu b e rc le  bacilli 
o n to  th e  surface o f red  b lood  cells p re tre a te d  in  d ifferent w ays.

M aterials a n d  m ethods

Isolation o f  polysaccharides and pro te ins  o f tuberc le  bacilli w as carried  o u t as described 
in  o u r earlier papers [11, 12].

T he hy d ro ly tic  enzym es used  were p a r t ly  com m ercial p ro d u c ts : c rysta llin e  desoxyribo- 
n u c lease  (Chinoin, B u d ap es t) , p an crea tic  lipase  (S ch u chard t), try p s in  (D ifco), pepsin  (G rüb ler), 
p a p a in  (M erck), and  p a r t  o f th em  were p re p a re d  in  our lab o ra to ry : rib o n u cléase  as described  
b y  K u n it z  [14] and  MacD onald  [15] an d  desoxyribonuclease  acco rd ing  to  K u n it z  [16]. O u t 
o f th ese  su b s tra tes  used  as s ta n d a rd s  in  c o n tro l experim ents d eso xyribonucle ic  acid  (D N A ) 
w as p rep ared  by  us as described  by  E m a n u e l  [17]; th e  R N A  used  w as a p ro d u c t o f M erck 
o r B .D .H .

Chemical analysis. T he q u a n tity  o f p o ly sacch arid es was d e te rm in e d  b y  th e  a n th ro n e  
re a g e n t  [18], and th e  p e n to se -c o n te n t b y  th e  o rc inol-m ethod of M e y b a u m  [19]. D N A  was 
d e te rm in e d  by th e  d ip h en y lam in e-te s t o f D is c h e  [20], th e  p h o sp h o ru s c o n te n t accord ing  to  
H a r w e y  [21] and  th e  n itro g e n  c o n ten t acco rd in g  to  Cleghobn  a n d  J e n d r a s s ik  [22]. L ip ids 
w ere  estim a ted  by  F e ig l ’s sp o t- te s t [23].

Serological exam inations. In  th e  M id d leb rook— D ubos te s t  [5] r a b b it  im m une serum  [12] 
a n d  sheep red blood cells p reserved  in  A lsev er-so lu tio n  were used. T h e  h aem ag g lu tin a tio n  and  
h aem ag g lu tin a tio n -in h ib itio n  te s ts  were p e rfo rm e d  b y  th e  m icro -m ethod  described earlie r [11, 
12]. F o r th e  sen sitiza tio n  of w ashed red  b lo o d  cells 10 mg per c en t so lu tions or still h igher 
d ilu tio n s  of our e x tra c ts  w ere used. S e n sitiz a tio n  of cells p re -tre a te d  in  d iffe ren t w ays w as 
also  a tte m p ted .

Tannin-treated red blood cells. A ccord ing  to  th e  m ethod of B o y d e n  [24], 1 m l o f a 20 pe r 
c e n t w ashed sheep red  b lood  cell suspension w as d ilu ted  to 10 m l b y  a  m ix tu re  of eq u al vo lum es 
o f M/15 pH  7.2 p h o sp h a te  buffer and  saline. T e n  ml-s of tan n in  d ilu te d  1 : 40.000 b y  saline 
w ere added  to  th e  suspension  and  in cu b a ted  fo r 10 m inutes a t  room  te m p e ra tu re . C entrifuged  
cells were w ashed in  sa line  an d  th e  sed im e n t w as m ade up to th e  o rig in a l vo lum e of 1 ml. F o r 
se n sitiz a tio n  0.5 m l o f ta n n in - tre a te d  red  b lo o d  cell suspension w as ad d ed  to  a m ix tu re  of 
sa lin e -d ilu ted  e x tra c ts  an d  1 ml of M/15 p H  6.5 p h ospha te  buffer a n d  in cu b a ted  a t  37° C for 
2 hours. A fter c en trifu g a tio n  th e  sensitized  cells w ere washed w ith  sa lin e  co n ta in ing  1 per cent 
n o rm a l ra b b it  serum , an d  a 0.5 per cen t f in a l suspension was p re p are d .

Form olized red  blood cells were p re p a re d  as described b y  M o sk o vitz  [25], a n d  Gold
[2 6 ] . F o rm alin  w as d ilu te d  to  1 : 30 in  sa line  a n d  m ixed to  an  eq u al vo lum e of w ashed  sheep 
re d  b lood cell suspension . T he m ix tu re  w as in c u b a te d  a t  37° C fo r 12 to  14 hours. T he cells 
w ere  th en  w ashed 3 tim es and  a fte r  re su sp en d in g  in  distilled w a te r  o r saline th ey  w ere s to red  
a t  4° C u n til used. T ry p sin , pepsin  or p a p a in  tre a tm e n t was carried  o u t  as described b y  Sc h iff
[2 7 ] . To 9 ml of a 4 p e r cen t red  blood cell suspension  1 ml of a 1 p e r cen t enzym e-so lu tion  
w as ad ded  and th e  m ix tu re  in cu b a ted  a t  37° C for 10 m inutes. A fte r in cu b a tio n  th e  cells w ere 
w ashed  in  saline and  su spended  in  saline co n ta in in g  1 per cen t n o rm al r a b b it  serum .

Desoxyribonuclease treatment o f the P  I  extract used for sen sitiz a tio n  was m ade according 
to  th e  m ethod  of Al l f r e y  an d  M ir sk y  [28]. Tw o ml of P  I e x tr a c t  (200 mg per 100 ml in  
0.05 pe r cen t M gS04 so lu tion ) was d ilu ted  b y  a n  equal volum e of 0.2 M  p H  7.0 v e ro n a l ace ta te  
b u ffe r  and  2 ml of th e  ap p ro p ria te  enzym e (0.1 m g/m l) was added . T h e  m ix tu re  w as in cu b a ted  
a t  37° C for 30 m inu tes. A fter in cu b a tio n  3 m l of th e  m ix tu re  w as tra n s fe rre d  in to  1 ml 3 M
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tr ich lo race tic  acid and  in cu b a te d  in  an  ic e -b a th  fo r  15 m inutes. A fter c en tr ifu g a tio n  th e  a m o u n t 
o f th e  acid-soluble deso x y p en to se  com pounds re leased  in to  th e  s u p e rn a ta n t  was d e te rm in ed  
co lo rim etrica lly  (D ische-test o r p h o sp h o ru s-d e te rm in a tio n ). The r e s t  o f  th e  en zy m e-tre a ted  
m ate ria l w as used  for sero logical ex am in atio n s .

R ib o n u c lé a s e  tr e a tm e n t was performed as described by K unitz [29]. Two ml of P  I  ex trac t 
(200 mg per 100 ml in distilled w ater) were d ilu ted  by  an equal volum e of 0.1 M  pH  7.0 veronal- 
acetate buffer and after adding 2 ml of ribonucléase solution (0.1 m g/m l) the m ixture was 
incubated  a t  35° C for 30 m inutes. After hydrolysis 3 ml of McF ad yen  reagent [30] was added 
to 3 ml of the reaction m ixture. A fter 30 m inu tes th e  m aterial was centrifuged and the q u a n ti ty  
of the uranylacetate-soluble phosphorus com pounds released on hydrolysis was determ ined 
by colorim etry (phosphorus determ ination). T he  residual 3 ml of the  enzym e-treated  m ateria l 
was used for serological exam inations.

L i p a s e  tre a tm e n t o f  th e  P  I  e x tra c t w as c a rr ied  ou t as d escribed  b y  Gom ori [31] an d  
A rc h ib a l d  [32]. A so lu tion  of 400 mg per 100 m l P  I  e x tra c t in  sa line  w as d ilu ted  b y  an  eq u a l 
vo lu m e of 0.2 M  pH  7.2 a c e ta te  buffer. T o e a c h  5 m l sam ple o f th is  so lu tio n  1 m l enzym e 
(1 m g/m l) so lu tion  was a d d ed . T he a c tiv ity  o f  th e  enzym e p re p a ra te  w as con tro lled  b y  m eans 
of a  s ta n d a rd  w a ter soluble su b s tra te ;  T w een  80 d ilu ted  in  0.2 M  p H  7.2 a c e ta te  buffer. A fte r  
in c u b a tio n  a t  20° C for 10 m in u te s  th e  q u a n t i ty  o f th e  released f a t t y  acids was d e te rm in ed  
b y  t i t r a t io n  against 0.2 N  a lk a li w ith  p h e n o l re d  as th e  in d ica to r. Serological a c tiv ity  w as 
con tro lled  b y  th e  M iddlebrook— D ubos te s t.

A lk a l i n e  h y d r o ly s is  o f  th e  R N A  co n ten t o f  th e  P  I ex tra c t was m ad e  as described b y  Ch a r - 
G A F F  [34]. T his was follow ed b y  the  S c h m id t— T h an n h au se r te s t  [33]. So lu tions co n ta in in g  
100 m g p e r 100 m l or less P  I  e x tra c t  were a lk a lin e d  to  0.1 N  by  th e  a d d itio n  of sodium  h y d ro x 
id e  an d  in cu b a ted  a t  37° C. T h e  sam ples t a k e n  a t  d ifferent in te rv a ls  w ere n eu tra lized  w ith  
h y d roch lo ric  acid and  th e  serological a c t iv ity  o f th e  solution was ex am in ed  b y  th e  M iddle
brook— D ubos te s t. Before chem ica l analysis t h e  neu tra lized  so lu tions w ere d ialyzed in  o rd er 
to  rem ove th e  b y -p roducts o f hydrolysis. D ia ly s is  w as perform ed a g a in s t cold d istilled  w a te r  
fo r 48 h o u rs  w ith  freq u en t w a te r  changes. T h e  d ia ly zed  m ateria l w as d ilu te d  to  th e  ca lcu la ted  
vo lum e (40 m g per 100 m l) a n d  th is  d ilu tion  w a s  used  for th e  chem ical analyses.

R esu lts

A n u m b er of ex p erim en ta l re su lts  su p p o rts  the  v iew  t h a t  th e  ad so rp tio n  
o f th e  d iffe ren t b ac te ria l e x tra c ts  o n to  th e  surface of th e  re d  b lood  cells follows 
d iffe ren t m echanism s. T h is m ay be a sc rib e d  p a rtly  to  th e  d iffe ren t chem ical 
s tru c tu re  of th e  e x tra c ts , p a r tly  to  th e  m osaic-like s tru c tu re  o f th e  red  b lood  
cell su rface  [35]. C hanges of th is su rfa c e  or th e  ap p e a ra n ce  of som e m ore 
deep ly  localised  groups b y  h y d ro ly tic  decom position  o f one or an o th e r surface 
co m p o n en t m ay re su lt in  increased o r  d im in ished  a d so rp tio n  o f  th e  b ac te ria l 
e x tra c ts . T his is the  rea so n  for th e  w id e  app lica tion  B o y d e n ’s  tech n iq u e  [ 2 4 ]  

fo r th e  adsorp tion  o f p ro te in s  on to  th e  surface of ta n n in - tre a te d  red  b lood  
cells a n d  th is  ju stifie s  th e  efforts to  u se  red  blood cells t r e a te d  w ith  d iffe ren t 
h y d ro ly tic  enzym es [36, 37, 38].

O u r p ro te in  an d  po ly sacch arid e  p rep ara tio n s  [13] ex h ib ited  d iffe ren t 
ad so rp tio n  onto  th e  su rface  of red  b lo o d  cells p re tre a te d  in  d ifferen t w ays. 
The p e rta in in g  ex p erim en ta l d a ta  a re  p re sen ted  in T able I .  In  th is  ex p erim en t 
tw o d iffe ren t co n cen tra tio n  of the  e x t r a c ts  were used fo r th e  sen sitiza tio n  of 
n o rm al an d  d iffe ren tly  p re tre a ted  ce lls. The grade o f  sen sitiza tio n  was 
expressed  in  th e  te rm s o f  th e  a g g lu tin a tio n  t itre  o b ta in e d  w ith  a p p ro p ria te  
r a b b it  im m une serum .

T he d a ta  of T able I  p e rm it th e  fo llow ing  conclusions.

1*
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Table I

S e n s i t iz a t io n  o f  d i f f e r e n t ly  p r e tr e a te d  red  b lood  cells w ith  e x tra c ts  o f  M .  tu b ercu lo sis  H 31 R v  
a s  m e a s u re d  b y  h a e m a g g lu tin a tio n  t i tr a t io n s

4  RBC Polisaccharides Proteins
sensitized

RBC \

P  I P  II I I I IV Y RBC
control

trea ted  N. mg per cent mg per cent mg per cent mg per cent mg per cent
w ith  'ч 10 1 10 1 10 1 10 1 10 1

U n tre a ted 512 512 4 0 4 0 8 0 0 0 0
T ry p sin 512 256 4 0 8 0 32 4 4 0 0
P ep sin 512 256 4 0 8 0 8 0 4 0 0
P a p a in 2158 2158 16 8 64 16 256 64 128 32 8
T an n in 512 128 16 0 64 16 256 64 256 64 0
F orm ol 64 32 4 0 4 0 8 0 4 0 0

RBC =  red  b lood  cells.

(1) In  th e  c o n tro l experim en ts on ly  p a p a in - tre a te d  re d  blood cells w ere 
ag g lu tin a ted  b y  n o rm a l r a b b it  serum  u p  to  a 1 : 8 d ilu tio n . R ed blood cells 
p re tre a te d  in  a n y  o th e r  w ay  did no t becom e ag g lu tin ab le  b y  norm al ra b b i t  
se ru m . Thus in  e v a lu a tin g  th e  exp erim en ta l d a ta , th e  deg ree  of non-specific  
ag g lu tin a tio n  (2 degrees o f d ilu tion) caused  b y  tre a tm e n t w ith  pap a in  was ta k e n  
in to  account.

(2) The sen sitiz in g  effect of P  I e x tra c ts  d ilu ted  to  10 resp . 1 mg per 1 00 m l 
w as n o t in fluenced  b y  th e  various k in d s o f p re tre a tm e n t. T he ag g lu tin a tio n  
t i t r e  was in  every  case th e  sam e as w ith  u n tre a te d  red  b lood  cells.

(3) R ed b lood  cells sensitized  w ith  a 10 m g p er 100 m l d ilu tion  of P  I I  
e x tra c t  exh ib ited  a d iffe ren t behav iou r. T he h igh t i t re  (1 : 512) rab b it se ru m  
ag g lu tin a ted  red  b lo o d  cells p re tre a ted  w ith  ta n n in , re sp . p ap a in  a t a 1 : 16 
d ilu tio n ; o ther k in d s  o f  p re tre a tm e n t re su lted  in  a v e ry  low  ( 1 : 4 )  ag g lu tin a tio n  
t i t r e ,  sim ilarly  to  th e  t i t r e  o f norm al red  b lood cells.

(4) The 10 m g p e r 100 ml so lu tio n  o f m a te ria ls  o f  p ro te in  c h a ra c te r  
ex h ib ited  un ifo rm  b e h a v io u r  as to  th e ir  sensitiz ing  c a p a c ity . S ensitization  w as 
th e  m ost in tensive  a f te r  p re tre a tm e n t w ith  ta n n in , a so m ew h at lower th o u g h  
s till  h igh degree o f  sen s itiza tio n  was observed  a fte r p a p a in  tre a tm e n t. R ed  
b lo o d  cells p re tre a te d  w ith  o th e r enzym es ex h ib ited  m o d e ra te  adsorp tion .

(5) F o rm o l-tre a te d  red  blood cells could  n o t be used  in  th e  M iddlebrook— 
D ubos tes t.

In  our ea rlie r ex p erim en ts  [39, 40] th e  h a e m ag g lu tin a tio n -in h ib itin g  
e ffec t of th e  e x tra c ts  w as e s tim a ted  b y  th e  use o f red  b lood  cells sensitized w ith  
P  I  ex tra c t. T he re su lts  o f these  ex perim en ts suggested  t h a t  th e  haem agglu ti- 
n a tio n -in h ib itin g  e ffec t is p rop o rtio n a l to  th e  p o ly sacch arid e  con ten t. T h e
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ap p lica tio n  of th e  B o y d en  techn ique , how ever, enab led  us to  perfo rm  th e  sam e 
ex p erim en t w ith  red  b lood  cells sensitized  b y  our com plex  e x tra c ts  o f p ro te in  
c h a ra c te r . The resu lts  o f  these  ex p erim en ts  are p resen ted  in  T ab le  I I .

Table II

T h e  in h ib i to r y  e ffec t o f  th e  d i f fe r e n t  fr a c t io n s  o f  M .  tu b ercu lo sis  H37 R v  o n  th e  h a e m a g g lu l in a t io n  
o f  ta n n in - tr e a te d  R B C  s e n s i t iz e d  b y  P r o te in  I V

Dilutions X 103

4 8 16 32 64 128 256 512 1024

+ + I__ 1__ 1 J __ !__ 1__ 1П 1 Г I l i i I l i i I l i i п  г 1  T I l i i

P  I H u m an — — — + + + + + + + + 4 — 1— 1— г + + + + + + + +

P  I I  H u m an — — — + + + + H— 1— 1— h + + + + + + + + + + + +

P ro te in  II I — — — + + H— 1— h + + + + + + + + + + + + + + + +

P ro te in  IV — — — — + + + + + + + +  +  +  + + + + +

P ro te in  V — — — — — — — H— h + + + +

When making use of sera containing 16 haem agglutinating units.

T he ag g lu tin a tio n  o f red blood cells sensitized  w ith  p ro te in  IV  could  be  
in h ib ite d  also b y  th e  po lysaccharides . T he h aem ag g lu tin a tio n -in h ib itin g  cap ac 
i ty  o f o u r p ro te in  m a te ria ls  was p ro p o rtio n a l to  th e ir  p o lysaccharide  an d  n o t 
to  th e ir  p ro te in  co n te n t [40]. A d e ta iled  in v estig a tio n  o f th is  phenom enon  b y  
cross reac tions will be discussed la te r.

T he phenom enon  o f ad so rp tio n  has been in v e s tig a te d  b y  num ero u s 
a u th o rs . The resu lts  ach ieved  u p  to  now  suggest th a t  i t  m ay  ta k e  p lace by  
v a rio u s m echanism s. B ac te ria l e x tra c ts  e. g. tho se  p rep a red  from  ce rta in  G ram 
n eg a tiv e  m icroorganism s will be capab le  of ad so rp tio n  on ly  w hen  p a r tia lly  
h y d ro ly zed  b y  a lkali, w hile lipo-po lysaccharides o rig in a tin g  from  ce rta in  o th e r 
G ram -nega tive  m icroorgan ism s are re a d y  for ad so rp tio n  w ith o u t such  a t r e a t 
m en t [41] or m ay  ev en  lose th e ir  sensitiz ing  effect a f te r  hy d ro ly sis  [4, 12]. 
S u b stan ces active in  th e  M idd lebrook—D ubos te s t  m ay  d isp lay  d ifferences in  
th e  in d iv id u a l ex p erim en ts . F o r th e  ad so rp tio n  So r k in  [9] m akes th e  lip id  
co m p o n en t of th e  e x tra c ts  responsible, w hile T a k a h a s h i  supposes th e  pho sp h a- 
tid e s  o f th e  tuberc le  b acillu s to  be th e  ac tiv e  princip les [42]. U p to  now  our 
re su lts  h av e  suggested  th a t  th e  po lysaccharide  was b o u n d  to  th e  surface b y  
th e  R N A  com ponen t o f th e  P  I  e x tra c t. T he sensitiz ing  p rin c ip le  ap p ea red  to  
be b o u n d  to  th e  la n th a n u m  ace ta te  or u ra n y l ace ta te  p réc ip itab le  nucleic acid- 
po lysaccharide  co m p o n en t o f th e  e x tra c t [12]. T he su p p o sitio n  w as su p p o rted  
b y  th e  o bserva tion  th a t  th e  sensitiz ing  effect was v e ry  sensitive  to  a lkali, 
w hile th e  a g g lu tin a tio n -in h ib itin g  effect decreased  only  slig h tly  a f te r  a lka li
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t r e a tm e n t .  On th e  o th e r  h a n d  p a r tia l  acid  hy d ro ly sis  su sp en d ed  th e  haem - 
a g g lu tin a tio n  in h ib itin g  effect f ir s t ;  th e  sensitiz ing  effect d isap p eared  only  
la te r  [40].

Table III

C h e m ic a l a n a ly s is  o f  e x tr a c t P  I  (b o v in e )  be fo re  a n d  a fte r  th e  S c h m id t— T h a n n h a u s e r  test

Per cent of

P  I Nucleic acid
Pentose Nitrogen Phosphorus

Anthrone

260 т /г DNA
(reducing
materials)

B efore  hydrolysis 45.00 35.00 15.0 7.4 4.0 35.0

A fte r  hydrolysis 32.5 35.00 10.5 4.5 2.65 33.25

The possible ro le o f th e  R N A  co m p o n en t o f th e  e x tra c t  in  th e  m echan ism  
o f  ad so rp tio n  was ex am in ed  b y  m eans o f a lkaline  h y d ro lysis  (S ch m id t—T h a n n 
h a u se r  test) and  enzym e tre a tm e n t. In  th e  S ch m id t T h an n h au se r te s t a selec
tiv e  hydro lysis o f th e  R N A  com ponen t of th e  e x tra c ts  w as ach ieved  w ith  d ilu te  
a lk a li a t  37° C. T here  is, how ever, a p o ssib ility  th a t ,  on a lka line  hydro lysis a 
decom position  of th e  ace ty l g roups possib ly  p re se n t or sapon ifica tion  of lip ids 
m ig h t tak e  place. T he re su lts  o f th e  S ch m id t—T h a n n h a u se r reac tio n  are dem on
s t r a te d  in  Figs. 1 an d  2.

Fig. 1 d e m o n s tra te s  th a t  in  th e  course o f th e  ex p erim en t a stepw ise 
decrease ensued in  th e  sensitiz ing  effect o f a 50 m g p e r 100 ml so lu tion  o f P  I  
e x t r a c t .  The effect cam e to  an  end  in  th e  6 th  h o u r. I f  d ilu tio n s o f 25 or 1 m g p er 
100 m l of the  e x tra c t  w ere used, th e  effect ceased in  th e  5 th  an d  4 th  h o u r o f 
th e  experim en t, re sp ec tiv e ly . U nder th e  sam e ex p e rim en ta l conditions th e  
a g g lu tin a tio n -in h ib itin g  c a p ac ity  ex h ib ited  a m o d era te  decrease in  th e  early  
p h ase  of the  e x p e rim en t, to  rem ain  essen tia lly  u n ch an g ed  su b seq u en tly  (F ig. 2). 
T h e  changes w hich  to o k  place in  th e  course o f th e  S ch m id t—T h an n h au se r te s t  
w ere  contro lled  b y  chem ical analysis. T he re su lts  are p re sen ted  in  T able I I I .

The d a ta  p re se n te d  in  T ab le  I I I  show  th a t  a lka line  hydro lysis  re su lted  
in  a rem arkab le  decrease  in  th e  q u a n ti ty  o f m a te ria ls  h av in g  an  ad so rp tio n  
m ax im u m  a t 260 m fi. T he D N A  co n ten t was u n ch an g ed  a f te r  hydro lysis. T hus 
th e  difference o f th e  tw o  values m easu red  before an d  a fte r  hydro lysis gave 
d ire c tly  th e  R N A  c o n te n t, w hich w as found  to  be 10 p e r cen t b y  chem ical 
m e th o d s  and  12.5 p e r  cen t b y  UV a d so rp tio n . These d a ta  w ere co rro b o ra ted  
b y  fu r th e r  chem ical analyses. The decrease in  th e  p h o sphorus and  n itrogen  
c o n te n t was p ro p o rtio n a l to  th e  decrease in th e  to ta l  nucleic  acid  co n ten t; th e  
q u a n t i ty  of p en tose  decreased  from  15 p er cen t to  10.5 p e r cen t. In  th e  con tro l 
ex p erim en ts  th y m u s  D N A  an d  y e a s t R N A  w ere h y d ro ly zed  u n d er id en tica l 
ex p e rim en ta l co n d itions. To check th e  p ro ced u re  o f hy d ro lysis  th e  h y d ro ly sa tes
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w ere fra c tio n a ted  b y  la n th a n u m  a c e ta te  a n d  u ra n y l a c e ta te , respective ly , as 
described  in  an  ea rlie r p ap e r [12]. T h e  p h o sphorus an d  n itro g en  d e te rm in a tio n s 
in  th e  frac tions show ed the  D N A  w as to  be u n d am ag ed  b y  hydrolysis w ith
0.1 N  a lkali: th e  to ta l  q u a n tity  o f  a lk a li- tre a ted  D N A  could be p re c ip ita te d  
from  th e  h y d ro ly za te s  b y  u ran y l o r la n th a n u m  a c e ta te , com pounds know n to  
p re c ip ita te  poly- a n d  oligonucleotides, or th ese  a n d  also m ononucleo tides, 
respective ly . O n th e  co n tra ry , n e ith e r  u ra n y l a c e ta te  n o r la n th a n u m  a c e ta te

Fig. 1. D ecrease o f th e  sensitizing c a p a 
c ity  of e x tra c t P  I in  th e  S chm idt—  

T h an n h a u se r reac tio n
1 : 50 m g p e r c e n t solution
2 : 25 m g p e r c en t solution
3 : 1 m g p e r c e n t solution

Fig. 2. T he h aem ag g lu tin a tio n -in h ib itin g  
c ap a c ity  o f e x tra c t  P  I as re la ted  to  th e  

S ch m id t— T h an n h au se r reac tio n
1 : w ith  a serum  contain ing  16 haem -

ag g lu tin a tio n -in h ib itin g  u n its
2 : w ith  a  serum  contain ing  32 h aem 

ag g lu tin a tio n -in h ib itin g  u n its

p re c ip ita te d  a lk a li- tre a te d  R N A , th u s  its  to ta l  phosphorus and n itro g en  
co n ten t was p re se n t in  th e  su p e rn a ta n t. T h a t m eans th a t  th e  to ta l  a m o u n t 
o f R N A  was q u a n tita tiv e ly  depolym erized .

N u c lea se -trea tm en t of th e  sensitiz ing  P  I  e x tra c t  m ay  p rincipally  be 
regarded  as a m e th o d  m ore specific  th a n  a lkaline hyd ro ly sis . N evertheless, as 
to  th e  en zy m atic  decom position  o f  nucleic acids one has to  rem em ber t h a t  
even  u n d er o p tim a l c ircum stances no  com plete  h y d ro lysis  can  be ach ieved  a n d  
th e re  will alw ays be a rem n an t core [43, 44]. In  sp ite  o f th is  we m ade a t te m p ts  
a t  enzym atic  decom position  by  h y d ro ly z in g  y east R N A  firs t. A fter t r e a tm e n t 
w ith  enzym e p re p a ra tio n s  of d iffe ren t o rig in  46.7 to  51.4 p er cen t of th e  R N A  
w as still in so lub le  in  acid, and  p ra c tic a lly  no decrease was observed in  th e  
serological a c tiv ity  o f  th e  rib o n u c lea se -trea ted  P  I  e x tra c t.
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I t  was also a tte m p te d  to  hy d ro lise  th e  P  I e x tra c t w ith  desoxyribonucle- 
ase . In  th is  e x p e rim en t th e  effect o f  th e  enzym e was co n tro lled  on th y m u s  
D N A . O ur enzym e p re p a ra tio n  sp lit 76.5 p e r cen t of th e  th y m u s  D N A  to  
ac id-so luble  nu c leo tid es  in  30 m in u te s . U n d e r th e  sam e ex p e rim en ta l cond i
tio n s  38 p er c en t o f th e  D N A  c o n te n t o f e x tra c t P  I  becam e d ia lyzab le  
w ith o u t any  m easu rab le  decrease in  th e  sensitiz ing  effect o f th e  p re p a ra tio n .

As a lread y  m en tio n ed , S o r k in  a n d  o th e rs  regard  th e  lip id s as th e  fa c to r  
responsib le  for th e  a d so rp tio n  o f po ly sacch arid es  onto  th e  red  b lood  cells. W e 
h a v e  po in ted  to  th e  p o ssib ility  o f a h y d ro ly sis  of lipids on th e  tr e a tin g  w ith
0.1 N  a lkali th e  R N A  com ponen t o f  o u r e x tra c ts . To o b ta in  e x a c t d a ta , th e  
fo llow ing ex p erim en ts  w ere perfo rm ed .

The P  I  e x tra c t  w as tre a te d  w ith  lip ase . E n zy m atic  a c t iv i ty  w as con
tro lle d  b y  th e  decom position  o f T w een 80, a w ater-so luble  su b s tra te . F ro m  
e x tr a c t  P  I  th e  ac tiv e  lipase p re p a ra tio n  d id  n o t release an y  t i t ra b le  m a te ria l 
a n d  th e  a d so rp tio n  c a p ac ity  o f th e  e x tra c t  rem ained  unchanged .

The effect o f p a r tia l  a lkaline h y d ro ly s is  on the  lip id  com p o n en ts  o f th e  
P  I  e x tra c t w as also exam ined . The p re p a ra tio n  was hydro lyzed  in  0.1 N  a lka li 
fo r  6 hours a t  37° C, th e n  n eu tra lized  a n d  dialyzed. A fter d ialysis, re p e a te d  
h y d ro ly sis  w as p e rfo rm ed  w ith  m ore c o n c e n tra ted  a lkali [13]. L ip ids in  th e  
h y d ro ly sa te  w ere d e m o n s tra te d  by  th e  s p o t- te s t  of FEiGL.The re su lts  suggested  
t h a t  alkaline hy d ro ly sis  (S chm id t—T h a n n h a u se r  test) of th e  e x tra c t  P  I  d id  
n o t  sp lit th e  lip id s  from  the p o ly sacch arid e  and  co n sequen tly  th e  sp o t- te s t 
re m a in e d  p o sitive . W e m ay  acco rd ing ly  conclude th a t  as to  th e  ad so rp tio n  o f 
o u r  P  I  m ateria l th e  p o ly sacch arid e-b o u n d  lip id s  seem to  have  no role.

D iscussion

M any d e ta ils  o f th e  h aem o sen sitiza tio n  m echanism  are  s till u nclear. I t  
is neverthe less k n o w n  th a t  i t  is b y  d iffe ren t m echanism s th a t  th e  d iffe ren t 
b a c te r ia l  e x tra c ts  are  adso rbed  on to  th e  su rface of red  b lood  cells or o th e r  
p a rtic le s . The d ifference is obvious am o n g  o th e rs  from  th e  d iffe ren t se n s itiv ity  
to  h e a t and  a lk a li t re a tm e n t o f th e  sen sitiz in g  substances o f d iffe ren t o rig in . 
B a c te r ia l e x tra c ts  m ay  be d iv ided  in to  2 g roups according to  th e  above ch a ra c 
te r is tic s , viz. (1) th o se  in fluenced  fa v o u ra b ly  by  h ea t or a lka li t r e a tm e n t an d
(2) th o se  th a t  a re  d e s tro y ed  b y  these  fa c to rs . I n  som e of th e  lipo p o ly sacch arid es  
f ro m  en te ro b a c te ria  th e  ad so rp tio n  c a p a c ity  o f  th e  e x tra c t is g re a tly  en h an ced  
b y  h e a t  tre a tm e n t or p a r tia l  a lka line  h y d ro ly s is  [6, 8]. In  th e  ex p e rim en ts  o f 
D a v i e s  [10] th e  sensitiz ing  cap ac ity  o f  A . aerogenes po lysaccharides w as also 
re m a rk a b ly  en h an ced  b y  alkaline tr e a tm e n t .  T he sensitizing  c a p a c ity  o f th e  
lip o p o ly sacch arid e  o f  P . pseudotuberculosis, how ever, could on ly  be increased  
b y  a lkaline  t r e a tm e n t, w hile no change w h a tev e r could be effec ted  b y  h e a t



ON T H E  MECHANISM  OF T H E  M IDD LEBROO K —DUBOS HAEMAGGLUTINATION TEST 123-

t re a tm e n t. A lpha haem osensitine  [46], iso la ted  from  th e  b ro th  cu ltu re  o f  
M . tuberculosis an d  po lysaccharide P  I  iso la ted  from  th e  b ac te ria l cell [12] 
eq u a lly  lose th e ir  sensitiz ing  capac ity  on  p a r t ia l  h y d ro lysis  w ith  alkali. T he 
m echan ism  a c tiv a tin g  th e  sensitizing  c a p a c ity  o f b a c te ria l e x tra c ts  b y  h e a t 
t re a tm e n t an d /o r p a r t ia l  alkaline hyd ro lysis  is s till u n c lea r. T he ex p erim en ts  
o f L ü d e r it z  et al. suggested  th a t  on t r e a tm e n t  w ith  h e a t an d  a lkali th e  lip o 
po lysaccharide  a g g reg a te s  o f 10 to  20 m illion  m olecular w eigh t (E . coli, Sa lm o
nella) decom pose to  sm aller partic les o f 200 000 m olecular w eigh t w hich are 
a lread y  capab le  o f sensitiz ing  [8], b u t th e ir  an tib o d y -b in d in g  cap ac ity  rem ains 
u n ch an g ed  [50]. I t  w as supposed  th a t  th e  com ponen ts lib e ra te d  on depo lym e
r iz a tio n  o f th e  lipopo lysaccharides were responsib le  for th e  a d so rp tio n  to  th e  lip id  
o r p ro te in  surface g roups o f th e  red  b lood  cells. This has been  su p p o rted  b y  
a n u m b er o f e x p e rim e n ta l d a ta . A lk a li-trea ted  b a c te ria l e x tra c ts  are re a d ily  
fo rm ing  com plexes w ith  p ro te in s  or lip ids (100 volum es o f  cho lestero l are b o u n d  
b y  1 vo lum e o f lipopo lysaccharide  [8]). T h e  ad so rp tio n  o f lipopo lysaccharides 
o n to  th e  red  b lood  cells is inh ib ited  b y  d iffe ren t lip ids [8, 1 5]. L ipids iso la ted  
from  th e  red  b lood  cell m em brane in h ib it b o th  th e  fo rm atio n  o f lipopo lysaccha
rid e  com plexes an d  th e ir  adso rp tio n  onto  th e  re d  b lood  cell su rface . On th e  basis  
o f th e se  ex p erim en ts  i t  w as s ta te d  th a t  th e  recep to r su b stan ces  on th e  cell 
su rface  w ere e ith e r  lip id s  or p ro teins an d  th e  com ponen t responsib le  fo r th e  
a d so rp tio n  of lipopo lysaccharides was th e  lip id  p a r t  of th e  p a rtic le .

H ow ever, th e  above d a ta  do no t y e t p e rm it to  m ake an y  defin ite  conclu
sions. T he ex am in a tio n s o f D a v ie s  [10] m en tio n ed  above su p p o rt th e  view  th a t  
th e  lip ids p lay  no role in  th e  adso rp tion  o f b a c te r ia l e x tra c ts , as th e  p o lysaccha
rid e  com ponen t o f  A . aerogenes does n o t c o n ta in  an y  lip ids th o u g h  its  sen sitiz 
in g  effect can  be a c tiv a te d  b y  alkali t re a tm e n t .  C hem ical analysis rev ea led  
th a t  a c tiv a tio n  req u ires  th e  destroy ing  of th e  O -acety l g roups of th e  m olecule.

As to  th e  m echan ism s o f adso rp tion , th e  b ac te ria l e x tra c ts  o f K eogh [4]„ 
th e  a lp h a  haem osen sitiz in  of S orkin  [46], o u r e x tra c t P  I  [12], iso la ted  b y  
fra c tio n a tin g  th e  b a c te r ia l cell and  some o th e r  b ac te ria l e x tra c ts  seem  to  fo rm  
a special group o f  su b stan ces [45]. All th e se  e x tra c ts  lose th e ir  sensitiz ing  
c a p a c ity  on m ild  a lka line  hydro lysis. S o r k in  succeeded in  iso la ting  ab o u t 
1 p e r cen t o f e ther-so lu b le  lip ids from  th e  h y d ro ly sa te  o f th e  alpha-haem o- 
sensitiz in . In  his su p p o sitio n  th is  lipid co m p o n en t is responsib le  for th e  a d so rp 
tio n  [9]. W hen exposed  to  alkaline or acid hyd ro ly sis , ou r po lysaccharide  P  I  
ex h ib ited  a sim ilar b eh av io u r as S o r k in ’s haem osensitiz in  [12, 39]. C hem 
ical analysis, how ever, suggested  th a t  th e  p a r t ia l  a lkaline hyd ro lysis  decom 
posed  th e  R N A  c o n te n t o f th e  P  I  m a te ria l, w hile th e  lip id s  could s till be 
d e m o n s tra te d  in  th e  d ia ly sed  h y d ro ly sa te . T h e  ac tive  ro le o f  R N A  is also 
su p p o rte d  b y  th e  re su lts  o b ta in ed  b y  f ra c tio n a tin g  th e  nucleic  acid  [12].

S ensitiza tion , how ever, does n o t on ly  d ep en d  on th e  ch a rac teris tic s  o f  
th e  in d iv id u a l b ac te ria l e x tra c t b u t is also in fluenced  b y  th e  surface cond itions
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o f th e  red  b lood cell. T h e  w ide v a r ie ty  o f possible ad so rp tio n  m echanism s is 
su g g ested  fu r th e r  b y  th e  o b se rv a tio n  th a t  a single b a c te r ia l e x tra c t does n o t 
s a tu r a te  all th e  red  b lood  cell recep to rs , as e ith e r  sim u ltan eo u sly  or in  succession 
sev era l b ac te ria l e x tra c ts  o f d iffe ren t o rig in  can be ad so rb ed  on to  th e  sam e 
re d  b lood  cell [47, 48]. T he d iffe ren t in d iv id u a l recep to rs  c o n tr ib u tin g  to  
th e  m osaic-like s tru c tu re  of th e  su rface  m ake th e  ad so rp tio n  of d iffe ren t 
su b stan ces  possible.

As revealed  b y  th e  ex p e rim en ta l re su lts , ad so rp tio n  o f th e  specific  
su b s ta n c e s  o f th e  M idd leb rook—D ubos te s t  (a lpha haem osensitiz in  an d  p o ly 
sacch arid e  P  I) is a p p a re n tly  co nnec ted  w ith  th e  presence o f lip ids or o f R N A . 
I n  sp ite  o f th e ir  d isc rep an cy , th ese  tw o  h y po theses do n o t  exclude each  o th e r. 
O n th e  basis of ou r re c e n t know ledge i t  m ig h t he supposed  th a t  b o th  h y p o th e t
ica l m echanism s m ay  ta k e  p lace an d  th e  m osaic-like s tru c tu re  of th e  red  
b lood  cell surface m ig h t su p p ly  spo ts o f  d ifferen t specific ity  for th e  a d so rp tio n  
o f one or th e  o th e r su b stan ce .

T he above ex p la n a tio n  o f th e  sen s itiza tio n  m echanism s is also su p p o rte d  
b y  m odel experim en ts. T he ro le o f lip id s as supposed  b y  L ü d e r i t z  et al. [8] 
h a s  a lre a d y  been d iscussed. T he ex p erim en ts  of E l e y  a n d  H e d g e  [52, 53] 
su p p ly  a physico-chem ical p ro o f an d  h y p o th e tic a l basis fo r th is  suppositio n .

A n u m b er of d a ta  are  availab le  concerning th e  in  vitro reac tio n s an d  
com plex  fo rm atio n  b e tw een  nucleic acids an d  p ro te in s. S uch  m odel ex p erim en ts  
p erfo rm ed  w ith  iso la ted  p ro te in s  an d  nucleic  acids [54, 55], cytologic in v e s ti
g a tio n s  an d  la s t b u t  n o t le a s t in v es tig a tio n s  on th e  p ro te in  syn thesis  y ie lded  
re su lts  suggesting  th e  possib le role o f R N A  in  th e  ad so rp tio n  of e x tra c t P  I  to  
th e  p ro te in  recep to rs o f th e  red  b lood  cell surface and  also su p p ly  an  accep tab le  
e x p la n a tio n  of ad so rp tio n .

T he resu lts  o b ta in e d  b y  sensitiz ing  red  blood cells su b jec ted  to  v a rio u s 
p re tre a tm e n t have re m a rk a b ly  c o n tr ib u te d  to  our recen t know ledge. I t  m u st 
be m en tio n ed  th a t  th e  d a ta  inc luded  in  th is  p ap er are th e  re su lts  o f ex p erim en ts  
p e rfo rm ed  a t  37° C, w hile accord ing  to  th e  techn ique  o f R o y d e n , sen sitiza tio n  
o u g h t to  have been  m ade a t  room  te m p e ra tu re  for 10 m in u te s . D ifferences in  
te m p e ra tu re  u sua lly  b rin g  a b o u t essen tia l q u a lita tiv e  d ifferences in  sensitive  
m e th o d s  e. g. o f th e  com ponen ts o f tu b e rc le  bacilli iso la ted  b y  fra c tio n a tin g  in  
10 m in u tes  a t  room  te m p e ra tu re , e x tra c t  P  I  is n o t ad so rb ed  on to  th e  surface 
o f ta n n in - tre a te d  red  b lood  cells. T h is observa tion  is in  ag reem en t w ith  th e  
d a ta  o f M i d d l e b r o o k  [58]. A t 37° C, how ever, b o th  th e  vario u sly  p re tre a te d  
and  th e  norm al red  b lood  cells m ay  eq u a lly  be sensitized  b y  P  I.

W hen  sensitiz ing  w as p erfo rm ed  w ith  e x tra c ts  o f  p ro te in  c h a ra c te r , 
s ig n ifican t differences w ere observed  accord ing  to  th e  m eth o d s of p r e t r e a t 
m e n t. P ro te in s  I I I ,  IV , an d  У  w ere m o st effective in  sensitiz ing  ta n n in - tre a te d  
re d  b lood  cells. I t  w as su rp ris in g  th a t  th e  degree of h aem ag g lu tin a tio n  in h ib i
t io n  w as p ro p o rtio n a l to  th e  q u a n ti ty  o f th e  p ro te in -b o u n d  po lysaccharide  and



ON TH E MECHANISM  OF TH E M ID D LEBRO O K -D U BO S HAEMAGGLDTINATION TEST 125

n o t to  t h a t  of Lhe p ro te in  itself. T h u s  i t  m ig h t be supposed  th a t  th e  coupling  
to  th e  red  blood cell surface is effec ted  b y  th e  p ro te in , while th e  serological 
sp ec ific ity  is d e te rm in ed  b y  the free p o ly sa c c h a rid e  com ponen t of th e  m olecule. 
N everth e less , for th e  exp lan a tio n  o f th e  p h en o m en a  observed  fu r th e r  in v e s ti
g a tions are  needed. Som e in terestin g  re su lts  m ig h t he expec ted  especially  from  
cross reac tio n s an d  a d so rp tio n  reac tio n s .
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Summary, (i) In routine examinations 311 members of the family Micrococcaceae were 
isolated. Of the strains 233 were Staphylococcus, 75 Micrococcus. The systematic position of 
3 strains could not be determined.

(ii) Because of the resemblance of the relatively frequently-occurring M icrococcus 
ureae, M . luteus and M .f la v u s  to Staphylococcus aureus, these organisms cannot be distinguished 
by simple morphological examination.

(iii) Hyaluronidase has been shown in various species of Micrococcus.
(iv) Micrococcus and Staphylococcus epiderm idis  failed to exhibit coagulase activity. 

Therefore coagulase production is regarded as an exclusive property of pathogenic strains.
(v) All of the 13 coagulase-negative Staph , aureus strains isolated from cases of 

septicaemia. The explanation of this finding is discussed.
(vi) Whenever coagulase-negative strains are isolated from blood (septicaemia), other 

pathogenicity tests, as hyaluronidase and phosphatase production, should also be carried out.

T he p ro b lem  o f  staphy lococcal in fec tions is o f an  increasing  clin ical an d  
h y g ien ic  in te re s t. A s to  th e  occurrence an d  p ro p ertie s  o f m icrococci, a g roup  
o f  b a c te r ia  re la te d  to  staphylococci, we h av e  on ly  a lim ited  n u m b er o f d a ta  
[1, 2 ]. Since b o th  m icrococci an d  s tap h y lo co cc i are  u b iq u ito u s  o rgan ism s, i t  
m a y  be d o u b tfu l w h e th e r or no t an  a c tu a l s tra in  is p a th o g en ic . T he v a rio u s  
p a th o g en ic ity  te s ts  described are n o t un ifo rm  in va lu e . A lthough  a n u m b e r o f 
a u th o rs  tr ie d  to  e v a lu a te  the  reac tio n s , generally  on ly  staphy lococci w ere 
ex am in ed  b y  a sm all num ber o f te s ts  [3 — 5] and o n ly  th e  coagulase an d  
p h o sp h a ta se  re a c tio n s  were ex ten d ed  to  m icrococci [1].

T he pu rp o ses  o f  th e  p resen t w ork  w ere as follow s. (1) D e te rm in a tio n  o f 
th e  occurrence o f  v a rio u s M icrococcus species in  un se lec ted  m ate ria l. (2) T he 
re su lt  o f p a th o g e n ic ity  te s ts  w ith  m icrococci. (3) C om parison  o f S taphy lococcus 
an d  M icrococcus b y  m eans of th e  p a th o g e n ic ity  te s ts .

T hese q u es tio n s  have been re g a rd e d  im p o r ta n t, as th e  sim ilar m o rp h o 
log ical an d  c u ltu ra l p roperties of m icrococci an d  staph y lo co cc i are o ften  re sp o n 
sible fo r d iag n o stic  erro rs. On th e  o th e r  h a n d , as th e  v a lu e  o f various m eth o d s 
in  d e te rm in in g  th e  p a th ogen ic ity  o f  staphy lococci v a rie s  w ith  th e  te s t  em 
p lo y ed , i t  m ay  b e  assum ed  th a t  th e  reac tio n s  of choice w ill be tho se  th a t  are 
c o n s ta n tly  n e g a tiv e  w ith  sap ro p h y tic  m icrococci.

In  th e  d iffe re n tia tio n  of ou r s tra in s  B e r g e y ’s classifica tion  has been  
follow ed, d is tin g u ish in g  w ith in  th e  fam ily  M icrococcaceae six genera (P ep to - 
coccus, Sarcina, G affk y a , M ethanococcus, M icrococcus an d  S taphy lococcus).
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T h ese  genera are ea sy  to  d iffe re n tia te  on  th e  basis o f p ig m en t p ro d u c tio n  
a n d  biochem ical te s ts .

O rganism s b e long ing  to  P ep to co ccu s , S arc ina  an d  T e trag en u s  (G affkya) 
o ccu r in  th e  g a s tro in te s tin a l t r a c t ,  a p p e n d ix  an d  th ro a t . T hese  b ac te ria  are  
k n o w n  as sap ro p h y te s . M ethanococcus w as found  on ly  in  soil or in  th e  
faeces o f herb iv o ra  [6.] M icrococci are  m o stly  iso la ted  from  h u m a n  d ischarges, 
sk in , m ilk  and d a iry  p ro d u c ts  [1, 6 ]. T h e  p a th o g en ic ity  o f staphy lococc i fo r 
h tim a n  beings is w ell know n. A ccord ing  to  B e r g e y ’s m an u a l w ith in  th e  genus 
S taphy lococcus tw o  species, S taph , aureus  an d  Staph, ep iderm id is  are d is tin 
g u ish ed . I t  should  be n o ted  th a t  S ta p h , aureus is o ften  d es ig n a ted  b y  o th e r 
n a m e s . In  th e  ea rlie r c lassifica tion  o f  B e r g e y  [7], S taphy lococcus h ad  been  
re g a rd e d  as a species o f M icrococcus. B ecen tly , how ever, B e r g e y  has a b a n 
d o n e d  th is  con cep tio n  an d  e s tab lish ed  a new  genus, S taphy lococcus [6]. T hus 
th e  te rm  1Micrococcus pyogenes v a r . aureus’ shou ld  n o t be u sed  a n y  m ore. T he 
E igh th  In ternational Congress o f  M icrobiologists in  S tockho lm  also accep ted  
th e  te rm  Staphylococcus aureus.

The genus M icrococcus can be d iv id ed  in to  tw o large  g roups; m em bers 
o f  g ro u p  I p roduce  yellow  or w h ite  p ig m e n t, those  of g roup  I I  p roduce  red  
p ig m e n t. W ith in  th e  tw o groups th e  v a rio u s  species can  be id en tified  by  
b iochem ical te s ts  (n i tra te  red u c tio n , u tiliz a tio n  o f am m onia , decom position  
o f  u re a , liquefac tio n  o f  ge la tin  an d  chan g es in p H , clot fo rm a tio n  or p e p to n i
z a tio n  in  litm us m ilk).

O f the  so-called  p a th o g en ic ity  te s ts  our s tra in s  w ere exam ined  for th e  
m a n n ito l reac tio n , haem olysis an d  u rea se , ge la tinase , lip ase , p h o sp h a ta se , 
h y a lu ro n id ase  an d  coagulase a c tiv ity .

M aterials an d  m ethods

N itrate reduction. Tested in KN03 containing medium according to H a llm a nn  [8].
U tilization o f  am m onia  and urea. Tested in (NH4)H2P 04 and in urea-containing media, 

according to H u c k e r  [9].
Gelatinase activity. T es ted  according to  Cl a r k e  [10].
Pigm ent production. Agar plate, 24 hours at 37° C, then 24 hours at room temperature.
L itm u s m ilk. Milk free from preservatives containing 5 per cent of litmus, according to 

H a llm a n n  [8].
Splitting  o f  m annito l. Tested in 1 per cent peptone water containing 1 per cent mannitol 

and brom thymol blue indicator.
Coagulase activity. Tested in human plasma, according to D a r á n y i [11].
Phosphatase activ ity . Tested in sodium phenolphthaleinphosphate-containing broth, 

according to H allm ann  [12].
Hyaluronidase a c tiv ity . Tested according to U jV Á R Y  [13] using the supernatant of 

48 hour Linggood broth cultures.
Lipase activity. Tested in broth containing 5 per cent egg yolk and 1 per cent glucose.
Haemolytic activity. Tested on agar plates containing 5 per cent sheep erythrocytes.
Cultures. The strains were collected between January and April, 1958, from materials 

sent for routine examination by various departments of the University Medical School, Pécs. 
Isolation was performed on agar plates containing 5 per cent sheep blood, on the basis of the 
characteristic cultural and morphological behaviour of the organisms. Altogether 311 strains 
were collected.



R esu lts

O rganism s b e long ing  to  M icrococcus an d  S taphy lococcus w ere ch ie fly  
fo u n d , therefore on ly  m em bers of th e s e  groups will be d e a lt w ith  in  th e  follow 
ing . O f o ther M icrococcaceae, S a rc in a  w as iso la ted  in  2 cases (Sarcina  lutea?) 
an d  G affkya  in  one case (G affkya tetragena?). The re su lts  o f  b iochem ical te s ts  
are p resen ted  in  T ab le  I .

Table I
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Distribution o f  staphylococci and micrococci isolated fro m  pathological materials 
T o ta l n u m b e r  o f  s tra in s , 311

Nomenclature 
(Bergey’s 7th ed.)

M an
nitol Pigment

G ela
tin

О
cu

M

Ni-.
trä te Urea L itm us milk

No. Per
cent

o f strains

Staph, aureus
+

golden
yellow

+ — + — acid - f -  clo t 207 6 5 .9

Staph, epidermidis — white + — + — acid +  clo t 26 8 .6

M . ureae d white or — 1
~ r — + alkali, no  clot 49 16 .0

none

M . varians + variable — + + — acid 1 so ft clot 7 2 .2

M . caseolyticus + variable + + — — clot, pep to n iza tio n 5 1 .7

M . fla v u s d yellow + + — — acid clo t 5 1 .7

M . candidus d white — — — — no clot 5 1 .7

M . freudenreichii d white + + — — acid 2 0 .6

M . conglomeratus d light
yellow

+ + + — no clot 1 0 .3

M . luteus — yellow — + — — soft clo t 1 0 .3

U ndeterm ined 3 1 .0

A ccording to  biochem ical b e h a v io u r , o f th e  311 s tra in s  233 belonged to  
th e  genus S taphy lococcus. Of th e  la t t e r  207 s tra in s co rresp o n d ed  to  S taph , 
aureus , 26 to  S taph , epiderm idis. T h e  d is trib u tio n  of th e  75 s tra in s  be longing  
to  M icrococcus w as as follows. M . ureae, 49; M . varians, 7; M . caseolyticus, 5; 
M . fla v u s ,  5; M . candidans, 5; M . freudenreich ii, 2; M . luteus, 1; M . conglo- 
m eratus, 1. The sy s te m a tic  position  o f  3 s tra in s  could n o t be de te rm ined .

T he d is tr ib u tio n  according to  orig in  of the  M icrococcus s tra in s  is show n 
in  T ab le  I I .  Most m icrococci were iso la te d  from  urine (M . ureae, 42; M . fla v u s ,  4 ; 
M . varians, 4 ; M . caseolyticus, 2 ; M . conglomeratus, 1; M . freudenreich ii, 1). 
F ro m  spu tum , 3 M . candidus, 2 M . ureae, 1 M . luteus a n d  1 M . varians  w ere 
c u ltu re d . F rom  no se  2 M . ureae, 1 M . caseolyticus, fro m  th ro a t  1 M . f la v u s  
w ere iso lated . In  p u s  sam ples in  a d d itio n  to  Staph, aureus, 1 M . caseolyticus? 
1 M . varians and  1 M . freudenreich ii occurred .
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Table II

D istribution  o f  strains according to origin

O rigin of strains
S ta p h .
au reus

S ta p h .
e p id e r -
r n id is

M .
ureae

M .  c o n - 
g lo m e -  
ra tu s

M.
caseo-
ly t ic u s

M.
lu te u s

M .
f la v u s

M .
c a n d i-

d u s

M .
v a r io n s

M .
fre u d e n 

r e ic h i i
Total

N ose 13 l 2 — l — — — — — 17

T h ro a t 24 4 — — — — l l — — 30

S p u tu m 17 3 2 — — l — 3 l — 27

P u s 73 1 — — l — — — l l 77

B lo o d 14 14

U rin e 26 15 42 l 2 — 4 — 4 l 95

F aeces 25 25

O th e r
m a te ria l 15 2 3 — 1 — — l 1 — 23

T o ta l 207 26 49 1 5 i 5 5 7 2 308

Table III

D istribution  o f  strains according to origin  
T o ta l num ber o f  stra ins , 75

Organism

Urine Other material

Total
mixed
culture

pure
culture

mixed
culture

pure
culture

M . ureae 5 37 7 — 49

M . fla vu s 2 2 — l 5

M . luteus — — 1 — 1

M . varians 2 2 3 — 7

M . freudenreichii — 1 — l 2

M . candidus — — 5 — 5

M . caseolyticus — 2 3 — 5

M . conglomeratus — 1 — — 1

The freq u en t iso la tio n s  of M . ureae from  u rine  shou ld  be n o ted  (Table I I I ) .  
T h e  95 sam ples o f u r in e  exam ined  y ie lded  37 M . ureae in  p u re  cu ltu re  and  
5 M . ureae in  a d d itio n  to  o th e r organism s. F rom  15 n a sa l, 30 th ro a t  and  
27 sp u tu m  specim ens o n ly  1 M . fla v u s  an d  1 M . freudenreich ii were iso la ted  
in  p u re  cu lture , th e  re m a in in g  s tra in s  o ccu rred  w ith  S taph , aureus, a lpha  and  
b e ta  haem oly tic  s tre p to c o c c i or non -p a th o g en ic  neisseriae.

A lthough  M . ureae, M . fla v u s  an d  M . luteus are p ro b a b ly  non-pathogen ic , 
o w in g  to  th e ir  f re q u e n t occurrence th e y  a re  o f d iffe ren tia l d iagnostic  im p o r
ta n c e . A ccording to  m o rpho log ica l and  c u ltu ra l p ro p ertie s , M . ureae is d ifficu lt



STUDIES ON THE CLASSIFICATION OF STAPHYLOCOCCI I. 131

to  d is tin g u ish  from  S taph , epiderm idis (a lb u s). D iffe ren tia tio n  should  be b a se d  
up o n  n i t r a te  red u c tio n  an d  u tiliza tio n  o f  am m onia. Som e M . luteus and  f la v u s  
s tra in s  can be m is tak en  for Staph, aureus, as th e y  p ro d u ce  haem olysis on 
sheep  b lood  agar. D iffe ren tia tio n  is, how ever, easy by  th e  n itra te  re d u c tio n  
an d  coagulase te s ts .

T h e  resu lts  o f th e  m ost im p o r ta n t p a th o g en ic ity  te s ts  perfo rm ed  w ith  
our id en tified  s tra in s  w ere as follows.

Decom position o f  urea. U rease a c t iv i ty  as a p a th o g e n ic ity  te s t  w as 
in tro d u c e d  by P u s c h e l  (cit. G r ü n  [14]). This a u th o r  show ed th a t  u rea - 
decom posing  s tra in s  are  sap ro p h y tes . W o o h l f e i l  a n d  W o l l e n b e r g  [15] 
fo u n d  u rease a c tiv ity  in  14.2 per cen t o f staphylococci. T he presence o f th e  
enzym e was show n b y  R ö h m e r  an d  S c h m i t z  [16] b o th  in  pa thogen ic  a n d  
n o n -p a th o g en ic  s tra in s . V o g e l  [17] c la im ed  th a t  o n ly  coagulase n e g a tiv e  
sa p ro p h y tic  s tra in s  p roduce  urease. In  c o n tra s t to  th is  op in ion  G r ü n  [14] 
fo u n d  11 urea-decom posing  cu ltu res am o n g  100 coagu lase-positive s tra in s .

T a b le  IV

Urease activity o f  308 strains

Organism
Urease-positive Urease-negative

Total
No. P er cent No. P er cent

Staph, aureus 6 3.0 201 97.0 207
Staph, epiderm idis 3 11.4 23 88.6 26
M . ureae 49 100.0 — 0.0 49
M . varians — 0.0 7 100.0 7
M . caseolyticus 2 40.0 3 60.0 5
M . fla vu s — 0.0 5 100.0 5
M . candidus — 0.0 5 100.0 5
M . luteus — 0.0 1 100.0 1
M . freudenreichii — 0.0 2 100.0 2
M . conglomeratus 1 100.0 — 0.0 1
Total 61 20.0 247 80.0 308

In  th e  p re sen t in v estig a tio n s u rease  a c tiv ity  was in fre q u e n tly  o b serv ed  
w ith  staphy lococc i an d  w ith  m ost species o f M icrococcus (T ab le  IV). U rea  w as, 
how ever, decom posed b y  all M . ureae s tra in s . O f 207 S ta p h , aureus s tra in s  
on ly  6 (3.0 p er cen t) , of 26 Staph, ep iderm id is  only 3 e x e rte d  urease a c tiv ity .

A positive u rease  reac tio n  w as g iven  also b y  2 M . caseolyticus a n d  
1 M . conglomeratus. All th e  above-lis ted  12 u rease-p roducing  s tra in s  b u t  tw o  
w ere iso la ted  from  u rin e . The urea-decom posing  S taph , aureus s tra in s  gave 
p o sitiv e  coagulase, hya lu ron idase  a n d  p h o sp h a tase  re a c tio n s . I t  is e v id e n t

2  Acta Microbiologica VIII/2.



1 3 2 T. ANGYAL

t h a t  these  Staph, aureus  s tra in s  can n o t be reg a rd ed  as no n -p a th o g en ic  on th e  
single basis of u rea se -p o s itiv ity .

Lipase activity. G i l l e s p i e  and  A l d e r  [18] observed  63 p er cent o f th e ir  
coagulase positive  s tra in s  to  show lip a se  a c tiv ity . A l d e r , G i l l e s p i e  an d  
H e r d a n  [19] d e m o n s tra te d  lipase p o s it iv ity  in  87 p er c en t o f s taphy lococci. 
T h e  value of th e  te s t  as an  in d ica to r o f p a th o g e n ic ity  has n o t  been  estab lished . 
As th e  reac tio n  is g iv en  on ly  by  p a r t  o f th e  pa thogen ic  s taphy lococci, lip a se 
p o sitiv e  and -n eg a tiv e  s tra in s  m ay be d istin g u ish ed .

In  c o n tra s t to  d a ta  ob ta in ed  b y  th e  m en tio n ed  a u th o rs  on ly  52 per cen t 
o f  o u r Staph, aureus s tra in s  were lip ase -p o sitiv e . As to  th e ir  orig in , no connec
tio n  was found  b e tw een  positive and  n e g a tiv e  cu ltu res. B o th  ty p es occurred  
w ith  equal freq u en cy  am ong  staph y lo co cc i iso la ted  from  boils, and  am ong  
s taphy lococc i iso la ted  fro m  faeces as com m ensal o rgan ism s. No associa tion  
w as revealed  b e tw een  lip a se  and  o th e r p a th o g e n ic ity  te s ts  (T able  \ ) .

All m em bers o f  S ta p h , epiderm idis  a n d  of th e  genus M icrococcus w ere 
lip ase-nega tive .

Table V

Lipase activity o f  308 strains

Organism
Lipase-positive Lipase-negative

Total
No. Per cent No. Per cent

Staph, aureus 107 52.0 100 48.0 207
Staph, epiderm idis — 0.0 26 100.0 26
M . ureae — 0.0 49 100.0 49
M . varians — 0.0 7 100.0 7
M . caseolyticus — 0.0 5 100.0 5
M . f  lav us — 0.0 5 100.0 5
M . candidus — 0.0 5 100.0 5
M . freudenreichii — 0.0 2 100.0 2
M . luteus — 0.0 1 100.0 1
M . conglomeratus — 0.0 1 100.0 1

As coagu lase-positive  stra ins could be d iv ided  in to  tw o  groups by  m eans 
o f  th e  lipase te s t , th e  re a c tio n  was ap p lied  in  ep idem iological inv estig a tio n s. 
F o r  exam ple, th e  faecal f lo ra  of 0 .  T ., an  in fa n t  9 m on ths o f  age was rep ea ted ly  
ex am in ed  a t  sh o rt in te rv a ls  during  his s ta y  in  ho sp ita l. F ro m  the in fa n t’s 
faeces Staph, aureus belong ing  to  ty p e  “ b e ”  (serological g ro u p  2) was cu ltu red . 
As th e  ch a rac te ris tic  nosocom ial s tra in  o f  th e  w ards also belonged to  th a t  
se ro ty p e , th e  p ro b lem  arose how th e  ap p ea ran ce  of th e  la t te r  s tra in  could  
be show n in th e  p a t ie n t ’s faeces. The “ b e ”  ty p e  s tra in s  iso la ted  were lip a se 
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p o sitiv e  a t  th e  b eg inn ing ; one week la te r ,  how ever, th e  p a tie n t  h a rb o u re d  
on ly  lipase-n eg a tiv e  S taphy lococci. As th e  nosocom ial s t r a in  h a d  no  lip a se  
a c tiv ity , i t  could be concluded  th a t  as in  o th e r  cases i t  h a d  ap p ea red  a b o u t 
one w eek  a fte r  adm ission o f th e  p a tie n t.

S p littin g  o f  m annito l. T he q u estio n  w  as in v estig a ted  b y  J u l i a n e l l e  (c it, 
P ö h n  [4]). O pinions d iffer as to  th e  v a lu e  o f  th e  reac tio n  as a p a th o g e n ic ity  
te s t .  A d iffe ren tia l m ed iu m  devised b y  N y i r e d y  [20] for th e  c h a ra c te riz a tio n  
of p a th o g en ic  s tra in s  in c lu d ed  an in d ic a to r  o f m ann ito l fe rm e n ta tio n . L y o n s  
[21] show ed th a t  p en ic illin -resis tan t s tra in s  exh ib ited  a decreased  m a n n ito l
s p littin g  cap ac ity . O th e r au th o rs  [16, 22, 5] found  a n u m b e r  of m a n n ito l
p o sitiv e  s tra in s  am ong th e  coagu lase-nega tive  ones. T hese re su lts  h av e  been  
co n firm ed  b y  the  p re se n t ex am in a tio n s .

T he m ann ito l re a c tio n  of 308 s tra in s  w as exam ined (T ab le  V I). O f S ta p h .

Table VI

Comparison o f  the mannitol reaction with coagulase and hyaluronidase activ ity  o f  308 strains

Organism
No. Per cent

Mannitol Coagulase Hyaluronidase Totalof strains
S ta p h , a u reus 167 80.9 + + + 20717 8.0 — _l_ -j-

13 6.3 + — -j-
10 4.8 + + • --

S ta p h , ep iderm id is 17 65.0 — __ __ 265 19.0 + — —

4 16.0 — — +
M . ureae 47 96.0 __ _ __ 492 4.0 — — +
M . va r ia n s 4 58.0 + __ __ 71 14.0 + —

2 28.0 — — —
M . caseolyticus 1 20.0 + __ __ 51 20.0 — +3 60.0 — — —
M . f la v u s 1 20.0 + __ + 54 80.0 — —
M . ca n d id u s 5 100.0 — — — 5
M . fre u d e n re ic h ii 1 50.0 _ __ __ 21 50.0 — — +
M . lu teus 1 100 - — + 1
M . conglom erate 1 100 — — — 1
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aureus  80.9 p er c en t a t ta c k e d  m an n ito l. T hese s tra in s  w ere also coagulase- a n d  
h y a lu ro n id ase -p o sitiv e . O f S taph , ep iderm id is  cu ltu res  19.0 p er c en t w as 
m an n ito l-p o sitiv e . T hese  s tra in s  gave n eg a tiv e  coagulase an d  h y a lu ro n id ase  
te s ts .  A m ong m icrococci 1 M . caseolyticus, 1 M . fla v u s  a n d  2 M . varions s tra in s  
a tta c k e d  m ann ito l.

As seen in  T ab le  Y I, a considerab le p ercen tag e  o f S taph , aureus d id  n o t  
a c t on m ann ito l, w hile S taph , epiderm idis, ap a th o g en ic  organism , sp lit th is  
su b stan ce  in  19.0 p e r  cen t. T ak in g  in to  acco u n t th a t  m icrococci were ra re ly  
iso la ted , th ere  was a considerab le  n u m b er o f  m an n ito l-p o sitiv e  stra ins.

Gelatinöse activ ity . T he  p ro teo ly tic  a c t iv i ty  of staph y lo co cc i w as f i r s t  
show n by  R o s e n b a c h  [23]. Some au th o rs  reg a rd ed  th is  p ro p e rty  as an  in d i
c a to r  of p a th o g e n ic ity  [24 — 26]. S c h a a c k  [5] found  no  connection  b e tw een  
th e  sev erity  of th e  d isease an d  th e  in te n s ity  o f ge la tin  hyd ro lysis  e x h ib ite d  
b y  th e  causative  s tra in .

The resu lts  o f  o u r ex p erim en ts  are show n in  T ab le  V II .

Table V II

Gelatinase activity o f  308 strains

Organism
Gelatinase-positive Gelatinase-negative

Total
No. Per cent No. P er cent

Staph, aureus 179 87.0 28 13.0 207

Staph, epiderm idis 6 23.0 20 77.0 26

M . ureae 13 27.0 36 73.0 49

M . varians — 0.0 7 100.0 7

M . caseolyticus 5 100.0 — 0.0 5

M . fla vu s 2 40.0 3 60.0 5

M . candidus 3 60.0 2 40.0 5

M . freudenreichii 1 50.0 1 50.0 2

M . luteus — 0.0 1 100.0 1

M . conglomeratus 1 100.0 — 0.0 1

O f 207 S taph , aureus  s tra in s  28 p ro d u ced  no g e la tin ase . Of 26 S ta p h , 
epiderm id is  6 w ere ab le to  hydro lyse th is  su b stan ce . A m ong m icrococci a 
considerab le  n u m b e r o f s tra in s  form ed g e la tin ase , for ex am p le  27 per cen t o f  
th e  M . ureae s tra in s . T he m ost in tensive  liq u e fac tio n  w as caused  by  M . caseo
ly ticus. G elatin  w as h y d ro ly zed  also b y  M . candidus, M . conglomeratus, 
M . fla v u s  and  M . freudenreich ii. A ccordingly , no difference in  gela tin  liq u efac tio n  
w as revealed  b e tw een  p a th o g en ic  and  sa p ro p h y tic  s tra in s . This find ing  is in  
acco rdance  w ith  th e  op in ion  o f S c h a a c k  th a t  th e  g e la tin ase  reaction  c a n n o t 
be used  for th e  c h a ra c te r iz a tio n  of th e  p a th o g en ic  p ro p e r ty .
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H aem olysis. O f th e  207 S taph , aureus  stra ins 2 w ere n o n -h aem o ly tic , 
7 p ro d u ced  a sligh t degree o f haem olysis (T able V III). O f th e  26 Staph, epider-

ТаЫ е V III

Haemolytic activity o f  308 stra ins on sheep blood agar plates

Organism
Haemolysis

±
Total

Staph, aureus 198 7 2 207

Staph, epidermidis 3 6 17 26

M . ureae 2 6 41 49

M . varians 1 - - 6 7

M . caseolyticus — — s 5
M . f  lav us 4 — 1 5
M . candidus — — 5 5

M . freudenreichii 1 — 1 2

M . luteus 1 — — 1

M . conglomeratus — — 1 1

T otal 210 19 79 308

m id is  s tra in s  3 show ed a s tro n g , 6 a s lig h t haem oly tic  a c tiv ity . As to  th e  
b eh av io u r o f M icrococcus, no d a ta  ca n  be found in  B e r g e y ’s m a n n u a l. 
N y i r e d y  [20] rep o rted  on th e  occurrence  o f haem oly tic  m icrococci. The p re se n t 
ex p e rim en ts  rev ea led  th a t  on sheep b lo o d  agar 4 ou t o f  49 M . ureae s tra in s  
p roduced  haem olysis. In  a d d itio n  to  th e se , 1 M . luteus, 1 M . freudenreich ii 
an d  1 M . varions  w ere h aem oly tic . T h is  find ing  is re m a rk a b le , since i f  th is  
p ro p e r ty  is associa ted  w ith  th e  p ro d u c tio n  of yellow  p ig m en t (M . luteus), 
th e  s tra in  m ay  be d iagnosed as S taph , aureus. The d a ta  o b ta in ed  are  p re s 
e n te d  in  T able  V III .

Coagulase, phosphatase and hyaluronidase. The c o ag u la tin g  c a p a c ity  o f 
stap h y lo co cc i w as f irs t  observed  b y  M u c h  in  1897. The co n n ec tio n  betw een  th is  
p ro p e r ty  and  p a th o g en ic ity  was d e m o n s tra te d  by  D a r á n y i  [25]. T o -d a y  
coagulase p ro d u c tio n  is know n as a phenom enon  closely  associated  w ith  
p a th o g en ic ity  [27 — 30].

T he p h o sp h a tase  reac tio n  is one o f  th e  m ore recen t te s ts .  The p h o sp h a ta se  
a c tiv ity  o f staphy lococc i w as recogn ized  b y  B a r b e r  et a l. in  1951 [31], w ho 
show ed its  close p ara lle lism  to  coagu lase  p roduction . T h is  w as confirm ed  b y  
a n u m b e r o f au th o rs , w hile o thers o b ta in e d  no uniform  re su lts  [32, 33]. A m ong  
th e  s tra in s  o f F ö l d e s  and  J á n o s ik  [34] th e  num ber of p h o sp h a ta se -p ro d u c in g  
s tra in s  exceeded th a t  of th e  coagu lase-positive  stra in s.
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A ccording to  S c h w a b a c h e r  et al. [35], h y a lu ro n id ase  is p roduced  in  
90 p e r  cent b y  p a th o g e n ic , while never b y  sap ro p h y tic  s tra in s . A m ong coagulase- 
n e g a tiv e  cu ltu res K a f f k a  [3] found h y a lu ro n id ase -p o sitiv es  in  2.4 per cen t. 

In  Table IX  a co m p ariso n  of th e  p h o sp h a ta se , coagu lase  and  h y a lu ron -

ТаЫе IX

Coagulase, phosphatase and hyaluronidase activity o f  308 strains

Organism
No. Per cent

Coagulase
H yaluron

idase Phosphatase Total
oi strains

Staph , aureus 1 7 9 8 7 .0 + 1 2 0 7
13 6 .3 — + +
10 4 .8 + — +
5 1 .9 + + —

Staph , epidermidis 2 0 7 6 .9 __ _ __ 2 6
2 7 .7 — — +
2 7 .7 — + —
2 7 .7 — + +

M . ureae 4 7 9 5 .7 __ _ __ 4 9
o 4 .3 — + —

M . varians 1 1 4 .0 _ + _ 7
6 8 6 .0 — —

M . caseolyticus 1 2 0 .0 — — 5
4 8 0 .0 — — —

M . fla v u s 1 2 0 .0 _ + 5
2 4 0 .0 — — +
2 4 0 .0 — — —

M . Candidas 5 1 0 0 .0 — — — 5

M . freudenreichii 1 5 0 .0 __ — 2
1 5 0 .0 — — —

M . luteus 1 1 0 0 .0 — + + 1

M . conglomeratus 1 1 0 0 .0 — — — 1

id ase  te s ts  is p re se n te d . O f 207 Staph, aureus s tra in s  coagulase was produced b y  
194 p h o spha tase  b y  202. O f th e  coagulase- an d  phosp h a tase-p o sitiv e  s tra in s  
10 fo rm ed  no h y a lu ro n id a se . S tra ins p ro d u c in g  h y a lu ro n id ase  b u t  no coagulase 
o r p h o sp h a tase  w ere n o t  found .

The presence o f  th e se  enzym es was show n in  6 ou t o f  th e  26 Staph, epi- 
derm idis  s tra in s. Tw o s tra in s  p roduced  on ly  h y a lu ro n id ase , 2 on ly  phosp h a tase  
a n d  2 produced  b o th .
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O f 49 M . ureae 2 form ed h y a lu ro n id a se . In  a d d itio n  to  these , h y a lu ro n - 
id ase  was d em o n stra ted  in  c e r ta in  s tra in s  o f M . luteus, M . caseolyticus, M . 
f la v u s  and  M . varians  and  p h o sp h a ta se  in  M . luteus, M . freudenreich ii, an d  
M . fla v u s .

F rom  th e  above d a ta  i t  is seen t h a t  coagulase is p ro d u ced  exclusively  
b y  Staph, aureus. This enzym e w as n o t p resen t in  Staph , epiderm idis  an d  in 
M icrococcus, w hile h y a lu ro n id ase  an d  p h o sp h a ta se  were fo rm ed  b y  som e s tra in s  
o f  these  organ ism s. The p re se n t ex a m in a tio n s  have th u s  con firm ed  th e  find ings 
o f T h a t c h e r  an d  S im o n . In  ad d itio n  to  th e  know n p h o sp h a ta se  a c t iv i ty  of 
som e m icrococci, th e  p ro d u c tio n  of h y a lu ro n id ase  b y  th e se  organ ism s has 
also been show n.

D iscussion

B ac te ria  belonging to  th e  genus M icrococcus have  been  iso la ted  b y  us 
from  all m a te ria ls  in which s tap h y lo co cc i a re  likely to  occur. M ost o f th e  m icro 
coccus s tra in s  w ere iso lated  fro m  u rin e ; am ong  them , M . ureae was th e  com m on
es t. This f in d in g  is n o tab le , as th e  o rg an ism  m ay be confused  w ith  Staph, 
epiderm idis (a lb u s). M . f la v u s  w as iso la ted  in  pure cu ltu re  from  1 th ro a t  and  
4 urine specim ens. In  one sp u tu m  sam p le  M . luteus occurred  to g e th e r  w ith  
o th e r b ac te ria . As 5 of th e  ab o v e -m en tio n ed  s tra in s p ro d u ced  haem olysis, a 
sim ple m orphological e x a m in a tio n  w ould  have  led to  a d iagnostic  e rro r. T hus 
fo r the  p roper id en tifica tio n  o f  staph y lo co cc i the  m orphological ex am in a tio n  
b y  itse lf  is n o t suffic ien t. C o m p ara tiv e  investig a tio n s concern ing  th e  va lu e  of 
p a th o g en ic ity  te s ts  have so fa r  been  perfo rm ed  on ly  w ith  s taphy lococcal 
s tra in s  iso la ted  from  patho lo g ica l an d  n o rm al hum an  m a te ria ls . As show n by  
epidem iological stud ies, s tap h y lo co cc i a re  u b iqu itous b a c te r ia  an d  path o g en ic  
s tra in s  w idely occur in h e a lth y  in d iv id u a ls . T herefore, in s tead  o f th e  com 
parison  of s tra in s  of various o rig in , th e  exam in a tio n  o f sy s tem a tica lly  defined 
M icrococcus, S taph , epiderm idis  an d  S taph , aureus s tra in s  was considered  the  
b e s t m ethod  for m aking a p rogress in  e lucidating  th e  v alue  o f  p a th o 
gen ic ity  te s ts .

P ig m en t p ro duc tion  a n d  h aem o ly tic  a c tiv ity  are  genera lly  reg a rd ed  as 
signs o f p a th o g en ic ity  (S ta p h , aureus haem olyticus). P ig m en t p ro d u c tio n , 
how ever, is d ep en d en t on a n u m b e r o f fac to rs  and  haem olysis is a phenom enon  
p roduced  b y  d iffe ren t enzym es. A p a r t  fro m  th e  v a r ia tio n  in  p ig m en t p ro d u c 
tio n  am ong staphy lococci [6], severa l M icrococcus s tra in s  are ab le to  form  
yellow  p ig m en t and  give rise  to  haem olysis  in  sheep b lood  agar. O ur ex am in 
a tions show ed th a t  the  liq u e fa c tio n  o f g e la tin  and  th e  sp littin g  of m an n ito l are 
n o t reliab le p a th o g en ic ity  te s ts , as b o th  o f th em  m ay  be given b y  n o n -p a th o - 
genic s tra in s  as well as b y  S taph , aureus. S taphy lococci decom posing  ure 
can n o t be reg a rd ed  as sa p ro p h y tic  o rgan ism s, since w ith  such  s tra in s  th e  m ost 
im p o rta n t p a th o g en ic ity  te s ts  w ere p o sitive . M ost o f th e  u rease-p ro d u cin g
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s tra in s  occurred  in  u rin e . T he significance as a p a th o g en ic ity  te s t  of th e  lip ase  
re a c tio n  canno t be c learly  in te rp re te d  as y e t. A m ong coagulase positive c u l
tu re s  iso lated  from  path o lo g ica l m ateria ls  b o th  lipase-p roducing  and lip ase-n o n 
p ro d u c in g  s tra in s  o ccu rred . T his enzym e w as lack ing  in  th e  coagu lase-negative  
staphy lococci an d  m icrococci. The lipase re a c tio n  m igh t be useful in  ep idem io 
log ica l ex am in a tio n s. A ccord ing  to  T h a t c h e r  an d  S im o n  [1 ] , th ere  are p h o s 
p h a tase -p ro d u c in g  s tra in s  also am ong m icrococci. We h av e  show n h y a lu ro n - 
idase  p roduction  to  occur in  th is  group b u t coagulase p ro d u c tio n  was o b se rv ed  
o n ly  in  Staph, aureus.

In  an a ly sin g  th e  orig in  of th e  13 coagu lase-nega tive  Staph, aureus 
s tra in s , it  was fo u n d  th a t  all o f these  b u t  2 w ere iso la ted  from  blood cu ltu res  
o r from  the  organs o f  in d iv id u a ls  who h a d  d ied  w ith  sep ticaem ia . The la c k  
o f  coagulase a c tiv ity  in  these  s tra in s  m ay  be a t tr ib u te d  to  an  an ti-coagu lase  
p ro d u ced  in  th e  p a t ie n t ’s o rganism  [36]. T he im p o rtan ce  o f th is  find ing  lies 
in  th e  fac t th a t  ow ing to  th e  neg a tiv e  ou tcom e o f th a t  m ost im p o rta n t p a th o 
g en ic ity  te s ts , th e se  s tra in s  m ay  be falsely reg a rd ed  as co n tam in a tin g  o rg a n 
ism s. On th e  o th e r  h a n d , if  th is  o b se rv a tio n  is n o t ta k e n  in to  accoun t a t  
e v a lu a tio n  of p a th o g e n ic ity  te s ts , th e  coagulase reac tio n  w ould  seem a less 
re liab le  d iagnostic  p ro ced u re . A ccordingly, coagu lase-negative  Staph, aureus  
m u s t be d isting u ish ed  from  sap ro p h y tic  cocci o rig in a tin g  from  the  p a t ie n t’s 
sk in . I f  a coagu lase-negative  s tra in  iso la ted  from  blood p roves positive in  th e  
o th e r  te s ts  p re su m ab ly  associa ted  w ith  p a th o g e n ic ity  (hyalu ron idase  a n d  
p h o sp h a tase ), it  shou ld  be regarded  as p ro b ab ly  p a thogen ic .

In  our cases th e  p a th o g en ic ity  of coagu lase-nega tive  Staph, aureus 
s tra in s  from  blood cu ltu re s  or organs from  p a tie n ts  w ith  sep ticaem ia  has been  
c lea rly  estab lished , as th e y  were h ya lu ron idase- and  p h o sp h a tase -p o sitiv e , 
p ro d u ced  haem olysis an d  sp lit m ann ito l.
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S u m m ary , (i) S ero log ical typ ing  of 192 Staphylococcus aureus  s tra in s  iso lated  fro m  
pyogenic  infections has b e e n  perform ed by m ea n s  o f O e d i n g ’s m eth o d .

(ii) S tra in s be long ing  to  serological g ro u p  4 w ere m ost fre q u e n tly  encountered .
(iii) W ith in  th e  sero logical groups 42 ty p e s , includ ing  22 new  sero types w ere 

d is tingu ished .
(iv) G roup 4 s tra in s  w ere isolated m o stly  fro m  boils and phlegm ons.
(v) No assoc ia tion  w as found betw een se ro ty p e s  and th e  re su lts  o f  p a th o g en ic ity  te s ts  

or a n tib io tic  sensitiv ity .
(v i) The im p o rta n ce  in  epidem iological in v es tig a tio n s  of sero logical typ ing , in  a d d itio n  

to  p h age  ty p in g  and a n tib io tic  sensitivity  te s tin g , is discussed.

T he serological b eh av io u r of s tap h y lo co cc i was f ir s t  in v estig a ted  in  1904 
b y  K olle  and  Otto [1], who divided th e  s tra in s  in to  tw o  g roups and  concluded  
th a t  pathogen ic  a n d  saprophy tic  s tra in s  could be d iffe ren tia ted . F o r a 
s im ila r purpose, J u l i a n e l l e  and W i e g h a r d  [2] e la b o ra te d  a p re c ip ita tio n  
te c h n iq u e .

T y p e  d e te rm in a tio n  was firs t c a rr ie d  o u t by  J u l i a n e l l e  [3], who d is tin 
gu ished  th ree  ty p e s  b y  agg lu tina tion . B y  m eans of ab so rb ed  sera H in e  [4] w as 
ab le  to  d ivide p a th o g e n ic  strains in to  3, non -p a th o g en ic  s tra in s  in to  2 g roups. 
In  1936 Y o n e m u r a  [5] exam ined 324 s tra in s  and  es tab lish ed  9 serological 
g roups. U n fo rtu n a te ly , th is  au thor g av e  no  descrip tion  o f th e  m ethod  em ployed . 
H e g e m a n  [6] d iv id ed  staphylococci o n  th e  basis o f d iffe ren t a g g lu tin a tio n  
t i t r e s  in to  5 groups. Co w an  [7] d e m o n s tra te d  3 groups (Co w a n ’s groups I ,  I I  
an d  I I I )  b y  th e  use o f  absorbed se ra . T a k in g  in to  co n sid e ra tio n  these re su lts , 
O e d i n g  [8] fin a lly  succeeded in th e  e lu c id a tio n  of th e  an tigen ic  s tru c tu re  o f 
s taphy lococc i and  th e  serological ty p in g  o f  these  organism s.

A ccording to  O e d i n g , staphy lococci co n ta in  9 d iffe ren t an tigens. A n tig en  
“ d ”  is com m on in  e v e ry  staphy lococcus, so i t  p lays no p a r t  in  ty p e  d e te rm in a 
tio n . T his an tigen  is a po lysaccharide-like , p robab ly  th erm o lab ile  su b stan ce . 
A n tig en s “ a” , “ b ”  a n d  “ c”  co n ta in  b o th  th e rm o stab le  and  th e rm o lab ile  
co m p o n en ts . The f i r s t  tw o  are p o lysaccharide-like  su b stan ces , th e  th ird  one is

* A p re lim in ary  r e p o r t  of these s tu d ie s  w as p resen ted  a t  th e  M eeting of th e  H u n g a r ia n  
A ssocia tion  of M icrobiologists, October 31, 1957, B u d ap es t.
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p ro te in -lik e . A n tigens “ e”  and  “ f ”  a re  therm olab ile  p ro te in s , “ h ” is a th e r 
m o s ta b le  p ro te in , “ i”  an d  “ k ”  are th e rm o s ta b le  po lysaccharides . The th e rm o 
la b ile  an tigens are  d e s tro y ed  a t 100° C w ith in  2 %  hours.

S taphy lococcal ty p e s  are ch a ra c te riz e d  b y  co m bina tions of th e  v a rio u s  
a n tig e n s . O e d i n g  re g a rd e d  an tigens “ a b c e ”  an d  th e ir  co m bina tions as g ro u p , 
a n tig e n s  “ fh ik ”  as ty p e  d e te rm in a n ts . B y  th e  ex am in a tio n  of 459 s tra in s  
13 sero ty p es w ere d istin g u ish ed . T he m o st freq u en tly  o ccu rrin g  “ ab ” , “ a b c ” , 
“ a b e ”  and  “ abce”  com binations c o n s titu te d  80 per c en t o f the  ex am in ed  
s tr a in s .  S trains iso la te d  from  m astitis  a lw ays con ta ined  fa c to r  “ e”  and  belonged  
to  g ro u p  “ abe”  or “ ae” . G r ü n  [9] d iv id ed  1034 s tra in s  in to  11 groups. T h e  
m o s t freq u en tly  occu rrin g  group w as “ a b ce”  (20.6 per cen t). The p e rcen tag e  
d is tr ib u tio n  of g roups “ ab c” , “ ab ” , a n d  “ b ”  was 16.0, 16.0 an d  15.4, re sp e c 
t iv e ly .  O ther g roups occurred  in  8.6 to  0.6 p e r  cen t.

D iffe ren tia tio n  o f  staphy lococci m a y  be perform ed b y  phage ty p in g , 
sero log ical ty p in g  an d  by  the  d e te rm in a tio n  of an tib io g ram s. C om para tive  
t r ia ls  betw een  th e  f i r s t  tw o im p o r ta n t m e th o d s  revealed  no  connection  b e tw een  
p h a g e  and  serological g roups and  ty p e s  [10, 11]. This calls fo r a revision o f th e  
g ro u p in g  of serological ty p es , in o th e r  w ords, fac to rs “ ab ce”  should  n o t to  be 
re g a rd e d  as group an tig en s.

O n the basis o f phage an d  sero log ical ty p in g  o f 223 s tra in s , O e d i n g  

a n d  W i l l i a m s  [12] e s tab lish ed  4 sero logical groups, w hich w ere ch a rac te rized  
b y  th e  presence or absence  of an tigens “ e” , “ i”  and  “ k ” :

G roup 1 : A n tig en  “ e”  is p re se n t.
G roup 2 : A n tigens “ e” , “ i”  an d  “ k ”  are n o t p re sen t.
G roup 3 : A n tig en  “ i”  is p re sen t.
G roup 4 : A n tig en  “ k ”  is p re se n t.
I n  th e  earlier c lassifica tion  fac to rs  “ i”  an d  “ k ”  w ere ty p e  an tigens. As 

in  th e  new  schem a th e se  factors co rresp o n d  to  g ro u p -d e te rm in an ts , th e  tw o  
ty p in g  m ethods are d ifficu lt to  com pare.

W ith  factors “ a ” , “ b ” , “ c”  an d  “ h ”  th e  new groups are d iv ided  in to  
ty p e s .  G roups 1, 2, 3 a n d  4 co n ta in  9, 8, 8 an d  14 sero types, re spec tive ly . I t  is 
in te re s t in g  th a t  fa c to r  “ f ”  is n o t in c lu d ed . In  th e  following i t  w ill be seen th a t  
th is  an tig en  m akes i t  possible to  recognize new  sero types.

T he grouping o f  O e d i n g  and  W i l l i a m s  assures a fa ir ly  good co rre la tio n  
b e tw e e n  phage an d  serological ty p es. I t s  p ra c tic a l value, h ow ever, will h av e  to  
be  e s tab lish ed  b y  epidem iological in v es tig a tio n s .

I n  view of th e  increasing  im p o rta n c e  o f  staphy lococcal infections, a f te r  
p e rfo rm in g  the  p a th o g e n ic ity  te s ts  [13] we con tinued  th e  in v estig a tio n s w ith  
th e  serological ty p in g  o f  Staph, aureus. T he  pu rpose  of th is  w o rk  was to  assess 
th e  association  b e tw een  various s tap h y lo co cca l diseases a n d  th e  an tigen ic  
s t ru c tu re  of the ca u sa tiv e  agen t, as well as to  estab lish  th e  v a lu e  of serological 
ty p in g  in  epidem iological exam ina tions.
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M aterials and  m ethods

Strains. A to ta l  o f 192 Staph, aureus s tra in s  w as iso la ted  fro m  p a tie n ts  tre a te d  a t  th e  
D e p a rtm en t of P a e d ia tric s  in  1958. T he m ate ria l in c lu d ed  sam ples fro m  su p p u ra tiv e  processes 
as boils, abscesses, ph leg m o n s, o titis , o steom yelitis, e tc . an d  blood fro m  septicaem ia.

Pathogenicity  o f th e  s tra in s  was estim a ted  b y  te s tin g  m an n ito l fe rm en ta tio n , h aem o ly tic  
a c tiv ity , and  p h o sp h a ta se , coagulase and  ge la tinase  p ro d u c tio n . T he m ethods have been  d e 
scribed  in  th e  p rev ious p a p e r  [13].

Antib io tic  sen sitiv ity  w as te s te d  on agar p la te s  b y  th e  p ap er d isc m eth o d  against p en ic il
lin , strep to m y c in , C hlorom ycetin , terram y c in , a u reo m y cin , neo m y cin  an d  e ry th ro m y cin . T h e  
p ap er discs w ere im p re g n a te d  w ith  aqueous so lu tio n s co n ta in in g  1 m g/m l of th e  an tib io tic s .

A gglutination . T h e  te s t  stra in s  were k in d ly  supp lied  b y  D r . P . Oe d in g  ( In s t i tu te  
“ G ade” , D e p a rtm en t o f M icrobiology, Bergen). F ro m  th e  18 h o u r c u ltu re s  form olized su sp en 
sions co n ta in ing  5 X  109 cells pe r m l were p rep ared . B efore use th e  fo rm alin  was rem o v ed  b y  
tw o sub seq u en t w ash ings. R a b b its  were in jec ted  in  3 series in tra v en o u s ly  on th ree  consecu tive  
days w ith  0.1, 0.2, 0.4 m l, th e n  a fte r a 5 days in te rv a l  also on  th re e  consecutive d ay s  w ith  
0.4, 0.5, 0.8 m l and  f in a lly  a f te r  an o th e r in te rv a l o f 5 days w ith  d a ily  doses of 0.8, 1.0 a n d  
1.0 m l o f suspension. B lood sam ples were tak e n  3 to  5 d ay s  a fte r  th e  la s t  in jection  and , p ro v id ed  
a  good ti t r e  had  been  o b ta in e d , th e  anim als were b led . T he end t i t r e  o f th e  sera was d e te rm in e d  
b y  tu b e  ag g lu tin atio n .

A bsorption. T he se ra  w ere d ilu ted  1 to  160. T o 8 m l of d ilu te d  serum  b acteria  h a rv e s te d  
b y  cen trifu g a tio n  from  5 1 o f a  24 hour b ro th  c u ltu re  w ere add ed . B efore cen trifu g a tio n  th e  
b a c te ria  w ere killed  w ith  0.3 pe r cen t form alin . A b so rp tio n  was p e rfo rm ed  a t 37° C fo r 3 h o u rs  
th e n  a t  re frig e ra to r te m p e ra tu re  overn igh t. B efore use  th e  abso rbed  se ru m  was con tro lled  w ith  
each  of th e  s ta n d a rd  s tra in s . A gglu tina tion  w as ca rried  o u t b y  th e  slide m ethod . T he re su lt  
w as read  b y  m eans of a  h a n d  lens a fte r  th e  slide h a d  been t i l te d  b ack  and  fo rth  fo r som e 
m inu tes.

R esults

The a g g lu tin a tio n  t i tre s  are p re sen ted  in  T able I .  T h e  h igh titre  g iven  b y  
liv ing  suspensions suggested  th a t  a considerab le  p a r t  o f th e  an tigens w as 
therm olab ile . F o rm a lin  exh ib ited  no de le te rious effect on th e  antigens.

T ab le  I I  p re se n ts  th e  re su lt o f slide a g g lu tin a tio n  w ith  th e  te s t s tra in s . 
I t  is seen th a t  th e  cu ltu re s  ag g lu tin a ted  well in  th e  corresponding  ab so rb ed

T able  I

Titres o f  unabsorbed S taph, aureus sera

Sera

A gglutination titre

living culture
culture autoclaved 

for 2г/г hours

3647 1 : 5120 1 : 1280

2095 1 : 10240 1 : 640

2253 1 : 160 1 : 80

В 28 1 : 10240 1 : 2560

17 A 1 : 5120 1 : 1280

F  21 1 : 10240 1 : 640

3189 1 : 5120 1 : 1280

S 365 1 : 10240 1 : 1280
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se ra . Serological d e te rm in a tio n  o f fre sh ly  isolated s tra in s  w as p e rfo rm ed  
sim ila rly .

Table II

A gglutination o f  Staph, aureus test strains in absorbed sera

D esignation an d  a n tig en ic  s tru c tu re  o f s tra in s

A b so rb ed
sera 3647 2095 3189 2253 F  21 17 A S 365 1503

abc abc b f ace abci a h abk ae

a c + +  + + + — + + H—b + + + + +
a + + + + + — + + + ± + + +

b + + • + + + + + — + + + — + + —
C + + + + + + - + + — — —
e — — — + + + — — — + +
f — — + + + — — — — —

h — — — — — + + + — —

i — — — — + + + — — —

к — — — — — — + + + —

T he an tigen ic  s tru c tu re  o f 6 (3.0 p e r  cent) of th e  192 fresh ly  iso la te d  
S ta p h , aureus s tra in s  could  n o t be d e te rm in ed . The id en tified  186 s tra in s  w ere 
d iv id e d  b y  group an tig en s “ e” , “ i”  a n d  “ k ”  in  O e d i n g ’ s fou r serological 
g ro u p s  (Table I I I ) .

G roup 1, 2 an d  3 s tra in s  o ccu rred  in  15.4, 18.2 and  22.8 p e r cen t, re sp e c 
t iv e ly . T he h ighest n u m b e r o f s tra in s  (40.6 p e r cent) fell in to  g roup  4. W ith in  
th e  fo u r groups a lto g e th e r 42 se ro ty p es w ere d istingu ished .

T he more fre q u e n tly  occurring  se ro ty p es  were “ a b h ik ”  (19.2 p e r cen t) , 
“ a b h i”  (14.0 p er cen t) an d  “ a b h ”  (8.3 p e r  cen t). O thers w ere iso la ted  in  1 to  
7 cases and  com prised  53.5 p er cen t o f th e  to ta l .  I t  should  be n o ted  th a t  n o t 
a ll o f  O e d i n g  and  W i l l i a m s ’ sero ty p es w ere encoun tered . A m ong th e  fresh ly  
iso la te d  s tra in s 22 new  sero types w ere recogn ized  as follows.

G roup 1 : ab efh i, aehi, aei, aef, bceh i 
G roup 2 : af, f  
G roup 3 : a fi, ah i, abfi, fi 
G roup 4 : ah ik , ab h ik , ab fik , a b c fh ik , abchik , 

ab efik , aeik , aefik , b h ik , bceik , cfk.
M ost of these  se ro ty p es w ere ch a ra c te riz e d  b y  the  use o f  an tig en  “ f ” .
T he occurrence o f  an tig en  “ f ”  an d  its  significance in  ty p e  d e te rm in a tio n  

h a s  so fa r  n o t been described . In  th e  p re se n t m a te ria l 25 s tra in s  (13.0 p er cen t) 
b e lo n g in g  to  12 new  sero ty p es co n ta in ed  th is  facto r. N ew  ty p e s  w ith  th is  
a n tig e n  fell chiefly  in to  g roup  4 (5 se ro ty p es). In  groups 2, 1 a n d  3 th e  n u m b e r 
o f  “ f ”  con ta in ing  se ro ty p es w as 3, 2 an d  2, respective ly .
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T ab le  I I I

Incidence o f serological groups and types

Serological g ro u p

1 2 3 4 In -

T y p e
N o. of 
stra ins T y p e

N o. of 
strains T y p e

N o. o f  
s tra in s T ype

N o . of 
s tra ins

aggie-
t in a b le

abcehi 3 a f i a f i 3 ahk l 6

abefhi 9 a 6 ai 6 aik 6

abe 5 ah 2 ah i 2 ahik 4

aehi 2 ab h i 27 ak 1

aei 2 ab 7 a b fi 1 abhik 36

ae 6 ab h 16 ab  chi I ab h k 4
aef 1 b 2 bi 1 abik 7
bcehi 1 f 1 f i 3 abfik 2

abcfh ik 1

abchik 1

abefik 1

abehik 5

abehk 1

abeik 1

aeik 2

aefik 1

bhik 2

bceik 1

cfk 1

29 35 44 78 6
(15.4% ) (18-2%) (22.8% ) (40.6% ) (3% )

S tra in s  c o n ta in in g  antigen “ f ”  alone or an tigens “ fi”  were en co u n te red  
in 4 cases.

T ab le  IV  p re se n ts  th e  d is tr ib u tio n  o f  se ro types accord ing  to  origin.
I t  is to  be n o te d  th a t  more th a n  h a lf  o f th e  cu ltu re s  (53.7 p e r  cen t) 

iso la ted  from  ph legm ons and boils fe ll in to  group  4. O th e r s tra in s  rep re sen tin g  
g roups 1, 2 and  3 o rig in a ted  a p p ro x im a te ly  evenly  from  th e  various p a th o 
logical processes.

I n  O e d i n g ’s m ate ria l [8], s tra in s  co n ta in in g  an tig en  “ e”  w ere m o st 
f re q u e n tly  recovered  from  m astitis . I n  th e  p resen t in v estig a tio n s 11 o u t of 
55 bo ils, 10 ou t o f 56 abscesses a n d  5 o u t o f 9 cases o f cy s titis  y ielded  s tra in s  
w ith  an tig en  “ e” . A ccordingly, th e se  s tra in s  are  com m on n o t only in  m a s titis , 
h u t  a lso  in  o th e r  pyogenic in fec tio n s . C onsidering ce rta in  o b se rv a tio n s



146 G. U.IVÂRY, T. ANGYAL and L. TÓTH

T able  IV

D istribution o f  serological groups according to pathological conditions

P rocess
Sero log ical group

T o ta l
1 2 3 4

Phlegmons l l 2 1 0 14
Boils 9 9 1 0 27 55
Abscesses 8 1 2 1 1 14 45
Septicaem ia 2 3 3 4 1 2

Otitis 1 2 3 4 1 0

Im petigo 1 2 1 3 7
O steom yelitis 2 1 4 1 8
Clinical in flu en za 1 1 1 2 5
Cystitis 4 2 1 2 9
O ther - 5 5 1 1 2 1

Total 29 38 41 78 186

in  o u r  opinion th e  re p o rte d  frequency  o f  s tra in s  con ta in in g  an tig en  “ e”  in  
m a s ti t is  m ay be a t t r ib u te d  to  an  ep idem ic  a t  th e  given h o sp ita l an d  n o t to  
th e  specific role o f su ch  sero types in  th a t  disease.

N o connection  w as found b e tw een  an tig en ic  s tru c tu re  an d  th e  coagulase, 
p h o sp h a ta se , g e la tin ase  and  m an n ito l reac tio n s . Three s tra in s  p roduced  no 
h aem o ly sis  on sheep b lo o d  agar. These s tra in s  belonged to  se ro ty p es co n ta in in g  
o n ly  an tigens “ f i”  a n d  “ f ” .

A ntib io tic  s e n s it iv ity  te s tin g  rev ea led  th a t  th e  s tra in s  w ere re s is ta n t to  
p en ic illin  in 68.0, to  C hlorom ycetin in  9.2, to  s trep to m y c in  in  8.0, to  au reom y- 
c in  a n d  te rram y c in  in  0.5 per cen t. N o s tra in s  re s is tan t to  e ry th ro m y c in  or 
n e o m y c in  occurred . A m ong th e  p en ic illin -re s is tan t cu ltu res th e  incidence of 
g ro u p  4 was th e  h ig h e s t (82.8 p er cen t). T he probab le  ex p la n a tio n  o f th is  
f in d in g  is th a t  the m o s t freq u en tly  occu rrin g  staphy lococci belong  to  th is  g roup .

D iscussion

T he increasing  clin ical p rob lem  o f s taphy lococcal in fec tions m akes it 
im p e ra tiv e  to  e x te n d  in v estig a tio n s in to  th e  n a tu re  of th e  cau sa tiv e  ag en t. In  
a d d i t io n  to  p rob lem s regard ing  th e  fac to rs  in fluencing  p a th o g en ic ity , th e  
m ech an ism  of in fec tio n  an d  an tib io tic  re s is tan ce , th e  epidem iological questions 
w ith  special re sp ec t to  nosocom ial in fec tio n s are of p a r tic u la r  im p o rtan ce . 
E p idem io log ica l s tu d ie s  have  been ca rried  o u t so fa r only b y  m eans o f phage 
ty p in g  an d  a n tib io tic -sen s itiv ity  p a tte rn s . N ow  O e d i n g ’s m eth o d  o f serological 
g ro u p  an d  ty p e  d e te rm in a tio n  can also be m ade use o f in  epidem iological
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s tu d ies . In  such  w o rk  g rouping  of th e  s tra in s  in to  4 groups offers l i ttle  in fo r
m a tio n . N ow , h o w ev er, following up  th e  sp read  o f in fec tio n s has been m ad e  
possib le b y  th e  fa c t t h a t  w ith in  th e  fo u r g roups as m a n y  as 42 se ro types can  
be d istingu ished .

T he p resen t s tu d ie s  revealed  th e  s tra in s  belonging  to  group 4 to  p re 
d o m in a te  in  p h legm ons an d  boils, while in  o th e r  cond itions th e  serological ty p e s  
w ere d is tr ib u te d  a p p ro x im a te ly  evenly . T here  is l i t t le  p ro b a b ility  o f a g iven  
se ro ty p e  being  resp o n sib le  for a given d isease. The h igh  incidence of g roup  4 
an d  o f Oe d i n g ’s se ro ty p e  charac terized  b y  an tig en  “ e”  is p ro b ab ly  due to  
epidem iological c ircu m stan ces and  n o t to  th e  specific a ff in ity  o f these s tra in s  
to  ce rta in  diseases. O u r resu lts  have been  com pared  w ith  those  of G r ü n  [9] 
o b ta in ed  on 97 s tra in s  an d  w ith  th e  d a ta  of O e d i n g  an d  W illiams  [12].  I t  
is in te re s tin g  th a t ,  s im ila rly  to  our re su lts , am ong Gr ü n ’s s tra in s , too , g roup  4 
was p red o m in a tin g  a n d  th e  m em bers o f  g roup  1 w ere found  in th e  sm allest 
n u m b er. In  c o n tra s t  to  th is , of Oe d i n g  an d  W il l ia m s ’ s tra in s  74 belonged  
to  group  1 and  on ly  31 to  group 4.

F ive p a th o g e n ic ity  te s ts  (coagulase, p h o sp h a ta se , ge la tinase  p ro d u c tio n , 
h aem o ly tic  a c tiv ity , a n d  sp littin g  of m an n ito l)  show ed no connection  w h a te v e r 
w ith  th e  serological b eh av io u r of s taphy lococci.

S im ilarly , no  associa tion  was fo u n d  betw een  an tib io tic  sen s itiv ity  an d  
sero ty p es. The h ig h  n u m b e r of p en ic illin -resis tan t s tra in s  in  group 4 m ay  be 
a t t r ib u te d  to  th e  fre q u e n t occurrence o f th is  group . In  epidem iological o b se rv a 
tio n s  serological ty p in g  m ay  be com ple ted  b y  an tib io tic -sen s itiv ity  te s tin g , 
as s tra in s  be long ing  to  th e  sam e se ro ty p e  m ay  be d is tin g u ish ed  by  an tib io tic  
se n s itiv ity  p a tte rn s .
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STUDIES ON THE CLASSIFICATION, PATHOGENICITY 
AND ANTIGENIC STRUCTURE OF STAPHYLOCOCCI

III . E X A M IN A T IO N  O F ST A P H Y L O C O C C I ISO LA TED  F R O M  FA EC E S*

B y

T . A n g y a l

I n s t i t u t e  o f  M ic r o b io lo g y , U n iv e r s i t y  M e d ic a l  S c h o o l, P é c s  

(R eceived  J u ly  12, 1960)

Sum m ary , (i) F ro m  539 faecal sam ples 174 S ta p h y lo c o c c u s  a u r e u s , 104 S ta p h y lo c o c c u s  
e p id e r m id i s  and  12 M ic ro c o c c u s  stra in s  w ere iso la ted .

(ii) A ccord ing  to  p a th o g en ic ity  te s ts , fa eca l S ta p h ,  a u r e u s  s tra in s  co rresponded  to  
s tra in s  iso lated  fro m  pyogenic in fections.

(iii) A n tib io tic -re s is tan t stap h y lo co cc i o ccu rred  considerably  m o re  freq u en tly  a m o n g  
fa ec a l stra in s  th a n  am o n g  stra ins iso la ted  from  pyo g en ic  infections.

(iv) W ith in  S ta p h ,  a u re u s  an d  S ta p h ,  e p id e r m id i s  51 and 25 se ro ty p es w ere d istin g u ish ed , 
resp ec tiv e ly .

(v) I t  has b een  concluded t h a t  in  cases o f e n te r it is  th e  sim ple iso la tio n  of S ta p h ,  a u r e u s  
f ro m  faeces c an n o t be regarded  as a p ro o f o f th e  aetio log ica l role of th is  o rgan ism .

I t  is k n o w n  th a t  h u m an  faecal sam ples often co n ta in  stap h y lo co cc i. 
F ro m  th e  faeces o f  children u n d e r  3 y ea rs  o f  age these o rgan ism s were iso la ted  
in  26 p er cen t, from  older c h ild ren  in  4 to  5 p er cent [1, 2 ], w hile B u t t i a u x  

a n d  P i e r r e t  [3] found  to  occu r in  faeces in  9 per cen t. A ccord ing  to  M a r t y n  

[4], th e re  is no difference in th is  re sp ec t b e tw een  norm al in fa n ts  and  in fa n ts  
su ffering  from  e n te r itis , as in  th e  fo rm er g roup  he o b ta in ed  p o sitive  re su lts  in  
46 p e r cen t, in  th e  la t te r  in  45.5 p e r  cen t.

G r ü n  [5] iso la ted  staphy lococc i fro m  31 per cen t o f  th e  faeces of a d u lts  
w ith o u t h o sp ita l connections. O n e x am in in g  1173 ch ild ren  u n d e r and  o v er 
tw o  years o f age, P r i s s i c k  [6] iso la ted  s taphy lococc i in  45 .8  a n d  28.2 p er c e n t, 
resp ec tiv e ly .

Serological ty p in g  o f  faecal s tap h y lo co cc i was f irs t p e rfo rm ed  b y  O e d i n g  

an d  A u s t a r h e i m  [7]; in th e ir  m a te r ia l s tra in s  characterized  b y  an tigens “ a b c ”  
w ere th e  m ost f re q u e n t. Gr ü n  [5] could  d iv ide  100 s tra in s  in to  9 serological 
g roups b y  O e d i n g ’s antigens “ ab ce” . H e  fo u n d  no c h a ra c te ris tic  faecal se ro 
ty p e s ;  m ost s tra in s  con ta ined  an tig en s  “ ab c”  and  “ b ” . T he h igh n u m b e r 
(23 p e r cent) o f  inag g lu tin ab le  s tra in s  w as rem arkab le .

The p re se n t w ork was u n d e r ta k e n  to  s tu d y  the  ro le o f  s taphy lococc i in  
th e  aetio logy  o f  in fan tile  e n te r itis . So f a r  faecal s tra in s h a v e  been ex am in ed  
on ly  for p ig m en t p roduc tion , haem olysis  and coagulase a c tiv ity . T herefo re ,

*A p re lim in a ry  re p o rt of th ese  s tu d ies  w as p re sen te d  a t th e  2nd  C ongress of th e  H u n g a 
r ia n  A ssociation of M icrobiologists, S ep tem b er 24, 1959, B udapest.

3*
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in  ad d itio n  to  th e  sy s te m a tic  d e te rm in a tio n  of m orpho log ically  ch a rac te ris tic  
cocci, th e  analysis  o f  th e  resu lts  of p a th o g e n ic ity  te s ts , serological ty p in g  an d  
an tib io tic  se n s itiv ity  te s tin g  was considered  necessary .

Materials and methods

S tr a in s .  In  F e b ru a ry  an d  M arch, 1958 a n d  1959, 539 faecal sam ples were exam ined  fro m  
431 in fan ts  a d m itte d  w ith  en te ritis  to  th e  D e p a r tm e n t o f P aed ia tric s . T h e  sam ples were s tre a k e d  
o n  p la te s  of E ndo  a n d  desoxycho la te  c itra te  m ed ia  and  on p h e n o lp h th a le in  p h o sp h a te  a g a r 
co n ta in in g  8 pe r c en t o f  so d iu m  chloride. A lto g e th e r  291 s tra in s  w ere  iso lated  from  th e  l a t 
te r  m edium .

B io c h e m ic a l  te s ts  (n i tra te  reduction , u til iz a tio n  of am m onia  a n d  u rea , fe rm e n ta tio n  of 
m an n ito l, re ac tio n  in  l itm u s  m ilk , p igm ent, p h o sp h a ta se , h y a lu ro n id ase  an d  coagulase p ro d u c 
tio n ) w ere carried  o u t  as in d ic a te d  p rev iously  [8].

A n tib io t i c  s e n s i t i v i t y  w as te s te d  b y  th e  p a p e r  disc m eth o d . T h e  an tib io tic  c o n te n t  of 
th e  in d iv id u a l discs w as penicillin , 30 u n its ;  o f s trep to m y c in , C hlorom ycetin , au reo m y cin , 
te rra m y c in , e ry th ro m y c in  a n d  kan am y cin , 30 p g ;  o f  neom ycin , 100 p g.

S e ro lo g ic a l t y p i n g  w as perform ed by  th e  use o f absorbed  se ra  p rep ared  w ith  Oe d in g ’s 
t e s t  stra in s . B o th  liv in g  a n d  au to c lav ed  b a c te r ia  w ere exam ined  b y  slide ag g lu tination . T h e  
serological g roups a n d  ty p e s  w ere de term ined  as d escribed  p rev io u sly  [9], according to  O e d in g  
a n d  W i l l i a m s ’ an tig en ic  schem a [10].

Results

The sy s te m a tic  classification  of s tra in s  was m ade accord ing  to  B e r g e y  
[11]. M orphologically  an d  cu ltu ra lly  ch a ra c te ris tic  s tra in s  (G ram -positive cocci 
a rran g ed  in  c lusters) w ere iden tified  w ith  b iochem ical reac tio n s  (n itra te  re d u c 
tio n , u tiliza tio n  o f am m o n ia  and u rea , m an n ito l fe rm e n ta tio n , gelatin  liq u e 
fac tio n  and  re a c tio n  in  litm u s m ilk). O f th e  291 s tra in s  iso la ted  278 belonged  
to  th e  genus S tap h y lo co ccu s, 12 to  M icrococcus. T he sy s tem a tic  position  o f 
1 s tra in  could n o t be d e te rm in ed  (Table I).

Table I

D is t r ib u t io n  o f  S ta p h y lo c o c c u s  a n d  M ic ro co cc u s  s t r a in s  
iso la ted  f r o m  fa e c e s

Nomenclature
(Bergey)

No. P er cent

of strains

S ta p h ,  a u r e u s 1 7 4 5 8 .4

S ta p h ,  e p id e r m id is 1 0 4 3 6 .0

M . v a r ia n s 5 1 .7

M .  c o n g lo m e r a tu s 5 1 .7

M .  u re a e 4 1 .4

M . c a n d id u s 1 0 .4

U n d eterm in ed 1 0 .4

T o ta l 2 9 1 1 0 0 .0
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Staph, aureus  w as iso lated  in  174 cases (58.4 p er cen t), Staph, ep iderm id is  
in  104 cases (36.0 p e r  cen t). The d is tr ib u tio n  o f  th e  12 M icrococcus s tra in s  w as 
M . varions  5, M . ureae 4, M . conglomeratus 2, M . candidus  1. In  th e  faeca l 
sam ples s tap h y lo co cc i and  m icrococci o ccu rred  in  ad d itio n  to  o th e r b a c te ria , 
as E . coli, K lebsie lla , P ro teu s, etc.

T he p o te n tia l p a th o g en ic ity  o f th e  s tra in s  w as estim a ted  b y  th e  m a n n ito l, 
h y a lu ro n id ase , coagu lase  and  p h o sp h a ta se  te s ts . As show n in  ou r p rev ious 
p a p e r [8], th e  coagu lase reac tion  is th e  m o st re liab le  in d ic a to r  o f p o te n tia l  
p a th o g en ic ity . O f th e  174 Staph, aureus  s tra in s  on ly  1 was coagu lase-negative . 
This organ ism  w as n o t pathogenic , as in  th e  o th e r  p a th o g en ic ity  te s ts  i t  y ie ld ed  
eq u a lly  n eg a tiv e  re su lts . O f th e  173 co agu lase-positive  s tra in s  141 (81.0 p e r 
cent) w ere also m a n n ito l- , hyalu ron idase- an d  p h o sp h a tase-p o sitiv e . O f th e  fo u r 
p a th o g en ic ity  te s ts  on ly  3 was given b y  18 s tra in s  (10.4 p er cent) an d  on ly  2 
b y  14 s tra in s  (8.1 p e r cent). A m ong coagu lase-positive  cu ltu res 11 m a n n ito l
n eg a tiv e  an d  7 p h o sp h a tase -n eg a tiv e  s tra in s  occu rred  (Table I I ) .

Table II

P a th o g e n ic ity  tests w i th  s ta p h y lo c o c c i iso la te d  f r o m  fa e c e s

Species
No. P er cent

M annitol
H yaluron

idase Phosphatase Coagulase
of strains

S ta p h ,  a u r e u s 141 81.0 - j- + +
11 6.3 — + + +

7 4.1 + + — +
1 0.5 — — — —

14 8.1 — — + +

T ota l 174 100.0

S ta p h ,  e p id e r m id is 74 71.1 — - — —

7 6.7 + + + —

8 7.7 — — —

8 7.7 + — _L- —

7 6.8 — — + —

T ota l 104 100.0

O f 104 w h ite  p igm en t-p roduc ing  s tra in s  7 w ere m an n ito l-, h y a lu ro n id ase - 
an d  p h o sp h a ta se -p o sitiv e . E ig h t s tra in s  w ere m an n ito l- an d  p h o sp h a ta se -p o si
tiv e , 8 were on ly  m an n ito l- and  7 o n ly  p h o sp h a ta se -p o sitiv e .

Som e M icrococcus s tra in s  also gave p ositive  p a th o g en ic ity  te s ts . O f 5 
M . varions  2 exercised  h y a lu ro n id ase  an d  3 p h o sp h a tase  a c tiv ity . B o th  M . 
conglomeratus s tra in s  were p h o sp h a tase -p o sitiv e . M . ureae and  M . candidus  gave
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n e g a tiv e  results in  a ll th e se  te s ts . In  acco rd an ce  w ith  ou r p rev ious o b se rv a tio n  
[8], n o  coagu lase-positive  s tra in s  w ere found  in  th e  genus M icrococcus 
(T ab le  I I I ) .

Table III

P a th o g e n ic ity  tests w i th  m ic ro co cc i iso la ted  f r o m  fa e c e s

Species
No. of 
strains M annitol

H yaluron
idase Phosphatase Coagulase

M . v a r ia n s 2 + + +
2
1

+ =
M .  c o n g lo m era tu s 2 — — + —

M . ureae 4 — — — —

M . c a n d id u s 1 — — — —

T he an tib io tic  se n s itiv ity  o f S taph , aureus s tra in s  was as follow s. T he 
s t r a in s  w ere re s is ta n t to  penicillin  in  80.8, to  s trep to m y c in  in  74.3, to  Chloro
m y c e tin  in  53.4, to  au reo m y c in  in  61.9, to  te rra m y c in  in  68.9, to  e ry th ro m y c in  
in  33.8 , to  neom ycin  in  1.1 per cen t. A ccord ing ly , th e  n u m b er o f non-suscep- 
t ib le  s tra in s  was v e ry  h ig h . The fre q u e n t occurrence o f e ry th ro m y c in -re s is tan t 
s t r a in s  is of special in te re s t .  S tra ins re s is ta n t  to  kan am y c in  w ere n o t m e t w ith . 
S ta p h , epiderm idis w as re s is ta n t to  pen ic illin  in  76.9, to  s tre p to m y c in  in  50.1, 
to  ch lo ro m y cetin  in  31 .7 , to  au reom ycin  in  41.3, to  te rra m y c in  in  47.1, to  
e ry th ro m y c in  in  17.3, to  neom ycin  in  1.0 p er cen t. No k a n a m y c in -re s is tan t 
S ta p h , epiderm idis w as fo u n d  (Table IV ).

Table IV

A n t i b i o t i c  s e n s i t i v i t y  o f  s ta p h y lo c c o c c i  iso la te d  f r o m  fa e c e s

Antibiotics

R esistant 
S ta p h , a u re u s  

strains

R esistant 
S ta p h , e p id e rm id is  

strains

no. per cent no. per cent

Penicillin 156 88.8 80 76.9

Streptom ycin 131 74.3 52 50.1

C hlorom ycetin 93 53.4 33 31.7

Aureom ycin 108 61.9 43 41.3

Terram ycin 120 68.9 49 47.1

E ry throm ycin 59 33.8 18 17.3

Neom ycin 2 1.1 1 1.0
K anam ycin 0 0 0 0
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T h e an tigen ic  s tru c tu re  of 73.0 p e r  c e n t o f Staph, aureus s tra in s  could  be  
d e te rm in ed . W ith in  th e  groups b ased  on  O e d in g  an d  W il l ia m s’ group  a n tig en s  
(“ e” , “ i”  and  “ k ” ), a lto g e th e r 51 se ro ty p e s  occurred  (Table Y). O f th e  s tra in s  
27.5 p e r  cent be longed  to  group 2, 20 .6  p e r  cen t to  group 3 16.0 p er c en t to  
g roup  4 and  8.9 p e r  c e n t to  group 1. P re d o m in a tio n  o f a c e r ta in  se ro ty p e  w as

Table V

S e ro lo g ic a l g r o u p  a n d  typ e  d is t r ib u t io n  o f  S ta p h ,  a u re u s  iso la te d  f r o m  fa e c e s

Serological group
In-

agglu-1 2 3 4

TyPe No. Type No. Type No. Type No.
tinable

abcefi 3 abc 3 ab ch i 7 abcfh ik l 47

abceh 2 ab ch 3 a b cfh i 1 abch l

abce 1 b 2 b ch i 3 abchk l

aeh i 2 b f 2 bei 1 abcehik 3

a e f 1 bh 1 ab i 3 abcefhk l

eh 2 ab fh 2 ab h i 3 к 2

ace 2 ab 1 chi 4 fk 1

ab efh 1 ab h 3 ci 3 ik 3

abei 1 be 1 ai 10 acehik 1

bch 1 aci 1 bchik 1

c 1 ahik 2

cfh 1 abehi(k) 4

a f 2 abehk 4

a 8 abefh ik 1

ah 7 aefik 2

ac 5

ach 5

T o ta l 15
(8-9% )

48
(27.5% )

36
(20.6% )

28
(16.0% )

47
(2 7 .0 % )

n o t  observed, th e  various se ro types o ccu rred  w ith  an  incidence of b e tw een  0.5 
a n d  4.6 per cen t. O f th e  stra ins 27 .0  p e r  c en t could n o t be g rouped . As to  g roup  
a n d  ty p e  d is tr ib u tio n , th ere  w as a d ifference betw een  faecal s tra in s  a n d  
staphy lococc i iso la te d  from  pyogen ic  in fec tio n s; nam ely , am ong  faecal s tra in s  
g ro u p  2, am ong th e  o thers group  4 , w ere th e  m ost f req u en t. A m ong p y o g en ic  
s tra in s  typ es “ a b h ik ”  and  “ a b h i”  w ere especially  com m on (27.2 p e r  ce n t) . 
N one am ong th e  faecal stra ins p re d o m in a te d .

The d e te rm in a tio n  of th e  a n tig e n ic  s tru c tu re  o f faecal s tra in s  in v o lv ed  
som e d ifficu lty , as ag g lu tin a tio n  w as u su a lly  slow and  ty p in g  was o ften  possib le
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on ly  w ith  au to c lav ed  b a c te ria . L iving s tra in s  induced  w eak  or no ag g lu tin a tio n . 
Som e exam ples a re  p re sen ted  in T ab le  V I. T he phenom enon  is ch a rac te ris tic  
o f faeca l s tra in s , as w ith  staphylococci o f  pyogenic  orig in  i t  was observed  b u t  
ex cep tiona lly .

T he serological ty p in g  of S taph , epidermiclis w as also a tte m p te d . As 
reg a rd s  th e  an tig en ic  s tru c tu re  o f th is  o rgan ism , few  d a ta  are found  in  the  
l i te ra tu re . The ty p in g  o f  Staph, ep iderm id is  w as successful in  56.5 p e r c en t 
(T able  V II).

T ab le  V II show s th a t  p a r t of th e  S ta p h , epiderm idis  s tra in s  could be in 
c lu d ed  in  th e  fou r S ta p h , aureus serological g roups. O f th e  s tra in s  33.6 p e r c en t 
be longed  to  g roup  4 , 15.3 to  group 2, 6.7 to  group 3 an d  0.9 to  group 1. T h e

T able  V I

Agglutinability o f  strains

D esignation 
o f strains

D eterm inable antigens

Before autoclaving A fter autoclaving

985 a a b c  h
991 inagglutinable a c h

1002 inagglutinable a
1005 inagglutinable a h
1006 (a) a h i к
1032 (i) a b  h i
1101 inagglutinable a h
1207/b inagglutinable a b c
1103 inagglutinable к
1119 inagglutinable a

h igh  incidence o f s tra in s  conta in ing  on ly  a n tig e n  “ k ”  w as rem ark ab le  (27.0 p e r  
cen t). In a g g lu tin a b le  s tra in s  occurred in  43 .4  p e r  cen t.

G r ü n  and  K ü h n  [13] exam ined  150 w h ite  p ig m en t-p ro d u c in g  s tra in s  
w hich h a d  been iso la te d  from  pyogenic in fec tio n s and  from  th ro a t  an d  n a sa l 
sam ples. O f th e  s tra in s  from  su p p u ra tiv e  co n d itions 13 p e r cen t, from  th ro a t  
an d  n a sa l sam ples 21 .8  p e r cent w ere in ag g lu tin ab le . T he m ost fre q u e n tly  
occu rring  sero types w ere  ,,abce” , “ ab c” , “ a b ”  and  “ b ” . T hese ex am in a tio n s 
were n o t  ex ten d ed  to  th e  en tire  an tig en ic  s tru c tu re , th u s  to  an tigens “ i”  
and  “ k ” . A ccordingly , no  com parison co rresp o n d in g  to  O e d in g  and  W i l l i a m s ’ 
g roup ing  can  be m ad e  b e tw een  th e  s tra in s  o f  G r ü n  an d  K ü h n  and  th e  faecal 
s taphy lococc i in  o u r m a te r ia l. The occu rrence  o f in ag g lu tin ab le  s tra in s am ong  
faecal S taph , ep iderm id is, as well as am o n g  faecal S taph , aureus c u ltu re s , 
seem s to  be com m on.
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T ab le  VII

Serological group and type distribution o f  Staph, epidermidis isolated fro m  faeces

Serological group
In-

ngglu-1 2 3 4

Type No. Type No. Type No. Type No.
tinable

aef l be 3 ai 2 abcefik 3 45
bchi l abchi 1 abcfhik l

ah 3 abhi 1 abik l

a 2 abfi 1 afhik l

abch 1 ci 1 ahk l

c 2 hi 1 ak 2
cfh 1 efik 1

abfh 1 к 25
ach 1

c 1

Total l
( 0 .9 % )

16
(15.3%)

7
(6 .7 % )

35
(33.6%)

45
(43.4% )

D iscussion

T he p o in ts  o f th e  p resen t s tu d y  to  be answ ered  were
(1) th e  occurrence of m icrococci in  faecal sam ples an d  th e  p ro p e rtie s  

of th ese  organ ism s;
(2) th e  pa th o g en ic  role of s tap h y lo co cc i and  o th e r s tra in s  of M icrococci 

as e s tim a te d  b y  th e  pa th o g en ic ity  te s ts ;
(3) a n tib io tic  sensitiv ity ;
(4) serological behav iour of faecal s taphy lococci; com parison  of th e  d is t r i 

b u tio n  o f se ro ty p es am ong faecal s tra in s  an d  am ong s tra in s  iso la ted  fro m  
pyogen ic  in fec tions;

(5) th e  incidence of staphy lococci in  faeces as com pared  to  th a t  o f kn o w n  
en te ric  pa th o g en s.

ad  (1) O n th e  basis of m orpho log ical and  biochem ical b eh av io u r, o f  th e  
iso la ted  s tra in s  4.4  per cent belonged to  th e  genus M icrococcus. These s tra in s  
w ere m em bers o f  four d ifferent species (M . variáns, M . conglomeratus, M . ureae 
a n d  M . candidus); th e  system atic  p o sitio n  o f one s tra in  w as n o t d e te rm in ed . 
I t  has been  show n [8] th a t  m icrococci occur in  sp u tu m ; acco rd ing ly , th e y  m a y  
easily  gain  access to  the  in te s tin a l t r a c t .  Som e of th e  s tra in s  w ere h y a lu ro n id ase - 
a n d  p h o sp h a tase -p o sitiv e  b u t n e ith e r  o f th e m  p roduced  coagulase. This f in d in g  
is in  acco rdance  w ith  our earlie r o b se rv a tio n s [8]. In  an tib io tic  s e n s itiv ity  
th ese  s tra in s  d id  n o t differ from  staphy lococc i.
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ad (2) Of th e  p a th o g en ic ity  te s ts , th e  p h o sp h a tase , hya lu ron idase  an d  
m a n n ito l reactions g a v e  som etim es d iv e rg e n t resu lts , w hile th e  coagulase te s t  
a lw ay s  yielded u n ifo rm  ones, confirm ing th e  re liab ility  of th is  reac tio n . A ccord 
in g  to  th is  te s t , faeca l s taphy lococci possess a p o te n tia l p a th o g en ic ity , 
s im ila r ly  to  s tap h y lo co cc i iso lated  fro m  pyogenic in fec tions. A m ong w h ite  
s tap h y lo co cc i c e r ta in  s tra in s  gave p o sitiv e  p a th o g en ic ity  te s ts ;  th e  coagulase 
te s t  w ith  these s tra in s , how ever, was a lw ays negative .

ad  (3) A co n sid erab le  num ber o f th e  faecal s tap h y lo co cc i were re s is ta n t 
to  an tib io tic s , e sp ec ia lly  to  the  b ro ad  sp e c tru m  ones u su a lly  ad m in is te red  b y  
m o u th . A t the  sam e t im e , of 100 s tra in s  iso la ted  from  boils 32.0 per cen t w ere 
r e s is ta n t  to  penicillin , 15.0 to  s trep to m y c in , 19.0 to  C hlorom ycetin , and  8.0 p er 
c e n t  to  aureom ycin  a n d  te rram y c in . A com parison  of th e  re su lts  clearly  show s 
th a t  th e  faecal s tra in s  were more fre q u e n tly  re s is ta n t to  the  exam ined  
a n tib io tic s .

ad  (4) P a r t  o f th e  faecal s taphy lococc i could be in c lu d ed  in  O e d i n g  an d  
W i l l i a m s ’ serological groups. A lto g e th e r 51 sero types w ere d istingu ished . 
U n lik e  am ong s tra in s  f ro m  pyogenic in fec tio n s , am ong faecal s tra in s  no p re 
d o m in a tin g  serogroups o r  serotypes occu rred . The m a jo rity  o f th e  s tra in s iso la ted  
fro m  pyogenic co n d itio n s  belonged to  g ro u p s 4 [9]. The large  n u m b er o f se ro 
ty p e s  am ong faecal s tra in s  confirm s th a t  n one  of th e  se ro ty p es can be reg a rd ed  
as ch a ra c te ris tic  o f th e  faeca l flora. F ro m  th e  large v a r ie ty  o f sero types i t  m ay  
be concluded  th a t  th e  appearance  of stap h y lo co cc i in  th e  faeces depends on 
th e  en v iro n m en ta l o ccu rren ce  of these  o rgan ism s.

P a r tia l  an tigens ch a rac te ris tic  o f S ta p h , aureus w ere also found  in  S taph , 
ep iderm id is. This f in d in g  shows th e  ex is ten ce  of a close re la tio n sh ip  betw een  
th e  tw o  species. S ta p h , epiderm idis c u ltu re s  were m ore freq u en tly  inagglu- 
t in a b le  th a n  Staph, aureus, and often  c o n ta in e d  only one or tw o o f the  know n  
co m p o n en ts . Staph, ep iderm id is  s tra in s  c o n ta in in g  only  an tig en  “ k ”  occurred  
in  a considerab le  n u m b e r  (24.0 per cen t).

a d  (5) Staph, aureus  was recovered  from  174 (32.3 p e r cent) o u t o f th e  
539 faeca l sam ples ex am in ed . K now n e n te r ic  p a thogens w ere iso la ted  from  
79 sam p les  (14.0 p e r c e n t) . O f the la t te r  o rgan ism s 78 co rresponded  to  E . coli 
0 1 1 1  : B 4 serotypes a sso c ia ted  w ith  in fa n tile  en te ritis ; th e  rem ain ing  1 s tra in  
w as S h . flexneri. In  44 o u t  o f the la t te r  79 specim ens S taph , aureus occurred  
s im u ltan eo u sly  w ith  th e  above en teric  p a th o g e n s  (55.6 p er cent) (43 E . coli 
O l l i  : B 4 and  1 Sh. f le x n e r i) .  F rom  th e  rem ain in g  35 sam ples (44.4 p er cent) 
y ie ld in g  en teric  p a th o g e n s  no staphy lococci w ere cu ltu red .

F ro m  these f in d in g s  i t  m ay be co n c lu d ed  th a t  th e  sim ple iso la tion  o f 
S ta p h , aureus from  faeces  in  cases o f e n te r it is  can n o t be reg a rd ed  as a p ro o f 
o f  its  aetio log ical role in  t h a t  disease.
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VARIANTS OF SH. SONNEI PHASE I
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B . S e r é n y
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(R ece ived  A ugust 6, 1960)

Sum m ary . B y  s tu d y in g  colony m orphology  in oblique lig h t u n d e r g rad u ally  changing  
ang les of incidence, six  co lony  fo rm s of Sh . sonnei cu ltu res h av e  b e en  d iffe re n tia te d . E ac h  of 
th e m  has been fo u n d  to  c o n ta in  p h ase  I an tigen . In v e s tig a tio n  of th ese  v a r ia n ts  revea led  
essen tia l differences in  v iru len ce , th u s  m ak in g  i t  possible to  se lec t cu ltu res  of a d eq u a te  v iru 
lence. One v a r ia n t  co n ta in in g  exclusively , or alm ost exclusively , p h ase  I  a n tig en  proved  to  be 
a v iru len t, while th e  m o st v iru le n t w as a v a r ia n t  form ing colonies w ith  b o th  phase  I and phase  II  
an tig en s. A ccordingly , fo r th e  v iru len ce  of Sh. sonnei cu ltu res  n o t alone th e  phase  I  an tig en  
sh o u ld  be m ade responsib le.

O ur m ethods for d e te rm in in g  th e  fine s tru c tu re  o f b ac te ria l colonies 
[27, 28, 29] have  been  app lied  for stu d y in g  some unco m m o n  Sh . sonnei colony 
fo rm s. The p resen t re p o rt deals w ith  th e  special fea tu re s  o f  colonies con ta in ing  
ph ase  I  an tigen .

M ateria ls and m ethods

Isolation o f  variants. T he m a jo r ity  o f th e  v a ria n ts  h a d  b een  o b ta in e d  from  Sh. sonnei 
cu ltu res  s to red  on D o r se t’s egg m ed iu m  a t  3° to  10° C, or on  DC ag ar a t  37° C, by  tran sfe r  
on  ag ar p la tes co n ta in in g  y eas t e x tra c t.  In c u b a tio n  of dense suspensions o f s ta r-sh ap ed  colonies 
on  b rillian t green ag ar fo r 24 hours a t  37° C was also used fo r th e  se lec tion  of v a rian ts . U pon  
d iscovery  of a new  co lony  p a tte rn ,  ap p ea rin g  as a p in -p o in t s tru c tu re , a series of subcu ltu res  
w as m ade  on C ag ar p la te s  co n ta in in g  y e a s t e x tra c t [28a] u n til  a p u re  o r a lm o st pure  cu ltu re  
h a d  resu lted . Som e v a r ia n ts  fa iled  to  p roduce  even a p p ro x im a te ly  p u re  cu ltu res owing to  
ex tre m e  d issociation; th ese  will n o t  be discussed in th e  p re sen t pap er.

T he purified  v a r ia n ts  were in v es tig a te d  for m orphological, b iochem ical, and  serological 
p ro p e rties , to x ic ity  an d  v iru lence . V iru lence  was e s tim a ted  by  in tra ab d o m in a l in fection  of 
m ice and  co n ju n c tiv a l in fec tio n  of g u in ea  pigs.

Cell morphology. G ram -s ta in ed  p rep ara tio n s derived  from  v a rio u s  ty p es o f colony 
show ed some d ev ia tio n s w hich , how ever, have  n o t been fo u n d  ch arac te ris tic .

Culture media. In  ad d itio n  to  m ed ia  p repared  w ith  y e a s t e x tra c t  (C agar) and  desoxy- 
cholic  acid  (D agar) [28, 28a], som e u su a l m edia such as desoxycholic  acid-sod ium  c itra te  
ag a r, eosin m ethy lene  b lue  agar, w ere used .

Colony morphology w as s tu d ied  in  oblique ligh t u n d e r v a ry in g  angles o f incidence [27, 
28]; C agar was fo u n d  to  be th e  m ed iu m  of choice for th is  p ro ced u re . O n horse b ro th  or beef 
e x tra c t  m edia th e  fine  s tru c tu re  w as less discernible.

W hile im p rin ts  o f  th e  s ta r-sh ap e d  an d  m oderate ly  re fra c tiv e  colonies were ch arac te ris tic  
[28 a], th e  fo rm atio n s le ft b eh ind  a f te r  rem oval of colonies com posed  o f o th e r  v a r ia n ts  could  
n o t  be classified in to  w ell-defined g roups.

No n o tew o rth y  d ifferences w ere discovered in th e  biochemical activity  of th e  va rio u s 
colony v a rian ts .

Serological investigations. A n tig en  s tru c tu re  was d e te rm in ed  b y  slide ag g lu tin a tio n  w ith  
e x h a u s te d  sera, W id a l’s te s t ,  an d  cross exhaustion . W ith  som e v a r ia n ts  (2a, 3, 4, 5 a n d  6) 
p h ase  II  an tig en  could  n o t be d e m o n s tra ted  beside phase  I an tig en , e ith e r by  slide, or tu b e ,
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a g g lu tin a tio n , whereas im m u n iz a tio n  of ra b b its  w ith  th e  sam e v a r ia n ts  y ie ld ed  sera  con tain ing  
b o th  p h a se  I and phase  I I  ag g lu tin in s . I n  such  cases e x am in a tio n  o f th e  cu ltu res  in oblique 
l ig h t  rev ea led  in a p p a re n tly  p u re  cu ltu res  th e  sporad ic  presence o f colonies corresponding  to 
p u re  p h ase  II  v a rian ts , in  s t ru c tu re  an d  an tig e n  c o n te n t alike.

Tests fo r  virulence a n d  toxicity. F o r  th is  p u rpose  re g u la rly -in c rea s in g  q u an titie s  of 
b a c te r ia ,  dried in a v acu u m  e x sicc a to r in  a re fr ig e ra to r have  been  em ployed . B efore perform ing 
a n im a l experim ents, th e  v iab le  o rgan ism  c o u n t in  th e  d ried  p re p a ra tio n  w as determ ined. 
W h e n  th e  original v a r ia n t  w as b u t  slig h tly  “ co n ta m in a te d ” b y  p h ase  I I  colonies, th e  circum 
s ta n c e  w as considered as neg lig ib le . T h u s ID 50 an d  LD 50 were d e te rm in e d  w ith  reg ard  to  th e  
n u m b e r  o f phase I o rgan ism s. A n im al te s ts  w ere ta k e n  in to  a cc o u n t o n ly  i f  th e y  proved to 
be  rep roducib le .

F o r  m ouse tes ts  a lb in o  m ice w eighing 17 to  19 g each  fro m  o ur I n s t i tu te ’s own breed 
w ere  u sed . T w enty  an im als w ere  in o cu la ted  in tra ab d o m in a lly  w ith  each  dose, in  a  volum e of 
0.5 m l. T h e  mice were k e p t  u n d e r  o b se rv a tio n  fo r th ree  days. In  te s ts  fo r v iru len ce , b acteria l 
su sp en s io n s  were m ixed a t  th e  ra tio  o f 1: 5 in  5 pe r cen t m ucin ; in  te s ts  fo r to x ic ity , suspensions 
e x p o se d  fo r an  hour to  s tre a m in g  v a p o u r  w ere used . V irulence w as te s te d  also b y  co n junctiva l 
in fe c tio n  of guinea pigs w i th  a  loopfu l o f a on e-d ay  cu ltu re , ex am in in g  th e  cap ac ity  of th e  
c o lo n y  u n d e r investig a tio n  to  cause  k e ra to co n ju n c tiv itis  shigellosa. I n  case o f a  positive 
f in d in g , groups of six g u in ea  p igs w ere in fec ted , each  an im al in  b o th  eyes, w ith  rising  doses of 
th e  d r ie d  p rep ara tio n  su sp en d e d  in  0.01 m l o f b ro th .

D esignation o f  varian ts  on  th e  basis o f colony m orphology  w as m ad e  b y  designating  
w ith  f ig u res  each of th e  c h a ra c te ris tic  form s. In  th e  in te re s t of a  u n ifo rm  p ro ced u re , th e  desig
n a tio n s  applied  in earlier s tu d ie s  [27, 28] w ere used . T hus No 3 h as  b een  re ta in e d  for th e  
n e tw o rk  p a tte rn , a lth o u g h  th e  n e tw o rk  v a r ia n t  described  in  th e  p re se n t re p o r t  w as n o t com ple
te ly  id en tica l w ith  th e  co lony  ty p e  p rev io u sly  m ark ed  3.

R esu lts

Variants o f Sh. sonnei phase I .  T he  p resen t p ap e r deals w ith  th e  following 
v a r ia n ts  from  the  p h ase  I  co lony  ty p e s  o f Sh. sonnei cu ltu res .

1) S tar-shaped .
2a) H ighly re fra c tiv e , hom ogeneous.
3) N etw ork p a tte rn .
4) Concentric.
5) R adial s tru c tu re .
6) Colonies grow n on  ag ar p la te s  covered  b y  cellophane.
I n  some cases 2b v a r ia n ts  (m o d era te ly  re frac tiv e , hom ogeneous colonies 

w ith  p u re  phase I I  a n tig e n  c o n ten t) w ere s tu d ied  as con tro ls .
T h e  results of th e se  in v es tig a tio n s  are p resen ted  in  T ab les I  to  X I . The 

fo llow ing  is a b rief a c c o u n t o f th e  o b serv a tio n s w hich are  th o u g h t to  deserve 
spec ia l m ention.

1) Star-shaped colonies. This v a r ia n t  has been d iscussed  in  detail 
in  th e  prev ious reports.

In s id e  the colony, th e  s ta r-sh a p e d  fo rm atio n  co n ta in s  p h ase  I  antigen , 
th e  p e rip h e ra l p arts  p h ase  I I  an tig en . T h u s b o th  an tigens a re  p re se n t, sep ara ted  
fro m  each  other. F ro m  th e  serological aspec t th is  ty p e  m ay  be d en o ted  as a 
m ix ed  one (Table V II); i t  is acco rd ing ly  slig h tly  a g g lu tin a te d  b y  try p a flav in e . 
T h e  v a r ia n t  m ay be re g a rd e d  as th e  d o m in an t pathogen ic  fo rm  o f Sh . sonnei. 
I t  u su a lly  does n o t g ro w  on b ism u th  su lp h ite  or b r il l ia n t green agar 
(T ab le  V I); however, i f  th e  inocu lu m  is la rge , m inu te  colonies develop  on b o th
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F ig . 1. A  highly re fra c tiv e , hom ogeneous co lo n y  (u p p er r ig h t co in e r)  a n d  colonies w i tb  
ra d ia l  stru c tu re . M ag n ifica tio n  abour v lO

Fig 2. Colonies w ith n e tw o rk  p a tte rn .  M agnification  a b o u t  x î
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Table I

Structural characteristics o f  S h . sonnei colony variants 
C agar, in cu b a tio n  for 24 hours

D esignation  o f v a ria n t
M orphological c h a ra c te r is tic s

in  d ire c t l ig h t in  oblique ligh t

1. W ith  s ta r F la t, b u t otherw ise th e  usual 
S  form

In  less re frac tiv e  colony m ate ria l, 
m ore  re frac tive  shapes o f v a ry 
ing size around th e  cen tre , 
u su a lly  form ed b y  ra d ia l 
bu n d les

2a. S trongly  refractive  
hom ogeneous

T he usual S  fo rm R e fra c tiv e  m ateria l co rrespond
in g  to  th e  s ta r of ty p e  1, 
d is tr ib u te d  evenly over th e  
w hole colony

2b . M oderately  refrac tive Slightly  f la t te r  th a n  ty p e  1, E n tire ly  hom ogeneous colony of
hom ogeneous occasionally w ith  som ew hat 

irregular con tours
less re frac tiv e  m ateria l th a n  
t h a t  o f ty p e  2a

3. N e tw ork  p a tte rn Porcelain-w hite, fin e ly  granular 
S form , u sua lly  sm aller than  
ty p e  1

In  hom ogeneous m ateria l a  n e t 
w ork  o f w hitish, rough lines, 
becom ing  b lurred  tow ards th e  
cen tre

4. Concentric s truc tu re T h e  usual S  form Circles o r squares form ed b y  fine  
p a ra lle l lines changing in  colour 
acco rd ing  to  the  plates position  
an d  d im inishing in d iam eter 
to w a rd s  th e  centre

5. R a d ia l s tru c tu re L ike ty p e  3 In  hom ogeneous m ateria l, ro u g h , 
w h itish  lines, proceeding in  r a 
d ial d irec tio n  from  th e  cen tre

6. G row n on cello- F la t ,  ro und  fo rm s o f  0.5 to  2 F a in tly  re frac tiv e  hom ogene-
p h an e-covered  agar m m  d iam ete r, w ith  p a r tly  irre 

g u la r , sligh tly  in d e n te d  or 
ro u n d ed  m arg in , u n e v en  su r
face and a sligh t p ro tu b eran ce  
in  th e  cen tre .

ous m a te ria l

c u ltu re  m edia (Table У ). O f all th e  in v e s tig a te d  v a ria n ts  th is  one possesses th e  
h ig h es t v iru lence an d  to x ic ity  (Tables I X  to  X I).

2a) H ighly refractive, homogeneous colonies (Fig. 1).
In  ad d itio n  to  w h a t has been re p o r te d  in  our ea rlie r p a p e rs  [27, 28, 28a], a 

re m ark ab le  re frac tio n  c a p ac ity  and  hom ogeneous d is tr ib u tio n  were observed  
w ith  several of th e  v a r ia n ts . Of th ese , ty p e  2a refers o n ly  to  form s w hich in  
su b cu ltu re s  c o n s ta n tly  produce  p a tte rn s  id en tica l in s tru c tu re  w ith  th a t  o f th e  
m o th e r  colony. The m o s t copious of th is  v a r ia n t  are o n e -d ay  b ism u th -su lp h ite  
ag a r cu ltu res  of a la rg e  inoculum  of v a r ia n t  No. 1. The ty p e  u n d e r discussion is 
try p a fla v in e -n eg a tiv e , ag g lu tin a ted  on ly  b y  phase I  se ru m . B y  im m u n iza tio n  
o f ra b b its  its  cu ltu res  nevertheless re v e a l a slight a m o u n t o f  phase I I  a g g lu ti
n o g en  (T able V II). I ts  v iru lence  to  m ice is m odera te , to  g u in ea  pigs it  is second
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Table II

Isolation o f  Sh. sonnei colony variants

D esignation
Colony v a rian t 

f i r s t  appearance T echn ique o f  iso lation

l P r im a ry  faecal culture on DC agar. 
A fte r  con junctival infection  w ith  
ty p e  2a or 4, culture o f ocular dis
charge on  C agar

S ubcu ltu re  on C agar

2a P rim ary  faecal culture on  DC agar

A fter co n ju n c tiv a l infection w ith  ty p e  
5, c u ltu re  o f ocular discharge on  C 
ag ar

C ultu re  o f  ty p e  1 colony on DC agar 
w ith  prolonged incubation

O ne-day  cu ltu re  on brillan t green  
ag ar o f  large inoculum  of ty p e  1 
v a r ia n t

S u b cu ltu re  on C agar, and serial su b 
cu ltu res from  highly re fractive  h o m o 
geneous colony

R ep ea ted  subcultu re  on C agar

Subcu ltu res o f p in-head sized g ra n u la r  
colonies on C agar

2b P rim ary  faecal culture on DC agar

S to red  cu ltu re  o f type 1 

S u b cu ltu re  o f ty p e  1 colony of C agar

S u b cu ltu re  on C agar, and new  su b 
cu ltu res o f m arg inal p a r t  from  ty p e  
1 colony on C agar 

C ultures grown on C agar alw ays co n 
ta in  2b v a rian ts

S ubcu ltu re  of occasional 2b ty p e  colony, 
or o f m arginal p a rts  from  ty p e  1 
colony on C agar

3 S u b cu ltu re  o f several type 1 and  ty p e  4 
cu ltu res  stored  for prolonged periods 

C u ltu re  o f  ty p e  4 colony on  DC agar 
a f te r  prolonged incubation

Subcultu res of pin-prick  sized n e tw o rk  
p a tte rn  colonies on C agar 

R ep ea ted  subcultu re  on C agar

4 C ultu re  o f ty p e  1 colony on DC a fte r 
p ro longed  incubation 

C u ltu re  o f ty p e  1 colony grow n on 
D o rse t cu ltu re  m edium , s to red  for 
p ro longed  periods a t room  tem p e ra 
tu re

R ep ea ted  subcultu re  on C agar 

R ep ea ted  subcultu re  on C agar

5 C ultu re  o f ty p e  4 or 2a colony on DC 
a g a r a f te r  prolonged in cu b a tio n

R ep ea ted  subcultu re  on C agar

6 O ne-day  cu ltu re  of type  1 v a r ia n t  on 
cellophane-covered C agar

Serial subcultu re  on cellophane-covered  
C agar

to  v a r ia n t N o. 1. I n  to x ic ity  it  does n o t  d iffer from  th e  o th e r v a ria n ts  c lassified  
as phase I  (T ables I X  to  X I).

3) Colonies w ith  network pattern  (F ig . 2).
T his is p e rh a p s  th e  m ost in te re s tin g  v a r ia n t.
In sp ec tio n  in  d irec t ligh t a lre a d y  reveals  a w h itish  g ran u la r s tru c tu re  in  

th e  colony. In  ob lique  ligh t (p la te  positio n  4 — 8) a ne tw o rk  is seen, fo rm ed  b y  
th e  crossing o f  less delica te  lines a t  th e  m arg in , w hile a hom ogeneous, ye llow ish  
brow nish  m a te r ia l m ay  be observed  a ro u n d  th e  cen tre  o f th e  colony. A s im ila r ,

4 A c ta  M icro b io lo g ica  V I I I /2 .
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Table III

Dissociation o f Sh. sonnei variants on C agar

Colony v a ria n t
S eria l n u m b er  o f 

v a r ia n ts  fo rm ed  in  
th e  f ir s t  subcu ltu res

l 1, 2b

2a 2a (1, 2b)

2b 2b

3 3 (2b)

4 4 (2b)

5 5 2a

6 1 2b

U ncom m on v a ria n ts  in  p a ren theses

Table V

Cultures o f  Sh. sonnei variant colonies

C u ltu re  m edia
Colony

1 2a 2b

H orse  agar 2a o r 1 2a F la t, w ith  sligh tly  
uneven m arg in

B eef ag ar 2a o r 1 2a As on horse agar
D agar R  fo rm  w ith brown 

s ta r
S fo rm , hom ogeneous 

o r w ith  brow n s ta r
R  shape, hom ogenous

DC ag ar S fo rm S fo rm No grow th

E osine-m ethy lene 
b lue  agar

S fo rm  or bomb 
fo rm

S form As on horse agar

B ism u th  sulphite 
ag ar

O n ly  in  case of large 
inocu lum , pin-prick 
sized  colonies

I n  case o f large inoc
u lu m , colonies of 
p in ’s head size and 
g ra n u la r  stru c tu re

No grow th

B rilla n t green agar I n  case  of large inocu
lu m , p in ’s head size 
colonies

A s on b ism uth  
su lp h ite  agar

A fter 1 or 2 days colo
nies o f p in -p rick  
size

B ro th  a f te r  24 hours P ro n o u n ced  tu rb id ity , 
p ronounced  sedi
m en ta tio n

M od era te  tu rb id ity  
m in im u m  sedim en
ta t io n

M arked tu rb id ity , 
pronounced sedi
m en ta tio n

A fte r  48 hours As a f te r  24 hours F a in t  tu rb id ity , slight 
sed im en ta tio n

As a fte r 24 hours
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Table IV

Sh. sonnei variants in  liv ing  organisms
V arian ts iso lated  a f te r  in traab d o m in al infection o f albino mice or con ju n c tiv a l in fection

of guinea pigs

V a r ia n t  em ployed  
fo r in fe c tio n

V a r ia n ts  grow n 
in  m a te ria l derived  
f ro m  th e  organism

l 1 (2b , 2a)

2a 2a (1, 2b, 3, 4)

2b 2b

3 3

4 4, 1 (2a, 2b, 3)

5 5, 2a (1, 3, 4)

6 1 (2b)

U ncom m on v arian ts  in  paren theses

on different culture media

v a ria n t

3 4 5 6

3 4 5 2a, 1, or 2b

3 4 5 As on horse ag ar

In  p late  p osition  2— 3, 
netw ork  p a tte rn

U neven m arg in , peri
pheral ne tw o rk

S im ilar to  v a ria n t 4 R  form , w ith  or 
w ith o u t b row n  
sta r

M inute n e tw o rk  colo
nies

Brow nish c en tre , n e t
w ork m arg in

No grow th S form

3 4 N etw ork  stru c tu re 2a, 1, or 2b

No grow th In case o f  large  ino
cu lum , few , m inute 
colonies

N o grow th No grow th

No grow th No g ro w th No grow th As v a r ia n t 1

F a in t tu rb id ity  w ith 
ou t sed im en ta tio n

P ro n ounced  tu rb id ity , 
m in im u m  sedi
m e n ta tio n

Pronounced tu rb id ity , 
pronounced sedi
m en ta tio n

Pronounced tu rb id 
ity , no sed im en
ta tio n

M inim um  tu rb id ity , 
m inim um  sed im en
ta tio n

Slight tu rb id i ty ,  p ro
n o u nced  sed im enta
tion

F a in t  tu rb id ity  p ro 
nounced sed im en ta
tio n

Pronounced tu rb id 
ity , w rea th -lik e  
sed im en tatio n

4*
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Table VI

N um ber o f  colonies fro m  one colony o f  Sh. sonnei variant on different culture media 
Colony count, d ilu ti on  m ethod

V a r ia n t  used  
fo r

s u b c u ltu re

Colony v a r ia n ts  a n d  th e ir  n u m b er  g ro w n  o n

C a g a r DC
B ism u th
su lp h ite

ag a r

B r i lla n t  
g reen  a g a r

Eosine m e th y len  
b lue  a g a r

l 1 : 6.7 XlO7 
2b : 1 .2XlO7 1 : 3 X107 0 0 1 : 6 .9X10’ 

2b : 9X10«

2a 2a : 4 .3X 107 
2b : 1.5 XlO6 2a : 7.5X106 0 0 2a : 5 x 1 0 ’ 

2b : 2 X105
2b 2b : 3.2 XlO8 2b : 1.5XlO3 0 2b : 2 .4XlO4 2b : 2 X108
3 3 : 4 .6X106 0 0 0 3 : 4 .1x10«
4 4 : 2.3X108 4 : 2.7X105 0 0 4 : 1.7X108
5 5 : 3 .2X107 0 0 0 5 : 2 .3 x 1 0 ’

6 1 : 4.5 XlO5 
2b : 1.1 XlO7 1 : 6.5 x 1 0 s 0 0 1 : 1.5x10«  

2b : 1 .6 x 1 0 ’

P ro p o rtio n  of organism s capable  of form ing colonies am ong th e  organism s inoculated in to
cu ltu re  m ed ia

1 1 : 
2b

1
: 1 1.04 X lO - 1 0 0 1 : 

2b
1
: 1

2a 2a
2b

: 1 
: 1 2a : 8 x 1 0 - ’ 0 0 2a

2b
: 1
: 1 . 3 x l 0 ~ 4

2b 2b : 1 2b : 5 x 1 0 ^  « 0 2b : 8X  10 “« 2b : 1
3 3 : 1 0 0 0 3 : 1
4 4 : 1 4 : 1 .2 x  10-3 0 0 4 : 1

5 5 : 1 0 0 0 5 : 1

6 1 : 
2b

1
: 1 1 : 1 0 0 1 : 

2b
1
: 1

0 s tands for values u n d e r 10 6— 10 6 in  th e  ra tio  of colony-form ing organisms

b u t  p e rh ap s  so m ew hat less re frac tiv e  s tru c tu re  develops in  colonies c o n ta in in g  
o n ly  phase  I I  an tig en .

V a ria n t N o. 3 w as iso la ted  only u n d e r  a rtific ia l co n d itio n s, from  su b c u l
tu re s  o f  s to red  No. 1 or N o. 4 v a rian ts . I t  is try p a fla v in e -p o s itiv e , w ith  sero log
ica l ch a rac te ris tic s  s im ila r  to  those of v a r ia n t  No. 2a (T ab le  V II I ) .

T h is v a r ia n t is re lu c ta n t  in  grow th (T ab le  VT) and  show sT ittlc  re s is tan ce . 
B o th  on cu ltu re  m ed ia  a n d  in  a dried  c o n d itio n , its  cu ltu res  soon lose v ia b ility .

In  an im al e x p e rim e n ts  i t  has p ro v ed  to  be th e  le a s t ac tive  v a r ia n t o f 
p h ase  I .  On co n ju n c tiv a l in fec tion  i t  h a d  no  v iru lence  in  g u in ea  pigs (T able X  
a n d  X I.)
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Table VII

Serological investigation o f  Sh. sonnei colony variants I  

T ube agg lu tination*

Serum
C u ltu re  o f  v a ria n ts

1 2a 2b 3 4 5 6

Variant 1

before exhaustion 1600 800 400 400 800 200 800

l 0 0 0 0 0 0 0

2a 0 0 50 0 0 0 50
A fter
exh au stio n

2b 200 200 0 400 200 100 50

w ith 3 0 0 200 0 0 0 2 0

cu ltu res  
o f  ty p e

4 20 0 50 0 0

0

0 2 0

5 0 0 50 0 0 2 0

6 20 0 20 20 0 0 0

Variant 2a

before  exhaustion 800 1600 50 1600 1600 400 800

1 0 0 0 0 0 0 0

2a 0 0 0 0 0 0 0

A fter
exh au stio n

2b 400 1600 0 800 1600 400 800

w ith 3 100 0 0 0 0 0 0

cu ltu res 
o f  ty p e

4 0 0 0 0 0

0

0

0

0

05 0 0 20 0

6 0 0 0 0 0 0 0

Variant 2b

before exhaustion 100 0 800 0 0 0 2 0

A fter ex- 1 0 0 0
haustion  
w ith  cul
tu res  of

4 800 0 •

* R eciprocal v a lues o f agg lu tination  t itre .
0 =  Before ex h au stio n  no t ag g lu tin ated  by  1 : 10 t i t r e .  
. =  A fter e x h au s tio n  n o t ag g lu tin a ted  b y  1 : 20 t itre .

4) Concentric colonies. This v a r ia n t , as w ell as ty p e  2a, corresponds to  th e  
S fo rm . In  ob lique  lig h t (p late positions 4 to  7) i t  d isplays a ty p ic a l s tru c tu re , 
w ith  lines p ro d u c in g  roughly  c ircu la r o r q u ad ra n g u la r  fo rm atio n s w h ich  
to w ard s  th e  cen tre  o f  th e  colony becom e sm alle r; on th e  whole, th e  lines p re se n t 
a concen tric  p a t te rn .

V a ria n t N o. 4 was iso la ted  m o stly  from  s to red , s ta r-sh ap ed  co lonies; i t  
show s in h ib ited  g ro w th  on DC ag ar (T able V I).
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Table VIII

Serological investigation o f  Sh . sonnei colony variants I I  
Tube ag g lu tination*

Serum
C u ltu re  o f  v a ria n ts

1 2 a 2b 3 4 5 6

V arian t 3

before  exhaustion 1600 1600 100 800 1600 400 3200

1 0 0 0 0 0 0 0
2a 20 0 0 0 0 0 0

A fte r  2b 
ex h au stio n 1600 400 0 800 800 200 400
w ith  3 0 0 20 0 0 0 0
cu ltu res  ^ 
o f  ty p e 0 0 100 0 0 0 0

5 0 0 0 20 0 0 0

6 0 0 0 0 50 0 0

V arian t 4

before  exhaustion 800 1600 400 1600 1600 800 1600

1 0 0 0 50 0 0 0

2a 0 0 0 20 0 0 0
A fte r  2b 
exh au stio n 800 1600 0 800 800 800 1600

w ith  3 20 0 0 0 0 0 0
cu ltu res  £ 
o f ty p e 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0

* R eciprocal values o f  agglutination titre s .
0 =  A fter ex h au stio n  no t agglutinated  b y  1 : 20 titre .

T his v a r ia n t is n eg a tiv e  to  try p a f la v in e . On th e  basis of th e  im m unogen ic  
a c tio n  ex e rted  b y  c u ltu re s  contain ing  a p p a re n tly  pu re  phase I  agg lu tinogen , i t  
ho lds a considerab le a m o u n t of phase I I  a n tig e n  (Table V III).

V irulence in  m ice an d  guinea pigs w as found  to  be d iffe ren t (T ables IX  
an d  X ); th e  to x ic ity  is m o d era te  (Table X I) .

5) Colonies w ith  radial structure (F ig . 1). These show some likeness to  
colonies o f v a r ia n t N o. 3.

In  d irec t lig h t w h ite  granules are  v isib le  in th e  colonies. In  ob lique lig h t, 
b u n d les  o f rad ia l lines crossing  the cen tre  becom e discernible. M ost o f th e  colo
nies m easu re  n o t m ore th a n  1 m m  in d ia m e te r .

V a ria n t No. 5 w as iso la ted  ch iefly  fro m  su b cu ltu res  of v a r ia n t N o. 4 or 
v a r ia n t  No. 2 s to re d  on  DC agar a t  37° C, b u t  i t  d id  n o t grow on DC ag ar 
(T ables V and  V I).
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Table IX

Virulence on guinea p ig s  o f  Sh. sonnei colony variants 

C o n ju n c t iv a l  in fe c t io n

N u m b e r  o f germ s 
in  in fec tiv e  dose

N u m b er o f  a ffec ted  am ong 12 eyes

1 2 a 4 5 6

D ried  p rep a ra tio n  o f  colony v a ria n ts

6X  105 4

3 X 1 0 6 10 3 . 4 4

1.5 X  107 11 8 2 7 7

7 .5 X 1 0 7 11 5 9 9

3 .75X 108 8

3 Сл О 1.2 XlO6 8.2 X lO 6 1.2X 108 1.1 X lO 7 1.1 X lO 7

R e la t iv e  i n f e c t iv i t y ,  p e r  c e n t

C olo n y  v a ria n t R e la t iv e  efficiency F iduc ia l lim its

l 100 —

2a 13.0 3.7— 38.5

4 0.7 0.1—  2.9

T his v a r ia n t is positive to  try p a f la v in e . Serologically  i t  is iden tica l w ith  
v a r ia n t  No. 3.

I t s  ac tiv ity  in  an im al te s ts  w as m o d era te  (Tables IX  to  X I).
6) Colonies grow n on cellophane-covered agar plates. S ta r-sh ap ed  colonies 

tra n s fe r re d  onto  ce llophane-covered  C ag ar p la te s  y ield  in  one d ay  R -sh a p e d  
co lon ies; from  a p in ’s head size to  2 or m ore m m  in d iam e te r, these a p p e a r  
w ith  a w ebbed or in d e n te d  m arg in , as d ry , g rey ish  fo rm atio n s o f  uneven  su rface  
show ing  a sm all p ro tu b eran ce  in  th e  cen tre . This p a tte rn  o f g ro w th  is n o t ty p ic a l  
o f  Shigella; u n d e r sim ilar co n d itions Proteus, E . coli, e tc . fo rm  colonies o f  th e  
sam e  ty p e .

On cellophane-covered a g a r  p la te s , v a r ia n t  No. 6 develops c o n sis ten tly  
in  se ria l su b cu ltu res . Upon tr a n s f e r  on to  ag ar p la te s  i t  nevertheless re v e r ts  
to  v a r ia n t  No. 1 o r 26 even a fte r  te n  consecutive su b cu ltu res .

Serologically , v a r ia n t No. 6 co rresponds to  a m ix tu re  o f phases I  a n d  I I .  
I t  is try p a flav in e -p o sitiv e . Cross e x h a u s tio n  is sim ilar as fo r v a r ia n t No. 1.

The v iru lence  for mice a n d  gu in ea  pigs, as re la te d  to  th e  co n ten t in  s t a r 
sh a p e d  colonies, w as weaker t h a n  th a t  of v a r ia n t  N o. 1 (Tables IX  to  X I) .
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T ab le  X

Virulence on mice o f  Sh . sonnei colony variants 

In traab d o m in a l infection

M ortality  in groups o f 20 mice

N um ber of germs 
in  infective dose 1 2a 2b 3 4 5 6

Dried prepara tion  of colony varian ts

5» 3 2

5 1 1 3 6 1 2 3

5 2 1 6 10 15 8 11

5 3 и 1 4 13

5 4 17

5 5 3

5« 9

5 7 11

5 8

5 9 l

5 10 l i

5 11
1 13

L D 50 n u m b er of 
germ s 4 .8 25 1 .3  x i o 7 4  X 1 0 4 5 6 0 3 6

R elative  v iru lence

Colony variants Efficiency Limits o f error

l l _
2a 0.1 0 .0 2 — 0 .4

2b 2 . 7 x 1 0 ^ 7 0 .97 X 1 0 ~ 7— 6 .6  X 1 0 “ 7

3 l . i  x i o ~ 4 0 .2  X 1 0 ~ 4— 3 .8  X 10 - 4

D iscussion

T h e  m orphological an d  serological p ecu lia rities o f Sh. sonnei cu ltu res 
h a v e  b een  rep ea ted ly  su b je c te d  to  th o ro u g h  s tu d y  [1 — 23, 25, 26, 30, 32—• 35]; 
o u r in v es tig a tio n s  h a d  th e  aim  to  d iffe re n tia te  fu r th e r  v a r ia n ts  w ith in  th e  sam e 
p h a se  on  th e  basis o f th e  fin e  s tru c tu re .

I n  th is  w ork we h a d  to  face ce rta in  d ifficu lties.
(i) Colony m o rp h o lo g y  in  itse lf  su p p lie s  in su ffic ien t in fo rm a tio n  fo r th e  

id e n tif ic a tio n  of a v a r ia n t .  For in s tan ce , s ta r-sh ap ed  colonies occur also in  
c u ltu re s  o f E . coli; h ig h ly  re frac tiv e , hom ogeneous colonies m ay  ap p ea r in  
v a r io u s  form s; of th e  n e tw o rk  p a tte rn  colonies, one g roup  con ta in s phase I
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T ab le  X I

Toxicity  in mice o f  Sh . sonnei colony variants 

In traab d o m in a l inocu lation

N um ber of germs 
in inoculated dose

M ortality in groups of 20 mice

1 2a 2b 3 4 5 6
Dried preparation of colony variants

1.6X 107 0
1

0 0 0

8  X 1 0 7 2 l 0 2 2 2 1

4 X 108 6 5 2 6 6 4 7

2 x 1 0 » 19 14 5 1 2 17 16 18

1 X 1010 19 14 18

5.9 x 1 0 s 9.7 x10s 5.5 XlO9 1.1 XlO9 8.9 x 1 0 s 8 .2  x 1 0 s 6.2 X 10s

R elative to x ic ity  pe r cen t

Colony variant Efficiency Limits of error

2b i —

1 8.6 3.9— 19.2

an tig en , th e  o th e r p h ase  I I  antigen , e tc . N a tu ra lly , m orphology is n o t c h a ra c 
te ris tic  of every  single t r a i t  of a m icro -o rgan ism ; how ever, to g e th e r  w ith  
serological te s ts  i t  m a y  provide useful d a ta , e. g. concern ing  viru lence.

(ii) D ifferences in  colony s tru c tu re  a re  n o t a lw ays so defin ite  as to  p e rm it 
in fa llib le  c lassifica tion  in to  one of th e  ty p e s  described  b y  us. M oreover, th e  
described  form s do n o t  em brace all th e  v a r ia n ts ;  in te rm ed ia ry  form s in f re 
q u e n tly  occur. T he difficulties th u s  in v o lv ed  can  be m inim ized b y  th e  u se  o f  
special cu ltu re  m ed ia  (Tables Y and  Y I). F o r exam ple , colonies of th e  v a r ia n ts  
N os. 1, 2 and  3 can  be easily d iffe re n tia ted  on D ag a r (Table Y). V a ria n t 5 
show s no g row th  on  DC agar, w hile v a r ia n t  3 does, upon  app ly ing  a la rg e  
inocu lum  (Tables V a n d  V I).

T he use of b ism u th  sulphite an d  b r illa n t green cu ltu re  m edia m ay  c o n tr ib 
u te  to  th e  collection  o f fu rth e r d a ta .

A ccording to  th e  above find ings, v a r ia n ts  co n ta in in g  phase I  an tig en  m a y  
differ w idely  in  degree  o f v irulence. V a ria n t 1 has been found to  possess th e  
h ig h es t v iru lence, th o u g h  phase I  a n d  p h ase  I I  h av e  been d em o n stra ted  re g u 
la r ly  side b y  side w ith in  its  colonies, w hereas v a r ia n t 3, com posed a lm o s t 
exclusively  of p h ase  I ,  has proved to  be a v iru le n t;  even  in  m assive doses i t  h a s  
failed  to  cause co n ju n c tiv itis  in  gu inea  pigs.

I t  is th ere fo re  possible to  iso la te  from  Sh. sonnei cu ltu res v a r ia n ts  r e p re 
sen tin g  d iffe ren t degrees of viru lence. Som e a u th o rs  h av e  observed th a t  p h a se  I
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o f  S h . sonnei is n o t a lw ays v iru len t [24, 31]. T his has been fu lly  ex p la in ed  b y  
o u r  p re sen t d a ta . A n iden tica l conclusion  m ay  be draw n from  som e o f our 
p re v io u s  acc id en ta l observations, n a m e ly , th a t  th e  v iru lence o f S h . sonnei 
c u ltu re s  can n o t be ascrib ed  solely a n d  in  th e  f irs t place to  phase I  an tig en .

B y m eans o f  o u r m ethod , th e  conv ersio n  of Sh. sonnei s tra in s  in to  a v iru 
le n t  form s can be p rev e n te d . The v iru len ce  o f a s tra in  can be m a in ta in e d  
b y  iso la tin g  in  o b liq u e  ligh t th e  d e s ired  v a r ia n t and  p assag ing  i t  in  fresh  
c u ltu re s  a t su itab le  in te rv a ls .

Acknowledgements: W e are in d eb ted  to  D r. G. B ars Y for th e  m a th e m a tic a l an aly ses, 
a n d  M r. E . K . N ovak  fo r th e  photographs.
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Sum m ary . T he e ffe c t o f various a n tifu n g a l ag en ts  on  th e  n o rm a l faecal y east cell f lo ra  
o f m ice has been s tu d ied  d u rin g  con tinuous oral a d m in is tra tio n  of O xytetracycline . O ral doses 
of n y s ta tin , trichom ycin , try p aflav in e , tr ic h o th ec in , flav o fu n g in , v ita m in  K 5, cro tocin  an d  
p en tach lo rp h en o l hav e  b e en  found to red u ce  th e  n u m b er o f y eas t cells in  th e  faeces b y  m ore  
th a n  90 pe r cent. T he e ffec tive  doses o f th e  ag en ts  increased  in  th e  above-m en tioned  o rd er. 
G en tian -v io le t, oxy b en  B , an d  8 -oxy-quino line  p ro v ed  ineffective  in  th e  doses em ployed . 
T he in h ib ito ry  action  of su b stan ces e ffective  in  vivo has been  com p ared  in  vitro against C andida  
albicans an d  Torulopsis glabrata  th e  la t te r  being  iso la ted  from  th e  faeces of mice. T he re la tio n  
b e tw een  th e  d a ta  o b ta in e d  and  the  possible th e ra p e u tic  action  of th e  ag en ts  used on C andida  
albicans in  th e  h um an  in te s tin a l tra c t h a s  been  discussed .

Since the  in tro d u c tio n  of w ide sp ec tru m  an tib io tic s , the incidence o f 
fungal diseases in c rea sed , chiefly th o se  a ffec tin g  th e  m ucous m em branes an d  
th e ir  derm al m arg ins. T he m ost fre q u e n t am ong  th e  p a th o g en ic  fungi is C andida  
albicans w hich m a y  be  p resen t in  th e  o rgan ism , especia lly  in  th e  in te s tin a l 
t r a c t ,  also as a sa p ro p h y te  [1, 2, 3 ]. O th e r y east-like  fu n g i also occur in  th e  
in te s tin a l t ra c t,  th o u g h  less fre q u e n tly . D u rin g  an tib io tic  tre a tm e n t, C andida  
albieans , b y  d issem in a tio n  in th e  o rgan ism , m ay  som etim es b rin g  ab o u t serious, 
occasionally  le th a l, changes in th e  in te rn a l o rgans, p a r tic u la r ly  in  d e b ilita te d  
p a tie n ts  [4, 5]. R e c e n tly  en te ra l m oniliasis has also been  d iffe ren tia ted  as a 
se p a ra te  patho log ic  e n ti ty  [1]. H ence  th e re  ex ists  th e  n eed  o f find ing  ag en ts  
w hich  w hen used co n cu rren tly  w ith  w ide sp ec tru m  a n tib io tic s  are capab le  o f 
p re v e n tin g  the  p ro life ra tio n  of C andida albicans in  th e  in te s tin a l t ra c t.  D e s tru c 
tio n  o f  yeast-like fu n g i which p re se n t a p o te n tia l d an g e r is necessary  also in  
p reo p e ra tiv e  in te s tin a l s te riliza tion . The use o f fung ic idal ag en ts  m ay be ta k e n  
in to  considera tion  on  such  occasions.

V arious fu n g ic id a l agents h a v e  been  ap p lied  for th e  above purpose w ith  
m ore o r less s a tis fa c to ry  resu lts, in  an im als n y s ta t in  [6, 7 ], p im aricin  [8] a n d  
p-oxy-benzoic ac id  benzy lic  este r [9], w hile in  m an  n y s ta t in  [10, 11], a m p h o te 
ric in  В [2, 12], undecy len ic  acid [13], g en tian -v io le t [1] an d  th e  parabens [14]. 
H ow ever, no co m p ariso n  of the  effects o f  th ese  agen ts b y  m eans of an  u n ifo rm  
m e th o d  has been perfo rm ed . We h av e  th e re fo re  s tu d ie d  th e  action  of v a rio u s  
an tifu n g a l su b stan ces  on the y e a s t cell f lo ra  of th e  in te s tin a l t ra c t  in  m ice 
co n cu rren tly  w ith  th e  oral ad m in is tra tio n  of O xyte tracycline. A p art from  th o se
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in  com m on use, sev era l new a n tib io tic s  an d  an tifunga l ag en ts  fo rm erly  n o t 
a p p lie d  for th is  p u rp o se  have been  ex am in ed .

M ateria ls an d  m ethods

E x p erim en ts in  vivo  w ere carried  o u t  as follow s. For a p p ro x im a te ly  te n  d ay s  before  
a n d  during  th e  ex p erim e n ts  m ice from  th e  s to c k  o f th e  S ta te  In s t i tu te  o f  H ygiene (B u d a p es t)  
w e re  k e p t on Sós’s r a t  d ie t  [15] w ith  th e  d ifferen ce  th a t  g round  m e a t  w as su b s titu te d  w ith  
c ase in . P e r m ouse 3 to  4 g o f d ry  su b s tan ce  w as g iv en , to g eth e r w ith  1 m g/g  of O xyte tracycline  
m ix e d  in  the  food. T h e  d a ily  dose w as k n e a d e d  w ith  h o t w ater. W a te r  w as n o t re s tr ic ted .

F or coun ting  th e  y e as t cells, one faeca l p e lle t was hom ogenized  w ith  1 m l w a te r  in 
P o t t e r ’s ap p ara tu s . 0.1 m l o f th e  req u ired  d ilu tio n  w as spread  over th e  surface  of b ro th  agar 
p la te s  of p H  6 co n ta in in g  0.5 p e r cen t g lucose a n d  0.1 per cen t ch lo ram phen ico l. W h en  th e  
su rfa c e  had  dried, th e  p la te s  were in cu b a te d  fo r one d a y  a t  37° C, th e n  fo r a n o th e r d a y  a t  room  
te m p e ra tu re , w h e rea fte r  th e  colonies w ere c o u n te d . B acteria l g ro w th  h a v in g  been p re v e n te d  
b y  ch loram phenicol, o n ly  y e as t colonies cou ld  develop , as verified  in  eac h  case by  m icroscopic  
c o n tro l.  The su b s tan ces u sed  w ere su sp en d ed  in  5 per cen t gum  a ra b ic  and  a d m in is te red  
th ro u g h  a stom ach  tu b e  in  volum es of 0.2 m l. (U n d e r such  co n d itions try p a f la v in e  w as d is
so lv e d , gen tian  v io le t o n ly  p a rtly ) . W ith  a few  excep tio n s, th e  su b s tan ces w ere ad m in iste red  in 
d o ses  o f 2, 10, 50 a n d  250 m g/kg, a n d  th e  lo w est effective dose w as d e te rm in ed . F ro m  th e  
m a te r ia ls  w hich decom pose easily, fresh  susp en sio n s were p rep ared  a n d  te s te d  fo r efficiency 
in  vitro  on each occasion .

E x am in atio n s in  vitro  o f a n tifu n g a l su b s ta n c es  were carried  o u t  on  a g a r p la te s  co n ta in in g  
b r o th  agar w ith  0.5 p e r  c en t glucose.

R esu lts

In  th e  faeces o f  th e  mice a y e a s t species was c o n s ta n tly  p re sen t w hich 
c o u ld  be id en tified  as Torulopsis glabrata. Som etim es o th e r  y eas t cells also 
a p p e a re d  in th e  d ro p p in g s. W e w ere u n a b le  to  follow th e ir  inc idence , b u t  w hen 
th e  cell count o f T orulopsis glabrata  d im in ish ed , th e  o th e r y e a s ts  v an ish ed . The 
v a lu e s  recorded re fe r  to  Torulopsis glabrata.

In  th e  f irs t , in fo rm a tiv e  e x p e rim e n ts , th e  su b stan ces w ere s tu d ie d  in  
g ro u p s  of th ree  an im als  each; beside  th e se , in every  series o f ex p erim en ts  
th r e e  mice were g iv en  10 m g/kg o f n y s ta t in ,  while th ree  an im als  d id  n o t receive 
a n y  drug . F rom  th re e  o f four day s p r io r  to  th e  onset o f m ed ica tio n  y e a s t cell 
c o u n ts  were m ade d a ily  and  co n tin u ed  u n ti l ,  a fte r t r e a tm e n t h ad  been  te rm i
n a te d ,  the  y eas t cell co u n t re tu rn e d  to  a p p ro x im a te ly  its  in itia l level. F ung ic idal 
su b s ta n c e s  were a d m in is te red  once d a ily  over a period o f fo u r days. A n e x p e ri
m e n t is p resen ted  in  F ig . 1.

As revealed  b y  F ig . 1, in  th e se  ex p erim en ts  excessive v a ria tio n s  w ere 
re g is te re d , since th e  n u m b er o f ex c re te d  y e a s t cells show ed sp o n tan eo u s an d  
d a ily  changes, d iffering  from  an im al to  an im al. In  th e  fu r th e r  course o f th e  
e x p e rim e n ts  we th e re fo re  used g roups o f  seven  to  ten  an im als.

As in  the  case o f  n y s ta tin  th e  m a x im u m  effect developed  in  every  in s tan ce  
a s  e a rly  as th e  d a y  follow ing th e  th ird  dose, in  the  n e x t s tag e  th e  m ice w ere 
g iv e n  only th ree  d a y  courses o f tr e a tm e n t ,  an d  th e  y east cell co u n ts  w ere m ade 
o n  th e  fo u rth  d ay , fu rth e rm o re  tw o  or th re e  days before s ta r t in g  th e  d ru g , and  
fo u r  days a fte r its  te rm in a tio n . T he course of these s tu d ies  can  be follow ed 
in  F ig . 2.



Y
ea

st
 c

el
l 

co
u

n
t/

m
g 

fa
ec

es
 

(w
e

t 
w

ei
g

h
t)

 
Y

ea
st

 c
el

l 
co

u
n

t/
m

g
 f

a
ec

es
 (

w
et

 w
ei

g
h

t)
E F F E C T  O F A NTIFU N GA L AGENTS ON T H E  FAECAL Y EA ST FLO RA  OF MICE 1 7 5

F ig. 1

1 : N y s ta t in  10 m g/kg
2 : T rich o th ec in  50 m g/kg
3 : C ontro l
J, D ru g  ad m in is tra tio n
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F ig . 2 c learly  d em o n stra te s  t h a t  d u e  to  th e  w ide sc a tte rin g s  even  la rg e r 
g roups of an im als  allow ed only to  d iffe re n tia te  by  o rder o f m ag n itu d e . T h e re 
fo re  in  ag reem en t w ith  th e  m eth o d  o f  S h i d l o v s k y  an d  P r ig o t  [16], w ho in  
th e  case o f b a c te r ia  reg a rd ed  90 p e r  c e n t red u c tio n  as a c rite rio n  o f successfu l 
in te s tin a l s te riliz a tio n , an d  w ith  re fe ren ce  to  L in d h  [7], in  ou r ex p e rim en ts  no 
re su lt w as d en o ted  as effic ien t unless th e  cell count show ed a m in im um  90 p er 
c en t decrease.

T ab le  I

Effect o f  antifungal agents on yeast cells in the faeces o f  mice

Substance No.
of mice

Reduction 
of yeast 
cells in 

faeces, %

Dose,
m g/tg

Oral toxieity  
mg/kg 
mice

T richom ycin 8 9 9 3 .3 > 1 6 0 *

T ry paflav ine 8 9 9 50 4 0 0 2

T richo thec in 9 9 9 100 5 0 0 2

V itam in  K 5 6 9 9 2 5 0 1 0 0 0 3

N y s ta tin 8 9 4 2 > 3 6 0 0 »

F lavofungin 7 9 0 100 > 2 5 0 1

Crotocin 7 9 5 2 5 0 > 1 0 0 0 5

P e n ta 
chlorphenol 8 9 0 2 5 0 1 2 5 — 2 0 0 4

1. L ite ra ry  d a ta .
2. M inim um  le th a l dose, own resu lts .
3. L D ,00, suspension  in  oil, l ite ra ry  d a ta .
4. LD,„ in  r a t ;  l ite ra ry  da ta .
5. See [21].

T able I  p re sen ts  th e  su b stan ces w h ich  proved  effec tive, w ith  special 
reference  to  th o se  th a t  p roduced  99 re sp . 90 p e r cen t red u c tio n .

O f th e  in v e s tig a te d  substances 50 m g/kg of g en tian  v io le t, 250 m g/kg 
o x y b en  B, a n d  50 m g/kg  8 -oxy-qu ino line  were ineffective, w hile h ig h er doses 
o f th e  la t te r  w ere to x ic . E ven  10 m g /kg  doses of n y s ta tin  fa iled  to  p ro d u ce  a 
99 p er cen t effec t. T richom ycin  an d  n y s ta t in  were th e  m o st p o te n t. T ak in g  
in to  con sid era tio n  th e  effective doses o f  th e  in v estig a ted  su b stan ces a n d  th e ir  
o ra l to x ic ity  (see T ab le  I) , all o f th e m  b u t  pen tach lo rp h en o l an d  v ita m in  K 5 
h a d  a sa tis fa c to ry  th e ra p e u tic  in d ex .

To es tab lish  th e  co m p ara tiv e  e ffec tiveness of th e  in v es tig a ted  su b stan ces  
a g a in s t Torulopsis glabrata  and  C andida albicans, th e ir  ac tio n  in  vitro  w as 
s tu d ie d . In  T ab le  I I  th e  substances w ere d iv ided  in to  four g ro u p s; th e  f ir s t  was 
99 p er cen t effec tive  in  vivo, th e  second  90 p er cen t effective in  vivo, th e  th ird  
g roup  in effec tive  in  vivo, th e  fo u rth  g ro u p  ineffective b o th  in  vivo  and  in vitro.
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T ab le  I I

I n  vitro effect o f  antifungal substances

Substance
Inh ib ito ry Diameter of inhibition zone

concentration ,
m g/ml T o ru l,  g la b r. C a n d . a lb .

Trichom ycin 100 23 23.3

T rypaflav ine 100 18 0

T richothecin 33 29 36

V itam in K 5l 330 18 16.5

N y sta tin 100 23 21

F lavofungin 33 15 18

Crotocin 100 21 26

Pen tach lo rpheno l 1000 24 24

G entian-v io le t 1000 22.5 30

Oxyben B 2 1000 17 14

8-oxy-quinoline 100 13.5 15

Nipagin M 3 1000 0 0

Y  atren4 1000 0 0

1. 2 -m ethy l-l,4 -nap thoquinone.
2. p-oxybenzoic acid  buty lester.
3. p-oxybenzoic acid  m ethylester.
4. 7-C l-8-oxyquinoline-5-sulphonic acid .

M ost o f  th e  su b stan ces ac ted  equaly  a g a in s t th e  tw o kinds o f y e a s t cells; how ever, 
tr ic h o th e c in , c ro to c in  and  g en tian -v io le t inh ib ited  C andida albicans m ore 
in te n se ly  th a n  T oru lopsis  glabrata , w hile try p a flav in e  co m ple te ly  failed  to  
in h ib it  C andida.

D iscussion

A m ong th e  su b stan ces  s tu d ie d  th e re  w ere several w h ich  th u s  fa r have  
n o t b een  em ployed fo r th e  suppression  o f in te s tin a l y e a s ts . O f these , p en ta -  
ch lo rpheno l was a p p lie d  ex te rn a lly  fo r th e  tre a tm e n t of d e rm al m ycoses [17], 
w hile v itam in  K 5 [18] was found ben efic ia l in  system ic m ycoses; 8 -oxy-quino- 
line [19] and f lav o fu n g in  [20] w ere also found  effective in  m yco tic  co n d itions 
b y  U r i et al. T ry p a fla v in e  was fo u n d  effective in  vitro  a g a in s t som e y e a s ts  
in  o u r own p rev io u s studies. C ro to c in  (form erly  n am ed  an tib io tic  T) w as 
describ ed  by  th e  a u th o rs  [21]; tr ic h o th e c in  was s tu d ied  in  v iew  o f its  s tru c 
tu r a l  re la tio n sh ip  to  crotocin. T rich o m y c in  was found  effec tive  upon  local 
ap p lic a tio n  [23].

I n  m ost o f o u r  experim en ts in  vivo, an tifu n g a l ag en ts  w ere te s te d  ag a in s t 
th e  y e a s t species occurring  n o rm a lly  in  th e  in te s tin a l t r a c t  o f m ice. T his
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m e th o d  has been ch o sen  b y  S t e r n b e r g  [6] as well as b y  ourselves because o f 
th e  absence of C andida albicans from  th e  in te s tin a l flo ra  o f  n o rm al mice [6, 24]. 
T h u s  there  is no w a y  fo r rep roduc ing  in  an im al ex p erim en ts  conditions fu lly  
co rrespond ing  to  th o se  p reva iling  in  th e  h u m an  o rgan ism . B y  feeding th em  
w ith  Candida albicans, m ice can be m ade to  c a rry  C and ida  fo r a ce rta in  tim e , 
th is ,  how ever, p ro d u ces  an  abn o rm al m icrob ia l ba lance  in  th e  in testin es . C hang
in g  th e  norm al y e a s t  f lo ra  in  anim als b y  m eans o f d rugs is a m ethod  m ore 
s im ila r  to  the  th e ra p e u tic  ac tion  in  h u m an s since in  m an  Candida albicans 
m a y  belong to  th e  n o rm a l in te s tin a l flo ra . On th e  o th e r h a n d , th e  find ings in  
v itro  allow some conclusions as to  th e  possible in h ib ito ry  effect o f these drugs 
on Candida albicans in  m an .

An a tte m p t w as neverthe less m ade to  re n d e r m ice Candida albicans 
c a rr ie rs  and to  s tu d y  th e  effect o f th e  d rugs also b y  th is  m e th o d . In  ag reem en t 
w ith  S t e r n b e r g  [6], one m illion Candida albicans cells w ere ad m in iste red  daily  
th ro u g h  a stom ach  tu b e  over a period of th ree  days, an d  th e  faeces suspension 
w as sp read  over th e  su rface  of P a g a n o ’s m edium  [25] o f w hich  TTC was o m itte d  
b e cau se  of our p rev io u s  fin d in g  th a t  la t te r  in h ib its  C andida albicans. Colonies 
o f  Torulopsis glabrata  a n d  Candida albicans could be d iffe ren tia ted  b o th  on 
b as is  o f the colony ty p e  and  u n d er th e  m icroscope b y  th e  ch lam ydospore 
fo rm a tio n  on in o c u la tio n  in to  p o ta to  ag a r [26]. In  th e se  experim en ts m ost 
d ru g s  proved to  be eq u a lly , or m ore effective ag a in st C andida albicans th a n  
a g a in s t  Torulopsis glabrata, w ith  th e  excep tion  of try p a fla v in e  w hich failed 
to  in h ib it Candida albicans  even in  vitro. H ow ever, ex c re tio n  of Candida  
albicans  was no t c o n s is te n t in  th e  m ice; hence our fin d in g s in  v ivo concerning 
C andida  albicans a re  n o t  considered  reliab le .

The im p o rtan ce  o f  using  iden tica l m ouse s tra in s  has been  confirm ed b y  
th e  experience t h a t  n o  Torulopsis glabrata  could be d e te c te d  in  the  m ouse 
s t r a in  of the S ta te  S e ru m  In s t i tu te  P h y lax ia , B u d ap est.

A lthough o u r f in d in g s  can n o t be ap p lied  d irec tly  to  m an , we suppose 
t h a t  th e y  n ev erth e less  affo rd  som e in fo rm a tio n  concern ing  th e  com para tive  
p o te n c y  of the in v e s tig a te d  substances.
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Summary, (i) T h e  p ro p erd in -reac tin g  and  p ro te in -ad so rb in g  c ap a c ity  of th e  cell w a ll 
po ly sacch arid e  of Saccharomyces cerevisiae, zy m o san  a n d  th a t  of i ts  com ponen ts, g lu ca n , 
m a n n a n  an d  g lycogen h a v e  been in v e s tig a te d . E x a m in a tio n s  were p e rfo rm ed  also w ith  o th e r  
po lysaccharides and  in o rg an ic  adso rben ts .

(ii) T he com bin ing  capacity  w ith  p ro p e rd in  d ecreased  in  th e  follow ing order: zy m o san , 
m an n a n , glucan, cellu lose, calcium  p h o sp h a te  gel a n d  caolin.

(iii) W ith  solid  phase-form ing su b s ta n c e s  th e  in te ra c tio n  w ith  p ro p e rd in  was c o n n ec ted  
w ith  a d e fin ite  degree o f p ro te in  ad so rp tio n .

(iv) O f th e  ex am in ed  substances, th e  m o st specific  com bination  w ith  p ro p e rd in  w as 
o b ta in e d  w ith  zym osan .

(v) In  th e  p resen ce  of Ca and Mg io n s  m a n n a n  in h ib ite d  th e  re ac tio n  be tw een  p ro p e rd in  
a n d  zym osan . No in h ib ito ry  action was e x e r te d  b y  g lycogen.

(vi) The re a c tio n  betw een p ro p e rd in  an d  g lu can  differed from  t h a t  be tw een  p ro p e rd in  
a n d  zym osan  in  s ta b il i ty  an d  ion re q u ire m e n t.

(vii) I t  has b een  concluded th a t  th e  h igh  sp ec ific ity  of zym osan  in  th e  re ac tio n  w ith  
p ro p e rd in  is due to  th e  s tru c tu ra l p ro p e rtie s  o f m an n a n .

In v e s tig a tio n s  in to  the m ech an ism  o f th e  co m bina tion  o f th e  p ro p e rd in  
sy s te m  w ith  zy m o san , the  cell w all p o ly sacch a rid e  of yeasts , h av e  m ain ly  b een  
focussed  on v a rio u s  factors p a r tic ip a tin g  in  th e  process, an d  on th e  k in e tic s  
o f  v a rio u s  stages o f  th e  reaction  [1 — 6]. N o ex ten siv e  s tu d ies  h av e  been  p e r 
fo rm ed  as to  th e  in fluence  on th e  re a c tio n  o f  v a rious com ponen ts of zy m o san . 
O n th e  basis o f th e  experim en ts o f  P il l e m e r  ei al. [7] and  R zucidlo  et al. [8], 
zy m o san  was re g a rd e d  as a glucose p o ly m er th a t  re ta in e d  th e  y e a s t cell w all 
s tru c tu re  to  som e degree. An e ffec t s im ila r to  th a t  of zym osan  was b ro u g h t 
a b o u t w ith  a w 'ater-insoluble p o ly sa c c h a rid e  com posed o f glucose u n its  [9]. 
R ecen t in v es tig a tio n s , however, re v e a le d  t h a t  even th e  h ig h ly  p u rified  zy m o 
san , as well as th e  y e a s t cell w all, is com posed  o f several d iffe ren t p o ly sacch a 
rides. T hus D i Carlo  and  F io re  [10] d e te c te d  glucose, m annose  and  g lucos
am ine  in  th e  h y d ro ly sa te  of zy m o san . F ro m  a lk a li- tre a ted  zym osan  R o s e n f e l d  
et al. [11] iso la ted  a w ater-in so lub le  g lucose po lym er (g lucan) an d  w a te r-  
so luble g lu co -m an n an  po lysaccharides .

In  prev ious exam ina tions i t  h a s  been  show n th a t  th e  c a rb o h y d ra te s  o f  
zym osan  are com posed  of g lucan, m a n n a n  a n d  glycogen, an d , in  ad d itio n  to  
th e se , th e  su b stan ce  contains less th a n  1 p e r  cen t ch itin  [12]. I t  has also b een  
show n th a t  d iffe re n tly  p repared  zy m o san s d iffered  in g lucan , m an n an  and
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glycogen c o n ten t, a n d  t h a t  th is  difference decisively  in flu en ced  th e  p ro p e rd in 
b in d in g  and  co m p lem en t-ac tiv a tin g  a b ili ty  o f th e  b a tch es [13]. T hus i t  w ou ld  
a p p e a r  th a t  th e  p ro p e rd in —zym osan re a c tio n  requ ires a specific p o lysaccharide  
s tru c tu re . On th e  o th e r  han d , as th e  re a c tio n  proceeds in  a he terogeneous 
sy stem , th is  conclusion  is m ade q u estio n ab le  b y  the  p o ssib ility  th a t  a c tu a lly  
a less defined a d so rp tio n  o f wide specific ity  occurs.

In  th e  p re se n t p a p e r  experim ents w ill be p resen ted  as to  th e  d ependence  
on th e  p o lysaccharide  s tru c tu re  of th e  fo rm a tio n  of th e  p ro p erd in —zy m o san  
com plex  (PZ  com plex), w hich  is the  basic  s te p  of th e  reac tio n . In  o rder to  show  
w h e th e r th e  p ro p e rd in —zym osan re a c tio n  requ ires a specific  p o lysaccharide  
s tru c tu re , th e  a d so rp tio n  of proteins on  w a ter-in so lub le  po lysaccharides an d  
also th e  in fluence o f  w ater-so lub le  po ly sacch arid es  on th e  p ro p erd in —zy m o san  
re a c tio n  have been  in v e s tig a te d .

Materials and methods

Zym osan. T his su b s ta n c e  was prepared  fro m  au to ly sed  cells o f Saccharomyces cerevisiae  
by  e lastase  tre a tm e n t as d escribed  in reference [14]. T o ta l c a rb o h y d ra te  c o n ten t was 85.7 per 
cen t. T he ca rb o h y d ra te s  w ere  com posed of 70.8 p e r cen t m an n an , 10.9 per cen t g lu can  and
17.5 pe r cen t glycogen. T o ta l n itro g en  con ten t a m o u n te d  to 1.6 pe r cen t.

Polysaccharides. I so la tio n  of glucan from  th e  soluble po lysaccharides was p e rfo rm ed  by  
th e  m ethod  of Ch u n g  a n d  N ic k er so n  [15]. M an n an  a n d  glycogen w ere sep a ra ted  b y  th e  m eth o d  
of Ba r k e r  et al. [16]. T h e  su bstances were p u rif ie d  by  rep ea ted  p rec ip ita tio n  w ith  e th a n o l. 
A cety la tio n  of zym osan  w as carried  out according to  H aw orth  et al. [17]. T his p ro d u c t co n ta in ed
20.6 per cen t of a ce ty l g ro u p s. In  add ition  to  th e se  su bstances th e  follow ing were em ployed : 
so luble  s ta rch , a lp h a  cellu lose, d e x tra n  (m olecu lar w eigh t 50 000 — 100 000) and in u lin  (m ole
c u la r  w eight 500 — 2000). T h e  size of zym osan a n d  g lu can  p a rtic les co rresponded  to  a p p ro x i
m a te ly  100 m esh.

Proteins. Sw ine se ru m  contain ing  10 —12 u n its  o f p roperd in  pe r m l; lyophilized  bovine  
serum  a lbum in p ro d u ced  b y  C o h n ’s f rac tio n a tio n ; try p s in  (N ovo) co n ta in in g  25 A nson  u n its  
pe r g ram . For rem o v a l o f Ca and  Mg ions fro m  th e  sera A m berlite  IRC-50 (sod ium  cycle) 
w as used.

M easurem ent o f  the com bination with p roperd in . To 1 m l sam ples o f swine serum  p H  7.4 
b a rb itu ra te  buffer co n ta in in g  Ca and  Mg ions [7] a n d  d iffe ren t q u a n titie s  of various p o ly sacch a 
rid es or inorgan ic  a d so rb en ts  (calcium  p h o sp h a te  gel, a c tiv a ted  ch arco al, caolin) w ere a d d ed . 
F in a l volum es were 2.0 m l. T he m ix tures w ere sh a k e n  con tin u o u sly  for 60 m inu tes a t  20° C. 
A fte r  c en trifu g a tio n  th e  su p e rn a ta n ts  were t i t r a te d  for p ro p erd in . To th e  b lan k  tu b e s  no 
po lysaccharides or a d so rb e n ts  were added [18]. T h e  m in im um  q u a n ti ty  of p o ly sacch arid es 
o r ad so rb en ts  rem ov ing  th e  to ta l  p roperdin  c o n te n t o f 1 m l serum  w as de term ined . T he co m b in 
in g  cap ac ity  w ith  p ro p e rd in  w as com puted  b y  e x tra p o la tio n ; th e  re su lt was ex p ressed  as 
p ro p e rd in  u n its  com bined  w ith  10 mg of su b stan ce .

M easurement o f  p ro te in  adsorption. In  th e  p resen ce  or in th e  absence  of 4 x  10~4 M  M gCl, 
a n d  1.5 X  1 0 '4 M  C a C lj, a t  a n  ionic stren g th  of 0 .15, v a rio u s p ro te in s w ere added  to  th e  e x a m 
in ed  po lysaccharides a n d  ad so rb en ts . The m ix tu re s  w ere shaken  con tin u o u sly  fo r 15 m in u te s  
a t  20° C u n til a d so rp tio n  eq u ilib riu m  had been re ac h ed . T he p ro te in  c o n te n t of th e  c e n trifu g e d  
m ix tu re s  was d e te rm in ed  b y  th e  m ethod of L o w r y  et al. [19], b o th  in  th e  su p e rn a ta n t a n d  in  
th e  p re c ip ita te , w hich  h a d  b een  dissolved in  0 .002 M  N aO H . T h e  ad so rp tio n  c a p a c ity  was 
g iv en  as m g p ro te in  a d so rb e d  b y  10 mg of a d so rb e n t in  a m edium  co n ta in in g  b o th  su b s tan ces  
a t  co n cen tra tio n s o f 5 m g p e r  ml.

Results

T he p ro p e rd in  a n d  p ro te in  b ind ing  capac ities o f vario u s po lysaccharides 
a n d  ad so rb en ts  w ere com pared . For th e  ex p erim en ts  th e  following k in d s  of
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p o lysaccharides were chosen, (a) P o ly sacch arid es  th a t  are  com posed  o f th e  
sam e u n its , b u t, as in d ic a te d  by  differences in  th e ir  so lub ility , are d iffe ren t in  
s tru c tu re  (1, 2, 3 and  4 in  T ab le  I). (b) P o lysaccharides d iffe ren t in  com position , 
b u t  s im ila r as to  so lu b ility  (1, 2, 5 an d  6 in  T ab le  I), (c) P o ly sacch arid e  co n s ti
tu e n ts  o f  zym osan  (2, 4 an d  6 in  T ab le  I) . O f th e  ad so rb en ts  th o se  know n as 
capab le  o f adsorb ing  p ro te in s  w ere used  [20] (10 and  11 in  T ab le  I). The role o f 
p o la r ity  in  th e  reac tio n  w ith  p ro p erd in  an d  p ro te in s  was e s tim a te d  by  m eans 
of a c tiv a te d  charcoal an d  ace ty lzy m o san . C alcu lation  b ased  on th e  ace ty l 
c o n te n t show ed th a t  in th e  la t te r  su b stan ce  65 p e r cen t o f th e  h y d ro x y  g roups 
w as a c e ty la ted .

As th e  d irect a im  o f th e  ex p e rim en ts , th e  p ro p e rd in — zy m o san  re a c tio n , 
req u ires  v a rious com ponen ts o f co m p lem en t [7], th e  m easu rem en ts  w ere 
carried  o u t w ith  serum  an d  n o t w ith  p u rified  p ro perd in . In  o rd e r to  show  th e  
degree o f  specific ity  o f th e  reac tio n  be tw een  po lysaccharides a n d  p ro p erd in , 
ex p e rim en ts  were also inc luded  w ith  p ro p erd in -free  p ro te in s  such  as serum  
a lb u m in  an d  try p sin . T he resu lts  are sum m arized  in  T ab le  I .  T ak in g  in to  
co n sid e ra tio n  th e  se n s itiv ity  of th e  m e th o d  an d  th e  m an n e r o f  ca lcu la tio n  
(e x tra p o la tio n ), ex trem ely  low values w ere expressed  as <( 5 u n its  o f p ro p erd in  
p er 10 m g and  10 /щ  p ro te in  p er 10 m g o f po lysaccharide o r ad so rb en t.

F ro m  T able I  i t  is seen th a t  w ith  th e  ex cep tion  of m a n n a n , w ate r-so lub le  
po lysaccharides can n o t com bine w ith  p ro p erd in , and , as all th e  com ponen ts 
are  in  th e  dissolved s ta te , no p ro te in  ad so rp tio n  is possib le. T he inso lub le

T able  I

Properdin-binding and protein-adsorbing capacity o f  various polysaccharides and adsorbents

Properdin
binding capacity 

un its/10 mg
A d s o r b i n g  c a p a c  

//g protein/10 mg
i t y

serum serum albumin trypsin

S ta rch ( 1 ) < 5 < 1 0 < 1 0

Glycogen (2) < 5 < 1 0

Cellulose (3) 21 460

G lucan (4) 26 375 740

In u lin (5) < 5 < 1 0 < 1 0

M annan ( 6 ) 45 < 1 0 < 1 0 < 1 0

Z ym osan (7) 80 168 300 1 1 2

A cetylzym osan ( 8 ) < 5 2 1 0

C harcoal (9) < 5 < 1 0 27

Calcium  phosphat
gel ( 1 0 ) 13 180 2 0

Caolin ( И ) 8 124 96 90
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(solid  phase-form ing) po lysaccharides , how ever, s im ila rly  to  calcium  p h o sp h a te  
gel a n d  caolin , re a c te d  w ith  b o th  p ro p e rd in  an d  the  o th e r  p ro te in s .T h e  co m b in 
in g  c a p a c ity  w ith  p ro p e rd in  decreased  in  th e  fo llow ing order: zym osan  >  
m a n n a n  >> glucan >  cellulose >  ca lc ium  p h o sp h a te  gel >  caolin . A ltho u g h  
ace ty lzy m o san  an d  a c tiv a te d  charcoal fo rm ed  solid p h ase , these  su b stan ces 
d id  n o t  re a c t w ith  p ro p e rd in . In  c o n tra s t  to  p ro p e rd in , p ro te in  was ad so rb ed  
b y  a ll w ater-inso lub le  su b stan ces; th e  degree o f p ro te in  adso rp tio n  w as n o t 
p a ra lle l w ith  th e  degree of co m b in a tio n  w ith  p ro p e rd in . This fin d in g  is well 
exp ressed  in  a com p ariso n  o f th e  specific  p ro p erd in -co m b in in g  cap ac ities  
(ra tio  o f  p ro p erd in  a n d  serum  p ro te in  b o u n d  b y  th e  sam e q u a n tity  o f given 
su b stan ces). These v a lu es  were 0.476 fo r zym osan , 0.069 for glucan, 0.045 for

Fig. 1. T he effect of so lub le  po lysaccharides on th e  c o m b in a tio n  of p ro p erd in  w ith  
zy m o san . R eac tio n  m ix tu re : zym osan  2 m g, sw ine serum  1 m l in  p H  7.4 b a rb itu ra te  buffer, 
in  th e  p resence of 4 x l 0 -4 M  MgCl2 and  1.5 X lO -4 M  CaCl2. T h e  ad d ed  su bstances w ere 1, 
g lycogen; 2, inu lin ; 3, d e x tra n . M annan was te s te d  in  th e  p resence  of 4 m g zym osan  (4), of 

2 m g zym osan (5) a n d  o f 2 m g zym osan +  8 X 10-4 M  MgCl2 3 X 10-4 M  CaCl2 (6)

cellulose and  0.064 fo r caolin . In  o th e r  w ords, s im u ltan eo u sly  w ith  th e  com bi
n a tio n  w ith  1 u n it o f  p ro p e rd in , th e  o th e r  sub stan ces ad so rbed  7 to  10 tim es 
m ore p ro te in  as co m p ared  to  th e  a m o u n t adso rbed  b y  zym osan .

F ro m  these f in d in g s  it  is ev id en t th a t  th e  re a c tio n  betw een  zym osan  
an d  p ro p erd in  was con sid erab ly  m ore specific  th a n  th a t  be tw een  zym osan  an d  
o th e r  p ro te in s . As to  g lucan , cellulose, a ce ty lzy m o san  an d  inorgan ic  a d so rb en ts  
th e re  w as no such d ifference.

O f th e  w ate r-so lu b le  po lysaccharides only  m a n n a n  was able to  decrease 
th e  p ro p erd in  co n te n t o f  th e  serum . T h is was s tr ik in g , as on in cu b a tio n  w ith  
m a n n a n  no p re c ip ita tio n  occurred , th a t  is, a surface s im ila r to  th a t  o f zym osan , 
w as n o t  p resen t. T he o n ly  ex p lan a tio n  of th is  fin d in g  can  therefo re  be th a t  
m a n n a n  reac ted  w ith  p ro p e rd in , or, a lte rn a tiv e ly , w ith  Ca an d  Mg ions, w hich
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a re  needed  for th e  fo rm a tio n  o f th e  p ro p e rd in —zym osan  com plex . This consider
a t io n  m ay  be p ro v e d  as follow s. W ith  th e  ad d itio n  o f in c reas in g  am ounts of 
m a n n a n  to  a sy s te m  co n ta in in g  g iven  q u a n titie s  o f zym osan  an d  serum , th e  
fo rm a tio n  of the  p ro p e rd in — zy m o san  com plex shou ld  decrease p ro p o rtio n a lly  
to  th e  co n cen tra tio n  o f  m an n an . E x p e rim en ta l d e m o n s tra tio n  o f  th is  is p res
e n te d  in  Fig. 1. I t  w as also rev e a le d  th a t  o f th e  exam ined  w ater-so lub le  p o ly 
saccharides m a n n a n  is th e  a g e n t m ost lik e ly  capab le  o f chan g in g  th e  course 
o f  th e  p ro p e rd in — zym osan  re a c tio n . The in h ib ito ry  ac tio n  o f  m an n an  on th e  
fo rm a tio n  of th e  p ro p e rd in —zy m o san  com plex is a fu n c tio n  o f  th e  am ounts o f 
zym osan  and  m a n n a n  p re sen t in  th e  sy stem . W hen th e  co n cen tra tio n  o f 
zym osan  was in creased  tw ofo ld , a fourfold  increase of m a n n a n  was requ ired  
to  b rin g  abou t th e  sam e degree o f  in h ib itio n  observed  a t  th e  orig inal concen
tra tio n s . F rom  F ig . 1 i t  is also c lear th a t  th e  degree o f in h ib itio n  is n o t consid
e ra b ly  altered  b y  an  increase in  th e  co n cen tra tio n  o f Ca an d  Mg. A ccordingly, 
th e  effect of m a n n a n  is no t due to  a m ere ion  dep le tion .

F o r th e  re a c tio n  w ith  m a n n a n , as well as for th a t  w ith  zym osan [7], 
th e  presence o f d iv a le n t c a tio n s is essen tia l. I n  a serum  specim en  w ith  its  Ca 
a n d  Mg ions rem o v ed  th e  q u a n t i ty  of ad so rb ed  p ro te in  w as n o t changed b y  
th e  sep ara te  a d d itio n  e ither o f  th e se  ions or o f m an n an . S im u ltan eo u s ad d itio n  
o f  Ca and  Mg ions a n d  of 20 m g m an n an , how ever, decreased  th e  am oun t o f 
p ro te in  adsorbed  on  10 mg zy m o san  by  ap p ro x im a te ly  30 Mg (F ig . 2). S im ilar 
ex p erim en ts  show ed th a t ,  even  in  th e  presence o f d iv a le n t ca tions, m an n an  
e x e rte d  no in fluence  on th e  p ro te in  ad so rp tio n  b y  g lucan . T he experim en ts 
p re sen ted  in  T ab le  I I  also d e m o n s tra te  th e  d ifference b e tw een  th e  behav iou r 
o f  g lucan  and zym osan . S uspensions p rep ared  in  b a rb itu ra te  b u ffe r from  10 m g 
zym osan  and  10 m g glucan w ere in cu b a ted  w ith  1 ml o f  sw ine serum . A fter 
in cu b a tio n  th e  suspensions w ere cen trifuged  a n d  w ashed  w ith  5 m l b a rb itu ra te  
bu ffe r. W ith  g lu can  th e  en tire  am o u n ts  o f adsorbed  p ro te in  and  p roperd in  
w ere show n in  th e  eluatc . I n  c o n tra s t, from  zym osan  lib e ra tio n  of p ro te in  
occurred  only p a r t ly ;  th a t  o f p ro p e rd in  was n o t a t all observed .

Table II

E lution  o f serum prote in  and properd in  bound by zymosan or glucan at 0.15 ionic strength

Zyra Dsan Glucan

Protein,
/'g

Properdin
units

Protein,
И ё

Properdin
units

B ound q u a n tity 1140 1 2 .0 2 2 0 0 7.0

E lu ted  q u a n tity  I. 675 1.0 1950 6.0

il . 119 0 288 1.5

in . < 1 0 0 < 1 0 0
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F ig . 2. T he effect of Ca a n d  Mg ions a n d  of m an n an  on  th e  p ro te in  a d so rp tio n  by  
z y m o san  and  glucan. R eac tio n  m ix tu re : 10 m g zym osan or g lu can , 10 m g serum  p ro te in  in 
p H  7.4 b a rb itu ra te  buffer to  give f in a l v o lum es of 2.0 ml (1). T h e  ad d ed  su b stan ces were 
4 X 10-4 M  MgCl2 -|- 1.5 X 10-4 M  CaCl2 (2), 20 mg m an n an  (3) a n d  4 X 10-4 M  MgCl2 -j- 

+  1.5 X 10-4 M  CaCl2 -f- 20 mg m an n an  (4)

Discussion

T he p resen t re su lts  show  th a t  th e  po lysaccharide  s tru c tu re  p lay s an 
im p o r ta n t  p a r t in  th e  p ro p e rd in  — zy m o san  reaction .

I t  is know n th a t  th e  fo rm a tio n  o f  th e  p ro p erd in — zym osan  com plex, due 
to  th e  in so lub ility  of zym osan , is a su rface  reaction  [2, 4, 5]. A ccording to  our 
in v e s tig a tio n s , th e  re a c tio n  req u ires  som e p o la rity  o f th e  surface. T he lack  of 
p ro p e rd in  adso rp tion  b y  a c tiv a te d  charcoal and ace ty lzy m o san , as well as the  
a d so rp tio n  o f p ro p erd in  b y  ca lcium  p h o sp h a te  gel, caolin , cellulose an d  glucan 
sug g est th e  possible ro le of h y d ro p h ile  groups, th u s  in  po lysaccharides , of 
h y d ro x y  groups. I t  is also clear th a t ,  as com pared to  o th e r  serum  p ro te in s  or 
try p s in , p ro p erd in  req u ires  th e  p resence  o f more p o la r g roups on th e  surface 
o f  th e  ad so rben t.

F o r th e  fo rm ation  o f a specific  p ro p erd in —zym osan  com plex , in  a d d itio n  
to  p o la r ity , o th e r su rface  p ro p ertie s  are  also needed. T h e  h ap ten -in h ib itio n - 
lik e  ac tio n  [21] of m a n n an  on th e  p ro p e rd in —zym osan re a c tio n  an d  th e  need 
fo r d iv a len t cations suggest th a t  th e  sp ec ific ity  of zym osan  is due to  th e  s tru c tu 
ra l p ro p ertie s  of m an n an . T his is ex p erim en ta lly  con firm ed  by  the  ineffec tive
ness of glycogen and  also by  th e  o bserva tion  th a t  fo r th e  p ro te in  — glucan 
re a c tio n  no Ca and  Mg ions are re q u ire d ; m oreover, p ro te in s  inc lud ing  p ro p e r
d in , w hich have been adsorbed  b y  g lucan  a t 0.15 ionic s tre n g th  are lib e ra ted  
w hen  th e  so lu tion  is d ilu ted . T he g roups in  m annan  th a t  re a c t w ith  p ro p erd in
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are  a t p resen t u n k n o w n . This question  aw aits fu r th e r  ex p erim en ts , w hich are 
to  he carried  ou t b y  th e  g radua l b reak in g  dow n o f th e  m a n n a n  m olecule.

From  th e  basic  im p o rtan ce  of m an n an  in  the m echan ism  of th e  p ro p e r
d in —zym osan re a c tio n , some conclusions m ay  be d raw n  as to  th e  s tru c tu re  o f 
th e  yeast cell w all. A ccording to  N orthcote an d  H o r n e  [22], m an n an  is a 
com ponen t of th e  in n e r lay e r of th e  y eas t cell wall. I t  is, how ever, know n th a t  
th e  suspension o f y e a s t cells also re a c t w ith  th e  p ro p e rd in  system  [2, 23]. 
A ccordingly, our ex p erim en ts  su p p o rt th e  s ta te m e n t of E d d y  and  R u d in  [24], 
w ho on th e  basis o f  enzym ic d igestion  have  concluded  th a t  b o th  glucan an d  
m an n an  are p re se n t on th e  surface of th e  y e a s t cell w all in  a m osaic-like 
a rran g em en t.

The resu lts  o f  th e  p resen t exam in a tio n s suggest th a t  in v estiga tions in to  
th e  specificity  o f th e  p ro p erd in  reac tio n  should  be ex ten d ed  in  add ition  to  
zym osan also to  o th e r  p ro p erd in -reac tin g  po lysaccharides , inc lud ing  especially  
b ac te ria l cell w all com ponen ts. These investig a tio n s m ay  re su lt in  a considerable 
progress as to  th e  e lu c id a tio n  of th e  im m unobiological role o f p roperd in .
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(R eceived N o v em b er 18, 1960)

Summary. In  1959, w h en  1830 cases o f p o liom yelitis  (18.3 p e r 100 000 p o p u latio n ) w ere 
re p o rte d  in  H u n gary , 2329 specim ens deriv ed  fro m  1822 su b je c ts  w ere  te s te d  fo r e n te ro 
v iru s. E ig h th u n d red  a n d  e ig h teen  virus s tra in s  w ere iso la ted  from  800 specim ens derived  fro m  
746 persons. Of the  single iso la tes 630 p ro v ed  to  be  po liov irus ty p e  1. T h e  d is tr ib u tio n  of th e  
re m a in d e r was poliovirus ty p e  2, 3; po liov irus ty p e  3, 31; C oxsackie v iru s, 39; EC H O  v iru s, 
53; 27 s tra in s  have n o t y e t  b een  iden tified . S ev en teen  p a tie n ts  ex cre ted  m ore th a n  one s tra in  
a t  th e  sam e tim e.

O f th e  subjects te s te d  625 were suffering  fro m  po liom yelitis acco rd ing  to  th e  fin a l clinical 
d iagnosis, i.e. 34.1 per c e n t o f th e  rep o rted  cases w ere te s te d . T y p e  1 po liov irus was iso la ted  
from  73.6 p e r cen t of th ese  p a tie n ts .

T he resu lts were a n a ly z e d  by clinical d iagnosis , age, seasonal incidence a n d  geographical 
d is trib u tio n .

P a ired  sera of 16 v iro log ically  neg ativ e  p a tie n ts  w hose disease w as d iagnosed  clin ically  
as po liom yelitis , were te s te d  fo r neu tra liz ing  an tib o d ies  to  each  of th e  th re e  ty p es  of po liov irus. 
Two o f th ese  p a tien ts  w ere  tr ip le  negative. A m o n g  89 p a tie n ts  w ith  a sep tic  m en ing itis  8 show ed 
ap p rec iab le  an tibody  re sp o n se  to  poliovirus ty p e  1. A ttem p ts  to  iso la te  v iru s  from  these  p a 
tie n ts  h av e  failed.

In  a  B u dapest n u rse ry  a  single case o f p o liom yelitis  o ccu rred ; i t  w as p ro v ed  to  be caused  
b y  ty p e  1 poliovirus. T he c o n ta c ts  of th e  p a tie n t  w ere te s te d  fo r c arrie r s ta te  an d  for changes in  
th e  serum  antibodies d u rin g  th e  su b sequen t tw o  w eeks’ period . E ig h ty -o n e  pe r cen t of th e  
ch ild ren  w ere found to  be in fec ted  w ith  p o lio v iru s ty p e  1. A t th e  sam e tim e  th e  Coxsackie B2 
v iru s, w h ich  was also p re se n t in  th e  n u rse ry , fa iled  to  d issem in a te , p ro b a b ly  because of in te r 
ference b y  th e  poliovirus.

H u n g a ry  experienced  her severest po liom yelitis  epidem ic in th e  y ea r 1957, 
w ith  2334 cases (23.8 p e r  100 000 p o p u la tio n ) [1]. T he ep idem ic w as caused  b y  
po liov irus ty p e  1 [2 ,3 ,4 ] . Mass im m u n iza tio n  w ith  th e  Salk  vaccine h ad  been s t a r t 
ed d u rin g  th e  ep idem ic; its  epidem iological effectiveness w as d em o n stra ted  [5]. 
R eg u la r m ass v a c c in a tio n  was c o n tin u e d  in  1958 an d  1959. In  sp ite  o f th is  a 
fu r th e r  po liom yelitis  ep idem ic w ith  1830 re p o rte d  cases (18.3 p e r 100 000 p o p u 
la tio n ) occurred  in  1959. F rom  epidem iological aspects  th is  epidem ic has been  
an a ly zed  in  detail b y  R u d n a i  [6].

T he p resen t r e p o r t  deals w ith  th e  en te ro v iru s  s tu d ies  conduc ted  b y  us 
th ro u g h o u t the  y e a r 1959, and th e  v iro logical analysis o f th e  unexpec ted  
ep idem ic.

Materials and methods

T he m ateria ls w ere  p re p are d , and th e  e x p erim en ts  w ere co n d u cted , as described else
w here  [9]. All th e  specim ens collected fo r v iru s  iso lation  w ere te s te d  in  m onkey  k id n ey  cell 
cu ltu re s ; 108 faecal specim ens, 50 CSF an d  25 m iscellaneous specim ens w ere exam ined  in  su ck 
ing  m ice as well.
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T h e  isolates w ere id e n tif ie d  b y  th e  n e u tra liz a tio n  te s t, as a lre ad y  described  [9].
H u m an  sera w ere te s te d  fo r n eu tra liz in g  an tib o d ies  to  po liov irus ty p es  1, 2 an d  3, a n d  

C oxsack ie  ty p e  B2 in  m o n k e y  k id n ey  cell cu ltu res , based  on  th e  c y to p a th ic  effect. F o urfo ld  
d i lu t io n  series of serum  w as te s te d  ag a in st 100 C PD 60 of v irus. Serum — viru s m ix tu re s  w ere  
k e p t  a t  +  4°C for 12 h o u rs , a n d  su b seq u en tly  in o cu la ted  in to  3 cell cu ltu res  each. T he inoc
u la te d  cu ltu res were o b se rv ed  fo r 7 days.

T h e  p a tien ts’ d a ta  w ere  o b ta in ed  from  th e  physic ians in  special questionaries. A d d itio n a l 
d a ta  fo r  p a tien ts  w ith  p o lio m y e litis  were supp lied  by  th e  E pidem iological D e p a rtm e n t of o u r 
I n s t i tu te .

Results

V irus isolation experim ents. In  th e  y e a r 1959, 2329 specim ens o rig in a tin g  
fro m  1822 sub jec ts w ere  te s te d  fo r en te ro v iru s  in  th is  la b o ra to ry . E ig h t- 
h u n d re d  and e igh teen  s tra in s  w ere iso la ted  from  800 specim ens d eriv ed  from  
746 persons.

T able  l a

Individuals tested fo r  enteroviruses and isolations obtained fro m  them

Grouping by clinical diagnosis

A

Poliom yelitis

В
Suspect

poliomyelitis

c
Aseptic 

meningitis or 
encephalitis

D
Non-neurological

diseases

E
Poliomyelitis

contacts

num ber 
o f cases per cent

number 
of cases per cent

num ber
of cases per cent

num ber 
of cases per cent

num ber 
of cases per cent

N u m b e r o f subjects 
te s te d 625 100 260 100 325 100 455 100 157 100

N u m b e r of virus 
excre to rs 489 78 86 33 39 12 74 16 58 37

O f these  
polio  1 460 73.6 55 21.2 17 5.2 15 3.3 54 34.3
polio  2 2 0.3 — — — — — — — —
polio  3 8 1.3 9 3.4 2 0.6 12 2.6 — —

E C H O 11 1.8 12 4.6 5 1.5 22 4.8 3 1.9
C oxsackie 6 1.0 5 1.9 5 1.5 16 3.5 1 0.6

U n id en tified  virus 
excre to rs 2 0.3 5 1.9 10 3.1 9 2.0 — —

In  Table la  a n d  lb  th e  cases are  grouped  accord ing  to  clin ical diagnosis. 
G ro u p  A includes th e  p a tie n ts  whose nam e rem ained  in  th e  f in a l, p u rified  official 
l is t  o f  p a tien ts  w ith  p o lio m yelitis . T he cases belonging to  group  В w ere in itia lly  
d iagnosed  as p o lio m yelitis , som e o f th em  were even n o tified  officially , b u t  
re v o k e d  th ereafter. I n  th e se  cases d ifferences in  reflexes, paresis  o f ex trem itie s  
o r o f  th e  facial n e rv e  w ere observed . I n  239 cases belonging  to  g roup  C th e  
d iagn o sis  was asep tic  m en ing itis , th e  rem ain d er show ed m en ingoencephalitis  
o r encephalitis . In  g ro u p  D non-neuro log ical cases w ere in c lu d ed  w ith  a d iag n o 
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sis of “ febrile s t a t e ”  in  38 cases, “ febrile illness w ith  a ty p ic a l ra sh ” in  37 
cases, “ B ornho lm  d isease”  in  43 cases, “ h e rp a n g in a ”  in  37 cases; th e  illness 
w as n o t p ro p e rly  ch a rac te rized  in  300 cases. G roup  E  co n sis ted  of h e a lth y  
su b jec ts  be long ing  to  4 com m unities in  each  o f w h ich  poliom yelitis h a d  
occurred .

The h igh inc idence  o f ty p e  1 po liovirus suggests t h a t  fo r th e  epidem ic 
t h a t  ty p e  of v iru s  w as responsib le . I t  was iso la ted  from  73.6 p e r cen t, w hereas 
th e  tw o o th e r ty p e s  a lto g e th e r only  from  1.6 p e r  cen t, o f  th e  p a tien ts  w ith  
po liom yelitis . I t  w as w idely  d issem ina ted  in  th e  o th e r  g roups as well. T ype 2 
po liov irus w as y ie ld ed  on ly  b y  2 persons of th o se  te s te d  in  1959; b o th  w ere 
suffering  from  p o lio m yelitis . E x c re tio n  o f ty p e  3 po liov irus w as d em o n stra ted  
in  each group o f p a tie n ts , excep t group E (m ost fre q u e n tly  in  group B).

E x cre tio n  o f poliov iruses was com m oner in  g roup  В (24.6 p er cent) th a n  
in  group C (5.8 p e r  cen t) or in  group D (5.9 p er cen t), sug g estin g  th a t  p a r t  o f 
th e  revoked  cases w as neverth e less  caused b y  p o liov irus. T he frequency  o f 
po liov irus ty p e  3 w as th e  h ig h est in  group В (even h ig h er th a n  in  group A).

The incidence o f non-polio  en terov iruses w as low est in  groups A an d  E ,
i.e . am ong p a tie n ts  w ith  poliom yelitis an d  th e ir  c o n ta c ts , an d  highest in  
group  D. W ith in  th is  group v iru s was iso la ted  from  28 p e r c en t of the  p a tie n ts  
w ith  B ornholm  d isease , and  from  24 per cen t o f tho se  w ith  herpang ina . T he 
iso la tion  ra te s  fo r p a tie n ts  w ith  febrile s ta te , a ty p ic a l ra sh  an d  non-charac- 
te r iz e d  illness w ere 1 3 ,2 .7  an d  6.7 p er cen t, re sp ec tiv e ly . A m ong  th e  Coxsackie 
v iru ses ty p e  B2 (18 cases), am ong th e  EC H O  v iruses ty p e  1 (20 cases), w ere 
iso la ted  in  th e  g re a te s t nu m b er.

In  17 cases tw o  or m ore ty p es  of v irus w ere iso la ted  fro m  th e  sam e speci
m en. M ost fre q u e n tly  po liov irus ty p e  1 and  a non-polio  en te ro v iru s  (in 5 
cases ECH O  1) w ere ex cre ted  s im ultaneously .

I t  should  be n o te d  th a t  m ass v acc ina tions w ith  S a b i n ’s a tte n u a te d  polio
v iru s  s tra in s  w ere s ta r te d  in  H u n g a ry  la te  in  1959. In  G yőr-Sopron  co u n ty  
tw  o doses of th e  t r iv a le n t  vaccine were ad m in is te red  in  N o v em b er and D ecem 
b e r of th a t  y e a r , w hereas th e  m onovalen t ty p e  1 vaccine w as fed everyw here 
else in D ecem ber. T h ir ty -tw o  s tra in s  of po liov irus (T ab le  lb ,  in  p a re n th e 
ses) were ex c re ted  b y  p a tie n ts  w ith  po liom yelitis , a f te r  feed ings.

The b u lk  o f th e  v iru s  s tra in s  was iso la ted  from  faecal specim ens. O nly 4 
s tra in s  were reco v ered  from  CSF, 10 from  th ro a t  w ash ings, a n d  3 (2 poliovirus 
ty p e  1 and  1 po liov irus ty p e  3) from  post mortem  CNS specim ens. F ifty -tw o  
p e r cen t o f th e  specim ens from  poliom yelitis p a tie n ts  w ere ta k e n  during th e  
f ir s t  week, 31 p e r c en t in  th e  second, w hereas 10 per cen t in  th e  th ird  w eek, 
o f  illness. F ive  p e r  c en t w ere ta k e n  la te r . T he re sp ec tiv e  p o liov irus iso la tion  
ra te s  were 81, 69, 67 an d  43 p e r cen t. In  2 p e r c en t o f th e  cases th e  tim e o f 
sam ple  ta k in g  w as u n k now n . T he failu re  o f iso la tin g  v iru s  from  ce rta in  
cases of po liom yelitis  (group A) was obviously  due to  la te  sam pling .
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O f th e  1830 po liom yelitis  cases w h ic h  h ad  occurred  in 1959, 34.1 p e r  c e n t 
w ere te s te d  for v iru s  (T able II) . T he m o n th ly  incidence o f po liom yelitis , th e  
m o n th ly  num ber o f  th e  cases te s te d , a n d  th e  re su lts  are show n in  F ig . 1» 
D u rin g  th e  seven m o n th s  betw een th e  onset o f  th e  epidem ic (June) a n d  th e

Fig. 1. M o n th ly  d is tr ib u tio n  of th e  po liom yelitis  cases te s te d , as com pared w ith  th e  m o n th ly
incidence o f  po liom yelitis

end  o f  th e  year, 61, 50, 29, 21, 34, 42 a n d  80 p e r  cen t, respective ly , o f th e  cases 
re p o r te d  as po liom yelitis  were te s te d  fo r v iru s . T he poliovirus iso la tio n  ra te ,  
w hich  w as ra th e r  h igh  during  the f i r s t  5 m o n th s o f the y ear and  p e rs is ted  a t  
a h ig h  leve l during  th e  f irs t two ep idem ic  m o n th s , rem ark ab ly  decreased  a f te r  
th e  p e a k  o f  the  epidem ic. The respective  m o n th ly  ra te s  from  A ugust to  N o v em 
b er w ere  71, 61, 46 a n d  44 per cen t. In  D ecem ber th e  poliovirus iso la tio n  ra te  
rose a g a in , b u t th e  re su lts  were n o t c o m p arab le  w ith  th e  earlier ones b ecau se
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o f th e  m ass im m u n iza tio n s  w ith  th e  live po liov irus vaccine in D ecem ber. T he 
d ro p  in  th e  iso la tion  r a te  a fte r  th e  p eak  o f  th e  epidem ic will be an a ly zed  la te r .

I n  Fig. 2 th e  p e rcen tag e  occurrence o f  th e  d ifferen t en tero v iru ses  in  
g ro u p s  A —D is i l lu s tr a te d , b y  m on ths. I t  is c learly  seen th a t  th e  t re n d  o f th e  
iso la t io n  ra te  for g ro u p  В was th e  opp o site  o f  th a t  for group A, i.e. s im u lta 

n e o u s ly  w ith  th e  d ecrease  in  th e  iso la tio n  freq u en cy  for p a tie n ts  w ith  po lio 
m y e litis  there  was a n  increase  in th e  p e rcen tag e  o f th e  suspect cases ex c re tin g  
v iru s . I t  is n o te w o rth y  t h a t  in  Ju n e  on ly  po liov irus was iso la ted  from  each g roup  
o f p a tie n ts , w hereas b o th  earlier and  la te r  o th e r  en terov iruses also o ccu rred . 
T h e  freq u en cy  of th e  C oxsackie an d  E C H O  v iruses show ed a g rad u a l rise even  
in  th e  group of o ffic ia lly  reg istered  cases o f  po liom yelitis . The d a ta  suggest 
t h a t  in  the  early  s ta g e  o f  th e  epidem ic th e  ty p e  1 po liovirus suppressed  d issem 
in a t io n  of o th e r en te ro v iru se s . In fec tio n s  b y  ty p e  3 poliovirus w ere d em o n 

Fig. 2. M onth ly  iso la tio n  ra te s
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s tra b le  a lm ost th ro u g h o u t the y e a r . T h e  incidence o f such  infections am o n g  
p a tie n ts  w ith  v a rio u s  diseases sh o w ed  a rem ark ab le  rise  a fte r  th e  p e a k  o f  
th e  epidem ic.

T he figures in  T ab le  I I  show t h a t  th e  age d is tr ib u tio n  o f th e  cases ex am in ed  
b y  us agreed w ith  th a t  of the to ta l  cases o f  po liom yelitis  rep o rted  in  H u n -

Table II

D istribution, by age, o f  the reported, and o f  the tested 
cases o f  poliom yelitis

Age group 
in  year

Reported cases 
N um ber

Tested cases

N um ber P er cent

0— 2 941 317 33.7

3— 5 529 181 34.2

6— 9 154 41 26.6

10— 14 66 33 50.0

> 1 5 139 53 38.1

U nknow n 1 — —

T o ta l 1830 625 34.1

g a ry  in  1959. F ew er th a n  one th ird  o f  th e  p a tie n ts  were exam ined  in  th e  g ro u p  
o f th e  6 — 9 y ea rs’ o ld  p a tien ts  only.

F ig . 3 illu s tra te s  th e  iso lation  r a te s  an a ly zed  b y  age an d  clinical d iagnosis. 
T he freq u en cy  o f v iru s  isolation sh o w ed  g rad u a l decrease w ith  increasing  age 
in  each  group, in c lu d in g  group A. R eg a rd in g  th e  cu m u la tiv e  d a ta  of g ro u p s 
A — D th e  decrease w as m ost p ro m in e n t in  th e  freq u en cy  of ty p e  1 p o lio v iru s; 
so m ew h at less d e fin ite , bu t also g ra d u a l for ty p e  3 v iru s . The ra te  o f  
C oxsackie В v iru s  iso la tion  did n o t  show  a s im ila r re la tio n  to  age. I n  th e  
5 age groups i l lu s tra te d  in Fig. 3 th e  re sp ec tiv e  p e rcen tages o f C oxsackie 
В v iru ses  were 1.5, 1.5, 2.3, 1.7 a n d  2.8 p er cen t. O f th e  ECH O  v iru ses  
th e  ty p e s  6, 8, 11, 12, 14 and 19 w ere  n o t iso la ted  b u t  from  sub jec ts  u n d e r  
5 y ea rs  o f age, w h e reas  the  types 1, 2, 4 , 7, 8 an d  9 w ere iso la ted  from  o ld e r 
p e rsons as well.

I n  group C th e  num ber of p e rso n s  over 15 years  o f age w as th e  h ig h e s t, 
w hereas th a t  o f ch ild ren  under 2 y e a rs  w as th e  low est. T he age d is tr ib u tio n  
w as th u s  d iffe ren t fro m  th a t  of th e  p a tie n ts  w ith  po liom yelitis  or th e  su sp ec t 
cases u n d e r s tu d y . T h is difference su g g ests  th a t  th e  physic ians were te n d e d  
to  re p o r t  cases o f a sep tic  m eningitis occu rrin g  in  ch ildhood as po liom yelitis  
or su sp ec t cases.

T he n u m b er o f  th e  tested  p o lio m y e litis  cases fo r geograph ical a rea  a re  
i l lu s tra te d  in F ig . 4 . T he rates, te s te d  cases p e r re p o rte d  cases are p re sen ted  in

6  Acta Microbiologica VIII/2.
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F ig . 3■ Iso la tion  r a te s  fo r five  age groups

p a ren th ese s . A p p ro x im a te ly  h a lf (319) o f  th e  te s ted  p a tie n ts  lived  in  B u d a p e s t 
o r in  P es t coun ty . I t  shou ld  be ad d ed  t h a t  30.9 per cen t of th e  p a tie n ts  rep o rted  
as po liom yelitis  w ere  residen ts o f  th e se  tw o areas. B u d ap est h a d  re p o r te d  
324, P es t co u n ty  242 cases.

Poliovirus w as iso la ted  from  90 a n d  81 p er cen t of th e  po liom yelitis  cases 
re p o r te d  from  B u d a p e s t and  P es t c o u n ty , respective ly . T he p ercen tag e  fo r 
F e jé r  co u n ty  w as s im ila r  (87 per cen t). E lsew here th e  iso la tion  ra te s  w ere low er, 
p ro v id e d  m ore th a n  20 cases were ex am in ed . The p ercen tage  of positive  p a tie n ts
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Table I I I

N eutra liza tion  tests with pa ired  sera o f  pa tien ts reported as poliom yelitis, but yie ld ing  no virus

No.
Patient 
initials, 

sex, age
Symptoms reported Serum**

A ntibody titre*

polio 1 polio 2 polio 3

l . Gy. P. <J D istu rb an ce  of w alk, absence of I < 4 < 4 < 4
2 years reflexes, m eningeal sym ptom s и < 4 < 4 < 4

2. É . S. Ç P aresis o f left lower e x tre m ity I > 1 0 2 4 16 < 4
5 years и > 1 0 2 4 n. t. < 4

3. L . Sz. (J M ild paresis of left lower ex tre m ity I > 1 0 2 4 16 > 1 0 2 4
9 years и > 1 0 2 4 16 > 1 0 2 4

4. R . I. $ P a rtia l  quadriplegia, re sp ira to ry I < 4 1024 < 4
2 years fa ilu re и < 4 > 1 0 2 4 < 4

5. I. Sz. ? M eningeal sym ptom s, sligh t I > 1 0 2 4 > 1 0 2 4 64
6 years d is tu rb an ce  in  w alk i l > 1 0 2 4 > 1 0 2 4 64

6. É . K . $ M eningeal sym ptom s, absence of I > 1 0 2 4 16 1024
3 years p a te lla r  reflex и > 1 0 2 4 16 1024

7. L. D. <? Q uadrip leg ia , re sp ira to ry  paralysis I > 1 0 2 4 64 > 1 0 2 4
21 y eras i l > 1 0 2 4 > 1 0 2 4 > 1 0 2 4

8. L . H . £ P a ra ly s is  o f b o th  lower ex trem ities I 64 > 1 0 2 4 < 4
3 years i l 1024 n. t. < 4

9. Gy. M. M eningeal sym ptom s I 1024 > 1 0 2 4 > 1 0 2 4
10 years и 1024 n. t. > 1 0 2 4

10. R. T. Ç P a ra ly s is  o f limbs I 256 16 < 4
3 years и 256 16 < 4

11. E . B. Ç P aresis  o f rig h t lower e x tre m ity I < 4 < 4 < 4
7 m onths и < 4 < 4 < 4

12. S. K. P aresis of limbs I > 1 0 2 4 > 1 0 2 4 > 1 0 2 4
7 years i l > 1 0 2 4 1024 > 1 0 2 4

13. I. M. $ P ara ly s is  of left lower e x tre m ity I > 1 0 2 4 < 4 < 4
1 year i l > 1 0 2 4 < 4 < 4

14. Gy. P. S L im b pa in , paralysis o f  b lad d e r I 256 1024 > 1 0 2 4
17 years и 256 > 1 0 2 4 > 1 0 2 4

15. B. G. M eningeal sym ptom s, p aralysis of I < 4 n. t. n . t .
4 years b o th  lower ex trem ities i l > 2 5 6 n. t. n. t.

16. J. K. <? M ild paresis of left a rm , m eningeal I < 4 n. t. n. t .
9 m onths sym ptom s и < 4 n . t. n . t.

* =  R eciprocal o f  serum  dilution.
**I — A cute sam ple. I I  =  C onvalescent sam ple, n. t. =  N o t tested .
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w as th e  low est in  B ács county  (50 p e r  cen t). In  th e  sam e co u n ty  9.7 p e r  
cen t o f  th e  po lio m y elitis  p a tien ts  te s te d  w ere p ro v ed  to  excre te  som e o th e r  
en te ro v iru s .

T he tw o p a tie n ts  excreting p o lio v iru s  ty p e  2 lived  n o t fa r  from  each o th e r  
(th e  one in  V eszp rém  coun ty , th e  o th e r  in  Z ala co u n ty ). U nlike th is , ty p e  3 
po liov irus in fec tio n s h ad  occurred in  m a n y  d is ta n t p a r ts  o f H u n g a ry , su c h  
as in  th e  coun ties B orsod , Fejér, H a jd ú , P es t, Szabolcs and  V eszprém , a n d  in  
th e  to w n  B u d a p e s t. (The strains iso la te d  from  non-po liom yelitis  cases are  n o t  
i l lu s tra te d  in  F ig . 4.)

N eutra liza tion  tests. N ineteen p e r  cen t o f th e  po liom yelitis  p a tie n ts  te s te d  
d u rin g  th e  f irs t w eek  o f illness d id  n o t  y ie ld  v iru s . Serum  pairs were a v a ila b le  
from  16 v iro log ica lly  negative p a tie n ts .  F o u rte e n  serum  p a irs  were te s te d  fo r 
an tib o d ies  to  all th re e  types of p o lio v iru s , w hereas tw o p a irs  only for ty p e  1 
an tib o d ies .

T he resu lts  a re  show n in T ab le  I I I .  Two tr ip le  n eg a tiv e  p a tie n ts  gave no 
a n tib o d y  response . T hese cannot b e  considered  to  have  suffered  from  p o lio 
m y e litis  from  aetio log ica l aspect. T w o p a tie n ts  show ed a n tib o d y  response  
to  ty p e  1, an d  one  to  type  2 p o lio v iru s . T he n e u tra liz a tio n  te s ts  gave no  
ap p rec iab le  in fo rm a tio n  as to  w h e th e r  th e  o th e r cases h ad  been caused  b y  
po liov irus.

C onsidering th e  low incidence o f  v iru s  ex c re tio n  in  group C, i t  can  be  
s ta te d  th a t  only  few  o f th e  cases w ith  th e  clin ical diagnosis of asep tic  m en in g itis  
or encepha litis  h a d  b een  caused b y  ty p e  1 po liov irus (Table I). To check th e se  
re su lts , n e u tra liz a tio n  te s ts  against ty p e  1 po liov irus w ere carried  ou t in  th e  
p a ire d  sera  of 89 v iro logically  n e g a tiv e  p a tie n ts  (T able IV).

Table IV

Antibody content to poliovirus ty p e  1 o f  paried sera o f  patients w ith aseptic 
meningitis y ie ld in g  no virus

T itre  of the 1st sample
Total

< 4 4 16 64 ^ 2 5 6

43 < 4 7 — — — 7

<M
4 1 4 — — — 5

<« S
О  свen

16 1 — 7 l — 9

■И
Н

64 — 2 1 l l 5

^256 — 1 2 l 59 63

T otal 9 7 1 0 3 60 89
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R ise in  t i t r e  was fo u n d  in  8 cases sugg estin g  th a t  in fec tion  b y  poliov irus ty p e  1 
h a d  o ccu rred  in  8.9 p e r  cen t of th e  cases te s te d  betw een  th e  f ir s t  a n d  th e  
second  sam pling . In  som e o f these cases po liov irus ty p e  1 m ig h t h av e  been  
th e  ca u sa tiv e  ag en t, b u t  th e  p o ssib ility  t h a t  th e  an tibod ies h ad  been  in d u ced  
b y  acc id en ta l in fec tio n  du ring  th e  lo n g  p e rio d  o f h o sp ita liza tio n  c a n n o t be 
ex c lu d ed .

S tudies on contacts. These stud ies w ere perfo rm ed  in  4 ch ild ren  com m unities 
in  ea c h  o f w hich po liom yelitis  h ad  o ccu rred . I n  a B u d ap est n u rse ry  th e  s tud ies 
w ere perfo rm ed  w ith  especia l care. In  th is  n u rse ry  a ty p ica l case o f po liom yelitis  
w as observed  on J u n e  16, 1959. The ch ild  was hosp ita lized , an d  poliov irus 
ty p e  1 w as iso la ted  fro m  h er faeces. Tw o d a y s  a fte r  th e  onset faecal a n d  blood  
sam p les  w ere ta k e n  f ro m  th e  ch ild ren  (2 —4 years  o f age) an d  th e  s ta f f  o f th e  
n u rse ry . Sam pling  w as rep ea ted  tw o w eeks la te r . The resu lts  o f th e  v iru s  
iso la tio n  ex perim en ts a re  sum m arized  in  T ab le  Y.

Table V

Virus excretion in  a Budapest nursery  follow ing the observation 
o f  a single case o f  poliom yelitis

V irus excretion Children A dults

2 days 17 days
N um ber Per cent N um ber

a fte r  onset

p i p i 28 0

p i — 7 0

— p i 2 81 1

n. t. p i 1 0

p i Pl - f  CB2 1 0

CB2 CB2 1 0
— — 6 10

— n. t. 2 19 3

n. t. — 0 1

E xplanation  : PI =  Poliovirus ty p e  1
CB2 =  Coxsackie B2 

—  =  Negative 
u. t .  =  N ot tested

A ccording to  th e  cum ulative  re su lts  o f  th e  te s ts  w ith  th e  tw o -d ay  sam ples 
a n d  th e  17 d ay  ones, po liov irus type  1 w as iso la ted  from  81 p er cen t o f th e  ch ild ren , 
n o n e  o f  w hich h ad  b e e n  ill betw een th e  tw o  sam plings. A m ong th e  a d u lt  co n 
ta c ts  o n ly  one p ro v e d  to  excrete v iru s . One of th e  ch ild ren  was ex c re tin g  
C oxsackie B2 v irus a t  th e  tim e of th e  f i r s t  sam pling . This v iru s w as n o t d issem 
in a te d  du ring  th e  tw o  weeks’ period  in  sp ite  of th e  cond itions w hich  w ere
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r a th e r  favourab le  to  th e  spreading o f  en te ro v iru ses  as show n b y  th e  ra p id  
d issem in a tio n  of th e  ty p e  1 po liov irus.

T h e  an tib o d y  c o n te n t of th e  p a ire d  sera  co llected  from  th e  sam e n u rse ry  
w as t i t r a t e d  b y  th e  n eu tra liza tio n  t e s t .  A ccord ing  to  th e  d a ta  th u s  o b ta in e d  
75, 69, 50 and 25 p e r  cen t of th e  ch ild ren  h a d  an tibod ies to  po liov irus 
1, 2, a n d  3, and  C oxsackie B2 v iru s , re sp ec tiv e ly , a t  th e  tim e  o f th e  f ir s t  
sam p lin g . T itres 1 : 4 or higher w ere considered  positive . A n app rec iab le  rise 
in  t i t r e  w as d e m o n s tra te d  only a g a in s t po liov irus ty p e  1; 97 p e r cen t o f th e  
ch ild ren  had  becom e positive  by  th e  e n d  o f  th e  o b se rv a tio n  period  an d  a n tib o d y  
resp o n se  was d e m o n s tra te d  in the p a ire d  sera  o f a n u m b er of ch ild ren  who h a d  
h a d  in it ia l  an tibod ies to  poliovirus ty p e  1. T he serological s ta te  of th e  a d u lts  
u n d e r  s tu d y  had  rem a in ed  unchanged .

D iscussion

I n  H u n g ary  th e  1959 poliom yelitis  ep idem ic w as th e  f irs t one su b jec ted  
to  a n  a p p ro p ria te  aetio log ical an a ly sis . I n  a d d itio n  to  our s tud ies MÉCS et al. 
re p o r te d  on v iro logical exam ination  o f  th e  po liom yelitis  cases observed  in  th e  
to w n  Szeged and its  env irons [4]. D u rin g  p a s t epidem ics only  lim ited  n u m b ers  
of cases w ere ex am in ed  [2, 3, 4, 10, 11 , 12], th u s  th e  ty p e  or th e  ty p e s  o f v iru s  
responsib le  for th e  epidem ics could n o t  be e stab lish ed  re liab ly . T he p re se n t 
s tu d y  invo lved  one th ird  of the cases o ccu rrin g  in  th e  y ear 1959, an d  th e  d is tr i
b u tio n  b y  age and  dom icile  of the  cases te s te d  w as closely sim ilar to  th a t  o f  th e  
to ta l  n u m b e r of cases. T he d a ta  th u s  o b ta in e d  allow ed to  d raw  som e con c lu 
sions in  add ition  to  s ta tin g  th a t  th e  ty p e  1 po liov irus h ad  been  responsib le  
for th e  1959 epidem ic in  H ungary .

O u r failure to  iso la te  p o liov irus from  25 per cen t o f th e  clin ica lly  
d iag n o sed  poliom yelitis  cases was a t t r ib u ta b le  p a r tly  to  m ethodo log ica l 
causes as suggested  b y  th e  fact th a t  th re e  o f 16 v iro logically  n eg a tiv e  p a tie n ts  
gave appreciab le  a n tib o d y  response to  p o liov irus. T he role o f o th e r  fac to rs  is 
sugg ested  b y  the  fo llow ing d a ta , (a) O f th e  16 p a tie n ts  w ith  po liom yelitis  2 h a d  
no an tib o d ie s  to  e ith e r  o f th e  th ree  ty p e s ,  o f po liov irus even in  th e  conva lescen t 
serum  sam ples, (b) T h e  iso lation  ra te  co n sid e rab ly  decreased  a fte r  th e  p e a k  o f 
th e  ep idem ic , (c) I n  ce rta in  areas a c u m u la tio n  of neg a tiv e  cases w as observed .

T h e  existence o f  serologically n e g a tiv e  cases am ong tho se  d iagnosed  as 
p o liom yelitis  suggests th a t  a ce rta in  p ro p o rtio n  o f th e  diseases w as n o t caused  
b y  po liov irus. I t  is th u s  reasonable to  suppose  th a t  th e  c u m u la tio n  o f v iro lo 
g ica lly  nega tive  cases in  certa in  a rea s  d u rin g  th e  second h a lf  o f th e  epidem ic 
w as d u e , a t least p a r t ly ,  to  false d iagnoses. C onsidering th e  d ifficu lties o f  th e  
clin ical diagnosis o f poliom yelitis, i t  is n o t su rp ris in g  th a t  a f te r  th e  ep idem ic 
h ad  developed , th e  physic ians te n d e d  to  re p o r t  m ild  a ty p ica l cases as p o lio 
m yelitis .
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A n o th er fa c to r  shou ld  be ta k e n  in to  co n sid e ra tio n  in  th e  analysis  o f th e  
geograph ica l d ifferences. The p a tie n ts  liv in g  in  B u d ap est or P es t co u n ty  w ere 
h o sp ita liz ed  in  th e  L ászló  Central H osp ita l fo r  In fectious Diseases, w hich  h as  
b een  in  close co -o p era tio n  w ith  th is  la b o ra to ry . T h ey  to o k  sam ples soon a f te r  
th e  adm ission  of th e  p a tie n t ,  and  th e  sam ples a rriv ed  in  th is  la b o ra to ry  on th e  
d a y  o f  sam pling . In  c o n tra s t  to  th is , c o u n try  h o sp ita ls  u su a lly  to o k  th e  sam ples 
a t  a  la te r  stage, a n d  sh ip p in g  needed a t  le a s t 24 h o u rs . Since th e  ep idem ic h a d  
a rise n  in  B u d ap est, a n d  spread  in  th e  c o u n try  su b seq u en tly , th e  decrease 
in  th e  iso lation  ra te  a f te r  the peak  o f  th e  ep idem ic m ay  p a r tly  be a t t r ib u te d  
to  th e  g radua lly  in c rea s in g  percen tage  o f co u n ty  p a tie n ts .

T he poliovirus iso la tio n  ra te  for p a tie n ts  w ith  po liom yelitis  te n d e d  d o w n 
w a rd  w ith  increasing  age. H ence one m ig h t th in k  th a t  false d iagnoses w ere 
co m m o n er am ong o ld e r sub jec ts . In  fa c t, how ever, th e  iso la tion  ra te  w as 
s im ila rly  re la ted  to  age in  the  g roups o f  non-po liom yelitis  p a tie n ts  (groups 
В — D) suggesting  t h a t  acc iden tal ex c re tio n  o f po liov irus o ccu rred  m o st 
f re q u e n tly  am ong th e  youngest p o p id a tio n . I t  is th u s  p ro b ab le  th a t  a c e r ta in  
p ro p o rtio n  of th e  p a tie n ts  w ith  a false d iagnosis o f po liom yelitis  were acc id en ta l 
e x c re to rs  of po lio v iru s , and  such cases o ccu rred  m ost freq u en tly  am ong  th e  
y o u n g e s t p a tien ts .

T he fac t th a t  in  Ju n e  ty p e  1 p o liov irus s tra in s  w ere iso la ted  a lm o st 
ex c lusive ly , suggests th a t  the  d issem in a tio n  of th is  ty p e  o f v iru s w as m ost 
ex te n s iv e  a t the  b eg in n in g  of the  ep idem ic . T his is th o u g h t to  be a n o th e r  fac to r  
in  th e  decrease o f th e  iso la tion  ra te  a f te r  th e  p eak  o f th e  epidem ic.

A lthough  a c e r ta in  p ropo rtio n  o f th e  cases reg is te red  as p o liom yelitis  
cou ld  n o t be accep ted , th e  e x te n t o f th e  ep idem ic is p ro p erly  ch a rac te rized  
b y  th e  rough  n am b er o f th e  reg istered  cases, fo r m a n y  u n rep o rted  o r rev o k ed  
su sp e c t cases were d u e  to  poliovirus. T h is is show n b y  th e  four tim es h ig h er 
in c id en ce  of po liov iruses in  group В th a n  am ong p a tie n ts  w ith  a sep tic  m en in 
g itis  (group  C) or non-neuro logical diseases (group D).

F rom  19 cases re p o rte d  as po liom yelitis  no po liov irus b u t E C H O  or C ox
sack ie  v irus was iso la te d . Serum  p a irs  w ere u n fo rtu n a te ly  n o t av a ilab le  from  
a n y  o f  these  cases. So th e  question  w h e th e r th e  iso la tes w ere th e  only  p a th o g en s , 
o r  po lioviruses w ere also involved, c a n n o t be answ ered . W e believe th a t  fo r 
som e o f these po liom yelitis-like cases th e  iso la ted  s tra in s  were responsib le .

T ype 2 p o liov irus infection w as fo u n d  in  th re e  cases only. In  tw o  th e  
in fec tio n  was d e m o n s tra te d  b y  th e  iso la tio n  o f ty p e  2 v iru s , in  th e  th ird  one 
b y  th e  specific a n tib o d y  response. T y p e  3 po liov irus in fections w ere ra re  
th ro u g h o u t th e  y e a r , b u t  w idely sp read  o v er th e  c o u n try ; th e ir  incidence b eg an  
to  rise  a fte r  th e  p e a k  o f  th e  epidem ic. I t  shou ld  be n o te d  th a t  th e  m a jo r ity  o f 
th e  ty p e  3 in fec tions d id  no t ap p ear as ty p ic a l po liom yelitis . T ype  3 s tra in s  
w ere  iso la ted  from  o n ly  1.3 per cen t o f  th e  po liom yelitis  p a tie n ts  te s te d  (g roup  
A ); o f  th e  po liom yelitis-like cases 3.4 p e r  cen t, o f th e  non-neuro logical cases
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2.6 p e r cen t y ie ld ed  th is  ty p e  o f v iru s . T he th re e  ty p e  3 s tra in s  iso la ted  b y  
MÉCS et al. [4] in  1959 had  also o r ig in a te d  from  non-po liom yelitis  cases. T h e  
m ild  ap p earan ce  o f  th e  type  3 in fec tio n s m ig h t be a t t r ib u te d  to  th e  th re e  
y ea rs’ S alk  v acc in a tio n , bu t it  m ig h t be supposed  th a t  th e  c ircu la tin g  s tra in s  
w ere m ild . The l a t t e r  assum ption  is su p p o rte d  b y  th e  rct/4ö~ ch a rac te r o f 5 o f  
th e  11 ty p e  3 p o liov irus strains iso la te d  from  h e a lth y  ch ild ren  in  G yőr-Sopron  
co u n ty  before th e  im m uniza tion  cam p a ig n  w ith  th e  live po liov irus vaccine [13].

O u r find ings in  th e  B udapest n u rse ry  w ere ch a rac te ris tic  of th e  n a tu ra l  
an tag o n ism  b e tw een  en teroviruses. O n th e  day s follow ing th e  o b se rv a tio n  o f  
a case o f p o liom yelitis  75 per c en t o f  th e  c o n ta c t ch ild ren  p ro v ed  to  ex c re te  
th e  cau sa tiv e  po lio v iru s . A single ch ild  h a d  th e n  ex cre ted  Coxsackie В v iru s  
and  she d id  so tw o  w eeks la ter. A lth o u g h  th e  cond itions for a d issem ina tion  o f  
en tero v iru ses  w ere favourable , as show n b y  th e  ra p id  sp read  of th e  ty p e  1 
po liov irus, only one  new  excretor o f  C oxsackie B2 v iru s  w as found  a t  th e  tim e  
o f th e  second sam p lin g . Since 75 p e r  cen t o f  th e  ch ild ren  h a d  no an tib o d ies  to  
th e  Coxsackie B2 v iru s , specific fa c to rs  could  n o t h in d er th e  d issem ina tion  
o f th is  v iru s. C onsequen tly , th e  in te rfe ren ce  b e tw een  ty p e  1 po liov irus a n d  
C oxsackie B2 v iru s  seem s to  offer th e  b e s t ex p la n a tio n  for th e  find ings.

T he 1959 poliom yelitis  ep idem ic in  H u n g a ry  has p ro v id ed  evidence th a t  
ty p e  1 po liom yelitis  epidem ics c a n n o t be p re v e n te d  b y  m ass vacc in a tio n s w ith  
th e  S a lk  vaccine [7, 8]. This reco g n itio n  led  to  th e  h ig h ly  successful c o u n try 
w ide im m u n iza tio n  cam paign w ith  th e  live po liov irus vaccine la te  in  1959 a n d  
early  in  1960. B ased  on the  excellen t re su lts  o f th e  cam paign  we hope th a t  th e  
1959 epidem ic o ffe red  the  last o p p o r tu n ity  o f an a lyz ing  ex tensive  po lio m y elitis  
epidem ics in  H u n g a ry .
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AND ANTIBIOTIC SENSITIVITY
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(R eceived N o v em b er 30, 1960)

S um m ary , (i) T h e  lip id  com position a n d  f a t ty  acid  co n s titu e n ts  of tw o Staphylococcus 
aureus  s tra in s  d iffering  in  an tib io tic  se n sitiv ity  h av e  been com p ared . T he sensitive  s tra in  
co n ta in ed  3.6 pe r cen t lip id s; th e  re s is tan t s tra in , 5.3 p e r cent.

(ii) As to  p h o sp h a tid e s , a considerable d ifference  was fo u n d  be tw een  th e  tw o  s tra in s . 
O f th e  to ta l  p h o sp h a tid e s  th e  re s is tan t Staph, aureus  co n ta in ed  n e a rly  2 tim es, of th e  cep h a lin -  
ty p e  p h o sp h a tid e s  n e a rly  2.5 tim es m ore th a n  th e  sensitive  organism .

(iii) T h e  to ta l  lip id  c o n te n t and w ith in  th is  th e  p h o sp h a tid e  co n te n t of a h ig h ly  a n ti 
b io tic -sen sitiv e  Streptococcus haemolyticus s tra in  w as v e ry  low (2.5 and  0.7 p e r cen t re sp ec tive ly ).

(iv) As to  f a t ty  acid s, no ch arac te ris tic  d ifference w as fo u n d  betw een  th e  sensitive  a n d  
re s is ta n t Staph, aureus. I n  th e  solid frac tio n  o f f a t ty  acids 5 com p o n en ts  were show n, n a m e ly  
a rach ic , stearic , p a lm itic  a n d  m yristic  acids an d  a n  u n id en tif ied  f a t ty  acid  con ta in ing  p ro b a b ly  
19 carb o n  a tom s.

(v) In  th e  liq u id  fra c tio n  of fa tty  acids 5 m ain  co m p onen ts w ere d istingu ished , none  of 
w hich corresponded  to  a n  u n sa tu ra ted  acid. I t  w as s trik in g  th a t  u n sa tu ra te d  f a t ty  acids 
com prised  on ly  a v e ry  sm all p a r t  of th e  lipids in  b o th  Staph, aureus s tra ins.

T he biological ro le of b ac te ria l lip ids has scarce ly  been s tu d ied . T he 
h igh resis tan ce  to  e n v iro n m en ta l effects o f ce rta in  o rgan ism s, as M ycobacterium  
tuberculosis an d  m em b ers  of the P seu d o m o n as g roup  is exp lained  b y  th e  
p ro tec tiv e  ac tio n  o f  lip id s, in  w hich th e se  b a c te ria  are  richer th a n  o th e rs . 
A ccord ing  to  YÁCZI et al. [1 ,2 ]  w ith  G ram -n eg a tiv e  en te ric  b ac te ria  th e re  is a 
d e fin ite  difference b e tw een  the  lip id  c o n te n t o f s tra in s  sensitive to  an tib io tic s , 
an d  o f s tra in s  th a t  h a v e  acquired  resis tan ce  in  vivo o r in  vitro; th e  re s is ta n t o r
ganism s n am ely  c o n ta in  m ore of these  su b stan ces  th a n  th e  sensitive b a c te r ia . 
T hese e x am in a tio n s  rev ea led  an  assoc ia tion  betw een  an tib io tic  res is tan ce  an d  
th e  lip id  c o n te n t o f  th e  cell. I t  is know n th a t  G ram -positive  b ac te ria  co n ta in  
co n sid e rab ly  less lip id s  th a n  the  G ram -n eg a tiv es  [3]. The p a r tic ip a tio n  o f 
th ese  su b stan ces in  th e  co n stitu tio n  o f  G ram -p o sitiv e  cells has n o t been  fu lly  
in v e s tig a te d  an d  co n firm ed . In  th e  p re se n t s tu d y  th e  lip id  c o n ten t, th e  d is tr ib u 
tio n  of lip id  f rac tio n s  an d  fa t ty  acids in  an  an tib io tic -sen s itiv e  Staph, aureus  
(s tra in  100) an d  in  a p o ly resis tan t (re s is ta n t to  6 an tib io tics) Staph, aureus  
(s tra in  53) have  been  stu d ied .

As a co m p ariso n , th e  lip id  c o n te n t an d  th e  com position  o f th e  lip id  
frac tio n s  o f  a h ig h ly  an tib io tic -sen s itiv e  Str. haem olyticus (s tra in  T 25) w as 
also exam ined .
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M aterials an d  m ethods

Test strains. S ta p h , aureus s tra in  D u n c an  100; in te rn a tio n a l te s t  s tra in , sensitive  to  
a n tib io tic s . Staph, aureus  s tra in  53; re s is ta n t  to  pen ic illin , s trep to m y cin , p o ly m y x in , ch lo r
am p h e n ico l, au reom ycin , te rra m y c in  an d  e ry th ro m y c in . Str. haemolyticus s tra in  T  25; h ig h ly  
su scep tib le  to  an tib io tics.

A ntib io tic  sen sitiv ity  w as e s tim a ted  by  th e  d isc a n d  tu b e  d ilu tion  m eth o d s as described  
p re v io u s ly  [2a].

D eterm ination o f  l ip id  content. T w en ty -fo u r h o u r  s ta n d a rd  b ro th  sh ak e  cu ltu res  w ere 
u sed . T h e  b ac teria  w ere h a rv es te d  b y  su p e rce n trifu g a tio n  a t  30 000 r. p . m . T h e  w et b a c te r ia  
w ere  im m ed ia te ly  tra n s fe r re d  w ith o u t w ash ing  to  d ry  ace ton  and  k e p t in  th e  re fr ig e ra to r 
u n t i l  u sed . Before use  th e  cells were dried  u n d e r  v a cu u m  in  th e  presence of p h o sp h o ru s p e n t-  
o x id e . T h e  bac teria  w ere th e n  finely  g ro u n d  an d  an a ly tic a lly  m easured  in  4 to  8 g q u a n tit ie s  
in to  a n  e x tra c tio n  tu b e . E x tra c t io n  was p e rfo rm ed  b y  use  of a  m odified  S oxhle t a p p a ra tu s , 
w i th  a  2 : 1 chloroform — m eth a n o l m ix tu re  fo r 24 h ours. In  o rder to  rem o v e  w ater-so lu b le  
su b s ta n c es , th e  crude  p re p a ra tio n  w as w ashed  in  w a te r  according to  F o l c h  et al. [ 4 ] .  T h e  
re m a in in g  sam ple w as d ried  in  n itrogen  u n d e r red u ced  p ressure  th en  tre a te d  w ith  e th y l e th e r. 
T h e  e th e r  was e v ap o ra te d  in  vacuo and  th e  w e igh t o f th e  residue w as d e te rm in ed . T he m a te ria l  
o b ta in e d  w as regarded  as th e  to ta l  e x tra c tib le  lip ids. T he values were expressed  as th e  lip id  
c o n te n t  o f 100 g of d ried  b ac teria .

Determ ination o f  bound lipids. A fter th e  e x tra c t io n  5 to 10 g of d ry  b a c te ria  w ere h e a te d  
u n d e r  a  re flux  in  a  so lu tio n  con ta in ing  equal p a r ts  o f hydroch lo ric  acid  an d  w a te r  for 4 ho u rs . 
L ip id s  w ere th en  e x tra c te d  w ith  pe tro leu m  e th e r. T h e  lip ids corresponded p a r tly  to  u n sap o n i- 
f ia b le  substances, p a r tly  to  f a t ty  acids o rig in a tin g  fro m  th e  decom position  of com plex lip ids.

D eterm ination o f  l ip id  fractions. T he to ta l  lip id  c o n te n t was d issolved in  a  sm all a m o u n t 
o f  e th e r , th en  th e  p h o sp h a tid e s  were p re c ip ita te d  w ith  ace to n  in  large  excess (25 — 30 p a r ts ) . 
T h e  m ix tu re  was le f t in  th e  re frig e ra to r fo r 6 to  8 h o u rs  th e n  cen trifuged . T he d ep o sit w as 
d isso lv ed  in  a sm all a m o u n t o f e th e r and  th e  c ep h a lin -ty p e  p h o sphatides w ere p re c ip ita te d  b y  
th e  a d d itio n  of ab so lu te  alcohol, in  large  excess (10 — 15 parts).

Isolation o f  fa t ty  acids. A fter th e  to ta l  lip id  c o n te n t h ad  been dissolved in  a sm all a m o u n t 
o f e th e r ,  5 per cen t m e th y l alcoholic so lu tion  of p o ta s s iu m  hydrox ide  w as ad d ed  in  excess a n d  
th e  m ix tu re  was left to  s ta n d  in n itrogen  a tm o sp h e re  fo r 18 to  24 hours a t  room  te m p e ra tu re . 
D u r in g  th a t  tim e h y d ro ly s is  becam e p ra c tic a lly  com ple te . T he m ix tu re  w as th e n  d ilu ted  w ith  
w a te r  a n d  un sap o n ifiab le  lip ids were se p a ra ted  w ith  p e tro leu m  ether. T hen  th e  aqueous so lu tio n  
w as acid ified  to  p H  2 — 3 w ith  10 per cen t h y d ro ch lo ric  acid  and  th e  lib e ra te d  f a t ty  acids w ere 
e x tra c te d  w ith  p e tro leu m  e th e r. A fter rem o v a l o f  th e  acid  com ponents b y  w ash ing  in  w a te r , 
th e  p e tro leu m  e th e r f ra c tio n  was dried  f ir s t  over a n h y d ro u s  sodium  su lp h a te  th e n  in  n itro g en  in  
a  v esse l of know n w eigh t. In  o rder to  sim plify  th e  ana ly sis , th e  o b ta ined  f a t ty  acid m ix tu re  w as 
se p a ra te d  in to  solid  a n d  liq u id  frac tio n s b y  T w i t c h e l l ’ s lead -sa lt alcohol m eth o d  [5]. T h e  
so lid  frac tio n  consists p r im a rily  of sa tu ra te d  acids w ith  a m elting  p o in t over 25° C. T h e  m em 
b e rs  o f  th e  liquid  fra c tio n  a re  usually  u n sa tu ra te d  f a t ty  acids w ith  a m elting  p o in t low er th a n  
25° C. T he liquid  f ra c tio n  m ay , of course, c o n ta in  sa tu ra te d  acids w ith  a  m eltin g  p o in t u n d e r  
25° C, an d  vice versa , in  th e  solid frac tio n  th e re  m ay  be higher, poorly  sa tu ra te d  acids w h ich  
m e lt  over 25° C. T he se p a ra tio n  — in  ad d itio n  th a t  i t  m akes th e  analysis m ore easy  to  pe rfo rm  — 
allow s th e  en rich m en t o f com ponen ts o ccurring  in  v e ry  sligh t qu an titie s .

D eterm ination o f  fa t ty  acids. T he c h ro m a to g ra p h ic  procedure  described  by  K a u f m a n n  
a n d  N i e t s c h  [6] w as used  as follows.

Schleicher-Schuell N o. 2043/B p ap er w as im p reg n a ted  w ith  a f ra c tio n  of p e tro leu m  
(b o ilin g  p o in t 190 — 220° C). A 90 per cen t w a te ry  so lu tion  of acetic  acid  sa tu ra te d  w ith  p e tro 
leu m  served as th e  so lv en t. To o b ta in  good se p a ra tio n  of f a t ty  acids, th e  so lv en t f ro n t  h ad  to  
r u n  as fa r as 30 to  35 cm . D epending on  th e  te m p e ra tu re , th is was reach ed  w ith in  36 to  50 
h o u rs . A fter th e  rem o v a l o f pe tro leu m  an d  so lv en t, th e  ch ro m ato g ram  w as d ip p ed  in  aq u eo u s 
c o p p e r  ace ta te  so lu tio n  in  o rd er to  form  co p p er sa lts  of f a t ty  acids. T he excess copper a c e ta te  
w as w ashed  ou t w ith  ta p  w a te r  and  th e n  th e  sp o ts  w ere developed w ith  d ilu te  ru b e an ic  acid . 
T h e  v a rio u s fa tty  acids w ere in d ica ted  b y  d a rk -g re e n  sp o ts on w hite  b ack g ro u n d . U n s a tu ra te d  
f a t t y  acids were d e te c te d  w ith  osm ium  te tro x id e  v ap o u rs , w hich b lack en ed  th e ’r  spo ts. In  
o rd e r  to  iden tify  th e  sp o ts , paralle l ch ro m a to g ram s w ere ru n  w ith  m ix tu re s  of kno w n  f a t ty  
a c id  com position . Q u a n tita tiv e  e stim a tio n  w as p e rfo rm ed  by  den sito m étrie  m easu rem en t.
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R esu lts

T he resu lts  concern ing  th e  to ta l  lip id  con ten t o f  th e  tw o Staph, aureus  
s tra in s  d iffering  in  an tib io tic  se n s it iv ity  are p resen ted  in  T ab le  I . T he to ta l  
e x tra c tib le  and  s tro n g ly  b o und  lip id  co n ten t of S ta p h , aureus s tra in  100 
(sensitive), o f S taph , aureus s tra in  53 (po ly resistan t) a n d  o f Str. haem olyticus 
s tra in  T/25 (h igh ly  sensitive) are show n  in  colum ns 1, 2 a n d  3, respective ly .

T ab le  I

The lip id  content o f  various organisms in  dry weight percentage 
A verage d a ta  o f 5 parallel cu ltiv a tio n s. L im its o f  e rro r: ± 1 0 %

S t a p h .
a u r e u s

100

S t a p h .
a u r e u s

53

S t r .  h a e m o 
l y t i c u s
T/25

per cents

E x tra c tib le  lipid 3.1 4.4 2.4

S trongly  b o u n d  lipid 0.5 0.9 0.1
T ota l lipid 3.6 5.3 2.5

T he resu lts  w ere o b ta in ed  b y  av erag in g  the  analysis o f 5 paralle l c u ltiv a 
tio n s . T he d ifferences w ere n o t m ore th a n  +  10 per cen t.

F ro m  T ab le  I  i t  is seen th a t  th e  ex trac tib le  lip id  a n d  th e  b o u n d  lip id  
c o n te n t o f  th e  r e s is ta n t Staph, aureus  is considerably  h ig h e r th a n  th a t  o f  th e  
sen sitive  s tra in . T he p ercen tage  d ifference  is 42, or, as reg a rd s  th e  to ta l  lip id  
c o n te n t, 47. The e x tra c tib le  and  b o u n d  lip id  con ten ts o f  th e  h igh ly  sen sitive  
S tr. haem olyticus s tra in  T/25 were co n sid e rab ly  less th a n  th o se  of th e  sen sitive  
S taph , aureus s tra in  (2.4 an d  2.5 p e r c e n t, respectively).

In  su b seq u en t ex p erim en ts  th e  lip id  com position o f  sen sitive  and  re s is ta n t 
s taph y lo co cc i was com pared . The n e u tra l  lip ids were s e p a ra te d  from  th e  b io log
ica lly  ac tiv e  lip ids (pho sp h a tid es). T h e  la tte r  were fu r th e r  fra c tio n a ted  in to  
le c ith in  an d  c ep h a lin -ty p e  p h o sp h a tid e s . The results a re  p re sen ted  in  T ab le  I I .

T ab le  II

Composition o f  extractible lip ids o f  antibiotic sensitive and polyresistant Staph, aureus strains
in dry weight percentage

A verage d a ta  o f 5 parallel cu ltiv atio n s. L im its o f e rro r: ± 1 0 %

S t a p h . a u r e u s

strain 100 strain  53 Difference

per cent

N eu tra l lipids 1.3 1.0 — 23

L ecith in 1.3 2.2 + 6 9
P h o sphatides C ephalin 0.5 1.2 + 1 4 0

E x trac tib le  lipids 3.1 4.4 + 4 2
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The ex trac tib le  l ip id  frac tions of th e  sen sitive  and  re s is ta n t  staphylococci 
a re  show n in co lum n 1 an d  2 of T ab le  I I .  Colum n 3 show s th e  percen tage 
d ifference betw een  th e  lip id s  of the  tw o s tra in s , w here th e  d a ta  ob tained  w ith  
th e  sensitive o rgan ism  a re  ta k e n  as 100. I t  is seen th a t  th e  lip id  con ten t of th e  
r e s is ta n t  s tra in  w as 42 p e r  cen t m ore th a n  th a t  o f th e  sen s itiv e  one. The sensi
t iv e  Staph, aureus w as r ic h e r  in  n eu tra l lip id s , w hile th e  re s is ta n t  s tra in  co n ta ined  
m o re  of the p h o sp h a tid e s . The p h o sp h a tid e  co n ten t in  th e  la t te r  was n ea rly  
tw ice  th a t  in  th e  fo rm e r (3.4 as com pared  to  1.8 p er cen t). T h e  difference w as 
re m a rk a b ly  high as re g a rd s  th e  c ep h a lin -ty p e  p h o sp h a tid e s , from  which th e  
re s is ta n t  organism  c o n ta in e d  n early  2.5 tim es  m ore th a n  th e  sensitive s tra in s .

T aking in to  c o n s id e ra tio n  th e  h igh  d ifference in  th e  l ip id  com position o f  
th e  an tib io tic -sen sitiv e  a n d  -resis tan t s tap h y lo co cc i, a com parison  was m ade 
b e tw een  tw o G ram -p o sitiv e  cocci, n am ely  S ta p h , aureus s tr a in  D uncan  100 a n d  
S tr . haemolyticus s t r a in  T /25, w hich, a lth o u g h  b o th  sen s itiv e  to  an tib io tics , 
d iffered  in the  degree o f  sen s itiv ity . The re su lts  are  show n in  T ab le  I I I .

Table I I I

Composition o f  extractible lip id s  o f  Stapli. aureus and S tr. haemolyticus in  dry  weight percentage 
Average d a ta  o f  5 parallel cu ltiv atio n s. L im its of erro r: ± 1 0 %

S t a p h ,  
a u r e u s  

strain  100

per

S t r .  h a e m o 
l y t i c u s  

strain T/25

ent

Difference

N eutral lip ids 1.3 1.7 + 3 1

L ecithin 1.3 0.5 — 62
P hosphatides Cephalin 0.5 0.2 — 60

E x trac tib le  lip id s 3.1 2.4 — 23

In  colum n 1 o f T a b le  I I I  th e  lipid frac tio n s  o f the  sen sitive  staphy lococcus, 
in  co lum n 2 those o f  th e  h igh ly  sensitive s trep to co ccu s are  p resen ted . As i t  is 
c lea r from  the  d ifferences set ou t in  co lum n 3, Str. haem olyticus contained less 
o f  th e  lip ids, and w ith in  th ese , m uch less o f  the  p h o sp h a tid es , th a n  the sensitive 
S ta p h , aureus did. T h e  fo rm er was richer o n ly  in  n e u tra l lip id s . T hus the  d iffe r
ence  existing  be tw een  th e se  s tra in s  was o f th e  ty p e  observed  a t  th e  com parison 
o f sensitive and  re s is ta n t  staphylococci.

In  order to  g a in  fu r th e r  in fo rm atio n  o f th e  b a c te r ia l lip ids, th e  f a t ty  
a c id  constitu en ts  w ere an a ly sed . As v e ry  sm all am oun ts (10 to  80 mg) of f a t ty  
ac id s were only av a ila b le , th e  analysis h ad  to  be perfo rm ed  w ith  paper ch ro 
m a to g ra p h y . The re s u lts  are  p resen ted  in  th e  following ta b le s . The d a ta  re fe r 
to  m o l% ; the  re su lts  cou ld  n o t be exp ressed  in  ex ac t w eigh t % , because 
th e  m olecular w eight o f  som e com ponents w as no t know n.
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T ab le  IV

D istribution o f  solid  fraction fa tty  acids obtained fro m  Staph, aureus strains

Designation 
of epot

Staph, aureus 
strain  53

Staph, aureus 
strain 100

per cents

5 2 7 .3 2 5 .0

4 2 0 .3 17 .8

2— 3 3 0 .2 29 .8

1 2 2 .2 2 7 .4

F ig. 1. C h a rac te ris tic  ch ro m ato g ram  of so lid  frac tio n  f a t ty  acids o b ta ined  fro m
Staph, aureus  s tra in s

F ig . 1 an d  T ab le  IV  show th e  c h a ra c te ris tic  c h ro m a to g ram  of th e  solid  
f a t ty  acid  frac tio n  iso la te d  from  S taph , aureus , and  th e  p e rcen tag e  d is tr ib u tio n  
of th e  com ponen ts. S p o ts  denoted  w ith  1, 3, 4 an d  5 w ere u n d o u b ted ly  id en tica l 
w ith  tho se  o f th e  c o n tro l f a t ty  acids. T hus th e y  co rresponded  to  arachic, s tea ric , 
p a lm itic  an d  m y ris tic  acids, in  th is  succession . Spot 2 w as a f a t ty  acid p re su m 
ab ly  co n ta in in g  19 c a rb o n  atom s. Spots 2 a n d  3 could be e v a lu a te d  only  to g e th e r . 
In  th e  d a ta  th e  seco n d  decim al w as ro u n d e d  u p . F ro m  T able IY  i t  can  be 
concluded  th a t  no ch a ra c te ris tic  d ifference ex ists b e tw een  th e  solid f ra c tio n  
f a t ty  acids o f th e  tw o  s tra in s.
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T ab le  V

Percentage d istribution o f  liquid frac tion  fa t ty  acids obtained from  Staph, aureus strains

Designation 
of spot

Staph, aureuz 
s tra in  53

Staph, aureus 
strain 100

per cents

5 74.8 71.9

4 21.3 23.5

2— 3 2.2 3.4

1 1.7 1.2

F ig . 2. C h a rac te ris tic  c h ro m a to g ram  of liq u id  frac tio n  f a t ty  acids o b ta in ed  fro m
Staph , aureus  s tra in s

Fig. 2 and  T ab le  V show th e  c h a ra c te r is tic  ch ro m ato g ram  an d  th e  p e rc e n t
a g e  d is tr ib u tio n  o f th e  liqu id  f ra c tio n  f a t ty  acids in  th e  tw o  s tap h y lo co cca l 
s tra in s . B y th e  u su a l techn ique  5 sp o ts  ap p eared ; osm ium  te tro x id e  v ap o u rs  
p ro d u c e d  3 sm aller sp o ts  w ith  th e  re s is ta n t  s tra in  an d  1 sm alle r spo t w ith  th e  
se n s itiv e  organ ism . T he m ajo r p a r t  o f th e  f a t ty  acids show ed up  in  sp o ts  4 
a n d  5. These tw o  sp o ts  con ta ined  a b o u t 90 p er cen t of th e  liq u id  frac tio n  acids.

In d ic a tin g  a low  co n ten t o f u n s a tu ra te d  com pounds, th e  spots show ed 
s lig h t b lackening  on exposition  to  osm ium  te tro x id e  v a p o u rs . D esp ite  th e  fa c t 
t h a t  these  w ere a rra n g e d  as spo ts o f oleic an d  linolic acids, th e y  co rresponded  
to  u n id en tified  s a tu ra te d  f a t ty  ac ids. T h is was u n ex p ec ted , as u n s a tu ra te d  
f a t t y  acids are im p o r ta n t  co n s titu e n ts  o f th e  cell. The p resence of th ese  s u b 
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s tan ces  m akes it  possible th a t  u n d e r n o rm al conditions, a t  b o d y  te m p e ra tu re , 
th e  lip id s  are m a in ta in e d  in  th e  f lu id  s ta te , w hich is req u ired  for th e  
n o rm a l fu n c tio n in g  o f th e  cells.

I n  o rd er to  p rove  th e  lack , or th e  presence of o n ly  sm all q u a n titie s , o f 
u n s a tu ra te d  acids, th e  liq u id  frac tio n s  o f  th e  tw o b a c te ria  w ere exam ined  as 
follow s. I n  th e  f ir s t  s tep  th e  sam ple  w as tre a te d  w ith  a lk a lin e  po tassiu m  
h y p e rm a n g a n a te  a t  room  te m p e ra tu re  as described b y  C r o m b ie  et al. [7]. 
U n d e r th e se  c ircum stances p o tassiu m  h y p e rm an g an a te  b re a k s  u p  th e  u n s a tu 
ra te d  bo n d s. O n th e  ch ro m ato g ram  th e  subseq u en tly  iso la ted  f a t ty  acids 
show ed no b lacken ing  w ith  osm ium  te tro x id e . Spots I to  5 a p p ea red  in  a b o u t 
th e  sam e size as o b ta in ed  a t  c h ro m a to g ra p h y  of the  u n tre a te d  liq u id  frac tio n .

T h e  f a t ty  acid  spo ts were ex am in ed  in  h y d ro g en a tio n  ex p erim en ts  in  th e  
p resence  o f a h igh ly  ac tiv e  p a llad iu m  c a ta ly s t, un d er a p ressu re  o f 2 a tm . 
T he ch ro m a to g ram  o f th e  f a t ty  acids t r e a te d  th is  w ay  show ed  no im p o r ta n t 
d ifference from  th a t  o f th e  u n tre a te d  sam ples. Only one o r tw o  sm aller spo ts 
in d ic a te d  th e  v e ry  low  u n sa tu ra te d  ac id  co n ten t of th e  frac tio n .

D iscussion

L ip ids c o n s titu te  only  a sm all p a r t  o f th e  b ac te ria l cell, an d  so, because 
o f th e  n u m b e r o f th e ir  com ponen ts an d  th e  im perfec t a n a ly tic a l m ethods, 
l i ttle  p rogress has been  m ade in  th e ir  ex am in a tio n . O w ing to  th e  basic  in v e s ti
g a tions o f  A n d e r s o n  [8], th e  lip id  c o n s titu tio n  of M . tuberculosis is th e  one 
b e s t u n d e rs to o d . Y e t, in  sp ite  of n u m ero u s stud ies on th is  su b jec t, th e  w hole 
lip id  sp e c tru m  of th is  organism  has n o t  been elucidated . T he c o n s titu tio n  o f  
i ts  p h o sp h a tid e s , w hich, accord ing  to  d e  S ütő  N a gy  an d  A n d e r s o n  [9] com 
prise  6 p e r cen t o f th e  to ta l  lip ids, is u n k now n .

O f G ram -positive  b ac te ria , th e  7 p e r cen t lip id -co n ta in in g  C. diphtheriae  
has b een  investig a ted -m o re  th o ro u g h ly  in  th is  respect [10].

O f th e  in v estig a tio n s in to  th e  lip id s  o f G ram -nega tive  en te ric  b a c te ria  
tho se  o f  E c k s t e in  [11], W e s t p h a l  et al. [12], B o iv in  et al. [13] an d  th e  m ore 
re c e n t ex am in a tio n s of Cm e l ik  [14] shou ld  be m en tio n ed . T he an a ly tica l 
m e th o d s  app lied  b y  th ese  au th o rs  a re  n o t uniform , th u s  th e  re su lts  can  be 
co m p ared  w ith  d ifficu lty  or n o t a t  all.

YÁCZI et al. [1, 2] show ed differences betw een th e  lip id  an d  especially  
th e  p h o sp h a tid e  c o n s titu tio n  o f ch lo ram phen ico l-sensitive an d  -re s is tan t E . coli 
an d  S . p a ra typ h i B . F ro m  these  in v estig a tio n s i t  has b een  concluded  th a t  an  
a sso c ia tio n  exists be tw een  th e  lip id  c o n te n t, lip id  m etab o lism  an d  an tib io tic  
se n s itiv ity  o f  G ram -negative  en teric  b a c te ria .

T h e  purpose o f  th e  p resen t s tu d ies  w as th e  d e te rm in a tio n  u n d e r c o n s tan t 
c ircu m stan ces of th e  lip id  co n ten t, th e  lip id  fractions a n d  f a t ty  acids of tw o 
S taph , aureus s tra in s  w ith  v e ry  d iffe ren t an tib io tic  sen s itiv ity . T he ex perim en ts 
w ere co m p le ted  w ith  th e  lip id  analysis o f  a Str. haemolyticus s tra in .

7 A cta  Microbiologica V III/2 .
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I t  was found  t h a t  s taphy lococci co n ta in ed  re la tiv e ly  h igh  am oun ts o f  
lip id s  (3.6 per cen t on  th e  average). T he lip id  c o n te n t o f th e  re s is ta n t Staph, 
aureus  (5.3 per cen t) w as 47 p e r cen t m ore th a n  th a t  o f th e  sensitive s tra in . 
T h e  lip id  co n ten t o f  th e  h igh ly  an tib io tic -sen s itiv e  Str. haem olyticus was the  
lo w est (2.5 per cen t).

B eyond th e  d ifferences in  to ta l  lip id  c o n te n t fo u n d  in  rep ea ted  experi
m e n ts , the  differences in  lip id  frac tio n s  m ay  be reg a rd ed  as sign ifican t. T he 
h ig h  q u a n tita tiv e  d ifference  b e tw een  th e  tw o s tap h y lo co cca l cells as to  th e  
b io logically  ac tive  lip id  fra c tio n  show s th a t  these  m a te ria ls  m a y  be im p o rta n t 
fa c to rs  in  the  d e te rm in a tio n  o f a n tib io tic  su scep tib ility . T h is consideration  is  
su p p o rte d  b y  th e  f in d in g  th a t  th e  difference betw een  th e  lip id  con ten t o f th e  
h ig h ly  sensitive S tr . haem olyticus  an d  o f th e  sensitive  S taph , aureus was th e  
m o s t considerable as re g a rd s  th e  p h o sp h a tid es .

O f our d a ta  co n cern in g  th e  f a t ty  acid  co m p o n en ts  o f  s tap h y lo -lip id s , 
tw o  po in ts should  be  em p h asized . One o f these  is th a t  in  th is  resp ec t no s ig n ifi
cant difference was fo u n d  between the two cells d iffering  in  antibiotic sensitiv ity , 
th e  o th e r is th a t  unsatura ted  fa t ty  acids occurred only in  very small quantités. 
A ccord ing  to  Cm e l ik  [14 ], in  Salm onellae s a tu ra te d  a n d  u n sa tu ra te d  f a t ty  
ac ids are p resen t in  a p p ro x im a te ly  equal am o u n ts . O u r re c e n t ex am in a tio n s 
also  showed th a t  a consid erab le  p a r t  o f th e  f a t ty  acids o f  E . coli corresponded  
to  u n sa tu ra te d  ac ids. T h e  fa c t th a t  in  th e  liq u id  fra c tio n  o f  staphylococcal 
f a t t y  acids no la rg e r a m o u n ts  o f u n s a tu ra te d  acids cou ld  be d em o n stra ted  b y  
d iffe ren t m ethods, a lth o u g h  th e  m e lting  p o in t o f th ese  lip id s  was v e ry  low , 
p o in ts  to  the  e x tra o rd in a ry  s tru c tu re  o f these  m a te ria ls .

The question  th u s  arises, how  th e  n a tu re  o f f a t ty  acids of th e  liq u id  
fra c tio n  th a t  do n o t  g ive  th e  ch a ra c te ris tic  reac tio n s o f u n s a tu ra te d  acids can  
be  explained . I f  th e y  a re  sa tu ra te d , a lin ea r-ch a in  s tru c tu re  seem s unlikely , since 
th e y  are fluid a t ro o m  te m p e ra tu re . I t  m ay  be assum ed  th a t  these  su b stan ces 
co rrespond  to  fo rk ed -ch a in  f a t ty  acids. I t  is know n t h a t  th e  m elting  p o in t 
o f  p a lm itic  acid is 62 .2° C, w hile 9 -m ethy l p a lm itic  acid  m e lts  a t  22° C and  11 
m e th y l palm itic  ac id  a t  19° C. T he m elting  p o in t of 1 1 -m eth y l stearic  acid  is 
o n ly  8° C. Thus in  th e  ex am in ed  b a c te ria  th e  f lu id ity  o f f a t ty  acids is p ro b ab ly  
due  to  a fo rk ed -ch a in  s tru c tu re . In v e s tig a tio n s  in to  th e  f in e r  s tru c tu re  an d  
com position  of th ese  f a t ty  acids are  in  p rogress.

The b o u n d a ry  su rface  consisting  o f com plex lip id s  an d  lipopro te ins p la y s  
a n  im p o rta n t p a r t  in  th e  en tran ce  to  th e  cell an d  in  th e  in tra c e llu la r  m ov em en t 
o f  m ateria ls  ac tin g  on  th e  b ac te ria l o rgan ism . T he in flu en ce  of lipids on th e  
bio logical p ro p ertie s  o f  th e  cell is u n q u estio n ab ly  im p o r ta n t . The p re sen t 
investig a tio n s h av e  rev ea led  d ifferences betw een  th e  lip id  co n stitu tio n  o f  
G ram -positive cocci w ith  d iffe ren t an tib io tic  se n s itiv ity . T he difference h a s  
b een  found the  h ig h e s t w ith  th e  b io logically  ac tive  p h o sp h a tid e s .
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ASSOCIATION BETWEEN LIPID METABOLISM 
AND ANTIBIOTIC SENSITIVITY

II . T H E  IN F L U E N C E  O F E S T E R A S E  IN H IB IT O R S  O N  T H E  A N TIB IO TIC  
S E N S IT IV IT Y  O F STA PH Y LO C O C C U S A U R E U S  STRAINS

B y

L. YÁczi, M .  F o d o r  a n d  L. F a r k a s

I n s t i t u t e  o f  M ic r o b io lo g y , U n iv e r s i t y  M e d ic a l  S c h o o l, D ebrecen  

(R eceived  N o v em b er 30, I960)

S um m ary , (i) T h e  effect of esterase  in h ib ito rs  on th e  a n tib io tic  sen sitiv ity  o f  S ta p h y lo 
co ccu s a u r e u s  has b een  in v estig a ted . I t  w as show n t h a t  s tap h y lo co cca l stra ins sen sitiv e  to  
a n tib io tic s  o r r e s is ta n t  on ly  to  penicillin  e x e r ted  a h igher l ip o ly tic  a c tiv ity  th a n  p o ly res is t-  
a n t  s tra in s .

(ii) O f th e  e s te ra se  inh ib ito rs  p a rao x o n e , m e th y l p a ra th io o x o n e  and sodium  o lea te  a t  
co n cen tra tio n s  o f 0.5 m g per 100 m l, co n sid erab ly  increased  th e  pen ic illin  sen sitiv ity  o f r e s is ta n t  
s tap h y lococci; a  s lig h t increase  was observed  in  te rra m y c in  sen sitiv ity .

(iii) W hile  th e  endopenicillinase a c t iv ity  o f s tap hy lococci w as decreased  on ly  s lig h tly  
b y  h igh  c o n ce n tra tio n s  of m eth y l p a ra th io o x o n e , fo rm atio n  o f th e  enzym e w as s tro n g ly  
inh ib ited .

(iv) T he p h o sp h a tid e  c o n ten t of p o ly re s is ta n t stap h y lo co cc i grow n in  th e  p resen ce  o f 
m e th y l p a ra th io o x o n e  decreased  considerab ly . T he lip id  co m p o sitio n  of stra in s  c u lt iv a te d  
u n d e r th is  c o n d itio n  becam e sim ilar to  th a t  o f th e  sensitive  organ ism s.

(v) T he a sp ec ts  o f aim ed d rug  re sea rc h  based  on  th e  a sso c ia tio n  be tw een  lip id  m e ta 
bo lism  an d  a n tib io tic  se n sitiv ity  a re  d iscussed.

In  th e  p reced in g  p ap er a com parison  b e tw een  p o ly resis tan t a n d  a n t i 
b io tic -sen sitiv e  S ta p h , aureus s tra in s  h as  revealed  a h ig h e r lip id  co n ten t in  re s is t
a n t  b a c te ria l o rgan ism  th a n  in  sen sitiv e  ones. T he d is tr ib u tio n  of lip id  f ra c 
tio n s  also d iffered  in  th e  tw o k inds o f b a c te r ia  [1]. A s im ila r difference in  lip id  
c o n s titu tio n  w as found  betw een  an tib io tic -sen s itiv e  and -resis tan t G ra m 
n eg a tiv e  en te ric  b a c te r ia  (E . coli, Salm onella) [2]. F ro m  these find ings i t  h as  
been  concluded  to  an  association  b e tw een  lip id  m e tab o lism  and  an tib io tic  
su scep tib ility . In  th e  p resen t p ap e r we shall p re se n t experim en ts a im ed  a t  
es tab lish in g  w h e th e r  th e  lipo ly tic  a c t iv i ty  o f Staph, aureus varies w ith  a n t i 
b io tic  se n s itiv ity , an d , on th e  o th e r  h a n d , w h e th e r este rase  in h ib ito rs ac tin g  
on th e  enzym es o f  lip id  m etabo lism  exercise any  in flu en ce  on th e  an tib io tic -  
sen s itiv ity  of th is  o rgan ism .

Materials and methods

T e s t  s t r a in s .  T h e  an tib io tic  sen sitiv ity  o f  th e  S ta p h ,  a u r e u s  stra in s  used w as as fo llow s. 
S tra in  100 a n d  102: sen sitiv e  to  an tib io tic s: s tra in  1: r e s is ta n t o n ly  to  penicillin; s tra in s  50, 
52 an d  53: re s is ta n t  to  penicillin , s trep to m y c in , au reom ycin , te rra m y c in , ch loram phenico l a n d  
e ry th ro m y cin . In  th e  lipase  a c tiv ity  e x p erim en ts  77 S ta p h ,  a u r e u s  s tra in s  freshly  iso la ted  fro m  
p a th o lo g ica l p rocesses w ere also included. A ll th e  s tra in s  w ere coagulase-positive, p ro d u c e d  
haem olysin  a n d  sp lit m an n ito l.

A s s a y  o f  l i p o l y t i c  a c t iv i ty .  L ipase a c t iv ity  w as e s tim a te d  as described by  Sie r r a  [3]. As 
su b s tra te s , T w een  20, 40, 60 or 80 a t  1 p e r c e n t  c o n cen tra tio n s  to g e th e r w ith  0.01 p e r c e n t 
calcium  ch lo ride  w ere  in c o rp o ra te d  in  m e lted  ag ar m edium . T h e  ag ar was th e n  p o u re d  in to
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P e t r i  d ishes an d  th e  s tra in s  to  be  exam ined  w ere s tre a k e d  on  th e  surface of th e  p la te s . R ead ings 
w ere  m a d e  a fte r an  in c u b a tio n  fo r 48 hours a t  37° C. L ip ase  a c tiv ity  was in d ic a te d  b y  zones o f 
c a lc iu m  soap  a round  th e  colonies.

A n t ib io t i c  s e n s i t i v i t y  w as estim a ted  b y  th e  d isc a n d  tu b e  d ilu tion  m e th o d  as described  
in  re fe ren ce  [4].

A s s a y  o f  p e n ic i l l i n a s e  a c t iv i ty . Penicillinase  a c t iv ity  was m easured  in  a  W arb u rg  a p p a ra 
tu s  b y  th e  m anom etric  m e th o d  of H e n r y  a n d  H o u s e w r ig h t  [5]. In to  th e  c e n tre  vessel 2.5 m l 
0.047 M  sodium  h y d ro c a rb o n a te  an d  1 m l o f b a c te r ia l  suspension, in to  th e  side a rm  50 000 
u n i ts  o f  Penicillin-G -N a d isso lved  in  0.5 m l 0.047 M  sod ium  h y d ro carb o n a te  w ere m easu red . 
I n  th e  tu b e s  a  gas m ix tu re  co n ta in ing  5 p e r c e n t C 0 2 an d  95 pe r cen t N a w as c ircu la ted  fo r 
30 m in u te s . M easurem ents w ere carried  o u t a t  37° C.

R esults

T ab le  I  shows th e  lip o ly tic  a c tiv ity  o f  77 pathogen ic  S taph , aureus s tra in s  
w ith  v a ry in g  a n tib io tic  sen sitiv ity .

W hile m ore th a n  80 p er cen t o f th e  s tra in s  sensitive to  a n tib io tic s  or 
re s is ta n t  only to  p en ic illin  ex h ib ited  lip o ly tic  ac tiv ity , th e  31 p o ly re s is tan t 
s tra in s  were lip ase-positive  only  in  45.6 p e r  c en t. W ith  th e  q u a lita tiv e  m e th o d  
th e  lip a se  a c tiv ity  o f  th e  f irs t g roup  o f s tra in s  seem ed con sid erab ly  s tro n g er 
th a n  th a t  of th e  p o ly re s is ta n t o rgan ism s. T h u s i t  m ay be concluded  th a t  
sen s itiv e  and  p o ly re s is ta n t s taphy lococci d iffe r in  enzym es p a r tic ip a tin g  in  th e  
l ip id  m etabo lism . T h erefo re  i t  was assum ed  th a t  th e  tw o g roups o f  organism s 
m ig h t differ in  se n s it iv ity  to  th e  b lo ck in g  ac tio n  of su b stan ces  in h ib itin g  
th e se  enzym es.

T able  I

L ip o ly t ic  a c t iv i ty  o f  S ta p h , a u r e u s  s t r a in s  w ith  v a r y in g  a n tib io tic  s e n s i t i v i t y

Decomposition of Tween

No. of 
strains Antibiotic sensitivity percentage of strains

positive negative

17 sensitive 83 17

29 penicillin -resistan t 83 17

31 polyresis tan t 45 55

In  subsequen t ex p erim en ts  th e  e ffec t o f  various esterase in h ib ito rs  was 
e x a m in e d  on the  pen ic illin - and  te rra m y c in -sen s itiv ity  of an  an tib io tic -sen sitiv e  
( s tra in  100), a pen ic illin -resis tan t (s tra in  1) an d  a po ly resis tan t (s tra in  53) Staph, 
aureus. E s tim a tio n  o f  sen s itiv ity  w as p e rfo rm ed  b y  m eans o f an tib io tic -co n 
ta in in g  discs. The es te ra se  inh ib ito rs  w ere in co rp o ra ted  in to  ag a r m edium  a t  
co n cen tra tio n s  of 0.5 to  0.1 mg p er 100 m l. T hese concen tra tions d id  no t in flu 
ence th e  grow th o f  th e  cu ltu res.

As shown in T ab le  I I ,  o f th e  e ste rase  in h ib ito rs  m ain ly  th e  paraoxone- 
ty p e  com pounds an d  sod ium  oleate h a d  a d e fin ite  effect on th e  an tib io tic  sensi
t iv i ty .  These su b stan ces  h igh ly  increased  th e  penicillin  se n s itiv ity  o f th e  p e n i
c illin -re s is tan t an d  p o ly re s is ta n t s tra in s . T he suscep tib ility  o f  th e  penicillin-
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T ab le  I I

E ffe c t  o f  esterase in h ib i to r s  o n  the p e n ic i l l i n - a n d  te r r a m y c in -s e n s i t i v i t y  o f  S ta p h ,  a u r e u s  

A verage o f 3 parallel ex p erim en ts. L im its o f e rror: ± 5 %

D iam eter of inhibition zone, mm

Esterase inhibitors
C oncentra

tion ,
mg%

Sensitive stra in
Penicillin-resistant

strain Polyresistant s train

penicillin terram ycin penicillin terram ycin penicillin terram ycin

Sodium  fluoride 0.5 32 29 0 8 0 0

T e trae th y l
pyro p h o sp h a te 0.5 31 32 13 13 0 0

P ara th io o x o n e
(E k a to x ) 0.1 34 34 27 16 31 17

M ethyl
p arath iooxone
(W ofatox) 0.01 27 30 20 12 30 16

Sodium  oleate 0.06 31 29 19 8 20 0

C ontrol 29 8 0

sensitiv e  s tra in  w as o n ly  sligh tly  in c rea sed . A less w ell-defined  increase  in  
se n s itiv ity  ap p eared  a g a in s t te rra m y c in . T h e  enzym e in h ib ito rs  d id  n o t increase  
th e  se n s itiv ity  a g a in s t o th e r a n tib io tic s ; on the  c o n tra ry , in  som e s tra in s  
te t r a e th y l  p y ro p h o sp h a te  caused a m a rk e d  decrease in  s tre p to m y c in  sen 
s itiv ity .

T he p en ic illin -sensitiv ity -increasing  effect of p a rao x o n e -ty p e  com pounds 
an d  sod ium  o leate  w as un iform  n o t o n ly  w ith  th e  above s tra in s , b u t  w ith  
20 an tib io tic  re s is ta n t Staph, aureus s tra in s  iso la ted  from  path o lo g ica l m a te 
ria ls . I t  w as th ere fo re  th o u g h t n ecessa ry  to  exam ine th e  m echan ism  o f th e  
p h en o m en o n . In  su b se q u e n t ex p erim en ts  m e th y l p ara th io o x o n e  was used  as 
an  este rase  in h ib ito r.

T ab le  I I I  show s th e  effect o f 0.5 m g p e r 100 ml m e th y l p a ra th io o x o n e  on  
th e  pen icillin  se n s itiv ity  o f 2 sensitive , 1 pen icillin  re s is tan t a n d  3 p o ly re s is ta n t 
S taph , aureus s tra in s . T he experim en ts  w ere perform ed in  b ro th  w ith  th e  tu b e  
d ilu tio n  m ethod  [4]. I t  is clear th a t  w hile  th e  penicillin su scep tib ility  o f a n t i 
b io tic -sen sitiv e  s tra in s  (100 and  102) ch an g ed  only s ligh tly  or n o t a t all, w ith  
th e  p en ic illin -re s is tan t (1) and  p o ly re s is ta n t (50, 52 an d  53) cu ltu res  a 64 to  
128-fold increase w as found . D en sito m etrie  m easurem ents show ed th a t  m e th y l 
p a ra th io o x o n e  a t  a co n cen tra tio n  o f 0.5 m g p er 100 m l d id  n o t  in fluence  th e  
g ro w th  o f th e  cu ltu re s . T hus th e  increase  in  penicillin  se n s itiv ity  could n o t be  
due to  an  in h ib ito ry  e ffec t on th e  v ia b ili ty  or m u ltip lica tio n  o f th e  b a c te r ia .
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T able  I I I

E ffe c t  o f  m e th y l p a r a th io o x o n e  o n  the  p e n ic i l l i n  s e n s i t iv i ty  o f  S ta p h ,  a u re u s  s tr a in s

Strain
A ntibiotic
sensitivity

Penicillin sensitivity units/m l
Increase

in
sensitivity

0.5 mg 
per 100 m l

M. P . T.
control

100 sensitive 0.03 0.03 0

102 sensitive 0.03 0.06 2 X

1 penic illin -resistan t 1.56 100.0 64 X

50 p o ly res is tan t 1.56 200.0 128 X

52 p o ly res is tan t 3.12 200.0 64 X

53 p o ly res is tan t 1.56 100.0 64 X

As esterase in h ib ito rs  caused an  in c rease  in  se n s itiv ity  especially to  p e n i
cillin, th e  effect o f m e th y l p a ra th io o x o n e  on in trace llu la r  penicillinase a c tiv ity  
w as exam ined . T he ex p erim en ts  w ere ca rried  o u t b y  th e  use of a W a rb u rg  
a p p a ra tu s  as described  b y  H e n r y  a n d  H o u s e w r i g h t  [5]. A 24 ho u r b ro th  
cu ltu re  o f s tra in  53 w as w ashed  and  p a r t  o f  th e  b a c te ria  w as dried  b y  t r e a tm e n t 
w ith  acetone  an d  e th e r . T he resu lts o b ta in e d  w ith  liv ing  a n d  dried  b ac te ria  are  
p re sen ted  in  T able IV .

T ab le  IV  show s th e  penicillinase a c t iv i ty  of s tra in s  53 in  th e  presence o f 
v a rio u s co n cen tra tio n s o f  m ethy l p a ra th io o x o n e  (1.0 — 25 m g per 100 m l). I t  
is seen th a t  b y  th is  m a te ria l th e  endopen icillinase a c tiv ity  was only s lig h tly  
decreased . The h igh  increase  in  se n s itiv ity  w hen  th e  s tra in s  were grown in  th e  
p resence oi th is  su b s ta n c e  th u s  could n o t  be exp la ined  b y  a d irec t effect on th e  
enzym e. I t  should  be n o te d  th a t  th e  p en ic illin  sen s itiv ity  o f th e  exopenicillinase- 
p ro d u c in g  B . subtilis  w as n o t a lte red  in  th e  presence o f m e th y l p ara th io o x o n e .

T able  IV

P e n ic i l l in a s e  a c t iv i ty  o f  a  p o ly r e s is ta n t  S ta p h , a u r e u s  s t r a in  a t d i f fe r e n t  co n cen tra tio n s  o f  m e th y l
p a r a th io o x o n e

A verage of 3 p a ra lle l experim ents

P repara tion
Concentration 

o f M. P. T . mg 
per 100 ml

f i l  COj/mg
bacterium /hour

Living suspension 0 117
l 106
5 95

Acetone dried  b acteria 0 43.5
1 42.6
5 42.5

25 34.6
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In  th e  follow ing ex p erim en ts  th e  in fluence  o f m e th y l p a ra th iooxone  on 
th e  endopenicillinase p ro d u c tio n  b y  Staph, aureus w as in v es tig a ted . The d a ta  
as to  w h e th e r a d ifference ex ists  in th e  endopen icillinase fo rm ation  by  th e  
organism  cu ltu red  w ith  or w ith o u t m e th y l p a ra th io o x o n e  are p resen ted  
in T able Y.

Table V

P e n ic i l l in a s e  a c t iv i ty  o f  p o ly r e s is ta n t  S ta p h , a u re u s  a t d i f fe r e n t  t im e s  o f  g ro w th  in  broth  s h a k e  
c u ltu re  c o n ta in in g  m e th y l p a r a th io o x o n e  0 .5  m g  p e r  1 0 0  m l  

A verage of 3 paralle l experim ents. L im its o f e rror: ± 1 0 %

Age of 
culture 
hours

[A  C 02/mg bacterium /hour
Decrease of 

activity,
%Control culture

cultured w ith 
M. P. T.

4 91 103 +  12

6 96 30 — 67

8 131 35 — 76

24 224 20 — 91

I t  is clear th a t  th e  penicillinase a c tiv ity  o f th e  c u ltu re  grow n in  th e  
presence of 0.5 m g p e r 100 m l m ethy l p ara th io o x o n e  w as one te n th  of th a t  o f  
th e  con tro l cu ltu re . T hus th e  esterase in h ib ito r  caused a m etabo lic  change in  
th e  cells w hich re su lted  in  a considerab ly  decreased  p ro d u c tio n  o f th e  enzym e. 
T h a t m ain ly  penicillin  se n s itiv ity  was a ffec ted  was obv io u sly  due to  th is  
b locking ac tion . The in h ib ito ry  effect ap p eared  a fte r  th e  s ta r t  o f logarithm ic  
grow th , th a t  is, a f te r  th e  4 th  to  6 th  ho u r o f cu ltiv a tio n . A fte r  th e  6 th  hour th e  
in trace llu la r pen icillinase a c tiv ity  of th e  cells decreased  a n d  rem ained  a t a low  
level u n til  th e  end o f cu ltiv a tio n . A t th e  2 4 th  h o u r i t  w as on ly  10 per cen t o f  
th e  a c tiv ity  ex h ib ited  b y  th e  con tro l cu ltu re . In  th e  lag  ph ase  th e  a c tiv ity  o f 
th e  tre a te d  cu ltu re  w as even  som ew hat h igher th a n  th a t  o f th e  contro l. A ccord
ing ly , m e th y l p a ra th io o x o n e  ac ts  in  th e  lo g arith m ic  ph ase  o f grow th an d  
exerts no b locking  effect in  th e  lag  phase. I t  w as q u estio n ab le  w heth er th e  lip id  
com position  o f cells w hich  gained  an  increased  penicillin  sen s itiv ity  th is  w ay , 
w as n o t a lte red  d u rin g  th e  cu ltiv a tio n  w ith  m e th y l p a ra th io o x o n e .

T able V I show s th e  re su lts  o f th e  lip id  analysis o f  S taph , aureus s tra in  100 
(sensitive) an d  s tra in  53 (p o ly resis tan t) a f te r  c u ltiv a tio n  in  th e  presence or in  
th e  absence o f m e th y l p a ra th io o x o n e . F rom  th e  ta b le  i t  can  be seen th a t  w hen  
cu ltu red  in  th e  presence o f th is  su b stance , th e  lip id  com position  o f  th e  p o ly resis t
a n t s tra in  becam e sim ila r to  th a t  o f th e  sensitive  o rgan ism . In  th e  re s is ta n t 
s tra in  th e  n e u tra l l ip id —p h ospho lip id  ra tio  w as 1 : 3, in  th e  sensitive s tra in  
in  was n ea rly  1 : 1 .  M ethyl para th io o x o n e  decreased  th e  to ta l  phosphatides so 
th a t  th e  n e u tra l lip id  — p h o sp h a tid e  ra tio  becam e sim ilar to  th e  ra tio  observed 
in  sensitive cu ltu res.
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Table VI
C h a n g e s  i n  l i p i d  c o n s titu tio n  o f  S ta p h ,  a u r e u s  c u lt iv a te d  in  the p re se n c e  o f  m e th y l  p a r a th io o x o n e ,

0.5 mg p er 100 ml
Average o f 2 paralle l ex p erim en ts. L im its o f e rro r: ± 1 0 %

Lipid content, %
Difference,

%
Strain

control culture cultured w ith 
M. P. T.

S ta p h ,  a u r e u s  
s tra in  100
(sensitive) N e u tra l lipids 

P h o sphatides
1.3 1.2 — 8

(a) L ec ith in 1.3 1.2 — 8
(b) C ephalin 0.5 0.4 — 25

T o ta l 3.1 2.8 — 11

S ta p h ,  a u re u s  
s tra in  53
(po lyresistan t) N e u tra l lipids 

P hosp h atid es
1.0 1.3 + 3 0

(a) L ecith in 2.2 0.9 — 59
(b) Cephalin 1.2 0.3 — 75

T o ta l 4.4 2.5 — 43

D iscussion

T he increasing  resis tan ce  to  a n tib io tic s  of som e m icroorgan ism s, such 
as s taphy lococci, has b een  observed  all over th e  w orld . I t  is im p o r ta n t to  gain 
e x a c t know ledge of th e  m echan ism  b y  w hich  various b a c te r ia l cu ltu res  ex h ib it 
a d iffering  degree of an tib io tic  se n s itiv ity . The e lu c ida tion  o f th e  m etabo lism  
o f  re s is ta n t  cells m ay  c o n tr ib u te  to  an  aim ed drug  resea rch , b y  allow ing the  
sy n th es is  o f specifically  ac tin g  new  su b stan ces.

E ste rases  p lay  a basic  p a r t  in  lip id  m etabolism . F ro m  th e  increased  lip id  
c o n te n t  i t  can  be conc luded  th a t  an  ex trem e degree o f  en zy m atic  a c tiv ity  
co n n ec ted  w ith  the  fo rm a tio n  and  decom position  of lip id s is d isp layed  b y  th e  
r e s is ta n t  cell. The ro le o f  esterases in  th e  m etabolic processes has n o t been 
c leared  suffic ien tly . W hile  accord ing  to  L u b e r t  et al. [ 6 ]  b a c te ria l lipases are 
o f  w ide specific ity , th e  aliesterases a n d  arom esterases possess a m uch  narrow er 
s u b s tra te  specific ity . A lth o u g h  a lies te rases  are p re sen t in  ev ery  liv in g  cell, 
th e ir  physiological fu n c tio n  is n o t e x a c tly  know n. A ccord ing  to  M e n d e l  et al. 
[7 ], u n like  in  low er o rgan ism s (v iruses, b ac te ria  and  fungi), in  h igher organism s 
th e se  enzym es are n o t  e ssen tia l fo r th e  function  of th e  cells. This op in ion  has 
b e e n  confirm ed by  th e  e x am in a tio n s  o f  R u y s  [8] and  M y e r s  et al. [9], who 
show ed  th a t  a liesterase in h ib ito rs  h in d e r  th e  grow th o f Mycobact. tuberculosis. 
I n  c o n tra s t  to  th e  f in d in g  of C u t c h i n s  et al. [10], who s ta te d  th a t  b ac te ria l 
e s te rases  are  non-specific , S i e r r a  [11] an d  G r e u e l l  an d  S i e r r a  [12] show ed 
v a rio u s  specific este rases in  P seudom onadaceae.
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T he p resen t d a ta  revealed  a d ire c t association  b e tw een  th e  lip id  m e ta b o 
lism  an d  an tib io tic  se n s itiv ity  o f s taphy lococci. The a sso c ia tio n  is especially  
d efin ite  in  connection  w ith  penicillin  res is tan ce . A ccord ing  to  C o o p e r  [13], a 
lip id -like m a te ria l in  th e  o u te r  lay e r o f  th e  cell is responsib le  for th e  b in d in g  
o f  penicillin . The ac tu a l q u a lity  o f th is  m a te ria l m ay in flu en ce  th e  endopenicil- 
linase  p ro d u c tio n , and , in  connection  w ith  th is  th e  p en ic illin  sen s itiv ity  o f  th e  
organism .

T he biological ro le o f b ac te ria l lip id s  is no t exac tly  k n o w n , a lth o u g h  th e ir  
im p o rtan ce  in  th e  p e rm eab ility  of th e  cell has been e s tab lish ed . These s u b s ta n 
ces u n d o u b te d ly  p lay  a p a r t  in  th e  h ig h e r  resistance to  en v iro n m en ta l effects 
o f ce rta in  b a c te ria  ( M ycobacterium  tuberculosis, Pseudom onas p yo cya n ea ). I n  
case o f p o ly re s is tan t s taphy lococci, a n tib io tic  resistance is a p rob lem  closely  
connected  w ith  th e  p e rm eab ility  o f th e  cell. A ccord ing ly , th e  associa tion  
b e tw een  th e  am o u n ts  o f ac tiv e  lip ids p re se n t and  th e  a n tib io tic  se n s itiv ity  is 
obvious.

O n th e  basis o f th e  p resen t re su lts  i t  is th o u g h t t h a t  in  aim ed sy s te m a tic  
re sea rch  o f drugs ag a in st re s is ta n t m icroorganism s th e  above  find ings shou ld  
be ta k e n  in to  considera tion .

M a r u z e l l a  an d  B l o c k  [14] d e m o n s tra te d  th a t  c e r ta in  p la n t oils s tro n g ly  
increase th e  effect o f penicillin  on staphy lococci. In  th is  case th e  increased  
se n s itiv ity  w as p ro b a b ly  due to  th e  in h ib ite d  endopenicillinase p ro d u c tio n  
caused  b y  th e  specific e s te ra se -in h ib itin g  effect of oleic ac id .
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A VITAMIN B 12 ANTAGONIST ISOLATED FROM 
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I. ISOLATION, STRUCTURE AND MICROBIOLOGICAL EXAMINATIONS
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Summary. Together with vitamin B12 isolated from Propionbacterium  sherm anii a red- 
coloured factor (Factor X) was discovered by paper chromatography. Autobiographic examina
tion revealed that in contrast to vitamin B12 this factor exerted an inhibitory (anti-vitamin) 
effect on the growth of E . coli. The acid substance was isolated in crystalline form. The inhibi
tion index of Factor X was determined and it was demonstrated to be a competitive inhibitor 
of vitamin B12.

S h o rtly  a fte r th e  iso la tion  o f c ry sta llin e  v itam in  B 12 fro m  th e  liver ce rta in  
m icroorganism s were found  to  be able to  p roduce  th is  su b s ta n c e  R i c k e s  et al. 
succeeded  in  iso la tin g  crysta lline  v ita m in  B 12 from  Streptom yces griseus [1]. 
R e c e n tly  i t  has been  d em o n stra ted  th a t  u n d e r ad eq u a te  co n d itio n s v itam in  B 12 
m ay  be p roduced  also b y  o ther m icroorgan ism s [1— 4 ]. N evertheless th ese  
m icroorganism s s im u ltan eo u sly  p roduce  also d ifferen t v ita m in  B 12 analogues 
d isp lay in g  d ifferen t biological and  m icrobiological a c tiv ity .

In  th e  p resen t p a p e r  a v itam in  B 12 d e riv a tiv e , iso la ted  from  Propionbac- 
terium  sherm anii w ill be described. C o n tra ry  to  v ita m in  B 12 th is  d e riv a tiv e  
in h ib ite d  th e  g row th  o f Escherichia coli, ex e rtin g  an a n ti-v ita m in  effect.

M aterials an d  m ethods

Microbiological determ ination  o f v ita m in  В 12. The microbiological activity of vitamin B ,, 
was examined by the agar plate method using an E . coli mutant cultivated for 16 to 18 hours on 
the agar medium described by T s h a i k o v s k a y a  and D r u z h i n i n a  [5].

Photometric determ ination o f  v itam in  B 12 and  Factor X .  Pure vitamin B 12 was estimated 
by photometry by means of Pulfrich’s photometer: extinction was measured at 530 m/i. From 
the extinction value the concentration of vitamin B12 was determined by the equation

//g Vitamin B12/mi X 10«
63

As according to our observations the ultraviolet absorption spectrum of Factor X  corre
sponds to that of vitamin B12 — both having their maximum at 550 тар, — the concentration 
of Factor X  in pure solutions free of yellow and brown colours was determined similarly as 
vitamin B 12.

Ferm entation  was performed with a strain of Propionbacterium  sherm an ii, at pH 5.2 to 
5.5, under anaerobic conditions for 120 to 160 hours. The medium contained corn steep 
liquor, starch sugar and 5 //g/ml Co (N 03)2 [6, 7, 8]. As propionic acid, a by-product of 
fermentation would acidify the mixture, solid CaC03 was added to buffer the fermentation 
mixture.

1 A cta Microbiologica V III/3 .
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Twenty-four hours preceding the completion of the fermentation process, 1 g/m3 
5.6 dimethyl-benzimidazol was added to the medium to convert the factor В to vitamin B12.

I s o la t io n  o f  v i t a m i n  B l z f r o m  th e  f e r m e n ta t io n  m ix tu r e . After completion of the fermen
tation the mixture was boiled for one hour in order to enhance release of vitamin B12 from the 
bacterium. Purification of the vitamin was performed by repeated adsorption to Fuller’s 
earth and activated charcoal, followed by extractions by solvents; purification was completed 
by crystallizing the vitamin from aqueous acetone.

P a p e r  c h r o m a to g r a p h y  (ascending) was performed on Whatman’s paper No. 1. A mixture 
of water-saturated secondary butanol containing 0.01 per cent NaCN was used as solvent. 
Chromatography was run for 14 to 16 hours and the chromatogram was dried at room tem 
perature.

P a p e r  e le c tr o p h o re s is  was carried out on Macherey-Nagel paper No. 214. The samples to 
be examined were dropped onto the middle of the paper strip. A polymethylmetakrylat appa
ratus was used. Depending on the width of the paper strip, the intensity was 20 to 40 in A at a 
potential difference of 280 V (9 V/cm). For the separation of Factor X  from vitamin B12 an 0.1 
M , pH 6.5 phosphate buffer containing 0.1 per cent NaCl was used. The electrophoresis was 
run for 6 to 8 hours. For the separation of vitamin B12 and the so-called Factor В, 1 N  acetic 
acid was used; in this case 16 hours’ running was necessary.

F ig .  1 . Autobiographic development of paper chromatogram of crystalline vitamin B12 
isolated from the fermentation fluid of P r o p io n b a c te r iu m  s h e r m a n i i

C h a ra c te r iza tio n  o f  th e  m a te r ia ls  s e p a ra te d  b y  p a p e r  c h r o m a to g r a p h y  a n d  p a p e r  e le c tro 
p h o r e s i s .  The quantitative determination of the materials separated by the above methods was 
carried out by cutting out the clearly separated spots and extracting them with 0.1 per cent 
NaCN solution. The extracts were analyzed by photometry and by microbiological methods.

Qualitative determination was performed by autobiography. A 2 mm strip was cut 
lengthwise from the chromatogram and placed on an agar plate used for the quantitative deter
mination of vitamin B12 with E .  co li. After an incubation for 16 to 18 hours, E .  co li growth zones 
corresponding to the growth enhancing or inhibiting factors were well visible around the 
paper strip.

U ltra v io le t a b s o r p t io n  s p e c tr a  of vitamin B12 and Factor X were determined by a Beck
man DU spectrophotometer.

R e -s y n th e s is  o f  F a c to r  X  to v i ta m in  B 1Z. Synthesis of the amide from ammonia and the 
mixed anhydride obtained from the monocarboxylic acid and chloroformic acid ethyl ester [9] 
was carried out as follows. 11.8 mg of crystalline Factor X (of a 85.4 per cent purity, as demon
strated by spectrophotometry) was dried for 15 minutes i n  v a c u o  at 120°C. The dehydrated 
materia] was dissolved in 0.3 absolute dimethyl formamide, and to this solution 0.005 ml 
anhydrous triethyl amine was added. As a result a small quantity of precipitate appeared in the 
mixture. Then the reaction mixture was cooled to — 5°C and after adding 0.03 ml of a 10-per
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cent solution of chloroformic acid ethyl ester it was kept at this temperature for 10 minutes. 
Subsequently dry ammonia gas was bubbled through the mixture for half an hour. The mixture 
was then allowed to stand at room temperature for 30 minutes and at 50°C for 5 minutes. 
This was followed by the addition of 5 ml of ethyl ether; the red coloured sediment formed was 
then aissolved in water and the reaction products were separated by electrophoresis.

R esu lts

P a p e r  c h ro m a to g ra p h y  of iso la ted  c ry sta llin e  v ita m in  B 12 y ielded  tw o  
red  sp o ts . One was id e n tic a l w ith  th a t  ol v ita m in  B 12 ru n  in  p a ra lle l (R f, 0 .27). 
The o th e r  h ad  an  R f va lu e  of 0.14, an d  m ig h t th ere fo re  be reg a rd ed  as F a c to r  I . 
Id e n tif ic a tio n  o f th e  sp o ts  was m ade a u to b io g ra p h ic a lly  (F ig . 1).

F ig . 1 d em o n stra te s  th a t  a round  th e  sp o t co rrespond ing  to  v ita m in  B 12 
an  in te n s iv e  g row th  o f E . coli was v isib le , w hile a ro u n d  th e  m arg ins o f th e  s tr ip  
m o d e ra te  g ro w th  to o k  p lace resu lting  f ro m  th e  trace s  o f v ita m in  B 12. A t th e  
spo t co rrespond ing  to  R f  0.14 there  w ere n o t  even traces  o f E . coli g row th . T h is 
allow ed th e  conclusion th a t  th e  spot w ith  an  R f o f  0.14 was n o t id en tica l w ith  
F a c to r  I ,  th e  la t te r  b e ing  also a g ro w th  fa c to r  for E . coli. T he unknow n s u b 
stan ce  w as d esigna ted  F a c to r  X.

Iso la tion  o f  Factor X .  To o b ta in  in fo rm a tio n  ab o u t th e  acid , n e u tra l or 
a lka line  c h a ra c te r  o f F a c to r  X , e lec tro p h o res is  o f th e  so lu tion  co n ta in in g  
F a c to r  X  to g e th e r  w ith  v ita m in  B 12 w as p e rfo rm ed . This show ed a 0.3 cm m i
g ra tio n  o f B 12 to w ard s th e  negative po le  an d  1.0 cm m ig ra tio n  o f F a c to r  X  
to w a rd s  th e  positive po le , showing th e  ac id  c h a ra c te r  o f F a c to r  X .

V itam in  B 12 was easily  e x tra c te d  fro m  an  aqueous so lu tion  b y  pheno l a t  
p H  5 to  9. I t  was supposed  th a t  in  a lk a lin e  en v iro n m en t th e  acid  F a c to r  X  
m ig h t fo rm  a sa lt, an d  th u s  to  be less ea s ily  e x tra c ta b le  b y  phenol th a n  v ita m in  
B 12. C onsequen tly  th e  aqueous v ita m in  B 12 so lu tion  co n ta in in g  F a c to r  X  w as 
re p e a te d ly  e x tra c te d  b y  a 1:4 pheno l-ch lo ro fo rm  m ix tu re  u n til  th e  p ink  co lou r 
of th e  ph en o l phase h ad  faded . By a d d in g  50 p er cen t aqueous acetone to  th e  
pheno l p h ase , v ita m in  B 12 was tra n s fe r re d  to  th e  w a te ry  phase . F ro m  th e  
aqueous phase  th e  o rgan ic  solvents w ere  d istilled  an d  th e  co n cen tra te  w as 
ex am in ed  ch ro m ato g rap h ica lly  in  seco n d a ry  b u tan o l. A fter n e u tra liz a tio n  th e  
aqueous resid u u m  o f pheno l ex trac tio n  w as de-phenolized  b y  e x trac tio n  w ith  
e th e r , a n d  exam ined  b y  ch ro m a to g rap h y  p a ra lle l to  v ita m in  B 12. The c h ro m a 
to g ra m  is p resen ted  in  F ig . 2.

I t  is obvious from  F ig . 2 th a t  th e  tw o  m ate ria ls  m ay  easily  be s e p a ra te d  
b y  e x tra c tio n  w ith  p h en o l from  an  a lk a lin e  aqueous so lu tio n . In  th is  w ay  a 
q u a n t i ty  o f F a c to r  X  w as iso lated  fro m  fe rm e n ta tio n  liq u id s  o f Propionbacte- 
rium  sherm anii. U nlike v itam in  B J2, on th e  ad d itio n  of ace tone  no c ry s ta llin e  
F a c to r  X  p re c ip ita te d  from  th e  c o n c e n tra te  b u t  i t  was easily  crysta llized  fro m  
h o t aq u eo u s solu tion .

1*
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E xam ina tion  o f  crystalline Factor X .  Paper chromatography o f  c ry s ta llin e  
F a c to r  X  in  seco n d ary  b u ta n o l y ie lded  a sp o t w ith  an R f  v alue  of 0.14.

Paper electrophoresis perform ed a t  p H  2 in acetic  acid and  a t p H  6.5 in  
p h o sp h a te  buffer re v e a le d  the  hom o g en eity  of th e  m a te ria l.

F ig . 2 . P a p e r c h ro m a to g ram  of v itam in  B 12 a n d  F a c to r  X , p rep ared  w ith  secondary  b u ta n o l

T he ultraviolet absorption spectrum  o f  v ita m in  B 12 an d  F a c to r  X  was d e te r 
m ined  (F ig . 3).

F ig . 3 shows t h a t  th e  abso rp tion  cu rv es  of b o th  m a te ria ls  were th e  sam e.
Microbiological exam inations. As m en tio n ed  above, F a c to r  X  ex e rted  an  

in h ib ito ry  effect on th e  grow th of E . coli. T h e  in h ib ito ry  effect was com plete  if  
F a c to r  X  h ad  been  ap p lied  in  a c o n cen tra tio n  40 tim es h igher th a n  th a t  o f 
v ita m in  B 12. A ccord ing ly , th e  in h ib itio n  in d ex  of F a c to r  X  for th e  g ro w th  
s tim u la tin g  effect o f v itam in  B12 was 40, w ith  E . coli as th e  te s t  o rganism .
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F o r th e  d e te rm in a tio n  o f  th e  in h ib itio n  index , d iffe ren t q u a n titie s  o f 
F a c to r  X  -were added  to  d ifferen t co n c e n tra tio n s  of v itam in  B 12 (1.0, 0.2, 0.04 
a n d  0.008 fig) an d  th e ir  effect on th e  g ro w th  o f  E . coli was ex am in ed . I t  tvas 
fo u n d  th a t  th e  g row th  enhancing  effect o f v ita m in  Bl2 could in  ev e ry  concen
tra t io n  be e lim in a ted  b y  th e  ad d itio n  o f a 40 tim es h igher co n cen tra tio n  o f  
F a c to r  X .

E xam ina tion  o f  the structure o f  Factor X .  This was s ta r te d  on th e  basis of 
th e  l i te ra ry  d a ta  [10] th a t  th e  p ro d u c t o b ta in ed  from  v itam in  B 12 on hydro lysis  
in  m ild lv  acid m ed ium  con ta ined  free c a rb o x y l in stead  of acid am ide  and  had

no  effect on E . coli. As F ac to r X  w as acid  a n d  in ac tiv e  in  s tim u la tin g  E . coli, it 
w as supposed  to  be id en tica l w ith  th e  c a rb o x y l conta in ing  d e riv a tiv e  o f v i ta 
min B 12. This sup p o sitio n  was p roved  b y  th e  follow ing exp erim en ts .

1. Id e n tif ic a tio n  w ith  one o f th e  p ro d u c ts  of m ild ac id  hydro lysis  of 
v ita m in  B 12. F o r th is  purpose cry sta llin e  v i ta m in  B 12 was d isso lved  in  a p H  2.5 
b u ffe r so lu tion  a n d  k e p t a t  40°C. A fte r 48 a n d  72 hours, re sp ec tiv e ly , sam ples 
Avere ta k e n  an d  exam ined  b y  c h ro m a to g ra p h y  an d  electrophoresis. In  these  
ex am in a tio n s  sam ples o f v ita m in  B 12 an d  F a c to r  X  were alw ays ru n  para lle l. 
O u t o f th e  hom ogeneous s ta r tin g  m a te ria l tw o  d iffe ren t red -co loured  substances 
arose a f te r  48 h o urs. One of th e m  show ed a R f  va lu e  iden tica l to  t h a t  oi v ita m in  
B 12, Avhile th e  o th e r, p resen t only in  m ino r q u a n titie s , had  an  R f  s im ila r to  th a t  
o f F a c to r  X  (F ig . 4).

After hydrolysis for 72 hours the residual vitam in B 12 was rem oved from  
the reaction m ixture and the rest Avas exam ined in itself. It Avas found that the 
least acid product Avas identical w ith  Factor X  (Fig. 5).

2. A d iffe ren t w ay  for id en tify in g  F a c to r  X  was th e  re -sy n th esis  of th e  
supposed  m onocarboxy lic  acid to  acid am ide , i. e. active v ita m in  B 12. This Avas
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p erfo rm ed  as describ ed  in  the  l i te ra tu re  [9], th ro u g h  th e  m ixed an h y d rid e  of 
F a c to r  X , w ith  am m o n ia . A fter com p le tio n  of th e  re a c tio n , th e  p ro d u c ts  w ere 
se p a ra te d  b y  e lec tro p h o res is  in  a p H  6.5 buffer. T he resu lts  of q u a n ti ta t iv e  
e v a lu a tio n  are show n in  Table I.

F ig . 4. P ap er ch ro m a to g ram  p rep ared  w ith  secondary  b u ta n o l. 1. V itam in B 12 
a f te r  acid  hydro lysis fo r 48 hours; 2. V itam in  B 12

Table I

1

Photom etric
determ ination

M icrobiological
determ ination

V itam in  B 12 ......... 4 4 0 0  / i g 3 9 3 0  fig

F a c to r  X  ................ 3 0 3 0  fig in h ib itio n
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A ccording to  th e  pho tom etric  d e te rm in a tio n , 44 p e r cen t, and acco rd in g  
to  th e  m icrobiological assay 39.5 p e r  c e n t of th e  s ta r t in g  m a te ria l w as re -sy n 
th e s iz e d  to  v ita m in  B 12, and 30 p e r  cen t o f th e  s ta r tin g  m a te ria l w as 
reg a in ed  unchanged .
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Fig. 5. E lec trophoresis in  p H  6.5 p h o sp h a te  b u ffer so lu tion . 1. V itam in  B 12 2. F a c to r  X , 

3. A cid h y d ro ly sis  p ro d u c ts of v i ta m in  B 12 a fte r th e  rem o v a l o f v itam in  B 12

D iscussion

N um erous ana logous com pounds w ere iso la ted  from  v itam in  B 12 p ro d u c 
ing m icroorganism s. N evertheless, u p  to  now  com pounds an tag o n is tic  to  
v ita m in  B 12 were o n ly  described as h y d ro ly s is  p ro d u c ts  or th e ir  derivatives [11]. 
T hus i t  w as th o u g h t to  be of a c e r ta in  in te re s t  to  s tu d y  th e  n a tu ra lly  occu rring  
B 12 a n ta g o n is t iso la te d  from  Propionbacterium  sherm anii.

T his acid m a te r ia l, iso lated  in  a c ry s ta llin e  form  free o f v itam in  B 12, p ro v ed  
to  be hom ogeneous b o th  by p ap e r c h ro m a to g ra p h y  an d  b y  elec trophoresis. 
M icrobiological in v es tig a tio n s  by th e  a g a r  p la te  m e th o d  show ed th e  m a te ria l to  
have a g ro w th -in h ib itin g  effect on E . coli [12].

T h e  in h ib itio n  in d e x  was fo u n d  to  be 40. As b y  chang ing  th e  c o n c e n tra 
tio n  o f  th e  m etab o lite  (B 12) no changes in  th e  in h ib itio n  in d ex  could be e lic ited , 
th e  an tag o n ism  h a d  to  be regarded  as co m petitive  [13]. As according to  o u r
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o b se rv a tio n s  th e  in h ib ito ry  effect of F a c to r  X  ap p eared  to  be p ra c tic a lly  in d e 
p e n d e n t of th e  c o n c e n tra tio n  of v ita m in  B 12, th e  inh ib itio n  w as regarded  as 
c o m p e titiv e . A ccord ing  to  S h a w  [14], a n tim e ta b o lite s  have th re e  m ain  ch a rac 
te r is t ic  p ro p erties , v iz ., (i) a s tru c tu re  s im ila r to  th a t  of th e  m e ta b o lite ; (ii) th e ir  
e ffec t is iden tica l w ith  th a t  elicited b y  th e  la c k  of th e  co rrespond ing  m e ta b o 
lite s ; (iii) th e ir  effect an tagon ises th a t  o f th e  m etabo lites.

As ou r ex am in a tio n s  d e m o n s tra te d  F a c to r  X  to  possess a ll th ese  p ro p e r
tie s , i t  m igh t be re g a rd ed  as an  a n ti-m e ta b o lite  o f v itam in  B 12 in  th e  m e ta b o 
lism  o f  E . coli.

One of the  s ta r t in g  po in ts  o f ou r ex am in a tio n s  concern ing  th e  s tru c tu re  
of th e  iso la ted  su b s ta n c e  was th e  id e n t i ty  o f th e  UV a b so rp tio n  sp ec tra  o f  
v i ta m in  B 12 and  F a c to r  X . On th e  basis o f th is  fac t i t  m igh t be  concluded  chat 
as to  th e ir  nucleo tid  com ponen ts th e re  is no  difference b e tw een  th e  tw o com 
p o u n d s . A nother o b se rv a tio n  concern ing  th e  s tru c tu re  was th e  d em o n stra tio n  
o f th e  ac id  ch a rac te r o f F a c to r  X . I t  w as su p p o sed  th a t  ou t o f th e  six  acid  am ide 
g ro u p s o f v itam in  B 12, one or m ore m ay  be s u b s titu te d  by  free carb o x y l-resid u es . 
A cco rd in g  to  lite ra ry  d a ta  the  acid  h y d ro ly s is  p ro d u c t o f v ita m in  B 12 can n o t 
be u tiliz ed  for th e  g ro w th  of E . coli. I t  h as  been  d em o n stra ted  th a t  F ac to r X  
w as id e n tic a l w ith  one of th e  hydro lysis p ro d u c ts  of v itam in  B 12; accord ing  to  
p a p e r  ch ro m ato g rap h ic  an d  e lec tro p h o re tic  exam ina tions th is  d e riv a tiv e  is th e  
le a s t acid  p roduct o f hyd ro lysis , i. e. m o n o carb o x y l acid.

T he su pposition , th a t  the  s tru c tu re  o f  F a c to r  X  differs fro m  th a t  of v i ta 
m in  B 12 b y  co n ta in in g  free carboxyl in s te a d  of one o f th e  acid  am ide groups, 
has b een  proved  b y  th e  fac t th a t  th e  m ix ed  an h y d rid e  of F a c to r  X  an d  chloro- 
fo rm ic  acid  m ay be tran sfo rm ed  w ith  am m o n ia  to  acid am ide, i. e. v itam in  B 12.

L IT E R A T U R E

1 . R i c k e s , E . L ., W o o d , T . R ., F o l k e r s , K .: Science, 1 0 8 ,  634 (1948).
2 .  L e v i t o n , A ., H a r g r o v e , R. E .: In d . E ng . C hem ., 4 4 ,  2 6 5 1  ( 1 9 5 2 ) .
3. B u r t o n , M. O., L o c h e a d , A. G.: C anad. J .  B o ta n y , 29, 352 (1951).
4. S t o k s t a d , E. L ., P a g e , A. C., P i e r c e , J . :  J .  lab . clin. Med. 33, 860 (1948).
5. T s h a i k o v s k a y a , S. M ., D r u z h i n i n a , E . N .: M icrobiology, 26, 609 (1957).
6. H u t n e r , S. H ., P r o v a s o l i , L .: P roc. A m er. p h il. Soc. 94, 152 (1950).
7 .  H e n d l i n , D .:  Science, 1 1 1 ,  541 (1950).
8. P r i n c i p e , P. A.: P h y to p a th o lo g y , 42, 123 (1953).
9 .  A r m i t a g e , J .  B ., C a n n o n , J .  R ., S m i t h , E . L ., T o d d , A . R .: J .  C h e m .  Soc. (L ondon)

1953, 3849.
10. S m i t h ,  E. L.: V itam in  B 12 and In tr in s ic  F a c to r . F . E n k e, S tu t tg a r t  (1957).
11. K o n , S. K ., P a w e l k i e w i c z , J . :  IV . In te rn a tio n a l  Congress o f  B io ch em istry , V ien n a

( 1 9 5 8 ) .
12. J u i l l a r d , M.: P ro m o tio n sa rb e it. E idgenössische Technische H ochschu le , Z ürich , 1957.
13. W o o l l e y , D .  W .: A S tu d y  of A n tim e tab o lite s , J .  W iley, New Y o rk  (1952).
14. S h a w ,  E .: M etabolism , 2 , 103 (1953).

A d d re ss  o f  th e  au th o rs :

Á g n e s  M . K e l em en
R e s e a rc h  In s t i tu te  for P h a rm a c e u tic a l In d u s try , R o tte n b ille r  u . 26, B u d a p e s t  V II .,  H u ngary . 

Á g o s t o n  S im o n
C h in o in  P h a rm a c e u tic a l an d  C hem ica l W orks, T ó  u . 1 — 3. B u d a p e s t  IV ., H u n g ary .



A VITAMIN B 12 ANTAGONIST ISOLATED FROM 
PROPIONBACTERIUM SHERMANII
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Sum m ary . E x p e rim en ts  perform ed w ith  lab e lled  v ita m in  B 12 an d  iso la tion  of v ita m in  B 12 
a t  n e u tra l  p H  show ed th a t  th e  m onocarboxvlic  acid  d e riv a tiv e  o f  v ita m in  B 12 iso lated  fro m  
Propionbacterium  sherm anii w as n o t an  a r te fa c t b u t  w as p ro d u ced  d u rin g  th e  fe rm e n ta tio n  
process.

O n fe rm e n ta tio n  th e  q u a n ti ty  of B 12 m o n o carb o x y lic  acid  ex h ib ited  a g rad u a l decrease; 
th u s  i t  sh o u ld  be reg ard ed  as a n  in te rm ed ia ry  p ro d u c t o f th e  v ita m in ’s b iosyn thesis ra th e r  t h a n  
a decom position  p ro d u c t.

In  a p rev ious p a p e r  [1] we rep o rted  a b o u t th e  iso la tio n  of a m o n o carb o x 
ylic acid d e riv a tiv e  o f  v itam in  B 12, w hich  w as found  to  have  an  in h ib ito ry  
effect on th e  g ro w th  o f  E . coli. In  th e  follow ing we shall re p o rt on fu r th e r  in v e s
tig a tio n s in to  th e  orig in  o f F ac to r X.

M aterials and  m ethods

P h o to m e tric  a n d  m icrobiologie ex am in atio n  o f  v ita m in  B 12, th e  fe rm e n ta tio n  p ro c ed u re , 
th e  iso la tio n  o f  v ita m in  B 12, a n d  th e  q u a n tita tiv e  ev a lu a tio n  o f p a p e r  ch ro m ato g rap h y  a n d  
p ap er e lectrophoresis w ere pe rfo rm ed  as a lread y  d escribed  [1].

Preparation o f  Cobalt 60 labelled v itam in  B 12. D u rin g  th e  fe rm e n ta tio n  process co b a lt salt 
is ad ded  to  th e  ag ar m ed iu m  to  enhance v ita m in  B 12 p ro d u c tio n . R a d io co b a lt is re ad ily  b u ilt  
in to  th e  v ita m in  B 12 m olecu le  [2, 3, 4, 5]; for lab e llin g  Co60 w ith  a h a lf  life o f 5.3 y ears  w as 
used , th u s  th e  decrease  o f a c t iv ity  during  th e  e x p e rim e n ta l period  w as negligible.

I n  a  glass fe rm e n te r  50 l itre  volum es of fe rm e n ta tio n  m ix tu re  w ere p repared . T h e  fe r 
m en ta tio n  m ix tu re s  co n ta in ed  a to ta l of 50 fic  o f  ra d io a c tiv ity  each . T he produced  Co60 c o n 
ta in ing  v itam in  B 12 w as iso la ted  in  th e  sam e w a y  as o rd in a ry  v ita m in  B 12. A ccording to  th e  
paper ch ro m a to g rap h ic  a n d  p a p e r  e lectrophoretic  ex am in a tio n s , th e  a c t iv ity  in  th e  c ry sta llin e  
p ro d u c t w as 0.23 /ic/m g, A c tiv ity  was tes ted  in  th e  f lu id  phase , in  50 m l con tainers w here  th e  
GM tu b e  was su rro u n d ed  b y  th e  flu id .

Iso la tion  o f  v ita m in  B 12 and Factor X  fr o m  the bacteria. T he b a c te r ia  sed im en ted  b y  
cen trifu g a tio n  w ere e x tra c te d  tw ice  w ith  70 p e r c e n t e th a n o l co n ta in in g  0.1 pe r cen t N aC N , 
by  boiling  fo r an  h o u r. A fte r th e  e thano l was d is tilled  aw ay , th e  co n ce n tra te  was p u rified  b y  
charcoal a d so rp tio n  a n d  th e n  v ita m in  B 12 and F a c to r  X  w ere e x tra c te d  fro m  th e  n eu tra lized  
aqueous so lu tio n  b y  a  1:4 p h en o l chloroform  m ix tu re . T h e  m ate ria l tran s fe rre d  in to  w a te r  b y  
shaking w ith  ace tone  w as th e n  ev ap o ra ted  an d  th e  to ta l  c o n cen tra te  tran s fe rre d  to  a  p a p e r  
s trip  fo r e lectrophoresis.

R esults

Iso la tion  o f  v ita m in  jB12 from  the ferm en ta tion  liqu id  at a neutral p H .  A t 
th e  end  o f th e  fe rm e n ta tio n  process th e  v ita m in  B 12 w as inside th e  b a c te r ia l 
cell. The fe rm e n ta tio n  m ix tu re  —  a t  a p H  o f from  5.2 to  5 .5— was bo iled  in
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o rd e r to  d estroy  th e  b ac te ria l cells an d  free th e  v itam in . F a c to r  X  was iso la ted  
in  e x a c tly  th e  sam e w ay. To e lim ina te  bo iling  in  sligh tly  acid en v iro n m en t, b a c 
te r ia  were sed im en ted  in  a su p e rcen trifu g e  a t  18 000 r. p . m . V itam in  B 12 w as 
re leased  from  th e  cell suspension  b y  b o ilin g  in  e thano l a t  p H  7. A fte r th e

ill

; 2

F ig . 1. E le tro p h o re sis  in  pH  6.5 p h o sp h a te  b u ffe r. 1. F a c to r X , 2. F e rm e n ta tio n  liq u id  
of Propionbacterium  sherm an ii purified  a t  p H  7

d is tilla tio n  o f e th a n o l th e  m a te ria l w as adsorbed  from  th e  n e u tra l m ed ium  
o n to  a c tiv a ted  charcoa l and  e lu a ted  b y  a w ate r-e th an o l m ix tu re . A fter ev a p o 
r a t io n  th e  e lu a te  w as dissolved in  a p h o sp h a te  buffer o f p H  6.5 an d  ex am in ed  
b y  elec trophoresis. F a c to r  X  was ru n  in  p a ra lle l (Fig. 1).
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E le tro p h o re tic  an a ly s is  d e m o n s tra te d  besides v ita m in  B 12 also th e  p res
ence of a considerab le q u a n tity  of a n o th e r  su b stan ce , m ig ra tin g  as F ac to r X  
d id . T he id e n tity  w as fu r th e r  su p p o rte d  b y  th e  m icrobio logical ex am in a tio n , 
as th e  substance  show ed an  in h ib ito ry  effect.

E xam ina tions w ith  labelled v ita m in  B 12. W ith  th e  Co60 labelled  v itam in  
B 12 th e  follow ing e x p e rim en t was p erfo rm ed . To 50 litre  fe rm e n ta tio n  m ix tu re  
o f Propionbacterium  sherm anii 30 m g o f labelled  v ita m in  B i2 w as added  a fte r  
fe rm en táció n . This q u a n t i ty  a m o u n ted  to  ab o u t 20 p er cen t o f th e  to ta l  v itam in  
B 12 co n ta in ed  in th e  m ix tu re . A fter re p e a te d  e x tra c tio n s  b y  pheno l th e  aqueous 
an d  th e  phenolic p h ases  w ere p u rif ie d  sep ara te ly  by  a d so rp tio n  to  charcoal. 
The p u rified  m ate ria ls  w ere c o n c e n tra ted  and  th e  to ta l  vo lum e w as tran sfe rred  
to  p a p e r  strip s and  e lec trophoresis  w as carried  o u t in  a p H  6.5 bu ffer so lu tion . 
A fte r e lectrophoresis th e  spots w ere cu t ou t o f th e  p a p e r, e lu ted  b y  w a te r, 
a ssay ed  for ra d io a c tiv ity  and  ex am in ed  p h o to m etrica lly . T he re su lts  are show n 
in  T ab le  I.

T ab le  I

!
P h o to m e tric

d e te rm in a tio n R ad io a c tiv ity

V itam in  B 12 . 5.2 mg PM

F a c to r  X  . . . . . . . . 1 4.55 mg PM

T hus, F ac to r X  iso la ted  b y  e lec trophoresis  ex h ib ited  on ly  traces (0.9 p er 
cen t) o f  a c tiv ity , i. e. w ith in  th e  lim its  o f erro r.

Changes in  the am ount o f Factor X  in  the m edium  during  ferm entation . In  
th e  above described  glass a p p a ra tu s  5 litre  o f fe rm e n ta tio n  liq u id  was p re p a r 
ed . B efore s ta r tin g  th e  fe rm e n ta tio n  2.0 m g/litre  o f  F a c to r  X  was added  to  th e  
m ix tu re . A fter 96 h o u rs  of in c u b a tio n  h a lf o f th e  flu id  was rem oved from  th e  
fe rm e n to r. The re m a in in g  ha lf w as in c u b a te d  for a to ta l  o t 140 hours The tw o  
p a r ts  were se p a ra te ly  pu rified  in  a sim ilar w ay. The to ta l  a m o u n t of the  red - 
coloured co n cen tra tes  was an a ly zed  sep ara te ly  b y  p ap e r electrophoresis in  
p H  6.5 p h o spha te  b u ffe r. The p a p e r  s trip s  w ere e x tra c te d  by  0.5 per cen t 
N aC N  solution an d  an a ly zed  p h o to m e trica lly . T he resu lts  are show n in T able I I .

Table II

V ita m in  B ia/litre F a c to r  X / l i t re

96 hours ............... 574 /tg  (100 p e r cent) 637 (100 pe r cent)

140 hours ............... 1090 fig  (190 „  „  ) 287 ( 45 „  „  )
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D iscussion

F a c to r X iso la ted  from  th e  fe rm e n ta tio n  liq u id  o f  Propionbacterium  
sherm an ii is a m onocarboxy lic  acid d e riv a tiv e  of v ita m in  B 12 [1]. B y  h y d ro ly z 
in g  in  sligh tly  acid  m ed iu m  th e  ac id  am ide groups o f v ita m in  B 12 g ra d u a lly  
decom pose and d e riv a tiv e s  co n ta in in g  free carboxyl g roups are  form ed.

As th e  acid am id e  groups o f v ita m in  B 12 are g ra d u a lly  decom posed on 
h y d ro ly sis  in s ligh tly  ac id  m edia an d  form  d e riv a tiv e s  w ith  free carboxyl 
g ro u p s, i t  m ight be a rg u e d  th a t  th e  F a c to r  X  iso lated  b y  us is n o t o f fe rm en ta tio n  
o rig in  [5], bu t an  a r te fa c t  p roduced  during  th e  p u rif ic a tio n  process. T h is 
a rg u m e n t was c o n trad ic ted  b y  tw o ex p erim en ts . F irs t, v ita m in  B 12 w as iso la ted  
fro m  th e  fe rm en ta tio n  f lu id  a t  a n e u tra l p H , and F a c to r  X  could still be dem on
s tr a te d , though  no h y d ro ly sis  of acid  am ides was lik e ly  to  have  ta k e n  place 
u n d e r  th e  given cond itions.

Second, the  fe rm e n ta tio n  origin o f  F ac to r X  was decisively  p roved  by 
th e  exam ina tions p e rfo rm ed  w ith  ra d io a c tiv e  v itam in  B 12. As rad io ac tiv e  v i ta 
m in  B 12 was added to  th e  fe rm e n ta tio n  flu id  a fte r fe rm e n ta tio n  h ad  been  f in 
ish ed  a n d  before p re p a ra tio n  was s ta r te d , an  even tu a l ra d io a c tiv ity  o f F a c to r  X  
w ould  prove its n o n -fe rm e n ta tio n  orig in . N evertheless, F a c to r  X  iso la ted  in  
th is  ex perim en t d id  n o t ex h ib it an y  ra d io a c tiv ity , so its  fe rm e n ta tio n  origin 
seem ed  to  be obvious.

T he fe rm en ta tio n  origin of F a c to r  X  was also p ro v ed  b y  th e  fact th a t  by  
th e  sam e procedure as u sed  w ith  Propionbacterium  sh erm an ii, v itam in  B 12 was 
iso la te d  from  m any o th e r  m icroo rgan ism s as well (e. g. Streptom yces griseus, 
Streptom yces rimosus, R h izob ium  m eliloti, etc). N evertheless no presence o f  
F a c to r  X  could be d e m o n s tra te d  in  an y  o f th e  v itam in  B 12 p re p a ra tio n s  o b ta in ed  
from  th ese  m icroorganism s. T hus th e  p ro d u c tio n  of F a c to r  X  m igh t be re g a rd 
ed as cha rac teris tic  o f fe rm e n ta tio n  w ith  o u r P ropioni b a c te r iu m  stra in .

V itam in  B12 has 3 lab ile  acid am ide  groups [6]. T h u s , even in th e  f irs t  
s tep  o f  decom position isom eric com pounds are form ed [7] w hich are  easily 
d is tin g u ish ed  by  ch ro m a to g rap h y  in  seco n d ary  b u tan o l. F a c to r  X  iso la ted  in 
o u r la b o ra to ry  did n o t c o n ta in  isom ers dem onstrab le  b y  th is  m e th o d ; th is  m ay  
be re g a rd ed  as a fu r th e r  p ro o f  o f its  n a tu ra l  origin.

As to  th e  origin o f  F a c to r  X  tw o  suggestions m igh t be m ade. A n in te rm e 
d ia ry  p h ase  o f B 12 sy n th esis  b y  th e  b a c te r iu m  m ight be su p p o sed , on th e  basis o f 
J u il l a r d ’s hypothesis [8] concern ing  th e  carboxylic  d e riv a tiv e  o f fac to r B. The 
tra n s fo rm a tio n  of carb o x y lic  acids to  ac id  am ides as a te rm in a l phase of B 12 v i ta 
m in  b iosyn thesis  has b een  supposed  also b y  B e r n h a u e r  [9 ]. O n th e  o th e r hand  
i t  w as p ro v ed  by  P a w e l k ie w ic z  [10] fo r th e  C orynebac te rium , th a t  th e  c a rb o x 
y lic  ac id  deriva tive  of fa c to r  В was a decom position  p ro d u c t o f  th e  sam e fac to r .

To decide th is p ro b lem , a t  th e  s ta r t  o f fe rm en ta tio n  F a c to r  X  was added  
to  th e  m ed ium  and its  q u a n t i ty  was con tro lled  during  a n d  a f te r  fe rm e n ta tio n .



A VITAMIN B1S ANTAGONIST, II . 2 3 5

As a re su lt it  was fo u n d  th a t  while th e  q u a n ti ty  of v ita m in  B 12 increased  from  
574 jMg/litre, m easu red  a t  th e  96 th  h o u r, to  637 ,/g /litre  a t  th e  140 th  hour, th e  
q u a n ti ty  of F a c to r  X  decreased  from  637/ig /litre  to  287 /tg /litre  w ith in  th e  sam e 
in te rv a l. A ccord ingly , e ith e r  a tra n sfo rm a tio n  o f F a c to r  X  to  v itam in  B 12, or 
th e  occurrence o f  an  equ ilib riu m  s itu a tio n  o f a reversib le  process m ight be 
supposed . I t  is q u ite  possib le, how ever, th a t  a sh ift in  th e  eq u ilib riu m  s ta te  o f 
a  reversib le process is th e  reason  w hy we got decreasing  va lu es  for F ac to r X  
a n d  increasing v alues for v itam in  B la a t  tw o d iffe ren t tim es o f  fe rm en ta tio n . 
O ur fu rth e r  ex p erim en ts  will have th e  ta sk  to  decide up o n  th is  question .
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Sum m ary. 1. L arge q u a n tit ie s  o f a com petitive  v i ta m in  B12 a n ta g o n is t w ere iso la ted  fro m  
cu ltu res o f a specific P ropionbacterium  sherm anii s tra in , a n d  a sim ple m eth o d  for th e  d em o n 
s tra tio n  of th is  co m p etitiv e  an tag o n ism  was developed.

2. A m eth o d  w as developed  for th e  q u a n ti ta t iv e  d e te rm in a tio n  o f th e  an tag o n istic  
fac to r b y  ag ar d iffusion .

3. A th eo re tic a l e x p la n a tio n  of th e  p h en o m en a  o b se rv ed  in ag ar p la te  experim en ts h a s  
been a tte m p ted .

In  th e  fe rm e n ta tio n  flu id  of Propionbacterium  sherm anii besides v i t a 
min B 12 a specific fac to r  w as found which p ro v ed  to  be a n tag o n is tic  to  v ita m in  
B12 w hen te s ted  on E . coli s tra in  113— 3. A la rg e  q u a n tity  of th is  fac to r —  co r
responding  to  ab o u t 20 to  25 per cent of the a m o u n t of v itam in  B 12 p roduced  —  
could be d e m o n s tra te d  in  th e  cu ltures of one o f  o u r P. sherm anii s tra in s . O u r 
o ther P . sherm anii an d  P . freudenreichii s tra in s  p roduced  th e  sam e fac to r in 
sm all q u an titie s , in som e cases in traces o n ly . The fac to r was iso la ted  in 
crystalline form , its  chem ical s tru c tu re  w as e lu c id a ted , an d  its  com petitive  
an tagon ism  to  v ita m in  B 12 was d em o n stra ted  [1].

The p resen t p ap e r gives a detailed a cco u n t of ex am in a tio n s on th is com 
petitiv e  an tagon ism  to g e th e r  w ith  th e  d esc rip tio n  of an ad e q u a te  p rocedure  
for th e  d em o n stra tio n  o f th e  com petitive a n ta g o n ism  in th is  case, and  of an  
agar diffusion m eth o d  fo r th e  q u a n tita tiv e  d e te rm in a tio n  of th e  an tag o n is tic  
facto r.

M aterials and  m eth o d s

T he an tag o n istic  fa c to r w as p rep ared  iu  a c ry s ta l l in e  form  [1] fro m  a P . sherm anii 
s tra in  iso la ted  in  H u n g a ry .

T he c ry sta lline  v ita m in  B la p re p a ra tio n  (C h in o in , B u d ap est) u sed  in  th e  experim en ts  
con ta ined  less th a n  2 p e r c en t o f fac to rs , as rev ea led  b y  p a p e r  ch ro m ato g rap h y .

T he an tag o n istic  a c tio n  o f  th e  facto r in  q u e s t io n  w as exam ined  o n  E . coli 113—3 b y  th e  
agar p la te  m eth o d  described  b y  T shaikovskaya  a n d  D r u z h in in a  [2].

T he agar p la te s  w ere p h o to g rap h ed  according to  th e  m eth o d  of H u n t e r  [3].

R esults

F irs t, th e  in h ib ito ry  co n cen tra tio n  o f th e  an tag o n is tic  fa c to r  was d e te r 
m ined. Solutions w ere p re p a re d  conta in ing  0.1 /zg/ml of v ita m in  B 12 each a n d
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d iffe ren t co n cen tra tio n s  of th e  a n ta g o n is tic  fac to r. I t  was found b y  th e  agar 
p la te  m eth o d  th a t  co n cen tra tio n s  o f  th e  a n tag o n is tic  fac to r of 0.12 ,Mg/ml or 
less d id  no t m easu rab ly  in fluence  th e  g ro w th  zone o b ta in ed  in the  p resence  of 
v ita m in  B 12. W hen  using h igher co n c e n tra tio n s , a p ro p o rtio n a l g rad u a l increase 
o f  th e  g row th  zone d iam ete r an d  a fad in g  aw ay of th e  zone m arg ins w ere ob
serv ed . A t co n cen tra tio n  levels o f 4 ^g /m l ( i .e .  40 tim es higher th a n  t h a t  o f  th e  
v ita m in  B 12 co n c e n tra tio n  p resen t), or h ig h e r, e ith er a d isappearance  or a fad ing  
o f  th e  g ro w th  zone ensued , th e  la t te r  le av in g  b u t a v e ry  fa in t halo im possib le  
to  read . W hen  re p e a tin g  th is  e x p e rim e n t w ith  th e  m o d ifica tion , o f  u sin g  a 
c o n s ta n t c o n cen tra tio n  o f 0.025 ^g /m l o f v itam in  B ls, s im ilar re su lts  were 
ach ieved  as a 40-fold co n cen tra tio n  o f  th e  an tag o n is tic  fac to r re su lte d  in  
com plete  in h ih ito n . T he ex p erim en ta l d a ta  are  p resen ted  in  Table I . T he resu lts  
sugg ested  th e  co m p e titiv e  n a tu re  o f  th e  an tagon ism .

T able  I

E ffec t o f  different concentrations o f  the antagonistic factor on the diameter o f growth zones produced
by v ita m in  B ]2

D ia m e te r  o f g ro w th  zone in  m m

F a c to r  c o n cen tratio n
A t

/<g/ml 0.100 0.025

/<g/ml concen tration  o f  v ita m in  B ,2

4 0.00 0.00
2 22.0 0.00
1 21.6 0.00
0.5 20.8 20.00
0.25 20.8 19.00
0.125 20.6 17.10
0.06 20.6 17.00
0.03 20.6 16.90
0.015 20.6 16.90
0.00 20.6 16.60

For com parison , so lu tions of v ita m in  B 12 con ta in in g  also su lp h u ric  acid, 
fo rm alin  an d /o r O xytetracycline were p re p a re d . W hen these  solutions w ere te s te d  
o n  ag ar p la te s , g ro w th  zones w ith  clear m arg ins and  in h ib itio n  areas w ere p ro 
d u ced  a t a p p ro p ria te  co n cen tra tio n s . T he d iam eter o f th e  grow th zones was 
u su a lly  g rea te r th a n  th a t  observed  a t  correspond ing  con cen tra tio n s o f v itam in  
B 12 alone. This an tag o n ism  b e tw een  v ita m in  B12 and  th e  above a n tise p tic s  is 
o b v io u sly  o f q u ite  a d ifferen t c h a ra c te r  th a n  th a t  observed  w hen th e  fac to r  
w as used.
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The follow ing ex p erim en t also d e m o n s tra te d  th e  com petitive  n a tu re  o f 
th e  an tagon ism  b e tw een  th e  fac to r in  q u estio n  an d  v ita m in  B 12.

In s te a d  o f th e  u su a l 2.5 cm d is tan ce  holes were p u n c h e d  in  th e  ag a r p la te s  
2 cm  a p a rt, as m easu red  betw een th e  cen tres  o f th e  ho les. W hen t i t r a t in g  an
0.1 |Wg/ml co n cen tra tio n  o f v itam in  B 12 on th e se  p la te s , co n flu en t g row th  zones 
ap p eared . W hen how ever t i t ra t in g  th e  sam e v ita m in  co n cen tra tio n  in  th e  
presence of th e  a n ta g o n is tic  fac to r (for su ch  ex p e rim en ts  th e  o p tim al concen
tra tio n  of th e  la t te r  w as 0.5 to  1.5 /ig /m l) no confluence  o f  the  g row th  zones 
occurred , b u t th e y  assum ed  a so m ew hat q u a d ra n g u la r  shape se p a ra te d  by

Fig. 1. G row th zones in d u ced  by  a m ix tu re  o f v ita m in  B 12 a n d  an tag o n istic  fa c to r  on  a n  
ag ar p la te  ino cu la ted  w ith  E . coli 113 — 3. D istan ce  b e tw een  hole c en tre s : 2 cm. C o n cen tra tio n : 

0.1 /íg /rn I v ita m in  B 12 a n d  0.75 /tg /m l a n ta g o n is tic  fac to r

n arro w  sharp  lines w here no g row th  w as v isib le. A p h o to g ra p h  of a ty p ic a l 
experim en t is p re se n te d  in  Fig. 1. A n e x p la n a tio n  o f th is  phenom enon  w ill be 
given la te r.

In  the  ab o v e  ex p erim en ts  th e  a n ta g o n is tic  fac to r  w as d em o n stra ted  in d i
rec tly , by  its  in flu en ce  on th e  grow th  zone in d u ced  b y  v ita m in  B 12. S u b seq u en tly  
a m ethod  for th e  d ire c t d em o n stra tio n  o f th e  a n ta g o n is tic  fac to r  was developed .

F o r th a t  p u rp o se  an  agar m ed ium  w as p re p a re d  as described b y  Tshai- 
k o v s k a y a  an d  D r u z h i n i n a  for th e  d e te rm in a tio n  o f  v ita m in  B 12, an d  1/300 
fj.g/m l pure v ita m in  B 12 an d  an inocu lu m  o f E . coli 113— 3 were added . In  cu l
tu re s  p repared  in  th is  w ay  th e  g row th  o f th e  organ ism  cau sed  an  un ifo rm  opales
cence. The a d d itio n  o f an tag o n is tic  fa c to r  to  such  c u ltu re s  resu lted  in  an  in h i
b itio n  phenom enon  s im ila r to  th a t  p ro d u ced  b y  a n tib io tic s . The au to b io g ram  
o f th e  a n tag o n is tic  fa c to r  on a c h ro m a to g ram  s tr ip  is d e m o n s tra te d  in  F ig . 2.

2 A cta  M icrobiologica V I I I /3 .
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The q u a n ti ta t iv e  re la tion  o f  th e  in h ib itio n  zone to  th e  c o n c e n tra tio n  of 
th e  an tag o n is tic  fa c to r  was also ex am in ed . T he d a ta  o b ta in ed  a re  su m m arized  
in  T ab le  IT.

F ig . 2

L e ft : A utob iogram  o f u n p u rified  a n ta g o n is tic  fa c to r  on  an  agar p la te  u se d  fo r th e  d e te rm in a 
t io n  of v itam in  B 12. 1. S p o t corresponding  to  fa c to r  B, 2. Spot co rresp o n d in g  to  cy anocobal- 

am ine. T he sh a rp  m arg in  a t  th e  b o tto m  o f th e  sp o t ind ica tes th e  a n ta g o n is tic  effec t 
R ig h t  : A u tob iogram  o f th e  sam e su b s tan ces  on  a  p la te  con ta in ing  v ita m in  B 12. On th is  p la te  
no  v ita m in  B 12 can  he d e m o n s tra ted  b u t  a  w ell de fin ed  inh ib itio n  zone is v isib le  on th e  site  
o f  in h ib itio n  m ere ly  suggested  on th e  p rev io u s  p ic tu re  a t  the  b o tto m  m arg in  of th e  cy an o -

co b alam in e  sp o t

Table II

Diameter o f  inhib ition  zones produced by d ifferent concentrations o f  the factor

C oncentration  
o f the  fac to r 

, (g /m l
log. cone.

D ia m e te r o f  inh ib ition  
zones (m m )

D iffe rence  in  th e  d iam e te rs  
o f  th e  ad ja c e n t zones

(4Í)

100 8.64 47.3 0.6

200 7.64 46.7 1.3

100 6.64 45.4 1.6

SO 1 O
' 1 1 43.8 —

25 4.64 41.0 2.8

12.5 3.64 38.1 2.9

6.25 2.64 35.3 2.8

3.12 1.64 32.3 3.0
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T able I I  d e m o n s tra te s  th a t  w ith in  th e  ran g e  of 3 to  50 /<g/ml th e  lo g a rith - 
inus o f th e  fac to r  co n cen tra tio n s  were d irec tly  p ro p o rtio n a l to  th e  d iam eters  o f 
th e  in h ib itio n  zone, i. e. th e  co rrelation  w as th e  sam e as w ith  o th e r ag ar d iffu 
sion m ethods for d e te rm in a tio n  of an tib io tics  an d  v itam in s . A ccordingly , w ith in  
th e  ran g e  of th e  co n cen tra tio n s  m en tioned , th e  an tag o n is tic  fac to r m a y  be 
q u a n tita tiv e ly  d e te rm in ed  in  an y  solu tion  no t con ta in in g  v ita m in  B 12 (se p a ra 
tio n  b y  p ap er ch ro m a to g rap h y ). A s ta n d a rd  so lu tion  p rep a red  from  cry sta llin e  
fac to r and  a d ju s te d  b y  p h o to m e try  should  alw ays be used  sim u ltan eo u sly  as 
a  co m p ara tiv e  s ta n d a rd . T he zones are v e ry  reg u la r  in  form  a n d  th o u g h  som e
w h a t faded  th ey  h av e  su ffic ien tly  sharp  edges to  m ake read in g  easy.

D iscussion

The d ev e lo p m en ta l m echanism  of th e  g ro w th  zones in d u ced  by  v ita m in  
B 12 on agar p la te s  has been  described re c e n tly  [4, 5]. In  th e  course o f th e  ag a r 
diffusion process th e  d iffusion  of the v ita m in  con tinues u n til its  to ta l  q u a n ti ty  
has becom e b o u n d  to  b ac te ria . A ccordingly, th e  phenom enon  d e m o n s tra te d  in  
T ab le  I m ay be ex p la in ed  b y  the  hypo thesis th a t  the  a v id ity  o f th e  v ita m in  to  
b ac te ria  is m uch g re a te r  th a n  th a t  o f th e  an tag o n is tic  fa c to r . I f  th e  c o n c e n tra 
tio n  o f th e  v ita m in  is n o t too  high, the  s im u ltan eo u s a d d itio n  of v itam in  B 12 and  
fac to r  to  the  cu ltu re  resu lts  in the  ab so rp tio n  of the  v ita m in  b y  th e  b a c te r ia , 
th u s  th e  fo rm atio n  o f  a n o rm al zone w ill ta k e  p lace. The fa c to r  diffuses beyond  
th e  zone, a lth o u g h  th is  process is no t v isib le . I f  a m ix tu re  o f th e  v ita m in  an d  
its  an tag o n is tic  fac to r  is , how ever, p u t in to  a d jacen t holes, th e  space for th e  
d iffusion is lim ited  an d  th e  concen tra tion  o f the  fac to r m ay  rise to  the  in h ib i
tio n  lim it (1:40), re su ltin g  in an inh ib itio n  o f th e  confluence o f the  a d ja c e n t 
zones (see F ig . 1).

On th e  basis o f th is  ex p lan a tio n  th e  possib ility  of a co m petitive  a n ta g o 
n ism  betw een  v ita m in  B 12 an d  the  fac to r in question  m igh t be supposed . As on  
th e  o th e r h an d  ce rta in  o th e r  experim ents are  know n to  h av e  show n th e  com pe
tit iv e  n a tu re  o f th is  an tag o n ism , the  above ex p la n a tio n  seem s to  be ju s tif ie d .

A certa in  th e o re tic a l im portance  m ig h t have  th e  fac t th a t  on ag ar p la te s  
w ith  l i ttle  v ita m in  B 12 co n ten t th e  a n ta g o n is tic  fac to r ex h ib its  an  in h ib itio n  
phenom enon  s im ila r to  th a t  caused b y  an tib io tic s . T h u s th e  fac to r m ig h t 
e ith e r  be reg a rd ed  as an  an ti-v itam in  or as a specific v itam in  B 12 sensitive  
an tib io tic  effective a g a in s t E . coli 113— 3.

In  th e  case o f  Staphylococcus aureus, oxam ycin  p lays th e  role ol a com 
p e titiv e  a n tag o n is t o f th e  enzym e system  b u ild in g  d-a lan ine  in to  u rid ine-nucleo  
tid es  [6]. O xam ycin  is genera lly  reg ard ed  as an  an tib io tic . S im ilarly , th e  co m 
p e titiv e  an ta g o n is t ju s t  described m igh t p ro b a b ly  be a co m p etitiv e  in h ib ito r  
fo r an  ev en tu a l enzym e sy stem  w ith  v ita m in  B 12 as th e  p ro s th e tic  group.

2 *



2 4 2 A. K E L E M E N  and  A. SIMON

L IT E R A T U R E

1. K e l e m e n ,  A g n e s  M ., S i m o n ,  A.: A c ta  m icrob io l. hung . 8. 223(1961).
2. Ч а й к о в с к а я  С. M, Д р у ж и н и н а  E . H .:  М икробиология 26, 609 (1957).
3. H u n t e h ,  I. R .: N a tu re  (L ondon) 183, 1283 (1959).
4. F a n t e s , К . H ., O ’C a l l a g h a n ,  С. H ., C o o d i n s o n , D. W .: R iochim . B iophys. A c ta , 20,

397 (1956).
5. S i m o n , A.: A n tib io tik i, 4, 1, 108 (1959).
6. Stominger, J .  I., T h r eu n , R. H ., Scott, Sh . S.: J . Amer. chem. Soc.. 81, 3803 (1959).

A d d ress  o f  th e  au th o rs :

Á g n e s  K e l em en
R e s e a rc h  I n s t i tu te  fo r P h a rm a c e u tic a l  In d u s t ry ,  R o tte n b ille r  u . 26 , B u d a p e s t V II .,  H u n g a ry . 

Á g o st o n  S im on
C h in o in  P h a rm a c e u tic a l an d  C hem ical W o rk s, T ó  u. 1/3, B u d a p e s t  IV ., H u ngary .



ANTISTREPTOLYSIN-0 TITRE OF HEALTHY ADULTS
IN BUDAPEST

B y

J .  B ö s z ö r m é n y i

Institu te  fo r  Serobacteriological Production and Research “ H u m a n ” , Budapest 

(R eceived A u g u st 4, I960)

Sum m ary. T he av erage  ASO titre  o f 600 h e a lth y  b lood donors w as found  to  be 125.6 
u n its ,  w ith  a s ta n d a rd  d e v ia tio n  fro m  63.8 to  247.2. In  16.66 per cen t o f  th e  cases, titre s  w ere 
below  63.8, and  in  12.84 p e r c en t over 247.2, u n its ,  w hile t i t r e s  v a ried  b e tw een  th e  tw o lim its  
in  70.5 p e r  cen t o f th e  cases.

T h e  num erica l d is tr ib u tio n  o f th e  t itre s  w ith  35 to  470 u n its  a ro u n d  th e  average was in  
ag reem en t w ith  G auss’s n o rm a l d is tr ib u tio n , b u t  th e  n u m b er o f titre s  w ith  25 to  30 and  th o se  
w ith  555 to  800 u n its  w as s ig n ifican tly  h igher th a n  m ig h t have  been e x p ec te d  according to  
G auss’s no rm al d is trib u tio n .

O ver th e  age of 18 to  20 y ears, average t i t r e s  show ed a g ra d u a l d ecrease  w ith  a d v a n c 
ing  age.

T he average t itre s  fo r fem ales w ith  th e  ex cep tio n  o f th e  41 to  50 y e a r  age group w ere 
h ig h er th a n  those  for m ales. T h e  d ifference b e tw een  th e  m ean  titre s  for m ales and  fem ales was 
n o t s ig n ifican t s ta tis tica lly .

ASO titre s  h igh  in  th e  sp ring  u n d erw en t a  s lig h t decrease  in th e  follow ing m onths, to  
rise  ag a in  in th e  au tu m n .

T itra tio n  was pe rfo rm ed  b y  our own m eth o d . T h is m ethod  is te c h n ic a lly  m ore sim ple , 
b u t  m ore  re liable  an d  sup p lies  figu res m ore su itab le  fo r m a th e m a tic a l ev a lu a tio n  th a n  th e  
u su a l ones, th e  d istance b e tw een  th e  single t it re s  be ing  ch arac te rized  th ro u g h o u t by  th e  q u o -

4

t ie n t  [ 2. S ta tis tic a l c o m p u ta tio n s  can  therefo re  be  m ad e  in stead  o f th e  t itre s  w ith  sim ple 
o rd in a ls , and  only th e  re su lts  m u s t be converted  in to  titre s .

T he d is trib u tio n  o f s trep tococcal diseases is no t u n ifo rm  in the  various 
co u n trie s ; owing to  la te n t  an d  m anifest in fec tio n s, th is  fac t is reflected  also b y  
geographical differences in  th e  a n tis tre p to ly s in -0  (ASO) t i t r e s  o f the  h e a lth y  
p o p u la tio n  [1, 2]. We h av e  s tu d ied  th is  question  as no d a ta  concerning cond i
tio n s in H un g ary  have b een  published .

Materials and methods

Test material. Serum  sam ples ob ta in ed  fro m  600 unselected  d o n o rs  o f the  N a tio n a l 
Blood Service in  B u d ap est h a v e  been tes ted . P r io r  to  w ith d raw al o f b lo o d  th e  donors h ad  b e e n  
su b jec ted  to  m edical and  la b o ra to ry  ex am in atio n  a n d  w ere found  to  be  h e a lth y  and f i t  to  
a c t as b lood  donors. T heir age ran g ed  betw een  18 a n d  71 y ears.

О-Streptolysin, lyo p h ilized , was p ro d u ced  b y  ourselves. One am p o u le  con tained  10 —14 
com bin ing  u n its  of О-s tre p to ly s in  (OSL), lyophilized  in  th e  reduced  s ta te .  I t  was dissolved in  
10 m l physio logical saline im m ed ia te ly  before use.

Standard A ntistrep to lysin -O , p roduced  b y  th e  Statens S e ru m in stitu t, Copenhagen. F o r  
ro u tin e  use we p rep ared  a su b s ta n d a rd  accord ing  to  I p s e n ’s princip les [3], o f iden tical t i t r e .

M ethod o f titration. T he ex am in atio n s w ere c a rried  o u t as follow s.
O f th e  in ac tiv a te d  se ra  to  be t i t r a te d  a  1:100 b asa l d ilu tio n  is p re p a re d  w ith  physiologic 

sa line  o f w hich 1.0, 0.7, 0 .5, 0 .35, 0.25 and  0.18 m l are  m easu red  in to  6 tu b e s , and  th e  v o lu m e 
is m ad e  u p  to  1.0 m l by  physio log ic  saline so t h a t  th e  se ru m  d ilu tions in  th e  tu b es co rrespond
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Table I

Products o f  standard units and  reciprocals o f  serum  dilutions

Dilution
of

serum
ml

Standard units

1.00 0.84 0.70 0.60 0.50 0.42 0.35

1 .0 0 1 2 .5 1 0 .5 8 .7 5 7 .5 6 .2 5 5 .2 5 4 .3 7

— -------1 5 — ------- 1 2 .5 - 1 0 . 5  - 8 .7 5 — 7 .5  - -  6 .2 5 ---------- 5 .2 5

0 .7 0 1 7 .5 15 1 2 .5 1 0 .5 8 .7 5 7 .5 6 .2 5

— -------21  — - 1 7 . 5  - - 1 5 - 1 2 .5 - 1 0 . 5  - ------- 8 .7 5  - - 7 . 5

0 .5 0 2 5 21 1 7 .5 15 1 2 .5 1 0 .5 8 .7 5

1 : 1 2 .5 — -------3 0 — ------- 2 5 - — 2 1  — - 1 7 . 5  - —  1 5  — ------- 1 2 .5 ------- 1 0 .5

0 .3 5 3 5 3 0 2 5 21 1 7 .5 15 1 2 .5

— ------- 4 2 — 3 5 — - 3 0 - ------- 2 5 - - 2 1 - ------- 1 7 .5  - ------- 15

0 .2 5 5 0 4 2 3 5 3 0 2 5 21 1 7 .5

------- 21 -

0 .1 8 7 0 6 0 5 0 4 2 3 5 3 0 2 5

— ------- 8 4 - —  7 0  — - 6 0 - 50 - 4 2  — ------- 3 5  - — 3 0  -

1 .0 0 1 0 0 8 4 7 0 6 0 5 0 4 2 3 5

— 120 1 0 0  — - 8 4 - — 7 0 — - 6 0 — — 5 0 — — - 4 2

0 .7 0 1 43 1 2 0 1 0 0 85 7 0 6 0 5 0

— 1 7 0 1 4 3 —  1 2 0 -  1 0 0 - — 8 5  — — 7 0 — -  6 0

0 .5 0 2 0 0 1 7 0 1 4 0 1 2 0 1 0 0 8 4 7 0

1 : 1 0 0 — -  2 4 0 - 2 0 0 - - 1 7 0 1 4 0 - 1 2 0 1 0 0 - — 8 4

0 .3 5 2 8 6 2 4 0 2 0 0 170 1 4 3 1 2 0 1 0 0

,----------- -  3 3 6 - 2 8 6 2 4 0 — 2 0 0 - 1 7 0 -  1 4 3 1 2 0

0 .2 5 4 0 0 3 3 6 2 8 0 2 4 0 2 0 0 1 7 0 1 4 0

-  4 7 0 - -  4 0 0 - -  3 3 6 - 2 8 0 - -  2 4 0 - -  2 0 0 - 1 7 0

0 .1 8 5 5 5 4 6 6 3 8 8 3 3 3 2 7 8 2 3 3 1 9 4

-------- --------- — 6 7 2 - -  5 6 0  — -  4 8 0 - -  4 0 0 3 3 6 - -  2 8 0 - 2 4 0

1 .0 0 8 0 0 6 7 2 5 6 0 4 8 0 4 0 0 3 3 6 2 8 0

-  9 6 0 8 0 0 - 6 7 2 - 5 6 0 -  4 8 0 - -  4 0 0 - 3 3 6  -

0 .7 0 1 1 4 2 9 6 0 8 0 0 6 8 5 5 7 0 4 8 0 4 0 0

— - 1 3 4 4  - 1 1 2 0 - 9 6 0 - -  8 0 0 - 6 7 2 - -  5 6 0  — 4 8 0

0 .5 0 1 6 0 0 1 3 4 4 1 1 2 0 9 6 0 8 0 0 6 7 2 5 6 0

1 : 8 0 0 — - 1 9 2 0 - 1 6 0 0  - - 1 3 4 4 - - 1 1 2 0 - 9 6 0 8 0 0 - -  6 7 2

0 .3 5 2 2 8 4 1 9 2 0 1 6 0 0 1 3 7 0 1 1 4 2 9 6 0 8 0 0

— - 2 6 8 8 2 2 4 0 - 1 9 2 0 - 1 6 0 0 - 1 3 4 4 - - 1 1 2 0 9 9 0

0 .2 5 3 2 0 0 2 6 8 8 2 2 4 0 1 9 2 0 1 6 0 0 1 3 4 4 1 1 2 0

— 3 7 4 0 3 2 0 0 2 6 8 8 2 2 4 0 1 9 2 0 1 6 0 0 — 1 3 4 4

0 .1 8 4444 3 7 3 3 3111 2 6 6 6 2222 1 8 6 6 1 5 5 5
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to  100. 143. 200, 286, 400, 555 (566) respec tive ly , an d  form  a geom etrical progression w ith  t b e 
com m on ra tio  o f a p p ro x im a te ly  | 2. In  case o f haem olysis th ro u g h o u t th e  series, d ilu tion  is r e 
p ea ted , s ta r tin g  a t  1:12.5, w hile in th e  absence of haem olysis in  all tu b e s , rep ea ted  d ilu tio n  is 
s ta r te d  a t  1:800. O f th ese  d ilu tions ex ac tly  th e  sam e am o u n ts  should  be m easu red  in to  six tu b e s  
as of th e  1:100 d ilu tio n . A fter m aking  up th e  vo lum e to  1.0 m l, th e  follow ing d ilu tions a re  
ob ta in ed : 12.5, 17.5, 25, 35, 50, 70 and  800, 1142, 1600, 2284, 3200, 4444. T he 18 grades 12.5 
to  4444 th u s  o b ta in e d  c o n s titu te  a geom etrical p rogression  w ith  | 2 as th e  com m on ra tio .

A d ilu tio n  o f 1.0 u n it/m l is p rep ared  from  th e  C openhagen s ta n d a rd  ASO or a s u b s ta n d 
a rd  of eq u iv a len t v a lu e ; o f th is  d ilu tion  1.0, 0.84, 0.70, 0.60, 0.50, 0.42 an d  0.35 m l, re sp ec tiv e ly , 
are m easured  in to  7 tu b es . T he volum es are co m ple ted  to  1.0 m l b y  physio logic saline. T h en  
each  tu b e  co n ta in s as m a n y  s ta n d a rd  ASO u n its  as th e  m l a m o u n t o f th e  1.0 u n it/m l d ilu tio n

4

i t  holds. These ASO u n its  fo rm  a d im inishing geom etric  p rogression  w ith  | 2 as the  com m on 
ra tio ; hence th e  s ta n d a rd  series is ex ac tly  tw ice as dense as th e  te s t  se ru m  series.

In to  each  tu b e  0.5 m l o f fresh ly  dissolved lyophilized  hom ogeneous OSL so lu tio n  is 
p ip e tted . T he tu b es  are  in cu b a ted  for 15 m inutes in a  w a te r-b a th  o f 37° C.

T h en  0.5 m l o f  2 p e r cen t w ashed sheep e ry th ro c y te  or 5 per c en t w ashed  ra b b it e ry th ro 
cy te  suspension is ad d ed  to  each  tu b e . A fter sh ak ing  th e  tu b es  are p laced  in to  a w a te r-b a th  o f 
37°C for 45 m in u te s .

A fte r th e  second in cu b a tio n  th e  degree o f haem olysis is read  w ith  th e  naked  eye in  e v e ry  
tu b e . The -{- -f- tu b e  show ing ap p ro x im ate ly  50 pe r cen t haem olysis is considered  as th e  t i t r e .

T he effect o f  th e  OSL so lu tion  is ind ica ted  by  th e  + +  tu b e  of th e  s ta n d a rd  series. Since 
ou r OSL so lu tion  co n ta in ed  ab o u t 0.5 to  0.7 com bining u n it  pei 0.5 m l, 50 p e r cen t haem olysis 
had  to  occur in one o f th e  tu b es  o f th e  s ta n d a rd  series be tw een  th e  u n its  0.35 and 1.00. T h e  u n i t  
value  o f th is  s ta n d a rd  tu b e  m u ltip lied  by  i t  th e  d ilu tio n  grade o f t h a t  te s t  tu b e  w hich  g ives 
likewise 50 pe r cen t haem olysis y ield  th e  ASO tit r e  o f th e  te s t  serum  in  in te rn a tio n a l un its .

T he s ta n d a rd  series is dense enough to  include w ith  g reat p ro b a b ili ty  a -f- +  tu b e , one 
w ith  50 pe r cen t haem olysis. On th e  o th er h a n d , in  th e  te s t  series, w hich  is b u t h a lf  as dense  as 
th e  s tan d ard  series a  -f- -j- -f- -j- tu b e  m igh t im m ed ia te ly  be  followed b y  a 0  tu b e . In  such cases,

4_
th e  value  o b ta in ed  b y  in te rp o la tio n  w ith  th e  q u o tie n t ] 2 be tw een  tw o  step s is regarded  as th e  
titre . In  th is  w ay  th e  d ilu tio n s and  th e  in te rp o la ted  v a lues form  a g eo m etrica l progression  w ith

4

th e  com m on ra tio  [ 2, as does th e  s ta n d a rd  series. D ilu tio n  g rades m u ltip lied  by  s ta n d a rd  v a lu e s  
a re  p resen ted  in  T ab le  I.

M athem atical evaluation o f  the results. T he d a ta  are co m p u ted  from  th e  lo g arith m s 
o f th e  in d iv id u a l s tep s in  q u estio n . T he d ifference betw een tw o  successive steps is th u s

— ~r—- — 0.07526. F o r  sake of sim plicity! how ever, we s ta r t  in s te a d  w ith  zero and assign  to  
4

each  consecu tive  s tep  th e  n e x t w hole num ber. C o m p u ta tio n s are th e n  m ad e  w ith  these v a lu es. 
F o r exam ple, if  th e  low est t i t r e  is 25 u n its , th en  25 rep resen ts  th e  0 v a lue , 30 co rresponds 
to  1, 35 to  2, etc. A ccordingly , any  X n value  can be  co nverted  in to  t i t r e  b y  th e  form ula:

(Î'T)*» X 25

Results

1. The ASO titre s  for th e  600 sam ples o f serum , th e ir  s ta n d a rd  d ev ia tio n  
and  th e  average  values are p resen ted  in  T ab le  I I .

C onverted  in to  t i tre s , th e  d a ta  in  T ab le  I I  y ield  fo r th e  average t i t r e ,  
125.6 u n its ; for th e  u p p e r an d  low er lim its , 63.8 an d  247.2 u n its , resp ec tiv e ly . 
In  our op in ion , th e  zone o f sim ple s ta n d a rd  d ev ia tio n  for th e  average t i t r e  m a y  
be reg a rd ed  as th e  “ n o rm a l”  for h ea lth y  ad u lts . O f our m a te ria l 70.5 p er c en t,
i. e. 423 persons, h a d  a t i t r e  bettveen 63 an d  247 u n its . In  100 persons, i. e. 
16.66 p er cen t, th e  t i t r e  w as low er; in 77 persons, i. e. 12.84 per cen t, i t  w as 
h igher.
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2. We a sc e rta in ed  b y  m eans o f  th e  y f  te s t  w h e th e r th e  d is tr ib u tio n  of 
th e  various titre s  in  o u r  m a te ria l fo llow ed th e  norm al d is tr ib u tio n  o f  G auss. 
T he d a ta  are given in  T ab le  I I I  and  il lu s tra te d  g raph ica lly  in  F ig . 1.

Fig. 1, R ea l an d  com puted  d is tr ib u tio n  of titre s . L egend:
------------- rea l d is tr ib u tio n
— — — com p u ted  G au ss-d is trib u tio n  

X  =  average t i t r e  
S  =  sim ple d isp e rsio n

As d em o n stra ted  in  T ab le  I I I  P  w as <  5 p er cent for a ll d a ta , th e  d ev ia tio n  
o f th e  tw o curves was s ta tis tic a lly  s ig n if ic a n t. D ev iation  from  th e  n o rm al was 
d u e  ch iefly  to  th e  f irs t  a n d  la s t groups o f v a lu es . In  the  la s t co lum n of T able I I I ,  
th e  v a lu e  o f was ca lcu la ted  also w ith  om ission of th e  f irs t  an d  la s t g roups 
w h en  P  was >  25 p er c e n t. In  o ther w ords th e  d is trib u tio n  curves in  th e  reg ion  
o f  th e  values betw een  2 a n d  17 co rresponded  to  th e  no rm al G auss curve. These 
re su lts  evidence a h ig h e r incidence o f lo w est and  h ighest t i t re s  th a n  m ay  be 
e x p e c te d  to  resu lt from  ran d o m  dispersion.

3. A verage va lu es  a n d  th e ir  s ta n d a rd  dev ia tion  acco rd in g  to  sex an d  age 
are  p re sen ted  in  T ab le  IV . The average v alues are i llu s tra te d  g raph ica lly  in  
F ig . 2.

These d a ta  show  th a t  (a) th e  av e rag e  t i t r e  decreased w ith  adv an c in g  ag e ; 
d im in u tio n  was g rad u a l in  the  case o f m ales an d  to ta l g roups, while these  w ere 
m in o r flu c tu a tio n s  in  th e  case of fem ales.
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F ig . 2. A verage t i t r e s  according to  sexes and  age g ro u p s. L egend:
---------------- m ales
— — — — fem ales

Table II

Value-
T itre

N u m b er o f  cases

degree
Male F em ale T o ta l

0 25 2 3 5

l 30 5 5 10

2 35 7 7 14

3 42 12 6 18

4

5

50

60

9

27

5

12

14

39
1 П

av erag e : X  =  —-  X \ =  9.321 value degree

6 70 21 22 43 i — O

7 84 25 15 40

8

9

100

120

35

35

25

35

60

70

s ta n d a rd  dev ia tio n : s =  1/ ---- —— =  ±  3.908
\ n  — 1

value  degree

10 143 30 26 56

11

12

170

200

42

31

28

11

70

42
9.321 ±  3.908 - 5 .4 1 3 -1 3 .2 2 9

13 240 24 18 42

14 286 10 11 21

15 336 6 11 17

16 400 9 8 17

17 470 3 2 5

18 555 4 4 8

19 672 4 4 8

20 800 1 1

T ota l 341 259 600
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Table III

V a lu e  degree
N u m b e r  
o f  cases 

m

N o rm al
d is tr ib u tio n

m ’

(m — m ’)* (m  - m ')!
m  m

0 -  1 15 9.8 2.555
2 -  3 32 27.4 0.770 0.770
4 -  5 53 57.8 0.398 0.398
6 -  7 83 95.0 1.515 1.515
8— 9 130 119.8 0.868 0.868

10-11 126 117.2 0.577 0.577
12-13 84 88.3 0.209 0.209
14-15 38 51.6 3.583 3.583
16-17 22 23.3 0.072 0.072
18-20 17 9.8 5.285

Total 600 600.0 X( 8)= 15.832 *(26)= ”-992

P  =  <5% P  —>25%

Table IV

A ge
class

M ale F em ale Total

N
um

be
r 

of
 

ea
se

s

a v e ra g e  t i t r e О
Ih«
•S Î
= sz °

av e ra g e  t i t re
N

um
be

r 
o

f 
:

ca
se

s

a v e rag e  t i t re

in V. 
d.-s

s ta n d a rd
d e v ia tio n

in
ASO
u n its

in  v . 
d .-s

s ta n d a rd
dev ia tio n

in
ASO
u n its

in  v . 
d .-s

s ta n d a rd
dev ia tio n

«-
ASO
u n its

1 8 -2 0 23 10.56 ±3.20 155.6 16 11.37 ±3.66 179.0 39 10.89 ±3.35 164.75
21—30 167 9.73 ±3.74 134.7 96 9.95 ±4.13 140.0 263 9.81 ±3.90 136.50
3 1 -4 0 81 9.01 ±3.66 119.0 58 10.18 ±4.03 145.6 139 9.51 ±3.75 129.75
41 —  50 46 8.42 ±4.09 107.3 47 8.05 ±3.68 100.7 93 8.23 ±3.82 104.00
51 —  70 24 6.50 ±3.10 77.3 42 8.22 ±4.16 103.8 66 7.60 ±3.85 93.20

18 —  70 341 9.21 ±3.79 123.1 259 9.46 ±4.04 128.6 600 9.321 ±3.908
î

125.60

(b) E x cep t fo r th e  41 to  50 y ea rs  age-g roup  th e  average  t i t re  was h ig h er 
in  fem ales th a n  m ales. O th er au th o rs  [4, 5] h av e  failed to  f in d  su ch  a d ifference; 
n e ith e r  was our d iffe rence  s ta tis tic a lly  s ig n ifican t accord ing  to  S tu d e n t’s t te s t .

(c) The s ta n d a rd  dev ia tio n  o f th e  age-g roup  averages for m ales was b e 
tw e e n  ^  3.10 an d  ^  4 .09; for fem ales, b e tw een  i  3.66 an d  ^  4 .16, th u s  s lig h t
ly  h ig h e r for fem ales th a n  for m ales, b u t  no co rre la tion  could  be d iscovered  
b e tw een  the  e x te n t o f  variance  on th e  one h a n d  and  th e  size an d  age o f th e  
g ro u p s , on the  o th e r.

4. I t  was s tr ik in g  th a t  a n u m b e r o f persons p ro n o u n ced  h e a lth y  a f te r  
g e n e ra l m edical e x a m in a tio n  y ielded  a h igh  ASO ti tr e .  T he ex am in a tio n s  w ere 
m ad e  in  the sp ring , an d  i t  was th o u g h t th a t  th e  increased  ti tre s  m ight be due
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Table V

D ifference 
in  v a lu e  
d egrees

N u m b er o f  rep e a ted  cases I
T o ta l

befo re  
S ep t. 15

a fte r
1 S ep t. 15

- 7 1 1
- 6
— 5 l 1
—4 l 1

- 3 2 l 3
— 2 2 2
—  1 2 i 3

0 1 1
+  1 1 1
+  2 l 1
+  3
+ 4 3 3
+  5 l 1
+  6 l 1
+  7 l 1

Total 10 10 20

Average diff.
in V . degrees 2.0 +  2.1 +0.1

to  some p a s t t ra n s ie n t  s trep tococcal in fec tio n . T herefo re , a f te r  the  lapse o f  
3 to  7 m on ths b e tw een  J u n e  and  N ovem ber, sam ples w ere again  collected from  
20 persons w ith  e le v a te d  t i t re . A t th e  b eg in n in g  o f th e  su m m er th e  titre s  w ere 
som ew hat low er; in  th e  a u tu m n  m onths an  increase o ccu rred  in  all persons b u t  
th re e . W hen th e  d a ta  re flec tin g  th e  changes o f titre s  w ere d iv ided  a rb itra r ily  
in to  tw o colum ns acco rd in g  to  w hether re p e a te d  e x a m in a tio n  had tak en  p lace 
before or a fte r S e p te m b e r 15, it was found  th a t  te n  persons d u rin g  th e  sum m er 
m o n th s y ielded  ti t re s  t h a t  were, on th e  av erag e  2 values low er th a n  th e ir  sp ring  
ti t re s  w hereas th o se  o f  th e  o ther te n  p e rsons were on th e  average 2.1 values 
h igher in  au tu m n  th a n  th ey  had  been in  sp rin g . These d a ta  are p resen ted  in  
T ab le  V.

In  sp ring , th e  av e rag e  titre  for th e  20 persons a m o u n te d  to  466.6 u n its ; 
b y  b ring ing  th e  av e rag e  deviations in to  co rre la tio n  w ith  th e  in itia l average, th e  
follow ing t i t r e  values w ere ob tained:

466: (K 2)2,0 =  329.4
4 _

4 6 6 -(У 2)2-1 =  670.6
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D iscussion

D ete rm in a tio n  o f th e  “ n o rm a l”  ASO t i tre  p resen ts th e  sam e th e o re tic a l 
p rob lem s as th e  d efin itio n  of an y  b io log ica l ch a rac te ris tic  n o rm , nam ely  e s ta b 
lish m e n t of th e  c rite r ia  of n o rm a lity . As concerns the  case in  p o in t, we th o u g h t 
t h a t  b y  th e  aid o f  s ta tis tic a l m e th o d s  we w ould define th e  values occu rring  
m o st freq u en tly  am ong  h ea lth y  a d u lts  a n d  reg ard  these  as n o rm a l. T he te rm  
“ m o st freq u en tly  occu rring  v a lu es”  d e n o te s  th e  ca lcu la ted  av e rag e  values w ith in  
th e  lim its of sim ple variance . On th is  basis an  ASO t i t r e  o f  from  63 to  247 
u n its  m ay be considered  norm al fo r th e  ad u lts  of B u d a p e s t. O f course, even  
n o rm a l values change u n d er th e  in flu e n c e  o f age, seasons, an d  n a tu ra lly  also 
social conditions affec ting  h e a lth . D esp ite  all these v a ry in g  fac to rs 70.5 p er 
c e n t o f our cases rem ain ed  w ith in  th e  lim its  o f sim ple d isp ers io n ; m oreover, th e  
averages for th e  v a rio u s  age-groups w ere likew ise w ith in  th ese  lim its .

Several a u th o rs  [4, 6, 7] c la im ed  th e  u p p e r lim it of n o rm a l t i t re  to  be 200 
u n its . H ow ever, even  these  a u th o rs  re p o r te d  on titre s  over 200 u n its  in  17 to  
22 p er cent o f h e a lth y  in d iv id u a ls . T h erefo re , K ö h l e r  18«], re ly ing  on th e  
ev idence of his ex p erim en ts  perfo rm ed  a t  R ostock , p u t th e  u p p e r lim it o f th e  
n o rm a l t i tre  a t 250 u n its . On th e  basis  o f  o u r own resu lts , we are  in ag reem en t 
w ith  K ö h l e r . A s reg a rd s  our m a te r ia l, th is  value p rac tica lly  agreed  w ith  tho se  
247 u n its  w hich co n s titu te  th e  u p p e r lim it o f th e  sim ple s ta n d a rd  d ev ia tio n  o f 
th e  average t i t re .

As seen in T ab le  I I I ,  th e  inc idence  o f ex trem ely  low  an d  h igh  values w as 
m ore  com m on in  o u r m ateria l th a n  in  G auss’ d is trib u tio n . T ho u g h  v e ry  h igh  
a n d  very  low  t i tr e s  were reco rd ed  also  in sym ptom less su b jec ts , in our 
op in ion  th ey  are  caused  by  p a th o lo g ica l fac to rs  even in  th e  absence o f a n y  
o th e r  sign.

The d iagnostic  value of th e  ASO t i t r e  seem s to  be red u ced  b y  th e  p a th o 
log ica lly  high va lu es  encoun tered  in  n e a r ly  13 per cen t o f th e  h e a lth y  p o p u la 
tio n . The persons belonging  to  th is  g ro u p  are  m ost p robab ly  su scep tib le  to  s t r e p 
tococcal in fec tions, m an ifesting  a te n d e n c y  to  develop to n s illitis , p h a ry n g itis , 
o r h a rb o u rin g  la te n t  foci; in such cases re c u rrin g  an tigen ic  s tim u li are m a in ta in 
in g  th e  ASO ti t r e  a t  a p e rm an en tly  h igh  level. In  periods free from  in flam m a
tio n , th e  traces  o f th e  su sta ined , m ore  or less m ild infections can n o t be d e tec ted  
e ith e r  by  m edical ex am in a tio n , E S R  or b y  ta k in g  te m p e ra tu re s . The d a ta  p re 
sen ted  in  T able Y show  th a t  th e ir  t i t r e s  d im in ished  du ring  th e  sum m er m o n th s 
free  from  d ro p le t in fection , and even  co n tin u ed  to  d im in ish  u n til  th e y  had  
rece ived  a new  strep to co ccal an tig en ic  s tim u lu s in  th e  course o f th e  a u tu m n a l 
season  of d ro p le t in fec tion . W ith  th o se  o f  K ö h l e r  and  S c h m id t  [9], ou r d a ta  
fu rn ish  evidence to  show  th e  seasonal f lu c tu a tio n s  of th e  ASO titre .

As re g a rd s  th e  co n n e c tio n  b e tw e e n  v a lu e s  a n d  a g e -g ro u p s , o u r f in d in g s  
a re  in  a g re e m e n t w ith  th o se  r e p o r te d  b y  R a n t z  et al. [10] a n d  K ö h l e r  [5 ],
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w ho found  the  h ig h est values in  p ersons betw een  8 an d  20 years  of age and 
o b serv ed  a su b seq u en t g rad u a l decline.

T he average t i t r e  for fem ales w as u su a lly  h igher th a n  th a t  for m ales. 
H ow ever, th e  d ifference w as n o t s ig n ifican t enough  to  w a rra n t th e  consideration  
o f  sex  in  th e  ev a lu a tio n  o f in d iv id u a l t i tre s .

Considering th e  e v e n tu a l connec tion  betw een  g eograph ica l la titu d e  an d  
th e  n o rm a l ASO t i t r e  [8c], our d a ta  agree w ith  th o se  o f Ch r is t  [7] collected in  
F ra n k fu r t  a. M. a n d  o f  S c h u l t z e  et al. [4] in  M arburg , w ho found a norm al 
av erag e  ASO titre  o f  155 un its .

As th e  m ethods p u b lished  in th e  l i te ra tu re  an d  p a r t ly  te s te d  by  ourselves 
[4, 7, 11— 17], all in c lu d e d  some im p ra c tic a l e lem ents, we th o u g h t it  necessary  
to  e lab o ra te  a m o d ified  procedure. F o r in stan ce , for th e  d e te rm in a tio n  of th e  
com bin ing  un it sev e ra l au th o rs  are ad d in g  v a ry in g  am o u n ts  o f  OSL to  co n stan t 
am o u n ts  of s ta n d a rd ; th is  p rocedure y ields less serv iceab le  d a ta  th a n  do th e  
re su lts  of the  c o n tra ry  m ethod , th e  one u sua lly  em ployed  in  to x in -a n tito x in  
t i t r a t io n , and  b ased  on th e  p rincip le  o f “ v a ry in g  am o u n ts  o f  a n tito x in -u n 
changed  am ounts o f  to x in ” . This p rin c ip le  has been ap p lied  also by  I p s é n  
[3],  an d  K albak  [15].

In  a w ell-p lanned  ti tra tio n , th e  series of serum  d ilu tio n s  should  in general 
sa tis fy  th e  following c rite iia . (a) T he d is tan ce  betw een  co n cen tra tio n s shou ld  
be in  accordance w ith  som e m a th e m a tic a l sy stem , an d  t i t r e s  should  ad m it o f  
m a th em a tica l e v a lu a tio n ; (b) th e  d is tan ce  betw een  th e  t i t r e s  should  be in p ro 
p o rtio n  to  the  se n s it iv ity  of reac tio n ; (c) p rep a ra tio n  of th e  d ilu tions should be 
easy  an d  accura te .

M athem atica l consid era tio n s h a v e  been  ta k e n  in to  acco u n t also in  th e  
m e th o d s  of J o h n s o n  [17], L o e f g r e n  [18], and  M a s se l  a n d  M il l e r  [19] w ho 
so selected  the se ria l t i t r e  figures t h a t  th e ir  log arith m s fo rm  a rith m etica l p ro 
gressions increasing  b y  0.1 or 0.125. H ow ever, th e ir  m e th o d s  seems to  h av e  
w eak  poin ts in o th e r  respec ts . The ab ove-m en tioned  f irs t  req u irem en t is s a tis 
fied b y  a simple series of tw ofold  d ilu tions as d e te rm in ed  b y  th e  q u o tien t 2 
[3, 15, 16]; y e t we sh a re  th e  opinion o f  H e d b e r g  [20] t h a t  t i t r e  figures ris in g  
b y  100 per cent a re  m uch  too w idely-spaced  for a re a c tio n  w here the  lim it o f  
e rro r is ^  20 p er c e n t according to  K a l b a k  [15], ^  30 p e r cen t according to  
H o l l in g e r  [21], a n d  ab o u t 10 per cen t accord ing  to  o u r ow n experim ents [22]. 
C onsequently , a series o f tw ofold  d ilu tio n s gives m u ch  ro u g h e r results th a n  
a c tu a lly  allowed b y  th e  sen s itiv ity  o f  th e  reac tio n . As re g a rd s  th e  req u irem en t 
o f  easy  acco m p lish m en t and  accu racy , erro rs are  m ore lik e ly  to  occur w ith  
seria l tw ofold d ilu tio n s  and  are b e t te r  avo ided  if  only a single basa l d ilu tion  is 
used  from  w hich th e  necessary  am o u n ts  are se p a ra te ly  p ip e tte d  in to  each tu b e , 
as rep o rted  also b y  Co b u r n  and  P a u l i  [12], I p s é n  [3], a n d  K a lb a k  [15]. In  
th e  m ethod  of th e  tw o  la s t-n am ed  au th o rs  th e  tra n s fe r  w ith  a p ipe tte  of such  
sm all q u an tities as , fo r instance , 0.063 m l or 0.031 m l a p p e a rs  to  be im p rac tica l.
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The o th e r fe a tu re s  o f our m e th o d  h av e  also been  e la b o ra te d  w ith  a view  to  
en su rin g  accu racy , s im p lic ity , a n d  expediency . In  choosing  th e  vo lum e o f  
e v e ry  one co m p o n en t a n d  th e  to ta l  vo lu m e of all co m p o n en ts  we have  follow ed 
T o d d  [11]: 1.0 m l o f  se ru m  d ilu tio n , 0.5 ml of OSL, 0.5 m l o f e ry th ro c y te  
suspension . P hysio log ica l saline h as  b een  em ployed fo r a ll d ilu tio n s, since —  in  
ag reem en t w ith  K ö h l e r  [86] —  we deem ed the  use o f  y a rio u s buffers u n n e 
cessary . W e found  th e  ap p lica tio n  o f  5 p e r cent suspensions o f r a b b it  e ry th ro 
cy te s  or 2 per cen t suspensions o f  sh eep  e ry th ro cy tes  eq u a lly  su itab le ; th is  is in  
ag reem en t w ith  th e  experience  o f  S c h u l t z e  et al [4]. As to  read in g  th e  re su lts , 
we app rove o f th e  p ro ced u res  a d o p te d  b y  I p s é n  [3], K a l b a k  [15], an d  L ia o  
[23] who determ ine  th e  t i t re  on th e  basis  of the  tu b es show ing  a p p ro x im a te ly  
50 p er cen t haem olysis , since th e  haem olysis  curve m an ife s ts  less f lu c tu a tio n  
a t  th is  po in t th a n  a t  th e  po in ts  o f zero o r 100 per cen t h aem olysis .
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DIE WIRKUNG VERSCHIEDENER ANTIBIOTIKA 
AUF DAS WACHSTUM DER RHIZOBIEN

Von

M . K e c s k é s  u n d  E .  M a n n i n g e r

Forschungsinstitu t f ü r  B odenkunde und Agrochemie der Ungarischen A kadem ie der W issenschaf
ten , B udapest

(Eingegangen am 16. September 1960)

Zusammenfassung. Das Verhalten von acht Rhizobien-Stämmen, die aus Leguminosen 
verschiedener Standorte Ungarns stammten, wurde gegen die Antibiotika Neomycin, Primycin, 
Chlortetracyclin, Tetracyclinhydrat, Erythromycin und Grubilin-Na untersucht.

Das Verhalten der Mikroorganismen bei der Prüfung gegen Antibiotika war verschieden. 
Am wirksamsten erwiesen sich Neomycin und Chlortetracyclin, die in bezug auf die Rhizobien 
zu den Antibiotika mit dem breitesten und aktivsten Wirkungsspektrum gerechnet werden 
können, während Tetracyclinhydrat, Erythromycin und Primycin schwächere Wirkung ausüb
ten (d. h. sich als Substanzen mit engerem Wirkungsspektrum auf die Rhizobien erwiesen).

A ngesichts d er T a tsach e , d aß  au ch  die A n tib io tik u m p ro d u k tio n  der in t 
B oden lebenden M ikroorganism en eine w esentliche Rolle im  L eb en sk am p f der 
d o rt lebenden M ik robengruppen  sp ie lt, e rschein t die U n te rsu ch u n g  der F rage  
in  bodenm ikrobio logischer B eziehung w ichtig . U nsere V ersuche in  v itro  lie fe r
te n  gewisse A n h a ltsp u n k te  zur E rk e n n u n g  der im  B oden  h e rrsch en d en  V e rh ä lt
nisse, da die bei un se re r A rbeit verw en d eten  A n tio b io tik a  —  m it A usnahm e 
von Prim ycin  —  von B odenm ikroorganism en s tam m en .

M ateria l und  M ethoden

B akterienstäm m e. Die untersuchten 8 Rhizobien-Stämme stammten von drei verschie
denen Pflanzen, die in jeweils anderen Standorten Ungarns angebaut wurden. Ihre Identifi
zierung erfolgte auf Grund der morphologischen, kulturellen, biochemischen Merkmale und mit 
Hilfe von Gefäßversuchen (Knöllchenbildung und Stickstoffbindung).

Im Hinblick darauf, daß in bezug auf die Artzugehörigkeit der Rhizobien gegenwärtig 
noch kein einheitlicher Standpunkt vorherrscht, haben wir statt der in den verbreiteten Bestim
mungsbüchern [1, 7] angegebenen Bakteriennamen die Pflanze bezeichnet, aus deren Knöll
chen das fragliche Bakterium stammte.

So wurden die mit H/2 und VIII/1 bezeichneten Bakterienstämme aus Wurzelknöllchen 
von Vicia villosa, die Stämme 1/6, IX/3 und XIII/1 von M edicago sativa , die Bakterienstämme 
VII/2, VII/5 und XXV/1 von T rifo liu m  pratense  isoliert.

Folgende Antibiotika wurden benutzt: Neomycin Byk-Sulfat (Chemische F abrik  B yk -  
Gulden-Lomberg G m bH ., K onstanz ) ;  Primycin (Pharmakologisches In s titu t der M edizin ischen  
U niversität, Debrecen) \  Chlortetracyclin ( Forschungsinstitut der A rzneim itte lindustrie , B u d a 
p est) ; Tetracyclinhydrat (C hino in , B ud a p est) ; Erythromycin lactobionate (A bbott Laborato
ries, Chicago, III., U. S . A . )  ; Grubilin-Na (Pharmakologisches In s ti tu t  der M edizin ischen U n i
versität, Debrecen).

Zur Züchtung der Bakterienstämme und bei den Untersuchxmgen über ihr Ver
halten den Antibiotika gegenüber verwendeten wir Bohnenagar-Nährböden. Bei den Un
tersuchungen wurde die von Otte und Köhler [8] empfohlene Plattenmethode mit einer 
geringen Modifikation angewandt.
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Von den A n tib io tik a  s te llten  w ir den  L ösungsvorsch riften  en tsp rechende 
S tam m lösungen  h e r. A us den S tam m lösungen  w urden  u n te r  sterilen  B ed in 
g u ngen  im  V erh ä ltn is  1:10 noch w eitere  4— 4 V erd ü n n u n g stu fen  zu b ere ite t. 
L e tz te n  Endes e n th ie l t  d er N ährboden  je  m l die in  T abelle I  an g efü h rten  M en
gen  d er A n tib io tika .

E rgebnisse und Schlußfolgerungen

Die U n tersuch u n g serg eb n isse  sind  in  Tabelle I zu sam m engefaß t. Die 
W irk u n g  der u n te rs u c h te n  A n tib io tik a  k an n  d irek t verg lichen  w erden , weil 
w ir in  allen Fällen d iese lb en  A n tib io tik u m m en g en  v erw en d et h ab en . Am w irk 
sa m s te n  w aren N eom ycin  u n d  C h lo rte tracyc lin , m it denen se lb st bei der N äh r
b o d e n k o n z e n tra tio n  5 ^Mg/ml — einen bzw . be i C h lo rte tracyclin  zwei B ak te rien 
s tä m m e  ausgenom m en —  H em m ungsW irkung erzielt w urde.

Schw ächeren H em m u n g seffek t als N eom ycin  u n d  C h lo rte tracy c lin  zeigte 
T e tra c y c lin h y d ra t, n o c h  schw ächere W irk u n g  wies E ry th ro m y c in , noch gerin 
gere  als diese P rim y c in  au f.

Die größte B esis ten z  zeigten die unserse its  u n te rsu ch ten  B ak te rien stäm - 
m c gegenüber G ru b ilin -N a . Säm tliche u n te rsu c h te n  B ak te rien s täm m e  w uch
sen  n och  bei der N ä h rb o d e n k o n z e n tra tio n  50 /tg/m l. Diese F es ts te llu n g en  s tim 
m en  m it den U n tersu ch u n g serg eb n issen  von  V á l y i - N a g y , LTri u n d  S z i l á g y i  

[10] sowie U r i  [9] ü b e re in , nach  w elchen P rim ycin  in e rs te r  L inie a u f  G ram 
p o sitiv e  B akterien  w irke u n d  G rubilin -N a ein sehr enges S p e k tru m  besitze bzw. 
h a u p tsä c h lic h  ein a n tifu n g a le s  A n tib io tik u m  sei. W ir g lauben , d aß  die bei 
u n se ren  U n tersu ch u n g en  an g ew an d ten  D osen geeignet w aren , um  die B esistenz 
d e r  B h izob ien-S täm m e gegen A n tib io tik a  festzuste llen  bzw . um  die E m p fin d 
lic h k e it der R hizobien  g eg en ü b er A n tib io tik a  m it un te rsch ied lich em  S pek trum  
a u f  obige Weise zu c h a ra k te ris ie re n .

A n tib io tik a  und  a n d e re  a u f B ak te rien  hem m end  w irkende S toffe w erden 
b e i d e r  B ekäm pfung v o n  K ra n k h e ite n  der L egum inosen im m er h äu fig e r ange
w a n d t [13]. In  bezug a u f  die W irkung  d ieser Stoffe a u f R hizob ien  w ird über 
W uchsfö rderung  [2, 11], als auch  über H em m ung  [2, 12], b e r ic h te t.

V  i n t i k  A [11] v e rm o c h te  du rch  die B ehand lung  der R h izob ien  m it A n ti
b io tik a  (z. B. Penicillin) d en  E rn te e r tra g  des R otk lees u m  10 .9% , die Menge 
d er W urzelknöllchen  u m  17 .3%  zu ste igern  u n d  den S tick sto ffg eh a lt des Bodens 
um  2 6 .0 %  zu verm ehren .

W ir haben bere its  f rü h e r  orien tierende U n te rsuchungen  ü b er die E m p fin d 
lic h k e it der R hizobien e in ze ln en  A n tib io tik a  u n d  Sulfonam iden  gegenüber aus
g e fü h rt [5]. D arüber h in a u s  s tu d ie rte n  w ir die R esistenz der R h izobien  gegen
ü b e r  d en  A n tib io tika  P en ic illin , S trep to m y c in , V iom ycin, C hloram phenicol, 
O x y te tracy c lin  und  K a n a m y c in  [6].
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T abelle  I

Die W irkung  der A ntib io tika  a u f  verschiedene Rhizobien-Stäm m e

A intibiotikum - | Bakterienstäm m e
Antibiotika gehalt/ml — —

Nährboden VIII/1 i /е IX/3 VII/5 XXV/1 XIII/1 VTI/2 II/2

Neomycin 5 0  ng __ __ _
5 .0 — — — — — — + __
0 ,5 + + + + + + + +
0 ,0 5  „ + + + + + + + +
0 .0 0 5  „ + + + + + + + +

K ontrolle + + + + + + + +

Primycin 5 0  ng — + + + __ + +
5 ,0 — + + + + + + +
0 .5 — + + + + + + +
0 ,0 5  „ — + + + + + + +
0 ,0 0 5  „ + + + + + + + +

K ontrolle -j- + + + + + + +

Chlortetracyclin 5 0  / tg __ __ __ __ __ _
5 ,0 — — + — — + — —
0 .5 + — + + — + — +
0 ,0 5  „ + + + 4* — + + +
0 .0 0 5  , , + + + + + + +

K ontrolle -j- +
+

+ + + +

T etracyclinhydrat 5 0  / tg — — __ __ __ __ _
5 ,0 + — + + — + — +
0 ,5 + + + + + + + +
0 .0 5  „ + + + + + + + +
0 ,0 0 5  , , + + + + + + +

K ontrolle + + + + + + + +

E rythrom ycin 5 0  / t g — + + — _ _ + _
5 ,0 — + + — + + + —
0 ,5 — + + + + + + —
0 ,0 5  „ + + + + + + + +
0 ,0 0 5  „ + + + + + + + +

K ontrolle _L + + + + + + +

Grubilin-Na 5 0  / t g + + + + + + + +
5 ,0 _L + + + + + + +
0 ,5 + + + + + + + +
0 ,0 5  „ + + _f_ + + + + +
0.005 + - f 1 + + + + +

K ontrolle ~r 4 - 4 - + +

Zeichenerklärung: +  =  Wachstum
— =  Kein Wachstum (Hemmungswirkung)

E rw ä h n t sei sch ließ lich , daß  v o rliegende  A rbeit zugleich  unsere frü h eren  
U n tersu ch u n g en  zwecks F ests te llu n g  d e r E m p fin d lich k e it v o n  ch itin ab b au en d en  
M ikroorganism en [4] u n d  R h izo sp h ären -B ak te rien  [3] A n tib io tik a  gegenüber 
ergänz t.

3 Acta Microbiologica VIi 13 .
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VARIABILITY OF STREPTOMYCES RIMOSUS
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(R eceived  O c to b er 28, 1960)

Sum m ary. The n a tu ra l  a n d  a rtif ic ia l v a r ia n ts  o f Streptomyces rim o su s  species w hich  p ro 
duce O xytetracycline  have  been  s tu d ied  a n d  th e ir  co n d itions o f g ro w th  as w ell as m o rp h o lo g ica l, 
physio log ica l, and b iochem ical p ro p erties  have  been com pared. O n th e  c u ltu re  m edia u sed , 
colony fo rm , th e  shape of sp o ran g ia  an d  spores, th e  a n tib io tic  y ield , fu r th e rm o re  th e  co lour o f  
th e  v e g e ta tiv e  m ycelium  a p p ea red  as co n se rv a tiv e  featu res . D ifferences w ere n o ted  in  th e  
read iness to  p ro life ra te  on  va rio u s cu ltu re  m ed ia , in  th e  colour o f spores en m asse  an d  th e  c a p a c 
i ty  fo r spo ru la tio n , an d  v a ria tio n s  were o bserved  as regards physio log ica l and b iochem ical 
fea tu res .

T he v a r ia n ts  w ere fo u n d  to  d isp lay  no an ta g o n ism  to  one a n o th e r.

As a resu lt of research  in to  an tib io tic  producing  A c tin o m y cè tes  num erous 
re p o rts  h av e  been p u b lished  on th e  iso la tio n  o f  increasing  n u m b e rs  o f S tre p to 
m yces derived  from  soil sam ples o f v a rious origin b u t p ro d u c in g  a s im ila r 
an tib io tic . U pon tax o n o m ic  in v es tig a tio n  o f th e  new ly iso la te d  s tra in s  som e 
have been  classified in to  th e  g roup  o f th e  classical species, w hile o thers h av e  
been  described  as new  species. The c lassifica tion  of A ctinom yces p roducing  th e  
sam e an tib io tic  in to  d iffe ren t species is in co n sis ten t w ith  th e  a p p a re n tly  o b 
vious assum ption  th a t  each  species of A ctinom yces p ro d u ces a given a n t i 
b io tic  [1].

To elucidate  the  q u estio n , close in q u iry  in to  ch a ra c te ris tic  tra i ts  o f а Геле 
especia lly  sign ifican t S trep to m y ces species w ould seem to  be  ex p ed ien t. Such 
s tu d ies  are  pursued  w ith  th e  ob jec tive  (1) o f  an an a ly tica l co m p ariso n  to  d e te r
m ine th e  v a ria tio n s show n w ith in  th e  species; (2) to  d e te rm in e  as fa r  as possible 
th e  re la tio n sh ip  o f a species to  o th e r species producing  th e  sam e an tib io tic .

In the present paper an attem pt is made to elucidate the cultural, mor
phological, physiological, and biological variability  o f S t r e p t o m y c e s  r i m o s u s  

variants producing Oxytetracycline. First we compared som e typ ica l features 
of natural and artificial variants derived from three species producing Oxyte
tracycline and identified as S t r e p t o m y c e s  ( A c t i n o m y c e s )  r i m o s u s .  R elying on 
the findings thus obtained лес intend to  subject to analytica l comparison  
several Streptom ycetes producing O xytetracycline and described as пелу species.

In stud ies o f sim ilar n a tu re  to  follow th e  changes of a n tib io tic  p roduction  
have  u su a lly  been follow ed solely  b y  te s ts  on m icroorganism s. T h u s th e  possi
b ility  w as b a rred  to  check by  a re liab le  m e th o d  ллЬе^ег th e  a n tib ac te ria l 
a c tio n  >vas due to  one or severa l a n tib a c te r ia l substances.

3*
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In  the  s tu d ies  to  be rep o rted  below  we em ployed  S trep to m y ce te s  p ro d u c 
in g  an tib io tics o f  c lea rly  defined  ch em ica l s tru c tu re , a n d  p ap e r c h ro m a to 
g ra p h y  to  d iffe re n tia te  th e  an tib io tic s .

M aterials an d  m ethods

Strains. A fte r  p re v io u s  selection  from  n u m ero u s  v a r ia n ts , th e  follow ing o x y te tracy c lin e - 
p ro d u c in g  actinom yces s tra in s  w ere used  fo r th e  te s ts .

1. Streptom yces rim osus  s tra in s  RS-21 (o w n  cu ltu re).
(a) N a tu ra l v a r ia n t  I —22; good p ig m e n ta tio n , good sp o ru la tio n , fav o u rab le  yield .
(b) N a tu ra l v a r ia n t  A a —4; fa in t p ig m e n ta tio n , poor sp o ru la tio n , p o o r yield.
(c) V a rian t T O , o b ta in e d  by  u ltra v io le t  i r ra d ia tio n ; m o d e ra te  p ig m e n ta tio n , m o d e ra te  

sp o ru la tio n , a b u n d a n t y ie ld .
2. Streptom yces ( A ctinom yces)  rim osus  s t ra in  L SzT -118  (V N IIA , Moscow).
(a) N a tu ra l v a r ia n t  3-LSzT-118; good p ig m e n ta tio n , no  or p o o r  sp o ru la tio n , good y ie ld .
ф )  V a rian t S — 10/2 o b ta in ed  b y  u l tra v io le t  irrad ia tio n ; m o d e ra te  p ig m en ta tio n , no  o r 

v e ry  poor sp o ru la tio n , good  yield .
(c) V arian t H  — 1, o b ta in e d  b y  b e ta - ir ra d ia tio n ; good p ig m e n ta t io n , m o d era te  sp o ru la 

tio n , m oderate  y ield .
3. Streptomyces rim osus stra in  “ V”  (isolated by Dr . K. P ólya and producing O x y te tra 

cycline).
(a) O rig inally  iso la te d  s tra in ; m o d era te  p ig m e n ta tio n , m o d e ra te  spo ru la tio n , p o o r y ield .
(b) N a tu ra l v a r ia n t  V A —5; good p ig m e n ta tio n , good sp o ru la tio n , good yield.
(c) V a rian t F V , p ro d u ced  b y  t r e a tm e n t  w ith  fo rm alin ; good p ig m e n ta tio n , good sp o ru la 

t io n , m oderate  y ield .
D a ta  concern ing  p ig m e n ta tio n  an d  sp o ru la tio n  were o b ta in e d  b y  grow ing th e  m ic ro o rg a 

n ism s on a solid g ly ce rin e  cu ltu re  m ed ium ; th e  y ie ld  was d e te rm in ed  b y  shaking.
Culture m edia. T h e  cu ltu re  m edia  p re sc rib e d  by  W a k s m a n  fo r  te s tin g  A c tin o m y cètes 

b a v e  been em ployed  w ith o u t  m o d ificatio n  [2]. T h e  m edia  w ere as follow s. (1) Cz a p e k ’s solid  
a g a r  (w ith  glucose); (2) g lucose-asparag ine a g a r; (3) glycerine a g ar; (4) ty ro sin e  ag ar; (5) m ea t-  
e x tra c t  peptone a g a r ;  (6) g lucose-peptone a g a r; (7) s ta rch  agar “ A” ; (8) s ta rch  ag ar “ B ” ; (9) 
eggalbum in ag ar; (10) p o ta to  ag ar; (11) p o ta to -g lu co se  ag ar; (12) s ta rc h -n itra te  ag ar; (13) 
y e a s t  ex trac t agar; (14) E m e r s o n ’s solid m ed iu m ; (Ï5 )  m ea t-e x trac t-p e p to n e -g e la tin e ; (16) p e p 
to n e  gelatine; (17) g lucose  b ro th ;  (18) b o u illo n ; (19) sucrose so lu tio n ; (20) s ta rch  so lu tion ; (21) 
y e a s t  e x trac t “ B ”  so lu tio n ; (22) flu id  co rn -steep  cu ltu re  m ed iu m ; (23) f lu id  soy-m eal m ed iu m ; 
(24) syn the tic  a m m o n la c ta te  m ed iu m ; (25) p o ta to  p lugs; (26) m ilk ; (27) cellulose m edium .

In  te s t  fo r su g a r  u til iz a tio n  we used  W a k s m a n ’s carbon  c u ltu re  m edium  [ 3 ] ,  rep lacin g  
th e  CH source o f th e  c u ltu re  m ed ium  b y  th e  correspond ing  su g a r. T h e  sugars em ployed w ere 
m annose, rh am n o se , laev u lo se , m altose , d -x y lo se , ra ffinose , 1-so rbose, d-ribose, ga lactose , 
saccharose, a rab inose , g lucose, fructose, lac tose .

The m ate ria ls  w ere  o f  an a ly tica l p u r i ty .  Sov ie t ag ar-ag ar w as u se d  to  consolidate m edia .
Technical conditions. In o cu la tio n s w ere ev a lu a te d  a f te r  28 d a y s ’ in cu b a tio n  a t  28° C, 

w ith  th e  exception  o f  m ilk  cu ltu res , w hich w ere re a d  a fte r  10 d a y s’ in c u b a tio n  a t  28° a n d  37° C, 
a n d  te s ts  for CH c o n su m p tio n  w hich  w ere re a d  a f te r  14 d ay s’ in c u b a tio n  a t  28° C.

A ntagonism  o f  th e  s tra in s  was s tu d ie d  on  p o ta to -g lucose  c u ltu re  m edium  No. 11, b y  
cross-streaking.

P igm ents w ere ex am in ed  by  p a p e r c h ro m a to g rap h y . T he a n tib io tic s  derived  from  th e  
v a r ia n ts  were d e te rm in e d  w ith  th e  au to b io g rap h ic  m eth o d , b y  p a p e r  ch ro m a to g rap h y . B acillus  
subtilis  FD A  6633 a n d  a s tra in  o f C andida albicans served as te s t  m icroorgan ism s.

R esu lts

The c h a ra c te r is tic  fea tu res  o f g ro w th  of th e  s tra in s  h av e  been sum m arized  
in  Tables I  to V I.

Among th e  in v es tig a ted  A ctin o m y cètes , s tra in  H — 1 disp layed  re m a rk 
able qualities re g a rd in g  g row th  on v a rio u s  m edia . T his v a r ia n t  failed to  p ro lif
e ra te  on s ta rc h  so lu tio n , pep tone  g e la tin e , and  sy n th e tic  am m onium  la c ta te
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m edia. O f th e  v a r ia n ts  o rig in a tin g  fro m  A ctinom yces rim osus  an d  Streptom yces 
rim osus , d isposition  to  g ro w th  was m u ch  s tro n g e r  w ith  th e  la t te r .  In  a d d itio n , 
th e re  w ere ce rta in  d ifferences in  g ro w th  b e tw een  th e  s tra in s .

Table I

Growth o f  Streptomyces rimosus variants on different culture media

S tre p to m y c e s  r im osus
C u l t u r e ____________________________________________________ y  3_____________medium

1-22 Aa-4 I TO 1 LSzT-118 1 S-10 /2 H - l V VA-5 F V

l. 4 2 2 l 3 3 2 4 2
2. 4 3 3-4 3 3 3 4 4 4
3. 4 4 3 2 2-3 3 4 3 4
4. 3 4 3-4 3 3 3-4 3 3 3
5. 2 3 3 3 3 2 1 2 4
6. 4 4 5 4 4 4 4 4 4
7. 3 4 4 4 2 2 5 5-4 3
8. 2 3 3 1 2 2 3 3 2
9. 2 2 3 2 2-3 3 2 2 1

10. 4—5 4 5 5 4 5 4-5 5 4
11. 3 3 4 4 3 3 3 3 3
12. 3 4 3-4 3 2 2 5 4 3
13. 4 5 4 4 4 4 4 4 4
14. 3 3 4 1 2 2 1 3 2
15. 5 5 5 5 5 4 5 5 5
16. 3 3 2 3 4 0 4 4 4
17. 3-4 4 3 2 3 1 2 3 3
18. 2 4 2 1 3 1 2 3 1
19. 4 4 1 2 2 2 3 3 3
20. 4 4 3 2 1 0 4 5 4
21. 4 3 3 2 2 1 3 4 4
22. 4 4 3 2 1 1 3 3 3
23. 3 4 1 2 2 1 3 2-3 2
24. 3 4 1 3 3 0 3 3 3
25. 5 3 4 4 4 5 4 5 5
26. 4 4 5 4 4 3 4 4 4
27. 0 0 0 0 0 1 0 0 0

K ey. 5 =  exce llen t g ro w th ; 4 =  fa ir g ro w th ; 3 =  m odera te  g ro w th : 2 fa in t g ro w th ; 
1 =  v e ry  poor g ro w th ; 0 =  no grow th.

T able I I  show s th e  ch a rac te ris tic  co lony  form s of th e  v a r ia n ts  on v a rio u s  
solid cu ltu re  m ed ia . T h e  so-called level-line  fra g m e n ta tio n  [4] described  as
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Table I I

Colony fo rm s  o f  Streptomyces rim osus on solid culture media

S tra in s Colonial m o rp h o lo g y  (C u ltu re  m edia  1 to  14)

1-22 R eg u la rly  c ircu lar, convex, conic; s lig h t tendency  to  crease , level-line fra g m e n ta 
tio n , sm o o th -b ro ad  m arg in

A a —4 R eg u la rly  c ircu la r, convex, conical o r  craterifo rm , c rin k led  colonies; level-line  
f ra g m e n ta tio n , sm oo th -b road  m arg in

TO R eg u la rly  c ircu la r, convex , con ical colonies; sligh t te n d e n c y  to  crease : m ild  
ten d e n cy  to  f la tten in g ; level-line frag m e n ta tio n , sm o o th -b ro ad  m argin .

LSzT-118 C ircular, convex , conical or c ra te rifo rm  colonies; c reased , colonial surface ; le v e l
line  frag m e n ta tio n ; d issected , w ide m argin

S-IO/2 R eg u la rly  c ircu lar, sligh tly  convex , conical or c ra terifo rm  colonies w ith  creased 
surface ; no level-line f ra g m e n ta tio n ; dissected, b ro ad  m arg in

H — I R egu larly  c ircu la r f la t ,  occasionally  s tro n g ly  creased colonies, p e n e tra tin g  in to  
th e  c u ltu re  m edium ; level-line  frag m e n ta tio n , sm o o th -b ro ad  m arg in

V R eg u la rly  c ircu la r, convex, conical o r craterifo rm  colonies w ith  creased su rface ; 
level-line  frag m en ta tio n ; sm o o th , n a rro w  m argin

У  A — 5 R eg u la rly  c ircu lar, convex, c ra te rifo rm  colonies w ith  creased  surface; level-line  
f ra g m e n ta tio n ; sm ooth , n a rro w  m arg in

FV R eg u la rly  c ircu lar, convex, c ra te rifo rm  colonies; s lig h t ten d en cy  to  c reasing ; 
leve l-line  frag m en ta tio n ; sm o o th  n a rro w  m argin

c h a ra c te r is tic  o f Streptom yces rim osus  w as n o t p resen t in  th e  case of ev e ry  
v a r ia n t .  In  o rder o f p recedence, th e  m o st co n sis ten t fe a tu re s  w ere th e  re g u la r , 
c irc u la r  p a tte rn , c reased  surface, level-line  f ra g m e n ta tio n , an d  convex  fo rm  
o f  g row th .

The colony m arg in  generally  d esc rib ed  as ch a ra c te ris tic  o f Streptom yces 
rim osus  was found  to  v a ry  accord ing  to  s t r a in  an d  m ed ium . F o r in s ta n c e , on 
ty ro s in e  agar no m arg in  developed. H o w ev er, the  d is tr ib u tio n  of sm o o th  or 
d issec ted  and  b ro a d  or narro w  fo rm a tio n s  w as h e re d ita ry , rep ro d u c in g  th e  
p a t te r n  ch a rac te ris tic  o f th e  s tra in . F la t  colonies and co lonial p a r ts  e x te n d in g  
in to  th e  m ed ium  w ere d isp layed  b y  th e  v a r ia n t  H — 1. T he colonies o b ta in e d  
f ro m  single spores d iffered  in  size w ith  e v e ry  m edium  a n d  v a r ia n t.

Table I I I  com prises details o f th e  co lony  form s th a t  developed  on  flu id  
m e d ia . The changes w ere m ostly  q u a lita tiv e . A p a tte rn  com m on w ith  ev e ry  
v a r ia n t  was a g ro w th  in  subm erged  s to ck s  on bouillon  a n d  m in u te  c irc u la r , 
f l a t  colonies a d h e rin g  to  th e  in n e r Avail o f  th e  tu b e  in  su g a r  so lu tions. T hese 
l a t t e r  form s were n o t en coun tered  w ith  s tra in  H — 1.
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Table I l l / a

Colony fo rm s o f  Streptomyces rim osus variants on f lu i d  culture media

£ .2 Streptom yces rimosus

■3 3U я 1-22 Aa-4 TO

1 7 .

Superficial colonies o f F -3—4 
colour adhering  to  th e  wall 
o f th e  dish, o r colourless, 
subm erged colonies

L arge, colourless stocks 
w hich  d is in teg ra te  upon 
shak ing

T h ick  m em brane o f F -3 — 
—4 colour on th e  su rface , 
p ro fuse  sed im en ta tio n

1 8 .

Subm erged, colourless jellied 
stocks w hich d is in teg ra te  
upon  shaking (d is in teg ra 
tio n  in to  th rea d s)

Subm erged, colourless stocks 
w hich  d is in teg ra te  into 
th rea d s  u p o n  shaking

F a in t  superficial g ro w th , 
la rg e  subm erged, co lo u r
less stocks th a t  d is in te 
g ra te  in to  th read s u p o n  
sh ak in g

1 9 .

Colonies o f A -4—5 colour 
growing on th e  su rface  and 
on th e  walls o f th e  vessels; 
colourless o r g rey ish -w hite  
sed im en tation

Colonies o f F -2  colour grow
ing on th e  surface

Colonies of AF-1 co lou r 
grow ing below th e  s u r 
face and adhering to  th e  
w all o f th e  vessel

20.
Superficial colonies o f  F -6—7 

colour
S uperficial colonies o f F-4 

colour
S uperfic ia l colonies o f F -6  

co lour

21.
Superficial colonies o f A-3 

colour adhering  to  th e  wall 
o f th e  vessel

Superficial colonies of A-2—3 
co lour a d h erin g  to th e  wall 
o f th e  vessel

M ostly  subm erged c o n tig u 
ous colonies of F - l  -  5 col
o u r, re s is tan t to  sh ak in g

22.

Colourless, subm erged  stocks; 
colonies o f F -3 —4 colour 
on th e  surface, adhering  
to  th e  w all o f  th e  vessel

C olourless, subm erged  stocks; 
colonies o f F -3  colour on 
th e  surface

Colonies of F - l —2 co lour 
grow ing on th e  su rface  or 
subm erged

23.

Superficial colonies o f  F-3 
colour or colourless colonies 
grow ing subm erged  a n d  d is
in teg ra ted  in to  th read s 
upo n  shaking

No su rface  g ro w th ; sub
m erged, colourless stocks 
th a t  d is in te g ra te  upon 
shak ing

S u p erfic ia l colonies o f 
F -3 —4 colour grow ing 
a long  th e  walls of th e  ves
sel; subm erged, colourless 
sto ck s

2 4 .

Colonies of A-2 co lou r ad 
h e ren t to th e  vessel wall 
below the  surface

Colonies o f A-2 colour adher
ing to  vessel w all below 
the  surface

S lig h t colourless sed im en
ta t io n

T he colour o f th e  vege ta tive  m ycelia  w as com pared  on several solid a n d  
f lu id  m ed ia  (Table IV ). V arian ts  d isp lay ed  on ly  q u a n tita tiv e  changes. In  f lu id  
m ed ia  s ligh t d ifferences from  brow n to  brow nish-g reen  w ere ap p a re n t in  e v e ry  
case . A  b row nish -g reen  basic colour w as u su a lly  a s ta n d a rd  fea tu re  o f  th e  
v e g e ta tiv e  m ycelium . A  ch arac te ris tic  sm ell o f e a rth  w as experienced w ith  
ev e ry  v a r ia n t.

S poru la tio n  d a ta  a re  p resen ted  in  T ab le  V. E v ery  v a r ia n t  was sporogenic 
o n  C z a p e k ’s m edium  a n d  p o ta to  p lugs, w hereas on glucose asparag ine , ty r o 
sine ag a r, am m onium  la c ta te  and cellulose no sp o ru la tio n  to o k  place. Spore
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fo rm a tio n  was found  to  show  a h igh  v a r ia b ili ty  in  d iffe ren t cu ltu re  m ed ia . 
O w ing  to  th is  ex trem e  v a r ia b ility , i t  w as d iff ic u lt to  d is tin g u ish  new ly iso la ted  
s tra in s  on th e  basis o f sp o ru la tio n . O n y e a s t e x tra c t an d  p o ta to  plugs th e  v a 
r ia n t  H - 1, for in s ta n c e , p ro life ra ted  in concen tric  circles. Tw o sp o ru la tio n  
zones enclosed ste rile  a rea s . In  such  cases profuse spore fo rm a tio n  was seen 
esp ec ia lly  a t th e  co lony  m arg ins.

D a ta  referring  to  th e  colour o f ae ria l m ycelia are  show n in T able  V I. 
N o tw ith s ta n d in g  th e  s tr ik in g  dom inance  o f  w h ite , there  w as a s ign ifican t sh ift 
o f  co lours in  th e  d irec tio n  o f  b u tte r-y e llo w , b lu ish -w hite , a n d  m ouse-grey . T h e  
co lo u r o f  aeria l m yce lium  was s tu d ie d  o n ly  w here m icroscopic  e x am in a tio n  
d isclosed  th e  presence o f  sp o rid a tio n .

Table I I I  b

Colony fo rm s o f  Streptomyces rim osus variants on f lu id  culture media

Ü Я
3 -3 Streptom yces rimosus

3  E LSzT-118 S-10/2 H -l

17. S light sed im en tatio n  of 
F - l  —2 colour

No su perfic ia l g row th , m od
era te  a m o u n t o f sedim enta
tio n  o f F - l  colour

No superficial g row th , 
s lig h t sed im en tation  of 
F - l  colour

18.
Colourless subm erged  stocks; 

shaking caused tu rb id i ty
Colourless, subm erged stocks; 

shak ing  caused  tu rb id ity

Colourless, subm erged  
stocks w hich d is in te g ra te  

in to  th read s upon sh ak ing

19.
Superficial colonies o f F - l  — 2 

colour adhering  to  the  
walls of vessel

S uperficial colonies of A-3—4 
colour a d h e re n t to  the  walls 
of th e  vesse l, detached by 
shak ing

Colonies of A-3 — 4 colour 
ap pearing  as sed im en ta 
tion

2«.
Few  superficial, m o stly  su b 

m erged colonies o f F-8 
colour

Few  su p erfic ia l, m ostly  sub
m erged colonies of F-8 
colour

No g row th

21.
Subm erged colonies o f F-3 

colour; no superfic ia l 
grow th

M ostly  subm erged  colonies 
o f F-2 co lour

Subm erged, colourless 
stocks which d is in teg ra te  
upo n  shaking

22.

Superficial colonies of F-4 
colour ad h eren t to  th e  ves
sel w alls; colourless sub 
m erged stocks

Superficial colonies of F-2 
colour a d h e re n t to the vessel 
w alls

Colourless, subm erged 
stocks, hom ogeneous tu r 
b id ity  upon shak ing

23.
Colourless, subm erged stocks 

w hich d isin teg ra te  in to  
th reads upon  shak ing

Colourless superficial colo
nies ad h erin g  to  the  vessel 
w alls: colourless sedim enta
tion

Colourless, subm erged 
stocks, d isin teg ra ting  in to  
th rea d s  upon shak ing

24.
Sedim entation  of F -4 —5 

colour
S ed im en la tio n  of tin y  flakes 

o f F-4 co lou r No grow th
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Table I I I /c

Colony fo rm s  o f  Streplomyces rimosns variants on f lu id  cullture media

g « 
3  ^ Streptom yces rim osus
*3 gи v VA-5 FV

17.
M oderate a m o u n t o f  su p e rfi

cial g row th  o f F -3  colour; 
very  l it t le  se d im e n ta tio n

Superficial g row th  of F-2 —3 
co lour; s lig h t sed im en ta 
tio n

Superficial grow th of F -3  
co lour; m oderate se d i
m en ta tio n

18.
Subm erged, colourless stocks, 

d isin teg ra ting  in to  th reads 
upon shaking

Subm erged, colourless stocks, 
d is in teg ra tin g  in to  th reads 
up o n  shak ing

Subm erged , colourless 
s tocks, d isin tegrating  in to  
th re a d s  upon shaking

19.
Superficial colonies o f A-4 

colour adhering  to  th e  wall 
of the  vessel

Colonies of F-4 colour below 
th e  f lu id  surface  adhering  
to th e  w all o f th e  v e s
sel

S u p erfic ia l colonies o f A -4  
co lour adhering to  th e  
vessel w all

20. Subm erged colonies o f F-6 
colour

Superficial g ro w th  of F-5 
coloured  colonies

P ro fuse  sed im entation  o f  
A F-5 colour

21.
F-3—4 coloured colonies sub

m erged or ad hering  to  the 
w all of th e  vessel

F-3—4 coloured colonies su b 
m erged or su p erfic ia lly  ad 
hering  to  th e  w all o f the  
vessel

S ubm erged  colonies o f F -4  
g ro w th ; no superficial 
g ro w th

22. Subm erged colourless stocks Subm erged colourless stocks Subm erged  colourless 
stocks

23.
Superficial colonies o f  FA-2 

colour; subm erged colour
less stocks

No su perfic ia l g ro w th  sub
m erged colourless stocks 
w hich d is in teg ra te  in to  
th rea d s  upon  shak ing

No superficial grow th 
colourless stocks re s is ta n t 
to  shak ing

24.
Subm erged colonies o f  A-H  

colour, adhering  to  the  
w all of the  vessel

Subm erged colonies of A-5 
colour, ad h erin g  to  the  
w all o f th e  vessel

S ubm erged  colonies o f 
A F -4  colour adhering to  
th e  w all of the  vessel

In v es tig a tio n  o f  th e  shape of spo rophores assum ed  b y  sporiferous v a ria n ts  
(Fig. 1, F ig . 2), rev ea led  th e  co n sis ten t p resence of open sp ira l form s [5]. 
V arian ts  h ad  sh o rt,c y lin d ric a l sp o re s .S p o ru la tio n  p roceeded  b y  frag m en ta tio n .

Allowing th e  n a tiv e  fe rm en ta tio n  ju ice  o f  soy-m eal c u ltu re  m edium  to  
m ig ra te  on M acherey-N agel 's  p ap er N o 214 in  a m ix tu re  o f w a te r , b u tan o l an d  
acetic  acid  a t  th e  ra tio  o f  5:4:1, a f te r  v a rio u s k in d s of tre a tm e n ts  th e  following 
R f  values were o b ta in ed .

A spo t a t  R f  0 .80 appearing  as o range in  u ltrav io le t lig h t, could no t he  
iden tified ,

A spo t a t  R f  0 .62, yellow ish-light b ro w n  in  d irect lig h t an d  show ing 
b lu ish  fluorescence in  u ltra v io le t lig h t, p roved  to  be inac tive  a g a in s t B . subtilis
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F ig . 1. S p ira l spo ran g iu m  of Streptom yces rimosus v a r ia n t  RS-21 (1-22) 
C z a p e k - D o x ’s c u ltu re  m edium  (w ith  g lucose  as C H -source); m ag n ifica tio n , x  250 

F ig. 2. S p ira l sporangium  o f Streptomyces rim osus  v a r ia n t  TO 
C z a p e k - D o x ’s cu ltu re  m ed iu m ; m agn ifica tion , X 1000
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Table IV

Colour o f  Streptomyces rim osus variants on solid culture media

3 s 1-22 Aa-4

1. A-8 A-5

2. A - 8 - 9 A-3

4. A-5 A-3
6 . A-8 9 A-8

7. A -9 A-8
10. A-6— 7 A - 5 -

Streptomyces rimosus

TO LSzT-118 S-IO/2 H -l V У A-5 FV  *

A - 8 - 9 A -7 A -7 8 A - 6 - 7 A-8 A -7 - 8 A -7

A - 8 - 9 A-4—5 A -7 A-8, F-7 A - 8 - 9 A-8 A-7—8
A F - 5 - 6 A - 6 - 7 A -4—6 A-2 A-6 7 A-3 4 A - 4 - 5

A -7 -9 A-6 A F - 2 - 3 A - 8 - 9 A-9 A-9 A-9
A -9 A -6—7 A-9 A-9 A-9 A-9 A-8

A-9 AF-4 F-8 A - 5 - 7 A-6—7 A-5 A -5—6

* Colour d e te rm in a tio n  based on I. P a c l t , F arb en b estim m u n g  in  der Biologie, Je n a , 1958. 
K ey: A =  au ran tia c u s; F  =  flav u s .
The increasing  sequence of num bers rep resen ts th e  deepening of th e  colour.
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Table V
Sporulation o f  Streptom yces rim osus variants according to culture m edium

Cul- Streptom yces rimosus
tu re
me- LSzT-

S 10/2dium
No

1-22 Aa-4 TO 118 H -l V VA-5 FV

l . + + + + + + ± + + + + + + + + + + + +

2. 0 0 + + +  + 0 + + + 0

3. +  + + 0 0 0 + + + + 0

4. 0 0 0 0 0 0 0 0 0

5. 0 0 + 0 0 0 + +  + 0

6 . +  + 0 + + + 0 0 +  +  + + +  + +

7. +  +  + 0 + + + 0 + + + + + +

8. 0 0 + 0 0 0 + + +

9. 0 0 0 0 0 + 0 0 0

10. +  +  + + 0 + 0 +  +  +  + +  + +  + +  +  - r
11. +  +  + 0 0 + 0 +  +  +  + + + + +
12. + 0 0 0 0 + + + + +
13. 0 0 0 0 0 +  +  + 0 +  + + +
14. +  + 0 + 0 0 0 + +  + + + +
15. +  +  + +  + 0 + 0 + + + + + + + +  +  + + +
16. +  + 0 0 0 0 - + +  + +
17. + 0 0 0 0 0 + + + +
18. 0 0 0 0 0 0 0 0 0

19. +  +  + +  + 0 + + 0 +  + 0 0

20. + + 0 0 0 - 0 + 0

21. + 0 0 0 0 0 0 0 0

22. +  + + 0 0 0 0 0 0 0

23. +  + 0 0 + 0 0 + + 0

24. 0 0 0 0 0 0 0 0 0

25. +  +  +  Ч" +  + +  +  + + + +  +  +  + +  +  +  + +  +  +  + +  +  +  +
26. +  + 0 + 0 0 + + + 4-
27. 0 0 0 0 0 0 0 0 0

Signs: +  +  +  +  =  ex ce llen t sp o ru la tio n ; +  +  +  =  good sp o ru la tio n ; - ; - • =  m ediocre 
sp o ru la tio n ; +  =  poor sp o ru la tio n ; 0 =  no spo ru la tio n ; — =  no g row th .

a n d  Candida albicans. Ow ing to  i ts  ch a rac te ris tic  colour i t  was id en tified  as 
p ig m e n t m ateria l.

A spot a t R f  0 .44, ye llow ish-brow n in  d irect lig h t an d  yellow  in  u ltrav io le t 
l ig h t , w hen te s ted  b y  a u to b io g ra p h y  w as found to  in h ib it th e  g ro w th  o f B . 
su b tilis  and  to  re a c t p o s itiv e ly  to  ferroch lo ride. A fte r e lu tio n  in  m e th an o l h y d ro 
ch lo ride , th e  u ltra v io le t sp ec tru m  p e rm itte d  its  id en tif ic a tio n  as O xytetracycline.
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Table VI

Colour o f  sporiferous a ir  m ycelium  o f Streptom yces rimosus variants on different culture media

2.2 3 T3 Streptom yces rimosus

~3 e 1-22 Aa-4 TO LSzT-118 S-10/2 H -l V VA-s FV

1 w hite w hite bluish
w hite

w hite w hite white w hite w hite pale
grey

2 w hite w hite w hite - lig h t
g rey

light
grey

—

3 yellowish
w hite

yellow ish
w hite

— — — w hite w h ite w hite —

5 - — w hite — — - w hite yellowish
w hite

-

6 yellowish
w hite

- - bluish
w hite

— — greyish
w hite

grey ish
w h ite

yellowish
white

greyish
w hite

7 w hite — bluish
w hite

w hite — w hite g rey ish
w hite

greyish
w hite

m ouse
grey

8 — — w hite — — - — ' white pale
grey

9 - - _ - - white — - —

10 w hite yellowish
w hite

— w hite — yellowish
w hite

grey ish
w h ite

greyish
white

grey

11 w hite — — w hite — yellowish
w hite

yellow ish
grey

yellowish
grey

pale
grey

12 w hite — — - — greyish
w hite

g rey ish
w h ite

greyish
w hite

greyish
w hite

13 w hite — - - — greyish
w hite

- greyish grey

15 greyish
w hite

greyish w hite yellowish
greyish
w hite

w hite greyish
white

m ouse
grey

16 greyish
w hite

- - — - - g rey ish
w hite

greyish
w hite

grey

17 w hite — - — — - w hite w hite grey

19 w hite yellowish
w hite

— white w hite — w hite — . —
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Table V I c o a t’d

£ X3
Strep tom y ces rimosus

-ч V 3 #и  - 1-22 Aa-4 TO LSzT-118 S-10/2 H-i V VA-5 FV

20 yellowish
w hite

white - - - _ white

21 w hite — - - — - — - —

22 greyish
w hite

white - — — - — -

23 w hite — — w hite — lig h t
g rey ish
w h ite

greyish
"

25 w hite
w ith
pale
greyish
t in t

greyish
w hite

g rey ish
w hite

w hite w hite greyish
white

grey ish
b lu ish
w'hite

greyish
w hite

grey

26 yellowish
w hite

greyish
w hite

yellowish
white

lig h t
g rey

greyish
w hite

greyish
w hite

A spot a p p e a rin g  a t  R f 0.35 show ing  bluish fluo rescence  in  u ltra v io le t 
l ig h t an d  a n eg a tiv e  re a c tio n  to  n in h y d r in  and  ferroch lo ride, w as found  to  be  
in a c tiv e  against B . su b tilis  an d  to  in h ib it  th e  g row th  o f  C andida albicans. O n 
th e  basis  of its  u ltra v io le t  sp ec tru m  th e  substance  was id e n tif ie d  as rim ocid ine.

A  spot a t R f  0 .30 , show ing g reen ish -b lue  fluorescence in  u ltrav io le t l ig h t, 
p ro v e d  to  be in a c tiv e  b io logically . I t  gave  a positive re a c tio n  to  n in h y d rin . The 
n in h y d rin -p o sitiv e  sp o ts  en co u n te red  in  th is  R f dom ain  d isp layed  q u a n ti ta 
t iv e  a n d  q u a lita tiv e  d ifferences w ith  each  v a ria n t.

A t R f 0.11 a n o th e r  in ac tiv e  sp o t, appearing  yellow ish-b row n in d irec t 
l ig h t an d  giving a b lu ish  fluorescence in  u ltrav io le t lig h t, a n d  positive w ith  
n in h y d rin , could be  observed  w ith  ev e ry  s tra in . This p ro v id ed  su p p o rt for de
m o n s tra tin g  th e  p resen ce  of a n o th e r  p ig m en t w hich m ig ra te s  to g e th e r w ith  
n in h y d rin  positive m a te ria l.

T hus w ith  S tr . rim osus  v a r ia n ts , th e  co loration  o f c u ltu re  m edia is due to  
th e  yellow  and yellow ish-b row n p ig m en ts  accu m u la ted  d u rin g  cu ltiv a tio n  and  
to  a coloured a n tib io tic  o f th e  te tra c y c lin e  ty p e . The q u a n t i ty  of th e  p roduced  
m a te r ia l  and th e  r a t io  o f  th e  c o n s titu e n ts  depend on th e  cu ltu re  m edium . In  
th e  m ed ia , no a n tib io tic  d eg rad a tio n  p ro d u c ts  were d e m o n s tra te d  excep t fo r  
a few' instances, as e.g. a p o te rra m y c in  a t  R f 0.40. T he a n tib io tic  d es ig n a ted  
P — 85 was not p re se n t.
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The general physio logical p ro p ertie s  o f th e  v a r ia n ts  have  been sum m arized  
in  T ab le  V II. A p a rt fro m  red u c in g  m ethy lene  blue a n d  coag u la tin g  m ilk  a t  3 7 °C 
th e  physiological fe a tu re s  o f th e  v a r ia n ts  differed from  one a n o th e r. Q u a lita tiv e  
d issim ilarities o ccu rred  p a r tic u la r ly  in  n itra te  re d u c tio n  and  gelatine liq u e 
fac tio n , fu rth e rm o re  in  coagu la tion  o f m ilk a t 28°C.

The d a ta  re flec tin g  su g ar u tiliza tio n  are p re sen ted  in T able V III . T he 
u n ifo rm  u tiliza tio n  o f  a rab in o se , glucose, and  fru c to se  was n o te w o rth y . The 
c a p a c ity  for su g a r u tiliz a tio n  is in  general h e re d ita ry  w ith  n a tu ra l  v a r ia n ts . 
In th e  case of a rtif ic ia l v a ria n ts  th is  phenom enon is som etim es ab sen t.

The v a ria n ts  show ed no an tag o n ism  to  one a n o th e r .

Table VII

General physiological properties o f  Streptomyces rim osus variants

S trep tom yces rim o su s

1-22 Aa-4 TO LSzT-118 S-10/2 H - l V VA-5 F V

G elatine lique
factio n

v ery
poor

very
poor

very
poor

very
poor

good a b 
sen t

weak w eak w eak

M ilk coagulation  
a t  28 °C

a b 
sen t

a b 
sent

a b 
sen t

a b 
sen t

ab 
sen t

p re 
sen t

very
poor

ab 
sen t

a b 
sen t

M ilk digestion  
a t  28°C

w eak weak w eak good m od
erate

m o d 
e ra te

good m od
e ra te

good

M ilk coagu lation
a t  37°C

p re 
sen t

p re 
sen t

p re 
sen t

p re 
sen t

pre
sen t

pre-
sen t

p re 
sent

p re 
sen t

p re 
sen t

M ilk d igestion  
a t  37°C

m od
e ra te

good good very
good

good m od
e ra te

very
good

good
_

good

Milk p H  change a b 
sen t

a b 
sen t

a b 
sen t

a b 
sen t

ab 
sent

fa in t
ac id i
f ic a 
tio n

ab
sen t

a b 
sent

a b 
sen t

S ta rch  d igestion m od
e ra te

good m od
era te

sligh t slight v e ry  
poor 
o r a b 
sen t

good good m od
e ra te

G row th  on 
cellulose

a b 
sen t

a b 
sen t

a b 
sen t

...

a b 
sen t

ab 
sent

s lig h t a b 
sen t

a b 
sen t

a b 
sen t

N itra te
red u ctio n

fa in t a b 
sen t

ab 
sen t

a b 
sen t

ab 
sen t

a b 
sen t

m od
e ra te

fa in t a b 
sen t

M ethylene blue 
re d u c  tio n

posi
tive

p o si
tiv e

posi- ; 
tiv e

posi
tiv e

posi
tive

posi
tiv e

posi
tive

posi
tive

posi
tiv e
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Table V III

Sugar consum ption o f  Streptomyces rimosus variants

S trep to m y ces rim osus

K in d  o f  sugar
1-22 A a-4 T O LSzT-118 S-10/2 H - l V VA-5 F V

M a n n o s e ................ + + + 0 + 0 0 0 +

R h am n o se  ........... + + ± 0 0 0 ± ±  - ±

L a e v u lo s e .............. 0 0 + + ± + 0 0 0

M altose  ................ + + + 0 + ± ± ± +

d - x y l o s e ................ + ± ± ± + 0 ± + +

R a f f in o s e .............. 0 0 ± + ± 0 ± ± ±

1- s o rb o s e ................ 0 0 0 ± 0 0 0 0 ±

d -rib o se  ................ 0 0 0 + 0 + 0 0 0

G a la c to s e ............. 0 - + 0 + ± + + + +
S a c c h a r o s e ........... + + ± + + 0 + + ±

A rab inose  ........... + + + + + + + + ±
G lucose ................ + + + + + + + + +

F ru c to se  ................ ± + + + + + ± + +

L ac to se  ................ + + ± + 0 + + + +

Signs: -}- — grow th ;
i  =  w eak g ro w th ; 
0  =  no g row th .

D iscussion

In  the selection  o f  v a r ia n ts  for co m p ara tiv e  stud ies the p ro p ertie s  no ted  
in  p rev ious ex p erim en ts  w ere ta k e n  in to  considera tion . O f th e  v a r ia n ts  in  our 
possession  we en d ea v o u re d  to  choose f irs t  o f all those  th a t  h a d  d isplayed 
d ifferences in physio log ica l ch a rac te ris tic s  or g row th , and  to  ren d er these 
d ifferences conspicuous b y  th e  use o f severa l m edia.

The cu ltiv a tio n  ch a rac te ris tic s  p e rm itte d  of closer com parison  b y  es tab 
lish in g  th e  re la tio n sh ip s  b e tw een  s tra in s  an d  cu ltu re  m ed ia . O ur stud ies were 
a im ed  m ainly  a t th e  fea tu re s  u su a lly  ta k e n  in to  considera tion  in  th e  classifi
c a tio n  of S trep to m y ce te s .

Some cu ltu ra l, m orpho log ica l, physio logical, and  b iochem ical p ro p er
tie s  w ere com m on to  a ll v a r ia n ts ;  o th ers  m an ifested  m ore or less m arked  
d ifferences w ith  th e  in d iv id u a l s tra in s . The fea tu res  com m on w ith  every  v a r i
a n t  w ere as follows.

Growth characteristics, (a) G row th  on C z a p e k —D o x ’s cu ltu re  m edium  
(w ith  glucose as th e  C H  source); excellen t g row th  on p o ta to  m ed ia  and  m eat 
e x tra c t-p ep to n e  g e la tin e ; good g row th  on glucose-peptone ag a r “ A ” ; m odera te  
g ro w th  on ty rosine  ag a r.
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(b) On all so lid  cu ltu re  m ed ia , ro u n d  colonies w ith  creased  surface w ere 
fo rm ed , w ith  sm o o th  or d issected  tra n s p a re n t  m arg ins fo rm ed  o f co lourless 
v e g e ta tiv e  m y ce liu m  w hich is n o t o b servab le  on ty ro s in e  cu ltu re  m edia.

(c) In  f lu id  bou illon , grow th in  colourless subm erged  stocks.
(d) T he g ro u n d  colour of th e  v e g e ta tiv e  m ycelium  is au ra n tia c u s  on so lid  

m edia , an d  f la v u s  on flu id  cu ltu re  m ed ia .
(e) S p o ru la tio n  takes place on C z a p e k —D o x ’s cu ltu re  m ed ium  (w ith  g lu 

cose as source o f  CH) and  p o ta to  p lugs, b u t is ab sen t in  ty ro s in e , sy n th e tic  
am m o n iu m  la c ta te ,  an d  cellulose m ed ia , as well as from  bou illon .

M orphological characteristics, (a) Sporang ia  d isp lay  an  open sp ira l fo rm , 
(b) T he shape o f  spores is sh o rt, cy lin d rica l, (c) S p o ru la tio n  ta k e s  place th ro u g h  
frag m e n ta tio n .

Biological fea tures, (a) R ap id  coag u la tio n  of m ilk  a t 37°C. (b) R ed u c tio n  
o f m e th y len e  b lue .

Biochem ical properties, (a) C ap ac ity  to  u tilize glucose, a rab inose , fru c to se .
A ntib io tics , p igm entation , antagonism , (a) P ro d u c tio n  of O xytetracycline  

on organ ic  c u ltu re  m edia, (b) P ro d u c tio n  of rim ocid ine on organic c u ltu re  
m edia , (c) The p resence  of a yellow  (R f, 0.62) an d  a yellow ish-brow n (R f, 0.11) 
p ig m en t on so y b ean , (d) V arian ts  show  no an tagon ism  to  one an o th e r.

F ro m  th e  above findings i t  is c lear th a t  for th e  tax o n o m ic  c lassifica tion  
o f  Streptom yces rim osus  th e re  are  few  c o n s tan t t r a i ts  t h a t  w ould serve  as 
unequ ivocally  c h a rac te ris tic  of th e  species.

A n a d d itio n a l d ifficu lty  is p re sen ted  b y  th e  te n d e n c y  of spo riferous 
ae ria l m yce lium  to  change in  colour, assum ing  greyish or yellow ish hues a cco rd 
ing  to  th e  s tra in  a n d  th e  m ed ium . T h is m ay  in te rfe re  w ith  th e  d iffe ren tia tio n  
o f a species f ro m  o th e rs . — In  co m p ara tiv e  in v es tig a tio n s  i t  n ev erth e less  
ap p ears  ex p ed ien t to  determ ine th e  ae ria l m ycelium  of colonies grow n on p o ta to  
plugs acco rd ing  to  i ts  colour, w ith  due  re g a rd  to  sp o ru la tio n .

T he level-line fra g m e n ta tio n  described  as ty p ic a l o f  Streptomyces rim o
sus [4] has b een  fo u n d  to  lack  c o n s ta n c y ; so has th e  ap p earan ce  o f spores a t  
sites o f  colonial d ev e lo p m en t [6]. T he lack  o f th ese  im p o r ta n t d is tin c tiv e  fe a 
tu re s  ren d ers  d e te rm in a tio n  in c reasin g ly  d ifficu lt.

Ow ing to  th e  ex trem e v a r ia b ili ty  o f th e  ch a rac te ris tic s  classification  o f  
th e  species acco rd in g  to  th e  sy s te m s  of K r a i n s k y , D u c h é , G a u z e , o r 
P r i d h a m  m ay  in v o lv e  th e  danger o f  classing som e v a r ia n ts  in to  d ifferen t series, 
p a r tic u la r ly  w hen  cu ltiv a tio n  has b een  u n d e rta k e n  on a sm all n u m b er o f m ed ia . 
T he s itu a tio n  is fu r th e r  ag g rav a ted  b y  th e  c ircum stance  th a t  som e v a r ia n ts  
m ay  develop  a d d itio n a l m odifications.

In  c o n tra s t to  th e  above d ifficu lties , th e  a p p a re n tly  s tab le  m icrom orpho- 
logical p ro p ertie s  o f th e  species, th e  in v ariab le  n a tu re  o f th e  organs o f re p ro 
d u c tio n , m ay  su p p ly  a reliable k ey  to  d e te rm in a tio n . H ow ever, th e  ex p lo ita tio n  
o f th is  fac t in  th e  case of O xytetracycline p roducing  A ctinom yces is c o n tra ry

4 A cta M icrobiologica V III/3 .
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to  W a k s m a n ’s genera lly  v a lid  s ta te m e n t t h a t  A ctinom ycètes differ from  one 
a n o th e r  ra th e r  in  physio log ica l an d  b io ch em ica l fea tu res  th a n  in  m orphological 
p a t t e r n  [3]. Ju d g in g  b y  th e  find ings o f  K r a s s il n ik o v  [7 ], G a u z e  [8], an d  
P r id h a m  [5] th is  p rin c ip le  is va lid , w ith in  one species r a th e r  th a n  am ong  
spec ies. O ur in v e s tig a tio n s  in to  th e  Streptom yces rim osus v a r ia n ts  seem  to  
c o n firm  th is  view.

O n th e  basis o f th e  v eg e ta tiv e  m y ce liu m ’s colour, th e  Streptom yces rim o
sus  species w hich p ro d u ces  O xytetracycline is lis ted  as f lav u s  [9]. In  th e  course 
o f  o u r  experim en ts th e  f la v u s  g round co lo u r o f th e  v eg e ta tiv e  m ycelium  w as 
seen in  flu id  cu ltu re  m ed ia ; on solid c u ltu re  m edia an  au ran tiacu s  colour 
d o m in a te d .

T h e  colour of th e  v eg e ta tiv e  m y ce liu m  is due to  accu m u la ted  p ig m en ts . 
T h is p o in ts  to  th e  sign ificance  of a close s tu d y  of p ig m en ts  [10]; th is  could 
re p la c e  or furn ish  a b as is  fo r species d iffe re n tia tio n  accord ing  to  th e  colour of 
th e  v e g e ta tiv e  m y ce liu m . F o r s im ila r reaso n s i t  is ex p ed ien t to  p erfo rm  
c o m p a ra tiv e  analysis b y  p ap er c h ro m a to g ra p h y  o f th e  v eg e ta tiv e  m ycelium  
p ig m e n ts  found d isso lved  in  various f lu id  a n d  solid cu ltu re  m edia. The ideal 
m e th o d  w ould n ev e rth e le ss  be a series o f  ex perim en ts w here th e  p igm ents 
d e r iv e d  from  th e  m y ce liu m  and  c u ltu re  m edia are iden tified  b y  th e ir  
ch em ica l p roperties.

T h e  ch ro m ato g rap h ic  te s ts  have  p ro v ed  th e  id e n tity  o f th e  p igm en ts 
c o n ta in e d  b y  v a r ia n ts  o f  Streptomyces rim osus  on ce rta in  m ed ia . M oreover, 
a n tib io tic  p rodu c tio n  a n d  q u a lity  have  also  p ro v ed  to  be u n a lte re d .

P a p e r  ch ro m a to g ra p h y  followed b y  au to b io g rap h ic  developm ent an d  
te s ts  in v o lv in g  several species of m icroo rgan ism , as well as su b seq u en t id e n ti
f ic a t io n  o f  d em o n strab ly  an tag o n is tic  sp o ts  w ith  s ta n d a rd  an tib io tic s  has been 
d eem ed  to  be an  esp ec ia lly  efficient p ro ced u re  for assessing an tib io tic  ac tion .

The quantity o f  the oxytetracyclinc produced varied according to variant 
and m edium . Among a great number o f variants, exam ined for another pur
pose, we found strain w here the O xytetracycline yield decreased to unm easur
able levels . The absence o f  Oxytetracycline synthesis, how ever, failed to result 
in th e  synthesis o f a new  antibiotic.

T h e s tab ility  o f  th e  cap ac ity  for a n tib io tic  p ro d u c tio n  is h e re d ita ry  an d  
h ig h ly  specific [1]. T he d evelopm en t of an ta g o n is tic  fea tu res  in  n a tu re  proceeds 
v e ry  slow ly  under e n v iro n m e n ta l in fluences [11].I t  w ould th e re fo re  be un reason 
ab le  to  app ly  a rtific ia l m utagen ic  forces in  o rder to  develop S trep tom yces 
v a r ia n ts  w hich, in  a d d itio n  to  th e  ex is tin g  ac tiv e  p rincip le , w ould  syn thesize  
som e new  an tib io tic  d iffe rin g  from  th e  o rig in a l in  chem ical s tru c tu re  and  even 
su p e rsed in g  it.

O n th e  s tre n g th  o f  o u r experim en ts i t  m ay  be s ta te d  th a t  in  a com parison  
o f  th e  Streptomyces rim osus  species —  a d m ittin g  of w ide v a ria tio n s  —  w ith 
o th e r  O xytetracycline p ro d u c in g  species i t  is advisab le  to  re ly  on th e  m icro-
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m orpho log ical p a t te rn ,  g row th , a n tib io tic  p roperties, a n d  p ig m en t p ro d u c tio n , 
in  th e  f irs t place. F u r th e r  p h ysio log ica l an d  b iochem ical c h a rac te ris tic s  will 
on ly  serve to  com plete  th e  analysis .
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(E ingegangen  am  16. N o vem ber 1960)

Zusammenfassung. N ach  u n se ren  b isherigen  V ersuchen  is t  ch ro m ierte s  E n d o to x in  zu r 
V o rb e re itu n g  des S h w artzm an sch en  P h än o m en s ungeeignet. Bei A n w en d u n g  des m it P 32 
m a rk ie r te n  C oli-E ndotoxins zu r A uslösung w u rd e  fe stg es te llt, d a ß  d ie  V erte ilung  des E n d o 
to x in s  im  tie risch en  O rganism us d u rc h  die E n d o to x in p rä p a ra tio n  im  a llgem einen  n ich t w esen t
lich  b e e in flu ß t w ird ; auch  n ach  de r P rä p a ra tio n  w ird  d ie g röß te  M enge v o n  der L eber, so d a n n  
der R eihe  n a ch  von  der L unge, N iere  u n d  dem  H erzen  gebunden , ebenso w ie dies im  Z u sam 
m en h an g  m it anderen  m ak ro m o lek u lären  A n tig en en  v o n  m ehreren  A u to re n  festg es te llt w u rde . 
M it spez ifischer A k tiv itä tsb es tim m u n g  k o n n te  nacbgew iesen  w erd en , d a ß  die E n d o to x in - 
a f f in i tä t  de r v o rb e re ite ten  H a u treg io n  im  V ergleich  zum  B indungsverm ögen  der in ta k te n  H a u t  
u m  e tw a  40%  zun im m t. V on d e r H a u t  w ird b e re its  in  de r e rsten  S tu n d e  d iejenige E n d o to x in 
m enge geb u n d en , die im  Z e itp u n k t des E rscheinens de r h äm o rrh ag isch en  R eak tio n  (4 S tu n d e n  
n ach  d e r i. v. In jek tio n ) b e s tim m t w erden  k an n . N ach  24 S tu n d en  zeigen d ie p rä p a rie r te  u n d  
n ic h t p rä p a rie r te  H a u t jed o ch  u n g e fäh r den gleichen E n d o to x in g eh a lt. D as bei der A uslösung 
e in g esp ritz te  E n d o to x in  ge lan g t w ahrschein lich  m it den  L eukozy ten  in  den  häm o rrh ag isch en  
F leck . F e rn e r w urde festg es te llt, d a ß  das zu r V o rb ere itu n g  der S h w artzm an sch en  R e a k tio n  
an g ew endete  E n d o to x in  von  de r P rä p a ra tio n ss te lle  vorw iegend  re so rb ie rt w ird  u n d  n ich t a k k u 
m u lie r t, so d aß  es bei der E n tw ic k lu n g  des S h w artzm an sch en  P h än o m en s seine W irkung  a u f  
die Zellen o der K ap illa ren  der p rä p a rie r te n  R egion  n ic h t d irek t, so n d ern  in d ire k t nach e inem  
n ic h t n ä h e r  b e k an n ten  M echanism us a u sü b t.

Im  V erlau f der in  unserem  I n s t i tu t  d u rch g efü h rten  S tu d ien  über das 
S hw artzm ansche  P h än o m en  h a t  sich schon se it längerer Z eit die N o tw end ig 
k e it ergeben , das Schicksal u n d  die L o k a lisa tio n  des e in g esp ritz ten  E n d o to x in s  
in  den  versch iedenen  Teilen des O rganism us zu  k lären , u m  den  M echanism us 
der z u s tan d e  kom m enden patho log ischen  Prozesse besser v e rs teh en  zu können . 
B r a u d e , C a r e y  und Z a l e s k y  [1] h ab en  als erste  m it ra d io a k tiv e m  N a2CrO 
m a rk ie rte s  E n d o to x in  beim  S tu d iu m  d er physio logischen W irkungen  von  
E n d o to x in en  b e n u tz t. Ih re  V ersuche e rg ab en , daß  die T o x iz itä t des Coli- 
E n d o to x in s  du rch  die M ark ierung  m it N a2Cr510 4 bzw. Cr51Cl3 n ich t h e rab g e
se tz t w ird  u n d  daß  zw ischen dem  A usm aß  d er R a d io a k tiv itä t  u n d  T o x iz itä t 
be i V ersuchen  in  vivo enge P a ra lle li tä t  b e s te h t.

Material und Methoden

Im  R ah m en  unse rer V ersuche w ü n sch ten  w ir z u n äc h st k larzu ste llen , ob  die E n d o to x in e  
n a c h  C hrom ierung  zu r A uslösung des S h w artzm an sch en  Phänom ens geeignet sind. Zur Chro- 
m ie ru n g  b e n u tz te n  w ir e rs t gerein ig tes T y p h u s-E n d o to x in  [2], von  dem  5 m g/m l m it 0,2 m l 
Cr51 ( N 0 3)3 b'zw. N a 2Cr510 4 w äh ren d  1 — 2 S tu n d en  in k u b ie r t ,  d an n  24 S tu n d e n  e rst fließendem  
W asser, d an ach  dest. W asser gegenüber d ia lysie rt w u rd en , w onach w ir die A k tiv itä t  des D ialy- 
sa te s  b e s tim m ten . E s ste llte  sich h e rau s , daß  vom  E n d o to x in  u n te r  d iesen  B edingungen  keine  
n ach w eisb are  Iso topchrom m enge geb u n d en  w ird.
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H ie rn ac h  gaben  w ir  n a c h  dem  V erfah ren  von  B r a u d e , Ca r e y , Su th er la n d  u n d  
Za l e s k y  [3] zu 100 mg g e re in ig tem  C o li-E ndo tox in  (H erste llu n g  s. w e ite r  u n ten ) aus S p a rsa m 
k e itsg rü n d e n  0,56 m g n ic h t  ra d io a k tiv e s  CrCl3 in  25 m l P h o sp h a tp u ffe r  p H  =  7,0 (0,3530 g 
N a H 2P 0 4 +  0,639 g N a 2H P 0 4 +  0,172 g NaCl ad  1000 g H 20 ) . N ach  2 4 stü n d ig er In k u b a tio n  
b e i 37° C w urde das c h ro m ie r te  E n d o to x in  d u rc h  S ä ttig u n g  m it 68 G ew ichts Ä th y la lk o h o l 
g e fä llt  u n d  de r N iedersch lag  zen trifu g ie rt. N ach  m ehrm aligem  W aschen  m it abso lu tem  A lkohol 
u n d  Ä th e r  erfolgte die T ro ck n u n g  an  der L u f t  b is zu r G ew ich tsk o n stan z . D en C hrom gehalt 
des E n d o to x in s  b e s tim m te n  w ir k o lo rim etrisch  n a ch  der D ip h en y lk arb az id -M eth o d e  v o n  
R o w la n d  [4], w obei w ir e in en  fest gebundenen  C h rom gehalt e rm itte lte n , der m it den  L ite ra 
tu ra n g a b e n  ü b e re in s tim m te .

D as gerein ig te  C o li-E n d o to x in  w urde a u f  l% ig e m  D ex tro se-A g ar-N äh rb o d en  aus e inem  
24 S tu n d e n  gezü ch te ten  E . coli O l l i  S tam m  so h e rg este llt, daß  w ir d ie B ak te rien  n ach  A bw a
schen  v om  N äh rb o d en  d re im al in  physio l. NaCl L ö su n g  bzw. in  W asser d u rch sp ü lten  u n d  n a ch  
je d e r  Spü lung  z en trifu g ie rten . D ie gew onnene B ak te rien m asse  w urde  24 S tu n d en  in  9 6% igem  
A lkoho l suspen d ie rt u n d  ansch ließ en d  dre im al m it A lkohol u n d  e in m al m it Ä th e r gew aschen . 
D ie g e tro ck n e te  M asse p u lv e r is ie rte n  w ir u n d  h y d ro ly s ie rten  sie in  e inem  m it R ü c k flu ß k ü h le r  
v e rseh en en  K olben I / o  S tu n d e n  bei 10° C. S o d an n  w urde  das ganze  S u b s tra t  du rch  F i l t r ie r 
p a p ie rb re i sorgfältig  f i l t r ie r t ,  d a s  F i l tr a t  48 S tu n d e n  d ia ly sie rt u n d  d as E n d o to x in  ansch ließend  
m it d e r 6fachen M enge 9 6 % ig en  A lkohols im  E issch ran k  g e fällt. D er N iederschlag  w urde  
z en tr ifu g ie r t, m it A lkohol d re im a l, m it Ä th e r  e in m a l gew aschen u n d  a n  der L u ft bis zu r G e
w ic h tsk o n stan z  g e tro ck n et.

M it dem  a u f  diese W eise h e rg este llten  u n d  ch ro m ierten  C o li-E ndo tox in  p rä p a r ie r te n  
w ir d ie  K an in ch en  v o rsc h riftsm ä ß ig  in tra k u ta n , w äh ren d  w ir z u r  A uslösung gew öhnliches, 
n ic h t  ch rom iertes C o li-E n d o to x in  b en u tz ten . D ieses chrom ierte  C o li-E ndo tox in  erw ies sich  
in d essen  als ungeeignet zu r P rä p a ra t io n , d a  die R e a k tio n  bei den  K a n in ch e n  n ach  w ied erh o lte r 
i. V. E in sp ritz u n g  der E n d o to x in d o sis  n ich t a u f tr a t .  Diese B eo b ach tu n g  schein t u ns w ich tig , 
w eil sie zeig t, daß  das c h ro m ie r te  E n d o to x in , im  G egensatz zu  d en  m it  e iner an deren  M ethode 
gew onnenen  E rgebnissen  v o n  B r a u d e  und M itarbeiter [1, 3], dem  gew öhnlichen , n ich t c h ro m ier
te n  E n d o to x in  — zu m in d est im  Z u sam m enhang  m it dem  S h w artzm an sch en  P h än o m en  — 
n ic h t  g leichw ertig  ist.

N ach  diesen erfo lg losen  V ersuchen  g ingen  w ir d e ra r t  v o r, d a ß  w ir dem  l% ig e n  D ex tro se - 
A g a r-N äh rb o d en  je  m l 5 /tC  P 32 in  Form  v o n  N a 2H P 0 4 zu se tz ten , d en  N äh rb o d en  m it E . coli 
O l l i  S täm m en  b e im p ften , 24 S tu n d en  im  T h e rm o sta te n  in k u b ie r te n , d an n  die B a k te r ien  
a b sp ü lte n , die W ascbfB issigkeit zen trifug ierten , die gew onnene B ak te iien m asse  24 S tu n d e n  in  
9 6 % igem  A lkohol su sp en d ie rt im  E issch rank  a u fb ew a h rten  u n d  n ach  n euerlichen  A lk o h o lsp ü 
lu n g en  m it 0,1 n E ssigsäu re  im  R ü ck flu ß k ü h le r l />  S tu n d en  k o ch ten . H ie rn ach  w urde die F lü s 
sig k e it d u rch  F iltr ie rp ap ie rb re i abgesaug t, 48 S tu n d en  d ia lysie rt u n d  bei de r E n d o x in fä llu n g  
24 S tu n d e n  m it der ó fachen  M enge 96% igen A lkohols im  E issch ran k  au fb ew ah rt. D as au sg e
fä llte  E n d o to x in  w urde m eh rm als  m it A lkohol u n d  Ä th e r gew aschen, b is zur G ew ich tskonstanz  
g e tro c k n e t u n d  seine A k t iv i tä t  b estim m t.

10 K an in ch en  p rä p a r ie r te n  w ir du rch  in tra k u ta n e  E in sp ritzu n g  von 0,1 m l versch iedener 
V e rd ü n n u n g en  von  1 m g /m l gew öhnlicher Т у .-E ndo to x in lö su n g  in  d ie R ü ck en h au t. 24 S tu n d en  
sp ä te r  w u rd e  die S h w artzm an sch e  R eak tio n  d u rc h  das m it P 32 m a rk ie r te  C oli-E ndo tox in  a u s
ge löst. D ie T iere e rh ie lten  z u r  A uslösung i. v . m it  e tw a  1 — 20 m g Iso to p  m ark ierte s  E n d o to x in . 
D iese M enge en tsp rac h  e in e r A k tiv itä t  v o n  70 000 — 700 000 Im p /m in . 24 S tu n d en  n a c h  de r 
A uslösung , als sich d as P h än o m en  en tw ick elt h a t te ,  w u rden  die T iere  g e tö te t,  ih re  O rgane  
herau sg en o m m en , d ie O rgangew ich te  e rm itte lt  u n d  in  einer P ro b e  v o n  gem essener M enge die 
A k t iv itä t  b e stim m t. D ie  M essungen e rfo lg ten  u n te r  A nw endung des m it einem  2,8 m g/cm 2 
d ick en  G lim m erendfenster versehenen G M -Zählers M arke Orion T y p  1871.

Ergebnisse und Besprechung

A bb. 1 zeigt die p rozen tua le  V erte ilu n g  des bei d er A uslösung i. v . 
in jiz ie rten  E n d o to x in s  in den einzelnen  O rganen , w obei die D u rc h sc h n itts 
w erte  angegeben sin d . W ie aus A bb. 1 h erv o rg eh t, w u rd e  die größ te  E n d o 
to x in sp e ich eru n g  in d e r  L eber fe s tg e s te llt, d an n  der R eihe nach  in der L unge, 
N iere , im  H erzen u n d  in  der Milz. D iese F ests te llu n g en  s tim m en  m it den  L ite 
ra tu ra n g a b e n  sowie m it den E rgebn issen  der eigenen V ersuche übere in , die 
w ir im  Z u sam m en h an g  m it der S peicherung  der m it Iso to p  m ark ie rten  ver-
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Abb. 1. P ro zen tu a le  V erte ilu n g  des m it P 32 m a rk ie r te n  C oli-E ndo tox ins w ährend des S h w artz - 
m an sch en  Phänom ens. P rä p a ra tio n : g e re in ig te s  T y p h u s-E n d o to x in , 0.1 m g i. c. A uslösung : 

m it  P 32 m ark ie rte s  C oli-E ndotoxin , 1 — 20 m g i. v. ^  70 000 — 700 000 Im p /m in

Abb. 2. D ie spezifische A k tiv itä t  im  V erlau f d es Sch w artzm an sch en  Phänom ens. P rä p a ra t io n :  
gerein ig tes T y p h u s-E n d o to x in  0,1 mg i. c. A uslösung: m it P 32 m ark ierte s  C o li-E n d o to x in  

1 — 20 mg i. v . ^  70 000 — 700 000 Im p /m in

sch iedenen  A ntigene d u rch g efü h rt h a b e n  [5j. Im  E ndergebn is w ird  som it 
die V erte ilu n g  der i. v . e ingefüh rten  M akrom oleküle w ährend  der S h w artz - 
m anschen  R eak tio n  d u rch  die P rä p a ra t io n  n ich t w esentlich b ee in flu ß t. D ie
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E n d o to x in sp e ich e ru n g  ze ig t im  großen u n d  g an zen  P a ra lle litä t m it dem  P h ag o 
zy to sev erm ö g en  d er e in ze ln en  O rgane.

I n  A bb. 2 is t die spezifische A k tiv itä t  je  M inute Im p /g  Gewebe d a rg e 
s te l l t .  W ie aus dem  D iag ram m  ersich tlich , is t  die spezifische A k tiv itä t  in  d er 
L u n g e  am  höchsten , d a n n  folgen der R eihe n a c h  der D arm , die L eber, M ilz, 
N ie re , das H erz, M uskeln  u n d  B lu t. A u f G ru n d  der spezifischen A k tiv itä t  
b e tra c h te n  w ir es als d a s  w esen tlichste  E rg e b n is , daß  die m ark ie rte  E n d o 
to x in m e n g e  in  der h äm o rrh ag isch  n e k ro tis ie rte n  H au treg ion  u m  etw a 4 0%  
h ö h e r  is t  als im  in ta k te n  H au tb e re ich . D ies bew eist, daß  die E n d o to x in a ff i
n i t ä t  d e r  H a u t in  d er p rä p a r ie r te n  R egion v o n  dem  zur P rä p a ra tio n  b e n u tz te n  
E n d o to x in  gesteigert w ird . Die A ffin itä tss te ig e ru n g  dü rfte  a u f  den  p a th o lo 
g ischen  V eränderungen  b e ru h en , — b e k a n n te rm a ß e n  e n ts te h e n  im  V erlau f

d e r h äm o rrh ag isch en  N ekrose L eu k o zy ten -T h ro m b en  in  den  H au tg e fäß en , 
u n d  die an gehäuften  w eißen  B lu tzellen , die la u t  L ite ra tu ra n g ab e n  große 
E n d o to x in m en g en  e n th a lte n  [6— 7], sind  zw eifellos im stan d e , eine dera rtig e  
A k tiv itä ts s te ig e ru n g  h e rv o rzu ru fen . M öglich is t  aber auch , d aß  von  dem  bei 
d e r  P rä p a ra tio n  e in g e fü h rte n  E n d o to x in  eine pathologische V eränderung  
d e r H au tgew ebszellen  z u s tan d e  geb rach t w ird  u n d  diese zu r E rh ö h u n g  der 
E n d o to x in a ff in itä t  im  frag lichen  Bezirk fü h r t .

I n  F o rtse tzu n g  d ieser V ersuche w o llten  w ir anstelle  s ta tisc h e r  U n te r
su ch u n g en  die E n d o to x in sp e ich eru n g  der in ta k te n  H au t u n d  im  p rä p a rie r te n  
H a u tb e z irk  auch in  k o n tin u ie rlich  d u rc h g e fü h rte n  R e ih en u n te rsu ch u n g en  
v erfo lg en . Zu diesem  Z w eck p rä p a rie r ten  w ir die R ü ck en h au t von  2— 3 kg  
sch w eren  K an inchen  m it gleichen T y p h u s-E n d o to x in m en g en  an  4 S tellen . 
Z u r A uslösung  des S h w artzm an sch en  P h än o m en s w urde m it P 32 m ark ie rtes  
C o li-E n d o to x in  in  d er D osierung  von  2— 5 m g/kg  b e n u tz t. N ach  V erab re i
ch u n g  des E n d o to x in s  verfo lg ten  w ir die A k tiv itä tsv e rä n d e ru n g en  in  B lu t
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und  P lasm a k o n tin u ie rlich  in  den e rs te n  4 S tu n d en , d. h . bis zu dem  Z e it
p u n k t, wo sich die häm orrhag ische  R e a k tio n  en tw ick e lte . E benso  b e o b ach 
te te n  w ir die A k tiv itä tsv e rä n d e ru n g en  d e r p rä p a rie rten  H au treg io n . Die R esu l
ta te  eines d e ra rtig e n  V ersuchs sind  in  A b b . 3 w iedergegeben.

W ie A bb. 3 en tn o m m en  w erden k a n n , is t die A k tiv i tä t  im  B lu t u n d  P lasm a  
1/2 S tunde  n ach  der i. v . In jek tio n  am  h ö c h s te n  und  n ach  4 S tu n d en  b e d e u te n d , 
a u f  e tw a 1/3 des in  d e r 30. M inute gem essenen W ertes , gesunken . Zugleich  
e rre ich te  die H a u ta k t iv i tä t  bere its  in d er e rs te n  S tunde n a c h  d er A uslösung das 
N iv eau , das in  der 4. S tu n d e , zu r Zeit des E rsch e in en s der h äm o rrh ag isch en  R e a k 
tio n , zu tage  t r a t .  N ach  24 S tunden  h a t die H a u ta k t iv i tä t  s ta rk  abgenom m en u n d  
w ar in  den m eisten  F ä llen  n ich t höher als die der n ic h t p rä p a rie rten  H a u t.

A us allen  d iesen  E rgebnissen  d a r f  geschlossen w erden , daß  das i. v . 
e in g esp ritz te  E n d o to x in  von  den R E S -E lem en ten  seh r ra sch  aufgenom m en 
w ird  u n d  das E n d o to x in  aus dem  zirk u lie ren d en  B lu t w äh ren d  der k o n se 
k u tiv en  L eukopenie  in  die an  R E S -E lem en ten  reichen  G ew ebe v erschw inde t. 
Im  p rä p a rie r te n  H a u tb e z irk  aber kom m t es o ffenbar u n te r  W irkung  der v o ra n 
gegangenen P rä p a ra t io n  m it E n d o to x in  b e re its  in der e rs te n  S tunde  zur m ax i
m alen  A k k u m u la tio n  d e r im  B lu t k re isen d en  E n d o to x in m en g e .

Es is t an zu n eh m en , d aß  das z irk u lie ren d e  E n d o to x in  m it den L eu k o 
z y ten  in  den  h äm o rrh ag isch en  F leck g e lan g t. H ierfü r zeu g t unsere B eobach 
tu n g , d aß  sich die V e rte 'lu n g  der A k tiv itä t zw ischen P lasm a u n d  F orm elem en ten  
in  den  zu  versch iedenen  Z e itp u n k ten  en tn o m m en en  B lu tp ro b e n  von S tunde zu 
S tu n d e  v e rä n d e rt. E ine  h a lb e  S tunde n ach  d e r A uslösung zeig te  das P lasm a noch  
d o p p e lt so große A k tiv i tä t  wie die F o rm elem en te , n a c h  e iner S tunde w ar 
die A k tiv itä t  der F o rm elem en te  u n d  des P lasm as a n n ä h e rn d  gleich u n d  
n ach  4 S tu n d en  die d e r F orm elem ente w esen tlich  höher als die des P lasm as.

In  den  w eiteren  V ersuchen  verfo lg ten  w ir das S ch icksal des p rä p a rie 
ren d en  E n d o to x in s  im  V erlau f des S h w artzm an sch en  P h än o m en s. Zu diesem  
Zw eck n ah m en  w ir die P rä p a ra tio n  m it dem  m it P 32 m a rk ie r te n  Coli-Endo- 
to x in  vo r, w ährend  w ir zu r A uslösung u n m a rk ie rte s  T y p h u s-E n d o to x in  ge
b ra u c h te n . N ach  E n tw ick lu n g  des P h än o m en s, e tw a 4 S tu n d en  n ach  der A uslö
sung , w urden  die n e k ro d s ie r te  H a u tre g io r , der diese d ire k t begrenzende 
ödem atöse  R an d  sowie d e r in ta k t  erscheinende H a u tb e z irk  über den ödem a- 
tö sen  R an d  h inaus e x z in d ie rt und  die spezifische A k tiv i tä t  d ieser Gewebe 
e rm itte L . A uch von w e ite r en tfe rn ten  H au eg eb ie ten  sc h n itte n  w ir zu r K o n t
rolle H au tfleck e  heraus u n d  b estim m ten  ih re  A k tiv itä t.

Diese V ersuche ze ig ten , daß  n u r  e tw a  5— 10% des zu r in tra k u ta n e n  
P rä p a ra tio n  v e rw en d e ten  iso to p m ark ie rten  E n d o to x in s  4 S tu n d en  nach  d er 
A uslösung an  der P räp a ra tio n ss te lle  au fgefunden  w erden k ö n n en . Das m eiste 
E n d o to x in  b le ib t im  B ereich  des häm o rrh ag isch en  F lecks zu rück , w ährend  
die A k tiv itä t  im ödem atö sen  R and und  in  dem  d a rü b e r h inausre ichenden  
G ebiet m it der A k tiv itä t  d er K ontro llbezirke  ü b ere in s tim m t.
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D arau s d a rf  geschlossen w erd en , d a ß  der überw iegende Teil des zu r 
P rä p a ra t io n  d ien en d en  E n d o to x in s  v o n  d er P rä p a ra tio n ss te lle  re so rb ie rt 
w ird , d . h  sich in  d e r U m gebung  g le ichm äß ig  a u sb re ite t. A u f dieser G ru n d 
lag e  e rg ib t sich die A rb e itsh y p o th ese , d a ß  das p räp arie ren d e  E n d o to x in  h a u p t
säch lich  im  p rä p a r ie r te n  H a u tb e re ic h  biochem ische V erän d eru n g en  h e rb e i
f ü h r t ,  von  denen die E n d o to x in a ff in itä t  dieses Bezirks 24 S tu n d en  la n g  
g es te ig e rt w ird, ohne d aß  es zu r A k k u m u la tio n  des p rä p a rie ren d en  E n d o to 
x ins in  diesem  G ebiet k om m t.

W ie b e k a n n t, g eh t die S h w a r tz m a n -R e a k tiv itä t eine gewisse Zeit n a c h  
E in fü h ru n g  des p rä p a rie ren d en  E n d o to x in s  verloren .

U m  k la rzu ste llen , ob das zu r P rä p a ra t io n  b en u tz te  E n d o to x in  zugleich  
m it dem  A ufhören  d er R e a k tiv itä t  ganz  v erschw inde t, b e re ite te n  w ir die 
H a u t  der K an in ch en  m it iso to p m a rk ie rte m  E n d o to x in  v o r. N ach  48 S tu n d e n  
sp r i tz te n  w ir i. V . u n m ark ie rte s  T y p h u s-E n d o to x in  ein , w onach  es zu r E n t 
w ick lu n g  des P h än o m en s kam . V e rsu c h te n  w ir aber, die R eak tion  n a c h  72 
S tu n d e n  auszulösen , so k am  die h äm o rrh ag isch e  N ekrose n ich t z u s ta n d e . 
I n  beid en  F ällen  h a b e n  w ir die p rä p a r ie r te n  H au treg io n en  be i der A uslösung  
sow ie nach  E n tw ick lu n g  des P h än o m en s exzind iert und  die A k tiv itä t  d er H a u t 
b e s tim m t. Ü berraschenderw eise zeig te  die bei den A k tiv itä tsm essu n g en  in  d er 
H a u t  nachgew iesene E n d o to x in m en g e  in  den  reak tiv en  u n d  a reak tiv en  F ä llen  
k e in en  w esen tlichen  U n tersch ied . A uch  d ieser B efund bew eist, daß  die q u a n t i 
ta t iv e  A nw esenheit des in  die p rä p a r ie r te  H au treg io n  e in g efü h rten  E n d o to x in s  
b e i d er E n tw ick lu n g  des S h w artzm an sch en  P hänom ens n ic h t aussch laggebend  
is t .  A ller W ah rsche in lichke it n a c h  h ä n g t die A uslösbarkeit des P h än o m en s 
v o n  der P e rsistenz  d er vom  E n d o to x in  a u f  die Zellen oder K ap illaren  d e r 
H a u t  ausg eü b ten  b io logischen W irk u n g en  ab.

W elcher N a tu r  diese vom  E n d o to x in  hervo rgeru fenen  p rim ären  E ffek te  
s in d , w issen w ir n ic h t. E s b e d a rf  w e ite re r , h au p tsäch lich  b iochem ischer U n te r 
su ch u n g en  zur K lä ru n g  der F rag e , w elche V eränderungen  das zu r P rä p a ra tio n  
b e n u tz te  E n d o to x in  in  den Zellen z u s tan d e  b rin g t, von  denen  die A uslös
b a rk e it der S hw artzm anschen  R e a k tio n  ab h än g t.
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Sum m ary .T he  accu racy  of stap h y lo co cca l a lp h a -a n tito x in  d e te rm in a tio n  m ay  be e n 
h an ced  by  the  use  o f physio logic sa line  w ith  g e la tin e  fo r  serum  and  to x in  d ilu tions as w ell as fo r 
th e  p re p a ra tio n  of e ry th ro c y te  suspensions, ow ing to  th e  s tab iliz ing  e ffec t o f gela tin  on  th e  
d ilu te d  s taphy lococca l a lp h a  to x in .

T he sen sitiv ity  o f th e  e ry th ro c y te s  o f th e  sam e ra b b it  to  s tap h y lo co cca l to x in  p ro v ed  
to be in co n s tan t.

Inaccu.racies re su ltin g  fro m  th e  la b ility  o f th e  d ilu te d  to x in  as w ell as from  th e  v a ry in g  
se n s it iv ity  and  frag ility  o f ra b b it  e ry th ro c y te s  m ay  considerab ly  be re d u ce d  b y  th e  in tro d u c 
tion  o f a f iv e  tu b e  s ta n d a rd  an tito x in  series.

B y  th e  m eth o d  recom m ended  th e  a n ti to x in  v a lu es m a y  be d e te rm in e d  w ith  an  av erage  
d e v ia tio n  o f ±  6 p e r cen t a t  th e  L/10 leve l, and  o f +  10 p e r cen t a t  th e  L /100  level, re sp ec tive ly .

The s taphy lococca l a lp h a -a ru ito x in  (an tis tap h y lo ly s in )  co n ten t o f sera  
o r  o th e r  biological flu id s  is de te rm in ed  b y  a h aem oly tic  re a c tio n . The t i t r a t io n  
m eth o d s evolved b y  d ifferen t la b o ra to rie s  a re , how ever, n o t un ifo rm . T he 
co n c e n tra tio n  o f e ry th ro c y te s  varies  from  0.25 to  33 p e r cen t, th e  a m o u n t 
o f  red  blood cell suspension  from  0.025 to  1.0 ml [23, 5, 13, 20, 15, 16]. Som e 
a u th o rs  ta k e  a p a r tia l  haem olysis while o th e rs  th e  com ple te  one as th e  end  
p o in t w hen read in g  th e  resu lts  [13, 15, 20, 16]. Owing to  th e  d iscrepancies 
in  perfo rm ing  th e  t i t r a t io n , th e  dev ia tio n  o f  th e  resxdts b y  re -te s tin g  m a y  
exceed  even 50 p er cen t.

D uring  ou r s tu d ies  of th e  p rob lem  o f s taphy lococca l a lp h a -a n tito x in  
d e te rm in a tio n  o f h u m a n  and  an im al se ra , a tte m p ts  w ere m ade to  ensure 
en h an ced  accu racy . In  th e  p resen t p a p e r som e o f our s tu d ies  in  th a t  fie ld  as 
well as a s tan d ard ized  m eth o d  evo lved  b y  us w ill be re p o rte d .

Materials and methods

Sera. Sera se p a ra ted  fro m  h u m an  blood  d ra w n  asep tica lly  w ere h e a te d  a t  56°C. fo r 30 
m in u te s  and sto red  a t  4 —10°C or a t — 10°C w hen te s te d  a f te r  several d ay s . A nim al sera p re 
serv ed  w ith  0.5 p e r c en t p h en o l w ere k e p t a t  4 — 10°C.

Rabbit erythrocyte suspension. R a b b it  blood w as co llected  in to  3.8 p e r  cen t sodium  c itra te  
so lu tio n  an d  w ashed  th re e  tim es  w ith  physio log ical sa line . A 2 p e r cen t e ry th ro c y te  suspension 
w as u sed  im m ed ia te ly , o r a f te r  an  ad d itio n a l w ash ing  i f  h av in g  been s to re d  24 hours a t  4°C.

Staphylococcal alpha toxin . L ingood  b ro th  c u ltu re s  in o cu la ted  w ith  s tra in  Wood 46  w ere 
in cu b a ted  for 7 days an d  f i lte re d  th ro u g h  a  Seitz f i ltre . In  o th e r ex p erim en ts , th e  su p e rn a ta n ts  
o f  sh ak en  b ro th  cu ltu res  o f 40 hours w ere used  w ith  0.5 pe r cen t p h en o l as a p reserv a tiv e .*

* W e are in d eb te d  to  D r. L. Zala  Y and D r. G. D óbiás fo r th e  su p p ly  of to x in  
sam ples from  sh ak en  cu ltu res .
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T h e  d. h . m . va lues o f th e  to x in  w ere d e te rm in e d  as follow s. D ecreasin g  am o u n ts  o f  to x in  
in  1.0 m l o f physio logic sa line  w ere ad d ed  to  tu b e s  o f  a b o u t 12 m m  d ia m e te r . A fte r  a d d in g
1.0 m l o f e ry th ro c y te  suspension  th e  tu b e s  w ere g e n tly  sh ak en  a n d  p laced  in  a  37°C w a te r  b a th  
fo r  1 h o u r  shaken  a t  in te rv a ls . T he degree o f h aem o ly sis  w as e s tim a te d  a f te r  fu r th e r  60 m in u te s  
a t  ro o m  te m p e ra tu re . T he m in im u m  q u a n ti ty  o f  to x in  re su ltin g  in  a  j u s t  p e rce p tib le  b u t  d is t in c t  
h aem o ly sis  w as ta k e n  a s  th e  d. h. m . v a lu e .

T h e  I.h  (lim es h aem olysans) v a lu es o f th e  to x in , i. e. th e  a m o u n ts  n e u tra liz ed  b y  1.0 IU  
stap h y lo co cca l a lp h a -an tito x in  or b y  i ts  frac tio n s , e.g . b y  0.1 IU  a n ti to x in  (L h/10), w ere t i t r a t 
ed  in  th e  follow ing w ay. In c re a rin g  am o u n ts  o f  to x in  in  1.0 m l o f physio log ic  saline w ere ad d ed  
to  tu b e s . S taphy lococca l a n tito x in  of e x a c tly  k n o w n  t i t r e  w as d ilu ted  to  c o n ta in  double  a m o u n ts  
o f  a lp h a -a n tito x in  pro  m l o f th e  IU  v a lu es to  be  com b in ed  w ith  th e  to x in . To each  tu b e , 0.5 m l 
o f  th is  d ilu tio n  was ad d ed . A t th e  beg in n in g  we u se d  th e  In te rn a tio n a l S ta n d a rd  fo r S ta p h y lo 
co ccu s-A lp h a -A n tito x in  from  Statens S e ru m in s titu t , Copenhagen, a n d  c o n tin u e d  o u r e x p e r i
m e n ts  w ith  an  a n tito x in  p re p a ra tio n  fro m  th e  In s titu te  fo r  Serobacteriological Production a n d  
Researcn  “ H u m a n '', Budapest, co rrespond ing  to  th e  in te rn a tio n a l s ta n d a rd  in  co n ta in in g  e x a c tly
20.0 IU  p e r m l. A fte r g en tly  sh ak in g , th e  to x in -se ru m  m ix tu re s  w ere  allow ed to  s ta n d  fo r 
30 m in u te s  a t  room  te m p e ra tu re . S u b seq u e n tly , 1.0 m l o f e ry th ro c y te  su sp en sio n  w as ad d ed  a n d  
th e  c a re fu lly  sh ak en  tu b es  w ere p laced  in  a  37 C w a te r  b a th  for 1 h o u r. T h e  fu r th e r  step s w ere  
id e n tic a l  w ith  those  of d. h. m . d e te rm in a tio n . T h e  s lig h te s t a m o u n t o f to x in  resu ltin g  in  d is t in c t  
haem o ly sis  affec ting  8 —10 p e r cen t o f th e  e ry th ro c y te s , th u s  o b se rv ab le  w ith  the  n a k ed  eye, 
w as ta k e n  as th e  L h  value .

D eterm ination o f  staphylococcal a lpha-an titoxin . T he t it ra tio n s  w ere  carried  o u t  o n  th e  
1 ,% , Vio a n d Vioo ÍU  levels, resp ec tiv e ly . D ecreasing  am o u n ts o f  se ra  to  be  in v es tig a te d  w ere 
a d d e d  to  tu b es  in  1.0 ml o f physio logic saline. T h en  one te s t  dose o f to x in  in  0.5 m l w as ad d ed  
to  e ach  tu b e  and  th e  se ru m -to x in  m ix tu re s  w ere a llow ed  to  reac t fo r 30 m in u te s  a t  room  te m 
p e ra tu re .  A fter th e  ad d itio n  of 1.0 m l o f e ry th ro c y te  suspension an d  ca re fu l sh ak ing  th e  tu b e s  
w ere  p laced  in  a 37°C w a te r  b a th . T he p ro ced u re  w as con tin u ed  in  th e  sam e w ay  as w ith  th e  
L h  d e te rm in a tio n .

R esults

Stabiliza tion  o f  the diluted staphylococcal a lpha-toxin . S taphy lococcal 
a lp h a -to x in  is v e ry  sensitive  to  v a rio u s p hysica l e ffects. I t  m ay  be d am ag ed  
a t 45°C for 60 m inu tes an d  is ra p id ly  d es tro y ed  a t 58— 60°C [5, 18, 19]. S h a k 
in g  or rep e a te d  pouring  o f d ilu ted  or u n d ilu te d  to x in  as w ell as a ir-b u b b lin g  
in  th e  presence of n itro g en  or 1 p e r  c en t N a2S20 4 re su lts  in  a sharp  decrease 
o f  i ts  haem oly tic  a c tiv ity  [6, 15, 19]. In  case o f som e lab ile  tox ins one m a y  
fa il in  p rep a rin g  tw o d ilu tions o f  eq u a l s tre n g th . R e te s tin g  o f  m ost s ta p h y lo 
coccal a lp h a  to x in s  does n o t re su lt in rep roduc ib le  d . h . m . or Lh v a lu es .

The errors arising  from  th e  p a r t ia l  d e s tru c tio n  o f  th e  to x in  m a y  be 
d im in ished  b y  p ara lle l te s tin g  of a s ta n d a rd  serum  of know n an d  c o n s tan t v a lu e  
a n d  ta k in g  its  reac tio n  in to  acco u n t b y  read in g  an d  ca lcu la tin g  th e  re su lts  
[17]. I t  is how ever, m ore su itab le  to  re n d e r  th e  to x in  i ts e lf  s tab le . A ccord ing  
to  M a r k s  th e  d ilu tio n  o f s tap h y lo co cca l a lpha- an d  b e ta - to x in s  w ith  b ro th  
h as  a favourab le  effect on th e ir  s ta b il i ty  [15]. J a c k s o n  [11] p ro tec ts  b e ta - 
to x in  b y  d ilu tin g  i t  w ith  g e la tin . F o r a n ti-a lp h a -s ta p h y lo ly s in  t i t ra t io n  T o w e r s  

an d  G l a d s t o n e  [22] recom m end  physio logic  saline co n ta in in g  g e la tin , b u t 
w ith o u t an y  m en tio n  on its  s tab iliz in g  effec t. G elatin  m ay  increase th e  s ta b ili ty  
o f  d ilu ted  d ip h th e ria  to x in  an d  S ch ick -to x in , too  [14]. T e tan u s  to x in , also 
v e ry  labile  a t  h igh d ilu tions [3, 7, 10, 9 ], is s tab ilized  b y  p ep tone .

On th e  basis o f these  d a ta  we a tte m p te d  to  s tab ilize  th e  s tap h y lo co cca l 
a lp h a -to x in . O ur ex p erim en ts  w ith  p ep to n e  have led to  inconclusive re su lts .
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G elatin , how ever, a t  a co n cen tra tio n  o f 0 .05— 1.0 p e r c en t dissolved in  saline- 
p h o spha te  b u ffe r o f p H  7.2, was found  to  possess a su itab le  stab iliz ing  e ffec t 
as d em o n stra ted  in T ab le  I.

Table I

Stabilizing effect o f  0.1 per cent gelatin on the physiologic saline dilutions 
o f  staphylococcal alpha-toxin N o 21/2 - 4

D ilu tion
degree

D ilu tio n  f lu id M an ip u la tio n s D . h . m. L h /100

1/5 sa line-phosphate  buffer — 0.001 _

1/100 sa line-phosphate  buffer — 0.003 0.009
1/100 saline-phosphate  buffer rep ea ted

pouring* 0.006 0.012
1/100 saline-phosphate  buffer -f- 0-1 per cent 

g e la tin
— 0.0015 0.005

1/100 saline-phosphate  buffer +  0.1 pe r cent 
ge la tin

rep ea ted
pouring* 0.0015 0.006

* Ten tim es from  one tu b e  to  th e  o ther

Sensitiv ity  o f  rabbit erythrocytes to staphylococcal alpha-toxin . The sen si
t iv ity  of ra b b it e ry th ro c y te s  to  s taphy lococcal a lp h a -to x in  is no t un ifo rm . 
T he Lh values o f  th e  sam e to x in  m ay v a ry  con sid erab ly  from  ra b b it to  r a b b it ,  
especially , w hen com plete  haem olysis is ta k e n  as th e  end  p o in t. H a v in g  
estab lished  th e  L h  v a lu e  of th e  to x in  w ith  e ry th ro c y te s  from  one ra b b it a n d  
perform ing  th e  a n tito x in  t i t ra t io n  w ith  e ry th ro c y te s  o f a n o th e r  an im al, th e  
dev ia tio n  in  t i t re  a t  re - te s tin g  m ay  reach  77 p e r  cen t, w hile using th e  b lood  
o f  the sam e r a b b it  for Lh d e te rm in a tio n  an d  a n tito x in  t i t r a t io n , th e  e rro r  
does no t exceed 35 p e r cen t [21]. The se n s itiv ity  o f  e ry th ro c y te s  of th e  sam e 
an im al m ay , how ever, also undergo  a change. A l b e r t s e n  [1] found  th e  b lood  
sam ples d raw n a t  d iffe ren t po in ts  of tim e  from  th e  sam e horse to  e x h ib it 
in c o n s ta n t sen s itiv ity  to  th e  haem olysin  o f Corynebacterium  pyogenes. We m ade 
som e sim ilar o b se rv a tio n s  on ra b b its . The Lh/2 an d  Lh/10 va lu es  of th e  sam e 
to x in  were re p e a te d ly  t i t r a te d  em ploying tw o a lp h a -a n tito x in  s ta n d a rd  sera  
o f  d ifferen t b a tch es  b u t  o f  conform ing s tre n g th . In  th ese  in v estig a tio n s la s tin g  
9 m onths e ry th ro c y te s  o f th e  sam e ra b b it w ere used th ro u g h o u t. As seen in  
F ig . 1, b o th  va lu es  show ed ce rta in  f lu c tu a tio n s  due p a r t ly  to  th e  la b ility  
o f  th e  to x in , th e se  ex p erim en ts  hav ing  been  ca rried  o u t w ith  physiologic 
saline w ithou t g e la tin . The differences were m o st m ark ed  in  Ju n e  an  J u ly , 
reach ing  32 an d  33 p e r cen t, respective ly , a t  th e  Lh/2 level an d  27 and  37 
p e r cen t, re sp ec tiv e ly , a t  th e  Lh/10 level. The n e a r ly  p a ra lle l ru n  of th e  fo u r 
curves seem ed to  v e rify  th e  v a ria tio n  in  se n s itiv ity  o f th e  e ry th ro cy te s  o f th is  
in d iv id u a l ra b b it.
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E stim ating  the degree o f  haem olysis. H aem olysis is g en era lly  re a d  a f te r  
1 h o u r in  a 37 °C w a te r  b a th  and  su b se q u e n t 1 hour a t  ro o m  te m p e ra tu re . 
T he accu racy  of th e  re a d in g  m ay  be e n h a n c e d  b y  sh o rten in g  th is  second  in c u 
b a tio n  period . H aem olysis nam ely  p ro ceed s a t  room  te m p e ra tu re  as described  
in  th e  lite ra tu re  [19] a n d  d e m o n s tra te d  in  Table I I .  A fte r in c u b a tio n  in  a 
w a te r  b a th  the  re a c tio n  m ay  be in te r ru p te d  by  rap id  c e n tr ifu g a tio n , th is  
b e ing  th e  m ost co rrec t w ay  for e s tim a tin g  th e  re su lts . I f  c e n tr ifu g a tio n  is

T o x in  
m l

0.00 2 - 

0 . 0 3 8 -  

0 .0 3 0 -  

0 .0 3 0 -

0 .1 6  

0 .1 5

0.10  

0 .1 3

0.10

Apr. May Ju n e  J u ly  A u g . S e p . Oct. Nov. Dec. J a n . M onths
F ig .  1 . Fluctuations of the Lh/2 and Lh/10 values of staphylococcal alpha-toxin No 21/2—4 

tested against erythrocytes of the same rabbit

o m itte d , i t  is adv isab le  to  read  th e  te s t  a f te r  abou t 25 m in u te s  a t  room  te m p e ra 
tu r e ,  th e  degree o f  haem olysis b e in g  observab le  w ith  th e  n ak ed  eye a t  th is 
p o in t o f tim e.

The significance o f  standard serum . T h e  errors in a n tis ta p h y lo ly s in  t i tra tio n  
m ay  be overcom e b y  p a ra lle l te s tin g  o f  a con tro l serum  o f know n and  c o n s ta n t 
s tre n g th . The use o f  s ta n d a rd  a lp h a -a n tito x in  was in tro d u c e d  b y  P a c k a l e n  
a n d  B e r g q u i s t  [1 7 ],on  grounds o f th e  a n tis tre p to ly s in  t i t r a t io n  m e th o d  evo lved  
b y  I p s é n  [8]. The s ta n d a rd  series s ta r ts  w ith  1 /25 IU , w ith  a 20 p er cen t red u c tio n  
in consecutive tu b e s . T he sera of p a t ie n ts  w ere in v es tig a ted  in  tw ofo ld  d ilu tions 
sa tis fac to ry  for c lin ica l purpose. In d e p e n d e n tly  o f th e  above c ited  a u th o rs , 
we in tro d u ced  a c o n tro l series an a logous w ith  th a t  used  b y  J e n s e n  [12] for 
th e  in tra c u ta n e o u s  t i t r a t io n  of d ip h th e r ia  to x in  in  r a b b its . The m idd le , i. e. 
th e  3rd , tu b e  o f th e  series co n ta in ed  IU  am oun ts eq u iv a len t to  th e  t i t ra t io n  
level, th e  1st an d  2nd  tu b es 20 a n d  10 p e r cent m ore, th e  4 th  an d  5 th  ones

H. s e r u m  

S . s e r u m
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Table II

O ccu rren c e  o f  h a e m o ly s is  a t  room  te m p e r a tu r e  a fte r  37° C  w a te r  hath

S taphylococca a lp h a -a n tito x in

0.012 IU 0.011 IU 0.010 IU 0.009 IU

S ta p h y lo c o c c a l a lp h a - to x in

0.038 m l 0.038 m l 0.038 ml 0.038 m l

Reading
after 15 minutes ............................. - ( ? ) + +  -Г

after 25 minutes ............................. — + • + + .

after 40 minutes ............................. - + + + . + +

After centrifuging
immediately ..................................... + . +  +

after 15 minutes ............................. — — + . + +

after 25 minutes ............................. - — + . + +

after 40 minutes ............................. — + . + +

Legends: —: no haemolysis
+ .  +  +  + .  - ■ : haemolysis of increasing degree.

10 an d  20 per c e n t less, re sp ec tiv e ly . By t i t r a t io n  a t th e  1 IU  level 1.2, 1.1, 
1.0, 0.9 and  0.8 IU  o f an tito x in  is added  to  th e  contro l tu b e s . I f  w ork ing  
a t  th e  1/10 or 1/100 IU  levels, th e  correspond ing  tu b es co n ta in  te n  or h u n d red  
tim es  less s ta n d a rd  serum , resp ec tiv e ly . W ith  th e  firs t tra c e s  of haem olysis 
in  th e  3rd  tu b e  th e  t i t r e  need n o t  be co rrec ted . O therw ise i t  is necessary  to  
c o n v e rt the t i t r a t io n  resu lts  in to  rea l values b y  m u ltip lic a tin g  with a fac to r 
o f  1.2— 0.8 acco rd in g  to  th e  f ir s t  ap p earan ce  o f  haem olysis in  th e  con tro l 
tu b e s . The significance of the  co n tro l series is d e m o n s tra te d  in T ab le  I I I ,  show 
ing  th e  results o f  re p e a te d  t i t ra t io n s  o f th e  sam e serum  em p lo y in g  physiologic 
saline w ith  and w ith o u t 0.1 per cen t ge latin , resp ec tiv e ly . O m ittin g  th e  con tro l 
series, th e  s tap h y lo co cca l a lp h a -a n tito x in  sheep  serum  No 4A  would have 
been  declared to  c o n ta in  130 or 110 IU  per m l a t  th e  f irs t  t i t r a t io n  and  140 
or 120— 125 IU  p e r  m l a t  re -te s tin g . The co rrec t values o b ta in e d  b y  fac to ri
za tio n  proved  to  be 110— 112 an d  108— 112 IU  p e r  m l, re sp ec tiv e ly . The low er 
th e  t i t ra t io n  level, th e  more im p o rtan ce  m u st be a t t r ib u te d  to  the  contro l 
series. H igher d ilu tio n s  o f  to x in  invo lve  more m an ip u la tio n s  re su ltin g  in m ajo r 
d e s tru c tio n  and a d e v ia tio n  in  th e  re su lts  w hich  e. g. a t  th e  1/100 IU  level, 
o m ittin g  s ta n d a rd iz a tio n , m ay reach  35 per c en t [21]. B y  in tro d u c in g  our 
co n tro l series the  d e v ia tio n  does n o t exceed ^  6 p e r cen t a t  th e  1/10 IU  level, 
a n d  i  10 per cen t a t  th e  1/100 IU  level.



Table I I I

T i tr a t io n  o f  s ta p h y lo c o cca l sh eep  a n t i to x in  N o  4 A  a t th e  1 .0  1 U  level o n  tw o  d i f fe r e n t  o cca s io n s

• Dilution fluid
1U supposed IU  content of control tubes

Factor Result
100 110 120 130 140 1.2 1.1 1.0 0.9 0.8

Saline-phosphate buffer .............. + i ’ + _ _ __ _ +  + 0.85 
0.8 or
1.0

130x0.85 =  110.5 IU or

Saline-phosphate buffer contain
ing 0.1 per cent gelatin............ — + + + . + + + + - - + +  + +  +  +

140x0.8 =  112.0 IU 
110x1.0 =  110.0 IU

Saline-phosphate buffer .............. — — — — + — — — — + 0.8 140x0.8 =  112.0 IU
Saline-phosphate buffer contain-

ing 0.1 per cent gelatin............ + . +  + + + + + +  + 0.9 120x0.9 =  108.0 IU

Legends: — : no haemolysis
—|— -j-, + + • >  +  +> +  +  +  : haemolysis of increasing degree.
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D iscussion

W ith  s tap h y lo co cca l a n tito x in  t i t r a t io n , v a rious sources of e rro r m u s t 
be ta k e n  in to  ac c o u n t. A lp h a-to x in  m ay  be d e n a tu re d  b y  sim ple p h y sica l 
effects [6]. A lth o u g h  ou r o b serv a tio n s fu rn ish ed  conv incing  p ro o f fo r th e  
stab iliz in g  effect o f  g e la tin , all m an ip u la tio n s  w ith  th e  tox in  m ust be ca rried  
o u t v e ry  care fu lly . I n  ou r experience th e  e x te n t o f  haem olysis is in flu en ced  
even  b y  th e  freq u en cy  an d  e x te n t o f  shak in g  th e  tu b e s  in te n d e d  for p re v e n tin g  
th e  sed im en ta tio n  o f  e ry th ro c y te s . F o u r or five  shak ings a t th e  10th, 30 th  
an d  5 0 th  m inu tes o f  in cu b a tio n  p ro v ed  to  be th e  m ost su itab le , as confirm ed  
b y  th e  o b serv a tio n s o f  D ó biás e t  a l . [4].

The errors a ris in g  from  th e  d iffe ren t se n s itiv ity  o f  th e  e ry th ro cy te s  o f  
in d iv id u a l an im als m a y  be e lim inated  b y  th e  use o f red  b lood  cells from  th e  
sam e ra b b it , p re fe re n tia lly  of a lb ino  ty p e  w ith  no a n tis tap h y lo ly s in  in  its  
se rum . The possib le se n s itiv ity  changes o f th e  e ry th ro c y te s  o f th e  chosen 
ra b b it, as well as th e  e v e n tu a l c o n c e n tra tio n  d ifferences o f  red  blood cell su sp en 
sions p rep ared  a t  d iffe ren t po in ts  o f  tim e , fin a lly  th e  occasional v a ria tio n s  
in  th e  s tre n g th  o f to x in , m ay  be overcom e b y  p a ra lle l te s tin g  o f a s ta n d a rd  
serum  allow ing th e  conversion  o f th e  t i t r a t io n  re su lts  in to  rea l values by  fa c to 
riza tio n .

On th e  basis o f  o u r experience, a s ta n d a rd iz e d  m eth o d  fo r s taphy lococcal 
a lp h a -a n tito x in  d e te rm in a tio n  has been e lab o ra ted  as follows.

B uffered  physio logic saline o f p H  7.2 w ith  0.1 p er cen t ge la tin  is used 
for th e  d ilu tio n  o f se ru m  an d  to x in  sam ples, for w ashing  an d  suspend ing  
th e  e ry th ro c y te s . In  100 ml of s terile  bu ffer (8.5 g NaCl, 0.565 g N a2H P 0 4 - 
•2 H 20 ,  0.135 g K H 2P 0 4, ad  1000 m l o f distilled  w ater) 0.1 g ge la tin  is dissolved 

by  boiling . The so lu tio n  rem ains p ra c tic a lly  sterile  an d  keeps its  p H  value 
c o n s ta n t or only  n o t s ig n ifican tly  low ered . A fter h av in g  been cooled it  is re a d y  
for use. D ilu tion  o f th e  to x in  is ca rried  o u t carefu lly . A fte r ad d in g  th e  a p p ro 
p ria te  am o u n t of to x in  to  th e  b o tto m  o f an  E rlen m ey er f la sk  and  allow ing 
th e  d ilu tio n  flu id  to  ru n  along th e  side of th e  fla sk , m ix ing  is achieved b y  
ro ta to ry  m otion .

T he te s t  dosis e. g. th e  Lh/10 v a lu e  o f th e  to x in  is d e te rm in ed  as T able 
IV  d em o n stra te s . T h e  figu res in  T ab le  IV  show th a t  the  Lh/10 value o f 
th e  to x in  p roved  to  be 0.036 m l. Since th is  am o u n t o f  to x in  m u st be co n ta i
ned  in  0.5 ml a t  th e  a n tito x in  t i t r a t io n , th e  p ro p er d ilu tio n  is p repared  to  
co n ta in  0.072 ml o f to x in  per ml.

I f  fu lly  ig n o ran t o f  th e  a n tito x in  co n ten t o f th e  serum , a p ilo t titra tio n  
is ca rried  o u t. A t i t r a t io n  a t  th e  1/10 IV  level p resen ted  in  T ab le  V shows th a t

О A cta Mierobiologica V III/3
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Table IV

T u b e  No

1. 2, 3. 4. c o n tro l

1 : 10 d ilu tio n  of to x in m l 0.30 0.33 0.36 0.40 _
D ilu tio n  flu id m l 0.70 0.67 0.64 0.60 1.5

0.2 IU  p e r m l d ilu tion  of
s ta n d a rd  serum m l 0.5 0.5 0.5 0.5 —

A fter gentle  sh ak in g  an d  in cubation  fo r 30 m inu tes a t  room  tem p e ra tu re

2 p e r  cen t ra b b it e ry th ro c y te
suspension  m l 1.0 1.0 1.0 1.0 1.0

A fter gentle sh ak in g  an d  incu b a tio n  for 60 m inu tes in  a  37°C w a te r b a th  
(a d d itio n a l shakings a t 10 th , 3 0 th  and  50 th  m in u te s)

D egree of haem olysis in  th e  su perna
ta n ts  a fte r 25 m in u te s  a t  room  te m 
p e ra tu re  ......................................................  — — +

Table V

T u b e  N o.

1. 2. 3. 4. 5 co n tro l

D ilu tio n  of serum i / i 1/10 1/10 1/10 1/10 1/1
A m o u n t o f serum d ilu tio n ml 1.0 1.0 0.2 0.1 0.05 1.0

D ilu tio n  fluid ml — — 0.8 0.9 0.95 0.5

D ilu tio n  of toxin
(0.72 +  9.28 =  2 L h /1 0 /m l) m l 0.5 0.5 0.5 0.5 0.5 -- '

In c u b a tio n  for 30 m in u te s  a t  room  tem p era tu re

2 p e r  cen t rab b it e ry th ro c y te
suspension ml 1.0 i . o  1 1.0 1.0 1.0 1.0

In c u b a tio n  for 60 m in u te s  in  a  37°C w a te r b a th  (shaking a t  10th , 30 th  an d  50 th  m inutes),

IU  ex p e c te d 0.1 1.0 5.0 10.0 20.0 -

D egree of haem olysis in  th e  su perna
ta n ts  afte r 25 m in u te s  a t  room  tem 
p era tu re — - +  +  + +  +  + —

th e  t i tre  of th e  se ru m  lies be tw een  1.0 an d  5.0 IU  p e r m l. (The t i t r e  is ca lcu 
la te d  b y  d iv id ing  th e  n itra tion  level, 0.1 in  th is  case, b y  th e  a m o u n t o f serum , 
in  th e  presence o f  w h ich  th e  f irs t tra c e s  o f haem olysis have  appeared .)

For a co rrec t ev a lu a tio n , th e  t i t r a t io n  is re p e a te d  in tro d u c in g  a con tro l 
series as follows (see T able V I).
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Table VI

T ube No J Control series

1. 2. 3. 4. 5. 1. i 2. 3. 1 4. 5.

1 : 10 d ilu tio n  of serum  m l 1.0 0.5
1

0.33 0.25 0.20 _- _ _ _
0.2 IU  per m l d ilu tion  of

s ta n d a rd  serum  m l _ _ _ - 0.6 0.55 0.5 0.45 0.40
D ilu tio n  flu id  m l — 0.5 0.67 0.75 0.80 0.4 0.45 0.5 0.55 0.60
D ilu tio n  of toxin

(0.72 +  9.28 =  2 L h/10/m l) ml 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

F o r fu rth e r step s see b y  p ilo t titra tio n  (Table V)

IU  p e r  ml 1.0 2.0 3.0 4.0 5.0
IU  c o n te n t  o f  tubes

0.12 0.11 0.10 0.09 0.08

D egree of haem olysis in  the  
su p e rn a ta n ts  a fte r 25 m in u 
tes  a t  room  tem p era tu re - + +  + + + + - - — + +  +

A ccording to  th e  haem olysis o b se rv ed  in  th e  contro l tu b e s , th e  t i tra tio n  
level is 0.09 IU  in s te a d  o f the 0.1 as o rig in a lly  supposed. T hus, th e  ac tu a l t i t re  
o f  th e  se ru m  equals 0.9 tim es 3, i. e. 2 .7 IU .

The accu racy  o f  th e  t i t ra t io n  m a y  be enhanced b y  se ru m  d ilu tions 
a t  c loser steps. I f  exam in in g  values u n d e r  0.1 IU , th e  t i tra t io n  m u s t be carried  
o u t a t  th e  1/100 IU  level. In  th is case th e  Lh/100 am oun t of to x in  is used, th e  
d e te rm in a tio n  of w hich is iden tica l w ith  th a t  o f th e  Lli/10 v a lu e , b u t th e  
s ta n d a rd  serum  is d ilu ted  to  contain  0 .02 IU  p e r m l. A t th e  a n tito x in  t i tra tio n
0.012— 0.008 IU  is ad d ed  to  the c o n tro l tu b es  according to  th e  t i t r a t io n  level. 
F o r com parab le  resu lts  th e  d e te rm in a tio n s  m u st be carried  o u t a t  iden tica l 
t i t r a t io n  levels.
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Sum m ary. S to rag e  a t  —10°C of sp o re s o f  Streptom yces rim osus  BS —21, o r th e  se ria l 
su b c u ltu rin g  of th is  o rg an ism , leads to  a  d im in u tio n  of its  O xyte tracycline  yield. T his is  a cco m 
p an ied  b y  changes in  m orpholog ic  fea tu res , a n d  b y  changes in  m etabo lic  ac tiv ity . I n  m ed ia  
c o n ta in in g  glucose a n d  v a rio u s  amino acids, e. g . g lycine, D L -a lan in e , /7-alanine, and  D L -se rin e . 
th e  g re a te s t  observab le  d ivergence betw een  v a r ia n ts  w ith  good a n d  h a d  yields ap p ea rs  in  th e ir  
p y ru v ic  acid m etabo lism . Loss of p ro d u c tiv i ty  is g rea tes t in  m ed ia  w hich c o n ta in  se rin e , 
Som e o f th e  v a r ia n ts  w h ich  hav e  a te n d e n c y  to  decrease th e ir  p ro d u c tio n  w ould s ti ll  g ive  an  
u n c h an g e d  y ield  o f O xytetracycline  in o th e r  m ed ia  b u t  p ro d u ce  o n  a  lower level w h en  k e p t  
in  m ed ia  co n ta in ing  se rin e . W hen  the  p ro d u c tio n  cap ac ity  o f Streptom yces rim osus fa lls , i ts  
c o n s titu tiv e  serine-desam inase  activ ity  in c re a se s , its  c ap ac ity  to  u tilize  p y ru v ic  acid  decreases .

In v es tig a tio n s  on the  m e tab o lism  an d  O xytetracycline p ro d u c tio n  o f  
Streptom yces rim osus  BS— 21 have b e e n  carried  o u t in  these  lab o ra to rie s  fo r 
severa l years [1, 2, 3]. D uring sto rage  th e  p ro d u c tio n  c a p a c ity  of th is  o rg an ism  
d im in ishes, a s im ila r phenom enon c a n  also be b ro u g h t ab o u t b y  seria l s u b 
cu ltu rin g . Beside m orphologic signs th e  fa ll in p ro d u c tio n  cap ac ity  is a c c o m p a 
n ied  b y  changes in  m etab o lic  a c tiv ity . T h e  m etabo lism  o f v a ria n ts  w hich d iffe r 
in  th e ir  p ro d u c tio n  c a p ac ity  has b e e n  in v es tig a ted  in  sy n th e tic  m edia , a n d  
th is  p a p e r p resen ts re su lts  gathered  d u r in g  th is  w ork.

M aterials a n d  m ethods

E x p erim en ts  on  th e  m etabolism  of n a tu r a l  v a r ia n ts  o f  s tra in  BS — 21/37, —72, a n d  
— 76, o f Streptomyces rim osus, have been c a r r ie d  o u t. In  m ed iu m  В (see below) these  v a r ia n ts  
p ro d u ced , re spec tive ly , 2000, 100 and 2000 ,«g/m l o f O xytetracycline . In ocu la tions w ere m ad e  
w ith  suspensions o f spores w h ich  had  been k e p t  in  sto rage  a t  — 10°C. T he m edium  used  fo r th e  
p ro d u c tio n  o f spores w as com posed of (per c e n t  w /v ): soybean  m ea l (d e fa tted ), 1; y e as t e x tr a c t ,  
10; glucose, 1; sodium  ch lo rid e , 0.3; calcium  c a rb o n a te , 0.5; p H  7 before  steriliza tion .

P re p a ra tio n  of th e  y e a s t ex tract; 1 k g  o f  y e as t is liq u ified  w ith  e th y l a ce ta te , m ix ed  
w ith  one l ite r  o f w a ter, a u to c lav ed  a t 121°C fo r  20 m in u tes , a n d  allow ed to  se ttle  fo r  se v e ra l 
h ours. T h e  som ew hat tu rb id  su p e rn a tan t l iq u id  lay e r is used  in  th e  m edia.

To de te rm in e  th e  p ro d u c tio n  cap ac ity  100 m l po rtions o f m ed iu m  В were sh a k e n  in  
500 m l E rlen m ey er flask s. T h is  m edium  was co m p o sed  of (per cen t w /v ) soybean  m eal (d e fa tte d ) , 
3; p o ta to  s ta rch , 2.5; co rn  s teep  liquor (50%  d ry  sub stan ce), 0.1; N aC l, 0.3; C aC 03, 0 .5; p a lm  
oil, 1; p H  7 before s te riliza tio n . F o r in o cu la tion  1 m l o f suspension o f spores p roduced  in  sh ak en  
c u ltu re s  w as tak en .

In  ex p erim en ts w ith  sy n th e tic  m edia in o cu la  were sh ak en  in  100 m l po rtions o f  th e  
m ed iu m , in  500 m l E rle n m ey e r flasks. The m e d iu m  w as com posed o f (p e r cen t w /v): glucose, 
1; g lycine , 0 .5; NaCl, 0 .3; K H 2P 0 4, 0.013; T w een-80 , 0.002; p H  7 before s te riliza tio n . T h e  
m ed iu m  w as m ade w ith  1 m l spore suspension p re p a re d  as m en tio n ed  before. In c u b a tio n  tim e  
o f th e  in o cu la  was 96 h o u rs .

T he experim en ts concern ing  m etabo lism  in  sy n th e tic  m ed ia  h av e  been carried  o u t w ith  
40 m l p o rtio n s  o f  th e  m ed iu m  in  100 ml E r le n m e y e r  flasks. T his m ed iu m  was com posed  o f
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(per cent, w /v ): glucose, 1 .5; N aC l, 0.3; T w een-80, 0 .002; glycine, 0.5; or som e o th e r  am ino acid  
w ith  th e  sam e n itro g en  c o n te n t  as 0.5%  of g lycine , a n d , in  th e  form  of K H 2P 0 4, th e  q u a n titie s  
o f p h o sp h a te  m en tioned  in  th e  experim en tal p a r t  o f  th is  p ap er. Before s te riliza tio n  th e  p H  
value w as 7. M edia w ere m ad e  u p  w ith  ta p  w a te r , a n d  in o cu la ted  w ith  0.4 m l o f  an  in ocu lum  
grow n in  th e  sy n th e tic  m ed iu m  described before .

T h e  m ed ia  w ere s te rilized  in  steam  a t  121°C fo r 20 m inu tes. T he r o ta r y  sh a k e r  m ade  
300 re v o lu tio n s  p e r m in u te  a ro u n d  a c ircu lar p a th  w ith  a  2 cm  d iam ete r. T h e  te m p e ra tu re  
was k e p t  a t  28°C th ro u g h o u t.

A n a ly tica l methods. T h e  co n cen tra tio n  o f O x y te tracy c lin e  was d e te rm in ed  b y  th e  ag ar 
d iffusion  m e th o d  w ith  B a cillu s  subtilis ATCC 6633 [4]. T he follow ing d e te rm in a tio n s  w ere 
m ade fro m  th e  s u p e rn a ta n t  o f th e  c en trifu g a ted  sam p les; glucose has b een  d e te rm in ed  b y  
S z á r a ’s [5 ]  m eth o d  (for d e ta ils  see; f2 ] ) ;  am ino  n itro g e n  has been m easu red  as described  b y  
B o i s s o n a s  [ 6 ] ,  and p y ru v ic  acid  has been a n a ly se d  b y  F r i e d m a n  and  H a u g e n ’s m eth o d  [7 ] .  
M easu rem en t o f th e  am ino  n itro g e n  in  fe rm e n ta tio n  sam ples has been  c a rried  o u t as follows. 
S heets o f  f i l te r  p a p e r w ere  in m ersed  in  a so lu tio n  o f  3%  (w/v) N aO H  in  ab s. e th an o l, d ried  
a t 60°C a n d  c u t in to  d isk s o f  28 m m  d iam eter. T h e  sam p le  w as allowed to  d rop  u p o n  such  a n  
im p re g n a te d  d isk  w h ilst h o t  a ir  (ab o u t 80°C) w as b lo w n  th e re o n  to  d ry  th e  liq u id . T he a m o u n t 
o f am in o  n itro g e n  b ro u g h t u p o n  th e  paper w as fro m  5 to  30 ;<g. U sing th is  p rocess , th e  am m o n ia  
c o n te n t o f  th e  sam ple  w as d riv en  off. T he a m o u n t o f  th e  am ino n itro g en  on  th e  p a p e r w as 
re fe rred  to  a  glycine s ta n d a rd ,  excep t in  th e  case  o f  /З-a lan in e , w here a ca lib ra tio n  cu rve  w as 
used ; th e  ex ac tn ess  o f th is  p ro ced u re  was v e rif ied  b y  p a p e r  ch ro m a to g rap h y  (in  ch ro m ato g ram s 
no s ig n if ic a n t am o u n ts  o f  a -am in o  acid cou ld  b e  fo u n d ). T he d e te rm in a tio n  o f a lan in e  w as 
c a rried  o u t  b y  q u a n ti ta t iv e  p a p e r  ch ro m a to g rap h y  as described  by  B r a u n  et al. [8 ] .  T he p a p e r  
c h ro m a to g ra p h y  of th e  k e to -a c id s  was c a rried  o u t  b y  Ca v a l l i n i  and  F r o n t a l i ’s m eth o d  [9 ] .  
D ry  su b s ta n c e  w as d e te rm in e d  b y  cen trifugal se d im e n ta tio n , w ashing w ith  w a te r , and  d ry in g  
n  a n  e x sicca to r over p h o sp h o ru s  pen tox ide .

R esu lts

Streptom yces rim osus  BS— 21 p ro d u c e d  spores well in  sh ak en  cu ltu res . 
I t  h as  b een  found th a t  a suspension o f th e se  spores kep t in  s to rag e  a t — 10°C 
is su ita b le  n o t on ly  fo r inoculation  b u t  fo r th e  p reserv a tio n  o f th e  species as 
w ell. In  p o in t of p ro d u c tio n  of O x y te tracycline  and o ther m orphologic  fea tu re s  
no s u b s ta n tia l  d ifference  was o bserved  betw een  fe rm en ta tio n s  inocu la ted  
w ith  subm erged  c u ltu re s  or w ith c u ltu re s  ra ised  on a solid n u tr ie n t co n ta in 
ing  g lycero l, corn s teep  liquor an d  y e a s t e x tra c t.

B ased  upon  o b se rva tions m ade in  th e  course of ex p erim en ts , th e  change 
o f tw o  fea tu re s  has b een  sy stem atica lly  in v e s tig a te d ; th e  loss o f O xy te tracyc
line p ro d u c tio n  c a p a c ity  in the  В -m ed iu m , an d  the degree o f loss of spore 
p ro d u c tio n  m easu red  b y  p la ting  on a p o ta to -in fu s io n -ag ar m ed ium . T ra n s 
p la n te d  íro m  shaken  cu ltu res in to  sh a k e n  cu ltu res, the  first genera tions h a d  
th e  sam e cap ac ity  o f  p roduc tion , an d  on p o ta to -in fu sio n -ag ar m edia th e  n u m 
b e r o f  spore-free v a r ia n ts  was less th a n  0 .1% . L a te r on, O xytetracycline  
p ro d u c tio n  c a p ac ity  fell g radually , an d  a t  th e  sam e tim e , on p o ta to -in fu sio n - 
a g a r cu ltu res , th e  n u m b e r of colonies u n a b le  to  produce spores becam e g rea te r . 
T hese s im u ltaneous changes are d ep e n d e n t on the  serial n u m b er of a g en e r
a tio n , an d  on th e  d u ra tio n  of sto rage  a t  — 10°C; a longer period  of s to rag e  
re su lte d  in  a g re a te r  degree of loss o f  p ro d u c tio n  cap ac ity  caused  b y  a c e r ta in  
n u m b e r  of tra n sp la n ta tio n s . E x p e rim en ts  on m etabolism  h av e  been ca rried  
o u t w ith  n a tu ra l v a r ia n ts  produced  d u rin g  th is  storage.
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E xperim en ts on metabolism in  m edia containing glycine. B ased  u p o n  
ex p erien ce  g a th e red  du ring  w ork w ith  la b o ra to ry  fe rm en ters [2], th e  e x p e ri
m e n ts  on m etabo lism  began w ith m e d ia  con ta in in g  glycine. T he tw o  v a r ia n ts  
d iffe ring  m ost from  each  o ther w ere u sed  in  these  ex p erim en ts . T he v a r ia n t 
BS— 21/76 p roduces 2000 ^g /m l O x y te tracy c lin e ; its  spore-free colonies, on 
p o ta to -in fu s io n -a g a r n u m b er less th a n  0 .1 % . The v a r ia n t BS— 21/72 p roduces 
100 jitg o f O xytetracycline  per m l, i ts  spore-free v a r ia n ts  a m o u n t to  9 9 % . 
E x p e rim e n ta l re su lts  referring  to  m ed ia  con ta in in g  d iffe ren t q u a n titie s  o f 
p h o sp h a te s  are sum m arized  in  F igs I /o —j .

C onsum ption  o f th e  various in g re d ie n ts  of th e  m ed ium  increases w ith  
in c rea s in g  p h o sp h a te  co n ten ts . V a r ia n t BS— 21/72 exh ib its  g re a te r  m etab o lic  
a c t iv i ty  th a n  th e  v a r ia n t  BS—21/76. G rea te r m etabolic  a c t iv i ty  is accom 
p a n ie d  b y  a m ore ra p id  succession o f  th e  phases o f d ev e lo p m en t; th e  b reak in g  
o ff  o f  p a r ts  from  m ycelium  th re a d s  a n d  th e  shaping  o f th ese  bacillus-like 
fra g m e n ts  in to  spores proceed m ore ra p id ly , th e  degree of au to ly sis  is g rea te r. 
U n d e r id en tica l c ircum stances th e  d ry  m a tte r  co n ten ts  of th e  fe rm e n ta tio n  
b ro th  are  low er. T h e  m ost p ro n o u n ced  divergence is show n in  th e  p y ru v ic  
ac id  c o n cen tra tio n  d u rin g  fe rm e n ta tio n . In  th e  case o f th e  v a r ia n t  BS— 21/76 
o f  Streptom yces rim osus  a m easurab le  p y ru v ic  acid level is to  be found  only 
w hen  p h o sp h a te  con cen tra tio n s a re  low , w ith  v a r ia n t BS— 21/72 p y ru v ic  
ac id  p ro d u c tio n  w as ev id en t even a t  th e  h ighest p h o sp h a te  v a lu es , an d  a t  
low  p h o sp h a te  co n cen tra tio n s the  o ccu rren ce  o f 0.15— 1.2 m g/m l o f p y ru v ic  
ac id  h as  been  n o te d .

T h e  q u a n tity  of O xytetracycline p ro d u ced  b y  each  o f th ese  v a r ia n ts  
d ep en d s on th e  p h o sp h a te  co n cen tra tio n  o f  th e  m edium . A t p h o sp h a te  co n ten ts  
o f  30 jUg/ml, th e  v a r ia n t  w ith  good p ro d u c tio n  cap ac ity  p ro d u ced  550 jWg/ml 
O x y te tracy c lin e ; th e  o p tim u m  c o n c e n tra tio n  of p h o spha te  for th e  v a r ia n t w ith  
sm all p ro d u c tio n  c a p a c ity  is 20 jug/m l, an d  th e  q u a n tity  o f O xyte tracycline  
p ro d u c e d  is 400 jUg/ml. A  b e tte r  p ro d u c tiv i ty  of th e  v a r ia n t BS— 21/72 w as 
e v id e n t in  th e  sy n th e tic  m edium  co m p a re d  w ith  its  p ro d u c tiv ity  in  m ed ium  
В co n ta in in g  soybean  m eal, sta rch , a n d  fa t .  The cause o^ th is  m ig h t be found  
in  th e  fa c t th a t  in  th is  m edium  a s u b s ta n tia l  degree o f b a s ic ity  is evo lved  in  
consequence  of ra p id  m etabolism , th e  p H  rises above 9 an d  th is  in h ib its  p ro 
d u c tio n . In  a sy n th e tic  m edium  th e  s h if t  to w ard s h igher p H  v alues is sm aller 
an d  does n o t reach  p H  8. A t high p h o s p h a te  co ncen tra tions (90— 120 p g /m l)  
p H  v a lu es  h igher th a n  8 are som etim es observed  in  th e  second h a lf  o f th e  
fe rm e n ta tio n .

In  m ed ia  co n ta in in g  glycine, se c re tio n  o f alan ine can be observed  d u rin g  
fe rm e n ta tio n  (Table I) . T he degree o f  th is  secre tion  depends on th e  concen
tr a t io n  o f  p h o sp h a te  in  th e  m edium . T h e  h ig h est co n ten ts o f a lan ine  w ere fo und , 
as a ru le , w ith  p h o sp h a te  c o n cen tra tio n s  favourab le  to  O xyte tracycline  
p ro d u c tio n .
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24 48 72 96 120 /44 hours

48 72 9 6  120 /44 hours

F ig . 1 /a —j .  In v estig a tio n s  o f  th e  m etabo lism  a n d  of th e  p ro d u c tio n  of O xytetracycline  in  
m ed ia  con ta in ing  g lycine  a n d  glucose. E x p e rim en ts  a t  d iffe re n t p h o sp h a te  c o n ce n tra tio n s . 
F ig u re s  l /а , c, e, g. a n d  i re fe r  to  v a r ia n t BS— 21/76; F igu res 1/6. d, / ,  6, and  j  refer to  v a r ia n t

BS— 21/72
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Tabló I

Form ation o f alanine in  media containing g lycine, w ith d ifferent quantities o f  phosphate added, 
in  the case o f  varian ts B S — 21/76, and B S — 21/72

F e r
m en ta -

V a r ia n t  B S—21/76 V a r ia n t  B S — 21/72

10 20 30 60 90 120 10 20 30 60 1 90 120
tio n

tim e,
h o u rs

/<gP/ml
a la n in e  N  m g/m l

/igP /m l
alan ine  N  m g/m l

48 0.03 0.07 0.09 0.04 0.02 0.02 0.08 0.09 0.09 0.02 0.03 0.02

72 0.06 0.08 0.11 0 0 0 0.10 0.10 0 0 0 0

96 0.10 0.10 0.08 0 0 0 0.08 0.06 0 0 0 0

120 0.09 0.08 0.04 0 0 0 0.06 0.03 0 0 0 0

144 0.08 0.06 0 0 0 0 0.03 0 0 0 0 0

Investigations o f  metabolism in  m edia containing D L-alanine , ß-a la n in e , 
and DL-serine. In  fu r th e r  ex perim en ts th e  m etabo lism  o f tw o n a tu ra l v a r ia n ts

F ig. 2 /a —b. In v e s tig a tio n  of the  m etab o lism  in  m ed ia  co n ta in in g  D L -alan ine  a n d  glucose- 
F ig u re  2/a refers to  v a r ia n t  BS— 21/76; F ig u re  2/6 re fers to  v a r ia n t  BS— 21/72. P h o sp h a te  con
c e n tra tio n  o f th e  m ed ia  w as 30 //g nil of P . C o n ten t o f D L -a lan in e  in  th e  m edium , 0 .6%  (w/v>

co m p ared  in  g lycine m edium  were co m p ared  also in  m edia con ta in in g  D L- 
a lan in e , /З-alan ine, a n d  D L-serine. T h ese  ex p erim en ts  w ere carried  o u t u n d e r  
id e n tic a l cond itions w ith  va iied  c o n c e n tra tio n s  o f  p h o sp h a te . E x c e p t w ith  
th e  m ed ium  co n ta in in g  D L-serine, th e  re su lts  w ere sim ilar to  those found 
w ith  m edia  c o n ta in in g  glycine. F o r  com parison , F igs. 2/о— b, 3 /a— b, an d  
4 /a— b show  th e  ch an g es in m e tab o lism  in  th e  case of a co n cen tra tio n  o f  
phosphorus of 30 /tg /m l.

T he co n su m p tio n  o f  sugar b y  th e  v a r ia n t  BS— 21/76 proceeds w ith  s im ila r 
v e lo c ity  no m a tte r  w h ich  of the th re e  sources o f n itro g en  is p resen t in  th e  
m ed ium , b u t w ith  /З-a lan ine  sugar co n su m p tio n  begins one d ay  la te r . T he 
con su m p tio n  of D L -a lan in e  is m ore ra p id  th a n  th a t  o f D L -serine. The con
su m p tio n  o f ß  a lan in e , beginning a T e r  som e d e lay , is s im ila r to  th e  co n su m p tio n  
o f  D L -alan ine . A ccu m u la tio n  of p y ru v ic  acid  is low . The consum ption  o f  su g ar
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b y  th e  v a r ia n t BS— 21/72 is more ra p id  w ith  each  of th e  th ree  sources o f n i tro 
gen. S im ilarly , its  con su m p tio n  of D L -a lan in e  an d  /S-alanine is m ore ra p id , 
b u t  i ts  co n sum ption  o f  D L-serine is slow er. A ccum ulation  o f p y ru v ic  acid 
is co n sid e rab ly  in c rea sed . The q u a n t i ty  o f  th e  m ycelium  p roduced  is less, and  
a u to ly s is  ra th e r  p ro n o u n ced .

F ig . 3 /a —6. In v e s tig a tio n  o f the  m etab o lism  in  m edia  con ta in ing  /f-alanine an d  glucose. 
F ig u re  3 /a  refers to  v a r ia n t  BS— 21/76; F ig u re  3/6 refers to  v a r ia n t  BS— 21/72. P h o sp h a te  con
c e n tr a t io n  of th e  m ed ia  w as 30 /ig/m l o f P . C o n ten t o f /?-alanine in  th e  m ed iu m , 0.6%  (w /v)

F ig . 4 /a — b. In v e s tig a tio n  of th e  m etab o lism  in  m edia  con ta in ing  D L -serine  an d  glucose. 
F ig u re  4/a  refers to  v a r ia n t  BS— 21/76.F ig u re  4/6 re fers to  v a r ia n t BS— 21/72. P h o sp h a te  concen
t r a t io n  of th e  m ed ia  w as 30 /ig/'mI o f P . C o n ten t o f D L -serine in th e  m ed iu m , 0.7%  (w /v)

The v a r ia n t B S— 21/76 p ro d u ces O xytetracycline in s im ila r q u a n titie s  
in  m edia  co n ta in in g  d ifferent sources o f n itro g en  (Tables I I ,  I I I ,  and  IT ). 
30 //g P /m l is th e  op tim u m  co n c e n tra tio n  of p h o spha tes for p ro d u c tio n . T he 
v a r ia n t  BS— 21/72 produces 200— 250 /tg /m l O xytetracycline in  th e  presence 
o f  D L -alan ine  a n d  /З-a lan ine; a n d  20 /ig  P /m l is th e  m ost fav o u rab le  concen
t r a t io n  o f p h o sp h a te s . In  the p resence  o f D L -serine no p ro d u c tio n  could be 
reg is te red .

In  m edia c o n ta in in g  /З-a lan in e  th e  consum ption  o f th e  com ponen ts 
o f  th e  m edia, a n d , to g e th e r w ith  th is , th e  p ro d u c tio n  of O xytetracycline s ta r ts  
w ith  a delay  o f  a b o u t 24 hours. I f  10%  o f th e  /З-alan ine is su b s ti tu te d  b y  
D L -a lan in e , th is  d e lay  fails to  o ccu r, an d  th e  course o f m e tab o lism  is w ith  
b o th  v a rian ts  th e  sam e as w ith  D L -a lan in e .
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Table II

Oxytetracycline output in  m edia containing D L -a la n in e , and phosphate at different concentrations

F e r
m en ta 

tio n

V a r ia n t  B S —21/76 V a r ia n t  B S —21/72

10 20 30 60 90 120 10 20 30 60 90 120

tim e,
hours о

/<gP/m l
x y te tra c y c lin e  ^ g /m l

;ig P /m l
O xytetracycline //g /m l

48 100 131 200 200 116 84 31 39 42 0 0 0
72 168 346 333 263 163 133 80 120 135 21 0 0
96 201 360 462 300 227 138 144 165 187 15 12 0

120 218 390 537 352 235 150 190 200 150 30 15 7
144 363 525 550 402 315 162 216 230 150 40 15 9

D L -alan in e  co n te n ts  in  m edium , 0 .6% .

Table III
Oxytetracycline output in  m edia containing ß -a la n in e , and phosphate at different concentration

F e r
m en ta 

tio n
tim e,
hours

10

V a r ia n t  B S —21/76

10

V a ria n t B S —21/72

20 30 60 90 120 20 30 60 90 120

/<gP/m l
O x y te tracy clin e  /ig /m l

i'gP/ml
O xyte tracycline  ^tg/ml

48 0 0 0 0 0 0 0 0 0 0 0 0

72 69 87 115 165 121 72 52 39 31 0 0 0

96 110 187 241 362 258 155 105 195 200 21 18 15

120 210 229 380 440 249 187 176 240 210 36 17 13
144 210 363 485 460 258 163 228 264 255 27 17 14

|8-alanine con ten ts in  m edium , 0.6%.

Table IV

Oxytetracycline output in  m edia containing D L -serine , and phosphate at different concentrations

F e r
m en ta-

V a ria n t B S  — 21/76 V a r ia n t  B S —21/72

10 20 1 30 J 60 J 90 120 10 20 I 30 I 60 I 90 1 20
tion

tim e,
hours

/(g P /m l
O xytetracycline /<g/ml

/(gP /m l
O xytetracycline /«g/m l

48 13 35 43 56 25 14 0 0 0 0 0 0
72 110 218 290 234 168 120 0 0 0 0 0 0

96 160 310 310 240 233 144 0 0 0 0 0 0
120 221 345 420 221 185 128 10 7 0 0 0 0
144 216 400 430 259 167 130 14 21 18 0 0 0

D L -serine contents in  m edium , 0.7%.
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Further experim ents w ith m edia con ta in ing  D L-serine. T he  b e h a v io u r  
o f  th e  tw o  v a ria n ts  u sed , in  m edia co n ta in in g  g lycine , D L -alan ine , an d /? -a lan in e , 
w as th e  sam e. T he chan g es in  m etab o lism  in  m ed ia  co n ta in in g  D L -serine sh o w  
a d iffe ren t p a tte rn , th e  v a r ia n t o f red u ced  p ro d u c tio n  c a p a c ity  ceases to  p ro 
duce  O xyte tracycline. E x p e rim en ts  ca rr ied  o u t w ith  fu r th e r  n a tu ra l  v a r ia n ts  
show  th a t  in  n u tr ie n t  b ro th  co n ta in in g  D L -serine  th e  p ro d u c tio n  d ec reases  
w h en  un d er th e  sam e ex p e rim en ta l co n d itio n s a p ro d u c tio n  decrease in  m ed iu m  
B , an ti in  sy n th e tic  m edia  co n ta in in g  th e  o th e r  th ree  am ino  acids, c a n n o t 
y e t  be  no ted . T he v a r ia n ts  ch a rac te rized  b y  such  a b eh av io u r show  m a rk e d  
te n d e n c y  to  s top  p ro d u c tio n  a lto g e th e r. A n in s tan ce  o f th is  is fu rn ish ed  b y  
v a r ia n t  BS-—21/37. O n n u tr ie n t В i t  p ro d u ces 2000 jWg/ml O x y te tracy c lin e , 
a n d  th e  n u m b er o f  its  spore-free v a r ia n ts  does n o t increase su b s ta n tia l ly . 
T ab le  V p resen ts m etab o lic  changes a n d  O xyte tracycline  p ro d u c tio n  o f  th i s  
v a r ia n t ,  in  a m ed iu m  co n ta in in g  30 /tg /m l p h o sp h o ru s. I t  is to  be seen t h a t  
th e  beh av io u r o f  th is  v a r ia n t in  a m ed iu m  co n ta in in g  g lycine is n e a rly  t h e  
sam e  as th a t  o f  v a r ia n t  BS— 21/76. In  a m ed iu m  w ith  D L -serine p ro d u c tio n  
c a p a c ity  falls to  200 jug/ml, an d  a h igh  p ro d u c tio n  value for p y ru v ic  ac id  ca n  
be  n o te d . I f  10%  o f  th e  D L -serine is s u b s ti tu te d  b y  D L -a lan in e , p ro d u c tio n  
rises  to  th e  v alue  n o te d  in m edia c o n ta in in g  g lycine, th e  co n su m p tio n  o f  a m in o  
a c id  an d  glucose does n o t change s u b s ta n tia lly , an d  no considerab le  p ro d u c tio n  
o f  p y ru v ic  acid is observab le .

Table V

Investigation o f  the metabolic behaviour o f  variant B S — 21/37, and o f its Oxytetracycline pro d u c tio n

D esignation  o f  m ed iu m
F e r 

m e n t a 
t i o n

t i m e ,
h o u r s

1 2 3 1 2 3 1 2 3 1 2 3

O x y t e t r a c y c l i n e / i g / r a l p y r u v i c a c id  m g / m l a m i n o  n i t r o g e n  m g / m l g l u c o s e  m g / m l

48 165 0 110 0.23 0.16 0.18 0.54 0.82 0.83 8.15 11.45 9.00

72 300 27 235 0.18 0.35 0.06 0.35 0.70 0.65 3.25 7.20 6.50

96 470 100 450 0.05 0.15 0 0.22 0.58 0.49 1.00 3.30 2 .50

120 510 170 460 0 0.07 0 0.16 0.46 0.43 0 0.70 0

144 480 200 460 0 0.04 0 0.12 0.45 0.41 0 0.50 0

[Ъе media  con ta in e d O
J

О о i-
n

Amino acid in  m edium  1. g lycine, 0 .5 % ,
2. D L -serine, 0 .7 % ,
3. D L-serine, 0.63, an d  D L -alanine, 0 .06% .

This “ p ro te c tiv e  in fluence”  o f D L -a lan in e  can n o t be rep ro d u ced  w ith  
g lycine and , in  fa c t,  in  m edia c o n ta in in g  g lycine th e  p ro d u c tio n  of O x y te tra 
cycline of th e  v a r ia n t  BS— 21/37 can be red u ced  b y  serine. (This im p e d in g  
e ffec t can be p a rr ie d  b y  D L -alan ine.) I n  m ed ia  co n ta in in g  D L -a lan ine  no s u c h
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im ped in g  influence o f  D L -serine is d isp la y e d . P y ru v ic  ac id  increases in  th e  
m ed ium  w hen th e  p ro d u c tio n  falls (see T ab le  Y I).

Table VI
Oxytetracycline production w ith  variant B S — 21/37 in  media containing glycine. D L-alanine,

DL-serine, and  their m ixtures

Concentration o f amino 
acids in th e  medium ,

%
Oxytetracycline

/«g/ml
Pyruvic acid 

mg/ml

Glycine 0.5% 480 0.18

D L-serine 0.7% 200 0.35

D L -alanine 0.6% 470 0.25

D L-serine 0.63% , glycine 0.05% 220 0.35

DL-serine 0.63% , D L -a lan in e  0.06% 460 0.06

Glycine 0.37% , D L -serine  0.17% 350 0.28

D L -alanine 0.45% , D L -serine  0.17% 470 0.22

T he m ed ia  con ta ined  30 p g/m l of P . T h e  p y ru v ic  acid values w ere determ ined a t  th e  
72nd h o u r o f fe rm en ta tio n . O xytetracycline  y ie ld s  w ere de term ined  a f te r  144 hours.

These p henom ena a re  no t perce ived , o f course, w ith  a v a r ia n t of good 
p ro d u c tio n  cap ac ity  (v a r . BS—21/76) b ecau se  its  o u tp u t  o f  O xytetracycline 
in  serine con ta in ing  m e d iu m  is sim ilar to  t h a t  in  o th e r m ed ia . As we have seen, 
v a r ia n t B S— 21/72 does n o t  produce O xy te tracy c lin e  in  m ed ia  con ta in ing  serine, 
th is  p ro d u c tio n  can n o t be  influenced b y  th e  a d d itio n  o f 10%  alan ine , b u t  th e  
reduced  p ro d u c tio n  o b se rv ed  in  glycine m ed ia  is fu r th e r  reduced  u n d er th e  
in fluence o f  serine.

Consum ption o f  serine , and o f p y r u v ic  acid, by washed mycelia. Strepto- 
myces rim osus  BS—21/76  utilizes g lucose, a n d  am ino ac ids, serine ex cep ted , 
slow er th a n  does th e  v a r ia n t  BS—21/72. B ecause o f th is , th e  consum ption  
o f  serine, a n d  o f p y ru v ic  ac id , b y  w ashed  m ycelia  o f th e se  tw o  v a ria n ts  w ere 
in v es tig a ted . The re su lts  a re  shown in T a b le  V II. T he a b ili ty  of th e  v a r ia n t 
w ith  sm alle r p ro d u c tio n  capac ity  to  decom pose  serine is g rea te r, b u t  its  
co n su m p tio n  o f p y ru v ic  ac id  is sm aller.

Table VII
DL-serine and  pyruvic acid consum ed by washed mycelia

V arian t B S - 21/72 j V ariant BS—21/76

C onsum ption  of pyruv ic  acid  m g /g  m ycelium (d ry )  

C onsum ption  o f D L-serine m g /g  m ycelium  (dry)

23 ( 1 9 - 2 5 )  

46 (4 0 -5 3 )

28 ( 2 4 -4 1 )  

36 (2 8 -4 1 )

M ycelia were grown in  m ed ia  containing g ly cin e  and  glucose, an d  w ashed th ree  tim es 
w ith d is tilled  w a te r  in a c en trifu g e . The trash ed  m y ce lia  were suspended  in a m ix tu re  o f th e
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fo llow ing  com position: 0 .3%  NaCl, 0.013 K H 2P 0 4, and  0.1%  p y ru v ic  acid  resp . 0 .1%  D L - 
se rin e . (pH  7.0 w ith  N aO H .) T he co n ce n tra tio n  o f th e  m ycelia  (on d ry  basis) in  th e  e x p erim en ts  
w as 4 — 6 mg.

The gradual decrease o f  production  capacity brought about by serial sub- 
cu lturing . The ex p erim en ts  described  w ere carried  ou t w ith  a n a tu ra l v a r ia n t  
w h ich  was b red  in  th e  course o f th e  m a in ten an ce  of s tra in  BS— 21. T he loss 
o f  p ro d u c tio n  c a p a c ity  o f th is s tra in  can  be b ro u g h t a b o u t also by  serial s u b 
c u ltu r in g  (Table V III) , as show n b y  th e  investig a tio n s o f P e r l m a n  et al. [1 0 ]. 
S ta r t in g  w ith  a v a r ia n t  w hich a lre a d y  co n ta in s  1%  of a v a r ia n t  w ith o u t sp o res , 
i ts  su b cu ltu rin g  ev e ry  f if th  d a y  from  shaken  cu ltu re  in to  shaken  c u ltu re  
causes a g radua l d im in u tio n  o f its  p ro d u c tio n  cap ac ity . In  para lle l w ith  th is  
d im in u tio n  goes an  increase o f m e ta b o lic  a c tiv ity , a n d  a low ering o f  th e  
o p tim u m  p h o sp h a te  v alue  o f p ro d u c tio n ; w ith  higher co n cen tra tio n s  o f p h o s
p h a te  a strong ly  p ro n o u n ced  decrease  o f  p roduction  is to  be observed , a n d  th e  
o u tp u t  in p y ru v ic  ac id  increases g ra d u a lly .

T able  V III

Production capacity loss o f  subsequent generations grown in serial subculturing, in  different m edia

Frequency
O xytetracycline fig/xtil

G enera
tion

num ber

O xytetra
cycline

/ig/ml in
medium В

of
variants 

w ith  spores, 
%*

in potato- 
infusion

Optimum
phosphate
concentr.

a t  optim um  
phosphate 
concentra

tion

a t a phos
phate con
centration 

of 120 /tg/ml

glucose
m g/ml

amino
nitrogen
mg/ml

pyruvic
acid

m g/m l

agar media
in media containing glycine and glucose

l 2000 99 30 550 230 10.5 0.62 0.07

2 1700 95 30 550 200 10.1 0.59 0.09

3 1500 90 30 450 180 9.7 0.58 0.40

4 500 64 2 0 - 3 0 450 100 8.5 0.51 0.44

5 100 13 20 380 65 8.3 0.44 0.72

6 30 2 1 0 - 2 0 350 40 7.9 0.42 0.77

7 30 1 1 0 -2 0 350 15 7.5 0.40 0.82

Glucose, am ino n itrogen , and  p y ru v ic  acid  co n ten ts  were de te rm in ed  in  sam ples o f  
c u ltu re  72 hours o ld , grow n in m edia co n ta in in g  glycine, glucose, and  10 /ig/m l o f P . O x y 
te tracy c lin e  was de te rm in ed  in cu ltu res 144 hours old.

D iscussion

S tra in  BS— -21 o f  Streptom yces rim osus loses its  p ro d u c tio n  c a p a c ity  
in  th e  course o f seria l su b cu ltu rin g  as o th e r  s tra in s  do w hich  produce  a n tib io tic s . 
B u t unlike th e  in v estig a tio n s o f  P e r l m a n  et al. [10] w hich  have show n t h a t  
w ith  Streptomyces grieseus su b c u ltu rin g  does n o t change th e  m etabo lic  a c t iv i ty  
o f  th e  organism , our resu lts suggest th a t  th e  m etabo lic  a c tiv ity  of S trep to 
m yces rimosus becom es acce lera ted . W ith  enhanced m etab o lism  th e  p h a se s
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of dev e lo p m en t o f th e  la t te r  o rg an ism  follow  each  o th e r m ore ra p id ly . T he 
o p tim u m  v alue  of p h o sp h a te  c o n c e n tra tio n  fo r th e  p ro d u c tio n  of O xyte tracycline  
falls an d  th e  o u tp u t  in  pyruv ic  acid grow s su b s ta n tia lly  d u rin g  fe rm e n ta tio n .

E x p e rim e n ts  ca rried  ou t in  s y n th e tic  m edia con ta in in g  g lycine, D L- 
a lan ine , /1-alanine, an d  D L-serine, show  th a t  in  m ed ia  con ta in ing  D L -serine  
the  loss in  p ro d u c tio n  capacity  is th e  m ost p ronounced . Loss of p ro d u c tio n  
cap ac ity  in  m edia con ta in ing  D L -serine  is observed  also w ith  v a r ia n ts  th e  
p ro d u c tio n  c a p a c ity  o f which does n o t  change in  o th e r  m edia.

T his enhanced  su scep tib ility  in  re sp ec t to  th e  m edia  co n ta in in g  serine 
can be ex p la in ed  p e rh ap s  by  th e  fa c t t h a t  th e  a b ility  o f v a rian ts  w ith  low er 
p ro d u c tio n  c a p ac ity  to  decom pose se rin e , w hich a b ility  is uncom m only  s tro n g  
in  th e  case of s tra in s  o f good p ro d u c tio n  capac ities , becom es even s tro n g e r. 
Serine deam inase  is ch iefly  responsible fo r th e  d estru c tio n  of serine. T he a c tiv i ty  
of th is  enzym e leads to  th e  lib e ra tio n  of  am m onia  an d  p y ruv ic  acid , an d  th e  
la t te r ,  w hen  accu m u la ted , can cause d ifficu lties  in  th e  in te rm ed ia ry  m etab o lic  
process. S z e n t i r m a i  an d  H o r v á t h  [11] h a d  show n th a t  u ltrason ic  d e s tru c tio n  
of th e  m ycelium  o f Streptomyces rim osus  BS— 21 y ielded  p ro te in  so lu tions w hich 
produced  from  0.3 to  1.0 mg of p y ru v ic  acid  per m g p ro te in  per h o u r. T his 
en zy m atic  a c tiv ity  is com m on to  m ycelia  ra ised  on d iffe ren t sources o f n i t ro 
gen. M ycelia ra ised  in  m edia co n ta in in g  serine do n o t show  increased a c tiv ity .

W hen  th e  loss o f  p roduction  c a p a c ity  is m an ifest only in m edia c o n ta in 
ing serine , th is  loss can  be w arded o ff  b y  th e  ad d itio n  o f D L  alan ine , o r /3-ala- 
n ine, in q u a n titie s  corresponding  to  10%  o f serine. A sim ilar p ro tec tiv e  in f lu 
ence c an n o t be a t tr ib u te d  to  glycine. In  th e  case of th ese  v a r ia n ts , and  in  m ed ia  
co n ta in in g  g lycine, a reduction  of o u tp u t  can  be caused  by the a d d itio n  of 
serine. T here  is no sim ilar effect o f  serine in  m edia con ta in in g  D L -a lan in e . 
The p ro d u c tio n  experim en ts  show  th a t  th e  u tiliz a tio n  o f glycine goes th ro u g h  
th e  glycine-serine tran sfo rm a tio n .

The experim ents with labelled carbon carried out by S n e l l  et al. [12] 
have shown that the molecule o f O xytetracycline is built up with the in ter
m ediary form ation o f the active aceta te . D o s k o c i l  et al. [13], in the course 
of their investigations o f the m etabolism  o f Streptom yces rimosus, have m eas
ured the contents o f  pyruvic acid o f  ferm entation samples and explained  
their result b y  ascribing some role in the synthesis of the Oxytetracycline m ole
cule to the active acetate which is formed from pyruvic acid. These experi
ments on m etabolism  support this supposition . W ith loss of production capacity  
the yield  o f  pyruvic acid by Streptom yces rim osus increases, the cause o f th is 
probably being a loss in the degradation capacity o f this organism. In m edia  
containing DL-serine the increase o f  pyruvic acid output, and sim ilarly a loss 
of production capacity , is already m anifest when the same effect cannot y et  
he observed in m edia containing other am ino acids used as nitrogen sources. 
I f  the weaker production o f Oxytetracycline o f the variant BS— 21/37 is increased
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by th e  add itio n  o f  D L -a lan in e , h a rd ly  a n y  ch an g e  in  th e  consum ption  o f glucose 
a n d  am ino  acid fo llow s, b u t th e  su b s ta n tia l  accum ula tion  o f  p y ru v ic  acid
ceases.

I t  has been  o b se rv ed  in  th e  cases o f Streptomyces aureofaciens an d  
Streptom yces rim osus  t h a t  a t h igher co n c e n tra tio n s  o f p h o sp h a te  in  th e  m ed ium  
th e  y ie ld  of th e  a n tib io tic  substances is less, a n d  th e  accu m u la tio n  o f p y ru v ic  
ac id  is s tronger [14, 15, 16, 17]. B ased  u p o n  these  observations th e  a c tiv ity  
o f  enzym es of g lucose m etabo lism  has b een  in v es tig a ted  in  cell-free e x tra c ts . 
I t  w as show n th a t  th e  a c tiv ity  o f severa l enzym es was reduced  b y  p h o sp h a tes  
[18, 19]. I f  th is  e ffec t p lay s a role in  th e  w hole cell, th en  by  th e  co n cen tra tio n s  
o f  p h o sp h a te  th e  d e g ra d a tio n  of glucose is sw itched  over from  th e  hexose- 
m o n o p h o sp h a te  s h u n t to w ard s E m b d e n  a n d  M e y e r h o f ’s g lycoly tic  p a th w a y . 
B ased  upon these  ex p e rim en ts  it  was su p p o sed  th a t  th e  hep tu lose  p h o sp h a te  
p la y s  some p a r t  in  th e  bu ild ing  up o f th e  ch lo ro te tracy c lin e  m olecule. U n d e r 
th e  ex p erim en ta l co n d itio n s o f  our in v e s tig a tio n s  w ith  Streptomyces rim osus  
B S— 21, when th e  p h o sp h a te  co n cen tra tio n  w as g rea te r, th e  accu m u la tio n  
o f  p y ru v ic  acid  w as sm aller. A lthough  we observed  th e  se n s itiv ity  o f  th e  
enzym es tak in g  p a r t  in th e  in te rm e d ia ry  glucose m etabo lism  to w ard s p h o s
p h a te s  in cell-free e x tra c ts  as described  b y  th e  au th o rs  c ited  before, th e ir  
conclusions are n o t  su p p o rted  b y  th ese  ex p erim en ts  because w ith  grow ing 
co n cen tra tio n s  o f p h o sp h a te s  th e  p ro d u c tio n  o f  py ruv ic  acid  decreases.
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Sum m ary . U n tre a te d  cu ltu res  o f Ps. tabaci an d  Ps. angulata  c an n o t be d iffe re n tia te d  
fro m  P s. lachrym ans, P s. m ors-prunorum  and  P s. mori on th e  b asis  o f ag g lu tin a tio n  t i t r e s  
in  se ra  p rep ared  w ith liv in g  P s. tabaci. P s. tabaci a n d  Ps. angulata  becom e easily d is tin g u ish 
able fro m  th e  above o rg an ism s w hen p rio r to  a g g lu tin a tio n  th e  c u ltu re s  are h ea ted  a t  100°C 
for 1 hour.

T he aspecific re ac tio n s  are due to  th e rm o lab ile  an tigens, w h ich  ''c o v e r '' th e  species- 
specific  th erm o stab le  an tig e n s  o f Ps. tabaci.

Ps. tabaci and  P s. angulata  m ay  be a d e q u a te ly  d istin g u ish ed  fro m  th e  re la ted  o rg an ism  
also b y  agar gel d iffusion . A s com pared to  a g g lu tin a tio n , th is m e th o d  is m ore specific, m u ch  
sim pler to  carry  ou t an d  can  be read  a fte r sh o rt incu b a tio n .

In  1925 B r o o k s , N a i n  and  R h o d e s  [3] show ed th a t  num erous p h y to - 
pa th o g en ic  organism s belonging  to  th e  genus P seudom onas a re  re la ted  in  a n t i 
genic s tru c tu re . T hus sera  p repared  w ith  th e  cau sa tiv e  a g e n t o f  tobacco w ild 
fire  ag g lu tin a ted  e ig h t o th e r  species in  a d d itio n  to  th e  hom ologous b ac te riu m .

I t  has there fo re  been  concluded b y  several a u th o rs  th a t  th e  various 
species o f P seudom onas can n o t be d iffe re n tia ted  sero logically . In  I s r a i l s k y ’s 

m onograph  [6] it  is s ta te d  th a t  serological id en tif ic a tio n  is possible on ly  if  
th e  p la n t h o st is k n o w n  from  which th e  organ ism  in q u es tio n  has o rig in a ted .

As d ifferen t p ro ced u res  have been ap p lied  for th e  serological exam in a tio n  
o f  th e  genus P seudom onas, i t  was th o u g h t adv isab le  to  select the  m eth o d  
m ost su itab le  for th e  d iffe ren tia tion  o f  Ps. tabaci.

M aterials an d  m ethods

Test strains. O f th e  24 stra in s  used 12 co rresp o n d ed  to  P s. tabaci, 2 to  Ps. angulata, 
6 to  P s. lachrym ans, 1 to  P s. m ors-prunorum  and  3 to  P s. mori. T he c u ltu re s  w ere o b ta ined  p a r tly  
fro m  a b ro ad , p a r tly  fro m  iso la tio n s carried o u t in  th is  co u n try . P s. angulata  s tra in s  РА З and  
PA 11 w ere supplied  b y  D r. M. P . S t a r r , U n iversity  o f  C aliforn ia , Davis; Ps. lachry
m ans  s tra in  277 and  Ps. m ors-prunorum  s tra in  330 w ere o b ta ined  fro m  th e  N ational Collection 
o f  P lan t Pathogenic B acteria, England. O ur own iso la tio n s were p e rfo rm ed  during  th e  y ears  
1955 —1960 from  p a th o lo g ica l p la n t m a te ria l o rig in a tin g  from  v a rio u s  p a r ts  o f H u n g a ry . 
P a th o g en ic ity  o f th e  c u ltu re s  w as estim ated  b y  g reenhouse in o cu la tio n  experim ents.

Im m u n e  sera. F o r  th e  p re p ara tio n  of sera ra b b its  were se lected  w h ich  possessed no a n ti 
bodies ag a in st th e  o rgan ism s exam ined. As p rev io u s stud ies [7] show ed th a t  h igh t i t r e  sera  
w ere less specific, sera  w ith  re la tiv e ly  low titre  w ere p referred . T hese  w ere o b ta ined  b y  in t r a 
v en o u sly  in jec tin g  ra b b its  w ith  1, 2, 4, 5 and 5 m l a n tig en  on e v e ry  o th e r  day . The an tig en s 
w ere p re p are d  b y  su spend ing  th e  grow th  of 24 h o u r  ag ar s lan t c u ltu re s  in  2 m l saline. Seven 
d ay s  a f te r  th e  la s t in jec tio n  th e  anim als were b led . T he sera were p re se rv e d  w ith  0.5 p e r cen t 
phenol.

6  A cta Microbiologica V III/3 .



3 0 4 L. LO V REK OV ICH  and Z. KLEM EN T

A n tigens fo r  the serological reactions. O nto  ag ar p la tes in K olle f la sk s  4 m l p o rtio n s o f  
b r o th  w ere  p ip e tted . T he b ro th  in  each  f la sk  w as in o cu la ted  w ith a  loo p fu l o f cu ltu re . A fte r  
in c u b a tio n  a t  27°C fo r 24 h o u rs  v e ry  th ic k  suspensions were h a rv ested . T h e  suspensions w ere 
d i lu te d  w ith  saline so as to  give e q u a l d en sities.

A gg lu tin a tio n  tu b es  w ere in cu b a ted  a t  37°C fo r 2 hours, th en  le ft to  s ta n d  a t  room  te m p e r
a tu re  o v ern ig h t.

A g a r gel d iffu sion  w as p e rfo rm ed  w ith  th e  m eth o d  of O u c h t e r l o n y  [11, 12]. In to  a  
P e t r i  d ish  10 cm  in  d iam e te r IS m l a g a r w as p o u red . T he gel co n ta in ed  1.5 p e r  cen t w ash ed  
a g a r , 0.85 p e r cen t sodium  ch loride, 0.025 p e r  cen t th y m ero sa l and 0.01 p e r  c en t m e th y lo ran g e . 
I n to  th e  agar p la te  holes 15 m m  in  d iam e te r w ere pu n ch ed , 5 m m  a p a r t .

F o r  gel d iffusion  th e  sam e se ra  w ere em ployed  as were used  fo r ag g lu tin a tio n . As a  
c o n tro l,  a serum  p re p are d  w ith  liv ing  P s . mori s t ra in  T O I was app lied .

E xtraction  o f  antigens w as p e rfo rm ed  w ith  L a n c e f i e l d ’s m eth o d  m od ified  b y  S z e n t -  
I v à n y i  [17], as follows. A  th ic k  suspension h a rv e s te d  from  K olle f la sk  w as cen trifuged . T h e  
cells w ere  resuspended  in  a b o u t 4 m l o f  0.05 N  hyd ro ch lo ric  acid co n ta in in g  sodium  ch lo rid e  
a t  m o la r  co n cen tra tio n . T h en  th e  cells w ere h e a te d  in  a  w a te r  b a th  a t  100°C for 10 m in u te s . 
A f te r  cooling in  ta p  w a te r , th e  m ix tu re s  w ere n e u tra liz ed  in  th e  p resence  o f  1 drop  o f 0.2 p e r  
c e n t  p h en o l red  in d ic a to r as follow s. N  sod ium  hy d ro x id e  co n ta in in g  m o la r sod ium  ch lo 
r id e  w as ad d ed  u n til  th e  colour o f th e  suspension  h a d  becom e deep red . T h en  0.1 N  h y d ro ch lo ric  
a c id  c o n ta in in g  m olar sod ium  chloride w as ad d ed  u n til  th e  colour h a d  chan g ed  in to  o ran g e  
in d ic a tin g  a  n e u tra l reac tio n .

R esults

P s. tabaci p ro d u ced  tw o c h a ra c te ris tic  colony ty p es . One of th e m  w as 
s tro n g ly  m ucoid , th e  o th e r was n o n-m uco id . Sera were p ro d u ced  w ith  s tra in  
H 20  fo rm ing  m ucoid  colonies a n d  w ith  s tra in  H l l  g row ing  in  non -m uco id  
co lon ies. I t  should  be m en tio n ed  th a t  th e  colonial v a r ia tio n  o f Ps. tabaci 
w as n o te d  in  a serological s tu d y  b y  S t a p p  [ 1 4 ] .

The resu lts  o f  ag g lu tio n a tio n  o f u n tre a te d  b a c te ria  in  sera p rep a red  
w ith  liv ing  s tra in s  H 20 (m ucoid) a n d  H l l  (non-m ucoid) is p resen ted  in  T ab le
I . As b o th  sera gave id en tica l re su lts , th e  d a ta  were su m m arized .

Table I

A gglutination o f  untreated bacteria in  sera H 20-K  and H l l - K  
Sera H 20-K  an d  H l l - K  w ere p rep ared  w ith  u n trea te d  an tigens

Species No. o f strains Agglutination
titre

Ps. tabaci ............................ 12 1 : 1280

Ps. angulata ........................ 2 1 : 1280

Ps. la c h ry m a n s ................... 2 1 : 1280*

Ps. la c h ry m a n s ................... 3 1 : 640

Ps. la c h ry m a n s ................... 1 1 : 640*

Ps. m ors-prunorum  ......... 1 1 : 640

Ps. mori .............................. 1 1 : 1280

Ps. mori ............................... 2 1 : 640

P a r tia l  ag g lu tin atio n .
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F ro m  T able I i t  is c lear th a t  Ps. abaci canno t be d is tin g u ish ed  from  th e  
re la te d  species on th e  basis o f a g g lu tin a tio n  titres* .

I f  th e  suspensions w ere h ea ted  in  a w a te r  b a th  a t  100°C for 1 h o u i, 
Ps. tabaci an d  Ps. angulata  could sh a rp ly  be d iffe ren tia ted  fro m  o th e r species 
(T able II) .

Table II

A gglutination o f bacteria boiled fo r  1 hour in sera H 2 0 -K  and  H l l - K  

Sera H 20-K  and H l l - K  were p re p a re d  w ith  u n trea ted  an tigens

Species

О6£

Agglutination
strains titre

1 2 1 : 1 2 8 0  

1 : 1 2 8 0Ps. angulata ....................... 2

Ps. la ch rym a n s .................. 3 1 : 10*

Ps. la ch rym a n s .................. 3 0

Ps. mors-prunorum  ......... 1 0

Ps. mori .............................. 3 0

* P a r tia l  agg lu tination .

F ro m  T ab le  I I  i t  is c lear th a t  th e  12 P s. tabaci s tra in s  o rig in a tin g  from  
v ario u s  p a r ts  o f H u n g ary  b ehaved  s im ila rly .

R esu lts  ob ta in ed  w ith  th e  tw o d iffe re n t sera were id e n tic a l. This show s 
th a t  th e  an tig en ic  s tru c tu re  o f th e  m uco id  an d  non-m ucoid v a r ia n ts  o f Ps. 
tabaci is id en tica l.

T he u n ifo rm ity  of th e  reactions o f  P s. tabaci and  P s. angulata  could  
be ex p ec ted , th e  id e n tity  of th ese  o rganism s h av in g  been know n [2, 10, 13, 14].

I t  is in te re s tin g  th a t  w h e th e r th e  te s ts  w ere p repared  w ith  liv ing  or w ith  
bo iled  cu ltu res , th e  ag g lu tin a tio n  ap p ea red  in  th e  “ H ” -ty p e , floccu lar form .

A ccord ingly , th e  species-specific a n tig e n s  o f Ps. tabaci a ie  th e rm o stab le , 
w hile aspecific  reactions are due to  th e rm o la b ile  antigens. T h is was p roved  
also b y  a b so rp tio n  experim en ts. Sera H 20 a n d  H l l  were abso rbed  w ith  su sp en 
sions o f th e  hom ologous organism  w hich h a d  been boiled for 1 h o u r. The a b 
so rbed  sera, w hich con ta ined  no an tib o d ie s  ag a in st th e rm o stab le  an tigens, 
ag g lu tin a ted  th e  u n tre a te d  b a c te ria  n o n -spec ifica lly , s im ila rly  to  the  u n a b 
so rbed  sera.

F ro m  th e  resu lts  it  w ould seem  th a t  i f  re la te d  organism s h av e  to  be d if
fe re n tia te d  b y  th e  use of u n tre a te d  a n tig en s , th e  im m une sera  shou ld  be p re 
p a red  w'ith bo iled  bac te ria . T herefore O se ra  w ere p repared  writh  Ps. tabaci 
s tra in  H l l .

* I t  should be no ted  th a t  Ps. mori. var. huszi, w h ich  causes the sam e changes in m ulberries 
as Ps. mori, gave no reaction  in Ps. tabaci serum , a n d  \vas therefore o m itted  from  subsequent 
e x p e rim e n ts .

6 *
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S tra in  H l l  w as su b jec ted  to  v a rio u s  th e rm a l t re a tm e n ts . Some d ec rease  
in  th e  ag g lu tin a tio n  t i t r e  (from  1 :1280 to  1 :640) ag a in s t th e  hom ologous se ru m  
w as observed  w hen  th e  cells had  been  h e a te d  for 2 h o u rs  a t  1 a tm . In  o rd e r  
p e rfec tly  to  d e n a tu re  th e  therm o lab ile  an tig en s , an  О serum  was p re p a re d  
w ith  b ac te ria  h e a te d  fo r 2 hours a t  1 a tm . R ab b its  w ere in jec ted  s im ila r ly  
as w ith  u n tre a te d  a n tig e n s , except t h a t  in s te a d  o f 5 in je c tio n s  6 were a d m in is 
te re d . A t th e  6 th  in je c tio n  an o th er 5 m l dose was g iven . T his ad d itio n a l dose 
w as necessary  as w ith  hea ted  b a c te r ia  a w eaker ag g lu tin in  response w as 
observed .

A g g lu tin a tio n  o f  u n tre a te d  b a c te r ia  and  b a c te r ia  boiled for 1 h o u r  
in  se rum  H l l - A  p re p a re d  w ith  a u to c lav ed  an tigen  is p resen ted  in  T a b le  I I I

Table III

A gglutination o f  untreated bacteria and bacteria boiled fo r  1 hour in serum H l l - A  

Serum  H l l - A  w as prepared  w ith  an tig en  au toc laved  fo r 2 hours a t 1 a tm .

Species No. of strains !

A gglutination titre

untreated boiled 
antigen antigen

Ps. tabaci ............................ 12 1 : 160 1 : 1280

Ps. angulata  ....................... 2 1 : 160 1 : 1280

Ps. la c h r y m a n s .................. 6 1 : 80 1 : 40

Ps. m ors-prunorum  ......... 1 0 0

Ps. mori .............................. 3 0 0

F rom  T ab le  I I I  i t  is seen th a t  se ru m  H ll - A  a g g lu tin a te d  u n tre a te d  b a c te 
ria  a t  a low t i t r e  o n ly . The ag g lu tin a tio n  was n o t species-specific, since  in  
a d d itio n  to  Ps. tabaci an d  Ps. angulata, P s. lachrym ans also reacted . W h en  th e  
s tra in s  h ad  been  k e p t  in  a w ate r b a th  for 1 ho u r a t  100°C, only Ps. tabaci 
an d  Ps. angulata  g av e  h igh titre  a g g lu tin a tio n , an d  th u s  were sh a rp ly  d if
fe re n tia ted  from  th e  re la ted  b ac te ria .

F rom  th ese  ex p erim en ts  it  follow s th a t  th e  agg lu tinogen ic  an d  a g g lu ti
n a tin g  p ro p erties  o f  th e  therm olab ile  an tig en s are n o t perfec tly  in a c tiv a te d  
by  h e a t and  th u s  liv in g  s tra in s re a c t in  sera  p rep ared  w ith  au toclaved  s u sp e n 
sions. The sam e is show n by  Table I I  reg a rd in g  th e  rem ain ing  trace  a g g lu t i 
n a tio n  of Ps. lachrym ans. C onsequently , in  o rder to  d iffe ren tia te  b e tw een  P s. 
tabaci an d  Ps. angulata  and th e  re la te d  o rgan ism s, h e a t- tre a te d  a n tig e n s  
shou ld  be ap p lied  ev en  w hen sera p re p a re d  w ith  au to c lav ed  bac te ria  a re  u sed . 
F ro m  th is  i t  follow s th a t  for th e  d iffe ren tia tio n  o f th e se  species th e re  is no 
need  to  ap p ly  se ra  p rep ared  w ith  bo iled  an tigens.

A ccording to  S t a p p  [15, 16], for th e  id e n tif ic a tio n  of p h y to p a th o g e n ic  
b a c te ria  th e  p re c ip ita tio n  te s t is m ore specific  an d  sen sitiv e  th a n  a g g lu tin a tio n .
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I t  was th e re fo re  considered  adv isab le  to  exam ine our s tra in s  w ith  th e  fo rm er 
m e th o d .

A ccord ing  to  S t a p p  th e  an tig en  for p rec ip ita tio n  shou ld  be p rep ared  from  
a 6-w eek old cell au to ly sa te . T his m e th o d  is im p rac tica l because  of th e  tim e- 
consum ing  p re p a ra tio n  o f th e  an tig en . W e a tte m p te d  to  w ork  o u t a m ore rap id  
m e th o d  b y  th e  use o f th e  gel diffusion tech n iq u e . This m e th o d  revealed  n o t  
o n ly  th e  p o s itiv ity  or n e g a tiv ity  of th e  reac tio n , b u t also a possible fin e r 
an tig en ic  s tru c tu re .

A g g lu tin a tio n  ex p erim en ts  show ed th a t  th e  species-specific  an tig en s 
o f  P s. tabaci are  th e rm o stab le . The e x tra c tio n  o f these co m p o n en ts  from  th e  
cells w as a tte m p te d  as follows.

Fig. 1. A gar d iffusion  te s t  w ith  P s. tabaci H20 serum .
In c u b a tio n : 48 h rs . A ntigens: 1. U n tre a te d . 2. B oiled  fo r 10 m in. 3. B oiled  for 1 h r. Boiled 

fo r 2 hrs. 5. A u to c lav ed  for 2 h rs . a t  1 a tm . 6. A c id -trea ted .

F ive m l sam ples of a th ic k  suspension  of Ps. tabaci s tra in  H20 w ere 
bo iled  for 10 m inu tes, 1 h o u r, an d  2 ho u rs . A no ther 5 m l sam ple  was a u to 
c laved  a t  1 a tm . for 2 hou rs. A n u n tre a te d  suspension se rv ed  as th e  co n tro l. 
T he ag a r d iffusion  te s t  was p erfo rm ed  w ith  th e  an tigens p rep a red  in  th is  
m an n e r. A fte r an  in cu b a tio n  a t  room  te m p e ra tu re  for 12 h o u rs , no reac tio n  
occu rred  e ith e r  w ith  th e  u n tre a te d  an tig en  or w ith  th e  suspensions bo iled  
fo r 10 m in u tes  or for 1 hou r. A w eak p re c ip ita tio n  line w as o b ta in e d  w ith  th e  
suspension  bo iled  for 2 hou rs. A m ark ed  line  appeared  w ith  th e  p re p a ra tio n  
a u to c lav ed  fo r 2 hours a t  1 a tm . A ccord ing ly , large am o u n ts  o f w ell-diffusible 
an tig en s could  be e x tra c te d  from  th e  cells on ly  b y  h e a t- tre a tm e n t u n d e r in 
c reased  p ressu re . As th is  p rocedure  was tim e-consum ing , L a n c e f i e l d ’s m ethod  
m odified  b y  S z e n t - I v a n y i  [17] was ap p lied  w hen ag ar d iffusion  w as p e r 
fo rm ed  w ith  ac id -ex trac ted  an tig en s , a p rec ip ita tio n  line o f th e  sam e in te n s ity  
w as o b ta in ed  as w ith  th e  au to c lav ed  an tig en  (Fig. 1).
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Table IV

A g a r d iffu sion  reactions o f  acid-treated antigens

Sera H 20-K , H l l - K  a n d  T 01-K  were p repared  w ith  u n tre a te d  an tig en s; serum  H l l - A  was 
p re p are d  w ith  an tigen  au to c lav ed  fo r 2 hours a t  1 a tm .

Species
No. of

Serum

strains
H20-K H ll-K T01-K H ll-A

Ps. tabaci ........................................................... 12 _ _
P s. angulata ...................................................... 2 + + - —
P s. la ch rym a n s ................................................. 6 - — - —

1

3 +

Fig. 2. A g ar d iffu sio n  te s t  o f 4 P s. tabaci an d  2 Ps. lachrym ans  s tra ins 
w ith  Ps. tabaci H 20 serum  

In c u b a tio n : 48 hours

All s tra in s  w ere tre a te d  w ith  b o th  a u to c lav in g  a n d  acid e x tra c tio n . 
T he p rep a ra tio n s  w ere  te s te d  by  ag a r d iffusion  a g a in s t a ll th e  sera. As th e  
tw o  kinds o f e x tra c t  b e h av ed  sim ilarly , in  T able IV  o n ly  th e  reactions g iven  
b y  ac id -ex trac ted  an tig en s  are p re sen ted . P ositive  reac tio n s  were g en era lly  
re a d a b le  a fte r  an  in c u b a tio n  a t  room  te m p e ra tu re  fo r 12 hours. W ith  s tra in  
H 42 th e  reac tio n  b ecam e  in ten se  o n ly  a f te r  48 hours.

F ro m  T ab le  IY  i t  is clear th a t  reac tio n s  o b ta in ed  w ith  th e  diffusion m eth o d  
a re  specific. Sera p re p a re d  w ith  Ps. tabaci re ac ted  o n ly  w ith  Ps. tabaci an d  
P s. angulata, an d  s im ila rly , serum  Ps. m ori p re c ip ita te d  o n ly  an tigens o b ta in e d  
fro m  th e  hom ologous s tra in s . The se ru m  p rep a red  w ith  h e a t- tre a te d  an tig en  
gave no  reac tio n  w ith  e ith e r  of th e  e x tra c ts . The e x p la n a tio n  o f th is  fin d in g  
m a y  be th a t  h e a t t r e a tm e n t  h ad  so d e n a tu re d  th e  an tig en s  th a t  th e y  w ere 
u n ab le  to  give rise to  ap p reciab le  am o u n ts  o f an tib o d ies  ag a in st th e  d iffusib le 
an tigens.
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F ro m  th e  resu lts  i t  is also clear t h a t  th e  an tig en ic  s tru c tu re  of P s. tabaci 
is id en tica l w ith  t h a t  o f  Ps. angulata. S im ila rly , th e re  w ere no an tig en ic  
d ifferences am ong  P s. rnori s tra in s (F ig . 2).

Discussion

S t a p p  [14] cla im ed th a t  Ps. tabaci w as a n tig en ica lly  hom ogeneous a n d  
in  th is  resp ec t th e re  w as no difference b e tw een  th is  o rgan ism  and  Ps. angulata  
an d  Ps. mellea. T his fin d in g  was co n firm ed  b y  o th e r a u th o rs  ( O b e r m e i s t e r  

[10], B r a u n  [2] an d  R e i d  et al. [13]). In  c o n tra s t ,  N o v i k o v a  [9] d in stin g u ish ed  
tw o serological ty p es  am ong  Ps. tabaci s tra in s , an d  show ed th a t  P s. tabaci 
an d  Ps. mellea d iffered  in  an tigen ic  s tru c tu re . A ccord ing  to  R e i d  et al. [13], 
Ps. tabaci is an tig en ica lly  iden tica l w ith  P s. angulata, P s. fluorescens a n d  P s. 
syringae. I s r a i l s k y  a n d  C h i s t o s e r d o v a  [ 5 ]  in  a s tu d y  o f  fluorescent p ig m e n t 
p roducing  b a c te ria  show ed th a t  sera  p re p a re d  w ith  B acterium  citriputeale  
( Ps. syringae)  gave a h ig h  t i tre  a g g lu tin a tio n  w ith  a P s. tabaci s tra in  iso la te d  
in  K iev. Serum  Ps. m ori showed a s tro n g  reac tio n  w ith  various P s. tabaci 
s tra in s  iso la ted  in  d iffe re n t p a rts  o f th e  U . S. S. R . A r t e m i e v a  [1] o b serv ed  
th a t  th e  serological b eh av io u r of P s. phaseolicola  is closely re la ted  to  t h a t  
o f Ps. mori. A ccord ing  to  F r i e d m a n  [ 4 ]  P s. lapsa  c a n n o t be d iffe re n tia ted  
from  Ps. syringae  on th e  basis of a g g lu tin a tio n  t i tre s  o b ta in e d  in  Ps. syringae  
serum . K l e m e n t  et al. [7] showed th a t  se ru m  P s. m ori ag g lu tin a ted  10 o th e r  
P seudom onas species. Serum  Ps. m ori v a r . huszi a g g lu tin a te d  11 species in  
a d d itio n  to  th e  hom ologous b ac te riu m .

I t  shou ld  be n o te d  th a t  th e  above in v es tig a tio n s  w ere carried  o u t w ith  
d ifferen t m ethods.

Some au th o rs  used  sera p rep a red  w ith  liv ing  b a c te r ia  and  u n tre a te d  
an tigens for th e  ag g lu tin a tio n . A ccording to  S t a p p  [16], fo r th e  d iffe ren tia tio n  
of p h y to p a th o g en ic  organism s th e  p re c ip ita tio n  te s t  is m ore sensitive a n d  
specific th a n  a g g lu tin a tio n . R e i d  et al. [13] d is tin g u ish ed  D a w s o n ’s M a n d  
S phases in  P s. tabaci a n d  exam ined  b o th  phases as to  th e ir  being su ita b le  
for id e n tif ic a tio n  o f  th e  s tra in s . P h ase  S w as p ro d u ced  b y  su b cu ltu rin g  th e  
s tra in  in  an ti-M  serum . Some s tra in s  fo rm ed  no s tab le  S phase. R e c e n tly  
M u s h i n  et al. [8] co m p ared  by  a g g lu tin a tio n  9 d iffe ren t species be longing  to  
the  genus P seudom onas. W ith  0  sera a n d  О an tig en s 5 species could be d is t in 
guished , w hile s tra in s  be longing  to  th e  rem a in in g  4 species gave no re a c tio n . 
Since these  au th o rs  u sed  no  H  sera, i t  c a n n o t be assum ed  w h e th e r O sera  w ere 
rea lly  needed  for th e  d iffe ren tia tio n  o f th e se  b a c te r ia . K l e m e n t  et al. [7] 
used  b o th  О an d  H  sera  fo r th e  id e n tif ic a tio n  o f P s. m ori an d  P. m ori v a r . 
huszi. T hey  show ed th a t  th ese  b a c te ria  can  be d is tin g u ish ed  w ith  b o th  О a n d  
H  sera. As ex p ec ted , th e  low er t i tre  H  se ra  w ere m ore specific  th a n  h igh  t i t r e
sera.
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As seen , no u n ifo rm  m ethods h av e  so fa r  been e la b o ra te d  for th e  se ro 
logical d e te rm in a tio n  o f organ ism s be lo n g in g  to  the  genus P seu d o m o n as, an d  
i t  m a y  be assum ed th a t  d u e  to  th e  in a d e q u a c y  of the m e th o d s  ce rta in  species 
h av e  n o t y e t been recognized .

F ro m  th e  p resen t in v es tig a tio n s  i t  h as  been concluded  th a t  P s. tabaci 
can  a d e q u a te ly  be d is tin g u ish ed  from  o th e r  species. F o r th is  p u rpose  b o th  
th e  ag g lu tin a tio n  an d  th e  gel d iffusion tech n iq u es  can be ap p lied . As com pared  
to  a g g lu tin a tio n , th e  la t te r  m ethod  offers a m ore specific re su lt an d  is easie r 
to  p e rfo rm . D iffe ren tia tio n  being so sim ple  is due to th e  fac t th a t  P se u d o 
m onas b a c te ria  possess a com m on group-specific , therm o lab ile  an tig en , w hile  
th e  species-specific a n tig e n  is th e rm o sta b le .

T h e  m ethods described  are  supposed  to  be useful n o t o n ly  for th e  recog 
n itio n  o f  Ps. tabaci b u t  also for th e  d iffe ren tia tio n  o f o th e r  P seu d o m o n as 
o rgan ism s.
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d u rin g  th e  investig a tio n ; to  Prof. M . P. S t a r r  fo r a  su p p ly  of s tra in s ; a n d  to  Dr. F . K .  Y i n  
for th e  p re p a ra tio n  of p h o to g rap h s .

L IT E R A T U R E

1. Артемьева, 3. С.:  М икробиология 7, 899 (1938).
2. B r a u n , A. G.: P h y to p a th o lo g y  27, 283 (1937).
3. B r o o k s , R. S., N a in , К .,  R h o d e s , M.: J .  P a th .  B act. 28, 203 (1925).
4. F r ie d m a n , B. A.: P h y to p a th o lo g y  43, 412 (1953).
5. И зраильский, В. П ., Чистосердова, T . В . : М икробиология 7, 809 (1938).
6. И зраильский, В . П .:  Б ак тер и ал ьн ы е  болезни  растений. Гос. И зд . С ельскохоз. Л и г .,

М осква, 1960.
7. K l e m e n t , Z., L o v r e k o v ic h , L ., H e v e s i, M .: P h y to p a th . Z. 38, 18 (1960).
8. MuSHiN, R ., N a y lo r , J . ,  L a ho v ary , N .: A u st. J .  Biol. Sei. 12, 233 (1959).
9. Новикова, Н .:  М икробиол. Ж у р н а л  А. Н . У. P . С. Р . 3, 139 (1936).

10. Обермейстер, H. Р .:  С борник работ по болезн ям  табака. К р асн о д ар , 35 (1936).
11. OrrcHTERLONY, О.: A c ta  p a th ,  scand. 25, 186 (1948).
12. O u c h t e r l o n y , 0 .:  A c ta  p a th ,  scand. 26, 507 (1949).
13. R e id , J .  J . ,  N a g h sk i, J . ,  F a r e l l , M. A ., H a l e y , D. E .: P en n . S ta te  Coll. B ull. 422, 1

(1942).
14. St a p p , C.: Angew. B ot. 12, 241 (1930).
15. St a p p , C.: Zbl. B ak t. I I  A b t. 96, 1 (1937).
16. S t a p p , C.: P flan zen p ath o g en e  B ak terien . P a re y , H am burg , 1958.
17. Sz e n t - Iv á n y i, T.: A c ta  v e t. hung . 2, 109 (1952).

A ddress o f the authors:

L ászló  L o v r e k o v ic h , Zoltán  K l e m e n t

Research In s titu te  for P lant Protection, H erm an Ottó ú t 15, B udapest II , Hungary



PHAGE-TYPING OF SALMONELLA PARATYPHI В
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Sum m ary . A survey during the years 1956- 1960 has shown that F e l ix  and Callow ’s 
phage-typing of S. p a r a t y p h i  В  is not sufficient for epidemiological purposes. For the improve
ment of the results S c h o lten s’ “natural grouping” based on the lysogenic state of strains has 
been introduced.

The methods described by F e l ix  and Callow  and by Sch o lten s  were compared in 
parallel examinations of 360 strains. On repeated examinations of carriers constant results 
were obtained with the natural grouping method. The completion of the internationally used 
method of F e l ix  and Callow  with the natural grouping has been considered useful and neces
sary.

With natural grouping 7 out o f S ch o lten s’ 12 new types were encountered (Leeuwarden, 
Beceles 22, Taunton-Kampen, Taunton-the Hague, 87, Sittard and J7).

P h ag e -ty p in g  of S . ty p h i, e lab o ra ted  b y  C r a i g i e  and  Y e n  [1] and  success
fu lly  app lied  in  ep idem iological in v estig a tio n s, y ielded  a basis  for th e  classi
f ica tio n  o f S . p a ra typ h i B . B y  th e  use of a d a p te d  phages F e l i x  an d  Ca l l o w  
[2] in 1943 classified S . p a ra typ h i В  f irs t in to  4 ty p e s , th e n  b y  fu r th e r  phages 
in to  10 ty p e s  a n d  severa l v a r ia n ts . The phage re a c tio n  of th e  ty p e s  an d  v a r ia n ts  
were d e m o n s tra te d  in  T ables 1 an d  6 of F e l i x  a n d  C a l l o w ’s p a p e r  [3]. W hile 
all phages used  fo r th e  ty p in g  o f  S . typ h i h ad  been  derived  fro m  phage V ili  b y  
a d a p ta tio n , o f S . p a ra typ h i В  phages 2, 3a, 3 a l, 3b, J e rse y , T au n to n  an d  
D undee h a d  b een  a d a p te d  from  phage 1; phages Beccles a n d  B. A. 0 .  R . 
h ad  o rig ina ted  from  o th e r sources. The site  o f ac tio n  of S. p a ra ty p h i В  phages 
is no t en tire ly  know n. The ro le o f som atic  an tig e n  5 does n o t seem  decisive, 
as v a ria n ts  lack in g  th is  fac to r  can  also be classified  b y  th e  ty p in g  phages.

Materials and methods

Phage-typing of S. p a r a ty p h i  В  by F e l ix  and Ca llo w ’s method has been performed in 
this laboratory since 1956. Until December .31, 1960, 715 strains isolated from chronic carriers, 
temporary excretors and patients were examined.

The used phages were: (i) The international typing phages of F e l ix  and Callow  1, 2, 
3a, 3al, 3b, Jersey, Beccles, Taunton, B. A. O. R., Dundee, 1010 (later phage Worksop was 
also applied), (ii) Phages e, d, c, f, h, b, liberated by Sc h o l ten s  from mixed cultures; sponta
neously liberated natural phages I, IYa, IVb, VI and finally phage Beccles-Meppel, which had 
been obtained by adaptation.

The phage-typing technique was the same as that employed in the typing of S .  t y p h i  [4].
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Results

The p e rcen tag e  d is tr ib u tio n  o f  715 S. p a ra typh i В  s tra in s  accord ing  to  
p h a g e  ty p es is p re se n te d  in  T ab le  I .

Craig ie  an d  F e l i x  [4] an d  A n d e r s o n  [5] often  s tre ssed  th a t  th e  occur
ren ce  o f various ty p e s  in  a g iven c o u n try  had  to  be ca lcu la ted  accord ing  
to  th e  n u m b er o f  foci, as o therw ise in  th e  course o f o u tb re a k s  th e  h ig h  occur
ren ce  o f th e  cau sa tiv e  ty p es m ig h t a l te r  th e  real d is tr ib u tio n . T hus in  T able 
I  th e  p ercen tage  o f ty p e s  is p re sen ted  accord ing  to  ep idem ic  sources.

Table I

Percentage d istribution  o f  phage-types o f  S. para typhi В  counted by fo c i

Examinations performed by Felix  and Calow’s method May, 1956 — December, 1960 
Total number of foci, 274. Total number of persons, 393. Total number of strains, 715

P h ag e-ty p e
A v erag e

p e rcen tag e
1 9 5 6 -1 9 6 0

P h a g e -ty p e
A verage

p e rcen tag e
1 9 5 6 -1 9 6 0

1 Most com m on ................. 5 . 0 Jersey ...................................... 1.5

Variation 1 ...................... ___  0 . 4 B eccles................................. 2 . 5

Variation 2 ........................... ____  0 . 4 T aunton .............................. . . .  i 59.5

Variation 3, 4  .................. 0 . 4 B. A. O. R........................... . .  1 5.8

2 — Dundee ................................. 5 . 5

3a Most com m on ................. 1.5 U ntypab le ............................ . . 4 . 0

У ariation 1 ..................... 0 . 7 Degraded ............................... 0 . 4

Variation 2 ...................... . . . .
3 a l Most com m on .................

Variation 1 ...................... ___  ' 2 . 2

Variation 2 ...................... 6.6
3b Variation 3 ...................... 0 . 4

Variation ? * ................... ___  0 .7

* Reaction different from that given by any known type.

W ith in  5 y ea rs  th e  average in c id en ce  of ty p e  T a u n to n  was 59.5 p e r cen t. 
T h is  ty p e  p a r tic u la r ly  em erged in  1960 (77.6 per ce n t) , w hen  i t  caused  several 
o u tb reak s  o rig in a tin g  from  v ario u s sources. D uring  th e  in d ica ted  perio d  th e  
o rd er o f ty p e  fre q u e n c y  was as fo llow s: T au n to n , 3 a l,  B . A. O. R ., D undee,
1. U n ty p ab le  s tra in s  occurred  in  4 p e r  cen t on th e  av erag e .

A com parison  o f  our resu lts  w ith  tho se  ob ta in ed  in  o th e r  coun tries show ed 
th a t  w ith  th e  ex cep tio n  o f E n g lan d , N orw ay  and  F ra n c e , in  E u ro p e  generally  
ty p e  T au n to n  p re d o m in a te d . In  E n g la n d  an d  N orw ay ty p e  1, in  F ran ce  D undee 
w ere th e  m ost f re q u e n t ty p es. In  C an ad a  and  J a p a n  ty p e  3a was th e  one m ost 
o ften  en coun tered  (T able II) .
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Table II

P ercen ta g e  d is t r ib u t io n  o f  p h a g e - ty p e s  o f  S .  p a r a t y p h i  В  in  v a r io u s  c o u n tr ie s  c o u n ted  b y  f o c i *

l 2 3a 3al 3b 1 J e rse y Bec
cles Taunton i B . A. 

1 O .R .
D undee U n ty p 

able

Austria........... 12.6 1.6 11.8 0.8 0.5 2.1 55.5 8.4 3.9 2.8
England......... 29.9 5.2 13.0 3.4 3.7 2.2 3.1 17.7 1.5 10.1 10.2
France ........... 4.4 — 0.7 1.9 1.4 18.9 6.1 24.3 0.5 39.4 2.4
Netherlands . . . 12.8 — 6.2 12.9 2.1 10.4 9.4 28.4 7.0 5.4 5.4
Germany

Frankfurt/M. 12.5 0.2 5.5 14.4 3.6 2.2 5.1 38.3 10.0 5.2 4.1
Wernigerode 11.4 - 4.4 14.5 1.9 0.9 0.9 47.5 8.4 3.1 7.0

Hungary ....... 8.9 — : 3.6 14.3 1.8 1.8 2.7 54.4 3.6 5.3 3.6
Norway ......... 35.6 — 6.7 11.1 13.3 — 6.7 — 2.2 24.4
Rumania ....... 4.4 — 2.9 2.9 — 8.8 — 54.4 5.9 8.8 11.8
Ja p a n  ................. 40.5 - 45.4 - 13.6 - — — — 0.5
Canada ........... 10.9 — , 38.0 11.9 9.8 — 16.3 — 2.2 10.9

* Data summarized by  Dr. P. N icolle from the report of the I n te r n a t io n a l  C o m m itte e  
■of E n te r ic  P h a g e  T y p i n g ,  1958

The v a lu e  o f p h a g e -ty p in g  depends p rim a rily  on th e  s ta b ility  of ty p e s  
in  vivo  an d  in  vitro. T he c o n s tan t re su lts  w ith  S. typ h i p h ag e -ty p in g  an d  i ts  
usefulness in  epidem iological in v es tig a tio n s  h av e  been co n firm ed  b y  su rv ey s  
carried  ou t in  v a rious co u n tries . As to  th e  s ta b ili ty  of S . p a ra typ h i В  phage- 
ty p e s , op in ions are  less un ifo rm . In  1951 F e l i x  and  Ca l l o w  [3] po in ted  o u t  
th a t  ty p e  Beccles w as n o t co n stan t. T h is w as la te r  co n firm ed  [6] and  on th e  
basis o f  th e  ex am in a tio n  o f  4000 s tra in s  fo u n d  to  be tru e  also  fo r several o th e r  
ty p es (D undee, T a u n to n , 3a, 3 a l, 3b, Je rse y , B . A. O. R .) [7].

D u rin g  th e  5 y e a r perio d  we also a t te m p te d  to  ex am in e  th e  co n stan cy  o f  
th e  various ty p e s . A lto g e th e r 715 s tra in s  w ere exam in ed , o f  w hich 232 h a d  
been iso la ted  from  p a tie n ts , 97 from  tra n s ie n t  carriers a n d  64 from  ch ron ic  
carriers. The p e rcen tag e  d is tr ib u tio n  acco rd in g  to  th is  g ro u p in g  is p re sen ted  
in T able I I I .  All th e  p h ag e-ty p es iso la ted  fro m  p a tie n ts  w ere found  in ch ron ic  
an d  tra n s ie n t carriers as well. The figures also show  th e  in c id en ce  o f u n ty p a b le  
s tra in s  sensitive  on ly  to  phages O j_3, a n d  also th a t  o f  p h ag e -re s is tan t o rg a 
nism s n o t sensitive  even  to  a n ti-0  ph ag es. T h e  occurrence o f  carriers  ex c re tin g  
d iffe ren t p h ag e-ty p es  a t  rep ea ted  e x a m in a tio n s  is in d ic a te d  un d er “ v a ry in g  
re su lts” .

U n ty p a b le , p h ag e -re s is tan t and  v a ry in g  resu lts  c a n n o t be used in  e p id e 
m iological in v es tig a tio n s . A ccording to  ou r d a ta  s tra in s  g iv ing  th e  ab o v e  
resu lts  occurred  in  32.8 p e r cen t on ty p in g  w ith  F e l i x  an d  Ca l l o w ’s m eth o d . 
T he v alue  o f  th is  m e th o d  was also d ecreased  b y  th e  fa c t t h a t  calcu lated  b y
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foci a high n u m b er (on th e  average  59.5 p e r  cent) of s tra in s  belonged  to  ty p e  
T a u n to n .

Table III

Percentage distribibution o f  phage-types o f  S . paratyphi B , counted by persons 

M ay, 1956—D ecem ber, 1960

Phage-type

Examination group

chronic
carriers

1

transient
carriers patients

1 M ost c o m m o n .......................................... 6.3 3.1 5.1

V aria tion  1 ............................................... — — 0.9

V aria tio n  2 ............................................... — 1.0 0.5

V aria tion  3, 4 ........................................ — 1.0 —

3a M ost c o m m o n .......................................... — 1.0 0.9

V aria tio n  1 ............................................... 1.6 — 1.2

V aria tion  2 ............................................... 1.6 — 0.5

3 a l M ost c o m m o n ........................................... 4.7 1.0 0.5

V aria tio n  1 ............................................... — 2.0 0.9

V aria tion  2 ............................................... 7.8 7.2 3.0

3b V aria tion  3 ............................................... — — 1.0

V aria tio n  ? ............................................... 1.6 —

J e r s e y .................................................................... 1.6 - 0.5

B e c c le s .................................................................. — 2.0 3.8
T a u n t o n ............................................................... 32.8 67.4 73.2

B. A. O. R .......................................................... .. 4.6 7.2 2.1

D undee  ............................................................... 4.6 4.1 3.5

U n ty p a b le ........................................................... 3.1 1.0 1.5

V ary in g  r e s u l t s ................................................. 26.6 1.0 —

P h a g e - re s is ta n t ................................................. 3.1 1.0 0.9

T o ta l nu m b er o f  persons 64 97 232

Changes of phage ty p es  are sh o w n  in  Table IV . T he s tra in s  iso la ted  from  
th e  faeces an d  u rin e  o f a T a u n to n - ty p e  harb o u rin g  c a rr ie r  were ex am in ed  
se p a ra te ly . The s tra in  ex c re ted  in th e  faeces belonged to  ty p e  T a u n to n , th a t  
iso la ted  from  th e  u rin e  co rresponded  to  3 a l. The e x a m in a tio n  o f 30 co lonies 
o f  each  of these  cu ltu re s  show ed t h a t  b o th  co n ta ined  T a u n to n  an d  3 a l  ty p e  
organism s in  m ixed  cu ltu re .

F rom  these  re su lts  i t  has been  co n c lu d ed  th a t  a c la ss ifica tio n  b y  F e l i x  
a n d  Ca l l o w ’s m eth o d  is n o t su ffic ien t fo r  epidem iological purposes.
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Table IV
Changes in phage-type o f  S . para typhi В  strains isolated on subsequent occasions from chronic

carriers

E x am in atio n s perform ed b y  F e l i x  and C a l l o w ’s m eth o d

3a M ost com m on — u n ty p ab le  Jersey
3a M ost com m on — u n ty p ab le
3a M ost com m on 3a v a ria tio n  1 — 3a M ost com m on
3a l M ost com m on — D undee
3 a l M ost com m on — u n ty p a b le
3 a l M ost com m on — T a u n to n  — un typable
3b — u n ty p ab le
3b — Je rsey
Beccles u n ty p ab le
B eccles — u n ty p ab le  D undee
T au n to n  3 a l v a ria tio n  2
T au n to n  p h age-resistan t
T au n to n  3 a l v a ria tio n  2 — phage-resistan t
T a u n to n  — phag e-resis tan t — Dundee
B. A. O. R. — p h ag e-resis tan t — un typab le
B. A. O. R. — u n ty p ab le
D undee — p h age-resistan t
Dundee — u n ty p ab le
D undee — p h ag e-resistan t — T au n to n

S c h o l t e n s  [8— 11] show ed th a t  S . p a ra typ h i В  can  be classified in to  
ty p e s  on th e  basis o f lysogen ic ity . Two k in d s o f phage could  be d istin g u ish ed , 
n am ely , phages lib e ra te d  spon taneously  a n d  o thers l ib e ra te d  b y  in d u c tio n  
from  m ixed cu ltu res.

S c h o l t e n s ’ n a tu r a l  g ro u p in g  is b a s e d  on  th e  fo llo w in g  e x a m in a tio n s .
1. D e te rm in a tio n  o f  lysis w ith  F e l i x  a n d  Ca l l o w ’s ty p in g  phages 1, 2, 

3a, Je rse y , an d  w ith  th e  new ly  ad ap ted  phage Beccles-M epel.
2. D e te rm in a tio n  o f  lysis w ith  phages o b ta ined  from  m ixed cu ltu re s .
O n th e  basis o f  reac tio n s  1 and  2 can  th e  s tra in s  be grouped.
3. D e te rm in a tio n  o f lysis w ith  sp o n tan eo u sly  lib e ra te d  phages.
4. D etec tion  an d  d e te rm in a tio n  o f phages sp o n tan eo u sly  lib era ted  from  

the s tra in  un d er in v es tig a tio n .
O n th e  basis o f  reac tio n s 3 and  4 can  th e  s tra in s  w ith in  th e  groups be 

classified in to  ty p es . The group and ty p e  reac tio n s  are ta b u la te d  in  Sc h o l t e n s ’ 
pap er [11].

A ccording to  a decision  of the  1st Subcom m ittee on S . pa ra typ h i В  o f th e  
In ternational Committee fo r  Enteric Phage T y p in g , th e  ty p e  d e te rm in a tio n  
m eth o d  to  be used shou ld  be chosen w hen a su ffic ien t n u m b er o f  resu lts based  
on ep idem iological d a ta  will be availab le  w ith  b o th  F e l i x  and  Ca l l o w ’s 
and  S c h o l t e n s ’ m ethods. The purpose o f  th e  p resen t in v es tig a tio n s  was to  
c o n tr ib u te  to  th e  se ttlin g  o f th e  question .
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Table Y

Comparison o f  F e l i x  and  C a l l o w ’s  method w ith  S c h o l t e n s ’ natural grouping

T y p in g  according to  F e l ix  a n d  Callow T y p in g  according  to  S c h o l te n s

N o. of N o . o f
P hage-type s tra in s P h a g e -ty p e P hag e-g ro u p s tra in s

1 M ost com m on 1 5 1 M ost com m on U ngrouped 18
V aria tion  2 3

V aria tion  3, 4 2* ?  * 9 2*

2 - 2 2 —

3a M ost comm on 8 3a M ost com m on в 9
V aria tio n  1 1

3 a l M ost com m on 1 0 3a l L eeu w ard en 9
T au n to n -K a m p e n в 1

V aria tion  2 1 6 3a l V a ria tio n  1, 2 16

3b V aria tion  3 3* 9 9 3*
V aria tion  ? 3 9 в 3

J  e rsey 11 Je rsey .1 1
.17 10

B eccles 2 Beccles 22 А 1
S itta rd S 1

T a u n to n 227 T a u n to n — K äm pen В 2 2 5
T a u n to n  th e  Hague А 2

B. A. O. R. 19 B. A. 0 .  R. М 18
T a u n to n — K äm pen В 1

D u ndee 11 D undee А 6
87 S 2
T a u n to n —K äm pen в 2

U ngroupable 1

D egraded 6* 9 9 6*

U n ty p ab le 10 B. A. O. R. м 4
T  a u n to n — K äm pen в 6

P h ag e-resis tan t 13 T a u n to n — K äm pen в 12
P h ag e -re s is ta n t 1

T o ta l 360 T o ta l 360

S. java
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T able Y  p resen ts  a com parison  betw een  .resu lts o b ta in e d  w ith  F e l i x  
an d  Ca l l o w ’s ty p in g  an d  w ith  S c h o l t e n s ’ m eth o d  in tro d u c e d  in  th is  la b o r
a to ry  in  1959. A lto g e th e r 360 s tra in s  were exam ined .

T h e a d v a n ta g e s  o f  S c h o l t e n s ’ m e th o d  c a n  b e  s u m m a r iz e d  as  fo llow s.
1. Som e o f F e l ix  and  Ca l l o w ’s p h ag e-ty p es could  be d iv id ed  in to  fu r 

th e r  ty p es , viz.
(a) T ype  Beccles in to  ty p e s  Beccles 22 an d  S itta rd ;
(b) T ype D undee in to  ty p e s  87 an d  D un d ee ;
(c) T ype Je rse y  in to  ty p e s  Je rse y  an d  J 7 ;
(d) T ype T a u n to n  in to  ty p e s  T au n to n -K a m p e n  a n d  T a u n to n -th e  H ague.
O f th e  new  ty p es  o f S c h o l t e n s  th e  fo llow ing o ccu rred  am ong  our s tra in s :

L eeuw arden , Beccles 22, T au n to n -K a m p e n , T a tm to n -th e  H ague , 87, S itta rd . 
T ype J 7  described  b y  B is c h e  a n d  S c h n e id e r  [7] was also m e t w ith .

2. R ep ea ted  e x am in a tio n s  and  iso la tions show ed th a t  th e  S c h o l t e n s  
ty p es  w ere c o n s ta n t.

W ith  th e  29 chronic carrie rs  whose phage ty p es  p ro v ed  variab le  w ith  
F e l ix  an d  Ca l l o w ’s m eth o d , th e  n a tu ra l g roup ing  y ie lded  un ifo rm  re su lts . 
Some exam ples are  p resen ted  as follows.

(a) O f 9 su b seq u en t iso la tions from  a ch ron ic  ca rrie r 6 s tra in s  belonged 
to  ty p e  T a u n to n , 1 was u n ty p a b le  an d  2 w ere p h a g e -re s is ta n t. F ro m  all th e  
9 s tra in s  n a tu ra l  phage IV b could  be show n. O f th e  2 s tra in s  iso la ted  from  tw o  
infections occurring  in connection  w ith  th is ca rrie r, one co rresponded  to  ty p e  
T au n to n , th e  o th e r  to  a p h ag e -re s is tan t cu ltu re . N a tu ra l phage IV b was de tec ted  
in  b o th  s tra in s .

(b) In  th e  course o f a T a u n to n -ty p e  o u tb re a k  a s tra in  occurred  w hich 
show ed som e degree o f se n s itiv ity  to  phage B. A. O. R ., b u t  w as insensitive  
to  phage T a u n to n . A ccord ing  to  F e l ix  an d  Ca l l o w ’s m e th o d  th e  cu ltu re  
ough t to  h av e  been  classified  as ty p e  B. A. O. R .; its  n a tu ra l  phage w as, 
how ever, IV b an d  so, acco rd ing  to  n a tu ra l g roup ing  i t  h ad  to  be regarded  as 
ty p e  T au n to n .

(c) O f 4 s tra in s  iso la ted  on su b sequen t occasions from  a carrier th e  
first belonged to  B. A. O. R ., th e  second w as p h ag e -re s is tan t an d  th e  th ird  
and  fo u rth  w ere u n ty p a b le  b y  F e l ix  and  Ca l l o w ’s m eth o d . W ith  regard  
to  sen s itiv ity  to  S c h o l t e n s ’ phages and  as to  th e ir  n a tu ra l  phages th e  3 la t te r  
s tra in s  also belonged  to  ty p e  B. A. 0 .  R.

(d) D u rin g  a S . p a ra typ h i В  ep idem ic in  1960, from  all th e  p a tien ts  
an d  tra n s ie n t carriers ty p e  T a u n to n  was iso la ted . B y  F e l i x  an d  Ca l l o w ’s 
m eth o d  on 4 su b seq u en t iso la tions from  a tra n s ie n t c a rrie r ty p es  D undee 
an d  p h ag e-res is tan t s tra in s  w ere revealed  a lte rn a tiv e ly . I t  shou ld  be n o ted  
th a t  in  th e  fam ily  of th is  person  th ere  were found  p a tie n ts  excre ting  o n ly  
ty p e  T au n to n . T he n a tu ra l  phages of th e  4 s tra in s  iso la ted  from  th e  tra n s ie n t 
ca rrie r co rresponded  to  IV b, w hich is ch a rac te ris tic  o f ty p e  T au n to n .
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3. S tra ins u n ty p a b le  w ith  or re s is ta n t to  F e l ix  an d  Ca l l o w ’s ty p in g  
p h ag es  could be ty p e d  b y  S c h o l t e n s ’ m eth o d . T yp ing  ca rried  o u t by  th e  form er 
m e th o d  y ielded 23 u n ty p a b le  or p h ag e -re s is tan t s tra in s . O f th e  23 s tra in s  22 
w ere  classified in to  ty p e s  w ith  th e  n a tu ra l  grouping  m e th o d . T he correctness 
o f  th e  resu lts  was con firm ed  b y  epidem iological d a ta .

4. A s tra in  n o t c lassifiab le  in to  a n y  o f th e  n a tu ra l  g roups or ty p e s  m ay  
be lo n g  to  a new  p h ag e -ty p e  or m a y  possess som e e x tra o rd in a ry  p ro p erties .

(a) On re p e a te d  e x am in a tio n  o f  a person, F e l ix  an d  Ca l l o w ’s ty p es  
3b v a r ia tio n  3,4 an d  a deg raded  fo rm  h ad  been  iso la ted . N e ith e r o f these  
s tra in s  could be in c lu d ed  in  S c h o l t e n s ’ groups. B iochem ical ex am in a tio n  
re v e a le d  th a t  th e y  co rresponded  to  d - ta r tr a te  fe rm en tin g  S. ja va  s tra in s . 
E x a m in a tio n  o f S . ja v a  w ith  F e l ix  a n d  Ca l l o w ’s phages show ed th a t  w ith  
th is  m eth o d  th e  ty p e s  were n o t c o n s ta n t and  deg raded  form s w ith  n o n -ch a r
a c te r is tic  ly tic  p a t te rn  often  o ccu rred . In  co n tra s t, a lth o u g h  these  s tra in s  
cou ld  n o t be in c lu d ed  in  th e  n a tu ra l  sy stem , w ith  S c h o l t e n s ’ phages th e y  
show ed  a co n stan t, c h a ra c te ris tic  ly tic  p a tte rn  (lysis w ith  phages b , c, d , e 
a n d  B M ) .

(b) S trains iso la ted  on v a rious occasions from  a chronic ca rrie r could 
n o t  be included  b y  F e l ix  and  Ca l l o w ’s ty p in g  in  e ith e r  o f th e  v a ria tio n s  
o f  ty p e  3b. W ith  S c h o l t e n s ’ phages s tra in s  3b belong  to  groups A or M; 
th e  s tra in s  u n d er in v e s tig a tio n , how ever, were m em bers of g roup  B. L a te r  
we w ere able to  use B e r n s t e in ’s n ew ly  ad ap ted  phage W orksop  [1 2 ]; i t  was 
re v e a le d  th a t  th e  q u estio n ab le  s tra in s  corresponded  to  th is  \ e r y  ty p e . The 
s tra in s  were d - ta r t r a te  neg a tiv e .

D iscussion

In  add ition  to  th e  m ethod  b ased  on sen s itiv ity  to  a d a p te d  phages, 
in v e s tig a tio n  of th e  lysogenic  s ta te  o f  b ac te ria  has also been found  ad eq u a te  
fo r ty p e  d e te rm in a tio n . T he id e n tif ic a tio n  of bac te ria  on g ro u n d  of ly sogen ic ity  
w as f i r s t  described b y  B u r n e t  [13], w ith o u t, how ever, e lab o ra tin g  a p rac tica l 
m e th o d . The p h ag e-sen sitiv ity  o f  S.  p a ra typ h i B , s im ila rly  to  th a t  of S . typh i 
an d  o th e r  b ac te ria  so fa r  exam ined  depends p rim arily  on th e  lysogenic s ta te  
o f  th e  s tra in , i. e. on the  presence o f  te m p e ra te , la te n t  phages. A ccording 
to  F e l i x  and  Ca l l o w  [3] and  N ic o l l e  et al. [14— 16] th ese  phages m ay  have 
ty p e -d e te rm in in g  an d  p a r t ly  ty p e -d e te rm in in g  p ro p ertie s . In  S. p a ra typ h i В 
n o n -ty p e -d e te rm in in g  phages can also be found . S c h o l t e n s  [8] used  th e  d iffer
ence in  lysogenicity  o f  S . p a ra typh i В  as a basis of a new  ty p in g  sy stem . B o y d  
[17] e lab o ra ted  a w orkab le  m eth o d  o f ty p e  d e te rm in a tio n  b y  th e  id en tif ic a tio n  
o f  “ sy m b io tic”  la te n t  phages o f  S . typ h i m urium . A lth o u g h  ty p in g  b ased  on 
ly so g en ic ity  is genera lly  m ore c ircu m stan tia l th a n  th a t  based  on th e  use 
o f  a d a p te d  phages, i t  genera lly  p ro v ed  m ore reliab le  an d  co n s tan t.
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In  our m a te r ia l 11 S . ja va  s tra in s  occurred , w h ich  corresponded  b y  
F e l i x  and  Ca l l o w ’s ty p in g  to  ty p es  1 v a ria tio n  3, 4 an d  3b v a ria tio n  3 a n d  
to  degraded  3b. T y p in g  of various colonies o f th e  in c r im in a te d  s tra in s offered  
no un ifo rm  ly tic  p a tte rn s . In  c o n tra s t, w ith  S c h o l t e n s ’ p hages all S . ja v a  
s tra in s  beh av ed  u n ifo rm ly . W ith in  S . ja va  B r a n d is  and  T h o m s e n  [18] show ed 
w ith  F e l ix  and  Ca l l o w ’s m eth o d  ty p es Beccles, 3b, 1 an d  u n ty p ab le  s tra in s . 
T hese au th o rs  ex p la in ed  th e  id en tica l reac tio n s o f S . ja v a  a n d  S. p a ra typ h i 
В  ty p e s  b y  th e  possib le  id e n tity  o f la te n t  phages in  th e  tw o  organism s. F ro m  
th e  11 S . ja va  s tra in s  exam ined  in  th is  s tu d y  no d irec tly  d em o n strab le  n a tu ra l  
phages could be iso la ted .

The p resen t in v es tig a tio n s  show ed th a t  th e  n a tu ra l  g ro u p in g  of S. p a ra 
ty p h i В  can  well be ap p lied  in p rac tice . I t  should  be n o ted  t h a t  as th e  m a jo rity  
o f S . para typh i В  s tra in s  iso la ted  in  H u n g a ry  belongs to  ty p e  T au n to n  (59.5 
p er cen t accord ing  to  foci), a fu r th e r  subd iv ision  o f th is  ty p e  is needed. On 
n a tu ra l  grouping  247 of these  s tra in s  belonged  to  T a u n to n -K a m p e n  an d  
o n ly  2 to  T a u n to n -th e  H ague.

The resu lts  o b ta in e d  b y  m eans o f n a tu ra l g roup ing  are  o f  p rac tica l im p o r
ta n c e , being  m ore su ita b le  for epidem iological purposes th a n  th o sey ie ld ed  b y  th e  
o th e r  m ethod . M oreover, in v es tig a tio n  in to  th e  lysogenic s ta te  o f stra ins m a y  
p rov ide  d a ta  as re g a rd s  th e  v a r ia tio n  in  vivo  an d  in  vitro  a n d  also as to  th e  
m echan ism  of p h ag e -ty p e  v a ria tio n .

A cknow ledgem ent. T he au th o rs  w ish to  th a n k  D r. R . T h . S c h o l t e n s , D irecto r, N ational 
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S u m m ary . 1. S e ru m  sam ples were t a k e n  fro m  1201 re c ru its  belonging to  th re e  m ili ta ry  
groups in  N o v em b er, 1959, a n d  tw o m onths l a te r .  T he p a ire d  se ra  w ere te s te d  for co m p lem en t 
fix in g  a n tib o d ies  to  ad en o v iru s  antigen. S ig n if ic a n t (i.e . 4 -fo ld  o r  g reater) rise in  t i t r e  w as 
d e m o n s tra ted  in  14 p e r c e n t.

2. I n  18 serum  p a irs  e ac h  showing s ig n if ic a n t  rise in  C F t i t r e  to  adenovirus a n tig en  th e  
n eu tra liz in g  t it re s  to  each  o f  th e  types 1 to  7 o f  a d en o v iru se s w ere also estab lished . A sig n ifican t 
rise in  an tib o d ies  to  2 to  4 ty p e s  o f virus w as d e m o n s tra te d  in  a lm o s t ev ery  p a ired  se ru m  te s te d .

3. O f th e  168 re c ru its  w ith  significant r is e  in  com plem en t fix in g  a n tib o d y  to  ad en o v iru s 
an tigen  o n ly  9 h a d  re s p ira to ry  sym ptom s d u r in g  th e  period  o f  o b se rv a tio n .

4. N o n e  o f th e  46 cases o f  acute re sp ira to ry  diseases (in c lu d in g  th e  9 cases o f ad en o v iru s 
in fection) show ed a s ig n ific a n t rise  in  c o m p lem en t f ix in g  a n tib o d ies  to  in fluenza  A , in flu en za  
B, or S endai v iru s. M um ps w as diagnosed se ro lo g ica lly  in  a  single  case.

5. O f th e  14 p a ired  se ra  showing 4-fo ld  o r  g re a te r  rise in  co m plem en t fix in g  a n tib o d y  
to  m um ps v iru s , 8 show ed a sign ifican t rise a lso  to  Sendai v iru s.

C u m u la tio n  o f a c u te  re sp ira to ry  disease p a r t ly  due to  adenov iruses 
has often  been  observed  in  m ilitary  r e c ru its ,  especially  d u rin g  th e  w in ter m o n th s . 
Some o f th e  o u tb reak s  o bserved  in th e  U .S . A rm y  p ro v e d  to  be caused b y  th e  
ty p es 3, 4, an d  7 of adenov iruses [1, 2 ] . S im ilar experience  has been re p o rte d  
from  B rita in  [3, 4] S w itzerlan d  [5], a n d  T a iw an  [6]. I n  th e  N eth erlan d s, ty p e  
14 ad en o v iru s  p roved  to  be responsib le  for an  o u tb re a k  affecting  m ilita ry  
rec ru its  [7].

In  H u n g a ry  th e  incidence of a d e n o v iru s  in fec tio n s in  m ilita ry  g roups 
has n o t b een  s tu d ied . T h e  aim  of th e  p re se n t, m o stly  serological, w ork  w as 
to  o b ta in  d a ta  on th e  possib le role o f  adenov iruses in  th e  acu te  re sp ira to ry  
diseases occu rring  am o n g  recru its in  th e  H u n g a ria n  A rm y . The p a ired  sera  
collected fo r th is  p u rp o se  were also te s te d  fo r an tib o d ie s  to  in fluenza , S endai 
an d  m um ps viruses.

M aterials a n d  m ethods

T hree m ili ta ry  g roups w ere involved in  th e  s tud ies . B lood sam ples were tak e n  fro m  1201 
recru its  on th e  d ay  of th e ir  jo in in g  th e  arm y (N o v e m b er 16, 1959), a n d  tw o m on ths la te r  ( J a n u 
ary  20, 1960). T he sera w ere s to re d  a t —40°C u n t i l  used . E ach  se ru m  p a ir  лгав te s te d  s im u lta n e 
ously.

C omplement f ix a tio n  ( C F )  tests. T a k á t s y ’s m icro  m eth o d  w as applied  [11]. A denov irus 
an tig en  w as p ro d u ced  in  H e L a  cell cu ltu res . E q u a l  volum es o f  ty p e  3, ty p e  4, a n d  ty p e  7 
cu ltu re  m ed ia  were m ixed a n d  in ac tiv a ted  a t  56°C  fo r 30 m in u te s . As m yxovirus an tigens crude  
a llan to ic  f lu id s  w ere used. T h e  in fluenza  A a n tig e n  was a  m ix tu re  o f  P R 8  and  S ingapore 1/57

7*
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a lla n to ic  flu ids; th e  in f lu e n za  B , th e  m u m p s, a n d  th e  Sendai v irus an tig en s were p re p a re d  
fro m  th e  Lee, th e  E n d e rs , a n d  th e  Sendai s tra in s , respec tive ly .

Cell cultures. H e L a  cell cu ltu res  w ere u sed  th ro u g h o u t. These h a d  been  c u ltiv a ted  a n d  
m a in ta in e d  as reco m m en d ed  b y  B é l á d i  et al [10].

N eutraliza tion  tests. T w ofo ld  d ilu tio n  series fro m  1 : 10 to 1 : 640 w ere p re p a re d  from  t h e  
se ra  a n d  te s te d  ag a in st 100 T C ID 50 of each  o f  th e  ty p e s  1 to  7 o f adeno v iru ses. To m ake  th e  
re su lts  com parab le , s ta n d a rd  v irus suspensions s to re d  a t  —30°C were u sed . T h e  cell c u ltu re s  
w ere  o bserved  for 6 d ay s  a f te r  inocu lation .

Faecal sam ples a n d  throat washings. P ro p e rly  p rep ared  sam ples Mere s to re d  a t  -  30°C  
u n t i l  used . E ac h  specim en  w as ino cu la ted  in to  3 H e L a  cu ltu res . T he m ed iu m  was ch an g ed  
e v e ry  4 th  o r 5 th  day . T h e  tu b e s  were o bserved  fo r 21 d ays. B lind passages w ere done in  e ac h  
case.

R esults

T w elvehundred  a n d  one se ru m  p a irs  o rig in a tin g  from  th re e  m il i ta ry  
g ro u p s were te s ted  fo r C.F a n tib o d y  to  ad en o v iru s  an tigen  (T ab le  I).

T able  I

Recruits positive in  the adenovirus C F  test in  tile three m ilitary groups tested

Group 
o f recruits

No. of recruits 
tested

Recruits having CF antibodies to adenoviruses

N ovem ber, 1959 Jan u ary , 1960

No. per cent No. per cent.

G roup  I 231 174 75 210 91

G roup  II 440 359 82 402 91

G roup  II I 530 447 84 473 89

T  o ta l 1201 980 81.6 1085 90.3

The incidence o f an tibod ies by  g roup  varied  betw een 75 a n d  84 p er c e n t 
in  th e  f irs t  sam ples. T h is agrees w ith  m o st o f  th e  lite ra ry  d a ta .  In  H u n g a ry , 
h o w ever, NÁsz a n d  Tóth [12] observed  a considerab ly  low er p e rcen tag e  for  
s tu d e n ts  of th e  sam e age.

T able  II

Recruits showing l-fold or greater rise in C F  antibody to adenoviruses

Group I Group I I Group II I
Rise in titre

No. per cent No. per cent No. per cent

4-fold 38 16.5 36 8.2 14 2.6

> 4 - fo ld 35 15.2 38 8.6 7i 1.3

T o ta l 73 31.6 74 16.8 21 4.0

N um ber of sub jec ts  tes ted , see T ab le  I
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B y th e  end  o f  th e  tw o-m on th  o b se rv a tio n  period  a p p ro x im a te ly  th e  
sam e  ra te  (89— 91 p e r cen t) was found  in  each of th e  th re e  groups. A re m a rk 
ab le  p ro p o rtio n  o f th e  recru its  show ed a sign ifican t ( i .  e. 4-fold or g rea te r) 
rise in  CF a n tib o d y  to  adenovirus an tig e n  (T able  I I ) .

The incidence o f a significant rise in  t i t r e  was th e  h ighest (31.6 per cen t) 
in  group I ,  for w hich th e  in itia l inc idence  o f a n tib o d y  h ad  been  th e  low est. 
C onversely, only  4.0 p e r  cen t of th e  re c ru its  show ed a sign ifican t rise in  g roup  
I I I ,  in  w hich th e  h ig h est percentage o f  re c ru its  had  h ad  an tib o d ies . In  group  
IT. 16.8 p er cen t o f th e  recru its  show ed a sign ifican t rise in l i tre .

Group I (231 recru its )

Table I I I

C F  titres to adenovirus antigen in  1201 paired  sera

Group II  (440 recru its) G roup II I  (530 recru its)

;4  4 8 16 32 64 128
F irst-sam p le  titre s

J
1 2

1 3 I7 7 1

3 2 4 9 28 5 1

2 5 34 80 14

Ji 46 79 30 3 1

16 51 18 3

57 8F 1

< 4 4 8 16 32 64 128
F irst-sam p le  titre s

In  T able I I I  th e  second-sam ple t i t r e s  are p lo tted  ag a in s t the  firs t-sam p le  
titre s . The tw o s tra ig h t lines show the  lim its  o f norm al f lu c tu a tio n . I t  is seen th a t  
m ostly  those  rec ru its  d isp layed  sign ifican t rise in t i t r e  who had  had  no CF 
a n tib o d y  or a low  t i t r e  in  the  first specim en .

To e lucidate  w hich  ty p e , or ty p e s , o f  v iru s h ad  been responsib le  for th e  
a n tib o d y  responses, 18 paired  sera w ith  a sign ifican t rise in  CF a n tib o d y  to  
aden o v iru s  an tigen  w ere te s ted  for n e u tra liz in g  a c tiv ity  ag a in s t each  o f th e  
ty p e s  1 to  7 of adenov iruses (Table IV ).

A sign ifican t rise  to  more th a n  one ty p e  of v iru s was d e m o n s tra te d  in 
15 p a ired  sera (a rise from  <  5 to  10 w as n o t reg a rd ed  as s ig n ifican t). R ecru its 
N o. 7 an d  No. 14 show ed a rise in a n tib o d y  to  ty p e  7 on ly , w hereas No. 16 did 
show ed no sign ifican t rise a t all.

F rom  groups I and  I I I  736 serum  p a irs  were te s te d  for CF an tibod ies 
to  in fluenza  A, in flu en za  B, Sendai, an d  m um ps viruses as w ell. A rise in  a n t i 
bod ies to  these  v iru ses was ra re ly  o b se rv ed ; in  group  I m ore o ften  th a n  in  
group  I I I  (T able V).

F irst-sam ple  t itre s
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T able  IV

C F  and neutralizing antibody titres in  the paired  sera o f  18 recruits

N
o.

 o
f 

re
cr

ui
ts

G roup
of
re 

cruits

Clini
cal dis

ease 
during 
obser
vation 
period

CF
titre

N eutralization titres to  type

1 2 3 4
_

6
'

of adenoviru ses

l — 4/64* 320/160 20/20 5/40 0/0 5/5 5/20 0/5

2 - 0/32 20/40 20/80 0/10 0/0 10/20 5/20 0/5

3 - 8/128 10/10 160/160 20/320 10/80 40/40 40/320 10/160

4 I. - 8/64 320/160 320/320 10/80 NT 20/80 80/640 0/40

5 - 8/64 160/160 80/80 5/40 0/0 160/320 320/320 40/320

6 - 0/128 320/320 0/5 0/10 5/5 0/5 5/80 5/320

7 _ 0/256 0/5 160/320 0/10 NT 80/80 0/0 0/320

8 — 0/32 0/0 40/40 20/160 NT 20/20 5/5 5/160

9 + 4/32 160/640 0/20 5/20 0/0 20/40 0/10 20/40

10 + 4/16 80/640 80/640 5/5 0/0 0/0 0/10 10/10

11 + 4/16 5/5 40/640 10/10 0/0 40/40 5/5 40/160

12 h . + 4/16 5/5 10/40 10/40 0/10 40/40 40/320 5/40

13 + 8/64 0/0 10/320 20/40 0/0 20/80 0/10 40/40

14 + 8/32 320/320 5/5 0/5 0/0 0/0 0/0 20/160'

15 - 8/64 320/640 160/160 0/10 0/20 320/320 20/80 10/40

16 - 16/64 320/320 10/10 0/5 NT 0/10 320/320 10/20

17 - 8/64 40/320 320/640 10/10 0/0 5/5 20/80 20/40

18 — 0/64 40/320 160/320 5/5 0/0 40/40 10/40 40/40

* N um erato r: recip roca l t itre  of th e  f i r s t  sam ple. D en o m in a to r: recip roca l t i t r e  o f the- 
second  sam ple (in itia l se rum  dilutions).

0 =  < 4  (CF te s t) ; 0 =  <[5 (n e u tra liz a tio n  te s t)
NT =  not tested

T ab le  V

Paired sera showing 4-fold or higher rise in C F  antibodies to in fluenza , 
Sendai and/or m um ps antigens

G roup
Number of 
paired sera

4-fold or higher rise in CF antibodies to

Influenza A Influenza В Sendai Mumps

No. per cent No. per cent No. per cent No. per cent

I 231 5 2.2 7 3.0 6 2.6 5 2.2

I I I 505 4 0.8 4 0.8 8 1.6 9 1.8

T o ta l 736 9 1.2 11 1.5 14 1.9 14 1.9
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The ti tre s  were genera lly  low. T h e  geom etric m eans o f th e  titre s  are  
show n  in  T ab le  V I.

Table VI

Geometric means o f reciprocal C F  litres to in fluenza  A , in fluenza  B , m um ps,
and Sendai viruses

D ate of sampling
Antibodies to

Influenza A In flu e n z a  В Sendai virus i  Mumps virus

N o vem ber 16, 1959 . . .  ! 7.5 8.2 6.2 3.4

J a n u a ry  20, 1960 . . . .  j 8.8 7.9 8.2 4.9

The low  an ti-in flu en za  t i tre s  a n d  th e  lack  of rise in  an tib o d ies  in  th e  
g re a t m a jo r ity  o f  th e  rec ru its  were in acco rd an ce  w ith th e  fa c t t h a t  no in fluenza  
ep idem ic  was observed  in  H u n g a ry  d u rin g  th e  period o f o b se rv a tio n . M ost 
o f  th e  rises in  a n tib o d y  w ere so slight (e . g . from  <  4 to  8) t h a t  th e ir  re la tio n  
to  a c tu a l in fec tion  w ith  th e  co rrespond ing  v irus seem ed to  be un p ro v en .

M um ps an tibod ies w ere found in  38.9  an d  49.9 p e r c en t o f  th e  f irs t  
sam p les  in  g roup  I  an d  group  I I I ,  re sp ec tiv e ly . The titre s  w ere low  (Table V). 
A fourfo ld  or g rea te r  rise w as eq ua lly  fo u n d  in  b o th  g roups. Some re la tio n  
w as d em o n strab le  betw een  th e  an ti-m u m p s  a n d  an ti-S endai CF t i tre s . A m ong 
th e  14 rec ru its  show ing a sig n ifican t rise  in  an ti-m u m p s CF a n tib o d y , 8 gave 
a s ig n ifican t response to  S endai v iru s , to o .

D uring  th e  o b se rv a tio n  period  46 re c ru its  fell ill w ith  a c u te  re sp ira to ry  
sy m p to m s. The clinical p ic tu re  d id  n o t o ffe r su ffic ien t basis fo r an  aetio log ical 
d iagnosis. Rises in  te m p e ra tu re , h ea d a c h e , cough, and  in je c te d  th ro a t w ere 
th e  m ost f req u en t sy m p to m s. M uscular p a in , rh in itis , c o n ju n c tiv itis , an d  to n 
sillitis  w ere excep tional. A sign ifican t rise in  CF an tib o d y  to  adenov iruses was 
d e m o n s tra te d  in  th e  p a ired  sera  o f 9 d iseased  recru its . T he disease o f these  
re c ru its  was clin ically  in d is tin g u ish ab le  f ro m  th a t  of th e  o th e r  37 p a tie n ts . 
N e ith e r  were th e  la b o ra to ry  find ings d iffe re n t. No s ig n if ic a n t rise in  CF 
an tib o d ies  to  in fluenza  A, in fluenza  B , o r  S endai viruses w as d em o n stra ted  
in  th e  p a tie n ts ’ pa ired  sera  an d  only one p a tie n t  showed a 4-fo ld  or g rea te r  
rise in  CF t i t re  to  th e  m um ps v irus.

D iscussion

Since th e  recru its  u n d e r s tu d y  h ad  com e from  differen t p a r ts  o f H u n g ary , 
th e ir  serological s ta tu s  a t th e  tim e of th e ir  jo in in g  the  a rm y  m ay  re flec t th e  
sero logical s ta tu s  of th e  20-year old m ale  p o p u la tio n  of th is  c o u n try . I f  1 : 4 
a n d  h ig h er t i tre s  are reg a rd ed  as p o sitiv e , th e  percentages o f  serologically  
p o sitiv e  rec ru its  were as follow s. A d en o v iru s , 81.2 per cen t (ca lcu la ted  from  
1201 rec ru its ); m um ps, 46.7 p er cen t (fro m  736); in fluenza  A , 72.2 p er cen t
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(from  736); in flu en za  B , 72.6 per cen t (from  736); S enda i v iru s, 73.6 p e r c e n t 
(from  750). These d a ta  agree w ith  tho se  o b ta in ed  in  o th e r  countries [5].

D uring  th e  tw o -m o n th  m ilita ry  serv ice 168 re c ru its  (14 per cent) sh o w ed  
a sign ifican t rise  in  C F a n tib o d y  to  aden o v iru s  a n tig e n . I t  is supposed  t h a t  
th e se  sub jec ts  h a d  becom e in fec ted  b y  adenov irus in  th a t  period. S im ila r  
s tu d ies  in  o th e r c o u n tr ie s  y ielded d iv e rg e n t re su lts . In  th e  U . S. A. H il l e m a n  
et al. [13] d e m o n s tra te d  a rise in  t i t re  in  80 p e r  cen t o f  re c ru its  during an  e ig h t-  
w eek period  in  th e  w in te r  o f 1954. In  th e  N e th e rlan d s  v a n  d e r  V e e n  a n d  К о к  
[7] exam ined  101 re c ru its  in  A pril an d  M ay, 1955, an d  observed  a rise in  t i t r e  
in  32 (31.7 p er c e n t) . In  E n g lan d , McD o n a l d  et al. [23] d em o n stra ted  a rise  
in  26 p er cen t o f th e  p a ired  sera te s te d  in  1955— 1956, b u t  could n o t d e te c t  
a n y  rise in  1956— 1957. O ur d a ta  agree b es t w ith  th o se  o f  Gr ay sto n  et al. 
[14], who ex am in ed  n a v y  rec ru its  in  1955—'1956 a n d  d e m o n s tra te d  a s ig n if
ic a n t rise in  CF a n tib o d y  to  adenov irus an tig en  in 16.2 p e r  cen t o f th e  p a ire d  
sera  te s te d .

Several a u th o rs  [13, 14, 15] have  p o in te d  ou t t h a t  m o st of the  a d e n o v iru s  
in fec tio n s, being  c lin ica lly  in a p p a re n t, a re  n o t seen b y  a ph y sic ian . I t  is f u r th e r 
m ore supposed  t h a t  in  p a tie n ts  giving a serological re sp o n se  to  ad en o v iru ses , 
s im u ltan eo u s re s p ira to ry  sy m ptom s m ay  som etim es be due  to  o ther fa c to rs . 
O f th e  168 rec ru its  w ho d isp layed  serological response to  adenoviruses in  o u r 
s tu d y , only  9 req u ired  m edical care. T he clinical sy m p to m s and la b o ra to ry  
fin d in g s did n o t d is tin g u ish  these  cases from  th e  37 cases showing no rise  in  
CF a n tib o d y  to  a d e n o v iru s  a n t ig e n .l t  could  n o t be d ecided  w hether a s im u lta 
neous rise in  th e  n e u tra liz a tio n  t i t re  to  severa l ty p es  o f  adenov irus in d ic a te d  
in fec tio n  w ith  a ll th e  co rrespond ing  ty p e s  o f v iru s. S evera l au tho rs [6, 16] 
h av e  rep o rted  on h e te ro ty p ic  responses.

In  th e  p re se n t s tu d y  m ost o f th e  rec ru its  te s te d  h a d  had n e u tra liz in g  
an tib o d ies  to  th e  ty p e s  1, 2, 5, an d  6 o f adenov iruses a t  th e  tim e o f th e i r  
jo in in g  th e  a rm y . T h is is in  accordance  w ith  th e  f in d in g  o f several a u th o rs  
[20, 22] suggesting  t h a t  th e  g rea t m a jo r ity  o f  th e  p o p u la tio n  becom es in fe c te d  
b y  these  typ es o f v iru s  in early  ch ildhood . The incidence o f  an tibod ies to  t in 
ty p e s  3 and  7 w as also  h igh , b u t  th e ir  t i t r e s  never exceeded  1 : 20 an d  1 : 40 , 
re sp ec tiv e ly . O nly  one o f th e  18 rec ru its  te s ted  possessed neu tra liz ing  a n t i 
b o d y  to  th e  ty p e  4 v iru s .

A m ong th e  14 su b je c ts  d isp lay ing  a rise in CF t i t r e  to  m um ps v iru s  o n ly  
one show ed clin ical sy m p to m s of p a ro tit is . The o th ers  m ight be reg a rd ed  as 
la te n t  in fections.

Ga r d n e r  [17], D e Meio  an d  W a l k e r  [18] w ere th e  f irs t in  re p o r tin g  
on th e  an tigen ic  re la tio n  betw een  m um ps v iru s an d  S en d a i v irus. Ga r d n e r  
[19] exam ined  p a ire d  sera  o f 66 p a tie n ts  suffering  from  m u m p s for CF a n tib o d ie s  
to  b o th  v iruses a n d  d e m o n s tra te d  a s im u ltaneous response  to  Sendai v iru s  in  
50 p e r  cen t o f th e  cases. In  th e  p resen t s tu d y  eigh t o f  th e  14 recru its  show in g
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a s ig n ifican t rise in  CF t i t r e  to  m um ps v iru s  gave a p a ra lle l response to  
S enda i v iru s.
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POLIOVIRUS-CARRYING LINES OF HELA CELLS: 
THEIR ESTABLISHMENT AND SENSITIVITY TO VIRUSES
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U niversity  M ed ica l School, Pécs

(R eceived  F e b r u a ry  25, 1961)

Sum m ary . Two v iru s -c a rry in g  lines o f H e L a  cells were e s tab lish e d  w ith o u t th e  use  o f 
im m u n e  serum . T he H eL a -j- P 2 line  carries th e  M E F X s tra in  of p o lio v iru s ty p e  2, th e  H eL a  -j- P 3 
line  th e  S a u k e tt  s tra in  of p o lio v iru s ty p e  3. B o th  lin e s  possess a red u ced  sen sitiv ity  to  th e  th re e  
ty p e s  o f p o lio v iru s and  to  C oxsackie B3 v irus. T h e ir  resistance  was en h an c ed  b y  su p erin fec tions. 
T he lines w hich  h ad  developed fro m  th e  cells su rv iv in g  th e  second su p e rin fec tio n  w ith  h o m o 
logous v iru s  w ere re s is tan t to  10 000 TCD50 of a n y  o f th e  th ree  ty p es  o f  po lio v iru s an d  to  a b o u t 
100 TCD50 of Coxsackie B3 v iru s . In  th e  p e rs is te n tly  infected  lines th e  average  size o f cell 
n uc le i w as fo u n d  to  be en la rg ed  an d  th e  m u ltip lic a tio n  ra te  red u ced .

A c k e r m a n n  an d  K urtz  [1, 2] w ere  th e  l i r s t  to  observe  a p e rs is te n tly  
in fec ted  cell line, n am ely  a line of H e L a  cells w hich h a d  carried  po liov irus 
over 30 passages. S u b seq u en tly , sev e ra l au th o rs  h av e  re p o rte d  on s im ila r 
lines [3— 9]. A calf k id n e y  cu ltu re , th e  L  cell line, a ch ick  f ib ro b la s t cu ltu re , 
an d  th e  L ung-to  line c a rry in g  W E E , N D V , m um ps, an d  H A X viruses re sp ec 
tiv e ly , w ere rep o rted .

In  th e  p resen t p a p e r  th e  e s ta b lish m e n t and  c e r ta in  p ro p erties  o f tw o 
p o liov irus-carry ing  lines o f  H eL a cells w ill be discussed.

M aterials a n d  m ethods

Cell cultures. H eL a cells w ere used th ro u g h o u t.  The g row th  m ed iu m  co n ta in ed  10 pe r 
c en t h u m an  serum , th e  m a in ten a n ce  m edium  5 p e r  cen t bovine se ru m , in  P a r k e r ’s m ed iu m  
199. T he in it ia l  cell coun t w as 130 000 cells in  1 m l per tu be. Tw o- or th ree -d ay -o ld  cu ltu re s  
w ere  used .

Sta ined  preparations. Cell cu ltu res w ere p re p a re d  by  th e  co llod ion  tech n iq u e  [10], and  
s ta in e d  acco rd ing  to  M ay — G rü n w ald  and G iem sa , or w ith  m e th y l g reen  an d  py ro n in e  [11].

N u cle i w ere m easu red  b y  ocu lar m ic ro m ete r. T he carrier a n d  th e  co n tro l cu ltu res  w ere 
o f th e  sam e age w hen su b jec ted  to  th is e x a m in a tio n . T hree h u n d re d  nucle i were m easu red  in 
each  line.

Viruses. T he M ahoney s tra in  o f ty p e  1 p o lio v iru s, th e  M E  F , s tra in  o f ty p e  2 p o liov irus, 
th e  S a u k e tt  s tra in  o f ty p e  3 po liov irus, a n d  a  C oxsackie B3 (C B 3) s tra in  w ere used . T h e  
M ahoney  s tra in  was m a in ta in ed  in  m onkey k id n e y  cell cu ltu res , th e  o th e r  s tra in s  w ere a d a p 
te d  to  H eL a  cells. T he titre s  o f th e  v iruses in  s e r ia l  passages f lu c tu a te d  b e tw een  10-5 a n d  10-6, 
as c a lcu la ted  according to  R e e d  and  M u e n c h  [12].

E xp erim en ta l

Establishm ent o f  virus-carrying cell cultures. T ype 2 an d  ty p e  3 po lio 
v iruses w ere t i t r a te d  in  H eL a  cu ltu re s . I t  was n o ted  th a t  su rv iv ing  cells w ere 
p re sen t even  in  tu b es  in fe c te d  w ith  10 000 TCD50 of v iru s  as la te  as on th e

1 A cta Microbiologica V III/4 .
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7 th  d a y  a fte r in o c u la tio n . To c u ltiv a te  th e  su rv iv ing  cells tu b es  co n ta in in g  
su c h  cells were w ash ed  te n  tim es w ith  P B S  an d  fresh  n u tr ie n t  m edium  w as 
a d d e d  to  each. D u rin g  th e  su b seq u en t f iv e -d a y  period , w hile th e  cells w ere 
w ash ed  an d  m ed iu m  w as changed  ev e ry  d ay , som e cells b eg an  to  m u ltip ly . 
O n th e  7 th  d ay  tw o  su b c u ltu re s  w ere m ade from  each  c id tu re . By th e  e n d  
o f  a 4 8 -day  period  c o n flu e n t m onolayers developed  in  th e  su b cu ltu res. T h e  
c u ltu re s  so o b ta in ed  w ere  seria lly  tra n s fe r re d  b y  th e  m ech an ica l way.

The cell line d e riv in g  from  cu ltu res  in fec ted  b y  ty p e  2 poliovirus grew  
n e a r ly  as well as n o rm a l H eL a  cells, fro m  th e  8 th  to  th e  14 th  passage. I n  
u n s ta in e d  m onolayers c y to p a lh ic  changes were ra re ly  observed . In  s ta in e d  
p re p a ra tio n s , how ever, 1 or 2 per cen t o f  th e  cells a lw ays appeared  to  b e  
d am a g e d . F rom  th e  1 5 th  passage on w ard  h a rd ly  an y  cells a tta c h e d  to  th e  
glass an d  began to  m u ltip ly . W hen th e  few  su rv iv in g  cells w ere tre a te d  in  th e  
sam e  m an n er as th e  su rv iv o rs  of th e  v iru s  in fec tion , m ono layers closely  
re sem b lin g  those o f th e  1 4 th  passage soon developed . The 1 9 th  passage c u ltu re s  
h a d  been  d estroyed  a g a in , b u t th e  line w as reg en era ted  b y  th e  22nd passage . 
S ince th e n  we have b een  ab le  to  m a in ta in  th e  line w ith o u t ex ten s iv e  d es tru c tio n  
o f  cells.

In  th e  cell line w h ich  h a d  derived  from  th e  cells su rv iv in g  the  in fec tion  
w ith  ty p e  3 po liov irus s im ila r changes occu rred . G row th  w as u n d is tu rb e d  
fro m  th e  6 th  to  th e  1 1 th  passage. T hen  th e  v a s t m a jo r ity  o f  cells died. T h e  
su rv iv in g  cells w ere t r e a te d  as described  above an d  th e  cu ltu re s  reg en e ra ted  
b y  th e  15th  passage . E x te n s iv e  d es tru c tio n  o f cells w as observed  again a t  
th e  1 8 th  and  30 th  passag es. The la t te r  a ffec ted  only 25 to  30 per cent o f th e  
cells a n d  was follow ed b y  ra p id  reg en era tio n . Since th e n  th e  line has grown w ell.

T he 13th, 14 th  a n d  21st su b cu ltu res  o f b o th  lines w ere te s te d  for p o lio 
v iru s . T hree tu b e  c u ltu re s  o f each  line w ere frozen, th a w e d , an d  cen trifuged , 
a n d  th e  su p e rn a ta n ts  w ere in o cu la ted  in to  no rm al H eL a  cu ltu res, 0.1 m l 
p e r  tu b e . E x ten siv e  c y to p a th ic  changes developed  in  each  o f these cu ltu res  
on  th e  5 th  d ay  a f te r  in o cu la tio n . C on tro l tu b e s  in o cu la ted  w ith  ex trac ts  o f  
d is ru p te d  no rm al H e L a  cells d id  n o t show  an y  c y to p a th ic  change b y  th e  
1 0 th  d ay .

T he tu b e  c u ltu re s  d isp lay in g  c y to p a th ic  changes w ere k e p t a t  — 15°C 
u n ti l  used in  e x p e rim e n ts  a im ing  a t th e  id en tif ic a tio n  o f th e  cy to p a th o g en ic  
a g e n ts . In  n e u tra liz a tio n  te s ts  th e  s tra in  iso la ted  from  th e  line w hich h a d  
d e r iv e d  from  cu ltu res  in fe c te d  b y  ty p e  2 po liov irus was specifica lly  in h ib ite d  
b y  th e  an ti-p o lio v iru s  2 im m une  serum . T he o th e r line w as n eu tra lized  b y  
an ti-p o lio v iru s  3 se ru m  o n ly . The tw o lines th u s  p roved  to  be v iru s-carrie rs . 
T h e  line  carry ing  ty p e  2 po liov irus w as signed  H eL a -f- P 2, t h a t  carry ing  ty p e  
3 v iru s , H eLa -(- P 3.

M orphologically , th e  v iru s-ca rry in g  cu ltu res  d id  n o t re m a rk a b ly  d iffer 
fro m  th e  orig inal c u ltu re s . Some differences in  th e  size o f n u c le i were dem on-
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s t r a te d . M easuring th e  d iam ete rs  of 300 n u c le i (see M ateria ls a n d  m eth o d s) in  
each  line  th e  a rith m e tic  m ean  for n o rm a l H eL a  cells w as fo u n d  to  be 15 ft, 
fo r b o th  v iru s-ca rry in g  lines 17 fi. T he  s ta n d a rd  d ev ia tio n s  w ere 2.2 fi a n d  
2.8 fi, resp ec tiv e ly . S ta tis t ic a l  analysis show ed  s ign ifican t differences in  b o th  
n u c le a r  size and  s ta n d a rd  d ev ia tion .

A tte m p ts  were m ade to  su p erin fec t th e  22nd su b c u ltu re s  of b o th  lines 
w ith  hom ologous v iru s . T he su rv iv ing  cells w ere su b jec ted  to  th e  sam e p ro 
cedures as th e  su rv ivo rs o f th e  p r im a ry  in fec tions. T he lines deriv ing  from  
th ese  cu ltu re s  were signed  H eL a -)- P 2 -f- P 2an d  H eL a -f- P 3 +  P 3, re sp ec tiv e ly . 
B o th  lines grew w ell; ex ten siv e  d e s tru c tio n  o f cells h a d  n e v e r  been  observed  
up  to  th e  7 th  an d  9 th  passages, re sp ec tiv e ly , w hen th e  c u ltiv a tio n  o f  th e se  
lines w as in te rru p te d .

T h e  lines H eL a -f- P 2 -f- P 2 an d  H e L a  +  P 3 +  P 3 gave rise to  lines 
H eL a  -(- P 3 +  P 2 +  P 2 a n d  H eL a -j- P 3 +  P 3 +  P 3, re sp ec tiv e ly , b y  second 
su p erin fec tio n . These cells grew  well o v e r 10 passages.

T he lines u n d er s tu d y  were te s te d  fo r su scep tib ility  to  each  o f th e  th re e  
ty p e s  o f po liov irus an d  to  C B3 v irus.

Table I
S e n s i t i v i t y  to  v i r u s e s  o f  n o r m a l  a n d  v ir u s - c a r r y in g  H e L a  l in e s

E x p e rim e n t
N o. Cell line

T i tr e  (.— log TC D 50/0.1 ml 

P o liov irus ty p e

o f

C oxsackie
B31 2 3

H eL a norm al ............................................... 5.75 3.50 3.50 5.75

l H eL a-|-P 2 c a r r i e r ........................................ 5.00 2.65 2.75 5.50

H eL a-j-P3 carrier ...................................... 5.25 2.65 2.50 5.25

H eL a norm al ............................................... 5.00 3.50 4.50 4.75

2 H eL a P 2-f-P2 c a r r i e r ................................. 1.75 1.00 1.50 3.25

H eL a P 3-|-P 3 c a r r i e r ................................. 1.50 1.00 2.00 3.75

H eL a norm al ............................................... 4.50 4.25 4.50 5.50

3 H eL a P 2-f-P2+ P 2 carrie r ..................... < 1 .0 0 < 1 .0 0 < 1 .0 0 3.25

H eL a P 3+ P 3+ P 3 c a r r i e r ........................ 1.00 < 1 .0 0 1.50 3.00

I t  is seen in  T ab le  I  th a t  th e  in crease  in  resistance  n e v e r  exceeded  1.0 
lo g a rith m ic  u n it a f te r  a single in fec tio n . R esistance w as, how ever, fu r th e r  
in c rea sed  b y  superin fec tions. The th ree  tim es  in fec ted  lines h a d  a lm o st com 
p le te ly  lo st th e ir  se n s itiv ity  to  po liov iruses, b u t re ta in e d  a considerab le  
s e n s it iv ity  to  C B3 v iru s.

1 *
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Discussion

Cell lines c a rry in g  en te rov iruses w ere e s tab lish ed  b y  th e  use of hom olo 
gous im m une se ru m . In  th is  w ay  w ere s tab ilized  H e L a cell lines c a rry in g  
p o lio v iru s , C B3 o r C A 9 v iru s  an d  ca lf  k id n e y  cells c a rry in g  th e  v irus o f fo o t 
a n d  m o u th  disease [1, 5a, 13]. Cell lines ca rry in g  v iru ses o th e r  th a n  e n te ro 
v iru s  (e.g. an  L  cell lin e  carry ing  W E E  v iru s  [14] a n d  MCN lines c a rry in g  
N D Y  or m um ps v iru se s  [6]) could be e s tab lish ed  w ith o u t th e  use o f im m u n e  
se ru m . We succeeded  in  cu ltiv a tin g  H eL a  cells ca rry in g  th e  h ig h ly  c y to p a th o - 
genic poliovirus, w ith o u t using  im m une se rum .

The m o rpho log ica l changes show n b y  th e  a lte re d  cu ltu res  are  s im ila r 
to  th o se  d e m o n s tra te d  b y  A c k e r m a n n  [2] in  ca rrie r cu ltu re s , n am ely  th e  
size o f th e  cell n u c le i a n d  th e  co rrespond ing  s ta n d a rd  d ev ia tio n s  had  in c reased . 
W e h av e  d e m o n s tra te d , how ever, th a t  th e  increase in  n u c le a r  size is n o t  a 
specific  phenom enon . S uch  changes could  be in d u ced  b y  ad a p tin g  a line o f 
H e L a  cells to  a new  n u tr ie n t  m edium  (u n p u b lish ed  d a ta ) .

The resis tan ce  to  v iruses of our v iru s-ca rry in g  lines could  be en h an ced  
b y  superin fec tion  w ith  hom ologous v iru s . F o r th is  fu r th e r  increase in re s is tan ce  
tw o  fac to rs m igh t h a v e  been  responsib le , (i) th e  p e rcen tag e  o f v iru s-ca rry in g  
cells m igh t have  in c re a se d ; (ii) th e  su p erin fec tions m a y  h av e  induced  th e  
re lease  of a g re a te r  a m o u n t of an  in te rfe ro n -lik e  su b s ta n c e . The la t te r  p o ssi
b i l i ty  seems to  be su p p o r te d  b y  d a ta  p u b lish ed  b y  H o  a n d  E n d e r s  [14] a n d  
b y  H e n l e  et al. [9].

Acknowledgements. T h e  a u th o r  is in d eb te d  to  Dr. I. DÖMÖK (S ta te  Institu te  o f  H ygiene, 
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Summary. R affin o se  assim ila tion  h as b e e n  s tu d ied  in  y e as t s tra in s  g row n fro m  268 
sam ples o f p a th o lo g ica l m a te ria l.  In  the  case o f  te n  species th e  d e fin itio n  g iven  b y  L o d d e r  
and  K r e g e r -v a n  R i j  h a s  b e en  com pleted w ith  th e  a b ili ty  o f ra ffin o se  fe rm e n ta tio n . R affinose  
assim ila tio n  h as been  d e te rm in e d  w ith  41 sp ec ie s; in  5 o f th ese  o u r fin d in g s ag reed  w ith  
th o se  r e p o rte d  b y  K u d r ja w z e w . In  co n tra st w i th  L o d d e r  an d  K r e g e r -v an  R i j ’s d a ta ,  all 
th e  17 s tra in s  o f C andida tropicalis  failed to  fe rm e n t o r assim ila te  ra ffinose .

T h e  p ig m en ted  y e a s ts  s tu d ied  have a ll b e en  fo u n d  to  a ssim ila te  ra ffinose . I n  th e  e x am 
in ed  m a te r ia l  a ssim ila tio n  o f raffinose w as in v a r ia b ly  assoc ia ted  w ith  th e  assim ila tio n  
of saccharose .

T he id e n tif ic a tio n  o f  yeasts, as a lso  th e  descrip tio n  o f new  species a n d  
th e ir  c lassifica tion  in to  th e  yeast s y s te m  are  m ade on th e  basis o f c e r ta in  
u n iv e rsa lly  accep ted  m orphological a n d  physio log ica l fea tu res . The grow ing  
n u m b e r o f new  species h as  made i t  n e c e ssa ry  to  search  for new  p ro p e rtie s  
an d  in c lu d e  th em  in  th e  technique o f  id e n tif ic a tio n .

In  L o d d e r  a n d  K r e g e r -van  R i j ’s m o n o g rap h  [8] for th e  id e n tif ic a tio n  
of s tra in s  a decisive im p o rta n c e  is a t t r ib u te d  to  th e  fe rm e n ta tiv e  an d  o x id a tiv e  
b reak d o w n  o f sugars. W ith  m ost s tra in s  te s ts  fo r th e  a ssim ila tion  of th e  fiv e  
sug ars: glucose, g a lac to se , saccharose, m a lto se  an d  lac to se , are p resc rib ed . 
In  th e  case o f a few  species, the  e s tim a tio n  o f raffinose  fe rm e n ta tio n  is also 
re q u ire d  as a c rite rio n  fo r th e  d iffe ren tia tio n  o f ce rta in  species, e. g. Saccharo
myces cerevisiae a n d  Saccharomyces carlsbergensis, Candida gu illierm ond ii a n d  
Candida melibiosi.

K u d r ja w z e w ’s m o n o g ra p h  [7 ], w h ic h  so f a r  o n ly  in c lu d e s  th e  d e s c r ip 
t io n  o f  a sc o sp o ro g e n o u s  y e a s ts ,  m e n tio n s  th e  c a p a c i ty  o f  o x id a tiv e  ra f f in o s e  
a s s im ila t io n  a n d  i t s  r a t i o  w ith  e v e ry  sp e c ie s .

L o d d e r  an d  K r e g e r -van  R i j  [8], w hile som etim es p rescrib ing  th e  
ra ffin o se  fe rm e n ta tio n  te s t ,  refrain  f ro m  assign ing  im p o rtan ce  to  o x id a tiv e  
ra ffin o se  assim ila tio n  in  species d e te rm in a tio n . O f th e  au th o rs  w ho described  
th e  a p p ro x im a te ly  100 new  species id e n tif ie d  since th e  ap p earan ce  o f L o d d e r  
an d  K r e g e r -v an  R i j ’s [8] m onograph , o x id a tiv e  assim ila tion  of ra ffin o se  
has b een  in v e s tig a te d  b y  Ca p r io t t i [1— 5 ], Sa n t a  M a r ia  [13— 15], W ic k e r - 
h a m  [18], R e ie r s ö l  [17], H a .is ig  [6], V ö r ö s - F e l k a i  [20] a n d  o th e rs . T h is
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Table I

N am e o f species

N u m b e r
o f

s tra in s
in v es

t ig a te d

R affinose S u g ar

fe rm en ta tio n assim ilation assim ila tio n

L o d d er  & 
K r e g e r  
v a n  R u

Own
find ing

Own
find ing

L o d d e r  & 
K r e g e r  v an  

R i j

C andida p a r a p s ilo s is ............................ 19 0 — — DGSM

tropicalis ................................. 17 + - - - DGSM

k r u s e i ........................................ 23 0 — ' - D

p seu d o tro p ica lis ..................... 15 + + + DGSL

u t i l i s ........................................... 8 + + 4- DSM

albicans .................................... 17 0 — — DGSM

guillierm ondii ........................ 5 + + + DGSM

m e lib io s i .................................... 3 + + + DGSM

zey la n o id es ............................... 5 — — - D

p u lc h e r r im a ............................. 1 0 - — DGSM

rugósa ........................................ 1 - — - DG

m yco d erm a ............................... 1 - - - D

s te lla to id ea ............................... 1 0 — — DGM

m elin ii ...................................... 1 — — — DSM

claussenii ............................... 6 0 — — DGSM

solani ........................................ 4 0 — — DGSM

aaseri ....................................................... 1 — — + DGSM

Torulopsis fam ata  .............................................. 7 - - - DGSM

inconspicua  ....................................... 12 — - - D

glabrata .................................... 11 0 — — D

C andida ...................................... 1 — — — DGSML

aeria ........................................ 1 0 — + DGSML
gropengiesseri ........................ 1 0 - — DGS

p in u s  ....................................................... 2 — — — D
Rhodotorula m u c ila g in o sa ............................. 18 — — + DGSM

g lu t in i s .................................................... 1 — — + DGSM

rubra ........................................................... 2 — — + DGSM
f la v a  ........................................................... 2 — — + - DGSML

Cryptococcus neoformans .......................... 5 — — + DGSM

laurentii .................................. 1 — — + DGSML

albidus ................ .......................... 3 — — + - DGSM L
d i f f lu e n s ................................................. 2 — — + DGSM

Geotrichum candidum ........................... 20 0 — — DG
l in k ii  ........................................ 6 0 — — D
m a ta le n se ................................. 2 0 — + DGSM L

Trichosporon c u ta n e u m ........................ 6 — — + DGSM L

0  : no data given
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p r o p e r ty  h a s  b e e n  u til is e d  b y  N o v a k  a n d  Z so l t  [9] in  th e i r  r e c e n t ly  e la b o r a te d  
y e a s t  s y s te m .

W e h a v e  s tu d ie d  th e  a s s im ila t io n  o f  ra f f in o se  b y  v a r io u s  y e a s t  sp e c ie s , 
in  o rd e r  to  c o m p le te  th e  e x is tin g  d a t a  a n d  to  d ra w  a t t e n t io n  to  th is  f e a tu r e  
as  a h e lp  in  d e te rm in a t io n .

Materials and methods

Tw o h u n d re d  an d  six ty -e ig h t y e a s t  s tra in s  iso la ted  from  p a th o lo g ica l m ate ria l in  o u r  
la b o ra to ry  in  th e  y ea rs  1958 to  1960 w ere s tu d ied . C lassification  o f th e  1958 —1959 m a te 
rial w as m ade  acco rd ing  to  L o d d e r  a n d  K r e g e r - v a n  R i j  [8], o f  th e  1960 m a te r ia l  
acco rd ing  to  N o v a k  an d  Z s o l t  [10], th e re fo re  in  th e  T ables, L o d d e r  a n d  K r e g e r - v a n  
R i j ’s  n o m en c la tu re  w ill be used.

T he o x id a tiv e  assim ila tion  of ra ff in o se  w as e s tim a te d  by  m eans o f th e  a u x an o g rap h ic  
m eth o d . F e rm e n ta t io n  of raffinose  a cco m p an ied  b y  th e  develo p m en t o f gas w as s tu d ied  in  
a  f lu id  m ed iu m  co n ta in in g  4 pe r cen t ra ff in o se  a n d  covered  w ith  p a ra f f in  oil o r solid p a ra ff in -  
beesw ax . I n  th e  case  o f a positive  te s t  th e  fe rm e n te d  m ed ium  was an a ly sed  a f te r  seven  d a y s  
b y  p a p e r  c h ro m a to g ra p h y  [12], to  d e te rm in e  th e  fe rm e n ta tio n  q u o tie n t.

Results

T he 268 y e a s t s tra in s w ere fo u n d  to  belong to  8 genera  an d  41 species. 
E x c e p t fo r 5 species, th e  s tra in s  w ere m em bers of th e  C ryptococcaceae fam ily  
fo rm ing  no ascospores.

T he f in d in g s  concerning ra ffin o se  fe rm e n ta tio n  w ere co m p ared  w ith  th e  
d a ta  o f L o d d e r  a n d  K r e g e r -v a n  R i j  (T able I), an d  d a ta  o f  raffinose  assim i
la tio n  w ith  th o se  o f K u d r ja w z e w  (T able  I I ) . T he assim ila tion  o f o th e r sugars 
is show n in  o u r T ables by  th e  u su a l in itia ls .

T ab le  II

Name of species

Number
of

strains
inves
tigated

R a f f i n o s e Sugar

ferm entation assimilation assimilation

L o d d e r  & 
K r e g e r

VAN
R i j

Own
finding

Own
finding

KUDR-
JAV-
ZEW

L o d d e r  & 
K r eg e r  
v an  R i j

Saccharomyces fra g ilis  . . . 9 + + + + DGSL

cerevisiae ................... 4 + + + + DGSM

m arxianus  ................. 1 + + + + DGSL

H ansenula anom ala  . . . . 3 + + + + DGSM

subpellicu losa ............ 1 + + + + DGSM

R e g a r d i n g  r a f f i n o s e  f e r m e n t a t i o n ,  o u r  f i n d i n g s  a g r e e  w i t h  t h o o  o f  

L o d d e r  a n d  K r e g e r -van  R i j , a n d  a l s o  d a t a  f o r  a s s i m i l a t i o n  w i t h  t h s e  o f
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K u D R j A W Z E W .  The o n ly  excep tion  w as Candida tropicalis ; in  c o n tra s t w ith
th e  ‘ -|----- ’ re su lt  r e g is te r e d  b y  L o d d e e  a n d  K r e g e r -v a n  R i j , n o n e  o f  o u r
17 s tra in s  b ro u g h t a b o u t fe rm e n ta tio n  o f  raffinose .

L o d d e r  and  K r e g e r -v an  R i j  gave no d a ta  concern ing  ra ffinose  fe r
m e n ta tio n  for 10 o f  o u r  species (m ark ed  in  T able I  b y  th e  sign 0 ) .  W e su c 
ceeded  in  supp ly ing  th e  p e rta in in g  re su lts . In  th e  case of th ree  o f th ese , 
T oru lopsis aeria, T oru lopsis gropengiesseri, an d  Candida pulcherrim a, d esp ite  
n e g a tiv e  te s ts  for th e  fe rm en ta tio n  o f  raffinose, an d  b y  Torulopsis aeria  
p o s itiv e  resu lt was o b ta in e d  for its  o x id a tiv e  assim ila tion .

T he p igm en ted  y e a s ts  ( Rhodotorula  an d  Cryptococcus species)  in v e s tig a 
te d  d id  n o t fe rm en t ra ffinose  b u t  a ss im ila ted  i t  b y  an  ox id a tiv e  process.

Discussion

In  our experience, in v es tig a tio n  o f  raffinose  assim ila tio n  should  n o t be 
n e g le c te d  in  th e  re lia b le  id e n tif ic a tio n  o f  yeasts , p a r t ly  because i t  th ro w s 
lig h t on  th e  m etabo lic  processes an d  p a r t ly  because i t  allow s th e  d iffe ren tia tio n  
o f c e r ta in  species, su ch  as Rhodotorula laryngis  [17].

F ro m  the  p e r ta in in g  d a ta  in  th e  l i te ra tu re  i t  is clear th a t  fe rm e n ta tio n  
o f ra ffin o se  is a sso c ia ted  w ith  fe rm e n ta tio n  of saccharose or galactose. On th e  
b asis  o f  biochem ical co n sid era tio n s, N ovÁ K  an d  Z s o l t  [11] have th eo re tica lly  
e s ta b lish e d  the  co rre la tio n s  betw een  fe rm e n ta tio n  o f th e  abo v e-m en tio n ed  
c a rb o h y d ra te s , an d  a p p lie d  th e ir  h y p o th es is  also to  th e  o x id a tiv e  assim ila tion  
o f  ra ff in o se . On th is  b as is  ox idative  a ss im ila tio n  o f ra ffinose  was to  be ex p ec ted  
o n ly  w ith  th e  species ass im ila tin g  saccharose  or galac tose  b y  ox id a tiv e  p ro 
cesses. In  our m a te ria l th e  co m bina tion  o f  saccharose an d  raffinose  assim ila tion  
w as observed  am ong  o th e r  w ith  C andida u tilis, C andida pseudotropicalis, 
C andida  aaseri. In  ag reem en t w ith  N o v a k  an d  Z s o l t ’s h y p o th esis , no 
species w as observed  to  assim ilate  ra ffin o se  w ith o u t a ssim ila ting  saccharose 
or g a lac tose .

A ccording to  th e  ab o v e-m en tio n ed  th e o ry , ass im ila tio n  o f saccharose 
m a y  occur only to g e th e r  w ith  d ecom position  of m alto se  or raffinose . F ro m  
th is  a sp ec t our m a te r ia l  again  b e h av ed  as ex p ec ted , since all th e  species 
a ss im ila tin g  saccharose b y  ox idation  a n d  w ere n o t able to  assim ila te  ra ffinose , 
gave p ositive  re su lts  w ith  m altose, e. g. Candida m elin ii, Candida parapsilo- 
sis , C andida tropicalis, Candida albicans, e tc .

A p a r t  from  th e  assim ila tio n  o f ra ffin o se , ou r f in d in g s have con firm ed  
a n o th e r  inference, in  t h a t  a ssim ila tion  o f  lactose w as observed  on ly  w ith  
species th a t  decom pose galactose, as e. g. Candida pseudotropicalis, Torulopsis  
glabrata, Torulopsis Candida, Rhodotorula fla v a , Cryptococcus neoform ans, e tc .

Acknowledgements : T h e  au th o rs  w ish to  th a n k  to  P . V a r g a  fo r his v a lu ab le  tech n ica l 
a ss is ta n ce .



R A FFIN O SE ASSIM ILATION OF YEASTS 3 3 7

L IT E R A T U R E

1. Ca p r io t t i, A.: A rch. M ikrobiol. 25, 434 (1957).
2. Ca pr io t t i, A.: A rch . M ikrobiol. 2 8 ,  247 (1958).
3. Ca pr io t t i, A.: A rch . M ikrobiol. 2 8 ,  344 (1958).
4 . Ca pr io t t i, A.: A rch. M ikrobiol. 30, 383 (1958).
5. Ca p r io t t i, A.: A n to n ie  v . L eeuw enhoek, 24, 219 (1958).
6. H a js ig , M.: A nton ie  v . L eeuw enhoek , 24, 18 (1958).
7. K u d r ja w z e w , W . I .:  D ie  S y s tem atik  d e r H efen . A kadem ie-V erlag , B erlin , 1960.
8. L o d d e r , J . ,  K r e g e r -v a n  R i j , N. J .  W .: T h e  Y easts. N o rth  H o llan d  P u h l. Co., A m ste rd am ,

1952.
9. N o vak , E . K ., Zso l t , J . :  A  N ew  System  P ro p o sed  fo r Y eas ts . A c ta  h ő tan . hung . 7, 93

(1961).
10. Z so lt , J . ,  P a zo ny i, B ., N o va k , E . К .,  P e l c , A.: Az é lesz tők . M agyaro rszág  K u ltú rf ló rá ja .

A kadém iai K iadó , B u d a p es t, 1961.
11. N ovak , E . K ., Zso l t , J . :  A b iokém ia szerepe  az é le sz tő h a tá ro z ásb an . F o u r th  I t in e ra ry

B iochem ical C ongress, K esz thely , 1960.
12. N ovak, E . K .: A c ta  m icrob io l. hung . 7 , 225 (1960).
13. Sa nta  Ma r ia , J . :  A n. I n s t .  пас. In v e st, ag ronom . 5, 151 (1956).
14. Santa  Ma ria , J . :  B ol. In s t ,  пае In v e s t, agronom . 38, 321 (1958).
15. Santa  Ma ria , J . :  B ol. I n s t .  пае. In v e st, ag ronom . 37, 269 (1957).
16. E l T a bey  Sh e h a t a , A. M ., Mra k , E . M ., P h a f f , H . J . :  M ycologia 47, 804 (1955).
17. R e ie r s ö l , S.: A n to n ie  v . L eeuw enhoek, 2 1 ,  287 (1955).
18. W ic k er h a m , L. J . :  C. R . L ab . C arlsberg Ser. Physio l. 2 6 ,  423 (1956).
19. Zsolt, J . :  A ntonie v . L eeuw enhoek , 24, 210 (1958).
20. V örös-F e l k a i, G y.: A c ta  m icrobiol. h u n g . 8, 95 (1961).

Address of the authors:

G y ö r g y i  V ö r ö s - F e l k a i , E r v i n  К . N o v a k

State Institu te  of Hygiene, G yáli ú t  2 — 6, Budapest IX , Hungary.





MICROBIOLOGICAL PRODUCTION OF //1,4-ANDROSTA- 
DIENEDIONE FROM STEROIDS OF DIFFERENT STRUC

TURE. THE INTERACTION OF STEROIDS

B y

G. Wix an d  K. A l b r e c h t

Research Institu te  o f  the Pharm aceutical In d u s try , B udapest 

(R ece iv ed  A p ril 10, 1961)

Sum m ary. F u sa r iu m  caucasicum  is  c ap a b le  o f co n v ertin g  s te ro id s  o f d iffe ren t s tru c tu re  
in to  Z ll,4 -an d ro stad ien ed io n e  (d ienedione). T h e  b e s t y ield w as o b ta in e d  b y  s ta r tin g  from  
d 4 -a n d ro s ten e d io n e ; w ith  th is  com pound o n ly  th e  double  bo n d  A \  h a s  to  be  fo rm ed to  o b ta in  
th e  p ro d u c t. T he n u m b e r o f enzym es re q u ire d  to  b rin g  ab o u t co n v ersio n  is in  d irec t p ro p o rtio n , 
w h ile  th e  yield is in  in v erse  p ro p o rtio n , to  th e  s tru c tu ra l d e v ia tio n  o f  th e  su b s tra te  fro m  
an d ro sten ed io n e . T h is m a y  be ascribed to  th e  u n ifo rm  ra te  o f en zy m atic  b reak d o w n  of d iene
d io n e  in to  d l-d e h y d ro te s to lo la c to n e  in  th e  v a rio u s  su b s tra te s ; th e  q u a n ti ty  o f d ienedione 
a cc u m u la tin g  in  th e  c u ltu re  depends on  th e  re la tiv e  ra te  o f sy n th es is  a n d  breakdow n. T he 
s itu a t io n  is d iffe ren t w h en  sa tu ra te d  s te ro id s  o f th e  allo-series a re  to  be  co n v erted . These com 
p o u n d s , while co n v erted  in to  d ienedione in h ib i t  th e  a c tiv ity  o f th e  enzym e w hich  decom poses 
d ien ed io n e, and  th e  sim u ltan eo u s a d d itio n  o f e. g. a llop regnaned ione  a n d  /14 ,3-ketostero ids 
is  follow ed b y  th e  a cc u m u la tio n  of d ien ed io n e  in  th e  cu ltu re . T he m ech an ism  of in h ib itio n  has 
b een  fo u n d  to  be n o t co m p etitiv e .

The m icrobio logical p ro d u c tio n  o f d ienedione from  p rogesterone  is 
co n n ec ted  w ith  th e  nam es of V i s h e r  an d  W e t t s t e i n  [16]. W ith  th e  F u sa 
r iu m  caucasicum  s tr a in  a t our d isp o sa l, th e  course o f o x id a tio n  was n o t so 
u n ifo rm  as w ith  th e  s tra in  of th e  Sw iss au th o rs  whose e x p e rim e n ta l tech n iq u e  
we follow ed. A fte r  an  in cu b a tio n  p e rio d  o f 24 h o u rs , J4 -a n d ro s te n e d io n e  
a n d  J l-d e h y d ro te s to lo la c to n e  w ere  found  in  ad d itio n  to  d ienedione [17]. 
J a p a n e s e  and  D u tc h  au th o rs  have also  re p o rte d  on th e  sy n th es is  of dienedione 
b e in g  accom pan ied  b y  th e  ap p e a ra n ce  o f o th e r o x id a tio n  p ro d u c ts  in  F u sa 
r iu m  cu ltu res [13, 14].

To th row  lig h t on the m ech an ism  of o x id a tio n , th e  co n v e rtib ility  o f 
v a rio u s  stero ids h a s  been  s tu d ied . F . caucasicum  has b een  fo u n d  to  produce  
w id e ly  v a ry in g  a m o u n ts  of d ien ed io n e  from  stero ids o f  v a rio u s s tru c tu re . 
S a tu ra te d  stero ids o f  th e  allo-series h a v e  been  found  p a r tic u la r ly  in te re s tin g , 
since these  com pounds, besides b e in g  re a d ily  oxidized in to  d ienedione in h ib it 
i ts  o x id a tiv e  b reak d o w n . This m ech an ism  has been su b je c te d  to  in v es tig a tio n .

Materials and methods

T he m ic ro o rg an ism  used  was a F u sa r iu m  caucasicum  s t ra in  o b ta in e d  from  th e  B a a rn  
co llec tio n . As ev idenced  b y  p re lim inary  e x p e rim e n ts , th is o rgan ism  show ed fa v o u rab le  sp o ru la 
t io n  on  p o ta to -ag a r. A p p ro x im ate ly  40 p e r  c e n t o f  th e  developed  spores w ere capab le  o f 
g e rm in a tio n  w hen th e  sp o re  suspension h a d  b een  p re p are d  from  a 10 to  40 d a y s’ cu ltu re . T he 
c a p a c ity  for g e rm in a tio n  rap id ly  d im in ish ed  am ong  spores from  o ld er c u ltu res , w hile g row th  
o c cu rre d  in  only 1 p e r  c en t o f the  spores d e riv e d  from  cu ltu res  o ld er th a n  th ree  m o n th s .
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Culture media. M ed iu m  F  co n ta in ed  15 g p ep to n e , 6 g c o rn steep -liq u o r, 0.5 g glucose, 
in  1 l i t r e  o f tap -w ate r; p r io r  to  s te riliza tio n  th e  p H  was a d ju s te d  to  6.5 w ith  sodium  h y d ro x id e . 
T h e  m ed iu m  being sen sitiv e  to  in fec tio n , as a  se lec tive  in ocu lum  m ed iu m , R i c h a r d ’s m ed iu m  
w as em ployed , consisting  o f  50 g g lucose, 0.5 g K H 2P 0 4, 2.5 g MgSO4-7 H 20 ,  0.5 g K N 0 3, 
5 g N H 4N 0 3, in  1 litre  o f d is tilled  w a te r. 100 m l am o u n ts  o f th e  m ed iu m  w ere tran s fe rre d  to  
500 m l conical flasks a n d  s te rilized  a t  121° C fo r 25 m inu tes.

Growth was allow ed to  p roceed  in  e v e ry  case a t  28° C u n d e r sh ak in g  a t  200 r. p. m . a n d  
2 cm  d ev ia tio n . F o r in o c u la tio n , suspensions w ith  a  spore co u n t o f 0.5 — 2.0 X  108/m l w ere 
p re p a re d  from  s lan t ag ar c u ltu re s  an d  w ith  1 m l o f  th is  suspension  100 m l am o u n ts  o f R i c h a r d ’s 
m ed iu m  w ere in o cu la ted . F ro m  th e  tw o -d ay  c u ltu re  grow n on R i c h a r d ’s m edium , 5 m l w ere 
u sed  fo r th e  in o cu la tion  o f  100 m l m ed ium  F ; to  24 hour F  c u ltu res , th e  ste ro id s to  be con
v e r te d  w ere added, u su a lly  in  doses o f  20 m g, p rev iously  d isso lved  in  1 m l acetone u n d e r  
a se p tic  conditions.

M ethods o f  determ ination . T he a m o u n t o f  th e  p ro d u ced  d ien ed io n e  w as d e te rm in ed  
b y  K o b e r  — H a e n n i ’s q u a n ti ta t iv e  te s t*  [11]. T he re su lts  w ere c o n tro lled  b y  p a p e r c h ro m a to 
g ra p h y  as follows. M acherey -N agel No 214 p a p e r  s tr ip s  m easu ring  18 cm  b y  50 cm  were w ashed  
fo r 24 h o u rs  w ith  e th a n o l as overflow ing  c h ro m a to g ram s. A fte r d ry in g  in  a ir, th e  pap ers  w ere 
u sed  one week a fte r w ash in g . Follow ing im p re g n a tio n  w ith  30 p e r c en t p ro p y len e  glycol (in  
m e th y l  alcohol), th e  su p e rflu o u s  p ro p y len e  g lycol w as rem oved  b y  b lo tt in g  be tw een  fi ltre  p a 
p e rs . T h e  p ap er was d iv id e d  in to  seven e q u a l b a n d s , on to  each  b a n d  10 to  200 /ig  o f ste ro id  
w as d ro p p e d  in  a volum e o f  50 to  200 ц \  a n d  su b je c ted  for a p p ro x im a te ly  4 h o u rs  to  descending 
c h ro m a to g ra p h y  w ith  a 1 : 1 m ix tu re  o f c a rb o n  te trac h lo rid e  a n d  m e th y l cyclohexane s a tu 
r a te d  w ith  p ropylene g lyco l as th e  m obile p h ase . A fte r d ry in g  for tw o  h o u rs  a t  80° C th e  s ta n 
d a rd  sp o ts  were developed  w ith  p h th a lic  acid  p a rap h en y len ed iam in e  [2], an d  th e  pieces o f  
p a p e r  co n ta in in g  th e  s te ro id  to  he  d e te rm in e d  c u t ou t, t ra n s fe rre d  to  g lass-stoppered  te s t  
tu b e s  ca lib ra ted  to  10 m l, e lu a te d  fo r an  h o u r w ith  ab so lu te  e th a n o l o f  a n a ly tic a l g rade, while 
sh a k e n  severa l tim es. E x tin c tio n  of th e  e lu a te  w as m easu red  w ith  a  U n icam  sp ec tropho to - 
m e tre  a t  242 m,u m ax im al a b so rp tio n , th e  ty p ic a l range  of th e  A  4, 3 -ke to  s tru c tu re s . T h e  
s te ro id  c o n te n t of th e  e lu a te s  w as d e te rm in ed  fro m  a s ta n d a rd  cu rv e , on  th e  basis o f th e  e x tin c 
tio n  v a lu es.

Results

In v es tig a tio n  o f  th e  c o n v e rtib ility  of stero ids d iffering  in  s tru c tu re  
w as s ta r te d  w ith  th e  s tu d y  of th e  com pounds c o n ta in in g  a Z l4,3-keto-group. 
T h is g roup  includes p ro g este ro n e  a n d  an d ro sten ed io n e , i. e. th e  com pounds 
u su a lly  figuring  as s ta r t in g  su b s tra te s . A ndrostened ione  p ro d u ced  a good 
y ie ld  o f dienedione, p ro g este ro n e  a w eaker one. T es to s te ro n e , w hich d iffers 
fro m  and ro sten ed io n e  on ly  b y  co n ta in in g  a /З-h y d ro x y l-g ro u p  in s tead  o f a 
17 -keto -g roup , y ie ld ed  even  less d iened ione. D eso x y co rtico ste ro n e , on th e  
o th e r  h a n d , was su p e rio r  to  p ro g este ro n e . In  ag reem en t w ith  th e  find ings o f  
V is c h e r  and W e t t s t e in , 17 a -o x y p ro g este ro n e  w as n o t co n v erted  in to  
an d ro s tad ien ed io n e . H a rd ly  an y  d iened ione  was o b ta in e d  from  16-a, 17-a- 
ox y d o p ro g este ro n e , a n d  sligh t a m o u n ts  were y ie lded  b y  Z ll6 -dehydropro- 
g es te ro n e . R e ic h s t e in ’s com pound  S failed  to  y ie ld  d iened ione ; th is  h ad  
b een  expec ted , in  v iew  o f th e  17a-oxy-group . No d iened ione  w as o b ta in ed  
fro m  zl4 ,3 -keto -b is-norcho lene-22-a ldehyde, hence th e  22 carb o n  s te ro id  is 
in a d e q u a te  as a s u b s tra te  (F ig . 1).

C om parison o f  3 /3-оху, A-5 com pounds revealed  a w eaker y ield  from  
each  su b stan ce  th a n  fro m  th e  co rrespond ing  zl4,3-keto com pound . T hus d é 
h y d ro ép ian d ro s té ro n e  a n d  pregneno lone y ielded  less d iened ione  th a n  andro-

* In  th e  F igures, th e  e x tin c tio n  v a lu es a re  p resen ted  on th e  o rd in a te ;  an  e x tin c tio n  o f  
0.830 corresponds to  200 /ig /m l Z ll, 4 -an d ro stad ien ed io n e .
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F ig . 1. C o n vertib ility  o f  .-44,3 k e to s te ro id s  in to  /1 1 ,4 -androstad iened ione. C urve 1, 20 m g 
p ro g e ste ro n e ; curve 2, 20 m g /14 -androstened ione; curve 3, 20 m g te s to s te ro n e ; curve  4, 20 mg 
d e so x y co rtico s te ro n e ; c u rv e  5, 20 mg 1 7 -a -o xy-p rogesterone; cu rv e  6, 20 m g 16,17-a-oxido- 

p ro g e s te ro n e ; curve  7, 20 m g /116-dehydroprogesterone

F ig . 2 . C o n vertib ility  o f /15 — 3 /5-oxysteroids in to  A 1 ,4 -an d ro stad ien ed io n e . C urve 1, 20 mg 
d e h y d ro ep ian d ro s te ro n e ; c u rv e  2, 20 mg p reg n en o lo n e; curve 3, 20 m g /15,16-pregnadienolone; 
cu rv e  4, 20 m g 16 a  17 a -o x id o-p regneno lone ; curve 5, 20 m g /15,16-pregnadienolone

a c e ta te ;  curve 6, 20 m g p rog estero n e

s ten ed io n e  or p ro g este ro n e , and  so d id  /15 ,16-pregnadienolone. The a c e ta te s  
o f  th e  com pounds a lw ay s gave lesser y ields th a n  th e  free alcohols (F ig . 2).

T here was an  essen tia l d ifference betw een  s te ro id s  of th e  allo-series 
a n d  tho se  of th e  n o rm a l series. A llopregnaned ione gave b e tte r  y ields o f  diene-
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d io n e  th a n  did p ro g este ro n e . T he adverse  in fluence e x e rte d  b y  th e  /116- 
d o u b le  bo n d  on p ro d u c tiv i ty  w as no ticeab le  also in  th is  g ro u p . Z ll6-dehydro- 
a llo p reg n an ed io n e  gave a p o o re r y ield  th a n  d id  th e  basic  co m p o u n d . W hen 
th e  3 -keto -g roup  w as s u b s t i tu te d  w ith  a 3 /?-oxy fu n c tio n  in  a llo p reg n an o lo n e , 
th e  y ie ld  decreased below  th a t  o f th e  co rrespond ing  3-keto  co m p o u n d s. U nlike

F ig . 3. C o n v ertib ility  o f s a tu ra te d  s te ro id s in to  /1 1 ,4 -androstad iened ione. C urve 1, 20 m g  
a llo p reg n an ed io n e ; curve 2, 20 m g /116-allopregnancdione; curve 3, p reg n an ed io n e ; curve 4 , 

a llo p reg n an o lo n e; cu rv e  5, p rogesterone

th e  ex ce llen t yield o b ta in e d  in  th e  case o f a llop reg n an ed io n e, p regn an ed io n e  
y ie ld e d  little  dienedione (F ig . 3).

T h e  dienedione y ie ld  w as h ig h er w ith  a llop regnaned ione th a n  w ith  p ro 
g e s te ro n e , and in  c u ltu re s  co n ta in in g  a llopregnaned ione th e  b reak d o w n  o f  
d ien ed io n e  was also slow er. C onversion o f a llopregnaned ione in to  d ienedione 
re q u ire s  n o t only th e  deco m p o sitio n  o f th e  m e th y lk e to n e  sid e-ch a in  and  th e  
d e v e lo p m e n t of th e  Z ll-doub le  b o n d  (as e. g. in  th e  case o f  p ro g este ro n e), 
b u t  a lso  th e  presence o f  th e  enzym e sy stem  su ited  to  b u ild  up  th e  /14-douhle 
b o n d . P rogesterone is o x id ized  b y  F u sa riu m  caucasicum  th ro u g h  th e  series 
o f  re a c tio n s  illu s tra ted  in  F ig . 4. T he enzym es invo lved  in  th e  o x id a tio n  process 
are  o f  ad ap tiv e  n a tu re . T h e  possib ility  has been  ta k e n  in to  con sid era tio n  
th a t  in  th e  case of a llo p reg n an ed io n e  in h ib itio n  of o v e ro x id a tio n  m ay  be due 
to  in te rfe ren ce  w ith  th e  p ro d u c tio n  of th e  overox id izing  enzym e by  th e  
d e v e lo p m e n t of th e  enzym e responsib le  for b u ild ing  up th e  /14-double bond . 
T h is h y p o th es is  has b een  co n tro lled  b y  a series o f e x p e rim en ts ; 20 m g p ro 
g es te ro n e  was added  to  th e  f irs t  tu b e , 20 m g a llopregnaned ione to  th e  second, 
a n d  20 m g progesterone to g e th e r  w ith  20 m g a llop regnaned ione to  th e  th ird .
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F ig . 5. O xida tion  o f a  m ix tu re  o f p ro g este ro n e  a n d  a llop regnaned ione  in to  Z ll,4 -androsta- 
d ien ed io n e . Curve 1, 20 m g  progesterone; c u rv e  2, 20 m g a llo p reg n an ed io n e ; cu rve  3, 20 m g 

p rogesterone  a n d  20 m g a llo p reg n an ed io n e ; cu rv e  4, th e  su m  of cu rv es 1 an d  2

T he re su lts  are p re se n te d  in  Fig. 5. I n  th e  th ird  tu b e  increase  o f th e  diene- 
d ione  co n ten t w as slow  to  s ta r t ,  b u t  a t ta in e d  a h igh level, an d  b reak d o w n  
o f th e  p ro d u c t w as less ra p id  th a n  in  th e  con tro l tu b e s , as d e m o n s tra te d  b y  
th e  values or th e ir  sum s (curve 4 of F ig . 5). T his effect has b een  te rm e d  m ixed  
s u b s tra te  effect.

F ig. 4. O x id a tio n  of p ro g e ste ro n e  b y  F u sa riu m  caucasicum
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Like a llop reg n an ed io n e, an d ro s ten ed io n e  is co n v e rted  in to  d iened ione 
w ith  a b e tte r  y ie ld  th a n  p rog este ro n e . T his in d u ced  us to  perfo rm  th e  e x p e ri
m e n t illu s tra ted  in  F ig . 6. H ere, to o , an d ro sten ed io n e  gave a b e tte r  y ie ld  
t h a n  p rogesterone; p e a k  p ro d u c tio n  w as reached  a lm o st s im u ltan eo u sly , b u t  
in  b o th  cases th e  p ro d u c e d  d iened ione  was b ro k en  dow n rap id ly . On th e  
co m b in ed  ad d itio n  o f  th e  tw o su b stan ces , th e  course o f  th e  p ro d u c tio n  cu rve

F ig . 6. O xidation  of a  m ix tu re  o f p rog estero n e  and  14-androstenedione in to  ,41 ,4-androsta- 
d ien ed io n e. Curve 1, 20 m g o f p ro g esterone; curve  2, 20 mg /J4 -an d ro sten ed io n e ; cu rve  3, 20 m g 

progesterone a n d  20 m g z !4-androstened ione; curve 4, th e  sum  o f curves 1 and  2

w as found  to  co rresp o n d  w ith  th e  sum  of th e  values o b ta in e d  from  th e  se p a 
ra te ly  applied s te ro id s ; th u s  th e re  w as no m ixed  su b s tra te  effect.

N ex t, we s tu d ie d  th e  effect o f  s a tu ra te d  com pounds. T he m ixed  s u b 
s t r a te  effect was d em o n strab le  even  w hen an d ro sten ed io n e  an d  allopregnane- 
d ione  had  been a p p lie d  to g e th e r  (F ig . 7).

The ex p erim en ts  perfo rm ed  w ith  p regnaned ione rev ea led  an  im p o r ta n t 
d ifference betw een  th e  norm al- a n d  th e  allo-series o f s a tu ra te d  s te ro id s . 
As h as  been show n befo re , p regnaned ione  could be ox id ized  in to  d ienedione 
a t  a poor ra te . N o r d id  i t  d isp lay  a m ixed  su b s tra te  effect in  th e  sam e sense 
as th e  alio com pounds. C onversion failed  to  achieve h igh  values, being slow er 
th a n  in  cultures c o n ta in in g  p ro geste rone  or an d ro sten ed io n e  (F ig. 8).
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F ig . 7. O x ida tion  o f a  m ix tu re  o f  Z l4-androstenedione a n d  a llo p reg n an ed io n e  in to  ,d l,4 - 
an d ro stad ien ed io n e . C urve 1, 20 m g J4 -a n d ro s ten e d io n e ; cu rv e  2, 20 m g a llo p regnaned ione; 
cu rv e  3, 20 mg ,J4 -an d ro sten ed io n e  a n d  20 m g a llo p reg n an ed io n e ; cu rv e  4, th e  sum  of curves

1 an d  2

F ig . 8. O x id a tio n  of a  m ix tu re  o f Z l4-androstenedione an d  p re g n an ed io n e  in to  z ll,4 -an d ro - 
s tad iened ione . C urve 1, 20 m g /14-androstened ione; curve 2, 20 m g p reg n an ed io n e ; curve 3, 20 

m g z!4-androstenedione an d  20 m g p reg n an ed io n e ; cu rv e  4, th e  su m  of curves 1 and  2

2 A cta Microbiologica V III/4 .
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A llopregnanolone, on th e  o th e r  h an d , e x h ib ite d  a m ix ed  su b s tra te  
e ffec t w ith  p ro g este ro n e  an d  an d ro s ten ed io n e ; how ever, since a llopregnano lone 
i t s e l f  gives a p o o re r  y ie ld , th e  m a x im u m  values th u s  o b ta in e d  w ere in ferior 
to  th o se  reg is te red  fo r a llop regnaned ione  (F ig . 9).

z ll6 -d eh y d ro a llo p reg n an ed io n e  show ed a s im ila r m ix ed  su b s tra te  effect 
(F ig . 10) for th e  d ev e lo p m en t o f  w h ich  th e  alio c o n fig u ra tio n  w as found  to  
be ind ispensab le . T h is m eans t h a t  th e  a d e q u a te  c o n fig u ra tio n  o f th e  rings 
A  a n d  В is a n ecessa ry  p reco n d itio n  o f th e  effec t; th e  3 -keto  g roup  does no t 
a p p e a r  to  be e ssen tia l (a llop regnano lone also ex e rted  th e  effect), an d  differences 
m a y  occur in  rin g  D , since 16 -dehydro a llo p reg n an ed io n e , to o , gave rise to  
th e  m ixed  su b s tra te  effect.

As a n d ro s tan ed io n e  e x h ib ite d  a m ixed  su b s tra te  effect (F ig . 11), s a tu ra te d  
co m pounds need  n o t  co n ta in  a m e th y lk e to n e  side-chain  to  give rise to  the  
e ffec t.

S im ilarly  to  th e  allo -com pounds, rings A  an d  В are  s i tu a te d  on th e  
sam e  plane also in  oestrone  w hich  eq u a lly  in h ib ite d  o v e ro x id a tio n  (F ig. 12). 
K ober-Haenni’s re a c tio n  h av in g  b een  given m ore in te n se ly  b y  oestrone  th a n  
b y  d ienedione, th e  ca rb o n  te tra c h lo r id e  e x tra c t w as w ash ed  fo u r tim es w ith  
e q u a l volum es o f  a 4 per cen t aq u eo u s sodium  h y d ro x id e  so lu tio n  p rio r to  
d e te rm in a tio n , in  o rd e r to  rem ove  th e  in te rfe rin g  p h en o l-ty p e  s te ro id .

S ubsequen tly  we s tu d ied  th e  m echan ism  responsib le  fo r th e  m ixed 
s u b s tra te  effect. In  a  series o f sh a k e n  flasks, to  th e  f irs t  f la sk  w ere added  
p ro g este ro n e  an d  a llo p reg n an ed io n e  to g e th e r, to  th e  re m a in in g  flasks th e  
p ro g este ro n e  was g iven  a t  th e  b eg in n in g  o f th e  ex p e rim en t a n d  a llo p reg n an e
d io n e  w as added  4 , 6 or 8 hou rs  la te r ,  re sp ec tiv e ly  (F ig . 13). T he m ixed  su b 
s t r a te  effect a p p e a re d  also in  th e  tu b e s  to  w hich a llo p reg n an ed io n e  had  been 
a d d e d  la te r. As show n b y  th e  p a p e r  ch ro m a to g rap h y , in  sh ak en  cu ltu res 
o v e ro x id a tio n  cou ld  be d e m o n s tra te d  six  hours a fte r  a d d itio n ; th is  m eans 
t h a t  in d uc tion  o f  th e  a d a p tiv e  enzym e responsib le  for o x id a tio n  m ust have 
ta k e n  place w ith in  a sh o rte r  perio d  o f  tim e . The fac t th a t  a llop regnaned ione 
g av e  rise to  a m ixed  su b s tra te  e ffec t also w hen ad d ed  a t  a la te r  p o in t o f tim e , 
sh o w ed  th a t  th e  a ssu m p tio n  fo rm in g  th e  s ta r tin g  p o in t o f  th e  ex p erim en ts  
m u s t  have been erroneous. T he s a tu ra te d  com pounds d id  n o t in h ib it th e  
sy n th e s is  o f th e  in d u c ib le  enzym e responsib le  fo r the o v e ro x id a tio n .

W hen th e  p ro g este ro n e : a llo p reg n an ed io n e  ra tio  w as a lte re d , a m ixed 
s u b s tra te  effect n ev erth e less  developed , even w ith  a 4 : 1 progesterone- 
a llop regnaned ione  ra t io  (Fig. 14). W hen  th e  ra tio  o f an d ro s ten ed io n e  and  
a llo p reg n an ed io n e  w as changed  to  p rov ide  for th e  p resence  o f  a fourfold 
c o n c e n tra tio n  o f a n d ro s ten ed io n e , th e  effect was c learly  d em o n strab le  (F ig . 15). 
T hese  find ings ex c lu d ed  th e  p o ss ib ility  o f  a co m p e titiv e  in h ib itio n .

T w en ty  m g/100 m l o f each  p rogeste rone  an d  a llo p reg n an ed io n e, or 
an d ro s ten ed io n e  a n d  a llop regnaned ione  were ad d ed  to  th e  c u ltu re s  d ilu ted
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F ig . 9. O x id a tio n  o f a  m ix tu re  of p ro g esterone  a n d  a llo p regnano lone  in to  Z ll,4 -an d ro stad ien e- 
d ione. C urve 1, 20 m g p ro g este ro n e ; curve  2, 20 m g  a llo p reg n an o lo n e; cu rv e  3, 20 m g p ro g e s

terone  a n d  20 m g a llop regnano lone; cu rv e  4, th e  su m  o f c u rv es  1 an d  2

Fig. 10. O x id a tio n  o f  a  m ix tu re  o f p ro g estero n e  a n d  A  16 -a llopregnenedione in to  /11 ,4-an- 
d ro s tad ien ed io n e . C urve 1, 20 m g p ro g estero n e ; cu rv e  2, 20 m g z ll6 -a llo p reg n en ed io n c ; c u rv e  
3, 20 m g p ro gesterone  a n d  20 m g z116-allopregnenedione; cu rve  4, th e  su m  of curves 1 a n d  2

2*
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F ig . 11. O x id a tio n  o f a  m ix tu re  o f /1 4 -androstened ione  and  a n d ro stan e d io n e  in to  /11,4- 
an d ro stad ien ed io n e . C urve 1, 20 m g z14-androstened ione; curve 2, 20 m g an d ro stan e d io n e ; 
c u rv e  3, 20 mg /1 4 -an d rostened ione  and  20 m g a n d ro stan e d io n e ; cu rv e  4, th e  sum  of cu rv es

1 a n d  2

F ig . 12. O x id a tio n  o f a m ix tu re  o f J4 -a n d ro s te n e d io n e  and  oestrone in to  an d ro stad ien ed io n e- 
C urve  1, 20 m g z l4 -an d ro sten ed io n e; curve 2, 20 m g  /14-androstened ione a n d  10 m g o e stro n e ; 

curve 3, 20 m g /14-androstenedione a n d  5 m g oestrone (c u ltu re s  d ilu ted  1 : 20)



F ig . 13. O x id a tio n  of p ro g esterone  in to  Z ll,4 -an d ro sta - 
d iened ione in  th e  p resence of a llop reg n an ed io n e  ad d ed  
a t  v a rio u s p o in ts  o f tim e . C urve 1, 20 m g p rog estero n e ; 
cu rve  2, 20 m g a llo p reg n an ed io n e ; cu rve  3, 20 m g p ro 
gesterone  a n d  20 m g a llop reg n an ed io n e  added  4 hours 
la te r ;  cu rv e  4, 20 m g p ro g esterone  an d  20 m g a llo p reg 
nan ed io n e  ad d ed  8 hours la te r ;  cu rv e  5, 20 m g p ro g es
te ro n e  an d  20 m g a llo p reg n an ed io n e ; cu rve  6, 20 m g 
p rog estero n e  and  20 m g a llo p regnaned ione  ad d ed  6 

hours la te r ;  cu rve  7, th e  su m  o f cu rves 1 a n d  2

Fig. 14. O x id a tio n  o f p ro g esterone  in to  ,d l,4 -an d ro s ta -  
d iened ione in  th e  p resence of decreasing  am o u n ts  of 
a llo p regnaned ione . C urve 1, 20 m g p rogestero n e ; curve 
2, 20 m g a llo p reg n an ed io n e ; curve  3, 10 m g a llo p reg 
n an ed io n e; cu rv e  4, 5 m g a llo p regnaned ione; curve 
5, 20 m g p rog estero n e  an d  20 m g allop regnaned ione; 
cu rve  6, 20 m g p ro g esterone  a n d  10 m g a llo p reg n an e
d ione; cu rv e  7, 20 m g p ro g esterone  an d  5 m g a llo p reg 

n an ed io n e; cu rv e  8, th e  sum  o f curves 1 an d  2
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F ig . 15. O x id a tio n  of in creas in g  a m o u n ts  o f /14- 
an d ro sten ed io n e  in  th e  p resence  o f a llo p reg n an e- 
d ione. C urve 1, 20 m g Z l4-androstened ione; curve  
2, 20 mg a llo p reg n an ed io n e ; cu rv e  3, 40 m g /1 4 -a n 
d ro sten ed io n e ; cu rv e  4, 60 m g /14 -androstene- 
d ione; cu rv e  5, 80 m g A  4 -an d ro s ten ed io n e ; cu rv e  
6, 40 m g A  4 -an d ro s ten ed io n e  a n d  20 m g a llo p reg 
n an ed io n e ; cu rv e  7, 60 m g A  4 -an d ro s ten ed io n e  an d  
20 m g a llo p reg n an ed io n e ; cu rv e  8, 80 m g A 4 -a n d 
ro sten ed io n e  a n d  20 m g a llo p reg n an ed io n e  

(C u ltu res  d ilu te d  1 : 20)

Fig. 16. E ffec t o f d ilu te d  cu ltu res  on  th e  
o x id a tio n  o f p ro g estero n e  a n d  a llo p reg n an e 
dione m ix tu re s . C urve 1, 20 m g p ro g estero n e  in 
c o n ce n tra ted  c u ltu re ; cu rv e  2, 20 m g a llo p reg 
nan ed io n e  in  c o n ce n tra ted  c u ltu re ; cu rves 3 to  
7, 20 m g p ro g esterone  an d  20 m g a llo p reg n an e 
d ione; cu rv e  3, c o n ce n tra ted  c u ltu re ; cu rve  
4, 2-fold d ilu te d  c u ltu re ; cu rve  5, 4-fold d ilu ted  
c u ltu re ;  cu rve  6, 10-fold d ila te d  c u ltu re ;  cu rve  
7, 20-fold d ilu te d  c u ltu re ; cu rv e  8, th e  sum  

of cu rves 1 a n d  2
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Fig. 17. E ffec t o f d ilu te d  cu ltu res  on  th e  o x id a tio n  
of /14 -androstened ione  an d  a llop reg n an ed io n e  m ix 
tu re s . C urve 1, 20 m g /14 -androstened ione; cu rv e  2, 
20 m g a llo p reg n an ed io n e ; cu rve  3 to  7, 20 m g Л 
4 -an d ro sten ed io n e  an d  20 m g a llo p reg n an ed io n e ; 
cu rve  3, c o n ce n tra ted  c u ltu re ; cu rv e  4, 2-fold d il
u te d  c u ltu re ; cu rve  5, 5-fold d ilu ted  c u ltu re ; curve 
6 . 10-fold d ilu te d  c u ltu re ; cu rve  7, 20-fold d ilu ted  

c u ltu re ; cu rve  8, th e  sum  o f cu rves 1 and  2

F ig . 18. E ffec t o f d ilu tio n  on  th e  o x id a tio n  o f p ro g e 
ste ro n e  an d  a llo p regnaned ione  m ix tu res . C urves 1 to  6, 20 
m g p ro g esterone  an d  20 m g a llo p reg n an ed io n e ; cu rv e  1, 
c o n ce n tra ted  c u ltu re ; cu rv e  2, 10-fold d ilu te d  c u ltu re ; 
cu rve  3, 20-fold d ilu ted  c u ltu re ; cu rve  4, 25-fold d ilu ted  
cu ltu re ; cu rv e  5, 40-fold d ilu ted  c u ltu re ; cu rve  6, 50-fold 
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w ith  ste rile  d istilled  w a te r . The m ix ed  s u b s tra te  effect w as fo u n d  to  be in  
d ire c t p ro p o rtio n  to  d ilu tio n , and  w ith  tw e n ty fo ld  d ilu tio n s th e  th e o re tic a l 
y ie ld  w as a tta in a b le  (F igs. 16, 17). T h is en h an c in g  in fluence  o f d ilu tio n  could  
be d e te c te d  even in  f if ty fo ld  d ilu ted  c u ltu re s  (Fig. 18).

D iscussion

As show n b y  th e  ex p erim en ts , F u sa riu m  caucasicum  is capab le  o f  
b rin g in g  ab o u t m an ifo ld  conversions o f  s te ro id  s tru c tu re , in tro d u c in g  th e  
A ï-  an d  /14- double b o n d s, oxidizing 3/3- a n d  17/?-oxy groups in to  th e  co rresp o n d 
in g  keto n es, tra n s fo rm in g  th e  Zl5-double b o n d  in to  Zl4, b re a k in g  dow n th e  
m e th y lk e to n e  s id e-ch a in , s a tu ra tin g  th e  Zll6-double b o n d , sp littin g  th e  
16, 17-epoxy-group , chan g in g  rin g  D in to  a heterocyclic  r in g  in  th e  course 
o f  o v ero x id a tio n . T hese enzym e re a c tio n s  proceed a t  v a rio u s  ra te s  an d  i t  is 
on  th e  ra te  th a t  th e  a m o u n t of d iened ione  accu m u la ted  in  th e  cu ltu re  d ep en d s. 
C e rta in  su b s titu tio n s  in  th e  stero id  m o lecu le , how ever, in h ib it  linkage o f th e  
s u b s tra te  to  th e  enzym e surface. T h is is th e  effect o f th e  17a-oxy  g roup  in  
21 -carb o n -ste ro id s  or o f th e  2 2 -a ld eh y d e . Therefore no an d ro s ten ed io n e  is 
p ro d u ced  from  1 7 a-oxy-p rogeste rone , R eichstein’s co m p o u n d  S, or from  
Z l-4 ,3-keto-b is-nor-eholene-22aldehyde. A fte r  in cu b a tio n , th e se  co m pounds 
c a n  be recovered  u n ch an g ed  from  th e  c u ltu re .

As regards th e  r a te  o f th e  v a rio u s  enzym e reac tions, no  accu ra te  k in e tic  
d a ta  have been o b ta in e d , since we d id  n o t  w ork w ith  iso la te d  enzym es; th e  
ex p e rim en ts  n ev e rth e le ss  p e rm it c e r ta in  conclusions concern ing  th e  re la tiv e  
sp eed  o f some reac tio n s .

O f all th e  ex am in ed  com pounds, th e  best y ield  w as p roduced  in  th e  
sh o r te s t  tim e  b y  an d ro sten ed io n e . O n ly  one a lte ra tio n  o f  th e  m olecule is 
re q u ire d  in  o rd er to  gain  d ienedione: th e  z ll-doub le  b o n d  h as  to  be b u ilt  u p . 
T h e  fo rm atio n  of th is  double bond  a p p e a rs  to  be th e  fa s te s t enzym e re a c tio n  
w ith  th e  stero id -o x id iz in g  enzym e sy s tem s of F u sa riu m . The d ev e lop ing  
d ienedione is p ro m p tly  oxidized in to  z ll-d eh y d ro te s to lo lac to n e . In  some o f o u r 
ex p erim en ts  th e  r a te  o f  o v ero x id a tio n  w as ab o u t four tim es  slow er th a n  th e  
conversion  of an d ro sten ed io n e  in to  an d ro stad ien ed io n e . T h is ra te  w as n o t  
co n s is ten tly  u n ifo rm  in  every  e x p e rim e n t, in lack  of know ledge of a ll th e  
co n d itions in fluenc ing  th e  various en zy m e reactions. This ex p la in s th e  f lu c tu a t 
in g  y ield  of an d ro s ten ed io n e , since p ro d u c tio n  u n d o u b te d ly  depends on th e  
ra t io  o f d ienedione fo rm a tio n  an d  b re ak d o w n .

P ro d u c tio n  o f  dienedione fro m  progesterone is a m ore co m p lica ted  
p rocess. H ere th e  m e th y lk e to n e  s id e -ch a in  has to  be b roken  dow n to  b u ild  
up  th e  m olecule. T h is reac tio n  a p p e a rs  to  be slower, d e te rm in in g  th e  sp eed  
o f  dienedione fo rm a tio n ; since o v e ro x id a tio n  m ay be p resu m ed  to  ta k e  p lace
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a t  th e  sam e ra te  as in  th e  case of th e  conversion  o f an d ro sten ed io n e  in to  
an d ro s tad ien ed io n e , th e  y ields are p o o re r. D eso x y co rtico ste ro n e  gave b e t te r  
y ields th a n  d id  p ro g este ro n e ; com p u ted  p e r  m ol, th e y  ap p ro ach ed  th e  values 
o b ta in e d  fo r a n d ro s ten ed io n e . This show s th a t  fo llow ing o x id a tio n  of th e  
m e th y lk e to n e  sid e-ch a in  in to  an  a -k e to le  side-chain , b reak d o w n  of th e  side- 
chain  is acce lera ted , c re a tin g  a m ore fav o u rab le  ra tio  o f  d ienedione sy n th esis  
a n d  b reakdow n .

S a tu ra tio n  o f th e  /116-double b o n d  is a slow er p rocess th a n  th e  b re a k 
dow n o f th e  m e th y lk e to n e  side-chain , w hile rem o v a l o f  th e  16a-17a-oxido 
g roup  proceeds even  m ore slowly. In  th e  case o f co m pounds con ta in ing  su ch  
s tru c tu re s , th e ir  ra te  o f conversion becom es th e  fa c to r  con tro lling  th e  p ro 
d u c tio n  of d iened ione , in  ag reem ent w ith  th e  above co n sid e ra tio n s. A n a n a ly 
tic a l com parison  o f th e  re su lts  clearly  show s th a t  th e  p ro d u c tio n  of d ienedione 
is d o ub tlessly  in flu en ced  b y  various a lte ra tio n s  o f th e  ste ro id  s tru c tu re  
(m e th y lk e to n e  s id e-ch a in , /116-double b o n d , 16a-17a-oxido group) in  ev e ry  
g roup  of com pounds u n d e r  in v es tig a tio n  (/14,3-keto, 3/?-oxy /15- and  s a tu ra te d  
stero ids).

T hus in  th e  conversion  o f te s to s te ro n e , d eh y d ro g en a tio n  o f the  17/S-oxy 
g roup  w ould seem  to  be th e  de te rm in in g  fa c to r . Talalay’s stud ies concerned  
w ith  Pseudom onas /?-oxy-stero id -dehydrogenase  in d ic a te  th a t  o x id a tio n  of 
3ß- an d  17/?-oxy g roups is carried  o u t b y  th e  sam e enzym e [15]. 3/S-oxy 
com pounds are  co n v e rted  in to  3-keto  com pounds also b y  F u sa riu m  w hich 
fu rth e rm o re  oxidizes d eh y d ro ep ian d ro s te ro n e  and  p regneno lone in to  d ien e 
dione, th o u g h  w ith  a poo rer yield th a n  in  th e  case o f th e  co rrespond ing  /14,3- 
k e to  com pound . A ccord ing  to  th e  f in d in g s  of Talalay, ste ro id  isom erase 
b rin g in g  ab o u t th e  conversion  of th e  /15-double bond  in to  /14 tak es  p lace so 
p ro m p tly  th a t  for a long  tim e  th is  step  w as e s tim a te d  as a sp o n tan eo u s reac tio n . 
P resum ing  co n d itions to  be sim ilar in  th e  case o f F u sa riu m , th e  resp o n sib ility  
fo r th e  poor co n v e rtib ility  o f 3/9-oxy /15-steroids m igh t be ascribed  to  th e  slow  
ac tio n  o f 3/1-oxysteroid dehydrogenase. T h is assu m p tio n  is su p p o rted  b y  th e  
re su lts  o b ta in ed  w ith  allopregnane-3/S-ol-20-on: th e  y ie ld  o f th is  com pound  
w as m uch w orse th a n  th a t  of a llop regnaned ione.

This ra ises th e  p rob lem  of th e  su sc e p tib ility  o f s a tu ra te d  com pounds 
to  o x id a tio n . A llopregnaned ione gave a b e t te r  yield  o f d ienedione th a n  d id  
p rogeste rone , an d  th e  o b ta in ed  d ienedione w as decom posed  a t  a m uch slow er 
ra te  th a n  n o te d  in  con n ec tio n  w ith  o th e r su b s tra te s . T h is m eans th a t  th e  ra te  
o f o v ero x id a tio n  w as d iffe ren t w ith  d iened ione  derived  from  d ifferen t su b 
s tra te s . P reg n an ed io n e  gave v e ry  po o r y ie lds. A p p a re n tly  for fav o u rab le  
o x id a tio n  o f th e  m olecule , rings A an d  В h av e  to  be s itu a te d  on an  eq u a l 
p lan e . S a tu ra te d  com pounds of th e  n o rm a l series fa il to  answ er th is  re q u ire 
m en t. A fav o u rab le  p ro d u c tio n  of th e  /11,4-diene s tru c tu re  b y  com pounds of 
th e  allo-series h as  b een  described  also in  con n ec tio n  w ith  Sep tom yxa  a ffin is  [10].
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T a l a l a y  who obtained sim ilar results w ith  /З-oxysteroid-dehydrogenases [9] 
su ggested  that in linkage on the enzym e surface, the lower surface structure  
o f  the steroid m olecule is the decisive factor; he attributed th e  weaker ox id a
tio n  o f  the normal series steroids to  the downward bend o f ring A, alm ost 
form ing a right angle to  ring B . From  hum an observations, B ush concluded  
to  the reduction of the 11-oxo group being determ ined b y  the stereochem istry  
o f  th e  rings A and B . R eduction  invariably  takes place w ith  the com pounds 
o f th e  allo-series, whereas hardly any conversion can be dem onstrated w ith  
com pounds o f the norm al series [4].

T he ex p erim en ts  w ith  ste ro id s  d iffering  in  s tru c tu re  re su lted  in  tw o  
o b se rv a tio n s  o f p ra c tic a l im p o rtan ce . A ndrostened ione  p ro v ed  to  be th e  
s u b s tra te  giv ing th e  b e s t y ie ld , an d  th e  fa c t th a t  a llop regnaned ione  in te rfe re s  
w ith  th e  enzym e sy s tem  responsib le  fo r ov ero x id a tio n .

In d u c tio n  o f d iened ione  fo rm a tio n  from  allop regnaned ione  req u ires  n o t 
o n ly  decom position  o f  th e  m e th y lk e to n e  side-chain  an d  dev e lo p m en t o f  th e  
A l-d o u b le  bond , b u t u n s a tu ra tio n  o f  A4  m u st also be b ro u g h t ab o u t in  th e  
r in g  sy stem . The s te ro id -o x id iz in g  system s of F u sarium  caucasicum  are  in 
d u c tiv e  s tru c tu re s  [18]. T h u s th e  o x id a tio n  o f a llop regnaned ione  invo lves th e  
d ev e lo p m en t of m ore enzym e system s th a n  does th e  o x id a tio n  of, e. g., p ro 
g es te ro n e . Since a d a p ta tio n  to  a ce rta in  su b s tra te  m ay  in h ib it  th e  d ev e lo p m en t 
o f  an  in d u c tiv e  enzym e n ecessary  for th e  conversion o f a n o th e r  su b s tra te  [12], 
d ev e lo p m en t of th e  enzym e responsib le  fo r z H -u n sa tu ra tio n  m igh t in te rfe re  
w ith  th e  fo rm atio n  o f th e  over ox id izing  sy stem . This is in  h a rm o n y  w ith  th e  
occu rrence  o f a m ixed  su b s tra te  effect a f te r  th e  com bined  ap p lica tio n  o f 
p ro g este ro n e  and  a llop reg n an ed io n e, b u t  th e  sam e effect w as n o t p ro d u ced  
b y  th e  co m bina tion  o f p ro g este ro n e  a n d  an d ro sten ed io n e . H ow ever, o v e r
o x id a tio n  was in h ib ite d  also if  a llopregnaned ione h ad  b een  ad d ed  to  th e  
c u ltu re  a t  a stage  "when th e  p rev io u sly  ad d ed  am o u n t o f  p rogeste rone  cou ld  
a lre a d y  have  y ie lded  /Н -d eh y d ro tes to lo lac to n e . H ence a llo p regnaned ione  
in h ib ite d  th e  fu n c tio n  b u t  n o t th e  dev e lo p m en t of th e  o v e ro x id a tio n  sy s tem .

T he d a ta  confirm ing  th e  co n sis ten t developm ent o f effect regard less of 
a n y  change in  th e  ra tio  be tw een  th e  s a tu ra te d  an d  u n s a tu ra te d  ste ro id s , 
su g g est th a t  in h ib itio n  is n o t o f a co m p e titiv e  n a tu re . F ro m  th e  in creasin g ly  
p ro n o u n ced  m ixed su b s tra te  effect a p p ea rin g  w hen p rog este ro n e , or a n d ro 
s ten ed io n e , to g e th e r w ith  a llop regnaned ione  h ad  been a d d ed  to  in c reasin g ly  
d ilu te d  cu ltu res, th e  conclusion  w as d raw n  th a t  we h ad  to  deal here w ith  a 
sp ec ia l case o f irrev e rs ib le , n o t co m p e titiv e , in h ib itio n . W hile nam ely  a llo 
p reg n an ed io n e  in h ib its  th e  o x id a tiv e  b reak d o w n  o f d iened ione , a t  th e  sam e 
tim e  i t  jo in s th e  o x id a tiv e  series, an d  is co n v erted  in to  d iened ione. T he co n 
c e n tra tio n  of th e  in h ib itiv e  su b stan ce  is th u s  reduced  in  tim e  an d  f in a lly  
reach es  a lim it w here, n o tw ith s ta n d in g  th e  “ irrev e rs ib le”  linkage to  th e  
su rfa c e  o f  th e  enzym e sy s tem  responsib le  for o v ero x id a tio n , its  co n cen tra tio n
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is less th a n  th a t  re q u ire d  for th e  in h ib itio n  of a ll th e  overox id iz ing  enzym es. 
T h e re u p o n  o v ero x id a tio n  sets in .

C om petition  fo r th e  a llo -co m p o u n d  nev erth e less  does ta k e  p lace; n o t 
b e tw e e n  th e  su b s tra te s , b u t  b e tw een  th e  enzym e system s ox id iz ing  allopreg- 
n an ed io n e  in to  d iened ione  on th e  one h an d  a n d  b reak in g  dow n dienedione 
on  th e  o th er. So i t  becom es com prehensib le  how  th e  m ix ed  su b s tra te  effect 
is en h an ced  b y  a d ilu tio n  of th e  c u ltu re  an d  th u s  a lte r in g  th e  ra tio  betw een  
s te ro id s  an d  enzym es to  th e  a d v a n ta g e  of th e  ste ro ids.

In  co n tra s t to  th e  d a ta  o b ta in e d  w ith  a llo p regnaned ione  p regnanedione 
fa ile d  to  ex h ib it a m ix ed  su b s tra te  effec t. In  its  p resence th e  developm ent 
o f  d ienedione from  /14,3-keto co m p o u n d s proceeded  slow ly, b u t  th e  yield d id  
n o t  su rp ass  th e  co n tro l va lues, hence  no  in h ib itio n  o f  o v e ro x id a tio n  occurred . 
A llopregnanolone, /116-a llopregnendione, an d  an d ro s tan ed io n e , on th e  o th e r 
h a n d , show ed a m a rk e d  m ixed  s u b s tra te  effect. T herefo re  th e  developm ent 
o f  th e  effect rea lly  dep en d s on th e  a lio  co n fig u ra tio n  o f th e  rings A and  B.

As in  th e  case o f alio co m p o u n d s, w ith  oestrone  th e  rings A and  В are 
also s itu a te d  on th e  sam e p lane , a n d  th e  la t te r  com pound  —  as expected  —  
has been  found to  in h ib it  th e  o x id a tiv e  b reak d o w n  o f d iened ione.

All our e x p e rim e n ta l fin d in g s ag reed  on th a t  in h ib itio n  o f th e  o v er
ox id iz ing  enzym e cou ld  be b ro u g h t a b o u t b y  s te ro id s  w ith  co p lan ar A an d  В 
rings. S im ilarly  to  th e  allo -com pounds an d  oestrone , w ith  /14,3-keto com 
p o u n d s , too , rings A  a n d  В are  s i tu a te d  in  one p lan e . A ccord ing  to  our w orking 
h y p o th es is  these com pounds oug h t to  in h ib it th e  enzym e sy s tem  responsible 
fo r o v ero x ida tion . In  fa c t, we possess d a ta  con firm ing  th a t  w hen  th e  /14,3- 
k e to s te ro id  to  be c o n v e rted  h ad  b e e n  ap p lied  a t  h igh  co n cen tra tio n s , Zll- 
d eh y d ro te s to lo lac to n e  ap p eared  in  th e  cu ltu re  la te r  th a n  in  th e  case of low 
c o n c e n tra tio n . A ccord ing ly , th e  /11 ,4-steroid  seem ed to  h av e  th e  s ligh test 
a f f in i ty  to  th e  overox id iz ing  en zy m e, w hereas /14,3-keto- or th e  s a tu ra te d  
s te ro id s  o f th e  allo -series, an d  also o estro n e , show ed a closer a ff in ity  to  these  
su rfaces  an d  th e re fo re  in h ib ite d  th e  d eco m position  o f /11 ,4 -androstad ienedione.

F ew  rep o rts  h av e  d ea lt w ith  th e  in te ra c tio n  o f s te ro id s . O estrone, 
te s to s te ro n e , an d  h y d ro co rtiso n e  h a v e  been show n to  acce lera te  th e  g row th  
o f  Euglena gracilis, b u t  th e  s im u ltan eo u s  use o f a n y  tw o  o f these  stero ids 
h as  been  found to  slow  dow n g ro w th  [3]. T he g row th  o f N eurospora crassa 
w as found  to  be in h ib ite d  b y  DOC a n d  a few  re la te d  co m pounds; th is  inh ib ition  
w as d im in ished  b y  o th e r  stero ids, su ch  as ergostero l, cho lestero l, an d  cortico 
s te ro n e  [8]. In  th e  su p e rn a ta n t o f  hom ogen ized  r a t  liv e r red u c tio n  of th e  
/14,3-keto group o f h y d ro co rtiso n e  w as held  up  b y  th e  co m p e titiv e  inh ib itio n  
o f  m e th y lte s to s te ro n e  an d  e th y n ilo e s trad io l [7]. T he p ro life ra tio n  of Tetra- 
hym ena  p ir ifo rm is  w as in h ib ite d  b y  D O C, p rog este ro n e , a n d  cortisone; in h i
b itio n  was suspended  b y  s tig m aste ro l [6]. In  p e p to n e -y e a s t e x tra c t  m edia th e  
g ro w th  o f M ycoplasm a la id law ii s t r a in  A was p ro m o ted  b y  cholestero l; th is
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e ffec t w as in h ib ited  b y  o th e r  s te ro id s  [5]. F o r ou r w ork  th e  fo llow ing tw o  
d a ta  w ere of p a r tic u la r  in te re s t . In  hom ogenized  r a t  liv e r  th e  b reak d o w n  o f  
DO C w as inh ib ited  b y  g ly c irrh e tic  ac id  [1]. The in h ib itio n  due to  g ly c irrh e tic  
a c id  m a y  be com pared  to  th e  re su lts  o b ta in e d  w ith  th e  a llo -com pounds, th e  
r in g s  A  an d  В of g ly c irrh e tic  ac id  b e in g  o f a lio -co n fig u ra tio n . A n in te ra c tio n  
show in g  a sim ila rity  to  th e  m ixed  su b s tra te  effect w as observed  b y  M a r c u s  

a n d  T a l a l a y  [ 9 ]  in  th e  case of /? -oxy-stero id -dehydrogenase , th e  a c tiv ity  o f  
w h ich  w as b locked b y  co m p e titiv e  in h ib itio n  due to  th e  o es tra trien -3 -o l 
a d h e rin g  closely to  th e  enzym e su rfaces. These f in d in g s agree w ith  those  o f  
o u r  ow n in  th a t  th e  co m p o u n d s o f  th e  allo-series p ro v e d  to  be re a d ily  con
v e r tib le  su b stra te s , u n lik e  tho se  o f  th e  no rm al series, w h ich  w ere co n v erted  
a t  a slow er ra te , an d  gave  poorer y ie lds.

Acknowledgements : T h e  a u th o rs  a re  in d e b te d  to  Mrs. L . M a r t o n  an d  M rs. A. S z e n t - 
i r m a i  fo r assistance in  th e  s tu d ie s ; to  M r. G. A m b r u s  and  D r. M. R a d o s  fo r th e  p ro d u c tio n  
o f an d ro stan ed io n e  an d  v a r io u s  s te ro id s co n ta in in g  1 6 ,1 7 -u n sa tu ra te d  or epox ide  g ro u p s; 
a n d  to  Miss A . N é m e t h  fo r  ca rry in g  o u t th e  chrom ogenic an aly ses.
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Sum m ary. T h e  cell y ield  per g ram  tissu e  of 145 k id n ey s fro m  m o n k ey s  w ith  b ac illa ry  
d y se n te ry  was fo u n d  to  be  39.6 pe r cen t less th a n  th a t  fro m  h e a lth y  an im als .

The low  cell y ie ld  m ig h t be  ex p la in ed  by  c e r ta in  h isto log ical changes fo u n d  in  th e  k id 
n ey s o f sick an im als.

In  each of th e  50 m onkeys suffering  from  d y se n te ry , h isto log ical e x am in a tio n  rev ea led  
chan g es rem ind ing  o f to x ic  nephrosis. No p a th o lo g ica l changes w ere fo u n d  in  th e  k idneys of 
2 0 h e a lth y  m onkeys ex am in ed  as contro ls.

B acillary  d y se n te ry  is one of th e  freq u en t in fec tio u s d iseases in  m onkeys. 
T h e  disease is in  ev e ry  resp ec t id en tica l w ith  th a t  o b served  in  h um ans.

P r e s t o n  a n d  C l a r k  [ 1 ]  re p o rte d  on th e  inc idence  o f  d y sen te ry  in  
m onkeys. The ae tio lo g y  w as s tu d ie d  b y  F a i r b r o t h e r  a n d  H u r s t  [ 2 ]  and  b y  
J a n s e n  [ 3 ] .  G a l t o n  et al. [ 4 ]  an d  C l a r k  et al [ 5 ]  s tu d ie d  th e  tre a tm e n t, 
K o c h  and  D e i m e l  [ 6 ]  an d  D a v i d  an d  S c h i r l  [ 7 ]  th e  p a th o g en esis  and  pa th o - 
lo g y  of th e  d isease.

There a re , h ow ever, no d a ta  ava ilab le  on th e  changes e lic ited  in  th e  
k idneys of m onkeys suffering  from  d y se n te ry , a lth o u g h  th e se  lesions have a 
specia l significance w hen  th e  p re p a ra tio n  o f m o n k ey -k id n ey -tissu e -cu ltu res  is 
considered . The p ro b lem  seem s to  gain  in creasin g  im p o rta n c e  w ith  th e  in c reas
in g  use of tissue  cu ltu re s  in v iru s  research .

The incidence an d  sev erity  o f Shigella d y se n te ry  am ong  th e  m onkeys 
used  in  th e  V irus D epartm ent o f th e  State In stitu te  o f  H ygiene, Budapest 
(rhesus and  cynom olgus m onkeys im p o rte d  from  In d ia  an d  Indo n esia ) depends 
m ain ly  on th e  co n d itio n s of t ra n s p o r t ,  an d  m eteoro log ica l, d ie ta ry  and cer
ta in  o th e r fac to rs . In  1959 ou t o f th e  597 rhesus an d  cynom olgus m onkeys 
im p o rted , 82 d ied  o f  d y sen te ry .

D uring d y se n te ry  epidem ics i t  m ay  h a p p e n  th a t  k id n ey s  of clinically  
h e a lth y  in fec ted  an im a ls  are used  for tissu e  cu ltu re s , an d  econom ical reasons 
k id n ey s from  m o rib u n d  an im als w ere som etim es used  fo r such  purpose . 
A ccording to  o u r experience, how ever, th e  cell y ie ld  from  k id n ey s of sick or 
dy in g  an im als w as u su a lly  w orse th a n  ex p ec ted , th u s  ca lling  our a tte n tio n  
to  a th o rough  s tu d y  o f th e  p rob lem .
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Materials and methods

M onkeys. T he k id n e y s  of a  to ta l  o f  391 rh e su s  and  cynom olgus m o n k ey s u sed  fo r tis su e  
c u ltu re  w ere stu d ied . T h e  av erag e  w eigh t o f  th e  an im als ran g ed  fro m  1 %  to  2 kg . T h e  k id n ey s  
o f  h e a lth y  and  d y se n te r ic  an im als w ere c o m p a red  in  th e  sam e p e rio d  o f o b se rv a tio n .

Tissue culture. M on k ey  k idney  e p ith e lia l cell m onolayer cu ltu re s  w ere p re p a re d  acco rd in g  
to  th e  m eth o d  of Y o u n g n e r  [ 8 ] .  Cell c o u n t w as de te rm in ed  from  a n  0.5 m l sam ple  w ith d raw n  
fro m  th e  stock cell su sp en s io n  and  s ta in e d  w ith  1 m l o f 0.1 p e r c e n t m e th y l v io le t so lu tion . 
S am p le  an d  s ta in  w ere ca re fu lly  m ixed; th e  cell co u n t was d e te rm in e d  in  a  B u e rk e r’s ch am b er.

D iagnosis. D y s e n te ry  w as in  ev ery  case  d iagnosed  a t a u to p sy , o n  th e  basis  o f th e  c h a r
a c te r is tic  colonic ch an g es. F re sh  faecal sam p le s ta k e n  from  th e  lesioned  p a r ts  o f th e  in te s t i 
nes w ere  exam ined  b y  th e  D epartment fo r  Bacteriology  an d  th e  D ysentery  Laboratory  o f  ou r 
In s t i tu te .

Histological exa m in a tio n  was m ad e  o f th e  k id n ey s o f 50 m o n k ey s  d ied  w ith  d y se n te ry  
o r k illed  in  th e  m o rib u n d  s ta te . T he fre sh ly  o b ta in e d  possib ly  w a rm  k id n ey  sam ples w ere 
f ix e d  in  fo rm aldehyde  em b ed d ed  in  p a ra ff in e  a n d  s ta in ed  b y  h a em a to x y lin  a n d  eosin. I n  cer
t a in  cases E n d e s ’s [9] t r ic h ro m e  s ta in in g  w as also perform ed. F ro z e n  sec tions s ta in e d  w ith  
S u d a n  I I I  were p re p a re d , a n d  fo r th e  d e m o n s tra tio n  of calcium  sa lt d ep o sits  th e  s ilv er-im p reg 
n a tio n  m eth o d  of v . K o s s á  was used.

Results

D a ta  on th e  re su lts  of try p s in iz a tio n  are su m m arized  in  T ab le  I.

T ab le  I

Cell y ie ld  o f  m onkey kidneys used fo r  tissue culture p rep ara tion  in  1959

M onkeys examined Kidneys used for tissue culture preparation

Diagnosis Number W eight

Average cell count 
per gram kidney 

after
trypsinizat ion

Cell yield, 
per cent

H e a l t h y ............... 179 1 3 9 4 .3  g 30 .6  X  i o ° 100

D y s e n te r ic .......... 145 1 3 1 1 .4  g 18.5  X  10« 6 0 .4

O ther diseases . 67 4 8 6 . 0  g 19.6  X  1 0 e 6 4 .0

T he d a ta  p re se n te d  in  T ab le  I  show  th a t  th e  to ta l  q u a n t i ty  o f k id n e y  
tis su e  of 179 h e a lth y  m onkeys a m o u n te d  to  1394.2 g a n d  y ie ld ed  an  average  
o f  30.6 X 10® cells p e r  g ram  k id n ey  tis su e  on try p s in iz a tio n . T h is v a lu e  ap p e a rs  
to  be in  good a g reem en t w ith  th e  l i te ra ry  d a ta  concern ing  th e  average  cell 
c o u n t o b ta in ed  b y  th e  sam e m e th o d . T he to ta l  q u a n t i ty  o f k id n e y  tissue  
from  145 m onkeys su ffering  from  b a c illa ry  d y sen te ry  a m o u n te d  to  1311.4 g, 
n o t  m uch  less th a n  t h a t  of h e a lth y  m o nkeys. N ev erthe less in  th e  la t te r  case 
th e  average  cell c o u n t tu rn e d  o u t to  be 18.5 X lO 6 p e r g ram  k id n e y  tis su e , 
i. e., i f  th e  cell y ie ld  o f  th e  h e a lth y  an im als  is ta k e n  fo r 100 p e r cen t, th e  cell 
y ie ld  o f d y sen te ric  an im als w as o n ly  60.4 per cen t. A cco rd ing ly , th e  cell 
y ie ld  o f  d y sen te ric  m onkeys show ed a decrease o f 39.6 p e r cen t.
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In  o rd er to  ap p ro ach  th e  p ro b le m  m ore  th o ro u g h ly , th e  above d a ta  
w ere co m p ared  w ith  th e  resu lts  fo r 67 m o n k ey s k illed  because o f o th e r diseases- 
(pneum on ia , tu b e rcu lo s is , p a ra s itic  in fe c tio n , a p p a re n t som etim es o n ly  a t  
au to p sy ).

In  these  67 an im als  th e  av e rag e  cell y ie ld  p er gram  tissu e  w as 19.6 X lO 6 
from  486 g k id n e y  tissu e . T his c o rre sp o n d e d  to  a cell y ie ld  o f  64 p er c e n t, 
s lig h tly  h igher th a n  th e  value fo u n d  w ith  d y sen te ric  m o nkeys.

As try p s in iz a tio n , cell c o u n ts  a n d  p re p a ra to ry  w ork  w ere ca rried  o u t 
accord ing  to  ro u tin e  s ta n d a rd  m e th o d s , i t  w as supposed  t h a t  th e  d ifferences 
in  th e  cell y ie ld  m ig h t be caused  b y  p a th o lo g ica l changes in  th e  k id n ey s o f  
m onkeys in fec ted  w ith  b ac illa ry  d y se n te ry . A ccord ingly , th e  k id n ey s of th e se  
an im als  w ere ex am in ed  h isto log ica lly .

M ore or less severe h is to p a th o lo g ica l changes were fo u n d  in  every  k id n e y  
from  m onkeys in fe c te d  w ith  d y se n te ry . As observed  in  m onkeys k illed  im - 
m ed ia te lly  a f te r  th e  ap p earan ce  o f  th e  sy m p to m s o f a c u te  d y sen te ry , th e  
ep ith e lia l cells o f  th e  cortical co n v o lu ted  tu b e le s  were d am ag ed  f irs t. T hese 
cells a p p ea red  to  be sw ollen; th e  p la sm a  show ed hom ogeneous eosin o p h ilia , 
th e  nucle i w ere e ith e r  poorly  s ta in e d  b y  h a e m a to x y lin , o r frag m en ted , so m e
tim es  even m issing  (F ig . 1).

In  severe cases th e  ep ith e lia l cells o f  th e  s tra ig h t tu b u le s  were also  
a t ta c k e d  (F ig . 3).

T he lum en  b o rd e r  of th e  cells w as o ften  irreg u la r or severe ly  d am ag ed . 
Som e o f th e  tu b u la r  lum ens d isa p p e a re d  due  to  th e  sw elling o f  cells, an d  som e 
w ere filled  w ith  cell frag m en ts  or se ru m  o f hom ogeneous eosinophilic  s ta in in g . 
In  th e  case o f an  incom ple te  occlusion  th e  cross section  of th e  tu b u le s  show ed 
a s ta r-lik e  shape  (F ig . 2).

N um erous cells were co m p le te ly  se p a ra te d  from  th e  b a sa l m e m b ra n e , 
w hile som e o th e rs  w ere d e s in te g ra te d . T h is p rocess lead  to  th e  d e s tru c tio n  
o f  th e  tu b u la r  s tru c tu re .

B lood vessels w ere genera lly  w ide a n d  filled  w ith  red  b lood  cells. N o 
in f la m m a to ry  ce llu la r reac tio n  w as fo u n d  w ith in  th e  vessels o r in  th e  t is s u e ; 
nev erth e less  a t  c e r ta in  spo ts th e  le ak ag e  o f se ru m  d isp lay ing  b y  a hom ogeneous 
p in k  eosinophilic  s ta in in g  was o b se rv ed .

In  su b acu te  cases, v a cu o lisa tio n  o f th e  ep ith e lia l cells o f th e  p ro x im a l 
co n v o lu ted  tu b u le s  occurred . In  som e in s ta n c e s  calcium  sa lt g ranu les in te n se ly  
s ta in in g  w ith  h aem a to x y lin  a n d  show ing  a positive K ossA -reac tion  w ere 
fo u n d  in  th e  tu b u la r  ep ithe lium . T h e  ca lcium  sa lt deposits w ere m ost o b v io u s 
in  th e  basa l m em b ran es  o f th e  s t r a ig h t  tu b u le s  (Fig. 4).

No signs o f  reg en era tio n  w ere o b se rv ed .
In  p re p a ra tio n s  s ta in ed  acco rd in g  to  E ndes m ate ria l show ing  a fib rin o id - 

ty p e  s ta in in g  w as seldom  observed, m o s tly  in  th e  ep ith e lia l cells o f th e  p r im a ry
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co n v o lu ted  tu b u le s . E x am in a tio n s fo r f a t  d ep osition  b y  th e  S u d an  I I I  s ta in  
gave p ra c tic a lly  n eg a tiv e  re su lts .

In  th e  k id n ey s  of th e  20 m o n k ey s ex am in ed  as con tro ls  n e ith e r  changes 
s im ila r to  th o se  described  above , n o r  changes o f a n y  o th e r  n a tu re  w ere 
observed .

D iscussion

P a th o lo g ic  changes of th e  k id n ey s  in  h u m a n  Shigella d y se n te ry  w ere 
f ir s t  described  b y  J a f f é  and  St e r n b e r g  [10] w ho observed  v acu o lisa tio n  o f 
th e  ep ith e lia l cells. O p p e n h e im e r  fo u n d  h aem o rrh ag ic  in fa rc tio n  in  th e  k id n ey  
o f  an  in fa n t  d ied  w ith  d y sen te ry . T he o b se rv a tio n  of J a f f é  a n d  S t e r n b e r g  
w as la te r  su p p o r te d  b y  A n d e r s o n  [1 2 ]. The m ost severe p a th o lo g ic  changes 
w ere o bserved  b y  H a r a n g h y  [13 ], co n sis tin g  o f  lesions sim ilar to  th o se  elic ited  
b y  m ercu ric  ch lo ride  poisoning. A ccord ing  to  h is o b serv a tio n s lesions o f  a 
w ide ran g e  o f  d iffe ren t sev erity  m a y  be assoc ia ted  w ith  d y se n te ry , from  
m o d e ra te  ca lc ifica tio n  of th e  ep ith e liu m  o f th e  convo lu ted  tu b u le s  a n d  cast 
fo rm a tio n , to  th e  h isto log ical p a t te rn  o f  g rave  m ercu ry  po isoning .

A lth o u g h  th e  patho log ica l changes observed  in  th e  m onkeys d id  n o t  
re a c h  th a t  f in a l s tag e , th e y  should  n one  th e  less be reg a rd ed  as “ to x ic  n e p h ro 
sis”  c h a rac te rized  b y  p rim ary  d eg en era tiv e  changes o f  th e  tu b u la r  e p ith e 
liu m  [14, 15].

M ost o f th e  in fectious fevers a re  w ellknow n to  induce  in  th e  k id n ey s 
c loudy  sw elling, f a t ty  in filtra tio n , h y a lin -d ro p le t d eg enera tion  an d  som etim es 
necrosis o f  th e  tu b u la r  ep ith e liu m . P a th o lo g ic  changes o f t h a t  k in d  w ere 
o b serv ed  in  h u m a n s  w ith  d ip h th e ria , ty p h o id  fever, p n eu m o n ia , tub ercu lo sis  
a n d  o th e r d iseases. No such o b se rv a tio n s  h av e , how ever, been  d iscribed , in  
m onkeys.

A ccord ing  to  our ob se rv a tio n s, a re m a rk a b ly  decreased  n u m b er of 
in ta c t  ep ith e lia l cells should  obviously  be ex p ec ted  to  be y ie lded  b y  th e  k id n ey s 
o f  m onkeys su ffe ring  from  d y sen te ry . T he d a ta  p resen ted  in  T ab le  I  suggest 
t h a t  a ce rta in  decrease of the  cell co u n t shou ld  be ex p ec ted  also in  an im als 
su ffering  from  o th e r  diseases, m a in ly  pneum ococcal p n eum on ia , as accord ing  
to  V o l h a r d  a n d  F a h r  [16], an d  R a n d e r a t h  [17] th is  disease o ften  e lic its

F i g .  1 .  Degeneration of the epithelial cells of primary convoluted tubules. Haematoxylin-
eosin stain. Magnification X 162

F i g .  2 .  Degeneration of epithelial cells of straight tubules and destruction of tubular struc
ture. Haematoxylin-eosin stain. Magnification X 86 

F i g .  3 .  Complete or partial obstruction of the lumen of convoluted tubules. Haematoxylin-
eosin stain. Magnification X 162

F i g .  4 .  Calcium deposits on basal membrane of straight tubules. Haematoxylin-eosin stain.
Magnification X  162

3 Acta Microbiologica VIII/4.
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n e p h ro s is  in  h u m a n s .  L u n d  a n d  P e t e r s e n  [18] r e p o r te d  o n  a  h ig h  in c id e n c e  
o f  p n e u m o n ia  in  th e  m o n k e y  (w ith  o u r  m o n k e y s  w e h a v e  a s im ila r  e x p e r ie n c e ) , 
th e  p o ss ib le  o c c u rre n c e  o f  th e  a b o v e  d e s c r ib e d  le s io n s  in  m o n k e y  k id n e y s  
s h o u ld  a lw a y s  b e  t a k e n  in to  a c c o u n t.
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AN IMPROVED METHOD FOR THE CULTIVATION OF 
BACTERIA FROM BLOOD

B y

J .  S z i t a , K a t h e r i n e  C z é i i  and  S . B o g n á r

S ta te  I n s t i t u t e  o f  H y g ie n e  a n d  L á s z ló  H o s p i ta l ,  B u d a p e s t  

(R eceived A p r i l  20, 1961)

Sum m ary . A new  m e th o d  has been a p p lie d  fo r th e  c u ltiv a tio n  of b ac teria  fro m  b lood . 
I n  b a c te ra e m ia  due to  d iffe re n t pathogens, th e  n ew  m eth o d  y ie ld ed  3 tim es as m an y  p o sitiv e  
re su lts  as th e  fo rm er te c h n iq u e .

In  c o n tra s t ,  for th e  c u ltiv a tio n  of S. t y p h i , th e  bile m ed iu m  w as found  m ore su itab le . 
I n  case o f p a tie n ts  w ith  susp ec ted  ty p h o id  fe v e r , p a ralle l e x a m in a tio n  w ith  b o th  m e th o d s  
seem s ad v isab le , as th e  new  m eth o d  m ay r e v e a l  b ac te ra e m ia  cau sed  b y  pa th o g en s o th e r  th a n  
S alm onellae, especially  w h e n  th e  f irs t b lo o d  c u ltu re  in  bile m ed iu m  h as been n e g a tiv e  fo r 
S .  t y p h i .

T he use  o f a  d ip h as ic  m edium  in  th e  n e w  tec h n iq u e  decreases th e  h aza rd  of c o n ta m in a 
tio n , because  b a c te ria l g ro w th  can be d e te c te d  w ith o u t  opening th e  b o ttle . P la tin g  fro m  th e  
cu ltu re  shou ld  be m ade  o n ly  for fu rth e r s tu d y  o f  th e  organism .

The d isa d v a n ta g e o u s  effect of n a tu r a l  b ac te ric id a l ag en ts  o f th e  b lood  
on th e  re su lts  o f b lo o d  cu ltures has lo n g  been  recognized . The in tro d u c tio n  
o f an tib io tic s  in to  th e ra p y  has cau se d  fu r th e r  d ifficu lties . T heir ac tio n  is 
n o t lim ite d  to  b lood  cu ltu res . C u ltiv a tio n  o f b ac te ria  from  o ther m a te ria ls  
an d  especially  th e  e v a lu a tio n  of se ro lo g ica l reac tio n s p re sen ts  considerab le  
d ifficu lties since a n tib io tic  tre a tm e n t h a s  come in to  genera l use [1]. T he 
effective ap p lica tio n  o f  aim ed drug th e r a p y  on th e  one h an d , an d  th e  loss 
of v a lue  o f som e sero log ical reactions (e. g . o f  th e  W idal reac tio n ) on th e  o th e r , 
have  m ade i t  n ecessa ry  to  ensure o p tim a l cond itions fo r th e  iso lation  o f  th e  
cau sa tiv e  ag en t fro m  blood and o th e r  m a te ria ls . T he im p o rtan ce  o f th e  
questio n  is show n b y  th e  fac t th a t  a  w hole  day  w as sp e n t on th is  su b je c t 
a t  th e  2nd  In te rn a tio n a l  Congress of In fe c tio u s  and  P a ra s itic  D iseases (M ilan, 
1959) [2]. The p u rp o se  o f  the  p resen t s tu d y  w as to  rev iew  ou r earlier c u ltiv a 
tio n  tech n iq u es  a n d , i f  necessary, to  re p la c e  th em  w ith  im proved  m eth o d s .

Materials and  methods

T he num ero u s m e th o d s  described for b lo o d  cu ltu re s  will n o t be  discussed. T he m eth o d s  
app lied  fo rm erly  an d  a t  p re se n t  in  our I n s t i tu te s  a re  as follows.

E x a m i n a t io n  o f  b lo o d  f r o m  su sp ec ted  o r d ia g n o s e d  cases o f  t y p h o i d  f e v e r .  T he clot is t r a n s 
fe rred  in to  6 to  8 m l o f ox  b ile . The tubes a re  in c u b a te d  a t  37° C fo r 5 d ays. The cu ltu res  a re  
p la te d  o u t d a ily  on to  b r i l l ia n t  green  agar. In  th e  la b o ra to ry  of th e  L ászló  H o sp ita l from  each  
p a tie n t  p a ra lle l e x a m in a tio n  o f c lo tted  and c i t r a te d  sam ples w as c a rried  o u t in  bile m ed iu m  
a n d  w ith  th e  new  m eth o d , respec tive ly .

3*
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T h e  o ld  m e th o d  f o r  th e  e x a m in a t io n  o f  b lo o d  f r o m  p a th o lo g ic a l  c o n d i t io n s  o th e r  th a n  e n te r ic  
f e v e r .  M ostly  10 to  15 m l c lo tte d  b lood  sam p les w ere  received . T hese w ere  tran s fe rre d  u n d e r  
s te r ile  p recau tio n s in to  100 m l o f L iebig e x tr a c t  b ro th  co n ta in in g  0.1 p e r  c en t glucose. T h e  
f la s k s  w ere  in cu b a ted  a t  37° C for 6 d ays. F ro m  th e  f la sk s  a loopful o f c u ltu re  w as tra n s fe r re d  
o n to  b lood  agar p la te s  a f te r  1, 3 an d  6 d ay s  o f  in c u b a tio n . T his p ro ced u re  decreased  b u t  p a r t ly  
th e  a c t io n  of n a tu ra l  b a c te r ic id a l agen ts a n d  o f a cc id e n ta lly  p re sen t a n tib io tic s  and  su lp h o n a - 
m id es. T h e  opening of th e  f la sk s  on 3 su b seq u e n t occasions increased  th e  h a z a rd  of c o n ta m in a 
t io n  a n d  th u s  th e  n u m b e r  o f  re su lts  w hich co u ld  n o t  be  eva lu a ted .

T h e  n ew  m e th o d . T a k in g  in to  co n sid e ra tio n  th e  s im p lic ity  an d  th e  e ffectiveness o f  th e  
m e th o d  described b y  O r t a l i et a l. [3] a n d  th e  su i ta b il ity  ag a in st c o n ta m in a tio n  of th e  c o n 
ta in e rs  recom m ended  b y  P a to ck a  [4], th e  c o m b in a tio n  o f th e  tw o m eth o d s  seem ed a d v isab le . 
T h e  h o sp ita l d e p a r tm e n ts  w ere supp lied  w ith  s te rile  50 m l cen trifuge  tu b e s  co n ta in in g  0.5 
m l o f  3.8 per cen t so d iu m  c itra te . T he tu b e s  w ere  c losed w ith  c o tto n  w ool an d  ce llo p h an e . 
F ro m  th e  p a tie n ts  10 m l b lo o d  was w ith d raw n  a n d  in je c te d  in to  th e  tu b e  th ro u g h  th e  s to p p e r . 
I n  th e  lab o ra to ry  th e  tu b e s  w ere cen trifu g ed , o r, i f  th e  b lood corpuscles h a d  sed im en ted , th e y  
w ere  u sed  w ith o u t c en tr ifu g a tio n . T he b lo o d  co rpuscles w ere d raw n  u p  from  th e  b o tto m  o f  
th e  tu b e  w ith  a  100 m l p ip e tte .  Im m ed ia te ly  a f te r  th is  80 m l b ro th  w as d ra w n  in to  th e  p ip e t te  
a n d  th e  m ix tu re  w as t ra n s fe r re d  in to  a  300 m l b o ttle  co n ta in in g  a la y e r  o f  solid  n u tr ie n t  a g a r . 
E v e ry  d a y  during  th e  10 d a y  in cu b a tio n  th e  b o ttle s  w ere g en tly  sh ak en  so as to  allow th e  c u l
tu r e  to  flow  over th e  a g a r  lay e r , and  a t  th e  sam e tim e  th e  cu ltu res w ere in sp e c ted  as to  w h e th e r  
b a c te r ia l  g row th  h a d  a p p e a re d  on  th e  su rface  o f  th e  solid phase . I t  sh o u ld  be  n o ted  t h a t  
O r t a l i et a l. used 250 a n d  1000 m l R o u x  b o ttle s . T h e  g ro w th  was tra n s fe r re d  o n to  b lood  a g a r  
o r b r i l la n t  green ag ar p la te s . In s te a d  o f th e  3 p e r  cent, t ry p to se  agar reco m m en d ed  b y  O r t a l i 
e t a l . ,  th e  follow ing m ed iu m  w as used.

A gar, 22 g; p e p to n e  (R ich te r) , 10 g ; b e e f e x tr a c t ,  10 g; glucose, 1 g ; N aC l, 5 g; v i ta m in  
B x, 0 .005 g; d istilled  w a te r ,  1000 m l; p H  7.4. W ith  th e  excep tion  of g lucose an d  v ita m in  B j,  
a ll in g red ien ts  w ere d isso lv ed  b y  boiling in  d is tilled  w a te r . A fter th e  m ed iu m  h a d  been c la rif ie d  
w ith  sed im en ta tio n , to  th e  c lear su p e rn a ta n t g lucose  a n d  v ita m in  Bj w ere  ad d ed . T he m ed iu m  
w as d is tr ib u te d  in  40 m l a m o u n ts  in to  300 m l b o ttle s  a n d  au to c lav ed  fo r 20 m in u te s  a t  115° C.* 
A fte r  rem o v a l from  th e  au to c lav e , th e  b o ttle s  w ere p laced  on th e ir  sides an d  th e  a g a r w as 
a llow ed  to  solidify. W ith  th e  ex cep tio n  of a g a r, th e  liq u id  m edium  c o n ta in ed  th e  sam e in g re 
d ie n ts  as th e  n u tr ie n t  a g a r . T he form er in  80 m l a m o u n ts  was s te rilized  in  sep a ra te  f la sk s . 
B efo re  use  th e  m edia  w ere  p laced  in  th e  in c u b a to r  fo r 48 hours for s te r il i ty  tes tin g .

T he efficacy  o f  o u r  m ed ium  w as p ro v e d  in  th e  follow ing ex p erim e n t. A 4 h o u r b r o th  
c u ltu re  o f Sír. Vi r i d a n s  w as d ilu ted  to  10—3, 2 X 10—3, 5 X 10~ s, 10—4, 10—5, 10-6 a n d  10—7. 
As reco m m en d ed  b y  L á n y i [5], d ilu tio n s w ere m ad e  w ith  3 per cen t glucose. F ro m  each  d i lu 
t io n  a n  0.1 ml a liq u o t w as tran s fe rre d  in to  th e  d ip h as ic  m edium  and  o th e r  0.1 m l sam ples w e re  
in o c u la te d  on to  b lo o d  a g a r  p la tes . Colony co u n ts  show ed th a t  th e  u n d ilu te d  4 hour c u ltu re  
c o n ta in e d  3 X 105 cells p e r  m l. G row th  w as o b se rv ed  in  th e  d iphasic  m ed iu m  in o cu la ted  w ith  
th e  10—* d ilu tion , i .  e . w ith  3 cells. T he a d v a n ta g e s  o f th e  new  m e th o d  over th e  fo rm e rly  
u se d  tech n iq u es w ere as follow s.

( a )  The rem o v a l o f  p lasm a  e ffec tive ly  e lim in a ted  th e  in h ib ito ry  ac tio n  of n a tu ra l  b a c 
te r ic id a l  agents.

( b)  T he g ro w th  in h ib ito ry  effect o f u n k n o w n  fac to rs  a sso c ia ted  w ith  th e  b lood  cells 
a n d  o f  th e  rem ain ing  a n tib io tic s  was e lim in a ted  b y  d ilu tio n  of th e  sam p le  w ith  b ro th . O r t a l i 
e l a l .  used  a t  f irs t  P . A . B . a n d  pen ic illinase; la te r ,  how ever, th e y  sim p ly  d ilu te d  w ith  300 m l 
b r o th  th e  blood o f p a t ie n ts  receiv ing  a n tib io tic  th e ra p y . D ilu tion  w ith  b ro th  h as been  re c o m 
m en d e d  also b y  F a b ia n i a n d  D e s p a u x  [6].

( c )  In  th e  d ip h as ic  m edium  b ac te ria l g ro w th  can  well be d is tin g u ish ed  from  th e  a u to 
ly s is  o f  cellu lar e lem en ts  a n d  from  th e  o ccasional p re c ip ita tio n  of p ro te in s  due  to  c e r ta in  io n s , 
a s  th e  g row th  is c lea rly  v is ib le  on  th e  su rface  o f th e  solid phase.

( d )  A ccord ing ly , su b c u ltu re s  a re  to  be  m ad e  o n ly  w hen th e  g ro w th  has a lre ad y  a p 
p e a re d . T his decreases th e  p o ssib ility  o f a cc id e n ta l co n tam in a tio n .

T he blood sam p le s rece ived  in  th e  la b o ra to r ie s  o f th e  S ta te  I n s t i tu te  o f H ygiene a n d  th e  
L ász ló  H o sp ita l o r ig in a te d  from  p a tie n ts  w ith  sep tic  conditions, en d o ca rd itis , ty p h o id  a n d  
p a ra ty p h o id  fever, e tc . P a ra lle l ex am in a tio n  w ith  th e  new  m eth o d  a n d  bile cu ltu res  w a s  
c a r r ie d  o u t on ly  on  th e  m a te ria l  o f th e  L ászló  H o sp ita l includ ing  cases o f suspec ted  ty p h o id  
fe v e r. No p aralle l e x a m in a tio n s  w ere p e rfo rm ed  w ith  specim ens from  o th e r  p a tie n ts . T h u s  in  
th e se  cases th e  new  a n d  o ld  m ethods could  b e  co m p ared  only o n  th e  b asis  o f  re su lts  g iv en  b y

* I t  should  b e  n o te d  th a t  h e a t t r e a tm e n t  a t  th e  p H  of th e  m ed iu m  som ew hat d e c re a sed  
th e  v ita m in  B j c o n te n t.
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th e  old m eth o d  d u rin g  th e  p rev ious 2 years. A co m p ariso n  of th is  ty p e  w as considered  ju s t if ie d ,  
a s  th e  d is tr ib u tio n  o f th e  p a tie n ts  was sim ilar d u rin g  b o th  in v e s tig a tio n  periods.

R esu lts

T he re su lts  o b ta in e d  w ith  th e  new  m eth o d  a re  p resen ted  in  T ab le  I .

Table I
R esult o f  blood cultures

László
Hospital

S tate  In s titu te  
of Hygiene Tota

( a )  N um ber o f  cultures

Positive  ...................................................... 91 6 97

S te r i le ........................................................... 501 37 538

C on tam inated  ........................................ 147 22 169

T ota l 739 65 804

( b )  Percentage o f  cultures

Positive  ...................................................... 12 9 12

S te r i le ........................................................... 6 8 57 67

C on tam inated  ........................................ 20 34 21

T ota l 100 100 100

O f th e  804 b lood  sam p les  97 (12 per cen t) y ie lded  p a th o g e n ic  b ac te ria . O f th e  
sam ples 538 (67 p e r cen t) were sterile  a n d  169 (21 p e r  cen t) co n ta in ed  con
ta m in a tin g  o rg an ism s. W ith  th e  old m e th o d  (no t show n in  T able I), o u t of 
944 sam ples 25 (2.6 p e r cent) w ere p o sitiv e  for p a th o g e n ic  o rgan ism s, 483 
(51.1 p er cen t) w ere s terile  an d  436 (46.1 p er cen t) w ere co n tam in a ted .

In  T ab le  I I  is show n th e  d is tr ib u tio n  o f th e  iso la te d  b ac te ria  a n d  th e  
m in im um  tim e  o f in c u b a tio n  req u ired  for th e ir  d e te c tio n . Staph, aureus 
w as cu ltu red  in  62 cases, chiefly  from  th e  3rd d a y  o nw ard . This n u m b e r 
inc ludes only  th e  coagulase positive s tra in s . T he 14 S . typ h i  s tra in s  c u L u red  
a p p ea red  also a f te r  3 days, th e  on ly  S . p a ra typ h i В  (S cho ttm üller) s tra in  
grew  a fte r  7 d ay s . One Str. pyogenes a n d  10 Str. v ir id a n s  were d e tec ted  gene
ra lly  on th e  10 th  d a y . The 3 P s. pyocyanea , 2 E . coli a n d  4 K lebsiella s tra in s  
becam e visib le on th e  surface of th e  solid  phase  a f te r  2 to  5 days.

T ab le  I I I  show s th e  com parison  o f th e  re su lts  y ie ld ed  b y  th e  new  m e th o d  
a n d  bile  cu ltu res  in  cases o f su sp ec ted  ty p h o id  fev er.

W ith  th e  n ew  m e th o d  S. typ h i w as c u ltu red  in  15 cases (including  th e
S . p a ra typ h i В  sh o w n  in  Table I I ) .  In  th e se  cases b ile  cu ltu res  w ere p o sitiv e
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Table II

D is t r i b u t i o n  o f  p a th o g e n ic  o r g a n is m s  i n  b lo o d  c u l tu r e s  a c c o r d in g  to  s p e c ie s  a n d  in c u b a t io n  t im e
n eed ed  f o r  th e ir  d e te c tio n

Incubation  time, days
Organism

1 2 3 4 5 6 7 8 9 10
Total

Staphylococcus a u re u s ..................... 2 4 18 9 8 8 3 2 2 6 62
S . t y p h i ................................................. - — 1 1 3 — 5 1 2 1 14
S . para typ h i В .................................... — — — — - - 1 — - - 1

Streptococcus p y o g e n e s ...................... 1 1

Streptococcus viridans  ...................... — - 2 — - - - — 1 7 10
Pseudom onas pyocyanea  ................. — 1 1 — 1 — — — — — 3
Escherichia c o li .................................... — — 1 — 1 — — — — — 2
K lebsiella  ............................................. — — 2 1 — — — — — 1 4

fo r  Salm onellae on 14 occasions. In  25 cases w ith  th e  new  m e th o d  p a th o g en ic  
b a c te r ia  o ther th a n  Salm onellae w ere iso la te d , w hich re m a in e d  u n d e te c te d  
in  b ile  cu ltu res. W ith  th e  new  m eth o d  no  p a th o g en ic  b a c te r ia  were iso la ted  
fro m  243 sam ples. T he bile cu ltu re  o f  th e se  sam ples y ie ld ed  14 ad d itio n a l 
s tra in s  o f S. typ h i. S um m ing  up , from  th e  sam e m ate ria l bile cu ltu re s  gave 28,

Table III

E x a m i n a t io n  o f  b lo o d  c u l tu r e s  f r o m  p a t i e n t s  w i th  s u s p e c te d  t y p h o i d  f e v e r

Cultivation w ith  the new 
m ethod

No. of 
cases

Cultivation in bile medium

S . t y p h i O ther
pathogens

S . ty p h i  
positive

S. t y p h i  
negative

Positive Negative 15* 14* l

Negative Positive 25 — 25
Negative Negative 243 14 229

Total 283 28 255

* Including the S .  p a r a t y p h i  В  (Schottmüller) strain indicated in Table II

w hile  th e  new  m e th o d  on ly  15 s tra in s  o f  Salm onellae. N eg a tiv e  bile c u ltu re  
a n d  positive re su lt in  th e  new  m ed ium  o ccu rred  on one occasion  only . T h is 
f in d in g  clearly  show s th e  su p e rio rity  o f  b ile  cu ltu re  in th e  iso la tio n  o f S a l
m onellae . I t  shou ld  be n o te d  th a t  i t  could  n o t be e stim a ted  how  m an y  o f th e  
283 suspected  cases w ere rea lly  ty p h o id  fev er.
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T ab le  IV  p re se n ts  th e  co m p ariso n  o f  th e  resu lts  o b ta in e d  b y  th e  new  
a n d  o ld  m ethods. C u ltu res  c o n ta m in a te d  b y  sap ro p h y tic  b a c te r ia  have  been  
o m itte d . T he old a n d  new  m ethods c o u ld  be com pared o n ly  as to  th e  m a te r ia l 
in d ic a te d  as “ o th e r cases” , since n o n e  o f  th e  blood sam p les  ex am in ed  w ith  
th e  o ld  m eth o d  h a d  o rig ina ted  fro m  p a t ie n ts  w ith  su sp ec ted  ty p h o id  fev er. 
O u t o f th e  508 sam ples exam ined  w i th  th e  old m eth o d  (exclud ing  th e  436 
c o n ta m in a te d  cu ltu re s), pa thogen ic  o rg an ism s were iso la te d  in  25 cases 
(4.9 p e r  cen t). T he new  m ethod  y ie ld e d  57 pa thogen ic  b a c te r ia  from  352 
sam p les  (16.2 p e r ce n t) . A ccord ingly , th e  new  m ethod  seem ed  m uch  m ore  
e ffec tiv e ; how ever, a h igh  n um ber o f  s te r ile  cu ltu res w ere o b ta in e d  w ith  b o th  
m e th o d s  (95.1 as co m p ared  to  83.8 p e r  cen t).

Table IV
C om parison o f  the results g iven  by  new and old type blood cultures 

C o n tam in a ted  cu ltu res a re  n o t  included in th e  d a ta

New method Old method

S . t y p h i
Other

pathogens Suspected
ty pho id

cases

Other
cases Total

O ther
cases

(a) N um ber o f  results 

Positive  N egative 15 15

N egative Positive 25 57 82 25

N egative N egative 243 295 538 483

T otal 283 352 635 508

(b) Percentage 

Positive

o f  results 

N egative 5.3 2.4

N egative Positive 8.8 16.2 12.9 4.9

N egative N egative 85.9 83.8 84.7 95.1

T otal 100.0 100.0 100.0 100.0

T he p resen t d a ta  also show  t h a t  c u ltiv a tio n  in  b ile  m ed ium  is m ore  
su ita b le  for th e  iso la tio n  of S. ty p h i. F ro m  25 (8.8 p er cen t) su spec ted  cases 
o f ty p h o id  fever o th e r  pa thogenic  b a c te r ia  were n am ely  rev ea led  an d  th u s  
in  th e se  cases th e  n ew  m ethod  h e lp e d  to  se ttle  th e  co rrec t diagnosis.

D iscussion

W ith  th e  new  m e th o d  th e  g ro w th  in h ib ito ry  effect o f b lood  p lasm a w as 
e lim in a te d . In  o rd e r to  decrease th e  a c tio n  of an tib io tic s , th e  cen trifu g ed  
b lood  cells were d ilu te d  w ith  b ro th . A  p ro longed  in cu b a tio n  tim e  (10 in s te a d
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o f  6 d a y s )  [7] a lso  im p r o v e d  th e  r e s u l t s  o f  th e  n e w  te c h n iq u e .  In  o rd e r  t o  
e l im in a te  th e  b a c te r ic id a l  p o w e r  o f  b lo o d , M u r r a y  a n d  K a l c  [8] re c o m m e n d e d  
a  2 0 -fo ld  d ilu t io n .

I t  is know n t h a t  p la sm a  an d  se ru m , as well as w hole b lood , are d e fin ite ly  
b ac te ric id a l [9]. W h en  h u m an  b lood  is in c u b a te d  a t  37°C for y2 h o u r  
w ith  an  equal vo lu m e o f th e  suspension  o f  a sensitive  s tra in , a considerab le  
p a r t  o f th e  b a c te r ia  is  d estro y ed . A m ong v a rio u s b a c te r ia l  species th e re  is a 
d e fin ite  d ifference in  th is  resp ec t, G ram  p ositives b e ing  m ore re s is tan t th a n  
G ram  neg a tiv es . H u m a n  blood is s tro n g ly  b ac te ric id a l fo r several m em b ers  
o f  E n te ro b a c te ria c e a e , especia lly  to  S alm onellae  an d  Shigellae and  less so to  
th e  P ro teu s  an d  E sch e rich ia  groups. O th e r  G ram  n eg a tiv e s  as Ps. pyocyanea , 
V. comma  an d  b ru ce llae  a re  also fa irly  sen sitiv e . In  c o n tra s t , N . gonorrhoeae 
is n o t d estro y ed  in  h u m a n  blood; N . m en ing itid is  is so m ew h at less re s is ta n t . 
S taphy lococci are  m ore  re s is ta n t th a n  s trep to co cc i o r pneum ococci. V eg e ta tiv e  
fo rm s o f  aerobic  sp o re-fo rm ing  bacilli ( B .  subtilis  a n d  B . anthracis)  a re  
r e s is ta n t [6]. Ca r n o t  a n d  L a v e r g n e  [10] on e x am in in g  th e  b a c te ric id a l 
a c tio n  o f u n d ilu te d  se ru m , found  th a t  o u t o f 1500 in o c u la te d  S. typh i cells 
o n ly  800 rem ain ed  v ia b le  a fte r  an  ex p o su re  o f 5 m in u te s ; a f te r  3 hours a ll 
w ere destro y ed . A cco rd ing ly , th e  b lood  sh o u ld  be in o c u la te d  in to  th e  m ed iu m  
as ra p id ly  as possib le . U n fo rtu n a te ly  in  p rac tice  i t  o fte n  ta k e s  several h o u rs  
u n til  th e  sam ples re a c h  th e  la b o ra to ry . T his m ay  be  a n  ex p lan a tio n  o f  th e  
h ig h  n u m b er o f s te rile  sam ples, a lth o u g h  i t  has been  s ta te d  th a t  a su ita b le  
c o n cen tra tio n  o f so d iu m  c itra te  e lim in a te s  b ac te ric id a l ac tion . This v e ry  
c o n cen tra tio n  is, h o w ev er, d ifficu lt to  en su re , as i t  w idely  differs w ith  v a rio u s  
b a c te r ia .

The cu ltu rin g  m e th o d  of O r t a l i [11] seem s to  be superio r to  ours, as 
he o b ta in ed  p o sitiv e  re su lts  in  22 p e r c e n t. N o t in c lu d in g  th e  c o n ta m in a te d  
cu ltu re s , in  our m a te r ia l  a 15.2 per cen t p o s itiv ity  was ach iev ed . The d ifference 
m ay  be due p r im a rily  to  th e  d iffe ren t d is tr ib u tio n  o f p a tie n ts . M alta fe v e r 
a n d  p u lm o n a ry  or in te s t in a l  a n th ra x  is u n k n o w n  in H u n g a ry . O r t a l i iso la ted  
B . m elitensis  in  17, B . anthracis in 2 cases, while Str. v ir id a n s  only on 4 o cca 
sions, in  c o n tra s t to  o u r  10 Str. v iridans  cu ltu res . T h u s th e  tw o m ethods can  
h a rd ly  be com pared .

The re su lt o f  b lo o d  cu ltu res is h ig h ly  in flu en ced  b y  th e  stage o f th e  
d isease (febrile co n d itio n , bac te racm ic  p erio d , e tc .). S uch  d a ta  have n o t b een  
co llec ted  in  th e  p re se n t s tu d y .

A considerab le  im p ro v em en t w as a t ta in e d  w ith  th e  new  m ethod  as to  
th e  n u m b e r o f c o n ta m in a te d  sam ples. W ith  th e  old m e th o d  46 p er c e n t, 
w ith  th e  new  m e th o d  o n ly  21 p er c en t, o f c o n ta m in a te d  cu ltu res w ere e n 
c o u n te red . The sam p le  w as reg a rd ed  c o n ta m in a te d  w hen  m ore th a n  one o rg a 
n ism  or Staph , ep iderm id is  or a ir-borne  b a c te r ia  h a d  g row n. A lthough in th e  
course o f  th e  p re se n t in v es tig a tio n  th e  c lin ic ians’ a t te n t io n  has re p e a te d ly
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been  called  to  care fu l sam pling , th e  sm aller n u m b e r o f c o n ta m in a tio n  m a y  
also be  due to  th e  fa c t th a t  u n lik e  th e  fo rm erly  used  liq u id  cu ltu res , th e  
d ip h asic  m edia do n o t requ ire  th e  open ing  o f th e  b o ttle s  on th re e  su b seq u en t 
occasions.

Co n r a d i a n d  K a y s e r  [12] in  1906 recom m ended  th e  use o f bile or b ile- 
sa lts  fo r decreasing  th e  b a c te r ic id a l ac tio n  o f b lood . E n te r ic  p a th o g en s g ro w  
p a rtic u la r ly  well in  bile m ed iu m . F o r th e  cu ltiv a tio n  o f  S . typ h i, th e  b ile  
m ed iu m  was fo u n d  to  be m ore a d v a n ta g e o u s  th a n  th e  new  d iphasic  m edium * 
a lth o u g h  in to  th e  fo rm er c lo tte d  b lood  h ad  been  in o cu la ted  an d , as opposed  
to  10 days, in c u b a tio n  had  la s te d  fo r 5 day s only  an d  th e  sam ple  h ad  b een  
d ilu te d  less. N evertheless, b y  m ean s o f th e  new  tech n iq u e  a co rrec t d iagn o sis  
w as ach ieved  in  25 cases; th is  suggests  th a t  b lood  sam ples from  p a t ie n ts  
w ith  su spec ted  ty p h o id  fever sh o u ld  be ex am in ed  w ith  b o th  m ethods.

Sum m ing up , th e  use o f th e  d ip h asic  m ed ium  for b lood  cu ltu res from  
p a tie n ts  suffering  from  diseases o th e r  th a n  en te ric  fever, is m ore a d v a n ta g e o u s  
th a n  the  old m e th o d , b o th  to  o b ta in  a h ig h er n u m b er o f positive  resu lts*  
a n d  to  decrease th e  n u m b er o f  c o n ta m in a te d  sam ples.
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THE STUDY OF ATTENUATED TUBERCLE BACILLUS
STRAINS ON RABBITS
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fo r  Tuberculosis “ K o rá n y i” , and First In s ti tu te  o f  Pathology, U niversity  M edical School,

B u d a p est

(R eceived M ay  17, 1961)

Sum m ary . A tte n u a te d  tuberc le  b a c illu s  s tra in s  (BCG su b s tra in s  and s tra in  N o. 115) 
a d m in is te re d  in tra v e n o u s ly  to  ra b b its  caused  sev e re  lesions m ain ly  in  th e  lungs. H isto lo g ica lly  
th e  lesions co rresp o n d ed  to  d issem inated  e p ith e lo id  cell tu b e rc le s  w ith  occasional c en tra l 
necrosis a n d  p a r tly  to  non-specific  g ra n u la tio n  tissue . T en  to  20 m g doses o f a  susp en sio n  
p re p a re d  fro m  9 -d ay  c u ltu re s  caused th e  d e a th  o f  th e  m a jo rity  o f  th e  anim als.

I n  ra b b its  w h ich  su rv iv ed  afte r 40 d a y s  th e  lesions g ra d u a lly  d isap p eared , w ith  sim u l
ta n e o u s  d ev elo p m en t o f  im m u n ity .

T h e  p a th o g en ic  e ffec t o f in trav en o u s ly  ad m in is te re d  a tte n u a te d  tu b erc le  b ac illu s  s tra in s  
is m ore  m ark ed  in  r a b b its  th a n  in  guinea p ig s . T h is m ig h t be a sc rib ed  to  th e  h ig h er p r im a ry  
se n s it iv ity  o f ra b b its  to  th e  cell co n stitu en ts  o f  th e  tu b erc le  bacillu s .

L ive vaccines b rin g  abou t a p ro cess  sim ilar to  n a tu ra l in fec tio n , b u t  
n o t m a lig n an t, re su ltin g  in  an im m u n ity  o f h ig h er o rd er th a n  t h a t  caused  
by  k illed  vaccines. A  ce rta in  degree o f  re s id u a l v iru lence  is n eed ed  fo r th e  
vacc ine  s tra in s  to  be effective. R e s id u a l v iru lence  allow s m u ltip lic a tio n  of 
th e  b a c te r ia  in  th e  o rgan ism  and  so en su res  th e  v acc in a tio n  process to  b rin g  
a b o u t im m u n ity . T h is explains th e  im p o r ta n c e  o f  s tu d y in g  residua l v iru len ce . 
T he residua l v iru len ce  o f  th e  a t te n u a te d  vaccine s tra in s  is variab le  in  d iffe ren t 
species an d  races o f  an im a ls ; of p rim e in te re s t  is o f course its  know ledge in  m an .

T he BCG s tra in  is also k n o w n  to  have a c e r ta in  residua l v iru len ce . 
G uinea pigs develop  tw o  to  th ree  w eeks a fte r  su b cu tan eo u s  in o cu la tio n  w ith
0.1 to  1.0 m g o f B C G  an  abscess a n d  changes in  th e  regional ly m p h  nodes 
w hich  la te r  reg ress. J e n s e n  reco m m en d ed  to  s tu d y  th e  reac tio n  o f  gu inea  
pigs to  in tra c u ta n e o u s  inoculation  w ith  various am o u n ts  of BCG; th is  m e th o d  
is now  w idely  used  [3]. R o s e n t h a l  suggested  in tra p e rito n e a l in o c u la tio n  of 
gu inea  pigs w ith  fiv e  to  te n  mg [5]; th re e  to  six  w eeks a fte r  such in o c u la tio n  
a lte ra tio n s  a p p e a r  in  th e  m esen te ria l ly m p h  nodes; th e  e x te n t o f th is  a l
te ra t io n  gives th e  m easure of th e  resid u a l v iru lence  of th e  su b s tra in  
used . S u t e r  a n d  D u b o s  stud ied  th e  residua l v iru lence  of BCG s tra in s  
on w h ite  m ice in o c u la te d  in tra v e n o u s ly  [6]; th e  lesions were c o m p a ra tiv e ly  
s lig h t an d  d isap p ea red  in  four w eeks. T he resid u a l v iru lence  of BCG s tra in s  
in  ra b b its  was in v e s tig a te d  by  Co u l a u d  and  L u r i e . C o u l a u d  s tu d ie d  th e  
e ffec t o f in tra v e n o u s  inoculations w ith  5, 10 an d  15 m g an d  found  th a t  doses 
up  to  15 m g caused  focal lesions in  th e  lungs, liv e r an d  spleen; ca se a tio n  d id  
n o t  occur an d  co m p le te  h isto logical reco v ery  to o k  seven to  te n  m o n th s  [2].
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L u r i e  s tu d ied  th e  h isto lo g ica l changes a n d  th e  m u ltip lica tio n  o f  th e  B C G  
s tra in  a f te r  th e  in tra v e n o u s  in o cu la tio n  o f  1 m g  [4].

So fa r  th e  s e n s itiv ity  o f ra b b its  to  BCG su b s tra in s  an d  o th e r  a tte n u a te d  
tu b e rc le  bacillus s tra in s  has n o t been  s tu d ie d . W e there fo re  in v e s tig a te d  in  
ra b b i ts  th e  residual v iru len ce  o f tw o BCG su b s tra in s  received from  th e  P asteur  
In s ti tu te , P aris, a n d  from  th e  State Serum  In s titu te , Copenhagen, resp ec tiv e ly . 
E x p e rim e n ts  w ere also  carried  o u t w ith  s tr a in  N o. 115, c u ltiv a te d  b y  one 
o f us [8]. As d iffe ren t species o f  ra b b its  d isp la y  a d iffe ren t se n s itiv ity  to  
tu b e rc u lo s is , we in v e s tig a te d  th e  s e n s itiv ity  to  th e  s tra in s  in  question  o f  
r a b b i ts  o f  d ifferen t species (grey  a n d  a lb ino ), age an d  w eight.

Materials and methods

E ig h ty - th ree  g rey  a n d  a lb ino  ra b b its  o f 200 to  2000 g w eigh t were u sed , in  ev ery  e x p eri
m e n t a t  le a s t  th ree  an im als  o f  th e  sam e species a n d  w e ig h t. T h ey  were in o cu la te d  in tra v en o u s ly  
a n d  i f  s t i ll  a live  a fte r  30 to  40 days, th e y  w ere k illed  a n d  th e ir  organs ex am in ed . T he lesions 
in  th e  lu n g s  and  spleen  w ere reco rd ed  a t  a u to p sy  a n d  th e se  o rgans w ere w eighed , based  on th e  
fa c t  t h a t  th e  degree of les ion  is p ro p o rtio n a l to  th e  w e ig h t increase  o f th e  lu n g  a n d  spleen.

I n  ad d itio n  to  th e  m en tio n ed  BCG su b s tra in s  a n d  s tra in  No. 115, th e  e ffec t o f th e  v i 
ru le n t  h u m a n  s tra in  H 37R v  w as s tu d ied  fo r co m parison .

T h e  anim als w ere in o c u la te d  in tra v en o u s ly  w ith  5, 10 an d  20 m g of b a c te r ia l  suspension  
o f  9 -d a y  old cu ltu res g row n  on  Sa u t o n ’s m edium  a n d  sem i-d ried  on sterile  f i l te r  p ap er.

Results

T h e resu lts  o f  th e  ex p erim en ts  are  su m m ed  up in  T ab le  1. F irs t th e  
re s id u a l v iru lence o f th e  BCG s tra in  from  th e  P a s te u r  In s t i tu te  (BCG P aris )’ 
w as s tu d ie d , as th is  s tr a in  m ay  be ta k e n  as an  in te rn a tio n a l s ta n d a rd .

A fte r  in o cu la tio n  w ith  20 m g o f BCG, 10 o u t o f 12 grey  ra b b its  d ied  in  
10 to  34 days, 17.5 d a y s  on th e  average . T he lungs w eighed 27.3 g on th e  
av e ra g e , as com pared  w ith  9 to  12 g in  h e a lth y  an im als. A ll th e  13 albino' 
ra b b i ts  in o cu la ted  w ith  th e  sam e dose d ied  in  16.6 days. W hen  in o cu la ted  
w ith  10 m g o f b a c te r ia , 50 p e r cen t of th e  an im als  died in  th e  ex p erim en 
ta l  p e rio d .

T h e  effect of 5 m g o f BCG was s tu d ie d  in  14 an im als. O u t o f  7 grey ra b 
b its  n o n e , while o u t o f  7 w hite  ra b b its  2 d ied  w ith in  32 d ay s. T hese ex p e ri
m e n ts  in d ica te  th a t  w h ite  ra b b its  are  m ore sen s itiv e  th a n  grey  ones. O ut o f  
25 g rey  ra b b its  10, o u t  o f 26 w hite  r a b b its  19 died. In  o u r experience 
an im a ls  w hich have su rv iv e d  for 40 day s a f te r  th e  inocu la tio n  are  no longer 
in  d a n g e r  and  th e  lesions caused  b y  BCG w ill g rad u a lly  reg ress.

A ccord ing  to  h is to lo g ica l e x a m in a tio n s , th e  lungs w ere th e  organs m ost 
sev e re ly  affected . T he lesions consisted  o f m u ltip le , som etim es coalescing, 
in f la m m a to ry  foci, th e  m a jo r  p a r t  o f w hich w ere m ade up  of ep ith e lo id  cells* 
w hile th e  re s t o f g ra n u la r  tissue  w ith o u t a n y  specific  ch a rac te r . In  th e  cen tre  
o f  som e tuberc les h o m o g en iza tio n  an d  necrosis w ere seen. S im ilar, b u t con
s id e ra b ly  m ilder lesions w ere observed  in  th e  sp leen  and  liver.
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Table I
E xp erim en ts  w ith  attenuated Tbc a n d  H 31R v stra ins on rabbits

S tra in
D ose
(m g)

R a b b it
species

A v erag e  
w e ig h t o f 

a n im a ls  (g)

N u m b er 
o f anim als D ied

A verage
surv iva l

days

A verage  
w eig h t 

o f  lungs
(g)

BCG
Paris

20 grey

w hite

1260

1010

12

13

10

13

17.5

16.6

27.3

27.1

10
grey

w hite

1500

1300

6

6

2

4

38.0

14.0
21.5

5
grey

w hite

1370

1360

7

7

0

2 28.6
24.0

BCG

Copenhagen

20 w hite 430 3 2 15.0 14.1

10 white 440 3 2 20.5 18.7

5 w hite 330 3 0 - 8.7

No. 115.

20
grey

w hite

1330

970

7

3

5

0

18.2
30.1

10 w hite 575 2 1 18.0 14.0

5 w hite 430 3 1 25.0 9.1

H 3,R v

20 w hite 1125 2 2 14.0 39.8

10 w hite 1100 3 3 12.3 41.9

5 white 930 3 3 15.3 39.1

The h is to lo g ica l changes found  in  tw o  ra b b its  in o cu la ted  w ith  th e  P a ris  
s tra in  w ere th e  follow ing.

1. W h ite  r a b b i t  N o . 4,300 g. D ied  14 days a f te r  in fec tio n  w ith  20 m g. 
In  the  lungs, u n ifo rm ly  d is tr ib u ted  p ro life ra tiv e  in fla m m a tio n  sp read ing  over 
sev e ra l acin i. I n  severa l places coalesc ing  tu b erc les  consisting  m o stly  of 
ep ith e lo id  cells, w ith  an  accu m u la tio n  o f  a lveo lar p h ag o cy tes  a t  th e  p e rip h e ry  
o f th e  tu b e rc le s , a n d  fib rob lasts  an d  ly m p h o cy tes  in  th e  alveo lar w all (F ig . 1). 
Som e sc a tte re d  tu b e rc le s  consisting  o f  ep ithe lo id  cells w ere observed  in  th e  
liv e r  an d  th e  sp leen .

2. W h ite  r a b b i t  No. 806, 1500 g. In fec tio n  w ith  10 m g. D ied 17 d ays 
a f te r  in fec tio n . A g rea t n um ber o f p ro life ra tiv e  tu b e rc le s  consisting  m o stly  
o f  ep ith e lo id  cells w as found  in  th e  lu n g s ; som e o f th e m  d isp layed  necrosis 
(F ig . 2). Som e ly m p h o id  foci were fo u n d  in  th e  liver.
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F ig . 1. W hite  ra b b it  N o. 4, 300 g, d ied  14 d a y s  a f te r  in tra v en o u s  in o cu la tio n  w ith  20 m g o f 
BC G  P a ris  s tra in . L u n g . P ro life ra tiv e  tu b e rc le  co n sistin g  m ain ly  o f ep ith e lc id  cells. H aein a -

to x y lin -eo sin , X 80

F ig . 2. W hite  ra b b it  N o. 806, 1500 g, d ied  17 d a y s  a f te r  in tra v en o u s  in o cu la tio n  w ith  10 m g 
o f BC G  P a ris  stra in . L u n g . T u b erc le  consisting  o f ep ith e lo id  cells, w ith  c e n tra l  necrosis. H aem a-

to x y lin -e o sin , X 80
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In  th e  ex p e rim en ts  w ith  th e  C openhagen  su b s tra in  o n ly  w hite  ra b b its  
ran g in g  in  w eight b e tw een  320 and 470 g w ere used. On in o c u la tio n  w ith  20 m g 
2 o u t o f 3 an im als d ied  w ith in  15 d a y s , th e  th ird  an im a l w as k illed  25 d a y s  
a f te r  in o cu la tio n .

A fte r in o cu la tio n  w ith  10 m g o u t  o f 3 anim als 2 d ied  w ith in  24 d a y s , 
th e  th ird  one was k illed  37 days a f te r  inocu la tio n .

F ig . 3. G rey ra b b it  No. 635, 1850 g, killed 35 d a y s  a f te r  in tra v en o u s  in o cu la tio n  w ith  20 m g  
o f  s tra in  N o. 115. Lang. O edem a. L y m pho id  cell in filtra tio n . H a em a to x y lin -eo s in , X 80

W hen in o cu la ted  w ith  5 m g th e  a n im a ls  were s till a live  a fte r  61 d ay s , 
w hen  th e y  w ere killed . O nly  slight c h a n g e s  were found  in  th e ir  o rgans. The 
s lig h t pa th o g en ic  effect o f  th is  dose w as p ro v e d  beside th e  h isto log ica l p a tte rn  
also  b y  th e  w eight o f th e  lungs w hich w a s  n o t m ore th a n  8.7 g on th e  av e rag e .

The gross and  h isto log ica l changes in  these  anim als w ere sim ilar to  those  
fo u n d  on in o cu la tion  w ith  th e  P aris s u b s tra in .

T w en ty  m g of s tra in  N o. 115 k ille d  5 grey  ra b b its  o u t o f  7 in  30 d ay s , 
b u t  none o f 3 w hite  ra b b its . W hen t r e a te d  w ith  10 an d  5 m g, re sp ec tiv e ly , 
2 o u t o f 5 w hite  ra b b its  d ied .

The h isto log ical changes found  in  tw o  rab b its  in o c u la te d  w ith  s tra in  
N o. 115 w ere as follows.

1. G rey ra b b it  No. 635, 1850 g. K ille d  35 days a fte r in fec tio n  w ith  20 m g. 
T he lungs show ed oedem a, th ic k  a lv e o la r  w alls and  tu b e rc le s  consisting  o f  
ly m p h o id  cells (F ig. 3).
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F ig . 4 . W hite  ra b b it  N o . 679, 550 g, k illed  32 d a y s  a f te r  in tra v en o u s  in o cu la tio n  w ith  10 m g  
•of s tra in  No. 115. Xurag. C ircum scribed  tu b e rc le  consisting  of e p ith e lo id  cells. H a em a to x y lin -

eosin , X  80

F ig . 5. W hite  r a b b it  N o . 606, 800 g, died  14 d ay s  a f te r  in tra v en o u s  in o cu la tio n  w ith  5 m g  o f  
st ra in  H37Rv. L u n g . C oalescing  p ro life ra tiv e  tu b erc le s  w ith  ex te n siv e  necrosis. H a e m a to x y -

lin -eo sin , X 80
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2. W h ite  r a b b it  N o. 639, 550 g. K illed  32 days a f te r  in fec tio n  w ith  10 m g. 
A n u m b e r o f so lita ry , in  som e places coalescing  tuberc les consisting  of ep ith e lo id  
cells w ith  no cen tra l necrosis were fo u n d  in  th e  lungs (F ig . 4). T here  w ere 
tu b e rc le s  in  th e  spleen an d  liv er, co n sisting  m ain ly  o f  ep ith e lo id  cells, side 
b y  side w ith  L anghans ty p e  g ian t cells.

A ccord ing ly , s tra in  N o. 115 caused  severe, som etim es le th a l lesions in  
th e  r a b b its .

T he m ost severe lesions were in d u ced  b y  th e  v iru le n t h u m an  H 37R v  
s tra in  w h ich  caused even  in  a dosage o f  5 m g th e  d e a th  o f all e x p e rim e n ta l 
an im als  w ith in  14 to  17 d ay s. The w eigh t o f th e  lungs w as also m uch  g re a te r  
th a n  in  th e  an im als w hich  d ied  a fte r  in o cu la tio n  w ith  a t te n u a te d  tu b e rc le  
b acillu s s tra in s .

H isto log ica l ex am in a tio n  rev ea led  g rave  changes in  th e  o rgans, especia lly  
th e  lu n g s . T he changes covered  a la rg e r a rea  th a n  in th e  th re e  p rev ious g roups 
a n d  c h a ra c te ris tic  necroses w ere found  in  m ost o f th e  nodu les.

T he h isto log ical e x am in a tio n  o f N o. 606 w hite r a b b i t  o f 800 g w eig h t, 
wdiich d ied  14 days a fte r  in o cu la tio n  w ith  5 m g of H 37R v , rev ea led  coalescing  
p ro life ra tiv e  in fla m m a to ry  foci w ith  ex ten siv e  necroses a n d  d e sq u am a tiv e  
p n eu m o n ia  a ro u n d  th e m  (F ig . 5). In  c e r ta in  follicles o f th e  spleen ep ith e lo id  
g ra n u la tio n  was found .

Discussion

O ur o b serv a tio n s h av e  show n th e  fa llacy  o f th e  genera lly  ac c e p ted  
v iew  t h a t  BCG induces no  le th a l p rocess in  th e  an im als . Ca l m e t t e ’s an d  
C o u l a u d ’s stu d ies  w ere considered  to  h a v e  c larified  th e  effect o f  BCG  in  
ra b b its , b u t  C o u l a u d ’s s ta te m e n t th a t  10 to  20 m g o f BCG produce  in  ra b b its  
n o th in g  h u t  benign  rev ersib le  lesions lacks th e  n ecessary  fo u n d a tio n .

T en  to  20 m g doses o f th e  C openhagen  su b stra in  caused  th e  d e a th  of 
ra b b its . T he ex p erim en ts  ca rried  o u t so fa r  are  n o t su ffic ien t to  e s tab lish  th e  
d ifference b e tw een  th e  p a th o g en ic  e ffec t o f th e  P a ris  an d  C openhagen  
su b s tra in s .

S tra in  N o. 115, th o u g h  of h u m a n  orig in , causes changes s im ila r to  
th o se  p ro d u ced  b y  BCG.

A ccord ing  to  our o b se rv a tio n s, w h ite  ra b b its  are m ore sensitive  th a n  
g rey  ones, an d  y oung  w h ite  ra b b its , w eighing  300 to  600 g, die so m ew h at 
ea rlie r th a n  old ones. T he re su lts  have  show n th a t  th e  r a b b i t  is w ell su ite d  
fo r th e  s tu d y  o f th e  p a th o g en ic  effect o f  a t te n u a te d  tu b e rc le  bacillus s tra in s .

N in e-d ay  old b a c te r ia l cu ltu res w ere used  in  o u r ex p erim en ts . As one 
o f  us h a d  p o in ted  ou t in  1940, young , 9 to  12-day  old, c u ltu re s  possess a h ig h er 
im m u n o g en ic  cap ac ity  th a n  old cu ltu res  [7]. I t  is qu ite  possib le th a t  th e  fac t 
t h a t  C o u l a u d  observed  no le th a l effect from  10 to  20 m g o f BCG in  rab -

4 A c ta  M icrob io log ica  V III/4 .
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b its , w as due to  th e  fa c t  t h a t  he has s tu d ie d  th e  p a th o g en ic  effect o f 21 to  
2 8 -d ay  old cu ltu res , as o rig ina lly  suggested  b y  Ca l m e t t e .

O ur experience seem s to  in d ica te  t h a t  th e  changes caused b y  BCG 
g ra d u a lly  d isap p ear, p ro v id e d  th e  an im al is s till a live 30 to  40 days a f te r  
in o cu la tio n . The p ro g ressio n  of th e  changes m a y  be ex p la in ed  b y  th e  g ro w th  
o f  th e  BCG bacilli, w hile  regression  is p ro b a b ly  due to  th e  im m u n ity  caused  
b y  th e  sam e, an d  th is  im m u n ity  leads to  th e  g rad u a l d e s tru c tio n  o f th e  BCG 
bac illi in  th e  o rgan ism  [9]. The im m u n ity  leve l re su ltin g  from  th e  regression  
p rocess is n a tu ra lly  n o t  reach ed  w ith in  th e  sam e tim e  in  d iffe ren t in d iv id u a ls .

I t  is rem ark ab le  t h a t  20 m g o f in tra v e n o u s ly  a d m in is te red  BCG o r 
s t r a in  No. 115 does n o t  k ill guinea p igs a n d  causes m ild e r changes in  th e  
lu n g s  o f these  an im als  th a n  in  ra b b its . T h is is th e  m ore su rp ris in g  as gu in ea  
p igs a re  considered p a r t ic u la r ly  sensitive to  tu b ercu lo s is . T h e  fa c t th a t  gu inea  
p igs are  m ore sen sitiv es  to  tubercu losis  th a n  ra b b its , w hile ra b b its  are m ore  
sen s itiv e  th a n  gu in ea  p igs to  large doses o f  in tra v e n o u s ly  ad m in is te red  
a t te n u a te d  tu b erc le  b ac illi m ay  be ex p la in ed  b y  assum ing  a h igher p r im a ry  
se n s it iv ity  of ra b b its , m a in ly  o f th e ir  lu n g s, th a n  o f gu inea  pigs to w a rd s  
th e  cell c o n s titu e n ts  o f  tu b e rc le  bacilli.

In  5 mg doses th e  path o g en ic  e ffec t o f  th e  H 3-R v  h u m a n  s tra in  w as 
co n sid e rab ly  h igher th a n  th a t  o f th e  a t te n u a te d  s tra in s . T h is high v iru lence  
m a n ife s te d  itse lf  on th e  one h an d  w ith  th e  fa c t th a t  a ll an im als died  in  14 
to  17 days a fte r  in o c u la tio n , an d  also w ith  th e  g rave  p u lm o n a ry  lesions. 
T h u s  ra b b its  d isp lay  a h igh  p rim ary  se n s itiv ity  to  v iru le n t h u m an  tu b e rc le  
b ac illu s  s tra in s .

On th e  basis o f o u r ex p erim en ts  th e  s tu d y  of th e  re s id u a l v iru lence o f th e  
a t te n u a te d  tu b erc le  b ac illu s  s tra in s  in  r a b b its  seem s ju s tif ie d . W hite  ra b b its  
up  to  1000 g w eigh t seem  to  be b est su ite d  fo r such  ex p erim en ts .
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THE PHAGE RECEPTORS OF RACILLUS ANTHRACIS
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(R ece ived  J u n e  1, 1961)

Sum m ary . I n  th e  cell w all o f B acillus anthracis  th e  p resence o f d is t in c t  re ce p to rs  sp e 
c if ic  fo r c e r ta in  groups o f  A phages has b e en  d e m o n s tra te d .

In d iv id u a l re ce p to rs  a re  b ound  to  d if fe re n t  s t ru c tu ra l  e lem en ts o f th e  cell w all. T h e  
re ce p to rs  could  n o t be  id e n tif ie d  w ith  th e  im m u n e-sp ec if ic  p o ly sacch arid e  o f B . anthracis.

T h e  im m une-specific  p o lysaccharide , a  ga lacto se -g lu co sam in e-p o ly m eric  p e p tid e , is  a 
c h a ra c te ris tic  co m ponen t o f  th e  cell wall w h ic h  c a n n o t be iso la ted  b y  m ild  chem ical t r e a tm e n t  
b u t  goes in to  so lu tion  o n  en zy m atic  au to ly s is .

W e have re c e n tly  rep o rted  a b o u t  th e  iso la tion  o f p hages from  soil 
sam p les  [1, 2], w hich h a d  specific ly t ic  a c t iv i ty  on B . anthracis. Some re p re 
se n ta tiv e s  o f  these  p h ag es were e x te n s iv e ly  s tu d ied . F o r th e  d esig n a tio n  o f 
th is  g roup  o f  agen ts th e  nam e “ A p h a g e ”  w as suggested . A ccord ing  to  th e ir  
s e n s itiv ity  to  h ea t a n d  UV ir ra d ia tio n , fu rth e rm o re  to  som e o th e r c h a ra c 
te r is tic s , especially  th e ir  an tigen ic  s t ru c tu re ,  th e  A phages could  be d iv id ed  
in to  3 g roups [2]. In  th is  c lassifica tion  th e  а -m u ta n t of p h ag e  W  iso la ted  b y  
M c C l o y  [3] from  a lysogenic  s tra in  o f  B . cereus was used  as reference a g e n t. 
G roup  A1 w as re p re se n te d  by  phage W  w hich  has been k n o w n  to  be h ig h ly  
specific  for B . anthracis. A sharp  d iffe rence  w as found  in  th e  an tig en ic  s tru c tu re  
o f  phages belonging to  g roups A1 a n d  A 3, w hile ce rta in  serologic re la tio n sh ip s  
w ere fo u n d  betw een  g roup  A1 an d  A 2.

T he m u ta n ts  o f  E . coli re s is ta n t to  T  phages e x h ib it a rem ark ab le  h o s t 
sp ec ific ity  w hich  m ay  serve as a b as is  fo r a  d iffe ren tia tio n  o f  th e  T  sy s tem . 
To allow  a m ore th o ro u g h  d iffe re n tia tio n  o f A phages, i t  w as a tte m p te d  to  
iso la te  h o sts  w hich a re  re s is ta n t to  in d iv id u a l A phages. E x c e p t for phage W  
th is  a t te m p t  has fa iled . T h u s re s is ta n t m u ta n ts  o f  B . anthracis w hich  d e te rm in e  
th e  sp ec ific ity  of recep to rs  for in d iv id u a l g roups o f phage w ere only  av a ilab le  
fo r A1 p h ag e . The c h a rac te riza tio n  o f  th e  p hages w as also a tte m p te d  b y  th e  
iso la tio n  o f  A -phage recep to rs . T his a t te m p t  has also fa iled  as we did  n o t 
succeed  in  so lub ilisa tio n  o f  th e  re c e p to rs  specific  for A p h ages. In  sp ite  o f 
th e  fa ilu re  som e o b se rv a tio n s  have b e e n  m ad e  w hich m ig h t p rove  v a lu ab le  
fo r a fu r th e r  c h a ra c te riz a tio n  of A p h ag es . T he p resen t p a p e r  w ill deal w ith  
these  observ a tio n s.

4 *
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Materials and methods

Bacterial stra ins. M ost o f our ex p erim en ts  w ere  pe rfo rm ed  w ith  a n  a ty p ic a l aspo ro g e- 
n o u s  B . anthracis s t ra in  D a v is . A non-capsu logen ic  m u ta n t  o f th e  V ollum  s tra in  (VC- ) w as 
also u sed . T he non-cap su lo g en ic  s tra in  re s is ta n t to  W a  phage w as iso la te d  in  con n ec tio n  w ith  
th e  ly so g en iza tio n  e x p e rim e n ts  carried  o a t  w ith  th e  V ollum  s tra in  [4].

Cultivation o f  bacteria. I t  w as carried  o u t  in  a  f lu id  m ed ium  u n d e r  co n s tan t sh ak in g  in  
Y P  b o u illo n  as d escribed  e a rlie r . G row th  a n d  cell c o u n t o f th e  c u ltu re s  w ere d e te rm in ed  b y  
m ea su rin g  th e ir  o p tica l d e n s i ty , as described p re v io u s ly  [2].

Phage strains  w ere  d e sc rib ed  and  c h a ra c te riz ed  in  a p rev io u s p a p e r  [2]. T he g ro u p s a n d  
th e  t ra in s  o f phages w ere:

P hage A l ,  s tra in  W a
P hage  A 2, s tra in s  26 cr a n d  27 cr
P hage  A 3, s tra in s  26 cs, 26 tl, 27 tl, 28 tl,cg, 29 eg.

T h e  phage m a te r ia l  w as produced  o n  s t r a in  D av is c u ltiv a te d  in  flu id  m ed iu m . T h e  
ly sa te s  w ere cen trifu g ed  a n d  ste rilised  by  sh ak in g  w ith  ch loroform  fo r a  few  m in u te s . T itre s  
o f  th e  ly sa te s  were 109 — 1010/m l.

P h ag e  assays w ere  m a d e  according t o  A d a m s  [5 ] .
P reparation o f  bacterial suspensions fo r  receptor studies. Cell suspensions w ere u su a lly  

p re p a re d  from  16-hour c u ltu re s  o f s tra in  D av is  a n d  som etim es fro m  th o se  of s tra in  V o llum  
(VC- ), b o th  c u ltiv a ted  o n  Y P  agar. The cells w ere  su spended  in  ch illed  sa line  and  w ashed  tw ice  
b y  c en trifu g a tio n  in  th e  co ld . T h e  sed im ent w as re -su sp en d ed  in sa line  a n d  d ilu ted  to  c o n ta in  
20 m g /m l d ry  w eigh t o f  b a c te r ia ,  as d e te rm in ed  b y  o p tica l d en sity .

Cell-wall prepara tions. Cell-wall p re p a ra tio n s  w ere o b ta in e d  fro m  w ashed su sp en sio n s 
as desc rib ed  b y  Park a n d  Hancock [6]. F if ty  m l o f  th e  b a c te riu m  suspension  w as c en trifu g e d  
a n d  re-su sp en d ed  in  20 m l o f  5 p e r cen t tr ic h lo ro ac e tic  acid  (TCA) a t  4° C. T he m a te r ia l  w as 
a llow ed  to  s ta n d  for 30 m in u te s  a t  th is  te m p e ra tu re . T h is w as fo llow ed b y  c en trifu g a tio n  a n d  
th e  sed im en t was w ash ed  in  75 pe r cen t e tb a n o l, re -su sp en d ed  in  5 p e r c en t TCA a n d  h e a te d  
to  90° C fo r 6 m in u tes . A f te r  cen trifu g a tio n  th e  se d im en ted  b a c te r ia  w ere w ashed  in  w a te r  
a n d  re-su sp en d ed  in  0.05 M  am m onium  ch lo ride  so lu tio n . T he p H  o f th e  la t te r  w as a d ju s te d  
to  p H  7.6 by  N H 4 O H . A f te r  ad d itio n  of 1 m g /m l o f c ry sta llin e  t ry p s in  th e  m a te ria l w as d i
g e s ted  fo r 2 to  3 h o u rs  a t  37° C.

T h e  process w as fo llow ed  b y  e x am in a tio n  u n d e r a p h a se -c o n tra s t  m icroscope. I f  th e  
t r e a tm e n t  d id  n o t r e su lt  in  rem o v in g  th e  cell c o n te n t, t ry p s in  d ig es tio n  was re p ea te d . D ig es
t io n  w as follow ed by  w a sh in g  in  w a ter th ree  tim es . T h e  f in a l susp en sio n  w as s to red  ;n  a  re fr ig 
e ra to r .

E v en  a fte r  successfu l try p s in is a tio n  i t  w as possib le  to  id e n tify  inside  th e  cell w all a 
sh ru n k  d a rk  c en tra l p a r t ,  a p p a re n tly  a resid u e  o f th e  cy to p lasm ic  m em b ran e . T h is m ass w as 
re m a rk a b ly  e lectron  den se , as d e m o n s tra ted  in  F ig . 1. I t  could  n o t  be  rem oved  b y  so lv e n ts  
o r  en zym es (lipase, ly so zy m e , ch y m o try p sin , p e p sin , ribonucléase). E x tra c t io n  o f th e  cell-w all 
p re p a ra tio n s  w ith  90 p e r  c e n t  phenol re su lted  in  fu r th e r  sh rin k ag e  o f th e  e lectron  dense  b o d y , 
a n d  in  fu r th e r  increase  o f  i t s  d en sity  (F ig . 2.). T h e  e lec tro n  m ic ro g rap h s rev ea led  w rin k lin g  
o f th e  cell w all a t  th e  p o les .

D eterm ination o f  the receptor substance. T h e  q u a n ti ty  o f re c e p to r  su b stan ce  in  b a c te r ia l  
su sp en sio n s and  cell-w all p re p a ra tio n s  w as e s tim a te d  on  th e  b asis  o f th e ir  p hage  ad so rb in g  
c a p a c ity . L iv ing, a p p ro p r ia te ly  tre a te d  b a c te r ia  o r cell-w all p re p a ra tio n s  w ere su sp en d ed  in  
Y P  b ro th  to  a  d e n s ity  o f 5 X 107 cells or cell w alls p e r m l. A n  e q u a l a m o u n t of Y P  b ro th  co n 
ta in in g  107 phage p a r tic le s  w as added  to th e  susp en sio n s (m u ltip lic ity  0.2), th e  m ix tu re s  w ere  
a llow ed  to  s ta n d  a t  37° C fo r 30 m inu tes, th e n  d ilu te d  1 : 100 b y  cold  d ilu en t (one v o lu m e Y P  
b r o th  a n d  4 volum es sa lin e ). T he d ilu ted  su sp en sio n s w ere c en trifu g e d  a t  3000 rp m  fo r 10 
m in u te s . T he s u p e rn a ta n ts  w ere again  d ilu te d  1 : 100, an d  0.1 m l o f  th is  d ilu tio n  m ix ed  w ith  
in d ic a to r  organism s w as o v e rlay ered  in  so ft ag ar.

T he recep to r c o n te n t  o f  cell-free e x tra c ts  w as d e te rm in ed  b y  th e ir  p h a g e -in a c tiv a tin g  
a c t iv ity .  As described  b y  W e id e l  [7], th is  re ac tio n  is p seu d o m o n o m o lecu lar an d  irrev e rs ib le  
in  th e  p resence of a n  excess o f  dissolved re c e p to r . To secure  a n  a p p ro p ria te  re ce p to r excess, 
p h a g e  w as ad d ed  to  p re p a ra tio n s  correspond ing  5 X 107/m l b a c te r ia  in  0.001 m u ltip lic ity .

Chemical exa m in a tio n  o f  bacterial and cell-w all prepara tions. N itro g en  c o n te n t w as d e 
te rm in e d  b y  n ess le riza tio n  acco rd ing  to  Mil l e r  a n d  M il l e r  [8]. T h e  m eth o d  of F is k e  a n d  
S u b b a R ow [9] was u se d  fo r phosphorous d e te rm in a tio n . A n th ro n e -p o s itiv e  m a te ria ls  w e re  
d e te rm in e d  as su g g ested  b y  S e if t e r  et al. [10].
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F ig . 1. C ell-m em brane  p rep ara tio n  fro m  s tra in  D av is  (according to  P a r k  an d  H ancock)
M ag n ifica tio n  X  10 000

F ig . 2. C ell-m em brane p re p a ra tio n  a f te r  phenol e x tra c tio n . 
M ag n ificatio n  X  18 000

F o r th e  e x a m in a tio n  of th e  cell-w all c o m p o n en ts , sam ples c o n ta in in g  20 m g of d ry  su b 
s ta n ce  w ere m ixed  w ith  1 m l 2N  HC1, sealed  in  am p ou les, and  k e p t a t  100° C fo r 2 h ours. 
T h e  b u lk  of h y d ro ch lo ric  acid  was rem o v ed  b y  d is til la tio n  un d er re d u ce d  p re ssu re , w hile th e  
re s id u a l acid  w as rem o v ed  in  an  N aO H  ex sicca to r.

T he h y d ro ly sa te  th u s  ob ta in ed  w as used  fo r th e  d e te rm in a tio n  o f th e  to ta l  red u cin g  
su b s ta n c e  by  th e  m eth o d  of H a g edo rn  a n d  J e n s e n  [11]. T he re su lts  o b ta in e d  w ere expressed  
in  g lucose v a lues. T h e  a m o u n t o f hexosam ine  p re se n t w as de te rm in ed  acco rd in g  to  N e u h a n s  
a n d  L e t z r in g  [12]. T h e  in d iv id u a l m o n o sacch arid e  com ponents o f th e  h y d ro ly sa te s  w ere 
d e te rm in e d  b y  one d im ensional ascending p a p e r  ch ro m a to g ra p h y , on  W h a tm a n ’s p ap er No. 1. 
T w o so lv en ts  w ere  used  in  paralle l, (a) b u tan o l-p y rid in e -w a te r  (6 : 4 : 3), a n d  (b) p y rid in e - 
-e th y l-a c e ta te -w a te r  (7 : 10 : 3). The c h ro m a to g ra m s w ere developed e ith e r  b y  an iline  p h o s
p h a te  or b y  am m o n iu m  silver n i tra te  so lu tio n .
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F o r th e  ana ly sis  o f th e  am ino-ac id  co m p o n e n t th e  p re p a ra tio n s  w ere h y d ro ly sed  b y  6 
N  HC1 a t  105° C fo r 8 h o u rs . A fte r  h av in g  re m o v e d  th e  acid , 20 /ig  a m o u n ts  w ere u sed  fo r 
p a p e r  ch ro m a to g ra p h y . T w o d im ensional c h ro m a to g ra m s w ere r u n  in  p y rid in e -w a te r  (4 : 1), 
a n d  N -b u tan o l-ace tic  ac id  a n d  w a te r  ( 6 : 1 : 2 )  so lv en ts , re sp ec tiv e ly . T he c h ro m a to g ram s 
w ere developed  b y  0.1 p e r  c e n t  so lu tio n  o f n in h y d rin e  in  ace to n e  a n d  d ry ed  a t  105° C fo r 5 
m in u te s .

T he lip id  c o n te n t w as d e te rm in e d  b y  e th e r  e x tra c tio n  o f  a  h y d ro ly sa te  in  2 N  HCL]

Results

The sensitiv ity  o f  Y C ~ /a , a W a phage resistant s tra in , to heterologous 
phages. V arious d ilu tio n s  o f  phages w ere d ro p p ed  o n to  th e  surface o f in d ic a to r  
p la te s  p rep a red  w ith  s tra in s  VC-  a n d  \C ~ ja .  The re su lts  are p resen ted  in  
T ab le  I .

Table I

Titre o f  d ifferen t phages on sensitive  V C~ and resistan t VC“/a  stra in

P h a g e
gro u p

P hage
s tra in

P h ag e  t i t re
( lo g a rith m ic  v a lu e  o f  d ilu tio n )

v c - V C —/ a

A1 W  a 7 0*
A2 26 cr 7 5

27 cr 6 6

A3 26 cs 6 5

26 tl 7 7

27 tl 7 6

28 cs 7 6

28 tlcg 6 6

29 eg 7 6

* P lan e  ly sa te  h a d  no effect.

As revealed  b y  T ab le  I  s tra in  \C ~ ja  re s is ta n t to  phage W a w as ju s t  
as sensitive to  hetero logous phages as th e  orig inal s tr a in  VC~. In  a d so rp tio n  
ex p erim en ts  s tra in  V C _ /a  failed to  ad so rb  phage W a, w hile no changes could  
be  observed  in  th e  ad so rp tio n  of som e re p ré se n ta n ts  o f th e  o th e r phage ty p e s . 
W e d id  n o t succeed in  o b ta in in g  m u ta n ts  re s is ta n t to  o th e r  phages, th u s  no 
cross experim en ts  cou ld  be p erfo rm ed .

A ttem pts to solubilize the receptor substance. S uspensions of B . anthracis 
w ere e x tra c te d  u n d e r  d iffe ren t co n d itio n s an d  th e  phage-b in d in g  c a p a c ity  
o f  th e  b ac te ria  an d  th e  p h a g e -in a c tiv a tin g  a c tiv ity  o f  th e  e x tra c ts  w as e s ti
m a te d . U sually  p h ag e  W a was a p p lied , while in  som e ex perim en ts ce rta in  
re p ré se n ta n ts  of g roups A2 an d  A3 (2 7  cr an d  29 eg s tra in s )  were also em ployed  
to  d e te c t th e  presence  o f th e  recep to r.



T H E  P H A G E RECEPTORS O F  BACILLUS ANTHRACIS 383

Sam ples of th e  m o is t b ac te ria l su spension  w ere tr e a te d  fo r 30 m in u tes  
a t  room  te m p e ra tu re  w ith  0.1 N  N aO H , 90 p e r cen t pheno l, e th y len e  glycol 
o r g lacial acetic  ac id . N one o f these  tr e a tm e n ts  h a d  a n y  effect on th e  phage- 
ad so rb in g  cap ac ity  o f  th e  b ac te ria . S im ila rly , no  decrease in  th e  adso rb in g  
c a p a c ity  was found  on t re a tm e n t w ith  d iffe ren t enzym es a t  p H  7 in p h o sp h a te  
b u ffe r. C rystalline t r y p s in ,  ch y m o try p sin , rib o n u c léase , lysozym e a n d  a 
lipase  co n cen tra te  p ro v e d  equally  ineffec tiv e .

W ashed  b a c te r ia  w ere a u to ly se d  in  th e  presence o f try p a fla v in e  
(20 /tg/m l) in  pH  8 p h o sp h a te  buffer (M  0.02) u n d e r  a to lu en e  lay e r a t 37°C fo r 
48 ho u rs . The G ram  n eg a tiv e  cell d eb ris  th u s  o b ta in e d  w as sed im en ted  a t  
3000 rp m  for 10 m in u te s . T he s ligh tly  o p a lescen t su p e rn a ta n t  h ad  a rem ark ab le  
in a c tiv a tin g  effect on ph ag e  W a, while a g a in s t th e  o th e r  tw o  i t  was ineffec tive. 
T h is su p e rn a ta n t, a f te r  30 m in u te s’ c e n tr ifu g a tio n  a t  10 000 rp m  yie lded  a 
l i t t le  sed im ent and  a c lear s u p e rn a ta n t. The la t te r  w as d ep rived  o f in a c t iv a t
in g  a c tiv ity , th u s  a p p a re n tly  th e  sed im en tab le  b a c te r ia l d e tr i tu s  was re sp o n 
sible for th e  in a c tiv a tio n  o f phage W a.

T he cell w all o f B . anthracis cou ld  be ly sed  on ly  b y  re la tiv e ly  ro u g h  
m eth o d s, e. g. b y  a lk a lin e  NaOCl so lu tio n  [13] w hich , how ever, does n o t seem  
to  leav e  in ta c t th e  o rig in a l chem ical s tru c tu re s . E x tra c tio n  o f th e  re c e p to r 
b y  fo rm am ide so lu tio n  w as a tte m p te d  u n d e r d iffe ren t cond itions. L yoph ilised  
b a c te r ia  were su sp en d ed  in  co n c e n tra ted  fo rm am id e  an d  h e a te d . T his w as 
follow ed b y  re p e a te d  w ash ing  an d  te s tin g  fo r p h ag e-b in d in g  cap ac ity . No 
decrease in  the  a d so rb in g  cap ac ity  fo r p h ag e  A3 to o k  p lace, even a fte r  e x tra c 
tio n  a t  170°C for 30 m in u te s . This p ro ced u re , how ever, re m a rk a b ly  red u ced  
th e  adsorb ing  c a p a c ity  fo r group A1 a n d  A2 ph ag es. N evertheless, no ac tiv e  
so lubilised  recep to rs  w ere d em o n strab le  in  th e  fo rm am ide  s u p e rn a ta n t. 
B ac te ria  e x tra c te d  w ith  form am ide w ere fo u n d  to  h av e  u n d am ag ed  con tou rs 
in  p re p a ra tio n s  s ta in e d  accord ing  to  Gutstein . T he e x tra c t  co n ta in ed  on ly  
tra c e s  of th e  im m une  specific  p o lysaccharide  o f B . anthracis [14]. T hus even  
ex ten siv e  form am ide t re a tm e n t d id  n o t  re su lt in  re m ark ab le  so lub iliza tion  o f 
th e  cell-wall co m p o n en t. The specific recep to rs  o f phages A1 an d  A2 on th e  
o th e r  h a n d  were in a c tiv a te d  on fo rm am id e  t r e a tm e n t  a t  170°C.

A n 0.1 per c en t so lu tio n  of th e  im m u n e  specific  po lysaccharide  of B . 
anthracis  was d e fin ite ly  ineffective a g a in s t a ll th e  phages te s te d . T hus th e  
re c e p to r  substances cou ld  no t be id en tified  w ith  th e  galac tose-acety l-g lucos- 
am in e  m ucopep tide.

W e did  n o t succeed  in  solubilising  th e  recep to rs  b y  lysozym e tre a tm e n t 
th o u g h  it  is well kn o w n  th a t  th is  enzym e is able to  lyse com plete ly  th e  b a c te r ia  
u n d e r ap p ro p ria te  e x p e rim e n ta l co n d itio n s. Y o u n g  cu ltu res  grow n in  Y P  
b ro th  (0.5 o. d.) w ere cen trifuged , th e  sed im en t w as w ashed  an d  resu sp en d ed  
in  a p H  8 tr is -b u ffe r, a n d  50 |Wg/ml o f  lysozym e w as ad d ed . T his t re a tm e n t 
re su lte d  in a re m a rk a b le  decrease o f th e  o p tica l d e n s ity  o f th e  suspension
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a n d  no  in ta c t b a c te r ia  could  be d e te c te d  b y  m icroscopic e x a m in a tio n . T he 
c le a r  su p e rn a ta n t o b ta in e d  on c e n tr ifu g a tio n  was ad d ed  to  eq u a l am o u n ts  o f  
p h ag es  in  Y P  b ro th  a n d  th e  m ix tu re  w as assayed  fo r phage a t  in te rv a ls . 
T h e  e x tra c t  was fo u n d  to  be in effec tiv e , in  in a c tiv a tin g  p h ag e ; th is  in d ic a te d  
th e  absence of ac tiv e  re c e p to r  su b s ta n c e  in  th e  lysozym e e x tra c t .

F ig . 3. Changes in the optical density of Davis suspension on different treatments. A  live 
untreated suspension; В  after boiling TCA extraction; C trypsin-digested suspension after

TCA treatment

E xam ina tion  o f  the phage-binding capacity o f  cell-wall p repara tions . 
F ig . 3 d em o n stra te s  th e  UV a d so rp tio n  o f a suspension o b ta in ed  from  s tra in  
D av is  b y  e x trac tio n  w ith  boiling trich lo ro ace tic  acid  an d  try p s in  d ig estio n .

E x tra c tio n  w ith  bo iling  TCA re su lte d  in  a rem ark ab le  d rop  o f th e  
e x tin c tio n  values in  th e  range b e tw een  255 an d  266 m p . The v e ry  low  a d 
so rp tio n  observed fo r th e  cell-wall p re p a ra tio n s  o b ta in ed  b y  try p s in  d igestion  
re v e a le d  a slight in f le c tio n  a t  260 to  280 m p. F ig. 4 co n ta in s  th e  d a ta  on th e  
p h a g e  adso rp tio n  (A l,  A2 an d  A3 group) of th e  cell-w all p re p a ra tio n s  a t  th e  
d iffe re n t phases of P a r k  an d  H a n c o c k ’s procedure.

L iv ing , no t w ash ed  b ac te ria l suspension  ad so rbed  all th e  3 phages to  
90 to  98 per cen t. T h e  ra te  of a d so rp tio n  o f A1 (W a) an d  A2 (21 cr)  phages.
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decreased  re m a rk a b ly  d u rin g  th e  consecu tive t r e a tm e n t, w hile th e  ad so rb tio n  
o f A3 (29 eg) w as essen tia lly  u n ch an g ed . T he d ifference in  adso rp tio n  o f  
in d iv id u a l p hages ap p ea red  a f te r  t re a tm e n t w ith  bo iling  TCA , an d  in creased , 
on fu r th e r  t r e a tm e n t  w ith  try p s in  an d  lysozym e.

The e x p e rim en t d e m o n s tra te d  above w as p erfo rm ed  w ith  one re p re se n t
a tiv e  of each  ph ag e  group . S im ilar re su lts  w ere o b ta in e d  in  a n o th e r  ex p erim en t 
w here all th e  p hage  s tra in s  be logn ing  to  th e  3 phage g ro u p s w ere exam in ed .

A d s. %

Fig. 4. Phage binding of a suspension of strain Davis (per cent) after different treatments

In  th is  ex p e rim en t th e  suspensions of s tra in  D avis w ere ex am in ed  for phage 
ad so rp tio n  fo llow ing d iffe ren t tre a tm e n ts .

S hort h e a t tre a tm e n t caused  a m o d era te  decrease in  th e  adso rp tio n  o f  
all th e  phages. E x tra c tio n  w ith  boiling  TCA an d  try p s in  tre a tm e n t (“ cell- 
w all” ) re su lted  in  a rem ark ab le  decrease in  th e  a d so rp tio n  o f W a an d  A2 
phages. T he sam e tre a tm e n t w as, how ever, ineffec tive  on th e  recep to r o f  
phages belong ing  to  group A3, while th is  recep to r w as m o s tly  dam aged  a t  
au to lysis . A  sh o rt h ea t t r e a tm e n t o f b a c te ria  su sp en d ed  in  saline re su lted  
in  a sligh t decrease in ad so rp tio n  o f g roup  A3. N ev erth e less  th is  re c e p to r  
ap p eared  to  be re s is ta n t to  bo iling  fo rm am ide or bo iling  TCA.
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Table II

P hage b inding o f  the su sp en sio n  o f  B . an thracis strain D avis a fter d ifferen t treatm ents

Suspension

Grade of adsorption in per cent
Members of the individual phage groups

A1 A2 A3
Wa 26 cr 27 cr 26 cs 26 tl 27 tl 28 cs 28tlcg 29 eg

Live washed bacteria (1) 97 88 90 80 94 91 94 90 98
Heat treated bacteria (2) 88 88 70 70 92 73 83 62 70
Cell wall636 (3) 10 51 44 85 98 96 92 89 97
Autolysed bacterium (4) 72 46 52 43 8 0 28 23 41

(1) Live Davis suspension.
(2) Five ml of Davis suspension in test tube, kept for 1 minute in a 100° C water bath 

and cooled at room temperature.
( 3 )  After hot trichloroacetic acid and trypsin treatment according to P a b k  and H a n 

c o c k .
(4) The suspension was autolysed in the presence of 20 p g /m l  trypaflavine in a pH 8 

phosphate buffer at 37° C for 48 hours and the phage adsorption of the centrifuged sediment 
was determined.

Chemical ana lysis  o f  the cell-wall preparations. Som e chem ical c h a ra c 
te r is t ic s  of live b a c te r ia  o f s tra in  D av is  an d  those o f  d iffe ren t p re p a ra tio n s  
o b ta in e d  from  s tra in  D av is are  g iven  in  T able I I I .

Table III

S o m e  chemical characteristics o f  washed D avis suspension  and cell-wall prepara tion , calculated
according to dry  m aterial content*

Suspension No
Nitrogen Phosphorus Sugar

(anthron)
Reducing
material Hexosamine Lipid

Per cent

Davis I 9.3 1.2 3.8 4.0 1.8] 2.2
Davis II 11.0 10.7 1.5 1.4 4.8 - 4.0 4.4 2.3 Í 2Л

3.4 2.8
Davis III 12.0 1.6 3.5 Í 4.3 2.2 ( 2.8

Cell-wall I 3.5 0.5 8.0 13.6 7.2 2.9
Cell-wall II 3.6 3.6 0.8 0.6 8.6 7.6 13.4 13.5 7.9 7.2 2.7 3.0
Cell-wall III 3.7 0.6 6.8 13.7 6.6 3.4

* Results and means of 3 different examinations.

The o b ta in ed  cell-w all p re p a ra tio n s  am oun ted  on th e  average to  25 
p e r  c en t of the  b a c te r ia l w eigh t. O n ly  ab o u t h a lf  o f th e  N  an d  P  co n ten t 
o f  th e  orig inal b a c te r ia l cells was p re se n t in  th e  cell-w all p re p a ra tio n s . This 
is  in  accordance w ith  th e  decrease in  th e  UY a d so rp tio n  o f th e  cell-w all
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su sp en sio n , in d ica tiv e  o f  a m arked  decrease  in  nucle ic  ac id  and  p ro te in . 
T he c a rb o h y d ra te  c o n te n t of the  p re p a ra tio n s  ap p eared  to  be co m p ara tiv e ly  
h ig h er th a n  th a t  o f th e  b a c te ria l su sp en sio n , as m easu red  b y  th e  to ta l  a m o u n t 
o f an th ro n e-p o sitiv e  a n d  reducing  su b s ta n c e . The c a rb o h y d ra te  c o n te n t o f  
th e  cell-w all p re p a ra tio n s  as ca lcu la ted  fro m  th e  a n th ro n e -p o s itiv e  su b stan ces  
a n d  hexosam ine was fo u n d  to  be a b o u t 15 p er cent. I t  sh o u ld  be stressed  t h a t  
th e  hexosam ines are a n th ro n e -n e g a tiv e  su b stan ces . T he to ta l  am o u n t o f re d u c 
in g  su b stan ces as d e te rm in e d  by  th e  m e th o d  of H a g e d o r n  an d  J e n s e n  a n d  
ex p ressed  in  glucose gave  som ew hat lo w er values. T h is m ig h t be ex p la in ed  
b y  d ifferences in  th e  re d u c in g  value o f  in d iv id u a l c a rb o h y d ra te  co m p o n en ts .

P a p e r  c h ro m a to g ra p h y  of the  ce ll-w all p rep a ra tio n s  rev ea led  th e  p resence  
o f  ga lac tose  and  g lucosam ine. This is  in  ag reem en t w ith  th e  chem ical co m 
p o sitio n  o f the  p o lysaccharide  iso la te d  from  B . anthracis  [14]. In  c e r ta in  
h y d ro ly sa te s  a fa in t sp o t was found  o f  h ig h er Ry th a n  th o se  of g lucosam ine 
a n d  galac tose . This sp o t could  no t be id e n tif ie d . I t  m ig h t h av e  been m u ram ic  
a c id  as a fa in t n in h y d rin e -p o sitiv e  s p o t could  also be fo u n d  in  th e  sam e a re a . 
T h e  presence  o f  a lan in e , g lu tam ic a c id , glycine, d iam ino-p im elic  ac id  a n d  
a sp a rtic  acid  could be d em o n stra ted  in  h y d ro ly sa tes  o f  cell wall.

D iscussion

O ur ex perim en ts h av e  y ielded c e r ta in  d a ta  co n cern in g  th e  d iffe ren t 
recep to rs  specific fo r th e  d ifferen t g ro u p s  of A ph ag es. A  good ag reem en t 
could  be observed b e tw een  the  d ifferences in  th e  recep to rs  an d  th e  g ro u p in g  
o f  th e  A phages b ased  on th e ir  a n tig e n ic  s tru c tu re  a n d  o th e r  ch a rac te ris tic s  
(UY, h e a t an d  c itra te  sen sitiv ity ). T h ese  resu lts  h av e  ju s tif ie d  ou r ea rlie r 
p ro p o sa l to  div ide p h ag es A in to  a t  le a s t  3 groups.

A  m u ta n t of B . anthracis  re s is ta n t to  phage W a (A l)  ex h ib ited  u n a lte re d  
se n s it iv ity  to  phages A2 an d  A3. T h is phenom enon  in  i ts e lf  p roved  th e  d is 
t in c tn e ss  o f the  recep to rs  o f phage A l .  T he recep to rs o f  phages A2 a n d  A3 
can  be d iffe ren tia ted  on th e  basis o f  th e ir  b ehav iou r on  tre a tm e n t w ith  h o t 
(170°C) form am ide. O n au to lysing  th e  cells, th e  recep to rs  o f phages A l  a n d  
A2 w ere p resen t in  re m ark ab le  a m o u n ts  in  th e  cell d eb ris , while s im ila rly  
o b ta in e d  debris w ere p rac tica lly  in e ffec tiv e  in  a d so rb in g  phage A3. T h is, 
how ever, d id  no t m ean  th a t  th e  g lucose-galactose p o ly m e r solubilised on 
a u to ly s is  h ad  an y  re c e p to r  effect o n  A3 phages.

T he cell-wall p re p a ra tio n s  o b ta in e d  according to  P a r k  and  H a n c o c k  
e x h ib ite d  an  u ndam aged  recep to r a c t iv i ty  on ly  aga in st A3 phages. T rich lo ro 
a c e tic  ac id  and  try p s in  tre a tm e n t w as  fo u n d  re m a rk a b ly  to  in a c tiv a te  th e  
o th e r  tw o  recep to rs. O n fu rth e r  t r e a tm e n t  w ith  ly sozym e th e  A l re c e p to r  
w as to ta l ly  destro y ed . E x tra c tio n  w ith  bo iling  tr ic h lo ro a c e tic  acid has b een  
know n  to  solubilize r ib i ty l  p h o sp h a tid e s  (theicoic acid) [6]. This su b s ta n c e ,
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h o w ev er, could n o t  b e  id en tif ied  w ith  e ith e r  of th e  re c e p to rs . On th e  b as is  
o f  o u r  experim en ts  we m a y  th erefo re  s ta te  t h a t  th e  lo c a lisa tio n  of A1 a n d  A2 
re c e p to rs  is d iffe ren t fro m  th a t  o f th e  A1 recep to r.

The im m u n e-sp ec ific  p o lysaccharide  w hich is a g lucose and  g a lac to se  
p o ly m e r co n ta in in g  a p e p tid e  m oie ty  [14] w as found  to  be o n ly  a p a r t  o f  th e  
s t ru c tu re  of th e  ce ll-w all p re p a ra tio n s  o b ta in e d  from  B . anthracis b y  th e  
m e th o d  o f P a r k  a n d  H a n c o c k . The s t ru c tu re  o f th e  cell w all o f B . anthracis  
a p p e a rs  to  be h ig h ly  re s is ta n t  to  d iffe ren t chem ical t r e a tm e n ts .  The m ucopep- 
t id e , a s tru c tu ra l e le m e n t o f th e  cell w all, could n o t  be  solubilised b y  
a n y  o f the  ch em ica l m eth o d s ap p lied . E n zy m a tic  t r e a tm e n t  (ly sozym e, 
a u to ly s is ) , how ever, re a d ily  dissolved th is  m a te ria l from  th e  cell w all.

Acknowledgement. The authors express their thanks to Dr. G. S z e p e s s y  for the eleetro- 
micrographs.
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Sum m ary . The cytopathogenic effect of different amounts of diphtheria toxin and the 
possibilities of a comparative testing of different batches of diphtheria toxin, antitoxin and 
toxoid preparations were examined in cynomolgus endocardial cell cultures.

Cell cultures were found to be very sensitive to the effect of diphtheria toxin both in 
tube cultures and in colour test. The toxins used destroyed the cells at a concentration as low 
as about 1/1000 Lf. The cytopathogenic effect of toxins could be used for the comparison of 
the absolute and binding values of different toxin, toxoid and antitoxin preparations. In the 
case of antitoxins and toxoids, beyond the quantitative determination of their antibody and 
antigen contents, also information on their respective avidities could be gained.

The order of magnitude of the sensitivity to individual toxins of the cell cultures did 
not change during the one and half year period of observation. Because of the easy mainte
nance and handling of the cell strain, its use is recommended for examinations of this type.

T h e effects o f to x ic  b a c te ria l p ro d u c ts  dam ag ing  th e  tissu es  o f th e  
h u m a n  organism  w ere f irs t  ex am in ed  on  tissue cu ltu res  b y  L e v a d i t i  an d  
M u t t e r m i l c h  [1] h a lf  a c e n tu ry  ago . S im ilar ex am in a tio n s  w ere described  
la te r  b y  B u r r o w s  a n d  S u z u k i  [2], S u z u k i  [3], O k a b e  a n d  T e r u u c h i  [4] 
a n d  O k a b e  [5]. The s tu d ie s  o f th is  ty p e  w ere g rea tly  p ro m o te d  b y  th e  suc
cessfu l cu ltiv a tio n  o f cells d irec tly  on glass an d  o ther im p ro v e m e n ts  in  tissue  
c u ltu re  tech n iq u es . O f th e  ex a m in a tio n s  perform ed w ith  m ore ad v an ced  
tis su e  cu ltiv a tio n  m eth o d s  we m en tio n  th o se  of P l a c i d o  S o u s a  a n d  E v a n s  [6 ] ,  
P e n s o  an d  V i c a r i  [7, 8], an d  of H u n g a ria n  au th o rs  th o se  o f B a c k h a u s z , 
V e t o  an d  H o r v á t h  [9] a n d  H o r v á t h  [10].

T he c y to p a th o g en ic  effect o f b a c te r ia l to x in s  show s th e  follow ing 
c h a ra c te ris tic s , (i) T he sy m p to m s o f  cell dam age m an ife s t th em selv es  only  
a f te r  a ce rta in  in c u b a tio n  period  c h a ra c te r is tic  o f th e  in d iv id u a l to x in s  (w ith  
la rg e  q u a n titie s  of d ip h th e r ia  to x in  th e  in cu b a tio n  perio d  la s ts  fo r 24 hours); 
(ii) th e  cell dam age is n eu tra liz ed  b y  hom ologous a n tito x in  a n d  th u s  th e  to x in  
can  be  id en tified .

T he p re sen t ex am in a tio n s  p e rfo rm ed  w ith  d ip h th e r ia  to x in , a n tito x in  
a n d  to x o id  on cynom olgus h e a r t cell cu ltu res  are re g a rd e d  as p re lim in a ry  
to  d e ta iled  s tu d y  on th e  possib ilities to  develop  an im p ro v ed  t i t r a t io n  m eth o d .
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Materials and methods

Cell culture. The cynomolgus heart culture provided by the V iru s  Vaccine Control and 
V iru s  Departments of our Institute was used throughout. The strain was maintained in 2-litre 
Roux flasks. Passages were performed every 9th or 10th day with 5 to 6 million cells. The 
quantity of fluid medium was 150 to 180 ml per Roux flask. Cells were released by versenisa- 
tion.

Examinations were performed chiefly in stationary tube cultures inoculated with 150 000 
cells each, and incubated at 35° C for 7 to 8 days.

E xam in atio n s w ere  also  ca rried  o u t b y  th e  colour te s t  as d esc rib ed  b y  Sa lk , Y o u n g n e r  
a n d  W ard  [11].

M edium . For maintenance and experiments the following medium was used. Solution 
No. 199, 75 per cent; Hanks’ solution, 15 per cent; calf serum, 10 per cent. The medium con
tained penicillin and streptomycin. The calf serum was free of diphtheria antibodies.

D iphtheria to x in s , a n tito x in s  and  toxoids. Toxins Di 85, 85/a and 83 produced in our 
laboratory with PW8 Weissensee strain in Pope’s bouillon were used. The crude toxin was 
concentrated by ammonium sulphate precipitation and preserved in glycerol.

As antitoxins, 2 sera of known value were used, standard serum No. 45 (Copenhagen), 
containing 10 AU/ml; and a commercial purified and concentrated therapeutic preparation
H. No. 584/1 containing 3000 AU/ml.*

In a few experiments the purified and concentrated toxoid preparations Di II and Di 
III produced in our laboratory were examined. The titration of sera from guinea pigs immunized 
with two doses of different, combined, precipitated diphtheria-pertussis-tetanus vaccine pre
parations was also attempted.

The titres of toxins and antitoxins used were determined by Ramon’s flocculation test 
[12]. The antibody content of guinea-pig sera was tested by the intracutaneous rabbit inocu
lation method of J e n s e n  [13].

Inoculation o f  the cell cultures. Inoculation of tube cultures was performed at the time 
when a ripe confluent cell layer had developed. Before inoculation the medium was poured 
off. The test material was mixed with the fresh medium and then distributed to the tubes,.
I. 0 ml each. Thus the final dilution of toxin (antitoxin, toxoid) in the medium was 1 : 10. 
In neutralisation (fixation) tests the antitoxins and antigens were appropriately diluted and 
mixed. Before adding to the medium the mixtures were incubated at room temperature. 
Mixtures of toxins and antitoxins were incubated for 2 hours, those of antitoxins and toxoids 
for 24 hours. The pH of the test materials was adjusted so as not to interfere with that of the 
medium. For the different levels 5 tubes were inoculated each, and incubated at 35° C.

According to the nature of the test the following controls were used: tissue control,, 
medium control (intact sterile medium used for toxin production, concentrated and diluted 
in the same way as the lowest dilution of the toxin used in the experiment), serum control and 
anatoxin control.

E valuation o f  results. Two limit values were checked usually; (i) direct toxin value m. c. 
d. (minimal cytotoxic dose) i. e. the smallest quantity of toxin bringing about destruction of 
the cell layer and decomposition of more than 50 per cent of the cells up to the 4th day [6]; 
(ii) indirect toxin value or “test dose” (LC50), i. e. the lowest quantity of toxin which, when 
mixed with 0.02 IU, was able to elicit decomposition of 50 per cent of the cells up to the 4th 
day [6].

In addition, binding tests (L+ value determination) were performed at different levels*

Results

F irs t, the  s e n s it iv ity  o f  th e  cells to  d ip h th e r ia  to x in  was established* 
in o c u la tin g  s ta tio n a ry  cu ltu re s  w ith  decreasing  q u a n titie s  o f  d ip h th e ria  to x in . 
T h e  resu lts  are p re se n te d  in  T ab le  I.

* Produced by the ‘‘H U M A N ” In stitu te  fo r  Serobacteriological Production  and Research  
B u d a p es t.
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Table I

Titra tion  o f  to x in  D i 85 in  s ta tionary  cultures and in  colour lest

Toxin
Lf/tube

Grade of damage 
in stationary 

cultures

Colour of the 
indicator on 4th 

day
(Colour test)

0.01 5/5 L L L L L

0.005 5/5 R R R R R

0.0025 5/5 P P P P P

0.00125 5/5 P P P P P

0.000625 0/5 OOOOO

0.00031 0/5 Y Y Y Y Y

M.c.d. = 0.00094 Lf 0.000625 Lf

L =  lilac, R =  red, P =  pink, О =  orange, Y =  yellow

Sim ilar e x a m in a tio n s  were p e rfo rm ed  b y  m eans o f th e  colour te s t .  
T h e  resu lts  of a re p re se n ta tiv e  e x p e rim e n t are  show n in  T ab le  I .

A ccording to  th e  resu lts, in o c u la tio n  o f  cell cu ltu re s  w ith  d ip h th e ria  
to x in  appeared  to  b e  a n  a p p ro p ria te  m e th o d  fo r th e  d e m o n s tra tio n  of sm all 
q u a n titie s  of to x in  a n d  th e  tu b e  c u ltu re  m e th o d  a n d  th e  co lour te s t  w ere 
sen s itiv e  to  sim ilar a m o u n ts  of to x in .

N ex t, the  LC50 values w ere d e te rm in e d  in  s ta t io n a ry  cu ltu res. T h e  
re su lts  are d e m o n s tra te d  in  T able I I .

Table II

D eterm ination  o f  the LC b0 value o f  to xin  D i 85

Stationary culture 
Toxin 
Lf/tube

0.02 IU antitoxin/tube. 
Grade of total 

damage

0.32 5/5
0.16 5/5
0.08 5/5
0.04 3/5
0.02 0/5
0.01 0/5

LC50 =  0.04 Lf



392 L. ORMAY and к . Új h e l y i

T he m eth o d  p ro v e d  su itab le  fo r  th e  d e m o n s tra tio n  th e  a c tio n  o f d ip h 
th e r ia  to x in  in  th e  p resence  o f a n ti to x in  as w ell as fo r th e  e s tim a tio n  o f 
th e  p ro tec tiv e  e ffec t o f  slight q u a n ti t ie s  of a n tito x in .

I n  these  e x p e rim e n ts  to x in  D i 85 w as used . O th e r d ip h th e r ia  to x in  
p ro d u c ts  were also ex am in ed  co m p arin g  to x in s  D i 85, D i 85/a a n d  Di 83. 
T h e  re p ro d u c ib ility  o f  th e  re su lts  a f te r  an  in te rv a l o f  one m o n th  w as also 
s tu d ie d . These ex a m in a tio n s  were p e rfo rm ed  ch iefly  b y  th e  d e te rm in a tio n  
o f  m .c .d . and /o r LC50 values, b o th  in  s ta tio n a ry  tu b e  cu ltu res  a n d  b y  th e  
co lo u r te s t . A t th e  sam e  tim e , p re lim in a ry  ex p erim en ts  fo r th e  d e te rm in a tio n  
o f  d iffe ren t L + v a lu e s  were ca rried  o u t using th e  D i 85 to x in  p re p a ra tio n . 
T h e  d a ta  of the  above  series of e x p e rim e n ts  have been su m m arized  in  T ab le  I I I .

Table III

T itra tio n  o f  different D i to x in s  in  repeated experim ents

Experiment
No

Examined
in

Designation 
of toxin

Toxin values in Lf
M. c. d. LC„ L+/10 ' L+/100 L+/1000

I
stationary
culture Di 85 0.0009 0.04 0.23 0.03 0.005

i l
stationary
culture

Di 85 
Di 85/a 
Di 83

0.0009
0.003
0.0016

0.4

in
colour
test

Di 85 
Di 85/a 
Di 83

0.0006
0.0016
0.0006

0.04

T he resu lts  fo r th e  th ree  d iffe ren t to x in  p re p a ra tio n s  a t  d iffe ren t po in ts  
o f  tim e  show ed good ag reem en t. A  close co rre la tion  w as fo u n d  b e tw een  th e  
re su lts  o b ta in ed  in  s ta t io n a ry  tu b e  c u ltu re s  an d  th e  co lour te s t .  E x a m in a tio n  
o f  th e  L + values show ed  th e  cell c u ltu re  used  b y  us to  be w ell su ite d  for th e  
e x a m in a tio n  of th e  b in d in g  values o f  d ip h th e ria  to x in  an d  a n tito x in  on a 
L +/1000 level. N o. u n eq u iv o ca l re su lts  w ere o b ta in ed  a t  th e  L +/10 000 level 
(th e se  have  been o m itte d  from  T ab le  I I I ) .

In  these  e x a m in a tio n s  serum  N o. 45 was used  fo r th e  d e te rm in a tio n  o f 
th e  b in d in g  va lues. I n  fu r th e r  e x p e rim e n ts  th e  n e u tra lis in g  effect o f  id e n tic a l 
d ilu tio n s  o f o th e r se ra  on th e  L +/10 dose o f to x in  D i 85 w as s tu d ie d . F o r  
th is  pu rpose  p a ra lle l se ria l d ilu tions o f  sera  No. 45 an d  H . 584/1 w ere p rep a red . 
T h e  d iffe ren t serum  d ilu tio n s w ere m ix e d  w ith  L +/10 to x in  doses each  a n d  
th e  m ix tu re  was in o c u la te d  in to  cell cu ltu res . T he re su lts  are  p re se n te d  in  
T a b le  IV .
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Table IV

T itra tio n  o f  anti-d iph theria  sera No. 45 a n d  H u m a n  584/1 in  the presence o f  023 L f/tube toxin
qua n tities

AU/tube

Designation of serum
No. 45 No. 584/1

0.8 0.4 0.2 0.1 0.05 0.8 0.4 0.2 0.1 0.05

G rade  of dam age 0/5 0/5 0/5 3/5 5/5 0/5 0/5 0/5 3/5 5/5

As seen in  T ab le  IY  b o th  a n ti to x in s  n eu tra lised  th e  L +/10 dose of to x in  
p e rfe c tly  a t  0.2 IU /tu b e  and  p a r t ia l ly  a t  0.1 IU /tu b e . T h u s th e  L +/10 dose 
o f  to x in  D i 85 p ro v e d  to  be the  sa m e  w hen m easu red  b y  tw o  d iffe ren t sera.

U sing the  sam e tw o a n tito x in  p rep a ra tio n s , fu r th e r  t i t r a t io n s  w ere 
ca rr ied  o u t a t d iffe re n t L levels . T he resu lts  o b ta in e d  a re  p resen ted  in  
T ab le  У.

Table V

C om parison o f  L +/10, L +/1 0 0  and L +/1 0 0 0  doses o f  toxin  D i 85 u sing  N o. 45 and H , 584/1
a n tid iph theria  sera

S ta tio n a ry  cu ltu re

Different L+ values of the toxin as expressed in L.
Serum examined

L+/10 L+/100 1 L+/IO00

No. 45 0.23 0.03 Í 0.005

No. H .584/1 0.23 0.03 0.005

T he f ix a tio n  v a lu es  ob ta in ed  b y  th e  p ara lle l e x a m in a tio n  o f th e  tw o 
a n tito x ic  sera p ro v ed  th a t  the  re s u lts  o f t i tra tio n s  a t  d iffe ren t levels w ith  
tw o  d iffe ren t sera y ie ld ed  a p p ro p ria te ly  f ittin g , w ell rep ro d u c ib le  an d  clear- 
c u t  re su lts  in  tissu e  cu ltu res . B o th  se ra  ex h ib ited  th e  sam e a v id ity  a t  h igh  
d ilu tio n s , th u s  th e  q u a li ty  of th e  tw o  p rep a ra tio n s  w as eq u a lly  good.

In  th e  proceed ing  ex p erim en ts  horse sera o f good a v id ity  w ere used. 
In  fu r th e r  ex p erim en ts  we ex am in ed  th e  p o ssib ility  o f t i t r a t in g  guinea-pig  
se ra  o f  poor a v id ity  in  tissue c u ltu re s . Pooled  sera  o b ta in e d  from  groups o f 
six  guinea-p igs im m u n ised  w ith  co m b in ed  d ip h th e ria  vacc ine  w ere used. The 
a n tib o d y  co n ten t w as dete rm in ed  b y  J e n s e n ’s m e th o d . T he re su lts  of com 
p a ra tiv e  t i tra tio n s  in  tissu e  cu ltu res  a re  given in  T ab le  Y I.

As com pared  w ith  th e  resu lts o b ta in e d  w ith  J e n s e n ’s m e th o d  t i tra tio n  
in  cell cu ltu res y ie ld ed  low er v a lu e s  fo r all th e  se ru m  m ix tu re s  used. The 
ra tio s  o f th e  d ifferen t va lues in  th e  tw o  k inds of e x p e rim e n t w ere, how ever, 
id e n tic a l. E ssen tia lly  s im ila r re su lts  w ere o b ta in ed  in  re p e a te d  ex p erim en ts  
w ith  th e  sam e sera.

5  A cta Microbiologica V III/4 .
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T he possib ility  o f  su b s ti tu t in g  th e  b in d ing  te s t  in  cell cu ltu res  for 
th e  floccu lation  te s t  fo r  e s tim a tin g  th e  value o f d ip h th e r ia  a n tito x in s  w as 
a lso  exam ined . The p e r ta in in g  re su lts  are  given in  T ab le  V II.

T able  VI

C om parative study in  cynom olgus heart culture and by J en se n ’s titra tio n  o f  sera o f  gu inea  p ig s
im m u n ised  against diphtheria  

S ta tio n a ry  c u ltu re ;  to x in  D i 85

IU/ml

D esig n a tio n  o f  serum
J e n s e n ’s  m e t h o d

T i s s u e  c u l t u r e  
m e t h o d

G roup  “ a ” 9.2 5.5

„  “ b ” 5.3 4.35

„  “ c” 5.5 4.1

„  “ d ” 4.92 3.8

T ab le  VII

C om parison o f d iphtheria  toxoids by flo ccu la tio n , and b ind ing  test at two levels in  cynomolgus
heart cell cultures

Designation of 
anatoxin

A n a t o x i n  v a l u e s

flocculation tissue culture

Lf/ml Kf„ L+/10 L+/100

Di II 1700 105 > 1 2 8 0
< 25 6 0

> 1 6 0
< 3 2 0

Di II I 3700 57 > 2 5 6 0
< 5120

> 1 2 8 0
< 2 5 6 0

The floccu la tion  te s t  an d  th e  b in d in g  te s t in  tissu e  cu ltu re s  on L +/10 
b as is  showed good a g re e m e n t. On th e  L+/100 basis low er va lu es  w ere o b ta in ed  
fo r  b o th  toxoids. In  th e  decrease o f  v a lue  th e re  w as a s ig n ifican t difference 
b e tw een  the  tw o to x o id s . The decrease for Di I I I  to x o id  w as one d ilu tion  
s te p . T he decrease fo r  D i I I  was re m a rk a b ly  less. In  co n n ec tio n  w ith  th e  low er 
a v id i ty  of Di I I  to x o id  in  tissue  c u ltu re  t i t ra t io n  p ro lo n g ed  K f  value  observed  
in  th e  flocculation  t e s t  a p p ea red  to  be in te re s tin g .

Discussion

The high s e n s it iv ity  to  to x ic  b a c te ria l p ro d u c ts  o f tissu e  cu ltu res h as  
re p e a te d ly  been re p o r te d . P l a c i d o  S o u s a  an d  E v a n s  [6 ]  h av e  found no 
d ifference  in  the  s e n s it iv ity  to  d ip h th e r ia  to x in  b e tw een  m onkey  k id n ey  
tis su e  cultures an d  th e  gu inea-p ig  sk in . In  our s tu d ies  th e  cell line exam ined
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w as sensitive to  L f/1000 b o th  in  s ta t io n a ry  c u ltu re s  a n d  in  th e  colour te s t .  
T h o u g h  th e re  w as no  difference in  th e  se n s itiv ity  o f  th e  tw o m ethods, we 
s till th in k  th a t  s ta t io n a ry  cu ltu res  shou ld  be p re fe rred  in  sim ilar s tu d ies . 
T h e  exactness o f  e v a lu a tin g  th e  re su lts  is n am ely  g re a tly  im p ro v ed  b y  th e  
d ire c t o b se rv a tio n  o f  th e  to x in ’s cy to p a th o g en ic  effec t. The colour te s t  has 
i ts  special ad v a n ta g e s  in  stud ies ca rried  ou t w ith  ro u tin e  m ethods.

The lim it v a lu es  o f th e  to x ic  effect o f to x in s  can  read ily  be d e te rm in ed  
in  tissu e  cu ltu res. A c e r ta in  d ifference in  com parison  w ith  th e  cy to p a th o g en ic  
e ffec t of v iruses is th e  fa c t th a t  to x in s  m ay  p roduce  p a r t ia l  effects. This d iff i
c u lty , how ever, m a y  be overcom e a n d  read in g  o f th e  re su lts  be ach ived  w ith  
h igh  accu racy  if  a p p ro p r ia te  am o u n ts  o f to x in  are  u sed . In  ro u tin e  serological 
a n d  biological m e th o d s  th e  e s tim a tio n  o f d ip h th e ria  an tig en s  an d  an tib o d ies  
is co m p ara tiv e , e v a lu a tio n  being b ased  on in te rn a tio n a l s ta n d a rd s . W ith  th e  
use o f  s ta n d a rd  se ru m  tissu e  cu ltu res  su it them se lves w ell for such co m p ara 
tiv e  m easu rem en ts. I t  appears th a t  w hen  using th e  sam e cell line, th e  sam e 
s ta n d a rd  serum  a n d  th e  sam e m eth o d  in  every  d e ta il, th e  re su lts  ob ta ined  in  
d iffe ren t lab o ra to rie s  w ill be m ore re a d ily  co m p arab le  th a n  those  y ie lded  
b y  an im al ex p e rim en ts  su b jec t to  v a ria tio n s  re su ltin g  from  s tra in  an d  in d i
v id u a l d ifferences. F o r  th e  d ev e lopm en t o f s ta n d a rd  m eth o d s th e  selection  
o f  th e  a p p ro p ria te  cell line, th e  d e te rm in a tio n  o f th e  ap p ro p ria te  cell 
n u m b e r  an d  o th e r fa c to rs  should p rec ise ly  be d e te rm in ed .

A fter a p p ro p ria te  s ta n d a rd isa tio n  of th e  te c h n ic a l de ta ils  a w ide ran g e  
o f  p rac tica l experience  w ould be n ecessary  to  decide w h e th e r th e  tissu e  
c u ltu re  m ethods cou ld  rep lace th e  p rocedures now  genera lly  used for th e  
d e te rm in a tio n  o f  th e  m ain  ch a rac te ris tic s  of d ip h th e r ia  an tigens an d  a n t i 
to x in s . A t p resen t th e  use of cell cu ltu re s  can only  be reg a rd ed  as y ie ld ing  
su p p le m e n ta ry  d a ta  to  th e  resu lts  o b ta in ed  b y  th e  classical m ethods. A ccord
in g  to  our experience, th e  tissue cu ltu re  m eth o d  is p a rtic u la rly  su itab le  fo r 
th e  ex am in a tio n  o f  th e  b ind ing  c a p a c ity  of an tig en s  a n d  an tito x in s . T he 
ex am in a tio n  (p a r tic u la r ly  a t  low levels) o f a n tid ip h th e r ia  th e ra p e u tic  sera  
m ig h t y ield  re su lts  n o t  on ly  concern ing  th e  a c tu a l a n tib o d y  t i t re  b u t also 
as to  th e  th e ra p e u tic a lly  h igh ly  im p o r ta n t  a v id ity . T he b ind ing  te s t  p e r
fo rm ed  a t  d iffe ren t levels m ay  offer in fo rm a tio n  on th e  a v id ity  (an tig en ic ity ) 
o f  an a to x in s  used fo r th e  p re p a ra tio n  o f vaccines. W ith  th e  tissue cu ltu re  
m e th o d  in fo rm atio n  m ig h t be o b ta in ed  n o t only as to  th e  a n tib o d y  c o n te n t 
o f  sera  o f an im als v a c c in a ted  for p o ten cy  te s ts  w ith  a n a to x in s  b u t  th e  f ix a tio n  
ch a rac te ris tic s  o f th e  developed  an tib o d ies  m ay  also be exam in ed . Cell cu ltu res  
be ing  h ighly  sen sitive  to  d ip h th e ria  to x in , th e y  m ig h t be used for ce rta in  
o th e r  exam in a tio n s o f  p ra c tic a l im p o rtan ce , e. g. fo r sa fe ty  te s tin g  of d ip h 
th e r ia  an a to x in s , as w ell as for th e  s tu d y  of d iffe ren t re sea rch  p rob lem s.
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DIFFERENCES IN THE CYTOPATHOGENIC EFFECT OF 
SOME ADENOVIRUS STRAINS ON HUMAN AMNIOTIC

TISSUE CULTURES

B y

I. N ász

In stitu te  o f  M icrobiology, U n iv e r s ity  M edical School, B udapest 

(R eceived J u n e  10, 1961)

S u m m ary . T he cy to p a th o g en ic  effect o f  28 ad en ov irus s tra in s  belonging  to  th e  sero log
ica l ty p e s  1 to  16, to g e th e r  w ith  earlier e x a m in e d  14 s tra in s  be longing  to  ty p es  1 to  7, i. e. 
a  to ta l  o f  42 s tra in s  w as s tu d ie d  in  p rim ary  h u m a n  am nio tic  tis su e  c u ltu res . A ccord ing  to  th e  
c h a ra c te r  o f  th e  c y to p a th o g en ic  effect th e  s t r a in s  cou ld  be  d iv id ed  in to  2 w ell-defined  g ro u p s. 
T h e  f i r s t  g ro u p  was c h a ra c te riz ed  by  a n e tw o rk -lik e  s tru c tu re  fo rm in g  g rape-like  cell ag g re 
g a te s  on  fu r th e r  d e g en e ra tio n . I n  th e  second g ro u p  frag m e n ta tio n  o f th e  cell m o n o lay er to o k  
p lace  re su ltin g  in  th e  loo sen in g  of th e  in d iv id u a l  cells. F in a lly  th e  cy to p lasm  d isap p ea red  an d  
on ly  th e  n u c le i w ere le ft, su rro u n d ed  by  som e f a in t  cy top lasm ic  re m n a n ts . T he c y to p a th o g en ic  
e ffec t c h a ra c te ris tic  o f c e r ta in  stra ins p ro v e d  to  b e  a s tab le  fe a tu re  in  som e cases even  a f te r  
3 y e a rs  o f la b o ra to ry  m ain ten a n ce .

T he c y to p a th o g en ic  effect of v iru s e s  on cell cu ltu res  has a basic  im p o r
ta n c e  in  s tu d ies  on th e  v iru s  host-cell r e la t io n . Some o f ou r earlie r o b se rv a tio n s  
concern ing  ab o u t th e  cy topa thogen ic  e ffe c t o f adenov iruses on p rim a ry  h u m a n  
am n io tic  tissu e  c u ltu re s  have a lread y  b e e n  rep o rted  [9, 11]; on th e  basis o f 
th e  c y to p a th o g en ic  e ffec t th e  v irus s t r a in s  could be d iv id ed  in to  2 g roups 
d en o ted  b y  us as ty p e  3 an d  type  5 d e g en e ra tio n , as th e  difference ap p e a re d  
to  be m o st c h a ra c te ris tic  o f type  3 a n d  ty p e  5 s tra in s . O ur fu r th e r  in v es tig a tio n s  
w ere m ad e  in  o rd er to  decide w h e th e r  a sim ilar ty p e  o f d eg en era tio n  m ig h t 
be e lic ited  b y  o th e r ty p e s  o f ad en o v iru s  s tra in s , to o ; w h e th e r s tra in s  be long ing  
to  th e  sam e serological ty p e  m igh t e lic it  th e  sam e cy to p a th o g en ic  e ffec t; 
a n d  w h e th e r th e re  en su ed  changes in  t h e  cy to p a th o g en ic  effect of th e  s tra in s  
ex am in ed  before 3 y e a rs  and  kept in  p assag e  since th a t  tim e .

Materials and methods

A to ta l  o f 42 a d en o v iru s  stra ins was e x a m in e d . Two be longed  to  ty p e  1, th re e  to  ty p e  
2, sev en  to  ty p e  3, tw o  to  ty p e  4, five to  t y p e  5, tw o  to  ty p e  6, fo u r to  ty p e  7, one to  ty p e  
7 /a, tw o  to  ty p e  8 an d  a lso tw o  to  type  9, t h r e e  to  ty p e  10 an d  also th re e  to  ty p e  11, one to  
ty p e  12, tw o  to  ty p e  13; to  ty p e s  14, 15 a n d  16 be lo n g ed  one s tra in  each.

S tra in s. T he in d iv id u a l s tra in s  were d e s ig n a te d  b y  frac tio n s u sing  th e  No. o f th e  in d iv i
d u a l se ro ty p es  as n u m e ra to r  a n d  th e  series n u m b e r  o f th e  single s tra in s  o f d iffe re n t o rig in  in  
th e  sam e serological g ro u p  as denom inator.

T h e  s tra in s  ex am in ed  w ere p a rtly  t y p e  s tra in s  k in d ly  su p p lied  b y  D r . U . K r e c h  
(1/1 to  7/1), D r . R . S. D r e i z i n  (7 a /l ,  8/1, 9 /1 , 10/2, 11/2, 13/1), D r . J .  V i l c e k  (1/2, 2/3, 3/7, 
4/2, 5/5, 6 /2 , 7/4, 8/2, 9 /2 , 1 0 /3 ,1 1 /3 , 1 2 /1 ,1 3 /2 , 14/1, 15/1 ,' 16/1) D r. I. B é l á d i  (5/4, 7/3, 
10/1, 11/1) a n d  D r . S. H o r v á t h  (7/2), and  p a r t l y  s tra in s  iso la ted  b y  V i l c e k  et. al. [13] (3/4, 
3/5, 3/6), B é l á d i  and  K a h á n  [14] (3/2, 3/3) a n d  o u rse lv es [16] (2/2, 5/2, 5/3).
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T issu e  cu ltu res w e re  u su a lly  in fec ted  w ith  103 to  104 TC ID /50. Som e experim en ts  w ere  
m ad e  w ith  sm aller in o cu la .

T issu e  cultures. V iru s  suspensions w ere h a rv e s te d  a n d  t i t r a te d  o n  ra b b it  serum  a d a p te d  
D e tro it-6  tissue  cu ltu res  a n d /o r  p r im a ry  h u m a n  a m n io tic  tis su e  cu ltu res . T h e  use o f D e tro it-6  
cells a n d  th e ir  a d a p ta t io n  to  r a b b i t  se rum  w as d esc rib ed  earlie r [15]. P r im a ry  h u m an  a m n io tic  
tis su e  c u ltu re s  were p re p a re d  as follows. A m n io tic  m em b ran es se p a ra te d  from  fresh  and  asep - 
t ic a lly  k e p t  p lacen tas w ere  re p e a te d ly  w ash ed  in  sa line  co n ta in in g  pen ic illin , s tre p to m y c in  
a n d  m y c o s ta tin  u n til th e  f lu id  was c lear a n d  in c u b a te d  in  a n  0.25 p e r c en t so lu tio n  of t ry p s in  
u n d e r  g e n tle  shaking in  a  w a te r  b a th  o f 35° to  36° C fo r 30 m in u te s . T he try p s in  so lu tion  w as 
c h a n g e d  every  15 to  20 m in u te s  u n til  a  sa tis fa c to ry  cell y ie ld  h a d  been  o b ta in e d . All frac tio n s  
w ere im m ed ia te ly  c en tr ifu g e d  ( a t  a b o u t 1500 rp m .)  a n d  th e  cellu la r sed im en t w as re -su sp en d ed  
in  t is su e  cu ltu re  m ed iu m . A f te r  m ak ing  a  cell c o u n t th e  suspension  w as d ilu te d  to  c o n ta in  
200 000 to  300 000 cells p e r  m l. S ta tio n a ry  c u ltu re s  w ere p re p a re d  using  1 m l o f th e  su spension  
p e r  tu b e .  T he cu ltu res g rew  to  a  m ono layer in  4 to  8 d ay s . T h e  tis su e  cu ltu re  m ed ium  co n sis ted  
o f  90 p e r  cen t H an k s’ so lu tio n , 10 per cen t c a lf  se ru m  a n d  0.4 pe r cen t la c ta lb u m in  h y d ro ly sa te . 
A fte r  in fec tio n  a m a in te n a n c e  so lu tion  co n ta in in g  5 p e r c en t ra b b it  se rum , 95 pe r cen t H a n k s ’ 
so lu tio n  a n d  0.25 pe r c e n t  la c ta lb u m in  h y d ro ly sa te  w as used .

T h e  in fected  tis su e  c u ltu re s  were ex am in ed  f i r s t  a t  1 to  2, la te r  a t  4 to  5 days in te rv a ls  
u su a lly  fo r 25 to  30 d a y s  u n d e r  low pow er ( X 150), to  p e rm it in sp ec tio n  of ex tensive  a rea s .

T h e  n e u tra lisa tio n  te s ts  were p e rfo rm ed  in  p r im a ry  h u m an  a m n io tic  tissue  c u ltu re s  
w ith  im m u n e  sera p ro d u c e d  in  ra b b its , as d e sc rib ed  earlie r [10].

Results

A fter the  e x a m in a tio n  of th e  14 ad en o v iru s  s tra in s  belong ing  to  ty p e s  
1 to  7, th e  c y to p a th o g e n ic  effect on p r im a ry  h u m a n  am n io tic  tissue  c u ltu re s  
o f  28 fu r th e r  s tra in s  belong ing  to  th e  ty p e s  1 to  16 was s tu d ie d ; i. e. a to ta l  
o f  42 s tra in s  was e x a m in e d .

S im ilarly  to  o u r  p rev io u s re su lts  [9, 10, 11, 12] our re c e n t in v es tig a tio n s  
h a v e  show n th a t  th e  a d d itio n a l s tra in s  ex am in ed  m ig h t also be d iv ided  in to  
tw o  w ell-defined g ro u p s  accord ing  to  th e  n a tu re  of th e  cy to p a th o g en ic  e ffec t 
p ro d u c e d . In  c o n tra s t  to  ou r ea rlie r s tu d ie s  [6, 11] in  th e  p re se n t w ork in te re s t  
w as focussed n o t to  sing le  cells b u t  m ore to  th e  general asp ec t of th e  to ta l  
cell p o p u la tio n .

T he types of c y to p a th o g e n ic  effects th u s  observed  could  again  be d e n o te d  
as “ ty p e  3” and  “ ty p e  5”  d eg en era tio n , as th e  re c e n tly  s tu d ie d  s tra in s  h a v e  
also  b een  ch a rac te rized  b y  one o f th e se  tw o  ty p e s  o f degenera tion .

These d e g en e ra tio n  ty p es w ere describ ed  earlie r [9, 10, 11, 12], b u t  le t  
us m e n tio n  th a t  ty p e  3 d eg en era tio n  m an ifests  its e lf  in  a ro u n d in g  up, s h r in k 
in g  a n d  increased re fra c tio n  o f th e  cells. S ep a ra tio n  o f th e  d egenera ted  cells 
is n o t  com plete, th u s  a coheren t n e tw o rk  o f d eg en era ted  cells is fo rm ed . 
T h is  n e tw o rk  is c h a ra c te r is tic  o f th e  e a r ly  phase of ty p e  3 d eg enera tion  (F ig s . 
1 to  4 ). D uring th e  fu r th e r  process o f  d eg en era tio n  th e  c o n tin u ity  of th e  n e t 
w o rk  is g radually  b ro k e n  up an d  of th e  p e rs is tin g  groups o f 3 to  10 cells g ra p e 
lik e  d egenera ted  c lu m p s  are fo rm ed . T hese a re  c h a ra c te ris tic  o f th e  la te  p h a se  
o f  tp y e  3 d eg en era tio n  (F ig . 5).

T ype 5 d e g e n e ra tio n  is ch a ra c te riz e d  b y  a g rad u a l c e n tr ip e ta l d ev e lo p 
m e n t o f re frac to ry  m a t te r  an d  g ran u les  in  th e  in fec ted  cells; th e  m arg in s  
b eco m e in d is tin c t a n d  sep a ra tio n  o f th e  in d iv id u a l cells ensues. The c u ltu re
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F ig . 1. A m nio tic  tis su e  c u ltu re  on 4 th  d a y  a f te r  in fec tio n  w ith  a d en o v iru s  s tra in  11/3. N a tiv e
preparation

F ig. 2. T issue cu ltu re  on  3rd  day  a fte r in fe c tio n  w ith  s tra in  16/1. N a tiv e  p re p a ra tio n
F ig . 3. T issue cu ltu re  o n  4 th  d ay  afte r in fe c tio n  w ith  s tra in  14/1. G iem sa s ta in
F ig. 4. T issue cu ltu re  o n  3rd  day  a fte r in fe c tio n  w ith  s tra in  12/1. G iem sa s ta in
F ig . 5. T issue cu ltu re  o n  5 th  day  a fte r in fe c tio n  w ith  s tra in  10/3. N a tiv e  p re p a ra tio n
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b re a k s  up  in to  in d iv id u a l d eg en era ted  cells d is tr ib u te d  a t  ra n d o m  (F igs. 
6, 7 a n d  8). S u b seq u en tly  cy top lasm  becom es loosened up  an d  m ore g ra n u la te d  
to  d is a p p e a r  g rad u a lly  u n til  th e  w hole c u ltu re  ap p ears  to  consist o f  in d iv id u a l 
n u c le i co a ted  w ith  fa d e d  cy top lasm ic  resid u es (F igs. 9, 10 a n d  11).

Table I

G roup ing  o f  the adenovirus stra ins exam ined  according to the type o f  cytopathogenic effect

C y to p a th o g en ic  effec t

“ t y p e  3 '*

S tra in  3/1+

”  3/2+

” 3/3+

”  3/4

”  3/5

”  3/6

”  3/7

”  4/1

”  4/2+

” 7/1+

” 7/4

”  8/2
”  9/1

”  9/2

”  10/3

”  11/3

”  12/1 
”  13/2

”  14/1

” 15/1

”  16/1

“ ty p e  5”

S tra in  1/1+

”  1/2
”  2/ 1+

”  2/ 2+

”  2/3

”  5/1+

”  5/2+

”  5/3+

”  5/4+

”  5/5

”  6/ 1+

”  6/2
”  7/2+

”  7/3

”  7 a /l

”  8/1
”  10/1 
”  10/2

”  И Д  
”  11/2 
”  13/1

T ab le  I show s th e  d is tr ib u tio n  o f  th e  42 v iru s  s tra in s  acco rd in g  to  th e ir  
c y to p a th o g e n ic  e ffec t (ty p e  3 or 5 d eg en era tio n ). In  th e  s tra in s  d en o ted  b y  +  
th e  cy to p a th o g en ic  e ffec t has n o t u n d erg o n e  changes d u rin g  n e a rly  3 y ea rs  
o f  la b o ra to ry  m a in te n a n c e  excep t fo r s tra in  7/2 w hich in  th e  p rev io u s e x p e ri
m e n ts  h ad  elic ited  a ty p e  3 d eg en e ra tio n  b u t  recen tly  o b serv ed  to  p ro d u ce  
ty p e  5 degen era tio n . M ost s tra in s  w ith in  one an d  th e  sam e serological ty p e  
e x h ib ite d  th e  sam e ty p e  of c y to p a th o g e n ic  effect, n ev erth e less  d iffe ren t 
c y to p a th o g e n ic  effec ts  w ith in  one sero log ica l group were also observed .
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F ig . 6. T issue c u ltu re  60 hours a fte r in fe c tio n  w ith  s tra in  10/1. N a tiv e  p re p a ra tio n  
F ig . 7. T issue c u ltu re  on  5 th  day a f te r  in fec tio n  w ith  s tra in  5/5. G iem sa s ta in
F ig . 8. T issue c u ltu re  on 5 th  day a f te r  in fe c tio n  w ith  s tra in  13/1. G iem sa s ta in

F ig . 9. T issue c u ltu re  o n  7 th  day a fte r in fe c tio n  w ith  s tra in  11/2. N a tiv e  p re p a ra tio n  
F ig . 10. T issue c u ltu re  on 6 th  day a f te r  in fec tio n  w ith  s tra in  10/1. Giem sa s ta in
F ig . 11. T issue c u ltu re  on  6 th  day a f te r  in fec tio n  w ith  s tra in  7 a /l .  G iem sa s ta in
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I t  m igh t be s ta te d  th a t  th e  c y to p a th o g e n ic  effect o f adenov iruses on 
p r im a ry  hum an  a m n io tic  tissue  cu ltu re s  is ty p ic a l in  re la tiv e ly  young (4 to  
1 0 -d ay  old) c u ltu re s . T h e  ty p e  o f  th e  c y to p a th o g e n ic  effect w as less easy  to  
d iffe re n tia te  in  o ld e r cu ltu re s ; th e se  o fte n  show ed in te rm e d ia ry  fo rm s, 
p a r tic u la r ly  in  th e  case o f  ty p e  5 d e g en e ra tio n . On red u c in g  th e  q u a n ti ty  o f 
th e  inocu lum  th e  ty p e  o f  th e  c y to p a th o g e n ic  effect rem a in ed  th e  sam e b u t  
d eg en e ra tio n  en su ed  o n ly  a t  th e  p e rip h e ry .

F ig . 12. Gross a p p e a ra n c e  of d eg en e ra ted  tis su e  c u ltu re  on 4 th  d a y  a f te r  in fec tio n  w ith  
s tra in  3/5. N a tiv e  p re p a ra tio n

F ig . 13. Gross a p p e a ra n c e  of d eg en era ted  tis su e  c u ltu re  on 5 th  d a y  a f te r  in fec tio n  w ith  
s tra in  10/1. N a tiv e  p re p a ra tio n

The ty p e  o f  d eg en e ra tio n  w as n o t  in flu en ced  b y  p rev io u s passage o f  
th e  v iru s  on D e tro it-6  or h u m an  am n io tic  tissu e  cu ltu res . T he in fec ted  a n d  
d eg en e ra ted  cells w ere observed  to  ad h ere  fo r  a long tim e  to  th e  glass w a ll 
a n d  th e  ty p e  o f th e  cy to p a th o g en ic  e ffec t could  be id e n tif ie d  even a f te r  
in c u b a tio n  for 1 m o n th  a t  37°€ or ro o m  te m p e ra tu re . T he cy to p a th o g en ic  
e ffec t could be n e u tra lis e d  b y  a p p ro p r ia te  im m u n e  serum .

The d ifference b e tw een  th e  tw o  ty p e s  o f cy to p a th o g en ic  effect w as 
m a rk e d  and  cou ld  be  e stab lish ed  b y  th e  n a k e d  eye (F igs. 12 an d  13) o n  
th e  basis of th e  g ra n u la te d  ap p e a ra n ce  o f  ty p e  3 as c o n tra s te d  w ith  th e  
hom ogeneous a sp ec t o f  ty p e  5 d eg en era tio n .
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Discussion

The cy to p a th o g en ic  effect o f adenov iruses w as s tu d ie d  on the basis  of 
th e  m orpho log ical a n d  biochem ical changes observed  in  in d iv id u a l cells [1— 8]. 
A m ong o th ers  B o y e r  et al. [3] ex am in ed  th e  d iffe re n t typ es o f a d e n o 
v iruses in  H eL a cell cu ltu re s ; th e y  observed  d iffe ren t cy to p a th o g en ic  changes 
in  in d iv id u a l cells. W e succeeded  in  d e m o n s tra tin g  d ifferences in  the  in d iv id u a l 
cells of cu ltu res  in fec ted  w ith  ty p e  3 o r ty p e  5 s tra in s  [11]. In  th e  p re se n t 
ex p erim en ts , on th e  o th e r  h an d , th e  genera l ap p earen ce  o f  cu ltu res h as  b een  
com pared  a fte r  in fec tio n . N a tu ra lly , th e  changes in  th e  w hole cu ltu re  c a n n o t 
be ex am in ed  se p a ra te ly  from  tho se  of th e  in d iv id u a l cells, b o th  b e ing  due 
to  th e  sam e d e te rm in in g  fac to rs . S till, ex a m in a tio n  of th e  cu ltu re  as a w hole 
h a s  been  supposed  to  y ie ld  ad d itio n a l in fo rm a tio n  concern ing  th e  d y n am ics  
o f in fec tion .

S tu d y in g  th e  to ta l  in fec ted  cell p o p u la tio n  allow ed  to  gain a m ore  
com plete  p ic tu re  o f th e  d e s tru c tiv e  effect, in  v iew  o f th e  fa c t th a t  th e  changes 
in  th e  in d iv id u a l cells can  only  be s tu d ied  in  p re p a ra tio n s  fixed  an d  s ta in e d  
a t  a ce rta in  phase , w hile th e  to ta l  in fec ted  p o p u la tio n  m ay  be ex am in ed  
th ro u g h o u t all s tages o f th e  wdiole cy to p a th o g en ic  p rocess.
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Sum m ary. T he p h o sp h a ta se  a c tiv ity  o f  929 E n te ro b a c te r ia c e a e  s tra in s  has been  e x 
am in ed . T h e  d is tr ib u tio n  o f s tra in s  accord ing  to  p h o sp h a ta se  p ro d u c tio n  w as as follows. O f 6 7 
P ro v id e n c ia  stra in s  12 p o s itiv e , 55 n eg a tiv e ; o f  140 Proteus hauseri s t ra in s  139 positive , 1 n e 
g a tiv e ; o f  125 Proteus m organii s tra in s  4 p o s itiv e , 121 n e g a tiv e ; o f 38 P roteus rettgeri s tra in s  
8 p o s itiv e , 30 negative . N o p h o sp h a tase  a c t iv ity  w as o b se rv ed  in  o th e r  e n te ric  b ac te ria  (150 
E . coli, 153 K lebsiella, 115 Shigella , 45 S a lm onella , 72 C itro b a c te r , 23 A rizo n a , 2 Cloaca cloacae 
a n d  1 H a fn ia  cu ltu res).

T h e  uniform  p o s itiv ity  o f  th e  p h o sp h a ta se  re ac tio n  w ith  Proteus hauseri s tra in s  is in d i
c a tiv e  o f th e  re la tio n  b e tw ee n  Proteus vulgaris  an d  m irabilis .

T h e  re la tiv e  freq u e n c y  of p o sitiv e ly  re a c tin g  s tra in s  w ith in  th e  gen u s P rov idencia  seem s 
to  co n firm  th e  con cep tio n  th a t  th is  genus belongs to  th e  tr ib e  P ro te ae .

No an tigen ic  re la tio n sh ip  w as show n  am ong Proteus hauseri a n d  o th e r  p h o sp h a tase  
p o sitiv e  P ro teae  s tra in s .

T he de tec tion  o f  b a c te ria l enzym es has a consid erab le  d iagnostic  an d  
p a th o g en e tic  im p o rta n c e . C erta in  enzym e reac tio n s  (c a rb o h y d ra te  fe rm e n ta 
tio n , u rease , p h en y la lan in e  desam inase , am ino  acid  d ecarb o x y lase  reac tio n , 
e tc .) can  be used fo r d iffe ren tia tio n  am ong  g roups or su b g ro u p s  of b ac te ria . 
O th e r enzym es (coagu lase, b y a lu ro n id ase , le c ith in ase , e tc .) a re  supposed to  
be associa ted  w ith  p a th o g e n ic ity . T h e ir  e s tim a tio n  affo rds in fo rm a tio n  of th e  
ca u sa tiv e  role o f m icroorgan ism s iso la ted  from  p a th o lo g ica l conditions.

In  staphy lococci, in  a d d itio n  to  coagulase an d  h y a lu ro n id ase , p h o s
p h a ta se  is considered  to  be ch a ra c te ris tic  o f  p a th o g e n ic ity . B a r b e r  et al. 
show ed  th a t  p a th o g en ic  cocci are p ro d u c in g  p h o sp h a ta se  [1, 2 ]. This o b ser
v a tio n  was confirm ed  b y  R a m g a n  a n d  K a t d a r e , a lth o u g h  these  au th o rs  
o b ta in e d  no such u n ifo rm  resu lts  [3].

As regards th e  spore-fo rm ing  bacilli, p h o sp h a ta se  a c t iv i ty  in  B. cereus 
w as described  b y  I v a n o v ic s  an d  F ö l d e s  [4].

F o r th e  d e tec tio n  o f b ac te ria l p h o sp h a ta se  the  p h en o lp h th a le in  p h o s
p h a te  m ethod  was f i r s t  app lied  b y  B r a y  an d  K i n g  in  1942 [5]. F o r th e  ex 
a m in a tio n  of s tap h y lo co cc i B a r b e r  et al. u sed  an  ag ar m ed iu m  con ta in ing  
0.01 p e r cent o f so d iu m  p h e n o lp h th a le in  p h o sp h a te . T h e y  show ed th a t  no 
in flu en ce  was ex e rted  on th e  re a c tio n  e ith e r b y  10 per cen t b lood  or b y  5 to  
10 p e r  cen t sodium  ch lo ride . W ith  m ed ia  co n ta in in g  th e  la t te r  substance , 
as  g ro w th  was sc a n ty , read ings w ere recom m ended  to  be  perfo rm ed  on ly  
a f te r  48 hours [1, 2].
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In s te a d  of an  ag a r p la te  m ed iu m , H a l l m a n n  in  1954 recom m ended  
th e  use o f a flu id  m ed ium  c o n ta in in g  th e  sam e co n cen tra tio n  of th e  su b s tra te [7 ] .

T he purpose o f th e  p re se n t w o rk  w as to  ex am in e  th e  occurrence  o f  
p h o sp h a ta se -p ro d u c in g  s tra in s  am o n g  en te ric  b a c te r ia , an d  to  a sce rta in  
w h e th e r  th e  reac tio n  w as su itab le  fo r sy stem atic  d iffe ren tia tio n . I t  w as also 
s tu d ie d  w heth er p h o sp h a ta se  p ro d u c tio n  was m erely  a p ro p e r ty  o f  fre sh ly  
iso la te d  cu ltu res, or i t  re m a in e d  s tab le  also on su b c u ltu r in g  th e  s tra in .

M aterials and methods

Test strains. O f th e  929 s tra in s  472 w ere in te rn a tio n a l ty p e  c u ltu re s , 457 w ere iso la te d  
fro m  m a te ria ls  sen t fo r ro u tin e  e x a m in a tio n  to  th is  lab o ra to ry .

O f th e  in te rn a tio n a l ty p e  c u ltu re s  th e  follow ing were ex am in ed  (b rac k e te d  n am es an d  
f ig u re s  in d ic a te  th e  nam e o f th e  co llecto r a n d  th e  n u m b er o f th e  ex am in ed  s tra in s ).

P ro v id en cia  (E v in g , 76), Proteus hauseri (K a u ffm a n n , 76), Proteus m organii (R a u ss , 
31), Proteus rettgeri (N a m io k a —S a k a za k i, 36), Escherichia coli (K a u f f m a n n , 49), K lebsiella  
( K a u f f m a n n , 30), Shigella (W e i l — Ca r p e n t e r , F lex n er and  L arg e-S ach s g ro u p  501 — 505, 
4 2 ), Sa lm onella  (K a u f f m a n n , 44), A rizo n a  (K a u ffm a n n , 1), B a lle ru p  (K ijf f m a n n , 1), Cloaca 
cloacae (K a u ffm a n n , 1), H a fn ia  (K a u f f m a n n , 1), C itrobacter (Se d l a k , 71), A rizona (Se d l a k ,, 
22 ) .

Iso la tion  of b a c te r ia  fro m  ro u tin e  m a te ria ls  w as perform ed o n  E n d o  an d  d eso x y ch o la te  
c i t r a te  ag ar. T he sy s tem atic  p o s itio n  o f th e  s tra in s  w as d e te rm in ed  o n  th e  basis o f  b iochem ical 
te s ts ;  th e  ch arac te ris tic  co lon ia l m o rp h o lo g y  w as also ta k e n  in to  co n sid e ra tio n . B y  use o f  
th e  p o ly tro p ic  m edia  I a n d  I I  [8, 9 ], th e  fo llow ing reac tio n s w ere c a rr ie d  o u t. F e rm e n ta tio n  o f  
la c to se ,  glucose, sucrose, p ro d u c tio n  o f u rease  a n d  H 2S, u tiliz a tio n  o f c itra te , p ro d u c tio n  o f  
in d o le  a n d  gela tinase . Shigellae a n d  E . coli ty p e s  associated  w ith  in fa n tile  e n te r itis  w ere  id en 
t if ie d  b y  slide ag g lu tin a tio n  in  О an d  OB se ra , respec tive ly .

F ro m  ro u tin e  m a te ria l  457 s tra in s  w ere se lected . A ccording to  b iochem ical a n d  serolo
g ica l p ro p e rtie s  these  w ere g ro u p ed  as follow s.

Proteus hauseri 64, P roteus m organii 94, Proteus rettgeri 2, E . coli 101, K lebsie lla  123, 
S h ig e lla  69, Salm onella 1, C itro b a c te r  2, Cloaca cloacae 1.

A m ong 69 Shigella s tra in s  28 Sh . f le x n e r i  an d  41 Sh. sonnei w ere  en co u n tered .
O f 16 E . coli s tra in s  a sso c ia ted  w ith  in fa n tile  en te ritis  11 be lo n g ed  to  0 1 1 1  : B 4, 3 to- 

0 5 5  : B 5 , 1 to  0112  : B13 a n d  1 to  0 1 2 6  : B16.
M ed iu m . T he s u b s tra te  w as p re p a re d  as described  b y  F is h m a n  et al. [6].
In s te a d  of th e  ag ar m ed iu m  em ployed  b y  B a rber  et al., H a llm a n n ’s b ro th  co n ta in in g  

0.01 p e r  c e n t sodium  p h e n o lp h th a le in  p h o sp h a te  w as used [7]. T h e  m ed iu m  w as d is tr ib u te d  
in  3 m l am o u n ts  in to  s te rile  W id a l tu b e s . A fte r  th e  s te rility  te s t  h a d  b e en  pe rfo rm ed , th e  tu b es  
w ere  in o cu la te d  w ith  a need le  fro m  24 h o u r  a g a r s la n t cu ltu res. In c u b a tio n  la s te d  fo r 24 h o u rs  
a t  37° C. In  all series o f e x a m in a tio n s  one u n in o cu la te d , one p o sitiv e  a n d  one n e g a tiv e  co n tro l 
w e re  in c lu d ed .

A p ositive  reac tio n  w as in d ic a te d  b y  a  red  colour a fte r th e  a d d itio n  o f 2 o r 3 d rops o f  
0.1 N  or N  N aO H .

T he stra in s  w ere te s te d  im m e d ia te ly  a f te r  iso la tio n , th e n  a f te r  2 w eeks an d  f in a lly  a fte r  
3 m o n th s .

Results

A m ong the  ty p e  s tra in s  p h o sp h a ta se  a c tiv ity  w as d is tr ib u te d  as follow s. 
O f 67 P rov idencia  s tra in s  th e  enzym e w as produced  b y  12 cu ltu res . N o phos
p h a ta s e  w as form ed b y  55 P ro v id en c ia  s tra in s . Of 76 Proteus hauseri s tra in s  
75 re a c te d  positively , 1 n e g a tiv e ly . O f Proteus m organii 1 s tra in  w as positive 
30 s tra in s  were n eg a tiv e . O f Proteus rettgeri 8 were p o sitiv e , 28 n e g a tiv e . 
N o p h o sp h a ta se  p ro d u c tio n  w as found  in  49 E . coli, 30 K lebsie lla , 42 Shigella»
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44 Salm onella, 23 A rizo n a , 72 C itro b ac te r, 1 Cloaca cloacae an d  1 H afn ia  c u l
tu re s  (Table I).

T ab le  I

Phosphatase a c tiv ity  o f  typ e  stra ins

Positive Negative Total

P ro v id e n c ia ....................................... 12 55 67

Proteus h a u s e r i ................................ 75 1 76

Proteus m organii ............................ 1 30 31

Proteus r e t tg e r i ................................ 8 28 36

Escherichia c o l i ................................ — 49 49

K le b s ie l la ............................................ — 30 30

Shigella ............................................... — 42 42

S a lm o n e lla .......................................... — 44 44

A rizona ............................................... — 23 23

C itro b ac te r ........................................ — 72 72

Cloaca cloacae ................................ — 1 1

H afn ia  ............................................... — 1 1

T o ta l ...................................................... 96 376 472

S tra in s  iso la te d  from  rou tine  m a te r ia l  b eh av ed  as follow s. All th e  6 4  
Proteus hauseri c u ltu re s  reacted  p o sitiv e ly . O f 94 Proteus m organii 3 w ere 
po sitiv e , 91 were n e g a tiv e . O ther s tra in s  ex h ib ite d  no p h o sp h a ta se  a c t iv i ty  
(2 Proteus rettgeri, 101 E . coli, 123 K leb sie lla , 69 Shigella , 1 Salm onella, 2. 
C itro b ac te r, 1 Cloaca cloacae) (Table I I ) .

T ab le  I I

Phosphatase activity o f  fre sh ly  isolated stra ins

Positive Negative Total

Proteus h a u s e r i ................................ 64 — 64

Proteus m organii ......................... 3 91 94

Proteus r e t tg e r i ................................ — 2 2

Escherichia c o l i ................................ — 101 101

K le b s ie lla ............................................ — 123 123

Shigella ............................................... — 69 69

Salm onella  ....................................... — 1 1

C itrobac ter ....................................... — 2 2

Cloaca cloacae ................................ — 1 1

T o ta l .................................................... 67 390 457
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Table I I I  su m m arizes  the  p h o sp h a ta se  reac tio n  o f  th e  929 ex am in ed  
s tra in s .

T ab le  I I I

P hosphatase  activity o f  929 Enterobacteriaceae stra ins

Positive Negative Total

Proteus h a u s e r i .......................... 1 3 9 l 1 4 0

Proteus m organii ...................... 4 1 2 1 1 2 5

Providencia................................... 12 5 5 6 7

Proteus re ttgeri........................... 8 3 0 3 8

Escherichia c o l i .......................... — 1 5 0 1 5 0

Klebsiella........................................ — 1 5 3 1 5 3

Shigella ......................................... — 1 1 1 1 1 1

Salmonella..................................... — 4 5 4 5

Citrobacter ................................... — 7 4 7 4

Arizona .......................................... — 2 3 2 3

Cloaca cloacae .......................... — 2 2

Hafnia ............................................ - 1 1

Total........................................... 1 6 3 7 6 6 9 2 9

O f 140 Proteus hauseri cu ltu re s  139 were p h o sp h a ta se  po sitiv e  a n d  
o n ly  1 was n eg a tiv e , o f  125 Proteus m organii 4 were p o sitiv e  an d  121 w ere 
n e g a tiv e . Of 67 P ro v id en c ia  s tra in s  12 reac ted  p o sitiv e ly , 55 n e g a tiv e ly . 
O f 38 Proteus rettgeri 8 produced p h o sp h a ta se . U n ifo rm ly  n eg a tiv e  reac tio n s  
w ere  o b ta in ed  w ith  150 E . coli, 153 K lebsie lla , 111 Shigella , 45 S alm onella , 
74 C itrobac te r, 23 A rizona , 2 Cloaca cloacae and  1 H afn ia  s tra in s .

The p h o sp h a ta se  te s t  was c a rr ie d  o u t in ad d itio n  to  fre sh ly  iso la ted  
c u ltu re s  on th e  co rrespond ing  su b c u ltu re s  a fte r 2 w eeks an d  3 m o n th s . T he 
re su lts  o b ta ined  w ith  subcu ltu res w ere alw ays in  ag reem en t w ith  those  o b 
ta in e d  w ith  th e  fre sh  organism s.

P h o sp h a ta se -p ro d u c in g  P ro v id en c ia , Proteus m organii an d  rettgeri s tra in s  
show ed  no an tig en ic  re la tio n sh ip  to  Proteus hauseri.

D iscussion

The occurrence a n d  significance o f  phosp h a tase  in  v a rious g roups o f  
e n te r ic  b ac te ria  h as  n o t  so fa r been  in v es tig a ted . B ecause o f its  s im p lic ity , 
th e  p h o spha tase  re a c tio n  is well s u ite d  fo r p rac tica l p u rp o ses . P h o sp h a ta se -  
p ro d u c in g  s tra in s  gave  consisten tly  p o s itiv e  reactions on su b seq u en t e x a m in a 
tio n s  an d  th e  su b c u ltu re s  of s tra in s  g iv in g  a n egative  re a c tio n  a t  th e  f i r s t
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e x am in a tio n  co n tin u e d  to  y ield  n e g a tiv e  re su lts . A ccord ing ly , p h o sp h a ta se  
p ro d u c tio n  in  su b c u ltu re s  has b een  fo u n d  a p ro p e rty  s tab le  for a t  le a s t  3 
m o n th s .

N o associa tion  w as found  be tw een  p h o sp h a ta se  p ro d u c tio n  an d  o th e r  
b iochem ical re a c tio n s . W ith  th e  ex cep tio n  o f urease  a n d  H 2S p ro d u c tio n , 
no para lle lism  w as re v e a le d  w ith  a n y  o f  th e  em ployed  biochem ical te s ts . 
I t  w as s trik in g  t h a t  am o n g  en teric  b a c te r ia  p h o sp h a ta se -p ro d u c in g  organ ism s 
o ccu rred  exclusively  in  th e  tr ib e  P ro te a e .

On th e  basis  o f  K a u f f m a n n  a n d  P e r c h ’ s  s tu d ie s  on th e  an tig en ic  
s tru c tu re  of th ese  b a c te r ia , Proteus m irab ilis  a n d  Proteus vulgaris have  b een  
in c lu d ed  in  one genus ( Proteus hauseri)  [10]. In  th e  p re se n t p ap er i t  h as  
b een  show n th a t  w ith in  th e  tr ib e  P ro te a e  p h o sp h a ta se  p ro d u c tio n  is c h a ra c te r 
is tic  o f th e  genus Proteus hauseri. W ith in  th e  genera Proteus m organii a n d  
rettgeri th is  enzym e o ccu rred  in fre q u e n tly , a  fa c t su p p ly in g  a b iochem ical 
c o n firm a tio n  o f th e  re la tio n sh ip  b e tw een  Proteus vulgaris  a n d  m irabilis.

T he p h o sp h a ta se  re a c tio n  m a y  be  considered  a te s t  eq u a l in  ra n k  w ith  
th e  H 2S reac tio n .

A m ong 125 Proteus m organii s tra in s  4 p h o sp h a tase -p o sitiv e  cu ltu re s  
w ere fo u n d  (3 p er c e n t) . T h is fin d in g  does n o t  a ffec t th e  ab o v e  co n sidera tion . 
T he te s t ,  as well as o th e r  reac tio n s, seem s to  be  su b jec t o f  ce rta in  v a r ia b ility . 
O f 38 Proteus rettgeri s tra in s  8 w ere p h o sp h a ta se -p ro d u c in g  organism s (21 
p e r cen t). These s tra in s  show ed no an tig en ic  re la tio n sh ip  to  Proteus hauseri. 
F ro m  th e  resu lts  i t  m a y  be concluded  th a t  w ith  th e  tr ib e  P ro teae  th e  te s t  
is w ell su ited  fo r th e  d iffe ren tia tio n  o f  Proteus hauseri.

I t  should  be n o te d  th a t  in  th e  genus P ro v id en c ia  a considerab le  n u m b e r 
(ap p ro x . 18 p er cen t) o f  p h o sp h a ta se -p o sitiv e  cu ltu res  occu rred . The fa c t t h a t  
o u ts id e  th e  tr ib e  P ro te a e  no such en te ric  b a c te ria  h av e  been  en coun tered , 
su p p o rts  th e  v iew  t h a t  th e  genus P ro v id en c ia  belongs to  th e  tr ib e  P ro te a e .
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Sum m ary . T h e  p h ag e-ty p e , flag e lla r a n tig e n  a n d  Д-p h en y l p ro p io n ic  acid (P P ) re a c tio n  
of 483 E . coli 0 1 1 1  : B4 an d  0 5 5  : B5 s tra in s  iso la te d  fro m  h o sp ita lised  in fan ts  h a v e  b een  
exam ined.

S tra in s  be lo n g in g  to  group  0111  : B4 fell m o s tly  in to  p h a g e -ty p e  111/2, co n ta in ed  f l a 
gellar a n tig e n  H 2 , a n d  gave a p o sitiv e  P P  re ac tio n . S tra in s  0 5 5  : B5 belonged g en era lly  to  
phag e-ty p e  55/2, c o n ta in ed  H  a n tig en  6 an d  w ere P P  n eg a tiv e .

No close asso c ia tio n  was fo u n d  b e tw een  th e se  p ro p e rtie s  (p h a g e-ty p e , se ro ty p e  a n d  
b io type) an d  p a th o g e n ic ity  or sp read in g  p o ten cy .

T he ro u te  a n d  source of nosocom ial E . coli in fec tio n s  cou ld  a d e q u a te ly  he fo llow ed a n d  
trac ed  b y  p h a g e -ty p in g .

In  th e  sea rc h  fo r th e  source of nosocom ial in fec tio n s  cau sed  b y  E . coli a sso c ia ted  w ith  
in fan tile  e n te r it is ,  in  a d d itio n  to  b iochem ical a n d  sero log ical e x am in a tio n , p h a g e -ty p in g  o f 
the  cu ltu res  is co n sid ered  im p o rta n t.

The p a th o g e n ic ity  o f E . coli s tra in s  asso c ia ted  w ith  in fan tile  e n te r it is  
has been co n firm ed  all over th e  w orld . S everal ep idem iological q u es tio n s  
concerning th is  p rob lem  have n o t been  e lu c id a ted . In  o rd e r to  achieve a re liab le  
trac in g  o f th e  sou rce  an d  follow ing up  th e  ro u te  o f in fec tio n , in o th e r w ords 
to  m ake possib le  th e  in tro d u c tio n  o f effective p re v e n tiv e  m easures, in  a d d itio n  
to  serological a n d  b iochem ical ex am in a tio n s  p h a g e -ty p in g  o f th e  p a th o g en ic  
agen t w as also  necessary .

In  1952 E ö r s i  et al. [1, 2] re p o rte d  th a t ,  w ith  new ly  iso lated  p h ag es , 
th e y  w ere ab le  to  d iv ide in to  ty p e s  E . coli 0 1 1 1 : B4 a n d  0 5 5 : B5 s tra in s . 
The ty p in g -p h a g e s  were specific fo r th e  co rresp o n d in g  serological g ro u p s. 
W ith  4 p h ag es s tra in  0111  : B4, an d  w ith  3 phages s tra in  0 5 5  : B5 w ere  
classified in to  4 a n d  3 ty p es , re sp ec tiv e ly . A n asso c ia tio n  w as found b e tw een  
p h ag e -sen sitiv ity  a n d  flage lla r an tig en . S tra in s  c o n ta in in g  th e  sam e H  a n tig e n s  
(e.g. 01 1 1  : B4 : H 2 an d  0 5 5  : B5 : H 6) w ere su b d iv id ed  in to  phage ty p e s  
[3, 4].

In  s u b se q u e n t w ork  ou r se t o f p h ag es w as su p p lem en ted  w ith  n ew ly  
iso la ted  or a d a p te d  phages an d  th e  e x am in a tio n s  w ere ex tended  to  g ro u p
0 2 6  : B6.

B y  m ean s o f ty p in g -p h ag es, b iochem ical a n d  serological re a c tio n s , 
s tra in  0 1 1 1  : B 4 has been  d iv ided  in to  7, s tra in  0 5 5  : B5 in to  5, s tra in  0 2 6  : B6 
in to  4 ty p e s  [5].

6 *



412 H. MILCH and ZS. D E Á K

W hen th e  e la b o ra tio n  o f our p h a g e -ty p in g  m eth o d  w as in  p rogress, 
N icolle et al. [6] also w o rk ed  w ith  th e  p h a g e -ty p in g  of E . coli s tra in s  asso c ia ted  
w ith  in fan tile  e n te r it is . A t f ir s t  w ith  14 th e n  w ith  25 p hages th e y  w ere able 
to  c lassify  th e  01 1 1  : B4 an d  0 5 5  : B5 s tra in s  in to  11, s tra in  0 2 6  : B6 in to  
7 ty p e s . The phages o f  N icolle et al. w ere n o t specific fo r th e  serological 
g ro u p s, b u t  s im ila rly  to  o u r phages, th e y  show ed an  asso c ia tio n  to  flag e lla r 
a n tig e n s . A connection  w as also found  b e tw e e n  certa in  b iochem ica l p ro p e rtie s  
a n d  p h ag e -sen sitiv ity . A ccord ing  to  th e  a b o v e  au th o rs , th e  ß -p ro p io n ic  acid  
re a c tio n  (in th e  fo llow ing  P P  reac tio n ) described  b y  D ’Alessandro an d  
Comes confirm s an d  com pletes th e  re su lts  o b ta in ed  b y  p h a g e -ty p in g  [7, 8].

A ccordingly , fo r th e  d iffe ren tia tio n  o f  o u r s tra in s sero logical ty p in g  an d  
th e  P P  reac tio n  were p erfo rm ed  in  a d d itio n  to  p h ag e-ty p in g . (E x am in a tio n s  
concern ing  Nicolle’s p h ag es are to  be  described  in  a su b seq u en t p ap er.)

T he d istingu ished  p h ag e-ty p es o f g ro u p  0 1 1 1 : B4, th e ir  flag e lla r an tig en s  
a n d  th e ir  P P  reac tio n  a re  p resen ted  in T ab le  I.

Table I
Phage pattern  o f  E . coli 0111 : B4

Phage-type Serotype
PP

reaction

Lysis w ith typing-phages

a a l aF42 b Ь2

l i i / i 0111  : B4 : H - + + ± + + +
111/5 0111  : B4 : H - + — + — — ±
111/7 O U I  : B4 : H — + ± — — + +
111/2 011 1  : B 4 : H2 +  . — - — + +
111/4 011 1  : B 4 : H2 — — — — + +
111/3 0111  : B 4 : H12 - — - — ± ±
111/6 0111 : B4 : I I I 2 — — — — — —

+  =  confluent lysis 
±  =  semi-confluent lysis

W ith  5 ty p in g -p h a g e s , s tra in s be lo n g in g  to  th is  serog roup  fall in to  7 
p h ag e -ty p es . Of th e  5 ty p in g  phages “ a ” , “ a l ” , “ b ”  a n d  “ b 2 ”  are  specific  
fo r g roup  0111 : B 4 ; p h ag e  “ aF 4 2 ”  ly ses also p h ag e -ty p es  belong ing  to  
g ro u p s 0 5 5  : B5 an d  0 2 6  : B 6 .T h e  p h a g e -ty p e s  are grouped  acco rd ing  to  th e ir  
f la g e lla r  an tigens. T y p es  111/1, 111/5 a n d  111/7 are n o n -flag e lla ted . T hus, 
as to  p h ag e-sen sitiv ity , non -flag e lla ted  111 : B4 s tra in s  can  he d iv id ed  in to  
3 ty p e s ;  these ty p e s  are  a ll P P  positive . S tra in s  w ith  a n tig e n  H 2 belong  to  a 
s e p a ra te  p h age-type  a n d  can  be d iv id ed  in to  P P  positive  an d  P P  n eg a tiv e  
v a r ia n ts .  S tra ins w ith  a n tig e n  H12 are  P P  negative  an d  a t  p re sen t can  be 
d is tin g u ish ed  as phag e-sen sitiv e  and  p h a g e -re s is ta n t v a r ia tio n s . W ith in  g roup
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0 5 5  : B 5, b y  th e  use o f  3 phages, 5 ty p e s  w ere so fa r d iffe re n tia ted  (T able I I ) .  
B ased  on th e ir  s e n s it iv ity  to  phages, “ к ”  a n d  “ 1”  s tra in s  55/1, 55/2 a n d  53/3 
m ay  be recognized . T hese types u su a lly  co n ta in  H  a n tig e n  6. In  a d d itio n  to  
phages “ k ”  an d  “ 1” , w hich  are specific  fo r th e  0 5 5  : B5 group , s tra in s  sen-

Т аЫ е I I

Phage-pattern o f  E . coli 0 5 5  : B 5

Serotype
P P

Lysis w ith typing-phages
Phage-type reaction

к 1 aF42

55/1 0 5 5  : B5 : H6 — 4 - + —

55/2 0 5 5  : B5 : H6 — + — -

55/3 0 5 5  : B5 : H6 — — + -

55/4 0 5 5  : B5 : H2 

o r H - ■ _j_ ± +
55/5 0 5 5  : B5 : H6 — — — —

+  =  confluent ly sis  
f z  =  sem i-confluent lysis

s itiv e  to  phage “ a F 4 2 ”  are d is tin g u ish ed  as a s e p a ra te  ty p e , 55/4. T hese 
s tra in s , a lth o u g h  u n fre q u e n tly  o ccu rrin g , are  well d is tin g u ish ab le  fro m  th e  
o th e r p h ag e-ty p es. T he flagellar v a r ia n ts  o f  th ese  s tra in s  co n ta in ed  H  a n tig e n  2, 
i.e. a flag e lla r a n tig e n  iden tica l w ith  t h a t  found  in  g roup  0111  : B 4. T h e  
re la tio n sh ip  to  g roup  0 1 1 1  : B4 is sh o w n  b y  th e  se n s itiv ity  to  phage “ a F 4 2 ” , 
w hich  lyses 0 1 1 1  : B 4 s tra in s  as w ell. T h a t  th is  p h ag e -ty p e  differs from  o th e r  
0 5 5  : B5 s tra in s  is p ro v e d  by  th e  f a c t  t h a t  while p h ag e -ty p es  55/1, 55/2, 
55/3 a n d  55/5 a re  P P  n eg a tiv e , s tra in s  b e lo n g in g  to  55/4 give a positive re a c tio n .

D ivision of g roup  0 2 6  : B6 s tra in s  w as also p e rfo rm ed . As in  th e  e x a m in e d  
m a te ria ls  th is  se ro g ro u p  w as rare or a b s e n t its  p h ag e -ty p in g  will he d iscussed  
in  a su b seq u en t p a p e r.

In  th e  p re se n t p a p e r  we shall r e p o r t  on th e  p h a g e -ty p in g  of 0 1 1 1  : B4 
an d  0 5 5  : B5 s tra in s  iso la ted  from  in fa n ts  a d m itte d  to  various h o sp ita ls .

T he orig inal p u rp o se  of the  p re se n t w ork  was (i) to  exam ine th e  p h ag e- 
ty p e  d is tr ib u tio n  o f  th e  iso la ted  s tra in s  in  ep idem ic a n d  non-epidem ic p e rio d s  
in  d iffe ren t h o sp ita ls ; (ii) to  reveal th e  associa tion  b e tw een  p h ag e-ty p es a n d  
th e  sev e rity  o f th e  d isease and  th e  sp re a d  o f th e  in fec tio n ; (iii) to  ex am in e  
w h e th e r our p h a g e -ty p in g  m ethod  e la b o ra te d  in  re c e n t y ea rs  was su ita b le  
for th e  follow ing u p  o f  E . coli in fec tions, i.e. fo r th e  d e te c tio n  of th e  in fec tiv e
source.
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M aterials an d  m ethods

Cultures. A lto g e th e r 483 E . coli s tra in s  a sso c ia ted  w ith  in fan tile  e n te r it is  were ex am in ed . 
A ll th e  cu ltu res  h ad  b e en  iso la te d  in  1959. O f th e  s t r a in s  438 belonged to  g ro u p  0111  : B 4, 135 
to  g ro u p  0 5 5  : B5. T h e  c u ltu re s  w ere o b ta in e d  fro m  5 d iffe ren t p a e d ia tr ic  h o sp ita ls . H o sp ita ls  
d e s ig n a te d  w ith  A a n d  В  w ere  s itu a te d  in  c o u n try  c en tres  in  H u n g a ry . H o sp ita l C w as a n  
E a s t  G erm an  ch ild ren s’ h o sp ita l ,  D and  E  w ere B u d a p e s t hosp ita ls . I n  ad d itio n , d u rin g  a 
se a rc h  fo r th e  source o f no so co m ia l en te ric  in fec tio n s , s tra in s  iso la ted  fro m  a n  in fa n ts ’ h o s te l 
w e re  also included. W ith  som e excep tio n s, th e  s tra in s  o rig in a ted  fro m  e n te ric  in fec tio n s ; 
s t r a in s  from  o th er in d iv id u a ls  w ere exam in ed  o n ly  o n  th e  co nd ition  t h a t  th e y  h a d  b een  iso 
la te d  from  con tac ts .

T y p in g  phages. T y p in g  w as carried  o u t b y  m ea n s  o f 8 phages, o f  w h ich  5 (a , b , с, к , 1) 
w ere  iso la ted  in  th e  p a s t  y e a rs  fro m  th e  faeces o f  in fa n ts  suffering  fro m  e n te r itis . T he re m a in 
in g  3 ph ag es were o b ta in e d  b y  a d a p ta tio n , n a m e ly  p h ag es  “ al”  a n d  “ a F 4 2 ”  fro m  p hage  “ a ” , 
p h a g e  “ b 2 ”  from  p h ag e  “ b ” .

A ll phages w ere p ro p a g a te d  on  th e  s tra in  o n  w h ich  th e y  h ad  b een  in d ic a te d  a t  th e  tim e  
o f  iso la tio n . In  case o f  a d a p te d  p h ages p ro p a g a tio n  w as carried  o u t on  th e  c u ltu re  to  w h ich  th e  
a d a p ta t io n  had  been  p e rfo rm e d . A ll phages w ere  u se d  u n d ilu ted .

Culture media. F o r  th e  en rich m en t o f  p h a g es  H a r t le y ’s b ro th , fo r ty p in g  H a r t le y ’s 
a g a r  w as used. W ith  th e  e x ce p tio n  th a t  in s te a d  o f  b e e f  d igest horse fle sh  d ig es t was em p lo y ed , 
th e  m ed ia  were th e  sam e  as o rig in a lly  desc rib ed  [4].

Phage-typing. I n  o rd e r  to  avo id  th e  v a r ia tio n  to  R  form s, w hich  o f te n  causes th e  decrease  
o r  lo ss o f p h a g e -se n sitiv ity , ty p in g  w as p re fe ra b ly  ca rried  o u t 1 to  2 d a y s  a f te r  iso la tio n . 
H a r t le y ’s agar p la tes w ere  f lo o d ed  w ith  a  2 to  3 -h o u r b ro th  cu ltu re  o f th e  s tra in  to  be ex am in ed , 
so as to  o b ta in  an  e v en  sp re a d  on th e  su rface  o f th e  m edium . T he excess o f suspension  w as 
p ip e t te d  off. A fter d ry in g  th e  p la te s  for a p p ro x im a te ly  15 m inu tes a t  ro o m  te m p e ra tu re  w ith  
o p e n  lid s , th e  ty p in g  p h a g es  w ere  d ro p p ed  o n to  th e  p la te s . A fter a su b seq u e n t d ry in g  th e  p la te s  
w e re  in cu b a ted  a t  37°C fo r 6 h o u rs , th e n  re ad in g s  w ere  perform ed.

Serological exa m in a tio n s. Serological g ro u p in g  o f  th e  s tra in s  w as m ad e  w ith  slide a g g lu 
t in a t io n  in  OB sera; th e  f lag e lla r  an tig en s w ere  d e te rm in e d  w ith  th e  m e th o d  of Rauss a n d  
U jv á r y  [10] w ith  se ra  o b ta in e d  from  th e  In s ti tu te  o f  M icrobiology, Pécs (H 2, H 6 , H l l  
a n d  H I 2).

Biochemical exa m in a tio n s. O f th e  b io ch em ica l reac tio n s  th e  te s t  described  b y  D’Ales- 
s a n d r o  and  Comes w as o f  especial va lue .

P P  reaction. O n a n  a g a r  m edium  c o n ta in in g  1 g /1-phenyl p ro p io n ic  acid  pe r 5000 m l, 
th e  colonies of p o sitiv e ly  re a c tin g  s tra in s  becom e p in k , red  and f in a lly  b ro w n  in  colour. T h e  
re a c tio n  m ay  be re ad  a f te r  8 h o u rs; i t  reach es th e  h ig h e s t in te n s ity  a f te r  24 to  36 h ours.

R esu lts

D istribution in  various hospitals o f  phage-types in  epidem ic a n d  
non-epidem ic periods. T he  p h ag e-ty p e  d is tr ib u tio n  of th e  iso la ted  s tra in s  is 
p re se n te d  in  T ab le  I I I  a n d  T able IV . G roup  0 1 1 1  : B4 s tra in s  belonged  m o stly  
to  ty p e  111/2 (80.2 p e r  cen t). Of 0 5 5  : B5 s tra in s  ty p e  55/2 em erged (77.8 
p e r  cen t). In  H o sp ita ls  A, C, D an d  E  ty p e  111/2 p red o m in a ted , in  H o sp ita l В 
ty p e  111/1 o ccu rred  in  a h igh  p recen tag e  (90.6). This ty p e  was m et w ith  
also  in  H osp ita ls A  a n d  C. In  H osp ita ls  D a n d  E  no 111/1 s tra in s  were observ ed . 
T h e  m ost f req u en t 0 5 5  : B5 ty p e  (55/2) w as found  ch ie fly  in  H o sp ita ls  C 
a n d  D.

Association between phage-types and  the severity o f  enteritis or the spread  
o f  infection. O b se rv a tio n s  w ere m ade in  H o sp ita ls  A, В a n d  C, as in to  th e se  
in s ti tu tio n s  s tra in s  be lo n g in g  to  th e  sam e sero type  b u t  d iffering  in  p h ag e- 
ty p e  were in tro d u c e d  s im u ltan eo u sly .
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Table I I I

P hage-type d istribu tion  o f  О 111 : B 4  stra ins isolated  
fro m  different hosp ita ls

Origin of strains
0111 : B4

111/1 111/2 111/4 Total

H o sp ita l A  .......................... 23 131 6 160

H o sp ita l В .......................... 29 3 — 32

H o sp ita l C .......................... 7 23 — 30

H o sp ita l D .......................... - 82 — 82

H o sp ita l E  .......................... - 37 — 37

In fa n ts ’ H o ste l N  ............ 1 3 3 7

T o ta l ........................................ 60 2 79 9 34 8

Table IV

Phage-type d istribu tion  o f  0 5 5  : B 5  stra ins isolated  
fro m  different hospita ls

Origin of strains
055 : B5

55/1 55/2 55/3 55/4 55/5 Total

H o sp ita l A ........................ l l 2 3 — 7
H o sp ita l В  ........................ 3 — — - - 3

H o sp ita l C ........................ 5 71 - l 6 83

H o sp ita l D ........................ 3 23 - - 3 29

H o sp ita l E  ........................ — 10 - - — 10
In fa n ts ’s H o ste l N  . . . . 3 — — — — 3

T o ta l ...................................... 15 105 2 4 9 135

B etw een J a n u a ry  an d  D ecem ber, 1959, 160 01 1 1  : B4 an d  7 0 5 5  : B5 
s tra in s  iso la ted  from  H o sp ita l A were ty p e d . B etw een  J a n u a ry  and  M arch 
th e re  was a severe ep idem ic o f en te ritis  in  th is  h o sp ita l. D u rin g  th is  period  
107 s tra in s  iso la te d  from  91 in fa n ts  w ere exam in ed . A ll s tra in s  belonged to  
group  0111  : B4. O f th e  s tra in s  91 were m em b ers  of p h a g e -ty p e  111/2, co n 
ta in e d  an tig en  H 2 a n d  w ere P P  positive . T h e  rem ain in g  16 s tra in s  belonged  
to  p h age-type  111/1, w ere n o n -flag e lla ted  a n d  P P  p o sitiv e .

D uring  th e  w hole ep idem ic period  in  d iffe ren t d e p a r tm e n ts  of th e  h o sp ita l 
( In fa n ts ’ D e p a rtm e n t 1 an d  2, In fec tio u s D isease D e p a rtm e n t)  ty p e  111/2 
(H2) p red o m in a ted . P a r t  o f th e  cases w as m ild , b u t  n o t u n fre q u e n tly  m ed ium  
an d  severe an d  g rave  to x ic  cases also o ccu rred . T hree o f th e  exam ined  in fa n ts
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w ho h a d  been  ex c re tin g  ty p e  111/2, d ied . In  th e  course o f th e  ep idem ic cau sed  
b y  ty p e  111/2, ty p e  111/1 also a p p e a re d ; th e  la t te r  o ccu rred  b u t ra re ly  in  
D e p a r tm e n t 1 a n d  in  th e  In fe c tio u s  D isease D e p a rtm e n t in  associa tion  w ith  
e n te r ic  in fec tions u n d o u b te d ly  o f  a n  e x te rn a l origin. In  In f a n ts ’ D e p a r tm e n t 2, 
h o w ev e r, in  a d d itio n  to  th e  severe  e n te r ic  in fections cau sed  b y  111/2, ty p e  
111/1 sp read  an d  caused  severe in fec tio n s .

I n  th e  p ost-ep idem ic  p e rio d  in  th e  v a rious d e p a rm e n ts  of H o sp ita l A 
th e  fo llow ing ty p e s  w ere fo und . I n  D e p a r tm e n t 1 in  A pril th e  n o n -flag e lla ted  
ty p e  111/1; la te r  p h ag e -ty p e  111/2 (H 2) p red o m in a ted . T y p e  111/1 h a d  b een  
in tro d u c e d  by  tw o  in fa n ts  a d m itte d  w ith  severe en te ritis . I n  th e  sam e d e p a r t
m e n t in  N o v em b er severe cases o f e n te r it is  were again  o b se rv ed ; th e se  w ere 
ca u se d  b y  ty p e  111/2. In  D e p a r tm e n t 2 a n d  in  the  In fec tio u s  D isease D e p a r t
m e n t in  th e  post-ep id em ic  p e rio d  111/2 w as th e  ty p e  m ost f re q u e n tly  en co u n 
te r e d . D u rin g  M ay in  D e p a r tm e n t 2 ty p e  111/4 (H 2, P P  nega tive) o ccu rred . 
T h is  ty p e  w as iso la ted  from  3 in fa n ts  a d m itte d  w ith  severe  e n te ritis .

F ro m  th e  In fa n ts ’ an d  P re m a tu re  D ep a rtm en ts  o f  H o sp ita l В d u rin g  
th e  p e rio d  J a n u a ry  to  A u gust, 1959, 32 0 1 1 1  : B4 an d  3 0 5 5  : B5 s tra in s  w ere 
iso la te d . In  th ese  d e p a rtm e n ts  b e tw een  J a n u a ry  an d  M arch  th e re  were sev era l 
cases o f  en te ritis .

M ost o f th e  ex am in ed  s tra in s  w ere iso la ted  d u rin g  th is  period , som e 
w ere  cu ltu re d  d u rin g  a n o n -ep id em ic  p e rio d  in  th e  su m m er. In  th e  ep idem ic  
p e rio d , o f th e  20 s tra in s  iso la ted  fro m  20 in fa n ts , 19 co rresponded  to  ty p e  
111/1 or deg rad ed  111/1 (n o n -flag e lla ted , P P  positive). O n ly  one ty p e  111/2 
(H 2 , P P  positive) s tra in  o ccu rred  d u rin g  th e  period  in d ic a te d . A p a r t  from  
th e  in fa n ts  a d m itte d  w ith  en te ric  sy m p to m s, th e  course o f nosocom ial in fec tio n s 
w as genera lly  m ild . D uring  th e  su m m e r m o n ths (Ju ly — A ugu st) an  o u tb re a k  
o c cu rred  in  th e  P re m a tu re  D e p a r tm e n t. O f 12 s tra in s iso la te d  from  12 p a tie n ts  
10 belonged  to  ty p e  111/1 (n o n -flag e lla ted , P P  positive) a n d  2 to  ty p e  111/2 
(H 2 , P P  positive). B o th  ty p e s  cau sed  severe en te ritis .

I t  w as rem ark ab le  th a t  w hile in  H o sp ita l В th ro u g h o u t and  a f te r  th e  
ep id em ic  ty p e  111/1 (n o n -flag e lla ted ) p red o m in a ted  a n d  caused  re la tiv e ly  
m ild  in fec tions, in  H o sp ita l A d u rin g  th e  o u tb reak  ch ie fly  ty p e  111/2 s tra in s  
o ccu rred . U nlike ty p e  111/1, th e  l a t t e r  caused  severe, to x ic  en te ric  in fec tio n s.

T ype 111/4 w as iso la ted  d u rin g  a non-epidem ic perio d  from  severe 
cases o f spo rad ic  e n te ritis . D iffe ren t phag e-ty p es of g roup  0 5 5  : B5 w ere 
en c o u n te re d  m o stly  in  H o sp ita l C. In  th is  in s titu tio n  ty p e  55/2 (H 6 , P P  
n e g a tiv e )  p red o m in a ted , a lth o u g h  also o th e r 055  : B5 a n d  0111  : B4 s tra in s  
o ccu rred . S im ilarly , in  H o sp ita ls  D  a n d  E  ty p e  55/2 w as m o st f re q u e n tly  m e t 
w ith . T y p e  55/1 (H 6, P P  n eg a tiv e ) a n d  55/4 (H2 or H — , P P  positive) w ere 
iso la te d  from  som e spo rad ic  cases a n d  from  a sm aller nosocom ial o u tb re a k .

The applicability  o f  our phage-’typ in g  method fo r  the detection o f the in fective  
source. In v e s tig a tio n s  have  show n th a t  ph ag e-ty p es of E . coli a ssoc ia ted  w ith
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in fan tile  en te ritis  a re  less stable b o th  in  vivo  an d  in  v itro  th a n  those o f S . 
ty p h i  an d  S. p a ra ty p h i B . S trains iso la te d  on re p e a te d  occasions from  th e  sam e 
in d iv id u a l m ay  m o re  or less v a ry  in  p h ag e -sen s itiv ity . N evertheless, a c c o rd 
in g  to  ou r experience, th e  d ifferen t p h a g e -ty p e s  m a y  be re g a rd ed  p ra c tic a lly  
s tab le  in  vivo.

R ep ea ted  ex a m in a tio n s  were c a rr ie d  o u t on 50 in fa n ts . F ro m  10 o f th e m  
0 1 1 1  : B4 and  0 5 5  : B5 stra ins w ere s im u ltan eo u sly  or su b seq u en tly  iso la te d . 
F ro m  one in fa n t h a rb o u rin g  ty p e  111/2 th e  n e x t e x a m in a tio n  show ed ty p e  
111/1. In  th e  l a t t e r  case, how ever, p ro b a b ly  a nosocom ial cross-in fec tion  
occu rred , since in  th e  w ard  a sp re a d  o f  111/1 as well as th a t  of 111/2 w as 
o b served . In  45 cases rep ea ted  iso la tio n s  rev ea led  th e  sam e phage-type .

I t  should  be n o te d  th a t  because  o f th e  la b ility  o f E . coli p h ag e -ty p es  
in  vitro, ty p in g  sh o u ld  be m ade s h o r tly  a f te r  iso la tio n . T h e  ro u te  an d  source  
o f th e  infection  co u ld  ad eq u a te ly  be  fo llow ed up  in  H o sp ita l A an d  B, w here  
0 1 1 1  : B4 s tra in s  be lo n g ed  to  tw o d iffe ren t p h ag e -ty p es .

As n o ted  a b o v e , in  H osp ita l A d u rin g  an  o u tb re a k  due to  ty p e  111/2, 
in  th e  w ards of th e  In fec tio u s D isease D e p a rtm e n t ty p e  111/1 appeared . T h is  
ty p e  w as firs t iso la te d  from  the faeces o f a p re m a tu re  b a b y  a d m itted  w ith  
b ronch o p n eu m o n ia . T h e  in fan t was tra n s fe r re d  from  c o u n try  h osp ita l M to  th e  
In fec tio u s  D isease D e p a rtm e n t. One w eek  la te r  a new  in fa n t  an d  one m o n th  
la te r  an o th e r in fa n t , b o th  excre ting  ty p e  111/1, w ere a d m itte d  w ith  severe 
e n te r itis . These in fa n ts  h ad  been re fe rred  to  us b y  In fa n ts ’ H oste l N. In  D e 
p a r tm e n t 2 of th e  sam e  hosp ita l d u rin g  an  o u tb re a k  due to  ty p e  111/2 on ly  one 
in fa n t was show n to  h a rb o u r a n o n -fla g e lla ted  ty p e  111/1 s tra in . The l a t t e r  
p a tie n t  was tra n s fe r re d  w ith  severe e n te r it is  from  N u rse ry  P . In  D e p a rtm e n t 1 
all s tra in s  c u ltu red  u n ti l  th e  beg inn ing  of M arch belonged  to  ty p e  111/2. T h e  
in fa n ts  were a d m itte d  p a r t ly  w ith  e n te r it is  an d  p a r t ly  w ith  p a re n te ra l d iseases. 
The f ir s t  111/1 s tr a in  w as iso lated  fro m  th e  faeces o f an  in fa n t referred  to  us 
w ith  severe e n te r itis  b y  In fa n ts ’ H o s te l N. Som e d ays la te r  an o th e r 111/1 
s tra in  w as c u ltu red  fro m  an  in fan t ly in g  in  th e  sam e w ard . T h is b a b y  had  a rr iv e d  
from  H osp ita l M w ith  severe en te ric  in fec tio n . The ca u sa tiv e  agent sp re a d  
ra p id ly  f irs t to  a p re m a tu re  b aby  u n ti l  th e n  free from  en te ric  sym ptom s, th e n  
to  a new born  in fa n t  ly in g  in  the  sam e b ed  an d  f in a lly  to  4 fu rth e r  in fa n ts . 
A ll th e  in c rim in a te d  p a tie n ts  becam e g rav e ly  ill; th e  p re m a tu re  b ab y  d ied .

As th e  e x a m in a tio n s  in d ica ted  In fa n ts ’ H o ste l N as th e  source o f in 
fec tio n , a search  fo r  carrie rs  was p e rfo rm ed  in  th a t  in s ti tu tio n . A m ong th e  
h e a lth y  in fan ts  one ty p e  111/1 e x c re to r  w as fo und . T he s tra in  w hich cau sed  
severe in fections in  th e  hospital, d id  n o t  sp read  am ong  th e  h ea lth y  in fa n ts , 
an d  th e  host w as a lso  sym ptom less. ( I t  m ay  be assum ed , o f  course, t h a t  th e  
la t te r  h ad  passed th ro u g h  an en te ritis .)

In  th e  n o n -ep id em ic  period ty p e  111/1 w as ag a in  in tro d u c e d  from  I n 
fa n ts ’ H ostel N  a n d  H o sp ita l M b y  tw o  in fa n ts  a d m itte d  w ith  severe e n te r it is .
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T he severe cases o f  en te ritis  due  to  ty p e  111/2 o ccu rrin g  in  N ovem ber 
cou ld  be  tra c e d  b a c k  to  th e  M a te rn ity  D e p a r tm e n t o f th e  h o sp ita l.

O ur in v es tig a tio n s  h av e  show n t h a t  b y  m eans of p h a g e -ty p in g  i t  is p os
sib le  to  d e te c t s tra in s  belong ing  to  th e  sam e  serogroup b u t  d iffering  in  phage 
s e n s it iv ity  and  to  follow  u p  th e  no so co m ia l or in te rh o sp ita l sp read  o f  th e  
c a u sa tiv e  agen t.

T he orig inal p u rp o se  of th e  p re se n t s tu d y  w as to  e lu c id a te  th e  th re e  
q u es tio n s  m en tioned . D u rin g  th e  w o rk  a n d  th e  e v a lu a tio n  o f th e  re su lts  a  
f re q u e n t incidence o f nosocom ial in fec tio n s  was n o ted . As th is  p ro b lem  arose

F ig . 1. (a ) P h ag e -ty p e  d is tr ib u tio n  of 01 1 1  : B 4 a n d  055  : B5 s tra in s  acco rd in g  to  o rig in  o f
c u ltu re s

(b) O rigin o f e n te r it is  cases acco rd in g  to  h o sp ita ls

o n ly  la te r , th e  q u es tio n  w heth er th e  ex am in ed  in fan ts  h a d  acq u ired  e n te ritis  
in  or o u tside  th e  h o sp ita l could be an sw ered  only p a r tly . T he re su lts  can  be 
su m m arized  as follow s.

H ospita l A .  O f th e  91 in fan ts  e x a m in e d  during  th e  ep idem ic , 24 h a d  been  
a d m itte d  w ith  e n te r itis ; th e  rem ain in g  in fa n ts  h ad  su ffered  o rig inally  from  
o th e r , chiefly  re sp ira to ry  diseases, a n d  acq u ired  en te ritis  in  th e  h o sp ita l. T hus 
th e  p e rcen tag e  o f nosocom ial in fec tion  am o u n te d  to  73.1.

H ospita l B . P a tie n ts  tre a te d  in  th e  In fa n ts ’ D e p a rtm e n t h a d  been  a d 
m itte d  m ostly  w ith  d iseases of th e  re s p ira to ry  organs, d isp lay ing  no en te ric  
sy m p to m s. The e n te r itis  m an ifested  i ts e lf  on th e  6 th  to  12 th  d a y  a f te r  ad m is
sion . D uring  th e  ep idem ic  period o u t o f  20 in fan ts  on ly  5 h a d  been  a d m itte d  
w ith  en te ric  sy m p to m s. A ltogether 71.4 p e r  cent o f th e  s tra in s  o rig in a ted  from  
in fa n ts  who h ad  ac q u ire d  th e  in fec tio n  in  th e  hosp ita l. I t  shou ld  be n o te d  th a t.
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o f  th e  in fan ts  a d m itte d  w ith  e n te r ic  sy m p to m s, 4 h ad  p rev io u sly  been u n d e r 
h o sp ita l t r e a tm e n t;  2 of th e m  in  a n o th e r d e p a rtm e n t o f th e  sam e h o sp ita l, 2 
h a d  b een  re fe rred  from  H o sp ita l N.

H ospita l C. O f th e  e x a m in e d  s tra in s  71.7 p e r cen t w as iso la ted  from  in 
fa n ts  who h ad  b een  infec ted  in  th e  h o sp ita l.

H ospita l D . O f th e  s tra in s  60.5 p er cen t o rig in a ted  fro m  nosocom ial in 
fec tio n s. In  a d d itio n , nearly  one  h a lf  o f th e  in fa n ts  a d m itte d  w ith  e n te r itis  
w as p rev iously  tr e a te d  and  p ro b a b ly  in fec ted  in  o th e r  h o sp ita ls .

H ospita l E .  O n ly  few o f th e  d a ta  w ere av a ilab le . O f th e  ex am in ed  s tra in s  
28.5 p er cen t w as iso la ted  from  nosocom ial in fec tio n s; h ow ever, m ore th a n  one 
h a lf  o f  the  in fa n ts  a d m itte d  w ith  e n te r itis  was tra n sfe rre d  from  o th e r h o sp ita ls .

The p h a g e -ty p e  d is tr ib u tio n  a n d  origin (nosocom ial o r e x te rn a l in fection) 
o f  01 1 1  : B4 a n d  0 5 5  : B5 s tr a in s  iso la ted  in  d iffe ren t h o sp ita ls  is show n in  
p a r ts  l a  and  lb  o f  F ig . 1.

O n th e  basis  o f th e  av a ila b le  d a ta  th e  origin o f 367 s tra in s  could be es
t im a te d . Of th e  s tra in s  255 (69.5 p e r  cent) w ere iso la ted  fro m  nosocom ial en 
te r ic  in fec tions. S tra in s  c u ltu re d  fro m  cases a d m itte d  w ith  e n te r itis  am o u n ted  
to  112 (26.2 p e r ce n t) . The in c id en ce  of s tra in s  iso la ted  from  p a tie n ts  who h ad  
been  tra s fe rred  fro m  o th e r in s t i tu t io n s , was 3.4 p e r cen t. T h u s  m ore th a n  79 
p e r cen t of th e  s tra in s  o rig in a ted  from  nosocom ial in fec tio n .

D iscussion

T he resu lts  o b ta in ed  w ith  p h ag e -ty p in g  o f E . coli s tra in s  iso la ted  from  
p a tie n ts  under h o sp ita l t r e a tm e n t  h av e  confirm ed ou r p rev io u s observ a tio n  o f  
a close connection  betw een  p h a g e -se n s itiv ity  an d  flag e lla r an tig en . N i c o l l e  

et al. [7] also m en tio n ed  th a t  d ifferences in  p h ag e -se n s itiv ity  m ay  in d ica te  
d ifferences in  an tig en ic  s tru c tu re .

A ccording to  R a u s s  et al. [11, 12], G y e n g é s i  an d  B o d ó  [13], K a u f f -  

m a n n  an d  D u p o n t  [14], L a u r e l l  et al. [15], a t  th e  sam e tim e  in  th e  sam e 
h o sp ita l s tra in s  o f  th e  sam e se ro ty p e  an d  b io ty p e  occur. T he ex am in a tio n s  
o f  R a u s s  et al. a t  th e  Paediatric D epartm ent, Pécs rev ea led  ch iefly  th e  non- 
flag e lla ted  v a r ia n t  o f group 0 1 1 1  : B4 du ring  ep idem ics [11, 12], an o b se r
v a tio n  confirm ed b y  K a u f f m a n n  an d  D u p o n t  [14], L a u r e l l  et al. [15] an d  
E ö r s i  et al. [2]. R a u s s  et al. [12] suggested  th e  possible ro le o f  a special p ro 
p e r ty  o f th e  m icroorgan ism  in  th e  deve lopm en t o f th e  o u tb re a k s .

T h e  occurrence  o f d iffe ren t sero types belonging  to  th e  sam e 0  group 
w as n o te d  b y  W r i g h t  and  R o d e n  [16] an d  b y  B r a u n  a n d  S p e c h t  [17]. In  
b o th  papers th e  sim u ltan eo u s o ccu rren ce  of group 0 5 5  : B5 s tra in s  con ta in ing  
flag e lla r an tigens H 6 , H2 and  H 7  w as described. R ecen tly  K r ö g e r  et al. [ 1 8 ]  

a t  th e  Clinic o f  P aediatrics , G öttingen  has show n th e  s im u ltan eo u s  occurrence 
o f  s tra in s  be longing  to  one se ro ty p e  b u t  to  d iffe ren t p h ag e -ty p es .



4 2 0 H . M ILCH and  ZS. D EÁK

In  th e  p resen t s tu d y  perfo rm ed  in  th e  in fa n ts ’ d e p a r tm e n t o f 5 d ifferen t 
h o sp ita ls  revealed th e  s im u ltan eo u s  occurrence of ty p e  111/1 (non-flagellated) 
a n d  111/2 (H2) of g ro u p  0 1 1 1  : B4 in  H o sp ita l A. In  th e  sam e h o sp ita l th e  
fo rm e r  ty p e  was m ore p re d o m in a n t th a n  th e  la t te r  a n d  caused  o ften  severe 
sy m p to m s.

A  sim ilar s i tu a tio n  w as found  in  H o sp ita l C.
I n  co n trast, in  H o sp ita l В n o n -flag e lla ted  ty p e  111/1 p red o m in a ted  an d  

c a u se d  severe cases o f  e n te r itis , a lth o u g h  ty p e  111/2 (H 2) w as also p resen t.
F ro m  these f in d in g s  i t  m ay  be concluded  th a t  in  th e  d eve lopm en t of an 

o u tb re a k  certa in  fa c to rs  p la y  a g re a te r  p a r t  th a n  does th e  in d iv id u a l p ro p e rty  
o f  th e  in fec ting  s tra in . P a r t  o f th ese  fa c to rs  are u n d o u b te d ly  p ro v id ed  b y  a 
possib le  rap id  fall in  th e  hyg ien ic  s ta n d a rd s  of th e  h o sp ita l, b y  conditions 
fa v o u ra b le  for th e  ch a in -sp re a d  o f th e  disease w hen a p a t ie n t  rep resen tin g  a 
n ew  in fec tin g  source is a d m itte d . T he im m unolog ical s ta te  a n d  o th e r diseases 
o f  th e  h o st should also be  ta k e n  in to  co n sidera tion . In  a d d itio n , how ever, th e  
e x is ta n c e  of o ther, u n k n o w n  fac to rs  m a y  also be assum ed .

T he im portance  o f  nosocom ial in fec tio n  in  en te ric  d isease has been  s tre s 
sed  b y  m any  au th o rs  in  re c e n t y ea rs . G i l e s  et al. [19] n o te d  th a t  58.9 p er cen t 
o f  e n te r itis  cases cau sed  b y  0111  an d  0 5 5  s tra in s  w ere due  to  nosocom ial in 
fe c tio n s . The im p o rtan ce  o f  in te rh o sp ita l  in fections w as p o s tu la te d  b y  B o g e r s  

a n d  K o e g l e r  [20] w ho described  th e  ro u te  o f in fec tio n  from  one h o sp ita l to  
o th e rs . In  H ungary , S o l t  et al. [21] a n d  L o s o n c z y  [22] re p o r te d  on p e rta in in g  
d a ta  an d  showed th e  w ay  o f a p ra c tic a l so lu tion  o f th e  p rob lem .
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EXAMINATION OF CLOSTRIDIUM PERFRINGENS WITH 
THE FLUORESCENT TRACER TECHNIQUE

B y

P . G e c k  a n d  R ó z s a  S z á n t ó

State Institu te  o f  H yg ien e , B udapest 

(R eceived  J u ly  7, 1961)]

Sum m ary . T he a p p lic a b ili ty  of f lu o re sce n t im m uno log ica l s ta in in g  fo r th e  rap id  id e n t i 
f ic a tio n  of Clostridium  perfr in g en s  has been  ex am in ed . T h e  h ig h  t i t r e  a n tib a c te r ia l  serum  w as 
labe lled  w ith  the  f lu o re sc e n t dye L issam ine  R hodam ine R B - 200. H om ologous and co n tro l 
sm ears  w ere sta ined  d ire c tly  a n d  in d irec tly . A b o u t 50 Cl. perfringens  c u ltu re s  s ta ined  w ith  th e  
hom ologous labelled se ru m  yielded  p re p a ra tio n s  show ing a b r ig h t o ra n g e  fluorescence o f 
-H--F4- in te n s ity . T he n u m ero u s  G ram  p o s itiv e  an d  G ram  n eg ativ e  c o n tro l  b ac teria  s ta in ed  
w ith  th e  sam e serum  g a v e  no fluorescence. No flu o rescen ce  w as o b ta in e d  w h en  Cl. perfringens  
was s ta in e d  w ith  R h o d am in e-lab e lled  n o n -im m u n e  r a b b it  serum .

Spores of Cl. p erfr in g en s  show ed a f lu o rescen ce  sim ila r to  t h a t  o f th e  v eg eta tiv e  fo rm s.
T h e  m ethod  w as fo u n d  su itab le  fo r th e  d iffe re n tia tio n  b e tw een  th e  C lostrid ium  ty p e s  

A a n d  F . W ith  a d e q u a te ly  co n ju g a ted  se ra , th e  id e n tif ic a tio n  an d  ty p in g  o f Cl. perfringens, 
w hich  req u ire  several d a y s  a n d  often  1 or 2 w eeks b y  th e  u su a l m e th o d s, h a v e  b een  accom plished 
w ith in  1 hour.

T he causative  a g e n t  o f gas g an g ren e , C lostrid ium  p erfringens  is w idely d is
t r ib u te d  in  n a tu re . I t  w as iso la ted  from  100 p er cen t o f soil sam p les  o rig ina ting  
from  d ifferen t areas a n d  from  80 to  100 p er c en t o f in fe c te d  w ar casualties. 
T h e  organ ism  was d esc rib ed  as th e  cau sa tiv e  a g en t o f p u lm o n a ry  gangrene, 
in fec tio n s of th e  u te ru s  following d e liv e ry  o r ab o rtio n , re s p ira to ry  diseases 
a n d  en te ritis .

C u ltiva tion , iso la tio n , e x am in a tio n  o f b iochem ical, p a th o g en ic  and  sero 
log ical (A or F  ty p e )  p ro p ertie s  o f CL perfringens  req u ire  sev e ra l days, o ften  
som e w eeks. In  th e  p re se n t s tu d y  th e  use of th e  flu o re scen t tra c e r  techn ique  
has b een  a tte m p te d . T h is  tech n iq u e  is k n o w n  fo r its  s im p lic ity , ra p id ity  a n d  
h igh specificity .

M aterials a n d  m ethods

A n an tigen  co n ta in in g  1000 m illion cells p e r  m l w as p re p a re d  fro m  Cl. perfringens s tra in  
N o. 168, w hich  had b een  iso la te d  from  p a th o lo g ica l m a te ria l.

R a b b its  were im m u n ize d  in tra v en o u s ly  w ith  rising  doses ra n g in g  fro m  0.5 to 5.0 m l 
for a  3-w eek period. E a c h  w eek 3 in jec tio n s w ere  g iven . T h e  a g g lu tin a tio n  t i t r e  of th e  a n t i 
b a c te r ia l  serum  was 1 : 10240. As a f lu o ro ch ro m e, L issa m in e  R hodam ine  R B - 200 was u sed , 
w hich  gave  an  orange f lu o rescen ce  un d er th e  flu o rescen ce  m icroscope [3]. T h e  g lobulin  f ra c 
tio n  o f th e  im m une se ru m  w as p re c ip ita te d  w ith  s a tu ra te d  am m o n iu m  su lp h a te .

A b sorp tion  of th e  se ru m  was carried  o u t  w ith  m ouse liv e r p o w d er. T he sm ears w ere 
fix ed  b y  h e a t. A fter s ta in in g , th e  p re p a ra tio n s  w ere ex am in ed  u n d e r a L e itz  m odel fluorescence 
m icroscope, generally  a t  a  m ag n ifica tio n  o f 400.

R a b b it  a n tig lo b u lin  w as p rep ared  in  a g o a t b y  use  o f F re u n d ’s a d ju v a n t .
S ta in in g  of sm ears  w as perform ed w ith  b o th  th e  d irec t a n d  th e  in d ire c t m e th o d  

d esc rib ed  b y  Coons et al. [1, 2].
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R esu lts

Cl. perfringens  a n d  con tro l G ram  negative  o rg an ism s w ere s ta in e d  
w ith  un co n ju g a ted  d y e . A tta c h m e n t o f  th e  dye to  Cl. perfringens  w as d is tin c t 
a n d  th e  bac te ria  sh ow ed  a b rig h t +  +  +  +  degree o f fluo rescence . G ram  n e g a 
t iv e s ,  how ever, e x h ib ite d  a h a rd ly  v isib le  fluorescence.

Com parison o f  th e  s ta in in g  p ro p e r ty  of flu o ro ch ro m ized  im m u n e  serum  
a n d  globulin  was c a rr ie d  ou t b y  d ire c t s ta in in g  of Cl. perfringens  an d  co n tro l 
b a c te r ia . B o th  se ru m  a n d  globulin  show ed  +  + +  +  s ta in in g  w ith  th e  h o m olo 
gous b ac te ria , w hile th e  con tro l o rg an ism s gave u n ifo rm ly  n eg a tiv e  re su lts .

F ig . 2. M ixed sm ear o f  Cl. perfringens  a n d  E . coli s ta ined  w ith  L issa m in e  R hodam ine  R B -2 0 0  
lab e lled  Cl. perfr in g en s  im m une se ru m  

M a g n ific a tio n  X 400

I n  su b seq u en t ex p e rim en ts  th e  im m une  serum  a n d  g lobulin  w ere a b 
so rb e d  w ith  m ouse l iv e r  pow der as describ ed  b y  Coons et al. [2]. T he s ta in in g  
c a p a c ity  of serum  a n d  g lobulin  for Cl. perfringens  re m a in e d  un ch an g ed . C on tro l 
b a c te r ia  showed no  fluorescence.

Cl. perfringens  a n d  E . coli suspensions were m ix ed  a t  a p ro p o rtio n  o f  
1 : 10 an d  s ta in ed  w ith  flu o ro ch ro m ized  serum  an d  g lob u lin . In  th e  sm ears 
o n ly  b ac te ria  co rresp o n d in g  in  size to  Cl. perfringens  show ed flu o rescen ce ; 
n o  fluorescence w as e x h ib ite d  b y  E . coli, only th e  edge o f  th e  cong lom era tes 
fo rm e d  b y  these b a c te r ia  was v isib le .

W ith  hom ologous serum  and  g lobu lin  Cl. perfringens  an d  Cl. oedem atiens 
w ere  sta in ed  to g e th e r . Cl. perfringens  ex h ib ited  a +  +  +  +  degree fluo rescence , 
w h ile  th e  contro l s tr a in  gave a n eg a tiv e  re su lt. C o n sequen tly , th e  tw o  m em b ers  
o f  th e  gas gangrene g ro u p  could be d isting u ish ed  on th e  basis  o f flu o rescen ce .



Fig. 1. Cl. perfringens  s ta in ed  d irec tly  w ith  Lissam ine R hodam ine R B -2 0 0  labe lled  im m u n e
serum

M agnification  X 400

Fig. 3. Cl. perfringens  in d ire c tly  s ta in e d  w ith  Lissam ine  R hodam ine R B -2 0 0  lab e lled  im m u n e
globulin

M agn ification  X 400
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E x a m in a tio n  o f th e  stain ing c a p a c ity  o f  labelled  se ru m  p rep ared  fro m  
Cl. perfringens  s tra in  168 for o ther Cl. p erfringens  cu ltu res  w as considered im 
p o r ta n t . Tw elve F  ty p e  C l.perfringens  s tra in s  w ere s ta in ed  b y  th e  d irec t m e th o d . 
O th er Cl. perfringens  s t r a in s  gave fluo rescence  o f th e  sam e in te n s ity  as s tr a in  
N o. 168.

T he flu o rescen t t r a c e r  m ethod w a s  fo u n d  su itab le  fo r th e  d iffe ren tia tio n  
b e tw een  h u m a n  p a th o g e n ic  A and F  ty p e s  o f  Cl. perfringens. T yp ing  o f  50 
s tra in s  w as carried  o u t  w ith  the sp o re -th e rm o res is tan ce  te s t .  S ta in ing  w ith  F  
ty p e  fluo roch rom ized  im m u n e  serum  o r  g lobu lin  revea led  t h a t  s tra in s  re g a rd e d  
on th e  basis  of th e  th e rm o re s is ta n c e  te s t  as ty p e  F  o rgan ism s show ed a 
+  +  +  +  p o sitiv ity , w h ile  type  A b a c te r ia  d id  n o t ta k e  th e  s ta in  and  o n ly  
th e ir  fa in t  ou tlines w ere  visible.

As con tro ls, Cl. bo tu linum  ty p e  A  an d  B , a n d  Cl. sporogenes were e x a m 
ined . F luorescence w as exclusively  sh o w n  b y  th e  hom ologous s tra in s  [4].

T he d irec t s ta in in g  recom m ended  b y  Co ons et al. is  d isad v an tag eo u s  
in  th a t  i t  requ ires th e  laborious, t im e  a n d  m a te r ia l consum ing  labelling  o f  
ev e ry  specific  im m u n e  serum .

T herefo re  in  su b se q u e n t ex p erim en ts  th e  in d ire c t m e th o d  o f Coons a n d  
K a pl a n  [1] w as a p p lie d . C l.perfringens  im m u n e  serum  d id  n o t  s ta in  Cl. oede- 
m atiens, Cl. botulinum  A  a n d  B, and Cl. sporogenes, i.e. th e  re su lts  were s im ila r  
to  th o se  o b ta in ed  w ith  d irec t s ta in in g .

I t  m a y  be c o n c lu d ed  th a t  the  in d ire c t m e th o d  is a s im p le , sensitive a n d  
specific procedure  fo r th e  detection  o f  Cl. perfringens. T he m eth o d  is su itab le  
fo r th e  id en tif ic a tio n  o f  re la tive ly  sm a ll n u m b e rs  o f Cl. perfringens  n o t o n ly  
in  p u re  b u t  also in  m ix e d  cultures.
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ACTA MICROBIOLOGICA
TOM V III

Р Е З Ю М Е

E . K .  N o v a k : S T U D IE S  O N  T H E  O LIG O SA C C H A R ID E -D E C O M PO SIN G  A C TIV ITY
O F  Y EA STS

И С С Л Е Д О В А Н И Е  С П О С О БН О С ТИ  Д Р О Ж Ж Е Й  Р А С Щ Е П Л Я Т Ь  О Л И Г О С А Х А Р И Д Ы

Е . к. Н О В А К

Авторы и сследовали  первичные ф азы  б р о ж ен и я  раф инозы , лактозы , сах ар о зы  и 
м альтозы  при ПОМОЩИ д р о ж ж евы х  грибов Saccharomyces carlsbergensis и Candida pseudotro- 
p ica lis .  Д л я  и сследован и я  прим енялись ж и вы е к л етки , подверж енны е обработке а ц е 
тоном и свободные от. к л ето к  гомогенизаты . П роцесс ф ерм ентации п ро вер ял ся  методом 
хром атограф ии  на бум аге.

Б ы ло устан овлен о , что Saccharomyces carlsbergensis внеклеточно р асщ еп л яет  
раф инозу и сах ар о зу , причем ж ивы е к л е тк и  усваиваю т то л ько  м оносахариды . Р асщ еп л е
ние рафинозы  о к азал о сь  этапны м , а расщ епление м елибиозы  н ачал о сь  только после п о л 
ного расщ епления раф инозы . В неклеточного расщ еп лени я  м альтозы  не удалось вы яви ть . 
Р асщ епление м альтозы  наблю далось то л ьк о  в том случае, если д л я  эксперим ентов прим е
н ял и сь  обработанны е ацетоном  д р о ж ж и  Saccharomyces carlsbergensis. К летки  C andida  
pscu ido trop ica lis  у св аи в ал и  л актозу  без р асщ еп лени я . Т о л ьк о  в случае  прим енения обр а
ботанны х ацетоном  и ли  гом огенизированны х к л ето к  н аблю далось  расщ епление л ак тсзы .

I . M é c s , Е . Szőllősy , E szter  K u k á n , I lo n a  B é l á d i:

A ET IO L O G IC A L  A N D  E P ID E M IO L O G IC A L  S T U D IE S  O F  P O L IO M Y E L IT IS  IN
S Z E G E D . 1 9 5 6 -5 9 .

Э Т И О Л О Г И Ч Е С К О Е  И  Э П И Д Е М И О Л О Г И Ч Е С К О Е  И С С Л Е Д О В А Н И Е  П О Л И О М И Е 
Л И Т А  В Г. С Е Г Е Д  В 1956— 59 Г Г .

И. МЕЧ, Е. СЁЛЛЁШИ, Э. КУКАН, И. ЕЛАДИ

И злагаю тся  опы ты  по изолированию  энтеровируса , проведенны е в 1956— 1959 г г . 
в  г. Сегед. У далось  и золировать  190 ш там м ов, и з  которы х  116 о к азал и сь  вирусам и п о ли о 
м иелита. С ообщ аю тся данны е о заболеваем ости  полиом иелитом  ж ителей  г. С егед, на 
основании проб н ей тр ал и зац и и  вирусов.

К . Ú j h e l y i , L. O r m a y :

A  S IM P L E  A ND  PR A C T IC A L  M E T H O D  F O R  T H E  P U R IF IC A T IO N  O F D IP H T H E R IA
T O X O ID

П РО С ТО Й , П Р А К Т И Ч Е С К И Й  М Е Т О Д  Д Л Я  О Ч И Щ Е Н И Я  Д И Ф Т Е Р И Й Н О Г О
А Н А Т О К С И Н А

К. УЙХЕЛЬИ, Л. ОРМАИ

И зл агается  способ очищ ения диф терийного ан ато кси н а, основанны й на п р ак ти ч е
ск и х , просты х м етодах. Д обавление ф орм алина к  полученном у н а  мясо-пептонном агар е  
в стац ион арны х  к у л ь т у р а х , отделенном у в оптим альны й срок  токсин у  более вы сокой  
концентрации  проводится  выбором колич ества , тем пературы  и продолж ительности  воз
дей ствия  прим ененного формалина. П олучен ны й  таки м  путем  анатоксин  о саж д ается  в 
присутствии  ионов тр и х лоруксусн окислого  н атр и я  с помощ ью  три хлоруксусн ой  кислоты  
п ри  p H  около 4 .0 . Н емедленно растворенное вещ ество вновь о саж д ается  три хло р у ксу сн о й
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к и сл о то й  в присутствии  роданистого к ал и я . П осле  растворения п реци п итата он подвер
га ется  в  течение короткого  врем ени ди али зу , и центриф угированием  и слабы м  ф орм али- 
н и р о ван и ем  производится о к о н ч ател ьн ая  дето к си кац и я  и стер и ли зац и я . П олученны й 
так и м  путем  антиген  имеет в среднем чистоту 1000— 1300LF (,virN .) И сходя  из неочищ ен
ного ан ато кси н а хорош его к ачества  антиген  м о ж ет  бы ть на 90%  получен  обратно. О чи
щ енны й ан атоксин  м ож но в конц ен трированн ом  виде хр ан и ть  в течение выш е одного 
года без потери антигенны х свойств. С вязанны й с преципитатом  ф осфата алю м ин и я  очи
щ енны й  анатоксин  оказы вает  весьм а хорош ий  им м унизирую щ ий эфф ект, к а к  в опы тах  
н а ж и в о тн ы х , та к  и в ходе п рививок  лю дей. С оответственно больш ой чистоте, изготовлен 
н а я  и з этого  анатоксина в ак ц и н а  вы зы вает то л ь к о  весьм а слабую  р еакци ю  на п р и ви вк у .

I. M ih á l y f i , É . K e n d e , Б .  J ó n á s , Gy . Vá m o s : 

S A L M O N E L L A -U N T E R S U C H U N G E N  IN  B U D A P E S T  IN  D E N  J A H R E N  1 9 5 6 -5 8

И С С Л Е Д О В А Н И Е  М И К Р О Б О В  Г Р У П П Ы  С А Л Ь М О Н Е Л Л  В Б У Д А П Е Ш Т Е
(1956— 1958 гг.)

И. МИХАЛЬФИ, Е. КЕНДЕ, Е. ЙОНАШ, ДЬ. ВАМОШ

1. А вторы  сообщ аю т об и сследован и ях  м икробов  группы  сал ьм о н ел л , проведенны х 
в  течение тр ех  л ет  (1956— 58 гг .) в бактери ологи ческой  лаборатории  Б удап еш тско й  сан и 
тарно-эпидем иологической  станции. З а  этот период в связи  с проф ессиональны м и п ро
ф илактическим и  исследованиям и и исследован и ям и  больны х из сту л а  бы ло изолировано  
Г847 ш там м ов сальм онелл.

2. З ар аж ен н о сть  здорового  населения определилось в среднем в 0 ,3 2 % .
3. С ообщ ается годовое распределение сл у чаев  зараж енн ости  м икробам и  групп ы  

сал ьм о н ел л  в годы 1956, 1957 и 1958.
4. В озраст 43%  больн ы х  о к азал ся  м еньш е 2 лет.
5. 1847 штаммов относились к  15 типам . П о ло ви на ш таммов о к а за л а с ь  Salm onella  

sa in t p a id .
6. В ыделение возбудителя  в 80%  сл у чаев  прекрати лось  в п р ед ел ах  одного м еся ц а .

L . V á c z i , М .  F o d o r t

T H E  R E L A T IO N  O F S U R F A C E  P R O P E R T IE S  A N D  A N T IB IO T IC -R E S IS T A N C E  IN  
ST A PH Y L O C O C C U S A U R E U S . I I I .  T H E  E F F E C T  O F  U N SA T U R A T E D  FA T T Y  ACIDS 

ON  T H E  R E SIST A N C E  TO  A N TIB IO TICS

С В Я З Ь  М Е Ж Д У  П О В Е Р Х Н О С Т Н Ы М И  С ВО Й СТВ А М И  И Ч У В С Т В И Т Е Л Ь Н О С Т Ь Ю  
К  А Н Т И Б И О Т И К А М  Ш ТАМ М ОВ S T A P H Y L O C O C C U S  A U R E U S  I I I .  В Л И Я Н И Е  

Н Е Н А С Ы Щ Е Н Н Ы Х  Ж И Р Н Ы Х  К И С Л О Т  Н А  Ч У В С Т В И Т Е Л Ь Н О С Т Ь  
К  А Н Т И Б И О Т И К А М

Л. ВАЦИ, М. ФОДОР

А вторы  в присутствии  антибиотиков и сследовали  чу вствительн ость  к  ненасы 
щ енны м  ж ир н ы м  кислотам  —  олеиновой к и сл о та , линолевой к ислоты , .тиноленовой 
к и сл о ты  —  ш таммов Staphylococcus aureus, обладаю щ их различной  антибиотической  
чувствительн остью .

1. Н а  агаровой  питательной  среде о леат н а тр и я  в к онц ен траци и  свыш е 0 ,1 2 % , 
л и н о л е в а я  кислота и л и н о л ен евая  кислоты  в к онц ен траци и  свыш е 0 ,0 3 %  зад ер ж и ваю т 
р азв и ти е  чувствительны х и резистентны х к  антибиотикам  ш там м ов Staphylococcus 
aureus, В бульоне эти  вещ ества обладаю т, бактериостатическим  действием  то л ько  при  
зн ач и тел ьн о  более вы сокой конц ен траци и .

2. Н енасы щ енны е ж и р н ы е кислоты  у ж е  в количестве 4  м г%  зн ачи тел ьно  повы 
ш аю т чувствительность к  п ени ц иллин у  резистентны х к  пенициллину и полирезистент- 
Н Ы Х  ш тамм ов Staphylococcus aureus.
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3. В п рисутствии  субстатической ко н ц ен тр ац и и  пени ц иллин а олеин овая  к и сл о та , 
л и н о л евая  к и сл о та  и лин олен овая  к и сл о та  сн и ж аю т  потребление кислорода к л е т о к  рези 
стентны х то л ьк о  к  п енициллину, на 4 8 % , а  полирезистентны х клеток  на 5 9 % . Д ействие 
этих  вещ еств на чувствительны е к  ан тиб ио ти кам  штаммы Staphylococcus aureus гораздо  
менее вы раж енн ое.

4. Эти ненасы щ енны е ж ирны е кислоты  не оказы ваю т непосредственного дей ствия  
на п ени ц ил л ин азу .

5. П ричиной  значительного  синергизм а м еж ду  п енициллином  и ненасы щ енны м и 
ж ирны м и  к и сл о там и , наблю даемого в сл у ч ае  рези стентн ы х  к  антибиотикам  ш там м ов 
Staphylococcus aureus, я вл я ется  п овы ш енная  чувствительн ость  к леток, обладаю щ и х 
этим и биологическим и  свойствами, по отнош ению  ненасы щ енны м  ж ирны м  кислотам .

6. У к а зы в а е т с я  на отклонение поверхн ости  чу вствительн ы х  и рези стентн ы х  к  
антибиотикам  к л е т о к  и  на практическое зн ачен и е этого наблю дения.

К . R á ü ss , I. K é t y i , A. V e r t é n y i , S. V ö r ö s :

S T U D IE S  O N  T H E  N A T U R E  O F P H A S E  V A R IA T IO N  O F  SH . S O N N E I 

И С С Л Е Д О В А Н И Я  И З М Е Н Е Н И Я  Ф А З Ы  Б А К Т Е Р И Й  S H . S O N N E I

К. РАУШ, И. КЕТИ, А. ВЕРТЕНЬИ, Ш. ВЁРЁШ

1. А вторы  ср ав н и в ал и  особенности II-ой  ф азы  Sh. só im éi со свойствами в а р и а н т е в-R  
киш ечны х бактер и й  и полученного искусственны м  путем  в а р и а н та -R . Sh. sóim éi (отм ечен
ного зн аком  Ш ).

2. П -а я  ф аза  Sh . sonnei в отнош ении м орф ологи чески х  и к у л ьту р н ы х  особенностей 
совпадает с х ар ак тер н ы м и  особенностями в ар и ан то в  R . О на в ф изико-хим ическом  отно
ш ении дает оди н аковую  с вариантам и р еакци ю  М иллона, кислотн ую -агглю ти нац и ю , она 
чувствительна к  тр и п аф л ави н у , но в ф изиологическом  р астворе поваренной соли аггл ю 
ти ни рует то л ьк о  в к и п ячен ном  состоянии. С ледовательно П -а я  ф аза Sh. sonnei в ф изико
хим ическом  отнош ении  не обособляема от R  вариантов.

3. В отнош ении антигенной  структуры  ав то р ы  п о дтверж даю т обособленность I -ой и 
II-ой  фаз. В ар и ан т  н ах о ди л ся  только  в односторонней связи  со II-о й  фазой, п о ск о л ьк у  он 
снизил ти тр  сы воротки  II-ой  фазы, а  не р еду ц и р о вал  сы воротки  R1 в титре II-о й  фазы .

4. В им м уннобиологическом  отнош ении токсичность на м ы ш ах  II-ой  ф азы  бы ла в 
тр и  раз, а  ее в и р у л ен тн о сть  на м ы ш ах без м у ц и н а  бы л в п я т ь  р а з  ниж е чем у  I -ой фазы . 
П ри прим енении м у ц и н а  наблю далась прибл. 10 м и л л и о н н о к р атн ая  разница в п о л ь зу  
I -ой фазы. В и ссл ед о ван и ях  инвазивности  внутрибрю ш инно в вед ен н ая  I-ая  фаза Sh. so n n e i 
быстро р азм н о ж ал ась , и  по истечении к о р о тко го  врем ени н асту п и л а  прочная б актери ем и я, 
в то врем я к а к  П -а я  ф аза  скоро стала  ж ер тв о й  ф агоцитов, а  бактерием ия н абл ю д ал ась  
то л ько  и зредка  и л и ш ь  временно. И м м уннобиологический  х а р а к т е р -R  П -ой ф азы  под
черки вается  т а к ж е  тем  наблю дением, что у  бо л ьн ы х  дизентерией  Зонне —  в п ротивопо
лож н ость  ко П -ой  ф азе —  не удалось в ы я ви ть  ни аггл ю ти н и н а, ни повы ш ения ти тр а  
защ иты  мышей.

5. Л и тер ату р н ы е  данны е, указы ваю щ ие на обратное разви ти е  П -ой фазы  в 1-ую 
ф азу, на основании р езу л ьтато в  авторов м ож но объясни ть  тем , что одна часть ти пи чн ы х  
колоний  П -ой  ф азы  на самом деле я в л я е тс я  см еш анной к у л ь ту р о й , причем ди ссоц иац и я  
I -ой фазы наблю дается  in  v itro  и in  v ivo  т а к ж е  во 2-ом и 3-ем  п о колен иях . О братное р а з 
витие из чистой к у л ь ту р ы  П -ой фазы невозм ож но.

6. В ходе о б су ж д ен и я  авторы  устан авл и ваю т , что полученны й ими R1, к а к  и  и з
вестный из л и тер ату р ы  «третий тип колонии» п редп о л о ж и тельн о  я вл я ю тся  S вар иан там и .

7. Н а основании  исследований авторов изм енение фазы  Sh. sonnei следует р ассм ат
ри вать  вариан том  S —R ,  а  П -ую  ф азу —  вар и ан то м  R.
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F . Öh d ö g h , K . Sz e n d e :

T E M P E R A T E  B A C T E R IO P H A G E S  IS O L A T E D  F R O M  R H IZ O B IU M  M E L IL O T I

Т Е М П Е Р И Р О В А Н Н Ы Е  Б А К Т Е Р И О Ф А Г И , И З О Л И Р О В А Н Н Ы Е  И З  К Л У Б Н Е Й
К О Р Н Я  R H IZ O B IU M  M E L IL O T I

Ф. ЭРДЭГ, к. СЕНДЕ

П р и  помощ и ком бинации  метода тести р о ван и я  Ф и ск а  с методом Л едерберга  и ссл е
до в ал и сь  152 лин и и  R h izo b iu m  m elilo ti, п о лучен ны х  и з свеж и х  кл у б н ей , во всех  в о з
м о ж н ы х  к о м б и н ац и ях , причем  103 из исследован н ы х  лин и й  о казал и сь  носителям и б а к 
тер и о ф аго в , или  лизогенны м и. И з неф и льтрированн ого  лизата  у д ал о сь  и зо л и р о вать  
63 ф ага , и з  к о торы х  44 ф ага о к азал и сь  ум еренны м и, а  — 11 вирулентны м и, в  то вр ем я  к а к  
8 ф агов  д а л и  отрицательны й  р езу л ьтат  тести р о ван и я . П ри  исследовании  соотнош ения 
ф ага -х о заи н а  8 из ум еренны х ф агов о к азал и сь  поливалентны м и, 10 облад али  средней  
вир у л ен тн о стью , а  23 —  незначительной  вирулен тностью . Т р и  чу встви тел ьн ы х  л и н и и  
R h . m e lilo ti бы ли за р а ж е н ы  40  различны м и ум еренны м и  фагами в ц е л я х  л и зоген и заци и . 
У  13 и з  получен ны х  лизоген н ы х  линий  и сследовали сь  изменения, происходивш ие в  соот
нош ении  ф ага-х о зяи н а. Н а  основании  исследований  17 фагов у д ал о сь  отнести  к  7 р о д 
ственн ы м  гр у п п ам  или  оп редели ть  и х  тож ествен ность .

М. JÁRAI:

G E N E T IC  R E C O M B IN A T IO N  IN  S T R E P T O M Y C E S  A U R E O F A C IE N S  

Г Е Н Е Т И Ч Е С К А Я  Р Е К О М Б И Н А Ц И Я  ST R E P T O M Y C E S  A U R E O F A C IE N S

M. ЯРАИ

А втор  наблю дал  у  S trep to m y ces  au reo fac ien s генетическую  реком бинацию . Д л я  
опы тов  и спользовались  10 однократны х и д в у к р атн ы х  ауксотроф ны х ш таммов. А у ксо - 
троф ны е ш таммы м ож но бы ло на основании и х  п р о и сх о ж ден и я  отнести  к  3  разли чн ы м  
по л и н и и  группам .

Д л я  наблю дения генетической  реком бинации  п рим енялась см есь к о м п лем ентар
н ы х  ау ксо тр о ф н ы х  ш таммов в соотнош ении 1:1, на дополненной питательн ой  среде, со 
д е р ж а щ е й  то л ько  определенны е ф акторы  роста, в  совсем незначительном  количестве. 
Н а это й  питательной  среде реком бинированны е ауксотроф ны е штаммы образовали  х о рош о 
р азгр ан и ч ен н ы е  колонии.

И сследовалась  ан тибиоти ческая  ак ти в н о сть  реком бинированны х ауксотроф н ы х 
ш там м ов. В ряде случаев  наблю далось зн ачи тельное повы ш ение производства ан тибиоти ка , 
по ср авн ен и ю  с исходными прототрофными ш там м ам и н а 40— 6 0 % .

П р и  анализе п р о и сх о ж ден и я  реком би н ированн ы х  ауксотроф ны х ш таммов с вы со
кой  антибиотической  активностью , наблю далось, что из ком плем ентарны х ау к со тр о ф 
н ы х  ш там м ов с различной  линией  п олучаю тся в больш ем  количестве реком бинированны е 
ш там м ы  с хорош им  производством , чем из би охим ических  парны х м утан тов  одинаковой  
л и н и и . Это у к азы вает  на то что реком бинация происходит у  разл и чн ы х  гр у п п  биохим и
ч е с к и х  м утантов неодинаковы м  способом, и следует п редполагать определенностью  
в за и м о с в я зь  м еж ду  механизм ом  генетической реком бинации  и антибиотической  ак ти в н о  
п о л у ч ен н ы х  реком бинированны х ш таммов.
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M. J á k a i:

T R A N S F O R M A T IO N  IN  ST R E P T O M Y C E S  

Т Р А Н С Ф О Р М А Ц И Я  У  ST R E P T O M Y C E S

M. ЯРАИ

А втор н аблю д ал  с очищ енны ми п р еп ар атам и  дезоксирибонуклеиновой  к и сл о ты  
S tre p to m y c es  трансф орм ацию  ау к со тр о ф н ы х  ш таммов S tre p to m y c es  au reo facien s . П ри  
помощ и прим ененного им метода у д а л о с ь  в ы яви ть  н еск о л ьк о  количественны х взаим о
связей .

П роводили сь опыты  с дезокси ри бон уклеи н овой  ки сл о то й  прототроф ны х и а у к с о 
троф ны х ш таммов S trep to m y ces  au reo fac ien s  н а  м иним альной  питательной среде с одно
кратны м и  и д в у к р атн ы м и  ауксотроф ны м и ш тамм ами. Б ы л о  установлено, что д л я  в о зн и к 
н овения  одного трансф орм ированного  ш там м а необходимо приблизительно 10~4 ц г  д езо к 
си рибонуклеиновой  кислоты . П ри  ср авн ен и и  с количеством  дезоксирибонуклеиновой  
кислоты , необходим ом  д л я  тран сф о р м и р о ван и я  д в у к р а т н ы х  ауксотроф н ы х ш там м ов, 
наблю далось, что д л я  трансф орм ации 1-ого дву к р атн о го  ауксотроф ного  штамма тр ебо вал о сь  
не в два р аза , а  в 7 ,1  р аза  больш е д езокси ри бон уклеи н овой  кислоты . Не п рям ое соотно
ш ение м еж д у  числом  тран сф орм ированн ы х  свойств и к оличеством  дезокси ри бон уклеи н о
вой кислоты  предп олож и тельн о  м ож но  о б ъ ясн и ть  тем ф актом , что прорастаю щ ий конидий  
труднее осваивает  дезокси ри бон уклеи н овую  кислоту .

С ущ ествует логариф м ическое соотнош ение м еж д у  количеством  прим ененной д езо к 
сирибонуклеиновой  кислоты  и числом  тр ан сф орм ированн ы х  ш таммов. Д оза у л ьтр аф и о л е 
тового облучени я  дезокси ри бон уклеи н овой  кислоты  т а к ж е  п о казы вает эксп он енц и альн ую  
св я зь  с и накти ви зи рую щ и м  действием  о бл у ч ен и я  на ак ти в н о сть  трансф орм ации.

В серии опы тов удалось н аб л ю д ать  м еж специф ическую  трансформ ацию  с дезок 
сирибонуклеиновой  КИСЛОТОЙ S tre p to m y c es  g riseus у  д в у х  ау к сотроф н ы х ш там м ов S tre p 
to m y ces au reo fac ien s . Д л я  возн и кн о вен и я  м еж специф ической  трансф орм ации необхо
димо около 10~3 /гг  дезокси ри бон уклеи н овой  кислоты , зн ач и т  больш е, чем д л я  в н у т р и 
видовой тран сф орм аци и . Н е у д ал о сь  н аб л ю д ать  м еж специф ической  трансф орм ации  с 
дезоксирибонуклеиновой  кислотой  S tre p to m y c es  rim o su s у  ауксотроф н ы х ш тамм ов 
S tre p to m y c es  au reo fac ien s , НИ С дезокси ри бон уклеи н овой  КИСЛОТОЙ S trep to m y ces  griseus 
у  н еско л ьк и х  ау к со тр о ф н ы х  ш тамм ов S tre p to m y c es  au reo facien s .

Gy . V ö rö s-F e l k a i , Б .  К . N o v a k :

IN C ID E N C E  O F Y EA ST S IN  H U M A N  M A T E R IA L  

Д Р О Ж Ж Е В Ы Е  Г Р И Б К И  В М А Т Е Р И А Л Е  И С С Л Е Д О В А Н И Я , В ЗЯ ТО М  О Т Л Ю Д Е Й

ДЬ. ВЁРЁШ-ФЕЛКАИ, Е. К. НОВАК

А вторы  в ы р ащ и вал и , из м атер и ал а  и сследования 1200 больны х с подозрением  н а 
грибковое заб о леван и е, 443 штамма д р о ж ж е в ы х  грибков . П р и  идентиф икации п о л у ч ен 
н ы х  ш таммов методам и Л оддера и К р е ге р -В а н -Р и я , и х  м ож но  отнести к  9 родам  и 32 
видам. Б о л ь ш а я  часть  изолированны х ш там м ов происходит главны м  образом и з  вы деле
ний зева  и бронхов, и  тож дественны е с болезнетровны м и видам и  C andida a lb ican s , C an
d id a  p seu d o tro p ica lis , C an d id a  tro p ica lis , C an d id a  Crusei. И з вы делений ды хательны х  путей  
и д р у ги х  вы делений в больш ем количестве бы ли и золированы  т а к ж е  др о ж ж евы е гр и б ки , 
рассм атриваем ы е до си х  пор к а к  сапроф иты .

В в ы дел ен и ях  ды хательны х  п утей  в  больш ом количестве были о бн аруж ены  виды 
C andida, ш таммы G eo trich u m : R h o d o to ru la  m u cilag inosa  И T oru lopsis in co n sp icu a . И з 
крови  у дал о сь  и зо л и р о вать  C an d id a  a lb ican s , C ryptococcus d iffluens и R h o d o to ru la  
m ucilag inosa . И з ж ел ч и  бы ли вы ращ ены  кром е C and ida  a lb ic an s  главны м образом  ВИДЫ 
R h o d o to ru la . В ж елудочн ом  содерж им ом  преим ущ ественно встречались виды  C an d id a  
и G eo trichum . В секционном  м атериале чащ е всего встр еч ал ся  вид C andida em séi. П ато 
генность и зо л и р о ван н ы х  штаммов и ссл ед о вал ась  на белы х  м ы ш ах, которы м д ел ал и сь  
п рививки  внутрибрю ш инно. П атогенны м и д л я  мыш ей о к азал и сь  известные болезн етвор
ные виды C and ida , ш там м ы  G eo trichum  и C ryptococcus n eo fo rm an s. У  мышей п ато ло ги 
ческие изм енения И ги б ел ь  ж ивотны х  вы зы вал и  так ж е  ВИДЫ C and ida  u tilis , R h o d o to ru la  
m ucilag inosa , H a n se n u la  subpellicu losa, S acch aro m y ces m a rx ia n u s , Saccharom yces frag ilis .
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G y . V örös-F e l k a i :

S T U D IE S  O N  A R T H R O S P O R O U S  Y EASTS 

И С С Л Е Д О В А Н И Е  А Р Т Р О С П О Р О В Ы Х  Д Р О Ж Ж Е В Ы Х  Г Р И Б К О В

ДЬ. ВЁРЁШ-ФЕЛКАИ

Д ополнением  метода и сследован и я  Л оддера  и  К р егер -В ан -Р и я  с пробой  на вос
стан о вл ен и е  визм ута, р а зж и ж ж е н и е м  ж елати н ы  и исследованием  чувствительности  к  
а к ти д и о н у  удалось идентиф ицировать 26 ар тр о сп о р о вы х  штаммов д р о ж ж е в ы х  грибков. 
Эти 2 6  ш там м ов относятся  к  одном у к р у гу . С реди о б н ар у ж ен н ы х  ш таммов 14 бы ли G eo t
r ic h u m  can d id u m , 4 T rich o sp o ro n  c u ta n eu m , 2 G e o tric h u m  m ata lan se , 6 G eo trich u m  lin - 
k ii n . sp .

А вто р  предлагает перем естить род G eo trich u m , причисляем ы й р ан ьш е к  сем ейству 
M u ced in aceae  серии H y p h o m y c e tes , в подсемейство T richosporo ideae  сем ейства C ryptococ- 
сасеае.

Д а е т с я  описание нового вида, под н азванием  G eo trichum  lin k ii n . sp.

O. R u d n a i, G. B a r s i :

T H E  R E S U L T S  O F SA L K  V A C C IN A TIO N  IN  H U N G A R Y  AS M E A S U R E D  ON T H E
1959 P O L IO M Y E L IT IS  E P ID E M IC

Р Е З У Л Ь Т А Т Ы  В А К Ц И Н А Ц И И  ПО С А Л К У  В С В Е Т Е  Э П И Д Е М И И  П О Л И О М И Е Л И Т А
1959 Г О Д А  В В Е Н Г Р И И

О. РУДНАИ, Г. БАРШИ

И з  1830 случаев  заб о л ев ан и я  полиом иелитом  во врем я  эпидемии 1959 года в В ен
гр и и  у д ал о сь  вы яснить дан н ы е вакц и нац ии  1769 бо л ьн ы х . Н а основании р азр аб о тки  по
л у ч ен н о го  м атери ала м ож но  бы ло устан ови ть , что

1. то л ько  35,4%  бо л ьн ы х  п олучили  перед заболеван ием  3 или  4  п р и ви вк и . В виду 
того , что 80%  затронутой  популяци и  бы ли п р и ви ты  три  р аза , то выш еприведенное 
соотнош ение у ж е у к азы в ает  на эффективность предварительной  прививки .

2. П о р аж ает  вы сокое, почти 57% -ное соотнош ение л и ц ,заб о л евш и х  вопреки  т р е х 
к р а т н о й  прививки , получивш ие третью  вакц и н ац и ю  свыш е года до заб о леван и я .

3. Н аибольш ий эф ф ект п редохранительной  п р и ви вки  дает п р и в и в к а , полученная  
за  восем ь месяцев до эпидем ии. П оразительно , что почти равноценны м  о казал о сь  дей
стви е  п ер вы х  д в у х  прививок , полученны х за  три -четы ре месяца до вспы ш ки  эпидемии. 
Н аим ен ьш ее защ итное действие наблю далось у  л и ц  получивш их третью  п р и в и в к у  за  16 
м есяц ев  до н ачала эпидем ии. С ледовательно, р езу л ьтаты  исследований го во р я т  за  то , 
что п р едо х р ан и тел ьн ая  ценность полной им м унизации  по истечению  одного года у ж е  
зам етн о  сн иж ается .

4 . П р и  помощи проводим ы х с 1957 года п р и в и в о к  по С алку  в 1959 году у д ал о сь  
д о сти гн у ть  по крайн ей  м ере 6 0 % -н о й  им м унизации.

5. С мертность больны х , получивш их п редохранительны е п р ививки  бы ла зн ач и 
т ел ь н о  меньш е той н епри ви ты х  лиц .
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J .  F ö l d e s :

SO M E O B SE R V A T IO N S ON  T H E  M E C H A N ISM  O F  T H E  M ID D L E B R O O K -D U B O S
H A E M A G G L U T IN A T IO N  T E S T

О М Е Х А Н И З М Е  Г Е М А Г Г Л Ю Т И Н А Ц И И  П О  М И Д Д Л Б Р У К -Д Ю Б О

Й. ФЕЛЬДЕШ

А втор и зу ч ал  активность  п оли сахари дов  и протеинов, и золированны х из M yco
b a c te riu m  tu b e rc u lo s is  на основании теста по М и дд л бр у к — Д ю бо. П о ли сах ар и д  с обоз
начением P I  способен адсорбироваться  красны м и  к р о вян ы м и  тельцам и, в  то вр ем я  к а к  
поли сахари д  Р П  не обладает этой способностью . О бработка эритроцитов трипсином , пеп
сином, п апаи н ом  и ли  таннином  (при 37° С) не в л и я л о  н а адсорбцию  полисахаридов . Об
работанны е таннином  эритроциты  при ком натной  тем п ературе  в течение 10 м и н у т  не 
адсорбирую т в ы т я ж к у  P I .

В ы т я ж к и  тубер ку л езн о й  п алочки  протеинового х а р а к т е р а  п р о яв л яю т на осно
вании адсорбци и  эритроц итам и  однородное поведение. А дсорбционная способность эр и т 
роцитов повы силась  больш е всего после о браб отки  таннином , но эффект обработки  п ап аи 
ном т а к ж е  бы л весьм а вы раж енны м .

В сл у чае  прим енения к леток, обработанн ы х  таннином , а  затем  сенсибилизирован 
ны х протеином , способность вы тяж ек  протеинового х а р а к т е р а  зад ер ж и в ать  гем аглю ти- 
нацию , соразм ерна содерж анию  п оли сахари дов , св язан н ы х  с протеином.

Р е а к ц и я  Ш мидт Т ан н гау зер а  п р ек р ащ ает  сенсибилизирую щ ую  способность вы 
т я ж к и  P I.

Н а  основании  достигнуты х результатов  автор  дает  объяснен и я  р еакци и  М иддл
б р у к — Дю бо.

Т . A n g y a l :

ST U D IES O N  T H E  C LA SSIFIC A TIO N , P A T H O G E N IT Y  A N D  A N T IG E N IC  S T R U C T U R E  
O F ST A PH Y L O C O C C I. I. T H E  O C C U R R E N C E  A N D  PA T H O G E N IC IT Y  O F

M ICRO CO CCA CEA E

И С С Л Е Д О В А Н И Е  С И С Т ЕМ А Т О Л О ГИ И  И А Н Т И Г Е Н Н О Й  С Т Р У К Т У Р Ы  С Т А Ф И 
Л О К О К К О В . I. И С С Л Е Д О В А Н И Я  Ч А С Т О Т Ы  М И К Р О К О К К О В  И П Р О Б Ы  НА

П А Т О Г Е Н Н О С Т Ь

Т. АНДЬАЛ

А втор в ходе повседневной работы  и зо л и р о в ал  311 ш тамм ов, относящ ихся к  сем ей
ству  M icrococaceae среди которы х 233 о к а за л и с ь  стаф илококкам и , а  75  м и крококкам и . 
С истем атологического места 3 штаммов не у д ал о сь  вы ясни ть .

С истем атологическое определение сравни тельно  часто вы деленны х M icrococcus 
ureae , M icrococcus lu te u s  и M icrococcus f la v u s  при  помощ и простого м орф ологического 
исследования н атал к и в ается  на трудности , вви ду  возм ож ности  и х  см еш ивания со стаф и
лококкам и.

У  видов м и к р о ко к к о в  удалось в ы я ви ть  ги ал у р о н и д азу .
У  ш тамм ов M icrococcus и S tap h y lo co ccu s (ep id e rm id is) не удалось в ы яви ть  к о а- 

гулазной  активности . Н а  этом основании к о агу л азн у ю  ак ти в н о сть  м ож но рассм атри вать  
обязательны м  свойством  патогенны х стаф илококковы х  ш тамм ов.

К оагу л азо -о тр и ц ател ьн о го  ш тамма S tap h y lo co ccu s a u reu s  удалось вы делить в 13 
сл у ч ая х . О ни бы ли  и золированы  в связи  с сепсисом.

Е сли  из к р о ви  вы ращ и вается  к о агу л азо -о тр и ц ател ьн ы й  ш тамм, то следует п р о 
вести т а к ж е  д р у ги е  пробы  на патогенность (ги аза , ф осфатаза).
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G. Ujváry, T. Angyal, L. Tóth:

STU D IES ON T H E  CLASSIFICATION, PA TH O G EN ICITY  AND ANTIGENIC STRU CTU RE 
OF STAPHYLOCOCCI. II . SEROLOGICAL T Y PIN G  O F STAPHYLOCOCCUS AUREUS-

И СС Л ЕДО В А Н И Я  СИСТЕМ АТОЛОГИИ И А Н Т И ГЕ Н Н О Й  С Т РУ К Т У РЫ  СТАФИ
Л О КО ККО В. II . СЕРО Л О ГИ ЧЕС КИ Е ИССЛЕДО ВАН ИЯ ШТАММОВ 

STAPHYLOCOCCUS A UREUS

Г. УЙВАРИ, Т. АНДЬАЛ, Л. ТОТ

Авторы при помощи метода Эдинга определили серотип 192 штаммов S ta p h y lo 
coccus au reu s  происходящ их из гноеродных инфекций.

Чащ е всего обнаруж ивались штаммы четвертой группы.
Обособлялись 42 серотипа, из которых 22 оказались новыми серотипами.
В случаях ф урункула и флегмоны встречались главным образом штаммы группы 4. 
М ежду серотипами, патогенностью и чувствительностью к  антибиотикам не удалось 

вы явить взаимосвязи.
Авторы обращают внимание на тот факт, что при эпидемиологических исследова

ниях  кроме определения фаготипа и чувствительности к  антибиотикам весьма ценным 
методом может быть так ж е определение антигенной структуры.

Т. Angyal:

STU D IES ON TH E  CLASSIFICATION, PA TH O G EN ICITY  AND ANTIGENIC STRU CTU RE 
O F STAPHYLOCOCCI. II I . EXAM INATION O F STAPHYLOCOCCI ISOLATED FROM

FAECES

И ССЛ ЕДО ВА Н И Я СИСТЕМАТОЛОГИИ, ПАТОГЕННОСТИ И А Н Т И ГЕ Н Н О Й  
С Т Р У К Т У Р Ы  СТАФИЛОКОККОВ. III. ИССЛЕДО ВАН ИЕ СТАФ ИЛОКОККОВ,

И ЗО Л И РО В А Н Н Ы Х  И З КАЛА

Т. АНДЬАЛ

Автор из 539 образцов кала изолировал 174 штаммов S tap h y lo co ccu s  a u re u s , 
104 штамма S tap h y lo co ccu s ep iderm id is и 12 штаммов M icrococcus. В пробах на пато
генность фекальные штаммы S tap h y lococcus au reu s  показали одинаковое поведение со 
ш таммами, происходящими из гноеродных инфекций. Резистентные к  антибиотикам 
ш таммы стафилококков встречались среди фекальных штаммов гораздо чаще, чем среди 
ш таммов, изолированных из гнойных процессов.

У  штаммов S tap h y lo co ccu s au reu s автор обособлял 51 серотип, а У штаммов S ta 
p h y lo co ccu s  a lbus 25 серотипов.

Автор приходит к  тому заключению, что выращивание одного штамма S ta p h y 
lo co ccu s au reu s из кал а  в связи с энтеритом не означает, что данный бактерий находится 
в этиологической связи с этим заболеванием.

В. Serény:

V A R IA N T S O F SH . S O N N E I P H A S E  I.

В И Д О И З М Е Н Е Н И Я  I Ф А З Ы  SH . SO N N E I

Б. ШЕРЕНЬ

Автор при косом освещении и при постепенном изменении угла впадения света 
проводил исследование морфологии колоний, причем он в случае культур  Sh. sóim éi 
дифференцировал б форм колоний, к аж д ая  из которых содержала антигены I-ой фазы. 
М еж ду вирулентностью этих вариантов была выявлена значительная разница. Путем 
примененного автором метода, становится возможным выбрать культуры  соответствующей 
вирулентности. Один вариант, содержащий почти исключительно антигены I -ой фазы, ока
зал ся  невирулентным, а самой большой вирулентностью обладал вариант, в колониях 
которого обнаруж ивались антигены I-ой и П-ой фаз. В соответствии с этими наблюдениями 
по мнению автора вирулентность культур Sh. só im éi вызывается не исключительно только 
антигенами I -ой фазы.
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E . S c h e i b e r , T. K A k o s y , Б .  T. G l á z :

E FFEC T  OF A N TIFU N G A L AGENTS ON T H E  FAECAL YEAST FLO RA  OF MICE

ДЕЙСТВИЕ Ф У Н Г И Ц И Д Н Ы Х  СРЕДСТВ НА Ф Л О РУ  Д Р О Ж Ж Е В Ы Х  Г РИ Б К О В  
В КИШ ЕЧН ОМ  Т РА К Т Е  М Ы Ш ЕЙ

Е . Ш Е Й В Е Р , Т . К А К О Ш И , Е . Т . Г Л А З

Авторы исследовали действие различных фунгициодных веществ на флору дрож 
ж ей  в кишечном тракте  мышей, развивавш ую ся во время кормления окситетрациклином. 
Введение через рот нистатина, трихомицина, трипафлавина, трихотецина, флавофун- 
гина, витамина К 5 и пентахлорфенола в возрастающей в порядке перечисления мере 
снизило число дрож ж евы х клеток в испряж нении мышей, по сравнению с исходной вели
чиной. Генцианвиолет, оксибен В, 8-окси-хинолин в примененной дозе оказались неэф
фективными. О казавш иеся in  v ivo  эффективными вещества исследовались такж е in  v i tro  
против C andida a lb ic an s  и T oru lopsis g la b ra ta .

G. C s e h , I. S z a b ó :

S T U D IE S  ON T H E  M EC H A N ISM  O F  P R O P E R D IN -Z Y M O S A N  R E A C T IO N . T H E  R O L E  
O F  P O L Y S A C C H A R ID E  S T R U C T U R E  IN  C O M B IN A T IO N  W IT H  P R O P E R D IN

ИССЛЕДОВАНИЯ М ЕХАНИЗМ А РЕ А К Ц И И  П РО П ЕРД И Н -ЗИ М О ЗА Н . РО Л Ь П О 
Л И С А Х А РИ Д Н О Й  С Т РУ К Т У РЫ  В С В Я ЗЫ В А Н И И  П РО П ЕРД И Н А

Г . Ч Е Х ,  И . С А Б О

Авторы исследовали способность зимозана, полисахарида клеточной стенки S acch a
ro m y ces cerevisiae , связывать пропердин, по сравнению с ее неспецифической способ
ностью к  адсорбции белков. На основании сравнения поведения различных полисахари
дов (в том числе участвую щ их в построении зимозана глю кана, маннана и гликогена, 
далее целлюлозы, крахм ала, инулина, а  такж е и ацетилового производного зимозана) 
и поведения неорганических адсорбентов (активный уголь, каолин, гель фосфата к ал ь 
ция) авторы старались сделать заклю чения о значении структуры поверхности полиса
харидов в деле связы вания пропердина.

При добавлении определенного количества упомянутых соединений к  сыворотке 
с известным содержанием пропердина выявилось, что эти соединения связывают весьма 
различные количества пропердина и что размер неспецифической адсорбции белков не 
протекает параллельно с этим. Зимозан связывает самое большое количество пропер
дина, причем специфическая способность зимозана связы вать пропердин такж е весьма 
высока.

Авторы выявили, что из растворимых в воде полисахаридов в присутствии дву
валентных катионов маннан, в соответствии с ингибицией гаптена, задерж ивает связы 
вание пропердина к  зимозану. Гликоген не оказывает такого действия.

Реакция глю кана коренным образом отличается от реакции зимозана, так как  глю- 
кан  не требует присутствия двувалентных катионов и образует очень лабильную связь 
с пропердином (его, вместе с другими сывороточными белками, у ж е  при ионной силе 
0,15 можно извлекать из глюкана).

Результаты исследований указывают на то, что полисахаридная структура зимо
зана предоставляет возможность для сравнительно очень специфического связывания про
пердина, и что это свойство связано со структурной особенностью компонента маннана.



10

I. D ö m ö k , E . M o l n á r :

E N TERO V IR U S STUDIES IN  CONNECTION W ITH  T H E  1959 PO LIOM Y ELITIS E P ID E 
MIC IN  H U N G A RY

И ССЛЕДО ВАН ИЯ Э Н ТЕРО В И РУ СО В  В С В Я ЗИ  С ЭП И ДЕМ И ЕЙ  П ОЛИОМ ИЕЛИТА
В 1959 ГО Д У  В В ЕН ГРИ И

И . Д ё М ё К , Е . М О Л Ь Н А Р

В 1959 г. во время одной из самых тяж елы х эпидемий полиомиелита в Венгрии, 
авторы пытались выявить энтеровирусы на 2329 материалах исследований 1822 лиц. Из 
800 материалов исследований 746 лиц удалось изолировать вирусные штаммы. И з изоли
рованных штаммов 630 относились к  типу полио 1, три штамма к  типу полно 2, и 31 штамм 
к  типу полио 3; 39 штаммов входили в группу К оксаки ,53  в группу ECHO, в то время как  
27 штаммов еще неидентифицированы. И з материала исследования 17 больных изолиро
вали  штаммы, относящиеся одновременно к  нескольким типам вирусов. Авторы сооб
щают результаты  изолирования вирусов в группировке по клиническому диагнозу, по 
возрасту больных, их месту ж ительства и сроку заболевания. Среди исследованных лиц 
у  625 больных окончательным диагнозом был полиомиелит (34,1%  всех случаев, зарегист
рированны х в 1959 году). И з 73,6%  материала исследований больных авторы выращ ивали 
вирусные штаммы типа полио 1.

Среди 16 больных полиомиелитом и 89 больных асептическим менингитом, у  кото
ры х не удалось изолировать вируса, в крови 10 больных удалось выявить повышение 
титра антител 1, типа вируса полиомиелита.

В одном будапештском детском коллективе, в течение 14 дневного периода после 
одного случая  заболевания полиомиелитом, вызванным вирусным типом полио 1, полио
вирусом зараж ались 81%  детей, в то время к а к  занесенный одновременно в коллектив 
штамм К оксаки типа В2 не разносился в коллективе, предположительно вследствие интер
ференции.

L. VÁczi, L. F a r k a s :

ASSOCIATION B ETW EEN  L IP ID  METABOLISM AND ANTIBIOTIC SENSITIVITY 
I. T H E  LIPID  COMPOSITION O F ANTIBIOTIC SENSITIVE AND RESISTANT 

STAPHYLOCOCCUS A UREUS STRAINS

ВЗАИМ ОСВЯЗИ М Е Ж Д У  Л И П О И Д Н Ы М  ОБМ ЕНОМ И ЧУВСТВИ ТЕЛ ЬН О СТЬЮ  
Б А К Т Е Р И Й  К А НТИБИОТИКАМ . I. СОСТАВ ЛИПОИДОВ Ч У В С Т В И Т Е Л Ь Н Ы Х  И 

РЕ ЗИ С Т Е Н Т Н Ы Х  ШТАММОВ STAPHYLOCOCCUS AUREUS

Л . В А Ц И , Л .  Ф А Р К А Ш

Авторы исследовали состав липоидов и компонентов ж ирной кислоты д вух  штам
мов S tap h y lo co ccu s au reu s  с различной чувствительностью к  антибиотикам.

Чувствительный к  антибиотикам штамм S tap hy lococcus a u reu s  содерж ал 3,6 % 
липоидов, а полирезистентный штамм —  5,3%  липоидов. Значительное отклонение было 
найдено у двух штаммов так ж е в содержании фосфатидов. Общее содержание фосфати
дов полирезистентного штамма почти в два раза больше, а содержание фосфатидов кефа- 
линового типа почти в 2,5 раза  больше содерж ания в чувствительных штаммах.

Общее содержание липоидов весьма чувствительного к  антибиотикам штамма 
S tre p to c o cc u s  h aem o ly ticu s и в пределах этого такж е содержание фосфатидов оказались 
весьма низкими (2,5% или ж е 0,7% ).

М ежду фракциями ж ирной кислоты исследованных штаммов S tap h y lo co ccu s не 
было найдено достоверной разницы. В твердой фракции ж ирной кислоты удалось выя
вить 5 компонентов (арахиновая кислота, стеариновая кислота, пальмитиновая кислота, 
миристиновая кислота и одна точно еще неопределенная ж и рн ая  кислота с 19 углерод
ными атомами). В ж идкой ф ракции ж ирны х кислот такж е были обнаружены 5 главных 
компонентов, не являю щ ихся ненасыщенными жирными кислотами У обоих штаммов 
S tap h y lo co ccu s  aureus ненасыщенные ж ирны е кислоты были выявлены только в весьма 
незначительном количестве.
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L. YÁczi, M . F o d o r , L. F a r k a s :

ASSOCIATION B E T W E E N  L IP ID  METABOLISM AND ANTIBIOTIC SENSITIVITY.
II. T H E  IN FL U E N C E  O F ESTER A SE IN H IB ITO R S ON T H E  ANTIBIOTIC SENSITIVITY 

O F STAPHYLOCOCCUS A U R E U S STRAINS

ВЗАИМ ОСВЯЗЬ М Е Ж Д У  ЛИП ОИ ДНЫ М  ОБМ ЕНОМ  И ЧУ В С ТВ И ТЕЛ ЬН О СТЬЮ  
БА К Т Е РИ Й  К  А Н ТИ БИ О ТИ КА М . II. ДЕЙ С ТВ И Е И Н ГИ БИ ТО РО В  ЭСТЕРАЗЫ  НА 

Ч У В С ТВ И ТЕЛ ЬН О СТЬ К А Н ТИ БИ О ТИ КА М  ШТАММОВ 
STAPHYLOCOCCUS AUREUS

Л .  В А Ц И , М . Ф О Д О Р , Л .  Ф А Р К А Ш

Авторы исследовали действие ингибиторов эстеразы на чувствительность к  анти
биотикам штаммов S tap h y lo co ccu s  au reus, и установили, что липолитическая актив
ность стафилококков, чувствительных к антибиотикам и резистентных только в отно
шении пенициллина, повышена, по сравнению с активностью полирезистентных штам
мов. Среди ингибиторов эстеразы  параоксон, метилпаратиооксон и олеат натрия в коли
честве 0,5 мг%  повышают чувствительность к  пенициллину и в меньшей мере чувстви
тельность к  террамицину стафилококков, резистентных к антибиотикам. М етилпаратио
оксон даж е в большой концентрации только в незначительной мере снижает активность 
эндопенициллиназы стафилококков, однако, он весьма сильно задерж ивает синтез фер
мента. Содержание фосфатидов у полирезистентных стафилококков, выращенных в при
сутствии метилпаратиооксона, сильно сокращ ается, и состав их содержания липоидов 
подобен составу липоидов у  стафилококков, чувствительных к  антибиотикам.

А. М. K e l e m e n , A. S i m o n :

VITAMIN В12 ANTAGONIST ISOLATED FROM PROPION BA CTERIU M  SH ER M A N II 
I. ISOLATION, STRU C TU R E AND MICROBIOLOGICAL EXAMINATIONS

АНТАГОНИСТ ВИТАМ ИНА B12, И ЗО Л И РО В А Н Н Ы Й  И З PROPION BA CTERIU M  
SHERM ANII. I. И ЗО Л И РО В А Н И Е , С ТРУ К ТУ РА  И М И К РО БИ О Л О ГИ ЧЕС КО Е

ИССЛЕДОВАНИЕ

А . М . К Е Л Е М Е Н , А . Ш И М О Н

Из P ro p io n b a c te r iu m  sh e rm a n ü  было изолировано вещество (фактор X ), которое в 
противоположность витамину В12, задерживает рост Е. coli. Это вещество кислой при
роды авторы выкристаллизировали.

Авторы определили инкубационный показатель фактора X  и установили, что он 
является компететивным ингибитором витамина В 12.

С труктура фактора X  была определена на основании ультрафиолетового спектра, 
далее отожествления с искусственными продуктами гидролиза и обратным превращением 
в витамин В 12.
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A. M. K e l e m e n , A. S i m o n

A V ITAM IN  B ,2 ANTAGONIST ISOLATED FROM  PROPION BA CTERIU M  SH ER M A N II 
II. INVESTIGATIONS ON T H E  O RIG IN  OF FACTOR X.

А Н ТИ ГО Н И СТ ВИТАМИНА B12, И ЗО Л И РО В А Н Н Ы Й  И З PRO PIO N BA C TER IU M  
SH ER M A N II. II. И ССЛЕДО ВА Н И Е П РО И С Х О Ж Д Е Н И Я  ФАКТОРА X.

A . M . К Е Л Е М Е Н , А . Ш И М О Н

Авторы в опытах, проведенных с радиоактивным витамином B l2 и путем изолиро
ван и я  при  нейтральной реакции доказали, что монокарбонокислое производное вита
мина В 12, изолированное из P ro p io n b a c te r iu m  sh e rm an ii не является артефактом, а оно 
ферментативного происхождения.

Количество монокарбоновой кислоты В12 в процессе ферментации постепенно 
уменьш ается, и следовательно, можно предполагать, что она получается не из витамина 
В 12, а явл яется  промежуточным продуктом биосинтеза витамина В12.

А. М. K e l e m e n , A. S i m o n :

M ICROBIOLOGICAL EXAM INATION O F A NATURAL VITAMIN BI3 ANTAGONIST

М И К РО БИ О Л О ГИ Ч Е С К О Е  И СС Л ЕД О В А Н И Е ЕСТЕСТВЕННОГО АНТАГОНИСТА
ВИТАМ ИНА В12

А . М . К Е Л Е М Е Н , А . Ш И М О Н

И з культуры  ОДНОГО штамма P ro p io n b a c te r iu m  sh e rm an ii удалось изолировать 
значительное количество вещества с антагонистическим действием по отношению к  вита
мину В12. Авторы доказали, что данное вещество является компететивным антагонистом 
витамина В12 и разработали простой метод для  исследования компететивного антагонизма.

Д л я  количественного определения антагонистического фактора разработан агар- 
диффузионный метод. Авторы пытаются теоретически объяснить явления, наблюдаемые 
при экспериментах, проводимых этим методом.

J .  B ö sz ö r m é n y i:

A N TISTR EPTO LY SIN -0 T IT R E  O F H EA LTH Y  ADULTS IN  BUDAPEST

Т И Т Р  А НТИСТРЕПТОЛИЗИНА-О У  ЗД О РО В Ы Х  В ЗРО С Л Ы Х  БУ Д А П Е Ш ТС К И Х
Ж И Т Е Л Е Й

Й . Б Ё С Ё Р М Е Н Ь И

А втор установил, что средний титр антистрептолизина-0 600 здоровых доноров 
равняется  125,6 ед., в пределах рассеяния 63,8—-247,2 ед. У 16,66% исследованных лиц 
титр был выше 247,2 ед. а  титр 70,5% исследованных лиц оказался в пределах рассеяния.

Численное распределение случаев около исчисленной средней величины с единицей 
титра в 30— 470 придерживается нормального распределения по Гауссу, но титр с 25— 30 
и 555— 800 единицами встречался в значительно большем количестве, чем это мож но было 
ож и д ать  на основании нормального распределения по Гауссу.

Средний титр по отдельным возрастным группам начиная с 18— 20 летнего воз
раста до более старшего, постепенно сниж ался. Средний титр у ж енщ ин более высокий, чем 
у муж чин, но разница недостоверная.

Т итр  у  лиц с высокими показателями с весеннего времени в течение нескольких 
месяцев незначительно сниж ается, но в осеннее время титр вновь повышается.

Авторы проводили титрование видоизмененным методом. Метод технически проще 
и дает более точные и математически лучше разрабатываемые результаты, чем применен
ные до сих пор методы титрования, так  к ак  расстояние между отдельными цифрами при 
титровании характеризую тся всегда коэффициентом 4У 2. Поэтому статистические исчи
сления проводились не фактическими цифрами титрования, а простыми порядковыми 
числительными («ступени величин») и только конечные результаты  переводились на 
величину титра.
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M . K e c s k é s , Б .  M a n n i n g e r :

Ü B E R  D IE  E M PFIN D L IC H K E IT  D E R  BODENM IKROORGANISM EN G EG E N  ANTI
B IO TIKA . V. D IE  W IR K U N G  V ER SC H IED E N E R  A NTIBIO TIKA  A UF DAS WACHSTUM

D E R  R H IZO B IEN

Ч У В С ТВ И ТЕЛ ЬН О СТЬ П О Ч В Е Н Н Ы Х  М ИКРООРГАНИЗМ ОВ К АНТИБИ ОТИ КА М . 
V. В Л И Я Н И Е  Р А ЗЛ И Ч Н Ы Х  А Н ТИ БИ О ТИ КО В  НА РОСТ Р А ЗЛ И Ч Н Ы Х  ШТАММОВ

RHIZOBIUM

М . К Е Ч К Е Ш , Е . М А Н Н И Н Г Е Р

Авторы исследовали чувствительность к  антибиотикам (неомицин, хлортетрацик- 
лин , гидрат тетрациклина, эритроциклин, эритромицин и грубилин натрия) 8 бактериаль
ных штаммов R h izo b iu m , изолированных из трех различных мотыльковых растений 
взяты х с различных районов страны. Н а основании экспериментов установлено, что 
самыми эффективными антибиотиками на исследованные микроорганизмы оказались 
неомицин и хлортетрациклин.

L. N y í r i :

V A R IA BILITY  OF STREPTOM YCES RIMOSUS 

И ССЛЕДО ВАН ИЯ ИЗМ ЕНЧИ ВОСТИ  STREPTOM YCES RIMOSUS

Л . Н Ь И Р И

Автор сравнивал культуры , морфологические, физиологические и биохимические 
особенности естественных и искусственных вариантов вида Streptom yces rimosus, 
синтезирующего окситетрациклин. Н а примененным автором питательных средах кон
сервативными свойствами оказались форма колоний, форма спороносцев и споры, способ
ности этого вида к  синтезу антибиотика и окраска вегетативных мицелий. Разница прояв
л ялась  в росте на различных питательных средах, в окраске воздушных мицелий и в 
способности к  спорообразованию. Изменчивость наблюдалась в отношении физиологи
ческих и биохимических свойств. Отдельные видоизменения не оказывали антагонисти
ческого действия по отношению друг к  другу.

Е . S z a b ó , J . C s o n g o r , R .  C s a b a , L. K o c s á r , L. K e s z t y ű s :

D IE  V ER TEILU N G  VON COLI-ENDOTOXIN IM KANINCHENORGANISM US W Ä H 
R EN D  D E R  SCHWARTZMANNSCHEN R EA K TIO N

Р А С П Р Е Д Е Л Е Н И Е  ЭНДО ТОКСИН А  КИ Ш ЕЧН О Й  П А Л О ЧК И  У К РО Л И К О В  
В Х О Д Е  Р Е А К Ц И И  ШВАРЦМАНА

Е . С А Б О , Й . Ч О Н Г О Р , Б . Ч А Б А , Л .  К О Ч А Р  и Л .  К Е С Т Ь Ю Ш

Согласно прежним исследованиям авторов хромированный эндотоксин неприго
ден для  подготовки феномена Ш варцманна. Д л я  получения феномена Ш варцманна они 
применяли меченый Р 32 эндотоксин кишечной палочки и установили, что хромированный 
эндотоксин не влияет в существенной мере на распределение эндотоксина в животном 
организме. Наибольшее количество его после подготовки феномена связывается в печени, 
а затем в легких, в почках и сердце, точно так  же как это было установлено с другими 
макромолекулярными антигенами. На основании определения специфической активности 
авторам удалось выявить, что способность подготовленной поверхности кож и  связы
вать эндотоксин повышается —  по сравнению с нормальной кож ей — на 4 0 % . К ож а в 
течение первого часа связывает то количество эндотоксина, которое выявляемо в момент 
появления геморрагической реакции (4 часа после внутривенной инъекции). Спустя 
24  часа содержание эндотоксина прибл. одинаковое, как  в подготовленной, так  и в нор-
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мальной кож е. Предполагается, что введенный при разреш ении феномена Ш варцманна 
эндотоксин попадает в геморрагическое пятно вместе с лейкоцитами. Было установлено, 
что примененный для  подготовки реакции Ш варцманна эндотоксин с места препариро
вания в преобладающей части всасывается и не накапливается, и следовательно он ока
зывает свое действие на развитие феномена Ш варцманна не прямым путем, а через под
робно еще невыясненный механизм, действующий непосредственно на клетки  или капил
ляры  подготовленной области.

J .  S z a t h m á r y :

A STAN DA RDIZED  M ETHOD FO R  T H E  D ETERM IN ATIO N  OF STAPHYLOCOCCAL
ALPH A-AN TITO X IN

С ТА Н Д А РТН Ы Й  М ЕТОД Д Л Я  О П Р Е Д Е Л Е Н И Я  СТА Ф ИЛОКОККОВОГО АЛЬФА
АНТИТОКСИНА

Й . С А Т М А Р И

Автор проводил исследования в целях повышения точности гемолитического ме
тода, применяемого для  определения стафилококкового антитоксина. П ри помощи раз
работанного на основании полученных результатов метода, величины титра даже при 
низком уровне титрования (1/100 I. Е.) показывают рассеяние лишь ±  10% . Метод сво
дится к  нижеследующему:

Разведение сыворотки и токсина, и изготовление суспенсии эритроцитов произ
водятся физиологическим раствором поваренной соли, содержащем 0,1 % желатины, при 
pH  7,2. Ж елатина хорошо стабилизирует легко разруш аемое разведение токсина, но 
кроме того, все манипуляции с токсином: разбавление, размер и число встряхиваний 
после добавления суспенсии эритроцитов, производятся весьма осторожно.

Эритроциты берутся, по возможности, всегда у одних и тех ж е кроликов, или у 
таких  кроликов, чувствительность которых к  токсину почти одинакова, и сыворотка крови 
которы х не содержит стафилококкового антитоксина.

Гемолиз определяется невооруженным глазом после инкубации при температуре 
37° С, либо после немедленного центрифугирования, либо 20— 30 мин. после выемки из 
водяной бани, причем предельной величиной считается самый первый признак гемолиза.

П остановка контрольной серии из пяти пробирок повышает точность титрования, 
причем средняя пробирка содерж ит из стандартной сыворотки количество антитоксина, 
соответствующее уровню титрования, а остальные пробирки содержат на 10 и 20% 
меньше или больше антитоксина. Если в контрольной серии самый первый признак гемо
лиза появляется не в средней (3) пробирке, то полученный в результате исследования 
«титр» следует умножить на 0,8— 1,2 чтобы получить фактический титр исследованной: 
сыворотки.

I. G a d ó , A. S z e n t i r m a i , К. S t e c z e k , I. H o r v á t h :

METAROLIC STUDIES W ITH STREPTOM YCES RIMOSUS 

И ССЛЕДО ВАН ИЯ ОБМ ЕНА ВЕЩ ЕСТВ У ВАРИАНТОВ

И . Г А Д О , А . С Е Н Т И Р М А И , К . Ш Т Е Ц Е К , и  И . Х О Р В А Т

Хранение споры штамма BS-21 S trep to m y ces rim osus при температуре — 10° С 
или ж е серийная перевивка этого штамма вызывает уменьшение синтеза окситетрациклина. 
Снижение производства сопровождается изменением морфологических свойств и актив
ности обмена веществ. Н а питательной среде, содерж ащ ей глюкозу и различные амино
кислоты (глицин, D L-аланин, /3-аланин, и DL-серин) меж ду видоизменениями хорошо и 
плохо вырабатывающих окситетрациклин, наибольш ая наблюдаемая разница имеется в 
отношении обмена пировиноградной кислоты. Снижение производства антибиотика наи
большее на питательной среде с содержанием серина. Одна часть вариантов, дающих на 
други х  питательных средах еще неизменный синтез окситетрациклина, но проявляющих 
большую склонность к  снижению  выработки, на питательной среде с содержанием серина 
даю т низкое образование антибиотика. При сниж ении производственной способности 
конститутивная сериндеаминазная активность S tre p to m y c es  rim osus повышается, но в то 
ж е время их способность к  использованию пировиноградной кислоты снижается.



15

L. L o v r e k o v i c h , Z. K l e m e n t

SPECIES-SPEC IFIC  ANTIGENS O F PSEUDOMONAS TABACI 

В И ДО С П ЕЦ И Ф И ЧЕСК И Е А Н Т И Г Е Н Ы  PSEUDOMONAS TABACI 

Л . Л О В Р Е К О В И Ч , 3 .  К Л Е М Е Н Т

Н а основании величин титра агглю тинации сыворотка, полученная применением 
ж и вы х  бактерий, P s . ta b a c i, не обособляет необработанных штаммов P s. ta b a c i  и Ps. 
a n g u la ta  ОТ штаммов P s. lach ry m an s, P s . m o rs-p ru n o ru m  и Ps. m óri Однако, штаммы 
Ps. ta b a c i  и Ps. a n g u la ta  хорошо обособляются от вышеприведенных видов, если до агглю 
тинации содерж ать бактерии в водяной бане при температуре 100° С в течение 60 мин.

Н а основании исследований авторов можно установить, что после соответствующей 
термообработки P s. ta b a c i  можно серологическим путем надежно дифференцировать от 
родственных видов. Д л я  этой цели хорошо применимы к ак  агглютинация, так  и гель-диф
фузия. Однако, гель-диффузия более специфический метод и она удобнее проводима чем 
агглю тинация. Объяснением того, что эта дифференциация проводима таким  простым 
методом, является тот ф ак т , что исследованные виды P seu d o m o n as обладают общим тер
молабильным А-антигеном, специфическим дл я  этой группы , в то время к ак  видоспеци- 
■фический антиген устойчив к  теплу. Это установление имеет то значение, что к ак  известно 
авторам, это первый случай, при котором антиген с поверхностной термолабильностью 
имеет не видо- или типоспецифический, а группоспецифический характер.

П редполагается, что эти методы можно применять не только для дифференциации 
P s. ta b a c i, НО И други х  ВИДОВ P seu d o m o n as.

Н. M i l c h , V. G. L á s z l ó

PH A G E-TY PIN G  OF SALM ONELLA PA R A T Y PH I В.

РЕ ЗУ Л Ь Т А Т Ы  О П Р Е Д Е Л Е Н И Я  ФАГОТИПА ШТАММОВ SALMONELLA
PA R A T Y PH I В

X . М И Л Ь Х , В . Г . Л А С Л О

С 1956— 1961 гг. проводились определения фаготипа по Феликс—Калдоу 715 штам
мов S alm onella  p a ra ty p h i  В и на основании эпидемиологической разработки полученных 
результатов было установлено, что они непригодны дл я  эпидемиологических целей. 
Поэтому авторы внедряю т «естественную группировку по Ш олтенсу, метод распределения 
типов на основании лизогенного состояния штаммов.

Авторы исследовали 360 штаммов одновременно методом Феликс— К аллоу и мето
дом Шолтенса. На основании группировки Ш олтенса в ходе повторных исследований 
бациллоносителей отдельные типы оказались постоянными. При помощи естественной 
группировки Ш олтенса из 12 новых типов удалось обнаруж ить 7 новых типов (L eeu- 
w ard en , B eccles 22, T a u n to n -K a m p e n , T au n to n -th e -H a g u e , 87, S it ta rd  & J7).

Á . J a n c s ó , M .  S i m o n :

AETIOLOGY OF ACUTE R ESPIRA TO R Y  DISEASES IN  MILITARY GROUPS

И ССЛЕДОВАНИЕ ЭТИОЛОГИИ ОСТРЫ Х И Н Ф ЕК Ц И Й  Д Ы Х А Т Е Л Ь Н Ы Х  П У Т Е Й
В ВОИ НСКИХ  ЧАСТЯХ

А. янчо, м. шимон

В ходе двухмесячного периода наблюдения авторы проводили обследование трех 
групп призывников, с целью  определить вирусную  этиологию заражений ды хательны х 
путей. В ходе серийных исследований связы вания комплемента против аденовирусов, 
проведенных с 1201 парой сывороток, в 14% сывороточных пар было установлено четы
рехкратное или большее повышение титра.
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В 18 парах сывороток с целью определения типа циркулирующего аденовируса 
проводились установления нейтрализующего титра против аденовирусов типа 1— 7. 
Ввиду гетеротипичных результатов титра не удалось определить тип аденовируса, ответ
ственного за  инфекцию.

В 46 случаях серологически и клинически исследованных острых заболеваний 
ды хательны х путей у 9 лиц удалось обнаруж ить повышение титра связы вания компле
мента против аденовируса, у  одного лица против вируса свинки; в остальных случаях не 
удалось доказать вирусной этиологии. Согласно полученным результатам преобладаю щ ая 
часть инфекций аденовирусом протекла незамеченно.

И з 14 пар сывороток, проявивш их повышения титра связывания комплемента про
тив вируса  свинки в 8 случаях  удалось выявить так ж е повышение титра связы вания 
комплемента против вируса.

S . P Á C S A :

P O L IO V IR U S -C A R R Y IN G  L IN E S  O F H E L A  C E L L S: T H E IR  E S T A B L ISH M E N T  A N  О
SE N S IT IV IT Y  TO V IR U S E S

С О З Д А Н И Е  К Л Е Т О Ч Н О Й  К У Л Ь Т У Р Ы  IIcL a , З А Р А Ж Е Н Н О Й  П О Л И О В И Р У С О М , 
И  Е Е  Ч У В С Т В И Т Е Л Ь Н О С Т Ь  К  В И РУСА М

Ш . П А Ч А

А втор создал без применения иммунной сы воротки две клеточных культуры  H eL a  
зараж ен н ы х вирусами. К леточная линия с обозначением H eL a  -f- Р2 была носителем полио
вируса 2. типа с обозначением M EFX а клеточная линия H eL a-)-P 3 была зараж ен а  полио
вирусом 3. типа с обозначением Saukett. Обе клеточны х линии обладали меньшей чувст
вительностью  в отношении всех трех типов полиовируса, и против повторного зараж ения 
вирусом К оксаки ВЗ. Повторным зараж ением удалось повысить резистентность культур . 
К леточные культуры  из клеток оставшихся в ж ивы х  после двухкратного повторного 
зар аж ен и я , оказались резистентными против 10 000 TCDS0 всех трех типов полиовируса 
и против lOOTCDjo вируса Коксаки. Повысился средний размер ядер клеток в клеточных 
вирусны х культурах, а интенсивность размнож ения клеток снизилась.

G y . V ö r ó s - F e l k a i , Б .  К .  N o v a k :

RA FFIN O SE ASSIMILATION O F YEASTS

И СС Л ЕД О В А Н И Е АССИМ ИЛЯЦИИ РА Ф Ф И Н О ЗЫ  Д РО Ж Ж ЕВ Ы М И  ГРИ БК А М И

Д Ь . В Ё Р Ё Ш -Ф Е Л К А И , Е . К . Н О В А К

Исследовалась ассимиляция раффинозы 268 штаммами дрож ж евы х грибков, вы ра
щенными из материала больных. В отношении 10 видов имеющиеся в монографии Лоддера и 
Крегер ван Рия  данные были дополнены данными брож ения раффинозы. У  41 вида дается 
описание ассимиляции раффинозы. Исследованные автором 17 видов C a n d id a  tro p ica lis  —  
в противоположность данным ЛекМе/хг и Крегер ван Р и я  —  не ассимилировали и не вызы
вали  брож ения раффинозы. Автор проводил исследования с дрож ж евы ми грибками, 
содержащ ими цветное вещество, которые ассимилировали раффинозу. А ссимиляция 
раффинозы во всех случаях  сопровож далась ассимиляцией сахарозы.
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G. W ix , K. A l b r e c h t :

M IC R O B IO L O G IC A L  P R O D U C T IO N  O F  A  1 ,4 -A N D R O S T A D IE N D IO N E  FR O M
S T E R O ID S O F  D IF F E R E N T  ST R U C T U R E . T H E  IN T E R A C T IO N  O F  S T E R O ID S

М И К РО БИ О Л О ГИ ЧЕС КО Е П О Л У Ч Е Н И Е  А  1,4-А Н Д РО С ТА Д И ЕН Д И О Н А  И З 
СТЕРОИДОВ РА ЗЛ И Ч Н О Й  С Т РУ К Т У РЫ  И ВЗА И М О ДЕЙ СТВИ Е СТЕРО И ДО В

Г. ВИКС, К. АЛБРЕХТ

F u sa riu m  cau casicu m  способен превратить стероиды различной структуры  в А 1,4- 
андростадиендион (диендион). Самая большая продукция получилась из андростендиона. 
У  этого соединения приходится только создать А 1-ую двойную связь для  достиж ения 
полезного продукта. Чем более отдален субстрат по своей структуре от андростендиона, 
тем больше ферментативной активности требуется д л я  его превращ ения, и тем меньшее 
образование диендиона. Причиной этого является тот факт, что ферментативная система, 
расщ епляю щ ая диендион на А 1-дегидротестололактон, функционирует в случае раз
личных субстратов с неизменной скоростью, причем количество накопляю щ егося диен
диона в культурах  зависит от относительной скорости синтеза и расщ епления. Иное 
положение наблюдается если превратить насыщенные стероиды алло-ряда. Эти соеди
нения, хотя и превращ аю тся в диендион, но они задерж иваю т активность энзима, 
расщепляющего диендион, и если добавлять одновременно с А  4,3-кетостероидами напр. 
аллопрегнандион, то в к ул ьтурах  накопляется диендион. Исследование механизма 
задерж ки  показало, что он не компететивного типа.

D. K a r a s s z o n , P . R u z i c s k a :

CULTIVATION AND HISTOPATHOLOGY OF K ID N EY S FROM  M ONKEYS S U F F E R IN G
FROM  D YSENTERY

К У Л ЬТ И В И РО В А Н И Е  И ГИСТОП АТОЛОГИ ЧЕСКИЕ И ЗМ Е Н Е Н И Я  П О Ч Е К  
О Б Е З Ь Я Н , СТРАДАЮ Щ ИХ Д И ЗЕ Н Т Е Р И Е Й

д. к а р а с с о н , п . р у з и ч к а

В почках 145 обезьян, страдаю щ их бациллярной дизентерией, использованных 
для  тканевых культур, число клеток в граммах оказалось в среднем на 40%  меньше 
числа клеток у здоровых обезьян. Доказанные гистологические изменения данных экзем
пляров объясняют низкое число клеток, полученное из почек дизентерийных обезьян.

У  50 дизентерийных обезьян при гистологическом исследовании выявлены пато
гистологические изменения, соответствующие патологическому понятию токсического 
нефроза. В почках 20 контрольных, здоровых обезьян изменений не было выявлено.

J .  Szita, К. Czéh, S. Bognár:

AN IM PROVED M ETHOD FO R  T H E  CULTIVATION O F BACTERIA FROM  BLOOD 

Н ОВЫ Й  М ЕТОД Д Л Я  ВЫ РА Щ И ВА Н ИЯ Б А К Т Е Р И Й  И З К РО В И

Й . С И Т А , К . Ц Е Х , Ш . Б О Г Н А Р

Авторы применяли новый метод для выращ ивания бактерий из крови. Новый 
метод в случае бактериемий, вызванны х различными патогенными палочками, оказался 
в три раза лучше, чем применяемый раньше метод. Разработанный авторами метод, —  
по сравнению с прежним, —  сниж ает такж е возможность последующего загрязнения 
питательной среды, так  к ак  на примененном двухфазовом субстрате рост бактерий хорошо 
видим, и пересев оказался необходимым только в ц елях  идентификации выращ енного 
штамма.



18

J .  W e i s z f e i l e r , У. K a r a s s o v a , I. F ö l d e s , E. V i n c z e , G. G y e n e s :

T H E  STU D Y  OF A TTENU ATED  T U B E R C L E  BACILLUS STRAINS ON RABBITS

И СС Л ЕДО В А Н И Е НА К Р О Л И К А Х  ШТАММОВ Т У Б Е Р К У Л Е З Н Ы Х  П А Л О Ч Е К  
С О С Л А Б Л Е Н Н О Й  В И РУ Л ЕН ТН О С ТЬЮ

Й . В Е Й С Ф Е Й Л Е Р , В . К А Р А С О В А , И . Ф Ё Л Ь Д Е Ш , Г . Д Ь Е Н Е Ш

Внутривенное введение кроликам  штаммов туберкулезных палочек (подштаммы 
BCG и штамм № 115) с ослабленной вирулентностью вызывает тяжелые изменения, прежде 
всего в легких. Очаги изменений гистологически соответствуют творожисто-некрозным, 
эпителиоидным клеточным очагам и часто грануляционным тканям  неспецифического 
характера. 10—20 мг-овые дозы 9-дневных культур  вызывали гибель большой части 
ж ивотны х.

У  кроликов, не погибших в течение 40 дней, в результате развивш егося иммуни
тета, изменения тканей показали  постепенное обратное развитие.

Патогенность штаммов туберкулезных палочек с ослабленной вирулентностью 
при внутривенном введении кроликам  больше, чем при их введении морским свинкам. 
Авторы объясняю т этот ф акт повышенной чувствительностью кроликов к  клеточным 
веществам туберкулезных палочек.

L .  L a n t o s , G. I v á n o v i c s :

T H E  PH A G E R EC EPTO R S OF BACILLUS ANTHRACIS 

Ф А ГО РЕЦ ЕП ТО РЫ  П АЛОЧКИ  СИ БИ РСКО Й  Я ЗВ Ы

Й . Л А Н Т О Ш , Г . И В А Н О В И Ч

В клеточной стенке палочки сибирской язвы  удалось выявить специфические 
рецепторы  отдельных групп А фагов. Эти рецепторы связаны с различными структур
ными элементами клеточной стенки. Рецепторы эти не удалось отожествить с иммуноспе- 
цифическим полисахаридом В. anthracis. Иммуноспецифический полисахарид —  пептид 
полимера галактозо-глюкозамина —  представляет собой характерный компонент клеточ
ной стенки, его нельзя освободить из стенки слабыми химическими воздействиями, но при 
энзиматическом воздействии он путем автолиза переходит в раствор.

L. O r m a y , К . Ú j h e l y i :

T ITR A TIO N  OF D IP H T H E R IA  TO X IN , A N TITO X IN  AND TOXOID IN  TISSUE
CULTURE

И ССЛЕДО ВАН ИЕ Д И Ф Т Е РИ Й Н О ГО  ТОКСИНА, АНТИТОКСИНА И АНАТОКСИНА
В К Л Е Т О Ч Н Ы Х  К У Л ЬТ У РА Х

Л . О Р М А И , К . У Й Х Е Л Ь И

Прививкой культур клеточных штаммов cynom olgus эндокарда авторы исследовали: 
а) поражаю щ ее действие на клетки  различного количества дифтерийного токсина; б) воз
мож ности сравнительной оценки дифтерийных токсинов, антитоксинов и анатоксинов 
различного производства. Бы ло установлено, что клеточные культуры  к ак  в стационар
ны х культурах , так и при применении «Colour test», весьма чувствительны к  действию 
диф терийного токсина. В случае исследованных авторами токсинов уж е количество 
прибл. в 1/1000 Lf токсина вызывает гибель клеток. Поражающее действие токсинов на 
к л етк и  можно предотвратить антитоксином. Клеточные культуры  оказались пригодными 
д л я  сравнительных исследований в целях оценки абсолютных величин и величин связы
вани я  токсинов различной выработки, далее дл я  оценки анатоксинов и антитоксинов 
различной выработки. В случае исследования антитоксинов и анатоксинов кроме коли
чественного определения единиц антител и антигенов, можно получить такж е данные 
относительно их активности.

Чувствительность примененных авторами клеточных культур за  период наблю
ден и я  (полтора года) оставалась без изменения.
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I. N á s z :

D IFFE R E N C E S IN  T H E  CYTOPATHOGENIC E FFEC T OF SOME A DENO VIRU S 
STRAINS ON HUMAN AMNIOTIC TISSUE CULTURES

РА ЗН И Ц Ы  В ЦИТОПАТОГЕННОСТИ ШТАММОВ АДЕНОВИРУСА В А М НИ ОТИ 
ЧЕСКИ Х  Т К А Н Е В Ы Х  К У Л ЬТ У РА Х  ЛЮ ДЕЙ

И . Н А С

В первичных человеческих амниотических тканевых культурах исследовалось 
цигоаатогенное действие 42 штаммов аденовируса, относящихся к  серотипам 1— 16. На 
основании природы цнтопатогенного действия исследованные штаммы можно отнести к 
двум группам. Д л я  цнтопатогенного действия, вызванного вирусными штаммами первой 
группы, характерно, что клеточные культуры  вначале приобретают сетчатую структуру , 
а  затем возникают гроздевидные вырожденные клеточные острова. После зараж ен и я  
вирусными штаммами второй группы дегенерирующиеся клетки разобщаются, единая 
структура клеточных культур разры хляется, клеточная плазма исчезает, и на стенке 
сосуда остаются в большей части окруженные остатками плазмы одиночные клеточные 
ядра. Природа цнтопатогенного действия, в случае отдельных вирусных штаммов после 
пассажей и повторных исследований, оказалась одинаковой.

S. V ö r ö s , Т. A n g y a l , V .  N é m e t h , T. K o n t r o h r :

T H E  OCCURENCE AND SIGNIFICANCE OF PHOSPHATASE IN  ENTERIC B A C TER IA  

Н А Л И Ч И Е  И ЗН А Ч Е Н И Е  ФОСФАТАЗЫ В ГРУППАХ К И Ш ЕЧН Ы Х  Б А К Т Е Р И Й

Ш . В Ё Р Ё Ш , Т . А Н Д Ь А Л , В . Н Е М Е Т , T . К О Н Т Р О Р

Исследовалась фосфатазная активность 929 штаммов кишечных бактерий. Распре
деление 67 штаммов рода P ro v id en cia  было следующее: 12 положительных, 55 отрица
тельны х штаммов. Среди 140 штамма рода P ro te u s  h auseri 139 штаммов дали полож и
тельную, а  1 штамм отрицательную реакцию. В случае 121 штамма P ro te u s  m o rg an ii 
получилась отарицтельная проба, в то время как  4 штамма дали положительную  реак
цию. Среди 38 штаммов P ro teu s re ttg e r i  в 8 случаях наблюдалось наличие фермента. 
Все остальные штаммы (150 Е. coli, 153 K leb sie lla , 115 Shigella, 45 Salm onella , 72 C itro 
b a c te r , 23 A rizona, 2 C loaca cloacae, 1 H a fn ia ) показали отрицательную реакцию.

Наблюдаемая в пределах рода P ro te u s  h au se ri фосфатазная активность повиди- 
мому подтверждает, ЧТО P ro teu s v u lg a ris  и P ro te u s  m irab ilis принадлежат к  ОДНОЙ И 
той ж е группе.

Сравнительно часто получаемые положительные реакции у штаммов рода P ro v i
d en cia  повидимому обосновывают причисление рода P rov id en cia  в P ro te a  t r ib u s .

М ежду членами рода P ro te u s  h a u se ri и прочими, показывающими фосфатазную 
активность штаммами P ro te u s  m org an ii, P ro te u s  re ttg e r i  и P ro v id en cia  не удалось ВЫ Я 
ВИТЬ родственной антигенной структуры.
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H . Milch, Zs. D eák:

DETECTION O F T H E  R OU TE O F  NOSOCOMIAL ESC H ER IC H IA  COLI INFECTIONS BY
PH AG E-TY PIN G

И ССЛЕДОВАНИЕ Б О Л Ь Н И Ч Н О Й  И Н Ф ЕК Ц И И , В Ы ЗВ А Н Н О Й  БА К ТЕРИ Я М И  
ESCH ERICH IA  COLI D ISPEPSIA E, П РИ  ПОМОЩ И О П РЕ Д Е Л Е Н И Я

ФАГОТИПА

X. МИЛЬХ, ж. ДЕАК

Исследовались фаготипы, жгутиковые антигены и реакция с /1-фенилпропионовой 
кислотой (РР) 483 штаммов Е . coli группы 0111 :В4 или ж е группы 055:85, выращенных 
из материала больных, находящ ихся на больничном лечении.

Больш инство штаммов группы  0 Ш :В 4  обладает фаготипом 111/2, жгутиковым 
антигеном Н 2 и дает полож ительную  реакцию РР . П реобладаю щая часть штаммов груп
пы 055:В5 имеет фаготип 55/2, содержит ж гутиковый антиген Н6 и дает отрицательную 
реакцию Р Р .

М еж ду фаго-серо-биотипом и патогенностью не наблюдалось взаимосвязи.
П ри помощи определения фаготипа хорошо мож но проследить путь больничных 

зараж ений, вызванных Е . coli d ispepsiae  и найти источник инфекции.

Р. G e c k , R. S z á n t ó :

EXA M INATION OF CLOSTRIDIUM  P E R FR IN G E N S W ITH T H E  FLUORESCENT
TRACER TEC H N IQ U E

ИССЛЕДОВАНИЕ CLOSTRIDIUM  P E R FR IN G E N S П РИ  ПОМОЩИ МЕТОДА
Ф ЛЮ О РЕСЦ ЕНЦ ИИ

П . Г Е К К , Р . С А Н Т О

А вторы  при помощи описанного Кунсом и сотрудниками метода флюоресценции 
изучали возможность быстрой идентификации C lo str id iu m  perfringens. Антибактериаль
ная сыворотка с высоким титром была мечена флюоресцирующим красителем L issa- 
m in e -R h o d a m in  R B  200. Гомологи и контрольные м азки окрашивались прямым и косвен
ным методами. Около 50 штаммов C lostrid ium  p e rfr in g e n s , после окрашивания с го.мо- 
логичной меченной сывороткой, флюоресцировали красно-оранжевым цветом. Ряд  грам- 
полож ительных и отрицательных контрольных шта.ммов не давал флюоресценции. Споры 
Cl. p e rfr in g en s  флюоресцировали одинаковым образом, как  и вегетативные формы. Этот 
метод оказался  пригодным такж е для разобщения типов А и F  C lostrid ium .
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