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GENETIC RELATIONSHIPS 
BETWEEN MYCOBACTERIUM KANSASII 

AND MYCOBACTERIUM TUBERCULOSIS*

By

J .  W e i s s f e i l e r , V a l e n t i n a  K a r a s so v a  and J .  H o l l a n d

M icrobiological Research Group ( Director : J .  IS eissfeiler ).
H ungarian  A cadem y o f  Sciences, B udapest

(R eceived  J u ly  3. 1463)

Sum m ary . E x am in a tio n  of th e  b iochem ical, pa th o g en ic , serological and  im m unogenic  
p ro p e rtie s  o f tw o M . kansasii s tra in s  show ed th a t  th e ir  p ro p e rtie s  w ere s im ilar to  th o se  of Д/ 
tuberculosis, w ith  resis tan ce  ag a in st ison iazid  an d  a tte n u a te d  v iru lence . R  v a r ia n ts  w erd 
o b ta in ed  as a re su lt of d issoc ia tion , from  b o th  s tra in s . T he R  v a r ia n t of the  P o l l a k  ane 
B o i l e r ’s  s tra in  p roved  to  be an  a tte n u a te d  s tra in  o f M . tuberculosis, b o th  in  c u ltu ra l and  
im m unogenic  p ro p erties . A ccording to  th e  a u th o rs ’ opin ion th is  fin d in g  allows th e  conclusion 
t h a t  M . ka n sa sii has  arisen  by  m u ta tio n  from  M . tuberculosis an d  th a t ,  by  v ir tu e  o f its  h u 
m an  p a th o g e n ic ity , i t  c o n s titu te s  a new  ty p e  of tu b erc le  bacillus.

in  th e  la s t te n  y ears , stud ies on a ty p ica l m y co b ac te ria  iso la ted  from  h u m an  
sources re su lted  in th e  d iffe ren tia tio n  of a new  M ycobacterium  species by  
P o l l a k  an d  B u h l e r  [1]. The cu ltu re  p ro d u ced  no p igm ent in th e  d a rk , b u t 
a f te r  a sh o rt exposure to  ligh t its  colour tu rn e d  in to  yellow ; in th e  guinea pig, 
th e  organ ism  caused  no progressive disease. L a te r  i t  was show n th a t  th e  yellow 
bacillus differed  from  th e  ty p ic a l h u m an  tu b erc le  bacillus in th e  lack  of n iacin  
fo rm atio n . S u b seq u en tly , several s tra in s  w ith  sim ilar p ro p ertie s  were cu ltu red  
[2 — 5, 22]. T i m p e  and  R u n y o n  [6] classified these  m y co b ac te ria  as pho to - 
chrom ogenic s tra in s . The organism  was recognized as M . kansasii  b y  th e  
S ubcom m ittee  on M ycobacteria , A m erican  A ssociation  for M icrobiology [7]. 
The origin of M . kansasii,  how ever, is n o t clear. The question  arises xvhether 
th e  organism  has been ex isting  for a long tim e , causing  disease for cen tu ries 
an d  th o u san d s  of years, as th e  cau sa tiv e  agen ts o f tu bercu losis  and  lep rosy  
d id , or, else, M . kansasii  developed  as a re su lt o f th e  v a ria tio n  of M . tuberculo
sis in  each case and is unab le  to  sp read  am ong h u m a n  beings th ro u g h  several 
genera tions. W ould  th e  la t te r  co nsidera tion  be tru e , i t  w ould ex p la in  w hy 
th ese  organism s occur m ore freq u en tly  as a re su lt o f ch em o th e rap eu tic  t r e a t 
m e n t. D ue to  a p rim a ry  resis tan ce  to  s trep to m y c in , PAS and  ison iaz id , the  
disease caused  b y  th e  m icroorgan ism  responds less to  t re a tm e n t an d  th u s  th e  
a tte n tio n  o f physic ians is called to  such p a r tic u la r  cases. In  th e  d eb a te  co n 
cern ing  th e  prob lem , R u n y o n  [8] claim ed th a t  M . kansasii  was a species 
in d e p e n d e n t from  M . tuberculosis. In  c o n tra s t, accord ing  to  T h a r s is  [9] and  
X a l a b a r d e r  [TO] these  s tra in s  are closely re la ted  to  M . tuberculosis.

* P a r t ly  p resen ted  a t  th e  9 th  In te rn a tio n a l C onference ag a in s t T ubercu losis , R om e, 1963
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In  s tu d y in g  th e  v a ria tio n  of M . tuberculosis , we found  [11] th a t  s tra in s  
w ith  d iffe ren t h e re d ita ry  p ro p e rtie s  m ig h t arise b o th  in  vitro and  in  vivo, and  
th e ir  re la tio n sh ip  to  M . tuberculosis could be d e tec ted  im m unolog ica lly . E x a m 
in a tio n  of th e  im m u n o g en ic ity  of such  s tra in s  ag a in s t tubercu lo sis  seem ed 
especially  sig n ifican t. The usefulness o f serological m eth o d s in  d e m o n s tra tin g  
biological re la tio n sh ip  is well know n and  th e  d e tec tio n  of com m on an tig en s by  
gel p re c ip ita tio n  is considered  a p a r tic u la r ly  im p o r ta n t m eth o d  [12]. T he 
d e te rm in a tio n  of th e  b iochem ical p ro p erties  for th e  id en tif ic a tio n  of v a rio u s  
s tra in s  is also of basic  im p o rtan ce  in  th e  c lassifica tion  of m yco b ac te ria  [13].

M aterials and m ethods

Tw o M . kansa sii  s tra in s  w ere ex am ined , (i) S tra in  232, th e  yellow  bacillu s o f P ollak 
a n d  B u h ler , reg ard ed  as th e  s ta n d a rd  s tra in , w as rece ived  from  Prof. P . H a ud u r o y . (ii) 
S tra in  5792 w as rece ived  from  P rof. G. Me issn e r . S tra in  232 — R  deriv ed  from  s tra in  232 by  
d issoc ia tion  w ill also be d e a lt  w ith  in  th is  p ap er. G row th  c h arac te ris tic s  a t  37° C an d  room  
te m p e ra tu re , p ig m e n ta tio n  an d  colony m orpho logy  w ere observed . E nzym e a c t iv ity  ag a in s t 
d iffe ren t am ides, th e  presence of n i tra te  re d u c tase , a ry l su lp h a ta se , c a ta la se  and  pe ro x id ase , 
a n d  the  n iac in  re ac tio n  w ere ex am ined . S u scep tib ility  te s tin g  w as carried  o u t ag a in st s tre p to 
m ycin , ison iaz id , PA S an d  th iosem icarb azo n e  on L ö w en ste in ’s m ed ium  a t  c o n cen tra tio n s  o f 1, 
10 an d  50 /ig /m l. P a th o g en ic ity  w as te s te d  in  ra b b its  (20 m g, in tra v en o u s ly ), gu inea pigs 
(1 m g, su b cu tan eo u sly ) an d  m ice (1 m g, in tra v en o u s ly ), p a r tly  b y  reco rd ing  th e  n u m b er o f 
d e a th s , p a r tly  b y  sacrificing  th e  an im als 30 — 60 d ay s a f te r  in o cu la tio n . In  som e cases cu ltu res  
w ere m ade from  th e  organs an d  pus. Im m u n o g en ic ity  o f th e  s tra in s  w as exam in ed  in  gu inea  
p igs, w ith  1 m g doses. S tra in  I I  37 R v  0,00001 m g w as in o cu la ted  fo r su p erin fec tio n . A d e ta iled  
d esc rip tio n  of th is  m e th o d  h as been  pu b lish ed  p rev io u sly  [14]. C om parison of th e  an tig en ic  
s tru c tu re  w as p e rfo rm ed  b y  th e  g e l-p rec ip ita tio n  m eth o d , com bined  w ith  im m u n e-e lec tro 
phoresis.

R esu lts

A fte r 2 years  o f su b cu ltu re  on g ly cero l-p o ta to , b o th  s tra in s  (232 an d  
5792) p ro d u ced  w h ite  rough  colonies in  th e  sm oo th , p ig m en t-p ro d u c in g  cu l
tu re , allow ing to  iso la te  pho toch rom ogen  rough  v a r ia n ts . In  4 cu ltu res  o b 
ta in e d  from  th e  ly m p h  glands o f guinea pigs in o cu la ted  w ith  s tra in  232, a f te r

Table I

Biochemical properties o f  M . kansasii strains and M . tuberculosis strain H  37 R v

M . tu b e rc u l . M . k a n s a s i i

H 37 Rv I 232 232 R 5792

U rease ...................... +

N icotine am idase . . + + + +

N itra te  reductase  . . + + + +

C atalase ................... + + + +

P e ro x id a s e ................. 4- + + 4-

A ry lsu lphatase + + + +
N iacin ........................ + — — —



RELATION SHIP BETW EEN  MYCOBACTERIUM KANSASII AND MYCOBACTERIUM TU BERCU LO SIS 3

Table II

Imm unological properties o f  M . kansasii strains and the attenuated M . tuberculosis strains BCG
and 115

E x p erim en ts S tra in
No. of 

an im als
T ubercu lous

in d ex

M . kansasii N  232 9 6.4

I M . tuberculosis N 115 1 0 8 . 0

Control 1 0 19.9

M . kansasii N 232 R 1 0 6.3

и M . kansasii 5792 1 0 6.6

M . tuberculosis BCG 9 7.8

Control 1 0 19.3

exposure  to  lig h t, som e w hite  R  colonies w ere observed  am ong th e  p igm en ted  
S colonies. T he iso la ted  232 — R  s tra in  wras exam ined  fo r b iochem ical, p a th o g e 
nic an d  im m unogenic  p roperties.

As show n b y  T ab le  I ,  in  enzym e a c tiv ity  th e  tw o a u th e n tic  M . kansasii  
s tra in s  an d  th e  232 R  v a r ia n t w ere sim ilar to  M . tuberculosis. The only  d iffer
ence from  th e  h u m an  tu b erc le  s tra in  was th a t  ou r s tra in s  p roduced  no 
niacin.

Fig. 1. Im m u n o e lec tro p h o re tic  p re c ip ita tio n  lines in  hom ologous and  hetero logous system s 
A ntigens: M . tuberculosis H 37 R v , M . kansasii 232. A n tisera : A n ti H 37 R v  and A n ti M . kansasii
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In  T ab le  I I I  th e  sen sib ility  a g a in s t ison iazid , s trep to m y c in , PA S and  
th io sem ica rb azo n e  o f th e  cu ltu res  is p resen ted . All th e  th re e  s tra in s  were 
re s is ta n t to  10 /tg/m l of s trep to m y c in  an d  PA S, m o d era te ly  re s is ta n t to  th e  
sam e co n cen tra tio n  o f ison iazid , and  sensitive  to  10 /rg/m l of th io se m ic a rb a 
zone. T he cu ltu res  in  doses of 20 m g caused  fa ta l disease in  ra b b its  invo lv ing  
severe p u lm o n a ry  lesions sim ilar to  tho se  induced  b y  th e  BCG an d  115 s tra in s  
[15]. In  guinea pigs a t  th e  site  of th e  in jec tio n  abscesses and  in  th e  reg ional 
ly m p h  g lands caseous changes, in  w hite  m ice w ith in  30—40 days progressive 
changes in  th e  lungs an d  k id n ey s occurred .

Table III

Growth on media containing various concentrations o f  chemotherapeutic substances

S tra in

S tre p to m y c in IN H PA S
T hio sem i
carbazone

1 10 50 1 10 50 1 10 50 1 10 50

fig/m l ^ g 'm l fig/m l n g /n il

H  3 7  R v  ........................................................... — — — — — — — — — ± — —

M .  k a n s a s i i  2 3 2  ........................................ + + - - ± - + - + ± - -

M .  k a n s a s i i  2 3 2  R  .............................. + + - ± ± - + г + + - —

M .  k a n s a s i i  5 7 9 2  .................................... _L — ± A — H " + — + — —

T he th ree  s tra in s  w ere found  to  be e q u iv a len t in  im m unogenic  va lu e  (T able 
I I )  to  th e  BCG s tra in  and  W e is s f e il e r ’s a tte n u a te d  tu b erc le  bacillus s tra in  
N o. 115 [14].

The s tu d y  of th e  an tig en ic  s tru c tu re  revealed  th a t  M . kansasii  has 6 
an tig en s in  com m on w ith  M . tuberculosis.

D iscussion

The b iochem ical, pa th o g en ic  an d  im m unological ch a rac te ris tic s  of th e  
in v es tig a ted  M . kansasii  s tra in s  are s trik in g ly  sim ilar to  th e  correspond ing  
p ro p ertie s  of M . tuberculosis o f a t te n u a te d  v iru lence . IN H  re s is ta n t tub erc le  
bacillus s tra in s  o ften  show  an a t te n u a te d  v iru lence  for guinea p igs; in  m ice, 
how ever, th e y  re ta in  th e ir  v iru lence . The close re la tio n sh ip  is in d ica ted  by  th e  
an tig en ic  s tru c tu re , to o , M . kansasii  h av in g  6 an tig en s in  com m on w ith  M .  
tuberculosis an d  only  2-—4 w ith  sap ro p h y tic  M ycobacteria.

The fo rm a tio n  b y  d issoc ia tion  of an  R  v a r ia n t is p a r tic u la r ly  im p o r ta n t. 
T he ph en o m en o n  shou ld  be reg a rd ed  as a m u ta tio n  re su ltin g  in  th e  p ro d u c tio n  
o f  a s tra in  possessing th e  c u ltu ra l an d  im m unolog ica l p ro p ertie s  of M . tuberculo
sis.  I t  m ig h t, how ever, be argued  th a t  th e  R  v a r ia n t  has been  p re sen t in 
a la te n t  form  in  th e  orig inal s tra in  232, in  v iew  of th e  fa c t s tressed  b y  
H a u d u r o y  [16] th a t  ce rta in  s tra in s  c o n ta in  a he te ro g en ic  p o p u la tio n , from
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w hich  th e  la te n t  form s can  be c u ltiv a te d . H ow ever, n e ith e r  of our tw o s tra in s  
gave off R  colonies w hen ex am in ed  b y  a sim ple sp read in g  tech n iq u e .

W hen  com paring  ou r ex p erim en ts  w ith  th e  d a ta  in  th e  lite ra tu re , it 
shou ld  be n o ted  th a t  F r e e r k s e n  [17], K l u g h  and  P r a t t  [18], in guine pigs, 
Y o u m a n s , P a r l e t t  an d  Y o u m a n s  [19] in  w hite  m ice show ed th e  p ho toch rom o- 
genic s tra in s  to  have a s tro n g  im m unogen ic  p o ten cy  a g a in s t tu b e rcu lo sis . 
P a r l e t t  an d  Y o u m a n s  [20] estab lished  th e  presence of com m on an tig en s in  
th e  pho tochrom ogen ic  s tra in s  and  M . tuberculosis. M it c h i s o n  an d  S e l k o n [21],  
W a y n e  [5] observed  M . kansasii  in  p a tie n ts  p rev iously  ex c re tin g  M . tuber
culosis in  th e  sp u tu m . C linically, th e  disease caused b y  M . kansasii  c an n o t be 
d iffe ren tia ted  from  tu b ercu lo sis , an d  th e  h isto log ical changes are  sim ilar in 
b o th  diseases.

O ur o b se rv a tio n s h av e  th u s  fu rn ish ed  p ro o f of a close re la tio n  betw een  
M . kansasii  an d  M . tuberculosis. The R  v a r ia n t o f s tra in  232 shows th e  cu l
tu ra l , b iochem ical and  im m unogen ic  ch a rac te ris tic s  of a t te n u a te d  M . tuber
culosis s tra in , w ith  resis tan ce  ag a in st th e  u su a l ch em o th e rap eu tic  su b stan ces. 
I t  is know n th a t  th e  bovine ty p e  o f tu b e rc le  bacillus do n o t p roduce  
n iac in . A ccord inglv  we suppose th a t  M . kansasii  has developed  as a re su lt o f 
th e  v a r ia tio n  of M . tuberculosis, re ta in in g  m ost of th e  b iochem ical, serological, 
p a th o g en ic  an d  im m unogen ic  p ro p ertie s  of th e  p a re n t o rgan ism . The fac t th a t  
M . ka nsasii  is pa th o g en ic  an d  a c tu a lly  causes disease in m an , and  p e rh ap s is 
a d a p te d  to  sp read ing  am ong h u m an s, ju s tifie s  its  sep a ra tio n  as а пели ty p e  of 
tu b e rc le  bacillus. As th e  A m erican  C lassification  recognises th e  bovine and  
m urine  ty p es  o f tu b e rc le  bacillus as in d ep en d en t species, M . kansasii  m igh t 
also be reg a rd ed  as a new  species.

M odern ch em o th erap y , in fluencing  no t only  th e  su rv iv a l b u t  also th e  
v a r ia tio n  of M . tuberculosis, m ay  increase th e  incidence of M . kansasii  an d  th e  
se v e rity  o f th e  caused disease. As th e  organism  is re s is ta n t to  th e  m a jo r 
ch em o th erap eu tic s , th e  disease is d ifficu lt to  t r e a t .  This m eans th a t  th e  o r
ganism  will p ro b ab ly  occur w ith  h igher frequency  in th e  fu tu re . T h erefo re , th e  
know ledge of th e  a g e n t’s origin and  th e  es tab lish m en t of p rev en tiv e  m easures 
aga in st th e  disease caused b y  it, are considered  of g rea t im p o rtan ce .

Acknoicledgement is m ade  to  Mrs. K . B ihari for tech n ica l assistance .
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(R eceived  J u ly  9, 1963)

Sum m ary . C om plem ent fix a tio n  caused  b y  p ro te in , p o lysaccharide  an d  p e rh ap s r ib o 
nucleic acid  co n ta m in a tio n  in  d iffe ren t m y co b acte ria l desoxyribonucleic  acid  p re p a ra tio n s  
has been fo u n d  to  be e lim in a ted  by  phenol-ch loroform -am yl alcohol p u rific a tio n . C om plem ent 
f ix a tio n  b y  p re p a ra tio n s  p u rified  in  th is  m an n e r or ch ro m a to g rap h ed  on m e th y la te d  a lb u m in  
can  be decreased  b y  desoxyribonuclease  b u t  n o t by  c a rb o x y p ep tid a se , ribonucléase , t ry p s in  
o r lysozym e.

C om plem ent f ix a tio n  b y  h e a ted  an d  ra p id ly  chilled desoxyribonucleic  acid  so lu tions 
show s a ch ara c te ris tic  te m p e ra tu re  dependence. Serological a c tiv ity  ex h ib its  m ax im um  and  
m in im um  values a t  several tem p e ra tu re s . T he v a ria tio n  in a c tiv ity  m ay  be exp la ined  by  a 
“ su rface”  a lte ra tio n  of th e  an tig en . No d irec t co rre la tion  has been  show n betw een  th e  increased  
U. V. a b so rp tio n  a t  254 m/< an d  serological a c tiv ity  o f th e  h e a ted  p rep ara tio n s .

The possible presence in  desoxyribonucleic  acid  p re p ara tio n s  of co n ta m in a tin g  m ate ria ls  
n o t d e tec tab le  by  chem ical or enzym ic decom position , has been suggested .

In  a prev ious p ap er th e  v a ria tio n  of serological a c tiv ity  on h ea tin g  of 
en zym ica lly  d igested  m ycobac te ria l desoxyribonucleic  acids (DNA) has been 
discussed [1]. The serological a c tiv ity  of h igh ly  pu rified  m y co b ac te ria l DNA 
p rep a ra tio n s  has also been in v estig a ted  [2, 3].

In  th is  regard  i t  w as of in te re s t to  es tab lish  th a t  s tep  of th e  iso lation  and  
p u rifica tio n  p rocedure , in  w hich th e  role of D N A  in com plem ent f ix a tio n  can be 
u n d o u b te d ly  confirm ed . In  these  experim en ts a decreased  com plem ent f ix a 
tio n  a fte r  desoxyribonuclease (D N ase) tre a tm e n t w as regarded  as a crite rio n  
of serological effectiveness.и

In  a d d itio n , it  seem ed desirab le to  in v es tig a te  th e  serological a c tiv ity  
of hea ted  p rep ara tio n s  o b ta in ed  w ith  d ifferen t p u rifica tio n  procedures.

M aterials and m ethods

Bacteria. C ultu res an d  cu ltiv a tio n  m eth o d s have been described prev iously  [2].
A ntigens. B ac teria l hom ogenates were p rep ared  as d e ta iled  p rev iously  [2, 3]. DN A  

p re p a ra tio n s  were p ro d u ced  from  M . friburgensis  and  sm egm atis by  th e  com bined m eth o d  of 
K irby  [4] and  Sevag et al. [5], as follows.

The b ac te ria  were w ashed in d istilled  w ater, then  100 g am o u n ts  (w et w eight) were 
g round  w ith  glass pow der in a m o rta r . A fter add in g  100 ml 6 per cen t sodium  p -a in inosa licy la te  
in several frac tio n s , th e  h o m ogenate  was m ixed w ith  100 ml 90 per cen t phenol and th e n  shaken  
for one hour. A fte r cen trifu g a tio n  for 20 m inu tes a t  ap p ro x im ate ly  8000 r. p. m ., 1 p a r t  o f the  
aqueous phase  was m ixed w ith  1 p a r t of e th a n o l (v /v) an d  th e  p re c ip ita te  was im m ed ia te ly  
dissolved in 0.15 M  NaCl. T he p re c ip ita te  will be re ferred  to  as “ crude D N A  p re p a ra tio n ” .

T he crude p re p ara tio n  was purified  in th ree  d ifferen t w ays.
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D N A  preparation  A  : T he crude  p re p a ra tio n  was dissolved in  0.15 M  NaCl an d , a f te r  
add in g  1 vo lum e 3 : 1 ch loro fo rm -am yl alcohol m ix tu re , i t  was sh aken  for 20 m in u te s . A fter 
c en trifu g a tio n  shak ing  w ith  th e  above m ix tu re  w as re p ea te d . Follow ing a su b seq u en t c e n tr i
fu g a tio n , D N A  was p re c ip ita te d  from  th e  aqueous phase  w ith  one volum e e th an o l, th en  th e  
p re c ip ita te  was w ashed tw ice in e th an o l. P rio r to  use th e  p re p a ra tio n  was s to red  a t  0° C u n d e r 
95 per cen t e th an o l.

D N A  preparation  В  : T he crude  DN A  was d isso lved  in  0.15 M  NaCl, th e n  p rec ip ita ted  
w ith  e th an o l. The p re c ip ita te  was red isso lved  an d  th e  so lu tion  shaken  for 15 m in u te s  w ith  one

Bacteria

E x tra c tio n  w ith  6%  PA S— Na 
Shaken  w ith  1 vol. 90%  phenol 

C en trifugation

P heno l phase  Aqueous phase
d iscarded  M ixed w ith  1 vol. 90%  e th an o l

Crude D N A  precipitate S u p e rn a ta n t d iscarded

D issolved, shaken  w ith  D issolved, shaken  w ith  phenol- D issolved, ch ro m ato g rap h ed  o r  
CHClg, p rec ip ita ted  CHC13, cen trifuged , p re c ip ita te d  m e th y la ted  a lbum in , to  sep ara te

from  aqueous phase  m ax im u m  o p tica l d en sity  frac tio n
of D N A -peak

D N A  preparation A  D N A  preparation В  D N A  preparation C

Fig. 1. P re p a ra tio n  schem e for M . friburgensis  and  M . sm egm atis D N A

volum e of a m ix tu re  of 90 per cen t phenol : ch loroform  : a m y l alcohol ( 1 : 2 :  1). A fte r c en tri 
fu g a tio n  a t 8000 r. p. m ., D N A  w as p re c ip ita te d  w ith  one vo lum e e th an o l. W ashing  in  e th an o - 
was co n tin u ed  u n til  a ll th e  phenol h ad  been  rem oved . P rio r to  use th e  p re p a ra tio n  was s to red  
a t  0° C u n d e r 95 pe r cen t e th an o l.

D N A  preparation  C : T he crude  D N A  dissolved in  0.15 M  NaCl was ch ro m a to g rap h ed  
as described  by Sueoka  an d  Cheng  [9]. F o r th e  serological reac tio n s , th e  frac tio n  of “ DNA- 
p e ak ” g iv ing  m ax im u m  o p tica l d en sity  va lues w as used  w ith o u t th e  iso la tion  of D N A . T he 
step s o f p u rific a tio n  are  p re sen ted  in  Fig. 1.

E n zym ic  treatm ent o f  D N A  preparations. C om m ercial D N ase, t ry p s in , lysozym e, r ib o 
nucléase  (R N ase) an d  ca rb o x y p ep tid a se  were used . T he a c tiv ity  o f th e  enzym es w as te s te d  in 
p re lim in a ry  ex am in atio n s .

T ry p sin , lysozym e and  R N ase  were dissolved in  0.15 M  NaCl, c a rb o x y p ep tid a se  in 
0.15 M  NaCl co n ta in in g  0.15 M  N a >H P04. D N ase w as dissolved in  a so lu tion  co n ta in in g  
0.008 M  MgSO,, 0.15 M  NaCl and  0.012 M  sodium  ace ta te .

All enzym es were used  a t  c o n cen tra tio n s  o f 50 /ig/m l.
To 5 ml 0.15 M  NaCl so lu tion  of D N A , 5 m l enzym e was p ip e tted . T he m ix tu re  w as 

in cu b a ted  for 2 hours a t  37° C an d  su b seq u en tly  for 16 hours a t  0° C, th e n  th e  co m plem en t 
f ix a tio n  te s t  was carried  ou t. D ecom position  of D N A  was e s tim a te d  b y  m easu ring  th e  increase  
in  o p tica l d en sity  a t  254 т /г. H ea tin g  ex p erim en ts  w ere carried  o u t in  sealed 2 ml am poules, 
each  co n ta in in g  0.10 m l of th e  D N A -  enzym e system . C ontro ls for th e  serological te s t  con 
ta in ed  only the  D N A  p re p a ra tio n  and  so lven ts w ith o u t th e  enzym es.

H eating experim ents. T he sealed so lu tions were k e p t a t  0° C p rio r to  h ea tin g . In  case o f 
enzym ic d igestion  ex p erim en ts  th e  am poules co n ta in ed  also th e  co rresponding  enzym e. T he



SEROLOGICAL ACTIVITY OF MYCOBACTERIAL DESOXYRIBONUCLEIC ACID 9

am poules were im m ersed  in  a w a ter b a th  of th e  req u ired  tem p e ra tu re  for 15 m in u tes . A fte r 
th e  h ea tin g  period  the  am poules were im m ed ia te ly  cooled to  0 C and  sto red  a t  th a t  te m p e ra 
tu re  u n til used . T his m eth o d  is a m od ification  of Stollar and  Le v in e ’s tech n iq u e  [12].

H eatin g  and serological ex p erim en ts  were perform ed in th e  follow ing order.
F irs t, th e  p re p a ra tio n  was d igested  and  d is tr ib u te d  in am poules. N ext d ay  th e  am poules 

were exposed to  h ea t. On th e  th ird  d ay  th e  com plem ent f ix a tio n  te s ts  were carried  o u t. T he 
sam e re su lts  w ere o b ta in ed  w hen these  p rocedures were com pleted  w ith in  one day . T he th re -  
d ay  period  w as chosen only for p rac tica l purposes.

W hen h ea tin g  was n o t req u ired , th e  D N A  so lu tions were n o t d is tr ib u te d  in to  am poules. 
In  such ex p erim en ts  d ilu tio n  of th e  an tig en  was m ade d irec tly  from  th e  s tock  so lu tion .

Serological reaction. C om plem ent fix a tio n  was perform ed as described p rev io u sly  [3], 
w ith  th e  m o d ificatio n  th a t ,  in s tead  of v e ro n al buffer. 0.15 M  NaCl w as used. The o p tim al a n ti 
gen co n ce n tra tio n  for te s tin g  h ea ted  p rep ara tio n s  was d e term ined  in  an tig en  an d  serum  
d ilu tio n  series. E v e ry  ex p erim en t was checked by su itab le  con tro ls.

A naly tica l exam inations. N itrogen  and  phosphorus were d e te rm in ed  by  th e  tech n iq u e  
of Markham [6] and  of Martland  and R obison [7]. The m eth o d  of Chargaff a n d  Za m en - 
hof [8] served  for e s tim a tin g  th e  S/p) value . C h ro m ato g rap h y  was carried  o u t by  th e  m eth o d s  
of S ueoka  and  Cheng  [9] or o f Mandell  and H ersh ey  [27]. T he T m va lue  w as e s tim a te d  as 
described by Marmur and D oty [13. 14]; in lack  of a su itab le  a d ap te r , in s tead  of h e a tin g  th e  
m ate ria l in th e  cu v e tte s , a liq u o ts  of con tin u o u sly  h e a ted  D N A  so lu tions were m easu red  a t  
th e  req u ired  in te rv a ls .

The an a ly tic a l d a ta  are sum m arized  in T ab le  I.

Table I

A nalysis o f  DIS A  preparations

DN A
p rep a ra tio n M ethod o f p u rif ica tio n N P

Approxiin ia te
Glucose c o n te n t 
o f h y d ro ly s a te

E (P | RN A  c o n ten t
p ro te in
c o n ten t

“ C rude” — 2.4 3200 15 5 5

A CHC13 1.72 6200 15 l : 1

в Phenol — CHC1 1.75 7450 15 l 1
c C hrom atography 6900

. — N ot tes ted

R a b b its  w ere im m unized  w ith  b a c te r ia l hom ogenates as described p rev io u sly  [1. 2]. 
T he sera were in a c tiv a te d  a t 56° C for 30 m in u tes  th en  s to red  a t —20" C.
E xperim enta l data. In s te a d  of ca lcu la tin g  th e  a m o u n t of com plem en t from  th e  p e r

cen tag e  of haem olysis accord ing  to  th e  v a n  K r o g h  e q u a tio n  [11]. th e  resu lt w a s  expressed  in 
100 — haem olysis ° 0 un its . C om plem ent f ix a tio n  by  h ea ted  DN A  p re p a ra tio n s  was expressed

R ela tiv e  a c tiv ity
In te n s ity  of p h o to cu rre n t for DN A  k ep t a t 0 C 

In te n s ity  of p h o to cu rre n t for DN A h ea ted  to  t C

The in te n s ity  of p h o to cu rre n t is a fu n c tio n  of th e  haem oglobin  c o n cen tra tio n  in th  
s u p e rn a ta n t  of th e  com plem en t fix a tio n  sys tem , and  th u s  an  in d ic a to r of th e  degree of haem o 
lysis.

R esults

C om plem ent f ix a tio n  b y  crude DNS p repared  from  Л/. friburgensis  w as 
decreased by  an y  of th e  exam ined  enzym es. The m ost d e fin ite  decrease w as  
observed w ith  ca rb o x y p ep tid ase  (F ig. 2). Chem ical analysis revealed  th a t  th e
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p re p a ra tio n  co n ta in ed  p ro te in , po lysaccharide  and  R N A . The decreasing effect 
o f R N ase  ind ica tes  th e  possible serological a c tiv ity  of R N A . S tud ies on th is  
p rob lem  are in  progress.

F ig . 2. C om plem ent f ix a tio n  b y  crude  D N A  p re p a ra tio n  an d  1 : 100 d ilu ted  an ti-fribu rgensis
serum

О—о  D N A ; о ------О D N A  digested  w ith  ca rb o x y p ep tid a se ;
о ....... о  DN A  digested  w ith  R N ase; о ---------- о  D N A  d igested  w ith  D N ase

F ig. 3a. C h ro m ato g rap h y  of p re p a ra tio n  A

C hlo ro fo rm -trea ted  M . friburgensis  p re p a ra tio n  A co n ta in ed  p ro te in  an d  
R N A . As concluded  from  th e  enzym ic d igestion , th e  ca rb o x y p ep tid ase  sensi
tiv e  com ponen t p lay ed  an  ac tive  p a r t  in  com plem ent f ix a tio n . T he a c tiv ity  of 
th e  D N ase sensitive frac tio n  was m ore de fin ite  th a n  th a t  o f th e  crude p re p a ra 
tion .
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W hen p re p a ra tio n  A w as h ea ted  to  56° C or over, th e  re la tiv e  a c tiv ity  of 
th e  an tigen  changed  as show n in Fig. 3c. A fter D N ase d igestion  and  h ea tin g , 
th e  serological a c tiv ity  decreased. D ecom posed D N A  also y ielded  a peak  a t 
93° C, sim ilarly  to  th e  und igested  p rep a ra tio n .

Fig. 3b. C om plem ent f ix a tio n  by  p re p a ra tio n  A  and  1 : 100 d ilu ted  an ti-frib u rg en sis  serum .
D esignations a re  as in  Fig. 2

Fig. 3c. C om plem ent f ix a tio n  by  h e a ted  p re p a ra tio n  A .
D esignations are as in F ig . 2

P heno l an d  ch lo ro fo rm -trea ted  M . smegmatis  p re p a ra tio n  В con ta ined  
ap p ro x im a te ly  15 per cen t R N A  an d  less th a n  1 p er cen t p ro te in .

C om plem ent f ix a tio n  b y  th is  p re p a ra tio n  (F ig. 4b) was th e  m ost effec
tiv e ly  decreased  b y  D N ase; th e  a c tiv ity  decreased  v e ry  s ligh tly  a fte r  c a rb o x y 
pep tid ase  decom position , while try p s in , R N ase and  lysozym e ex erted  no 
influence w hatever.
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The re la tiv e  a c tiv ity  of th e  h ea ted  p re p a ra tio n  is p resen ted  in  Fig. 4c. 
B etw een  40 an d  60° C, tw o  a c tiv ity  m ax im a, betw een  90 an d  96° C, th re e  m ax i
m a an d  th ree  m in im a, can  be observed  (F ig. 5). I t  is n o tew o rth y  th a t  th e  ac tiv -

F ig . 4a. C hro m ato g rap h y  of M . sm egm atis p re p a ra tio n  В

Fig. 4b. C om plem ent f ix a tio n  b y  p re p a ra tio n  В  and  1 : 100 d ilu ted  an ti-frib u rg en sis serum

Fig. 4c. C om plem ent f ix a tio n  by  h ea ted  p re p a ra tio n  B . D esignations a re  as show n in
Fig. 2
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i ty  of th e  ca rb o x y p e p tid a se -tre a te d  and  h ea ted  p re p a ra tio n  was h igher a t 
ce rta in  te m p e ra tu re s  th a n  th a t  of th e  u n tre a te d  m ateria l. As com pared  to  the  
con tro l, be tw een  40 and  60° C th e  m ax im a and  m in im a show ed a sligh t la te ra l

F ie . 5. C om plem ent f ix a tio n  b y  p re p a ra tio n  В  a f te r  g rad u al h ea tin g  from  90 to  94 C in steps
of 0.2° C

F ig. 6. C om plem ent f ix a tio n  by  ch ro m a to g rap h ed  M . sm egm atis DMA (p rep a ra tio n  C) a f te r  
h ea tin g  a t  v a rio u s tem p e ra tu re s  be tw een  0 and  80 ”C

sh ift. A t 92 or 94°C th e y  corresponded  to  th e  peaks observed  in the  
con tro l.

C om plem ent f ix a tio n  b y  th is  p re p a ra tio n  a fte r  D N ase decom position  
an d  h ea tin g  was w eaker th a n  b y  th e  u n tre a te d  contro l. T he range of th e  peak  
values for th e  D N ase -trea ted  p re p a ra tio n  corresponded  to  th e  p eak s for the  
con tro l.

The c h ro m a to g rap h ed  M . smegmatis  D N A  (p rep a ra tio n  C) show ed a sligh t 
increase in  a c tiv ity  w hen h ea ted  to  20° C. The increase w as considerab le  a t 
46°C; betw een  90 and  94°C tw o a c tiv ity  m ax im a and  one m in im um  were show n 
(F igs. 6 and  7). A fte r D N ase tre a tm e n t and  h ea tin g  th ere  was a considerab le
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loss in  a c tiv ity . E x c e p t for 20°C, th e  range  o f peaks also co rresponded  to  th a t  
observed  w ith  th e  contro l.

A fte r ca rb o x y p ep tid ase  d igestion  and  h ea tin g , be tw een  0 an d  20°C th e  
p re p a ra tio n  ex e rted  a serological a c tiv ity  sim ilar to  th a t  of th e  con tro l. A t 
42°C or over th e  tre a te d  m a te ria l show ed a h igher a c tiv ity .

1,4

1,3

t  1,2

>

o  1,1
<

ш 1 0
>  '

0,9

0,8

0,7 80 Ô5

A

! v  
I /
V

Э0 1 2 3 c°

Fig. 7. C om plem ent f ix a tio n  b y  ch ro m ato g rap h ed  M . sm egm atis D N A  (p rep a ra tio n  C) a f te r  
h e a tin g  a t  v a rio u s tem p e ra tu re s  be tw een  80 an d  93° C

I t  should  be n o ted  again  th a t  h ea tin g  of th e  d igested  p re p a ra tio n s  was 
carried  ou t in th e  presence of th e  corresponding  enzym e; th e  in fluence of en 
zym e p ro te in s  w ill be d iscussed below.

D iscussion

In  p rep a ra tio n s  con ta in in g  h igh am o u n ts  of co n tam in a tin g  substances th e  
serological a c tiv ity  of D N A  can n o t be sep a ra ted  from  th a t  o f p ro te in s , p o ly 
pep tid es , po lysaccharides an d  perh ap s RN A .* As con firm ed  b y  enzym ic 
d igestion , th e  p u rif ic a tio n  p rocedure  effectively  reduces th e  a c tiv ity  o f c o n ta 
m in a tin g  su b stances. W hen  tre a te d  w ith  D N ase, p u rified  D N A  p rep a ra tio n s  
show  a decrease in  serological a c tiv ity . This in d ica tes  th a t  D N A  is an  ac tive  
com ponen t of th e  serological reac tio n .

* W hile th is  p a p e r was being com posed E . K álm án , F . Antoni an d  F . V árterész 
hav e  published  a s tu d y  on th e  serological a c tiv ity  o f ribonucleic  acids (A cta  m icrobiol. A cad. 
Sei. hung . 9 , 341, 1962/63).
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The ca rb o x y p ep tid ase  sensitive  com ponen t is no t rem oved by  ch lo ro 
form  tre a tm e n t. P u rif ic a tio n  w ith  phenol, how ever, rem oves th a t  fac to r.

As i t  has been rep o rted  [2], th e  serological a c tiv ity  of th e  p rep a ra tio n s  
is n o t com pletely  e lim ina ted  b y  D N ase d igestion , even w hen ch rom atog raph i- 
cally  sep a ra ted  substance  is used. This find ing  ind ica tes th e  presence of 
co n tam in a tin g  substances u n d e tec tab le  by  th e  chem ical and  enzym ic m e th 
ods used. The possible e x p lan a tio n  o f the  find ing  has been discussed p rev i
ously  [2].

Stollar and Levine  [12] showed a correlation between the relative 
com plem ent fixation  by heated D N A  antigens and the relative optical density  
measured after the heating o f D N A  (Marmur and D oty [13, 14]).

A lthough  th e  procedures used for th e  iso la tion  and  h e a t- tre a tm e n t of 
our D N A  p rep a ra tio n s  and  our com plem ent f ix a tio n  m ethod  differed  from  th e  
tech n iq u e  app lied  b y  S t o l l a r  and  L e v i n e , th e  considera tions ad v an ced  by  
these  au th o rs  should  have  been v a lid  for our p rep a ra tio n s . I t  w as, how ever, 
found  th a t ,  even w ith  ch ro m ato g rap h ica lly  p u rified  D N A , th e  curve re p re se n t
ing th e  an tigen ic  a c tiv ity  of h ea ted  an tigens w as fa r from  being s im ila r to  th e  
o p tica l d en sity  cu rve. T he m easured  a lte ra tio n s , as follows from  th e  ex p e ri
m en ts , w ere n o t due to  co n tam in a tin g  substances, b u t to  th e  D N A  itself.

The am o u n t of com plem ent fixed  b y  h ea ted  D N A  p rep a ra tio n s  varies w ith  
th e  te m p e ra tu re  of hea tin g .

I t  m ay  be assum ed th a t  h ea tin g  causes an  a lte ra tio n  in  th e  “ sh ap e”  of 
th e  an tig en  an d , co n sequen tly , in  th e  “ su rface”  accessible to  th e  a n tib o d y . The 
te rm  “ su rface”  is used here as generally  accep ted  for sy n th e tic  chain  p o ly 
m ers [22].

The reasons for shape and  surface a lte ra tio n s  m ay  be ou tlin ed  as follows.
H ea tin g  causes a b reak  in th e  hydrogen  bonds betw een  th e  guanine- 

cy tosine an d  ad en in e -th y m in e  couple; th u s  th e  surface of th e  an tig en  increases 
and  ac tive  groups are lib e ra ted  [12]. The b reak  m ay  occur sim u ltan eo u sly  along 
th e  whole chain  [15], or only  a t ce rta in  p a rts  o f th e  m olecule [16].

A n o th er reason  for surface a lte ra tio n  m ay  be th a t  D N A  m olecules in 
saline are n o t s tiff  s tra ig h t s tran d s  [17], b u t  some codings m ay  occur. M easu re
m en ts carried  ou t b y  Cerf [18], R eichmann  [19] an d  R owen [20] also 
in d ica te  th e  d e fo rm ab ility  of D N A  m olecules.

In h ib itio n  due to  s teric  cond itions p rev en ts  co n fig u ra tio n a l changes in 
such com plex m olecules [21]. H ow ever, a t energy  tra n sfe r  these  s teric  h in 
d rances are p a r tly  overcom e and  th e  w hole m olecule m ay  ap p e a r in an  a lte red  
co n fig u ra tio n ; in o th e r w ords, a conversion to  a h igher energy  s ta te  m ay  occur. 
The rap id  cooling a fte r  energy  tra n sfe r  m ay  stab ilize  th e  h igher energy  s ta te .

As reg ard s surface a lte ra tio n s  in D N A  m olecules, a h y po thesis  con fo rm 
ing w ith  our know ledge o f s tru c tu ra l d a ta  o f colloids, p lastics and  D N A , m ay  
be advanced  for the  an tigen ic  a c tiv itv  changes due to  hea tin g .“ У с ?  D



16 I. TÄRNOK

A t low te m p e ra tu re s  th e  position  of th e  tw o chains is s tab ilized  b y  in ta c t 
guan ine-cy tosine  an d  ad en in e-th y m in e  linkages. The surface accessible to  th e  
a n tib o d y  is de te rm in ed  b y  a secondary  or te r t ia ry  coiling [23] or a chance 
w ind ing  of th e  helix . C onsidering th a t  th e  p eak  values of serological a c tiv ity  
in  various m y co b ac te ria l D N A  p rep a ra tio n s  have been found  a t  an  alm ost 
id en tica l te m p e ra tu re  range, a chance w inding  seem s un likely .

A t rising  te m p e ra tu re s  th e  b reak in g  o f H  bonds also c o n tr ib u te  to  surface 
changes in  th e  an tig en . A fu r th e r  com plica tion  is th a t ,  owing to  th e  coiling of 
lib e ra ted  chains or chain  p a rtic le s  [16], in te rac tio n s  m ay  occur w ith  ad jacen t 
m olecules or am ong  th e  in c rim in a te d  pa rtic le s  w ith in  th e  sam e m olecule [24, 
25]. The s in g le -stranded  chains an d  th e ir  partic les  are m ore liable to  coiling 
th a n  th e  helix  consisting  of tw o chains.

This la t te r  h y po thesis  seem s to  be su p p o rted  b y  th e  fac t th a t  th e  serolog
ical a c tiv ity  of ch ro m ato g rap h ed  an d  h e a te d  D N A  ex h ib ited  m ore considera
ble changes w ith in  a re la tiv e ly  narro w  te m p e ra tu re  range in  th e  v ic in ity  
of th e  m elting  p o in t th a n  betw een  0 an d  60° C. In  a d d itio n , w ith  s in g le -s tran d 
ed form s ro ta tio n  m ay  occur a ro u n d  —C— 0  — P  — 0  — € — linkages, w hen 
ce rta in  groups becom e inaccessib le to  an tibod ies.

S t o l l a r  an d  G r o s s m a n n  [26] have  show n th a t  w hen a m elted  an d  q u ick 
ly  cooled D N A  so lu tion  was re -h ea ted , an  op tica l d en sity  m ax im um  occurred  a t 
46° C. A ltho u g h  th is  m ax im um  s tan d s  close to  one of our peaks observed 
betw een  40 an d  60° C, th e  op tica l an d  serological p eak  values c a n n o t be a t t r i 
b u te d  to  a com m on fac to r, because in  o rder to  induce an  op tica l m ax im um , th e  
D N A  m u st be d en a tu re d  p rev iously . W ith  our p rep a ra tio n s , a t  leas t w ith  th e  
ch ro m ato g rap h ed  D N A , th e  p o ssib ility  of d é n a tu ra tio n  could be excluded.

A fte r ca rb o x y p ep tid ase  d igestion  an d  h ea tin g  a t  ce rta in  te m p e ra tu re s , 
th e  serological a c tiv ity  of D N A  p rep a ra tio n s  increased . This m ay  have been due 
to  th e  stab iliz ing  effect of p ro te in s . S tudies on th is  p rob lem  will be rep o rted  in 
a su b seq u en t p ap er.

Acknowledgement. T he a u th o r  is in d eb te d  to  M r. A. T omcsányi fo r ch ro m ato g rap h ic  
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Sum m ary. T y p es  3 an d  5 of a d en o v iru s  ch ara c te riz ed  by d iffe re n t ty p es of c y to p a th ic  
e ffec t have been s tu d ie d  by  im m unofluo rescence  in p r im a ry  h u m an  am n io n  cell cu ltu res . I t  h a s  
b een  show n th a t  th e  s tru c tu re s  app earin g  in  th e  cell a f te r  v iru s in fec tio n  had  the  sam e a n t i 
genic ch arac te r  as th e  v iru s. The d a ta  o b ta in e d  suggested  th a t  v iru s  (or v iral an tig en s) a re  
fo rm ed  as early  as in  7 to 10 hours follow ing in fec tio n . An a sy n ch ro n ism  in the onse t o f v iru s  
m u ltip lic a tio n  was also  observable. In  th e  f in a l s tag e , how ever, all cells ex h ib ited  sp ec ific  
fluorescence.

The m orpho log ica l changes p ro d u ced  b y  ad en o v iru ses  in p rim ary  h u m a n  
am n io tic  cell c u ltu re s  are w ell-know n to  e x h ib it a w ide v a r ie ty  of p a t te rn s .  
N evertheless, tw o m a in  types of c y to p a th ic  effect m ay  be d istingu ished  and  th e  
adenov iruses g rouped  accord ing ly . T h e  m o st consp icuous ch a rac te ris tic s  b e ing  
th o se  ex h ib ited  by  ty p e  3 and 5 a d e n o v iru s , thus th e  tw o  m orphological ty p e s  
w ere designed as ty p e  3 and 5 d e g e n e ra tio n s , re sp ec tiv e ly . D etails o f th ese  
s tu d ies  have been p u b lished  [1]; we o n ly  refer here  to  the  fac t th a t  ho th  n u c le a r  
an d  cy top lasm ic  chan g es are d iffe re n t in th e  tw o  ty p e s  o f cy to p a th ic  a l te r 
a tio n . P a rtic u la r ly  conspicuous is th e  d ifference in th e  a rran g em en t o f th e  
d eg en era ted  cells. In  ty p e  3 d eg en era tio n  the  cells form  a netw ork-like p a t te r n ,  
while in ty p e  5 d eg en era tio n  the cells are  single or form  sm all groups. In th e  
p re sen t s tu d y  th e  localisa tion  of v iru s  sy n th es is  has been exam ined  by fo llow 
ing th e  d ev e lopm en t of nuclear ch an g es  b y  im m unofluorescence. T he tim e  
sequence of the  fo rm a tio n  of v iru s-spec ific  pa rtic le s  w as also stud ied .

M aterials and  m ethods

Viruses. T he 3/4 s tra in  of type 3, a n d  th e  5/3 s tra in  o f ty p e  5 adenovirus w as u sed  
th ro u g h o u t | l | .  R o th  v iru ses were p ro p a g a te d  in D e tro it-6  cell c u ltu re s . T itra tio n s  w ere p e r 
fo rm ed  in p rim ary  h u m an  am nion cells.

Tissue cultures. P r im a ry  hum an a m n io n  cell m ono layers w ere  ob ta in ed  by c u lt iv a t in g  
th e  cells on 6 x  1H m m  cover slips im m ersed  in te s t  tu b es . In to  each  tu b e  was poured  1 m l cell 
su sp en sio n , co n ta in in g  3 x  105 cells per m l. T h e  m ed iu m  consisted  of H a n k s ’ so lu tion  c o n ta in in g  
5 per cen t lac ta lb u m in  h y d ro ly sa te  and  20 p e r  c en t h u m an  serum . T h e  m ain ten an ce  m ed iu m  
c o n ta in ed  5 per cen t c a lf  se rum  and 0.25 p e r c e n t lac ta lb u m in  h y d ro ly sa te  in H an k s’ so lu tio n . 
A n tib io tic s  were ad d ed  to  b o th  types o f m ed ia .

Im m une sera. T y p e  specific sera w ere  p re p are d  in ra b b its  [2]. T he tissue a n tib o d ie s  
w ere absorbed  by H e L a  cells used for v iru s  p ro p a g a tio n .
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S ta in in g . The tis su e  cu ltu res  w ere s ta in e d  b y  th e  im m u n o flu o rescen t m e th o d  f irs t  
d e sc rib e d  b y  Coons a n d  K aplan  [3]. V iru s-sp ec ific  an tig en s were d e te c te d  in d ire c tly  using  
f lu o re sc e in e  iso cy an a te  co u p led  a n ti- ra b b it-g lo b u lin . T he dye used  fo r co n ju g a tio n  w as d is
so lv ed  in  c a rb o n a te -b ic a rb o n a te  buffer (p H  9) in s te a d  of d ry  acetone. T h e  co n ce n tra tio n  of 
th e  s ta in  was usually  10 m g per m l.

E xperim en ta l procedure. T issue cu ltu res  w ere  w ashed  w ith  H a n k s’ so lu tio n  an d  in fec ted  
w ith  100 cy to p a th o g en ic  u n its  (C PU ) per c u ltu re . A fte r  30 m inu tes o f a d so rp tio n  1 m l o f m a in 
te n a n c e  m ed ium  w as a d d e d  to  each  tu b e . T h e  in fe c te d  cu ltu res  were in c u b a te d  a t  37° C, and  
a t  in te rv a ls  groups of 3 tu b e s  w ere rem oved  an d  f ix e d  in  m ethano l for 20 m in u te s . T he p o in ts  
o f  t im e  o f sam pling  w ere, 1, 2, 4, 8, 16 h o u rs , 1, 2, 4 , 5, 7, 8, 12 a n d  14 d a y s , follow ing th e  
in fe c tio n . U n in fected  c u ltu re s  tre a te d  in  th e  sam e w a y  served  as co n tro ls.

T h e  cover slips w ith  th e  cell m onolayers w ere rem o v ed  from  th e  tu b e s  fo r s ta in in g . Tw o 
c o v e r  slip s  each from  th e  co n tro l and in fec ted  c u ltu re s  w ere s ta ined  s im u lta n eo u s ly  in  th e  u su a l 
w a y . S im ila r  cover slip  p re p a ra tio n s  were used  as se ru m  contro ls. T hese, h o w ev er, w ere tre a te d  
w ith  a  hetero logous r a b b i t  im m u n e  serum .

F o r  m icroscopic e x a m in a tio n  th e  c u ltu re s  w ere  m o u n ted  on a p lex ig lass su p p o r t p ro 
v id e d  w ith  a hole to  p e rm it  free passage of u l tra v io le t  lig h t. The a p p a ra tu s  used  w as a L eitz  
O r th o lu x  I I  ty p e  f lu o re sce n t m icroscope. T h e  u su a l m agn ifica tio n  w as 250fohl in  b lue  lig h t.

R esu lts

T h e un in fccteil con tro l cu ltu res  e x h ib ite d  the  u su a l p a t te rn  of n o rm a l 
h u m a n  am nion  cell cu ltu res . A m o d e ra te  greenish au to flu o rescen ce  w as 
g e n e ra lly  p resen t. T h e  co n to u rs  of th e  cells could  be clearly  d is tin g u ish ed  w hile 
n o  n u c leo id  could he seen (F ig. 1).

C u ltu res s ta in e d  1 or 2 hours a f te r  th e  infection  e x h ib ite d  a p a t te rn  
id e n tic a l  w ith  th e  co n tro ls . A fter 8 h o u rs ’ in cu b a tio n  sm all, green ish  f lu o 
re s c e n t  granules w ere d em o n strab le  in  c e r ta in  nuclei. In  th e  16 th  to  2 4 th  
h o u rs  following th e  in fec tio n  these  g ran u les  becam e m ore conspicuous, 
m o re  num erous an d  in  ce rta in  cells th e  fo rm a tio n  of a flu o re scen t rin g  could 
b e  o b se rv ed . In  these  cells th e  granu les w ere a lread y  a rran g ed  in  an  in c lu sio n 
like  p a tte rn .

O n fu rth e r  in c u b a tio n  in  som e cells th e  whole nucleus becam e flu o re s
c e n t . E x c e p t for th is  th e  cu ltu res d id  n o t  e x h ib it  any  visible pa th o lo g ic  change 
a n d  th e  cells form ed a co n flu en t lay e r. I n  4 to  5 days old c u ltu re s  p a ra lle l to  a 
n u m e ric a l increase o f  cells w ith  n u c lea r fluorescence th e  m o rp h o lo g y  o f th e  
cells b eg an  to  change . T he green fluo rescence  becam e m ore an d  m ore b rig h t 
a n d  th e  con flu en t c h a ra c te r  of th e  m o n o la y e r began to  d isap p ea r. On th e  7 th  
to  8 th  d a y  th ere  w ere p rac tica lly  no n o rm a l cells p resen t an d  th e  a rra n g e m en t 
ty p ic a l  of ty p e  3 or ty p e  5 d egenera tion  s ta r te d  to  develop. W ith  th e  sh rinkage  
o f  th e  cy top lasm  and  th e  nucleus, th e  n u c le a r  fluorescence tu rn e d  from  green to  
a yellow ish-g reen  (F igs. 2 and  3). T his ty p e  of fluorescence w as p re se n t in 
e v e ry  nucleus in  aged  (12 — 14 days old) in fec ted  cu ltu res . T he cells were 
s h ru n k  an d  in  m a n y  o f th e m  th e  p ro to p la sm  w as b u t a th in  la y e r  a ro u n d  th e  
n u c le u s  (Figs. 4 an d  5).

In fe c te d  cu ltu re s  tre a te d  w ith  he te ro lo g o u s serum  e x h ib ite d  from  th e  
4 th  d a y  on, para lle l w ith  th e  progress o f th e  cy to p a th ic  ch an g es, a successive,



Fig. 1. U ninfected  p rim ary  h u m an  am nio tic  cell cu ltu res . M agnifi
cation  X 600

Fig. 2. C ultu re  in fected  w ith  3/4 s tra in  of adenov irus and  trea te d  
w ith  hom ologous serum , 8 days a fte r  in fection . M agnification  X 600

F ig. 3. C ultu re  in fec ted  w ith  5/5 s tra in  of adenov irus an d  trea te d  
w ith  hom ologous serum , 7 days a fte r  in fection . M agnification  X 600





Fig. 4. C ultu re  in fec ted  w ith  3/4 s tra in  o f ad en o v iru s and  tre a te d  
w ith  hom ologous serum , 14 d ay s a fte r  in fection . M agnification  X 600

Fig. 6. C ultu re  in fec ted  w ith  3/4 s tra in  of adenov irus and  trea te d  
w ith  hetero logous serum , 14 days a fte r  in fection . M agnification  X 600

Fig. 5. C ulture in fec ted  w ith  5/5 s tra in  o f ad en o v iru s an d  tre a te d  
w ith  hom ologous serum , 12 days a fte r  in fection . M agnification  X 600

Fig. 7. C ultu re  in fec ted  w ith  5/5 s tra in  o f adenov irus and  tre a te d  
w ith  hetero logous serum , 12 days a fte r  in fection . M agnification  x 600
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th o u g h  sligh t, in c rease  of au to fluo rescence . On th e  14th  d ay  the  fluo rescence  
began to  change fro m  greyish-green to  p u re  green (F ig . 6 an d  7).

D iscussion

The c h a ra c te ris tic s  of the  c y to p a th ic  effect p roduced  b y  adenoviruses h a v e  
been stu d ied  b y  a num ber of a u th o rs  [1, 4 to  8]. T he resu lts  p e rm itte d  a 
b ro ad  analysis o f  th e  relations b e tw een  v ira l e ffec t an d  p a th o m o rp h o lo g y  
[4, 9 to  11]. C u ltu res  inocu la ted  w ith  k illed  v iru s  fa iled  to  dam age th e  ceils. T h e  
positive Feulgen  re a c tio n  suggested an  accu m u la tio n  of desoxyribonucle ic  ac id  in  
th e  n ucle i o f v iru s-in fec ted  cells. T h is  o b se rv a tio n  d id  n o t, how ever, ex c lu d e  
th e  possib ility  t h a t  th e  d ifferent s tru c tu re s  fo u n d  in  th e  nuclei m ight c o n ta in  
v iru s, a su p p o sitio n  su p p o rted  b y  th e  o b se rv a tio n s  of P ereira  et al. [4] an d  
B oyer  et al. [15].

O ur p re se n t find ings are in a g reem en t w ith  th o se  m en tioned  ab o v e  a n d  
give some fu r th e r  in fo rm atio n  a b o u t th e  d ev e lo p m en t o f th e  d ifferen t m o rp h o 
logical u n its  a p p e a rin g  parallel w ith  th e  ce llu la r d eg en era tio n . In  h u m an  am n io - 
tic  cell cu ltu res th e  lig h t m icroscope rev ea ls  the f irs t signs o f v iru s in fec tion  a f te r  
48 hours. B y im m unofluorescence th e  ap p earen ce  o f som e green corpuscles 
m ay  be observed  a f te r  4 to  8 hours a lre a d y  and su b seq u en tly  th e  c h a ra c te r is tic  
fluorescence e x te n d e d  to  the  w hole nuc leu s. T h u s it seem s, th a t  the  v iru s  or 
v irus-specific  a n tig e n s  appeared  in a few h o u rs  follow ing in fec tion , w hile in th e  
un in fected  co n tro ls  no changes w ere d e te c ta b le . As to  the  early  onset o f 
v iru s syn th esis , w e re fe r to  the  s tu d ie s  o f Gr een  [12, 13] on ty p e  2 ad en o v iru s  in 
KB cells. This a u th o r  d em o n stra ted  a co m p le te  in h ib itio n  of v irus sy n th e s is  
a f te r  hav in g  a d d e d  5 -fluo ro -deoxyurid ine  to  th e  in fec ted  cu ltu res a t  a n y  
tim e du ring  th e  f i r s t  7 hours. A fte r  7 h o u rs  in h ib ito ry  effect was no lo n g e r 
d em o n strab le . T h u s  he concluded th a t  v ira l D N A  syn th esis  st a rted  a fte r 7 h o u rs  
follow ing in fec tion . S im ilar o b se rv a tio n s w ere  m ade also b y  K jellen [14]. A ll 
these  resu lts  suggest th a t  v irus sy n th es is  s ta r ts  soon a f te r  th e  infection  a n d  in 
7 to  10 hours it  reach es a level d e m o n s tra b le  n o t on ly  b y  biochem ical m e th o d s  
b u t  also by  im m unofluorescence.

Tissues t r e a te d  w ith  hetero logous se ru m  did n o t ex h ib it flu o rescen ce . 
N evertheless, th e  greyish-green au to flu o rescen ce  tu rn e d  in to  a clear green from  
th e  4 th  d ay  of in c u b a tio n . This, h o w ev er, d id  n o t in te rfe re  w ith  e v a lu a tio n , as 
th e  difference b e tw een  th e  u n in fec ted  co n tro ls  and  th e  in fec ted  cu ltu res t r e a te d  
w ith  he tero logous o r hom ologous se ru m  w as q u ite  d e fin ite . A p p a ren tly , th e  
soluble an tigens d id  n o t d istu rb  th e  reac tio n s  u n d er our ex p erim en ta l c o n d i
tions.

T he resu lts  p re se n te d  have show n th a t  in th is  p a r tic u la r  case the  v iru s  w as 
p ro d u ced  in th e  nuc leu s. The onset o f  v iru s  rep lica tio n  w as n o t sy n ch ro n o u s .
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T h u s  8 to  16 h o u rs  a f te r  th e  in fection  th e  incidence  of m orpho log ica l changes 
w as r a th e r  scarce . L a te r  on th e  p a t te rn  b ecam e  m ore and  m ore  he te rogeneous 
a n d  a v a r ie ty  o f  cells in  d ifferen t phases o f  c y to p a th ic  changes w ere s im u lta 
n eo u sly  p re sen t. I n  th e  f in a l s tage , h o w ev er, ev e ry  cell ex h ib ited  a yellow ish- 
g reen  fluorescence.
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Sum m ary. An o u tb r e a k  charac te r ized  by  en ter ic  a n d  re sp i ra to ry  sy m p to m s  o ccurred  
in J a n u a r y ,  1963, in t h e  d ay  nursery of S iro k  (coun ty  H eves). F ro m  th e  faeces of an  a f fec ted  
in fan t  and a h e a l th y  a d u l t ,  qu ick- lac tose -ferm ent ing  E . coli s t ra in s  belonging to se ro ty p e  
026:B6:11 were iso la ted .  The faeces o f  two sick in fan ts  yielded biochemical v a r ia n ts  of 
E . coli se ro type  0 2 6 :B 6 :H 1 1 .  These c u l tu re s  fe rm e n te d  lac tose  be tw een  6 and  10 days .  
In c o n t r a s t  to the  fo rm e r  s tra ins ,  the s low -lac tose -ferm en t ing  o rgan ism s grew read ily ,  a n d  
form ed shigellaform colonies, on desoxycho la te  c i t ra te  agar .  H a e m a g g lu t in a t io n  with p a t i e n t s ’ 
sera revea led  w ith  one  excep tion ,  no s ign if ican t  agg lu t in in  response  to the  supposed c au sa t iv e  
agen t .

The p a th o g e n ic ity  of E. coli 0 2 6 :B6 w as f irs t  suggested  hy  Or sk o v  in 
195] 110], who d e m o n s tra te d  the  f re q u e n t occurrence  o f th is  ty p e  in sp o rad ic  
cases o f in fan tile  e n te r itis . Since O r s k o v ’s o b se rv a tio n  a n u m b er of a u th o rs  in 
v a r io u s  p a rts  o f th e  w orld have co n firm ed  th e  ae tio log ica l role of th a t  o rgan ism  
in b o th  sporad ic  cases and o u tb re a k s  of in fan tile  e n te r itis  |1 — 3 ,5 ,8  11, 14].
T he organism  is g en era lly  regarded  as one o f th e  m o st com m only  occu rrin g  
pa thogen ic  E . coli s tra in s .

O ur m a te r ia l was o b ta ined  from  a n u rse ry  o u tb re a k  in Sirok  (c o u n ty  
H eves), du ring  J a n u a ry ,  1963. O u t o f th e  16 in fa n ts  k e p t in th e  d ay  n u rse ry , 
10 w ere affected . T h e  o u tb reak  w as ch a rac te rized  b y  a sudden  onset, a c u te  
re sp ira to ry  sy m p to m s , v o m iting  a n d  d ia rrh o ea , te m p e ra tu re s  o f 38 — 40° C, 
and  d eh y d ra tio n . O ne in fan t d ied  a f te r  1 1/.2 d ay s , d u rin g  tra n s p o r ta tio n  to  
h o sp ita l. A t a u to p sy  cerebral congestion  w as fo und . O th e r affected  in fan ts  w ere 
a d m itte d  to  h o sp ita l an d  were tre a te d  w ith  a n tib io tic s , su lph o n am id es, in fusions 
an d  v itam in s . T h e ir  cond ition  im p ro v ed  in 7 to  8 d ay s. B ecause of to n s illitis , 
o titis  and  o th e r co m p lica tio n s, co m p le te  reco v ery  ensued  generally  a f te r  14 
days.

Soon a fte r  th e  appearance  o f th e  f irs t  in fec tions p ara lle l faecal sam ples 
from  13 in fan ts  a n d  2 nurses were ex am in ed  in ih e  D e p a rtm e n t of B a c te rio 
logy, S ta te  I n s t i tu te  of H ygiene, a n d  in the  la b o ra to ry  of th e  R egional P u b lic  
H ealt h S ta tio n , E g e r. F o r v iro logical e x am in a tio n  th e  sam e specim ens w ere 
sen t to  th e  D e p a rtm e n t of V irology, S ta te  In s t i tu te  o f H ygiene.

D uring h o sp ita l tre a tm e n t th e  p a tie n ts  w ere su b je c te d  to  fu rth e r  b a c te 
rio logical e x am in a tio n s .
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S even  clays a fte r  th e  fa ta l  case, th e  faeces of th e  died in f a n t’s fa th e r  was 
also  exam in ed .

T h e  E . coli 0 2 6  :B6 s tra in s  w ere iso la ted  from  eosin -m ethy lene  b lue  agar 
b y  th e  slide ag g lu tin a tio n  m eth o d . In  th e  serological ana ly sis , s tra in s  F  41, 
O 2 6 :K 6 0 (B 6 ) : H — an d  Su 4321/41, 0 1 3 :K 1 1 L :H 1 1 , received from  th e  S ta te  
S e ru m  In s t i tu te , C openhagen , w ere u sed  as con tro ls. P re p a ra tio n  a n d  a b so rp 
t io n  o f  im m une sera a n d  d e te rm in a tio n  o f  an tig en s were p erfo rm ed  as d e 
sc r ib e d  b y  K a u f f m a n n  [7] an d  E w in g  et al. [4], w ith  th e  ex cep tio n  th a t  all tu b e  
a iie lu tin a tio n  tests  w ere re a d  a fte r  18 — 20 h o u rs ’ in cu b a tio n  a t  37° C.

B iochem ical reac tio n s  w ere carried  o u t as described in  th e  In te rn a tio n a l  
B u lle tin  o f B acterio log ical N o m en c la tu re  an d  T ax o n o m y  [6]. A n tib io tic  
s e n s i t iv i ty  was te s ted  b y  use o f B io test p a p e r  discs ( In s ti tu te  for S e ro b ac te ria l 
P ro d u c tio n  and  R esearch  “ H u m a n ” , B u d a p e s t) .

A n tib o d y  co n ten t o f th e  p a tie n ts ’ se ru m  was exam ined  b y  th e  haem - 
a g g lu tin a tio n  m ethod . T he reac tio n  w as ca rried  ou t w ith  2.5 p e r c en t sheep 
e ry th ro c y te  suspension sensitized  as d esc rib ed  b y  N e t e r  et al. [9] w ith  th e  
s u p e r n a ta n t  of th e  bo iled  suspension  o f one o f th e  s low -lac tose-ferm en ting  E . 
coli 0 2 6  : B6 s tra in s. D ilu tio n  o f sera  a n d  d e te rm in a tio n  o f h a e m a g g lu tin in  
t i t r e s  w ere m ade b y  T a k a t s y ’s sp ira l loop m eth o d  [13]. All sera  w ere checked 
fo r n o rm a l sheep h aem ag g lu tin in  t i t re .

B acterio log ical exam inations

O f th e  16 persons ex am in ed  b ac te rio lo g ica lly , 4 y ie lded  p o sitiv e  faecal 
c u ltu re s  fo r E . coli 0 2 6  :B 6 . T hree  s tra in s  w ere iso la ted  from  th e  a ffec ted  in 
f a n ts  a n d  one h ea lth y  a d u lt .  C u ltu ra l ex a m in a tio n s  perfo rm ed  a t  th e  sam e tim e  
in  th e  S ta te  In s ti tu te  of H yg iene  and  in  th e  R egional P u b lic  H e a lth  L a b o ra 
to r y  y ie ld ed  sim ilar re su lts . T he positive  sam ples were ta k e n  in  th e  n u rse ry  
a t  th e  in itia l stage o f th e  d isease, before th e  a d m in is tra tio n  o f a n tib io tic s . M ul
tip le  bacterio log ical c o n tro l ex a m in a tio n s  perfo rm ed  d u rin g  h o sp ita l t r e a t 
m e n t g av e  negative re su lts . T he faeces o f th e  tw o nurses em ployed  in  th e  
n u rs e ry  w ere also n e g a tiv e . E . coli 0 2 6  :B 6  w as, how ever, iso la ted  7 days 
a f te r  th e  onset of th e  o u tb re a k  from  th e  faeces of th e  d ied  in fa n t’s fa th e r . 
Y iro lo g ica l ex am in a tio n  o f  th e  faecal sam p les  w as u n ifo rm ly  n e g a tiv e .

F ro m  one in fa n t a n d  from  th e  d ied  in fa n t’s fa th e r , qu ick-lac tose-fer- 
m e n tin g , from  tw o in fa n ts  la te -lac to se -fe rm en tin g , E . coli 0 2 6  : B6 s tra in s  were 
c u ltu re d . O f the  la t te r ,  s t r a in  1173 w as u sed  in  th e  an tigen ic  an a ly sis .

A s show n in T ab le  I ,  th e  s tra in s  w ere b iochem ically  ty p ic a l E . coli cu l
tu re s .  T h e  stra in  iso lated  from  th e  a d u lt p e rso n  differed from  th e  slow -lactose-fer- 
m e n te rs  in  sp litting  dvdcitol an d  raffinose  p ro m p tly , an d  sucrose a f te r  4 days.

T h e  slow -lac tose-ferm enting  cu ltu res  grew  read ily  on d eso x y ch o la te  c itra te  
a g a r  a n d  produced  colonies resem bling  th o se  o f  shigellae. In  c o n tra s t , th e  g row th
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Table I

Biochemical behaviour o f  slow-lactose-fermenting E . coli strain 1173

Glucose ................. + + R a f f in o s e ................. —

+  4-
Lactose ................. 6-10 U r e a ........................... —

4 -

R ham nose  ............ 4" Voges-Proskauer . . —

S orb i to l ...................... + I n d o le ......................... 4*
4-
4_5 KCN........................

D u l c i t o l .................... — Am m onium  c i t ra te —

H .,S .

Inositol ................... — T ry p to p h an

deam inase  .......... —

acid and  gas p roduction  
}- acid p roduction  or positive reaction 

negative reaction

Table II

A nalysis o f  0  and К  antigens o f  slow-lactose-fermenting strain 1173

A ntigens

O K  serum F 41 O K  se ru m , 1173 U n ab so rb ed  0  se ru m

U n ab so rb ed

A bsorbed  
>v stra in  

1173 
(living)

U n ab so rb ed
A b sorbed  
b y  s tra in

F  II
(liv ing)

F 41 1173

F  41 living ............................. 5 120 0 1 280 0 0 0

1173 l i v i n g .................................. 1 280 0 1 280 0 0 0

F  41 1 h r  100° c  ................... 10 240 0 10 240 0 40 960 40 960

1173 1 hr 100° C ...................... 10 240 0 10 240 0 40 960 40 960

Table III

A nalysis o f  the 11 antigen o f  slow-lactose-fermenting strain 1173

H se ru m . Su 4321/41 11 se ru m , 1173

A ntigens*
U nab so rb ed A bsorbed  

by  s tra in  1173
U n ab so rb ed

A bsorbd 
by  s tra in

Su 4321 41

Su 4321/41 ___ 409 600 0 409 600 160**

1173 ...................... 204 800 0 409 600 0

* Formalized sw arm  agar cultures 
** О-type agglut inat ion
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o f o u r  q u ick -lac to se -fe rm en tin g  s tra in s , as well as of ty p e  s tr a in  F  41, was 
in h ib i te d  b y  d eso x y ch o la te  c itra te  m ed ium  in a degree ty p ic a l  o f E . coli 
c u ltu re s .

A s ind ica ted  b y  th e  a g g lu tin a tio n  an d  a b so rp tio n  te s ts  show n in Tables 
I I  a n d  I I I ,  the  an tig en ic  s tru c tu re  o f th e  s low -lac tose-ferm en ting  s tra in  corres
p o n d e d  to  O 2 6 :K 6 0 ( B 6 ) :H l l .  Cro ss a b so rp tio n  te s ts  rev ea led  th a t  the
0  a n d  К  an tigens o f  s tr a in  1173 w ere id e n tic a l w ith  those o f  s tra in  F  41, while 
its  f la g e lla r  an tigen  w as id e n tic a l w ith  th e  H  an tig en  o f s tra in  Su 4321/41. The 
a n tig e n ic  stru c tu re  o f th e  q u ick -lac to se -fe rm en tin g  s tra in  was 0 2 6 : K 6 0 (B 6 ):H —. 
In  o th e r  w ords, th e  c u ltu re  w as a n o n -m o tile  v a r ia n t sero logically  co rresp o n d 
in g  to  ty p e  s tra in  F  41.

A s to  drug  se n s itiv ity , th e  s low -lac tose-ferm en ting  s tra in s  w ere sensitive 
to  ch lo ram p h en ico l, s tre p to m y c in , n eom ycin  an d  po lym y x in  B , re s is ta n t to  
p en ic illin , te tracy c lin es , e ry th ro m y c in  an d  su lphonam ides. T he qu ick-lac tose- 
fe rm e n tin g  organism s d iffe red  from  th e  fo rm er cu ltu res in  th e ir  te tracy c lin e  
s e n s it iv i ty . One of th e  l a t te r  cu ltu re s  w as sensitive , th e  o th e r w as m o d era te ly  
se n s itiv e  to  s trep to m y c in .

N o n e  of th e  s tra in s  caused  e x p e rim e n ta l k e ra to c o n ju n c tiv itis  in  guinea 
pigs [12].

T h e  an tib o d y  t i t r e  in  12 b lood  sam ples w as exam ined  b y  th e  haem agglu - 
t in a t io n  techn ique . S e ru m  sam ples o f 40 h e a lth y  in d iv idua ls se n t in  fo r W asser
m a n n  re a c tio n  and o f 38 p a tie n ts  sen t for W idal reac tion  w ere ex am in ed  as 
c o n tro ls . One in fa n t’s se ru m  a g g lu tin a te d  e ry th ro c y te s  sen s itiz ed  w ith  
one o f  th e  s low -lac tose-ferm enting  E . coli s tra in  in  a t i t re  o f 1 : 128. T he serum  
sam p le  ta k e n  from  th e  sam e in fa n t 6 d ay s la te r  show ed, h o w ev er, on ly  an
1 : 4 t i t r e .  A p art from  th is  case, th e re  w as no s ign ifican t d ifference  in  titre  
b e tw e e n  th e  contro l a n d  th e  p a tie n t  sera.

D iscu ssion

T h e  en teric  sy m p to m s observed  in  th e  o u tb re a k  h av e  b een  ascribed  to  
th e  E . coli 2 6 :B 6  s tra in s  iso la ted  from  th e  faeces of th e  p a tie n ts . T he sm all 
n u m b e r  o f positive re su lts  m ay  h a v e  been  due to  th e  fa c t th a t ,  u n d e r  the  
im p re ss io n  of the  ra p id  d e a th  in th e  f irs t  case, th e  affected  in fa n ts  w ere tr a n s 
fe rre d  to  hosp ita l im m e d ia te ly  a f te r  th e  ap p ea ran ce  of th e  f i r s t  sy m p to m s of 
ill ness . I n  th e  h o sp ita l a n tib io tic  t r e a tm e n t  w as im m ed ia te ly  s ta r te d . F ro m  the  
h o sp ita liz e d  in fan ts faeca l sam ples w ere o b ta in ed  genera lly  o n ly  som e days 
a f te r  adm ission . As in  ev e ry  p a tie n t  re sp ira to ry  in fec tion  w as e v id e n t, an d  in 
som e cases even p re d o m in a tin g , it  m ay  be assum ed  th a t  th is  co n d itio n , as a 
d isp o s in g  fac to r, h ad  p ro m o ted  th e  m an ife s ta tio n  of en te ric  sy m p to m s. The 
c a u s a tiv e  role of E . coli 0 2 6  :B 6  h as  n o t been  con firm ed , n e ith e r  ex c lu d ed , by  
th e  n e g a tiv e  h a e m a g g lu tin a tio n  re su lts , i t  be ing  well know n t h a t  in  a large
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n u m b er of e n te r ic  infections no increase  in a n tib o d y  t i t r e  can  be d e m o n 
s tra te d .

I t  is re m a rk a b le  th a t  in th e  o u tb re a k  tw o d iffe ren t E . coli 0 2 6  : B6 o rg a n 
ism s, b u t no o th e r  know n path o g en ic  b a c te r ia  w ere en co u n te red . The tw o  k in d s  
o f E . coli 0 2 6 : B 6 cu ltu res  were u n d o u b te d ly  d is tin c t ty p e s , because, in  a d d i
tio n  th a t  one o f  th e m  was a n o n -flag e lla ted  m u ta n t ,  th e y  differed in a t  le a s t 
4 biochem ical re a c tio n s , in a n tib io tic  se n s itiv ity  p a t te rn ,  an d  in cu ltu ra l p ro p e r 
ties.

As in th e  l ite ra tu re  av a ilab le  on ly  qu ick -lac to se-fe rm en tin g  E . coli 
0 2 6  :B 6 s tra in s  h a v e  been described , th e  p resen t f in d in g s  seem ed to  m e r it  a 
ce rta in  in te re s t.

The sh ige lla fo rm  grow th on  d esoxycho la te  c itra te  agar of o u r slow - 
lac to se -fe rm en tin g  cu ltu res is u n co m m o n  w ith  o th e r 0 2 6  :B 6 s tra in s . As to  
th is  p ro p e rty , o u r  s tra in s  rem ind  o f E . coli 0 1 2 4  :B 1 7 , th e  know n aetio log i- 
ca l agen t of d y sen te rifo rm  spo rad ic  in fec tions an d  o u tb re a k s  affecting  a d u lts  
as well as ch ild ren . W hile, how ever, 0 1 2 4  : B17 s tra in s  p ro d u ce  e x p e rim e n ta l 
k e ra to c o n ju n c tiv itis  in guinea p igs, ou r s lo w -lac tose-fe rm en ting  cu ltu res fa iled  
to  give th is re a c tio n .
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Sum m ary .  S im ultaneous  a d m in i s t r a t io n  of the  p ro v o k in g  dose of endotox in  and  i n t r a 
venous cyste ine  to  ra b b i t s  p re p a re d  for local S h w ar tz m a n  reac t io n  has been found  to  inh ib i t  
th ro m b o p e n ia  a n d  enhance  tlie decrease  in the  num ber  o f  c i rcu la t in g  leukocvtes.  As com p ared  
to the  con tro l  anim als ,  cysteine  t r e a tm e n t  p rom oted  the  q u a n t i t a t i v e  S h w ar tz m a n  p h e n o m e 
non b o th  in in te n s i ty  and  d u ra t io n .

E x p e rim e n ts  in  vitro h av e  show n th a t  in  p la te le t-r ich  ra b b it  p lasm a 
cy ste in e  and  som e th io l com pounds inh ib it th e  en d o to x in -in d u ced  p la te le t 
ag g reg a tio n  an d  the  release o f h is tam in e  and se ro to n in  [1]. As in th e  p a th o g e n 
esis o f th e  S h w artzm an  p h enom enon  a considerab le  im p o rtan ce  is a t t r ib u te d  
to  p la te le ts , it w as o f in te re s t  to  exam ine w h e th e r cy ste in e  in fluenced  th e  p la te 
le t co u n t and th e  d ev e lo p m en t o f local S h w a rtz m a n  phenom enon  in  vivo.

M aterials and m ethods

R a b b i t s  of  b o th  sexes weighing 2 to 3 kg were used. E n d o to x in  was p re p are d  from 
E . coli by th e  m eth o d  of Boivin et al. |2 | .  P rep a ra t io n  of 19 r a b b i t s  was carried ou t  by  in jec ting  
0.1 ml a liquo ts  of  va r ious  d i lu t ions  of th e  endotox in  s to c k  so lu t ion  in t ra d e rm a l ly  in to  the  
shaved  dorsa l  skin, according to th e  m e th o d  of Kesztyűs  et al. Th is  techn ique  allows a semi- 
q u a n t i t a t i v e  e s t im a tion  of the  results  [3]. The  provoking dose of 1 m g/kg endo tox in  was given 
in t ra v en o u s ly  24 hours  a f te r  the  p r e p a r a to r y  injection.

S im ultaneous ly  w ith  th e  p rov o k in g  dose, 8 r a b b i t s  were given 200 mg/kg cyste ine  11Cl 
in trav en o u s ly .  Cysteine was prev ious ly  neu tra lized  w ith  N a O l l  an d ,  to avoid  a lka l iza t ion ,  a 
sm all  a m o u n t  of  t r is  buffer  was m ixed  to the  solution. T h e  8 con tro l  anim als  received eq u a l  
vo lum es of NaCl so lu tion  e q u iv a len t  in m ola r i ty  to cys te ine .  T hree  rab b its  in jec ted  w ith  
cyste ine  received no endotox in .  After  the  injections p la te le t  a n d  leukocyte  c o u n ts  were m ade  
a t  var ious in te rva ls .  The  local S h w a r tz m a n  reaction was read  3 a n d  24 hours  a f te r  the  a d m in 
is t ra t ion  of the  p rovok ing  dose.

F o r  p la te le t  counting ,  0.1 ml blood was w ithd raw n  from  the  aur icu lar  vein  in to  po ly 
e thy lene  tu b e s  con ta in ing  0.9 ml 3.8 per cen t  Sodium c i t ra te .  A fte r  the  e ry th ro c y te s  h ad  been 
rem oved  by cen tr ifuga t ion ,  th e  p la te le ts  were counted  d irec t ly  in B iirker cham bers .  L eu k o cy te  
co u n t  was d e te rm ined  by the  usual techn ique.

R esults

F ig . 1 show s th e  resu lt o f p la te le t coun ting . It is seen th a t ,  in th e  co n tro l 
ra b b its  a f te r  5 m in u tes  th e  average  co u n t decreased to  45 p e r cen t of th e  orig inal. 
T he in itia l coun t w as n o t reach ed  in 60 m inu tes. In cy s te in e -trea ted  ra b b its  th e  
decrease w as con sid erab ly  less, and  th e  count becam e norm al a f te r  30 m in u tes .
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I n  co n tra s t, F ig . 2 show s th a t  th e  n u m b e r of c ircu la tin g  leukocy tes 
d e c re a se d  considerab ly  in  b o th  groups. T h u s , en d o to x in -in d u ced  leukopen ia  
w as p ro m o te d  ra th e r  th a n  in h ib ite d  b y  cyste ine .

F ig . 3 presen ts th e  re s u lt  o f th e  q u a n ti ta t iv e  S h w artzm an  reac tio n . A t 
th e  3 h o u r  read ing  d e f in ite ly  increased local reac tio n s w ere o bserved  in th e

Fig. 1. P la te le t  c o u n t  in  con tro l  and  c y s te in e - t rea ted  S h w ar tz m a n  r a b b i t s

Time in minutes

F ig . 2. Leukocyte  c o u n t  i n  con tro l  and c y s te in e - t rea ted  S h w ar tz m a n  r a b b i t s
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Fig. 3. Local S h w ar tz m a n  reac tion  in  contro l  and  cyste ine- t rea ted  ra b b i t s

c y s te in e -tre a te d  an im als. A fte r 24 h ours th e  d ifference was less d e f in ite  b e 
tw een  th e  co n tro l g roup  an d  th e  one tr e a te d  w ith  low d ilu tions o f e n d o to x in , 
while th e  d ifference rem ain ed  u n a lte re d  betw een  th e  contro ls and  th e  an im als  
tre a te d  w ith  h igh  end o to x in  d ilu tio n s . A ccord ingly , cysteine e n h an ced  th e  
local S h w artzm an  p h enom enon  b o th  in  in te n s ity  an d  d u ra tio n . In  c o n tro l 
an im als t re a te d  w ith  cyste ine  only , s ig n ifican t changes in p la te le t a n d  le u k o 
cy te  co u n ts  an d  th e  S h w artzm an  reac tio n  w ere n o t observed.

D iscu ssion

I t  has been show n th a t  single in tra v e n o u s  en d o to x in  in jec tions give rise 
to  th ro m b o p e n ia  and  leukopen ia  [4, 5]. F ro m  p la te le ts  and  p la te le t ag g re 
g a tes  re ta in e d  in th e  sm all vessels b io log ica lly  ac tiv e  substances are  re leased . 
The leu k o p en ia  is due p rim arily  to  an  ad h esio n  of leukocy tes to  th e  in n e r  Avail 
o f sm all vessels [4]. T h ro m b i consisting  of p la te le ts  an d  leukocy tes in  th e se  
vessels are  th e  m ost ch a ra c te ris tic  h isto log ica l fin d in g  in local an d  g en era lized  
S h w artzm an  phenom enon . T he ru p tu re  o f  vessels is p receded  by  the fo rm a tio n  
o f such th ro m b i [4]. T he ap p ea ran ce  o f th ro m b i, sh o rten ed  blood co ag u la tio n  
tim e  [7 — 11], deposition  of fib rin o id  [7, 12] and  th e  s im u ltaneous decrease  
of th e  f ib rin o g en  level [7] in d ica te  an in v o lv em en t of th e  coagu la tion  sy s tem  in 
the  reac tio n . T his co nsidera tion  is su p p o rte d  by  th e  fin d in g s th a t  a n tic o a g u la n ts  
as h e p a rin  [13], or sod ium  w arfa rin  (an  o x y co u m arin  de riv a tiv e ), in h ib it  th e  
S h w artzm an  reac tio n . D es P rez , H orowitz  an d  H ooic show ed th a t  e n d o to x in  
caused  an  ag g lu tin a tio n  o f p la te le ts  in  p la te le t-r ic h  ra b b it  p lasm a in  vitro , an d  a 
su b seq u en t re lease of p la te le t fac to r 3 in  ad d itio n  to  sero ton in  and  b a c te r i-  
cid ins. P la te le t  fac to r 3 is responsib le  for th e  sh o rten ed  coagu la tion  tim e . T h is 
m eans th a t  th e  coag u la tio n  d is tu rb a n c e  is asso c ia ted  w ith  th e  p la te le ts , b ecau se  
in  p la te le t-p o o r p lasm a en d o to x in  is in cap ab le  of decreasing  th e  c o ag u la tio n  
tim e  [10, 11].



32 . JÓK A  Y, A. KISS and JL. KASSAI

W hile  in  th e  op in ion  of th e  m en tio n ed  a u th o rs  th e  coagu la tion  sy stem  an d  
th u s  th e  p la te le ts  p la y  a p rim ary  p a r t  in  th e  m echan ism  of th e  S h w artzm an  
re a c tio n , o th e r e x p e rim e n ts  ind ica te  th e  im p o r ta n t  role of leu k o cy tes . T he 
S h w a rtz m a n  re a c tio n  c a n n o t be p rovoked  in  an im als  w ith  leuk o p en ia  in d u ced  
b y  N -m u s ta rd , b en zen e  [15] or X -ray s  [17]. In  c o n tra s t, an y  su b stan ce  capab le  
o f p ro v o k in g  th e  S h w a rtz m a n  reac tio n  (a n tig e n -a n tib o d y , glycogen, d e x tra n , 
k ao lin )  cause th ro m b o p e n ia  and leu k o p en ia  [4]. The p la te le t an d  leu k o cy te  
re a c tio n  to  e n d o to x in  in d ica tes  th a t  th e  th ro m b o p e n ia  and  leukopen ia  associ
a te d  w ith  th e  S h w artzm an  phenom enon can  be  a t tr ib u te d  to  sim ilar m ech an 
ism s.

In  ou r ex p e rim e n ts , w hen cysteine w as ap p lied  sim u ltan eo u sly  w ith  th e  
p ro v o k in g  dose, th e  decrease of p la te le t c o u n t was in h ib ited  an d  th e  local 
re a c tio n  d e fin ite ly  p ro m o ted . In  c o n tra s t , cy ste in e  h ad  no influence  on th e  
ch an g es  in  leu k o cy te  c o u n t. F rom  th ese  d a ta  th e  following conclusions have  
been  d raw n .

(i) The fac t t h a t  cyste ine  inh ib its  th e  d ev e lo p m en t of th ro m b o p e n ia  b u t  
n o t o f  leu k o p en ia , show s th a t  tw o d iffe ren t m echan ism s are invo lved .

(ii) As cy ste in e  in h ib its  th e  ag g reg a tio n  o f p la te le ts  in  vivo  as well as 
in  vitro  b u t  does n o t a ffec t th e  d ev e lo p m en t o f local reac tio n , in  re leasing  
th e  S h w artzm an  p h en o m en o n  th e  p ro d u c tio n  of p la te le t agg rega tes seem s 
to  be  o f  less im p o rta n c e  th a n  th e  role o f leu k o cy tes .

As no h isto lo g ica l ex am in a tio n s h a v e  b een  perfo rm ed , th is  th e o ry  can  be 
co n sid e red  a te n ta t iv e  considera tion  o n ly . I t  m a y  be supposed  th a t ,  a lth o u g h  
c y s te in e  in h ib its  th e  c lum ping  of p la te le ts , i t  m ig h t enhance som e a c tiv a tin g  
p ro cesses , w hich w ill p red o m in a te  in  th e  re a c tio n .

(iii) The p ro m o tin g  effect of cy ste in e  on leukopen ia  an d  th e  S h w a rtz 
m a n  ph en o m en o n  p o in ts  to  th e  im p o rtan ce  o f leukocy tes. The h igh ly  in ju rio u s  
e ffec t ex e rted  b y  le u k o cy tic  and  m o n o n u c lea r in f iltra tio n  of th e  vessel w alls 
a t  th e  site  of th e  p re p a ra to ry  in jec tio n  [4, 15, 17, 18] an d  aerobic  in t r a 
ce llu la r  glycolysis [16] co n stitu te  a d isp o sin g  fac to r  for th e  d ev e lo p m en t o f 
le u k o c y te -p la te le t th ro m b i. The h igh p ro te o ly tic  enzym e co n te n t o f leu k o cy tes  
p ro b a b ly  also c o n tr ib u te s  to  th e  fu r th e r  d e s tru c tio n  of th e  in ju red  v ascu la r 
w alls , an d  th u s  en h an ces  th e  deve lopm en t o f h aem o rrh ag ic  necrosis. T he a c tiv 
i ty  o f  leu k o cy tic  p ro teases  is increased  b y  th e  acid reac tio n  due to  aerobic  
g lyco lysis and  th e  accu m u la tio n  of a n o x y b io tic  p ro d u c ts . In  th e  op in ion  of 
T h o m a s  an d  St e t s o n , S H -pro teases are p r im a r ily  responsib le for th e  d e s tru c 
tio n  o f  v a scu la r w alls, because in tra d e rm a lly  given p ap a in , cyste ine  a n d  B A L 
are  su ita b le  p re p a ra to ry  substances a g a in s t e n d o to x in  given in tra v e n o u s ly  one 
or tw o  h ours p rev io u sly . T ry p sin  and  o th e r  red u c in g  agen ts are ineffec tive  in 
th is  re sp e c t [16]. A cco rd ing ly , th e  observed  p ro m o tin g  effect on th e  S h w a rtz 
m a n  ph en o m en o n  o f in tra v e n o u s ly  g iven  cy s te in e  m ay  be ex p la in ed  b y  th e  
a c tiv a tio n  of c e r ta in  leu k o cy tic  S H -p ro teases .
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Sum m ary ,  (i) A part  from some excep tions  all of the e n te r ic  b ac te r ia  are able  to  p ro 
duce H 2S from cyste ine  or cystine. M eth ion ine  is unsu i tab le  as a su b s t r a te  for II.,S p ro d u c tio n .

(ii) The  posi t iv i ty  of the H 2S t e s t  em ployed  in sys tem at ic  genus d if feren tia tion  d epends  
upo n  the ab il i ty  of  cer ta in  o rgan ism s belonging to the  positive  genera  to form H 2S from 
sulphates .  Therefore ,  the  result  of ro u t in e  tes t ing  is the consequence  of the  su lp h a te  c o n ta 
m ination  of pep tones .

(iii) The  use of a c y s te in e -su p p lem en ted  m edium  would decrease  or e l im in a te  l he 
differential  d iagnos tic  va lue  of the  ID S  reac tion .

(iv) H ype rsens i t ive  lead a c e ta te  p a p e r  s tr ips  ind ica t ing  d iagnos tica l ly  u n i m p o r t a n t  
t races of  IDS, should  also he avoided. A ccording to the  p resen t  e x p er im en ts ,  the  in d ic a to r  of 
choice is ( N H ,) 2Fe(SO,)2 or FeCL.

(v) For the  s t a n d a rd  IDS tes t  a m ed iu m  conta in ing  su lpha te - f ree  pep tone ,  N a 2S 20 3 as 
a su lphur  source, an d  (N H ,)2F e ( S 0 1) 2 as an  ind ica tor ,  has been devised.

D etec tion  o f H.,S p ro d u c tio n  is one o f th e  ea rlie s t m e th o d  used  for th e  
id en tific a tio n  o f b ac te ria  (O r l o w s k i , 1895). H ow ever, th e  m echan ism  of, an d  
th e  in g red ien ts  of the m ed ium  responsib le  for, th e  re a c tio n , have n o t been 
en tire ly  e lu c id a ted .

T he p re se n t w ork was in sp ire d  b y  tin* c o n tra d ic to ry  d a ta  concern ing  th e  
H 2S reac tio n  o f P . m organii. F o r d e te rm in in g  th e  sy s te m a tic  positio n  o f a 
m icroorgan ism , II.,S p ro d u c tio n  is an  im p o rta n t c rite rio n . In  s tu d y in g  th is  
p rob lem , fu r th e r  questions arose as to  the  m echan ism  o f H 2S p ro d u c tio n . T hus 
it was d esirab le  to  de te rm ine  w h e th e r  organic or ino rg an ic  su lp h u r co m 
pounds w ere concerned  in it, a n d  w hich  of these  su b stan ces  m igh t be reg a rd ed  
as su b s tra te s  for H 2S p ro d u c tio n . A flirt her aim  o f th e  p re se n t w ork  w as to  
e lab o ra te  a m ed ium  yield ing re liab le  re su lts  for d iffe ren tia l diagnosis.

M aterials and m ethods

Stra ins. 'Flic ind ica ted  n u m b ers  o f  va r ious  enter ic  bacter ia l  s t ra in s  were e x am in ed  for 
I I 2S p roduction :  P . morganii. 100; iE. coli, 72; Klebsiella, 30: Sa lm onella ,  128: Shigella ,  72; 
P rov idencia ,  29. In  add it ion ,  one s t ra in  was exam in ed  from each  of the  Arizona, B a lle rup  
B ethesda ,  H a fn ia ,  Cloaca and  S e rra t ia  genera .  T he  m ajo r i ty  of the  s t ra in s  were o b ta in e d  from 
th e  culture  collection of th is  in s t i tu te .  Som e freshly isolated c u l tu res  were also used. In o c u 
lations were m ad e  from  24 hour  agar  s l a n t  cultures .

M edia. P re p a ra t io n  of the basal syn thetic  m edium  was pe rform ed  by  the m odified  m e th o d  
of Pelczar a n d  P orter 118 ) as follows.

The  basal m ed iu m  conta in ing  1.0 g N a .T lPO , .  1.0 g K H 2PO.,, 0.1 g MgCl2, 5.0 g glucose, 
5 mg nicotinic  am ide  a n d  5 mg calcium p a n to th e n a t e  in 1000 ml dis t i l led  water ,  was steril ized
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b y  Se i tz -f i l t ra t ion .  W hen  a  solid m ed iu m  was req u ired ,  2 per  cent  w ash ed  agar  was ad d ed  to  
t h e  b a sa l  m edium. After  s t e a m in g  w ithou t  pressure  for 1 hour ,  the  m e d iu m  was f i l te red  and  
t h e n  au to c lav e d  a t  120° C fo r  15 m inu te s .  S u p p le m e n ta ry  g ro w th  fac to rs  a n d  am ino  acids were 
s te r i l ized  b y  Se i tz -f i l t ra t ion  a n d  a d d ed  subseq u en t ly  to  th e  basa l  m ed iu m .  T he  amino acid 
r e q u i r e m e n t  of P. m organii was ex am in ed  using 0.1 to  0.25 per  cen t  c o n ce n tra t io n s  of a lanine,  
a rg in in e ,  asparagine,  a sp a r t i c  ac id ,  cysteine,  cys te in ic  acid ,  cyst ine ,  g lu ta m ic  acid, glycine, 
h is t id in e ,  iso-leucine, leuc ine,  lys ine ,  methionine,  n o rv a lin e ,  proline, p h en y la lan in e ,  th reo n in e ,  
t r y p t o p h a n ,  serine, va line  a n d  tyrosine .

Peptone-containing liq u id  or solid media. F o r  the  p re p a ra t io n  o f  these  m edia  R ich te r ,  
B a c to  (Difco), Proteose (D ifco),  W it t e  and O r th a n a  specia l  pep tones  were used.

T h e  media p re p a re d  in t h e  usua l  m an n e r  w i th  v a r ious  p ep to n es  were su pp lem en ted  
w i th  t h e  su lphur-con ta in ing  a m in o  acids cystine ,  cys te ine  a n d  m eth ion ine .  T he  f i ltered  amino 
a c id s  w ere  incorpora ted  a t  0.1 p e r  cent  concen tra t ions .  W h en  solid m ed ia  were requ ired ,  to 
p e p to n e  w a te r  2 per c en t  w a sh e d  agar  was added.

Rem oval o f sulphate f r o m  peptones. Su lpha tes  were  rem oved  by s a tu r a t in g  the  so lu tion  
w i th  40 per  cent  BaCl2. A f te r  boiling  for 30 m in u te s ,  th e  m ix tu re  was f i l te red  and  dialysed 
a g a i n s t  distil led water  a t  70° C, fo r  24 hours.  The  co m p le te  rem ova l  of su lp h a te s  was checked 
b y  t h e  B a C l2 tes t .  T i t r a t i o n  o f  b a r iu m  excess was p e r fo rm e d  w ith  N /10  or iV/100 H 2SO,. F ro m  
t h e  p u r i f ie d  and dialysed p e p to n e  th e  usual pep tone  w a te r  m ed ium  was p rep ared .  Aliquots of 
t h is  m e d iu m  were su p p le m e n ted  w i th  the  above c o n c e n tra t io n s  of cyst ine ,  cys te ine  and  m e th io 
n in e ,  or  w i th  0.04 p. c. N a 2S 0 4, ISa2S 0 3 or N a 2S 0 2S3 as inorgan ic  su lp h u r  sources.

Detection o f  H 2S  p ro d u c tio n  was performed in  case of liquid m edia  w i th  str ips  of f i l te r  
p a p e r  (14 cm by 5 cm) im p r e g n a te d  with a s a tu r a t e d  n e u tra l  lead a c e ta te  solu t ion . The  s tr ips  
w e re  in se r te d  in the  tu b es  so as to  h a n g  over the  l iqu id  m ed ium .  To solid m edia ,  0.08 per cent 
( N H , ) 2Fe(SO ,)2 or FeCl.» w as  a d d e d  as an ind ica tor ;  lead  a c e ta te  s tr ips  were also used.

Inoculation  was ca r r ied  o u t  with a needle.  In  l iqu id  sy n th e t ic  m ed ia  th ree  subcu ltu res  
w ere  m a d e  and  the  resu l t  o f  t h e  t h i r d  inoculation was e v a lu a ted .

P aper chromatography o f  peptones  was carr ied  o u t  b y  th e  a scending  an d  circular  t e c h 
n iq u e .  As a solvent,  b u t a n o l  : a ce t ic  acid : w a ter  ( 4 : 1 : 5 )  was used. D ev e lo p m en t  was p e r
fo r m e d  w i th  n inhydr in  d isso lved  in  bu tano l  acetic  acid m ix tu re ,  or,  in th e  case of su lphur-  
c o n ta in in g  amino acids, w i th  K C N  — sodium n i trop russ ide  [19]. As a con tro l ,  a s t a n d a rd  amino 
a c id  m ix tu re  conta in ing e a c h  a m in o  acid a t  0.1 per  c en t  con cen tra t io n ,  was applied.  Samples 
o f  5 p \  a l iquo ts  were d e p o s i te d  on th e  paper  by  m ea n s  of a m icrop ipet te .

Results

E xperim ents on m edia  containing organic su lphur sources. T he su b s tra te  
o f  H 2S p roduction  w as s tu d ie d  by  adding  v a rio u s  su lp h u r sources to  sy n th e tic  
m e d ia  conta in ing  su lp h u r-fre e  basal in g red ien ts . As a lread y  m en tioned , th e  
m a in  p roblem  was th e  H 2S p ro d u c tio n  b y  P . m organii ; th e re fo re  th e  sy n th e tic  
m e d iu m  was com posed  so as to  m eet th e  g ro w th  recp iirem ents of th a t  o rg an 
ism . I t  has been o b se rv ed  th a t ,  in order to  o b ta in  sa tis fa c to ry  g ro w th  in  th e  
a b sen ce  of su lp h u r-c o n ta in in g  am ino acids, th e  m ed ium  m u s t be su pp lem en
te d  w ith  a com plica ted  b a t t e r y  of am ino ac ids. H ow ever, a s a tis fa c to ry  g row th  
w as o b ta in e d  w hen o n ly  one su lp h u r-co n ta in in g  am ino acid  w as added  to  the  
b a s a l m edium . Since th e re  w as no difference as regards H 2S p ro d u c tio n  betw een  
m e d ia  su p p lem en ted  w ith  o n ly  one su lp h u r-c o n ta in in g  am ino  acid , th e  la t te r  
ty p e  o f sim ple m ed iu m  w as em ployed  in su b se q u e n t ex p e rim en ts . The v a lid ity  
o f  o b se rv a tio n s m ade w ith  th is  m edium  w as su p p o rte d  b y  th e  fa c t th a t  o th e r 
E n te ro b a c te r ia c e a e  g e n e ra  also  grew well on th e  b asa l m ed iu m  enriched  w ith  a 
sing le  su lp h u r-co n ta in in g  am ino  acid.

A fte r  d e te rm in in g  th e  g row th  req u irem en ts , H 2S p ro d u c tio n  was e x am 
in e d  w ith  the  paper s tr ip  m e th o d . W hile in  cy ste in e  or cy stin e -co n ta in in g  m edia
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P. m organii u n ifo rm ly  exerted  a co n sid erab le  degree o f H.,S p ro d u c tio n , in 
m eth ion ine  i t  gave a negative re a c tio n . F ro m  m eth io n in e  even  b a c te ria  kn o w n  
as H 2S -producers (Salm onella, C itro b a c te r , P . vulgaris an d  m irab ilis)  fa iled  
to  form  H.,S. A cco rd ing ly , in sy n th e tic  m ed ium  only cystin e  and cy ste in e  are  
su itab le  su b s tra te s , while m eth io n in e  c an n o t he a tta c k e d  b y  th e  en zy m e 
su lp h h y d rase . Id e n tic a l results w ere o b ta in e d  w hen solid m ed ia  co n ta in in g  su l
p h a te -free  p e p to n e s  were p ro v id ed  w ith  th e  above su lp h u r-c o n ta in in g  am in o  
acids.

A n o th e r in te res tin g  resu lt o f th e se  ex p erim en ts  w as th a t  e n te r ic  b a c te 
ria  know n as H 2S negative  o rgan ism s, as m em bers of th e  E sch erich ia  g enus, 
show ed an  in ten s iv e  H 2S p ro d u c tio n  in  th e  presence o f cystin e  an d  cy s te in e .

The re su lts  are d em o n stra ted  in  T ab le  I , w here on ly  tho se  o b ta in e d  
w ith  su lp h a te -d e p le ted  R ich te r p e p to n e  are  given.

Table I

Production o f I I .S  by stab cultures in agar containing  0 .1% cystine and  0 .0 8 % ( N H i).1 F e (S O t) 2

S tra ins N o. o f  s tra in s
H aS p ro d u ctio n

+ 1 “

E . coli ( 0  type  s t r a in s ) ................................ 139 135 4

Klebsiella (K  type strains) ...................... 30 27* 3
Shigella (collected strains) ...................... 72 42* 30

Providencia  ( 0  type strains) .................... 29 21* 5

P. m organii (collected s t r a i n s ) ................. 100 93 7
H afn ia  ( type  strain 118) ........................... 1 1* —
Cloaca cloaceae (strain 6 2 7 9 ) .................... 1 1

* D em o n strab le  only  with lead ace ta te  paper  strip

F rom  T ab le  I it is clear th a t  on th e  m ed ium  used th e  m a jo r ity  o f H 2S 
n eg a tiv e  en te ric  b ac te ria  were p ro d u c in g  H 2S. T he degree of th e  reac tio n  v a r ie d ; 
in th e  “ n eg a tiv e ”  group K lebsiella , S h igella , P rov idenc ia  and  H afn ia  s tra in s  
p ro d u ced  H 2S am o u n ts  d e tec tab le  on ly  b y  th e  sensitive lead  a c e ta te  s tr ip s . 
P ositiv e  reac tio n s  w ere, how ever, d e fin ite  in  every  group .

T he re su lts  suggested  th a t  in  m ed ia  used  for ro u tin e  H.,S re a c tio n , th e  
su b s tra te  co rresponded  to  inorgan ic  su lp h u r com pounds. T he v a lid ity  o f  th is  
consid era tio n  w as supp o rted  by  th e  q u a lita tiv e  p ap e r c h ro m a to g ra p h y  o f 
au to c lav ed  p ep to n es. Of su lp h u r-co n ta in in g  am ino acids on ly  m eth io n in e  w as 
found  in th e  p ep to n e  sam ples, th e  v e ry  su b stan ce  w hich c a n n o t he u sed  b y  
b ac te ria  for H 2S p roduc tion .

E xperim en ts on media containing inorganic su lphur sources. In o rd e r to  
confirm  th e  supposed  role in H 2S p ro d u c tio n  of inorganic su lp h u r co m p o u n d s , 
f irs t th e  p ep to n es , th e  m ost p ro b ab le  su lp h a te -co n ta in in g  in g re d ie n ts , w ere
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te s te d . Q u a n tita tiv e  an a ly s is  showed th a t  a n y  o f th e  m en tio n ed  pep tones co n 
ta in e d  re la tiv e ly  h ig h  am o u n ts  of su lp h a te s .

S u b seq u en tly , i t  w as exam ined  w h e th e r  ino rgan ic  su lp h u r com pounds 
m ig h t be in  re a li ty  su b s tra te d  for H 2S p ro d u c tio n . T he ex am in a tio n s w ere 
ca rried  o u t on b asa l m ed ia  p rep ared  w ith  p ep to n es  devo id  of su lp h a tes . T ab le  
I I  show s th e  resu lts  y ie ld ed  b y  u n su p p lem en ted  an d  ino rgan ic  su lp h u r-su p p le 
m e n te d  m edia.

Table II

Production o f H 2S in  agar m edium  prepared w ith sulphate-free and thiosulphate supplem ented  
peptone. Indicator, 0 .08%  ( У Н Х)., FefSO ^).,

S tra in s N o. of s tra in s

H 2S p ro d u c tio n  w ith

p e p to n e  su lp h a te -fre e p ep to n e  su 
w ith  0 .041

p p lem en ted  
'ó N a2S20 3

_
+ -

P. vulgaris ............... 50 50 — — 50

S a lm o n e l la .................. 128 128 — 2 126

Arizona ...................... 1 1 — — 1

B a l l e r u p ...................... 1 1 - — 1

Bethesda  N a  l a  . . . 1 1 - — 1

P. m o rg a n ii ............... 100 100 - 100 -
E . coli ......................... 139 139 — 139 —

K le b s ie l la .................... 30 30 — 30 -

Shigella ...................... 72 72 — 72 —

P r o v i d e n c i a ............... 29 29 — 29 —

T able I I  c o n ta in s  on ly  th e  reac tio n s o b ta in e d  w ith  m ed ia  p re p a re d  w ith  
su lp h a te less  R ic h te r  p e p to n e  and  w ith  N a 2S 20 3. I t  should  be n o te d  th a t  
ex p e rim en ts  w ith  o th e r  pep tones, an d  w ith  N a 2S 0 4 or N a 2S 0 3 as su lp h u r 
sources y ielded s im ila r resu lts .

In  view  of th e  n e g a tiv e  reactions o b ta in e d  even  w ith  th e  lead  ace ta te  p a p e r 
s tr ip  te ch n iq u e , i t  w as clear th a t  in  th e  absence  o f inorgan ic  su lp h u r also 
“  H 2S po sitiv e”  g ro u p s failed  to  p roduce  H 2S. W hen  th e  basa l m ed ium  w as 
su p p lem en ted  w ith  0 .04 p er cen t N a 2S 20 3, H 2S p ro d u c tio n  b y  “ H 2S p o sitiv e”  
s tra in s  w as a b u n d a n t. T he sam e re su lts  w ere o b ta in ed  w ith  0.04 p er cen t 
N a 2SO, or N a.,S 03.

M edium  fo r  testing  H .,S  production. I t  w as ev id en t from  th e  find ings th a t ,  
if  g row n in th e  p resen ce  o f organic su lp h u r  sources, ev e ry  en teric  b a c te riu m  
is ab le  to  p roduce H 2S. In  co n tra s t, on ly  a sm all p a r t  o f these  o rgan ism s, th e  
H 2S p ro duc ing  g en e ra , w ere able to  red u ce  in o rgan ic  su lp h u r com pounds. As 
p e p to n e s  co n ta in  u sa b le  organic su lp h u r  sources on ly  in traces  or n o t a t
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all, th e  re su lt o f th e  sy s te m a tic a lly  v e ry  im p o r ta n t te s t  d ep en d s  on the  
q u a n t i ty  of th e  p ep to n e ’s su lp h a te  co n tam in a tio n . T he degree o f  im p u rity  
being  v a riab le , it  is m o st im p o r ta n t to  use a s ta n d a rd  m ed iu m . In  
our experience, o p tim al re su lts  are y ie lded  b y  m edia p rep a red  w ith  su lp h a te - 
d ep le ted  pep tone  an d  s ta n d a rd  co n cen tra tio n s  o f N a 2S 20 3. The o p tim u m  con
c e n tra tio n  of N a 2S20 3 is 0.04 p er cen t. F o r p rep arin g  th e  m ed ium , I  p e r  cen t 
p u rified  p ep to n e  (see “ M ateria ls  and  m e th o d s” ), 0.5 p er cen t N aCl a n d  2 per 
cen t w ashed  agar are d isso lved  b y  hea tin g . A fte r f i l tra tio n , as an  in d ic a to r  a 
2 p e r cen t so lu tion  of (N H 4)2F e (S 0 4)2 or F eC l2 is added  to  give a f in a l c o n c e n tra 
tion  o f 0.08 p er cen t (4 m l in 100 m l m edium ). W hen te s te d  in th is  m e d iu m  the 
“ H.,S p ositive’’ m em bers o f E n te ro h a c te ria c e a e  lis ted  in  th e  “ M ate ria ls  and 
m e th o d s”  p a r t of th is  p a p e r, in v a ria b ly  gave de fin ite  p o sitive  re a c tio n s . Mem* 
bers of th e  “ H.,S n eg a tiv e”  g roups never show ed positive  or d o u b tfu l re su lts .

D iscussion

Since th e  early  day s of bac te rio logy , H 2S fo rm atio n  has e x te n s iv e ly  been 
used for th e  id e n tific a tio n  of m icroorgan ism s. This im p o r ta n t m e th o d  w as d is
covered  b y  O rlowski in 1895 [1]. I t  has been  know n for long th a t  th e  sen siti
v ity  o f th e  reaction  varies w ith  d ifferen t p ep to n e  p rep a ra tio n s . T illey  in 
1923 show ed th a t  th e  re a c tio n  d id  no t d ep en d  on th e  cystine  c o n te n t  o f the 
m ed ium  and  th a t  an  ag ar m ed iu m  su p p lem en ted  w ith  th io su lp h a te  w as m ore 
su itab le  for d iagnostic  pu rp o ses  [2]. In  o rder to  e lim ina te  th e  d iffe rences due 
to  various pep tones, a n u m b e r o f m edia w ere em pirica lly  e la b o ra te d , m a n y  of 
w hich co n ta ined  th io su lp h a te  [3 — 5]. H ow ever, th e  p ro p er in d ic a to r  is n o t less 
im p o r ta n t. The use of th e  m o st sensitive  re a g e n t, lead  a c e ta te , h ad  b een  a b a n 
doned  because of its  to x ic ity . T he ad v an tag es  of b ism u th  and  iron  sa lts  were 
stressed  b y  H unter  an d  Crecelius  [6]. Zobell and  F eltham a p p lie d  lead 
a c e ta te  p ap e r strips [7]. O th e rs , as U ntermohlen an d  Georgi, reco m m en d ed  
nickel and  cobalt sa lts, and n o te d  th a t  d iffe ren t in d ica to rs  and  m ed ia  y ielded 
d iffe ren t resu lts  [8]. Iro n  sa lts , such  as ferrous chloride |9J, iron am m o n iu m  
su lp h a te  or c itra te  [10], are genera lly  regarded  as sensitive an d  re liab le  in d ica 
to rs . Some au th o rs  e la b o ra te d  ra p id  m ethods for the H 2S te s t  [11, 12].

T he m echanism  o f H 2S fo rm atio n  has n o t y e t been e lu c id a ted . F ro m  the 
l i te ra tu re  and  the  p resen t ex p erim en ts  th e  follow ing conclusions can  be 
d raw n . The p ro d u c tio n  o f H 2S is due to  th e  red u c tio n  of su lp h u r-co n ta in in g  
am ino acids [16] or in o rgan ic  com pounds. O f the  fo rm er su b stan ces  m ain ly  
cyste ine , b u t  also cystine , are  u tilized . In c o n tra s t, m eth io n in e  an d , accord ing  
to  som e au th o rs , ta u rin e , are u n su ita b le  as su b s tra te s  [17]. Of th e  ino rg an ic  
su lp h u r com pounds, su lp h a te s  an d  su lph ites are un ifo rm ly  usable.

V arious b ac te ria  have  long  been know n to  use the  enzym e su lp h h y d ra se  for 
th e  p ro d u c tio n  of H 2S from  cy ste in e  and re la ted  com pounds [13, 14, 15]. As
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sh o w n  in  th e  p resen t e x p e rim e n ts , every en te ric  b a c te r iu m  is capab le  o f e x e r t
in g  th is  ty jie  of enzym ic  a c tiv ity . In  c o n tra s t , ino rg an ic  su lp h u r com pounds 
a re  re d u c e d  only b y  a sm a ll n u m b er of o rgan ism s belong ing  to  th e  “ H 2S posi
t iv e ”  genera.

O n th e  basis o f th e  a b o v e  d a ta  and th e  re su lts  o f ou r p re se n t ex p erim en ts , 
th e  q u estio n s ou tlined  in  th e  in tro d u c to ry  p a r t  o f th e  p re sen t p ap e r m a y  be 
a n sw e re d  as follows. P . m organ ii, P . rettgeri, P ro v id e n c ia , E scherich ia , Shigella 
a n d  K lebsie lla , w hich a re  reg a rd ed  as H 2S n e g a tiv e  en te ric  b a c te ria , co n ta in  
c y s te in e  su lphhydrase  a n d  a re  th u s  able to  p ro d u c e  H 2S from  cyste ine  and  
c y s tin e . These b a c te r ia , h o w ev er, produce H 2S n e ith e r  from  th io su lp h a te  n o r 
from  su lp h a te . In  our a n d  o th e r  au th o rs’ op in ion  th e  orig inally  negligible cystine  
•co n ten t o f peptones d ec rea ses  fu rth e r d u rin g  s te riliz a tio n , an d  th u s  in  th e  
m e d iu m  H 2S is p ro d u ced  a t  m o st in  traces u n d e te c ta b le  b y  th e  u su a l iro n  sa lt 
in d ic a to rs . In  c o n tra s t, “ H 2S po sitiv e”  organ ism s a re  ab le to  produce  H 2S b o th  
fro m  am ino  acids (c y s tin e , cyste ine) and  from  in o rg an ic  su lp h u r com pounds. 
A cco rd in g ly , for these  b a c te r ia  th e  su lphate  c o n ta m in a tio n  of pep to n es co n s ti
tu te s  th e  m ain  su lp h u r so u rce .

A s to  the  m echan ism  o f H 2S p rod u c tio n , v a rio u s  prob lem s (e. g. in fluence  
o f  p H  and  rH ) still a w a it  e luc ida tion . To e lu c id a te  th e  role an d  im p o rtan ce  
o f  th e s e  facto rs, fu r th e r  s tu d ie s  are needed.

A s th e  H 2S re a c tio n  is an  im p o rta n t d iffe re n tia l d iagnostic  fe a tu re , i t  
sh o u ld  be exam ined  b y  m e th o d s  giving p o sitive  re su lts  exclusively  w ith  o rg a n 
ism s reg a rd ed  on th e  b as is  o f  long  experience as H 2S p ro d u cers . T h is te s t  con
s t i tu e s  a basic c rite rio n  fo r th e  system atic  c la ss if ic a tio n  of en te ric  b a c te r ia . 
I t  is e v id e n t th a t  th e  u se  o f  a m edium  c o n ta in in g  su lp h u r sources u tilizab le  
b y  “ H 2S n eg a tiv e”  b a c te r ia ,  w ould  m ake one o f  o u r m o st im p o r ta n t b io ch em i
cal re a c tio n s  w orth less. T h ere fo re , in  acco rdance  w ith  E w ing’s opin ion  [20], 
th e  re a c tio n  can he p e rfo rm e d  properly  only  in  m ed ia  e q u iv a le n t in  sen s itiv ity  
to  th o se  em pirically  e la b o ra te d  for th is p u rp o se .

R ecognizing th e  p r in c ip le  of the  d ifference  be tw een  “ o b lig a te”  and  
“ fa c u l ta t iv e ” H 2S p ro d u c e rs , the  results h a v e  m ad e  i t  possible to  develop  a 
s ta n d a r d  m edium  allow ing  th e  uniform  e v a lu a tio n  of H 2S p ro d u c tio n . W hen 
p re p a r in g  th e  s ta n d a rd  m e d iu m , th e  pep tones m u s t be freed  from  th e  su lp h a te  
c o n ta m in a tio n  and th e  m ed iu m  supplied w ith  a c o n s ta n t a m o u n t (0.04 per 
c e n t)  o f N a 2S.,03. As in d ic a to rs  of H 2S p ro d u c tio n , (N H ,)F e (S 0 4)2 or F eC l2 
sh o u ld  be used. The m e d iu m  p rep ared  in th is  m a n n e r  will yield un ifo rm  re su lts .
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Summary. T h e  h ydro ly t ic  a c t iv i ty  o f  th e  alkaline p h o sp h a ta s e  of norm al an d  poliov irus 
( S a u k e t t  s tra in)  in fec ted  H eL a  cells has  been studied. U n d e r  s t a n d a rd ize d  ex p e r im e n ta l  c o n 
d i tions  the  p h o sp h a ta se  ac t iv i ty  was fo u n d  to  be in f luenced  by th e  age of the cultures .

In  virus in fec ted  cells alkaline p h o sp h a ta se  ac t iv i ty  v a r ie d  w ith  the in d iv id u a l  phases  
of  the  viral  cycle. M a x im u m  ac t iv ity  o c cu r re d  between the  3 rd  a n d  4 th  hours following in fec tion  
T he  he igh t  of  this m a x im u m  as referred to  the  corresponding  b ase  level was the sam e,  in d ep en  
d e n t ly  of  the age o f  th e  cu ltu re .  The v i ru s  yield, however,  w as th e  lower the older the  cu ltu re .  
T h u s  it is supposed t h a t  alkaline p h o sp h a ta s e  does not p a r t i c ip a te  directly  in poliov irus s y n 
thes is  a n d  t h a t  no spec if ic  alkaline p h o sp h a ta se  is syn thes ized  on v irus  infection.

This  s t a te m e n t  was fu r ther  su p p o r te d  by the similarit  y of Michaelis cons tan ts  found  for- 
all alkaline p h o sp h a ta se s  in the sys tem .  This seemed to exc lude  th e  possibility of  fo rm a t io n  
of an  inhibitor(s) d u r in g  the  eclipse p h a se  of poliovirus rep lica t ion .

T he p h o sp h o ru s  m e tab o lism  o f poliovirus in fec ted  tissue  cu ltu re  cells has 
been  stud ied  b y  a n u m b e r of a u th o rs  [1, 2, 3, 4]. T h e ir re su lts , p a r tic u la ry  th o se  
y ielded by  enzym olog ica l ex am in a tio n s , are, h o w ever, c o n trad ic to ry , eq u a l, 
increased or dec reased  ac tiv ities h a v in g  been fo u n d  fo r th e  enzym es ta k in g  p a r t  
in phosphorus m e tab o lism  (acid a n d  alkaline p h o sp h a ta se , and  rib o n u c léase) 
in poliovirus in fe c te d  cells as c o m p ared  to  no rm al ones [5, 6, 7, 8, 40].

Certain re la tio n s  betw een ag e , enzym e a c tiv ity , po liov irus se n s itiv ity  an d  
v iru s  yield of tis su e  cu ltu re  cells h av e  also been  re p o r te d  [5, 6, 9, 36]. T hese 
d a ta ,  how ever, a re  also c o n tra d ic to ry . On th e  o th e r  h a n d , th e  re su lts  o f iso tope  
s tu d ies  of the  p h o sp h o ru s  m e tab o lism  of po liov irus in fec ted  tissue c u ltu re s  are 
u nequ ivocal as to  th e  increased  in te n s ity  of p h o sp h o ru s  m etabo lism  in  th e  
eclipse phase, a n d  th e re  being an in tim a te  re la tio n  be tw een  virus y ield , p h o sp h o 
rus in co rp o ra tio n  a n d  phospho lip id  syn thesis  [10, 11, 12, 13, 14, 15].

There a re , how ever, ce rta in  co n trad ic tio n s  b e tw een  the  resu lts  o b ta in e d  
b y  th e  enzym olog ica l and iso tope m ethods.

The p re se n t s tu d y  has b een  perfo rm ed  in o rd e r to  estab lish  th e  possib le  
reasons for th e  co n trad ic tio n s  in th e  lite ra tu re . E x a m in a tio n s  were m ade on th e  
H eL a  cell — p o lio v iru s  (S au k e tt s tra in )  system  in w ell defined  phases o f th e  
v iru s  rep lica tio n  cycle in cu ltu re s  of given age, s tu d y in g  th e  v iru s  y ie ld  as 
re la te d  to  the  h y d ro ly tic  a c tiv ity  o f  th e  a lkaline p h o sp h a ta se .
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M aterials and m ethods

Substrate. A 0.5 p e r  c en t  (16.33 X 10-5 M )  so lu t ion  of so d ium -b-g lycerophospha te  in 
M l  1 5 v e ro n a l  buffer p H  8.9 was used. The  sam e buffer  was used for p re p a r in g  d i lu t ions  of the 
s u b s t r a t e .

T ryp s in .  Fo r  re p l i c a t in g  or ha rves t ing  cells a 0.1 per  cent so lu t ion  o f  Difco (1 : 250) 
t r y p s i n  in  H an k s’ so lu t ion  p H  7.3 was used.

Cells. The H e L a  cell s t ra in  m ain ta in ed  th r o u g h  serial t ransfers  in  o u r  l ab o ra to ry  was 
u se d  t h r o u g h o u t  [24].

V irus. S t ra in  S a u k e t t  of ty p e  3 poliovirus m a in t a in e d  in H eL a  cells was used.
M edia . Medium No. I  for rou t ine  t ran s fe rs  o f  H e L a  cells consisted of 64 p e r  cen t  H a n k s ’ 

so lu t io n ,  16 per cent h u m a n  se ru m ,  5 per cen t  l a c ta lb u m in e  hydro lysa te  f ro m  a 5 %  stock solu
t io n ,  5 pe r  cent  P a rk e r ’s m e d iu m  199 [22] a n d  3 to  5 per  c en t  Gey C b ic a rb o n a te  buffer.

M edium  No. II for p r e p a r in g  m onolayers  co n ta in ed  80 per cent  Gey so lu t io n  [23], 5 per 
c e n t  la c ta lb u m in e  h y d ro ly sa te  f rom  a 5 per  cen t  s to c k  solution, 5 per c en t  Gey  C b ica rbonate  
b u f fe r  a n d  5 per cent  r a b b i t  se rum .

M edium  No. I I I .  a d d e d  1:1 v /v  to a 2.7 p e r  c en t  agar-agar  so lu t ion ,  was composed of 
20 m l  10 X concen tra ted  G ey  solu t ion , 40 ml 5 per  c e n t  lac ta lb u m in  h y d ro ly sa te ,  20 nil rab b i t  
s e ru m  in a c t iv a te d  a t  56° C, 2 ml 20 per cen t  g lucose,  15 ml Gey C b ic a rb o n a te  buffer  freshly 
s a t u r a t e d  w ith  C 0 2.

Media  I,  I I  and  H I  each  con ta ined  100 U of penicill in ,  100 mg of s t r e p to m y c in  su lpha te ,  
a n d  25 U  of n y s ta t in  per  ml.

V iru s assay. T he  n u m b e r  o f  p laque  fo rm ing  u n i t s  (P F U )  was d e te rm in e d  in  H eL a  cell 
m o n o la y e rs .  Virus d i lu t io n s  were p repared  in  P a r k e r ’s 199 medium (pH  7.3) a n d  appropria te  
d i lu t io n s  in  0.1 ml were in o c u la te d  onto m ono layers .  A fte r  30 m inutes  of a d so rp t io n  a t  37° C 
the  cell laye rs  were w ash ed  tw ice  w i th  5 ml of d i lu e n t  each  an d  overlayered. A f te r  an incuba t ion  
of 96 h o u r s  a t  37° C th e  p laques  were m ade  visible b y  a 0.045 per cen t  in d o n i t ro te t raz o l iu m  
ch lo r ide  (D ajac)  so lu tion  in  a 1 m l agar over lay  [25]. F r o m  each in d iv id u a l  d i lu t ion ,  5 p lates 
w ere  p r e p a re d  in parallel .

P reparation  o f  m onolayers fo r  enzyme assay. H e L a  cell m onolayers  of  a p p ro p r ia te  age 
w ere  in fec ted  by  the  S a u k e t t  s t ra in  of poliovirus a t  a m ult ip l ic i ty  of 10. A d s o rp t io n  was allowed 
to  t a k e  p lace for 30 m in u te s  a t  37° C th en  th e  cells were w ashed  twice w ith  5 m l  o f  P a rk e r  199 
m e d iu m  p H  7.3 and o v e r lay ered  w i th  5 ml of the  sam e  m ed ium . The p la tes  were  k e p t  a t  37° C 
for  d i f fe re n t  periods of t im e .  As controls,  sim ilarly  t r e a te d  uninfected c u l tu re s  were used. A t  
a p p r o p r i a te  points of t im e  t h e  m ed iu m  was rep laced  by  t ry p s in  and  the  in c u b a t io n  con tinued  
fo r  15 m in u te s .  The cell suspens ion  th u s  o b ta in e d  se rved  for the  p re p a ra t io n  of hom ogenates .  
S u sp en s io n s  for one assay  were  p rep ared  s im u lta n eo u s ly  f rom  10 m onolayers .

P reparation  o f  cell homogenates. T he  suspens ions  were centrifuged, w ash e d  in H a n k s ’ 
so lu t io n ,  p H  7.3, and th e  cell c o u n t  was d e te rm in e d  in a B uerker  c ham ber .  T h e  sed im en t  was 
re su sp e n d e d  in distil led w a t e r  so as to  o b ta in  106 cells p e r  ml. The cells were  all  lysed af te r  a 
few  p ip e t t in g s .  The suspens ion  t h u s  ob ta in ed  was considered  a cell hom o g en a te .

A lk a lin e  phosphatase assay. To one v o lu m e  h om ogena te  two v o lu m es  of sodium-b- 
g ly ce ro p h o sp h a te  of a d e q u a te  m o la r i ty  and  p H  8.9 were ad d ed  after  p reh ea t in g  in  a w a te r  b a th  
a t  37° C. T he  en zy m e-su b s t ra te  m ix tu re s  were p re p a re d  in an a m o u n t  of 60 m l a n d  k e p t  un d e r  
c o n s t a n t  s t i r r ing  in a w a te r  b a th  of 37° C. E v e r y  30 m in u te s  3 ml samples were  t a k e n  a n d  t r a n s 
fe r re d  im m ed ia te ly  in to  3 m l  of a 10 per c en t  t r ich lo ro ace t ic  acid solution.

T h e  a m o u n t  of a n o rg an ic  p h o sp h a te  p ro d u c ed  b y  th e  enzyme was m easu red  by  F iske 
a n d  S u b b a r o w ’s m eth o d  [26]. R ead ings  were ta k e n  a t  60 //m in a B eckm an sp ec tro p h o to m ete r .  
F o r  m ea su r in g  enzyme a c t iv i t y ,  a su b s tra te  c o n c e n tr a t io n  of 27.21 X 10-4 M  w as  used except  
w h e n  s t a t e d  otherwise. T h e  a m o u n t  of su b s tra te  (in moles)  split  by  a h o m o g e n a te  of 10fi cells 
in  1 h o u r  a t  p H  8.9 was t a k e n  as th e  un i t  of  enzym e a c t iv i ty .

R esu lts

In  some p re lim in a ry  te s ts  th e  a lk a lin e  p h o sp h a tase  a c t iv i ty  o f po liov irus 
in fe c te d  H eL a cells e x h ib ite d  a ce rta in  increase  in  the  eclipse p h ase . T hus an 
a t te m p t  was m ade to  e s ta b lish  th e  precise p e rio d  during  w hich  th e  difference 
in a lk a lin e  p h o sp h a tase  a c t iv i ty  betw een  eq u a l num bers of n o rm a l a n d  infected  
cells w as m axim al. T h is  period  has been  fo u n d  to  be betw een  th e  3 rd  an d  4 th  
h o u rs  o f  th e  cycle (F ig . 1), w hen  th e  sy n th es is  o f poliovirus is k n o w n  to  begin.
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T h u s  one m ay  reaso n ab ly  suppose  t h a t  a t  th a t  p o in t o f tim e  all th e  p re p a ra 
to ry  b iochem ical ev en ts  h av e  com e to  an end, while th e re  is s till no im p o r ta n t 
loss in  th e  no rm al p ro te in  c o n te n t o f the  cells.

Fig. 1. Alkaline ph o sp h a tase  a c t iv i ty  in norm al and  infec ted  H e L a  cell cu ltures
n o rm a l ;  ............. infected

F or these  reasons, all en zy m e p rep ara tio n s  fro m  in fec ted  cells w ere 
p rep a red  a t  th e  end  of the  lag  p h ase  (3rd hour), ex cep t w hen  s ta te d  o therw ise .

N ex t, the  in fluence  o f  th e  age of cu ltu res on th e  p h o sp h a ta se  a c t iv i ty  
re ferred  to  one cell was ex am in ed  in  2, 4, 8 and  13 d a y s  old cu ltu res . As d e 
m o n s tra te d  in T ab le  I ,  enzym e a c tiv i ty  was th e  h ig h er th e  longer th e  cells h ad  
been c u ltiv a te d  [27, 28, 36]. T he sam e was tru e  for 2 ,4 , 8 a n d  13 days old c u l
tu re s  in fec ted  w ith  po liov irus.

The d ifference in enzym e a c tiv i ty  of norm al and  in fec ted  cu ltu re s  as 
re fe rred  to  an iden tica l ce ll-coun t w as alw ays p ra c tic a lly  th e  sam e, in d e p e n 
d e n tly  o f th e  age of the  cells (see dV  values o f T able I). T h e  v iru s  yield o f 2, 4 an d  
13 days old H eL a cells was d e te rm in ed  in o rder to  e lu c id a te  a n y  possible re la 
tio n  betw een  v iru s p ro duc ing  c a p a c ity  and  alkaline p h o sp h a ta se  a c tiv ity . The 
re su lts  are given in T ab le  I I .
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Table I

V  J I and d V  values fo r  a lka line  phosphatase o f  norm al and infected H eLa cell cultures o f different

ages

Age o f  H e L a  
cell c u ltu re s ,

L </Г 
dt

( x  1 0 - 5 М /hour)
d V

d ay s
N orm al In fe c te d

2 2.675 4.162 1.487

4 4.312 5.810 1.498

8 3.044 4.749 1.705

13 5.677 6.993 1.316

Table II

Poliovirus yield  o f  H eL a  cell cultures o f different ages. Plaque fo rm in g  un its per cell

A ge o f H eLa
ce ll cu ltu res , P F U /ce ll

days

2 188 ±  3

4 125 ±  5

13 92 ±  4

T he d a ta  of T ab le  I I  show  th a t  th e  v iru s  yield o f a 1 3 -d ay  old cu ltu re  was 
50 p e r  cen t less th a n  t h a t  o f  a 2 -day  old one. T he decrease o f  th e  cap ac ity  to  
s u p p o r t  virus re p lic a tio n  a n d  a low ering o f  se n s itiv ity  to  p o lio v iru s  w ith  the  
a g e in g  of cells o f H e L a  c u ltu re s  has been  observed  also b y  o th e r au th o rs  
[27, 28].

N o correlation  w as fo u n d  betw een  th e  v iru s  p ro d u c in g  c a p a c ity  and  th e  
a lk a lin e  phosphatase  a c t iv i ty  o f cells. T hus i t  seem s im p ro b ab le  t h a t  th e  a lk a 
lin e  p h o sp h a tase  w ould  d ire c tly  p a r tic ip a te  in  th e  syn thesis  o f po liov irus or th a t  
a sp ec ific  “ v ira l” a lk a lin e  p h o sp h a ta se  shou ld  be p roduced . In  o rd e r to  exclude 
s u c h  a possib ility , th e  M ichaelis co n stan ts  (K m) of th e  a lk a lin e  p h o sp h a tases  
fo u n d  in  norm al an d  in fe c te d  H eL a cells w ere d e te rm in ed  b y  th e  graphic 
m e th o d  of Lin ew ea v er  a n d  B urk [29].

In  add ition , th e  s ta te m e n t  of some a u th o rs  [5, 6, 7 ,4 0 ]  a b o u t th e  ap p ea r
a n c e  o f an alkaline p h o sp h a ta se  in h ib ito r in th e  in fec ted  c u ltu re s  was reex 
a m in e d .

W hen  d e te rm in in g  th e  K m values th e  age of th e  c u ltu re s  w as ta k e n  in to  
a c c o u n t. R esults o b ta in e d  fo r 2, 4, 8 an d  13 days old n o rm a l an d  infected  
ce lls  a re  given in T ab le  I I I .  T h e  m axim um  va lu es  o f V  are p re se n te d  in  T able IY .

As revealed b y  th e  d a ta  o f T able I I I ,  a c e rta in  change in  th e  K m value of 
a lk a l  ine phosphatase  o f  n o rm a l cells occurs be tw een  th e  2nd  a n d  4 th  days of
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c u ltiv a tio n . F rom  th e  4 th  d a y  on, how ever, th e  K m v a lu e  rem a in s  u nchanged  up  
to  th e  13th  day , th e  la te s t  p o in t o f tim e  exam ined . I t  sh o u ld  he n o ted  th a t  v irus 
in fec ted  cu ltu res  b eh av e  sim ila rly  an d  only 2 d ay  old c u ltu re s  ex h ib it a d iffe r
e n t K m va lue . T he enzym es from  o lder infected c u ltu re s  do n o t differ in K m 
e ith e r  from  each o th e r  or from  th e  n o rm a l enzym e.

W e found no in h ib ito r  t h a t  w ould  have in fluenced  th e  h y d ro ly tic  a c tiv ity  
of a lkaline  p h o sp h a tase  from  in fe c te d  cu ltu res.

The K m values h av e  show n th a t  th e  increased en zy m e a c tiv ity  o f in fec 
te d  cu ltu res  is n o t due to  th e  ap p e a ra n ce  of a new enzym e b u t  to  th e  p ro d u c tio n  
of increased  q u a n titie s  o f the  n o rm a lly  p resen t a lkaline  p h o sp h a ta se .

Table III

M ichaelis constant values fo r  alkaline phosphatase o f  norm al and  
infected H eLa cell cultures o f different ages

Age o f  H eL a 
cell c u ltu re s , 

d ay s

M ichaelis c o n s ta n t ( X  10 5 M )

N orm al In fec ted

2 10.43 45.92

4 21.96 22.00

8 18.57 22.43

13 23.64 25.97

Table IV

V  max. and d V m ax. values fo r  alkaline phosphatase o f  norm al and 
infected IleL a  cell culturesof different ages

Age o f  I le L a  
cell cu ltu res , 

days

V  m ax . ( x l O  6 Af/hour)
d  V  m ax .

N orm al Infected

2 2.820 4.834 2.014

4 4.770 6.472 1.702

8 3.335 5.215 1.880

13 6.217 8.430 2.213

D iscussion

In  ag reem en t w ith  d a ta  in  th e  l i te ra tu re  [5, 9, 36 ], th e  h y d ro ly tic  a c tiv ity  
o f  th e  alkaline p h o sp h a ta se  of H eL a  cells, as re ferred  to  a d efin ite  cell c o u n t, 
has been  found to  he co rre la ted  w ith  th e  age of the  c u ltu re s  an d  th e  a c tiv ity  of 
th e  enzym e. In  po liov irus in fec ted  cu ltu re s  alkaline p h o sp h a ta se  a c tiv ity  was 
found  to  have in creased . T he e x te n t o f th is increase d e p e n d e d  on th e  a c tu a l 
phase  of th e  v ira l cycle; th e  p eak  fell betw een  th e  3 rd  a n d  4 th  hours a f te r
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in fe c tio n . This o b se rv a tio n  is in  ag reem en t w ith  those o f  M iroff [10], Cor- 
NATZER [11, 12, 13], H ilton [14] an d  Т она [15], who fo u n d  m ax im um  P 32 
in c o rp o ra tio n , m a x im u m  p h o sp h o lip id  syn th esis  and R N A  tu rn o v e r  in the  
p e r io d  betw een 3.5 a n d  4 hours o f  th e  v ira l cycle.

C ertain  a u th o rs  h av e  a lread y  p o in ted  to  th e  fac t t h a t  a lk a lin e  p h o sp h a 
ta s e  ca ta ly ses  no t o n ly  th e  in tra c e llu la r  hyd ro lysis  o f p h o sp h a te  esters b u t also 
p a r t ic ip a te s  in th e  in c o rp o ra tio n  o f an o rg an ic  p h o sp h a te  [16, 17] and  in cer
t a in  phosphorous tra n s fe r  reac tio n s  [18, 19, 20, 21, 37, 41]. T h u s  th e  increased 
a lk a lin e  p h o sp h a tase  a c t iv i ty  found  in  po liov irus in fec ted  H e L a  cells m ay  be 
re g a rd e d  as a sign o f increased  p h o sp h o ru s m etabo lism  re su ltin g  from  e n 
h a n c e d  m em brane t r a n s p o r t  [11], ex ten s iv e  s tru c tu ra l re o rg a n isa tio n  [38, 39, 
4 2 ] in c reased  o x id a tiv e  p h o sp h o ry la tio n  [11, 13], or e n h a n c e d  phosphorus 
t r a n s f e r  [16 — 21, 37].

T he difference in  enzym e a c tiv ity  o f no rm al and  p o lio v iru s  in fected  cells 
w as  re m a rk a b ly  c o n s ta n t, in  sp ite  o f  th e  g re a t f lu c tu a tio n s  co n n ec ted  w ith  th e  
age o f  th e  cu ltures. T h e  v iru s  y ield  w as considerab ly  in flu en ced  b y  th e  age o f th e  
ce lls , a lth o u g h  th e  lack  of co rre la tio n  b e tw een  alkaline p h o sp h a ta se  a c tiv ity  
a n d  v iru s  yield fav o u rs  th e  suggestion  th a t  th e  enzym e does n o t p a rtic ip a te  
d ire c t ly  in  virus sy n th es is . In c reased  a lk a lin e  p h o sp h a tase  a c t iv i ty  should th u s  
be  re g a rd e d  as a seco n d a ry  p henom enon .

O n the  o th e r h a n d , Za s l a v s k y  [9] found  a c o rre la tio n  betw een  age, 
a lk a lin e  p h o sp h a tase  a c tiv ity , an d  po liov irus sen sitiv ity  o f  th e  cu ltu res. O ur 
o b se rv a tio n s  differ also  from  th o se  of B achtold  [8], K o vács  [5, 6, 7], and 
D e i g  [40]. B achtold  [8] d id  no t fin d  a change in enzym e a c t iv i ty  in poliovirus 
in fe c te d  m onkey k id n e y  cells u n til  th e ir  degenera tion  w hen , how ever, a c tiv ity  
d e c re a sed  a b ru p tly . K ovács  [5, 6, 7], an d  D eig  [40] o b se rv ed  a decreased 
a lk a lin e  p h o spha tase  a c t iv i ty  in  m o n k ey  k id n ey  cells in fec ted  w ith  poliovirus. 
Th< ;se au th o rs  supposed  th e  ap p ea ran ce  o f an  in h ib ito r. T h ese  observations, 
h o w e v e r , were n o t m ad e  in  th e  eclipse ph ase  of th e  cycle, n o r w as th e  inoculum  
as h ig h  as in our ex p e rim e n ts . T he la t te r  fa c to r  m igh t h av e  re su lte d  in a non- 
o n e -s te p  ty p e  of g ro w th  cu rv e . T h u s we th in k  th a t  th e  a sy n ch ro n ism  of biolog
ica l a n d  b iochem ical e v e n ts , to g e th e r  w ith  th e  considerab le p ro te in  loss o ccu r
r in g  la te r  in the v ira l cycle, m ay  re n d e r re su lts  ob ta in ed  u n d e r  su ch  cond itions 
q u e s tio n a b le .

U n d e r our e x p e rim e n ta l co n d itions th e  K m values fo r th e  a lkaline p h o s
p h a ta s e  o f poliovirus in fec ted  cells d id  n o t rev ea l the  p resence  o f  an y  in h ib ito r. 
T h is  observ a tio n  is in  c o n tra s t  w ith  t h a t  o f  K ovács [5, 6, 7].

T h e p rac tica lly  id e n tic a l K m v a lu es  for th e  alkaline p h o sp h a ta se  of in fe c t
ed  a n d  contro l cells o f  a n y  age suggest th e  lack  of fo rm a tio n  of an y  “ new ”  
ty p e  o f  th a t  enzym e in  po liov irus in fec ted  H eL a cells.
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CANDIDA SOOSII N. SP., A NEW YEAST RELATED 
TO CANDIDA REQUINYII SZÉP ET NOVÁK 1963

Ну

Е . К . N o v a k

Sta te  In stitu te  o f  H ygiene (D irector : T .  B akács), B udapest

(R ece ived  J a n u a r y  27, 1964)

Sum m ary .  A new yeas t  iso lated  as a n  in d u s t r ia l  f e rm e n ta t io n  c o n ta m in a n t  h a s  been  
described. The  n ew  species,  C andida soosii, n am ed  in h o n o u r  o f  Professor I. Soós ,  be longs  to  
the  Candida req u in y ii  group of genus C an d id a .  C. soosii p roduces  no ascus, r e p ro d u c e s  w i th  
b u d d in g  a n d  pseud o m y ce liu m  (forms no m y ce l iu m  a n d  a r tb rospore ) ;  does no t  p ro d u c e  s t a r c h  
a n d  caro teno id  p ig m e n ts ;  fe rm en ts  glucose a n d  galactose  ( the  l a t t e r  weakly  a n d  slowly);  
util izes glucose, ga lac tose ,  sucrose, a n d  e th a n o l  as a  sole source o f  carbon  and  does n o t  d e c o m 
pose a rb u t in .

In  e x am in in g  the  ecology o f y e a s ts , a “ w ild”  s tra in  iso la ted  fro m  an  
in d u s tr ia l fe rm e n te r  has been id en tif ied  as d ifferen t from  know n species, b u t  
re la te d  to  th e  re c e n tly  described  C andida requ inyii S z é p  e t N o v a k  1963 [9]. 
T he p re sen t p a p e r  describes th is  o rg an ism  and  its  re la tio n sh ip  to  C. req u in y ii.

M aterials and  m ethods

The st ra in  h a s  been isolated and  m a in ta in e d  by  Dr. F.  Simek ( Indus tr ia l  Fo o d  R e se a rc h  
In s t i tu t e ,  B u d a p es t)  on m al t  agar  of 10° Balling. In  o rder  to o b ta in  a pure  cu ltu re ,  t h e  s t ra in  
was s t reak ed  on to  P agano, Levin an d  T rejo’s TTC agar  [7]. Id en ti f ica t io n  was p e r fo rm e d  by  
th e  m ethods  of Lodder a n d  K recer van R ij  [2] modified  by  Zsolt and  Novak [10]. T a x o 
nom ic  c lass if ication  w as m ade  on th e  basis o f  Novak a n d  Zsolt’s sys tem  [5].

Alkalizat ion  in pep tone  w a te r  was t e s te d  by  Se r e n y ’s m e th o d  [8], in 1 m l a m o u n t s  
of p H  4.1 a n d  p H  4.7 m edia  con ta in ing  1 per  cen t  B acto  p e p to n e  (Difco), 0.5 per  c e n t  NaCl 
a n d  0.0024 per c e n t  b rom cresol  purp le  ( to  1000 mi m ed ium  12 ml in d ica to r  so lu t ion  c o n ta in in g
0.2 g BCP and  5 m l N  N aO H  m ade  up  to  100 ml was added) .  T h e  tubes  were i n c u b a te d  a t  
26 C un d e r  aerob ic  conditions.

R esults and  discussion

(i) T axonom ically  im portant properties: (1) A scospore fo rm atio n : n il; (2) 
V eg e ta tiv e  re p ro d u c tio n : by  b u d d in g  a n d  p seudom ycelium  fo rm atio n . M ycelium  
an d  a rth ro sp o re s  a re  no t p roduced ; (3) C arb o h y d ra te  fe rm e n ta tio n : d (g )/sm lr 
(N u m era to r: p o s itiv e  reactions, D e n o m in a to r: n eg a tiv e  reactions, d , D =  g lu 
cose, g, G — g a lac tose , s, S =  sucrose , in , M — m alto se , 1, L =  la c to se , r, 
R  raffinose . Sm all le tte rs  refer to  fe rm e n ta tio n , c a p ita l le tte rs  to  a s s im ila tio n . 
B rack e ted  le tte rs  in d ica te  w eak or la te n t  reac tio n s .); (4) C arb o h y d ra te  a s s im ila 
tio n : DCS /M L R ; (5) E th a n o l a ss im ila tio n : (pellicle fo rm atio n ); (6) N itr a te

4 *
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ass im ila tio n : — ; (7) A rb u tin  decom position : — ; (8) S ta rch  p ro d u c tio n : — ; 
(9) C aro teno id  p ig m e n t p ro d u c tio n : —.

(ii) Other p roperties. (1) G row th in  m a l t  e x tra c t ,  26° C, 3 d ay s: cells are 
o v a l o r long oval, 2 .3 3 —4.66 b y  4.66 — 9.33 p, sing ly  or in  p a irs  (sm all cells). 
A  th in ,  som ew hat ru g o se  creeping pellicle a n d  a sed im en t are form ed.

Table I

The taxonomic p osition  o f  Candida soossi n. sp. in  the C andida requinyii species-group [6]
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C. req u in yii Szép e t  N o v a k  . . . . + + + — — — + — — — — — — + +
C. soossi n. sp ...................................... + + + — — - + ( + ) - - — - - + +
C. trigonopsoides D ietbichson  . . + + ? — — — + — 9 — — — — 4 - - f

? Contradictory data in original publication (see N ovak and Zsolt [6], and Szép and 
N ovak [9]).

17° C, 30 d ay s: A  th ic k , som ew hat c reep in g  pellicle sink ing  dow n wdth age, 
is fo rm ed .

(2) G row th  on  m a lt  agar, 26° C, 3 d a y s : th e  colony is du ll, d ry , lig h t 
cream -co lou red , th e  edge is fine ly  c ren a ted . Cells a re  oval, long oval or cy lin d ri
cal (som e of th em  a re  f ilam en to u s) singly  or in  p a irs , fo rm ing  som etim es sh o rt 
b ra n c h in g  chains; 2 .30 — 4.66 by  3.50 —18.33 — 46.66 //.

17° C, 30 d ay s: T h e  colony is c ream -co lo u red  dull, so m ew h at ra ised  in  th e  
c e n tre , w ith  g ra n u la te d  surface, th e  edge frin g ed  b y  pseudom ycelium .

(3) P o ta to -g lu co se  ag a r slide c u ltu re s : B u d d in g  cells an d  p seudom yceli
u m  are  seen.

(4) C orn-m eal a g a r  slan ts  [4]: B u d d in g  cells an d  pseudom ycelium , b u t  no 
t ru e  m ycelium , a rh tro sp o re s  or ch lam ydospores can  be observed.

(5) G row th  on  P agano — Le v in —T r e j o  TTC agar: T he colonies are 
w h ite , d ry , dull an d  th e  edges are so m ew hat frin g ed  b y  pseudom ycelium .

(6) G row th  in  p e p to n e  w ater:
p H  4.7: A lk a liza tio n  1 day , s trong  a lk a lin e  reac tio n  in  3 days.
p H  4.1: V ery  w e a k  a lka liza tion  3 d a y s . M edium  re a c tio n  in  1 w eek.
C onsidering th e  absence  of ascospore, t r u e  m ycelium , a rth ro sp o re , Caro

tin o id  p ig m en t, s ta rc h  a n d  in tensive  acid  p ro d u c tio n  and  th e  presence of b u d 
d in g , p seu d o m y celiu m  fo rm a tio n  and  fe rm e n ta tio n , th e  ex am in ed  s tra in  was 
c la ssified  in th e  genus C and ida  B e rk h o u t em en d . N ovak an d  Zsolt [5]. The 
o rg an ism , how ever, d iffers  in  biochem ical re a c tio n s  from  th e  know n  species of
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the  genus. C onsidering its o th e r  p ro p ertie s , it s ta n d s  v e ry  close to  C. req u iny ii 
Szép e t  N ovak [9]. The new  species differs from  th e  la t te r  w ith  its  la te n t  and  
w eak  galactose fe rm en ta tio n . T h u s , accord ing  to  N ovak and  Zsolt’s new 
classifica tion  [6], it m ay  be inc luded  in th e  species-group  Candida req u iny ii 
(T able I). As to  species g roups, th e  p o ss ib ility  of sy n o n y m iza tio n  o f  species 
has been considered  an d  in c e r ta in  cases the  d ifferences in fe rm e n ta tio n  reac 
tions h av e  no t been accep ted  as c rite r ia  for d iffe ren tia tio n  [6], th e re fo re  in  th e  
p re sen t s tu d y  a lka liza tion  in p ep to n e  w ater, w hich  d e fin ite ly  d iffe red  w ith

Fig. 1. A lk a liza tio n  in p H  4.7 an d  p H  4.1 p ep to n e  w a te r  by  Candida requinyi i  Szép e t  N ovak
an d  Candida soosii n. sp.

a C. requinyii  pH  4.7; b C. requ iny i i  p H  4.1; c =  C. soosii p H  4.7 ; d  =  C. soosii  p H  4.1 
8 s trong ; 4 d e fin ite ; 2 w eak; 1 very  w eak

C. soosii an d  C. requinyii (F ig . 1), w as also considered . T he d ifference b e tw een  
th e  tw o  species is in d ica ted  fu r th e r  b y  th e  im m unofluo rescence  s tu d ie s  of 
N ovak an d  Geck [3], in w hich  C. requinyii gave a - f - C. soosii a -)—(— 
fluorescence w ith  u n d ilu ted  fluo roch rom ized  an ti-a lb ican s  ra b b it  se ru m .

I t  shou ld  he n o ted  th a t  up  to  now  only one y e a s t species w ith  a b e h a v io u r  
sim ilar to  th a t  o f C. soosii has been  know n. T his o rgan ism , E ndom ycopsis  der- 
m atensis  B atista , Campos et Coelho [1], w ith o u t a lte ra tio n  o f th e  o rig inal 
d esc rip tio n , shou ld  he classified  acco rd ing  to  ou r sy s tem  as Prosaccharomyces 
derm atensis (B atista, Campos e t  Coelho) nov. com b. F ro m  T ab le  I I  it  is ev i
d e n t th a t  in a d d itio n  to  ascospore fo rm atio n , th e re  is a d ifference b e tw een  th e  
tw o organ ism s in the  fo rm a tio n  o f  tru e  m ycelium .

O n th e  basis of th e  p re se n te d  d a ta , th e  ex am in ed  s tra in  should  he i n d u 
ed as a new  species in th e  species-group  Candida requ inyii o f th e  genus 
C and ida  (B erk h o u t) N ovak e t  Zsolt [5]. T he reco m m en d ed  nam e  fo r th e
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o rg a n ism  is Candida soosii in  honour of Professor I .  S oós, in  rem em b ran ce  of 
h is  successfu l c o n tr ib u tio n s  to  H un g arian  oenology  an d  y eas t research .

Table II

M a i n  systematic properties o f  Prosaccharomyces dermatensis  (B atista , Campos e t Coelho)
nov. comb, and Candida soosii n. sp.
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L a t in  diagnosis. Asci e t  a sco sp o rae  non fo rm a n tu r , g em m ae e t p seu d o m y ce liu m  sed non 
m y c e liu m  veru m  a r th ro sp o ra e q u e  fo rm an tu r.

G lucosum  e t g a la c to su m  (ex ig u u m  e t len ite ru m ) fe rm e n ta tu r . In  m edio  m in era li cum  
g lu co so , galactoso , sacch aro  e t  a lcohole e thv lico  e rese it. N itra s  k a licus n o n  assim ilan tu r. 
A m y lu m  e t p igm en ta  c a ro tin o id e a  non  co m pon itu r. A rb u tin u m  non  f in d itu r . I n  a q u a  pep to- 
n a to  a p u d  p H  4.7 bene e re se it,  a p u d  p H  4.1 exigue e rese it.

I n  m usto  m a lta to  (26° C p o s t  te rtiem  diem ) ce llu lae  g em m an tes ovoideae vel longovo- 
id e a e  (2 .33  — 4 .6 6 x 4 .6 6 —9.33 /a) singu lae  a u t  b in ae . S ed im e n tu m  p e llicu laeque  fo rm an tu r. 
I n  a g a ro  m a lta to  post te r t ie m  d iem  (26° C) cu ltu ra  f la v a lb id a , su rd a , n o n  n itid a , m arg in e  piloso; 
p o s t  u n u m  m ensem  (17° C) c u ltu ra  flav a lb id a , su rd a , acc liv is, m arg ine  piloso.
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PRODUCTION OF Л LYTIC FACTOR 
BY ULTRAVIOLET LIGHT IRRADIATED CULTURES 

OF BACILLUS CEREUS
II. SO M E P R O P E R T IE S  A N D  Q U A N T IT A T IV E  D E T E R M IN A T IO N  

O F T H E  L Y T IC  FA C TO R

B y

S. Csuzi
Insti tu te o f  Medicnl Chemistry (Director : B . F . Stba u b), U niversi ty  Medical School, B udapest

(R eceived  F e b ru a ry  11, 1964)

Sum m ary . A q u a n ti ta t iv e  m eth o d  fo r th e  d e te rm in a tio n  o f th e  ly tie  fac to r p ro d u ced  by 
u ltra v io le t  ir ra d ia te d  B . cereus s tra in  569 h as  been e la b o ra te d . T h e  m echanism  of th e  ly tic  
a c tio n  of th is  fa c to r on  B . cereus 130 h as  also  been in v es tig a te d .

S tud ies on th e  p ro p e rtie s  of th e  ly tic  fa c to r  ind ica ted  i ts  en zy m ic  n a tu re . T he a d so rp tio n  
of th e  ag en t on B. cereus 130 cells h as b een  found  essen tia l fo r th e  accom p lish m en t o f lysis.

In  a prev ious p a p e r  the  ly tic  a c tiv ity  of u l tra v io le t  irra d ia te d  B . cereus 
s tra in  569 has been  rep o rted . T h e  ly sa te  a tta c k e d  o n ly  v eg e ta tiv e  cells o f B . 
cereus s tra in  130, w hile i t  w as u n a b le  to  lyse th e  v e g e ta tiv e  form  o f s tra in  
569 [1].

B ac te ria l enzym es lysing th e  b a c te ria l cell w all are freq u en tly  e n c o u n 
te re d . Some of th e m  are  re leased  from  sp o ru la tin g  c u ltu re s , o thers are fo rm ed  
w ith in  th e  host cell — b ac te rio p h ag e  system . T he la t te r  agen ts are lib e ra te d  
on ly  a fte r th e  lysis o f th e  cell.

In  view  o f its  p ro te in ic  n a tu re  and its c a p a b ili ty  o f p roducing  th e  lysis 
of В  cereus 130, o u r ly tic  fac to r m a y  be supposed to  be lo n g  to  one of th e  above 
ty p e s  of b ac te ria l enzym es. In  o rd e r to  su p p o rt th is  v iew , a m eth o d  su itab le  
for analysis an d  q u a n tita tiv e  d e te rm in a tio n  o f th e  phenom enon  h as  been  
needed . The p re se n t p a p e r gives an  acco u n t of a new  q u a n tit iv e  m e th o d , w hich 
has m ade it  possib le to  recognize som e new p ro p e rtie s  o f th e  ly tic  fac to r.

M aterials and m ethods

Measurement o f  lytic activity on B. cereus 130. A B. cereus 130 suspension  g iving an  o p tica l 
d en sity  read ing  of 0.5, was cen trifu g ed , w ash ed  in one vo lum e o f sa line , th en  resu sp en d ed  in 
one h a lf  volum e of 0.16 M  NaCl. T he ly tic  sy s tem  con ta in ed  in  a f in a l vo lum e of 10 m l: 4 ml 
cell suspension , 4 ml 1 per cen t g e la tin , 1 m l p H  8, 0.1 M  v e ro n a l N a — IIC l buffer, 0 to  1 ml 
ly sa te  an d , if  req u ired , m ed iu m  to co m p le te  i t  to  10 ml.

G elatin  served  to  decrease  p re c ip ita te  p ro d u c tio n  d u rin g  th e  lysis o f th e  cells a n d  th e  
action  of p ro teo ly tic  enzym es on th e  ly tic  fa c to r . The degree o f  ly sis w as m easured  a t  v a rio u s 
in te rv a ls  by  read in g  th e  o p tica l d en sity  in  th e  U nicam  sp e c tro p h o to m e te r  a t  620 m p  an d  room  
te m p e ra tu re  in 1 cm  c u v e tte s . The ing /m l d ry  w eigh t c o n te n t w as o b ta in e d  by m u ltip ly in g  by 
0.25 th e  read  o p tica l d e n s ity  values.

I rypsin  re s is ta n t  p re p a ra tio n  (T R P ) w as produced  by use  o f m eth o d s generally  ap p lied  
fo r cell wall p re p a ra tio n . D isin teg ra tio n  of th e  cells was p e rfo rm ed  w ith  a sonic o sc illa to r, th e n  
p ro te in  an d  rbonucle ic  acid  d igestion  a n d  w ash ing  were ca rried  o u t  as described by  M cCa rty  
(2). B. cereus 130 w as grow n u n til an  o p tic a l den sity  v a lu e  o f 2 — 2.5 was reach ed  (0.5 —0.6 
m g/rnl d ry  w eigh t); th e n  th e  cells were cen trifu g e d  and  re su sp e n d ed  in  one te n th  vo lu m e of 1
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p e r  c e n t  NaCl. Sonic t r e a tm e n t  o f  th e  c o n ce n tra ted  suspension  la s te d  fo r 5 m in u te s  a t  0° C. 
A f te r  c en trifu g a tio n  a t  2000 —3000 g  fo r 5 m in u te s , th e  su p e rn a ta n t w as p ip e t te d  o u t, and , 
in  o rd e r  to  o b ta in  th e  ce llu la r d eb ris  p re sen t in  th is  f ra c tio n , i t  was cen trifu g ed  ag a in  a t  10 000 g 
fo r  10 m in u te s . The d e p o sit w as su sp en d ed  in  th e  ab o v e  vo lu m e of 1 pe r cen t N aC l an d  su b jected  
to  a  seco n d  cen trifu g a tio n  a t  10 000 g for 10 m in u te s . T h e  deposit w as in c u b a te d  in  0.1 M ,  
p H  8 p h o sp h a te  buffer in  th e  p resen ce  of 1 m g/m l try p s in . T he degree of d ig es tio n  w as e s tim a ted  
f ro m  th e  decrease in  d e n s ity  caused  p a r tly  by  d e n a tu re d  p ro te in s. T he sy s te m  w as in cu b a ted  
fo r  a b o u t  1 to  2 hours u n t il  th e  o p tic a l d en sity  d ecreased . T h en  try p s in  r e s is ta n t  substances 
w e re  se p a ra te d  from  th e  s u p e rn a ta n t  b y  c e n tr ifu g a tio n  a t  10 000 g fo r 10 m in u te s . T he deposit 
w as  su sp en d ed  in  0.1 M ,  p H  8 p h o sp h a te  b u ffer. F u r th e r  p u rif ic a tio n  w as c a rr ied  o u t w ith  
0.5 m g /m l ribonucléase  a t  room  te m p e ra tu re . Sam ples w ere ta k e n  a t  h a lf-h o u r  in te rv a ls , 
c e n tr ifu g e d  and  th e  o p tic a l d e n s ity  of th e  s u p e rn a ta n t  w as m easu red  p h o to m e tr ic a lly  a t  260 mil.  
R ib o n u c lé a se  tre a tm e n t w as c o n tin u e d  u n til  th e  o p tic a l d en sity  v a lu e  h a d  b ecom e co n stan t. 
T R P  w as th e n  se p a ra ted  b y  cen tr ifu g a tio n  a t  10 000 g  fo r 10 m inu tes. T he d e p o s it w as a w ater- 
in so lu b le , w h ite  su b s tan ce . E lec tro n m ic ro sco p ica lly , i t  consisted  of cell w a ll p a rtic le s . For 
s to r in g , th e  p re p a ra tio n  w as su sp en d ed  in  0.1 M ,  p H  8 p h o sp h a te  buffer.

M easurem en t of ly tic  a c t iv i ty  on T R P . T he m easu rem en ts  w ere c a rr ied  o u t  sim ilarly  to  
th o se  d escribed  for B. cereus 130. T he re ac tio n  m ix tu re  co n ta in ed  in  5 m l f in a l  vo lum e 2 ml 
T R P  (o p tic a l density , 1.25), 2.5 m l o f 1 pe r cen t g e la tin , 0 to  0.5 m l of ly sa te  a n d , i f  req u ired , i t  
w a s  co m p le ted  to  5 m l b y  th e  m ed iu m .

T h e  degree of ly sis w as e s tim a te d  by  use of th e  U n icam  sp e c tro p h o to m e te r  a t  620 m/i.
I n  th e  course of T R P -ly s is , th e  o p tica l d e n s ity  o f th e  system  decreased  b y  80 to  90 per 

c e n t .  T h e  degree of decrease  se rv ed  a t  th e  sam e tim e  fo r e stim a tin g  th e  p u r i ty  o f T R P , as 
lo w e r v a lu es — a t m ax im u m  ly s is  — w ere co n sid ered  to  be caused  b y  c o n ta m in a tin g  su b 
s ta n c e s  in sensitive  to  th e  ly tic  fa c to r . T he o p tica l d e n s ity  values were c a l ib ra te d  fo r d ry  T R P  
c o n te n t .

Measurement o f  lytic ac tiv ity  by serial sampling .  W h en  con tin u o u s m e a su re m e n t of th e  
ly s is  co u ld  no t be pe rfo rm ed , o p tic a l d en sity  v a lu es w ere d e te rm in ed  in  sam p les ta k e n  a t  given 
in te rv a ls .  T he ly tic  ac tio n  w as s to p p e d  b y  acid ify in g  th e  system  to  below  p H  4.5. A t acid 
r e a c t io n  th e  op tica l d e n s ity  re m a in e d  u n a lte re d  fo r 1 to  1 (/> hours, th u s  w ith in  th is  period  th e  
■sam ples could  be co llected  fo r serial m easu rem en t.

Heating o f  B. cereus 130. Suspensions g iv ing  o p tic a l d en sity  re ad in g s  o f 0.5 — 1, were 
c en tr ifu g e d  th en  th e  d e p o sit w as su spended  in  1 pe r c en t NaCl and h e a te d  fo r 10 m in u tes  in  
100° C w a te r  b a th .

S tra in s  and c u ltiv a tio n  m e th o d s  w ere as desc rib ed  prev iously  [1].

E xperim en ta l

A ction  o f the lytic  fa c to r  on B . cereus 130. T he lysis o f sen s itiv e  b ac te ria  is 
w id e ly  used  for th e  d e te c tio n  an d  q u a n ti ta t iv e  d e te rm in a tio n  o f  v a rio u s ly tic  
en zy m es. Thus d iffe ren t b a c te r ia  are u sed  fo r e s tim a tin g  th e  lysozym e [3], 
E . coli endolysin  [4], a n d  th e  enzym e re leased  from  sp o ru la tin g  cells [5, 6]. 
O u r  m e th o d  was p r in c ip a lly  id en tica l w ith  th ese  techn iques. T h e  lysis of the  
in d ic a to r  s tra in , B . cereus 130, in  th e  p resence  of various a m o u n ts  of th e  ly tic  
f a c to r  w as in v es tig a ted . As show n in  F ig . 1, th e  h igher th e  c o n c e n tra tio n  of the  
ly s a te ,  th e  m ore ra p id  w as th e  lysis of th e  cu ltu re . I t  is seen t h a t  th e  ra te  of 
ly s is  w as p ro p o rtio n a l to  th e  a m o u n t o f ly sa te . T he in itia l p a r t  o f  th e  cu rve  was 
l in e a r , w ith  slopes o f 0.66 an d  1.4 for 0.1 an d  0.2 m l ly sa te , re sp ec tiv e ly . W ith  
h ig h e r  am ounts of ly sa te , h ow ever, th e  slope d id  n o t ex h ib it a lin e a r  re la tionsh ip  
to  th e  am o u n t of ly sa te . D e tec tio n  of th e  ly tic  substance  w ith  th is  m ethods 
c o u ld  be accom plished o n ly  w ith in  one e x p e rim en t, as in  re p e a te d  experim en ts 
th e  sam e am o u n t o f ly sa te  caused  e ith e r  qu ick er or slow er lysis o f  s tra in  130. 
T h is  fin d in g  m ay  be ex p la in ed  b y  th e  fa c t th a t  th e  lysis o f ev en  th e  same 
in d ic a to r  s tra in  depends on  severa l d iffe ren t fac to rs.
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In  d e te rm in in g  the  ly tic  fa c to r  w ith  s tra in  130, th e  role of an  a u to ly tic  
sy stem  should  also he considered , as u n d e r our e x p e rim e n ta l cond itions th e  
te s t  s tra in  show ed a ten d en cy  for sp o n tan eo u s  lysis. T he ly tic  effect also v aries 
w ith  th e  p red o m in a tio n  of ca tab o lic  or anabolic  processes. The lysis o f s tra in  
130 grow ing ac tiv e ly  a t  37° C could  be p roduced  o n ly  w ith  u n d ilu ted  o r a t  
m ost 1 : 10 d ilu ted  ly sa te . In  c o n tra s t , res tin g  cells w ere effec tively  ly sed  even  
by  1 : 200 d ilu tio n s. D in itro p h en o l increased  th e  ra te  o f  lysis. The ly tic  a c tiv -

10 20
Time in minutes

Fig- l.  E ffec t o f d ifferen t a m o u n ts  of lysate  on В cereu s 130 cells

i ty  w as in d e p e n d e n t of p ro te in  sy n thesis , as i t  w as n o t in flu en ced  b y  
5 — 100 pg/m l co n cen tra tio n s  o f ch lo ram phen ico l.

M echanism  o f  the lysis o f  B . cereus 130. As show n b y  these fin d in g s, th e  
ly tic  act ion ex e rted  by  our p re p a ra tio n  is a com plex p rocess. B ac te ria l lysis is 
k n o w n  to  be due  to  an  ac tiv a tio n  o f  th e  cell’s own a u to ly tic  system  [7]. I t  has 
been q u estionab le  w heth er in  th e  case of stra in  130, in th e  reac tio n  o f w hich 
au to ly sis  is u n d o u b te d ly  concerned , an  ac tiv a tio n  of th e  a u to ly tic  sy stem  or a 
d irec t decom posing  effect o f th e  ly sa te  occurred . H e a tin g  ex p erim en ts  p ro v id ed  
a de fin ite  e lu c id a tio n  of th is  p ro b lem . In  stu d y in g  th e  lysis  of G ram  p o sitiv e  
cells, S a l t o n  show ed th a t  boiled  c u ltu re s  were rap id ly  ly sed  b y  try p s in  on ly  a f 
te r  lysozym e tr e a tm e n t  [8].

F ig . 2 show s th a t  th e  cells o f boiled s tra in  130 w ere no t a t ta c k e d  by  
try p s in . The degree of lysis was re la tiv e ly  low w hen th e  ly tic  fac to r ac ted  u p o n  
th e  h ea ted  cells. W hen  try p sin  w as ad d e d  a fte r ly tic  fa c to r  tre a tm e n t, th e  lysis
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F ig .  2.  E ffec t of try p s in  o n  b o iled  B. cereus 130. C urve a— b : Cells w ere t r e a te d  w ith  1 m g/m l 
t ry p s in ,  centrifuged a f te r  30 m in u te s , th e n  re su sp e n d ed  and  d iv ided in to  tw o  p a rts ; p a r t  (a) 
w as t r e a te d  w ith 1 m g/m l t ry p s in ,  p a r t  (fe) w ith  0.5 m l ly sa te . Curve c— d:  Cells were trea te d  
w ith  0.5 m l lysate. W hen  th e  decrease  in  o p tica l d e n s ity  h a d  ceased, th e  sy s tem  was d iv ided  

in to  tw o  p a r ts ;  to  p a r t  (d ) 1 m g /m l try p s in  was ad d ed

F ig .  3. E ffect of d iffe ren t a m o u n ts  of ly sa te  on T R P . Slope for 0.1 ml ly sa te ,  0.3; for 0.2 ml
ly sa te , 0.57; for 0.3 m l ly sa te , 0.88
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w as ra p id  a n d  a lm o s t com plete. T h e  a lte rn a tiv e  o f th is , how ever, fa iled  to  
p rom ote  th e  ly sis , as a fte r  t ry p tic  d igestion  an d  su b se q u e n t rem oval fo r th e  
enzym e, th e  ly tic  fa c to r  caused no  s tro n g e r re a c tio n  th a n  th a t  o b ta in ed  w ith 
o u t try p s in  p r e - t r e a tm e n t .  T hus i t  is clear th a t  t ry p s in  does no t ac t up o n  th e  
su b s tra te  of th e  ly t ic  fac to r, and  vice versa. On th e  o th e r  h a n d , th e  ly tic  e ffec t 
o f o u r substance  a p p e a rs  only  w hen  its  ac tion  is co m p le ted  by  a p ro te o ly tic  
a g e n t, w hich in  se is also  incapab le  o f  ex ertin g  a ly tic  ac tio n . On com paring  th is

Fig. 4. A dsorp tion  of th e  ly tic  facto r b y  T R P . A fter c e n tr ifu g a tio n  of 4.5 m l T R P  (o p tic a -  
d e n s ity , 0.5), to  th e  d e p o sit 0.5 m l ly sa te  a n d  4.5 m l 2 M  N aC l w ere ad ded  a t  — 3° C. T o susl 
pend  th e  ly tic  effect, c en tr ifu g a tio n  for 10 m in u te s  was ca rried  o u t a t  a sim ilar te m p e ra tu re . 
T h e  su p e rn a ta n t w as se p a ra te d  and used as „ su p e rn a ta n t 1” , th e n  th e  deposit was re su sp e n d ed  
in  5 m l of 1 per cen t N aC l, left to dissolve a t  room  te m p e ra tu re  an d  used  as “ su p e rn a ta n t 2” . 
L y tic  a c tiv ity  was te s te d  on B. cereus 130. C urve a: a c tiv ity  o f 0.1 m l ly sa te. Curve b: A c tiv i ty  
of 1 m l su p e rn a ta n t 2. C urve c: A c tiv ity  o f  1 ini su p e rn a ta n t 1. C urve d:  U n tre a ted  B. cereus 130

ex p erim en t w ith  t h a t  of Salton [8] for th e  lysis o f ly so zy m e-trea ted  M . 
lysodeicticus and  B . m egatherium , i t  is seen th a t  o u r ly tic  fac to r  and ly so zy m e 
a c t v e ry  sim ilarly . T herefo re  it  m a y  be assum ed th a t  th e  ly tic  fac to r is also  a 
cell w all-decom posing  enzym e, a n d  it  m ay  be e x p e c te d  th a t  usual m e th o d s  
o f cell wall p re p a ra tio n  yield a fra c tio n  lysab le  b y  th is  agen t.

Quantitative determ ination o f  the lytic factor by m eans o f  T R P . T he m e a 
su re m e n t was ca rr ied  o u t sim ilarly  to  the  m e th o d  o f Strange and D ark [9] 
described  for e s tim a tio n  of the  a c t iv i ty  of enzym es p ro d u ced  in sp o ru la tin g  
B . cereus cu ltu res . T h is tech n iq u e  involves th e  d e te rm in a tio n  of th e  ly tic  
a c t iv i ty  o f  enzym es on B. cereus cell wall p re p a ra tio n s . P re lim in ary  ex p e ri-
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m e n ts  have  show n th a t  th e  ra te  of lysis is in  d irec t p ro p o rtio n  to  th e  am o u n t 
o f  th e  ly tic  fac to r (F ig . 3). As w ith  h ig h e r co n cen tra tio n s o f th e  a g e n t no such 
c o rre la tio n  teas fo u n d , an  em pirical c u rv e  w as d raw n. F o r th is  p u rp o se  th e  
s lopes o b ta in ed  w ith  d iffe ren t c o n c e n tra tio n s  of ly sa te  w ere p lo tte d  ag a in st 
th e  a m o u n ts  of th e  ly tic  fac to r.

T he fact th a t  T R P  is dissolved b y  th e  ly tic  fac to r does n o t  necessarily  
m e a n  th a t  th e  m echan ism  of th e  re a c tio n  is iden tica l w ith  lysis o f B . cereus 
130. T h e  id e n tity  o f th e  ag en ts  ac tin g  u p o n  s tra in  130 and  T R P  is in d ic a te d  b y  
th e  f in d in g  th a t  th e  a c t iv i ty  of th e  ly s a te  is s topped  ag a in s t b o th , w hen th e  
m e d iu m  is a d ju s te d  to  a p H  low er th a n  4 .5 . T he fac t th a t  T R P  b in d s th e  ly tic  
f a c to r  an d  a fte r c e n tr ifu g a tio n  th e  s u p e rn a ta n t  is incapab le  o f a c tin g  on B . 
cereus, defin ite ly  con firm s th is  co n sid e ra tio n  (F ig . 4, curve c). H o w ev er, resus
p e n s io n , th e  p re c ip ita te d  T R P  is d isso lved  an d  an u n a lte red  a c tiv i ty  is found  
in  th e  su p e rn a ta n t (F ig . 4, curve h). T h is  ex p erim en t show s th a t  th e  ly tic  
su b s ta n c e  is ad so rb ed  on T R P , an d  th e  ab so rb ed  agen t is e ffec tive  on T R P  
itse lf . I t s  ap p earan ce  in  th e  s u p e rn a ta n t in d ic a te s  th a t  th e  a g e n t is n o t  used  up 
in th e  reaction .

T h e  T R P  m eth o d  for th e  d e te rm in a tio n  o f  ly tic a c tiv ity p re s e n ts  th e a d v a n -  
ta g e  o f  rep ro d u c ib ility . U nder id en tica l ex p e rim en ta l co n d itio n s, sam ples of 
th e  sam e h a tch  of T R P  are  alw ays lysed  a t  id en tica l ra te s  an d  th u s  th e  resu lts  
o f  v a r io u s  serial assay s are  co m p arab le . F o r  o b ta in ing  re p ro d u c ib le  resu lts  
w ith  d iffe ren t T R P  b a tc h e s , p re p a ra tio n s  o f  iden tica l o p tica l d e n s ity , d ry  
s u b s ta n c e  co n ten t an d  ra te  of lysis w o u ld  be necessary . As d iffe re n t p re p a ra 
t io n s  genera lly  do n o t m ee t these  re q u ire m e n ts , for every  b a tc h  a new  ca lib ra 
t io n  cu rv e  should be p rep a red .

Some properties o f  the lytic factor. T h e  q u a n tita tiv e  m e th o d  allow ed th e  
e lu c id a tio n  of som e c h a ra c te rs  o f th e  ly t ic  reac tio n . The ly tic  a c t iv i ty  as a 
fu n c tio n  of pH  is p re se n te d  in  Fig. 5. T h e  h ig h es t effect w as e x e rte d  betw een  
p H  7.5 an d  8.5. T he ly tic  a c tiv ity  was e x p re ssed  a t  th e  co rresp o n d in g  p H  value 
as th e  slope o b ta in ed  from  th e  ra te  of ly sis  in  th e  presence o f e q u a l a m o u n ts  of 
ly s a te .  T he op tica l d e n s ity  of T R P  su sp en sio n s a t d iffe ren t p H  v a lu es  was 
a p p ro x im a te ly  id en tica l. T his was checked  also a fte r th e  p a r t ia l  lysis, b y  ac id i
fy in g  o r a lkalizing th e  re a c tio n  m ix tu re s  b y  2 — 3 p H  degrees.

T he influence o f  te m p e ra tu re  on ly t ic  a c tiv ity  w as m easu red  w ith  T R P  
a n d  B . cereus 130. B o th  m easu rem en ts  rev ea led  th e  m ax im u m  a c tiv i ty  be
tw e e n  20 and  40° C. W ith in  th is  range no im p o r ta n t  a c tiv ity  changes w ere found . 
A t 0° C th e  a c tiv ity  w as n il, while a t  10° C i t  w as considerab le . A d e fin ite  de
c rea se  occurred  a t  h ig h e r te m p e ra tu re s .

In  assays ca rried  o u t w ith  T R P  th e  re la tio n sh ip  be tw een  lysis an d  su b 
s t r a te  co n cen tra tio n  cou ld  he exam ined  o n ly  w ith in  a lim ited  c o n cen tra tio n  
ra n g e . As the  reac tio n  w as perfo rm ed  in  a he te rogeneous sy stem , T R P , could  no t 
b e  a d d e d  beyond a c e r ta in  lim it. M easu rem en ts  were carried  o u t b e tw een  0.69
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1,0

S1)s.
Щ0.5

pH values

Fig.  5. L y tic  a c tiv ity  o f equal a m o u n ts  of lysa te  on T U P  a t  d iffe ren t pH  values. 
V eronal N a — N a a ce ta te  buffer. 1/7 M

Fig. 6. A dsorp tion  of tlie ly tic  facto r on B. cereus s tra in s .
C urve a:  A c tiv ity  o f su p e rn a ta n t a f te r  ad so rp tio n  on  H. cereus 130; C urve b: A c tiv ity  of 
su p e rn a ta n t a fte r  a d so rp tio n  on If, cereus 114; C urve c: A c tiv ity  o f s u p e rn a ta n t  a fte r a d so rp tio n  

on B . cereus 569; C urve d:  A c tiv ity  o f 0 .3  m l ly sa te  on  B . cereus 130
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a n d  5.6 m g/m l c o n c e n tra tio n . I t  w as found  th a t ,  b y  in c reasin g  th e  T R P  con
c e n tra tio n  a t u n a lte re d  ly sa te  c o n cen tra tio n s , th e  a m o u n t o f  decom posed  T R P  
co u ld  be increased w ith o u t reach in g  sa tu ra tio n .

Adsorption o f  the ly tic  factor. T he question  arose a specific  co rre la tion  
e x is te d  betw een  th e  cell an d  th e  ac tiv e  m a te r ia l. I t  has been  show n th a t  th e  
ly t ic  fac to r  is a d so rb ed  on B . cereus 130 an d  th u s  b y  c e n tr ifu g a tio n  i t  can  be 
re m o v e d  from  th e  so lu tio n . Q u a n tita tiv e  cond itions are  p re se n te d  in Fig. 6. 
W h e n  th e  ly sa te  is ap p lied  in  am o u n ts  causing  no im m ed ia te  lysis, a t  c e n tr i
fu g a tio n  a considerab le  p a r t  of th e  ly tic  fa c to r  w ill sed im en t w ith  th e  cells. As 
sh o w n  by  Fig. 6, B . cereus s tra in s  569 a n d  114, w hich w ere less sensitive  to  th e  
ly t ic  ac tio n , adso rbed  th e  a g en t s lig h tly  or n o t a t  all, an d  th e re fo re  th e  a c tiv ity  
o f  th e  su p e rn a ta n t rem a in e d  a lm o st u n ch an g ed . A fte r th e  lysis o f s tra in  130, 
th e  ly tic  fac to r w as l ib e ra te d  an d , in d ic a tin g  th a t  i t  was n o t u sed  up  in  th e  reac 
t io n , w as p resen t in  an  ac tiv e  fo rm . T hese ex p erim en ts  h av e  show n th a t  a d 
so rp tio n  on cells an d  ly tic  a c tiv ity  are  closely associa ted .

Discussion

T he ex p erim en ts  h a v e  show n th a t  th e  ly tic  a c itiv ity  e x e r te d  b y  our ag en t 
s ta r t s  w ith  an  enzym ic  e ffec t on th e  cell w all. Ma x ted  [10] show ed  in  cu ltu res  
in fe c te d  w ith  s trep to co cca l C phage a su b s ta n c e  capab le  o f ly sin g  boiled s tre p 
to co cc i. The enzym es o f  sp o ru la tin g  B . cereus s tu d ied  b y  Strange  an d  D ark 
[9] a t ta c k  th e  cell w all b u t  h av e  a lim ited  effect on v eg e ta tiv e  cells. Murphy  [11] 
in  p h age-in fec ted  B . m egatherium  cu ltu re s  fo u n d  a su b s ta n c e  w h ich  lysed  th e  
cell w alls. W eidel  a n d  P rimosigh [12] stu d ied  th e  ly tic  enzym e o f T  phage ac tin g  
on  th e  cell wall o f E . coli. A dams a n d  P ark  [13] show ed in  th e  ly sa te  of Kleb
siella  pneum oniae  a su b s ta n c e  ac tin g  also on th e  cell w all. O u r ly tic  fac to r is 
s im ila r  in  its  m ode o f a c tio n  to  th o se  ag en ts , being  ac tiv e  also on th e  cell w all. 
T h e  s im ila rity  is p ro v e d  b y  th e  enzym ic  c h a ra c te r  of th e  ly tic  fac to r, too , as 
show n  b y  kinetic  m e a su re m e n ts . T he fa c t th a t  th e  ly tic  fa c to r  is lib e ra ted  
d u r in g  u ltrav io le t ir ra d ia tio n -in d u c e d  lysis, an d  th e  specific  n a tu re  of its  a d 
so rp tio n  to  the  sen s itiv e  cells, show s i t  to  be a su b stan ce  s im ila r to  th e  ly tic  
en zy m es of b ac te rio p h ag es.

Acknowledgement.  T h e  a u th o r  is in d e b te d  to  Professor F . B. Straub a n d  Dr.  G. DÉNES 
fo r th e i r  in te re s t an d  v a lu a b le  adv ices.
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ALLGEM EINE M IK RO BIO LO G IE
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K Ü N S T L IC H E  S H IG E L L A  IN F E K T IO N  B E I M ÄUSEN

N ach E lim in a tio n  der C oli-F lora m it S trep to m y c in  gelang die A n sied lu n g  
von s tre p to m y c in re s is te n te n  S h igella-S täm m en (S h . fle x n e r i  und  S h . so n n e i)  
bei M äusen . N ach  der pero ra len  S h ig e lla -In fek tio n  w urden  die u n te r  s te rilen  
K au te len  g eh a lten en  M äuse w eite rh in  m it S trep to m y c in  b eh an d e lt. D ie a u f  
diese W eise b eh an d e lten  M äuse w aren  — selb st M onate  h indurch  — sy m p to m - 
freie p e rm a n e n te  B ak te rien au ssch e id e r. Tm D a rm tra k t der p e rm a n e n t a u s 
scheidenden  M äuse w aren p a th o m o rp h o lo g isch e  V eränderungen  n ic h t  a n z u 
tre ffen . N ach  2 — 3w öchiger A usscheidung  k o n n te n  in k o m p le tte  S e ru m - u n d  
C opro-A gglu tin ine sowie p ro te k tiv e  A n tik ö rp e r d em o n strie rt w erd en . Die 
Im m u n ersch e in u n g en  sprechen  gegen den  n ich t ganz passiven C h a ra k te r  des 
Prozesses. B e k rä ftig t w ird  diese A uffassung  d u rch  die T a tsach e , d a ß  es au ch  
gelang, eine M ischinfek tion  zw ischen Shigella flexn eri-T ypen  (2a u n d  3) sowie 
Sh. fle x n e r i  u n d  Sh. sonnei zu stan d e  zu bringen  und  w eiterh in  die A n tik ö rp e r 
p ro d u k tio n  gegen beide A genzien n achzuw eisen . D as E rscheinen  v o n  E . coli 
oder Klebsiella  im D a rm tra k t d er M äuse fü h r t  zum  A ufhören  d e r Shigella- 
A usscheidung , w oraus die S chu tzro lle  der norm alen  F lora  h e rv o rg eh t.

I. KÉTYi, A. V e r t é n y i

(Mikrobiologisches Inst i tu t  der M ediz in ischen Llniversität Pécs)

D IE  V A R IA T IO N  D E R  A N T IG E N S T R U K T U R  VO N  S i l .  F L E X N E R I 
B E I P E R M A N E N T  A U S S C IlE ID E N D E N  M Ä USEN

Bei d en  p er os m it Sh. fle x n e r i  2a und  3 -S täm m en  in fiz ie rten  M äusen  
s in d  von d er 3 — 4. W oche der A usscheidung  an V erän d eru n g en  in d er A n tig e n 
s t r u k tu r  zu b eo b ach ten . Die a n tig e n s tru k tu re lle n  V erän d eru n g en  in vivo 
fo lgen  g rö ß ten te ils  den in v itro  b e k a n n te n  a n tig e n s tru k tu re lle n  V erän d e ru n g en . 
Bei Sh. fle x n e r i 3 v e rlä u ft die E n d fo rm  d er V aria tio n  in der M ehrzahl d e r  Fälle  
in R ic h tu n g  »X « , u n d  häu fig  ist zu B eginn  d e r V eränderung  der V e rlu s t des 
ty p u ssp ez ifisch en  A ntigens (II) w a h rn eh m b ar. E ine  an dersartige  V e rä n d e ru n g  
m it V erlust d er K o m p o n en ten  »H « und  »VII« is t au ch  in R ich tu n g  des G ru p p en -

О Acta M icrobiologica X I/1.
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a n tig e n s  (II I )  zu b e o b a c h te n . Bei Sh. fle x n e r i 2a  is t  das E n d p ro d u k t d er V a ria 
tio n  im  allgem einen die »Y «-V ariante. In  v ie len  F ä llen  lä ß t sich die D eg rad a tio n  
g ra d u e ll d u rch  V erlu s t d e r einzelnen V III-K o m p o n e n te n  verfolgen. M itu n te r  
w a r  d e r  V erlust d er g ruppenspezifischen  A n tig en e  u n te r  B ew ahrung  des ty p u s 
sp ez ifisch en  A ntigens (D) zu beobach ten .

D ie a n tig e n s tru k tu re lle  V erän d eru n g  k a n n  im  w esentlichen  als eine 
D e g ra d a tio n  in  B -R ic h tu n g  aufgefaß t w e rd en . W ahrschein lich  b ild e t d as  
E rsc h e in e n  der A n tik ö rp e r  den  fü r den A b b a u  d e r A n tig en k o m p o n en ten  v e r 
a n tw o rtlic h e n  F a k to r .

K . R a u s s , T. K o n t r o h r

(Mikrobiologisches Insti tu t  der M ed iz in ischen  Universität Pécs)

Ü B E R  D IE  A N T IG E N S T R U K T U R  D E R  Z E L L E N  IN  D E R  II. S IL  S O N N E I-P H A S E

In  dem  gegen d en  lebenden  S tam m  h e rg es te llten  Serum  w u rd en  die 
E ig e n tü m lic h k e ite n  des aus der I I . P h ase  v o n  Sh . sonnei h e rg este llten  L ip o 
p o ly sacch arid e  (Lps) u n d  d er ganzen B ak te rien ze lle  u n te rsu c h t. E rs te re s  w urde  
m itte ls  in d ire k te r  H äm a g g lu tin a tio n , ls tz te re s  m it Hilfe d er A g g lu tin a tio n  
s tu d ie r t .  Bei den E rsch ö p fu n g su n te rsu ch u n g en  ste llte  sich h e rau s, d aß  d as  
le b e n d e  oder a b g e tö te te  B ak te riu m  das ag g lu tin ie ren d e  Serum  völlig e rsch ö p ft, 
w ä h re n d  das Lps das S erum  n u r in bezug  a u f  sich selber e rsch ö p ft u n d  die 
b a k te r ie lle n  A gg lu tin ine  u n b e rü h r t  lä ß t. D e m n ach  ist das B ak te riu m -A g g lu ti-  
n o g en  in  d er Zelle d e r I I .  Sh . son/iei-Phase m it d em  (som atischen) L ps-A n tig en  
n ic h t  id en tisch . Zw ecks B estim m ung  sowie L o k a lis ie ru n g  des A gglu tinogen- 
c h a ra k te rs  w urde die Zelle versch iedenen  chem ischen  u n d  en zy m atisch en  
W irk u n g e n  au sg ese tz t. D ie E m p fin d lich k e it des A ntigens L ysozym  hingegen  
d e u te t  d a ra u f  h in , d a ß  es sich  chem isch u m  e in  A ce ty lg lu co sam in ace ty lm u ra- 
m in sä u re -P o ly m e r h a n d e lt ,  da  dieses S u b s tra t  d en  A n griffspunk t von  L ysozym  
b ild e t. Zugleich s te llt  a b e r  dieses S u b s tra t e in en  B es tan d te il des sog. W e i d e l - 
sch en  »R-layer« d a r, d e r un löslichen  S ch ich t, w elche die F es tig k e it d er Z ellw and  
g e w äh rle is te t. U m  diese H y p o th ese  b e s tä tig e n  zu  können , b e d a rf  es d e r H e r
s te llu n g  eines a k tiv e n , iso lierten  Z e llw a n d -P rä p a ra te s .

I . KÉTYi, K . B a r n a

(Mikrobiologisches Insti tu t  der M ed iz in ischen  Universi tät Pécs)

U N T E R S U C H U N G  D E R  D A R M F L O R A  
B E I M IT A N T IB IO T IK U M  B E H A N D E L T E N  K R A N K E N

D ie D arm flo ra  v o n  erw achsenen  in te rn is tis c h e n  K ran k en  w urde  u n te r 
su c h t , die m it E ry th ro m y c in , A ureom ycin  sow ie pero ra l u n d  p a re n te ra l m it 
C h lo ro m y ce tin  b e h a n d e lt w orden  w aren. N ach  d en  U n tersuchungsergebn issen
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e n th ä l t  die norm ale  D arm flo ra  in der, ih rem  q u a n ti ta t iv e n  V erhältn is  e n tsp re 
chenden  R eihenfolge folgende K o m p o n en ten : L . b ifid u s , B acterio ides-G enus,
E . coli u n d  Sir. faeca lis . A k z id en te ll kom m en v o r: C lo strid iu m , K lebsiella , 
P ro te u s , S tap h y lo k o k k en , L . ac idophy lus-G enera, S acch aro in y ce ten , aerobe  
S p o ren träg e r und  anaerobe S tre p to k o k k e n . Infolge d e r A n tib io tik u m b e h a n d 
lu n g  können  sieh die p e rm a n e n te n  G enera im allgem einen  oder einzelne G enera  
d er A n tib io tik u m em p fin d lich k e it en tsp rech en d  v e rm in d e rn  bzw. G enera e r 
scheinen  oder sich verm ehren , die n ich t zu r p e rm a n e n te n  F lo ra  gehören. D iese 
V erän d eru n g en  fü h ren  n ich t no tw endigerw eise  zu k lin isch en  B eschw erden . 
W ird  in diesen F ä llen  die B eze ichnung  D ysbiosis a k z e p tie r t , so k ann  a u f  
G ru n d  k ritisch e r Ü berlegungen  d ieser Z ustan d  an  u n d  fü r  sich n icht als die 
U rsache  pa th o lo g isch er V e rän d eru n g en  angesehen w erd en .

G y . B ír ó , H .  Milch

( Gesundheitsdienst der Ungarischen Volksarmee und Staatliches In s t i tu t  f ü r  Hygiene , Budapes t)

Ü B E R  D E N  W E R T  D E R  P H A G T IT E R E R H Ö IIU N G  
B E I D E R  D IA G N O SE  E IN Z E L N E R  E N T E H A L E R  K R A N K H E IT S E R R E G E R

Tn Ü b ere in stim m u n g  m it d en  L ite ra tu ra n g a h e n  s te ll te n  Verff. fest, d a ß  
hei d er D iagnostiz ierung  von F i-p o sitiv en  S. typ /ii-S täm m en  die T ite re rh ö h u n g  
des en tsp rech en d  zu sam m en g este llten  U i-T ypusphaggcm isches gu t v e rw en d e t 
w erden  kan n . Sie u n te rsu c h te n  v o n  R e ih en u n te rsu ch u n g en  und  K ra n k e n  
s tam m en d e  F äzes, k ü n stlich  m it U i-positiven  S. ty p lii-S täm m en  infiz ierte  F äzes, 
T rinkw asser u n d  M ilch. Die E m p fin d lic h k e it der R e a k tio n  ist im  w äßrigen  
M edium  — hei d er üb lichen  W asse rb ak te riu m flo ra  — w esen tlich  höher als im  
F alle  der k ü n stlich  in fiz ie rten  F äzes oder der M ilch. Bei le tz te re r  w ird die E m 
p fin d lich k e it d u rch  P u ffe ru n g  des U n te rsu c h u n g sm a te ria ls  verb essert. Die A n 
w endung  einer o b e rfläch en ak tiv en  S u b stan z  (Tween 80) in  üb licher K o n zen 
tra t io n  ü b t keinen  E in flu ß  a u f  die E rgebn isse  aus.

Bei der U n te rsu ch u n g  d e r  u n te r  n a tü rlich en  V erh ä ltn issen  in fiz ie rten  
F äzes h a t sich die R eak tio n  hei dem  m it A nre icherung  v e rb u n d en en  b a k te r io 
logischen V erfah ren  als em p fin d lich e r erw iesen.

Im  R ah m en  w eite re r V ersuche w urde der N achw eis v o n  S. typh i m u riu m -  
sowie Sh. flexneri-  u n d  sorm ei-S täm m en m it Hilfe eines spezifischen P h ag g e- 
m isches u n te rsu c h t. Die R e su lta te  s tim m te n  m it d en  o b en  e rw äh n ten  ü b e re in .

Die M ethode w eist den V o rte il auf, daß  sie in  w esen tlich  k ü rze re r Z eit 
(24 — 30 S tunden) als die ü b lich en  bak terio log ischen  V erfah ren  ein sich er 
spezifisches, d e u tlic h  ab lesbares u n d  ausw ertb ares  R e s u l ta t  e rg ib t. Die M ög
lich k e it anderw eitig er V erw endung  der R eak tion  w ird  von  den A utoren  in 
w eiteren  U n te rsu ch u n g en  g ek lä rt.
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S. V ö rö s , B. R é d e y , F . Csizmazia

(Mikrobiologisches Ins t i tu t  der M ediz in ischen Universität Pécs  
und In s t i tu t  f ü r  Hygiene u n d  Epidemiologie , Station Veszprém)

D IE  A N T IG E N S T R U K T U R  N E U E R  E N T E R O P A T H O G E N E R  COLTSTÄMME

R é d e y  und  Csizmazia  te ilten  1959 m it, daß  die M eerschw einchen-A ugen- 
r e a k t io n  neben den  Shigella auch  zu r F ests te llu n g  v o n  S tä m m e n  gu t a n 
w e n d b a r  sei, die d y sen te rifo rm e  E rk ra n k u n g e n  beim  M enschen h e rv o rru fen . Im  
V e r la u f  dieser U n te rsu c h u n g e n  gelang  es in  einigen F ä llen , au s  d e r S tuh lp robe  
v o n  K ra n k e n  einen E .  co /i-S tam m  zu iso lieren , der eine p o s itiv e  k e ra to co n ju n c- 
t iv a le  R eak tio n  e rg ab .

B ei der a n tig e n s tru k tu re lle n  A n aly se  erwies sich d as  O -A ntigen  des 
S ta m m e s  als 0143.

N eben  dem  S ta m m  0124 is t d ies d er zweite e n te ro p a th o g e n e  E . coli- 
S ta m m , der die E rk ra n k u n g  von  E rw ach sen en  h e rv o rzu ru fen  verm ag .

J .  T a k á c s

(Veterinärmedizinisches Zentrallaboralorium der Fleischindustr ie , B udapes t)

Ü B E R  D E N  N A C H W E IS  D E R  T IE R IS C H E N  P A R A T Y P H U S  V E R U R S A C H E N D E N
K E IM E

D ie E n tw ick lu n g  von  22 Salm onella  cholerae su is  v a r . K u n zen d o rf, 15 
S . ty p h i  suis var. V o ldagsen , 17 S . g a llin a ru m -p u llo ru m -,7  S . abortus equi-, 
7 S . abortus ovis- u n d  2 S. ab. èou is-S tâm inen  w urde a u f  K a u ffm a n n -, B ier- 
b ra u e rs c h e n  und  m o d ifiz ie rten  L eifsonschcn  S e len it-F -A nre icherungsböden , 
sow ie  a u f  E ndo-, M acC onkey-, L eifson -, SS-, L o v rek o v ich -, B rillan tg rü n - 
P h e n o lro t- ,  G assner-, S chönberg-, E o s in -M e th y len b lau -L ak to se-, D rigalski-, 
K lim m ersch en  e lek tiv en  u n d  d iffe ren z ieren d en  A g a rn ä h rb ö d e n  u n te rsu c h t. 
F e rn e r  w urden  u n te rs u c h t die H.2S-, In d o lp ro d u k tio n , d er U reu m -A b b au  der 
S tä m m e , die V o g es-P ro sk au er-P ro b e , die M e th y lro t-R e a k tio n , d e r A bbau  der 
S te rn sc h e n  B ouillon, die E n tw ick lu n g  a u f  R ham nose  u n d  T reh a lo se  e n th a lte n 
d e n  N ä h rb ö d e n , d er A b b a u  von  G lukose, A rab inose, D u lc it, I n o s it ,  R ham nose, 
T re h a lo se , X ylose, M a n n it, S o rb it, A d o n it, M altose, Salicin , L a k to se , die V er
f lü ss ig u n g  von G ela tin e , die R e d u k tio n  v o n  K N 0 3, die B ew egung  d er S täm m e 
u n d  ih r  V erhalten  g eg en ü b er den  P h a g e n  O t u n d  R.

W ie festgeste llt w erd en  k o n n te , en tw ick e ln  sich e inze lne  tie risch e  P a ra 
ty p h u s e rre g e r  n ich t g le ich a rtig  a u f  d en  A nreicherungs- sow ie d en  e lek tiven  
u n d  d iffe renz ierenden  N äh rb ö d en , w esh a lb  Verf. d ie jen igen  U n te rsu ch u n g s
m e th o d e n  festzuste llen  v e rsu ch te , die in  d e r  p rak tisch en  d iag n o stisch en  A rbeit 
u n te r  besonderer B e rü ck sich tig u n g  d e r G esich tsp u n k te  d e r e rg än zen d en  b a k 
te rio lo g isch en  F le isch u n te rsu ch u n g  m it d em  b esten  W irk u n g sg ra d  angew endet 
w e rd e n  können.
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T. F o d o r , I. T ár n o k

( Staatl iches K orány i-Tbc -Ins t i tu t ,  Budapest)

Ü B E R  D IE  R E S IS T E N Z  VON M Y C O B A C TER IU M  T U B E R C U L O S IS  
G E G E N Ü B E R  D IF F U S E M  L IC H T  U N D  L A U G E

N eu erd ings w urde w ied erh o lt b e k rä ftig t, d aß  die B C G -B ak terien  n ich t 
n u r  d u rc h  d irek tes  T ageslich t, so n d ern  auch  d u rch  d iffuses L ich t v e rn ic h te t  
w erden . D as M ycobacterium tuberculosis e n th a lte n d e  U n te rsu c h u n g sm a te r ia l 
k a n n  eben fa lls  von dieser N oxe b e tro ffen  w erden . Y erff. u n te rsu c h te n  d ie  bei 
k u rzw äh ren d en  L a b o ra to riu m sa rb e ite n  zur G eltung  k o m m en d e  L ic h tw irk u n g  
a u f  die in physio logischer K ochsalz lösung  su sp en d ie rten  T u b e rk e lb a k te r ie n . 
Ih re  U n tersu ch u n g serg eb n isse  fassen sie fo lgenderm aßen  zusam m en :

1. V on zw eistünd iger d iffu ser L ich tw irk u n g  w erden  d ie T u b e rk e lb a k te rie n  
n ich t g e tö te t .

2. Die L ag-P hase  d er in physio logischer L ösung  a u fb e w a h rte n  T u b erk e l- 
b a k te r ie n  w ird  verlän g ert.

3. Die L augeresistenz  d e r  T u b e rk e lb ak te rien  m it v e r lä n g e rte r  L ag -P h ase  
b le ib t u n v e rä n d e rt.

1. S zabó

( Staatliches K oräny i-Tbc-Ins t i tu l ,  B udapes t)

IN U N G A R N  V O R K O M M E N D E  M Y K O B A K T E R IO S E N

Die von  den sog. a ty p isc h e n  anonym en  M y k o b ak te rien  v e ru rsa c h te n  
E rk ra n k u n g e n  n en n t m an  M y kobak te rio sen . O bw ohl diese S täm m e au sg e
p räg ten  S a p ro p h y te n c h a ra k te r  b e s itzen , kom m en u n te r  ih n en  auch  fa k u lta tiv e  
K ra n k h e itse rreg e r vor. Es gelang , einzelne S täm m e zu d ifferenzieren  bzw . in 
eine Spezies e inzuordnen .

In  U n g a rn  k en n t m an  b ish er zwei Spezies, m it d en en  g erech n e t w erden  
m u ß : M ycobacterium  m inetti und  M ycobacterium  scrophulaceum . Bei M . m inetti 
gelang  es n ich t, die P a th o g e n itä t  fü r den M enschen n achzuw eisen , w ä h 
rend  M . scrophulaceum  bei K in d e rn  zervikale L y m p h a d e n itis  v e ru rsa c h te .

D ie bak terio log ische  u n d  epidem iologische U n te rsu c h u n g  b e ider S täm m e 
w ird  au sfü h rlich  besprochen .
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S. SzATHMARY

( Mediz in isch-M ykologisches Laboratorium, Karcag)

DAS V O R K O M M E N  D E R  A S C O S PO R E N F O R M
V O N  A C H O R IO N  Q U IN C K E A N U M  IM  B O D E N

B isher k an n te  m a n  d iese  P ilza rt n u r  im  C o n id ia lzu stan d  und  in  der vom  
W ir ts t ie r  gezüch te ten  F o rm .

A u f feuchten , m it s te r ilis ie r ten  H aa ren  b e s tre u te n  B öden  gelang es Verf. 
1962, auch  das C le is to th ec iu m  von Achorion quinckeanum  an zu tre ffen . Die 
a u s  d en  Ascosporen a u f  k ü n s tlic h e n  N äh rb ö d en  g ezü ch te ten  K olon ien  zeigen 
d ie  E igenschaften  d e r C tenom yces-A rten : sie sind  scheibenförm ig , weisen im 
Z e n tru m  einen k le inen  K n o p f  auf, ihre M ik ro k u ltu ren  erzeugen  d u rc h sc h n itt
lich  3 x 4 / i  große C onid ien , doch  kom m en u n te r  ihn en  (m eistens gruppenw eise) 
a u c h  3 — 6m al größere u n d  w urstfö rm ige  C onidien  vor, die e inen  Ü bergang  zu 
d e n  C losterosporen b ild en . A n den F äd en  s ieh t m an  auch  E n d o sp o ren , deren 
A n w esen h e it gleichfalls a ls e in e  C tenom yces-E igenschaft zu w e rte n  is t. In  den 
A sci w echselt die Z ah l d e r  Sporen: h äu fig  sind  12, m itu n te r  ab e r auch 24 
v o rh a n d e n .

A u f Mäuse w irk t d ie  F o rm  kaum  p a th o g en . In  den B öden , in  denen sich 
A ch o rio n  quinckeanum  u n d  Trichophyton  gy jsseum -Y arie tä ten  a u fh a lte n , is t 
h ä u f ig  auch Gym noascus varticilla tus  v o rzu fin d en . O ffenbar is t d ieser P a ra s it 
d es  im  Boden leb en d en  A chorion quinckeanum  ebenso wie Ctenomyces tricho- 
p h y tic u s  (T richophyton g y p se u m )  P a ra s it d e r zu r Spezies A chorion  gypseum  
( M icrosporum  g yp seu m )  gehörigen . M it d ieser F es ts te llu n g  e rh e llt auch  die 
E rn ä h ru n g  der im B o d en  lebenden  D e rm a to p h y te n , deren  N ah ru n g  w eniger 
a u s  d en  fauligen S to ffen  d e r  höheren P fla n z e n , als aus den  In se k te n  (h a u p t
sä c h lic h  Milben) u n d  d en  im  Boden lebenden  F ad en p ilzen  b e s te h t.

E . K e n d e , I . M ih á l y f i

( Inst i tu t  f ü r  H yg iene  und Epidemiologie , Station B udapest)

Ü B E R  D IE  E IG E N S C H A F T E N  D E R  AUS V E R S C H IE D E N E N  Q U E L L E N  
ST A M M E N D E N  IS O L IE R T E N  S T A P H Y L O K O K K U S -S T Ä M M E  

A U F  G R U N D  VON P H A G T Y P IS IE R U N G S - 
UND A N T IB IO T IK U M E M P F IN D L IC H K E IT S U N T E R S U C H U N G E N

V erff. berich ten  ü b e r  d ie  E rgebnisse d e r P h a g ty p is ie ru n g s- u n d  A n tib io 
tik u m e m p fin d lic h k e itsu n te rsu c h u n g en , die sie an  4060 zw ischen 1960 und  1962 
iso lie r te n  k o ag u lasep o sitiv en  S tap h y lo k o k k u s-S täm m en  d u rc h fü h rte n . 434 
S tä m m e  stam m ten  v o n  F u ru n k e ln , A bszessen oder W u n d sek re ten , 234 von 
p em p h ig o id en  S ek re ten , 354 von O h ren sek re ten , 2019 von N asen sek re ten  und 
1019 von  R ach en sek re ten .
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Bei den  von  A bszessen, F u ru n k e ln  bzw. W u n d se k re te n  s ta m m e n d e n  
S tap h y lo k o k k en  m ach ten  die S tä m m e  d er I . P h a g g ru p p e  66%  aus; u n te r  diesen 
b e tru g  das V erh ä ltn is  der 80/81 u n d  v e rw an d ten  L y sisb ild e r 45% .

U n te r  den  von  p em p h ig o id en  S ekreten  s ta m m e n d e n  S ta p h y lo k o k k e n 
s täm m en  do m in ie rte  keine einzige P h ag g ru p p e , v ie lm eh r w aren  sie z iem lich  
g leichm äßig  v e rte ilt .

E ine seh r ähnliche P h ag g ru p p e n v e rte ilu n g  w urde  u n te r  den  von  O hren -, 
N asen- u n d  R ach en sek re ten  s ta m m e n d e n  S tap h y lo k o k k en  festg e s te llt: die 
h äu fig s te  P h ag g ru p p e  w ar die I I I . ,  zu der 33%  sä m tlic h e r  S täm m e g eh ö rten .

Zw ischen dem  P h a g ty p u s  u n d  der A n tib io tik u m em p fin d lich k e it w u rd e  
eine p rä g n a n te  K o rre la tio n  e rm itte l t .  W ährend  die überw iegende M ehrzahl 
(80 — 90% ) d er zu r I. P h ag g ru p p e  zäh lenden  S täm m e n o ch  m it C h lo ram p h en i
col, T e tracy c lin , E ry th ro m y c in  u n d  N eom ycin  gu t b e e in f lu ß t w erden k o n n te , 
erw ies sich ein b e trä c h tlic h e r P ro z e n tsa tz  (50—60% ) d e r zu r I I I .  P h a g g ru p p e  
rechnenden  S täm m e n u r noch N eom ycin  gegenüber em p fin d lich . Die P en ic illin 
resistenz  zeig te keine d e ra rtig e  A bw eichung : sie w ar bei den  S täm m en  säm t- 
lieber P h ag g ru p p en  e tw a 90% ig .

II. M i l c h , Z s . D e á k

( Staatliches In s t i tu t  f ü r  Hygiene, B udapes t)

U N T E R S U C H U N G E N  AN K L E B S IE L L A -P H A G E N .
A U S A R B E IT U N G  E IN E S  T Y PU SSC H E M A S

Z ur K lebsiella-G ruppe zäh len d e  S täm m e v ersch ied en er H e rk u n ft w u rd en  
von  Verff. in P h a g ty p e n  e in g e te ilt. Die zur T y p is ie ru n g  verw en d eten  sp ez if i
schen K lebsie lla-P hagen  iso lie rten  sie aus dem  S tu h l e n te ritisc h e r Säug linge. 
Die iso lierten  P hagen  w urden  a u f  G rund  ihrer P laque-M orpho log ie , L ysis- 
A k tiv itä t  und  serologischen E ig en sch a ften  c h a ra k te ris ie r t und  in G ru p p en  
eingeo rdnet.

Die A u fte ilung  von K lebsie lla -S täm m en  nach  P h a g ty p e n  w urde bei den  
aus dem  S tu h l von F rü h g eb o ren en , Säuglingen und  zum  geringeren Teil von  
E rw achsenen  u n d  aus an d eren  S ek re ten  s tam m en d en  S täm m en  u n te rsu c h t. 
F ern e rh in  e rm itte lte n  Verff. d as  V orkom m en e inzelner h äu fig e r P h a g ty p e n  
an läß lich  e iner E n te ritisep id em ie  im  K ran k en h au s  sow ie bei a n d e ren  von 
K lebsie lla -S täm m en  v e ru rsa c h te n  sporad ischen  P rozessen .

In sg esam t w urden  800 S tä m m e  u n te rsu ch t, von  d en en  e tw a 70%  ty p i 
s ie rt w erden k o n n te n . Es w u rd e  ein  Z usam m enhang  zw ischen P h ag em p fin d - 
lichke it und P a th o g e n itä t  k o n s ta t ie r t .  Die V erff. u n te rsu c h te n  w e ite rh in  die 
S ta b ilitä t d e r P h a g ty p e n  in v iv o  und  in v itro  sowie d ie u n te r  P h ag w irk u n g  
e in tre te n d e n  V erän d eru n g en  in  d e r P h ag em p fin d lich k e it und  im S e ro ty p .
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Gy . K u c s e r a

(  Ins t i tu t  f ü r  Veterinärmedizinische I m p f s to f f  kontrolle, B u d a p es t)

E R Y S IP E L O T H R IX  R H U S IO P A T H IA E -S T Ä M M E  E IN E S  N E U E N  S E R O T Y P S  
U N D  D E R E N  B E D E U T U N G  F Ü R  D IE  S E R O D I A G N O ST IK  D E R  R O T L A U F B A K T E R IE N

D er H a p te n e x tra k t  v o n  drei aus den  M andeln  eines gegen R o tla u f  im m u 
n is ie r te n  Schweines iso lie rte n  R o tla u fb a k te r ie n s tä m m e n  ergab  m it den  ty p u s 
sp ez ifisch en  Sera A x, A 2, В г, B 2, C, D u n d  E  eine n eg a tiv e  P rä z ip ita tio n s re a k tio n . 
D as  m it einem  der d re i S täm m e  im  K a n in c h e n  erzeug te  T y p u sse ru m  präzip i- 
t i e r te  n u r  den H a p te n e x tr a k t  dieser d rei S täm m e . Die m it d em  H a p te n e x tra k t  
v o n  S täm m en  a n d e re r  S e ro ty p en  vo rg en o m m en e  P rä z ip ita tio n sp ro b e  fü h rte  
k o n seq u en te rw e ise  zu n e g a tiv e n  E rgebn issen . D ie S täm m e a g g lu tin ie r te n  n ich t 
d ie  H ü h n e re ry th ro z y te n  u n d  erw iesen sich  bei in tra d e rm a le r  In fek tio n  als 
a p a th o g e n  fü r Schw eine. A u f  G rund  der U n te rsu c h u n g s re su lta te  rep rä sen tie ren  
d iese  S täm m e einen n e u e n  S ero ty p , der zw eckm äßigerw eise  m it  dem  B u c h s ta 
b e n  G bezeichnet w ird .

A us dem  G esag ten  g e h t hervor, d aß  d ie  säurelöslichen  A n tig en e  der R o t
la u fb a k te r ie n  in  m e h r  V a ria n te n  V orkom m en, als b isher angenom m en  w urde. 
In fo lg ed essen  d a rf  m a n  n u r  denjen igen , sich  in S -K olonieform  en tw ickelnden  
R o tla u fs ta m m  als N -T y p  q ualifiz ieren , v o n  dem  m an  sich ü b e rz e u g t h a t, daß  
d e s  d a m it erzeugte  S e ru m  auch  den hom ologen  H a p te n e x tra k t  n ich t p rä- 
z ip i t ie r t .

J .  F a r k a s , I . K iss

(Zentral forschungsinst i tu t  der Lebensmitte lindustr ie , B u d a p es t j

D I E  W IR K U N G  D E R  R Ö N T G E N S T R A H L U N G  A U F  D IE  B A C IL L U S C E R E U S -S P O R E N

D ie S tra h le n to le ra n z  d er v eg e ta tiv en  Zellen, ru h en d en  sowie keim enden  
S p o ren  von B. cereus w u rd e  in  w äßriger S uspension  u n te rsu c h t u n d  festg este llt, 
d a ß  die S trah len re s is ten z  d e r  ru h en d en  S poren  u m  n ah ezu  eine G rößenordnung  
h ö h e r  is t als die d e r v e g e ta tiv e n  Zellen. D ie S trah len em p fin d lich k e it der k e i
m e n d e n  Sporen s tim m t im  w esentlichen  m it d e r der v e g e ta tiv e n  Zellen überein .

D ie K e im fäh ig k e it d e r ru h en d en  S p o ren  w urde auch  v o n  den  S trah len 
d o se n  n ich t b e e in trä c h tig t ,  die sich bei d en  k u ltu re llen  Z äh lm eth o d en  fü r 
le b e n d e  Keim e als le ta l  w irkend  erw iesen. D ie W irk u n g  d e r ion isierenden  
S tra h lu n g  t r i t t  im  V e r la u f  d er p o s tg e rm in a tiv e n  E n tw ic k lu n g  zu tage .

P h asen k o n tra s tm ik ro sk o p isch e  U n te rsu c h u n g e n  e rg ab en , daß  hohe 
S trah len d o sen  bei d en  ru h e n d e n  Sporen au c h  im  n ä h rm itte lf re ien  M edium  eine 
fü r  die K eim ung c h a ra k te ris tisc h e  B rech u n g sin d ex -V erän d eru n g  induzieren . 
M it p a p ie rc h ro m ato g ra p h isc h e n , p a p ie re lek tro p h o re tisch en  u n d  sp ek tro p h o to - 
m e tr isc h e n  M ethoden u n te rs u c h te n  V erff. d ie in  A b h än g ig k e it v o n  d er S trah len 
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dosis aus den  M ikrobenzellen u n te r  W irk u n g  d er B estrah lu n g  in das w äß rig e  
M edium  a u ss trö m en d en  S ubstanzen  und  den  D ip ik o lin säu reg eh a lt d e r  S p o ren . 
N ach ih ren  F es ts te llu n g en  e n th ä lt  d as  E x s u d a t u . a. A m inosäu ren  u n d  a n d e re  
n in h y d rin p o s itiv e  V erb indungen  sow ie D ip iko lin säu re . D ie b e o b a c h te te n  
E rsch e in u n g en  s ind  zu einem  erh eb lich en  Teil a u f  die u n te r  S tra h le n w irk u n g  
e in tre te n d e n  P e rm e a b ilitä tsv e rän d e ru n g e n  der Zellen z u rü ck zu fü h ren , d e ren  
D osisb ed arf indessen  b ed eu ten d  g rö ß e r is t als der der D eso rgan isierung  d e r  die 
Z ellte ilung  h e rv o rru fen d en  P rozesse .

Die U n te rsu ch u n g  der D eh y d ro g e n a se -A k tiv itä t d er b e s tra h lte n  M ik ro 
organ ism en  fü h rte  zu dem  E rg eb n is , d aß  die E n z y m tä tig k e it bei d en  » to ten«  
(sich n ich t v e rm eh ren d en ) Zellen n ic h t a u fh ö rt. Bei d er S te rilis ie ru n g  von  
L eb en sm itte ln  d u rc h  B estrah lu n g  m u ß  dem nach  n ich t n u r m it d e r g ro ß en  
S trah len re s is ten z  d e r G ew ebsenzym e, sondern  auch  m it e iner auch  in s te r ile n  
P ro d u k te n  e in tre te n d e n  gewissen »m ikrobialen  E n z v i n t ä t i g k e i t «  g e re c h n e tJ О О
w erden.

Ä . S im o n

(Chemische F abr ik  C h ino in , B udapes ti

E IN F A C H  К N Ä H R B Ö D E N  Z U R  Z Ü C H T U N G  VON O C IIIW M O N A S M A L H A M E N S IS

D as P ro to zo o n  Ochromonas m alham ensis  s te llt den  spez ifischsten  T e s t
o rgan ism us zu r B estim m ung  von V ita m in  B 12 d a r. Seiner A nw endung  se tz t 
jed o ch  der U m sta n d  eine S ch ran k e , d aß  der fü r seine Z ü ch tu n g  v o rg esch rie 
bene N äh rb o d e n  eine sehr k o m p liz ie rte  Z u sam m en se tzu n g  aufw eist bzw . z a h l
reiche reine Salze und  V itam ine  des В -K om plexes e n th ä lt .

Z u r Z ü c h tu n g  von Ochromonas m alham ensis  em p fieh lt Verf. zwei e in 
fache N ä h rb ö d en . In  dem  einen w ird  d e r V itam in  В -K o m p lex  m it T o m a te n s a f t  
e rse tz t, im a n d e ren  ein m e th a n o l-a z e to n h a ltig e r  M a ism arm e lad eex trak t b e 
n u tz t,  der n ich t n u r  den V itam in k o m p lex , sondern  zugleich auch  das K asc in - 
h y d ro ly sa t su b s ti tu ie r t . D ieser M a ism a rm e la d e ex tra k t e ignet sich a u c h  in 
an d eren  N äh rb ö d en  zum E rsa tz  v o n  K ase in h y d ro ly sa t.

E . N o v a k , В. S e r é n y

(Staatliches Ins t i tu t  f ü r  Hygiene , Budapest)

B IO C H E M ISC H E  U N T E R SU C H U N G
D E R  P E P T O N W A S S E R -A L K A I IS IE R U N G S R E A K T IÖ N  VON B A K T E R IE N

W ie S e r é n y  1963 m itte ilte , w ird  von den in k ochsa lzha ltiges P e p to n 
w asser g e im p ften  und  bei 37° C in k u b ie r te n  D a rm b a k te r ien  d er N ä h rb o d e n  
a lk a lis ie rt. D a m an  sich den A lk a lisie rungsm echan ism us a u f v e rsch ied en e
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W eise v o rste llen  k a n n , fü h rte n  Verff. U n te rsu c h u n g e n  zu r K lä ru n g  dieser 
F ra g e  durch .

N ach  ihren  F e s ts te llu n g e n  b e ru h t d ie  A lkalisierung  des P ep tonw assers 
a u f  A m m o n iak b ild u n g . Zugleich m it d e r  A m m o n iak b ild u n g  verschw inden  
A m in o säu ren  aus d e m  N äh rboden . A u f G ru n d  dieser B eo b ach tu n g  w urdeо

v e rsu c h t, P ep to n  m it  s ingu lä ren  A m in o säu ren  zu  su b stitu ie ren . In  den  s in g u 
lä ren  A m in o säu re lösungen  konn ten  die A m m o n iak fre ise tzu n g  und  d er A m ino
säu re n v e rb rau c h  g leich falls nachgew iesen w erd en .

N ach den B eo b a c h tu n g e n  w erden d ie  A m inosäu ren  von den  B ak terien  
im  P ep to n w asse r b zw . in  d e r A m inosäu re lösung  als A tm ungs- u n d  S y n th ese 
s u b s tr a t  v e rb ra u c h t, u n d  als N e b en p ro d u k t dieses Prozesses w ird das A m m o
n ia k  freigese tz t. D er gem einsam e K ohlen- bzw . K o h len v e rb in d u n g sb ed a rf der 
E n erg ie fre ise tzu n g  u n d  d er sy n th e tis ie ren d en  Prozesse is t g rößer als der S tick 
s to ffb e d a rf  der sy n th e tis ie re n d e n  P rozesse, so d aß  das A m m oniak  bei einem  
A m in o sä u re n su b s tra t aus dem  S tick sto ffü b ersch u ß  der A m inogruppen  s ta m m t. 
D as  A m m oniak  e n ts te h t  d u rch  ox y d a tiv e  D esam in ie ru n g  aus d er A m inosäure, 
d o ch  h an d e lt es sich  bei dem  P rim ärp ro zeß  u m  D ekarb o x y lie ru n g .

M. R o d l e r

( Ins t i tu t  f ü r  Hygiene und Epidemiologie, Station Szekszärd)

Z W E IS C H IC H T IG E R  P L A T T E N N Ä H R B O D E N  
Z U R  B IO C H E M ISC H E N  D IF F E R E N Z IE R U N G  

D E R  K E IN E N  S P E Z IE L L E N  N Ä H R B O D E N  B E A N S P R U C H E N D E N  B A K T E R IE N

E in  neuer N ä h rb o d e n  zur U n te rsu ch u n g  von  D a rm b ak te rien  w urde au s
g e a rb e ite t, der sich  z u r  U n te rsuchung  d er S p a ltu n g  von 10— 11 versch iedenen  
K o h le n h y d ra te n , zum  N achw eis der e n ts ta n d e n e n  Säuren  u n d  Gase sowie zur 
B estim m u n g  der S chw efelw assersto ffb ildung , d er U reu m sp a ltu n g , des G ela tin e
a b b a u s , der In d o lb ild u n g  sowie der M e th y lro t-R e a k tio n  e ignet. A n der O b er
f läch e  des N äh rb o d en s  k a n n  die serologische U n te rsu ch u n g  m it der B a k te rie n 
v e g e ta tio n  v o rg en o m m en  w erden.

M it H ilfe des N ä h rb o d en s  verm ag  m a n  die K o h le n h y d ra tsp a ltu n g  der 
D a rm b ak te rien  an  H a n d  d er Säure- und  G asb ild u n g , des U reu m ab b au s , der 
In d o lb ild u n g  u n d  d e r  S chw efe lw assersto ffp roduk tion  b innen  6 — 7 S tu n d en  zu 
b es tim m en . Die a n d e re n  U n tersuchungen  k ö n n e n  nach  18 — 20 S tu n d en  d u rc h 
g e fü h r t  w erden. D ie In k u b a tio n  bei 37° C d a u e r t  6 —7 S tu n d en , w onach  der 
e rs te  T eil der A u sw e rtu n g  erfolgen k a n n ; ansch ließ en d  3 S tu n d en  Z im m er
te m p e ra tu r , w onach  d ie  K u ltu r  18 — 20 S tu n d e n  gleichfalls bei Z im m ertem p e
r a tu r  au fb ew ah rt u n d  n u n m eh r die A u sw e rtu n g  vorgenom m en w ird.

B eim  V erg leich  m it  den  k lassischen M eth o d en  ergab  die M ethode e n t 
sp rech en d e  R e su lta te , so d aß  sie sich zu r b iochem ischen  U n te rsu ch u n g  und  
D ifferenzierung  v o n  D a rm b a k te rien  e ignet.
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K . B Á LIN T

(Zentralforschungsinstitut  der Lebensmittelindustr ie , Budapest)

U N T E R S U C H U N G E N  Z U R  R A S C H E N  UN D  G E N A U E N  B ESTIM M U N G  
VON K E IM Z A H L E N

Die rasche  u n d  präzise  B estim m u n g  von K e im zah len  k o m m t sow ohl in  der 
th eo re tisch en , wie als auch  in  d er p rak tisch en  m ikrob io log ischen  A rbeit zu r B e
d e u tu n g . In  gew issen F ä llen  is t die v e rh ä ltn ism äß ig  lan g e  In k u b a tio n sz e it d er 
Z ü c h tu n g sm e th o d en  n ach te ilig . Zw ecks V erm eidung  dieses N achteils w endete  
V erf. — neben  b iochem ischen  M ethoden  — im  F alle  e in iger B ak te rien - u n d  
H efea rten  die a u f  der Im p u ls te c h n ik  b eru h en d e  Z e llzah lb estim m u n g  an .

Á. S imon

(Chemische Fabrik  Chi twin, B udapes t)

D IE  M IK R O B IO L O G IS C H E  U N T E R S U C H U N G
U N D  B L U T D R U C K S E N K E N D E  W IR K U N G  D ES » JA P A N IS C H E N  P IL Z E S «

D er sog. » japanische Pilz« w ird  als V o lksh e ilm itte l gegen hohen  B lu td ru c k  
b e n u tz t. H ierbei h a n d e lt es sich n ic h t um  eine e in h e itlich e  S ub stan z , so n d ern  
um  einen a u f G ru n d  der Sym biose v o n  H efe und  E ss ig sä u re b a k te rien  g eb ild e ten  
B elag , den  m an  in  g ezuckertem  Tee zu züch ten  p fleg t. A us diesem  » japanischen  
Pilz« k o n n te n  versch iedene M ikroorganism en iso liert w erd en : eine H efe a rt und  
m eh rere  B ak te rien . Die pharm ak o lo g isch en  U n te rsu c h u n g e n  fü h rte n  zu  fo l
genden  R e su lta te n :

1. Die B a k te r ie n k u ltu r  e n th ä l t  keine b lu td ru c k se n k e n d e  S u b stan z .
2. In  der H e fe k u ltu r  is t ein  b lu td ru c k se n k e n d e r  S to ff e n th a lte n .
3. D er b lu td ru c k se n k e n d e  S to ff  is t an die H efezellen  g eb u n d en ; der 

ze llfreie N ährb o d t ui en t h ä lt d iesen  S to ff n ich t.
4. Die b lu td ru ck sen k en d e  S u b stan z  ist th e rm o s ta b il .
5. Die b lu td ru ck sen k en d e  S u b stan z  k an n  a u f  versch iedene  W eise aus 

den  Zellen e x tra h ie r t  w erden . U n te r  den e rp ro b te n  M ethoden  h a t  sich  das 
K ochen  m it v e rd ü n n te r  E ssig säu re  am  w irk sam sten  erw iesen .

6. Zu V ergleichszw ecken w urde  der b lu td ru c k se n k e n d e  E ffe k t auch  
a n d e re r  H efek u ltu ren  u n te rsu c h t u n d  festg este llt, d a ß  au ch  andere  H e fea rten  
einen  gewissen b lu td ru c k se n k e n d e n  S to ff e n th a lte n , a b e r  die b lu td ru c k se n 
kende W irk u n g  z. B. von B ackhefe 4 — 5m al g e rin g er is t. Zwei an d ere  w ilde 
H efestäm m e w irk ten  gleichfalls schw ächer.

7. Die b lu td ru c k se n k e n d e  W irk u n g  des » jap an isch en  Pilzes« —- in sb e 
sondere die der re in en  H e fe k u ltu re n  — is t ziem lich in te n s iv , aber n ich t a n h a l
te n d , so daß  er den  W e ttb e w e rb  m it den m o d e rn en  b lu td ru c k se n k e n d e n  
M ed ikam en ten  n ic h t au fzu n eh m en  verm ag.
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S. S z A K Á L Y

(S a n i tä re r  Kontrolldienst der M ilchindustr ie ,  Pécs)

D IE  W IR K U N G  D E R  B E I M A STITIS G E W O N N E N E N  M IL C H  
A U F D IE  L E B E N S F U N K T IO N E N  D E R  M IL C H S Ä U R E B A K T E R IE N  

IN  D E R  B U T T E R K U L T U R

Sekretorisch  fe h le rh a f te  M ilchproben  w u rd e n  (nur in  su b k lin isch en  Fällen) 
m i t  d e r  als zuverlässig  angesehenen  W h itesid e -P ro b e  se le k tie r t u n d  die v e r
sc h ie d e n a rtig  w ä rm e b e h a n d e lte n  (rohen , hei 75, 85 u n d  100° C 1 M inute p a s
te u r is ie r te n  sowie s te rilen ) W h itesid e -p o sitiv en  und  -n e g a tiv e n  M ilchproben 
g e so n d e r t  m it B u t te rk u l tu r  sowie Str. lactis- u n d  Str. c rem o ris-R ein k u ltu ren  
b e im p f t .

W ie festgeste llt w u rd e , g eh t die S äu reerzeugung  der M ilch säu reb ak te rien  
in  d e r  als negativ  (gesund) beze ich n eten  M ilch m it genügender In te n s i tä t  v o r 
s ic h ; d e r defin itive S ä u re g ra d , die A ro m areak tio n  und  die p h y sik a lisch en  E igen
s c h a f te n  der K u ltu r  w eisen  die g ew ü n sch ten  C h a ra k te r is tik a  auf. In  der 
W h ite s id e -p o sitiv en  M ilch erfo lg t die S äu rep ro d u k tio n  la n g sa m e r, der E n d 
s ä u re g ra d  blieb s te ts  u n te r  30° SH . Die A ro m areak tio n  d er au s  d ieser Milch 
h e rg e s te llte n  K u ltu r  e rg ib t — oder =j= ,  ih r  G eschm ack is t in  d e r  R egel herb , 
b i t t e r ,  unangenehm  fre m d , w iderlich , n ic h t re in , ihre K o n s is te n z  is t weich, 
f lo c k ig , gashaltig .

D ie G esam tke im zah l d er aus der ro h en  u n d  v e rsch ied en artig  w ärm ebe
h a n d e l te n  gesunden M ilch zu b e re ite ten  K u ltu r  is t 3 — 9m al h ö h e r  als die der 
a u s  p o s itiv e r  Milch h e rg e s te llte n  K u ltu r . D er U n tersch ied  im  E n d säu reg rad  
u n d  in  der K eim zahl d e r be id en  K u ltu re n  lä ß t  sich w ah rsch e in lich  d a ra u f  
z u rü c k fü h re n , daß  die V erm eh ru n g  d er M ilch säu reb ak te rien  v o n  d er sek re 
to r is c h  feh lerhaften  M ilch geh em m t w ird . E in ige  ausländ ische  F o rsch e r schrie
b en  d ie  H em m w irkung  d e r be i M astitis  gew onnenen  Milch dem  M angel der den 
sog . an tib ak te rie llen  F a k to re n  e n tsp rech en d en  W ach stu m ssto ffe , d er höheren  
L e u k o z y te n z ah l u n d  d e r an tag o n is tisch en  W irk u n g  der die E u te re n tz ü n d u n g  
v e ru rsa c h e n d en  S tre p to k o k k e n  zu.

A u f G rund e igener U n te rsu c h u n g e n  is t es w ahrsche in lich , d a ß  die H em m 
w irk u n g  n ich t au f den  S to ffw ech se lp ro d u k ten  d er E n tz ü n d u n g  h e rv o rru fen d en  
S tre p to k o k k e n  u n d  a u f  d e r hohen  L eu k o zy ten zah l b e ru h t, so n d e rn  in  e rste r 
L in ie  a u f  der infolge v e rä n d e r te r  Z u sam m en se tzu n g  n ied rig e ren  P u ffe rk a p a 
z i t ä t  d e r  sekretorisch  fe h le rh a f te n  M ilch, a u f  d e r A nw esenheit v o n  w ärm eem 
p fin d lic h e n  und  th e rm o s ta b ile n  A n tik ö rp e rn  sowie v e rm u tlich  a u f  dem  M angel 
e in z e ln e r  w ichtiger B iosto ffe .

D ie m itte ls S äu re g ra d b e s tim m u n g  k o n tro llie rte  V erm eh ru n g sh em m u n g  
h ö r te  in  der 5%  m a s titisc h e  M ilch e n th a lte n d e n  K u ltu r  au f, w äh ren d  die 
sc h ä d lic h e  W irkung d e r  sek re to risch  fe h le rh a ften  Milch a u f  d en  A ro m ag eh a lt, 
G esch m ack  und die K o n s is te n z  der K u ltu r  sich auch  hei n ied rig e rem  P ro z e n t
s a tz  m an ifestie rte .
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VIROLOGIE

T. SzENT-IvÁNYI

(Epidemiologisches Inst i tu t  der Veterinärmedizinischen Universität Budapest)

U N T E R S U C H U N G  D E R  E N T E R O V IR E N  VON S C H W E IN E N

Aus den  K o tp ro b e n  von  58 h a u p tsä c h lic h  aus g roßen  S chw ein eb estän d en  
s ta m m e n d e n  g esunden  und  u n te r  v e rsch iedenen  k lin ischen  S ym ptom en  e r 
k ra n k te n  Schw einen  zü ch te te  V eri. 185 S ch w ein e -E n te ro v iru s-S täm m e (ECSO) 
in iso lierten  S chw einen ie rengew ebsku ltu ren . M it H ilfe von  37 aus K an inchen  
e rzeug ten  Im m u n se ra  re ih te  er die S täm m e in m in d esten s  16 serologische 
G ruppen  ein . V on diesen geben die S täm m e einer G ru p p e  K reu z reak tio n  m it 
dem  in fek tiö sen  (T eschener) S chw einelähm ungs-V irus. A u f G rund  des m o rp h o 
logischen B ildes d er in den G ew ebsku ltu ren  e n ts ta n d e n e n  zy to p a th o lo g isch en  
V erän d e ru n g en  b ilden  die S täm m e zwei T y p en , deren  B estim m u n g  au ch  in 
n a tiv e n  K u ltu re n  m öglich ist u n d  die m it der sero logischen  G rupp ierung  d er 
S täm m e zu sam m en h än g en d e  A rb e it e r le ic h te rt. A u f co lostrum fre i k ü n s tlich  
aufgezogene ju n g e  F erk e l w irken einzelne S täm m e p a th o g en .

M. K o l l e r , É . G önczöl , F. L e h e l , I . J ókai

(Mikrobiologisches Ins t i tu t  und Puthophysiologisches Ins t i tu t  der Mediz in ischen Universi tät
Debrecen )

V E R S U C H E  ZU R  R E IN IG U N G  VOIS H E R P E S  S IM P L E X  V IR U S S U S P E N S IO N E N

Die B eh an d lu n g  von H erpes sim plex-V irussuspension  m it anste ig en d en  
R iv an o lin en g en  e rgab , d aß  das in fek tiv e  V irus g rö ß ten te ils  m it einer geringenD D "  D D D

R ivano lm enge  au sg efä llt w erden k a n n , die den ü b erw iegenden  Teil des E iw e iß 
gehaltes d e r  V irussuspension  noch in  L ösung  b e lä ß t. Avis dem  N iedersch lag  
k a n n  m an  das V irus in in fek tiv e r  F o rm  zu rückgew innen .

W ird  das a u f  H eL a-Z ellen  gezü ch te te  H erpes sim plex-V irus a u f  die 
D E A E -Z ellu losesäule ü b e rtra g e n  und m it e iner an s te ig en d e  K ochsalzkonzen- 
tra tio n e n  e n th a lte n d e n  P u fferlösung  e lu ie rt, so ist fe s tzu s te llen , d aß  der E iw e iß 
g ehalt d er V irussuspension  g rö ß ten te ils  m it d er P u ffe rlö su n g  von n ied rig e re r 
K o n zen tra tio n , dagegen  das in fek tiv e  V irus m it d er P u ffe rlö su n g  von h ö h ere r 
K o ch sa lzk o n zen tra tio n  e lu iert w erden  k an n .
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A. B a r t h a

( Epidemiologisches Ins t i tu t  der Veterinärmedizinischen Liniversität Budapes t)

IS O L IE R U N G  VON B O V IN -A D E N O V IR U S  IN  K A L B S H O D E N Z E L L K U L T U R E N

A us dem  K o t sowie N asen sek re t gesunder K ä lb e r, w e ite rh in  aus d er 
L u n g e  eines an v iru sb ed in g tem  D u rc h fa ll e ingegangenen  K albes k o n n te  in 
K a lb sh o d e n z e llk u ltu ren  ein  V irus iso lie rt w erden , das a u f  G ru n d  seiner p h y s i
k a lisch en  und  zy to p a th o g e n e n  E ig en sch a ften  zur G ru p p e  d e r A denov iren  
re c h n e t. Die m it dem  iso lierten  V irus in fiz ie rte n  K ä lb e r u n d  L a b o ra to r iu m s
v e rsu c h s tie re  e rk ra n k te n  n ich t.

P . Ge c k , I . N ász , P . D á n , G y . I m r e , I. K orc.h m ár os

(Staatl iches Ins t i tu t  f ü r  Hygiene, Gesundheitsdienst der Ungarischen Volksarmee,  
Mikrobiologisches In s t i tu t  und I I .  A u g e n k l in ik  der Medizinischen Universität Budapest)

Ü B E R  D IE  S P E Z IF IS C H E N  A N T IG E N E IG E N S C H A F T E N  
D E R  E IN S C H L U S S K Ö R P E R C H E N  B E I K E R A T O C O N JU N C T IV IT IS  E P ID E M IC A

In  den J a h re n  1961—62 is t in  U n g a rn  eine K e ra to c o n ju n c tiv itis  epide- 
m ica-E p id em ie  a u fg e tre ten . In  88 %  d e r aus der a k u te n  K ra n k h e itsp h a se  
s ta m m e n d e n  B in d e h a u ta h s tr ic h e  e n th ie lte n  die E p ilhelze llen  c h a ra k te ris tisch e  
E in sch lu ß k ö rp e rch en . In  Im m u n flu o re szen zu n te rsu ch u n g en  w u rd e  fe s tg e s te llt, 
d a ß  diese E in sch lu ß k ö rp erch en  spezifische A n tig en e ig en sch aften  b esitzen , die 
d e r  A n tig e n n a tu r  des A denov irus 8 e n tsp rech en , das auch  bei d ieser E p idem ie  
als H a u p te rre g e r zu b e tra c h te n  w ar. Zw ecks N ach p rü fu n g  d e r A n tig en sp ez ifi
t ä t  d er E in sch lu ß k ö rp erch en  w u rd en  die solche sicher e n th a lte n d e n  B inde
h a u te p ith e lz e llen  zu r K on tro lle  m it A d en o v iru s-Im m u n se ra  d e r T y p en  3, 4, 5, 
6 , 7 u n d  11 b e h a n d e lt, ohne d aß  c h a ra k te ris tisch e  F luo reszenz  in  irgendeinem  
F a ll  fe s tg este llt w erd en  k o n n te .

Die Im m u n flu o re szen zu n te rsu ch u n g en  zah lreicher, v o n  an d eren  B in d e
h a u te n tz ü n d u n g e n  s tam m en d e r A b str ich e  ergaben  m it dem  A denov irus 8 
g eg en ü b er e rzeu g ten  Im m u n se ru m  gleichfalls ein n eg a tiv es  R e su lta t.

D er von  d er B in d e h a u t der an  K e ra to c o n ju n c tiv itis  ep idem ica  le idenden  
K ra n k e n  in  122 F ä llen  en tnom m ene  A b s tr ic h  b e s tä tig te  im  V ergleich  zu den  
K o n tro lle n  ü b erzeu g en d , daß  die E in sch lu ß k ö rp erch en  bei K e ra to c o n ju n c ti
v it is  ep idem ica die p a th o g en en  V iru s te ilch en  teilw eise oder ganz e n th a lte n .
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I. H ollós

(Staatliches Insti tu t  f ü r  Hygiene , B udapes t)

IH K  W IR K U N G  D E S M O D IF IZ IE R T E N  F R A N C IS -IN H IB IT O R S  
A U F  D IE  V E R M E H R U N G  D ES IN F L U E N Z A -V IR U S

Von d e r aus dem  m od ifiz ierten  F ra n c is -In h ib ito r  h ergeste llten  F ra k tio n  
w ird die V e rm eh ru n g  des In fluenza-V irus im  d eem b ry o n ie rten  Ei sehr b e tra c h t-  
lieh g eh em m t. M it einer zy to to x isch en  W irk u n g  lä ß t sich die E rsch e in u n g  
n ich t e rk lä re n , weil die V erm ehrung  des V accinia-V irus u n te r  gleichen B e d in 
gungen n ic h t g eh em m t w ird. D er E ffe k t a u f  die in d er A llan to ism em b ran  v o r  
sich gehende V erm eh ru n g  f in d e t h a u p tsä c h lic h  zu B eg inn  d er E k lip te n p h a se  
und  d an n  s t a t t ,  w enn  die F ra k tio n  bei d er V iru sfre ise tzu n g  zugegeben w ird . D ie 
A usscheidung  d e r bere its  reifen  P a rtik e lc h e n  aus d er Zelle w ird b esch leu n ig t. 
Die in der N äh rflü ss ig k e it w ahrgenom m ene hochgrad ige H em m w irkung  h ä n g t  
m it dem  v iru z id e n  C h arak te r d er S u b stan z  zusam m en . Da es sich bei d e r  
fraglichen S u b s ta n z  um  ein Z ellrezep to r-A nalogon  h a n d e lt, m uß der Z e llrezep 
to r  n ich t n u r  in der F rüh -, sondern  au ch  in d er S p ä tp h ase  d er V iru sv erm eh ru n g  
eine Rolle sp ielen .

P . F ö l d e s , I . Sz e r i , Z s . B á n o s , P. A n d e r l ik

( Mikrobiologisches Institu t der Medizinischen Universität Budapest)

IN F E K T IO N  VON IM N E U G E B O R E N E N A L T E R  T H Y M E K T O M IE R T E N  M Ä U SEN
M IT LCM -V IRU S

Die U n te rsu ch u n g en  w urden  an  n ich t aus In z u c h t s tam m enden  w eissen 
und  C B A -M äusen vorgenom m en. N ach  ic. In fek tio n  von  4 — b W ochen a lte n , 
im N eu g eb o ren en a lte r  th y m e k to m ie rte n  M äusen m it e iner m assiven LCM- 
V irusdosis w urde  d er th eo re tisch en  H y p o th ese  en tsp rech en d  v e rm in d e rte  
E m p fän g lich k e it dem  Virus gegenüber fes tg este llt, die sich in einer v e r lä n g e r
ten  In k u b a tio n sz e it  bzw. darin  m an ife s tie r te , d aß  %  d e r M äuse m ehr als 14 
Tage (14 — 49 Tage) ü b erleb te . D ie m it diesen M äusen a u f  derselben  S tre u  ge
halten en  Ko n i  rollt iere gingen nach d er üb lichen  In k u b a tio n sze it (6 — 7 T age) 
ein. Bei d e r S ek tio n  der nach p ro lo n g ie rte r In k u b a tio n sz e it verende ten  V ersu ch s
tiere  w urde  fe s tg es te llt, d aß  in e tw a  20 %  der F älle  die T h y m u se x s tirp a tio n  
vo llw ertig  w a r u n d  die V erlängerung  d er In k u b a tio n sz e it im  V erh ä ltn is  zu r 
R a d ik a litä t  d e r  O p era tio n  s ta n d . Bei e iner G ruppe von  th y m e k to m ie rte n , a b e r  
n ich t m it LCM -V irus in fiz ierten  M äusen k o n n ten  die k lin ischen  und h is to lo g i
schen S y m p to m e  d er »wasting disease« w ahrg en o m m en  w erden.

A us d en  E rgebn issen  w urde die S ch lußfo lgerung  gezogen, daß  die LCM - 
V iru sin fek tio n  ein geeignetes M odell zu r U n te rsu c h u n g  des P ro b lem s d e r 
T h y m u se x s tirp a tio n  im N eu g eb o ren en a lte r d a rs te llt.
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D . K a r a ss z o n , L. B odon

( Staatliches Insti tu t  f ü r  H ygiene ,  Budapest)

U N T E R S U C H U N G  D E R  VON E IN E M  N IC H T  Z Y T O P A T H O G E N E N  
S C H W E IN E PE ST -V IR U SST A M M  H E R V O R G E R U F E N E N  

Z Y T O C H E M IS C H E N  V E R Ä N D E R U N G E N  U N I) D E R E N  B E D E U T U N G  
F Ü R  D IE  E R K E N N U N G  D E R  E IG E N S C H A F T E N  D E S  V IR U S

M ittels Im m u n flu o reszen z- u n d  zy to ch em isch en  U n te rsu ch u n g en  w urden  
d ie  u n te r  W irk u n g  d e r n ich t z y to p a th o g e n e n  S chw einepest-V irus-In fek tion  
in  p r im ä re n , e in sch ich tig en  S ch w ein eem b ry o -N ieren ep ith e lze llk u ltu ren  vo r sich 
g e h en d en  E reign isse  b e o b a c h te t u n d  das in traze llu lä re  E rsch e in en  des V irus
a n tig e n s  v e rfo lg t. D ie U n te rsu ch u n g en  w u rd e n  m it einem  in  d er 6 — 7. Gewebs- 
k u ltu rp a ssa g e  b e fin d lich en  S chw einepest-V irusstam m  v orgenom m en , der sich 
— n a c h  dem  Im m u n flu o re szen zv e rfah ren  u n te rs u c h t — in  d er V erd ü n n u n g  
10~ 4 als in fek tio n sfäh ig  erw ies.

48 S tu n d en  n a c h  d er In fek tio n  k o n n te n  in  den m it H ä m a to x y liu -E o s in , 
n a c h  G ie m sa  u n d  m it ko llo ider S u d an -L ö su n g  g efärb ten  P rä p a ra te n  im  V er
g le ich  zu den n ic h t in fiz ie rte n  K o n tro llen  k eine  V erän d eru n g en  nachgew iesen 
w e rd e n . D ie F eu lg e n -R e a k tio n  ergab  ein  n eg a tiv e s  R e su lta t. Im  Z y to p lasm a 
d e r  m it chrom - u n d  a lau n h a ltig em  G a llo cy an in  g efä rb ten  Zellen w aren  a u f  
N u k le in sä u re v e rm eh ru n g  devitende A n ze ich en  zu b eo b ach ten , d em e n tsp re 
ch e n d  t r a t  in  den  m it A crid inorange g e fä rb te n  P rä p a ra te n  eine R ib o n u k le in 
s ä u re a n h ä u fu n g  anzeigende F luoreszenz zu ta g e . Die a u f  diese W eise n ach g e
w iesene  R ib o n u k le in säu re  h a t  der R ib o n u k lea seb eh an d lu n g  n ic h t w id e rs ta n 
d e n . D ie Id e n t i tä t  m it  dem  V iru san tig en  w urde  in  Im m u n flu o re sz e n zu n te r
su ch u n g e n  e rh ä r te t .

A u f G rund  d e r E rgebn isse  w ird  u n te r  B erü ck sich tig u n g  der schon zuvor 
b e k a n n te n  E ig en sch a ften  angenom m en, d a ß  das S chw einepest-V irus zu den  
r ib o n u k le in sä u re h a ltig e n , ä th e r- und  ch lo ro fo rm res is ten ten , 27 — 30 m p großen, 
k u g e lfö rm ig en  V iren  z ä h lt u n d  in fo lgedessen  alle jene  K rite rie n  aufw eist, a u f  
G ru n d  w elcher seine E in o rd n u n g  in  d ie P ico rn a-V iru sg ru p p e  angezeig t e r
sc h e in t.

Á. J ancsó , M. S imon

( Staatl iches Ins t i tu t  f ü r  Hygiene  und  Gesundheitsdienst  der Ungarischen Volksarmee,  Budapest)

Ä T IO L O G IS C H E  U N T E R S U C H U N G  V O N  E P ID E M IO L O G IS C H E N  
U N D  S P O R A D IS C H E N  K E R A T O C O N JU N C T IV IT IS -E R K R A N K U N G E N

V on N o v em b er 1961 bis A pril 1962 w u rd en  330 U n te rsu c h u n g sm a te r ia 
lie n  v o n  P erso n en , die an  K e ra to c o n ju n c tiv itis  epidem ica e rk ra n k t w aren , in  
V iru s iso lie ru n g sv ersu ch en  au fg ea rb e ite t. M it dem  S eru m p aar v o n  160 K ran k en  
w u rd e n  zum  N achw eis d er A d e n o v iru s in fek tio n  K o m p lem en tb in d u n g s- u n d
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H ä m a g g lu tin a tio n sh em m u n g su n te rsu ch u n g en  vorgenom m en. W ä h re n d  die 
Z ahl d er iso lierten  Y irusstäm m e zu gerin g  w ar, um  k o n k re te  S ch luß fo lgerungen  
ziehen zu k ö n n en , d eu te ten  die sero logischen  M ethoden , v o r a llem  die H A- 
H em m ung , in  50 %  der Fälle ü b e re in s tim m en d  a u f  die p a th o g en e  R olle des 
A denov irus 8.

Im  V erlau f d e r zw ischen A u g u st 1962 und Ju n i  1963 sp o rad isch  au fg e 
tre te n e n  K e ra to c o n ju n c tiv itis -E rk ra n k u n g e n  w urde das U n te rsu c h u n g s 
m a te ria l von 32 K ran k en  a u fg e a rb e ite t.

A us den V irusiso lierungsversuchen  und  A n tik ö rp e ru n te rsu c h u n g en  ging 
die p a th o g en e  Rolle versch iedener V iren  (A denovirus 3, 4, 8, 14, H erpes 
sim plex-V irus) h e rv o r.

I. B f.l á d i , R . P usztai

(Mikrobiologisches Institu t der Medizinischen Universität Szeged)

IN T E R F E R E N Z  ZW ISC H E N  H E R P E S V IR U S  SU IS UNI )  H E R P E S V IR U S  
H O M IN IS  IN  H eL a-Z E L L E N

N ach  In fe k tio n  m it dem  H e rp e sv iru s  suis (A Y-Virus) in d e r M ultip li- 
z itä t  1 0,1 is t keine V irusw irkung  an  H eL a-Z ellen  w ah rn eh m b ar. A m  3 — 4.
T age nach  der In fek tio n  erw iesen sich  die Zellen dem  H erp esv iru s  hom inis 
gegenüber ausgesp rochen  im m un, d . h. sie w aren  der 100—1000 C PD  50- 
V irusm enge g egenüber re s is ten t. G leichzeitig  w aren  die Zellen dem  P o lio m y e
litis-V irus 2, dem  A denovirus 3 und  P ara in flu en za-V iru s  3 g egenüber ebenso  
em p fin d lich  w ie die K ontro llzellen . Zw ecks K la rs te llu n g  des M echan ism us der 
spezifischen , n u r  m it dem  H erp esv iru s  hom inis v o rh an d en en  In te rfe ren z  
w u rd en  w eitere  V ersuche au sg efü h rt. H ierbe i k o n n te  nach In fek tio n  m it dem  
A Y -V irus keine In te rfe ro n -E rzeu g u n g  nachgew iesen w erden. D as m it UV- 
L ich t in a k tiv ie r te  A Y -V irus in te rfe r ie rte  n ich t m it dem  H erp esv iru s  hom in is. 
Die U ntersuchungsergebn isse  g e s ta t te n  den Schluß, d aß  sich eine in t r a 
zellu läre , n ich t a u f  In te rfe ro n w irk u n g  b e ru h en d e  In te rfe ren z  spezifisch  zw ischen 
H erpesv irus suis u n d  H erpes hom in is en tw ick e lt.

I. M u c s i ,  1. BÉLÁDI

(Mikrobiologisches lnsi iu t  der M ediz in ischen Universität Szeged)

V E R G L E IC H E N D E  U N T E R S U C H U N G  D E R  A N T IG E N ST R U K T U R  
U N D  Z Y T O P A T H O G E N E N  E IG E N S C H A F T E N  

E I  N H EIM ISC H  E R  H E R  P  E SV IR  US H O M IN IS STÄM M E

M it Hilfe d e r an H eL a-Z ellen  b ew erte ten  V iru sn eu tra lisa tio n sp ro b en  
w urde die A n tig e n id e n titä t von 11 einheim ischen  S täm m en  im V erh ä ltn is  
zu e in an d er um! zu zwei auslän d isch en  S täm m en  u n te rsu ch t.

6  Acta Microbiologica XI/1.
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A n H eL a-Z ellen  ze ig ten  die S täm m e keine e in h e itlichen  zy to p a th o g en en  
E ig en sch aften . R u n d ze ilig e  Z elldesin teg ra tio n , S y n zy tiu m b ild u n g  oder beide 
z y to p a th o g e n e n  W irk u n g e n  w aren  gem isch t zu b eo b ach ten . D ie rundzeilige 
D e s in te g ra tio n  e rg eb en d en  S täm m e fü h r te n  in  e inzellsch ich tigen  H ü h n e r
e m b ry o k u ltu re n  zu r B ild u n g  von  M ik ro -P laques, die sy n zy tiu m ste ig e rn d en  
S tä m m e  zur B ildung  v o n  M akro -P laques. F e rn e rh in  w urden  zur K la rs te llu n g  
d e r R olle e inzelner F a k to re n  U n te rsu ch u n g en  ü b e r  die E n tw ick lu n g  der v e r 
sch ied en en  z y to p a th o g e n e n  E igenschaften  d u rc h g e fü h rt.

E . K u k á n

( Mikrobiologisches Ins t i tu t  der M ediz in ischen  Universi tät Szeged)

IS O L IE R U N G  D E S P A R A IN F L U E N Z A -V IR U S  3 IN  D E R  C E W E B S K U L T U R  
N A C H  E IN E M  M O D IF IZ IE R T E N  V E R F A H R E N

D ie geringe P a th o g e n i tä t  des P a ra in flu en za-V iru s  3 H eL a-Z ellen  gegen
ü b e r is t  b e k a n n t. Im  V e r la u f  von  V irusiso lierungsversuchen  fiel an den  m it der 
R ach en sp ü lflü ss ig k e it eines K indes in fiz ie rten  Zellen die am  18. Tage d er 
In k u b a tio n  vo rgenom m ene  H äm a d so rb tio n su n te rsu c h u n g  positiv  aus. H ie r
n a c h  w u rd en  m eh rm als  frische  H e L a -K u ltu re n  m it d er F lüssigkeit der K u ltu re n  
in f iz ie r t , es gelang je d o c h  n ich t, das V irus w e ite rzu im p fen . A m  30. T age der 
In k u b a tio n  ko n n te  m it H ilfe der m itte ls  T ry p s in v e rd a u u n g  h e rgeste llten  Zell
p a ssag e  der b e im p ften  Z e llk u ltu r  das V irus iso lie rt w erden , das sich im  V erlau f 
d e r w eite ren  U n te rsu c h u n g e n  als P a ra in f lu e n z a  3-V irus erw ies. Die m it dem  
S e ru m p a a r  des K ra n k e n  au sg efü h rten  N e u tra lisa tio n sp ro b e n  b e s tä tig te n  den 
Z u sam m en h an g  des a u f  diese W eise iso lie rten  V irus m it der frag lichen  E r 
k ra n k u n g .

J . R om va ry

(Veterinärmedizinisches Forschungsinsti tut  der Ungarischen A kadem ie  der Wissenschaften ,
Budapest)

V O N  V IR E N  D E R  P S IT T A C O SIS-L Y M PIIO G R  A N U L O M A -V E N E R E U M -(P -L G V )G R U P P E  
V E R U R S A C H T E  SC H A F- U N D  K Ä L B E R E R K R A N K U N G E N

I n  m ehreren  S c h a fz u c h tb e s tän d e n  k a m  g rö ß ten te ils  gleichzeitig m it den 
v iru sb e d in g te n  A b o rten  (STAMP-Virus) u n te r  d en  gem einsam  m it den  M u tte r
t ie re n , den  ju n g en  L ä m m e rn , aber auch m it d en  trä c h tig e n  T ieren g eha ltenen  
J u n g tie re n  eine k a ta r rh a lis c h e  L u n g e n e n tz ü n d u n g  vor. A us den  L ungen  
gelan g  es, P  — L G V -V iru sa rten  im  D o tte r  v o n  6 — 8 T age a lten  H ü h n erem b ry o s 
zu  iso lieren . Diese T a tsa c h e  einerseits sowie d er d u rch  die L u ftrö h re  vo rg e
n o m m en e  erfo lgreiche In fek tio n sv e rsu ch  m it  dem  aus der F ru ch tb la se  der 
a b o r tie r te n  Schafe g ez ü c h te ten  einheim ischen  V irus anderse its  schein t die 
H y p o th e se  zu b e k rä ftig e n , d aß  die aus den  k a ta r rh a lis c h e n  L u n g en en tzü n d u n -
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gen und  den A b o rte n  h ier iso lierten  P  — LGV-Viren e in a n d e r  n ah esteh en  o d er 
id en tisch  sind. D ie L u n g en e n tz ü n d u n g  is t som it als eine M an ifesta tio n sfo rm  
d ieser V irusin fek tion  zu b e tra c h te n .

Von den in  K a lb szü ch te re ien  p lö tz lich  in a k u te r  F o rm  a u ftre te n d en  
B ronchopneum on iefä llen  gelang es, einige V iru sa rten  d e r P  — L G V -G ruppe zu 
zü ch ten . Mit dem  im  D o tte rsack  v o n  6 — 7 Tage a lten  H ü h n e rem b ry o s  h a f te n 
den  V irus k o n n te n  junge K ä lb e r in tra v e n ö s  und  in tra tra c h e a l  erfo lg reich  
in fiz ie rt w erden.

Im  B lu tse ru m  d er Schafe u n d  K ä lb e r, welche die K ra n k h e it  ü b e rs ta n d e n  
h a t te n ,  w ar die A n tik ö rp erm en g e  bei den  m it den th e rm o s ta b ile n  A n tig en en  
d e r P  — LGV-Viren d u rch g e fü h rte n  K o m p lem en tb in d u n g sp ro b en  c h a ra k te 
ris tisch  v e rm eh rt.

Bei den ju n g en  K älbern , die m it  dem  aus der L am m lu n g e  iso lierten  V irus 
in tra tra c h ea l in f iz ie r t w urden, w a re n  a u f  die K ra n k h e it h inw eisende le ich te  
S y m p to m e und  V erän d eru n g en  zu  b eo b ach ten . Die m it dem  von K ä lb e rn  
gezü ch te ten  V irus in fiz ie rten  L ä m m e r wiesen eine fa s t  41° C e rre ichende  
T e m p e ra tu re rh ö h u n g  auf, und ih re  L u n g e  zeigte m akro sk o p isch e  und  h is to lo 
gische V erän d eru n g en . Dies bew eist, d aß  im  Z u sam m en h an g  m it den P LGV- 
V iren  von stren g er A rtsp ez if itä t k e in e  R ede  sein kan n .

I. D ö m ö k , E . Molnár

( Staatliches In s t i tu t  f ü r  Hygiene. Budapest)

Ü B E R  D IE  IS O L IE R B A R K E IT  VON E N T E R O V IR E N  
B E I E R K R A N K U N G E N  D E S  Z E N T R A L N E R V E N S Y S T E M S  

V O R  (1958 59) U N D  NA CH (1960 — 62) D E R  E IN F Ü H R U N G  D E R  L E B E N D E N
POLIOMA E L IT IS -V A K Z IN E  IN  U N G A R N

Die E rgebn isse  der in den  J a h r e n  1958— 1962 d u rc h g e fü h rte n  E n te ro -  
v iru s-Iso lie rungsversuche  bei d en  an  P o liom yelitis , an  p o lio m y e litisa rtig en  
E rk ra n k u n g e n  sow ie an  en zep h a litisch er Fazia lisparese  u n d  an asep tisch e r 
M eningitis E rk ra n k te n  w erden von  V erff. h au p tsäch lich  v o n  dem  G esich tsp u n k t 
aus analysiert, ob sich  die Iso lie ru n g sh äu fig k e it der v e rsch ied en en  E n te ro v ire n  
se it E in fü h ru n g  d e r Im pfungen  m it leb en d er Poliom yelitis-V akzine  (1960) im  
V ergleich  zur vorangegangenen  P e rio d e  (1958 — 59) g e ä n d e rt h a t.

In  den J a h re n  1958 — 59 erw iesen  sich 78%  von 635 P o lio m y e litisk ran k en  
als E n te ro v iru sau ssch e id e r (75%  P o lio , 1%  Coxsackie, 2 %  E C H O ), w äh ren d  
in den  Ja h re n  1960 — 62 von den  a u f  k lin isch  als P o lio m y e litis  e rk lä rte n  43 
F ä llen  46%  V irus aussch ieden  (4 4 %  P o lio , 2%  Coxsackie). V on den an a n d e re n  
n eu ra len  E rk ra n k u n g e n  L eidenden  w u rd en  864 in der e rs te n  und 1181 in d e r 
le tz te re n  Periode u n te rsu c h t. Die V iru sau ssch e id u n g sh äu fig k e it b e tru g  1958 — 59 
2 3 %  (10%  P o lio , 8 %  C oxsackie, 5 %  ECHO), I960 -6 2  dagegen 10%

6 *
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(3 %  Polio , 2%  C oxsack ie , 5 %  EC H O ). In  den  Ja h re n  1960 — 62 w urde P o lio 
v iru s  u n g each te t des K ran k h e itsb ild es  aussch ließ lich  im  V e rla u f  der e rs ten  
H a lb ja h re , d. h. in  d e n  V ak zin a tio n sp erio d en , dagegen 1958 — 59 bei Poliom y- 
e li t id  en im ganzen J a h r  und  bei den a n d e re n  K ra n k h e itsb ild e rn  in der zw eiten 
J a h re sh ä lf te  iso lie rt. D iese E rgebnisse b e s tä tig e n , d aß  d ie Z irk u la tio n  der 
w ild en  Polioviren  s e it 1960 in  U ngarn  p ra k tis c h  au fgehört h a t .  D ie H äu fig k e it 
des V orkom m ens a n d e re r  E n te ro v iren  b e i den  E rk ra n k u n g e n  des Z e n tra l
n e rv en sy stem s h a t  s ich  seit E in fü h ru n g  d e r lebenden  Polio-V akzine n ich t 
g e ä n d e rt.

I .  D ö m ö k , E . Mo l n á r , G. K e l e m e n , S. P á c s a , Gy . L e n g y e l , E . Á goston

( Staatliches Insti tu t  f ü r  H yg iene , Budapest  
und  Ins t i tu t  f ü r  Hygiene und Epidemiologie , Stationen Pécs u n d  Szeged)

D IE  H U M O R A L E  IM M U N ITÄ T G E G E N Ü B E R  P O L IO M Y E L IT IS  
D E R  U N G A R IS C H E N  B E V Ö L K E R U N G  IM A P R IL  1963

Zwecks B es tim m u n g  des h u m o ra len  Im m u n itä tsg ra d e s  gegenüber P o lio 
m y e litis  w urden im  A pril 1963 aus 24 V e rw a ltu n g sb ez irk en  v o n  etw a 4 0 % ooo 
d e r  B evölkerung  sä m tlic h e r  A lte rsg ru p p en  B lu tp roben  e n tn o m m e n . Lediglich 
b e i 202 der u n te rs u c h te n  3934 P erso n en  (5 ,1% ) w urde A n tik ö rp erm an g el 
irgende inem  P o lio v iru s-T y p  gegenüber fes tg este lll. V on diesen  besaßen 63 
(1 ,6 % ) keine A n tik ö rp e r  Polio  1, 46 (1 ,2 % ) Polio  2, 74 (1 ,9% ) P olio  3, 10 (0 ,3% ) 
P o lio  1 —|— 3, 8 (0 ,2 % ) Polio  2 +  3 g eg en ü b er, w ährend 1 P e rso n  keinem  T yp  
g eg en ü b er A n tik ö rp e r  aufw ies. D as V e rh ä ltn is  der se ro p o sitiv en  Personen  
sä m tlich en  drei T y p e n  gegenüber e rre ich te  oder ü b erstieg  9 5 %  in säm tlichen  
A lte rsg ru p p en , die im  J a h re  1962 G eb o ren en  ausgenom m en. Bei den M ännern  
w a r  das V erh ä ltn is  d e r  S eronegativen  e tw as  höher als bei den  F rau en . Im  
Im m u n itä tsn iv e a u  d e r  in  versch iedenen  V erw altu n g sb ez irk en  lebenden  e r
w achsenen  u n g e im p fte n  B evölkerung  t r a te n  keine w esen tlich en  U ntersch iede 
z u ta g e . Diese T a tsa c h e  sowie der U m sta n d , d aß  die M ehrzahl d er U ngeim pften  
e in en  hohen A n tik ö rp e rsp ieg e l aufw ies, g e s ta tte n  die Sch lußfo lgerung , daß  die 
S tre u u n g  der a t te n u ie r te n  P o lio v iru sstäm m e anläß lich  d e r jäh rlich  w ieder
h o lte n  Im p fk a m p a g n e n  ausre ich t, um  d ie Im m u n itä t  d er G esam tb ev ö lk eru n g  
a u f  einem  en tsp re c h e n d en  N iveau  zu h a lte n .
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B A K T E R IE L L E  BIOCHEMIE

L. V Á c z i ,  A. R é t h y , I. R é d a i

(M ikrobiologisches In s ti tu t  der M edizin ischen U niversitä t Debrecen)

G A SC H R O M A T O G R A P H ISC H E  A N A L Y SE  
D E R  F E T T S Ä U R E N  V E R S C H IE D E N E R  B A K T E R IE N

Die F es ts te l lung  des F e t t s ä u re s p e k t ru m s  der ve rsch iedenen  B a k te r ie n  
e rm öglich t die genauere sy s tem ato log ische  E in o rd n u n g  d e r  einzelnen B a k te r ie n  
sowie die präzisere B e s t im m u n g  b isher  weniger u n te r s u c h te r  P h asen  des 
Bakterienstoffw echsels . Mit H ilfe  dieser M ethode u n te r s u c h te n  Vcrff. das  
F e t t s ä u re s p e k t ru m  sowie die q u a l i ta t iv e  u n d  q u a n t i ta t iv e  Z u sa m m e n se tz u n g  
von  6 versch iedenen  B akter ien -Spez ies .

L. V Á c z i ,  S. M a k l e i t , F. M a n d u l a , P. R i c h t e r

(M ikrobiologisches In s t i tu t  der M edizin ischen U niversitä t Debrecen,
Staatliches In s titu t fü r  H ygiene u n d  Im pfsto fferzeugungs- und F orschungsinstitu t

H u m a n , B udapest)

E R F A H R U N G E N  B E I D E R  C H E M IS C H E N  U N T E R SU C H U N G  V O N  L U E S -A N T IG E N E N

Im  V erlau f  der Schicht-  u n d  gasch ro m a to g rap h isch en  A nalyse  k ö n n e n  
ch a rak te r is t ische  U ntersch iede  u n te r  den  K o m p o n en ten  d e r  einzelnen A n tigene  
sowie in ih rem  Gehall an g e sä t t ig te n  u n d  u n g esä t t ig ten  F e t t s ä u re n  n ach g e 
wiesen w erden. Im  Z u sa m m e n h a n g  m it  diesen U n te rsu c h u n g e n  wird a u f  die 
B e d e u tu n g  dieser K o m p o n e n te n  bei der  E n tw ick lu n g  der  K o m p le m e n t-  
b indungs-  und  P rä z ip i ta t io n s -L u e s rea k t io n e n  hingewiesen.

E . M a r j a i , G. I v á n o v i c s

(M ikrobiologisches In s ti tu t  der M edizin ischen U niversität Szeged)

U N T E R S U C H U N G  D E R  IN D U Z IE R E N D E N  W IR K U N G  
V E R S C H IE D E N E R  Z Y T O ST A T ISC H E R  M IT T E L  

A N  M E G A Z IN O G E N E N  U N D  L Y S O G E N E N  B A C ILLU S M EG  A T E R  IU M -STÄ M M EN

Die W irk u n g  von in sgesam t 14 in V erkehr  befind lichen  u n d  auch klin isch  
angew en d e ten  zy to s ta t isch en  M it te ln  a u f  den m egazinogenen  B. m egaterium - 
S ta m m  Nr. 216 sowie au f  den  lysogenen  B. m ega tcrium -S tam m  Nr. 899 w urde  
u n te rsu c h t .  Diese S täm m e lösen sich u n te r  W irkung  von  U V -B es trah lu n g  
u n te r  P ro d u k t io n  von Megazin bzw. P hagen  auf. Drei M itte l ,  M itom ycin  C, 
T ren im o n  und  C arcinophyllin  ( K y o w a ) ,  ah m ten  v o l lk o m m en  die W irk u n g  
der  U V -Strah len  nach, d. h . sie fü h r te n  zur  Megazin- bzw . P h a g in d u k t io n .  Als 
w irkungslos auf den m egaz inogenen  S ta m m  erwiesen sich: S ticks to ff  lost,
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B e ta p h e n y l-ä th y la lk o h o l ,  Degranol, 6 -M ercap to p u r in ,  Sarcolysin  (Actino- 
m y c in  C) sowie das  b e k a n n te rm a ß e n  m u ta g e n  w irkende  Sulfonat.  Bei den 
u n te r s u c h te n  S u b s ta n z e n  h a n d e l t  es sich sowohl chem isch , als auch in ih ren  
b ish e r  b e k a n n te n  W irk u n g e n  um  sehr versch iedene Stoffe. I h r  angeblicher 
A n t i tu m o re f fe k t  k a n n  a u c h  schon a u f  d ieser  G rund lage  a u f  sehr  verschiedenen 
W irk u n g sm e c h a n ism e n  b e ruhen .  E in  Teil v o n  ihnen  w irk t  a u f  die DNA- 
S y n th ese ,  doch t r i t t  die H e m m u n g  d e r  N u k le in säu re sy n th ese  ve rsch ieden
a r t ig  zu tage . Die W irk u n g  der die In d u k t io n  h e rv o r ru fen d en  Substanzen  e r 
sch e in t  als ein ty p isc h  rad io m im etisch e r  U V -E ffck t .  Die m u ta g e n e  E igenschaft  
is t  v o n  der In d u k t io n s w irk u n g  u n ab häng ig ,  weil z. B .Ä th y lm e th a n s u l fo n a t  keine 
in d u z ie rende  E ig e n sc h a f t  zeigte. Von B e ta p h e n y l-ä th y la lk o h o l  w ird  die D NA- 
S y n th ese  gleichfalls g e h e m m t,  was ab e r  m i t  de r  T re n n u n g  des D N A -D oppel-  
fad en s  z u sa m m e n h ä n g t .  E s  scheint, d a ß  das  S tu d iu m  d er  M egaz in -Induk tion  
bei d e r  Screening u n d  G rupp ie rung  der  zy to s ta t i s c h e n  S u b s tan zen  Hilfe zu 
le is ten  verm ag.

IMMUNOLOGIE

R .  B a c k h a u s z

( Im p fsto fferzeugungs- und F orschungsinstitu l H u m a n , B udapest)

Ü B E R  D IE  B E Z IE H U N G E N  Z W IS C H E N  D E R  S T R U K T U R  U N D  FU N K T IO N  
D E R  IM M U N G L O B U L IN E

(Z u sam m enfassung  n ic h t eingegangen)

L. K e s z t y ű s , H. C s e r n y á n s z k y , M. K á v a i

( P athophysiologisches In stitu t der M ed izin ischen  U niversitä t Debrecen)

E R Z E U G U N G  G E  W E B S F IX IE R T E R  (S E S S IL E R ) A N T IK Ö R P E R  
IN  M E E R S C H W E IN C H E N

U N T E R  W IR K U N G  E IN E S  E IN M A L IG E N  A N T IG E N ST IM U L U S

40 M eerschw einchen  w urden  m it  1,3 mg/100 g Jo d o v a lb u m in  sensibili
s ie r t  u n d  h iernach  in  In te rv a l le n  von 1 — 3 T agen  jeweils 1 T ier ge tö te t .  Mit 
d e m  Serum  w urde die q u a n t i t a t iv e  P rä z ip i ta t io n  v o rg en o m m en  bzw. in Leber 
u n d  L unge die Menge d e r  sessilen A n t ik ö rp e r  n ach  der  f rü h e r  beschriebenen, 
a u f  H a p te n h e m m u n g  b e ru h en d en  I so to p m e th o d e  b e s t im m t.  Zur A n tigen 
m a rk ie ru n g  w urde  J 131 b e n u tz t .

N ach  den E rg e b n is se n  e n th ä l t  das  Se rum  der  sensibilisierten Meer
schw einchen  k re isende  A n tik ö rp e r  n u r  in  m in im a le r  Menge: e tw a 3 W ochen 
n a c h  der Sensib ilis ierung  k önnen  10 — 30 //g A n t ik ö rp e r—N /m l nachgewiesen 
w erden .  D em gegenüber  e n th ä l t  sowohl die L eber,  als auch  wie die Lunge bereits 
24 S tu n d e n  nach  d e r  Sensibilis ierung eine m eß b a re  Menge sessiler A ntikörper.
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Der A n tik ö rp e rg eh a l t  dieser o rgane e rre ich t  den  e rs ten  H öh ep u n k t  5 — 7 T ag e  
nach  der Sensibilisierung, sodann  n im m t ihre M enge vorübergehend  ah , 
w onach  sie am  18 — 22. Tage im  Vergleich z u m  e r s te n  M axim um  b e d e u te n d  
hö h er  ans te ig t .  Vom 25. Tage an  n im m t  der  sessile A n tik ö rp e rg eh a l t  der L e b e r  
u n d  L unge  ah, doch  können  auch  noch am 50. T age  g u t  m eßbare  Mengen n a c h 
gewiesen w erden.

A u f  G rund  dieser B es t im m u n g en  w ird  v e rs tä n d l ic h ,  w arum  u n te r  d en  
L a b o ra to r iu m sv e rsu ch s t ie ren  das M eerschw einchen das  geeignetste Modell- 
o b je k t  fü r  die experim ente l le  A naphy lax ie  b i ld e t  u n d  w arum  nach e inm alige r  
Sensibilisierung de r  schw erste  an ap h y lak t isch e  Schock  am  18 — 22. T age a u s 
gelöst w erden  kann .

L. B ertók

(  V eterinärm edizinisches F orschungsinstitu t der Ungarischen A kadem ie  der H issenschaften ,
Budapest )

V E R S U C llK  Z U R  V E R Ä N D E R U N G  D E R  A R T S P E Z IF IS C H E N  R E SIST E N Z  
D U R C H  H EM M U N G  D E S E IW E IS S S T O F F W E C H S E L S

Es w urde nachgew iesen, daß  bei R a t t e n  u n d  Meerschweinchen d u r c h  
H em m u n g  des Eiweißstoffwechsels  mit Ä th ion in  ('in tödliches K ran k h e i tsb i ld  
auch  m it  solchen s tenoxischen  K ran k h e i tse r reg e rn  h e rvo rge ru fen  werden k a n n ,  
welche sonst fü r  R a t t e n  und M eerschweinchen vo l ls tän d ig  indifferent s ind . 
A u f  diese Weise gelang es, bei R a t t e n  m it den  E r re g e rn  der Teschener K r a n k 
heit (Schw einelähm ung),  m it  dem  E rrege r  der V iru s -H e p a t i t i s  der E n te n  sowie 
mit dem  der H e p a t i t i s  epidem ica des M enschen eine le ta l  ausgehende E r k r a n 
kung  h e rvo rzu ru fen .  Von den  an  Teschener K r a n k h e i t  eingegangenen R a t t e n  
kon n te  das zu r  In fek tion  b e n u tz te  Virus in d e r  Schw einenierenepithel-G ew ebs- 
k u l tu r  in allen Fä llen  zurückgew onnen  w erden. Die V iru s-H ep a t i t is  der E n t e n  
h a t  hei 4 0 %  der  infiz ierten R a t t e n  ch a rak te r is t isch e ,  au ch  histologisch n a c h 
weisbare pa tho log isch -ana tom ische  V erän d e ru n g en  (B lu tu n g en  in der L eb e r ,  
G elbsucht) z u s ta n d e  geb rach t ,  ln  der Leber d e r  e ingegangenen  R a t te n  k o n n te  
das Virus m it te ls  H ü h n e re m b ry o - Im p fu n g  nachgew iesen  werden. Bei 50 bzw . 
4 0 %  der  R a t t e n  u n d  M eerschweinchen, die m it  d em  S tu h lf i l t r a t  der an H e p a 
tit is  ep idem ica  e rk ra n k te n  Menschen in fiz iert w u rd e n ,  entwickelte sich ein 
typ isches pa tho log isch-ana tom isches  Bild (G elbsucht) .  In  der Leber de r  v e r 
ende ten  oder g e tö te ten  Tiere en ts ta n d e n  ähnliche G ew ebsveränderungen , wie 
sie bei H e p a t i t is  epidem ica des Menschen w ah rg en o m m en  werden k ö n n e n .  
Mit dem  L eberl iom ogenat  der v e rende ten  Tiere k o n n te  das Agens a u f  die m i t  
Ä th ion in  v o rb eh an d e l ten  Tiere übe r tragen  w erden .P
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H . C s E R N Y A N S Z K Y ,  T. SZILÁGYI  

(  Pathophysiologisches In s titu t der M ed iz in isch en  Universität Debrecen) 

U N T E R S U C H U N G  D E R  A N T IK Ö R P E R P R O D U K T IO N  VON K A L T B L Ü T E R N

W ie  Verff. festgestell t  h a t te n ,  k ö n n e n  F rösche  bei 20—30° C gu t  im m u n i
s ie r t  w erden , u n d  sie b ew ah ren  ihre I m m u n i t ä t ,  solange günstige  T e m p e r a tu r 
b e d in g u n g e n  vorliegen. Bei den ähnlich  v o rb eh an d e l ten ,  ab e r  bei n iedrigerer  
T e m p e r a tu r  (8° C) g eh a ltenen  K a l tb lü te rn  k ö nnen  kreisende A n t ik ö rp e r  erst 
d a n n  nachgew iesen w erden , wenn die T ie re  n ach  der Im m u n is ie ru n g  in eine 
T e m p e r a tu r  v on  25 — 30° C v e rb rach t  w e rd en .  Die A n tik ö rp e rp ro d u k t io n  f in d e t  
also be i  den K a l tb lü te rn  sowohl hei der T e m p e r a tu r  von 8° C als au ch  der  von 
20 — 30° C s ta t t .  W ahrsche in lich  h ä n g t  es v o n  der T e m p e ra tu r  ab ,  ob die 
A n t ik ö r p e r  in den K re is lau f  gelangen.

J .  W e i s s f e i l e r , V. K a r a s s o w a

(  M ikrobiologisches In s t i tu t  der Ungarischen A ka d e m ie  der W issenschaften, B udapest)

U N T E R S U C H U N G  E IN E S  N E U E N  A N T IT U B E R K U L Ö S E N  V A K Z IN E -ST A M M E S

Die biologischen, pa thogenen  u n d  im m unogenen  E ig en sch a f ten  des 
a t t e n u ie r t e n  M ycobacterium  tuberculosis-S ta m m e s  Nr. 115 w u rd en  u n te rsu c h t .  
E s  gelang , vo m  S ta m m  eine ison iaz id res is ten te  M utan te  zu gew innen , deren 
im m u n o g e n e  E ig en sch af ten  nicht g e sc h w ä c h t  sind. Die p a th o g e n e n  E igen 
s c h a f te n  des S tam m es  w urden  an M eerschw einchen  in n eu e ren  V ersuchen 
u n te r s u c h t  u n d  m it  denen  des B C G -S tam m es  verglichen. Die im m unogenen  
E ig e n sc h a f te n  des S tam m es  sind besser als die des B C G -S tam m es, was auch  
n e u e re  M eerschw einchenversuche b e s t ä t i g t e n .

M. P a l y u s i k

( Epidem iologisches In s ti tu t  der V eterinärm edizin ischen U niversität B u d a p est)

V E R S U C H E  Z U R  H E R S T E L L U N G  E IN E R  V A K Z IN E  
G E G E N  D E N  C H R O N IS C H E N  P A R A T Y P H U S  D E R  S C H W E IN E

M it dem  an A lu m in iu m h y d ro x y d -G e l  adsorb ierten , m it  F o rm a lin  abge
tö t e t e  Salm onella  typ h i  su is -B ak ter ien  e n th a l te n d e n  F o rm o l-V akz ine -P räz ip ita t  
k o n n te n  in der P rax is  in den m it ch ron ischem  S chw eine -P ara typhus  (Voldagsen- 
P a r a ty p h u s )  in f iz ie r ten  W ir tsch a f ten  fo lgende  R esu lta te  erzielt  w erden :

V o n  den nach  d e r  A b lak ta t io n  u n d  im  Frischlingsalter  in der  überw iegen
d e n  M ehrzah l  der Fälle  m it  1 x 4  ml V a k z in e  geim pften  1250 Schw einen  sind 
114 (9 ,1 2 % ),  von  den  1385 un g e im p ften  K on tro ll t ie ren  246 (17 ,75% ) an  Vol-
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d a g s e n -P a ra ty p h u s  eingegangen. D a ra u s  folgt, d aß  die Vakzine, 4 8 ,6 %  d e r 
jen igen  ab la k t ie r te n  Ferke l u n d  Frisch linge  vo r  dem  V erenden b e w a h r te ,  die 

o h n e  Im p fu n g  an V o ld a g se n -P a ra ty p h u s  e ingegangen wären.
Die im  Sauga lte r  angew endete  ak t iv e  Im m u n is ie ru n g  erwies sich als viel 

w irk sa m e r .  N aeh  Im p fu n g  der  H älf te  der  W ürfe  in A b s tä n d e n  v o n  2 —4 
W o c h e n  m it  2 X 2 ml V akzine sind 7 d e r  ge im pften  1407 Ferke l (0 ,5% ), hei 
d e r  an d e re n  H älf te  der W ürfe  dagegen  52 der  zu K on tro llzw ecken  n ich t  
g e im p f te n  1445 Ferkel (3 ,6% ) an V o ld a g se n -P a ra ty p h u s  e ingegangen.

Bei den Säuen im 3 — 4. T rä c h t ig k e i t s m o n a t  löste 4 — 10 ml V ak z in e  keine 
Im p fre a k t io n  aus. Von den 129 F erke ln  d e r  im T räch t ig k e i tsa l te r  g e im p ften  12 
Säue is t  1, von den 140 F erke ln  der  12 u n g e im p f ten  K on tro llsäue  s ind  15 an 
V o ld ag sen -P a ra ty p h u s  eingegangen.

T. Á n g y a i .

(M ikrobiologisches In s titu t der M ed izin ischen  Universität Pécs)

U N T E R S U C H U N G  D E R  A N T IB A K T E R IE L L E N  S T A P H Y L O K O K K E N IM M U N IT Ä T

Die serologische T y p e n b e s t im m u n g  b o t  die Möglichkeit, die F rag e  der  
a n t ib a k te r ie l le n  S ta p h y lo k o k k e n im m u n i tä t  zu un te rsuchen . Die b isherigen  
U n te rsu c h u n g e n  an M äusen e rgaben , d a ß  die S tap h y lo k o k k en s täm m e  eine a u s 
g ep räg te  an tibak te r ie l le  I m m u n i tä t  zus tan d eb r in g en .  Diese I m m u n i t ä t  ist 
n ic h t  typusspez if isch , da  die serologisch abw eichenden  S täm m e fa s t  den  glei
chen  I m m u n i tä t s g ra d  herbe iführen . Dieses Schu tzan tigen  ist auch  in d en  nach  
B o i v i n , W e s t p h a l  u n d  M o r s e  herg es te l l ten  E x t r a k te n  anzu tre f fen .  Aus den 
U n te rsu c h u n g e n  ging fernerh in  hervo r ,  d a ß  die Im m u n a n tw o r t  vo m  o p t im a len  
A n tig en s t im u lu s  ab h ä n g t .  Sowohl in der  Zone von  sehr wenig, als au ch  von sehr 
v ie l  A n tigen  ist der Schutz  ger ingeren  G rades  als u n te r  den m it  d e r  o p t im a len  
A n tigenm enge  im m unis ie r ten  M äusen.

M . K á v a i , S. D a m  J a n o v i c h , L. K e s z t y ű s

( Pathophvsiologisches In s titu t der M ed izin ischen  Universität Debrecen)

U N T E R S U C H U N G  D E R  A N T IG E N E IG E N S C H A F T E N  U N I) C H E M IS C H E N  S T R U K T U R
VON B E S T R A H L T E M  E IW E IS S

Die A n t ig e n i tä t  u n d  S H -G ru p p e n  von  O valbum in lösungen  ve rsch iedener  
K o n z e n tra t io n e n  w urden  vo r  u n d  n ach  R ö n tg en b es trah lu n g  u n te r s u c h t .  Im  
R a h m e n  des angew endeten  Dosisbereichs k o n n te n  qua l i ta t iv e  A n t ig e n i tä ts -  
v e rä n d e ru n g en  n ich t  festgestellt  w erden . Die e rm it te l ten  q u a n t i t a t iv e n  U n te r 
schiede w erden  — im E in k lan g  m i t  den  S H -G ru p p en zah lb es t im m u n g en  
a u f  die Ä n d eru n g  im Z ah lenverhä ltn is  d e r  S H -d e te rm in a n te n  G ru p p e  z u rü c k 
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g e fü h r t .  Alis den E rg eb n is sen  wird die Sch lußfo lgerung  gezogen, daß  bei e iner 
S trah len sch äd ig u n g  d e r  Eiweißstoffe die S H -G ru p p e n  sowohl in biologischer, 
als a u c h  in s trah len ch em isch er  B eziehung am  em pfind lichs ten  reagieren.

M. F r ö h l i c h , V. B a l á z s

(T. In n ere  K l in ik  der M edizin ischen U niversitä t Szeged)

Ü B E R  D IE  Z U SA M M E N H Ä N G E  Z W IS C H E N  D E M  D IF F E R E N Z IA L S P E K T R U M
U N D  D E R  IM M U N O L O G ISC H E N  F U N K T IO N  V O N  K R Y O G L O B U L IN E N

N ach  neueren  L i te ra tu ra n g ab e n  e igne t  sich die D iffe renz ia lspek tra l
an a lyse  der E iw eißstoffe  zu r  B eg is tr ie rung  de r  M olekülkonfigura tion  u n d  
in n e re n  S tru k tu rv e rä n d e ru n g en .

Yerff. s tu d ie r te n  das  D iffc renz ia lspek trum , die im m une lek trophore ti-  
schen  u n d  S ed im enta t ionse igenschaften  sowie das  m it  F  I I  sensibilisierte 
L a te x -A g g lu t in a t io n sv e rm ö g en  von 10 ve rsch iedenen  K ryoglobulinen.

U n te r  den M akrokryog lobu linen  zeigt in  S äu re  das D iffe renzialspektrum  
derjen igen , die ü b e r  L a tex -A g g lu t in a t io n sv e rm ö g en  verfügen, V e ränderungen  
en tg eg engese tz ten  C h a ra k te rs  als die M akrokryog lobu line ,  die zu r  L a tex -  
A g g lu t in a t io n  n ich t  im s ta n d e  sind. Das D iffe renz ia lspek trum  des n o rm alen  
G am m ag lobu lin s  u n d  des allein aus S -K o m p o n e n te n  bes tehenden  K ry o g lo b u 
lins ä n d e r t  sich in  Säu re  a u f  gleiche Weise.

V on K a rb a m id  w ird  das D iffe renz ia lspek trum  der K ryoglobuline b e 
d e u te n d ,  aber  v e rsch ied en ar t ig  ve rän d e r t .

Die U n tersuchungsergebn isse  g e s ta t te n  d en  Schluss, daß  ein Z u sa m m e n 
h a n g  zwischen der  V a r ia b i l i tä t  der s ek u n d ä ren ,  t e r t iä r e n  S t ru k tu r  der K r y o 
globuline  und  der  M olekülgröße sowie d em  L a tex -A gg lu tina tionsverm ögen  
v o rau sg ese tz t  w erden  m uß .

Zs. P u s z t a i , I. J o ó ,  É . E c k h a r d t ,  I. K iss

( Im pfSto fferzeugungs- und F orschungsinstitu t H u m a n , Budapest)

C H E M ISC H E  A N A L Y S E  U N D  IM M U N B IO L O G ISC H E  U N TE R SU C H U N G  
V O N  SA LM O N E L LA  T Y P H I  -A N T I G E N E N

A nläßlich  der  U n te rsu c h u n g  der n ach  versch iedenen  V erfahren  gew on
n e n e n  Salm onella ty p h i-A ntigene w urde zu e rs t  die chemische Analyse d e r  m it  
d e m  T rich loressigsäure-V erfahren  a u f  zweierlei W eise (nach der M ethode von  
R a u s s  bzw. B o i v i n ) hergeste ll ten  A ntigene d u rc h g e fü h r t .

I n  e rs ter  Linie is t  ein U ntersch ied  in  d e r  q u a n t i ta t iv e n  chem ischen Z u 
sa m m e n se tz u n g  d e r  e inen annähernd  id en t isch en  Im m unogenw ert ,  aber  
abw eichende  T o x iz i tä t  aufweisenden A n tigene  festzustellen . Die a u f  Poly-
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sacchariil bezogene R e inhe it  des A ntigens m it  n iedr igerer  T ox iz i tä t  ist w e se n t
lich (etwa 60— 70mal) größer als die des 5m al tox ische ren .

Bei w iederho lten  U n te rsuchungen  k o n n te  im S ta m m  Salmonella ty p h i 2 
neben  den H cxosen  (Galaktose, Glukose, Mannose) u n d  З-6-Didesoxyhexose 
(Tyvelose) auch  eine Pentose  (Xylose) nachgew iesen w erden.

i .  N é m e t h

(  V eterinärm edizinisches Forschungsinstitut der Ungarischen A ka d em ie  der W issenschaften ,
B udapest )

N E U E  M E T H O D E  ZUM  P H O T O G R A P H IE R E N  
D E R  B E I D E R  A G A R D IF F U S IO N S  P R O B  E  E N T S T E H E N D E N  

P R Ä Z IP IT A T IO N S L IN IE N

Zwecks V erm eidung  der sich bei der  H e rs te l lu n g  q u a l i ta t iv  e in w a n d 
freier N eg a tivb ilde r  ergebenden Schw ierigkeiten  reg is t r ie r t  Verl, die in d e r  
A garseh ich t e n ts te h e n d e n  P räz ip ita t ions l in ien ,  in d em  er  in  Analogie zu d e m  
beim  P h o to g rap h ie ren  b e k a n n te n  K o n ta k tk o p ie re n  v o n  der  die P rä z ip i ta t io n s 
streifen e n th a l te n d e n  A garp la t te  als N ega tiv  d irek t  ein Positivb ild  hers te l l t .  
Die E inzelheiten  des K o n tak tk o p ie ren s  der P räz ip i ta t io n s l in ien  sowie die be i  
A nw endung  dieser M ethode gewonnenen E r fa h ru n g e n  w erden  m it Hilfe v o n  
P h o to s  dem o n s tr ie r t .

L. S u r j á n , G. N y e r g e s

( Staatliches In stitu t f ü r  Hygiene. B ud a p est)

U N T E R S U C H U N G  D E R  A V ID ITÄ T VON IM M U N S E R A

Bei der gleichzeitig vorgenom m enen  H ä m a g g lu t in a t io n su n te r su c h u n g©  ©  ©  © ©  ©

und  biologischen T i t ra t io n  von D iph ther ie -  u n d  T e ta n u s - Im m u n se ra  k o n n te  
festgestellt  w erden , daß  eine enge u n d  e indeutige  K o rre la t io n  zwischen den  
E rgebn issen  der  be iden  M ethoden vorliegt: m it  e inem  h o h en  H ä m a g g lu t in a t i -  
onsw ert geh t ein hoher  biologischer W e r t  e inhe r  u n d  um g ek eh r t .

Bei einem Teil der Sera k am en  jedoch  4 — 5fache U ntersch iede  zwischen 
den R e su l ta te n  d e r  beiden T i t ra t io n e n  vor. Diese B e o b a c h tu n g  fü h r ten  Verff. 
zum  S tu d iu m  d er  A vid itä ts fragen .

Der D ip h th e r ie -A n ti to x in -T ite r  w urde  a u f  d em  N iveau  L R /30  und  
LR/3000 nach  d e r  ic. K an in ch en m e th o d e  in 47 K inder- ,  50 M eerschweinchen- 
Sera und  22 h y p e r im m u n e n  Pferdesera , w eite rh in  a u f  d em  N iveau  L —|— / 10 u n d  
L —)— /400 an w eißen  M äusen der T e ta n u s -A n t i to x in g e h a l t  v o n  154 K inder- ,  163 
M eerschweinchen- und  24 Pferdesera  u n te rsu c h t .  Wie die Versuche e rg ab en ,  
wird der  av id i tä tsb e d in g te  W ertu n te rsch ied  vom  Im m u n is ie ru n g sv e rfah ren ,  
von  der Q u a l i tä t  des zur T it ra t io n  b e n u tz te n  Tox ins u n d  vom U rsp ru n g  d e r  
Sera in hohem  M aße beeinflußt.
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Z. S z i l á g y i , A. K i s s , M. K á v a i

(P athophysiologisches In s titu t der M ed iz in isch en  U niversität Debrecen)

H A U T R E A K T IO N E N  A N  D IA B E T IS C H E N  K A N IN C H E N

Verff. h a t te n  nachgew iesen, d aß  d e r  Jancsó-T est  u n d  das  S h w artzm an -  
sohe P h ä n o m e n  bei D iabe tes  in hohem  M aße gehem m t w erden . E s w urde  n u n  
u n te r s u c h t  wie die m it  D ip h th e r ie -T o x in ,  m i t  dem  A n t ig e n -A n tik ö rp e rk o m p lex  
z u s ta n d e g e b rac h te  H a u te rsc h e in u n g  u n d  das um gekehrt  passive A rthus-  
P h ä n o m e n  bei d iabe tischen  K a n in c h e n  verlaufen .

D iabe tes  w urde  d u rch  iv. V e ra b re ich u n g  von 150 m g /kg  A lloxan  h e rv o r 
g e ru fen .  Die T i t r a t io n  des D ip h th e r ie -T o x in s  nach  J e n s e n  e rgab , d aß  die 
H a u t r e a k t io n  bei den  d iabe tischen  T ie ren  m i t  schw ächerer I n t e n s i t ä t  zutage  
t r a t  als bei den n o rm o g ly k äm isch en  K o n t ro l l i e r e n .

D ie  H ers te l lung  des A n tig en -A n tikö rpe rkom plexes  erfo lg te , indem  m an  
a m  Ä q u iv a le n z p u n k t  das  O valb u m in  g eg en ü b e r  erzeugte K a n in c h e n -A n t is e ru m  
m i t  O v a lb u m in  p räz ip i t ie r te  und  d a n n  das  P rä z ip i ta t  in der  3 — 4fachen  Menge 
des b e n u tz te n  A ntigens  auflöste . D ieser Im m u n k o m p lex  k a m  in t r a k u ta n  zur 
A n w e n d u n g .  N ach  den  Ergebnissen  t r a t  die au f  diese W eise he rbe igeführte  
H a u t r e a k t io n  bei den d iabe tischen  K a n in c h e n  b ed eu ten d  schw ächer  in E r 
s c h e in u n g  oder blieb ganz aus.

A u f  G rund  der  b isherigen  V ersuchsresu lta te  h a t  es den  Anschein , d aß  
a u c h  das  u m g ek eh r t  passive A r th u s -P h ä n o m e n  bei den d iab e t isch en  Tieren 
ein  geringeres A u sm aß  zeigt als bei d en  n o rm og lykäm ischen  K on tro ll t ie ren .

B. Cs a b a , L. K assai

(P athophysiologisches In s titu t der M ed iz in isch en  iJniversität Debrecen)

D IE  Q U A N T IT A T IV E N  H ISTA M IN - U N D  S E R O T O N IN V E R H Ä I.T N IS S E  
B E I A N A P H Y L A X IE

A n m it  P fe rd ese ru m  sensib ilis ierten  M eerschweinchen, R a t t e n  u n d  
H u n d e n  bes t im m ten  Verff. n ach  a n a p h y la k t is c h e m  Schock die H is tam in -  und  
S ero to n in m en g e  im  B lu t  sowie in der L eb e r  und  Lunge. Die gew onnenen  
W e r te  w urden  m it dem  H is tam in -  und Sero ton ingeha lt  in d e n  Geweben der 
K o n tro l l t ie re  verglichen.

N a c h  dem an a p h y la k t is c h e n  Schock  der  M eerschweinchen s te ig t  die 
S e ro to n in m en g e  in B lu t  u n d  Leber in ger ingerem , in der L unge in b ed e u te n d e m  
M aße .  D er  L eb e rh is tam in g eh a l t  s ink t ,  d e r  H is tam ingeha lt  im  B lu t  s te ig t 
k a u m ,  in der Lunge jed o ch  k räftig .  Die H is tam in -  u n d  S e ro to n in e rh ö h u n g  in 
d e r  L u n g e  e rk lä r t  ausre ichend  den  d y sp n o ea r t ig en  a n a p h y la k t isc h e n  Schock. 
Bei d e r  A n aphy lax ie  von  R a t t e n  n im m t  d e r  Serotonin- u n d  H is ta m in g e h a l t  
in  d e r  L eber  s ign if ikan t  ab, im B lu t  u n d  in der  Lunge jed o ch  zu.
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Bei der A n aphy lax ie  von H u n d e n  bleib t der  Sero ton ingeha lt  in der  
L eber  u n v e rä n d e r t ,  w ährend  der S ero ton ingeha lt  im B lu t  p rä g n a n t ,  in de r  
L unge jedoch  in geringerem M aße ste ig t.  Die Se ro ton inzunahm e im B lu t  
s t a m m t  w ahrschein lich  von den M astzellen  der H a u t .

I. J Ó K A Y , A .  K i s s ,  L. K a s s a i  

( Pathophysiologisches In s titu t der M edizin ischen U niversitä t Debrecen)

D IE  W IR K U N G  V O N  T H IO L -V E R B IN D U N G E N  
A U F E IN IG E  E N D O T O X IN  R E A K T IO N E N

E s w urden  die W irkungen  v o n  Cystein und  einzelnen S H -V erb indungen  
a u f  die von  E . coli-E n d o to x in  in v i t ro  ausgelöste T h ro m h o zy ten -A g g lu t in a t io n  
sowie H is tam in -  u n d  Sero ton in fre ise tzung  u n te rsu c h t .  Von Cystein in K o n 
zen tra t io n en  ü b e r  5 m M  w ird  d ie  T h rom hozy ten -A g g lu t in a t io n  sowie die 
H is tam in -  u n d  S ero ton in fre ise tzung  gehem m t. R eduz ie r te s  G lu ta th io n ,  Mer- 
c a p to ä th y lg u a n id in  und  Th iog lyko lsäure  wirken ähnlich , w äh ren d  Pen ic i l lam in  
keinen d e ra r t ig e n  E ffek t  zeigt. Bei d en  für die lokale S hw artzm ansche  R e a k t io n  
v o rb e h a n d e l te n  K an in ch en  wird v o n  den zur A uslösung iv. v e ra b re ic h te n  
200 — 400 m g/kg  Cystein die L eu k o zy ten zah lsen k u n g  im per ipheren  B lu t  n ich t  
b e e in f lu ß t ,  a b e r  die u n te r  E n d o to x in w irk u n g  e in tre tende  T h ro m b o z y te n z a h l
sen k u n g  g e h e m m t.  U ngeach te t  dessen t r i t t  bei den  cy s te in b eh an d e l ten  
K an in ch en  das  q u a n t i ta t iv e  S h w a r tz m a n -P h ä n o m e n  zeitlich und  im E ffek t  
ausg ep räg t  s tä rk e r  zutage, als bei den  K o n t ro l l ie re n .  Diese C yste inw irkung  
w ird  a u f  die A k tiv ie ru n g  von S H -P ro te a se n  zu rückgefüh rt .

О  О

B A K T E R IE N G E N E T IK

G. I v a n o v i c s , I .  V a r g a , E. M a r j a i

(M ikrobiologisches In s titu t der M edizin ischen U niversitä t Szeged)

D IE  A U X O T R O P H E  D E S B A C ILLU S A N T H R A C IS

Die erfolgreiche Isolierung d e r  A u x o tro p h e  des B . anthracis und die E ig e n 
schaften  dieser M u ta n te n  w erden besp rochen . Die Iso lierung  erfolgte n a c h  zwei 
V erfahren :  1. Z ü c h tu n g  von U V -b es trah l ten  v eg e ta t iv en  F o rm en  in A n w esen 
he it  von  8-A zaguan in . 2. Die v e g e ta t iv e n  F o rm en  w urden  der  W irk u n g  
von Ä th y lm e th a n su lfo n a t  ausgese tz t ,  wonach m a n  die B ak te r ien  S poren  
b ilden  ließ. Die Sporen der den m u ta g e n e n  W irkungen  ausgesetz ten  B a k te r ie n  
w u rd en  a u f  H e fe -P e p to n -N äh rb o d e n  ausgebre ite t  u n d  die en tw ick e l ten
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K olon ien  au f  e inen K ase in h y d ro ly sa t-M in im a ln äh rb o d en  rep liz iert.  A uf  diese 
W eise  k o nn ten  V i ta m in e  oder N uk le in säu re -B asen  bean sp ru ch en d e  A u x o 
t ro p h e  gewonnen w erden .

N ach  dem  1. V erfah ren  w urden  2 aux o tro p h e  S tä m m e  u n te r  5763 
K olon ien  festgestellt .  Bei A nw endung  des 2. Verfahrens w u rd en  in  m ehreren  
g esonder ten  V ersu ch en  9249 Kolonien a u f  ih ren  m in im alen  N ä h rs to f fb e d a rf  
u n te r s u c h t .  Von d iesen  erwiesen sich 189 als au x o tro p h .  Die M ehrzahl der 
A u x o tro p h e n  zeigte P u r in b e d a r f ;  der B lock  e n ts ta n d  jedoch  an  verschiedenen 
S tellen , en tw eder  in  d e r  Synthese von  P y r im id in  oder bere i ts  in der Synthese 
des Im idazo l-R inges .  A u ß erd em  w aren  in  b e trä c h t l ic h e r  Z ahl auch  S täm m e 
v o rh a n d e n ,  die e in en  D efek t in der P y r im id in -B ase -S y n th ese  aufwiesen. 
U n te r  den S tä m m e n  m i t  V ita m in b e d a r f  k a m e n  häufig  solche m it  Biotin- 
B e d a r f  vor.

K .  C s i s z á r , G y . I v á n o v i c s

(M ikrobiologisches In stitu t der M ed iz in isch en  U niversität Szeged)

W E IT E R E  U N T E R S U C H U N G  VON T R A N S D U Z IE R E N D E N  S U B T IL IS -P H A G E N

In  ihrer  A n t ig e n s t r u k tu r  waren die v o n  Verff. beschriebenen  transduzie-  
r e n d e n  P hagen  e inh e i t l ich  u n d  s t im m te n  m i t  dem  T a k a h a sh i-S ta m m  überein. 
E in  U ntersch ied  lag  je d o c h  gegenüber d e m  T h o rn e -P h ag  n ich t  n u r  in der 
A n t ig e n s t ru k tu r ,  so n d e rn  auch in bezug  a u f  den  »host-range« sowie au f  die 
H ä u f ig k e i t  der g ek o p p e l ten  T ran sd u k t io n  vo r .  U n te r  den t ra n sd u z ie r te n  Sub- 
t i l is -P h ag en  k ö n n en  so m it  U nterschiede V orkom m en. E s schein t,  daß  n ach  
d e m  im  L a b o ra to r iu m  ausgearbe ite ten  te m p e r ie r ten  Phag-Iso lierungsver-  
f a h re n  in der Regel P h a g e  m it iden tischen  E igenschaften  gewonnen  werden.

L. A l f ö l d i , E . K e r e k e s

(M ikrobiologisches In stitu t der M ed iz in isch en  U niversität Szeged)

D IE  F O L G E N  D E R  IN  D E R  R IB O N U K L E IN S Ä U R E S Y N T H E S E  R E G U L A T IO N  
N A C H W E IS B A R E N  ST Ö R U N G  F Ü R  D IE  P H Y S IO L O G IE  V O N  E . COLI

Bei den m eis ten  E .  co/i-Stämmen s t e h t  die R egu la t ion  der  R ibonuk le in 
säu resyn these  u n te r  s t re n g e r  A m inosäurekon tro lle .  Als R e s u l ta t  der im k o n tro l
l ie renden  Gen (RC-Locus) e inge tre tenen  M u ta t io n  f in d e t  aber  die RNS- 
S y n these  auch in  E rm a n g lu n g  von A m in o sä u re n  w eiter  s t a t t  (Relaxation). 
W e rd e n  diese S tä m m e  im  kom p le t ten  oder  m in im alen  N ä h rb o d e n  gezüchtet,  
so w achsen  u n d  v e rm e h re n  sie sich ebenso wie die no rm alen  S täm m e.

U b e r t rä g t  m a n  a b e r  die R C -M u tan ten  vo m  k o m p le t te n  in  den m inim alen 
N ä h rb o d e n ,  so v e r lä n g e r t  sich außero rden tl ich  die L a tenzzeit  ih re r  V erm ehrung ,
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ja  ein sehr be träch t l ich er  P ro z e n ts a tz  der B ak te r ien  d ieser  K u l tu r  is t  z u r  
A d a p ta t io n  ü b e rh a u p t  n ich t  im stan d e .

D as Fehlen des A d ap ta t io n sv e rm ö g en s  h ä n g t  d a m i t  zusam m en , d a ß  
diese B ak te r ien  je nach  ih rem  physiologischen Z us tand  a u c h  in bezug  a u f  die 
R eg u la t io n  des die A m inosäu ren  syn the tis ie renden  S y s tem s  an  m e h r  oder 
w en iger  ausg ep räg ten  A nom alien  leiden. Sie können  L euc in , Isoleucin, Serin, 
C ystein  u n d  P h en y la lan in  gegenüber  hypersensibel sein.

Die Leucin-, Isoleucin-, Cystein- u n d  P h e n y la la n in -E m p f in d l ic h k e i t  ist 
w ahrsche in lich  a u f  eine e inheitl iche  Ursache zu rü ck zu fü h ren  und  als S pez ia l
fall der  Inh ib i t io n  des E n d p ro d u k te s  aufzufassen. D er genauere  M echan ism us 
d e r  Ser in -E m pfind lichke it  is t  e instweilen  u n b e k a n n t .  D essen u n g e a c h te t  k a n n  
von  Serin nachgewiesen w erden , d a ß  es eine spezifische Rolle in  der R eg u la t io n  
d e r  R ibonuk le in säu resyn these  spielt.

A u f  G ru n d  dieser V ersuchsergebnisse  k an n  die im  v o r igen  J a h r  v e r t r e te n e  
A uffassung , w onach die von  A m inosäu ren  gesteuerte  R eg u la t io n  der  RNS- 
Syn these  m it Hilfe der R epressor-Theorie  zu erk lä ren  sei, n ich t  länger a u f 
re c h te rh a l te n  werden, v ie lm ehr  w ird  die Aufstellung e ine r  neuen  H y p o th e se  
no tw end ig .

E . K e r e k e s , L. A l f ö l d i

fM ikrobiologisches In s ti tu t  der M edizinischen U niversitä t Szeged)

A N O M A L IE N  IN  D E R  V E R T E IL U N G
E IN IG E R  AUS D E R  K O N JU G A T IO N  S E R IN  UND GLV'CIN B E A N S P R U C H E N D E R  

В А K T K R I EN  ST AM M E N  D E R  R E  KO M BI N ATI ( ) N ST Y  P E N

Bei den K reuzungen  H f r x F ^  sind, wenn es sich bei F  um ein Serin- 
G lycin beansp ruchendes  B a k te r iu m  handelte  und  die R e k o m b in a n te n  m it  
M altose, X ylose, Lak tose  oder  G alak tose  selektiert  w u rd e n ,  säm tliche  a u f  
diese Weise en ts tan d en en  R e k o m b in a n te n  auch se r in -g ly c in -p ro to tro p h  ge
w orden . Die E rsche inung  lä ß t  sich keinesfalls d a ra u f  zu rü ck zu fü h ren ,  d aß  das 
S e r in -G lyc in -S yn the tis ie rungsverm ögen  an diese M a rk e rn  g eb u n d en  sei. Die 
b isherigen  V ersuchsergebnisse sp rechen  eher für die H y p o th e s e ,  d aß  m an  bei 
den  e rw ä h n te n  Selektionen einen großen  Teil der e n ts ta n d e n e n  R e k o m b in a n te n  
v e r l ie r t  u n d  n u r  die se r in -g lyc in -p ro to troph  gewordenen R e k o m b in a n te n  K o lo 
nien  zu b ilden verm ögen . Die E rsch e in u n g  dürfte  som it n ic h t  einen genetischen, 
sondern  einen physiologischen H in te rg ru n d  haben .
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V. K a r a s s o w a , J .  W e i s s f e i l e r , J .  H o l l a n d

(M ikrobiologisches In s t i tu t  der Ungarischen A ka d em ie  der W issenschaften , B udapest)

D IE  IM M U N O L O G ISC H E N , P A T H O G E N E N  U N D  B IO C H E M IS C H E N  E IG E N S C H A F T E N  
V O N  M Y C O B A C TER IU M  K A N SA SII 

UN D  S E IN E  R E V E R S IO N  ZU M Y C O B A C T E R IU M  T U B E R C U L O S IS

Die U n te rsu c h u n g  d e r  b iochem ischen, pa th o g en en ,  serologischen u n d  
im m u n o g en en  E ig e n sa c h a f tcn  von zwei M . ka n sa sii-S tä m m e n  h a t  ergeben, 
d a ß  diese m it den E ig e n sc h a f te n  der M . tuberculosis-S tä m m e  von  a t te n u ie r te r  
V iru len z  w eitgehend ü b e re in s t im m en .

Von beiden S tä m m e n  w urde eine, infolge D issoziation  n ich t  pigment- 
b i ld en d e  R-V arian te  iso l ie r t  u n d  eine d a v o n  e ingehend u n te r s u c h t .  Der u n te r 
s u c h te  S tam m  232 R  h a t  sich auch in seinen ku ltu re l len  u n d  im m unogenen  
E ig en sch af ten  als a t t e n u ie r t e r  Tuberke lbazillus  erwiesen.

M . kansasii s t a m m t  von  einer im M enschen a u f t r e te n d e n  M uta tion  des 
Tuberke lbazil lus  u n d  k a n n  als se lbständige p a th o g en e  B a k te r ie n a r t  differen
z ie r t  werden, doch d e u te t  a u f  seinen U rsp ru n g  auch  der U m s ta n d  hin, daß es 
in  d en  typischen T u b e rke lbaz il lu s  rev e r t ie r t .

S. PÁCSA

(M ikrobiologisches In s titu t der M ed iz in isch en  U niversitä t P écs)

Ü B E R  D IE  G E N E T IS C H E N  E IG E N S C H A F T E N  D E R  P O L IO V IR E N

Aus der ü b e r im p fb a re n  A ffennierenzellku ltur  (M K 3) w u rd e  eine, a t t e 
n u ie r te s  Poliovirus 3 t r a g e n d e  Zellinie geb ildet.  Vier M o n a te  danach  wurde 
d a s  Virus reisoliert u n d  zwei seiner gene tischen  M erkm ale (rc t/40 , d) m it  den
se lb en  M erkm alen des  V irus-O rig ina ls tam m es verglichen. E s stellte sich 
h e ra u s ,  daß der re iso lierte  Sahinsche V iru s s ta m m  (3. T yp) ,  d e r  sich ursprünglich  
he i  40° C nicht v e rm e h r te  (rc t/40^), n ach  4 M onate  lan g em  V irustragen  bei 
40° C besser v e rm eh r te  als d e r  wilde P o l io v iru s -K o n tro l ls tam m  rc t /4 0 + . A ußer
d e m  änderte  sich a u c h  d e r  d -C harak te r  des reisolierten V iruss tam m es .

M. G á b o r

( Genetisches In s t i tu t  der Ungarischen A ka d em ie  der W issenschaften , B udapest)

T R A N S F O R M A T IO N  D E R  S T R E P T O M Y C IN -IN D E P E N D E N Z  M IT D E R  
D N S V O N  R H IZ O B IU M  L U P IN I  R O U G H -S T Ä M M E N

Verf. stellte 1960 fest ,  daß die S trep to m y c in re s is ten z  gesondert,  aber  
a u c h  gemeinsam t ra n s fo rm ie r t  w ird; auch  im Falle in tra sp ez if isch er  T ransfor
m a t io n  ist die T ra n s fo rm a t io n sh ä u f ig k e i t  sehr  n iedrig : 10 " 6— 10“ 7. E in  und  das 
se lbe  D N S -P rä p a ra t  i s t  im s ta n d e ,  sowohl die »instabile«, als au ch  die »stabile«
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D ependenz  zu t ransfo rm ie ren .  Verf. u n te rsu c h te  den G rad  der  du rch  die T r a n s 
fo rm atio n  ü b e r trag en en  S trep to m y c in -D ep en d en z  bzw. -R esis tenz  u n d  d en  
Z u sam m en h an g  des tran s fo rm ie r ten  C harak te rs  m it  der  G röße der K olonien .

Im  V o rtrag  wird die T ra n s fo rm a t io n  der S t re p to m y c in - In d e p e n d en z  
besprochen . N ach  V e rän d e ru n g  de r  T ra n s fo rm a tio n s r ich tu n g  (reziproke 
T ra n s fo rm a tio n )  b e tru g  die T ran s fo rm a tio n sh äu f ig k e i t  1 X IO-4—3 x l 0 -2 .

Die H äufigke it  der m it der  D N S  von s t rep tom yc in -em pfind lichen  D o n a 
to ren ,  solchen m it  niedriger u n d  h o h e r  S trep tom yc in res is tenz  und  schließlich  
d e r  s trep to m y c in - in d ep en d en ten  D o n a to re n  (back -M u tan te  !) d u rc h g e fü h r te n  
T ran s fo rm a tio n en  wurde verg lichen  (R ezipient: s t re p to m y c in -d e p e n d e n te r  
S tam m ),  ebenso der  C harak te r  d e r  bei den versch iedenen  T ra n s fo rm a t io n e n  
gew onnenen T ra n s fo rm an ten  (S trep to m y c in -E m p f in d l ich k e i t  oder -R esis tenz) 
bzw. der G rad  der S trep tom yc in res is tenz  der s t rep to m y c in - in d e p e n d en te n  
T ransfo rm  an ten .

7 A c ta  M icrob io log ies X I / 1.
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A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

M I K R O B I O L Ó G I A I  K Ö Z L E M É N Y E I

K IA D Ó H IV A T A L : B U D A P E S T  V ., A L K O T M Ä N Y  UTCA 21.

Az A cta  M icrobiologica  ném et, angol, f r a n c ia  és orosz n y e lv en  közöl é rtek ezések e t 
a  m ik ro b io ló g ia  tá rg y k ö ré b ő l.
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egy  k ö te te t .
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A cta  M icrobiologica , Budapest, K e le ti Postahivatal, P o sta fió k  64.

U g y an erre  a  c ím re  k ü ld e n d ő  m in d en  sze rk esz tő ség i levelezés.
A z A cta M icrobiologica  e lőfizetési ó ra  k ö te te n k é n t  belfö ldre 80, k ü lfö ld re  110 F t .  
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A u ß e n h an d e ls -U n te rn eh m en  »K u ltú ra « (B u d a p e s t  I . ,  F ő  u tc a  32. B a n k k o n to  N r. 
43-790-057-181) o d er bei se in en  A u s la n d sv e rtre tu n g e n  und  K om m issionären .
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F . H e r n á d i , G y . C s o b á n  u n d  Zs. N a g y

Pharmakologisches In s ti tu t  (Direktor: T . V á l y i-N agy) der M edizin ischen  Universität Debrecen

(E in g eg an g en  am  2. M ai 1963)

Z usam m en fassu n g . Die V e rän d e ru n g e n  in der S trah len em p fin d lich k e it von E . coli 
B -K u ltu re n  im  V e rlau f des W ac h stu m szy k lu s  w urden  u n te rs u c h t. E s k o n n te  fe stg es te llt 
w erd en , daß  sich d ie  S tra h le n em p fin d lic h k e it w äh ren d  der Z ü ch tu n g  ä n d e rt. Die g rö ß te  
V e rän d e ru n g  e n tfä ll t  a u f  die als k in e tisch  k o n s ta n t  b ek an n te  I .o g -P h ase . E s w urde ein Z u sa m 
m en h an g  zwischen d e r  V eränderung d e r S tra h le n em p fin d lic h k e it u n d  des E le k tro d e n p o te n tia ls  
in de r K u ltu r nachgew iesen . Auf d ieser G rund lage  kann  au s de r E le k tro d e n p o te n tia lk u rv e  
a u f  den  am  m eisten  strah len em p fin d lich en  Z u stan d  der K u ltu r  geschlossen  w erden . A us den 
E rg ebn issen  w u rd en  theoretische und  p ra k tisc h e  F olgerungen  gezogen.

Die P o p u la t io n en  »freier Zellen« (z. B. M ikroorganism en) k o m m en  in 
«1er E rfo rschung  radiobiologischer M echanism en sehr a u sg ed eh n t  zur A n w e n 
dung .  D urch ih re  B enutzung  w e rd e n  viele F a k to re n  ausgeschlossen, die bei 
den V ersuchen m it  organisierten  Geweben n ich t au ß e r  ach t gelassen w erden  
dü rfen .  Ein wesentlicher G es ic h tsp u n k t  ist fernerh in , d a ß  die B ew ertung  des 
le ta len  Effektes  der  S trah lung  e ine  v e rh ä ltn ism äß ig  einfache A ufgabe d a r 
s te l l t .  U n te r  d em  Begriff der le ta le n  S trah lenw irkung  [1] ve rs tehen  w ir  den 
Z u s ta n d ,  in dem  eine »freie Zelle« ih r  R ep ro d u k tio n sv e rm ö g en  verloren h a t .  
Zugleich können  viele andere  ih re r  m eßbaren  F u n k t io n e n  die A k t iv i tä t  
e inzelner E n z y m e  [2], die a d a p t iv e  E n zy m sy n th ese  [3] und  A tm u n g  [4] 
u n b e rü h r t  ble iben.

In den le tz te n  Jah ren  h a t  m a n  vielfach die B ed ingungen  u n te r s u c h t ,  
d ie  die S trah lenem pfind lichke it  der  Zellen v e rä n d e rn  können  bzw. v e r 
än d ern .  Diese F a k to re n  lassen s ich  in vier G ru p p en  [1] e inordnen:

(I) Physiologische und m orpho log ische  F a k to re n .
( I I )  Physikalische  V erhä ltn isse  im Augenblick d e r  B estrah lung .
( I I I )  Modifizierende Stoffe, d ie  w ährend  der B es t ra h lu n g  anw esend  sein 

müssen.
(IV) P o s t i r rad ia t iv e  Z üch tu n g sv e rh ä l tn isse .
Im  V o rd e rg ru n d  unseres In te resses  stehen  d ie jen igen  chem ischen S u b 

s ta n z e n ,  d ie  die S trah len em p fin d l ich k e i t  der Zellen teils im A ugenb lick  
d e r  B estrah lung , teils als n ach  d e r  B es trah lung  w irk en d e  F a k to re n  h e r a b 
se tzen .

1 A cta Microbiologie» X I/2.
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Vor dein B eg inn  derar t iger  V ersuche  w ünsch ten  wir zu k lären , welche 
R olle  den physio log ischen  F ak to ren  in  d e r  E n tw ick lu n g  d e r  S trah lcnem p- 
f in d l ich k e i t  z u k o m m t.

Aus den U n te r su c h u n g e n  von Houtekmans [5] wissen wir, d aß  nach  
R tg -B e s t ra h lu n g  eines  E . coli H IG -S ta m m e s  die K u rv e n fo rm e n  der Ü b e r 
leb en d en  vom  A lte r  d e r  K u l tu r  abhäng ig  w aren . Im  Falle  »junger« K u ltu ren  
h a t t e  die K urve  S igm oidform , im Falle »alter« K u l tu re n  w ar  sie von exponen- 
t i a le r  Form . (T h eo re t isch  u n te rsch e id e t  m a n  3 übe r leb en d e  K u rv e n ty p e n :  
T y p  A =  ex ponen tia l ;  T y p  В =  a n n ä h e rn d  ex ponen tia l  m it  re s is ten tem  E nde ;  
T y p  C =  s igm oidförm ig  [6].)

Stapleton [7] u n te rsu c h te  die V e rän d e ru n g en  der  S tra h le n e m p f in d 
l ichke it  des E . coli B /r-S tam m es im V e r la u f  eines Z ü ch tungszyk lus .  In  den 
6 S tu n d e n  der L o g -P h ase  erfolgten die m eisten  V erän d eru n g en ,  als sich die 
B a k te r ie n  m it a n n ä h e r n d  gleicher G eschw indigkeit  v e rm e h r te n .

D em gegenüber  f a n d  Markovich  [1] bei der U n te r su c h u n g  der Uog- 
P h a se  von E . coli B /r-  u n d  K 12(S)-K ultu ren  keine V e rä n d e ru n g  der S trah len 
em pfind lichke it  in  d e r  Log-Phase.

G estü tz t  a u f  diese  A ngaben n a h m e n  wir unsere  V ersuche  m it E . coli 
B -K u l tu re n  vor, w obei w ir die letale W irk u n g  der ion is ierenden  S trah lung  
u n te rsu c h te n ,  die a u c h  bei unseren V ersuchen  zum  V erlust des R e p ro d u k t io n s 
v e rm ögens  führte .

Material u n d  M ethoden

In Nährböden ließen  wir die m it gleicher Zellzahl geim pften K ulturen bei 37° C 
w achsen . Von den stü nd lich  entnom m enen Proben wurden die absolute und lebende Zellzahl 
sow ie die Trockensubstanz bestim m t und auf Grund dieser W erte Strahlenem pfindlichkeits
und W achstum skurven verfertigt.

D ie Dosisw irkungskurve wurde an H and von  Zellen bestim m t, die aus 14stündigen  
K ulturen stam m ten. D ie B estrahlung nahm en wir in physiologischer N aC l-Lösung bei gleicher 
Z ellzahl vor. Hiernach w urden die Zellen auf Nähragar ausgebreitet, bei 37° C 24h inkubiert 
und die Klone gezählt.

D ie Bestrahlung erfolgte m it der S iem ens-Stabilivolt-A pparatur (bei 180 kV und 
12 m A ) ohne Filter. D ie F okus-O bjektiventfernung betrug 6 cm, die D osisleistung 800 r/min.

B ei der Aufnahm e der Dosiswirkungskurve wechselten die D osen zwischen 800 und 
6000 r.

D ie Veränderungen in der Strahlenem pfindlichkeit der K ulturen untersuchten wir 
bei konstanter Dosis (1600 r). A ls Maßstab der Strahlenem pfindlichkeit diente das bei der 
Standarddosis erm ittelte prozentuale Überleben.

Das E lektrodenpotentia l der K ulturen wurde m it dem pH -M eter gem essen bzw. m it 
d em  Punktographen registriert.

Ergebnisse

Die von den aus d e r  14stündigen K u l t u r  gew onnenen  Zellen aufgenom- 
inene  D osisw irkungskurve  zeigt Abb. 1. Die e rm i t te l te  Ü b er leb en sk u rv e  gehört 
z u m  T y p  B, d. h. sie h a t  ein resistentes E n d e .  Dies b e d e u te t ,  daß  die Zellen 
d e r  14stündigen  K u l t u r  in bezug au f  die S trah lcn em p fin d l ich k e i t  keine homo-
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A b b . 1 . D osisw irkungskurve von den Zellen der 14stündigen K ultur des E . co li B -S tam m es

A b b .  2 . Veränderungen in der Strahlenem pfindlichkeit des E .  c o li B-Stam m es im  V erlauf 
der Züchtung. Kurve А =  Entw icklung der Strahlenem pfindlichkeit der Zellen unter W irkung  

von  1600 r; Kurve В Verm ehrung der Bakterien

genc P o p u la t io n  b i lden , sondern  e tw a  10%  d er  Zellen resis ten ter  s ind  als die 
M ehrzahl der P o p u la t io n .

A bb. 2 s te llt  gleichzeitig die W a c h s tu m s-  u n d  S t rah len em p fin d l ich k e i ts 
k u rv e  der  K u l tu r  dar .  I m  N äh rm ed iu m  folgt n a c h  einer 2 — 3stündigen  L a ten z -  
u n d  ansch ließenden  6 — ßstündigen  ex p o n en t ia len  W ach s tu m sp h ase  eine s t a t i o 
näre  P hase . Die be iden  le tz ten  P h a se n  des v o lls tänd igen  Z ü ch tu n g szy k lu s  
hab en  wir vom  G es ich tsp u n k t  der S t rah len em p fin d l ich k e i t  n icht m e h r  u n t e r 

1*
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s u c h t .  Die ges tr iche lte  L inie zeigt a u f  G ru n d  der s tünd lich  e n tn o m m e n e n  
P r o b e n  die re la tive  S trah len em p fin d l ich k e i t  d e r  E . coli-Zellen an. W ie  e rs ich t
l ich ,  is t  die S trah lenem pfind lichke it  d e r  K u l t u r  am  Anfang  d e r  L og-Phase  
a m  g rö ß ten ,  d a n n  n im m t  sie gleichm äßig  ah  u n d  erreicht das M in im um  am 
E n d e  der  L og-Phase ;  in der  s ta t io n ä ren  P h a s e  wächst die S t ra h le n e m p f in d 
l ic h k e i t  wieder.

Im  w eiteren  b e fa ß te n  wir uns m it  d e r  F ra g e ,  w orauf die im V er lau f  der 
Z ü c h tu n g  e in tre ten d en  V eränderungen  d e r  S trah len em p fin d l ich k e i t  beruhen . 
W ie  aus  A bb. 2 h e rv o rg e h t ,  konnte  aus d e m  Ergebnis n ich t d e r  e indeutige  
S c h lu ß  gezogen w erden , d a ß  die V e rä n d e ru n g en  in der S trah lenem pfind lichke it  
m it  d e m  kinetischen  Z u s ta n d  der Z e llve rm ehrung ,  d. h. m it der L ebendze llzah l  
d e r  K u l tu r  oder m i t  ih rem  Alter Z usam m enhängen . Die W a c h s tu m s k u rv e  
u n d  S trah len em p fin d l ich k e i tsk u rv e  v e r lau fen  ähnlich, s ind abe r  keineswegs 
id en t isch .  W ahrschein lich  m üssen die V e rä n d e ru n g en  in der S t ra h le n e m p f in d 
l ic h k e i t  a u f  einen physiologischen Z u s ta n d  d e r  K u l tu r  z u rü c k g e fü h r t  w erden , 
d e r  sich auch in der  k ine tisch  k o n s ta n te n  K u l tu r ,  in der W a c h s tu m sp h a se  
o d e r  Log-Phase , ä n d e r t .

Bei anderen  U n te rsu ch u n g en  ge lan g ten  w ir  zu der Schlußfo lgerung , daß 
d e r  physiologische Z u s ta n d ,  die V i ta l i tä t  d e r  K u l tu r  neben der W a c h s tu m s 
k u rv e  au ch  m it ih rem  E le k t ro d e n p o te n t ia l  a u sg e d rü c k t  w erden k a n n .  Deshalb 
d e m o n s t r ie re n  wir in A bb .  3 sowohl die E le k t ro d e n  p o ten tia lku rve  als auch  die 
W a c h s tu m s -  und  S trah len em p f in d l ich k e i tsk u rv e  der K ultu r .  Wie deu t l ich  zu 
seh en ,  lä ß t  sich im V e r la u f  der  Z üch tung  eine Para lle le  zwischen d e r  S trah lcn-  
em p find lichke its -  und  E le k t ro d e n p o te n t ia lk u rv e  ziehen.

B esprechung

Diese m it  E . coli d u rchgefüh r ten  V ersu ch e  bestätigen e in d eu t ig  die F e s t 
s te l lu n g  St a p l e t o n s , d a ß  die größte  V e rä n d e ru n g  der S trah lenem pfind lichke it  
w ä h r e n d  des W a c h s tu m s  der  K u ltu r  in de r  k in e t isch  als k o n s ta n t  b e k a n n te n  
L o g -P h a s e  erfolgt.

Bei unseren V ersuchen  fanden wir die Zellen am E nde  der  L ag -P hase  
bzw . zu Beginn der L og-P hase  am e m p f in d l ic h s te n  und am  E n d e  d e r  Log- 
P h a s e  am res is ten tes ten .  W ir nehm en an , d a ß  diese V eränderungen  m i t  d e n 
je n ig e n  physiologischen hzwr. biochem ischen Geschehnissen Z usam m enhängen , 
die im  V er lau f  der Z ü c h tu n g  in den Zellen d e r  K u l tu r  vor sich gehen. A m  E nde  
d e r  L a te n z p h a se  b e s te h t  m ax im ale  e n z y m a t is c h e  Tä tigke it ,  d a n n  b e re i te n  sich 
d ie  Zellen  g leichsam a u f  die logarithm ische V erm eh ru n g  vor (an d e r  N u k le in 
s ä u re n -  und  E iw e iß sy n th ese  te i lnehm ende  E n z y m e ,  A tm u n g sfe rm en te  usw.).

Die E le k t ro d e n p o te n t ia lk u rv e  b i lde t  u n s e re r  Meinung nach  d en  In d e x  
d ie se r  E n z y m a k t iv i t ä t ,  u n d  sie verläuft  bei unseren  Versuchen m it  den V er
ä n d e ru n g e n  in der S trah len em p fin d l ich k e i t  parallel.
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Die obige E n tw ic k lu n g  der  S trah len em p fin d l ich k e i t  von E . coli ß  b e d e u 
te t  in p ra k t isc h e r  Beziehung, d aß  die in der  k ine tisch  als k o n s ta n t  b e t ra c h te te n  
Log-Phase en tn o m m e n e  Zellprobe bei S trah len em p f in d l ich k e i tsu n te rsu ch u n g en  
die R epro d u z ie rb a rk e i t  des V ersuches n ich t  gew ährle is te t .  Bei s trah len b io lo 
gischen V ersuchen  b en u tz t  m an  die Zellen der K u l tu r  am  zw eckm äßigsten

A b b . 3 . E lektrodenpotentialkurve des S tam m es E .  co li В in der 14stündigen Inkubationszeit. 
А =  Strahlenem pfindlichkeitskurve; В -  W achstum skurve

im em pfind lichs ten  Z ustand . D ieser  Z u s ta n d  der K u l t u r  w ird  beim S ta m m  
E . coli В e indeu tig  vom  In f le x io n sp u n k t  d e r  E lek tro d e n p o te n t ia lk u rv e  d e t e r 
miniert
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ADENOVIRUS HAEM AGGLUTINATION-INHIBITING 
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Summary. A ntibodies against tw o strains of type 8 and one strain each o f types 9. 
10, 11 and 16 of adenovirus have been exam ined by the haem agglutination-inhib ition test in 
sera of persons convalescing from epidem ic keratoconjunctivitis. Out of the total o f 122 sera 
tested  only 8 per cen t had titres below 1 : 1 6  against type 8 virus. In a total of 42 serum pairs 
the acute samples were negative in 80 per cent while the convalescent ones in 5 per cent. 
A certain titre increase against types 9 and 10 while none against type 11 was dem onstrable. 
Sera from 79 persons having had the disease in the past revealed the persistence of the 
haem agglutination inh ib iting antibodies for a year. Triple serum  sam ples were taken from a 
to ta l of 23 persons. The exam ination o f these sera had shown that the titres were higher 
in the 4th to 6th m onths of convalescence than those found one m onth after infection .

The incidence and titres of antibod ies against types 8, 9, 10 and 13 of adenovirus were 
essentially  the sam e in 350 sera from healthy  persons. The average incidence o f p ositiv ity  
was 42 to 47 per cen t. A higher incidence was found in the 15 to 45 years age group than in 
the younger and older age groups. The incidence of antibodies against type 11 was low (aver
age. 15 per cent) w ith  a peak in the age group of 31 to 45 years. No haem agglutination-inhib it- 
ing antibody was found against type 16 adenovirus in sera o f healthy persons or subjects 
convalescing from epidem ic keratoconjunctivitis.

The haem ag g lu t in a t io n  in h ib i t io n  te s t  (H I)  was f i r s t  app lied  in adenov irus  
serology by  R o s e n  [1],  who succeeded  in d e m o n s t ra t in g  a type-specif ic  t i t r e  
increase in pa ired  sera  from persons  infected w ith  a n y  of th e  ty p es  1 to  7 of 
adenov irus  [2]. T h e  H I  test  was successfully applied  b y  us for exam in ing  th e  
s t ra in s  isolated a n d  for the  s tu d y  o f  paired sera from  p a t ie n ts  d u r ing  an o u t 
b reak  of epidem ic k e ra to co n ju n c t iv i t is  in B u d a p e s t  in 1961 — 62 [3]. T h e  
results  ob ta ined  b y  the  H I test w ere  supported  b y  n e u tra l iz a t io n  an d  com ple
m e n t  f ixa tion  (CF) te s ts .  I t  was fo u n d  th a t  th e  H I  was n o t  less va luab le  th a n  
the  n eu tra l iza t ion  te s t ;  m oreover, th e  t i t res  o b ta in ed  by  th e  H I  te s t  were 
generally  superior  to  those y ie lded  b y  th e  l a t te r  [4]. In  add i t io n ,  th e  H I  tes t  
was found to be m ore  a d v an tag eo u s  than  the  CF te s t  in several respects .

The presen t p a p e r  reports  on  some fu r th e r  s tud ies  on epidem ic  k e ra to 
conjunc tiv i t is  a n d  on the  serological exam ina tion  o f  h ea l th y  sub jec ts  for 
an tibod ies  against ty p e s  8, 9, 10, 11, 13 and 16 of adenov irus .

Materials and methods

Virus. The virus stocks used throughout the experim ents were prepared in the usual 
manner in D etroit-6 and H eLa cell cu ltures [5]. The harvests were frozen and thaw ed repeat
edly, then centrifuged and the supernatant kept at —20 C u n til used. Strains 9, 10, 11, 13
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and  16 were kindly supplied by D r . V ilŐe k . The “ Ijim a” prototype 8 strain was obtained  
from  D r . J a w e t z . The other typ e  8 strain was isolated in our laboratory from  a case of epidemic 
k eratocon ju nctiv itis during the 196 1 —62 epidem ic in B udapest [3].

S e r a  : Serum sam ples were obtained from subjects who presented them selves with  
ep id em ic  keratoconjunctivitis at different out-patient departm ents in B udapest. Normal 
sera w ere collected from hea lthy  persons w ith no history of epidem ic keratoconjunctivitis. 
T he b lood  sam ples were centrifuged and the sera stored at —20° C. Before testing the sera 
were treated  with bolus alba and absorbed w ith appropriate red blood cells (R B C ) if  needed.

R B C  s u s p e n s io n .  W ashed rat, rhesus or hum an group “ O” RBC suspensions of 1 per 
cen t concentration in saline were used in the tests. The rat RBC suspensions were stabilized  
w ith  1 per cent normal rabbit serum  [1, 6].

H I  r e a c tio n . The reaction  was performed in Takátsy’s M icrotitrator apparatus [7] 
w ith  4 haem agglutinating (H A ) un its o f virus, as described earlier [3].

Results

A to ta l  of 122 se ra  f ro m  p a t ie n ts  convalescing from  ep idem ic  k e ra to 
c o n ju n c t iv i t i s  was s tu d ie d  fo r  H I  an tibod ies  aga ins t  th e  following six strains 
o f  a d en o v iru s :  type  8 s t r a in  iso la ted  in our la b o ra to ry  and  p ro to ty p e  stra ins 
8 , 9, 10, 11 and 16. R esu lts  are  p resen ted  in Tab le  I. I t  can be seen t h a t  only 
4  p e r  cen t of the sera  gave  nega tive  resu lts  w hen  te s te d  ag a in s t  th e  strain 
iso la te d  during  the  ep idem ic . T itres  below 1 : 16 were observed  in an  additional 
4 p e r  cen t  of the  to ta l .  All o th e r  sera gave h igher  t i t res .  More t h a n  90 per  cent 
o f  t h e  sera were pos itive  also aga ins t  p ro to ty p e  s tra ins  of ty p e  8 an d  9. The 
inc idence  of pos itiv ity  was 68 an d  32 per cen t  w i th  s tra in s  10 a n d  11, respec
t iv e ly .

Table I

I n c id e n c e  o f  H I  a n tib o d ie s  a g a in s t  5  s t r a in s  o f  a d e n o v ir u s  i n  se ra  o f  1 2 2  p e r s o n s  c o n va le sc in g
f r o m  e p id e m ic  k e r a to c o n ju n c t iv i t is

Distribution of antibody levels against adenovirus types
(reciprocals)

8 (р) 8 (е) 9 10 1 11

< 4  No
O'

О

8
7

5
4

9
7

39
32

83
68

4 8 No
о/о

9
7

5
4

19
16

32
26

34
28

1 6 - 3 2  No
о/о

50
41

47
39

42
34

27
22

5
4

64— lz 8  No
о/о

42
34

50
41

43
36

23
19 —

256— 512 No
о//о

12
10

10
8

9
7

1
1

1024 No
о/о

1
1

5
4

—
—

Explanations:
(p) =  prototype strain
(e) =  strain from the actual epidemic
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T ype  16 was om it ted  from th e  T ables  as ne i the r  th e  convalescent no r  
th e  h ea l th y  sera were found to  c o n ta in  III  antibodies a g a in s t  this type .

Pa ired  sera ob ta ined  from a to ta l  o f  42 pa tien ts  w i th  epidem ic k e r a to 
con junc tiv i t is  were te s te d  for I I I  an t ib o d ie s  using th e  ab o v e  m en tio n ed  six 
s t ra in s  of adenovirus .  O f these se ra ,  38 were s tudied  also w i th  o th e r  serological

Table II

I ncidence o f I I I  antibodies against 5 strains o f  adenovirus in paired sera o f  42 p a tien ts with epidemic
keratoconjunctivitis

Percentage distribution of antibodies against adenovirus types
111 t i t r e s  

( r e c ip ro c a l s ) » (i>) « (<■) 9

A C

10 11

Л c A c A c A c

4 7 9 7 77 5 7 4  5 8 3 4 3 6 9 6 7

\ 8 1 2 7 7 7 1 2  12 s 1 2 2 4 2 6

1 6 3 2 7 2 7 1 4 2 6 1 2  3 5 10 1 9 7 7

6 4 1 2 8 2 4 3 2 3 8 2  3 8 2 2 4

2 5 6 5 1 2 14 1 4 1 0 2

1 0 2 4 2 1 0 — 1 —

E xplanations:
A: Serum samples from acute stage of illness
C: Serum samples from convalescent stage of illness

(p) prototype strain 
(e) strain from the actual epidem ic

m ethods  [3]. T ab le  II presents  th e  a cu te  and  convalescen t  H I ti te rs  o f  the  
42 serum  pairs. T he  80 per cen t  inc idence  of nega tive  H I  in th e  acu te  sera 
w ith  ty p e  8 s tra in s  decreased to  5 to  7 per  cent in the  c o n v a le scen t  ones. The 
t i t re s  exh ib ited  rem arkab le  increases ,  excep t in two cases w here  the  increase 
was only twofold . A similar inc rease  was observable  a g a in s t  ty p e  9 s t ra in .  
T i t re s  against ty p e  10 strain inc reased  by 40 per cent while  those  against ty p e  
I 1 exhibited  no change either in inc idence  or in value.

Triple se rum  samples were ava i lab le  from 23 p a t ie n ts .  The f irs t  sam ple  
w as taken  at th e  onset of the a c u te  [»hase, the  second 3 to  4 weeks la te r  a n d  th e  
th i rd  4 to 6 m o n th s  after  onset o f  th e  disease. In m ost o f  th e  th ird  sam ples  
a fu r th e r  increase of  t i t re  w as o b se rv ab le  againts  type  8, 9 a n d  10 of adenov irus ,  
as shown in Fig. 1.

In Table  I I I  are shown the  re su l ts  of an analysis o f  t h e  d a ta  from T ab le  1, 
accord ing  to th e  in te rva l  be tw een  th e  onset of disease a n d  th e  sam pling  of 
blood. O ut o f  th e  to ta l  of 122 sera  te s te d ,  79 were s am p led  a f te r  an in te rv a l  of 
m ore  than  3 m o n th s ,  32 after 3 to  6 m o n th s ,  and 47 a f t e r  7 to 12 m o n th s .  
T h e  average t i t re s  a n d  the  incidence o f  those above 1 : 16 h a v e  shown, t h a t  even 
a f te r  12 m on ths  HI antibodies a g a in s t  th e  aetiological a g en t  were still p resen t
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Adenovirus type 8 
(prototype strain)

Adenovirus type 6 Adenovirus type 9 
(epidemic strain) (prototype strain)

Adenovirus type 10 
(prototype strain)

Adenovirus type 11 
(prototype strain)

. „  _ . . _ . - 6  3-4- . -
Ç days w eeks months d a y s  w eeks  months d a y s  w ee ks  m onths d a y s  w ee ks  m onths d a y s  weeks /

^  In terva l b e tw e e n  o n se t o f  illn es a n d  ta k in g  o f  b lo o d  s a m p i e sСИ И4'0 И'6 Ш 32 l64 Ш '2в Ш ^256
F ig . 1. Incidence of H I titres against 5 adenovirus strains in  serum  sam ples of 23 patients 

w ith  epidemic keratocon ju nctiv itis at various points of tim e after onset of the disease

Table III

Average o f H I  titres and incidence o f  )> ( 1 : 16) titre values against 5 adenovirus strains in  32 
a n d  47 serum samples obtained 3— 6 and  7— 12 months, respectively, after onset o f  epidemic

keratoconjunctivitis

Average ol HI titres Incidence of j> (1 16) titres (%)

Adenovirus
type

in samples taken after

3 - 6
months

7 -1 2
months

3 - 6
months

7 -1 2
months

8(P ) 68 46 91 82

8 (e ) 109 62 94 94
9 72 43 91 61

10 23 15 57 44
11 3 2 6 —

E xplanations:
(p) == p ro to ty p e  s tra in
(e) =  s tra in  from  th e  actu al epidem ic

a t  t h e  same f req u en cy  a n d  h ad  th e  sam e t i t re s  as those  in  T ab le  II .  Similar 
re su l ts  were ob ta in ed  w i th  ty p e  9 of  adenov irus ,  while w i th  ty p e  10 both  the 
a v e ra g e  titres and  th e  incidence of  those  above  1 : 16 was lower.

Serum  sam ples f ro m  350 h ea l th y  persons were e x a m in e d  for H I a n t i 
b od ies  against ty p e  8, 9, 10, 11, 13 and  16 of adenov irus .  T h e  average t i t re s  
a n d  th e  incidence o f  t h e  ind iv idua l  t i t r e  va lues  are p re se n te d  in Fig. 2. The 
in c id en ce  was s im ilar  fo r  all s tra ins  b u t  ty p e  11. F o r  th e  fo rm er  negative



re su lts  w ere o b ta in e d  in 53 to  58 p e r cen t and  ti tre s  low er th a n  1: 16 fo r an 
a d d itio n a l 26 to  29 p er cent. T h ese  figures w ere re m a rk a b ly  h igher fo r ty p e
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F ig . 2. Percen tage  d is tr ib u tio n  of H I a n tib o d y  levels ag a in st 5 a d en o v iru s  s tra in s  in sera  of
350 h e a lth y  persons

The incidence  o f positive 111 te s ts  in 4 d iffe ren t age g roups is p re se n te d  
in F ig . 3. The p e a k  occurred in th e  age group of 15 to  45 years for all ty p e s  
save  ty p e  11; for th is  ty p e  a s im ila r peak  was o b serv ab le  in th e  age g ro u p  of 
31 to  45 years.

Fig. 3. Incidence o f 111 an tibodies in se ra  o f 350 h e a lth y  persons g ro u p ed  accord ing  to  age
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T he num erica l va lues  of  the  positive t i t r e s  for types  8, 9, 10 and  13 were 
p rac t ica l ly  iden tica l,  th u s  on ly  those for ty p e  10 were t a b u la te d  in detail in 
T ab le  IV . The incidence of positive t i t re s  below 1 : 16 w as a b o u t  52 to 60 
per  cen t for the  ave rag e  an d  70 per cen t for th e  age groups below 14 years. 
D ifferen t results were o b ta in e d  with  ty p e  11 s t ra in ,  as shown in T able  Y. In  th is  
case th e  incidence o f  low t i t re s  am ong th e  scarce positive resu lts  was re la tive ly  
h igh  (average, 77 p e r  cent).

Table IV

In c id e n c e  o f  H I  a n tib o d ie s  a g a in s t  a d e n o v ir u s  ty p e  10  in  sera  o f  3 5 0  h e a l th y  p e r s o n s  g ro u p e d
acco rd in g  to age

Age groups 
(years)

Number 
of sera 
tested

Positiv e sera Percentage distribution of titres*

Number % 4 - 8 16 32 64

О **■ 78 24 31 71 17 8 4

15— 30 149 75 51 58 25 9 8

31— 45 61 31 51 52 35 13

^ 4 6 62 26 42 54 31 11 4

A verage 45 59 27 10 4

* Reciprocals

Table V

In c id e n c e  o f  H I  a n tib o d ie s  a g a in s t  a d e n o v ir u s  ty p e  11 in  sera  o f  3 5 0  h e a l th y  p e r s o n s  g ro u p e d
a cco rd in g  to  age

Age groups 
(years)

Number 
of sera 
tested

Positive sera Percentage distribution of titres*

Number j 0/ 4 - 8 16 32 64

0— 14 78 и 14 82 18 _ _
15— 30 149 20 13 60 20 15 5

31— 45 61 13 21 77 15 — 8

;>46 62 8 13 87 13
i

— —

A verage 15 77 16 4 3

* Reciprocals

Discussion

J aw etz  et al. [8] w ere th e  first to  id e n tify  ty p e  8 o f  ad en ov iru s as th e  
a etio lo g ica l agen t o f  ep id em ic  k era to c o n ju n ctiv itis  and to  d em on strate  th e  
p resen ce o f  ty p e -sp ec if ic  an tib od ies in  th e  sera o f  p a tie n ts  and con va lescen ts
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18, 9]. This o bse rva tion  was la te r  su p p o r te d  by o th e r  au tho rs  b o th  in n a tu r a l
[10] a n d  in a r t i f ic a l  infections [11]. All these studies  were, how ever,  m ad e  
w ith  CF and  n eu tra l iza t ion  te c h n iq u e  while no d a ta  on s im ilar  s tu d ie s  
w ith  th e  H I  t e s t  a re  available in  th e  l i te ra tu re .  In  th e  course of  th e  e p i 
dem ic k e ra to con junc tiv i t is  in B u d a p e s t  we applied  th e  H I  te s t  fo r  ae tio -  
logical s tudies  a n d  succeeded in rev ea l in g  ty p e  8 adenov irus  as th e  p a t h o 
gen [3]. This observa tion  has re l ia b ly  been su p p o r ted  b y  d a ta  o b ta in e d  w ith  
122 convalescent sera, as p re sen ted  in Tab le  I. A similar conclusion m a y  be 
d raw n  from  the  exam ina tion  of  42 pa ired  sera ta b u la te d  in T ab le  I I .  T h u s  
the  H I  tes t  a p p e a re d  to be a v a lu a b le  m e th o d  for th e  la b o ra to ry  d iagnosis  
of epidem ic ke ra to co n ju n c t iv i t is  j u s t  like for th a t  of ce rta in  o th e r  ad en o v iru s  
infections of th e  u p p e r  re sp ira to ry  t r a c t  [2].

R esu lts  o b ta in e d  with the  o th e r  3 ty p es  were in ag reem en t  w i th  Un
w ell-known cross reaction  b e tw een  ty p es  8 and  9 in b o th  th e  n e u tra l iz a t io n  
[12] a n d  the  H I  [1] tests. We a re  inclined to  expla in  th e  increases in t i t r e  
ag a in s t  ty p e  10 also by the p resence  of a similar, th o u g h  less m a rk e d  cross 
reac tion . This p ro b lem  has been d e a l t  w ith  in a sep a ra te  p a p e r  [13]. O n th e  
o th e r  hand ,  no s ign if ican t changes w ere  d em ons trab le  in th e  H I t i t re s  o f  ac u te  
a n d  convalescent sera  when te s te d  ag a ins t  ty p e  11 of adenovirus .

T h e  nega tive  results o b ta in ed  ag a in s t  ty p e  16 were in a g re e m e n t  w i th  
th e  observa tions  of  R o s e n  et al. [14] who failed to  d e m o n s tra te  th e  p resence  
of  H I  an tibodies  aga ins t  this ty p e  even  in case of  p roven  ty p e  16 in fec tions 
th ro u g h o u t  a long te rm  survey in  a ch i ld ren ’s collective.

Since neu tra l iz in g  an tibodies a re  know n  to persist only for a l im ited  t im e  
a f te r  th e  infection  [9], it a p p e a re d  to  be of a cer ta in  in te res t  to s tu d y  th e  
pers is tence  of H I  antibodies u n d e r  sim ilar  conditions. R ep o r ts  on a m ore  
pro longed  persis tence  and higher t i t r e s  a t ta in e d  by  HI th a n  b y  CF a n d  n e u 
tra l iz ing  an tibod ies  [3, 4] ren d e red  such a s tu d y  even m ore ju s t i f ied .  O u r  
resu lts  were in perfec t ag reem ent w i th  the  above observations.  As sh o w n  in 
T ab le  I I I ,  H I  t i t r e s  of 1 : 16 or h ig h e r  aga ins t  ty p e  8 s tra ins  were o b se rv ed  in 
94 pe r  cent a f te r  7 to  12 m on ths  following the  infection. The average  t i t r e s  
were s ign if ican tly  h igher against all t h e  ty p es  te s ted  b u t  ty p e  11, as c o m p a re d  
to  those  in sera of  hea lthy  persons (Fig. 1, 2).

T he  t i t re  changes of tr ip le  s e ru m  sam ples p resen ted  in Fig. 1 suggested  
th a t  in a n u m b e r  o f  cases the  t i t r e s  c o n t in u ed  to  increase a f te r  th e  f i rs t  m o n th  
following the  disease and a t ta in ed  p eak  values only la te r .  This seem ed to  be 
an  a d e q u a te  ex p lan a t io n  of the  f a c t  t h a t  even a f te r  a y ea r  re la t iv e ly  high 
t i t re s  were observed .

Several a u th o rs  have recen tly  s tu d ie d  th e  incidence o f  CF a n d  n e u t r a l iz 
ing an tibod ies  ag a in s t  different ty p e s  of  adenov irus  in sera of h ea l th y  persons.  
P os i t ive  reac tions  were observed in 30 to  50 per  cent, w ith  th e  h ighes t  ra t io  
in children and  y o u n g  adults  [15, 16, 17, 18, 19]. O ur  results  are in a g re e m e n t
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w ith  th o se  cited [20]. L i te ra ry  d a ta  on th e  ty p e s  exam ined  by us are, however, 
r e la t iv e ly  scarce an d  even  these have been  o b ta in e d  b y  the  n eu tra l iza t ion  tes t .

J a w e t z  el al. [21] and  D r e i z i n  [22] found ,  in ag reem ent w ith  our 
re su lts  [23], an a b o u t  5 per  cent, o th e r  a u th o rs  [24] a 9 per cen t incidence 
of  an tibod ies  ag a in s t  ty p e  8 adenovirus .  A ccord ing  to  d a ta  from T aiw an , 
n eu tra l iz in g  an t ib o d ie s  against types  8 a n d  10 were found in more th a n  50 
per  c e n t  of th e  sera  o f  ch ildren; in ad u l ts  th e  incidence  was m u ch  lower [25]. 
In  I t a ly  during  an  ep idem ic  k e ra to c o n ju n c t iv i t is  su rvey  low t i t r e  n e u tra l iz 
ing  an tibod ies  were fo u n d  in  8 out of 24 c o n tro l  sera  aga ins t  ty p e  8 of a d e n o 
v iru s  [10].

T h e  incidence o f  H I  antibodies a g a in s t  ty p e s  9, 10 and  13 in th e  sera 
of  th e  350 hea l th y  pe rsons  exam ined  b y  us (see Fig. 2) was in good agreem ent 
w ith  t h a t  found b y  o th e r  au thors . F o r  t y p e  11, how ever, the  incidence was 
r e m a rk a b ly  lower, 85 p e r  cen t of the  sera  be ing  nega tive  an d  an  add it iona l  
11 p e r  cen t  hav ing  t i t r e s  below 1 : 16. This  f in d in g  suggested th a t  ty p e  11 was 
less f re q u e n t  in H u n g a r y  th a n  the  o the r  th re e  ty p e s  te s ted .  F o r  ty p e  8, however, 
th e  inc idence  was essen t ia l ly  the  sam e as for ty p e s  9, 10 an d  13.

T he  incidence o f  positive H I tes ts  show ed a m a x im u m  in the  age group 
o f 15 to  45 years, w hile  for ty p e  11 th is  m a x im u m  was be tw een  31 to  45 years 
o f  age. T hus  none o f  t h e  ty p es  exam ined  seem ed  to belong to  those causing 
u p p e r  re sp ira to ry  t r a c t  disease in children.

O u r  results  o b ta in e d  w ith  ty p e  8 d iffered  som ew ha t from  those know n 
from  th e  l i te ra tu re .  T h e  discrepancy m a y  be exp la ined  as follows. (1) In  our 
p rev ious  reports  [13, 26] we have a lready  p o in te d  to  th e  fac t t h a t  the  H I t i t re s  
o f  se ra  were a lways h ig h e r  th a n  the  n e u tra l iz in g  or CF ti t res .  One m ay  th e re 
fore suppose  th a t  se ra  w ith  1 : 16 or low er H I  t i t re s  would  yield a nega tive  
n e u tra l iz a t io n  te s t ,  t h u s  showing lower v a lu es  for th e  incidence of positive 
sera. (2) Serum  sam p les  were collected w i th in  a few m on ths  following th e  
ep idem ic  in a d e p a r tm e n t  in  B udapest ,  a to w n  severely involved  in th e  epi
dem ic. This su p p o s i t io n  is in agreem ent w i th  ce r ta in  results  [27] showing th a t  
in se ra  ta k e n  before  the  epidemic from  h e a l th y  persons th e  incidence of H I  
an tib o d ies  aga ins t  ty p e  8 was scarcely 5 p e r  cen t  while th is  figure increased 
to  60 p e r  cent in sam ples  collected a f te r  an  ep idem ic  h a d  tak en  place in th e  
a rea .  (3) The d is t r ib u t io n  of  seroposit iv i ty  accord ing  to  age groups m a y  he 
ex p la in ed  b y  th e  f a c t  t h a t  the  H u n g a r ia n  ep idem ic  h ad  a t ta c k e d  m a in ly  
ad u l ts .  A sim ilar ep idem io logy  was obse rved  in  th e  U n ited  S ta tes  of A merica, 
while m ain ly  ch ild ren  were involved in th e  epidem ics observed  in T aiw an  
a n d  J a p a n .
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DIE WIRKUNG VON TUBERKULIN AUF DIE ATMUNG 
VON ASCITESZELLEN IN VERSCHIEDENEN  

ZEITPUNKTEN NACH INFEKTION 
MIT MYCOBACTERIUM TUBERCULOSIS

Von

B. S c h w e ig e r , B rigitta  B. L ow  und A. T om csäny i

»KorányU<-Landesinstitut f ü r  Tuberkulose  (D irektor: M. Böszörményi), B udapest

(E in g eg an g en  am  20. J a n u a r  1964)

Z usam m en fassu n g . Die A tm u n g  der A sciteszellen von M eerschw einchen in A nw esenheit 
von  T u b erk u lin  zu versch iedenen  Z e itp u n k te n  nach  In fek tio n  m it v iru len ten  M . tuberculosis 
w u rd e  an  gesunden , m it BCG v a k z in ie rten , v a k z in ie rten  u n d  desensib ilis ie rten , sow ie m it 
IN H  u n d  S trep to m y cin  b e h an d e lte n  T ieren  u n te rsu c h t.

1. Die A tm ung  der A sciteszellen  w ar nu r 24 S tu n d en  n ach  der In fek tio n  in  A n w esen 
h e it  von T u b erk u lin  e rh ö h t; 3, 14 bzw . 42 T age n ach  de r In fek tio n  w ar die A tm u n g se rh ö h u n g  
n ic h t m eh r nachw eisbar.

2. Die A tm u n g  der Zellen der 6 W ochen vor de r In fek tio n  m it BCG im m u n is ie rte n  
T iere  w ar in  A nw esenheit von T u b erk u lin  24 S tu n d e n  n ach  der In fek tio n  g leichfalls e rh ö h t:  
w äh ren d  ab er die W irkung  bei den  n ich t im m u n isie rten  in fiz ierten  T ieren  3 T age  n a c h  der 
In fek tio n  n ich t m ehr nachgew iesen w erden k o n n te , w ar sie bei den im m u n is ie rten  T ie ren  auch 
n ach  3 T agen noch u n v e rä n d e rt  v o rh an d en .

3. Die A tm u n g  der A sciteszellen de r im m u n isie rten , ab er m it T u b e rk u lin  d esen si
b ilisie rten  M eerschw einchen w ar in A nw esenheit von T u b erk u lin  3 T age  n a ch  de r In fek tio n  
ebenso  wie die der im m u n isie rten , aber n ich t sensib ilisierten  T iere  e rh ö h t.

4. Die A tm ung  der Zellen von in fiz ierten  u n d  m it IN H  b eh an d e lte n  T ie ren  w ar in 
A n w esenheit von T u b erk u lin  sow ohl 24 S tu n d en  als au ch  3 T age n ach  der In fek tio n  g este ig ert. 
S tre p to m y c in b e h an d lu n g  ü b te  keine  d e ra rtig e  W irk u n g  aus.

In den  Zellen d er m it M y k o b ak te rien  in fiz ie rten  T iere  tre te n  n ach  der 
In fe k tio n  versch iedene V erän d eru n g en  in E rsch e in u n g . So s te llte n  D ittmak  
u n d  S i x e l  [2] fest, die A tm u n g  u n d  G lykolyse der Zellen von  in fiz ie rten  
T ie ren  seien g este igert. E in ige  A u to ren  wiesen nach , die e rw ä h n te n  V e rä n d e 
ru n g en  k ö n n ten  schon v o r E rsch e in en  der H a u ttu h e rk u lin e m p fin d lic h k e it bei 
den in fiz ie rten  T ieren  k o n s ta tie r t  w erden  [3 ,4 ,1 0 ,1 7 ] . Bei den  U n te rsu ch u n g en  
d er Zellen des p e rito n ea len  E x su d a te s  von M eerschw einchen fanden  au ch  w ir. 
d aß  b e re its  24 S tu n d en  nach  der In fe k tio n  — noch v o r dem  A u ftre te n  der 
H a u ttu b e rk u lin e m p fin d lic h k e it — die T u b e rk u lin re a k tio n  m it den Zellen 
p assiv  ü b e rtra g e n  w erden  k a n n ; in A nw esenheit von T u b e rk u lin  n im m t die 
A tm u n g  d er A sciteszellen zu [14, 10].

In  F o rtse tz u n g  d ieser V ersuche u n te rsu c h te n  w ir im R ahm en  d e r h ie r 
b esp ro ch en en  A rb e it, w ie sich  die a tm u n g ste ig e rn d e  T u b e rk u lin w irk u n g  zu 
v e rsch ied en en  Z e itp u n k te n  n a c h  d er In fe k tio n  g es ta lte t. D ie U n te rsu ch u n g en  
n a h m e n  w ir an A scitcszellen von zu v o r m it BCG im m u n is ie rten  u n d  nicht 
v ak z in ie rte n  M eerschw einchen vor.

2  A c tu  M ic ro b io lo g ie «  X I /2 .
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M aterial und M ethoden
Verwendete Tiere. F ü r  d ie  V ersuche b e n u tz te n  w ir aus e igener Z u ch t s tam m en d e, 

200 300 g schw ere M eerschw einchen  beider G esch lech ts .
Verwendete M ykobakterienstäm m e. Es w u rd en  d ie  21 T age a lte  K u ltu r  des in te rn a tio 

n a le n  S tam m es H 37R v , d ie  14 T ag e  a lte  K u ltu r des S tam m es R av en e i, die 21 T age a lte  K u ltu r  
d e r  S täm m e BCG bzw . H 3-R a  sow ie die 2 Tage a lte  K u l tu r  von M . friburgensis  b e n u tz t. Die 
S tä m m e  zü ch teten  w ir a u f  d em  v o n  Szabó m odifiz ie rten  S u laschen  N äh rb o d en . Bei den  U n te r
su c h u n g e n  kam en in  phy sio lo g isch er K ochsalzlösung  su sp en d ie rte  B azillenm engen  von 
1 m g /m l bzw. 0,01 m g /m l H a lb feu ch tg ew ich t zur A n w en d u n g .

Tuberkulin . W ir b e n u tz te n  das von der Im p fs to ffab rik  H u m an  (B u d ap es t) e rzeugte  
A lt-T u b e rk u lin  sowie d as  v o n  S ta te n s  Serum  I n s t i tu t  (K o p en h ag en ) p ro d u z ie rte  P P D .

In fek tion  der T iere u n d  G ew innung der Zellen. D ie T iere  w u rd en  m it 1 m g/m l der e r 
w ä h n te n  S täm m e in tra p e r i to n e a l  in fiz iert. Zwecks G ew in n u n g  der en tsp rech en d en  Zellm enge 
p ro v o z ie rte n  wir d u rc h  e in m a lig e  Z ufuhr von 8 m l P a ra ffin ö l 24 S tu n d e n  vor der In fek tio n  
bzw . d u rch  V erab re ichung  v o n  5 m l 0,01 m g/m l G lykogen  5 T age h in d u rch  eine s te rile  E n t 
z ü n d u n g  in der B au ch h ö h le . In  d ie B auchhöhle d e r a u f  diese W eise b eh an d e lten  u n d  noch 
M an to u x -n eg a tiv en  T ie re  s p r i tz te n  wir zu v e rsch ied en en  Z e itp u n k te n  nach  der In fek tio n  
20 m l h eparm haltige  K o ch sa lz lö su n g  ein, w onach die T ie re  m it C hloroform  g e tö te t w urden . 
N a c h  M assieren ö ffn eten  w ir d ie  B auchhöhle  u n d  sa u g te n  die F lü ss ig k eit m it der P as teu r- 
P ip e tte  ab. Die F lü ss ig k eit w u rd e  zen trifu g ie rt, d a n a c h  su sp en d ie rten  w ir die Zellen in  R inger- 
L ö su n g . D am it genügend  Z ellen  fü r  die U n te rsu ch u n g en  zu r V erfügung  stehen , b e re ite ten  
w ir  au s  den v e rm isch ten  A scitesze llen  m ehrerer g le ich artig  b e h an d e lte r  T iere 9 m l Suspension.

Im m unisierung  der T iere . Die M eerschw einchen w urd en  m it 1 m g/m l e inw öchiger 
B C G -V akzine su b k u ta n  g e im p ft. 6 W ochen nach  d e r Im p fu n g  w urden  die T iere im  V e rh ä lt
n is  1 : 10 M an to u x -p o sitiv . N u n m e h r in fiz ierten  w ir sie m it v iru le n ten  B ak te rien .

D esensibilisierung der im m u n isierten  Tiere. Bei den  n ach  d iesem  V erfahren  im m u n i
s ie r te n  T ieren  b es tim m ten  w ir d ie  T uberku lin -S ch w ellen em p fin d lich k e it; die D esensib ilisierung 
b e g an n e n  w ir m it d e rjen ig en  V e rd ü n n u n g , bei de r die T u b e rk u lin p ro b e  noch n e g a tiv  ausfiel. 
V on  d e r S ch w ellen v erd ü n n u n g  au sg ehend , w urde 0,1 m l zw eitäg lich  su b k u ta n  in anste ig en d er 
D osis v e rab re ich t. D ie 3 T ag e  n a ch  der letz ten  A lt-T u b e rk u lin -In jek tio n  au sg efü h rte  Prolié 
m it 1 : 10 v e rd ü n n te m  T u b e rk u lin  (0,1 ml) erw ies sich  als n eg ativ .

Isoniazid- und S treptom ycinbehandlung. IN H  u n d  S tre p to m y c in  gaben  w ir den  T ieren 
a m  T ag e  der in tra p e rito n e a le n  In fek tio n  und an  den fo lg en d en  T agen , u n d  zw ar IN H  in der 
D osis von 10 m g/kg, S tre p to m y c in  in der Menge von  20 m g/kg.

B estim m ung des Sauerstoffverbrauchs. Den S a u e rs to ffv e rb ra u ch  der Zellen e rm itte lte n  
w ir in dem  WARBURGschen A p p a ra t .  In  die einzelnen G efäße w urden  je  2 ml Zellsuspension, 
in  d ie  Seitengefäße 0,1 m l A lt-T u b e rk u lin  oder P P D -L ö su n g  eingem essen. (Im  allgem einen 
b e n u tz te n  wir 5fach v e rd ü n n te s  T u b e rk u lin  und 280 /ig  P P D .)  Das V olum en w urde m it R inger- 
L ö su n g  au f ein E n d v o lu m e n  v o n  2,5 ml e rg än z t. Z u r K o h len d io x y d re so rp tio n  b e n u tz ten  
w ir 0,1 m l 20% iges N aO H . N a c h  Z ugabe des T u b e rk u lin s  zu den Zellen w urden  diese 10 M inu
te n  in k u b ie r t ,  dann die R ö h re n  geschlossen und die A b lesungen  in  In te rv a lle n  von 10 M inuten  
vo rg en o m m en . Aus de r l in e a re n  P h ase  der 60 M in u ten  d a u e rn d e n  V ersuche e rrech n e ten  w ir 
d e n  S au e rs to ffv e rb rau ch  von  100 000 Zellen w äh ren d  e in e r S tu n d e  in /d  au f G rund  folgender 
F o rm e l:

Oo-V erbrauch X 100 000 
'K -s =  Zellzahl X 1 S tu n d e

Ergebnisse

Z u erst u n te rsu c h te n  w ir die W irk u n g  von  T u b e rk u lin  a u f  die A sc ites
ze llen  d er M eerschw einchen  zu  versch iedenen  Z e itp u n k te n  n ach  der In fek tio n . 
D ie V ersuche w u rd en  I ,  3, 14 u n d  42 T age n ach  d er In fe k tio n  vorgenom m en. 
D ie E rgebn isse  v e ra n sc h a u lic h t Tabelle I . H ie rn ach  v e rh a lte n  sich die 3, 14 
u n d  42 Tage nach  d e r In fe k tio n  gew onnenen p e rito n ea len  Zellen in  A nw esen
h e it von T u b erk u lin  ebenso  wie die Zellen d e r n ic h t  in fiz ie rten  K on tro llm eer- 
schw einchen , d. h. ih re  A tm u n g  w ird  von T u b e rk u lin  n ich t w esen tlich  bee in 
f lu ß t .  E rs t  24 S tu n d e n  n a c h  der In fe k tio n  zeigen die u n te rsu c h te n  Zellen 
A tm u n g ss te ig e ru n g  in A nw esenhe it von T u b e rk u lin .
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U m  die S p ez ifitä t der fe s tg e s te llte n  R eak tio n  zu k lären , fü h r te n  w ir 
obige V ersuche n ic h t n u r m it A lt-T u b e rk u lin , sondern  auch  m it P P D  d u rc h , 
w obei derse lbe  E ffek t zu tage  t r a t .

T abelle  I

D ie W irkung von Tuberkulin  a u f  den Sauerstoffverbrauch der zu ver
schiedenen Zeitpunkten nach Tbc-In fek tion  gewonnenen Asciteszellen von

Meerschweinchen

V ersu ch
N r.

Zellgew innung nach 
d e r In fek tion

I- II. I I I .

Q ()28 ohne 
T u b e rk u lin

Q ()2y m it 
T u b e rk u lin

S teigerung in

1 0,084 0,107 27
2 0,096 0,132 38
3 1 Tag spä ter 0,090 0,117 30
4 0,082 0,102 24
5 0,091 0.124 36

1 0,150 0,150 0
2 0.142 0,151 6
3 3 Tage spä ter 0.140 0.149 6
4 0,143 0.150 5

5 0,133 0,144 8

1 0,142 0,153 8
2 0.123 0,153 16
3 14 Tage sp ä ter 0,132 0,135 10
4 0,127 0,145 14
5 0,115 0,123 7

1 0,150 0,165 10
2 0,138 0,150 9
3 42 Tage sp ä ter 0,167 0.177 6
4 0.122 0.127 4
5 0,155 0,162 4

1 0.113 0,126 12
2 Gesunde 0.1211 0.135 6
3 K ontroll- 0,109 0.118 8
4 gruppe 0,134 0,136 2
5 0,086 0,089 о

S ign ifikan te  D ifferenzen zwischen d en  M itgliedern der 1. G ruppe:
Zw ischen de r K o n tro ll- und 24stündigen G ruppe: t 6,0356; p  >  0,001
Zwischen der K o n tro ll- und  3tägigen G ruppe: t 4,187; 0,01 >  /> >  0,001
Zwischen de r K o n tro ll- und 14tägigen G ruppe: t 1,264; 0,3 >  p  >  0,2
Zwischen de r K o n tro ll- und 42tägigen G ruppe: t 2,9388; 0,02 >  p  >  0,01

Säm tliche  in  der Tabelle an g efü h rten  V ersuche w urden  m it den  Zellen der v e re in ig ten  
peritonea len  E x su d a te  von drei M eerschw einchen vorgenom m en. Die vereinigte Z ellsuspension  
w urde in 4 W arburg-G efäße verte ilt. In zwei d ieser G efäße g aben  wir 0,1 ml fünffach  v e rd ü n n te s  
AT. Das E n d v o lu m en  w urde m it R inger-L ösung  au f 2,5 ml e rg än z t. IN ach Z ugießen v o n  A4 
erfolgte die In k u b a tio n  der Zellen 10 M in u ten  m it offenem  M anom eter. Nach V ersch ließen  des 
M anom eters w u rd en  die Versuche hei 37° C w ährend  60 M inuten  fortgesetzt und  d ie E rg eb 
nisse in In te rv a lle n  von  10 M inuten abgelesen. In  der I. u n d  II. R ubrik  sind die ohne  AT bzw. 
m it AT gew onnenen Q 0 25-W erte, in der III. R u b rik  ist die S teigerung des S au e rs to ffv e r
brauchs u n te r  W irkung  von AT in %  angegeben.

2*
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Im  w eiteren  im p f te n  w ir die T iere a u c h  m it av iru len ten  M yk o b ak te rien  
(H 37R a , BCG bzw . S a p ro p h y ten : M . fr ib u rg en sis)  und u n te rsu c h te n  die 
A tm u n g  der Zellen 24 S tu n d en  nach  d e r In fe k tio n  in A nw esenheit von u n d  
o h n e  T u b e rk u lin : A tm u n g sste ig eru n g  k a m  a u c h  hei diesen V ersuchen  n ich t 
z u s ta n d e .

A bb. 1. D ie W irkung  v o n  T u b e rk u lin  au f die A tm u n g  d e r  A sciteszellen von  m it BCG im m u n i
s ie r te n  u n d  su p e rin fiz ie rten  T ie ren  (а) 1 T ag n a ch  d e r  In fe k tio n , (b) 3 T age n ach  der In fek tio n . 
D ie  V ersu ch e  w urd en  m it  d em  verein ig ten  p e r ito n e a le n  E x su d a t von  je  3 M eerschw einchen

v orgenom m en
(a) K u rv e  A :  K o n tro lle . A tm u n g  der von  d en  im m u n is ie r te n  und  su p e rin fiz ie rten  T ie ren  

s ta m m e n d e n  Zellen; Z ellzah l 8 , 6 x l 0 6
K u rv e  B :  M it de r K o n tro lle  iden tisch  + 0 ,1  m l fü n ffac h  v e rd ü n n te s  T u b erk u lin  
K u rv e  C: A tm ung  d e r Z ellen  der m it 1 m g H 37R v  in f iz ie r te n  T iere 1 T ag  n ach  der In fek tio n ; 
Z ellzah l 1 ,2 X 1 0 7
K u rv e  D :  D asselbe w ie K u rv e  C +  0,1 m l fü n ffa c h  v e rd ü n n te s  T u b erk u lin

(b ) D asse lb e  wie u n te r  P u n k t  a, aber 3 Tage n a ch  d e r In fek tio n . Zellzahl bei den  K u rv e n  А 
u n d  В 8 ,5 X 106, be i d e n  K u rv e n  C und  D 1 ,5 X lO 7

E in e  A tm u n g ss te ig e ru n g  v e rm o ch ten  w ir  au ch  d an n  n ich t zu b eo b ach ten , 
w e n n  die In fek tio n  zw ar m it einem  v iru le n te n  S tam m  erfolg te, ab er die U n te r
su c h u n g  der Z e lla tm u n g  nicht 24 S tu n d e n , sondern  20 M in u ten  n a c h  der 
In fe k tio n  v o rgenom m en  w urde.

A nsch ließend  u n te rsu c h te n  w ir, w ie sich  obige E rsch e in u n g  g e s ta lte t, 
w en n  die T iere v o rh e r  m it BCG im m u n is ie rt bzw . vom  A ugenb lick  d e r In fe k 
tio n  an  m it einem  B a k te r io s ta tik u m  b e h a n d e lt  w erden.

Die m it BCG im m u n is ie rten  M eerschw einchen  in fiz ie rten  w ir in tra p e r i
to n e a l  6 W ochen n a c h  d er Im m u n isie ru n g , d a n n  w urden  sie ] bzw. 3 Tage
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nach  d er In fek tio n  g e tö te t, w onach  w ir die A tm u n g  d er A sciteszellen  n ach  
der besch riebenen  M ethode m it u n d  ohne T u b erk u lin  u n te rsu c h te n . A bb . 1 
e n th ä lt  die R esu lta te .

Von BCG allein  w urde  die A tm u n g  d e r A sciteszellen in A nw esenheit 
von  T u b erk u lin  n ic h t b e e in flu ß t. G eschah die U n te rsu ch u n g  1 T ag  n a c h  d er 
In fe k tio n , so fan d en  w ir, d aß  sich die Zellen d er v ak z in ie rten  T ie re  1 T ag  
n ach  d e r In fe k tio n  ebenso v e rh ie lten  wie die d er n ich t v a k z in ie r te n : ihre 
A tm u n g  h a t te  in  A nw esenheit von T u b e rk u lin  zugenom m en (A bb. la ) .

E in  au ffa llen d er U n te rsch ied  zeig te sich  zw ischen den vo rigen  beiden  
T ie rg ru p p en , w enn die U n te rsu ch u n g en  3 T age n ach  der In fek tio n  bzw . R e in 
fek tio n  e rfo lg ten : die A tm u n g  d er Zellen d e r v ak z in ie rten  T iere w a r in  A n 
w esenhe it von T u b e rk u lin  p rä g n a n te r  geste ig e rt, w ährend  die der n ic h t v a k z i
n ie rte n  keine w esen tliche  A bw eichung  zeig te (A bb. 1fr).

Im  Z u sam m en h an g  m it diesen sowie den  3 Tage nach  d er In fe k tio n  
zu tag e  tre te n d e n  V ersu ch sre su lta ten  e rgab  sich fe rn er die F rage , ob d e r zell- 
a tm u n g s te ig e rn d e  T u b e rk u lin e ffek t auch  e rh a lte n  b le ib t, w enn die im m u n i
s ie rten  M eerschw einchen zuvor m it T u b e rk u lin  desensib ilisiert w erd en . N ach  
unseren  E rg ebn issen  w ird  die R eak tio n  d er A sciteszellen  bei den im m u n is ie rte n  
M eerschw einchen  d u rch  die D esensib ilis ierung  m it T u b erk u lin  n ic h t v e r 
ä n d e r t ,  w enn die U n te rsu ch u n g  3 T age n ach  d er In fek tio n  erfo lg t.

Schließlich  fü h rte n  w ir noch  einen  V ersuch  d u rch , bei dem  die  T iere  
n ach  der In fek tio n  bis zu r T ö tu n g  m it IN H  bzw . S trep to m y c in  b e h a n d e lt  
w u rd en . Die T ö tu n g  d er T iere erfo lg te  3 T ag e  n ach  d er In fek tio n . Die R e su lta te  
s ind  in A bb. 2 zu sam m en g efaß t.

N ach  den V ersuchsergebn issen  w ar die A tm u n g  der Zellen bei den  m it 
IN H  b eh an d e lten  T ie ren  gegenüber d e r bei den  u n b eh an d e lten , ab er in fiz ie rte n  
K o n tro lltie re n  3 T age n ach  der In fe k tio n  ebenso  wie bei den m it BCG b e h a n 
d e lten  T ieren  in  A nw esenhe it von T u b e rk u lin  g este igert. D em gegenüber w urde  
das V e rh a lten  d er Zellen in A nw esenheit von T u b e rk u lin  du rch  die S tre p to -  
m y c in b eh an d lu n g  3 T age n ach  d e r In fe k tio n  n ich t bee in flu ß t.

B esprechung

F ü r  die in fek tiö sen  E rk ra n k u n g e n  ist es im  alig. ■meinen c h a ra k te r is tis c h , 
d aß  eine gewisse Z eit zw ischen d er In fek tio n  u n d  dem  E rscheinen  d e r  K ra n k 
h e itssy m p to m e bzw . h is to p a th o lo g isch en  V erän d eru n g en  v e rs tre ic h t. W ä h re n d  
d ieser In k u b a tio n sz e it gehen kom p liz ie rte  u n d  w enig b ek an n te  m ik ro b io lo 
gische bzw . b iochem ische G eschehnisse  v o r sich. Im  R ahm en  v o rlieg en d e r 
A rb e it su ch ten  w ir einen E in b lick  in  den M echanism us d ieser G eschehn isse  
im  F a lle  tu b e rk u lö se r  In fek tio n  zu  gew innen . W ir u n te rsu c h te n  die A tm u n g  
d e r A sciteszellen  in A nw esenheit von  T u b e rk u lin  u n d  fan d en , daß  d ie  A tm u n g  
d e r Zellen 24 S tu n d e n  nach  d er In fe k tio n  u n te r  W irk u n g  von T u b e rk u lin  w esen t-
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lieh  g es te ig e rt is t, w ä h re n d  die A tm u n g  d e r von  gesunden K o n tro lltie ren  
s ta m m e n d e n  Zellen von T u b erk u lin  n ich t b e e in flu ß t w urde. E benso  w ar die 
A tm u n g  in  A nw esenhe it von  T u b erk u lin  u n v e rä n d e r t , w enn die U n te rsu c h u n 
gen n ic h t  24 S tu n d en , so n d e rn  3, 14 bzw. 42 T ag e  n a c h  der In fe k tio n  v o rg en o m 
m en  w u rd en . D iese B efu n d e  b es tä rk en  die V ersuchsergebn isse  von  M ark s  
u n d  J a m e s  [8] sowie S a n f o r d  u n d  M ita rb e ite rn  [13], die in  sp ä te re n  P erioden

Abb. 2. D ie  W irkung  v o n  T u b e rk u lin  au f die A tm u n g  d e r  A sciteszellen  der m it H 3-R v  in f iz ie r
te n  u n d  m it IN H  bzw . S tre p to m y c in  b e h an d e lte n  T ie re . D ie U n te rsu ch u n g  g eschah  3 T age

nach  der In fe k tio n
D ie  V ersuche  erfo lg ten  m it d e n  vere in ig ten  Z ellen  v o n  je  3 T ieren , die m it 10 m g/kg  

IN H  bzw . 20 m g/kg  S trep to m y c in  b e h a n d e lt  w orden  w aren .
K u rve  A  : S au e rs to ffv e rb ra u ch  d e r von  den  in f iz ie r ten  u n d  m it S trep to m y c in  b e h an d e lte n

T ieren  s tam m en d en  Z ellen
K u rv e  B :  D asselbe w ie A , jed o ch  in  A nw esenheit v o n  T u b erk u lin . Z ellzahl 6 ,6 x lO e 

K u rv e  C : S au e rs to ffv e rb ra u ch  de r von  den in f iz ie r te n  u n d  m it IN H  b e h an d e lte n  T ieren
stam m en d en  Zellen

K u rv e  D: D asselbe w ie C, jed o ch  in A nw esenheit v o n  T ub erk u liu . Z ellzahl 5,6 X 10'1

n a c h  d e r  In fek tio n  u n te r  T u b e r k u l i n  W ir k u n g  gleichfalls keine A tm u n g ss te i
g e ru n g  b e o b ach te ten .

N ach  unseren  ex p erim en te llen  R e su lta te n  reag ieren  die p erito n ea len  
E x su d a tz e lle n  der in fiz ie rte n  T iere in der P e rio d e  n ach  der In fek tio n  v ersch ie 
d e n a r t ig  a u f die T u b e rk u lin w irk u n g : 24 S tu n d e n  nach  der In fek tio n  is t ihre 
A tm u n g  e rh ö h t, w ä h re n d  sieh der a tm u n g s te ig e rn d e  T u b erk u lin e ffek t nach  
3 T a g e n  n ich t m a n ife s tie r t.

Im  Z u sam m en h an g  m it diesen V ersuchsergebn issen  tau ch en  zwei F ragen  
au f: K o m m t dem  ab w eich en d en  V erh a lten  d e r Zellen irgendeine B ed eu tu n g  
bei d e r  E n tw ick lu n g  d e r p ostin fek tiö sen  E rk ra n k u n g  zu? W o rau f m ag dieses 
ab w eich en d e  V erh a lten  b e ru h en ?

I n  bezug  a u f  die e rs te  F rag e  g e lang ten  w ir a u f  G rund  u nserer R e su lta te  
zu d e r  H y p o th ese , d aß  d as  u n m itte lb a r  n ach  der In fek tio n  n achw eisbare
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abw eichende V erh a lten  der Zellen irgendeine  Rolle hei d e r E n tw ic k lu n g  d er 
sp ä te re n  E rk ra n k u n g  spielen m üsse . F ü r  diese H y p o th ese  zeugen die E rg e b 
nisse der U n te rsu ch u n g en , die te ils  m it den m it BCG im m u n is ie rten  und  
re in fiz ie rten , te ils m it den n ach  d e r  In fek tio n  m it IN H  b e h a n d e lte n  T ie ren  
d u rch g e fü h rt w urden .

N ach  diesen  V ersuchen  w ird  die A tm ung  der A sciteszellen  in A nw esen
h e it von T u b e rk u lin  d u rch  die V ak z in a tio n  allein n ic h t b ee in flu ß t (A bb. 1). 
W urd en  die T iere  dagegen 6 W ochen  n ach  der V ak z in a tio n  m it v iru le n te n  
M y k o b ak te rien  in tra p e rito n e a l su p e rin fiz ie rt, und u n te rsu c h te n  w ir 24 S tu n d en  
s p ä te r  die A tm u n g  der p e rito n ea len  Zellen in A nw esenhe it von  T u b e rk u lin , 
sc sahen  w ir, d aß  sich  die Zellen d e r v ak z in ie rten  T iere  24 S tu n d e n  n ach  der 
R e in fek tion  ebenso  verh ie lten  w ie die der n u r  m it v iru le n te n  B ak te rien  
in fiz ie rten  T iere , d. h. ih re A tm u n g  h a tte  in A nw esenhe it von T u b e rk u lin  
zugenom m en (A bb. la ) .

E in  au ffa llen d er U n te rsch ied  m an ifestie rte  sich indessen  zw ischen den 
Zellen der be iden  T ie rg ru p p en , w enn  die U n te rsu ch u n g en  3 T age n ach  der 
In fek tio n  bzw . R ein fek tio n  vo rg en o m m en  w u rd en : die A tm u n g  d er von 
v ak z in ie rten  T ie ren  s tam m en d en  Zellen w ar in A nw esenhe it von T u b e rk u lin  
p rä g n a n te r  geste ig e rt, w äh ren d  die d er n u r in fiz ie rten  T ie re  keine A bw eichung  
zeig te (A bb. l/>). E in  ähn liches R e s u lta t  sahen  w ir, w enn w ir die T iere  u n m itte l
b a r n ach  der In fek tio n  m it IN H  b e h a n d e lte n  u n d  die Z e lla tm u n g  3 T age nach  
d er In fek tio n  u n te rsu c h te n . Im  V ergleich  zu den u n b e h a n d e lte n , ab e r in fiz ie r
ten  T ieren  w ar die A tm u n g  d e r von  den  m it IN H  b e h a n d e lte n  T ieren  s ta m m e n 
den Zellen in A nw esenheit von T u b e rk u lin  geste igert (A bb. 2).

D em nach  w eisen die Zellen, w enn der O rgan ism us d e r In fe k tio n  gegen
über e rh ö h ten  W id e rs ta n d  le is te t (z. B. m it BCG im m u n is ie rt oder m it IN H  
b eh an d e lt w urde), auch  1 bzw . 3 T ag e  nach  der In fe k tio n  in A nw esenheit von 
T u b erk u lin  g este igerte  A tm u n g  au f. W ird  der W id e rs ta n d  des O rgan ism us 
n ich t g este igert, so t r i t t  zw ar 24 S tu n d en  nach  der In fe k tio n  u n te r  T u b e r
k u linw irkung  A tm u n g ss te ig e ru n g  au f, die jed o ch  3 T age n ach  d er In fek tio n  
bzw. zu sp ä te re n  Z e itp u n k te n  infolge P rogression  d e r In fek tio n  n ich t m ehr 
w ahrgenom m en w erden  k an n .

Im  Z u sam m en h an g  m it dem  anderen  V ersuch s te llte  sich die F rag e : 
W orau f kann  das abw eichende V erh a lten  der Zellen b e ru h e n ?

A us den V ersuchen  von S e v e r  u n d  Y oumans  [15] sow ie a n d e re r  A u to ren  
w issen w ir, d aß  die B azillenm enge in den  ers ten  T agen  n ach  d er In fek tio n  
u n v e rä n d e rt b le ib t. N ach den  E rg eb n issen  ih rer M äu se lu n g en u n te rsu ch u n g en  
erle ide t die B azillenm enge bis zum  4. T age keine w esen tlich e  V erän d eru n g . 
W eite rh in  s te llten  sie fest, d aß  die V erm ehrungszeit d e r M y k o b ak te rien  in der 
M äuselunge 25 S tu n d en , im  F a lle  n ied riger D osen 29 S tu n d e n  b e trä g t . L au t 
R o b s o n  u n d  M ita rb e ite rn  [11] m a c h t diese Z e itsp an n e  20,4 bzw . 21,9 S tu n d en  
aus. Aus diesen A ngaben  geh t so m it hervor, daß  die V e rm eh ru n g  d er M yko-
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b a k te r ie n  erst n ach  e in e r  gewissen L a ten zze it n ach  d e r In fe k tio n  e in se tz t.
V ergleichen w ir u n se re  R esu lta te  m it den L ite ra tu ra n g a b e n , so scheint 

es m öglich , daß die n a c h  d e r  In fek tio n  w ah rg en o m m en e  ze lla tm u n g ste ig e rn d e  
T u b e rk u lin w irk u n g  m it  d e r L a ten zp h ase  d er B a k te rie n  z u sam m en h än g t. H ie r
fü r  sp rechen  auch  die be i d en  m it BCG im m u n is ie rten  bzw . m it IN H  b eh a n 
d e lte n  T ieren e rz ie lten  U n te rsu ch u n g se rg eb n isse . N ach  den  b e re its  e rw äh n 
te n  V ersuchen  von  S e v e r  u n d  Y oumans  [15] b lieb  näm lich  die B ak te rien zah l 
bei d en  im m u n isie rten  M äusen  nach  der In fek tio n  k o n s ta n t. A ndere  A utoren  
[5, 9 , I I ,  12] v e r tre te n  eben fa lls  die M einung, d aß  sich die S ch u tzw irk u n g  der 
V a k z in a tio n  in e in er V erzögerung  der V erm eh ru n g  m a n ife s tie r t. E benso  
w irk t  auch  IN H : n a c h  d e r V erab re ichung  s in k t jä h  die B ak te rien zah l, was 
sch o n  beim  Beginn d e r B ak te rie n v e rm eh ru n g  zu r G e ltung  k o m m t [1, 7, 18].

D a ra u f  lä ß t es sich  v ie lle ich t zu rü ck fü h ren , d aß  im  R ah m en  unserer 
V e rsu ch e  der z e lla tm u n g ste ig e rn d e  T u b e rk u lin e ffek t bei den  v ak z in ie rten  
bzw . m it IN H  b e h a n d e lte n  T ie ren  auch 3 T age n ach  d er In fek tio n  in  E rsche i
n u n g  t r a t .  N ach d er V a k z in a tio n  bzw. IN H -B e h a n d lu n g  k o m m t näm lich  die 
V e rm eh ru n g  der su p e rin f iz ie r ten  B ak te rien  n ic h t in  G ang, w ohl ab er bei den 
n u r  in fiz ie rten  T ie ren , bei denen  die V erm eh ru n g  d er B azillen  postin fek tiös 
n a c h  e iner kurzen  L a te n z p e rio d e  bere its  e in se tz t. D ies v e ru rsa c h t vielleicht 
d a s  A usbleiben  d er T u b e rk u lin w irk u n g  a u f  die A tm u n g  d e r A sciteszellen 
d ie se r  T iere.

A us der T a tsa c h e , d a ß  unsere V ersuchsergebn isse  au c h  in  denjenigen 
F ä lle n  u n v e rä n d e rt b lieb en , in  denen  die v a k z in ie rte n  T iere  zuvor desensi- 
b ilis ie r t w urden , d a r f  w om öglich  geschlossen w erden , d aß  die Allergie bei 
d ie se r  E rscheinung  ke in e  R olle sp ielt.

Schließlich erg ab  sich  das P rob lem , ob d e r a tm u n g s te ig e rn d e  T u b e r
k u lin e ffe k t von der P h a g o z y to se  b ee in flu ß t wrird . M an k ö n n te  sich  vorste llen , 
d a ß  n a c h  der In fe k tio n  die V erm ehrung  d er p h a g o z y tie rte n  B ak te rien  in  den 
Z e llen  e in se tz t, die L eb en sfäh ig k e it der Zellen n a c h lä ß t u n d  sich  ih r V erhalten  
d e m  T u b erk u lin  g eg en ü b er ä n d e rt, d. h. keine A tm u n g ss te ig e ru n g  zu stande  
k o m m t. F ü r  diese M ö g lichke it sprechen die R e su lta te  u n se re r  S tre p to m y c in 
v e rsu c h e , bei denen w ir fe s ts te llte n , daß  die n ach  d er In fe k tio n  u n te r  T u b e r
k u lin w irk u n g  e in tre te n d e  A tm u n g ss te ig e ru n g  bei den  Zellen  d e r m it S tre p to 
m y c in  b eh an d e lten  M eerschw einchen  — im  G egensatz  zu  den  Zellen der m it 
I N H  b eh an d e lten  T ie re  — n ic h t  in  E rsch e in u n g  t r a t .  Sie v e rh ie lte n  sich d em 
n a c h  im  w esentlichen  so w ie die Zellen d e r in fiz ie rten  K o n tro lltie re . Von 
S tre p to m y c in  w ird  a n g en o m m en , daß es a u f  die in tra z e llu lä r  befind lichen  
p h a g o z y tie r te n  K ra n k h e itse rre g e r  keine W irk u n g  a u sü b t [6]. D em gegenüber 
d if fu n d ie r t  IN H  le ich t in  d ie  Zellen, so d aß  es im sta n d e  is t , auch  die V er
m e h ru n g  der in tra z e llu lä r  anw esenden  B a k te rie n  zu  hem m en .

D arau s  d a rf  m a n  v ie lle ich t sch ließen , d aß  in  e rs te r  L inie die in tr a 
z e llu lä r  anw esenden M y k o b a k te rie n  fü r das A usb le iben  d ieser E rscheinung
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v e ra n tw o rtlic h  zu m achen  sind. Bei a lledem  h a n d e lt es sich n a tu rg e m ä ß  n u r  
u m  H y p o th esen , die e rs t noch in w e ite ren  V ersuchen  bew iesen w erden  m ü ssen .
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Sum m ary . I t  h a s  been  show n th a t  th e  e n te ro p a th o g e n ic  o rgan ism  iso lated  in 1959 an d  
d escribed  as E . coli " O s k ü ”  belongs to E . coli 0 g ro u p  143 a n d  possesses an u n d e te rm in e d  В 
a n tig en . S tra in  " ö s k ü ”  co n ta in s  the  co m p le te  a n tig en  of Sh. boydii 8.

R é d e y  an d  C s i z m a z i a  in 1959 show ed th a t  th e  guinea pig eye re a c 
tion  w as su itab le  fo r de tec tin g  an d  recognizing  n o t  on ly  shigellae, b u t  also 
o th e r  en teric  o rg an ism s responsib le  fo r d y sen te rifo rm  disease in m an  [1].

A pply ing  th is  m e th o d  th ey  iso la te d , am ong  o th e r  cu ltu res, an  o rg an ism  
w hich , on th e  basis  o f  a positive k e ra to c o n ju n c tiv it is  reac tio n , was re g a rd e d  
as a pa th o g en ic  s tra in . T he cu ltu re  w as o b ta in e d  from  th e  faeces o f an  8 y e a r  
o ld  girl su ffering  from  dysen teric  sy m p to m s. T h e  organ ism  was iso la te d  on 
som e ad d itio n a l occasions from  th e  faeces of p a tie n ts  and  sym ptom less ca rrie rs  
a n d  from  th e  w a te r  consum ed b y  th e se  persons.

C onsidering its  biochem ical re a c tio n s , th e  organism  was classified  in to  
th e  E scherich ia  g ro u p  an d  was n am ed  a f te r  th e  v illage w here it had been  f irs t  
en co u n te red  as E . coli “ ö s k ü ” [1, 2].

Oral a d m in is tra tio n  of the s tr a in  to  v o lu n tee rs  |2 ] and  a su b se q u e n t 
la b o ra to ry  in fec tio n  confirm ed its  p a th o g e n ic ity .

T he an tig en ic  s tru c tu re  of th e  s tra in  w as n o t d e te rm in ed  in th e  m e n tio n e d  
in v estig a tio n s. I t  w as, how ever, show n th a t  o th e r  E . coli s tra in s a sso c ia ted  
w ith  en te ric  d isease (O groups 18, 2(>, 44, 55, 86, 111, 112nc, 119, 124, 125, 
126, 127, 128 a n d  135) gave no re a c tio n  in an im m u n e  serum  p rep ared  w ith  th e  
in c rim in a ted  c u ltu re . I t  was also show n th a t  th e  s tra in  was no t re la te d  se ro 
log ically  to  Sh. dysenteriae  1 — 7, S h . boydii 1 — 7 a n d  Sh. sonnei ph ase  I  an d
IT [2]-

In the  p resen t paper th e  d e ta ile d  an tig en ic  analysis  o f the o rg an ism  is 
described .

M aterials and m ethods

Cultures. E . coli “ ö s k ü ” 2064 (R é d ey  an d  C sizm azia 1959), E . coli type  s tra in s  0143. 
015 an d  0131 (S ta te  S e ru m  In s ti tu te , C openhagen) a n d  ty p e  s tra in  Sh. boydii 8 w ere used .

Im m une sera. S e ru m  “ ö sk ü ” w as p re p are d  by th e  m eth o d  of E wing an d  E d w a r d s  
13 j . F o r OK serum  p ro d u c tio n  an  a lcoholized  suspension  was used . E . coli g ro u p in g  sera
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01 0144 were p rep ared  in  th e  In s t i tu te  o f M icrob io logy , Pécs. A gg lu tin a tio n  w as te s te d  f irs t
in  38 po o led  sera co n ta in in g  each  in d iv id u a l c o n s t itu e n t  a t  1 : 100 d ilu tio n . T h e  m em bers of 
th e  p o ly v a le n t sera w ere chosen  b y  considering  th e  se ru m  titre s  and  an tig en ic  re la tio n sh ip s . 
К  a n tig e n s  w ere ex am in ed  in  B1—B17 sera.

Biochem ical reactions. B iochem ical p ro p e rtie s  o f  s tra in  “ Ö skü”  w ere ex am in ed  a cco rd 
in g  to  K auffmann’s m e th o d  [4]. A m ino acid  d e ca rb o x y la se  reac tio n s w ere d e te rm in e d  as 
d e sc rib e d  b y  M0LLER [5]. P h en y la lan in e  d e am in ase  a c t iv ity  was show n b y  H enriksen’s 
m e th o d  [6]. M otility  w as ex am in ed  in U tu b es  c o n ta in in g  sem isolid ag ar (0.2 p e r cen t).

A n a ly s is  o f  antigens. О a n tig en  d e te rm in a tio n  w as carried  o u t in pooled  a n d  su b se 
q u e n tly  in  m on o v alen t se ra . T h e  an tig en  w as p re p a re d  b y  boiling th e  suspension  o f s tra in  
“ ö s k ü ”  fo r 2 1/2 h ours.

F o r  К  an tigen  d e te rm in a tio n  the  liv ing  s tr a in  w as exam ined  by slide a g g lu tin a tio n  in 
a  s e t  o f  O K  sera re p re se n tin g  17 d ifferen t В a g g lu tin in s .

A g g lu tin in  a b so rp tio n  in  О or O K  sera  w as p e rfo rm e d  w ith  b a c te ria  grow n in  24 hour- 
l iq u id  cu ltu re s . P rio r to  ab so rp tio n  th e  suspensions w ere boiled for 2 1/2 ho u rs , th e n  to  th e  
c e n tr ifu g e d  cu ltu res  1 : 50 d ilu te d  O sera or 1 : 20 d ilu te d  O K  sera were ad d ed .

R esults

Biochem ical reactions. R ep ea ted  b io ch em ica l te s tin g  o f s tra in  “ Ö sk ü ” 
y ie ld e d  th e  follow ing re su lts . N itra te  re d u c tio n , indole p ro d u c tio n  a n d  th e  
m e th y l  red  te s t  w ere p o sitive . U rea  w as n o t  hyd ro lysed  a n d  am m o n iu m  
c i t r a te  w as n o t u tilized . T he KCN an d  V o g es-P ro sk au er reac tio n s w ere n eg a 
tiv e . D ecarb o x y lase  w as p roduced  fo r g lu ta m ic  acid  and  o rn ith in e , b u t  n o t for 
ly s in e  a n d  arg in ine. P h en y la lan in e  d eam in ase  w as n o t form ed.

A cid  and  gas w ere p roduced  in  la c to se , glucose, m a n n ito l, g a lac to se , 
la e v u lo se , xylose, a rab in o se , rham nose , ra ffin o se , so rb ito l, sorbose an d  t r e 
h a lo se . M altose, d u lc ito l, salicin , ad on ito l, in o s ito l and  inu lin  w ere n o t  fe rm e n t
ed . S ta rc h  w as n o t h y d ro ly sed . T he s tra in  w as non-m otile . T hese reac tio n s 
in d ic a te d  th a t  s tra in  “ Ö sk ü ”  was a b io ch em ica lly  ty p ica l E sc h e ric  h ia  c u ltu re

Table I

Cross agglutination between stra in  “Oskii” and E . coli 0143

Sera
T i tr e s  w i th  an tig en s

0143 1 0 0 °C 0143 liv in g - Ö s k ü ”  100° C “ ö s k ü ”  liv in g

0143 100° C 6400 800 6400 800
0143 living 1600 1600 1600 1600

“ Ö skü” 100° c 1600 100 1600 100
“ Ö skü” living 800 800 800 800

A n a ly s is  o f  antigens. S tra in  “ Ö sk ü ”  a g g lu tin a te d  in p o ly v a le n t serum  
N o. 35 . O f in d iv id u a l se ra  com prising  th is  poo l, th e  s tra in  gave an  e n d  t i t r e  
a g g lu tin a tio n  in se ru m  0143. In  su b se q u e n t ex p erim en ts  cross a g g lu tin a tio n  
re a c tio n s  in  О an d  O K  sera  p rep ared  w ith  s tr a in  “ Ö skü”  an d  w ith  ty p e  s tra in  
0143 w ere  perfo rm ed  b y  th e  use of boiled  a n d  liv ing  suspensions. T h e  re s u lts  
a re  sh o w n  in  T able I .
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I t  is seen th a t  th e  ex am in ed  an d  th e  s ta n d a rd  s tra in s  gave defin ite  cross 
ag g lu tin a tio n  in all sera. T he ag g lu tin a tio n  in O se ra  o f  liv ing  s tra in s  w as 
in h ib ited . T his in h ib itio n  w as e lim in a ted  w hen h e a te d  cu ltu res  were te s te d . 
Cross a b so rp tio n  ex p erim en ts  w ith  liv ing and  b o iled  cu ltu re s  of the  s ta n d a rd  
and  exam ined  s tra in s  are show n in T ab le  II.

Table II

Cross absorption between strain ‘‘Öskii” and E . coli 0113

Sera
T i tr e s  w ith a n tig e n s

ab so rp tio n  0143 
100 (

0143
liv in g

“ ö s k ü ”  
100° C

" Ö sk ü "
living

0143 100° C “öskii” 100 1
0143 100° C fcLS

tV — —

"öskii” 100 ' c 0143 100" C ____

"öskü” 100u c 0143 living — —

0143 living wоSc■I. ____

0143 living 'öskü” living — —

“öskü” living 0143 100 C ____ —

“öskii” living 0143 living

The re su lts  in d ica ted  th e  com plete  id e n tity  o f О an tigens. The f in d in g  
th a t  b o th  boiled  cu ltu res w ere ab le  to  rem ove К ag g lu tin in s , po in ted  to  th e  
presence of a В -ty p e  К  a n tig en . T h is an tigen  w as n o t id en tif ied  in th e  p re se n t 
stud ies. The ex am in ed  s tra in  d id  n o t ag g lu tin a te  in o u r se t of B sera (B1 — B17).

As s tra in  “ ö s k ü ”  is n o n -m o tile , th e  q u es tio n  w h e th e r th e  o rgan ism  is 
o rig inally  no n -flag e lla ted , can  be answ ered on ly  w hen fu r th e r  s tra in s  w ill be 
availab le .

A s ligh t u n ila te ra l re la tio n sh ip  is know n to  e x is t am ong 0  g roups 15, 
131 and  143. In  a d d itio n , О g roup  143 is re la ted  to  S h . boydii 8 [7]. T he re su lt 
of c ro ss-ag g lu tin a tio n  te s ts  am ong  E. coli 0143, 015, 0131, s tra in  “ Ö skii"’ 
an d  Sh. boydii 8, and  cross ab so rp tio n  te s ts  am ong  0143, “ ö sk ii” an d  Sh . 
boydii 8 is p re sen ted  in T ab les  I I I  and IV.

From  T ab le  I I I  it is ev id en t th a t  in an tig en ic  s tru c tu re  s tra in s  “ ö s k ü ” 
an d  0143 are  closely re la te d  to  Sh. boydii 8. T h e  re la tio n sh ip  w ith  s tra in s  
015 and  0131 is u n ila te ra l and  u n im p o rta n t. F ro m  th e  cross ab so rp tio n  te s ts  
p resen ted  in T ab le  IV  i t  is c lear th a t  in serological b e h a v io u r  s tra in s  0143 a n d  
“ ö s k ii”  are p e rfec tly  s im ila r. B o th  FJ. coli s tra in s  possess a m inor О fa c to r , 
w hich is a b se n t from  Sh. boydii 8. In  c o n tra s t , Sh . boydii 8 ag g lu tin in s are  
com plete ly  rem oved  by b o th  E . coli s tra in s .
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Table I I I

Cross agglutination among strain “ Öskii” , E . coli 0143, 015, 0131 and Sh. boydii 8

S e ra
T i t r e s  w i th  a n t ig e n »

0143 1 0 0 °C “ Ö sk ii"  100° С 015 1 0 0 ° C 0131 1 0 0 ° c
S h .  b o y d i i  

100° C

0 1 4 3 6 4 0 0 6 4 0 0 1 0 0 8 0 0 6 4 0 0

‘O sk ii” 1 6 0 0 1 6 0 0 1 0 0 4 0 0 1 6 0 0

0 1 5 1 6 0 0 2 0 0 —

0 1 3 1 — 5 0 3 2 0 0

Sh . boydii 8 1 2 8 0 1 2 8 0 — 1 2 8 0

T able  IV

Cross absorption among strain  “ Oskii” , E . coli 0143 and Sh. boydii 8

S era C u ltu re s  u sed  fo r a b s o rp tio n
T itre s  w ith  a n tig e n s

0143 100 C “ Ö sk ü ”  100 С
Sh. b o yd ii 8 

100 C

0143 100° C Sh. boydii 8 100° C 100 100 _
•■Oskii”  100° c Sh. boydii 8 100° C 100 100

S h . boydii 8 0143 100° C —

Sh . boydii 8

О2til
о

—

Discussion

E . coli s tra in  0143 w as described  b y  Matsumoto in  1958 [3] as a new  
sp ec ies  w ith o u t an y  reference  to  its  p a th o g e n ic ity . The an tig en ic  p ro p ertie s  of 
th e  new  О group w ere ex am in ed  b y  0 R S K O V  [ 7 ] ,  who observed  th e  m en tio n ed  
m in o r  serological re la tio n sh ip  w ith  О g ro u p s 15 and  131 an d  th e  s tro n g  cross 
r e a c tio n  w ith  Sh. boydii 8.

In  th e  p resen t s tu d y  i t  has been  show n th a t  th e  en te ro p a th o g e n ic , b io 
ch em ica lly  ty p ic a l E . coli s tra in  “ O sk ii”  co rresponds sero log ically  to  th e  ty p e  
s t r a in  o f О group 143. As it  follows from  th e  low er ag g lu tin a tio n  t i t r e  o f living 
su sp en sio n s , th e  s tra in  co n ta in s a К  a n tig e n . In d ica tin g  th e  p resence  of В 
a n tig e n , th e  a b so rp tiv e  c a p a c ity  o f h e a te d  suspensions rem ain s u n a lte red . 
As th e  s tra in  gives no re a c tio n  in  th e  a v a ilab le  OB sera, i t  p ro b a b ly  con ta ins 
a n ew  В an tigen . In  an tig en ic  s tru c tu re , s tra in  “ O skii”  an d  th e  o rig in a l 0143 
c u ltu re  are  com plete ly  id en tica l. B o th  c u ltu re s  are only  u n ila te ra lly  re la ted  
to  g ro u p s  0 1 5  and 131. In  c o n tra s t, th e re  is an  im p o rta n t re la tio n sh ip  of the  
a — b v a r ie ty  betw een  o u r s tra in  an d  Sh. boydii 8. A ntigen  a is w ell-developed  
a n d  re p re se n ts  th e  e n tire  an tig en ic  s t ru c tu re  of Sh. boydii 8, w hile an tigen  
b is th e  w eak ly  developed  own fac to r  o f th e  coli s tra in s.
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In  recen t y e a rs  some b io ch em ica lly  and  se ro log ica lly  ty p ica l E . coli 
s tra in s  have been  iso la ted , w hich  a re  capable  o f cau sin g  d y sen te rifo rm  disease 
in m an  and k e ra to c o n ju n c tiv itis  in  the guinea p ig . T h u s , as to  p a th o g en ic  
p ro p ertie s , th e  cu ltu re s  behave s im ila rly  to  shigellae. O rgan ism s co rrespond ing  
to  th e  above c r ite r ia  were found  in  E . coli О g roups 25, 28, 32, 42 a n d  124. 
To th is series now  group 143 can  he added . S tra in  0135 iso la ted  by  K a u ss  
an d  V e r t e n y i  p ro b a b ly  also belo n g s to  th is  g roup  o f p a th o g en ic  coli s tra in s . 
W ith  th e  la t te r  o rgan ism , in lack  o f  freshly iso la ted  c u ltu re s , th e  gu in ea  pig 
eye reaction  w as n o t exam ined . S uch  coli cu ltu re s  c o n ta in  th e  an tig en s  of 
know n or p rov isiona l Shigella se ro ty p es  [8— 11]. T h u s  s tra in  “ O skii”  (0143) 
con ta in s the  co m p le te  an tigen  o f  S h . boydii 8.
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BREAKDOWN OF AMINO ACIDS 
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Summary. The ability of a number of Enterobacteriaceae strains to split D, L and 
DL forms of alpha-alanine, serine, valine, tryptophan, histidine and glutamic acid, has been 
investigated. The various bacterium-amino acid combinations yielded highly variable results. 
Within one group (subgroup, type) in some cases all, or the majority, of strains, in others a 
smaller part of the cultures reacted stereospecifically. The complete absence of stereospecificity, 
when members of the examined group (subgroup, type) attacked uniformly all three isomers, 
was also observed. Within the same subgroup or type variable reactions were frequent. Thus 
from the data based on the examination of a small number of strains, no general conclusion 
can be drawn. The alkalization reaction in solutions of isomers of the same amino acid may 
be useful for diagnostic purposes.

In  a p rev ious p ap er 111 ] a m e th o d  has been described  for th e  ro u tin e  
ex am in a tio n  o f am ino  acid decom position  by  en te ric  b a c te ria . By use o f th e  
saint* m ethod , in th e  p re sen t s tu d y  it has been in v es tig a ted  w h e th e r e n te r ic  
b a c te ria  art* ab le to  a tta c k  d iffe ren t s tereo-isom ers o f th e  sam e am ino  ac id  
u n ifo rm ly , or th e  breakdow n o f th e se  su b stan ces is stereospecific .

M aterials and m ethods

Cultivation methods. Strains and methods for maintaining the cultures were as described 
in reference 10. In addition, Serratia strains kindly provided by Dr. E. A l d o v á , Institute of 
Epidemiology and Microbiology, Prague, were examined.

Preparation of media, technique of alkalization test and evaluation of results were 
described previously 111 ). As amino acids L,D,DL-alpha-alanine, L,D,DL-serine, L,D,DL- 
valine, L.D.DL-tryptophan, L,D,DL-histidine and L and D-glutamic acid were used. Most 
of these substances were hydrochlorides manufactured by K e t i  or Reanal, Budapest.

In preliminary experiments the influence on alkalization of the size of inoculum was 
examined. From one day agar slant cultures of 3 S. p ara typh i В and 3 Sh. f le x n e r i  2a strains 
various numbers of bacteria (needle point, somewhat larger than needle point, one third ami 
whole loopful - 3 mm loop sized amounts) were transferred in three repeated experiments 
into 3 ml aliquots of a medium containing 0.2 per cent serine. In tubes inoculated with cultures 
picked up on the point of a needle no turbidity or alkalization developed during 6 days incuba
tion. By increasing the inoculum, the number of alkalizing cultures also increased and the time 
needed for a shift of the indicator became shorter and there was a parallel increase in the 
reproducibility of the results. The best results were obtained when whole loopful cultures 
were suspended in the amino acid media. The results were similar when in subsequent experi
ments 10 Arizona, 10 Cloaca, 10 Klebsiella then 8 Arizona strains were tested in 0.1 per cent 
glycine, 0.1 per cent L-alpha-alanine, 0.2 per cent DL-ornithine or 0.1 per cent L-cysteine.
I herefore in subsequent testing inoculations were performed by means of a loop (3 mm in 
diameter) fully packed with the culture.

3  Acta Microbiologie» XI 2.
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R esults

Breakdown o f  a lpha-a lanine stereo-isomers. A lk a liza tio n  b y  354 s tra in s  
w as exam ined  in  p H  4 .7 —4.9 a lp h a -a la n in e  so lu tio n s. A lth o u g h  para lle l 
ex p e rim en ts  in  0.1 a n d  0.2 p e r cen t so lu tio n s o ften  y ie ld ed  un ifo rm  or a t  least 
s im ila r  resu lts , th e  D L  am ino  acid w as u sed  a t  0.2 p er cen t co n cen tra tio n . 
In  th e  la t te r  so lu tio n  a lk a liza tio n  w as m ore  ra p id  an d  de fin ite .

T he reac tio n s in  a lp h a-a lan in e  isom ers are  p re se n te d  in  T ab le  I . O rg an 
ism s th a t  w ere u n a b le  to  a tta c k  e ith e r  L  or D isom ers (15 P . vulgaris, 14 
P . m irabilis, 15 M organe lla , 13 R e ttg e re lla , 15 P ro v id en c ia , 14 Sh. dysenteriae, 
10 S h . fle xn er i  3, 13 S h . boydii) w ere o m itte d . F ro m  T ab le  I it is clear th a t  
w ith  a lp h a-a lan in e  ste reo sp ec ific ity  w as ra re ly  observed . K lebsie lla , C itro b ac te r, 
C loaca, S e rra tia , S . p a ra typ h i B , S . ty p h i, A rizona a n d  Sh . sonnei s tra in s  
u n ex cep tio n a lly  a t ta c k e d  a ll isom ers. A m o n g  o th e r en te ric  b a c te ria  on ly  a 
sm a ll n u m b er o f o rg an ism s ( Sh. fle x n e r i)  o ccu rred  w hich  d ea m in a te d  th e  L 
fo rm  w ith o u t ac tin g  on  th e  D isom er.

Some b a c te r ia  ( S . typ h i, Sh. sonnei)  seem ed to  decom pose th e  racem ic 
fo rm  m ore in te n s iv e ly  th a n  e ith er th e  D or th e  L isom ers. T his fin d in g  m ay  
he exp la ined  b y  th e  h ig h e r c o n cen tra tio n  o f D L  so lu tion  (0.2 per cen t). I t  is

Table I

A lka liza tio n  by enteric bacteria in  alpha-alanine  
5 ml 0.1% L, or D-alpha-alanine or 0.2% DL-alpha-alanine, pH 4.7—4.9, loopful

inocu lum

Group
(subgroup, type)

No. of 
strains

Percentage of positive cultures* in alpha-alanine solutions after 
incubation periods of'

1 day 3 days 6 days

L D DL L D DL L D DL

E .  coli ....................... 45 27 9 24 98 69 95 98 87 too
E . coli 0124 ........... 20 0 0 0 70 5 95 80 25 95

K lebsiella ................. 15 100 80 80 100 100 100 100 100 100
Citrobacter ............. 15 7 7 27 100 100 100 100 100 100

Cloaca ..................... 15 73 47 73 100 93 100 100 100 100

Serratia ................... 5 100 100 100 100 100 100 100 100 100
S. para typhi В . . . . 18 0 5 11 100 80 100 100 100 100
S . typ h i m urium  . . . 46 15 0 11 100 50 100 100 91 100

S . t y p h i ..................... 14 0 0 0 85 85 100 100 100 100

Arizona ................... 15 33 40 20 100 100 100 100 100 100
Sh . fle x n eri  2 ......... 28 4 0 0 43 0 32 79 0 86

Sh . fle xn eri  4, 5, 6 13 0 0 0 0 0 31 23 0 69
Sh . s o n n e i ................ 10 10 0 0 70 40 100 100 too 100

* Weak positive results (± 1  have been included in the positive reactions
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k n o w n  th a t  w hen  th e  su b stra te  c o n c e n tra tio n  is increased , th e  a m o u n t o f 
decom position  p ro d u c ts , th a t is, am m o n ia , also increases to  a ce rta in  lim it

W ith  th e  ex cep tio n  of th e  P ro tc u s-P ro v id e n c ia  g roup , s im ila r re su lts  
w ere o b ta in ed  w h en  a lka liza tion  w as exam ined  in p h en o l-red -co n ta in in g  
so lu tio n s  of a lp h a -am in o  acid isom ers a d ju s te d  to  pH  6.5. P ro te u s-P ro v id e n c ia  
b a c te r ia  w ere ab le  to  a tta c k  all th re e  form s a t h igher p H  values. U n d e r th e se  
c ircu m stan ces th e  s tereospecific ity  o f  th e  reaction  for o th e r  b a c te ria  in c re a se d : 
som e S . pa ra typ h i В  s tra in s d ecom posed  only L (and  D L) su b stan ces  b u t  n o t 
th e  I) form . In  m ore  alkaline m ed ia  (pH  7.3 w ith  m -cresol p u rp le  in d ic a to r)  
s te reo sp ec ific ity  fu r th e r  increased.

Breakdown o f  serine stereo-isomers. T he resu lts  o b ta in ed  w ith  190 s tra in s  
(T able  II)  in d ica te  th a t  in th e  m e d iu m  w ith  the  in itia l p H  4.8 th is  re a c tio n  
w as on ly  ex cep tio n a lly  stereospecific . O f E . coli s tra in s  2, o f M organclla s tra in s  
22 decom posed o n ly  L-serine, w h ile  5 S . typh i s tra in s  only  D -serine.

Breakdown o f  valine stereo-isomers. D ecom position  o f v a line  s te reo -iso 
m ers w as ex am in ed  w ith  E n te ro b a c te r ia c e a e  s tra in s  lis ted  in T ab le  II .  In  
a d d itio n , 10 S e rra tia  stra ins w ere te s te d . In  m edia a d ju s te d  to  p H  4 .9  all 
b a c te r ia  b u t S e rra tia  stra in s fa iled  to  alkalize . O f 10 S e rra tia  s tra in s  2 a t ta c k e d  
th e  L isom er, 5 th e  D L m ix tu re . In D -valine  all cu ltu res  w ere in a c tiv e .

Breakdown o f  tryptophan stereo-isomers. In  p H  4.9 try p to p h a n  so lu tio n , 
135 E n te ro b a c te r ia c e a e  stra ins w ere  te s te d . A ctive s tra in s  w ere e n c o u n te re d  
o n ly  in  th e  E . coli an d  Serra tia  g ro u p s . O f 29 E . coli cu ltu res  23 a t ta c k e d  L 
a n d  D L  try p to p h a n ; n e ither o f th e  cu ltu res  ac ted  upon th e  D isom er. T h u s  
th e se  organism s gave uniform ly  a stereospecific  reac tio n . All th e  7 e x a m in e d  
S e rra tia  s tra in s  a tta c k e d  L an d  D L -try p to p h a n ; in D - try p to p h a n  o n ly  2 
c u ltu re s  caused a lkaliza tion . R e ttg e re lla  and  P ro v id en c ia  cu ltu res  b e h a v e d  
d iffe ren tly . T hese  organism s e v e n tu a lly  caused in p H  4.9 so lu tions, to o , a 
c h e rry -red  co lo ra tion  ch a rac te ris tic  o f th e  iron  sa lt reac tio n  in d ic a tin g  t r y p to 
p h a n  deam inase  a c tiv ity  [12]. T h is  phenom enon  will be d e ta iled  in  a su b 
se q u e n t paper. T h e  reaction  was s t r ic t ly  specific; it  never occu rred  in  D -isom er 
so lu tions.

Breakdown o f  histidine stereo-isomers. D ue to  a sh o rtag e  in  D -h is tid in e , 
o n ly  93 of th e  lis te d  E n te ro b a c te ria c e a e  s tra in s  w ere exam in ed . A seem in g ly  
stereospecific  a lk a liza tio n  was o b se rv ed  w ith  th e  used  5 P ro v id en c ia  c u ltu re s , 
w h ich  a tta c k e d  on ly  L and  D L  su b s ta n c e s . O th er p o sitiv e  re su lts  (5 o f  5 
K lebsie lla , 1 o f 5 C itrobacter, 3 o f  8 Cloaca and  4 of 4 S e rra tia  s tra in s )  a p 
p ea red  in all h is tid in e  isom ers.

Breakdown o f  L  and D g lu ta m ic  acid. As seen in T ab le  I I I ,  th e  m a jo r ity  
o f  th e  176 ex am in ed  cu ltures a t ta c k e d  b o th  isom ers ( E . coli, K leb sie lla , 
C itro b ac te r, C loaca, S erra tia , S. p a ra ty p h i B , S . typh i m u riu m , A rizona, P ro v i
d en c ia ). A bou t 50 p er cen t o f R e ttg e re lla  s tra in s  decom posed  o n ly  th e  L 
fo rm , som e P. vulgaris  cu ltures o n ly  th e  D form .

3 *
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Table I I

A lkaliza tion  by enteric bacteria in serine 
5 ml 0.1% L, or D-serine or 0.2% DL-serine, pH 4.8, loopful inoculum

Group
(subgroup, type^

No. of 
strains

Percentage of positive cultures* in serine solutions afte 
periods of

incubatirn

1 day 3 days 6 days

L I) DL L I) DL L D DL

E . coli ....................... 10 0 10 0 100 80 100 100 80 100
Klebsiella ............... 10 20 70 50 100 100 100 100 100 100
Citrobacter ............. 10 0 10 10 100 100 100 100 100 100
Cloaca ..................... 10 10 10 30 100 100 100 100 100 100
Serratia ................... 5 60 40 80 100 100 100 100 100 100
S. p ara typh i В . . . . 10 0 0 0 100 100 100 100 100 100
S . typ h i murium  . . . 10 0 0 0 100 100 100 100 100 100
S. typ h i  ..................... 25 4 0 0 52 64 76 56 72 84
Arizona ................... 15 0 0 0 44 13 27 100 13 47
S h . flexn eri 2 ......... 10 0 0 0 0 0 0 0 0 0

P. vulgaris .............. 10 0 0 0 0 0 0 0 0 0
P. m ira b ilis .............. 10 0 0 0 0 0 0 0 0 0
M organella............... 35 0 0 34 80 0 77 86 0 77

Rettgerella ............. 10 0 0 0 0 0 0 0 0 0

P rovidencia............. 10 0 0 0 0 0 0 0 0 0

* Weak positive results ( i )  have been included in the positive reactions

D iscussion

T he c h a ra c te r is tic  su b s tra te  sp ec ific ity  of enzym es is valid  also for 
o p tic a l isom ers. T h e  s te reospec ific ity  o f  am ino  acid-decom posing  bac te ria l 
enzym es has been co n firm ed  by n u m ero u s d a ta . B ac te ria l p ro te in s alm ost 
u n ex cep tio n a lly  c o n sis t o f L am ino acids. D am ino  acids h av e  been revealed  
o n ly  as rare e x c e p tio n s , e.g. in a n tib a c te r ia l  pep tid es  p roduced  by som e 
B acillus species. O f a la n in e  stereoisom ers th e  b ac te ria l cy top lasm  con ta in s 
th e  L  form . In  s y n th e t ic  D L -alan ine b a c te r ia  can use on ly  th e  L isom er and  
le a v e  th e  D form  a lm o s t com pletely  u n a tta c k e d . S im ilarly , ly sin e  decarboxylase 
p ro d u ces cadaverine  a n d  CO., only from  L -lysine  [6]. A m ino acid oxidases are 
also su b s tra te  spec ific  and  oxidize to  k e to n e s  e ith e r  th e  L  or the  1) isom er 
[5]. P . vulgaris, Ps. aeruginosa  and A . aerogenes deam inases are  able to  produce 
am m o n ia  only from  th e  L -isom ers of 11 d iffe re n t am ino acids [13]. P. vulgaris 
a s p a r ta s e  responsib le  fo r  th e  decom position  o f a sp a r tic  acid in to  fum aric  
ac id  and  am m onia, is s tr ic t ly  stereospecific  [8]. T he sam e holds tru e  for th e  
g lu ta m ic  acid d e h y d ro g en ase  of Neurospora crassa  an d  for strep tococcal try p -
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Tabic III

A lkalization by enteric bacteria in  
5 ml L or D -g lu tam ic  acid, pH  4.7,

glu tam ic  acid 
loopfu l inoculum

Percentage of positive cultures* in glutamic
acid solutions after incubation periods of

Group No. of
(subgroup, type) strains 1 day 3 days 6 days

i L I) L I) L

E . coli ............................................ .......... 15 0 0 93 80 100 100
K le b s ie lla ........................................ .......... 10 50 30 100 100 100 100
C itrobacter ................................... .......... 15 0 0 67 73 100 100
Cloaca ............................................ .......... 5 100 40 100 100 100 100

S erra tia  .......................................... 40 0 100 100 100 100
S. paratyphi В ............................ .......... 10 0 0 40 10 100 100
S. typh i m u r iu m .......................... .......... 10 0 0 75 19 100 100
S . t y p h i .......................................... ........  10 0 0 0 0 0 0

A rizona .......................................... .......... 10 0 0 80 80 100 100

Sh. fle xn eri  2 ................................. .........  IK 0 0 0 0 0 0
P .  v u lg a r i s  ............................... ........  13 0 0 31 31 54 31
P .  m i r a b i l i s ............................... ........  10 0 0 0 0 0 0
Morganella................................. ........  13 0 0 0 0 0 0
Rettgerella ............................... ........  13 к 8 23 46 46 77

Providencia............................... ........  13 0 0 62 77 85 85

* Weak positive results ( i )  bave been inc hided in the positive reactions

to p h a n  d ecarb o x y lase  [4]. E . coli d eam in a tes  th e  L isom ers of a lan ine a n d  
g lu tam ic  acid [6].

A m ong th e  num erous o b se rv a tio n s  suggesting  th e  stereospecificity  o f  
enzym es responsib le  for m icrob ia l am ino  acid m e ta b o lism , th ere  are d a ta  as 
to  the  occurrence of an occasional lim ited  specific ity . A ltho u g h  in sy n th e tic  
D L -alan ine  th e  L isom er is u su a lly  u tilized , recen t s tu d ie s  have revealed  th a t  
grow ing cells a re  able to  tak e  up  sm all am o u n ts  of D -a lan in e  [6]. The P ro te u s  
g roup  a tta c k s  o n ly  the  L form  o f m ost am ino acids, b u t  it is able to  u tiliz e  
b o th  isomers o f  a lp h a-a lan in e  an d  serine [2]. The d eam in ase  of E. coli a c ts  
upon  b o th  o p tic a l isom ers of se rine  [3]. The a sp a rtic  ac id  deam inase of A s p e r 
g illus niger is n o t  specific for e ith e r  o f th e  isom ers o f  th e  su b s tra te  17j . As to  
th e  m etabo lism  o f Ps. aeruginosa, th e  am ino acids can  be divided in to  3 
groups. A gain st am ino acids o f  g ro u p  1 (leucine, iso leucine  and  h is tid in e )  
th e re  is a s tr ic t  s te reo sp ec ific ity , as th e  co rrespond ing  enzym e a tta c k s  o n ly  
th e  n a tu ra l isom er. In  group 2 (va line  an d  p h e n y la la n in e ) p resum ab ly  th e  
I) isom er is ox id ized  w ith o u t d e a m in a tio n , or th e  n o n -n a tu ra l isomers m a y
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p ro m o te  residual re sp ira tio n . F in a lly , P s . aeruginosa a t ta c k s  b o th  op tica l 
iso m ers  of a lan ine , serine , ty ro sin e  a n d  p ro lin e  [14].

T h e  in te rp re ta tio n  of these  p a r t ly  c o n tra d ic to ry  d a ta  is d iff ic u lt, as m ost 
o f  th e m  have been y ie ld ed  by  classical b iochem ica l in v e s tig a tio n s . T he proce
d u re s  em ployed  in  enzym e research  (u se  o f lysates or re p e a te d ly  w ashed  
c u l tu re s ,  in c u b a tio n  o f th e  enzym e w ith  th e  su b s tra te , q u a n t i ta t iv e  d e te rm in a 
t io n  o f  p ro d u c ts , or se ria l m easu rem en ts  in  th e  W arburg  a p p a ra tu s )  are deli
c a te  a n d  laborious. T h is explains th e  f a c t  t h a t  th e  availab le  d a ta  on th e  s te reo 
sp e c if ic ity  of enzym es are  based  m a in ly  o n  experim en ts w ith  one  o r tw o s tra in s . 
T h e  a lk a liza tio n  te s t  c a n n o t be co m p ared  in  exactness w ith  th e  above delicate 
m e th o d s ;  n ev erth e less , i t  is a d v a n ta g e o u s  in  th a t  it  allow s th e  ex am in a tio n  
o f  a series of d iffe ren t s tra in s . T he p re s e n t  investiga tion  re v e a le d  th a t  even 
s t r a in s  belonging  to  th e  sam e se ro ty p e  m a y  reac t d iffe ren tly  w ith  am ino acid 
s te reo -iso m ers . T hus th e  s te reo sp ec ific ity  o f  th e  enzym es p ro d u c e d  b y  a given 
g ro u p  o f b ac te ria  ca n  on ly  be e s tim a te d  w hen  a large n u m b e r  o f s tra in s  is 
in v e s tig a te d .

Conclusions as to  th e  d iagnostic  v a lid ity  of the a lk a liz a tio n  te s t  are no t 
ju s t if ia b le . F rom  o u r experim en ts i t  is c le a r  th a t  the  p resence  o r absence o f 
a lk a liz a tio n  in v a rio u s  stereo-isom ers m a y  be ch a rac te ris tic  o f ce rta in  b a c 
te r ia .  T h u s of Shigellae , D -a lp h a -a lan in e  w as a tta ck ed  o n ly  b y  Sh. sonnei; 
M o rg an e lla  s tra in s  m a y  decom pose L -se rin e  b u t  no t th e  D fo rm ; E . coli dea- 
m in a te s  only th e  L isom er of t r y p to p h a n .

In  exam in ing  th e  breakdow n o f a m in o  acids it  is u su a l to  use th e  L isom er 
a t  0 .1 , an d  the D L  m ix tu re  a t 0.2 p e r  c e n t co n cen tra tio n . T h e  0.2 p er cen t 
so lu tio n  of the  racem ic  com pound is e q u iv a le n t to  the  0.1 p e r  c en t L so lu tion , 
w h e n  th e  m icroorgan ism  does n o t a c t u p o n  th e  D form . W h e n  b o th  o p tica l 
iso m e rs  are  decom posed , th e  0.2 p e r  c e n t so lu tion  of D L  am in o  acid  con ta in s 
a tw o fo ld  am o u n t o f  su b s tra te . As sh o w n  b y  experim ents w ith  a lp h a-a lan in e , 
th e  c o n cen tra tio n  o f  th e  su b s tra te  in flu e n c e s  th e  re su lt. T h e  0.1 p er cen t L 
a n d  0 .2  p e r cen t D L  so lu tions are g e n e ra lly  regarded  as e q u iv a le n t. H ow ever, 
w h e n  th e  te s ted  o rg an ism  a tta c k s  on ly  th e  D am ino acid , i t  re a c ts  d iffe ren tly  
in  0.1  p e r cen t L a n d  in 0.2 per c e n t D L  solutions, as in  th e  fo rm er i t  gives 
a n e g a tiv e , in  th e  l a t te r  a positive , re s u lt .

T h ere  is som e difference be tw een  th e  d a ta  rep o rted  in  th e  p re sen t and 
o u r  p rev ious p a p e r [11]. A part from  in s ig n ifican t a b e rra tio n s , a lp h a-a lan in e  
d eco m p o sitio n  b y  S. typ h i m u st be m e n tio n e d . This a c t iv i ty  had  n o t been 
o b se rv e d  prev iously , w hile it was d e f in ite  in  th e  p resen t ex p e rim e n ts . In  our 
o p in io n  th e  d ifference shou ld  only  p a r t ly  be a ttr ib u te d  to  th e  s lig h tly  h igher 
p H  o f th e  m edium . T h e  m ain reason  fo r  th is  behav iour m ig h t be th e  difference 
in  th e  n u m b e r o f in o c u la te d  b a c te ria . A s p o in te d  out in th e  p a r t  on “-M aterials 
a n d  m e th o d s” o f th e  p resen t p a p e r , seed in g  w ith  b a c te ria  p ick ed  up on th e  
p o in t  o f a needle o fte n  y ielded n e g a tiv e  re su lts .
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SIGNIFICANCE OF HAEMAGGLIJTINATION-INHIBITING 
ANTIBODIES IN THE EVALUATION 

OF VACCINIAL REACTIONS

By

G e o h g e t t e  N y e r g e s , G y . L o s o n c z y , L. E r d ő s  and G y\  P e t r á s s

S ta te  i n s t i t u t e  o f  H y g ie n e  { D ir e c to r  : T. B akács), B u d a p e s t , and L á s z ló  C e n tra l H o s p i ta l  f o r  
i n fe c t io u s  D is e a s e s  {D ire c to r  : J. R om án ), B u d a p e s t

( Received February 2d, 1964)

Summary. The relationship between prevaccination haemagglutination-inhibiting 
(HAI) titre and reaction to smallpox revaccination has been studied. The chance of take for 
subjects with titres under 1: 4 was higher than for those with titres 1 : 4 or higher. Attempts 
have failed to establish a IIAI antibody level sufficient to prevent the take with a high proba
bility. Failures to take may not be explainable by the HAI antibodies of the serum.

Successful vaccination is regularly accompanied by a rise in the serum HAI antibody 
level. Demonstration of the HAI antibody response may be of help in differentiating takes 
from failures.

T he general op in ion  on the d u ra tio n  o f im m u n ity  following sm a llp o x  
v acc in a tio n  has changed  since it had  becom e o b v ious t h a t  life-long im m u n ity  
is no t p rov ided  by th is  v acc in a tio n  e ither. S u sc e p tib ility , which seem s to  be 
in d irec t re la tio n  to  th e  tim e  e lapsed  since th e  la s t v acc in a tio n , re tu rn s  w ith in  
10 years [1]. E x a m in a tio n  o f th e  su scep tib ility  o f  rev acc in a ted  su b je c ts  is 
based  on th e  v acc in ia l reac tio n . E a rlie r  it  was a ssu m ed  th a t  an unsuccessfu l 
v acc in a tio n  is in d ica tiv e  o f p revailing  im m u n ity  a n d  vice versa, successfu l 
v acc in a tio n  m eans su scep tib ility . This view  m an ife s ts  itse lf  in the issue o f  
in te rn a tio n a l v acc in a tio n  certifica tes .

M eanw hile, how ever, d a ta  hav e accu m u la ted  ev idenc ing  th a t  th is  s im p le  
w ay  of ev a lu a tio n  is in co rrec t; e.g. num erous s u b je c ts  o f those hav ing  in t r o 
duced  sm allpox  in to  E u ro p e  had  been considered  im m u n e  on the  basis o f  an  
unsuccessfu l v acc in a tio n  perfo rm ed  sh o rtly  befo re .

A n u m b er o f ex p e rim en ts  have show n th a t  th e  vaccinial re a c tio n  is 
g rea tly  in fluenced  by  th e  v acc ina tion  te c h n iq u e  [2] an d  the q u a lity  o f  th e  
vaccine [3].

These o b se rv a tio n s have  changed  the  e x p la n a tio n  o f the  sign ificance of 
vaccin ia l reac tio n . Now' th e  ev a lu a tio n  o f th e  re a c tio n  is based  on th e  fo llow ing  
princip les.

(i) Successful v acc in a tio n  (take) m eans a p r im a ry  or accelera ted  (vac- 
cinoid) reac tio n  w ith  p u stu le -fo rm a tio n . This is a cco m p an ied  by  th e  d e v e lo p 
m ent o f com plete  im m u n ity  to  sm allpox .

(ii) U nsuccessfu l v acc in a tio n  m ay he c lassified  in to  tw o groups.
(a) “ No ta k e ” , i.e. lack o f tissu la r re a c tio n , m a y  ind icate  im m u n ity  

in fresh ly -im m unized  su b jec ts ; o therw ise it re su lts  from  techn ica l fa ilu re .
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(b) Im m e d ia te  (earlie r: im m une) re a c tio n . The tissu la r  re a c tio n  consists 
o f  e ry th e m a  an d  in d u ra tio n ; th e  a reo la  is la rgest betw een  8 a n d  72 hours. 
T h e re  is no p u s tu le  even a vesicle r a re ly  appears. T his re a c tio n  m ay  be 
sh o w n  b y  really  im m u n e  sub jec ts , b u t  su scep tib le  persons m a y  elicit the  
sa m e  reac tio n  as a re su lt of tech n ica l fa ilu re  or use of a d e to r ia te d  vaccine. 
S u sc e p tib le  su b jec ts  m ay  develop a p r im a ry  or an acce le ra ted  reac tio n  if 
th e y  a re  rev acc in a ted  on one or m ore occasions.

S evera l p ro b lem s arise in co n n ex io n  w ith  unsuccessfu l v acc in a tio n . 
A  “ n o  ta k e ”  or im m e d ia te  reac tio n  g ives no  in fo rm ation  on  th e  vaccinee’s 
im m u n e  s ta tu s , a lth o u g h  know ledge o f th e  im m u n e  s ta tu s  w o u ld  be im p o rta n t 
i f  th e r e  is a risk  o f  sm allp o x  in fec tion .

T h u s , a n o th e r  q u es tio n  arises, v iz . how  m any  unsuccessfu l rev acc in a tio n  
a t te m p ts  prov ide re liab le  evidence o f im m u n ity  against sm a llp o x .

W e w ished to  a p p ro x im a te  th e  q u e s tio n  by  com pleting  o u r  v acc in a tio n  
s tu d ie s  w ith  sero logical exam in a tio n s. I t  w as assum ed th a t  re p e a te d  failures 
to  ta k e  are due to  an  im m u n ity  w h ich  is dem o n strab le  sero log ica lly , an d  th is  
a s su m p tio n  raises a fu r th e r  questio n , v iz . w h e th e r there  e x is ts  an  a n tib o d y  
lev e l w hich  is su ffic ien tly  high to p re v e n t  th e  tak e  and, c o n se q u e n tly , m akes 
f u r th e r  a tte m p ts  o f v acc in a tio n  u n re a so n a b le .

O f th e  av a ilab le  serological re a c tio n s  we chose th e  h a e m a g g lu tin a tio n - 
in h ib it io n  (H A I) te s t .  N a g l e r  was th e  f i r s t  to  repo rt on th e  ap p e a ra n ce  of 
H A I an tib o d ies  a f te r  a tta c k s  of sm allp o x  a n d  vaccinations a g a in s t sm allpox . 
T h e  sp ec ific ity  o f th e  te s t  has been p ro v e d  b y  several a u th o rs  [5 — 9].

M aterials a n d  m ethods

Serum  sam ples. B lood  w as tak en  fro m  20 — 60 y ears old ad u lts  b e fo re  re v acc in a tio n  
(in  th e  follow ing “ v a c c in a tio n ”  m eans re v a c c in a tio n )  an d  3 — 4 weeks th e re a f te r .  T he serum  
sp e c im en s w ere in a c tiv a te d  a t  56° C for 30 m in u te s  a n d  sto red  in th e  fro zen  s ta te .

Vaccine. T he H u n g a ria n  com m ercial v a cc in e  (bovine  derm ovaccine) w as u sed . The 
v a c c in e  co n ta in ed  7 X 1 0 G pock-form ing  u n its  as t i t r a te d  on the  ch o rio a llan to ic  m em brane  
o f  th e  12-day-old  ch ick  em b ry o .

V accination technique. T he sk in  w as sc a rif ied  in  th e  upper la te ra l  th ird  o f th e  arm  
th ro u g h  a d rop  of vacc in e  p laced  on th e  sk in  b e fo re  scarifica tion . In itia lly  a do u b le-c ro ss was 
fo rm e d ; a f te r  several u n su ccessfu l a tte m p ts  fo u r h o riz o n ta l and four p e rp e n d ic u la r  scra tches 
6 — 8 m m  long were m ad e . In  th e  case of a “ no t a k e ”  or “ im m ediate”  re a c tio n  v a cc in a tio n  
w as re p e a te d  a t  lea s t on one occasion, in  a  few  cases even  five tim es.

E va lu a tio n  o f  vaccin ia l reactions. T he re a c tio n  w as read  on th e  7 th  d a y  a f te r  v acc in a tio n . 
P r im a r y  a n d  acce le ra ted  re ac tio n s  were c o n sid e red  successful, “ no ta k e s ”  a n d  im m ed ia te  
re a c tio n s  unsuccessfu l. T h e  re ac tio n  was re g a rd e d  a s  d o u b tfu l when we w ere  u n a b le  to  decide 
w h e th e r  th e  c ru st, be ing  2 — 3 m m  in  d ia m e te r , h a d  derived  from  a p u s tu le  o r an  allergic 
vesic le . ( In  th e  la t te r  case th e  course of th e  re a c tio n  w ou ld  have p rov ided  som e fu r th e r  in fo r
m a t io n ;  how ever, m o st o f  th e  v acc in a ted  p e rso n s  co u ld  n o t give a d e q u a te  in fo rm a tio n .)

H A I  test. T his w as c a rried  o u t as re co m m e n d e d  b y  S z a t h m á r y  a n d  H o l i k  [10], essen
t ia l ly  a s  follow s. A tw ofo ld  se ru m  d ilu tion  series w as p re p a re d  inTAKÁTSY’s [11] M ic ro titra to r  
a p p a r a tu s  an d  2 h a em ag g lu tin a tin g  u n its  o f  th e  e g g -ad a p te d  vaccin ia  v iru s  w ere  ad d ed  to 
e v e ry  d ilu tio n . T he se ru m -v iru s  m ix tu res  (0.05 m l) w ere  incu b a ted  a t  37° C fo r one h o u r, and 
th e n  0.025 m l o f 1 -p e r-cen t suspension o f ch ick en  e ry th ro c y te s  a g g lu tin ab le  w ith  vaccin ia  
v iru s  w as ad d ed . T he re su lts  w ere read  a f te r  in c u b a tio n  a t  room  te m p e ra tu re  fo r  30 m inu tes. 
T h e  H A I t i t r e  was expressed  as th e  h ighest d ilu tio n  com ple te ly  inh ib itin g  h a em ag g lu tin a tio n . 
T itre s  o f 1 to  4 or h ig h er w ere accep ted  as p o s itiv e .
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E xperim en ta l

(i) Relationship  between prevaccination  H A I  titre and  vaccinial reaction. 
T w o h u n d red  sev en ty tw o  su b jec ts  w ere d iv ided  in to  tw o  g roups on th e  basis 
o f th e ir  p rev acc in a tio n  titre s  (F ig . 1, colum ns 1 an d  2). T he percen tag e  of 
tak es  was h igher in  th e  se ro n eg a tiv e  group th a n  in  th e  su b jec ts  w ith  p re 
v acc in a tio n  titre s  1 : 4 to  1 : 32 (51.6  p e r  cen t an d  39.3 p e r  cen t, respec tive ly ). 
T he p ercen tage  o f d o u b tfu l re a c tio n s  w as ap p ro x im a te ly  th e  sam e in th e  tw o 
g roups (8.4 an d  9.4 per cen t).

HAI titr e  (reciprocals) H A! t i t r e  (re c ip ro c a ls )

Fig. 1. R e la tio n sh ip  be tw een  p re v ac c in a tio n  
H A I titre  and re su lt o f f irs t  v a cc in a tio n  a t 

te m p t

Fig. 2. R e la tio n sh ip  b e tw een  p rev acc in a tio n  
H A I litre  and  r e su lt  of second v a cc in a tio n  
a tte m p t (D a ta  o f pe rso n s show ing no tak e  

a t  f i r s t  a tte m p t)

In  Fig. 2 th e  re la tio n sh ip  b e tw een  p rev acc in atio n  H A I t i t re  and  v acc in a 
tio n  resu lt is il lu s tra te d  on th e  b asis  o f the  reac tio n s o f  104 su b jec ts  w hose 
v acc ina tion  h ad  been  unsuccessfu l a t th e  firs t a t te m p t.  H ere  again , th e  chance 
o f  ta k e  was so m ew h at h igher in  th e  seronegative su b je c ts  th a n  in those w ith  
p rev acc in atio n  t i t re s  as high as 1 : 4 to  1 : 16 (31.4 a n d  22.0 p er cen t, respec
tively ).

T able I  show s th e  p re v a c c in a tio n  titre s  of 127 su b je c ts  w ith  a ta k e  on 
th e  f irs t rev acc in a tio n  a t te m p t.

In  T ab le  I I  th e  p rev acc in a tio n  litre s  of those  32 persons are p resen ted  
w ho could no t be rev acc in a ted  w ith  success even b y  th r e e  or m ore a tte m p ts . 
T he d is tr ib u tio n  o f these  t i t r e s  is n o t m arked ly  d iffe re n t from  th a t  of th e  
t i tre s  of unse lec ted  sera, a lth o u g h  fo rm erly  these  su b je c ts  w ould have  been 
reg a rd ed  to  be im m une.
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Table I

P revaccination H A I  titres in  the sera o f  subsequently successfully vaccinated persons at time o f
f ir s t  attempt

H A I t it re
< 4 4 8 16 T o ta l

(reciprocals)
N o. % N o. % No. % N o . % No. %

D is tr ib u tio n 81 22 20 4 127
b y  H  \ I  titre (63.8) (17.3) (13.8) (3.1) 100

Table II

P revaccination H A I  titres in  the sera o f  subjects subsequently vaccinated three or more times without
successs

H A I t i t re  
(reciprocals) < 4 4 8 16 T o ta l

D istribu tion
by HAI titre io 5 1 0 l 32

(ii) Relationship between vaccinia l reaction and H A I  antibody response. 
P a ir e d  sera were ex am in ed  from  168 vaccinées. T he re la tio n sh ip  betw een 
v a c c in ia l reaction  an d  H A I a n tib o d y  response is i l lu s tra te d  in F igs. 3 — 5.
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< 4 4  в  te  32
PrevaccinaYion fifres (reciprocals)

Jbis'. Я. H A I t i t r e s  before  and  a f te r  successful re v ac c in a tio n
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(a) S uccessful v acc ina tions (F ig . 3). O u t o f 95 ta k e s  90 were acco m p an ied  
b y  H A I a n tib o d y  response. T he p o s tv a c c in a tio n  t i tre s  d id  n o t su rpass 1 : 256.

(b) U nsuccessfu l vacc in a tio n s (F ig . 4). O u t o f 44 unsuccessfu l a t te m p ts  
only  8 w ere follow ed by  a sligh t rise in th e  IIA I t i tre . T he increase w as o n ly  
in  tw o cases four-fo ld  or g rea te r.

Fig. 4. H A I t i t r e s  b efo re  and  a f te r  unsuccessfu l Fig. 5. H A I titre s  before  and  a f te r  rev acc i-  
rev acc in a tio n  n a tio n  w ith  d o u b tfu l re su lt

(c) V acc in a tio n s w ith  d o u b tfu l success (F ig . 5). E ig h t of th e  d o u b tfu l 
reac tions w ere no t follow ed by  an y  rise of th e  HAT a n tib o d y  level.

D iscussion

We w ish to  discuss tw o q u estio n s on th e  basis o f th e  p resen t re su lts .
(1) Is  th e re  an y  co rre la tio n  betw een  th e  a n tib o d y  co n ten t a n d  th e  

success of rev acc in a tio n  in su b jec ts  v acc in a ted  years  ago?
(2) T he sign ificance o f th e  H A I te s t , especially  as reg ard s  th e  re a so n a 

b ility  of rev acc in a tio n  of su b jec ts  a t  high risk of sm allpox  in fection .
The su b je c ts  u n d er s tu d y  w ere ad u lts  who had  been rev acc in a ted  m ore  

th a n  10 y ea rs  earlie r. T hus, th e y  m a y  have  h ad  lost th e ir  im m u n ity  o r th e ir  
p ro tec tio n  h a d  fallen  to  a ra th e r  low level. I t  is, how ever, w ell-know n th a t  in 
such  a p o p u la tio n  th e re  arc su b jec ts  w ho do n o t ta k e  re v a c c in a tio n , i.e. 
a p p e a r to  be p ro te c te d , a lth o u g h  th e ir  specific reac tio n  to  re p e a te d  re v a c 
c ination  will p ro v e  th e ir  su scep tib ility . In  such cases th e  questio n  a rises as 
to  how m a n y  tim es  rev acc in a tio n  shou ld  be rep ea ted . P a r i s h  an d  C a n n o n

[12] recom m end  tw o rep e titio n s , i.e. th e y  th in k  th a t  th ree  successive fa ilu res  
to  ta k e  in d ic a te  a solid p ro tec tio n .
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In  th e  course o f  th e  p resen t s tu d ie s , how ever, th e  4 th , 5 th  or even 6 th  
a t te m p ts  w ere fo llow ed  by  a tak e  in  n u m e ro u s  cases a n d  th e  H A I titre s  
o f th e se  su b jec ts  w ere  n o t h igher th a n  th o se  o f  persons w ho gave a p rim ary  
re a c tio n  on th e  f i r s t  occasion (Tables I  a n d  I I ) .  T he d a ta  in  F igs. 1 an d  2 
su g g est th a t  th e re  m a y  be  some p a ra lle lism  be tw een  H A I t i t r e  an d  p ro te c 
tio n  as in d ica ted  b y  th e  vaccinial re a c tio n , b u t  th e  q u a n ti ta t iv e  v a lu e  o f th e  
H A I t i t r e  p rov ides no  ad eq u a te  in fo rm a tio n  on su ccep tib ility  or im m u n ity . 
A lth o u g h  in  se ro n e g a tiv e  sub jec ts  (H A I <  1 : 4) th e  p e rcen tag e  o f successful 
v ac c in a tio n  w as h ig h e r  th a n  in  th o se  possessing  H A I an tib o d ie s , we w ere 
u n a b le  to  fin d  a th re sh o ld  t i tre  above w h ich  successful rev acc in a tio n  c a n 
n o t  be  expected .

H o l i k  an d  S z a t h m á r y  [7] assum e t h a t  su b jec ts  w ith  H A I ti t re s  1 :6 4  
o r h ig h er can n o t be  v a c c in a te d  w ith  success. U n fo rtu n a te ly , in  th e  p resen t 
m a te r ia l  such h ig h  p rev acc in a tio n  t i t re s  d id  n o t occur. On th e  o th e r  h an d , 
w e do n o t agree w ith  S e r e n k o  [13], w ho  reg a rd s  th e  H A I ti t re s  exceeding 
1 : 10 to  in d ica te  p ro te c tio n .

T he q u estio n  as to  w h e th e r th e  p re sen ce  or absence o f H A I an tib o d ies  
p ro v id e  in fo rm a tio n  on  th e  im m une s ta tu s  h as  n o t y e t been  answ ered .

T he im p o rta n c e  o f H A I an tib o d ies  is su p p o rte d  b y  th e ir  specific ity . 
T h e y  reg u la rly  a p p e a r  a f te r  sm allpox a t ta c k s  as well as successful vacc in a tio n s 
a n d , accord ing  to  S e r e n k o  [13], th e  t i t r e s  g ra d u a lly  decline a fte r  rev acc in a 
tio n . I t  is in  acco rd an ce  w ith  th is v iew  t h a t  ou r v acc in a tio n s  w ere m ore 
successfu l in th e  se ro n e g a tiv e  group (F ig . 2).

O n th e  o th e r  h a n d , according to  C o l l i e r  [5], th e  H A I an tib o d ies  d is
a p p e a r  as soon as one  to  th ree  years a f te r  v acc in a tio n , w hen  im m u n ity  is 
s till ex p ec ted  to  p e rs is t. In  D o w n i e ’s [14] o p in ion  th e  H A I an tib o d ies  of th e  
se ru m  d isap p ear e a r lie r  th a n  th e  n e u tra liz in g  an tib o d ies .

T he find ings o f  S z a t h m á r y  an d  B a r a n y a i  [15] also ra ise  som e d o u b t 
as reg a rd s  th e  im p o r ta n c e  of H A I a n tib o d ie s . T hese a u th o rs  w ere n o t able 
to  confirm  Se r e n k o ’s [13] observation  on th e  co rre la tio n  betw een  age and  
H A I ti tre .

T he im p o rtan ce  o f  H A I an tibod ies as in d ica to rs  of im m u n ity  to  sm all
p o x  is, therefo re , q u e s tio n a b le . The m o rb id ity  ra te  of persons w ith  d ifferen t 
H A I titre s  w ould be th e  on ly  firm  basis fo r a d e q u a te ly  answ ering  th is  question . 
S ince such d a ta  are  la ck in g , it seems rea so n a b le  to  re p e a t rev acc in a tio n  of 
h ig h ly -risk ed  p ersons u n t i l  th e  specific (p r im a ry  or vaccino id ) reac tio n  has 
been  achieved . In  th e  course of th e  re v a c c in a tio n  of 855 em ployees of th e  
C en tra l H osp ita l fo r In fe c tio u s  D iseases we ach ieved  ta k e s  in  n ea rly  100 per 
c e n t b y  5 or 6 a t te m p ts .

A sign ifican t rise  o f  th e  H A I t i t r e  is a n  a p p ro p ria te  in d ic a to r  of th e  
m u ltip lica tio n  o f v a c c in ia  v iru s  in th e  o rg an ism  (F ig . 3), as show n by  lite ra ry
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( la ta  and  the  p re sen t  inves t iga t ions .  Unsuccessful v acc in a t io n  is only ra re ly  
followed by  H A I a n t ib o d y  response  (Fig. 4).

I t  should be em phasized  t h a t  in  a n u m b er  of cases th e  dou b tfu l  reac tion  
was no t followed b y  H A I  a n t ib o d y  response (Fig. 5), i.e. im m u n iza t io n  failed 
to  ta k e  place.

Popu la tions exposed  to  spec ia l  risk of sm allpox , e.g. the  personne l  o f  
in fec tious hospita ls ,  shou ld  be im m u n iz e d  as effectively as possible. W h e n  th e  
vacc in ia l  reaction is doubtfu l,  t h e  FIAI an t ib o d y  m a y  provide ad d i t io n a l  
in fo rm ation . F or  th is  purpose  b lo o d  should  be ta k e n  a t  th e  t im e  of observ ing  
th e  doub tfu l reac tion ,  an d  a n o th e r  sam ple  2 or 3 weeks la te r .  Since accord ing  
to  l i te ra ry  da ta  t h e  H A I  t i t re  does  no t  begin to  rise w i th in  a week a f te r  
rev acc in a t io n ,  a s ig n i f ic a n t  rise in  t i t r e  m ay  be a ccep ted  as the  in d ic a to r  
o f  successful v acc ina tion .
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FERMENTATION BY SYNCHRONOUSLY DIVIDING 
YEAST CELLS IN NITROGEN-POOR MEDIUM

By

T. G á n t i

Y e a s t  F a c to r y , B u d a p e s t  

(R ece iv ed  M arch  16, 1964)

Sum m ary . T h e  ra te  o f fe rm e n ta tio n  e x e rted  l>y synchronously  d iv id in g  y eas t cells h a s  
been  found  to increase  in te rm itte n tly . I n  th e  fe rm en ta tio n  curve perio d ic  declines co inc id ing  
w ith  th e  bud d in g  o f cells could he o b se rv ed . T he declines were e lim in a ted  by  th e  a d d itio n  o f  
ino rgan ic  n itro g en  sa lts . T he effect v a r ie d  in  degree w ith  th e  n itro g en  c o n te n t of th e  y e a s t 
p re p a ra tio n ; a t  h igher in cu b a tio n  te m p e ra tu re s  i t  ensued m ore ra p id ly . No sim ilar effect 
h a s  been  observed  in th e  increase o f th e  re sp ira tio n  ra te . F rom  th e  re su lts  i t  h as been co n clu d ed  
th a t  y eas t cells m u ltip ly in g  in a n itro g en -p o o r m edium  u n su itab le  for su p p ly in g  th e  in c reased  
n itro g en  re q u irem en t, m ay  be able to decom pose  m em bers of th e ir  ow n c a rb o h y d ra te -sp litt in g  
enzym e system .

T he a m o u n t  of carbon  d io x ide  p roduced  in com ple te  m ed ia  by y eas ts  
a t  given in te rva ls ,  increases para l le l  w ith  the  increase of  th e  living cell co u n t  
un til  th e  sugar  co n te n t  of the  m e d iu m  has decreased to  a ce r ta in  c o n c e n tra 
tion . M easu rem en ts  in the  W a r b u r g  a p p a ra tu s  have  show n t h a t  in molasses- 
p h ospha te  salt  m ed iu m  free f rom  inorgan ic  n itrogen, th e  co n tinuous  increase  
in the ra te  of fe rm en ta t io n  ceases in certa in  periods, or occasionally  even th e  
abso lu te  in te n s i ty  of fe rm en ta t io n  decreases [1]. The effect appears  a t  d e f i 
n ite  periods a n d  coincides w ith  th e  b u d d in g  of th e  cells. T h e  purpose  of th e  
p resen t  exp er im en ts  was to def ine  conditions responsib le  for th is  f in d in g .

M aterials and m ethods

In  the e x p erim en ts  b ak er’s a n d  seed  y eas t produced by D e p a r tm e n t 2, B u d a p e s t 
Y east F a c to ry , w ere used . T he in d u s tr ia l  te rm  for B ak er’s y east is “ g en era tio n  V”  an d  th a t  
for the  seed yeast u sed  fo r seeding th e  m ash  in w hich b ak er’s y eas t is p ro d u ced , “ g en era tio n  
IV ” . No p a r tic u la r  m eth o d  was app lied  fo r sy nchron izing  th e  cu ltu re s , as a t the  f irs t d iv is ion  
a b o u t 80 per cen t, a t  th e  second d iv ision  a b o u t  60 per cent of th e  cells w ere in the  sam e p h ase . 
T h is degree of sy n ch ro n y  was found sa tis fa c to ry  for the  e x p erim en ts . Ogur et a l. w ere t lu* 
f ir s t  to  observe th a t ,  when m easured  by  th e  percen tag e  of b u d d in g  cells, th e  sy n ch ro n y  o f 
b a k e r’s yeast was h igh  in th e  f irs t d iv is ion  cycle [2 |. We m ade sim ilar o b se rv a tio n s  in in d u s tr ia l  
seed y eas t cu ltu res  [3]. S ynchrony  w as e s tim a te d  by d e te rm in ing  th e  p e rcen tag e  freq u en cy  
o f b u d d in g  cells. T h e  cu ltu res  were n o t su b je c te d  to sy n ch ro n iza tio n , as th e  generally  ap p lied  
m eth o d s [4 6] w ere not delicate en o u g h  to  exclude errors re su ltin g  fro m  the  sy n ch ro n iz in g
pro ced u re  p ro p er.

In te n s ity  o f fe rm e n ta tio n  and  re sp ira tio n  was m easured  in th e  W arb u rg  a p p a ra tu s  
as follows. Y east sam ples o f 0.05 —0.4 g w ere suspended  in 100 m l p h o sp h a te  buffer. T h e  
a m o u n t of y eas t was chosen w ith in  th e  a b o v e  lim its  so as to y ield th e  h ig h es t a m o u n t o f gas 
w ith o u t ex h au s tin g  th e  to ta l  sugar c o n te n t  o f th e  m edium . D ep en d in g  on the  reac tio n  to  be  
obse rv ed , the  ex p erim e n ts  lasted  for 4 to  18 hours a t  30° C. T he p h o sp h a te  b u ffer (pH  4 .9 ) 
w as p rep ared  by m ix ing  990.1 ml so lu tio n  A (9.078 g K H ..PO , in 1000 m l) w ith  9.9 ml so lu tio n

4  A cta Microbiologie-H X I/2.
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B  (11.876 g N a2H P O j • 2 H 20  in  1000 m l). In  th e  c e n tra l  well o f th e  W a rb u rg  fla sk  was p laced 
2 .0  m l y eas t suspension, in  th e  side a rm  0.25 m l 10 pe r cen t su c ro se -co n ta in in g  m olasses 
m e d iu m , or in som e e x p e r im e n ts  0.25 m l 10 p e r  cen t sucrose so lu tio n . V ary ing  w ith  
d if fe re n t  sam ples, th e  p H  v a lu e s  o f th e  m olasses so lu tio n s w ere b e tw ee n  5.3 and  5.5. T he 
e x p e rim e n ts  were p e rfo rm e d  w ith  m olasses o b ta in e d  fro m  v a rio u s su g a r facto ries (H a tv a n , 
S e ly p , Szerencs and  S a rk a d ). In  o rder to  su p p ly  oxy g en  fo r m u ltip lic a tio n , th e  W arb u rg  flask s 
w ere  n o t flowed th ro u g h  w ith  n itro g en . D ue to  th e  P a s te u r  e ffect, th is  w ould  have  re su lted  
in  a  m ore in tensive  fe rm e n ta t io n . In  th e  m ea su re m e n ts , oxygen  u p ta k e  w as n o t considered , 
a s  th e  R Q . was 1, a n d  th e  difference in  vo lu m e a ttr ib u ta b le  to  th e  d iffe re n t so lub ility  of 
C 0 2 a n d  O, was less th a n  1 p e r  c en t of the  to ta l  a m o u n t of CO„ p ro d u ced  in  fe rm en ta tio n . A t th e  
i n i t i a l  stage the  d ifferen ce  w as som ew hat la rg e r (n o t  m ore th a n  3 to  4 p e r cen t), th is  s tag e, 
h o w ev er, was no t im p o r ta n t  fo r th e  ev a lu a tio n  o f th e  resu lts . T h u s in  th e  g rap h s “ /tl C 0 2”  
in d ic a te s  p ractica lly  th e  a m o u n t of C 02 p ro d u ced  d u rin g  fe rm e n ta tio n . T h e  m an o m ete rs  w ere 
re a d  a t  10 m inute  in te rv a ls . In  th e  g raphs th e  re sp ec tiv e  am o u n ts  o f C 0 2 a n d  0 2 p roduced  and 
c o n su m ed , were p lo tte d  a g a in s t  tim e.

Results

As m easured  b y  th e  described m e th o d ,  th e  in te n s i ty  of resp ira tion  
in c rea sed  co n t inuous ly  a n d  p roport iona lly .  In  co n tra s t ,  t h e  increase in the  
in te n s i ty  of f e r m e n ta t io n  was not co n tinuous .  V ary ing  w i th  th e  yeas t  p re p a ra 
t io n ,  after  3 to  4 h o u rs  a decline a p p ea red  in  th e  fe rm e n ta t io n  curve. Between 
t h e  6 th  and 8 th  h o u rs  a subsequen t ,  m ore  defin ite  decline was observed. 
A t  th e  first decline t h e  increase in th e  r a te  o f  f e rm e n ta t io n  ceased, b u t  the  
a b so lu te  value o f  f e rm e n ta t io n  in te n s i ty  rem ain ed  u n a l te re d .  A t  the  second 
dec line ,  absolute f e rm e n ta t io n  in te n s i ty  also decreased  def in i te ly  (Fig. 1, 
c u r v e  “ Generation V ” ).

F ig . 1. F e rm en ta tio n  b y  sy n ch ro n o u sly  b u d d in g  y e a s t  cu ltu re  in  m olasses-p h o sp h a te  m edium . 
T h e  p o in ts  o b ta ined  in  3 p a ra lle l ex p erim en ts a re  show n se p a ra te ly . Y e as t co n cen tra tio n ,

0.05 g/100 m l b u ffer
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I t  M as s t r ik in g  th a t  unlike to  b a k e r ’s y eas t ,  w ith  the  seed y e a s t  c u l tu re  
th e  f i r s t  decline failed to  appear  a n d  th e  second Mas less m a rk e d  (Fig. 1, 
cu rv e  “ genera t ion  I V ” ).

I t  was su p p o sed  th a t  the  difference b e tw een  th e  tw o cu ltu res  w as associ
a te d  w i th  th e ir  d if fe ren t  nitrogen c o n te n t .  T he  n itrogen  co n te n t  o f  b a k e r ’s 
y e a s t  was 6.2 per cen t ,  t h a t  of th e  seed yeas t  6.7 per cen t  b y  d ry  w eight.  
T herefo re  th e  effect o f  inorganic n i t ro g e n  com pounds  wras exam ined .  A t  f irs t
0.4 p e r  cen t am m o n iu m  su lpha te  Mas a d d e d  to  th e  p h o sp h a te  bu ffe r .  The 
o b ta in e d  resp ira t ion  and  fe rm en ta t io n  ac t iv i t ie s  are shown in Fig. 2. I t  can 
he seen th a t  the  r a te  o f  fe rm en ta t io n  an d  re sp ira t ion  increased c o n t in u o u s ly  
w i th o u t  th e  declines shown in Fig. 1. T h en  various am o u n ts  o f  a m m o n iu m  
su lp h a te  were a d d e d  to  the  p h o sp h a te  b u ffe r  and  th e  ra te  o f  fe rm e n ta t io n  
was ex am in ed  u n d e r  th e  same cond it ions .  T he  re su lt  is p resen ted  in  Fig. 3. 
I t  is ev id en t  t h a t  th e  gradually  inc reas ing  concen tra t ions  of  n i trogen  de layed  
th e  app ea ran ce  a n d  decreased the  size of  declines. T he  m in im a a p p e a re d  more 
or less a t  the  sam e in tervals .  The n i t ro g e n  sup p lem en t ,  o f  course, increased  
the  abso lu te  value  o f  fe rm enta t ion  ra te .  T h e  presence of 0.1 per cen t  or m ore  
a m m o n iu m  su lp h a te  en tire ly  e l im in a ted  the  f irs t  decline. T he  fina l fall o f  th e  
curves was caused by  a decrease in th e  su g a r  co n cen tra t ion  of th e  m ed iu m .

W ith  m olasses ob ta ined  from  o th e r  factories th e  t im e  of a p p e a ra n ce  
a n d  th e  size of th e  declines Mere v a r ia b le .  Howrever, th e  m in im a  o f  declines 
a lw ays ap p ea red  a t  th e  same in te rv a ls .  Figs. 3 and  4 show th e  resu lts  o b ta in e d  
w i th  molasses p ro d u ced  by  the  Szerencs a n d  Selyp sugar  factories, resp ec t iv e ly .

T h e  fe rm e n ta t io n  rates in molasses sam ples  con ta in ing  iden tica l  concen 
t ra t io n s  of sugar, in  molasses s u p p le m e n te d  w ith  am m o n iu m  s u lp h a te  and 
in p u re  sucrose so lu tion , were also co m p ared .  In  pure  sucrose f e rm e n ta t io n  
ceased a f te r  a su d d en  initial increase (Fig. 5). In this so lu tion th e  in ten s i ty  
o f  fe rm e n ta t io n  was v e ry  low. T herefo re  in su b seq u en t  exp er im en ts ,  in o rd e r  
to  decrease  th e  e r ro r  o f  m easu rem en t,  th e  y e a s t  concen tra t ion  w as increased 
to  0.4 g/100 ml buffer.

T he  in te n s i ty  o f  fe rm en ta t ion  in  sucrose su p p lem en ted  w i th  d iffe ren t  
a m o u n ts  o f  am m o n iu m  sulphate  is p re se n te d  in Fig. 6. T he  resu lts  u n ifo rm ly  
in d ica ted  th a t ,  p ro b a b ly  owing to  t h e  lack  of bios factors, the  fe rm e n ta t io n  
r a te  in sucrose is n o t  increased by  th e  a d d i t io n  of n itrogen.

F ina lly  th e  effect of te m p e ra tu re  on th e  app ea ran ce  of th e  declines 
was exam ined . As expected , fe rm e n ta t io n  in te n s i ty  increased w ith  rising 
te m p e ra tu re s  an d  th e  declines a p p e a re d  m ore rap id ly  (Fig. 7). In  o rd e r  to  
increase  th e  accu racy  of m easu rem en t ,  in these  exp er im en ts  0.25 g y e a s t  was 
su sp en d ed  in 100 ml buffer. Due to  th e  h igher  yeas t  concen tra t io n ,  th e  sugar  
c o n te n t  o f  the  m ed iu m  was e x h a u s te d  m ore  rap id ly  and  th u s  on ly  th e  f irs t  
decline could he m easured . T herefore  in these  experim en ts  th e  fe rm e n ta t io n  
ra te  was e s t im a ted  only within 4 hours .

4*
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F ig . 2 . F e rm e n ta tio n  (a) a n d  re sp ira tio n  (b) of sy n ch ro n o u sly  bud d in g  y eas t cu ltu re  in  am m o 
n iu m  su lp h a te  su p p lem en ted  m o lasses-phosphate  m ed iu m . Y eas t c o n cen tra tio n , 0.1 g/100 ml

buffer

F ig . 3. In flu en ce  of n itro g e n  source c o n te n t on th e  r a te  o f fe rm e n ta tio n . M olasses (Szerencs 
S u g a r F a c to ry )  m ed ium  su p p lem en ted  w ith  p h o sp h a te  b u ffe r  co n ta in in g  0 (curve a), 0.02S 
(cu rv e  b ), 0.05 (curve c), 0.1 (cu rv e  d), an d  0.2 (cu rv e  e) p e r cen t am m onium  su lp h a te . Y e as t 

co n ce n tra tio n , 0.1 g/100 m l b u ffer



FEHMENTATION BY SYNCHRONOUSLY DIVIDING YEAST CELLS 151

Discussion

The p re se n t  investiga tions have show n t h a t  in synchronously  d iv id in g  
y eas t  cu ltu res  t h e  increase in fe rm e n ta t io n  ra te  ceases a t  certain in te rv a ls  
and  even th e  ab so lu te  in tens i ty  of fe rm e n ta t io n  m a y  decrease. Such declines  
can well be o b se rv ed  in th e  graph  expressing  fe rm e n ta t io n  vs. tim e. A t  th e  
in te rva ls  co rrespond ing  to  the  declines, a b o u t  70 per  cen t  of th e  cells ca r r ied

Fig . 4. In flu en ce  o f n itro g en  source c o n te n t on  th e  ra te  o f fe rm e n ta tio n . M olasses (Selyp  
S u g ar F ac to ry ) m ed iu m  supp lem en ted  w ith  p h o sp h a te  b u ffer co n ta in in g  0 (cu rve  a), 0.025 
(cu rve  h), 0.05 (cu rv e  c), 0.1 (curve d), an d  0.2 (cu rv e  e) pe r cen t am m onium  su lp h a te . Y e as t

co n cen tra tio n , 0.1 g/'lOO ml buffer

buds. This f in d in g  ind ica tes  an association  be tw een  th e  occurrence o f  declines 
a n d  the  m ito t ic  cycle of  cells. This considera t ion  has been su p p o r ted  b y  th e  
fac t  t h a t  in th e  fe rm e n ta t io n  curve  for th e  seed yeas t  cu ltu re , which is r iche r  
in n itrogen  t h a n  b a k e r ’s yeast,  th e  f i rs t  decline is missing and  the  second  is 
less definite .

The in f luence  of incuba tion  t e m p e ra tu re  on th e  appearance  o f  declines 
is clearly a ssoc ia ted  w ith  the  effect of h igher te m p e ra tu re s  on g e n e ra t io n  
tim e . The low fe rm e n ta t iv e  ac t iv i ty  of  th e  used y e a s t  in pure  sucrose  was 
a t t r ib u ta b le  to  th e  absence of bios fac to rs ,  since i t  rem ained  unaffec ted  by  th e  
add it ion  of  am m o n iu m  su lphate .

T he  conclusion has been d raw n t h a t  th e  y eas t  is able to decom pose  its 
own ca rb o h y d ra te -sp l i t t in g  enzym es w hen  th e  n itrogen  required  for m u lt i -
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F ig . 5. F e rm e n ta tio n  in  d iffe ren t m edia. Curve a : m o lasses -j- p h o sp h a te  b u ffer +  am m o n iu m  
su lp h a te ;  C urve b : m olasses 4- p h o sp h a te  b u ffe r; C urve c: sucrose +  p h o sp h a te  b u ffe r. 

Y e as t co n cen tra tio n , 0.13 g/100 m l buffer

Fig. 6. F e rm e n ta tio n  in  sucrose m edium  su p p le m e n te d  w ith  p h o sp h a te  b u ffer co n ta in in g  
a =  0 .05 , b  =  0.1, c =  0.2 p e r cen t am m onium  su lp h a te .  T he p o in ts  o b ta in e d  in  2 p a ra lle l 

ex p erim e n ts  a re  sh o w n  sep a ra te ly . Y eas t c o n c e n tra tio n , 0.4 g/100 m l b u ffer
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p lica t ion  is n o t  supplied  in the m ed iu m . However, u n d e r  th e  sam e cond it ions  
m em bers  of  th e  resp ira to ry  enzym e sys tem  are not a t ta c k e d .  This f ind ing  
m a y  be ex p la ined  by  the  fac t t h a t  c a rb o h y d ra te -sp l i t t in g  enzym es occur 
d issolved in th e  cy top lasm  a n d  are  easily  a t ta c k e d  by  p ro teo ly tic  enzym es .  
In c o n tra s t  m em bers  of th e  re s p i ra to ry  enzym e sy s tem  are p re sen t  in th e

k 'ig . 7 . Fermentation by synchronously budding yeast in molasses phosphate medium at 
32 (a), 30 (b). and 29° (c) C temperatures. Yeast concentration, 0.25 g/100 ml buffer

m ito ch o n d r ia ,  an d  thus ,  p rov ided  th e  m itochondria l  s t ru c tu re  is in ta c t ,  are 
inaccessib le  for p ro teo ly tic  enzym es. To confirm the v a l id i ty  o f  these  cons id 
e ra t ions  fu r th e r  experim ents  are needed .

A c k n o w le d g e m e n t .  The author is indebted to Miss A. Faragó, M is s  R. H av er and M r s .  
I. Sztics for skilled technical assistance.
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Summary, (i) The production of L forms by S t a p h y l o c o c c u s  a u r e u s  in the presence of 
20 /<g/ml Celbenin is associated with antibiotic sensitivity. As compared to sensitive strains, 
antibiotic resistant cultures produced L forms less frequently.

(ii) Strains belonging to phage types 80/81 and 52/52A/80/81 are less liable to L trans
formation.

(iii) Eight out of 10 staphylococcal L strains grew readily and formed mucous deposit 
in a liquid medium containing 5 per cent sucrose, 10 per cent human serum and 3 per cent NaCl.

(iv) When applied at concentrations of 0.3 per cent or higher, alpha or gamma globulin 
and albumin serum fractions could he substituted for the human serum.

(v) Of 8 L strains growing readily in the presence of serum, 2 were able to multiply in a 
sem isynthetic medium containing 0.3 per cent Proteose peptone (Difco). Maximum growth 
was reached in 18 — 24 hours. Reversion did not occur when Celbenin was omitted from the 
medium.

(vi) A considerable morphological difference was observed between the serum and 
Proteose peptone cultures of the same organism.

In  recen t  y ea r  several inves t iga to rs  h av e  s tu d ie d  th e  t ran s fo rm a b i l i ty  to  
L form s o f Staphylococcus aureus. The ex p e r im e n ts  yielded var iab le  resu lts .  
A cco rd ing  to  S c h ö n f e l d  [1 | all freshly iso la ted  staphylococcal s t r a in s  could 
be tra n s fo rm e d .  P rozorovski [2] d e m o n s t ra te d  t h a t  every  an tib io tic  sens i t ive  
s t r a in  p roduced  L forms. In  con tras t ,  W illiam s  [3] obta ined  only 4 L s t ra in s  
o u t  o f  25 cultures.

In th e  p resen t  s tu d y  th e  association b e tw een  th e  production  o f  L  form s 
a n d  th e  biological p roperties  o f  Stapli. aureus s t ra in s  was ex am in ed .  T h e  
in v es t ig a t io n s  were ex tended  to  th e  cu l tu ra l  a n d  morphological p ro p e r t ie s  
o f  L form s in o rder  to  ob ta in  s table  L forms grow ing  readily  in l iquid  m e d iu m .

M aterials and m ethod s

C u l t u r e  m e d i a .  Medium 1 contained: beef extract, 3.7 per cent; N a.H P O ,• 7H20 ,
2.0 per cent; NaCl 3.0 per cent; agar, 1.0 per cent; human serum 10.0 per cent in distilled 
water; and was adjusted to pH 7.3.

Medium 2 contained: beef extract, 3.7 per cent; Na2H PO ,• 7 11,0, 2.0 per cent; NaCl,
3.0 per cent; sucrose, 5.0 per cent; human serum, 10.0 per cent in distilled w7ater; and was 
adjusted to pH 7.3.

Medium 3 contained: casein hydrolysate (Difco), 1.0 per cent; NaCl, 3.5 per cent; 
N a J IP O ,■ 7 H ,0 , 1.2.5 per cent; KH2PO„ 0.05 per cent; sucrose, 5.0 per cent; MgSO,, 0.001 
per cent; MnSO,, 0.001 per cent in distilled water; and was adjusted to pl I 7.4.

Medium 4 contained: casein hydrolysate (Difco) 1.0 per cent; NaCl, 3.5 per cent; 
,Na2HPO.j • 7 H20 ,  1.25 per cent; KH2PO.,, 0.05 per cent; sucrose, 5.0 per cent; MgSO,, 0.001
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per cent; M nS04, 0.001 per cent: agar (Noble). 1.0 per cent in distilled water; and was adjusted 
to pH 7.4.

The media were autoclaved for 1 hour at 121° C; after sedimentation the clear medium  
was reautoclaved for 20 minutes at 121° C.

For the cultivation of unstable L forms 2 0 /<g/ml Celbenin was added to the medium.
Estimation of antibiotic sensitivity was performed by the method of László et a l .  [24]. 

Agar plates were seeded with 1 ml 1 : 10 diluted 20 hour broth culture. The plates were then 
left to stand at room temperature for 90 minutes. Schleicher and Schuell No 2043/B paper 
discs were then placed onto the plates. The discs contained 50 f i g  penicillin, streptomycin, 
terramycin, or aureoinycin, 30 / i g  chloramphenicol or erythromycin. Cultures with inhibition 
zones larger than 25 mm were considered sensitive, those with inhibition zones smaller than 
8 mm were considered resistant to the corresponding antibiotic.

D i s i n t e g r a t i o n  o f  b a c t e r i a  was performed in a M. S. E. ultrasonic disintegrator. Five ml 
samples of staphylococcal L forms were treated for 20 seconds at 1.7 ampere intensity.

F r a c t i o n a t i o n  o f  h u m a n  s e r u m  was carried out by means of a DEAE cellulose column 
as described by Sober and Peterson [25].

The fractions were dialysed against saline at 4° C for 24 hours. Protein content was 
determined at 280 m/г by use of the Juan spectrophotometer and a standard curve.

M i c r o p h o t o g r a p h s  were taken partly with the phase contrast system of the Lumipan 
(Zeiss, Jena) microscope, partly by use of the 3D condenser at dark-field illumination.

Results

Production o f  L  fo rm s on solid m edium . P la te s  of m edium  1 were seeded 
w i th  0.1 ml sam ples of  th e  14-hour b r o th  cu l tu re s  of 108 d iffe ren t  S taph , 
aureus  s tra ins .  The Celbenin-conta in ing  m e d iu m  1 was a m odif ica tion  o f  th e  
m ed ia  devised b y  D i e n e s  a n d  S harp  [4] a n d  S c h ö n f e l d  [1]. O u t  o f  th e  108 
s t r a in s  50 p roduced  L colonies. In each colony a cen tra l  par t  growing in to  th e  
m e d iu m  and  a ty p ic a l  surface grow th consis t ing  of large bodies were d is t in 
gu ish ed  (Fig. 1).

As seen in T ab le  I, I I ,  and  I I I ,  th e  ab il i ty  to  produce L form s is associa ted  
w i th  an tib io t ic  sen s i t iv i ty  and  phage ty p e .  S tra in s  sensitive to  an tib io t ic s  
p ro d u c e d  L  colonies w ith  69, those re s is tan t  to  1 or 2 antib io tics w ith  45, and

Table I

T r a n s f o r m a b i l i t y  t o  L  f o r m s  o f  S t a p h y l o c o c c u s  a u r e u s  s t r a i n s  
o f  d i f f e r e n t  a n t i b i o t i c  s e n s i t i v i t y

A n tib io tic  p a t te rn
N o . o f  
s tr a in s

P ercen tage  o f 
tran sfo rm ab le  

s tra in s

Sensitive ..................................... 13 69
P. res.-sensitive.......................... 66 45
Resistant .................................. 29 37

Sensitive: sensitive to penicillin, streptomycin, chloramphenicol, terramycin, aureoinycin, 
erythtromycin

P. res.-sensitive: Resistant to penicillin, sensitive to streptomycin, chloramphenicol, 
terramycin, aureomycin, erythromycin 

Resistant: resistant to 3 or 4 of the above antibiotics
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those  re s is tan t  to  3 or  4 an tib io tics  w i th  37 per  cen t  f requency . Table I I  show s 
t h a t  s tra ins  n o t  capab le  o f  p roduc ing  L form s occu rred  m ainly  in p h a g e  
g roup  I. F ro m  T a b le  I I I  it  is ev iden t  t h a t  w ith in  ph ag e  group I types 80/81 
a n d  52/52A/80/81 p ro d u ced  L  forms less f re q u e n t ly  (on ly  2 ou t of 23 s t ra in s ) .

Table II

T ra n sform ab ility  to L  fo rm s  o f Staphylococcus 
aureus s tra in s  o f  d ifferent pliage groups

P h a g e  g ro u p N o . o f  s t r a in s
N o . o f

t r a n s f o r m a b le
s t r a i n s

i и 14
и 10 7

in 2 8 1.4
IV 2 1
Mixed 14 6
Untypable 6 5

756/950 7 5

Table III

Transform ability  to L  fo rm s o f  Staphylococcus 
aureus strains belonging to phage group I

P h a g e  ty p e N o . o f  s t r a in s
N o . o f

t r a n s f o r m a b le
s t r a i n s

80/81 17 2

79 9 5

52/52A/80/81 6 0
29 7 s

2 9 / 5 2 2 2

All strains included in Table III were resistant to penicillin and sensitive to streptomycin, 
chloramphenicol, terramycin, aureomycin, erythromycin.

Colonies v isib le  to the  naked  eye appeared  w i th  2 s tra ins  after 48 h o u rs ,  
w ith  th e  rest a f te r  9() to  120 hours.

C ultivation o f  L  fo rm s in liqu id  serum m edium . O f L s tra ins  derived f ro m  
staphylococci o f  d ifferen t an tib io t ic  sens i t iv i ty  and  phage  ty p e ,  10 c u l tu re s  
producing  large colonies on m ed ium  1 were selected . F ro m  plate  cu l tu re s  on 
m ed ium  1 of th e se  s tra ins  blocks were cu t  a n d  t r a n s p la n te d  to  m e d iu m  2. 
To m ed ium  2 sucrose was added a t  5 per cent c o n c e n tra t io n ,  as in p re l im in a ry
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e x am in a t io n s  this substance  p ro m o te d  th e  grow th of L forms. O f th e  10 
s tra in s  8 grew in the  liquid m ed iu m  a f te r  1 or 2 weeks in cuba tion  a t  37" C. 
In  fu r th e r  su b cu ltu res  the  ra p id i ty  o f  g row th  g radua lly  increased. A f te r  th e  
4 th  or 5 th  su b cu l tu re  m ax im u m  g row th  was ob ta ined  w ith in  48 hours. G ro w th  
in l iqu id  a lw ays occurred as a m ucous  sedim ent.

U ltrason ic  d is in tegra tion  for 20 seconds in th e  M. S. E. a p p a ra tu s  d id  
not influence th e  v iability  of the  cu ltu res .  F u r th e r  t ransfers  were p e r fo rm ed  
w ith  cu ltu res  t r e a te d  in th is  m a n n e r ,  as u l trasonic  d is in tegra t ion  d e s t ro y e d  
e lem ents  larger th a n  1 // .T hus  th e  dev e lo p m en t  of th e  L organism , a p p e a ra n c e  
of  form s d ifferen t size and p ro d u c t io n  of  large bodies, could he observed . 
F igures  2 a n d  3 show the  12 and  24 h o u r  cultures o f  Staph , aureus s t r a in  100 
in m ed ium  2 ,w  i th  dividing forms m easuring  1 u. L a te r  large bodies of  d iffe ren t  
size m u lt ip ly in g  in clumps ap p ea red .  In  ageing cu ltu res  th e  size of th e se  ele
m en ts  g rad u a l ly  increased. A fte r  48 hours  a g radual ru p tu re  of tin' la rge  bod ies  
w as observed  and  th e  culture  co n ta in ed  more and  m ore debris.

T he  t ra n s fe r  of liquid m ed iu m  cu ltu res  was a t t e m p te d  in Celbenin-free  
m ed ium . In th e  absence of this an t ib io t ic  L s tra ins  rev e r ted  rap id ly  in  4 to  
14 days  in to  cocci. N either of th e  L s tra in s  could he s tab ilized  for 20 [tassages.

Role o f  serum . The above  L cu ltu res  form ed m ucous  deposit in h u m a n  
serum -co n ta in in g  liquid m ed ium . W e i b u l l  and L u n d i n  [5] m e n tio n e d  th a t  
omission of se rum  elim ina ted  th is  ty p e  of g row th. In our e x p e r im en ts  th e  
cu ltu res  failed to  grow w ith o u t  se rum . Assum ing th a t  a specific fa c to r  was 
requ ired  for g row th , the  role of se ru m  fractions was inves t iga ted . H u m a n  
serum  was run  th ro u g h  D E A E  cellulose column a n d  th e  o b ta in ed  frac t io n s  
were ad d ed  to m edium  2. I t  was revea led  th a t  ex cep t  for the be ta  f rac t io n ,  
g ro w th  occurred  in the  presence of  0.3 per cent or h igher concen tra t io n  of  all 
fractions.

E ffect o f  Proteose peptone. As th e  g row th  in the  presence o f  s e ru m  was 
not due  to  one special serum fac to r ,  a syn the tic  m ed iu m , in which th e  p a re n t  
s tra in s  grew read ily , was com posed  (m edium  3). H ow ever,  all L form s failed 
to  grow in th is  m edium . The basal m ed ium  was th en  com ple ted  w ith  v a i io u s  
pep tones ,  and  seeded w ith  large inocula . L s tra ins  100 and  53/101 s t a r t e d

F i g .  1 .  L colony of S t a p h ,  a u r e u s  strain 100 on medium 1 containing 20 //g/inl Celbenin, after 
48 hours. Dark-field micrograph, X 126

F i g .  2 .  L form of S t a p h ,  a u r e u s  strain 100 grown in medium 2 for 12 hours. Inoculation was 
performed with disintegrated culture. Phase contrast micrograph, X 1134 

F i g .  3 .  L form of S t a p h ,  a u r e u s  strain 100 grown in medium 2 for 24 hours. Inoculation was 
performed with disintegrated culture. Phase contrast micrograph, X 1134 

F i g s .  4 , 5. Stable L form of S t a p h ,  a u r e u s  strain 100 grown in medium 3 for 16 hours. Phase 
contrast micrograph, X ll3 4

F i g .  6 .  Stahle L form of S t a p h ,  a u r e u s  strain 100 grown in medium 3 for 48 hours. Phase 
contrast micrograph, X1134

F i g .  7. The three colonial types of stable L form of S t a p h ,  a u r e u s  strain 48 on medium 1. Dark- 
field micrograph, X 126

F i g .  8 . Surface colonies of stable L form of S t a p h ,  a u r e u s  strain 100 on medium 4; X 126
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to  grow  a b u n d a n t ly  a f te r  5 days a t  37° C in  th e  m ed ium  con ta in ing  0.3 per 
c e n t  Pro teose  p e p to n e  (Difco). O ther  s t ra in s  d id  no t grow app rec iab ly  a f te r  
a 4 w eek  in cu b a t io n  period . Subcultures  o f  th e  tw o  fo rm er s tra in s  exhib ited  
m a x im u m  grow th  w i th in  18 to 24 hours .

I n  su b seq u en t  ex per im en ts  th e  range  of  p ep to n e  concen tra t io n  p e rm i t 
t in g  g row th  was d e te rm in e d .  I t  was found  t h a t  a t  least 0.04 per cent pep tone  
w as requ ired  for g ro w th .  O ptim al g row th  w as o b ta in ed  a t  0.3 p e r  cent con
cen tra t io n .

M orphological exam ina tion  o f  L  fo rm s  grow ing in  serum -free m edium . 
T h e  tw o  s tra ins  g row ing  readily  b o th  in  P ro teose  pep to n e -su p p lem en ted  
m e d iu m  3 an d  in  m e d iu m  2 were s tu d ied .  M ax im u m  g row th  was reached  
in 18 hours  in m e d iu m  3 a n d  in 48 hours in m e d iu m  2. The tw o differen t m edia  
y ie lded  cultures of  v e r y  different m orpho log ica l  ap pearance . In  th e  presence 
o f  se ru m  24 h o u r  c u l tu re s  consisted of la rg e  bodies occurring in clumps. 
In  c o n tra s t ,  th e  sem i-syn the tic ,  P ro teose  p e p to n e -su p p lem en ted  m edium  
y ie lded  af te r  16 h o u rs  a mass of f i lam en ts  consisting  of  par tic les  smaller 
t h a n  1 fi. M orphologically  these e lem ents  re sem b led  P P L O  cu ltu res  (Figs. 4 
a n d  5). The sm alles t  g ranules  w ith in  th e  cha ins  m easu red  a b o u t  0.3 //. In  
4 8 -h o u r  cultures th e  f i lam en ts  d isappeared  a n d  gave place to  large bodies, 
w hich , however, n e v e r  reached  the  5 — 15 (i size observed  in se rum -con ta in ing  
m e d iu m  (Fig. 6). S t ra in s  100 and 53/101 were s im ila r  in m orphology . The slight 
d ifferences be tw een  th e  tw o  cultures were as follows. (1) In  th e  early  stage 
of  m u lt ip l ica t ion  s t r a in  53/101 produced less f i lam en ts  th a n  s tra in  100 did. (2) 
S t r a in  53/101 p ro d u ced  so m ew h a t  larger bodies  t h a n  those  form ed b y  s tra in  100.

I n  shake cu l tu re s  seeded with  large in o cu la  an  increase in tu rb id i ty  was 
o b se rved  af te r  18 — 24 hours .  In  such c u l tu re s  f i lam en ts  were no t  formed 
a n d  single or double  L  bodies p redom ina ted .  T h e  size of these  e lem ents  varied  
b e tw een  less th a n  1 a n d  3 ц . W hen the  cu l tu re s  were tran s fe r red  to  m edium  
4 for  de te rm in ing  v ia b le  counts, th e  sh ak e  cu l tu re  yielded a considerab ly  
sm alle r  n u m b e r  of colonies th a n  the  cu l tu re  in c u b a te d  w ith o u t  shaking. This 
o b se rv a t io n  and th e  f in d in g  th a t  for o b ta in in g  a good grow th , shake  cultures 
shou ld  he inoculated  heav i ly ,  indicate  t h a t  sh a k in g  is un fav o u rab le  for the  
c u l t iv a t io n  of these  L forms.

T h e  behav iou r  o f  th e  cultures on solid m ed ia  1 and  4 was in teresting . 
As show n  in Fig. 7, on m e d iu m  1 three ty p e s  o f  colonies can be d istinguished. 
T y p e  A grows in to  t h e  agar ,  type  В forms colonies on the surface  and  type  C 
grows p a r t ly  in th e  a g a r ,  p a r t ly  on the  surface . In  co n tra s t ,  on m ed iu m  4 only 
su rface  colonies occu rred  (Fig. 8). The colonies ap p ea red  on m ed iu m  1 after  
48 — 72 hours, in m e d iu m  4 af te r  24 hours.

S tab ility  o f  L  fo r m s  im  medium 3. In  Celbenin-free P ro teose  pep tone  
m e d iu m  2 stra ins 100 a n d  53/101 were t r a n s fe r re d  m ore th a n  50 t im es  w ithou t  
a l te ra t io n .
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In  o rder to  exc lude errors due to  co n ta m in a t io n ,  th e  coagulase re ac t io n  
o f  th e  s tra ins  w as checked. B o th  cu ltu res  re ta in e d  th e i r  ab ili ty  to  coagu la te  
c i t ra te d  h u m a n  p lasm a.

Therefore  it  was considered th a t  b o th  s t ra in s  y ield ing  rap id  a n d  a b u n 
d a n t  g row th in P ro teo se  pep tone  m ed ium  were s ta b le  L forms and o r ig in a ted  
u n d o u b ted ly  from  Staph, aureus s tra in s  100 and  53/101.

Discussion

T ra n s fo rm a t io n  of G ram  positive cocci in to  L form s has been obse rved  
to  occur only on solid m edium  su p p lem en ted  w ith  se ru m  and  an a d e q u a te  
a m o u n t  of salt [4].  In  experim en ts  perfo rm ed  b y  D i e n e s  and  W e i n b e r g e r  
[6], Minck  [7], M in c k  and  La v i l l a u r e i x  [8] a n d  E d w a r d  [9], horse se ru m , 
h u m a n  serum , or  h u m an  ascitic f lu id  gave th e  m o s t  sa t is fac to ry  re su lts .  
W e in b e r g e r  [10]  iso lated  L forms from  46 per  cent o f  Staph, aureus s t ra in s  
on solid m ed iu m  con ta in ing  NaCl, h u m an  se rum  a n d  20 pg/ml Celbenin. 
S c h ö n f e l d  [1] a n d  P rozorovski [2] o b ta ined  a h igher,  while W illiams  [3]  
a lower f req u en cy  of successful iso lation  of L form s.

The t r a n s i t io n  of an tib io t ic  re s is tan t  s t ra in s  in to  L  forms is less l ikely  
th a n  th a t  o f  sens i t ive  cultures. In experim en ts  no t  show n  in the  T ables ,  o f  
50 Staph, aureus  s tra in s  re s is tan t  to  5 — 6 an t ib io t ic s  on ly  6 per cent could  
he transfo rm ed .  V Á C Z I et al. [11] observed  th a t  p o ly re s is tan t  s tra ins  co n ta in  
lipid substances  in the ou te r  layers of th e  cell Mall. These  substances p ro te c t  
the  cell against phagocytosis , and  th e ir  presence in d ica tes  a close connexion  
betM'een the  p ro top lasm ic  m em b ran e  and  the  cell wall. This close connection 
m a y  explain the  d iff icu lt  t ra n s fo rm a b i l i ty  of p o ly re s is ta n t  s tra ins  to  L form s.

I t  is know n t h a t  phage types  80/81 and  52/52A/80/81 represen t a s e p a ra te  
pa thogene tic  u n i t .  These s taphylococci are un ifo rm  in  th e  degree of hya lu ron i-  
dase, p h o sp h a ta se  a n d  coagulase p ro duc tion  [12 — 14]. T h e  presen t exp er im en ts  
confirm ed th e  un ifo rm  n a tu re  of these s tra ins ,  as in c o n tra s t  to  o th e r  ty p e s  
of  phage g roup  I, th e  t ran s fo rm a tio n  of  these  s t ra in s  to  L forms Mas d iff icu lt .  
Since the  e x a m in e d  s tra ins  Mere re s is tan t  to  penicillin h u t  sensitive to o th e r  
an tib io tics, th is  f ind ing  canno t he explained by  th e  an tib io t ic  resis tance  of 
the  cultures. O th e r  phage types  w ith  sim ilar s e n s i t iv i ty  p a t te rn  Mere t r a n s 
form ed in 45 p e r  cen t  as opposed to  th e  8 per cen t  iso la t ion  of L forms from  
80/81 s tra ins. T h is  observa tion  also ind ica tes  t h a t  th e re  is a difference in th e  
surface s t ru c tu re  o f  th e  tw o  k inds of cultures.

Some L fo rm s  grew readily  in liquid m ed iu m  con ta in ing  5 per  cen t 
sucrose. C ultures  developing  a f te r  u l trasonic  d is in te g ra t io n  resem bled m o rp h o 
logically u n s ta b le  L forms of o th e r  b ac te r ia .  S h o r t  u ltrason ic  d is in teg ra t ion  
did  no t affect th e  v iab il i ty  of S taph , aureus L form s. P a n o s  et al. [15] m a d e  
s im ila r  o bse rva tions  for s trep tococcal L forms.
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T w o different theo ries  have  heen  ad v an ced  as to  th e  role of  serum . 
A cco rd in g  to  A l t e n b e r n  [16], W e i b u l l  a n d  L u n d i n  [5], M e d i l l  and  
O ’ K a n e  [17], L o r k i e w i t z  [18] and  M a t t m a n  et al. [19], se ru m  ac ts  as a 
d e to x i fy in g  factor. On th e  o th e r  h a n d ,  in  P P L O  stra ins a specific effect is 
a t t r i b u t e d  to the  l ip o p ro te in  f rac tion  o f  se ru m . S m i t h  et al. [20] a n d  R o d w e l l  

[21] r e g a rd  serum  as a source of a tox ic  u n s a tu ra te d  f a t ty  acids. T h e  present 
e x p e r im e n ts  have d e m o n s t ra te d  t h a t  se ru m  p lays  no specific p a r t  in  th e  m u lt i 
p l ic a t io n  of s taphy lococca l  L forms.

A  m orphological difference has b e e n  shown be tw een  th e  se ru m -m ea t  
e x t r a c t  an d  P ro teose  p e p to n e  m ed iu m  cu l tu re s  of the  sam e L fo rm s. A p ar t  
f ro m  differences m an ifes t in g  them selves  in  f i lam entous (P P L O - ty p e )  and 
c lu m p y  growth, differences in th e  size of  L  forms were also observed . T he  size 
o f  t h e  smallest rep roduc ib le  e lem ent in  se rum -con ta in ing  m ed iu m  1 Mas 
a b o u t  1 //, while of t h a t  in  m ed ium  3 w as  ab o u t  0.3 //. T he  use of  d ifferent 
m e d ia  m a y  expla in  th e  d isc repancy  b e tw een  the  results  o f  W e i b u l l  [22] 
a n d  W i l l i a m s  [3] reg a rd in g  th e  size o f  th e  smallest rep ro d u c t ib le  s ta p h y lo 
coccal L  form units  (0.3 an d  0.7 //, respec tive ly ) .  The m orphological difference 
is e v id e n t  also on solid m ed ium , as on serum -free m ed ium  surface  colonies 
n o t  g row ing  into th e  a g a r  p red o m in a te .  A sim ilar observa tion  was m ade  for 
P r o t e u s  L forms b y  W e i b u l l  [5].

T h e  criteria  for th e  s tab i l i ty  o f  S taph , aureus L forms h av e  been discussed 
b y  seve ra l  au thors .  P r o z o r o v s k i  [23] considers the  L form s s tab le  if  th e y  
a re  u n a b le  to  re v e r t  th ro u g h  serial p assages  in penicillin-free m ed ium . In  
c o n t r a s t ,  according to  S c h ö n f e l d , even  s t ra in s  sub cu l tu red  m a n y  h u n d re d  
t im e s  w ith o u t  penicillin can n o t  be considered  stable, as reve rs ion  o f  such 
c u l tu r e s  can he in d u ced  b y  a l tering  th e  m ed ium .

In  our opinion P r o z o r o v s k i ’s c r i té r iu m  of s tab il i ty  is ju s t i f ied .  I t  would 
th e re fo re  appear  t h a t  ou r  serum -free m e d iu m  is su itab le  for th e  iso la tion  of 
s t a b le  Staph , aureus L form s and  for th e  su b cu l t iv a t io n  of th e se  s tab le  stra ins .
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Sum m ary . In o rd er to o b ta in  nucleic acid p re p a ra tio n s  w ith  tran sfo rm in g  a c tiv ity , a 
n u m b er of B . subtilis  p h ages w ere iso la ted . Some c h a ra c te rs  of th e  iso la ted  phages such  a s  
h o st-ran g e , ad so rb in g  c a p a c ity , la te n t period an d  bu rst-s ize  w ere d e te rm in ed . T he p h a g es  
were grouped on th e  basis o f serological p ro p erties  and  w ere co m p ared  w ith  phages re c e n tly  
iso la ted  by  o th e r  a u th o rs . A close serological re la tio n sh ip  was rev ea led  am ong agen ts th a t  
seem ingly  corresponded  to te m p e ra te  phages. T he nucle ic  acid  y ie lded  by v iru len t p h a g es  
e x erted  a tran sfo rm in g  a c tiv ity  on co m peten t cells of B. subtilis.

Phages ac t ing  on B. subtilis have  been s tud ied  extensively . E x p e r i 
m en ts  were carried  ou t  as to  the  antigenic  s t ru c tu re  [1], m orphology  [2], 
X - ra y  [3] and  visible light [4] sens i t iv i ty  of  these  agen ts .  In  recent y e a rs  
new subtilis  phages h ave  been isolated and  more precise ly  described. R omig 
and  B rodetsky [5] cha rac ter ized  6 of several sub ti l is  phages. T horne [6] 
and  Takahashi  [7] described  a phage w ith  t r a n sd u c in g  ac t iv i ty .  Ivánovics 
and  Csiszár [8] iso la ted  a m a jo r  group o f t ra n sd u c in g  phages. The pu rp o se  
o f  th e  presen t work was to  o b ta in  new subtilis  phages  and  to use th em  fo r  
th e  p rep a ra t io n  o f  iso la ted  and  purified nucleic acids ex e r t in g  t ransfo rm ing  
ac t iv i ty  on b ac te r ia l  cells.

M aterials and m ethods

Cultures. B . subtilis  168 I~  au x o tro p h ic  and  p ro to tro p h ic  s tra in s  used  for the iso la tio n  
an d  p ro p ag a tio n  of ph ag es were o b ta in ed  from  th e  la b o ra to ry  of D r. W. Szybalszki . F o r th e  
d e te rm in a tio n  of host range  4 a u x o tro p h ic  cu ltu res  o b ta in e d  from  Dr. W . Szybalszki . 2 
p ro to tro p h ic  cu ltu res  (Takahashi’s s tra in  SB19 an d  T ho rn e’s s tra in  W 23) and  4 a d d itio n a l 
B . subtilis cu ltu res  o f o u r own collection w ere used . A m ong o th e r  b a c te r ia  em ployed in h o st- 
range experim en ts  th e  follow ing stra in s  w ere in c luded : B. m egaterium  FŸM, 507 and  207, 
B . anthracis A76 an d  A87, B. cereus Cl 14, C l 16. C569, C4 an d  B . licheniform is  NRS821 a n d  
N R S I 108.

Phages. T he iso la ted  phages were com pared  w ith  E . coli p h ag es 7’,. T2, T , and T (. an d  
w ith  T horne’s phage SP 10  an d  T akahashi’s phage PB S1.

M edia. F o r p hage  t i t r a t io n  Y P  m edium  |9 |  w as used . T h e  solid  m edium  co n ta ined  1.5 
per cen t, the  so ft m ed iu m  0.75 per cent agar. Cells in fec ted  w ith  phage DN A  were in cu b a te d  
on Y T m edium  co n ta in in g  1 per cen t T ry p to n e  (D ifco), 0.5 pe r cen t Y E  (D ifco) and 0.5 pe r 
cen t NaCl. In  tra n s d u c tio n  ex p erim en ts  th e  GGM m ed ium  d escribed  by  Ivánovics an d  
Csiszár |8] was em ployed . F o r th e  d ev elopm en t o f co m p etence  th e  cu ltu res  were grow n in 
th e  sy n th e tic  liqu id  m edium  of A nagnostopoulos a n d  S pizizen [10 |.

* Fellow of the  A . von Humboldt F oundation (B a d  Godesberg bei B onn) in the  y e a rs  
1 9 6 2 -6 3 .
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Iso la tion  o f phages w as p e rfo rm ed  by  th e  m e th o d  of Adams [11]. T h e  ph ag es o ccurring  
in  6 d iffe re n t soil sam ples w ere s im u ltan eo u s ly  p ro p a g a te d  on a u x o tro p h ic  an d  p ro to tro p h ic  
B . su b tilis  168 I “ cells. T h en  p la te s  were p o u re d  w ith  d ilu tions o f th e  p h ag e  suspensions and  
th e  re su ltin g  p laques w ere tra n s fe rre d  to  th e  c u ltu re  o f the  co rrespond ing  b a c te riu m . H o m o 
g e n e ity  o f  th e  phages w as en su red  b y  sev e ra l su b cu ltu re s . T he ly sa te s  w ere tre a te d  w ith  
c h lo ro fo rm , stab ilized  w ith  0.5 pe r cen t g e la tin , a n d  sto red  in  th e  re fr ig e ra to r . C oun ting  of 
p laq u e -p ro d u c in g  u n its , d e te rm in a tio n  of la te n t  p e rio d  and b u rst-size  w as pe rfo rm ed  b y  th e  
s ta n d a r d  m ethods of Adams [11]. T ra n sd u c tio n  w as carried  ou t as d escribed  b y  I vánovics 
a n d  Csiszár [8].

A ntibodies. R a b b its  w ere g iven  fo r a 4 w eek  period  two in tra v e n o u s  in jec tio n s  w eekly 
o f  th e  ly sa te  c o n cen tra ted  b y  cen trifu g a tio n .

Iso la tion  o f  phage D N A  w as based  on  th e  m eth o d  described  b y  Paranchych [12]. 
T h e  p h a g e  co n cen tra ted  b y  cen trifu g a tio n  w as d isso lved  in  a m ix tu re  co n ta in in g  p h o sp h a te  
b u f fe r ,  so d iu m  lau ry l su lp h a te  an d  e th y le n e d ia m in o te tra a c e ta te  (E D T A ). P ro te in s  were 
re m o v e d  b y  shak ing  o u t th e  m ix tu re  th ree  tim e s  w ith  phenol. F in a lly  D N A  w as p re c ip ita te d  
w ith  tw o  vo lum es of e th an o l. T he p re c ip ita te  w as d issolved in 5 m M  E D T A . T he p u r i ty  of 
D N A  p re c ip ita te  was checked  b y  classical m ic ro an a ly tic a l m eth o d s a n d  sp e c tro p h o to m e try .

Competent cells were developed as described by Anagnostopoulos and Spizizen [10].
In fec tio n  o f  competent B . subtilis cells w as perfo rm ed  by  ad d in g  0.5 m l b a c te ria l su s

p e n s io n  (o p tica l d en sity , 0.1) to  0.5 m l D N A  d ilu tio n  (10 to  1 /ug/ml) an d  in c u b a tin g  th e  sy s tem  
in a 30° C w ater b a th  fo r 25 m in u te s. A fte r th e  ad d itio n  of 1 m l so ft ag a r, th e  m ix tu re  w as 
s p re a d  o v er th e  surface of a t ry p to n e  ag ar p la te . F u r th e r  in cu b a tio n  w as c a rried  o u t a t  37° C 
for 16 h o u rs . F o r d e ta ils , see th e  p ap er o f F öldes an d  Trautner [13].

R esu lts

B y  use of the  a u x o tro p h ic  s t r a in  of  B . subtilis  168 I “ , 23 seemingly 
d i f fe re n t  phages were isolated. T he  p ro to t ro p h ic  s t ra in  y ie lded  10 phages. 
O n  th e  basis of p laque  m orpho logy  3 m a in  types were d is t ingu ished  (Figs.
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F ig. 1. T u rb id  p laq u e s . M agnification  1/2

1 — 3). T h e  m a jo r i ty  of  phages  iso la ted  w i th  th e  aid of th e  a u x o tro p h ic  s tra in  
(S P 5 0  — SP90), p roduced  clear or ta rg e t - l ik e  p laques, while phages o b ta ined  
w i th  t h e  p ro to tro p h ic  s t ra in ,  a p a r t  f ro m  some excep tions ,  fo rm ed  tu rb id  
p la q u e s .  The m orpho logy  of p laques  w as  h igh ly  in fluenced  b y  th e  ingred ien ts  
o f  t h e  m edium , th e  te m p e ra tu re ,  a n d  th e  h u m id i ty  a t  in cu b a t io n .  O ur obser
v a t io n s  in th is  re spec t  were in acco rd an ce  w ith  those  of  R omig and  B ro
d e t s k y  [5].
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The p laq u e  m orphology  was insuffic ien t for th e  ch a rac te r iza t io n  of  th e  
iso la ted  phages .  An ad e q u a te  g ro up ing  was ach ieved  b y  considering th e  
an tigen ic  p roper t ie s  of th e  phages.  B y  use of r a b b i t  sera p rep a red  a g a in s t  a 
v iru len t  (SP50) an d  against a seem ingly  te m p e ra te  (SP100) phage, 3 g ro u p s

Fig. 2. C lear p laq u es . M agnification  1/2

Fig. 3. T arg e t-lik e  p laques. M agn ification  1/2

were d is t ingu ished  on th e  basis o f  m a jo r  differences. B y  ta k in g  in to  a c co u n t  
m inor  differences, th e  phages could  be d iv ided  in to  6 groups. T ab le  I  shows 
th e  re su l t  of phage neu tra l iza t io n  (K  values), w h ich  served as a base  for  
grouping .

F o r  ex am in ing  o th e r  ch a ra c te rs  o f  th e  iso la ted  phages, tw o  m em b ers  
o f  each serologically un ifo rm  g roup  were selected. T he  results  are p re s e n te d  
in T ab le  I I .



Table I

Grouping o f the isolated phages on the basis o f  К  values obtained with two different sera
T --------- A n tib o d ie s A n tib o d ies A ntibod ies

P h a g e s P laq u e S P 50 S P 100 Phages P laq u e S P 50 SP100 P hages P la q u e S P50 SP100

К  Va lu es К  \ a lues К  Values

SP50 cl 200 0 SP80 t 105 420 SP90 t 0 220

SP51 cl 175 0 SP81

SP82

t 60 460 SP91

SP92

cl

cl

0

0

200

50

SP60

SP61

cl

cl

75

45

0

0

SP83

SP84

t

t

50

45

400

480

SP93 cl 0 50

SP62 cl 120 0 SP85 t 40 420 SP100 t

t

0

0

345

460

SP70 t l 0 0 SP102 t 0 400

SP71 cl 0 0 SP103 t 0 400

SP72 cl 0 0 SP104 t 0 350

SP73 cl 0 0 SP105 t 0 430

SP74 cl 0 0 SP106 t 0 500

SP75 cl 0 0 SP107 t 0 600

SP76 cl 0 0 SP108 t 0 300

SP77 cl 0 0 SP109 t 0 430

A bbrev iations: cl =  clear plaque; t  =  tu rb id  p laq u e ; t l  =  targe t-like  plaque.

Table II

S p ec ific ity  o f  the s tud ied  B . subtilis phages on the basis o f  host-range experim ents

P h a g e s
107/m l

B. subtilis B. licheniformis  ̂ B. pumiliis 
B. mycoides ( T4RS736

B. cereus В. megateriuml B. anthra- 
C569, C4, K M , cis 

C l 14, C l 16 507, 207 A 76, A87
12 s tra in s

N R S 8 2 1 NR S1108

SP50 +  c l f  cl _  1 _  I

SP51 c l +  cl ■ t
SP60 +  c l -j- c l +  t ---  --- —  _  _
SP61 +  c l ~Ь c l + 1 ---  ---
SP70 +  tl — ---  --- _  _  _
SP76 - f  c l  I -Í- c l +  t —  i —  —
SP80 +  t c l +  c l ---  ---
SP82 +  c l +  cl +  t —  ! —  —

SP90 +  c l +  c l +  t —  1 —

SP100 +  t +  c l + 1 —  — —  —  • —
SP101 + 1 I +  c l + 1

1 1

A bbrev iations: =  phage sensitiv ity ; cl =  c lear p laq u e ; tl =  targ e t-lik e  p laque;
t tu rb id  p laque.
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F ro m  T ab le  I I  it  is clear t h a t  th e  iso lated  phages were highly specific . 
All B . subtilis  s t ra in s  were sensitive , while am ong  o th e r  cu ltu res  belonging  
to  th e  B acillus genus  only B . licheniform is  show ed som e suscep tib i l i ty .  Som e 
o th e r  ch a rac te r is t ic  p roperties  o f  th e  selected phages arc  shown in Tab le  I I I .
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Table III

Some characters o f  the exam ined B . subtilis phages

P hage P laq u e

A d so rp tio n  %  
a f te r  m in .

B u rs t size
L a te n t  period  

m in u te s

1/2

SP50 cl 96 97 200 60

SP51 cl 89 92.5 200 60

SP60 cl 92 92.5 200 60

SP lil cl 50 87 100 00

SF02 cl 34.5 75.5 200 (>0

SP 70 tl 07 97 .5 100 55

SP75 cl 20 70 100 60

SP 80 t 94 .0 90.5 50 55

S P 90 t 83.5 91 50 55

SP100 t 95 97 25 55

SP101 t 84.5 97 40 55

Abbreviations: cl clear plaque; ll target-like plaque: t turbid plaque.

The d a ta  in d ica ted  th a t  (a) th e  m ax im u m  ad so rp t io n  of  some B. sub tilis  
phages occurred  w ith in  one ha lf  m in u te ,  of o thers  on ly  a f te r  12 m inu tes ;  (b) 
th e  la ten t  period las ted  55 or 60 m in u te s ;  (c) the  n u m b e r  of  phages l ib e ra te d  
from one cell va r ied  be tw een  25 a n d  200.

The cu rve  rep resen ting  th e  resu lt  of th e  one s tep  m u lt ip l ica t ion  e x p e r i 
m en t was usua lly  un ifo rm  for all phages. Therefore  only  th e  curve  for SP50 is 
p resen ted  (Fig. 4).

Accord ing  to  th e  s tud ies  o f  W o l l m a n n  a n d  L a c a s a g n e  [3] an d  G i u n - 

t i n i  et al. [2] В . subtilis  phages are  8 0 x 1 2 0  a n d  8 0 x 2 0 0  т /t in size, re sp ec 
tively , a n d  the re fo re  they  belong to  th e  group of large phages .  As to  our phages 
the  sam e conclusions can be d raw n . An e lec tronm ic rog raph  ta k e n  by K e l l e n - 

b e r g e r  a n d  B o y  D e  L a  T o u r  [13] revealed  t h a t  p h ag e  SP50 m easu red  
80 X 80 X 170 m/< in size. O ur  phages, as shown by  c e n tr i fu g a t io n  ex p e r im en ts ,  
were of the sam e order. W hen  a Seitz  f i l te r  was w ash ed  th ro u g h  Avith b ro th ,  
it r e ta in ed  95 — 99 per  cen t of th e  su b seq u en t ly  f i l te red  phages. All phages  
could be cen tr i fu g ed  w ith  the J a n e t z k y  Model T 14-R cen tr ifuge  o pera t ing  a t
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21 000 g. C o m p ara t iv e  s tud ies  show ed t h a t  in  1 1/2 h o u rs  sed im en ta t ion  
o c c u r re d  w ith  T 4 p hages  in  94, w ith  T 4 p h ag es  in  99.4, w ith  T e phages in 99.6, 
a n d  w i th  phage SP50  in  98 per  cent. T h u s ,  as regards s e d im e n ta t io n ,  phage 
S P 5 0  occupies an  in te rm e d ia ry  pos i t ion  be tw een  phages T 4 a n d  T 4.

B . subtilis  p hages  can  be p re c ip i ta te d  w i th  am m o n iu m  su lp h a te  w ith o u t  
a n  apprec iab le  loss o f  a c t iv i ty .  In c re a s in g  concen tra t ions  o f  a m m o n iu m  sul-

F ig . 4. O ne s tep  grow th  of B . sub tilis  b ac terio p h ag e  SP50

p h a t e  p rec ip i ta te  increas ing  am o u n ts  o f  phages.  At 50 p e r  c e n t  s a tu ra t io n  99 
p e r  cen t  of th e  ph ag e  partic les  is p re c ip i ta te d .  H igher co n cen tra t io n s  of this 
s a l t  do n o t  increase fu r th e r  the  a m o u n t  of  p rec ip i ta ted  phages .

Table IV

C om parison o f  B . sub tilis  phages o f  d ifferent origin

Phage A u th o r

A n tib o d ie s  

S P50 S P 100 

К  v a lu e s

T ran sd u c tio n
In fe c tiv i ty  

o f  D N A

SP50 F ö ld es 200 0 —

SP100 0 460 — —

SP10 T h o rn e 0 435 +
PBS1 T a k a h a s h i 0 286

T he D N A  c o n te n t  o f  our B . su b tilis  phages could easily  be isolated. 
T h e  iso la ted  and  p u r if ied  D N A  was su i ta b le  for in fec ting  co m p e ten t  cells. 
Q u a n t i t a t iv e  ex p e r im e n ta l  results  in d ic a te d  th a t  successful infection , in 
a d d i t io n  to  co m pe tency ,  d epended  on th e  ingred ien ts  o f  th e  m ed ia ,  t e m p e ra tu re
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a n d  o th e r  fac to rs .  The fac tors  in f luenc ing  th e  m echan ism  and  k ine tic s  o f  
in fec tion  h ave  been dealt  w ith  in o th e r  papers  [13, 14].

W hile  th e  iso la ted  and purif ied  D N A  is su i tab le  for “ t r a n s fo rm a t io n ”  
th e  orig inal phages,  as com pared  to  the  t ra n sd u c in g  phages of I v á n o v i c s  

a n d  C s i s z á r , exer t  no tran sd u c in g  ac t iv i ty .
O u r  phages, which h a d  been iso la ted  by  use of  S z y b a l s z k i ’s a u x o tro p h ic  

a n d  p ro to t ro p h ic  stra ins , d iffered in several respects  from  o th e r  sub t i l is  
phages  described recently . The t ra n sd u c in g  phage  of T h o r n e  [ 6 ]  was iso la ted  
w ith  B . subtilis  s t ra in  W23 and could  be p ro p a g a te d  on B . lichen ifo rm is. 
T a k a h a s h i  [7] used s t ra in  SB19 for th e  iso la tion  a n d  p ropaga tion  o f  p h a g e  
PBS1. F o r  th e  sam e purpose  I v á n o v i c s  an d  C s i s z á r  [8] used B . su b tilis  
s t r a in  M arburg .

T h e  phages o f  d ifferent origin could  be also d iffe ren tia ted  on th e  basis  
of th e  t ra n sd u c in g  and  tran s fo rm in g  ab i l i ty  a n d  th e i r  serological p ro p e r t ie s  
(Table  IV).

E x p e r im e n ta l  results  set in T able  IV  ind ica te  t h a t  phage  SP50 com prises  
a s e p a ra te  serological g roup a n d  t h a t  phage  SP100 is an tigen ica lly  r e la te d  
to  th e  phages of  T h o r n e  and  T a k a h a s h i . T he an tigen ic  id e n t i ty  o f  p hages  
SP100 an d  SP10 is ev iden t;  how ever,  phage  PBS1 som ew ha t differs in  se ro 
logical b ehav iou r .  T ran sd u c t io n  exp er im en ts  w ith  SP50 and  SP100, using  
phages SP10. PBS1 and  3NT as contro ls ,  were unsuccessful.  No t r a n s fo rm a t io n  
ex p e r im e n ts  were carried  o u t  w i th  D N A  of th e  contro l phages. Successful 
t r a n s fo rm a t io n s  were o b ta in ed  w i th  D N A  p re p a re d  from SP50, w h e reas  
u n d e r  s im ilar  conditions SP100 D N A  failed to  ac t  as a t ran s fo rm in g  a g en t .

Acknow ledgem ent. T he a u th o rs  w ish to  express th e ir  a p p rec ia tio n  to  iMrs. Cs a n á d i  
a n d  E . KniÁLY for skilled technical a ssistan ce  an d  to  Dr. K. Csiszár for help in t r a n s d u c tio n  
ex p erim e n ts .
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STUDIES ON THE HUMAN INTESTINAL FLORA
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I . B artha), U niversity  M edical School, Pécs

(R eceived  A pril 10, 1964)

S u m m ary , (i) E . coli, Str. fa eca lis , L . b ifid u s  and  B ac te ro id es  have been fo u n d  to  co m 
prise  th e  4 c o n s ta n t m em bers of th e  faecal flo ra. A ccid en ta lly  encountered  m ic ro o rg an ism s 
w ere in th e  o rd e r o f frequency : c lo s tr id ia , K l. p n eu m o n ia e , s taphylococci, P ro te a e , m icro - 
aero p h ilic  lac to b ac illi, saccharo inycetes, aerob ic  sp o re -b ea rin g  bacilli and Ps. aeruginosa.

(ii) T h e  m ost freq u e n t m em ber o f th e  c o n s tan t flo ra  w as E . coli, L . b ifid u s , B a c te ro id e s  
a n d  Str. fa eca lis  were n e x t in order. T h e  h igh  E . coli c o u n t, th e  sign ifican tly  h ig h er s ta n d a rd  
e rro r an d  h ig h er d ev ia tio n s a t increased  b a c te r ia l  co u n ts  in th e  d is tr ib u tio n s  of aero b ic  c o n s t i t 
u e n ts  w ere a t t r ib u ta b le  to the  fact th a t  th e  ex am ined  m a te ria l o rig ina ted  from  o ld er b e d 
rid d en  p a tie n ts  w ith  freq u en t d isorders o f th e  in te s tin a l passage. T he older age g ro u p  d iffe red  
from  th e  y o u n g er only in increased E . coli c o u n ts , w hich  cau sed  a shift in the  d is t r ib u t io n  of 
o rg an ism s c o n s titu tin g  th e  in te s tin a l flo ra .

(iii) T he n u m b er and d is tr ib u tio n  of p e rm a n en t c o n s titu e n ts  showed a g re a t in d iv id u a l 
v a r ia tio n . In c o n tra s t ,  the  b ac teria l co u n t in the  sam e perso n  was alw ays c o n s ta n t.

(iv) A re s titu tio n  in the n u m b er an d  p ro p o rtio n  of p e rm a n e n t b acteria  o ccu rred  w ith in  
a sh o rt period  (1 w eek), even when th e  n o rm a l eq u ilib riu m  h ad  been seriously u p se t.  In the  
re g en e ra tio n  process th e  orig inal p re d o m in an t E . coli s tra in  ten d ed  to reap p ear.

(v) in  view  of the  d ev ia tio n s in th e  c o n s ta n t and  a c c id e n ta l c o n stitu en ts  o f th e  in te s 
tin a l f lo ra , eub io tic  and dysb io tic  co n d itio n s should  be ju d g e d  cau tiously . The o ccu rre n ce  of 
d am ag es in th e  in te s tin a l flora can p ro perly  be e s tim a te d  o n ly  in the  possession of q u a n ti ta t iv e  
d a ta  on th e  p reced ing  n o rm al cond itions.

T h e  exac t  knowledge of the biological a n d  pa thogene tica l  s ign if icance  
of  th e  h u m a n  in tes t ina l  flora has become of decisive im portance  since  th e  
in t ro d u c t io n  of  an tib io t ic  th e ra p y .  I f  an tib io t ic  t r e a tm e n t  causes th e  d e s t r u c 
tion of  th e  n o rm al bacteria l  f lora  in add it ion  to  t h a t  of the  pa thogen ic  a g e n t ,  
it  is obvious t h a t  the  decrease in th e  n u m b e r  of  n o rm a l  or an increase  in th e  
n u m b e r  of  cer ta in  constan t  or acc iden ta l  c o n s t i tu e n ts  m ay  he re spons ib le  
for  sy m p to m s  no t  a t t r ib u ta b le  to  th e  original disease or to  the  to x ic i ty  of 
the  d rug . I f  an  in ju ry  of th e  n o rm a l  flora  per  se, or a secondary  in fec t ion  d u e  
to  th e  loss o f  an tagon is t ic  ac t iv i ty  can  be h a rm fu l  for the  p a tien t ,  th e  t h o u g h t  
o f  a th e ra p e u t ic  su b s t i tu t io n  of  th e  lack ing  n o rm a l  flo ra  m ay  n a tu ra l ly  arise .

In  view of the  p resen t  s ta te  o f  th e  p rob lem , th e  re levan t  p a th o g e n e t ic a l  
a n d  th e ra p e u t ic  s tud ies  d ic ta ted  b y  necessity  e v id e n t ly  advanced  m ore  ra p id ly  
t h a n  o u r  basic  knowledge of th e  in te s t in a l  f lora . T h u s  we are in a g re e m e n t  
w i th  th e  op in ion  of D e h n e r t  [1] w ho s tressed  t h a t  “ The com position  a n d  
c a p a c i ty  o f  th e  norm al in te s t in a l  f lo ra  are as y e t  u n k n o w n . . .  we h a v e  no  
su i ta b le  m ed ia  for the  cu lt iva t ion  o f  m o s t  species. . . endeavours  for n o rm a liz -
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in g  th e  dam aged  in te s t in a l  f lora rem ain  h y p o th e se s  un til  we are  unab le  to 
def ine  th e  norm al f lo r a ” .

Considering th e  severa l ,  often c o n tra d ic to ry  d a ta ,  in order to  su p p lem en t  
o u r  prev ious  in v es t ig a t io n s  in to  the  effect o f  an tib io tics  on aerob ic  enteric  
b a c te r i a  [2] and  gain  in fo rm a tio n  on th e  h u m a n  applicab ili ty  of  o u r  re levan t  
a n im a l  experim ents  [3, 4], i t  seemed des irab le  to  perform  a d e ta i led  analysis  
o f  th e  n o rm al in te s t in a l  flora.

Material and m ethods

Faecal sam ples. P a t ie n ts  receiv ing  no a n tib io tic  t r e a tm e n t  and  free from  e n te r ic  sy m p 
to m s w ere  selected. S am p les w ere tak en  w ith  c o tto n  wool sw abs from  th e  faeces ex cre ted  in 
th e  m o rn in g . The tim e  e lap sin g  betw een  sam pling  a n d  c u ltiv a tio n  was generally  3 (a t  m ost 5) 
h o u rs .

C ultivation  methods. Som e cen tig ram  a m o u n ts  o f faeces were s treak ed  o n to  a filte r  
p a p e r  s tr ip  and  w eighed b y  m ean s of a torsion  b a la n ce . W ith  a glass rod a susp en sio n  c o n ta in 
in g  10 m g per ml of faeces w as p rep ared  in  saline. T h e n  0.5 m l aliquo ts of ten fo ld  seria l d ilu 
tio n s  o f  th e  suspension w ere  p ip e tted  onto cu ltu re  m ed iu m  p lates. Using su ffic ien tly  dried 
p la te s  th e  above vo lum e o f suspension  could be sp re a d  ev en ly  w ith o u t a glass ro d . B acteria l 
c o u n ts  w ere given as n u m b e r  o f cells per mg faeces.

A naerob ic  o rg an ism s w ere cu ltiv a ted  a n d  c o u n te d  on Bierkowski’s m ed iu m  [5]. 
A n aero b ic  conditions w ere  p ro v id ed  by  th e  a lk a lin e  py rogallo l m ethod  of Buchner and 
P reisz as m odified b y  Lerche a n d  Reuter [6]. T h e  re a g e n t was placed in a p a p e r  co n ta in er 
w h ich  w as th en  fixed  w ith  ad h esiv e  tap e  to th e  lid  o f  th e  p e tr i dish. T hus th e  w hole surface 
of th e  cu ltu re  m edium  w as u tilized . Low 0 2 ten s io n  w as checked by  c u ltiv a tin g  Cl. tetani 
on c o n tro l p lates.

A naerob ic  s tre p to c o cc i w ere grown on b lood  a g a r b y  use of the  above m e th o d . O ther 
m ore  d e lica te  o rgan ism s w ere cu ltu red  on b lood  a g a r in cu b a ted  aerob ica lly . E n d o  agar 
se rv ed  fo r th e  cu ltiv a tio n  o f E n te ro b ac te riaceae  a n d  fo r th e  coun ting  of Str. fa eca lis . C ounting  
o f s tap h y lo co cc i, aero b ic  sp o re-bearing  bacilli a n d  sacch aro m y cetes  was p e rfo rm ed  on agar 
c o n ta in in g  7 per cen t N aC l. D ifferen tia tio n  of E n te ro b a c te r ia c e a e  stra in s  w as c a rried  o u t on 
Nógrádi’s m edium  [7].

O th e r cu ltu res  w ere  id en tified  on th e  basis o f  m orpholog ical and s ta in in g  p ro p erties .
Antibiotic resistance was examined by use of paper discs prepared in this institute 

by Vincent’s [8] method. The discs contained 30 //g penicillin, streptomycin, chloramphenicol. 
Chlortetracycline or Oxytetracycline, 22 //g sulphamethylthiazole or 100 /<g neomycin. E rythro
mycin sensitivity was determined by the tube dilution method since the disc method gave no 
reliable results.

Statistica l analysis . T h e  va lue  of y 1 was e s t im a te d  by  th e  usual m e th o d . In  case of 
v a lu e s  sm alle r th an  5, th e  Yates correction  was u sed . T h e  level of significance w as 5 per cen t; 
low er levels w ere t r e a te d  se p a ra te ly .

W h en  i t  was p o ss ib le , in s te a d  of th e  ro u g h  te s t ,  Student’s 4it ”  te s t  w as em ployed. 
S ta n d a rd  e rro r was c a lc u la te d  b y  use of th e  e q u a tio n

s = У(л, л)-'
n  — k 1

F o r com paring  th e  s ta n d a rd  error of b a c te r ia l  c o u n ts , the  F  te s t w as u sed .
In  exam in ing  th e  freq u e n c y  d is trib u tio n  o f c o u n ts  th e  s tan d ard  erro r w as ca lcu la ted  

fro m  th e  average of log v a lu es.
T h e  d a ta  were a rb i t r a r i ly  g rouped on the  b asis o f re la tiv e  percen tage f re q u e n tly  o b ta ined  

fro m  in te rv a ls  ex pressed  in  log u n its  (Ax). P o isson  d is tr ib u tio n  and goodness o f f i t  o f the 
o b se rv ed  to the  th e o re tic a l frequencies were te s te d  b y  Drs. T . L a k a t o s  an d  G. M a s s z i .
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Results

(1) E xa m in a tio n  o f  the norm al intestinal flo ra .

The faeces o f  43 pa tien ts  hosp ita l ized  w ith  p y re x ia  were exam ined  on  2 
to 4 occasions. T h e  pa tien ts  received no an tib io t ic s  before and d u r in g  th e  
experim ents  a n d  w ere  free f rom  en te r ic  sy m p to m s .  A lto g e th e r  117 sam p les  
were exam ined . T h e  d is tr ibu tion  o f  th e  iso la ted  m icroorganism s is p re s e n te d  
in Table  I. T h e  averages (log x )  a n d  physiological l im its  of bacteria l  c o u n ts  
were e s t im a ted  f ro m  da ta  o b ta in e d  for ind iv idua l  p a t ie n ts  and for r e p e a te d  
exam ina tions ,  respectively .

F ro m  T a b le  I  i t  is seen t h a t  4 d ifferent m icroorganism s, E . coli, S tr. 
faecalis, B ac te ro id es  and  L. b ifid u s  occurred  in all p a t ie n ts  an d  in all sam ples .  
T he  respective ave rage  counts for  these  b ac te r ia  w ere  105'4, 104 104 9 a n d  
105'1. E . coli a n d  S tr. faecalis w ere  p resen t  in p a r t ic u la r ly  vary ing  n u m b e rs .  
O th e r  bac te r ia  as clostridia (m a in ly  Cl. p e r fr in g en s), K l. pneum oniae  a n d  th e  
tr ibe  P ro teae  w ere  encountered  in  n u m b e rs  a m o u n t in g  to  104'38—101'75 ce lls /m g 
in 25 — 36 per  c e n t  o f  the  sam ples. As to  the  o rder  o f  frequency , s taphy lococc i  
preceded P r o te a e  (31 vs 25 pe r  cen t) ;  th e  fo rm er b a c te r ia ,  however, o ccu rred  
only  in small n u m b e r s  (102'2). O f  fung i  only yeast- l ike  o rganism s were e x a m in e d .  
These were fo u n d  in  low counts  in 10 per cen t  of th e  sam ples. Aerobic spore-  
bearers occu rred  in num bers s im ila r  to  those  of  s taphy lococci in 9 p e r  cen t

Tabic 1

Constituents o f  the normal adult in testinal f lo ra

Organism

Occurrence in
Average 

count 
per mg

Limits of count 
per mg43 patients 117 samples

N o. % N o . %

E. coli ..................... 13 100 117 100 10s-4- ЮЗ.О-6-7

K l. pneum oniae . . 18 42 40 34 101-57 101.0—6.0

P ro teae  ................... 16 37 29 25 101-75 Ю2.1-6.0

P seudom onas . . . . 2 5 3 3 IO440 103-2-l-6

Str. f a e c a l i s ............ 43 100 117 100 io 4-4- 103-0-7-0

Staph, a u re u s ......... 20 47 36 31 1 О-'-:1 10 '•0 1 *2

B acillus ................... 10 23 11 9 10- 10l.O-5-O

C lostrid ium  ............ 22 51 42 36 io*-3K 103.0-6.0

B actero id es ............ 43 100 117 100 IO4-»» io 3-0 -"•°

L . b i f i d u s ................. 43 100 117 100 105-M 103.0-6-4

L . acidophilus  . . . . 12 28 21 18 101-w 101.0-5.3

S acch arom yces. . . . 6 14 11 10 10-' •|K’ lOl-»—5-0
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o f  t h e  sam ples. M icroaerophilic  lac tobacilli  were  re la tively  u n f r e q u e n t  (18 per 
c e n t ) .  P s. aeruginosa  w as iso la ted  only  f ro m  2 samples o r ig in a t in g  from  2 
p a t i e n t s .

T h e  p ro p o r t io n  o f  th e  occurrence o f  t h e  four co n s tan t  co n s t i tu e n ts  and 
t h e  co m m o n er  acc id en ta l  bac te r ia  is p re s e n te d  in Fig. 1.

/.

F ig . 1. C o n stitu tio n  of th e  n o rm a l a d u lt  in te s tin a l f lo ra  1. E . coli (46% ); 2. Klebsiella p n eu m o 
n ia e  ( 3 % ) ;  3. Sir. fu eca lis  (9 % ); 4. o th er (1 % ); 5. B actero id es (16% ); 6. C lostrid ia  (3 % );

7. L . b ifid u s  (19% ); 8. P ro te a e  (4% )

In  Fig. 1 w hite  sec to rs  ind ica te  the  c o n s ta n t ,  black sectors  th e  acc iden tal 
c o n s t i tu e n t s .  W hen c a lcu la t in g  average v a lu e s ,  th e  n u m b er  of  b o th  p a t ien ts  
a n d  sam p les  was considered .

T h e  d a ta  show t h a t  th e  p re d o m in a n t  o rgan ism  of the; faecal f lora  was 
E . co li, w h ich  occurred  in  h ig h e r  counts  t h a n  m em bers  of th e  an ae rob ic  flora  
a l to g e th e r .  This su rp r is ing  f ind ing  canno t b e  a t t r ib u te d  to  erro rs  due  to  the  
c u l t i v a t io n  techn ique . T h e  abso lu te  coun ts  fo u n d  for anaerobes (105/mg) were 
in  a g re e m e n t  w ith  d a ta  k n o w n  from the  l i t e ra tu re  (108/g). T h e  exp lan a t io n  
o f  th i s  find ing  will be discussed la ter.

T h e  ind iv id u a l  v a r i a t io n  in E . coli a n d  S tr. faecalis co un ts  is p resen ted  
in  F ig .  2, w ith  th e  re la t iv e  f requency  of c o u n ts  expressed a t  0.7 a n d  0.6 log 
u n i t  (A  x )  in tervals , respec tive ly .  The s t a n d a r d  errors were iden t ica l  for bo th  
o rg a n is m s  (S  =  0.85); th e  averages  showed difference of one ex p o n e n t .  Owing 
to  th e  h ig h  s ta n d a rd  e rro r ,  the  h is togram  s ig n if ican tly  differed from  th e  theo 
r e t i c a l ly  ca lcu la ted  P o isson  freq u en cy  d is t r ib u t io n  graph. T h e  dev ia t io n  was 
e s p e c ia l ly  considerable  a t  h ig h er  counts. An an a ly s is  of the  ty p e  of  d is tr ib u t io n  
w o u ld  o b v ious ly  req u ire  m ore  ex tensive e x am in a t io n s .

I n  F ig  3 the  h is to g ram s  for B ac te ro ides  and  L . b ifidus  a re  p re sen ted .
T h e  average va lues  a n d  s ta n d a rd  e rro rs  fo r  these two c o n s t i tu e n ts  were 

s im i la r .  T h e  s ta n d a rd  e r ro r  w as considerab ly  sm alle r  th an  in th e  case o f  aerobic

2

1

5.
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Fig. 2. In d iv id u a l d is tr ib u tio n  of E . coli an d  Slr.faeca lis  co u n ts  pe r m g faeces (n 43) E. coli :
X 5.42: s 0 .85 ; A x  =  0.7 log E . S ir. faecalis: x  — 4 .42: s 0 .85; A x  0.6 log E

50-
1 B a ctero id es

^  ------------L. b i f id  u s

и
LQ)

B a c t e r i a  ! c o u n t  ( t o g )

Fig. 3. In d iv id u a l d is tr ib u tio n  of B ac te ro id es  and L . b ifid u s  co u n ts  per mg faeces (n 13)
//. b ifid u s: x  - 5 .11; s = 0.69: \x  0.25 log E . B actero id es: x  4.89; s 0.42; I v =

0.5 log E

b ac te r ia .  T hus  th e  re la tive f re q u e n c y  was close to  th e  average . The frequency  
d is tr ibu tion , m a in ly  for B ac te ro ides ,  approached  th e  Poisson graph , a l though  
tes t in g  the  goodness of fit re v ea led  some in hom ogeneity  for this group. T h e re 
fore, th e  d e te rm in a t io n  of th e  f requency  d is tr ibu tions  o f  these  organism s also 
requires more ex tens ive  s tud ies .

The difference be tw een  th e  s ta n d a rd  errors for aerobic  an d  for anaerob ic  
p e rm a n e n t  co n s t i tu e n ts  was n o ta b le :

s- (E . coli j Sir. faecalis)
F  J 7 9 914.

s- (L . b ifid u s  j Bacteroides) 

w hich, at 1 per cent level, was signif icant s ta t is t ica l ly .
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T he high physiological or in d iv idua l  va r ia t io n  of v iab le  co u n ts  indicates 
a considerab le  ind iv id u a l  h e te ro g en e i ty  per  se. In  view of th e  sm all  n u m b e r  of 
d a t a  i t  is no t ju s t i f ied  to  es tab lish  va r ious  “ ty p es”  of  th e  in te s t in a l  flora. 
N everthe less ,  in T ab le  I I  su ch  “ ty p e s ”  are  p resen ted  in  o rd e r  to  dem ons tra te  
t h e  h igh  individual v a r ia t io n  of bac te r ia l  counts. Thus it  is c lear  t h a t  the  
“ n o r m a l  d is tr ibu tion”  o f  m em bers  of th e  flora  should be considered  with 
a p p r o p r ia te  caution.

Table II

D ifferen t “ types”  o f  the normal intestinal flo ra  
T o ta l n u m b er of cases, 39

Types
A v erag e  b a c te r ia co u n ts  p e r  m g T o ta l  co u n ts No. o f

E .  c o l i S t r .  f a e c a l i s L. b i f i d u s B a c te r o id e s p e r  m g cases

1. “ B a lan ced ”  ................................. 235 000 
(45% )

21 000 
(4% )

154 000 
(30% )

108 000 
(21% )

515 000 10

2. “ Coli predom inance” ............... 1 566 000 
(82% )

51 000 
(10% )

182 000 
(10% )

93 000
(5% )

1 882 000 14

3. “ S trep tococcus predom inance” 169 000
(19% )

946 000 
(61% )

77 000 
(9% )

99 000 
(11% )

1 289 000 5

4. “ L actobacillu s p redom inance’" 17 000 
(6% )

10 000 
(4% )

198 000 
(73% )

48 000
(17% )

273 000 6

5. “ B actero ides predom inance” 24 000
(5% )

6 000 
(1% )

110 000
(23% )

330 000 
(71% )

478 000 4

A m ong the  39 p a t i e n t s  only 10 h a d  an en teric  f lo ra  w h ich  m ight be 
r e g a rd e d  as “ b a la n c e d ” . In  these  p a t ie n ts  the  p ropor t ion  of  aerobic and 
a n a e ro b ic  members w as  ro u g h ly  similar. I n  14 cases (82 p e r  cen t) ,  E . coli 
p r e d o m in a te d ,  b u t  th e  ab so lu te  n u m b e r  of L . b ifidus  or B ac te ro ides  was 
s im i la r  to  t h a t  found in  th e  f i rs t  g roup . T h u s  th e  h igher inc idence  of E . coli 
w as  d ue  to  an increase in  th e  abso lu te  n u m b e r  of th is  o rganism . T h e  sam e holds 
t r u e  fo r  the  5 cases in  w h ich  Str. faeca lis  occurred  as th e  p red o m in a t in g  
b a c te r iu m  (61 per cen t) .  I n  6 cases w i th o u t  an a l te ra t io n  in th e  absolute 
n u m b e r  of bacteria, w i th  v e ry  low E . coli coun ts ,  L . b ifidus  a p p e a re d  in a high 
p ro p o r t io n  (73 per cen t) .  F in a l ly  in  4 cases w ith  low E . coli a n d  unchanged  
L . b ifid u s  counts, B ac te ro id es  occurred  in  defin ite ly  increased  n u m b e r  and 
acco rd in g ly  in h igher p ro p o r t io n s  (71 p e r  cent).

T h e  association b e tw e e n  th e  d is t r ib u t io n  of  various b a c te r ia  a n d  th e  age 
o f  p a t i e n t s  is also in te re s t in g .  As ou r  m a te r ia ls  were o b ta in ed  m a in ly  from 
o ld e r  persons, only th e  re su lts  for 10 y o u n g e r  (aged u n d e r  50, average 25 
y ea rs )  a n d  10 older (aged  66 years  on th e  average) p a t ie n ts  were  com pared  
(T ab le  I I I ) .

T h e  viable coun ts  show n  in T ab le  I I I  represen t ave rage  va lues  for 10 
p e rso n s  of each group fo r  b o th  c o n s ta n t  a n d  accidental c o n s t i tu e n ts .
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I t  was str ik ing  t h a t  th e  only difference b e tw een  th e  tw o age g ro u p s  was 
t h a t  E . coli occurred in  o lder persons in considerab ly  larger n u m b e rs .  The 
high E . coli coun t  was responsible  for the increase from  30 to  74 p e r  c e n t  in 
th e  p ro p o r t io n  of these b a c te r ia  an d  for a th ree-fold  increase in the  to ta l  co u n t .
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Table III

Age group distribution  o f the normal adult in testinal flora

O rganism

Age group

U n d er 50 (average 25) y e a rs O v er 60 (av e rag e  66) y eu rs

Cells/mg % Cells/m g %

E . c o l i ............................................................. 100 000 30 700 000 74

K l. pneum oniae  ........................................ 10 60

P ro teae  ........................................................ 60 0.02 300 0.03

S trep tococcus ............................................. 80 000 24 60 000 6

L. bifidus  .................................................... 70 000 21 90 000 9.5

B a c te ro id e s ................................................. 80 000 24 80 000 10

C lo s tr id iu m ................................................. 80 0.02 80

T o ta l c o u n t s ............................................... 330 142 100 950 440 100

(2) S tab ility  o f the constant members o f  the norm al in testina l flo ra . Changes 
a n d  re s t i tu t io n  to th e  orig inal o f  th e  flora of  p a t ie n ts  t r e a te d  w ith  an t ib io t ic s  
a re  to  be discussed in a su b se q u e n t  paper  [9]. These  exp er im en ts  a llow ed to 
m ak e  some observa tions  on th e  s tab i l i ty  of c o n s ta n t  co ns ti tuen ts .

In  these  inves t iga t ions  th e  in te s t ina l  f lora  of  15 p a t ie n ts  was e x am in ed  
before and  a f te r  an tib io t ic  t r e a tm e n t .  The average  va lues  of  th e  4 c o n s ta n t  
co n s t i tu en ts  were co m p ared  a n d  analysed  by  th e  “ t ”  te s t .  The s tr ik ing  re su l t  
o f  these  experim ents  was t h a t ,  in con tras t  to  th e  h igh ind iv idua l  v a r ia t io n  
a n d  s t a n d a r d  error m e n t io n e d  above, the  “ t ”  te s t  show ed a considerab le  
hom ogene ity  w ith in  th e  sam e  p a t ie n t .  The p  va lues  for th e  p e rm a n e n t  co n 
s t i tu e n ts  were, E . coli ~  0.50; Str. faecalis, ~  0.50; L . b ifid u s, >  0.70; Bac- 
tero ides , ~  0.90.

Thus , a lthough  th e  n u m b e r  of these b ac te r ia  h igh ly  va r ied  w ith  d iffe ren t  
persons, in th e  same a considerab le  s tab il i ty  can he d e m o n s tra te d .  This s ta b i l 
i ty  is p a r t icu la r ly  conspicuous if  th e  res t i tu t io n  o f  th e  d is tu rb e d  equ i l ib r iu m  
of the  in te s t ina l  f lora is t a k e n  in to  account.

T h e  t im e  needed for  re s t i tu t io n  is an  im p o r ta n t  p rob lem . A l th o u g h  it  
m ay  dep en d  on several o th e r  fac to rs ,  for exam ple  on th e  an tib io t ic  a d m in is 
te red ,  Tab le  IV  offers some d a t a  showing the  rap id  re s t i tu t io n  of the  d if fe ren t  
con s t i tu en ts .

6  Acta Microbiologica XI/2.
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Table IV

Restitution o f  the norm al flo ra  during and  after antibiotic therapy

N o rm a l con stitu en ts* R e s titu tio n C hlo ram 
phenicol

C h lo r te tra 
cyc line

E r y th r o 
m ycin

D u r i n g  tre a tm e n t D avs 3 1.8 6.5

E . coli
Cases 7 5 2

A fte r  trea tm e n t D ays ____ 3.75
Cases — 8

D u rin g  trea tm e n t D ays 2.5 4.3 —

L . b i f i  dus
Cases 4 3

A fte r  trea tm e n t D ays 1.7 5.0 5.4
Cases 3 4 1 0

D u rin g  trea tm en t D ays 2.8 4.3 —

B a c te ro id e s
Cases 4 3 —

A fte r trea tm en t D ays 2.1 4.0 5.8
Cases 3 4 1 0

* Because of th e  sm all n u m b er of cases S tr. fa eca lis  has been o m itted

S tr. faecalis, w h ich  is only excep tiona lly  sensitive to  an tib io t ic s ,  has 
b e e n  om it ted  from T a b le  IV . As to  the  rem a in in g  th ree  c o n s ta n t  o rganism s it  is 
e v id e n t  th a t  com ple te  s tab i l iz a t io n  occurred  w ith in  1 week. T he  equilibrium  
o f  E . coli was of ten  r e s to re d  during  t r e a t m e n t ,  excep t w hen  e ry th rom yc in  
w a s  adm in is te red . In  o th e r  persons the  r e s t i tu t io n  of th e  E . coli f lora  took 
4 d a y s  after  an t ib io t ic  t r e a t m e n t  h ad  b een  d iscon tinued . R e s t i tu t io n  of the 
a lm o s t  uniform ly  re a c t in g  anaerobic  c o n s t i tu e n ts  was re la t iv e ly  slower. 
T h e s e  organisms re g e n e ra te d  a t  an  a b o u t  eq u a l  ra te  d u r in g  and a f te r  chlor
a m p h en ico l  or C hlorte tracyc line  t r e a tm e n t .  W h e n  e ry th ro m y c in  was adm in is
t e r e d ,  res t i tu t io n  to o k  6 d a y s  a f te r  the  t h e r a p y  h a d  been d iscon tinued .

I t  was q u es t ionab le  w h e th e r  the  o r ig inal p re d o m in a n t  s t ra in s  regained 
t h e i r  p redom inance  a f te r  t r e a tm e n t  or were  rep laced  by  som e an tib io t ic  re 
s i s t a n t  cultures. Som e es t im a tio n s  were m a d e  by  ex am in ing  th e  an tib io tic  
s e n s i t iv i ty  p a t te rn s  o f  th e  iso lated  E . coli s t ra in s .  Table  V  p resen ts  cases in 
w h ic h ,  on the  basis o f  a n t ib io t ic  p a t te rn s ,  it  was possible to  d e te rm in e  w he the r  
i t  w as th e  original s t r a in  t h a t  persisted  or  a new  s tra in  h a d  ta k e n  its place. 
I n  th e se  experim en ts  an o bse rva tion  desc r ibed  previously  [2], has also been 
considered .

O u t of th e  26 cases inc luded  in T a b le  V only 10 yie lded  new, m ostly  
r e s i s t a n t  s trains d u r in g  t r e a tm e n t .  I t  is n o te w o r th y  th a t  a l th o u g h  in 7 pa tien ts  
n e w  stra ins also a p p e a re d ,  la te r ,  in th e  p o s t - th e ra p e u t ic  per iod  these  gave 
p lace  to  the  sens i t ive  fo rm  or g radua lly  re s is tan t  m u ta n t s  o f  the  original 
s t r a in .



STUDIES ON T H E  HUMAN IN TESTIN A L FLO R A 181

Tabic V

Restitu tion  o f  E . coli flora  as estimated fro m  the antibiotic sen sitiv ity  patterns o f  the isolated stra ins

M ode o f  r e s t itu t io n
O th e r  E .  c o l i  s tra in  
a p p earin g  d u rin g  

tre a tm e n t

S tra in  iso la ted  
a f te r  t re a tm e n t

A n t ib io t ic  th e ra p y
T o ta l

Su S t c T E

New stra in — Sensitive
R esis tan t l 4

—
2

1
2

l
9

R e stitu tio n  of 
th e  original 
s tra in

+  (res istan t)
Sensitive —

— 1 —
1
3

1
4

- j-  (resistan t)
R esis tan t l 2

3
2 — 3 8

3

T o ta l 2 9 3 2 1 0 26

A bbrev ia tions: Su =  sulphonam ide, S t =  strep to m y c in , C =  chloram phenicol, T  =
te tracyclines, К  =  e ry th rom ycin

T hus in  th e  s tab il iza t ion  process 3 m ain  possib ilities  can be considered .
(1) T he  old s t ra in  is rep laced  b y  a re s is ta n t  n ew  culture.
(2) R e s is ta n t  m u ta n t s  o f  th e  original s t ra in s  become p re d o m in a n t .
(3) T he  t r a n s ie n t  p redom inance  of a new r e s i s ta n t  s tra in  occurs d u r in g  

t r e a tm e n t .  I n  th e  p o s t- th e rap eu t ic  period th e  o r ig inal s tra in  regains i ts  p r e 
dom inance .

Discussion

As rega rds  th e  co n s tan t  m em bers  of th e  n o rm a l  enteric  flora, o u r  d a t a  
are in ag reem en t  w ith  those  in  th e  l i te ra tu re .  In  a d d i t io n  to  E . coli, S ir. fa eca lis , 
L . b ifid u s  a n d  th e  heterogeneous B actero ides  g roup ,  som e au thors  also inc lude  
c lostrid ia  am o n g  th e  p e rm a n e n t  m em bers .  M e i s e l  et al. [10] found Cl. per- 
fr in g en s  in  93 p e r  cen t o f  a large n u m b e r  of sam ples .  I n  con tras t ,  in a g re e m e n t  
w ith  ou r  f ind ings ,  H a e n e l  [11] iso lated  these  b a c te r ia  in a p p ro x im a te ly  
50 p e r  cent. T here  is no d o u b t  th a t  th e  d iscrepancies  are  due to  d ifferences 
in th e  te c h n iq u e  used. T he  B i e r k o w s k i  m e d iu m  em ployed  in th e  p re s e n t  
s tu d y  is n o t  selective, a n d  is there fo re  only e x c ep t io n a l ly  su itab le  fo r  th e  
d e m o n s t ra t io n  o f  organisms [»resent in coun ts  low er t h a n  103/mg. T h u s  b y  
th e  use of  m e th o d s  su itab le  for th e  detec tion  o f  sm a lle r  num bers  of c lo s tr id ia ,  
a h igher  inc idence  m a y  be  revealed .

Accord ing  to  H a e n e l  [12] m em bers  of th e  t r ib e  Pro teae  arc n o rm a l  
co n s t i tu en ts  o f  th e  in tes t ina l  f lo ra ,  and  these b a c te r ia ,  a l though in v e ry  low 
coun ts ,  could  be iso la ted  from  all m em bers  of  a sm all  g roup of p a t ie n ts .  O u r  
experience t h a t  P ro teu s  ten d s  to  occur more f re q u e n t ly  in certain periods ,  
ind ica tes  t h a t  observa tion  on th e  microecological pos i t ion  of the  t r ib e  P r o 
te a e  should  be e v a lu a ted  cau tious ly  and  also t h a t  th e  excretion of  P ro te u s

(3*
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d e p e n d s  on a l im en ta ry  fac to rs .  O ur a n im a l  experim ents  s u p p o r te d  th is  con
s id e r a t io n  [4].

A erobic ,  or m ore precisely , m icroaeroph il ic  lactobacilli a re  n o t  regarded  
as  n o r m a l  m em bers of  th e  h u m a n  in te s t in a l  f lo ra  [13]. A ccord ing  to  L erche  
a n d  R e u t e r  [14] th e  occurrence  of faeca l lactobacilli  is a lw ays  associated  
w i t h  t h e  L . acidophilus c o n te n t  of th e  m o u th  or food; th u s  th e se  b a c te r ia  are 
o f  a  seco n d a ry  im p o r tan ce  in th e  in te s t in a l  t r a c t .

W h e n  selective m ed ia  are used, s taphy lococc i  can be iso la ted  w i th  great 
f r e q u e n c y .  In  ag reem en t w i th  our f ind ings ,  s taphylococci w ere  iso la ted  b y  
P r i s s i c k  [15] in 45.8, b y  T o d d  [16] in 53, a n d  b y  A n g y a l  [17] in  44 p e r  cent. 
S im i la r ly  to  our resu lts ,  H a e n e l  [11] g ave  th e  average s ta p h y lo co cca l  count 
as  104/g  faeces.

A s to  th e  n u m b e r  of  anaerob ic  c o n s ta n t  constituen ts ,  ou r  f ind ings  agree 
w i th  th o se  know n from  th e  l i te ra tu re .  F o r  Str. faecalis a n d  especially  for 
E . co li, h igher values were ob ta ined . T h is  d iscrepancy  a p p e a re d  in  a shift 
in  t h e  d is t r ib u t io n  of  th e  n o rm a l  c o n s t i tu e n ts .  According to  H a e n e l  [18] 
L . b if id u s  cons t i tu tes  45 to  70 per  cen t o f  t h e  flora. O the r  a u th o r s  described 
th e  B ac te ro id es  group as a p re d o m in a n t  rep re sen ta t iv e  of  h u m a n  in tes t ina l  
f lo r a  [1 9 ] .  The results  agree in  t h a t  th e  aerobic  m em bers c o n s t i tu te  only 
1 t o  2 0  p e r  cent of th e  to ta l  counts .  In  su rv e y in g  our observations a n  e x p lan a 
t io n  o f  th is  d iscrepancy  b e tw een  our a n d  th e  o th e r  au th o rs ’ d a t a  w as  revealed. 
T h e  r e la t iv e ly  h igh E . coli a n d  Str. faeca lis  coun ts ,  the  h igher  s t a n d a r d  error 
a n d  d e v ia t io n  in  th e  f req u en cy  d is t r ib u t io n  a t  h igher  counts m a y  be  expla ined  
b y  t h e  difference in  th e  age o f  th e  ex am in ed  p a t ie n ts .  Most o f  o u r  cases (a lm ost 
70 p e r  cen t)  were of th e  o lder age group. T h ese  patien ts  d id  n o t  suffer from  
e n te r i c  sy m p to m s b u t  s p e n t  m ost of th e i r  t im e  in  bed, a n d  th u s  were more 
o r  less l ike ly  to  have  passage  disorders. H a e n e l  [20] m en tio n ed  an  in  vitro 
t y p e  o f  dysbiosis ap p e a r in g  in faecal sam p le s  kep t  a t  room  te m p e ra tu re  
o r  s e n t  to  th e  l a b o ra to ry  b y  mail. In  such  sam ples  the  n u m b e r  o f  anaerobic  
b a c t e r i a  decreased, while t h a t  of E . coli a n d  some cocci inc reased .  I n  our 
o p in io n  prolonged in te s t in a l  passage e x e r ts  a similar effect. T h e  m u lt ip l ica 
t io n  o f  sensitive anaerobes  decreases o r  ceases a l though due  to  low redox  
c o n d i t io n s  th e  organism s re m a in  v iable. I n  co n tra s t ,  E . coli a n d  S tr. faecalis  
m u l t i p l y  freely and  cause a shift in  th e  d is t r ib u t io n  of th e  c o n s t i tu e n ts .  As 
th e  p a ssa g e  disorder p r e su m a b ly  influences o n ly  th e  n u m b er  of  ae rob ic  o rgan 
ism s ,  i t  has  been conc luded  t h a t  our d a t a  do n o t  reflect th e  n o rm a l  h u m an  
i n t e s t i n a l  f lora , b u t  m ere ly  th e  norm al f lo ra  o f  p a t ien ts  s tay in g  in  b ed .  A t  the  
s a m e  t im e ,  our s tud ies  y ie lded  va luab le  d a t a  concerning th e  so-called dys- 
b io t ic  f lo ra  resu lting  f rom  an tib io t ic  th e ra p y .  O u r  findings confirm  th e  opinion 
t h a t  eubiosis  or dysbiosis should  be in te r p r e te d  w ith  g rea t  cau t io n .

A s regards c o n s ta n t  co n s t i tu en ts ,  a n o ta b le  s tab i l i ty  of  coun ts  has 
b e e n  re v e a le d  even in  cases of a h igh ly  d is tu rb e d  equilib rium . R e s t i tu t io n
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of th e  original f lora  took  place w ith in  the r e m a rk a b ly  sh o r t  period of at m ost 
one week.

T he  s tab i l i ty  of  b ac te r ia l  counts  a n d  th e  r a p id  ca p a c i ty  to  re s t i tu t io n  
call th e  a t te n t io n  to  tw o im p o r ta n t  factors. T he  m ech an ism  of th e  p h e n o m e 
non , w hich  can n o t  be  exp la ined  b y  a simple a n ta g o n ism  am ong  no rm a l  c o n 
s t i tu e n ts ,  is an im p o r ta n t  question . I f  the  fac to r  responsib le  for th e  re s t i tu t io n  
of  th e  original s t ra in ,  as in ou r  exam ples for t h a t  o f  E . coli, is also considered, 
ou r  earlier  hypo th es is  |3 , 4] of there  being close associa tion  betw een E . coli 
a n d  pe rh ap s  also th e  o th e r  co n s tan t  c o n s t i tu e n ts  a n d  th e  in tes t ina l  m ucosa  
of  th e  host has def in i te ly  been  supported .

T he  o th e r  fac to r  is o f  p rac tica l in te re s t  a n d  concerns “ s u b s t i tu t io n ’' 
t h e ra p y ,  in o th e r  words the  artif ic ia l rep lacem en t  of  the  dam aged  no rm al 
f lo ra . In  view of th e  re s t i tu t io n  capacity  a n d  s ta b i l i ty  o f  th e  original s t ra in s ,  
the  success of  such t r e a tm e n t  seems doubtfu ll .  I n  ag reem en t  w ith  the  a u th o rs  
c r i t ic iz ing  th e  effectiveness of  th is  th e ra p y  [21, 22, 23, 24], on the basis o f  th e  
p r e s e n t  results  th e  “ su b s t i tu t io n ”  n a tu re  of “ s u b s t i tu t io n  th e ra p y ”  shou ld  
b e  denied.

Acknow ledgem ent. T he a u th o rs  are in d eb ted  to  O r s .  T . Lakatos and  G. Masszi. i n s t i 
tu te  o f B iophysics. Pécs, for th e  s ta tis t ic a l  analyses.
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Sum m ary . T h e  v iro log ical an d  b iochem ical e v en ts  ta k in g  p lace  du rin g  th e  f ir s t  cycle 
o f v iru s re p ro d u c tio n  in th e  ch o rio a llan to ic  m em b ran e  of 12-day-o ld  chick  em b ry o s in fec te d  
w ith  th e  S ingapore  1/57 s tra in  o f in flu en za  A-2 v iru s hav e  b een  s tu d ied . T he p o in ts  o f tim e  
w hen soluble an tig e n , h a em ag g lu tin in  a n d  in fec tious v iru s a p p ea red , hav e  been e s tab lish e d . 
T he velocities o f n u c lear R N A  an d  p ro te in  sy n th esis  m a rk e d ly  in creased  a f te r  in fec tio n . 
T he m echanism  of th e  e ffects on th e  cell o f d iffe ren t R N A  v iru se s is discussed.

I t  is w ell-know n from  recent repo rts  th a t  in th e  presence of  s y n th e t ic  
polynucleo tides  p o lypep tides  of  defined am ino  acid  sequence  are p ro d u ced  in 
rihosom al sys tem s, in  vitro  [1, 2, 3]. In  Escherichia coli r ibosom al sys tem s th e  
syn thes is  of virus-specific  po lypep tides  has been  o b se rved  by T s u g it a  ef al. [4] 
an d  O f e n g a n d  et al. [5],  using tobacco  mosaic  a n d  tu rn ip  yellow mosaic  v irus  
ribonucleic  acid  (R N A ), respectively .

As to  th e  possible m echan ism  and  in trace l lu la r  localisation  o f  the  v irus  
or v ira l  R N A  rep lica t ion  the re  is a ce r ta in  d isc repancy  of opinion. Some 
au th o rs  suppose th e  rep lica t ion  to  tak e  place exclusively  in th e  c y to p la sm  
[6, 7], while o thers  describe the  phenom enon  as a p r im ar i ly  in t ra n u c le a r  
ev en t  in w hich  th e  cy to p lasm  is invo lved  only  secondarily  [8, 9, 10, 11]. 
Specific inh ib ito rs  o f  th e  syn thesis  (or th e  func tions)  o f  different k inds  of 
in trace llu la r  R N A s m a y  successfully be used in s tud ies  on the  m ech an ism  
of v ira l  R N A  rep lica t ion . F o r  exam ple ,  A c tinom ye in  D is an effective in h ib i to r  
of D N A — R N A  tra n sc r ip t io n ,  i.e. of m essenger R N A  syn thes is  [6]. This  
subs tance  has no effect w h a te v e r  on the  rep lica tion  of  polio and  EMC viruses 
[6, 12, 13, 14] and  th u s  suggests these  processes to  be in d e p e n d e n t  o f  th e  
nuc lear  R N A  syn thes iz ing  m echanism s of th e  cell. On th e  o th e r  h a n d ,  th e  
soluble an t ig en  of in f luenza  v irus accum ula tes  in th e  nucleus in th e  ear ly  
phase  of  infection , as i t  has been revealed  b y  e lectronm icroscopic  s tud ies  [15].

T herefore  i t  ap p ea red  in te res t in g  to  in v es t ig a te  in one-step  g ro w th  
experim en ts  th e  rep lica tion  of  influenza A-2 v irus  (s tra in  Singapore  1/57) 
b y  exam in ing  th e  t im e  sequences a n d  q u a n t i t a t iv e  re la tions in  th e  a p p e a ra n ce  
of soluble an tigen ,  h a e m ag g lu t in a t in g  fac to r  a n d  infective  v irus par t ic les .  
The resu lts  were  e v a lu a te d  on th e  basis o f  s im u ltan eo u s  ex a m in a t io n  o f  th e  
m etabo lism  of cer ta in  b iopolym ers  in th e  hos t  cell a n d  in its  various subce llu la r  
frac t ions .
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M aterials and  methods

One-step growth experim ents. E m b ry o n a te d  eggs in cu b a ted  for 12 d a y s  w ere in o cu la ted  
w ith  0.3 ml o f S ingapore 1/57 s tra in  of in flu en za  A-2 v iru s  in a suspension co n ta in in g  107,5_8ID 5o 
p e r  m l, pu rified  b y  c e n tr ifu g a tio n  a t  20 000 g. T h is re la tiv e ly  large in o cu lu m  w as used  in  order 
to  ach iev e  a sim u ltan eo u s in fec tio n  of n ea rly  all suscep tib le  cells of th e  ch o rio a llan to ic  m em 
b ra n e . A t various in te rv a ls  a f te r  in fec tio n  th e  m em b ran es  were rem oved , w ash ed  th ree  tim es 
in  sa lin e , an d  trea te d  w ith  80 h aem ag g lu tin a tio n -in h ib itin g  (H I) u n its  o f im m u n e  serum  to 
e lim in a te  residual, ad so rb ed  v iru s  pa rtic les . A fter w ash in g  th ree  m ore tim es w ith  saline so lu tion  
to  e lim in a te  the  im m une se ru m , th e  m em b ran es w ere hom ogenized in a W arin g -b len d o r in 2 
v o lu m e s  of saline. A fte r  c en tr ifu g a tio n  a t  1200 g  fo r 5 m in u te s  th e  s u p e rn a ta n t  was carefu lly  
re m o v e d  and  used for v iro lo g ica l tests .

Soluble an tigen  w as m easu red  b y  th e  co m p lem en t fix a tio n  (C F) re a c tio n  w ith  an ti-s  
h u m a n  serum . The h ig h est d ilu tio n  of an tig en  g iv ing  a positive  reac tio n  w ith  4 u n its  o f specific 
a n tib o d y  w as tak en  as en d  p o in t. B o th  th e  co m p lem en t fix a tio n  an d  th e  h aem ag g lu tin in  
t i t r a t io n s  were perfo rm ed  b y  s ta n d a rd  m eth o d s in  a M ic ro titra to r  a p p a ra tu s  [16]. In fe c tiv ity  
t i t r e  w as  m easured  b y  th e  ro lle r-d ru m  m eth o d  d escribed  b y  H orváth [17 |.

Biochem ical methods. T h e  nucle ic  acids w ere  se p a ra ted  by  a p rev io u sly  described  m odi
f ic a tio n  [22, 23] of th e  S chmidt—Th a n n h a u ser  [18, 19] m eth o d . T he R N A  a n d  D N A  co n ten ts  
w ere  m easu red  by th e  o rc in o l [20] and indole [21] co lou r-reac tions, re sp ec tiv e ly .

P rio r  to  in fec tion , th e  nucle ic  acids o f th e  h o s t cells were labeled  fo r 1 h o u r a t 37° C 
b y  40 juC 32P/egg in  th e  fo rm  of carrier-free  K H L,32P O ,. A t v arious in te rv a ls  a f te r  in fec tio n , 
th e  ch o rio a llan to ic  m em b ran es from  groups of 6 eggs each  were rem oved , w ash ed  w ith  saline 
a t  4° C an d  sto red  a t  —70° C.

T h e  m em branes w ere th e n  th aw ed  an d  hom ogenized  in d istilled  w a te r  a t  4° C. The 
h o m o g e n a te  was tre a te d  w ith  0.5 volum e of 30 p e r cen t TCA so lu tion . A fte r c en trifu g a tio n  
a t  700 g  for 15 m in u tes  in  a ZG ty p e  re fr ig e ra to r  cen trifu g e , th e  sed im en t w as w ashed  six 
t im e s  w ith  10 per cen t TC A . T h ere  w as no d e te c ta b le  ra d io a c tiv ity  in  th e  6 th  su p e rn a ta n t. 
T h e  p re c ip ita te  was e x tra c te d  successively  w ith  e th a n o l, e th ano l-ch lo ro fo rm  3 : 1, e th an o l- 
e th y le th e r  3 : 1, a t  50° C, a n d  d ried  w ith  e th e r. T h e  nucle ic  acids were e x tra c te d  b y  th e  m ethod  
o f  D a v id so n  and  Sm ellie [24] fro m  th e  d ry  po w d er an d  were in cu b a ted  in  N  N aO H  a t  37 
fo r 18 h o u rs . T he so lu tion  w as th e n  acid ified  w ith  30 pe r cen t TCA and  cen trifu g ed  to  sep a ra te  
th e  R N A -n u cleo tid es ( su p e rn a ta n t)  and  D N A  (p rec ip ita te ) . T he D N A  fra c tio n  w as trea te d  
once  m o re  w ith  N  N aO H  (1 h r. a t  40° C) an d  re p re c ip ita te d  by  TCA. T he nucle ic  acid  co n ten t 
a n d  th e  ra d io a c tiv ity  o f  each  o f these  frac tio n s  w ere th e n  de te rm in ed . R a d io a c tiv ity  was 
e x p re ssed  as cpm /100 jug nuc le ic  acid  phosp h o ru s (specific  ac tiv ity ).

In  o th e r  ex p erim en ts  nucle ic  acids w ere p re p a re d  b y  tre a tm e n t w ith  70 p e r cen t phenol 
a cc o rd in g  to  K irby  [25] as d escribed  p rev iously  [22, 26]. F o r these s tu d ies m em b ran e  ho m o 
g e n a te s  from  groups of 15 eggs labe led  w ith  32P  as described  above, w ere u sed . T he specific 
a c t iv i ty  o f  “ pheno l-re leased”  R N A  w as m easu red  a f te r  p u rif ic a tio n  on an  E cteola-C ellu lose 
c o lu m n  (0.41 m eq/g, Ser va ). A fte r a d so rp tio n , th e  co lum n w as w ashed w ith  0.01 M  p h o sp h a te  
b u ffe r  (p H  6.85) co n ta in in g  0.2 M  NaCl u n til  no fu r th e r  a c tiv ity  could be e lu te d . T he R N A  
w as th e n  e lu ted  w ith  0.01 M  p h o sp h a te  so lu tion  co n ta in in g  1 N  N H ,O H . T h e  phenolic  phase  
c o n ta in in g  th e  “ re sid u al”  R N A  frac tio n  w as tre a te d  w ith  4 volum es of e th a n o l [27] in  the  
p resen ce  o f 2 per cen t p o tass iu m  a ce ta te . E x tra c t io n  an d  d e te rm in a tio n  of nucle ic  acids in  the 
re su ltin g  p rec ip ita te  w ere ca rried  o u t as d escribed  above.

F o r  th e  labeling  o f p ro te in s , 14C-lysine (R ad io ch em ica l C entre, A m ersh am , E n g lan d ) 
w as a p p lie d  in a dose o f 2 juC/egg. T he ch o rio a llan to ic  m em b ran e  hom o g en a tes  labeled  for 
v a r io u s  periods a fte r in fec tio n  w ere se p a ra ted  in to  n u c le a r  and  cy to p lasm ic  frac tio n s  w ith  
g ly ce ro l, accord ing  to  th e  m eth o d  described p rev io u sly  for L e ttre -E h rlic h  asc ites  tu m o u r 
cells [23]. T he frac tio n s o b ta in e d  were co n tro lled  by  p h ase -co n tras t-m ic ro sco p y , an d  by 
c a lc u la tio n  of th e ir R N A /D N A  ra tio s . T he n u c lea r frac tio n  was e x tra c te d  w ith  N  HC1. The 
1’C -a c tiv itie s  and p ro te in  c o n te n ts  were m easu red  in  th e  acid-soluble a n d  acid-inso lub le  
f ra c t io n s  derived  from  th e  nucle i, as well as in  th e  h o m o g en a te  and  th e  cy to p la sm ic  frac tio n . 
P ro te in  w as estim a ted  by  D o w r y ’s m eth o d  [39], th e  ac tiv itie s  w ere expressed  as cpm /m g 
p ro te in .

R a d io a c tiv ity  o f 32P  was m easu red  by  O rion  EM G  1872 decim al sca le r using  a 1.5 
m g /cm 2 e n d  w indow  GM tu b e . 14C -ac tiv ity  w as m easu red  b y  a F rieseck e-H o ep fn er 2 m eth an  
flow  c o u n te r . T he co lo rim etric  a n d  sp e c tro p h o to m e tric  m easu rem en ts  w ere p e rfo rm ed  in the  
U n ic am  S P  500 sp e c tro p h o to m e te r.
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Results

The in trace llu la r  cycle of  influenza v irus  rep lica t ion  was s tud ied  in 
one-step g ro w th  experim en ts  b y  d e te rm in ing  th e  ra te s  o f  p roduction  of  C F  
an tigen , h a e m a g g lu t in a t in g  a n d  infective partic les. T h e  average values  of  
paralle l  d e te rm in a t io n s  were p lo t te d  as a function  of  t im e  a f te r  the in fec tion
(Fig. 1).

F ig. 1. In fec tiv e , H A  and  CF litre s  o b ta in ed  a t  v arious tim es a f te r  in fec tion  w ith in flu e n za
A-2 v irus

In  chorioa llan to ic  m e m b ra n e  hom ogenates  no soluble antigen could  
he de tec ted  in th e  first 2.5 hours  following infection. In the  3 rd  hour, how ever ,  
a sharp  increase  was observed, w hich  con tinued  a t  a decreasing ra te  u p  to  
th e  6 th  hou r .  T h e  haem ag g lu t in in  a n d  th e  infec tive  t i t re s  rem ained  u n c h a n g e d  
a t  the  low in i t ia l  level of th e  f i rs t  4 hours. A fte r  4.5 hours  a s im u ltaneous  
increase of  th e  haem agg lu tin in  a n d  infective t i t re  was observed , this p e rs is ted  
th ro u g h o u t  th e  add it iona l  1.5 hours  of observa tion .

The CF a c t iv i ty  of in fluenza  v irus  is cha rac te r is t ic s  o f  th e  soluble a n t ig e n  
know n to he of  r ibonucleo-pro te in  n a tu re .  As th is  m a te r ia l  was the  f irs t  v ira l  
com ponen t d em o n s trab le  in in fec ted  cells, it  seem ed to be o f  in te res t  to c o m p are  
th e  R N A  c o n te n t  of infected an d  un in fec ted  cells a t v a r io u s  times af te r  in fec
tion . No s ign if ican t  q u a n t i ta t iv e  difference could, how ever ,  he found u s ing  
th e  S c h m i d t — T h a n n h a u s e r  m eth o d .  B o th  th e  in fec ted  a n d  the  control cell 
samples co n ta in ed  515 //g of  R N A  and  231 //g of D N A  p er  100 mg o f  d r y  
substance . T h e  ra t io  of R N A /D N A  was 2 . 2 6 -J- 0.25 for bo th .

The ra te  o f  nucleic acid syn thes is  in in fec ted  a n d  control cells was 
s tud ied  b y  32P  inco rpo ra t ion  (Fig. 2).

A t th e  4 5 th  m inu te  following infection, the  specific  ac tiv ity  of  t o t a l  
RNA was conside rab ly  lower in th e  in fec ted  th a n  in th e  control cells. F ro m
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45 m in .  to  270 min. th e re  was a 4 — 5fold increase of 32P  in c o rp o ra t io n  in the  
in fec ted  cells as com pared  to  the  contro ls .  T h e  specific a c t iv i ty  of  D N A  in the  
in f e c te d  cells reached  a level 4 — 5 t im es  h ig h e r  th a n  t h a t  o f  th e  controls  a f te r  
a b o u t  180 m inu tes  a n d  th is  difference p e rs is te d  for the  re s t  o f  th e  experim en t.

A n  a t t e m p t  w as m ad e  to  specify  m ore  precisely t h e  R N A  fraction  
re sp o n s ib le  for th e  increased  in co rp o ra t io n  of  32P  in th e  in fec ted  cells. The

F ig . 2. Specific a c tiv ity  of R N A  an d  D N A  p re p a ra tio n s  derived from  in fec te d  an d  non-in fec ted
ch o rio a llan to ic  m em b ran es

m e m b r a n e  hom ogena te  was t r e a te d  w i th  70 per  cent pheno l a n d  th e  specific 
a c t iv i t ie s  of “ phenol-re leased  R N A ”  a n d  o f  “ residual R N A ”  were de te rm in ed  
a t  v a r io u s  points o f  t im e  following in fec t ion  (Fig. 3).

F o r ty -f iv e  m in u te s  af te r  infection  th e  specific a c t iv i ty  of “ residual 
R N A ”  was lower in th e  in fec ted  th a n  in th e  control cells. F ro m  45 m inu tes  
t h e  specific  ac t iv i ty  o f  th is  f rac tion  f ro m  infected cells e x h ib i te d  a m ark ed  
in c re a se  and  reached  its m a x im u m  a t  90 m inu tes ,  when i t  w as te n  t im es th a t  
f r o m  th e  control cells; b eyond  90 m ins, i t  show ed a slight decline. In  co n tra s t ,  
t h e  specific  ac t iv i ty  o f  “ phenol-re leased  R N A ” did not d isp lay  a n y  increase 
u n t i l  180 m inutes  a f te r  infection a n d  th e  m ax im u m  v a lue  was considerab ly  
lo w er  th a n  th a t  o f  th e  “ residual R N A ”  fraction .
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T he “ res idua l  R N A ” frac tion  is k n o w n  to  be m ostly  of nuc lea r  o rig in ,  
and  as it  was th e  f i rs t  to  exh ib it  an increased  specific ac tiv ity  a f te r  v i ru s  
infection, th e  specific ac tiv it ies  of R N A  of iso la ted  nuclei were d e te rm in e d  
a t  d ifferent in te rva ls .  T he  R N A /D N A  ra t io  in th e  nuc lea r  fractions o b ta in e d

F ig. 3. Specific a c t iv ity  of phenol-re leased-R N A  an d  re s id u a l-R N A  derived from  in fec te d  
and  no il-in fected  ch o rio a llan to ic  m em b ran es

bv the  glycerol m e th o d  was 0.62 in the  in fec ted  as well as in the con tro l  cells. 
The specific ac t iv i t ies  o f  th e  nuclear  and  “ re s id u a l”  R N A  frac tions  w en t  
para lle l  d u r in g  th e  f irs t  6 hours  of th e  cycle; the  fo rm er  was, however, a lw ay s  
h igher th a n  th e  la t te r .
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O n  th e  basis o f  t h e se  results ,  and  since i t  is know n th a t  n u c le a r  p ro te ins  
(h is to n e s  a n d  p ro tam in es)  are  rich in  basic  am in o  acids, th e  in c o rp o ra t io n  of 
u C -lys ine  in to  th e  p ro te in s  o f  various su b ce l lu la r  fractions was s tu d ie d  af te r  
in fec t io n  (Table I).

Table I

14C activity in various frac tions o f infected and  control chorioallantoic membranes

M in u te s
a f t e r

in f e c t io n
C A M H o m o g e n a te C y to p la s m

N u c le a r

H C l-so lu b le H C l- in s o lu b le

45 control 27* 28 20 32

infected 31 26 41 61
90 control 65 41 124 123

infected 1119 1210 976 1137
180 control 715 628 588 930

infected 1515 1925 1685 2442

* cpm /1 mg p ro te in  — 14C lysine.

T ab le  I shows t h a t  lysine incorpora t ion  in to  the  nuclear  p ro te in s  (acid- 
so lu b le  an d  -insoluble frac tions)  of in fec ted  cells exceeded th a t  of th e  controls  
a t  t h e  4 5 lh  m inu te  o f  th e  cycle. In c o rp o ra t io n  in to  cytop lasm ic  p ro te in s  was 
s im i la r  in  b o th  th e  in fe c te d  and  the  c o n tro l  cells. L a te r  on, how ever ,  the re  
w ere  n o  de tec tab le  d ifferences betw een  t h e  specific activ ities  o f  t h e  cy to 
p la sm ic  a n d  nuclear  p ro te in s ,  a lthough th e  v a lu e s  in the in fec ted  sam ples  were 
a lw a y s  h igher th a n  in th e  controls.

D iscu ssion

I n  RNA -viruses  th e  com plete  g ene tic  in fo rm ation  necessa ry  for  the 
s y n th e s i s  of th e  v ir ion  is ca rr ied  in th e  v i ra l  R N A . The localisation of  sy n th e t ic  
p rocesses  involved  in  th e  rep lication  of  v a r io u s  types of R N A -v iru s  is no t  
c le a r  [28]. In fo rm a tio n  ava ilab le  in th e  v i ra l  R N A  m ight (a) be  t r a n s la te d  
d i r e c t ly ,  in  th e  m a n n e r  of  messenger R N A , b y  the  r ibosom al sy s te m  of th e  
cells [29, 30, 31]; (b) e x e r t  an action  on  t h e  nuclear “ n o rm a l”  m essenger 
s y n th e s i s  of th e  ho s t ;  o r  (c) in i t ia te  v irus  rep lica t ion  b y  some ac tion  on the  
g e n e t ic  m a te r ia l  of t h e  h o s t  cells [32, 33].

I n  th e  p resen t  s tu d y  th e  m echanism  o f  rep lica tion  of an R N A  v irus  has 
b e e n  ex am in ed  in one-s tep  grow th e x p e r im e n ts .  The ap p ea ran ce  of  certain 
b io log ica l  charac ter is t ics  a n d  biochemical e v e n ts  was s tud ied  d u r in g  th e  f irst 
cyc le  o f  influenza v iru s  replication.
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W e fo u n d  th a t  the  CF an t ig en ,  i.e. th e  nucleocapsid , of in f luenza  v irus 
a p p ea red  in  th e  3rd hou r  following infection. A s im ilar  observa tion  w as m ad e  
by  B r e i t e n f e l d  and  S c h ä f e r  [34] w ith  fowl p lague  virus. These  a u th o rs  
succeeded in de tec t ing  th e  soluble an t ig en  in th e  3 rd  hour  of in fec tion  in  th e  
nuclei o f  th e  hos t  cells, by  th e  f luorescen t  a n t ib o d y  techn ique .

T he  app ea ran ce  of in fec t iv i ty  was a p p ro x im a te ly  s im u ltaneous  w ith  
t h a t  of t h e  haem agg lu tin in  an d  b o th  co n t in u ed  to  accum ula te  d u r in g  th e  
n e x t  1.5 hou rs .  Similar re la tions in th e  o rder o f  app ea ran ce  and in th e  locali
sa tion  o f  v ira l  com ponen ts  were found  by  H o y l e  [35, 36, 37] a n d  L i e f  [38] 
for the P R 8  s tra in  of influenza.

T he  a m o u n t  of soluble an tigen  show ed a slow con tinuous a c c u m u la t io n  
a f te r  th e  f i r s t  ra p id  increase. This  is in  c o n tra s t  w ith  the  kinetics o f  v irion  
p ro d u c t io n ;  th u s  one m ight suppose t h a t  v ira l  R N A  is produced for a longer 
period a n d  in larger am oun ts  th a n  necessary  for th e  to ta l  virus yield by  th e  cell.

The k ine tics  of labeling (32P) of  th e  “ residual R N A ”  fraction in  in fec ted  
cells a n d  t h a t  of th e  R N A  frac tion  in iso la ted  nuclei suggested t h a t  n u c lea r  
syn thes is  o f  R N A  preceded  the  ap p e a ra n ce  of  th e  nucleocapsid . T h is  o b se r
va t io n  is in ag reem en t w ith  an electronm icroscopic  s tu d y  of the  p ro d u c t io n  
of in f lu en za  v irus  [15] and  su p p o r ts  th e  view th a t  th e  nucleocapsid  is s y n th e 
sized in th e  nucleus of the  host cell.

In th e  45 th  m inu te  the  ra d io a c t iv i ty  of RINA was lower in th e  in fec ted  
t h a n  in th e  contro l cells. This o bse rva tion  suggests  an  inh ibition  o f  R N A  
syn thes is  b y  infection and a b reak d o w n  of “ n o rm a l”  R N A  before the  b eg in n in g  
o f v ira l R N A  replication .

In  in fec ted  cells th e  labeling o f  th e  “ pheno l-re leased”  R N A  frac t ion  
s ta r te d  to  increase  in the  180th m in u te  of  th e  cycle. T he  appearance  of  h a e m a g 
glutin in  a n d  infectious virus in the  cy top lasm  coincided w ith  th e  increase  
of labeling o f  th e  cytop lasm ic  (“ pheno l-re leased” ) R N A . This fact in ad d i t io n  
to  those  p re se n te d  above favoured  th e  supposition  t h a t  the  soluble a n t ig e n  
was fo rm ed  in th e  nucleus, while th e  o the r  co m p o n en ts  were syn thes ized  in 
th e  cy to p lasm .

As to  th e  observed  changes in D N A  syn thes is  of in fec ted  cells we believe 
th a t  these  were no t specifically re la te d  to  th e  viral cycle, because (1) th e  
ph en o m en o n  was a ra th e r  la te  one (a f te r  3 hours);  (2) th e  in tensive labe ling  
of nuc lear  R N A  m ight have  caused some c o n tam in a t io n  o f  th e  D N A  f ra c t io n  
in sp ite  o f  th e  double  alkaline hydro lys is  and  p rec ip i ta t io n  applied; (3) th e  
possible ea r ly  inh ib it ion  of D N A  syn thes is  in th e  in fec ted  cells m igh t  h a v e  
te rm in a te d  a t  a ce rta in  phase of th e  cycle, a n d  th is  recupera t ion  o f  D N A  
synthesis  m ig h t  have  caused th e  increased  ac t iv i ty  observed .

The s t u d y  14C-lysine inco rpo ra t ion  in to  th e  p ro te in s  (Table T) p ro d u ced  
by th e  in fec ted  cells has shown t h a t  in th e  4 5 th  m in u te  only the  ac id-so lub le  
and  acid-insoluble  pro te ins  of th e  nuclei were m ore  h igh ly  labeled th a n  th e
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c o n tro ls ,  while in th e  9 0 th  m in u te  th e  a c t iv i ty  w as presen t in  eve ry  frac t ion  
of  t h e  cells te s ted  a n d  was considerab ly  h ig h e r  in th e  in fec ted  t h a n  in the  
c o n t ro l  samples. T h is  increased  level of p ro te in  synthesis  m a y  serve for the  
p ro d u c t io n  of v ira l  R N A  polym erase  a n d  for  t h a t  of o th e r  v ira l  proteins.
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Sum m ary . T h e  p ro d u c tio n  of b ac te rio c in  (m egacin ) by  Bacillus rnegaterium  is e lic ited  
by u ltra v io le t ir ra d ia tio n  an d  re in c u b a tio n  o f th e  c u ltu re  o f m egacinogenic s tra in ,  i.e. b y  
in d u ctio n  of b a c te r ia . T he e lab o ra tio n  o f m egacin  th ere fo re  resem bles lysogeny. T he a im  o f th e  
p resen t s tu d y  w as to  a sce rta in  w h e th er m egacinogeny  could  he induced  by chem ica ls  since  
I he lysogenic s tra in s  of B . rnegaterium  is also in d u cib le  by  c e rta in  com pounds. T w e n ty  d iffe re n t 
co m pounds w ere te s te d  on a m egacinogenic s tra in  a n d , for com parison , on a lysogenic  s tra in  
of B . rnegaterium. Som e of th e  com p o u n d s te s te d  w ere a n tic a n c e r  agen ts. O nly  ch em ica ls  
cap ab le  of in d u c in g  lysogeny were found  effec tive  in in d u cin g  m egacinogeny. No g en era l 
rule could be e s tab lish e d  concerning chem ical s tru c tu re  a n d  effect. E ven co m p o u n d s closely  
sim ilar in s tru c tu re ,  such  as the  e th y len im in es , b eh av ed  d iffe ren tly  as reg ard s in d u c tio n . 
Som e of th em  w ere ineffective  while o th e rs  induced  b o th  m egacinogeny a n d  ly so g en y . 
T his o b se rv a tio n  suggests th a t  th e  re ce p to rs  in cells a re  n o t iden tica l even fo r s im ila r 
a lk y la tin g  ag en ts .

T he p re sen t s tu d y  y ielded ad d itio n a l su p p o rt o f th e  h y p o th esis th a t  m eg acin o g en y  is 
governed  b y  a h igh ly  defective  prophage.

In s tu d y in g  s tra ins  of Bacillus rnegaterium  iso la ted  from soil sam p le s ,  a 
p a r t ic u la r  p h en o m en o n  was obse rved  in th is  l a b o ra to ry  some yea rs  ago. 
A p roport ion  o f  s tra in s  cu l t iv a ted  in y e a s t - e x t r a c t  pep tone  b ro th  e x h ib i te d  
un u su a l  g ro w th  curves [1]. A fte r  an in itia l loga r i thm ic  period, th e  op tica l  
d ens i ty  of  cu ltu res  decreased and  th e  bac te r ia  f ina lly  lysed. In  som e cases, 
th e  in it ia l  lysis was followed by  a secondary  g ro w th  and  the  cu ltu re  reach ed  
the  s ta t io n a ry  phase. A lthough th e  p h enom enon  resembles lysogeny , no 
infective phage  partic les could be d e tec ted .  I n s te a d ,  an  an tibac te r ia l  p r inc ip le  
had a c cu m u la ted  in the  cultures. T he  an t ib a c te r ia l  subs tance  was not s e d im e n 
tab le  in a p r e p a ra to ry  u l t racen tr i fu g e ;  it was in ac t iv a ted  by  p ro te o ly t ic  
enzym es and  d id  not dialyze th ro u g h  ce llophane [2]. In  view of its  narrow 
a n t ib a c te r ia l  sp e c t ru m  the pro te in  c h a ra c te r  o f  th e  an tibac te r ia l  s u b s ta n c e ,  
the  princip le  was classed am ong  bacteriocins  a n d  was nam ed  m egac in  [2]. 
Megacin of s t ra in  216 was iso la ted  by  H o l l a n d  [3] in hom ogeneous fo rm  
a n d  ap p ea red  to  be a simple p ro te in  o f  51 000 m olecular  weight.

S p o n ta n e o u s  lysis of m egacinogenic  bac te r ia  occurred  only in ce r ta in  
m edia . A slight dose of  u l trav io le t  i r rad ia t ion  is usually  required  for th e  lysis 
o f  o rganism s associated  w ith  m egacin  l ibe ra t ion .  A lthough m egac in o g en y  
s im ula tes  lysogeny  in several respects ,  n o t  even incom plete  phage s t ru c tu re s  
were revealed  in lysa tes  of m egacinogenic  b a c te r ia  b y  e lec tronm icroscopic
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s t u d y  [4, 5]. A h y p o th es is  has been a d v a n c e d  [6] t h a t  m egacinogeny m ay  he 
d u e  to  a highly defec tive  prophage w hich  c a n n o t  be recognized since it  does 
n o t  y ield  th e  ty p ic a l  p ro d u c t  of lysogeny. In  fac t ,  no d irect ev idence of  th is  
h y p o th e s is  could be secured  so far. A t t e m p t s  a t  iso lating  megacinogenic  
c lones from  ty p ica l  lysogenic s tra ins h a v e  failed [7].

As d e m o n s t ra te d  b y  L woff  et al. [8, 9, 10], a n um ber  o f  d ifferen t ch em 
icals a re  capable  o f  eliciting induction  in  lysogenic  bac te r ia .  In  th e i r  ex p e r i
m e n ts  carried  ou t  w ith  a lysogenic B acillus m egaterium  s tra in ,  th e  resu lts  of 
in d iv id u a l  tr ia ls  v a r ie d  according to  th e  c u l tu re  m edium . T h ey  m ost ly  used 
a y e a s t  e x t ra c t  m ed iu m , th e  s ta n d a rd iz a t io n  of  which could ha rd ly  be achieved. 
W e fo u n d  t h a t  a well-defined syn th e t ic  m e d iu m  could be su p p lem en ted  for 
t h e  com ple te  m e d iu m  in inducing b o th  ly sogeny  and  m egacinogeny.

T h e  aim of th e  p re se n t  s tu d y  was to  a sce r ta in  w hether  or no t  th e  in d u c 
t io n  o f  m egac inogeny  could be effected b y  chemicals , and, if so, w h e th e r  th e  
d if fe ren t  chemicals in duc ing  lysogeny a n d  m egacinogeny  exh ib i ted  a sim ilar 
o r  a d ifferen t p a t t e r n .

Materials and  m ethods

S tra ins. M egacinogenic  s tra in  216 was d esc rib e d  earlie r [2]. B . m egaterium , s tra in  899 
ly so g e n ic  w ith  phage 1, a n d  th e  phage, — sen sitiv e  s tra in  M utila te  o rig in a ted  fro m  Prof. A. 
Lw off’s lab o ra to ry . S tra in  M ut-C  is a p h a g e -re s is tan t b u t  m egacin-sensitive  d e riv a tiv e  of 
s t r a in  M u tila te  [11].

M edia . S y n th e tic  m ed ium  (SM): NH,C1, 2 g; K 2H P O j, 1.4 g; K H 2P O ,, 0.6 g; Sodium  
c it r a te ,  1 g; M gSO,, 7 H 20 ,  0.05 g; MnSO^, 4 H 20 ,  0.05 g; d istilled  w a ter, 1Ő00 m l; p H  a d ju s te d  
to  7 .2. Before use, 2 m l ste rile  1 per cen t so lu tio n  o f A m inosol pulv is (V itru m , S tockho lm ), 
an  ac id  casein h y d ro ly sa te , an d  2.5 ml of 20 p e r c e n t glucose was added  to  each  100 ml of 
m ed iu m .

Y P  (y east e x tr a c t  p e p to n e ) m edium  w as p re p a re d  as described earlie r [2].
In d u c tio n  o f  the bacteria. E arlie r papers fro m  th is  la b o ra to ry  [2, 12] c o n ta in  th e  tech n ica l 

d e ta ils  o f th e  in d u c tio n  o f m egacinogenic b a c te r ia .
10 m l SM w as in o cu la te d  and in cu b a ted  a t  ro o m  tem p e ra tu re  o v ern ig h t. 100 m l E r- 

len m e y e r  flasks co n ta in in g  10 m l SM each  w ere in o c u la te d  w ith  0.2 m l from  th e  o v e rn ig h t 
c u ltu re  a n d  the  flask s w ere in cu b a ted  u n d e r g en tle  sh a k in g  in  a w a ter b a th  a t  37° C. In d u c tio n  
of b a c te r ia  w ith  chem ica ls or u ltra v io le t  ligh t w as ca rried  o u t w hen th e  o p tica l d e n s ity  o f th e  
e x p o n e n tia lly  grow ing c u ltu re s  had  reached  0.2 (a p p ro x . 107/m l colony fo rm ers). V arious 
c o n c e n tra tio n s  of th e  chem ica ls te s te d  were ad ded  to  a  se t o f cu ltu res and  these  w ere th e n  re in 
c u b a te d .

T h e  b ac te ric id a l a n d  b a c te r io s ta tic  c o n c e n tra tio n  of in d iv id u a l com p o u n d s v a ried  
co n sid e ra b ly . P re lim in a ry  te s ts  w ere, therefo re , m ad e  to  estab lish  th e ir  b a c te r io s ta tic  con
c e n tra t io n . T he in d u c in g  e ffec t of the  chem icals w as in v es tig a te d  near to  th e  ran g e  of th e ir  
b a c te r io s ta tic  c o n ce n tra tio n . In d u c tio n  of m eg acinogeny  or lysogeny was considered  w hen  in  a 
c u ltu re  p a r tia l  or m ass ly sis ensued , associated  w ith  l ib e ra tio n  of m egacin and  ph ag e, re sp ec 
tiv e ly . C hem icals cau sin g  in d u c tio n  elicited  b a c te r ia l  ly sis 1 to 3 hours a f te r  th e ir  ad d itio n  
to  th e  c u ltu res . E ac h  c u ltu re  w as cen trifuged  a f te r  6 h o u rs  re in cu b a tio n  an d  th ey  w ere assayed  
fo r m eg acin  or phage. L ysogen ic  s tra in  899 [1] l ib e ra te d  HP — 105/m l phage p a rtic le s  w ith o u t 
in d u c tio n  of b a c te ria  in  in d iv id u a l experim ents. A 2 to  4 log u n it  increase in  phage y ield  was 
a c c e p te d  to  be s ig n ifican t fo r th e  inducing  effect o f a chem ical.

W h en  m egacinogen ic  s tra in  216 was grow n in  sy n th e tic  m edium , no or on ly  traces 
o f  m eg ac in  could be d e te c te d  in th e  cu ltu re  flu id . A t i t r e  o f  m egacin of a t  least 1 : 1000 was 
ta k e n  as th e  c rite rio n  o f in d u c tio n . U sually  10 “ 4 to  0 .5 Х Ю -4 d ilu tions gave a c lear halo  on 
th e  in d ic a to r  law n.

A ssay  for p h age  p a rtic le s  were m ade on Y P  a g a r  p la te s  w ith  p h ag e-sen sitiv e  b a c te r ia  
in  th e  so ft ag ar lay e r. T itr a t io n  of m egacin was c a rr ied  o u t  b y  d ropp ing  v a rio u s  d ilu tio n s  of 
ly sa te  o n to  th e  surface  o f Y P  a g a r p la te s  seeded w ith  M ut-C  b a c te r ia .
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Results  and  conclusions

T w en ty  d ifferen t chem icals , several of th e m  w ith  know n a n t i t u m o u r  
e ffec t are l is ted  in the  Tab le  I.

Table I

The inducibility o f  megacinogenic (stra in  216) and lysogenic (899) strains o f  B acillus megaterium
by different chemicals

G ro u p  o f  chem icals S u b s tan c e  in v es tig a te d
50%

in h ib itio n
Mg/'»

In d u ctio n
o f  S tra in  1 E f fe c t iv e 1) 

c o n c e n tra t io n  
Ц  g /m l

2 16 899

/?-chlor-ethyl-am ines N -m ustard 100 + 60 160
Sarkolysin 1 000 ----  1
E ndoxan > 4  000 —

B ayer E  39 100
E th y lim ines Trenim on 5 3— 7

ТЕМ 800 4 0 0 --6 0 0
C 69 (H oechst) > 1  000

Sarcom ycin 10 000 __ I
A ntib io tics A ctinom ycin-C 5

M itomycin-C 0.5 0 .3— 1
Carcinophilin io u 2> + 2 12 U.

H ,0 . 20 5— 30
E th y l-m eth an esu lfo n a te 10 000 —

N -m eth y l-N '-n itro -N -n itro so -
guanidine 50 + 10 15

M iscellaneous H ydroquinone 60 —
B enzoquinone 10 —
6-m ercaptopurine 1 000 —
/bphenyl-ethy l-alcohol 3 000 —
Colcemid 30
V inkaleukoblastin 100

1 Lowest and  highest co n cen tra tio n  causing m arked  induction . Substances w h ich  did 
n o t ex h ib it an  inducing effect were te s ted  w ith in  a broad range of co n cen tra tions; e.g . Sarkoly- 
sin  : 2— 1200 /ig /m l; B ayer К 69 : 10— 300 //g m l: /1-phenyl-ethyl-alcohol: 500— 20 000 (ig /m \ 

- U =■ un it

Some of th e  com pounds  were a lk y la t in g  agents .  O thers ,  such as /3-phenyl- 
e thy l-a lcohol were inhibitors  of D N A  synthesis  [13, 14]. The m a rk e d  m u t a 
genic effect o f  e th y l -m e th a n e -s u lp h o n a te  has been explo ited  by  several a u th o rs  
for  genetic  inves tiga tions  of b ac te r ia  since Lo v e l e s s ’ [15] sy s tem a tic  s tud ies  
of  th e  com pound . The p o te n t  m u ta g e n ic  action o f  N -m e th y l-N ’-n i t ro -N -n i t -  
rosoguan id ine  [16] was found  to  be canceros ta t ic  in th e  m ouse [17].

W hile m o s t  o f  the a n t ic a n c e r  drugs te s ted  were a lk y la t ing  agen ts ,  some 
of th e  substances  like V inka leukob las t in  |18], and Colcemid (d esace ty l-m ethy l-

7  A cta Microhiologica X I/2.
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colchicin), were a lka lo ids .  T h e  m olekula of  M itom ycin -C  also co n ta in s  a reactive  
a lk y la t in g  group (see F ig .  1). The chem ical s t r u c tu r e  of  th e  h ig h ly  effective 
a n t ib io t ic  Carcinophillin  has  n o t  been y e t  e s tab lished .  A n u m b e r  of  well-known 
c o m p o u n d s  (b en zoqu inone ,  H 20 2) were also t e s t e d  for com parison .

H„N4̂ 1 /СН.-О-С • NH.
!H3C '

О

С
1 ' о с  н,A n/ с< .. » 

С/Н 
1 NH

Н..С
■

Н..С

н„с —  с
н

M ito m y c in

О

H 2 • О • C H . .  C H . - Ü

C H„
I >N- 
C H,

()

T ren im o n

C Ha
/N< I 

C H .

О • С H , • С н„. О C Ha

HaC

HaC
> N -

B a y e r  E  39

II
N

N C Ha
C — N< I

C H ,,

N

N
HaC -  C Ha 

ТЕМ

Fig. 1

The b a c te r io s ta t ic  concen tra t ion  of  t h e  in v es t ig a ted  com pounds  var ied  
b e tw e e n  0.5 to  10 000 pg /m l.  Accordingly , th e  effective concen tra t io n  of 
c o m p o u n d s  capable  o f  in duc ing  bo th  ly sogeny  an d  m egacinogeny  lay  w ith in  
a b ro a d  range. All chem ica ls  causing in d u c t io n  of  lysogeny  were also capable  
o f  induc ing  megacin p ro d u c t io n .  None o f  th e  chem icals  inv es t ig a ted  showed 
an  a sy m m e try  in in d u c t io n  o f  the  two sy s tem s.  T h is  s tr ic t  paralle lism  suggests 
a s im ila r  genetic b a c k g ro u n d  for the tw o  induc ib le  sys tem s of Bacillus mega- 
te r iu m . Beside ou r  ea r l ie r  observations e.g. t h e  h igh segregation ra te  of non- 
m egacinogenic  clones [5] from  inegacinogenic s t ra in s ,  the  p resen t  observations 
su g g es t  t h a t  m egac in o g en y  is governed b y  an  episomic e lem ent,  p ro b ab ly  a 
h ig h lv  defective p ro p h a g e .  The de fec tiv i ty  o f  th e  p rophage  does no t allow 
th e  p roduc tion  of m orpho log ica l  s t ru c tu re s  o f  ph ag e  partic les , an d  only some 
in te g ra n ts  of phage p ro te in  are p roduced .

The n a tu re  o f  p ro p h a g e  induction  p rocess  in lysogenic b ac te r ia  is still 
o b scu re  a l though, in a g re e m e n t  w ith  th e  k n o w n  d a ta ,  in duc tion  can be brought 
a b o u t  b y  t r e a tm e n t  w h ich  selectively in h ib i ts  D N A  synthesis .  Substances 
s im i la r  in chemical s t r u c tu r e  m ay  a p p a re n t ly  e x e r t  diverse effects w hen indue-
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ing lysogeny. N -m u s ta rd  was fo u n d  capable of in d u c in g  b o th  lysogeny  a n d  
m egacinogeny  while some of its  der iva tives  were devo id  of  th is  ac tion . As to  
th e  cause of th is  difference, it  could  be supposed t h a t  S a rk o m y c in  an d  E n d o x a n  
prefer  to  a lky la te  less v i ta l  recep to rs  of cells th a n  N -m u s ta rd  does. O u r  f in d 
ings ind ica ted , fu r th e r ,  t h a t  ind iv id u a l  a lky la ting  a g en ts  m ay  act d if fe ren tly .  
This  was in accordance  w ith  th e  observations concern ing  e thy len im ines .  It 
can be seen th a t  closely re la ted  com pounds  (see F ig  1 a n d  F ig  2) l ike  T ren i-  
m on, B a y e r  E 39, a n d  Т Е М , ex h ib ited  div erse effects in ind u c t io n  e x p e r im en ts .

С I I , -  C I I ,C l
С H  — N < I

C H . - C  I E  C l

\ — m u sta rd

С H „ • N H
/  \

\  C H j - C H . C l
0 = P - N <  I

С н„. С H..C1
C H 2

\
C H„-

//
()

E n d o x an

I I O O  C - C H  • C H ,
I

N H „

C I E -  С H .C l
) - N <  I

C I E  - C I E  С I

S arko lysin  

Fig. 2

L e i n  et al. [19] reco m m en d ed  a m ethod  for d e te c t in g  p o te n t ia l  a n t i 
tu m o u r  agen ts  by lysogenic b ac te r ia .  T hey  used Escherichia coli K12, lysogenic  
w i th  lam b d a ,  and te s te d  a considerab le  n um ber  of an tib io t ic s  and  fe rm e n ta 
tion p roduc ts  of m icroorganism s. Several antib io tics  w i th  know n a n t i tu m o u r  
ac t ion  such as m itom yc in ,  azaserine, gancidin, g r isea lu te in ,  s trep ton ig ros ine  
etc. were found  effective in induc ing  lam b d a  phage. 125 o th e r  an tib io t ics  no t 
specified in the ir  p a p e r  gave nega tive  resu lts .  In  our o b se rva tions  w ith  B. mega- 
terium  carry ing  inducib le  episomic e lem ents  no s t r ic t  co rre la t ion  was found  
be tw een  th e  chem ical s t ru c tu re  and  th e  inducing effect o f  th e  inves t iga ted  
com pounds . Y et, th e  simple tech n iq u e  of experim ents  w ith  lysogenic b ac te r ia  
deserves in te res t  as one of  th e  tools for screening a n t i tu m o u r  agents.

Acknowledgements. W e are  in d eb ted  to  Prof. B. K ellner  a n d  D r. L. N émeth fo r su p 
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Sum m ary . F ro m  d iffe ren t clinical m a te r ia ls  63 fungal s tra in s  w ere iso lated  and  id en tif ie d . 
T h e  ex am in atio n s y ie ld ed  fu rth e r d a ta  for th e  fun g a l flora  o f p a tie n ts . I t  has been p o in te d  ou t 
t h a t  fu n g i are no t a lw ay s  secondary  in v a d e rs  in  p u lm o n ary  in fec tions b u t  m ay  p r im a rily  he 
resp o n sib le  for c o n d itio n s  resem bling tu b e rc u lo s is .

F o r  a successful p revention a n d  t r e a tm e n t  of th e  more an d  more f r e q u e n t ly  
occurr ing  deep a n d  surface mycoses, the  in troduc tion  of  inycological e x a m 
in a t io n s  in bacterio logical labora tories  w ould  be desirable. R ap id  an d  precise  
d iagnosis  is ind ispensab le  for p rescr ib ing  an a d eq u a te  th e ra p y .

T he  present investigations w ere  s ta r te d  in view of these  considera t ions  
b y  one of the a u th o rs  (I. V.) a t th e  I n s t i tu te  of H ygiene, U n ivers i ty  M edical 
School, B udapest .  In  th e  course o f  t h e  exam ina tions  63 fungal s tra in s  w ere  
o b ta in e d ,  including cultures iso la ted  f i rs t  in H u n g a ry  from  generalized lesions 
(nocardiosis [1] a n d  candidiasis due to  Candida krusei [2]). These s tra in s  were  
iden tif ied  in the  S ta te  In s t i tu te  of H yg iene ,  B udapes t ,  b y  the  o the r  a u th o r  of 
th e  p resen t  pap e r  (E . K. N.).

M aterials and m ethods

The m a jo rity  o f th e  sam ples h a d  been  sen t to  th e  lab o ra to ry  by c lin ic ians. Som e 
sam p le s , e.g. those fro m  onychom ycosis, h a d  been tak en  by th e  a u th o rs . T he specim ens w ere 
in o cu la ted  into flu id  a n d  o n to  solid m edia d e sc rib ed  by  V i t é z  [3 | an d  N o v a k  [4]. A fter in c u b a 
tio n  a t  26°C m orpholog ical exam ination  of th e  cu ltu res  was perfo rm ed  in p re p a ra tio n s  s ta in e d  
w ith  to lu id ine  blue. P u re  s tra in s  were o b ta in e d  by  s treak in g  h igh ly  d ilu te d  cu ltu res  o n to  solid 
m ed ia . T h e  pure c u ltu re  w as exam ined for m o u se  p a th o g en ic ity . The g ro w th  of 48 -72  h o u r  agar 
s la n ts  w as hom ogenized in  5 ml saline. O f th e  suspension  0.5 m l a liq u o ts  were in jec ted  in tr a -  
p e rito n ea lly  in to  each  o f 3 w hite  mice w eigh ing  16 18 g. A fter d e a th  o f th e  an im als , th e  c o rre 
sp o n d in g  s tra in  was reco v e red  from the h e a r t  b lo o d .T h e  mice were u su a lly  observed  for 7 -  10 
d a y s .

P rio r to id e n tif ic a tio n , the cu ltu res w ere  checked  for p u r i ty  on th e  tr ip h e n y lte tra z o liu m  
ch lo rid e  agar described  b y  P a g a n o , L e v i n e  a n d  T r e j o  [ 5 ] .  Id e n tif ic a tio n  was carried  ou t by 
th e  m e th o d  of L o d d e r  an d  K r e g e r - v a n  R i j  [7] m odified  by  Z s o l t  a n d  N o v a k  [6]. D e te r 
m in a tio n  of the tax o n o m ic  position  of s tra in s  w as based on th e  sy s tem  of N o v a k  an d  Z s o l t  |81.

Results a n d  discussion

T h e  d is t r ib u t io n  of materials f ro m  which the  cu ltu res  were iso la ted  was 
as follows. S p u tu m , 11; bronchoscopie sam ple, 9; la ryngea l  swab, 8; nec ropsy  
m a te r ia l ,  18: na il-scrap ing  (hand), 9; na il-scraping (foot), 2; th ro a t  sw ab , 1;

1 A c ta  M icro b io lo g ie»  X I /3 .
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Table I

F u n g a l species isolated fro m  clin ical materials
S

er
ia

l 
nu

m
be

r

Species

>>

Sc0
яa

1

d
3
sacn B

ro
nc

ho
sc

op
ie

 
I 

sa
m

pl
e

L
ar

yn
ge

al
 s

w
ab

N
ai

l-
sc

ra
pi

ng
 (

ha
nd

)

О
eS
to#S
‘ace

«

N
ec

ro
ps

y 
m

at
er

ia
l

T
hr

oa
t 

sw
ab

3a C
ul

tu
re

U
ri

ne

T
ot

al

l A zym ocandida co rn icu ln ta . . . . — l l l

2 Candida sp., C. benham ii*  . . . + l 2 3

3 Candida  s p . ,  C. beverw ijkii*  . — i l

4 Candida claussenii........................ + 3 l l 2 7

5 Candida fa m a ta  ........................... — l 1

6 Candida kru se i............................. — 3 l 4

7 Candida no rveg en sis ................... l 1

8 Candida p seu d o tro p ica lis ......... l l 2

9 C andida sp ....................................... + l l 2

10 Candida solani ............................. + l 1

11 Cryptococcus albidus ................. — l 1

12 Cryptococcus neoform ans ............ + l 1

13 F ung, im perf. s p .......................... — l 1

14 Geotrichum candidum  .............. ± 2 i 3

15 Nocardia asteroides .................................... — 1 1 2

16 Paratorulopsis b á n h e g y ié .......... — l 1 2

17 Paratorulopsis p in u s  ................. — 1 l 2

18 P énicillium  sp ................................ 2 l 3

19 Procandida a lb ic a n s .................................... + 3 3 7 l 14

20 Procandida m a jo r ic e n s is .......... + 1 1

21 Procandida tr o p ic a lis ................................ + 1 1

22 Procandida sp., P r. g ru b y i* . 1 1

23 Pseudohansenula s p ........................................ — 1 1

24 Rhodotorula rubra  ...................... — 1 1

25 Saccharomyces cerevisiae  . . . . 1 1

26 Torulopsis glabrata ................... 2 l 3

27 Torulopsis sp., T . wester-
d ijk n *  ........................................................................... — i 1

28 Trichosporon u n d u la tu m .......... + 1 1

T o t a l ........................................................................................ 11 9 8 9 2 18 l 1 3 l 63

S tra in s m ark e d  w ith  a sterisk  are desc rib ed  in  a  sep ara te  p a p e r [12].
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pus, 1; u rine, 1; m a te r ia ls  received on cu l tu re  m edia ,  3. The 63 fu n g a l  species 
iso la ted  from th e  above  materials a re  l is ted  in T ab le  I.

O f the  results  th e  following o b se rv a t io n  m ade  on 17 pa t ien ts  t r e a t e d  in 
a sa n a to r iu m  for p u lm o n a ry  diseases, is o f  special in te res t .  L ab o ra to ry  e x a m in a 
tion  y ielded  from  7 s p u tu m  samples 3 C andida claussenii, 1 Geotrichum c.andidum , 
1 Cryptococcus neoform ans, 1 Procandida rnajoricensis and  1 Procandida g ruby i;  
f rom  6 b ronchoscopie  samples 1 C andida  pseudotropicalis, 3 Procandida a lb i
cans, 1 Candida claussenii and 1 P seudohansenula  sp.; from 4 la ry n g ea l  sw abs 
1 C andida claussen ii, 1 Procandida albicans, 1 Candida pseudotropicalis  a n d  
1 Paratorulopsis bánhegyii strains were  iso la ted .

These find ings are no tew orthy , since accord ing  to  our presen t views th e  
fungi encoun te red  can be in te rp re ted  (a) as non-pa thogen ic  agents  occu p y in g  
an in te rm ed ia te  position  between s a p ro p h y t i s m  and parasit ism ; (b) as p r im a ry  
p a thogens ;  (c) as secondary  p a thogens .  Case (a) can he excluded w h en ev e r  
th e  s tra in  occurs in a closed cav ity  o r  in organs free from fungi in th e  h e a l th y  
ind iv idua l.  D ifferen tia tion  between (b) and  (c) is im p o r ta n t  only for e lu c id a t 
ing th e  case h is to ry , b u t  is indifferent as to  th e ra p y ,  since bo th  cases call for 
an t i fu n g a l  t r e a tm e n t .

Fungi isolated from  spu tum  are  im p o r ta n t  m ain ly  for floristic  pu rposes ,  
as th e i r  association w ith  the  disease, a l th o u g h  no t  excluded, canno t be c o n f i rm 
ed for certa in . On th e  other hand , th e  b ronch i  o f  norm al persons a re  a lw ays  
free from  fungi [9J, a n d  co n tam ina tion  of  b ronchoscopie  samples a n d  la ryngea l  
sw abs from  the  oral mucosa is un likely .  Therefo re  isolation of fungi f ro m  such 
m ate r ia ls  is to  be eva lua ted  posi t ive ly  especially because these a g e n ts  are 
liable to  m odify the  course of the  d isease a n d  th u s  t r e a tm e n t  should be a im ed  
no t  exclusively ag a in s t  the organism  causing  th e  p r im a ry  infection [10]. I t  
shou ld  be no ted  t h a t  a t  the  Leipzig Congress on F ungous  Diseases V a n b r e u s e g - 
h em  [11] stressed t h a t  the  presence o f  yeas t- l ike  organisms a t  sites free from  
fungi in no rm al persons should he e v a lu a te d  positively . A lthough  th ey  b y  th e m 
selves m ay  no t be responsible for th e  p a tho log ica l  conditions, fungi m a y  c o n t r i 
b u te  to  the ir  deve lopm en t.

W e have found  yeasts  to occur in severa l p a t ie n ts  who were d isp lay in g  
tuberculosis-like diseases, but were a lw ays  nega tive  for M. tuberculosis. O f  17 
funga l s tra ins  iso la ted  from such p a t ie n ts ,  13 were pathogenic  in mice. T h u s  it 
m ay  be presum ed th a t  these organisms were, a t  least  pa r t ly ,  responsible  for the  
pa tho logical conditions.  A good ex am p le  con firm ing  th is  consideration  was th a t  
o f  a p a t ie n t ,  who h a d  never been p ro v e d  to  h a rb o u r  tubercle  b a c te r iu m ,  b u t  
excre ted  Candida claussenii and G eotrichum  candidum  in his s p u tu m .  At 
necropsy  Candida claussenii bu t no M . tuberculosis was isolated.

T he  species d is tr ibu tion  of th e  iso la ted  fungi was very  va r iab le .  O n ly  
Candida claussenii a n d  Procandida albicans  were encoun tered  w ith  som e f r e 
quency  (11.1 a n d  22.2 per cent, respec tive ly ) .

1*
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Some un c la ss if ied  s t ra in s ,  w hich, in o u r  op in ion , correspond to  new  
species ,  will be  d e a l t  w i th  in a sep a ra te  p a p e r  [12].
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S um m ary . By th e  use of C11 an d  Cl36 labe lled  co m p o u n d s, it has been show n  th a t ,  
prior to  in co rp o ra tio n  in to  C hlorte tracycline, th e  ch lorine  o f o rgan ic  sub stan ces is c o n v e rted  
in to  ch loride. T his o b se rv a tio n  holds also t r u e  for ch lo ro p ro p an d io l, w hich, how ever, in fe r
m en ta tio n s  carried  ou t w ith  th e  te trac y c lin e -p ro d u c in g  s tra in  CDSD-314, was no t u tilize d  for 
bu ild ing  u p  c h lo r te tra c y c lin e .l t  h a s ,th e re fo re , b een  concluded  th a t  ch lo ro p ro p an d io l does not 
ac t as a d irec t p recu rso r in C h lorte tracycline  b io sy n th es is .

B o th  s tra in s  used (B -28 an d  CDSD-314) w ere able to c o n v ert the  chlorine  o f o rgan ic  
co m p o u n d s in to  chloride.

O ur fin d in g s have  su p p o rted  the a ssu m p tio n  t h a t  2 ,5 -d im ercap to -l,3 ,4 -th iad iazo le  
in h ib its  th e  f irs t , o x id a tiv e  s tag e  of b iochem ical ch lo rin a tio n . T he genetic  block of c h lo rin a tio n  
in th e  te trac y c lin e -p ro d u c in g  s tra in  CDSD -314 is p ro b a b ly  re s tr ic te d  oidy to  th e  f i r s t ,  ox i
d a tiv e  s tag e. As in C hlo rte tracycline  b io sy n th es is  no re s id u a l reac tio n  was revealed  w ith  s tra in  
C DSD-314, th ere  are n o t necessarily  two or m ore  genetic  ro u te s  o f biochem ical c h lo rin a tio n  
th ro u g h o u t all s tages o f th e  process.

A d ifference in th e  in co rp o ra tio n  b e tw ee n  carb o n  1 and  2 of ace ta te  in d ic a te d  th a t  
c a rb o n  2 m ig h t tak e  p a r t  as Cj un it in th e  b io sy n th es is  o f th e  te trac y c lin e  m olecule.

Our stud ies  on the chlorination m ech an ism  in Streptomyces aureofaciens 
h ave show n that chlorine o f  ch lorinated  fa t ty  acids is u til ized  for the b io sy n 
thesis o f  Chlortetracycline (CTC) [1, 2 ] .  S im ilarly ,  S e k iz aw a  showed th a t  chloro-  
propandiols can also he used as ch lorine sources for CTC synthesis .  In th e  pres
ence o f  these  su b stan ces  o x y te tra c y c l in e -p ro d u c in g  organism s sy n th es ize  
CTC in addition to Oxytetracycline. K n o w n  chlorination  inhibitors exert no 
an tagon is t ic  action on these processes [3 — 5]. On the basis o f  these  f ind in gs  
S e k iz a w a  assum ed th a t  ch loropropandiols are d irectly  utilized for CTC pro
duction [6].

in the present s tud ies  we have  e x a m in e d  some steps of CTC b iosynthesis .  
We a t t e m p te d  to locate  tin* site of t h e  in h ib i to ry  action on enzym atic  processes 
of ch lorination  of 2,5 -d im ercap to - l ,3 ,4 -th iad iazo le  a n d  the  site of th e  genetic 
block in th e  te t racyc line-p roduc ing  Streptom yces aureofaciens s tra in  CDSD-314.

Materials and  methods

T he p resen t s tu d ies  w ere carried  o u t  u n d e r  th e  e x p e rim e n ta l co n d itions re p o rte d  p re 
viously  [8]. w ith  sh ak en  sy n th e tic  m edium  c u ltu re s  o f Streptom yces aureofaciens s t ra in s  B-28 
18] a n d  CDSD-314 [9]. T h e  ing red ien ts o f th e  sy n th e tic  m edium  used  in these  e x p e rim e n ts  
were: s ta rc h , 3 .5 % ; N H ,N O t. 0 .8 % ; K N 0 3, 0 .2 % ; g lu ta m ic  acid , 0 .1 % ; M gS 04 7 H 20 ,  0 .1 % ; 
C a C 0 3, 0 .6 % ; KH ..PO  0 .0 6 % ; M nSO„ 0 .0 0 3 % : Z n S O „ 0 .0 1 % ; F e S O „  0.01%  ; p a lm  oil, 0 .3 % ; 
pH  6.2 6 .4 .
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In  ad d itio n  to  com m erc ial su b s tan ces  th e  fo llow ing iso topes o b ta in ed  from  th e  I n s t i tu te  
o f I so to p e s , H u n g a rian  A tom ic E n erg y  C om m ission , B u d a p e s t,  were u sed : N aC l:lG, ch lo ropro - 
p a n d io l-C l36, sodium  a c e ta te - l-C 14, sodium  a ce ta te -2 -C 14, sod ium  in o n o ch lo ro ac e ta te - l-C 14,an d  
so d iu m  m o n o ch lo ro ace ta te -2 -C 14.

T h e  iso topes w ere ad d ed  to  th e  cu ltu re s  u n d e r  a sep tic  co n d itions as d escribed  in th e  
e x p e r im e n ta l  p a r t  o f th is  pap er. R a d io a c tiv ity  m ea su re m e n ts  were pe rfo rm ed  in 72-hour 
c u ltu re s  as follow s. T he fe rm e n ta tio n  m edium  w as a d ju s te d  w ith  5 N  HC1 to  pH  2.0 and  f i l 
te r e d ;  th e  f i l t r a te  was s a tu ra te d  w ith  NaCl a n d  te tra c y c lin e s  were e x tra c te d  w ith  n -b u tan o l. 
O f th e  e x tra c ts  0.2 0.3 ml a liq u o ts  were g en tly  e v a p o ra te d  to  d ryness on a lu m in iu m  p lan -
c h e ts .  T h e  a c t iv ity  of th e  o b ta in e d  fine  lay e r w as m easu red . T he to ta l  te tra c y c lin e  c o n te n t of 
b u ta n o l  e x tra c ts  was be tw een  8000 an d  12,000 /ig /m l. R ad io ac tiv e  co u n ts  for 1 mg of to ta l  t e t 
ra c y c lin e  w ere ca lcu la ted  from  th e  above d a ta  an d  fro m  th e  a m o u n t of th e  e v ap o ra te d  e x tra c t .

F o r  d e te rm in in g  th e  re s id u a l N aC l36, th e  fe rm e n ta tio n  m edium  was acid ified  w ith  H N O ;{. 
A f te r  f i l t r a t io n  chloride  ions w ere p re c ip ita te d  w ith  A g N 0 3 an d  se p a ra ted  by  a su b seq u e n t 
f i l t r a t io n .  T h e  so lu tion  w as th en  sa tu ra te d  w ith  NaCl a n d  th e  te tracy c lin e s w ere e x tra c te d  w ith  
b u ta n o l .  T he ra d io a c tiv ity  o f th e  b u ta n o l e x tra c t  w as s im ila r to  e x tra c ts  p rep ared  in th e  c o n 
v e n tio n a l  m an n er. T hen  th e  w eigh t an d  ra d io a c tiv ity  o f th e  ob ta in ed  AgCl p re c ip ita te  w ere 
m e a su re d . I t  should  be n o ted  th a t  p rio r to  p re c ip ita tio n  w ith  A g N 0 3, know n a m o u n ts  of 
c h lo rid e  w ere added  to  th e  ac id ified  fe rm e n ta tio n  m ed ia , in  o rder to  o b ta in  a p re c ip ita te  250 — 
350 m g  in  w eight.

R a d io a c tiv ity  d e te rm in a tio n s  were p e rfo rm ed  w ith  an  end w indow  G eiger-M üller c o u n te r  
o r w ith  th e  O rio n -F rieseck e-IIö p fn er c o u n te r  su p p lied  w ith  a sc in tilla tio n  head .

In  o rd e r to  se p a ra te  te trac y c lin e s  for a q u a li ta t iv e  check ing  of b io sy n th es is , th e  b u ta n o l 
e x tr a c t  w as p a p e r-c h ro m a to g ra p h e d  [8, 10].

Results

I n  view of th e  results  o b ta in ed  in our p rev ious studies on th e  b iosyn thes is  
o f  CTC [11], in th e  f i rs t  p a r t  of th e  p re se n t  experim ents  Str. aureofaciens 
s t r a in s  B-28 an d  CDSD-314 were eom pared  for CTC biosynthesis . As a chlorine 
sou rce  N aCl36 was used. CTC produc tion  was exam ined  also in th e  presence 
o f  2 ,5 -d im ercap to - l ,3 ,4 - th iad iazo le  (TDA) a n d  C u ++ ions.

T h e  results  are su m m arized  in T ab le  1. In  all experim en ts  NaCl36 at 
a co n c e n tra t io n  of 0.4 ^c/80 ml correspond ing  to  3 m M  NaCl, was used.

F ro m  Table  I it  is seen th a t  T D A  caused  a 74 per  cent decrease in CTC 
p ro d u c t io n  by s tra in  B-28. T he  an tagon iz ing  effect of copper was also defin ite :

T able  I

Incorporation o f  chloride into CTC

S tra in A d d itio n s
C T C -fT C
u n its /m l

R a d io 
a c t iv i ty  
c. p . m .

R esid u al 
ch loride 
p e r  cen t

B — 28 1080 1512 3 2

B — 28 0.2 m M  T D A  .......................................... 1040 396 80

B — 28 0.2 m M  TD A  +  0.3 m M  C u S O ,___ 825 1180 38

C D SD — 314 — 1370 38 98

CD SD — 314 0.2 m M  T D A  .......................................... 1280 32 96

C D SD  314 0.2 m M  T D A  +  0.3 m M  C u S O ,___ 1010 36 99

C D SD — 314 0.3 m M  CuSO, ........................................ 980 3 8 96

— — — 40 97
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in the  presence o f  0.3 m M  C u S 0 4 th e  inh ib ito ry  ac t io n  of T D A  decreased to  26 
per  cent.

Strain  CDSD-314 was un ab le  to  use ch loride  for CTC biosynthesis a n d  
produced only te t racy c l in e  (TC). As it is ev iden t  f ro m  T ab le  1, the low r a d i o 
ac tiv i ty  is a t t r ib u ta b le  to  a chloride c o n tam in a t io n  o f  th e  b u ta n o l  e x t ra c t .  I t  is 
also clear t h a t  T D A  exerted  no effect on TC b io sy n th es is  by  strain CD SD -314 
and  th a t  C u S 0 4 d id  no t  induce CTC p ro d u c t io n .T h e  sligh t increase in r a d io 
ac t iv i ty  at h ig h e r  (1.0 /ic/80 ml, eq u iva len t  to  7.5 m  M ) N aC l3e concen tra t io n s ,  
\vas due to  a ch loride  c o n tam in a t io n  of the  b u ta n o l  e x t ra c t .

After b u ta n o l  ex trac t ion  th e  N aCl36 c o n te n t  o f  th e  residual f e rm e n ta t io n  
fluid was also de te rm in ed .  As ca lcu la ted  from th e  w eig h t  o f  th e  AgCl p re c ip i ta te  
and  from th e  specific  rad io ac t iv i ty ,  th e  chloride c o n te n t  of the  m ed ium  w as  
una lte red  a f te r  fe rm en ta t io n .  T h u s  i t  m ay  be co n c lu d ed  th a t  chloride w as n o t  
utilized for th e  b iosynthesis  of CTC.

In  su b se q u e n t  experim ents  th e  b iosynthesis  o f  CTC from ch lo r in a te d  
fa t ty  acids by s t ra in s  B-28 an d  CDSD-314 was inves t iga ted .  As s u b s t r a te s  
a c e ta te - l -C 1 ', ace ta te -2 -C 14, m o n o c h lo ro a c e ta te - l -C 14 a n d  m onoch lo roace ta te -  
2-C14 were used. All subs tra te s  were added  to  th e  m e d iu m  a t  1 fic/80 m l c o n 
centra tion  p r io r  to  s ta r t ing , or a t  t h e  24th  h o u r  of, fe rm en ta t ion . The re su l ts  
are sum m arized  in Tables I I  a n d  I I I .

It is seen th a t  m onoch lo roace tates  were u t i l ized  by  b o th  stra ins even  in 
th e  presence o f  T D A . Splitting  chlorine off m o n o ch lo ro ace ta te  was not a n t a g o 
nized by T D A , an d ,  of course, th is  inh ib ito r  e x e r te d  no influence on the  u t i l i 
zation of a c e ta te  in the  b iosynthesis  of te tracyc line .

Table II

Incorporation o f  acetate 2-C li into C T C  \-TC

S tra in A dditions
T im e  o f 
a d d it  ion 

hr*.

CTC f TC 
u n its/m l

R a d io 
a c t iv i ty
C. ]>. 111.

1$ 28 0 1010 2 150

15 28 Aceta te -2-C14............................................ 21 1120 2010

15 28 Monochloroacetate-2-C,J ..................... 0 1050 3170

15 28 Monochloroacetate-2-CN ..................... 24 1090 2750

15 28 Monochloroacetate-2-CIJ -f- T D A  . . . 0 1030 2910

CDSD 314 Aceta te -2-C14............................................ 0 1250 2920

CDSD 314 24 1380 2320

CDSD 314 Monochloroacetate-2-CN ..................... 0 1170 3470

CDSD 314 Monochloroacetate-2-C11 ..................... 21 1310 3010

CDSD 314 Moiiochloroacetate-2-C14 TDA . . . 0 1200 3380
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Table III

In c o r p o r a t io n  o f  a ce ta te  1 - C l i  in to  C T C f - T C

S tra in A dd itio n s
T im e of 
add ition  

hrs.

CTC + TC 
u n its /m l

R a d io 
a c tiv ity  
c. p . m.

В — 28 A ce ta te - l -C 14............................................. 0 1270 1350
В — 28 24 1120 1210

В— 28 Monochloroaceta te -l-C1 4 ...................... 0 1130 2060
В- -28 M onochloroaceta te -l-C1 4 ...................... 24 1190 1680

В — 28 M onochloroaceta te -l-C14 +  T D A  . . . 0 1180 2110
C D S D - 3 1 4 A c e ta te - l -C 14............................................. 0 1480 1870

C D S D - 3 1 4 A ceta te - l -C 14............................................. 24 1340 1650

C D S D — 314 o 1330 2190

C D S D  314 24 1410 1990

C D S D — 314 M onochloroaceta te -l-C14 - f  T D A  . . . 0 1310 2120

A  com parison  o f T able  I I  and T ab le  I I I ,  -which present (lata o f  experim en ts  
c a r r ie d  ou t  u n d e r  iden tica l  conditions, rev ea ls  t h a t  from ace ta te s  c a rb o n  2 was 
in c o rp o ra te d  in to  TC in a higher p ro p o r t io n  th a n  carbon 1. W h e n  aceta tes  
w ere  a d d e d  a t  th e  beg inn ing  of f e rm e n ta t io n ,  th e  difference was 57 p e r  cent; 
w h e n  th e y  were ad d e d  a t  th e  24th  h o u r  t h e  difference a m o u n te d  to  53 p e r  cent.

I t  should  be no ted  th a t  th e  tw o  s t r a in s  differed in th e  u t i l iz a t io n  of 
a c e ta te s .  On th e  average , th e  difference a m o u n te d  to 16 per  c e n t  fo r  carbon 
2 a n d  to  13 p e r  cen t  for carbon 1. B o th  k in d s  of aceta te  were u t i l ized  more 
a c t iv e ly  b y  s t ra in  CDSD-314.

I f  S e k i z a w a ’s assum ption  [6] t h a t  chloropropandiol is in co rp o ra ted  
d i re c t ly  in to  th e  CTC molecule, w ould  be co rrec t ,  CTC should  be fo rm e d  in the  
p re sen ce  of  th is  su b s tan ce  b y  T C -p roduc ing  s tra in  CDSD-314. T h e  resu lts  of 
o u r  ex p e r im e n ts  in  th is  respect are s u m m a r iz e d  in Table IV. A t  th e  beginning 
o r  a t  th e  24 th  ho u r  of  fe rm en ta t ion  0.5 /íc/8 0  m l (4mg/ml) Cl3e-labelled  chloropro
p a n d io l  was ad d ed  to  th e  cu lture . T D A , w h ic h  had been sterilized  sepa ra te ly ,  
w as  a d d e d  to  th e  m ed iu m  a t  a 0.2 m M  co n cen tra t ion  a t  th e  s t a r t  o f  fe rm en
t a t io n .

T ab le  IV  shows t h a t  CTC-producing s t r a in  B-28 utilized ch lo ropropand io l  
fo r  t h e  b iosyn thes is  o f  CTC. The in h ib i t in g  ac tion  of TD A  is also ev id en t .  On 
t h e  o th e r  h a n d ,  th e  TC -producing s t r a in  CDSD-314 was u n a b le  to  utilize 
c h lo ro p ro p a n d io l  a n d  fo rm ed  con seq u en t ly  n o  CTC. At the  end  o f  fe rm e n ta t io n  
r a d io a c t iv e  chloride was d e m o n s t ra te d  in b o t h  cultures, even in fe rm en ta t io n s  
in h ib i te d  h v  TD A .
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Table IV

E f f e c t  o f  c h lo r o p r o p a n d io l on  th e  b io s y n th e s is  o f  C T C

S tr a in A d d itio n s
T im e  o f  
a d d i t i o n  

h rs .

C T C + T C
u n i t s  n il

C T C
p e r  c e n t

C h lo r id e  
a t  e n d  o f  

f e r m e n ta t i o n

Ft 28 1140 2

В 28 Chloropropandiol ................................... 0 870 100 +

В - 2 8 Chloropropandiol ................................... 24 7 9 0 85 +

В 28 Chloropropandiol -J- T D A ................... 0 1070 3 7 +
CDSD- -314 — 1490 0 —

C D S D - 3 1 4 Chloropropandiol ................................... 0 9 6 0 0 +
CDSD- -314 Chloropropandiol ................................... 24 730 0 +
CDSD 314 Chloropropandiol -p T D A ................... 0 1030 0 +

D iscussion

In ex am in ing  chlorination in  th e  b iosynthesis  o f  CTC, we have a t t e m p te d  
to  show the s ite  o f  th e  in h ib ito ry  action  ex e r te d  b y  T D A . The presence of 
chloride a t th e  e n d  of T D A -inh ib ited  fe rm e n ta t io n s  confirm s the opinion 
12 — 6] th a t  T D A - ty p e  inhibitors a c t  in the  first ,  o x id a t iv e ,  s tage  of ch lo r ina tion . 
This is also in d ic a te d  by  the f in d in g  th a t  th e  ac tion  of T D A  is specifically re 
versed  by  copper  [12].

The biosy n th es is  of CTC in s t r a in  CDSD-314 is in h ib i ted  p ro b ab ly  in th e  
f irs t  stage of th e  ch lorination process. The lack  o f  CTC produc tion  is a re su l t  
of genetic a l te ra t io n  w hich occurred  during  the  p ro ced u re  used for the  selection 
of  th e  strain [9]. Chloride was p re sen t  a t  th e  en d  of fe rm en ta t io n s  pe rfo rm ed  
w ith  stra in  C D SD -314, as well as a t  the  end  of T D A -in h ib i ted  fe rm en ta t ions .  
Th< ;re is, how ever, a considerable and  principal difference be tw een  inh ib it ion  
b y  T D A  and th e  gene tic  block in s t r a in  C D SD -314.The genetic block is i r re v e rs 
ible and  is not in f luenced  by co p p er  and  o th e r  substances .

From  T ab le  I  i t  is clear t h a t  no residual reac tion  occurs w ith  s t ra in  
CDSD-314. S e k i z a w a  has assum ed  th a t  th e  ch lo r ina tion  process genera lly  
involves a res idua l reaction [6]. In  his opinion ch lo r in a t io n  m ay  proceed in a t  
least different gen e t ic  pa thw ays . Similarly , D o e r s c h Tj k  et al., who classified
S. aureofaciens s t r a in s  on the  basis  of halide m e tab o l ism  [13], assum ed th e  
presence of t h a t  res idual reac tion  in m u ta n t s  o f  these  microorganism s. In  
view of the p re se n t  experim ents, th is  c lassification shou ld  be ex tended . S tra in  
CDSD-314 does n o t  belong to g roup  II ,  and  c a n n o t ,  o f  course, be inc luded  in 
g roup  I. Thus i t  sh o u ld  he classified in to  a th i rd  g roup  conta in ing  cu l tu re s  
unab le  to utilize chloride for th e  b iosynthesis  o f  CTC. T hus ,  according to  th is  
sy s tem , stra ins  belonging to g ro u p  I utilize chloride independen tly  of its
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co n c e n tra t io n  (Cl-scavengers). The degree  of chloride u t i l iza t io n  for CTC 
sy n th e s is  hy  cu ltu res  falling in to  g roup  I I  depends on th e  c o n c e n tra t io n  (Cl- 
non-scavengers).  F in a l ly ,  g roup I I I  inc ludes s tra ins unable  to  use chloride in 
a n y  concen tra t ion  (Cl-ignoring cultu res) .

I n  our opinion th e  appearance  of  th e  residual reaction , in o th e r  words, the  
b io sy n th es is  of re la t iv e ly  sm all a m o u n ts  o f  CTC, grea tly  depends  on th e  site 
o f  th e  genetic block. W e assum e t h a t  in th e  f i rs t  stage of ch lo r ina tion  th e re  are 
no  a l te rn a t iv e  m an n e rs  of CTC b iosyn thes is ;  it  cannot,  how ever, he excluded 
t h a t  in fu r th e r  steps th e  ch lorination  process m a y  divide in to  tw o  m ore  different 
p a th w a y s .

I t  has been show n in our experim en ts  t h a t  TD A  does no t  in h ib i t  th e  en try  
in to  th e  te tracyc line  molecule of e i th e r  ca rbon  2 or carbon  1 of m onochloro- 
a c e ta te  (Tables I I  a n d  I I I ) .  This f in d in g  a n d  the  observa tion  t h a t  chloride is 
p re s e n t  a t  the  end o f  T D A -inh ib ited  fe rm en ta t io n s  (Table I) in d ica te  t h a t  in 
th e  f i r s t  stage of ch lo r ina tion  th e  chlorine a to m  is converted  in to  chloride ion, 
w h ich ,  in  case of s t ra in  B-28 and  in th e  absence  of TDA, is th e n  in co rpo ra ted  
in to  th e  CTC molecule.

As shown in T ab les  I I  an d  I I I ,  chlorine is split from  m on o ch lo ro ace ta te  
b y  b o th  strains. This f in d in g  indicates t h a t  th e  enzym e or enzym e sys tem  re 
sponsib le  for b reak ing  u p  th e  carbon-ch lorine  bond  and  th u s  for  th e  p ro duc tion  
o f  chloride ions, is gene tica lly  in tac t  in s t ra in  CDSD-314.

O u r  experim ents  in v a r iab ly  in d ic a te d  th a t  the  chlorine p re se n t  in chlo- 
ro p ro p an d io l ,  sim ilarly  to  t h a t  of m onoch lo roace ta te ,  is c o n v e r ted  b y  stra in  
B-28 in to  chloride p r io r  to  inco rpo ra t ion  in to  CTC (Table IV). A f te r  o u r  experi
m e n ts  h a d  been b ro u g h t  to  an  end [14],  G o o d m a n  et al. h ave  pub lished  the ir  
a s su m p t io n  th a t  th e  an tagon is t ic  ac t ion  of  chloropropandio l on ch lo rination  
in h ib i to rs  described b y  S e k i z a w a  was a t t r ib u ta b le  to  th e  a lk y la t ion  of  in h ib 
i to rs  b y  ch loropropandio l [15]. This a s su m p tio n  has been co n f irm ed  b y  th e  
p re s e n t  findings, since w hen  sterilized sep a ra te ly  and  ad d ed  to  th e  cu ltu re  
a t  th e  s t a r t  of fe rm e n ta t io n ,  T D A  was fo u n d  to  exert  an  in h ib i to ry  action 
(T ab le  IV). P u re  TC d e m o n s t ra te d  a t  th e  end  of fe rm en ta t ion  b y  s t ra in  CDSD- 
31 4 ,  ind ica ted  t h a t  chloropropandio l c a n n o t  be considered a d irect p recursor 
in CTC biosynthesis.

F ro m  our resu lts  it  seems t h a t  in th e  chlorination  process tw o  different 
s tag es  m igh t  be d is tingu ished . In  th e  f i r s t  s tep  chlorine is oxid ized  p ro b ab ly  
to  ch lo rin ium  ion, s im ilarly  to  the re ac t io n  observed  in Caldariom yces fum ago  
b y  S h a w  et al. [16]. As we have show n prev iously  [12], a fo rm  of chlorine 
o x id a te d  more t h a n  ch lorin ium , plays no p a r t  in CTC biosynthesis . T h e  chlori
n iu m  ion, p robab ly  b o u n d  to  an enzym e, reac ts  in th e  second stage  of  ch lo r ina 
t io n  w ith  a com m on precu rso r  of TC or CTC. The n a tu re  or s t ru c tu re  of the  
c o m m o n  precursor is u n know n . As rev ea led  in the  ingenious e x p e r im en ts  of 
M cCormick  et al. [17],  i t  m a y  be id en t ica l  w ith  p re te t ra m id e  (1, 3, 10, 11 ,12-

208
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p e n ta h y d ro x y -n a p h th ac e n e -2 -c a rb o x a m id e )  or w ith  6-m e th y l -p rê t  e t  ram  ide, 
which m ay  he co n v er ted  into 7 -ch lo ro -6 -d im ethy l- te tracyc line  or  CTC by 
a su itab le  s tra in .

T D A  inhibits  only th e  first, o x id a t iv e  s tage , and leaves th e  second  stage 
unaffec ted . A lthough the  presented  ex p e r im en ts  do no t exclude th e  possibility  
t h a t  the  genetic block in s tra in  CDSD-314 affects b o th  stages, it seems probable  
t h a t  it  is res tr ic ted  to  th e  ox idative  stage.

The difference in the  inco rpo ra t ion  o f  carbon  2 and ca rbon  1 o f  ace ta tes  
sheds  some light on th e  biogenesis o f  th e  te tracyc line  molecule. I t  is generally 
believed (“ p o ly a c e ta te ”  hypothesis)  [18 — 21], th a t  th e  correspond ing  carbon 
a to m s  are inco rpo ra ted  in to  the  te t racy c l in e  molecule a t  equa l  p ropo rt ions .  
U sing a n o n -syn the tic  m ed ium  M i l l e r  et al. found  t h a t  carbon 2 a n d  carbon
1 were util ized  a t  an a lm o s t  equal ra t io  [22]. On the  basis of th e  inco rpo ra t ion  
percen tage  of ace ta te -2 -C 14 and th e  ra d io a c t iv i ty  of decom posit ion  p ro d u c ts ,  
S n e l l  et al. concluded t h a t  oxy te tracy c l in e -p ro d u c in g  Streptom yces rim osus 
syn thes ized  the an tib io t ic  from C, u n i ts  and  g lu tam ic  acid [23]. O u r  results 
also show th a t  this ty p e  of  b iosynthesis  p lays an im p o r ta n t  pa r t  in the  biogenesis 
o f  te tracycline.  T in1 o b ta in e d  significant difference ind ica tes ,  how ever ,  th a t ,  
a t least in glycine an d  m eth ion ine  defic ien t sy n th e t ic  m ed ium , a c e ta te  carbon
2 m ay  act in the  b iosynthesis  of te tracy c l in e  also as C, un i t .  T he  role o f  glycine 
a n d  m eth ion ine  in th e  b iosynthesis  o f  d im e th y lam in o  and  6 -m e th y l  g roups  has 
been d em o n s tra ted  [22 — 25]. I t  m a y  be assum ed  th a t  in ou r  ex per im en ts  
a c e ta te  carbon 2, pe rhaps  th ro u g h  a glycine synthesis , co n tr ib u te d  to  th e  b io
synthesis  of te tracyc lines  as a C, u n i t .  F o r  a p roper  in te rp re ta t io n  o f  th e  results 
fu r th e r  experim en ts  are  desirable.
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Sum m ary .  Faeca l  sam ples f rom  200 ty p h o id  carriers have  been  exam ined  in o rde r  to 
co m p a re  im m unof luo rescen t  t rac in g  w ith  th e  conven t iona l  e n r ic h m e n t  c u l t iv a t io n  techn ique.  
T h e  presence of S . typ h i  was con f irm ed  in 84 sam ples (42 per cen t)  w i th  c u lt iv a t io n  a n d  in 
139 samples (69.5 per  cen t)  w i th  im m u n o f lu o rescen t  de tect ion .  Only 2 specim ens g iving posi t ive  
cu ltu res  were negative  w i th  the  im m u n o f lu o rescen t  m eth o d  which as a  whole, increased  the  
n u m b e r  of positive resu l ts  by  27.5 per cen t .  Betw een im m u n o f lu o rescen t  po s i t iv i ty  ob ta in ed  
w ith in  1 h our  a n d  c u lt iva t ion  there  was a 95 per cent agreem ent .  T he  specific  fluorescence o f  S. 
ty p h i  was h ighly increased when  th e  faecal sam ples were alkalized.

The de tec tion  of  chronic  carriers , tvho m ay  be dangerous  sources o f  e n d e m 
ic o u tb reaks ,  p resen ts  an im p o r ta n t  epidemiological p rob lem  all over the  
world. The g rea tly  d im in ished  m o rb id i ty  from ty p h o id  fever  is a re su lt  of the  
reg is tra t ion  of carriers and  sy s tem a tic  la b o ra to ry  contro l o f  con tac ts  and  t r a n 
s ien t carriers.

A ccording to  B akács, betw een  the  two world wars th e  average  an n u a l  
n u m b e r  of ty p h o id  cases in H u n g a ry  was 12,000 w i th  600 dea ths .  U n ti l  1960 
th is  n u m b e r  decreased to  600, w ith  less th a n  10 fa ta l  cases [1]. The general 
opinion is t h a t  m in o r  o u tb reak s  occurring a t  p resen t  o r ig ina te  m ain ly  from  
carriers , especially from  those  em ployed  in the  food a n d  ca te r ing  trades .

In  H u n g a ry  480 a n d  438 ty p h o id  cases occurred  in 1961 and  in 1962, 
respectively  [2]. Therefore  th e  e labo ra t ion  of new' m e thods  a n d  the ir  w idespread  
ap p lica t ion  in co m bina tion  w ith  conven tiona l  p rocedures  for th e  im proved  
de tec tion  of carriers , w ould  be desirable.

O ur previous inves t iga t ions  have  shown th a t  th e  im m un o flu o rescen t  
m e th o d  allows a v e ry  sensitive a n d  specific t rac ing  o f low' n u m b ers  of  bac te r ia .  
This techn ique  has, there fo re ,  been em ployed  for th e  ex am in a t io n  o f  chronic  
ty p h o id  carriers.

M aterials and methods

C ultivation methods. Para lle l  w i th  cu ltu r in g  on p lates ,  the  sam p le s  were in o cu la ted  in to  
se lenite  e n r ich m en t  m ed iu m .  C ul tu res  g rown in the  l a t t e r  were seeded  a f te r  24 hours  on to  the 
usua l  m edia .  Suspec ted  S. typ h i  colonies were exam ined  for all d i f feren tia l  d iagnostic  charac te rs .

Im m unofluorescent tracing. T he  su p e rn a ta n ts  of d i lu ted  a n d  se d im en ted  faecal sam ples,  
w hich  h ad  been a d ju s te d  to  p H  8 w ith  N  N aO II ,  were used for p re p a r in g  sm ears .  In d i rec t  
im m u n o f lu o rescen t  ex am in a t io n s  were perform ed  as described by Coons and  K aplan [3]. 
Salmonella  О 9.12 a n d  Vi sera p re p are d  in ra b b i t s  se rved as specific im m u n e  sera. R a b b i t  a n t i 
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g lo b u lin  was con juga ted  w i th  f luoresce in  i so th iocyanate .  F o r  checking aspecific  s ta in ing  contro l 
sm e a r s  were t rea te d  w i th  Sh. sonnei im m u n e  serum.

The  sm ears  were e x a m in e d  un d e r  a Leitz  Model O r th o lu x  I I  f luorescence  microscope a t  
a m ag n i f ica t io n  of 400, in  b lue  l ight .

Results

The 42 per  cen t  p o s i t iv i ty  o b ta in ed  w ith  con v en t io n a l  cu lt iva t ion  was 
in accordance  w ith  th e  average  an n u a l  p os i t iv i ty ,  w hich  a m o u n te d  a t  the  
D e p a r tm e n t  of B ac te r io logy ,  S ta te  I n s t i tu te  o f  H ygiene , to  49 and  45.1 per 
c e n t  in the  years  1962 a n d  1963, respectively .

The exam in a t io n s  were  based  p r im ar i ly  on th e  t ra c in g  of Vi an tigen . The 
sm e a rs  were also checked  w i th  group serum  О 9.12. The re la t iv e ly  low t i t r e  of 
Vi se ra  per se m a y  be responsible  for a less b r ig h t  f luorescence. Im p ro v e m e n t  
o f  t h e  specific fluorescence  y ielded by  low t i t r e  sera was a t t e m p te d  in num erous 
m o d e l  experim ents .  I t  has  been found t h a t  im m u n e  sera  con juga ted  w ith  
f lourescein  iso th io cy an a te  give a more in tens ive  fluorescence a t  p H  8 and  th a t  
a lka liza t ion  does n o t  in fluence  th e  d eve lopm en t of a s t ro n g  b ind ing  between 
a n t ig e n  and an t ib o d y .  A f u r th e r  a d v a n ta g e  of  th is  m e thod  is t h a t  the  con juga te  
c o n ta in in g  no free d ye  molecules, exerts  w eak  aspecific reac tions  w ith  o ther  
faeca l  consti tuen ts ,  a n d  therefo re  a less defin ite  aspecific fluorescence appears  
a f t e r  washing.

By the use o f  th is  m odifica tion , th e  pa thogen ic  b ac te r ia  were well differ
e n t i a t e d  from o th e r  en te r ic  organisms and  am orphous  faecal consti tuen ts  
e x h ib i t in g  a ch a rac te r is t ic  au tofluorescence. A com parison  of cu ltu ra l  and  
im m u nofluo rescen t  e x a m in a t io n  of faecal sam ples  from  chronic  ty p h o id  carriers 
se lec ted  a t  ran d o m , is p re sen ted  in Table  I.

Table I

Comparison o f  the result o f  cultural and im m unofluorescent exam ination  o f
faecal sam ples

Immunofluorescent tracing
Positive Negative

Number Per cent Number Per cent Number Per cent

Posit ive N um ber 82 2 84

Я>
Per cent 41 l 42

—

Negative
N um ber 57 59 116

Per cent 28.5 29.5 58

Total

N u m b er 139 61 200

Per cent 69.5 30.5 100
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F ro m  T ab le  1 it  is seen t h a t  im m unofluo rescen t  t rac ing  failed to  reveal 
th e  presence of S . typ h i on ly  in 2 samples which w ere  pos itive  on cu l t iv a t io n .  
This resu lt  is expla ined  by th e  fac t  t h a t  when only  Yi s e ru m  is used, Vi m in u s  
s tra in s ,  which  occur only excep tiona lly ,  cannot he d e te c te d  by  th e  im m u n o 
fluorescent m e th o d .  The im m unofluorescen t  m e th o d  gave positive resu lts  
w ith  57 sam ples  which were n eg a t iv e  on cu ltiva tion . I t  should  he no ted  t h a t  th e  
microscopic im m un o flu o rescen t  p ic tu re  allows a good e s t im a tion  of the  e x p e c t 
able cu l tu ra l  results. I t  has been found  th a t  c u l t iv a t io n  was always pos itive  
when a t  a m agn ifica tion  of  250 — 400 fluorescing o rganism s were visible  in 
very  large n u m b ers .

Discussion

As a resu lt  of sy s tem a tic  detection of carriers ,  p reven tive  vacc ina tions  
a n d  im p ro v e m e n t  of hygien ic  conditions, the  ty p h o id  fever m orb id i ty  shows 
a co n t inuous ly  decreasing ten d en cy .  U ndetec ted  carriers , however, p resen t  
a fu r th e r  p o ten t ia l  d a n g e r  for th e ir  env ironm ent,  a n d ,  if w orking in th e  food 
or ca te r ing  trades ,  also for o th e r  persons. This con s id e ra t io n  has been confirm ed  
by w idespread  screening anti by  labo ra to ry  ex a m in a t io n s  a t te m p t in g  to  use 
the  d e te rm in a t io n  of the rise in phage  titre  for th e  final erad ica tion  of ty p h o id  
fever.

F romme et al. [4] r e p o r te d  th e  results of su rv ey s  m ad e  on five million s u b 
jec ts  betw een  1950 and  1957. A fte r  the p a t ie n ts ’ fe v e r  h a d  ceased 5 consecu
tive  faecal and  one d uodena l  juice cultures were e x a m in e d .  A fter  recovery , 4 or 
5 e x am in a t io n s  revealed  th e  pathogenic  agent in 21 p e r  cen t of th e  p a t ie n ts .  
T he  6 th  e x am in a t io n  revea led  14 per cent ca rr ie rs  am ong  th e  d ischarged  
p a t ien ts .

Me y e r -Oschatz [5] ex am in ed  the role o f  m ilk  in endem ic ty p h o id  
infections. Betw een 1947 a n d  1958 21 m ilk-horne  ty p h o id  or p a r a ty p h o id  
o u tb reak s  affecting  4513 persons were analyzed. O f  th e  p a t ie n ts  involved, 2711 
were in fec ted  w ith  S . typ h i. O f th e  21 ou tb reaks 19 w ere  due to  milk in fec ted  
by  chronic  carriers.

K oretzkaya and  Y efimova [6] found at n ec ro p sy  3.5 per cent ty p h o id  
p a ra ty p h o id  carriers am o n g  persons died from o th e r  diseases.

Accord ing  to  Tomcsik [7], Zhdanov  [8] a n d  W alter and W achs [9,10], 
2 to  6 per  cen t of ty p h o id  p a t ie n ts  remain carriers .

These d a ta  expla in  c learly  w hy a t te m p ts  h a v e  been m ade at iden tify ing  
en teric  p a th o g en s  w ith  th e  h igh ly  sensitive a n d  specific  im m unofluorescen t  
m e th o d .  T homason, Cherry  a n d  Moody [11] a n d  T homason, Cherry  and 
E dw ards  [12] have  m ade  use of  it for the ex a m in a t io n  of faecal sam ples  from 
n o rm al persons, ty p h o id  carriers  and  pa tien ts  suffe r ing  from acu te  gastroen-
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t e r i t i s .  G e c k  et al. [13] c o m p a re d  the  d iagnostic  efficacy of c u l t iv a t io n ,  immuno- 
f lu o re s c e n t  trac ing a n d  passive  h a e m a g g lu t in a t io n  in p a t ie n ts  hospitalized 
w i th  enterocolitis . T h e y  fo u n d  th a t ,  as co m p ared  to  cu l t iv a t io n ,  th e  immuno- 
f lu o re s c e n t  m ethod  in c reased  the  n u m b e r  o f  Shigella positive  re su l ts  almost 
t h r e e  tim es.

T h e  last quo ted  f in d in g  has been con firm ed  b y  the  p resen t  investiga tions,  
w h ic h  h ave  shown t h a t  b y  th e  use of  th e  m odified tech n iq u e  for  preparing 
s m e a r s ,  an intensive specif ic  fluorescence is o b ta in ed  even w i th  low  t i t r e  sera. 
T h e  69.5 per cent p o s i t iv i ty  revealed  b y  iinn iunofluorescen t t r a c in g  as compared 
to  t h e  42 per cent p o s i t iv i ty  of c u l t iv a t io n ,  calls a t te n t io n  to  th e  sensitiv ity  
o f  th i s  m ethod, r a th e r  th a n  to  its ra p id i ty .  Considering th a t  carriers  are 
s o m e t im e s  periodic e x c re te rs  and , d ep en d in g  on the ir  im m uno log ica l  s tate, 
t h e y  o f ten  harbour  ty p h i  in low coun ts ,  i t  seems probable  t h a t  im m unofluo- 
r e s c e n t  m ethod  com bined  w i th  the  conv en t io n a l  cu lt iva t ion  te c h n iq u e  and  the 
d e te rm in a t io n  of th e  rise in  phage  t i t r e  is su i tab le  for th e  d e tec t io n  o f  typho id  
ca r r ie rs .
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Sum m ary ,  (i) Chloram phenicol,  especially when g iven  pa ren te ra l ly ,  exer ted  a slight 
effect on the in te s t in a l  flora. Chlor te tracycline  caused a m ore  de f in i te  in ju ry  m ainly  of t h e  
norm al anaerobic  c o n s t i tu e n ts .  T he  m ost  serious dam age  to the  aerobic  and anaerob ic  f lo ra  
was no ted  a f te r  e ry th ro m y c in  t r e a tm e n t .

(ii) S im u ltan eo u s ly  w ith  the  red u c t io n  of some c o n s t i t u e n t s  or of the  entire  n o rm a l  
f lora,  certain n o rm al  (S tr . fa eca lis )  or a cc iden tal  o rganisms (c los tr id ia ,  staphylococci) b e ca m e  
occasionally p re d o m in a n t ,  w i th o u t  an y  defin i te  association.

(iii) It has been  show n t h a t  Staph, aureus s t ra ins  o ccurr ing  in faecal samples o r ig in a te d  
from the  re sp ira to ry  t r a c t .

(iv) A l though  several serious a l te ra t io n s  were revea led  in th e  in tes t ina l  f lora  of th e  
exam ined  p a t ien ts ,  clinical com plica tions  due to the  app lied  a n t ib io t ic s  had never d eveloped .  
It has,  therefore,  been  concluded  t h a t  a red u c t io n  of no rm al  c o n s t i t u e n t s  or an increase  in the  
n u m b er  of o th e r  m ic roorgan ism s are by them selves  no t  responsib le  for complications o ccu rr in g  
in the  course of a n t ib io t ic  th e ra p y .

(v) D a ta  o b ta in e d  in a n im a l  e x p er im en ts  as to the  presence  or absence of a n ta g o n is m  
am o n g  some c o n s t i tu e n ts  of the  in te s t in a l  f lora,  have been c o n f irm ed .

O bserva tions  m ad e  on the  n o rm a l  in te s t ina l  f lo ra  [1] have  yielded a bas is  
for an a d eq u a te  th eo re t ica l  and p ractica l eva lu a t io n  o f  bacteriological a l t e r a 
tions revealed  in a n t ib io t ic - t re a ted  pa t ien ts .  T he  p re se n t  exam ina tions  w ere  
carried out on p a t ie n ts  involved in our previous s tu d y  o f  th e  norm al in te s t in a l  
flora.

Materials and  m ethods

Tak ing  of faecal  sam ples,  c u l t iv a t io n  techn ique ,  m ed ia ,  t e s t in g  of an tib io tic  re s i s tan c e  
a n d  sta t is t ica l  m e th o d s  have  been  described  previously  [1].

Drugs. C h loram phenico l  (Chlorocid, U n ited  Drug Co.. B u d a p es t) ;  Chlor te tracycline  
(X a n th o m y c in ,  U n i te d  Drug Co., B u d ap es t) ;  e ry th ro m y c in  (E ry th ro c in ,  Abbot L a b o r a 
tories L td . ,  London) ,  were prescr ibed  on th e  basis of clinical ind ica t ion .

Daily e x a m in a t io n  of the  faecal f lo ra  was com m enced  2 to 4 d a y s  before the a d m i n i s t r a 
tion of an tib io tics  h ad  begun. Specim ens were tak en  t h r o u g h o u t  t r e a tm e n t .  The e x a m in a t io n s  
were con tinued  u n t i l  in th e  p o s t - th e ra p eu t ic  period n o rm a l iza t io n  of the  f lora  had  beco m e  
e v id e n t .

E stim ation  o f  alterations in in testina l flo ra . The  decrease  in b ac te r ia l  count was r e g a rd e d  
as serious when th e  n u m b e r  of b ac te r ia  decreased by  3 to 4 e x p o n e n t s ,  th is  condit ion  la s te d  
for m ore  th a n  6 d a y s  a n d  n o rm al iza t ion  occurred  oidy af te r  t r e a tm e n t  had been d isco n tin u ed .  
A moderate change was charac te r ized  by red u c t io n  by  2 to 3 e x p o n e n t s  in bacter ia l  count  fo r  3 to  
6 d ays  and  com ple te  n o rm al iza t io n  du r ing  t r e a tm e n t .  A slight change  was considered to occu r  
when  the  decrease d id  n o t  exceed 2 e x p o n en ts ,  las ted  for on ly  1 to 3 days  and the  f lora  h a d  
norm alized  during  t r e a tm e n t .

A given o rg an ism  was regarded  to be overgroivn w hen  its c oun t  became higher b y  at 
least  2 exponents .

2  A c ta  M ic ro b io lo g ie «  X I
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Results

(1) Effect o f  chloram phenicol in jection . T h e  effect of 10 to  16 g c h lo ra m p h e 
n ico l ad m in is te red  pa re n te ra l ly  during  5 to  8 d a y  periods to  each of 11 pa tien ts ,  
is p re s e n te d  in Tab le  I.

It  is seen th a t ,  p re su m a b ly  owing to  th e  antib io tic  co n c e n tra t io n  being 
low  in th e  in testina l t r a c t ,  p a re n te ra l  ch lo ram phen ico l  exerted  a s light influence 
on th e  consti tu t ion  o f  th e  norm al f lora. In  4 cases the  n u m b er  of  aerob ic ,  in 1 case 
o f  an ae ro b ic  bacteria  decreased  slightly . In  th e  rem aining 6 p a t ie n ts  no altera-

Table  I

Effect o f  chloramphenicol in jection  on the intestinal flo ra  
(11 pa t ien ts  each  t r e a te d  w ith  10 —16 g chloramphenicol  dur ing  5 — 8 d a y s )

Degree of in ju ry

N il S light M o d era te Serious

A erobic  f lora  .......................................... l 4 — —

A naerob ic  flora ........................................ 4 1 — —

Anaerobic-aerobic  flora ........................ 6 — —

U n c h a n g e d O v e rg ro w n

E . coli ........................................................... и

K l .  pneum oniae  ........................................ 10 l

S tr . f a e c a l i s ................................................. 10 l

S ta p h , aureus ............................................. ) 2

C lo strid iu m  ................................................. 11 —

t io n s  w'ere observed. U n im p o r ta n t  increases  in Klebsiella co u n t  occu rred  in 1, 
in  S tr . faecalis  coun t  in  1 a n d  in s ta p h y lo co cca l  count in 2 persons .  T he  slight 
c h an g es  in the  n o rm a l  f lo ra  were n o t  a ssoc ia ted  w ith  clinical com plica tions 
a t t r i b u t a b l e  to th e  an tib io t ic .

(2) Effect o f  chloramphenicol tablets. T en  to  16 g ch lo ram phen ico l  given 
o ra l ly  to  each of 10 p a t ie n ts  during  5 to  8 d a y  periods y ie lded  th e  results  
su m m a r iz e d  in T ab le  I I .

T ab le  I I  ind ica tes  t h a t  a serious in ju ry  to  the  norm al f lo ra  h a d  no t  oc
c u r re d .  A m odera te  s im u ltaneous  d am ag e  o f  th e  aerobic a n d  an ae rob ic  flora 
o c c u r re d  in one case only . In  5 of th e  10 p a t ie n ts  no a l te ra t ion  in  th e  flora  was 
o b se rv e d .  In  some cases ins ign if ican t increases  in E. coli, K l. p n eu m o n ia e , 
S ta p h , aureus or C los tr id ium  counts  w^ere revealed. Changes in  th e  b ac te r ia l  
f lo ra  were no t assoc ia ted  w ith  clinical d is tu rbances .



STU DIES ON T H E  HUMAN IN TESTIN A L FLO RA 217

Table II

Effect o f  chloramphenicol tahiéin on the in testina l flo ra  

(10 p a t ien ts ,  each  t rea ted  w ith  10 — 16 g ch loram phenico l  during 5 —8 days)

1 )egree

Nil S ligh t

>f in ju ry

M oderate S erious

Aerobic f lora  .............................................

Anaerobic  flora ........................................

Anaerobic-aerobic  flora ........................

1

l l

5 ! 2

1

l

—

U nchanged O vergrow n

E. coli ........................................................... 9 l
K l. pneum oniae  ........................................ 9 l
Str. faecal i s ................................................. 10 -
Staph, aureus ............................................ 9 l

Clostridium  ............................................... 9 1

It should be n o te d  th a t  rou tine ly  pe rfo rm ed  haem ato logical e x am in a t io n s  
revea led  no change in the  blood counts  in a n y  of the  21 pa t ien ts  receiving 
ch lo ram phen ico l t r e a tm e n t .

(3) Effect o f  Chlortetracycline tables. The effec t  o f  10 to 16 g Chlortetracyc
line adm in istered  orally to each o f  10 p atients  during 5 to 11 day periods is 
show n in Table  III .

Table III

E ffect o f Chlortetracycline tablets on the intestinal flora 
(10 p a t ien ts  each t r e a te d  with  10 - 1 6  g Chlorte tracycline  during  5 —11 day s)

D egree o f  in ju ry

Nil S light M oderate S erious

Aerobic flora .............................................

Anaerobic flora ........................................

Aerobic-anaerobic flora .......................

:t

4

1

i

1 8

1

U nchanged O vergrow n

E. col L ........................................................... 9 i

K l. pneum oniae  ........................................ 9 i
Str. faecal i s ................................................. 5

к 2

Clostridium  ................................................. 8 2

2 *
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C hlo rte tracyc line  was dam ag in g  m a in ly  th e  anaerobic c o n s t i tu e n ts .  The 
a e ro b ic  f lo ra  decreased m o d e ra te ly  in one a n d  slightly  in a n o th e r  p a t ie n t .  
T h e  an ae ro b ic  flora  was reduced  considerab ly  in 3, m odera te ly  in 2 persons. 
In  4 ch lo r te tra cy c l in e - t re a te d  p a t ie n ts  th e  in te s t in a l  f lora was una l te red .  The 
in c rease  in the n u m b e r  of var ious  bac te r ia  (E . coli, 1 case; Klebsiella , 1 case; 
S ta p h y lo co ccu s ,  2 cases; Str. faeca lis , 5 cases) was more com m on. In  spite  of 
t h  ese changes,  no clinical com plica tions developed .

(4) Effect o f  erythrom ycin tablets. T ab le  IV  presents  th e  effect o f  10 to  
20 g e ry th ro m y c in  given orally  to  each of 10 p a t ie n ts  during 5 to  12 d a y  periods.

T h e  in te s t ina l  f lo ra  of all p a t ie n ts  receiv ing  e ry th rom yc in  suffered  more 
or less defin ite  a l te ra t ions .  In  one p a t ie n t  a s light reduction  of  th e  anaerobic  
f lo ra  a n d  a m o d e ra te  decrease in  th e  aerobic  f lo ra  occurred. In  one fu r th e r  
p a t i e n t  th e  n u m b e r  of  b o th  anaerob ic  and  aerobic  organisms decreased  m o d 
e ra te ly .  I n  8 cases, excep t  for Str. faeca lis , an  im p o r ta n t  decrease of th e  to ta l  
f lo ra  occurred . E ry th ro m y c in - re s is ta n t  Str. faeca lis  p ro liferated  in 6 cases. In  
3 p a t i e n t s  S taphylococcus a p p e a re d  in la rge r  num bers .  E ven  th e  im p o r ta n t  
b ac te r io log ica l  a l te ra t ions  were n o t  associa ted  w i th  clinical disorders.

Table IV

Effect o f  erythrom ycin tablets on the intestinal flora  

(10 p a t ie n ts ,  each t re a te d  w i th  10 — 20 g e ry th ro m y c in  during 5 — 12 days)

Degree o f in ju ry

Nil S lig h t M oderate Serious

A erobic  f lo ra  .............................................

A naero b ic  f lora  ........................................

A erob ic-anaerob ic  flora ........................

—
1

l

l 8

U n ch an g ed O vergrow n

E . coli ........................................................... 10
K l. p n eum oniae  

S tr. fa eca lis  

S ta p h , aureus . . 

C lostrid ium  . . . .

10

4

7

10

S u m m arizin g  th e  a ltera tion s occurring in th e  four groups o f  p a tie n ts , it 
m a y  h e con clu d ed  th a t th e  in te s t in a l flora  w as affected  lea st b y  paren teral 
or ora l ch loram p h en ico l tre a tm en t. A m ore d e fin ite  dam age, con cern in g  m ain ly  
a n a ero b ic  b acteria , w as o b served  w ith  C hlortetracycline tr e a tm e n t. In  th e  
m a jo r ity  o f  p a tien ts  ery th rom ycin  gave rise to  an a lm ost com p lete  e lim in ation
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of the  no rm a l  flora. In  spite  o f  all these  a l te ra t ions ,  not excep ting  th o se  p ro d u ced  
by  e ry th ro m y c in ,  clinical com plica tions were never observed.

In  view of the  theo re t ica l  a n d  p rac tica l  im por tance  o f  th e  q u e s t io n ,  th e  
increase in th e  n u m b e r  of var ious  co n s t i tu en ts  is discussed in deta il .  T h e  rele
v a n t  results  are su m m arized  in T ab le  У.

In  Tab le  У  the  d a ta  are  g rouped  according to  an tib io tics  a n d  overgrow n 
m icroorganism s. F rom  am ong  th e  no rm a l  consti tuen ts ,  th e  o rgan ism  becom ing  
m ost f req u en t ly  p re d o m in a n t  was Str. faecalis  (12 cases). O f th e  acc id en ta l  
cons ti tuen ts  S taphylococcus was th e  one m ost f req u en t ly  a p p ea r in g  in inc reas
ed counts. T he  increase of E . coli occurred  in 2, of K l. pneum oniae  in 3 and  of

Table  V

M embers o f  the in testinal flo r a  occurring in increased numbers 
durin g  antibiotic treatment

O rganism e
C h loram phen ico l 

ta b le ts  I in jection

C h lo rte tracy c lin e
tab le ts

E ry th ro m y c in
ta b le ts

/<;. coli ............................... 1 — i

K l. pneum oniae  ............ l 1 ]

Str. fa e c a lis ..................... 1 s 6

Staph, aureus ................. l 2 о 3

C.lostridiiim ..................... l — 2

T o t a l ................................... 4 * 4 * II** *** 9 * *

* Staph , aureus and Sir. faeca lis  increased s im ultaneous ly  
** In  2 cases Staph, aureus and  Str. faecalis  increased s im u ltan eo u s ly  

*** In  1 case E. coli and  Str. faeca lis  increased s im ultaneous ly

Clostr id ium  in 3 cases. The n u m b e r  of  th e  anaerobic  m em bers  of  th e  norm al 
flora never  increased. In  view of th e i r  small n u m b er ,  cases show ing an  increase 
of  E . coli, K l. pneum oniae  a n d  clostridia  could no t be ev a lu a ted .  In  co n tra s t ,  
analysis of th e  m ateria l  d isp lay ing  increase of  Sir. faecalis  a n d  S tap h y lo co ccu s  
allowed to  d ra w  some conclusions. T he  d a ta  are grouped in Tab le  V I accord ing  
to  a l te ra t ions  in th e  no rm al flora.

In the  u p p e r  p a r t  of T ab le  V I cases are presen ted  in which S ir. faecalis  
a n d  Staph, aureus  increased se p a ra te ly  or s im ultaneously .  I t  is clear even  w i th 
ou t  s ta t is t ic a l  confirm ation  t h a t  no association could he rev ea led  be tw een  
th e  increases in the  coun ts  for th e  tw o organism s ( f 1 =  0.833; P  0.50 and 

0.30). T h e  lower p a r t  o f  T ab le  V I ind ica tes  th e  association  b e tw e e n  the  
conditions o f  th e  in te s t ina l  f lora  and  th e  increase of  Str. faeca lis  o r  Stapli. 
aureus. The abso lu te  or re la t ive  increase of Str. faecalis  occurred  s im u ltan eo u s ly  
w ith  the  re d u c t io n  in the  n u m b e r  of aerobic or anaerobic  c o n s t i tu e n ts ,  bu t  
Str. faecalis  was presen t in h igher  n u m b ers  even in cases w ith  no a l te ra t io n  of
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Table VI

Association between the increase in Str. fa eca lis  and  Staph, aureus counts 
a n d  changes in the in testina l f lo ra

Simultaneous in c re a s e  of Str. faecalis a n d  S ta p h , aureus: 5 cases 
Increased Str. fa e c a lis  — unchanged Staph , aureus  counts :  7 cases 
Increased S ta p h , a u reu s  — unchanged S tr. fa eca lis  counts :  3 cases

S tr. faeca lis  c o u n t S ta p h , au reu s  co u n t

increased u n c h a n g ed increased u n ch an g ed

E . coli count  r e d u c e d .............................. _ 6 l 5

A naerob ic  count r e d u c e d ...................... 2 7 l 8
E . coli +  anaerobic c oun t  re d u c e d  . 6 6 2 10

N o r m a l  flora unchanged ...................... 4 9 4 9

H o m o g e n e i ty  — / ( 3) ................................ 3.380 0.091
p 0.50-- 0 .3 0 >  0.99

t h e  la t t e r  bacteria. D u e  to  th e  small n u m b e r  o f  observa tions  and  th e  high 
s t a n d a r d  error, the  f 1 t e s t  shows a 30 — 50 per  cen t  hom ogeneity  only. The 
s a m e  considerations w ere  t r u e  for the a ssoc ia t ion  be tw een  the  increase of 
S taphy lococcus  and  c o n d i t io n s  of the in te s t in a l  f lo ra .  Because of a more “ for
t u n a t e ”  s tandard  erro r ,  t h e  hom ogeneity  was a t  th e  1 p e r  cent level. I t  could 
th u s  be concluded t h a t  n o  association ex is ted  b e tw een  th e  increase in the 
n u m b e r  of cocci and  th e  changes  in the in te s t in a l  flora.

F o r  confirming th e s e  considerations a n d  d e m o n s t ra t in g  th e  c h a rac te r  
o f  increased  counts, tw o  ind iv idually  ana lyzed  cases arc p resen ted  (Figs. 1 
a n d  2).

Fig. 1 shows th e  r ise  o f  Str. faecalis c o u n ts  in  an in te s t ina l  f lora dam aged  
b y  ery th rom ycin . A f te r  t h e  f lo ra  had norm alized , th e  Str. faecalis  count r e m a in 
ed  a t  th e  increased level.  I t  is interesting t h a t  an  e ry th ro m y c in  res is tan t  Staph, 
a u reu s  strain orig inally  p re s e n t  in large n u m b e r s  should  have d isappeared  
d u r in g  trea tm en t.

I n  Fig. 2, in a d d i t io n  to  th e  peak coinciding w i th  th e  lowest E . coli count,  
o t h e r  rises in the n u m b e r  o f  s taphylococci can  also be observed. T here  was a 
s m a l le r  peak prior to  th e  decrease  of E. coli c o u n t  and  a defin ite  peak  after  
t h e  norm aliza tion  of  t h e  coli flora.

Staphylococci o c c u r r in g  in faeces m a y  o r ig ina te  from  the  oral cav ity ,  
t h r o a t  or resp ira tory  t r a c t .  W ith  saliva or  s p u tu m  considerable n u m b ers  of 
s tap h y lo co cc i  m ay  e n t e r  t h e  in testinal t r a c t ,  m u l t ip ly  th e re  and  becom e 
a c o m m o n  m em ber o f  t h e  faeca l flora. In  view o f  th is  considera tion , 6 o f  our 
p a t i e n t s  harbouring  h ig h e r  num bers  of s taphy lococc i ,  were more extensively 
e x a m in e d  (Table V II) .
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erythromycin 8 g

Fig. 1. A l te ra tions  in in te s t in a l  f lo ra  during  e ry th ro m y c in  t r e a tm e n t  of a p a t i e n t  suffering 
from  su p p u ra t iv e  p n eu m o n ia .  1: E. coli ; 2: Str. fa eca lis  ; 3: N orm al  anaerobes ;  4: Staph.

aureus

Table  VII reveals  t h a t  s taphylococci ap p e a re d  in increased n u m b e rs  for 
1 to  13 days. T he  m a x im u m  count am oun ted  to  0.15 — 25 per cent o f  the  to ta l

days

Fig. 2. A lte ra t ions  in in te s t in a l  f lora  during  e ry th ro m y c in  t r e a tm e n t  of a p a t i e n t  suffering 
from r h e u m a t ic  fever. 1: E. coll : 2: Staphylococcus aureus
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Table VII

A nalysis o f  cases w ith  im portant overgrowth o f  Staph, aureus

C ase
M axim um  increase 

as percen tage  of 
co n s titu en ts

D u ra tio n
of

in crease ,
d a y s

O ccurrence o f S t a p h ,  
a u r e u s

in  faeces | in  th ro a t  
before J or Sp l l t u m  

t re a tm e n t

C h a ra c te r  o f flora C lin ical diagnosis

l 0.15 2 — norm al P u lm o n ary  abscess
2 0.2 1 — + norm al Pneum onia

3 6.0 9 + normal S u p p u ra t iv e
pneum onia

4 0.8 10 + reduction
of anaerobes Septicaemia

5 25.0 13 + reduction  of 
aerobes and 
anaerobes

T horac ic  em pyem a

6 1 . 0 3 normal S u p p u ra t iv e
pneum onia

in te s t in a l  flora. In  4 cases, in c lud ing  case 3 w ith  a 6 per  cent s taphy lococca l  f re
q u e n c y ,  th e  norm al f lo ra  r em a in ed  unchanged .  I t  m u s t  be n o te d  t h a t  all s a m p 
les h a d  yielded s taphy lococc i  p r io r  to  an tib io t ic  t r e a tm e n t .  T h r o a t  or sp u tu m  
s a m p le s  were positive for s taphy lococci in a lm o s t  every  p a t ie n t ,  and  clinical 
d iag n o s is  also ind ica ted  a s taphy lococca l in fec tion  of the  re sp i ra to ry  t ra c t .

Discussion

O ur find in gs co n cern in g  th e  effect o f  a n tib io tics  on th e  in te s t in a l flora  
a g re e  w ith  data in  th e  lite ra tu r e . As revea led  b y  K n o t h e  [2],  w h en  given  
p a ren te r a lly  C hlortetracycline gave  rise to  a lo w er  drug lev e l in  th e  in te stin a l 
tr a c t  an d  w as therefore less in ju riou s to  th e  fa eca l flora  th an  on oral ad m in istra 
t io n . A s n oted  also b y  K n o t h e  [3] and H a e n e l  [4], C hlortetracycline w as  
p a r ticu la r ly  harm ful for th e  anaerob ic flora . T h e stron g  v iab le  cou n t-red u cin g  
a c t iv i t y  o f  eryth rom ycin  on th e  norm al flora  h as been ob served  b y  T a k i g a m i

[5 ] a n d  ourselves [6] on aerob ic b acteria .
I n  th e  opinion o f seve ra l  au thors ,  th e  red u c t io n  of th e  n o rm a l  flora  or 

i ts  a n tag o n is t ic  ac tion  a n d  th e  increase of ce r ta in  no rm al (m ain ly  Sir. faecalis) 
o r  a c c id e n ta l  (m ain ly  S taphy lococcus) co n s t i tu e n ts  and  th e  im p a irm e n t  of 
co n d i t io n s  h indering th e i r  pa th o g en ic  ac tion , are  responsible for th e  com plica
t io n s  encoun te red  in th e  course  of an tib io tic  th e ra p y .  In  th e  p resen t  s tu d y ,  in 
a g re e m e n t  w ith  K n o t h e  a n d  o th e r  inves t iga to rs ,  no association has  been found 
b e tw e e n  th e  a l te ra t ion  in t h e  co u n t  for n o rm a l  con s t i tu en ts  a n d  th e  increased 
o c c u r re n ce  of o the r  m icroorgan ism s.
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As shown in an im al exp er im en ts  [7], th e  increase in th e  n u m b e r  of 
s trep tococc i  can n o t  be a t t r ib u te d  to  a reduc tion  in the  n u m b e r  of  o the r  no rm a l  
co n s t i tu en ts .  No an tag o n ism  Mas revealed  be tw een  Str. faeca lis  and  o th e r  
rep re sen ta t iv es  o f  th e  norm al f lora . In  an tib io t ic  t r e a te d  mice possessing a spe
cial f lora consisting m ain ly  of L . b ifidus, D u b o s  a n d  S c h a e d l e r  [8] observed  
th e  f req u en t  increase o f  E . coli a n d  Sir. faecalis. No such occurrence  M as no ted  
in u n t r e a te d  mice.

In  so-called secondary  infections, S taphy lococcus  is believed to  p lay  
a p r im a ry  role. Cases of enterocolitis  occurring af te r  an t ib io t ic  t r e a tm e n t  
Mere f irs t  described by  K r a m e r  [9] in 1948. S u b seq u en t ly  th is  p roblem  has 
been in v es t ig a ted  by  several au th o rs .  The aetio logy of th is  condition  is difficult 
to  u n d e rs ta n d ,  on th e  one h a n d  because s taphylococci h ave  been isolated in 
equa l  p ropo rt ions  from  p a t ie n ts  w i th  and  M’i th o u t  enterocolit is  [10], and , on 
th e  o the r ,  as clinically well-defined cases of p o s tan t ib io t ic  en te r i t is  m ay  yield 
n eg a t iv e  bacterio logical f indings [11,12]. I t  is s tressed  b y  P e t t e t  [13] t h a t  the  
precisely definable  condition , p seudom em braneous  enterocolit is ,  мтИ-known 
long before the  era  of an tib io tics ,  is not more f req u en t  помг th a n  it  Mas in the  
past.  K n o t h e  |3 ]  is of th e  sam e opinion.

O u r  d a ta  h ave  ind ica ted  no association be tw een  a l te ra t io n s  in the  in te s 
t ina l  f lora and  th e  increase of s taphy lococca l coun t.  In  c o n tra s t ,  th e  resp ira to ry  
origin of  the  s taphy lococca l s tra in s  has been confirm ed. S im ilar observations 
Mere m a d e  by  M c F a r l a n  et al. [14] as well as by  M a r t i n  [15].

O u r  p resen t  know ledge of t h e  p roblem  does n o t  allow to d raw  conclusions 
as to  th e  role of an tib io t ics  or to  th e  significance of  seco n d a ry  infections. The 
opinion th a t  even d ras t ic  and  du rab le  injuries o f  th e  no rm al flora and  the  
ap p ea ran ce  and increase of “ undesirab le”  co n s t i tu en ts  are b y  them selves 
no t responsible  for clinical com plications, seems justif ied  on th e  basis of the 
f ind ing  th a t  a l te ra t io n s  in th e  faecal flora f req u en t ly  occur w ith o u t  clinical 
sy m p to m s .

F inally ,  th e  d iagnostic  difficulties should  be p o in ted  ou t .  T he  q u a n t i ta t iv e  
m e th o d  of analysis  o f  th e  in te s t in a l  f lora  described  in th e  presen t paper  or 
o th e r  sim ilar  tech n iq u es  are no t  su itab le  for rou t in e  purposes .  The q u a n t i ta t iv e  
m e th o d s  are useful only for de te rm in ing  th e  presence of  a s ignificant or less 
s ign if ican t  a l te ra t io n  of th e  f lora , b u t  give no in fo rm ation  as to  w h e th e r  clinical 
com plica tions can or can n o t  be expec ted  d u r ing  t r e a tm e n t  a n d  M hether th e  
increased  occurrence of some organisms m eans in  rea l i ty  a superinfection. 
F ro m  th e  prac tica l  s ta n d p o in t ,  th e  presen t resu lts  only ind ica te  t h a t  a l te ra tions 
in th e  no rm a l  flora  should be in te rp re te d  cau tiously .

Acknow ledgem ent. We are in d eb te d  to  U ni ted  D rug  Co., B u d a p e s t ,  for a supp ly  of Chloro- 
cid in jec t ions  a n d  X a n th o m y c in  tab le ts .
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Sum m ary ,  (i) No im p la n ta t io n  an tagon ism  has been revea led  am ong  the genera  E . coli 
a n d  Klebsiella and the  t r ib e  P ro te ae  or within Klebsiella or th e  P ro teae .

(ii) The  a n tag o n ism  observed  between E. coli a n d  Klebsiella  and  within Klebsiella 
differs in ch arac te r  from im p la n ta t io n  an tagonism .

(iii) When given orally  to  mice, P seudom onas  and  S taphy lococcus  could be im p la n te d  
n e i th e r  in the  presence nor  in th e  absence of the no rm al  f lora.

(iv) Neither im p la n ta t io n  or o th e r  k ind of an tag o n ism  n o r  de f in i te  associat ion  was found  
be tw een  E . coli an d  norm al ,  c o n s tan t  m em bers  of th e  in te s t in a l  f lora  ( L . b ifid u s , B actero ides.  
Sir. fa eca lis ) .

(v) As to Klebsiella a n d  P ro te u s ,  the  lack of im p la n ta t io n  a n tag o n ism ,  the  l im ited  degree 
of e xcre t ion  and the  f ind ing  t h a t  the  l a t te r  can he m echan ica l ly  e l im ina ted  from the  in tes t ines  
in d ica te  t h a t  there is no de f in i te  connection  between these  o rg an ism s  a n d  the  in te s t in a l  mucosa.  
T h u s  i t  has  been concluded th a t  the  t r ib e  P ro teae  a n d  the  genus Klebsiella are acc iden tal  
m em b ers  of the in te s t in a l  flora.

In a previous p a p e r  [1] s tud ies  in mice of  th e  an tag o n ism  w ith in  th e  genus 
E . coli h ave  been described. It has been found th a t ,  as to colonization in th e  
in te s t ina l  t ra c t ,  th e re  is an  abso lu te  an tagon ism  am o n g  E . coli s tra ins .  All 
orig inally  present E . coli s tra ins  inh ib it  the  se t t l in g  of o the r  E. coli cu ltu res  
e n te r in g  by chance or by a rtif ic ia l  inoculation . The new  s tra in s  can be recovered 
from  th e  in testina l t r a c t  for 1 week at most. The p h en o m en o n  is indep en d en t  
from diffusible an t ib a c te r ia l  factors and im m u n i ty  and  has been observed 
w ith in  th e  same sero type . It has been concluded th a t  a close connection deve l
ops be tw een  the  res iden t E . coli s tra in  and the  in te s t in a l  mucosa and  th u s  th e  
orig inal in h a b i ta n t  “ in te rfe res”  with new, secondari ly  en tering  “ foreign 
E . coli cultures.

D a ta  in the l i te ra tu re  |2, 3, 4, 5, 6, 7) and  o u r  sub seq u en t  ex per im en ts  
seem ed to  confirm  this hypo thes is .  The p resen t p a p e r  gives an account o f  s tudies  
concern ing  the an tag o n ism  betw een E . coli and  non-pa t  hogenie or facu l ta t iv e ly  
p a th o g en ic  bacteria  (K lebsiella , P ro teus ,  P seu d o m o n as  and  S taphylococcus) 
f re q u e n t ly  encountered  in th e  in testinal flora.

M aterials and m ethods

C ultures. E . coli. 0 1 1 1 :B 4  : 112 ” 1194” , P. m organii O la .d  “ 702” , P. m organii ()lu,d 
“ 554” , P. m organii 023 “ 637” , I*, vulgaris  014, a. b “ K a u f fm a in i” , I*, vulgaris “ 128” . P. rettgeri 
“ 455” , P .m irab ilis  ” 988” , P. inconstans  “ 41” . P. rettgeri L a c + “ il 60” , P. m irab ilis  Lac +
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“ m l  1” , P . vulgaris L a c + “ VI 50” , P. inconstans  L ac+  “ Fil 11” , K l. p n eu m o n ia e  01 “ 17” , K l. 
p n e u m o n ia e  03 “ 45” .

L ac tose-fe rm enting  (L a c + )  P ro te u s  s t ra in s  were k in d ly  supplied by Dr.  V. L. S u t t e r . 
|9 ]  V e t e r a n s ’ A dm in is tra t ion  C en te r ,  Los Angeles, Calif., USA.

M u ta n ts  re s is tan t  to  1000 5000 //g s t re p to m y c in  were selected from  each  s t ra in  by  the
g r a d ie n t  p la te  m ethod  [8].

E xperim enta l an im a ls. M o s t  of th e  ex am in a t io n s  were carried  o u t  in a lb ino  mice weigh
ing  20 to  24 g. The an im als  were k e p t  sep a ra te ly  in paper-covered  sterile glass cy l inders  c o n ta in 
ing  s te r i l ized  li t ter .  The  c y lin d e rs  were p laced in groups in  previously  d is in fec ted ,  well-closing 
b o x e s .  T h e  animals were fed  on a s te r il ized  wet  m ix tu re  consis t ing  of b re ad  a n d  oa ts .

Chicks free from e n te r ic  f lo ra  were h a tc h e d  from  eggs which  h a d  been  th o ro u g h ly  ru b 
b e d  w i t h  t in c tu re  of iodine an d  p laced  in sterile glass cylinders  con ta in ing  s te r ile  sand.

Streptom ycin  treatm ent. E a c h  m ouse  received doses of 50 mg s t r e p to m y c in  in 0.5 ml 
v o lu m e  da ily  for 2 days  b y  m e a n s  of an  S -shaped m eta l  c a the te r .

Oral infection  was c a r r ied  o u t  w i th  suspensions w ashed  off 18 — 24 h o u r  agar  s lan ts ,  as 
d e s c r ib e d  for s t rep to m y c in  t r e a tm e n t .

C ultivation o ffa eca l specim ens. R e c ta l  sam ples were tak e n  by  m eans  of a lo o p  m ois tened 
w i t h  sa l ine .  E n te ro h ac te r iaceae  were c u lt iv a te d  on E n d o  agar,  s taphy lococc i  on blood agar 
a n d  an ae ro b es  on B i e r k o w s k i ’ s  m ed iu m  [ 1 0 ] .

Bleeding o f  mice was p e r fo rm e d  b y  the  m e th o d  of T i l g n e r  a n d  M e t z k e  [11] th ro u g h  
th e  r e t r o b u lb a r  venous p lex u s  b y  use of a cap il la ry .  In  th is  m an n e r  0.5 to 1.5 ml blood was 
o b t a i n e d  from  each an im al.  T h e  se ra  were s to red  a t  — 20 °C.

W ashing o f the in testina l tract and prepara tion  o f  clutch cultures. T he  in te s t in a l  con ten ts  
w e re  r e m o v e d  by  careful p ress ing ,  th e  in te s t in a l  t r a c t  was f lowed th r o u g h  w i th  a b u n d a n t  
a m o u n t s  of saline, th e  in te s t in e  was b lown up ,  c u t  in to  8 —10 cm por t io n s ,  r ip p e d  open  and 
f i x e d  o n to  handled  m eta l  p la te s  so m e w h a t  sm aller  in size t h a n  th e  d iam e te r  of a P e t r i  dish. The 
f i x e d  in te s t in e  was th e n  pre ssed  ag a in s t  the  surface  of a n  E n d o  p la te .  A f te r  in cu b a t io n  the 
d e v e lo p in g  colonies were id en t i f ie d .  T he  c lu tch  c u l t iv a t io n  m eth o d  p re sen ted  severa l  technical  
d i f f ic u l t ie s  and errors a n d  th u s  o n ly  p a r t  of  the  ex p e r im e n ts  could be e v a lu a te d .

Passive mouse protection  test. D ilu tions rep re sen t in g  0.05, 0.005 a n d  0.0005 ml serum 
w ere  in je c te d  subcu tan eo u s ly  i n to  g roups  of 5 mice each. T he  challenging dose was ad m in is 
t e r e d  18 — 24 hours la te r ,  by  in je c t in g  in t ra p e r i to n ea l ly  ap p ro x im a te ly  500 L D 50 a m o u n ts  of 
18 — 24 h o u r  agar s lan t  c u l tu re s  o f  the  o rgan ism . T he  challenging dose was t i t r a t e d  in pre lim i
n a r y  exper im en ts .  The in fec t in g  dose for u n p ro te c te d  mice was t i t r a t e d  in  p a ra l le l  virulence 
t e s t s .  O bserva tion  las ted  for 3 d a y s  an d  th e  resu l ts  were e v a lu a te d  b y  consider ing  the  nu m b er  
o f  a n im a ls  surviving the  3 d ay  pe r iod .  L D 50 a n d  E D 5f) v a lues  were e s t im a te d  as described by 
K Ä R B E R  [ 12 1.

R esu lts

I n  the presen t ex p e r im e n ts  th e  m e th o d  applied  earlier [1] has  been used. 
T h e  n o rm a l  flora was e l im in a ted  b y  s t re p to m y c in  t r e a tm e n t  a n d  its exogenic 
r e s t i t u t i o n  was p re v e n te d  by  keeping  the  anim als u n d e r  s terile  conditions. 
T h e n ,  by  oral in tro d u c t io n  o f  one given s t ra in  ( E . coli or o ther)  a “ m o n o ty p ic” 
f lo r a  w as  established. The an tag o n iz in g  ac t iv i ty  of  th is  cu ltu re  a g a in s t  organisms 
s u b s e q u e n t ly  in tro d u ced  v ia  th e  a l im en ta ry  t r a c t  was th e n  inves t iga ted .

T h e  experim ents  h a v e  been focussed m a in ly  on K lebsiella  a n d  P ro teae , 
w h ic h  are f requen tly  e n c o u n te re d  in th e  in te s t in a l  t r a c t  an d  s t a n d  s y s te m a t i 
c a l ly  close to  th e  E scher ich ia  group.

(1) Im plan ta tion  antagonism  between E . coli and the tribe Proteae
A fte r  s t rep to m y c in  t r e a tm e n t  an artif ic ia l  E . coli 01 1 1  : B4 : H2 flora 

w as  established in mice. T h e  mice were checked  for the  exclusive excretion  of 
th i s  organism , th en  5 days  la te r  g roups con ta in ing  12 anim als each  were super- 
in fe c te d  with various genera  of th e  tr ibe  P ro te a e  ( P . vulgaris , P . m irab ilis , P. 
m o rg a n ii , P. rettgeri a n d  P . inconstans) .
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F rom  T ab le  I it  is seen th a t ,  para lle l  w ith  th e  unchanged  exc re t ion  of  th e  
E . coli s tra in ,  th e  P ro teus  cu ltu res  were also h a rb o u red  b y  an overw helm ing  
m a jo r i ty  of th e  anim als u n t i l  th e  end of th e  ob se rv a t io n  period.

Table  I

Im p lan ta tion  antagonism  between E. coli and Proteae

Artificial E. coli O i l  I : B4 : 112 flora superinfected  with var ious genera 
of the  tr ibe  Proteae

S tra in  used  for su p erin fec tio n
O b se rv a tio n  period , d ay s

2 7 13 17

P. vulgaris ..................... 6/12* 9 / Ï 2 12/12 12/12

P. m ira b il is ..................... 11/12 12/12 12/12 11/12

P. m o rg a n ii ..................... 12/12 12/12 12/12 12/12

P. rettgeri ....................... 12/12 11/12 12/12 9/12

P. in c o n s ta n s ................. 12/12 12/12 12/12 10/12

* N u m era to r :  n u m b er  of mice excre ting  Pro teus s t ra in s ;  d enom ina to r :  n u m b e r  o f  in 
fected mice

N. B. T he  artif icially  im p la n te d  E. coli was excre ted  b y  all mice

In Tab le  II tin* results o f  reciprocal infections are d e m o n s t ra te d .  A f te r  
the es tab l ish m en t  of  a “ m o n o ty p ic ”  flora w ith  d ifferent P ro teu s  s t ra in s ,  these 
anim als 5 days  la te r  were superin fec ted  л\ ith E. coli 0111 .

Table II

Im plantation  antagonism  between E. coli and Proteae 

Artificial  P ro teus  “ f lo ra”  superinfec ted  with E. coli 0111  : B4 : H2

A rtific ia l P ro teu s  f lo ra

P. vulgaris  .................... 12/12*

P. m ira b il is .........................  12/12

P. m o rg a n ii .........................  12/12

I’, rettgeri ............................ 12/12

P. inconstant .....................  12/12

O bserva tion period , «lays

10 14 18

1 2 / 1 2 1 2 / 1 2 1 2 / 1 2

1 1 / 1 2 1 2 / 1 2 1 2 / 1 2

1 2 / 1 2 1 2 /1 2 1 2 /1 2

1 2 / 1 2 1 2 / 1 2 1 2 / 1 2

1 2 / 1 2 1 2 /1 2 1 2 / 1 2

* N u m era to r :  n u m b er  of mice excre ting  E. coli: d enom ina to r :  nu m b er  of in fec ted  mice 
N. B. The  arti f ic ia l ly  im p la n te d  Pro teus  s t ra ins  were excre ted  by all mice

Sim ilarly  to the  result o f  th e  previous ex p e r im en t ,  E . coli and  th e  a r t i 
ficially “ im p la n te d ” P ro teu s  s t ra in s  were excre ted  d u r in g  th e  obse rva tion  period 
(18 days).
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T h e  results in d ic a te d  th a t  no im p la n ta t io n  or o th e r  k in d  of  an tagon ism  
e x is te d  between E . coli a n d  th e  tr ibe  P ro teae .

Tabic III

Im p la n ta tio n  antagonism w ith in  the tribe Proteae

Artificial P. m organii 0 2 3  flora superin fec ted  w i th  P. vulgaris (Lac ), 
P.  tnirabilis (Lac  ), P .  rettgeri (Lac ) a n d  P .  inconstans (Lac )

E x c re tio n  of

O b se rv a tio n  p e rio d , d a y s
P .  v u lg a r is

Lac"*"
P .  m i r a b i l i s  

L a c +
P .  r e t tg e r i  

L ac+
P .  i n c o n s ta n s

Lac'*'

3 5/5* 5/5 5/5 5/5

7 5/5 5/5 5/5 5/5
12 5/5 5/5 5/5 5/5

17 5/5 4/5 5/5 5/5

* N um erator :  n u m b er  of m ice  excreting the  sup e r in fec t in g  Pro teus  s t ra in ;  d enom ina to r :  
n u m b e r  of infected mice possessing  a P.  morganii 0 2 3  f lo ra

E xp er im en ts  su m m a r iz e d  in Table I I I  d e m o n s t ra te d  no an tagon ism  
w i th in  th e  tribe P ro te a e .  T hese  experim ents  were considerab ly  fac i l i ta ted  b y  
th e  app lica t ion  of th e  lac tose-fe rm enting  P ro te u s  s tra ins  of  S u t t e r  19 ].

Table  I I I  shows th a t ,  in addition to  P . m organii c o n s t i tu t in g  th e  p r im ary  
f lo ra ,  lactose positive P . vulgaris, P . m irab ilis , P . rettgeri a n d  P . inconstans 
s t r a in s  were a b u n d a n t ly  excre ted .

Table IV

Im p la n ta tio n  antagonism w ith in  the tribe Proteae 

In t rag e n e r ic  an tagonism  of P. m organii

O b serv a tio n  p e rio d , d a y s

P .  m o r g a n i i  O l f lo ra P .  m o r g a n i i  0 2 3  f lo ra

E x cretio n  o f E x cretio n  o f

01 0 2 3 0 2 3 01

4 1 0 / 1 0 * 1 0 / 1 0 1 0 /1 0 1 0 / 1 0

9 1 0 /1 0 1 0 / 1 0 1 0 / 1 0 1 0 / 1 0

1 4 1 0 /1 0 1 0 / 1 0 1 0 / 1 0 1 0 / 1 0

* N um era to r :  n u m b e r  o f  mice excreting the  o rgan ism ; den o m in a to r :  n u m b er  of 
in fe c te d  mice

Finally , th e  in t ra g e n e r ic  an tagon ism  in th e  t r ibe  P ro te a e  was exam ined . 
O n e  o f  these experim en ts  is p resen ted  in T ab le  IV.
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In these ex p e r im en ts  a “ m o n o ty p ic”  flora was e s tab lished  Avith P. 
m organii 01a,d or w ith  P . m organii 0 2 3 .  After cross-infecting w ith  the  o the r  
s t ra in ,  it  was revealed  th a t  dur ing  th e  24-day o bse rva tion  period b o th  groups 
o f  mice excreted  b o th  th e  p r im a ry  and the  secondary  organism .

I t  should  be no ted  t h a t  P ro teu s  excretion  could be induced  w ith  a similar 
m e th o d  in mice possessing a norm al in te s t ina l  flora. H ow ever,  in th e  case of 
b o th  a n a tu ra l  and  an artif ic ia l  E . coli flora, th e  n u m b e r  of P ro teu s  gradua lly  
dec reased  and 2 m o n th s  a f te r  th e  infection these  b ac te r ia  h ad  com plete ly  
d isappeared .

P ro te u s  excre tion  per se docs no t  d e te rm ine  th e  oecological position  of 
th is  organism . The lack of an tag o n ism  against E . coli or aga ins t  o th e r  m em bers  
of  its ow n tr ibe  ind ica tes ,  however, t h a t  no “ im p la n ta t io n ”  occurs, a t  least 
n o t  in th e  sense applied  to  E . coli in our hypo thes is .  T h a t  the  su rv iva l  of 
P ro te u s  s tra ins  in mice is no t  due to  th e ir  invasiveness, has been confirm ed  by  
p ro tec t ion  tests carr ied  ou t  w ith  sera of mice h a rb o u r in g  P ro teu s  s tra in s  for 
longer periods (Table Y).

Table V

T itra tion  o f  protective antibodies in  sera o f  mice excreting Proteus stra ins
fo r  14 days

(Pass ive  mouse pro tec tion  tes t)

( 'lu d lm g in g  d o se , L D 50 . . .
P .  vu lg a ris P. m o rg a n ii P . m ira b ilis P .  rvttgeri P . in co n s ta n s

250 500 500 100 100

Pro tec t ive  value of excreter  anim als’ 
sera in m l ................................................... 0 . 0 5 ~ o . o . s >  0 . 0 5 0 . 0 2 8 0 . 0 5

Pro tec t ive  value of normal anim als’ 
sera in n i l ................................................... > 0 . 0 5 ~ 0 . 0 5 > 0 . 0 5 ~ 0 . 0 5 ~ 0 . 0 5

T a b le  V shows th a t  no p ro tec t ive  t i t re s  wore en co u n te red  in th e  sera of 
P ro teu s-ex c re t in g  mice.

In  order to  e lucidate  the  P ro te u s — host re la t ionsh ip ,  a m echanical 
rem o v a l  of P ro teus  from  the  in te s t ina l  t ra c t  was a t te m p te d .  The ex per im en ts  
were based  on the  inves t iga t ions  o í Sc h a e d l e k  and  D u b o s  [13]. Mice posses
sing a no rm al in te s t ina l  f lora were sacrificed and  th e ir  in testines  were rem oved . 
C ultures  were perfo rm ed  as described under  “ M ateria ls  and  m e th o d s ” , af te r  
sim ple rem oval of th e  in te s t in a l  co n ten ts  a n d  a f te r  w ashing. The results  are 
shown in Table  VI.



2 3 0 . KÉTYI

Table VI

Recovery o f  E . coli a n d  P. m organii fro m  the intestinal tract o f  mice 
before and  after washing

P o rtio n  of in te s tin e
U nw ashed  in te s tin e W ash ed in te s tin e

E .  co li P .  m o r g a n i i E .  c o li P .  m o r g a n i i

Sm all  in tes t ine ,  upper p o r t i o n .......... — — — —

Sm all  in tes t ine ,  lower port ion  .......... — + — —
C oecum  ........................................................ + + + —
L arge  i n t e s t i n e .......................................... + 4 - —

T ab le  VI d e m o n s t ra te s  th e  re m ark ab le  fac t  t h a t  in  c o n tra s t  to  E . coli, 
P . m organ ii can be re m o v e d  from  th e  in te s t in a l  t r a c t  b y  w ashing.

(2) Im planta tion  an tagon ism  between the genera E . coli and Klebsiella. 
T h e  “ m o n o ty p ic” f lo ra  e s ta b l ish e d  in mice w ith  E . coli and  K l. pneum oniae  
w as  superinfected  w i th  K l. pneum oniae  a n d  E . coli, respectively .  The results  
a re  sum m arized  in T ab les  Y I I  and  V III .

Table VII

Im plan ta tion  an tagonism  between E . coli and K l. pneum oniae

Artificial E . coli (0 1 1 1  : B4 a n d  0 1 9  Lac ) f lo ra  superinfec ted  w ith
Klebsiella

O b s e r v a t i o n  p e r io d , d a y s

E x c r e t io n  o f

E .  c o l i  011 1 K l .  p n e u m o n ia e E .  c o l i  0 1 9 K l .  p n e u m o n ia e

3 1 0 / 1 0 * 1 0 / 1 0 1 0 / 1 0 1 0 / 1 0

7 1 0 / 1 0 8 / 1 0 1 0 / 1 0 4 / 1 0

и 1 0 / 1 0 4 / 1 0 1 0 / 1 0 3 / 1 0

1 5 1 0 / 1 0 1 / 1 0 1 0 / 1 0 2 / 1 0

2 0 1 0 / 1 0 0 / 1 0 1 0 / 1 0 0 / 1 0

2 5 1 0 / 1 0 0 / 1 0 1 0 / 1 0 0 / 1 0

* N um erator :  n u m b e r  of e x cre t in g  mice; d en o m in a to r :  n u m b er  of in fec ted  mice

T ab le  Y II shows t h a t  in co n tra s t  to  th e  p e rs is ten t  carr iage  of E . coli 
0 1 1 1  a n d  0 19  stra ins  com pris ing  th e  artificial f lo ra ,  th e  excre tion  of Klebsiella 
c e a se d  ap p rox im ate ly  w i th in  2 weeks.

W hen  Klebsiella h a d  been in tro d u ced  p r im ari ly ,  the m ultip lica tion  
o f  b o t h  E . coli (0111 a n d  0 1 9 )  s tra ins  was so m ew h a t  inh ib i ted ;  how ever,  after 
1 w e e k  th e  la t te r  b a c te r ia  increased  in n u m b e r  and  were p resen t  during  th e
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Table VIII

Im plan ta tion  antagonism  between E . coli and K l. pneum oniae  

Art if ic ial  K l. pneum oniae  f lo ra  superinfected  w ith  E. coli 01 1 1  : B4 a n d  0 1 9  Lac

O b serv â t ion period , days
K l .  p n e u m o n i a e E .  c o l i  O l l l K l .  p n e u m o n ia e E .  c o l i  0 1 9

2 10/10* 4/10 10/10 2/10

5 10/10 6/10 10/10 8/10

8 10/10 10/10 10/10 10/10

12 10/10 10/10 10/10 10/10

15 9/10 10/10 10/10 10/10

18 6/10 10/10 10/10 10/10

21 2/10 10/10 7/10 10/10

24 1/10 10/10 .5/10 10/10

27 0/10 10/10 2/10 10/10

30 1/10 10/10 0/10 10/10

* N u m era to r :  n u m b er  o f  excre t ing  mice; d enom ina to r :  n u m b e r  of infected  mice

30-tlay observa tion  period. In  co n tra s t ,  the  n u m b e r  o f  mice excret ing K lebsiella  
decreased. In  some an im als  Klebsiella was p resen t  for 24 to  27 d a y s  (Table
V II I ) .

I t  should  be no ted  t h a t  th is  k ind of an tag o n ism  s ign if ican tly  differs from 
th e  im p lan ta t io n  an tag o n ism  revea led  w ith in  th e  genus E . coli. E . coli exerts  
an an tagon is t ic  action  even  aga ins t  the  p r im ar i ly  in tro d u ced  Klebsie lla , and  
th e  d u ra t io n  of K lebsiella  excre tion  considerab ly  exceeds th e  1 week excre tion  
of  th e  secondary  s tra in ,  w hich  was a m a x im u m  in in tragener ic  cob an tag o n ism .

An an tagon ism  of s im ilar  cha rac te r  was observed  w ith in  th e  genus 
Klebsiella  (Table IX ).

(3) Im plan ta tion  antagonism  against norm al, constant constituents o f  the 
in testina l flo ra .

(a) Antagonism  between the genera E . coli and  Str. faecal is. S tr . faeca l is 
is a con s tan t ly  enco u n te red  m em b er  of th e  in te s t in a l  f lora  of mice. Th is  o r 
gan ism  occurred in th e  faeces of mice in 103 10'J cells/mg count,  and  com prised
1/10 — 1/3 p a r t  of the  E . coli coun t .  The exp er im en ts  revealed  no a n ta g o n ism  
be tw een  th e  two genera. As d e m o n s tra te d  in T ab le  X ,  E . coli can be im p lan ted  
in the  presence of a Str. faeca lis  flora, and vice versa ; S tr. faeca lis  does no t 
in h ib i t  the  colonization o f  E . coli.

Some unsuccessful ex per im en ts  were pe rfo rm ed  in mice and  chicks to 
im p la n t  a Str. faecalis  s t ra in  d istinguished  by  an tib io t ic  resis tance  p a t t e r n  
over  the n o rm al Str. faecalis flora. In co n tra s t ,  the  im p la n ta t io n  of Sir. faeca lis

3  A c ta  M ic ro b io lo g ic a  X I /3 .
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Table IX

Im p la n ta tio n  antagonism  w ith in  the genus Klebsiella  

Artific ial K l. p n eu m o n ia e  0 1  flora superin fec ted  w ith  K l. pneum oniae  0 3

E x c re t io n  of
O b se rv a tio n  p e rio d , d ay s

K l .  p n e u m o n i a e  0 1 K l .  p n e u m o n ia e  0 3

2 10/10* 6/10

3 10/10 5/10
6 10/10 6/10

9 10/10 5/10

12 9/10 5/10

15 8/10 3/10

19 8/10 1/10

22 7/10 0/10

* N um era to r :  n u m b e r  o f  excre t ing  mice; d e n o m in a to r :  n u m b er  o f  in fec ted  mice

i n t o  sterile  chicks w as  successful. The p re se n t  experim ents  do n o t  allow 
conc lus ions  as to  th e  ex is tence  o f  an im p la n ta t io n  m echan ism  s im ilar  to  t h a t  
r e v e a le d  in E . coli.

(b) Antagonism  between E . coli and norm al anaerobic bacteria (L . b ifidus, 
B actero ides). Only som e o r ie n ta t iv e  ex p e r im en ts  were pe rfo rm ed  in o rder to 
s t u d y  w he the r  E . coli m a y  be  im plan ted  in th e  presence of n o rm a l  anaerobic  
c o n s t i tu e n ts .  No rec ip rocal  exam ina tions  were carr ied  out.

T he  observations are  p resen ted  in T ab le  X I .

Table X

N atura l S tr. fa eca lis  f lo ra  superinfected w ith  E . coli 0111 : B 4  
and artificial E . coli O l l i  : B 4 flo ra  superin fected  with S tr. faeca lis

O b serv a tio n  p e rio d , d a y s
S t r .  f a e c a l i s  f lo ra E .  c o l i  f lo ra

E x cretio n  o f  E .  c o l i E x c re tio n  o f  S t r .  f a e c a l i s

3 10/ 1 0 * 10/10
7 10/10 10/10

12 10/10 10/10
16 10/10 10/10

*Num erator :  n u m b e r  o f  m ice  excreting E . coli or Str. faeca lis ; d e n o m in a to r :  n u m b e r  
o f  in f e c te d  mice
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ТаЫ<- XI

N orm al anaerobic in testinal flo ra  (L . b ifid u s and Bacteroides) 
superinfected w ith E . coli O U I  : B 4

O b serv a tio n  period , d a y s
E x c re tio n  of

E .  c o l i  0 111 N o rm al anaerobes

3 5/5* Unchanged

6 5/5 Unchanged

9 5/5 Unchanged

12 5/5 Unchanged

13 5/5 Unchanged

* N u m e ra to r :  n u m b er  of mice excreting  E. coli; d en o m in a to r :  n u m b er  of in f e c te d  mice.

T he d a ta  ind ica te  t h a t  co ns ti tuen ts  o f  th e  n o rm al anaerobic  flora  do no t 
e x e r t  an  an tag o n is t ic  effect on the  im p la n ta t io n  of  E . coli.

T he b eh av io u r  of Sir. faeca lis  and anaerobes corresponded  to th e  ex p ec ted  
results. H a d  an an tag o n ism  been present, th e  s im u ltaneous  occurrence  of 
d ifferen t n o rm a l  con s t i tu en ts  w ould have been unexp la inab le .

Table XII

A rtif ic ia l E . coli 0111 : B4 : 112 flo ra  superin fected  with Ps. aeruginosa

E x c re tio n
O b se rv â t,on  period , day» o f  ) , ,  a c r l l g i n m a

1 8/10*

5 5/10

II) 2/10

15 2/10

18 2/10

21 0/10

* N u m e ra to r :  n u m b er  of excreting  mice; d en o m in a to r :  n u m b er  o f  in fec ted  mice

I t  should  he no ted  t h a t  a f te r  th e  e lim ina tion  of  E . coli, anaerobic  co n s t i 
tu en ts  n ev e r  ap p ea red  in increased num bers ,  and  th e  occasionally increased  
Sir. faeca lis  coun ts  were never  associated w ith  th e  presence  or absence o f  E . 
coli.

(4) A ntagon ism  between E . coli and the genera Pseudom onas and S ta p h y lo 
coccus. The ex p e r im en ts  h ave  been ex tended  to  P seu d o m o n as  and  S ta p h y lo 
coccus, which are f requen t  acc iden ta l  o rganism s o f  th e  in testina l flora, a n d  are

3 *
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s u p p o s e d  to  cause pa tho log ica l  conditions a ssoc ia ted  w ith  th e  lack ing  a n ta g o 
n is t ic  a c t iv i ty  of th e  n o rm a l  flora.

T h e  course of an oral P seudom onas  in fec tion  is p resen ted  in T ah ié  X I I .
I n  th e  m a jo r i ty  of  m ice  th e  excre tion  o f  P s. aeruginosa ceased in  a short  

t im e .  Som e mice h a rb o u re d  th e  organism  in low  counts for 2 — 3 weeks. The 
s a m e  re su l t  was ob ta ined  in anim als  w ith  an artif ic ia l or n a tu ra l  E . coli flora.

Im p la n ta t io n  of va r io u s  s taphy lococca l s t ra in s  was unsuccessful in  u n t r e a t 
ed  o r  a n t ib io t ic - t re a ted  m ice and  chicks. I t  has  been concluded t h a t  u n d e r  
t h e  g iv en  experim enta l  cond it ions  P se u d o m o n a s  and  S taphy lococcus  are 
u n a b le  to  colonize in th e  in te s t in a l  t r a c t  even  in a n o n - im p la n ta t io n  m a n n e r  
as m e m b e r s  of the tr ib e  P ro te a e  do.

Discussion

T h e  m ethod  used in p rev ious  ex p e r im en ts  involving th e  e l im in a t io n  of 
th e  in te s t in a l  flora b y  s t re p to m y c in  t r e a tm e n t  a n d  a sub seq u en t  e s tab l ish m en t  
o f  a “ m o n o ty p ic ”  flora, has been  applied for  s tu d y in g  the  an tag o n ism  be tw een  
E . coli a n d  o ther  bacteria .

I n  spite  of the  fac t  t h a t  some s tra ins  belonging  to  th e  t r ibe  P ro te a e  were 
ab le  t o  grow in the  in te s t in a l  t r a c t ,  the  rnicro-oecological position  of  these 
o rg a n is m s  is n o t  doub tfu l .  T h e  lack of im p la n ta t io n  or o th e r  an tag o n ism , the 
l im i te d  period of excretion  a n d  the  absence o f  im m unological s t im uli  to  com pe
t e n t  cells of the  host ind ica te  th e  acc iden tal c h a ra c te r  of P ro teae .  These  consid
e r a t io n s  have been con firm ed  by  th e  f in d in g  th a t ,  in co n tra s t  to  E . coli. 
P r o t e a e  can be rem oved  f ro m  the  in te s t in a l  t r a c t  w ith  simple w ash ing . This, 
in  a g re e m e n t  w ith  th e  o b se rva tions  of D u b o s  a n d  Sc h a e d l e r  [13],  sup p o r ts  
o u r  h y p o th e s is  [1] as to  th e  close connection b e tw een  E . coli and  th e  in testina l 
m u c o sa .

H a e n e l  [14], who succeeded  in iso la ting  P ro teu s  in low coun ts  f rom  each 
in d iv id u a l  of a small g roup  o f  pa t ien ts ,  supposes t h a t  P ro teu s  is a co n s tan t  
m e m b e r  of  the in testina l f lo ra .  In  our experience  [15] the  occurrence of  P ro teus  
in h u m a n s  am ounts  to  a b o u t  30 per  cent. H a e n e l ’s  da ta  m ay  be ex p la in ed  bv  
th e  f a c t  t h a t  a t  certa in  per iods ,  p re su m ab ly  d ue  to  exogenic, a l im e n ta ry  factors, 
P r o t e u s  shows a h igher incidence.

T h e  experim enta l  d a ta  for  the  genus K lebsiella  are in te re s t in g  in  connec
t io n  w i th  th e  different m echan ism s  of an tag o n ism . The an tag o n ism  be tw een  the  
g e n e ra  E . coli and Klebsiella  a n d  th a t  w ith in  K lebsiella  differ f rom  th e  “ im p la n 
t a t i o n ”  an tagon ism  ex is ting  w ith in  th e  genus E . coli. This k ind  of  an tag o n ism  
is n o t  associa ted  w ith  d ifferences in se ro type  or  characters  of th e  s t ra in ,  h u t  is 
m e re ly  a m a t te r  of p reference , which is ga in ed  b y  the  f irs t  s t ra in  to  e n te r  the  
i n t e s t i n a l  t ra c t .  Im p la n ta t io n  an tagon ism  is ch arac ter ized  by  an  elim ination
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o f  th e  secon d ary  agen t 2 to  5 d ays. T h e “ co m p etitio n ”  b etw een  E . coli and  
K leb sie lla  resu lted  in th e p red om in an ce o f  E . coli, even  in ex p er im en ts  w hen  
su p erin fection  Avas perform ed  w ith  E . coli. On th e  other h an d , th e  e lim in ation  
o f K leb sie lla  en su ed  grad u a lly , in 2 to  3 Aveeks, Avhich is co n sid era b ly  m ore lh an  
th e  tim e needed  for real im p la n ta tio n  an tagon ism .

An antagon ism  o f  the  sam e character  occurs Avhen tAvo E . coli strains  
are im planted  s im u lta n eo u sly  [16].

T h is kind o f  a n tagon ism  seem s an a logou s to  th a t ob served  b y  F r éter  
[17] b etw een  E . coli and S h ige lla , Avhich Avas exp la in ed  b y  a c o m p etit io n  for 
carb oh yd rates.

I f  th e  im p lan ta t io n  ab ili ty  is reg a rd ed  as a criterion of be ing  a m e m b e r  of 
the n o rm a l  in te s t ina l  f lo ra ,  th e  micro-oecological position of  K lebsiella  is similar 
to  th a t  o f  the  tr ibe  P ro teae .  The acc iden ta l  ch a rac te r  o f  K lebsiella  has been 
confirm ed by th e  f ind ing  th a t  its incidence in th e  in testine  is v e ry  s im ilar  to  
th a t  of P ro teae .

No an tagon ism  has been гса caled be tw een  m icoorganism s re g a rd e d  as{Г1 о  И

co n s tan t  con s t i tu en ts  an d  E . coli. In d ica t in g  th e  absence of an ta g o n ism , in
crease in Str. faecalis  or no rm al anaerob ic  counts  were never  n o te d  a f te r  the 
e l im ina tion  o f  E . coli. D u b o s  and  S c h a e d l e r  [18] observed  th e  increase  of 
E . coli and  Sir. faecalis  in mice in which  the  original special an ae ro b ic  flora 
had  been destroyed . How ever, no such p h enom enon  occurred  in n o rm a l  mice. 
The assum ption  th a t  th e  p ropor t ion  of o rganism s living to g e th e r  is reg u la ted  
by an an tagon is t ic  m echan ism , is ev iden tly  erroneous.

T h e presen t o b serv a tio n s, a lth ou gh  far from  com p lete , in d ic a te  th a t  
certain  stra in s o f  Str. faeca lis  exert a m u tu a l an tagon ism  sim ilar to  th a t  г с а caled  
for E . coli. T hese fin d in gs are con firm ed  b y  J a c o b s e n ’s [19] re su lt, Avho foun d  
th a t no co lon iza tion  o f  Str. faecalis  cou ld  he a tta in ed  b y  feed in g  th is  organ ism  
to  norm al an im als. I f  sim ilar ob serva tion s Avould be ava ila b le  for th e  n orm al 
an aerob ic co n stitu en ts , in o th er Avords, i f  an im p lan ta tion  re la tio n sh ip  w ould  
be d em on strab le  b etw een  all norm al co n stitu e n ts  o f  th e  flora  an d  th e  h ost, 
av'p sh ou ld  be ab le to  exp la in  a d eq u a te ly  th e  sta b ility  and co n sta n t  ch aracter  
o f  th ese  b acteria .

S tu d ies on th e  an tagon is t ic  effec t of E . coli Avere ex ten d ed  to o th e r  m icroor
ganism s encoun te red  in th e  in te s t ina l  flora, A\hich are su p p osed  to  m u lt ip ly  
and cause patholog ica l  conditions Avhen the  an tagon is t ic  func tion  o f  th e  norm al 
flora d ecreases (during an tib io t ic  therapy).

In these  experim en ts  P seudom onas  a n d  S taphylococcus Avere unab le  
to  exert an  im p lan ta t io n - l ik e  m u lt ip l ica t ion  similar to  t h a t  o bse rved  w ith  
P ro teae . F ro m  these find ings it has been concluded  th a t  u n d e r  ou r  ex p e r im e n ta l  
cond itions  these  organism s Avere incapable  o f  colonizing in th e  u n h a rm e d  in 
tes t ina l  t r a c t  of inice.'I’his observa tion  confirm s the  opinion t h a t  th e  d am a g e d  
n o rm al flora an d  its im p a ired  an tagon is t ic  func tion  are by  th em se lv es  no t



2 3 6 . K É T  Y I

re sp o n s ib le  for th e  increase  o f  Pseudom onas  a n d  S taphy lococcus  coun ts  and  
for  t h e  pathogen ic  role of  th e se  bacteria .
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S u m m ary . It lias been  sh o w n  t h a t  in  a chem ically  de fin ed , fe rric  am m o n iu m  c itra te -c o n 
ta in in g  m ed iu m , b a c te ria  be lo n g in g  to  th e  P ro teu s-P ro v id en c ia  g ro u p  decom pose L -ty ro s in e , 
L - try p to p h a n , L -h is tid ine  and  L -lysine . T he b reak d o w n  of am ino  acids is in d ic a te d  b y  group- 
specific co lour reac tio n s , w hich  can  be used  in m acro- o r m ic ro -tes ts  for id en tif ic a tio n  purposes. 
O w ing to  tb e  sim ple tech n ica l p ro ced u re , th e  reac tio n s are su itab le  for ro u tin e  w ork .

In a prev ious p a p e r  it has been show n th a t  v a rio u s en te ric  b ac te ria  
decom pose ce rta in  am ino  acids an d  form  a lkaline  p ro d u c ts  [35]. U n d e r certa in  
co n d itio n s com pounds g iv ing  co lour reactions w ith  iron sa lts  are produced  
[36]. T he p resen t p a p e r describes in v estig a tio n s in to  th e  id e n tif ic a tio n  of the  
P ro teu s-P ro v id en c ia  g roup  by  tin* use of these  colour reac tio n s.

Materials and methods

B acte ria l s tra in s , th e ir  m a in ten a n ce  an d  p re p a ra tio n  of su b c u ltu re s  have  been described  
p rev io u sly  [34 36].

In g red ie n ts  o f th e  m ed iu m : N11,(4. 1 g; d is tilled  w a te r , 500 m l; KH._,PO ,, 1 g:
M gSO , • 7 H 20 ,  0.5 g; L -am ino  ac id , 2 g: n ico tin am id e , 0.01 g: d is tilled  w a te r , 500 m l; 1 per 
c en t СаСЛ2, 0.1 m l; 1 per c en t fe rr ic  am m onium  c itra te , 0.25 ml (to  1 litre  h is tid in e  so lu tion
0.5 m l, to  1 l itre  ty ro sin e  or ly sine  so lu tion  1 ml, 1 pe r c en t fe rric  am m o n iu m  c it r a te  w as 
ad d ed  a f te r  s te riliza tio n ). A fter a d ju s tin g  th e  p l l  to 7.5 7.7, th e  m edia were s te r iliz e d  for 15
m in u te s  a t 115 °C. W hen d is tr ib u te d  a sep tica lly  in to  tu b es , th e  so lu tio n s could  be s to red  at 
room  te m p e ra tu re  for 2 m o n th s . T h e  follow ing am ino acids w ere ex am in ed : L -a lp h a-a lan in c  
L -cy ste in e , D L -norvaline , L -leucine , D L -norleucine, D L -iso leucine, L -p h en y la lan in e , L -ty ro - 
sine, L -try p to p h a n . L -h is tid in e , L -asp artic  acid, L -g lu tam ic  acid , L -arg in ine , D L -o rn ith in e , 
L -lysine a n d  D L -oxypro line  (D L -am in o  acids were used in d o u b le -s tre n g th  so lu tio n s).

Som e am ino acids as ty ro s in e , t ry p to p h a n , a sp a rtic  acid  an d  arg in in e  d isso lv ed  poorly  
at room  te m p e ra tu re . T hese  su b s ta n c es  were dissolved in th e  m ed iu m  co n ta in in g  th e  o th er 
in g red ien ts  by  s team in g  in th e  A rn o ld  a p p a ra tu s  for ]/2 h o u r. On sto rin g  at room  te m p e ra tu re  
a p re c ip ita te  was fo rm ed in ty ro s in e  so lu tions. T herefo re  a f te r  som e d ay s th is so lu tio n  was 
filte red  an d  tre a te d  w ith  a c t iv a te d  ch arco al. A m ino acids co n ta in in g  im p u ritie s  gave  yellow ish  
so lu tio n s , w hich , how ever, w ere eas ily  decolorized by sh ak in g  w ith  a c tiv a te d  c h a rc o a l an d  
filte rin g .

In p re p arin g  so lu tio n s for th e  m ic ro reac tio n , th e  m ed iu m  w as a d ju s te d  to  p l l  7.5 —7.7, 
before th e  a d d itio n  of the  iron  sa lt,  th e n  th e  so lu tions were s te am ed  in th e  A rnold  a p p a ra tu s  
for У2 h o u r. A fter cooling, th e  pH  w as checked , th en  to  100 ml try p to p h a n  0.5 m l, to  100 ml 
h is tid in e  1 m l, 1 per cen t ferric  a m m o n iu m  c itra te  was a d d ed . F in a lly  each 100 ml so lu tio n  was 
p reserv ed  w ith  1 m l 1 per c e n t in e rth io la te .

On th e  day  of the  e x a m in a tio n  the  req u ired  vo lu m es w ere d is tr ib u te d  u n d e r  a sep tic  
c o n d itio n s in to  c lean  16 X 160 m m  tu b e s  free from  re s id u a l acid  o r a lka li. For th e  m ac ro te s t 
gen era lly  2 ml a liq u o ts  were used  a n d  th e  tu b es  were in cu b a te d  for 4 d ay s  a t  37 °C. T h e  rap id  
te s t  was c a rried  o u t in 0.5 ml a liq u o ts ;  in cu b a tio n  w as p e rfo rm ed  in  a 39° — 40 °C w a te r  b a th .
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C h a n g e s  in  th e  colour o f th e  m ed ia  w ere read  a t  h o u rly  an d  da ily  in te rv a ls  in  th e  case of 
m ic r o - a n d  m acro -tests , re sp e c tiv e ly . F o r special pu rp o ses 5 m l p o rtio n s  o f th e  m ed iu m  an d  6 
d a y  in c u b a tio n  periods m ay  be u se d . T he m edia w ere in o c u la te d  w ith  am ple  a m o u n ts  o f b ac 
te r ia  f ro m  one day agar s la n t (R u sse l or d esoxycho la te  c i t r a te  ag ar) c u ltu re s  w ith  a loop 3 m m  

i n  d ia m e te r .
N egatively  re ac tin g  su sp en s io n s  rem ain ed  co lourless d u rin g  in cu b a tio n  th u s  th e  colour 

d e v e lo p e d  by  b acteria  o f th e  P ro te u s-P ro v id e n c ia  g roup  w as easily  recogn ized . T he follow ing 
c o lo u r  re a c tio n s  were c h a ra c te r is tic  o f po sitiv e  reac tio n s; ty ro s in e , yellow  or b ro w n ; t ry to p h a n , 
y e llo w , o ran g e , th en  b ro w n ; h is t id in e , p in k , orange or ye llow ; lysine , g reen ish . T he in te n s it iy  
o f  th e  co lo u r reac tion  v a rie d ; a t  re a d in g  on ly  n eg ativ e  (co lou rless) o r po sitiv e  (co lou red ) re su lts  
w e re  d is tin g u ish ed .

T h e  p ro p o rtio n  of p o s itiv e  re a c tio n s  increased  w h en  N  N aO H  w as ad d ed  to  ty ro s in e  or 
h is t id in e  (1 : 10) a fte r in c u b a tio n  a n d  th e  a lkalized  su sp en sio n  w as sh ak en . W ith  try p to p h a n  
th e  c h a ra c te r is tic  a lte ra tio n s  a p p e a re d  w hen N  HC1 w as ad d ed  to  th e  su sp en sio n  (1 : 10).

R esults

1. Colour reaction w ith fe r r ic  am m onium  citrate o f  com pounds fo rm ed  in
am ino  acid metabolism

O f th e  listed am ino  ac id s  colour reac tio n s w ere o b ta in e d  w ith  ty ro sin e , 
t r y p to p h a n ,  h istid ine an d  ly sin e .

Colour reaction in  tyrosine  solution. No co lou r reac tio n  w as b ro u g h t ab o u t 
in 2 m l m é d iu m á t 37°C fo r d  day s by  15 s tra in s  o f each  o f th e  follow ing groups 
o r  ty p e s :  E . coli, K leb sie lla , C itro b ac te r, C loaca, S e rra tia , S . p a ra typ h i B ,
S . ty p h i  m urium , S . ty p h i, A rizo n a , Sh. f le x n e r i  2, Sh. boydii an d  Sh . sonnei. 
N o  ch an g e  was o bserved  a f te r  a lka liza tion  of th e  suspensions. U n d e r th e  sam e 
c o n d itio n s  P ro te u s-P ro v id e n c ia  b ac te ria  caused  yellow  or brow n co lour reaction  
in  46  p e r  cent. Im m e d ia te ly  a f te r  a lka liza tion  a v iv id  green co lour ap p eared , 
w h ic h  (a fte r  shaking) u su a lly  tu rn e d  in to  yellow  or brow n in  1 m in u te . A t the  
sa m e  tim e  a flak y  p re c ip ita te  w as form ed, w hich  sed im en ted  in 15 to  30 m in u tes  
a n d  le f t  over a b ro w n ish  o r  ch e rry -red  d eposit u n d e r  th e  tra n s lu c e n t, yellow  
o r b ro w n  su p e rn a ta n t. M ost po sitiv e  resu lts  (94 p e r cen t) w ere o b ta in e d  w hen 
re a d in g s  wrere based on th e  co lou r of th e  su p e rn a ta n t  one d ay  a f te r  a lka liza tio n  
( T a b l a i ) .

Colour reaction in  tryp to p h a n  solution. U n ifo rm ly  n eg a tiv e  re su lts  (no 
c o lo u r  in  5 ml L - try p to p h a n  so lu tion  a t 37°C w ith in  5 days) w ere g iven by 
444  e n te r ic  bac te ria l s tra in s  (137 E . coli, 28 K lebsie lla , 7 A e ro b ac te r, 15 C itro 
b a c te r ,  15 Cloaca, 12 S e r ra t ia , 7 S .p a ra ty p h i A ,  15 S . p a ra typ h i B , 19 S. thyp i 
m u r iu m ,  21 S. typ h i, 26 o th e r  Salm onella, 15 A rizo n a , 9 Sh . dysenteriae, 74 
S h . fle x n e r i,  15 Sh. boydii, 14 Sh. sonnei, 7 H a fn ia  an d  9 P seu d o m o n as cu ltu res). 
N o p re c ip ita te  was fo rm e d  a f te r  acid ify ing th e  m ed ia , and , ex cep t fo r indole 
p o s itiv e s , th e  cu ltu res re m a in e d  colourless. A d d itio n  o f acid caused  a p ink ish  
c h e r ry - re d  colour w ith o u t p re c ip ita tio n  in  89 E . coli, 7 A ero b ac te r, 4 Sh . dysen
teriae  a n d  4 Sh. fle x n e r i  2 c u ltu re s . This co lour reac tio n  has been  reg a rd ed  as 
a p o s itiv e  indole te s t .  H o w ev er, w ith  th e  c o n v en tio n a l indole re a c tio n  [18] 
c o n s id e ra b ly  m ore p o s itiv e  re su lts  were o b ta in e d  (e.g. 130 o u t of 137 E . coli
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Table I

Breakdown o f  L -tyrosine  by Proteus-Providencia bacteria 

2 m l 0.2 per cen t L -ty rosine , pH  7.7, loopful inoculum

N o. o f 
s tra in s

P e rcen tag e  o f  p o s itiv e  cu ltu re s  a fte r

1 Í 2 3 I 4 4 d a y s ' in cu b a tio n  and  a lk a liz a tio n

<1ays inc u b a tio n
green
c o lo u r im m ed i

a te ly

a fte r  sh ak in g

a fte r  
20 m in .

n e x t
d a y

1*. vulgaris .............. 37 5 22 57 92 92 92 92

P. m ira b ilis .............. 38 3 3 26 63 73 84 94

M o rg an e lla ................ 41 10 24 97 95 95 97

R ettgerella  .............. 33 3 21 5 1 82 79 82 88

P ro v id e n c ia .............. 34 24 76 100 97 1 0 0 100

T o t a l ............................ 183 2 1 5 46 86 87 90 94

s tra in s). T hus in o u r m ed iu m  only p a r t o f th e  indo le  positive  s tra in s  p ro d u ced  
th is su b stance .

In  th e  course o f th e  3-day  in cu b a tio n  p e rio d , P ro te u s-P ro \ idencia  s tra in s  
gave yellow , o range , th e n  brow n colour re a c tio n  in 98 per cen t (T able  II). 
A fte r  th e  add itio n  of acid , a brow n or c h e rry -red  g ran u la r  p re c ip ita te  teas 
form ed in try p to p h an -d eco m p o sin g  suspensions. A fte r  a rap id  se d im e n ta tio n  of 
th e  p rec ip ita te , th e  tra n s lu c e n t su p e rn a ta n t w as yellow , b row n, orange or 
ch e rry -red  in colour.

N one o f the  18 P . vulgaris , 15 P . m irabilis, 17 M organella, 17 R e ttg e re lla , 
12 P ro v id en c ia , 20 E . coli, 10 K lebsiella, 10 C itro b ac te r , 10 Cloaca, 10 S e rra tia ,

Table II

Breakdow n o f  L -tryp tophan  by Proteus-Providencia bacteria 

5 ml 0.2 pe r cen t L -try p to p h an , p H  7.5, loopful inoculum

P e rce n ta g e  o f p o s itiv e  cu ltu res  a f te r

No. of strains 1 2 3

d a y s’ in cu b a tio n

/ \  vulgaris .....................  37 2 j 94 100

/ \  m ira b ilis .....................  38 13 66 | 97

M o rg an ella ....................... j 41 12 [ 73 97

R ettgerella  .....................  33 —  ! 37 97

P ro v id e n c ia .....................  33 3 94 100

T o t a l ...................................  182 7 j 75 98
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5 S . p a ra typ h i В , 5 S . ty p h i m u r iu m , 5 S . typ h i, 5 A rizona, 5 H a fn ia  an d  5 
P se u d o m o n a s  cu ltu res in d u ced  a colour reac tio n  d u rin g  th e  5 -day  in c u b a tio n  
p e r io d  in  5 ml D - try p to p h a n  so lu tion . A fte r  th e  add itio n  o f ac id  o n ly  a few 
c u ltu re s  (3 M organella a n d  4 P rov idenc ia ) show ed a fa in t p in k ish  colour, 
p re su m a b ly  due to  a v e ry  w eak  indole p ro d u c tio n . T hus th e  try p to p h a n a s e  
e n z y m e  responsible fo r th e  b reakdow n  o f try p to p h a n  m ay  be considered  
sp ec ific .

T h e  appearance  o f  th e  co lour reac tio n  w as exam ined  in so lu tio n s a d ju s ted  
to  p H  5.1 — 7.5. The re su lts  are sum m arized  in T ab le  I I I .  I t  has been  show n 
t h a t  m o s t s tra in s e x e r t t ry p to p h a n a s e  a c tiv ity  a t  a re la tiv e ly  low p H  value. 
A n alo g o u s findings h av e  a lre a d y  been described  [13, 33, 41].

S tra in s  of vario u s a c t iv i ty  can easily  be d isting u ish ed  w hen th e  reac tion  
is  p e rfo rm e d  in 5 ml a liq u o ts  o f m edia  (T able I I ) .  F o r  ro u tin e  pu rp o ses  th e  use 
o f  s m a lle r  am o u n ts  is m ore  a d v an tag eo u s . In  2 m l L - try p to p h a n  th e  colour 
re a c tio n  o f P ro teu s-P ro v id en c ia  s tra in s  ap p ea red  a f te r  one d ay  in 96 p e r cen t, 
a f te r  2 days in 98 p e r  cen t.

Table III

T r y p t o p h a n  d e a m i n a t i o n  b y  P r o t e u s - P r o v i d e n c i a  b a c te r ia  a t  v a r io u s  p H  v a l u e s

N o . o f 
s tr a in s

N o. o f  p o sitive  cu ltu re s a t  p H

5.1 5.7 6.2 6.7 7.5

P .  v u l g a r i s  ................ .......... 15 7 15 15 15 15

/ *. m i r a b i l i s ................ .......... 15 8 15 15 15 15

M o rg a n e l la .................... .......... 15 14 15 15 15 15

R e ttg e re lla  .................. .......... 15 14 14 15 15 15

P r o v id e n c ia .................. .......... 15 12 14 15 15 15

I t  is know n th a t  som e c a rb o h y d ra te s , especially  glucose, in h ib it  th e  
b io sy n th e s is  of ce rta in  a d a p tiv e  enzym es. T he b reakdow n  of am in o  acids 
g re a tly  decreases or ceases w hen  th e  b a c te ria  are  h a rv es ted  from  glucose- 
c o n ta in in g  m edia [5, 15, 16, 30]. I t  has th e re fo re  been ex am in ed  w h e th e r 
c u ltu re s  grow n on c a rb o h y d ra te -c o n ta in in g  m edia  are  su itab le  fo r th e  reac tio n . 
T h e  re su lts  were sim ilar to  th e  con tro l t r y p to p h a n  te s t w hen th e  tu b e s  w ere 
in o c u la te d  from  R ussel or d eso x y ch o la te  c itra te  agar, or w hen glucose and  
o th e r  c a rb o h y d ra te -c o n ta in in g  try p to p h a n  so lu tions were used. T he in te rfe rin g  
a c tio n  o f  L-serine [27] w as also  exam ined  in a so lu tion  con ta in ing  0.2 p e r cent 
L -se rin e  an d  0.2 per cen t L - try p to p h a n . U n d e r th e  given e x p e rim e n ta l con
d itio n s  L -serine ex e rted  no in h ib itin g  effect on th e  ap p earan ce  of th e  colour 
re a c tio n .

Colour reaction in  h is tid in e  solution. U n ifo rm ly  neg a tiv e  re su lts  were 
o b ta in e d  w ith  321 en te ric  b a c te r ia l s tra in s  (75 E . coli, 28 K lebsie lla , 7 Aero-
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b ac te r, 15 C itro b ac te r, 15 C loaca, 12 S e rra tia , 7 S . p a ra ty p h i A ,  15 S. p a ra typ h i 
В , 10 S. typ h i m u riu m , 4 S . kunzendorf, 3 S. bareilly, 3 S . ana tum , 15 A rizona, 
5 H afn ia , 8 Sh. dysenteriae, Sh . fle x n e r i  ty p e  1, 2, 3 ,4 ,1 0  s tra in s  of each , 8 Sh. 
flexneri 5, 6 Sh. fle x n e r i  6, 10 Sh . boydii, 9 S h . sonnei an d  8 P seu d o m o n as 
cu ltu res). T hese s tra in s  caused  no change in 5 m l am o u n ts  of L -h is tid in e  
m edium  in c u b a te d  a t 37°C fo r d ay s. A fter th e  a d d itio n  of a lk a li only  a 
w h ite , f la k y  p re c ip ita te  w as fo rm ed . U nder s im ila r co n d itions 61 p e r cent 
of P ro te u s-P ro v id e n c ia  b a c te ria  caused  a p in k , o ran g e  or yellow ish  col
our reac tio n . A fte r  a lk a liza tio n , in  each positive  tu b e  a c h e rry -red  deposit 
Mas fo rm ed  an d  th e  su p e rn a ta n t , w hich becam e fa in te r  im m ed ia te ly  a fte r 
a lk a liza tio n , to o k  on a yellow ish-golden colour. C onsidering  th e  changes th a t  
o ccu rred  a fte r  a lk a liza tio n , P ro teu s-P ro v id en c ia  b a c te r ia  w ere po sitiv e  in 
84 p e r cen t (T able IV).

Table IV

B r e a k d o w n  o f  L - h i s t i d i n e  b y  P r o t e u s - P r o v i d e n c i a  b a c te r ia

5 ml 0.2 pe r cen t L -h is tid in e , pH  7.5, loopfu l inocu lum ; a f te r  6 d ay s in cu b a tio n , 0.5 ml A; 
N aO H  w as ad d ed  th en  th e  cu ltu re  w as re in cu b a ted  a t room  tem p e ra tu re  o v e rn ig h t

P e rc e n ta g e  o f p o s itiv e  c u ltu re s  a fte r  d a y s  o f  in cu b a tio n

1 s t r a i n s 1 1 2 1 3 4 5 ft 7

P. v u l g a r i s  ................... .......... 32 38 53 75 81 90 100

P. m i r a b i l i s ................... .........  38 26 50 60 74 76 84

Morganella............... .......... 41 14 31 36 49 61 6i 75

Rettgerella .............. .......... 33 У 12 18 18 18 36 88

Providencia .............. .......... 32 6 16 25 44 44 75

T o ta l .......................... .......... 176 5 23 35 46 56 62 84

T he reac tio n  in D -h is tid in e  so lu tio n  of 8 P. vu lgaris, 6 P. m irab ilis, 6 
M organella, 3 R e ttg e re lla  and  2 P ro v id en c ia  s tra in s , w hich w ere able to  decom pose 
L -h is tid in e , was also exam in ed . A d e fin ite ly  po sitiv e  reac tio n  was n ev er o b 
served . M inim al co lour changes o ccu rred  in 1 P . m irabilis  cu ltu re  a f te r  4 days 
in c u b a tio n , in 2 P . vulgaris an d  3 P . m irabilis  cu ltu re s  th e  deposit tu rn e d  fain t 
ch e rry -red  one d ay  a fte r  a lk a liza tio n .

T he se n s itiv ity  to  acid o f th e  h is tid ase  enzym e responsib le  for L -h is tid in e  
b reakdow n , v a ried  m ore d e fin ite ly  accord ing  to  su b g ro u p s th a n  th e  sen s itiv ity  
to  acid of try p to p h a n a se  did (T able Y).

Colour reaction in  lysine solution. T he 180 en te ric  b a c te r ia l s tra in s  e x am 
ined for ty ro s in e  b reakdow n  b ro u g h t ab o u t no co lour reac tio n  in 2 m l L-lysine 
d u rin g  4 day s in c u b a tio n . T he suspensions rem ain ed  u n a lte re d  a fte r  th e  ad d i
tion  o f ac id  or a lkali. T he m em bers o f th e  P ro teu s-P ro v id en c ia  group  som etim es
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Table V

H istid ine deam ination  by  Proteus-Providencia bacteria at various p H  values

N o. o f 
s tra in s

5.1

N o. o f  po 

5.7

itiv e  cu ltu res  

6.2

a t  p H  

6.7 7.5

P . vulgaris  ................................. 20 12 20 20 20 20

P. m ir a b il is ................................. 20 19 20 20 20 20

M o rg a n e lla ................................... 20 3 17 20 20 20

R e ttg e re lla  ................................. 20 20 20 20 20 20

P r o v id e n c ia ................................. 20 12 13 14 14 14

Table VI

Breakdow n o f  L -lysin e  by Proteus-Providencia bacteria 

2 m l 0.2 pe r c en t L -lysine , p H  7.7, loopful inocu lum

N o. o f  
s tr a in s

P e rcen tag e  o f  p o s itiv e  cu ltu res  a fte r  d a y s  o f  in cu b a tio n

1 2 3 4

P . vulgaris  ............................ 38 _ 2 2

P . m ir a b i l is ............................ 37 — — 16

M o rg a n e lla .............................. 41 5 5 5

R e ttg e re lla  ............................ 33 54 64 67 67

P r o v id e n c ia ............................ 34 38 41 41 41

T o t a l .......................................... 183 17 20 21 24

c a u se d  a greenish re a c tio n , w hich  w as decolorized b y  alkali b u t  le ft u n a lte red  
b y  acid  tre a tm e n t (T able  Y I).

Comparison o f  results in  various am ino acid solutions; colour reaction 
in  m ixed  amino acid so lu tions. O f th e  ex am in ed  P ro te u s-P ro v id e n c ia  s tra in s , 
a c o lo u r reaction  w as g iven  b y  94 p er cen t in  L -ty ro sin e , 98 p e r  cen t in  L- 
t r y p to p h a n ,  84 p e r  c en t in  L -h is tid in e  an d  24 p e r cen t in  L -ly sine  so lu tions. 
T h u s  th e  best resu lts  w ere o b ta in e d  w ith  L - try p to p h a n . T he t ry p to p h a n  nega
t iv e  1 P . m irabilis, 1 M organella  an d  1 R e ttg e re lla  s tra in s  w ere u n ab le  to  
a t t a c k  o th e r am ino acids. T h u s  no un ifo rm  p o s itiv ity  w as o b ta in e d  in  th is  
g ro u p  o f en teric  b a c te r ia , even  w hen  th e  cu ltu res  w ere ex am in ed  s im u ltan eo u sly  
in  4 d iffe ren t am ino  ac id  so lu tio n s.

A s m entioned  ab o v e , th e  presence  o f serine d id  n o t in h ib it L - try p to p h a n  
d e c o m p o s itio n .l t  h a s , th e re fo re , been  assum ed  th a t  in s te a d  o f an  in te rfe rence  
a m o n g  th e  am ino ac ids, th e  n u m b e r of p o sitiv e  re su lts  m ig h t he increased  
b y  th e  use of a m ix tu re  c o n ta in in g  L -ty ro sin e , L - try p to p h a n , L -h is tid in e  and  
L -ly s in e . F o r th e  e x p e rim e n ts  equal am o u n ts  o f th e  above am ino  ac id  solu tion
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w ere m ixed  and  2 ml a liq u o ts  w ere in o cu la ted  w ith  182 P ro te u s-P ro v id e n c ia  and 
125 o th e r en teric  b a c te ria l s tra in s . T he la t te r  cu ltu res  rep re sen tin g  m em bers 
o f  th e  earlie r listed  g roups, caused  no co lour reac tio n  d u rin g  2 d ay s  in c u b a tio n . 
O f P ro teu s-P ro v id en c ia  b a c te r ia  176 (97 p er cen t) caused  a yellow  o r brow n 
colour to  appear. T he try p to p h a n -n e g a tiv e  cu ltu res  w ere n eg a tiv e  also in 
th e  m ixed  solutions.

A ccord ingly , P ro teu s-P ro v id en c ia  cu ltu res  can he recogn ized  in th e  
h ighest p roportion  w hen th e  reaction  is carried  ou t in  2 ml t r y p to p h a n  so lu tion  
Fvith an  in cu b a tio n  period  o f one day .

Colour reactions in  solid media. M em bers of th e  P ro te u s-P ro v id e n c ia  
g roup  m ay  cause co lour reac tio n s in  solid m edia  co n ta in in g  am ino  acids. F o r 
th ese  ex p erim en ts  th e  follow ing am ino acids w ere d issolved in co n v en tio n a l 
p ep to n e -m ea t in fusion  ag a r (p H  7.2 to  7.4) so as to  give f in a l co n c e n tra tio n s  of 
0.2 per cen t (L -am ino  acid) or 0.4 p e r cen t (racem  form ): glycine, L -alpha- 
a lan ine , L -serine, L -cy ste in e , L -cy stin e , D L -m eth io n in e , L -th re o n in e , DL- 
v a line , D L -norvaline , D L -norleucine , L -leucine, D L -iso leucine, L -p h en y la lan in e , 
L -ty ro sin e , D L -try p to p h a n , D L -h is tid in e , L -oxypro line , D L -a sp a rtic  acid. 
L -asp arag in e , L -g lu tam ic  acid , L -g lu tam in e , L -arg in ine , L -lysine. T hen  to  
100 m l m ed ium  0.03 m l o f 1 per cen t ferric  am m onium  c itra te  w as ad d ed . The 
m ed ium  w as d is tr ib u te d  in to  te s t  tu b e s  in 5 m l p o rtio n s an d  le ft to  solidifv 
in  a s lan ted  position . N eedle p o in t am o u n ts  o f P . vulgaris, P ro v id en c ia  and  E . 
coli cu ltu res  (5 s tra in s  each) w ere s tre a k e d  on to  th e  s lan ts . T he m ed ia  were 
observed  daily  d u rin g  th e  3 d ay  in cu b a tio n  period .

E . coli cu ltu res caused  no colour reac tio n . In  m edia  co n ta in in g  cyste ine , 
ty ro s in e , t ry p to p h a n  or h is tid in e  all th e  exam ined  P . vulgaris and  P ro v id en c ia  
s tra in s  gave rise to  a yellow ish , th e n  b row nish  co lour d iffusing  in to  th e  m edium  
and  s ta in in g  th e  cu ltu re  itself. In  cystin e  an d  lysine m edia on ly  th e  up p er 
th ird  of th e  s lan t was co loured . O f th e  o th e r am ino  acids, th re o n in e , valine, 
no rleucine  and  oxypro lin e  gave colour reac tio n s w ith  som e P . vulgaris cu ltu res. 
T his ty p e  of colour ap p ea red  in th e  b u t t  of th e  m ed ium .

2. R a p id  tests

T he presence of free oxygen  enhances th e  o x id a tiv e  d e a m in a tio n  o f am ino  
acids. T herefo re , th e  r a te  o f reaction  increases w hen  u n d e r id en tica l co n d itions 
sm aller vo lum es of am ino  acid  so lu tion  are  used. In  0.5 m l vo lum es in 16 X 160 
m m  te s t tu b es th e  co lour in d ica tin g  of am ino acid b reak d o w n  a p p e a rs  in som e 
ho u rs . On th e  basis o f th is  experience v e ry  sim ple m e th o d s can he m ade use 
o f  for th e  rap id  te s t. F o r m icro tests , L - try p to p h a n  an d  L -h is tid in e  h av e  been 
fo u n d  sa tis fac to ry .

Microtest for assaying  L -tryp tophan  breakdown. E x c e p t for th e  P ro teu s- 
P ro v id en c ia  group , all th e  E n te ro b a c te ria c e a e  s tra in s  te s te d  (20 E . coli, 20



2 4 4 В. SERÉN Y

K leb sie lla , 15 C itro b a c te r , 15 Cloaca, 12 S e rra tia , 15 S . p a ra typ h i В , 15 S .  
ty p h i  m u riu m , 15 S . ty p h i , 15 A rizona, 30 S h . fle x n e r i,  13 Sh . boydii, 15 Sh. 
so n n e i  cultures) gave n e g a tiv e  resu lts  d u rin g  th e  o n e-d ay  o b se rv a tio n  period , 
in  t h a t  th e  colourless o r w h itish  suspension rem a in ed  unch an g ed . P ro teu s-P ro - 
v id e n c ia  cultures gave  p o s itiv e  reactions w ith in  6 h ou rs in  98 p er cen t. A t f irs t 
a f a in t  yellow colour a p p e a re d , th en  its  in te n s ity  an d  th e  n u m b e r of positive

Table VII

R a p id  tryptophan test

0.5 ml 0.2 p e r c e n t  L -try p to p h an , p H  7.5, loopful inocu lum

N o . o f
P ercen tage  o f  p o s itiv e  c u ltu re s  a f te r  h o u rs  o f  in cu b a tio n

s t r a i n s
1 2 3 4 5 6

P .  vulgaris  ............................ 3 7 8 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

P .  m ir a b i l is ............................ 3 8 5 9 2 9 7 9 7 9 7 9 7

M o rg a n e lla .............................. 4 0 5 4 5 8 0 9 7 9 7

R e ttg e re lla  ............................ 3 3 3 4 8 8 4 9 1 9 4 9 7

P r o v id e n c ia ............................ 3 4 3 4 7 1 0 0 1 0 0 1 0 0 1 0 0

T o t a l .......................................... 1 8 2 4 5 8 8 4 9 4 9 7 9 8

tu b e s  increased  g rad u a lly . A fte r  som e hours considerab le  n u m b e r o f suspensions 
to o k  a deep brow n co lo u r (T ab le  V II). To colourless suspensions 0.1 m l N  HC1 
w as ad d e d . A fter 5 to  10 m in u te s  in  9 o u t of 20 E . coli, in  4 o u t o f 15 Sh. f l e x 
n eri 3, an d  in 6 ou t o f 13 S h . boydii cu ltu res a p a le r  or deeper p ink  co lour a p p e a r
ed . T h is  reaction  w as re g a rd e d  as a ra p id  indo le  te s t . The ad d itio n  o f acid,

Table VIII

R a p id  h istidine test

0.5 m l 0.2 p e r c e n t L -h istid ine , p H  7.5, loopful inocu lum

P e rce n ta g e  o f  p o s itiv e  c u ltu re s  a f te r

N o . o f  
s tr a in s 1 2 3 4 5 a lk a li

za tio n
h o u rs ’ in cu b a lio u

P . vulgaris  ............................ 37 65 84 94 97 97 97
P . m ir a b i l is ............................ 38 60 84 89 94 97 97

M o rg a n e lla .............................. 40 5 12 32 42 42 57
R e ttg e re lla  ........................... 33 69 78 85 91 94 100
P r o v id e n c ia ............................ 34 47 71 91 91 91 100

T o t a l .......................................... 182 48 64 72 77 79 86
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how ever, d id  n o t increase th e  n u m b er of p o s itiv e  reac tio n s am ong P ro te u s -  
P rov idenc ia  b a c te r ia .

M icrotest fo r  assaying histid ine breakdown. B a c te r ia  used for th e  t r y p to 
phan  m ic ro tes t w ere exam ined . The 200 E n te ro b a c te r ia c e a e  s tra in s g av e  u n i
fo rm ly  n eg a tiv e  re su lts  d u rin g  th e  one d ay  in c u b a tio n  period. A fte r  6 h o u rs  
in c u b a tio n , 0.1 m l p o rtio n s of N  N aO H  w ere m ix ed  w ith  th e  suspensions. T h is 
caused  a f la k y  p re c ip ita tio n ; th e  suspensions re m a in e d  colourless or w h itish . 
A fte r se d im e n ta tio n  o v ern ig h t, w h itish , g rey ish  or yellow ish d ep o sits  an d  
a colourless s u p e rn a ta n t  could  be observed . A lm o st h a lf  o f the P ro te u s -P ro v i-  
dencia  cu ltu re s  gave a pale p in k  reac tion  a f te r  one h o u r. On fu rth e r in c u b a tio n  
th e  in te n s ity  an d  n u m b e r of colour reac tions in c rea sed  (Table V III) . T h e  p ro 
p o rtio n  o f p o s itiv e  resu lts  increased  w hen 0.1 m l IV N aO H  w as ad d ed  to  each  
tu b e  and a fte r  v igorous shak in g  th e  tu b es  w ere r e tu rn e d  in to  the w a te r  b a th . 
A dd ition  of N aO H  m ay  tu rn  th e  colourless P ro te u s-P ro v id e n c ia  cu ltu re  yellow  
an d /o r m ay  cause th e  fo rm atio n  of a slight a m o u n t of ru s ty  or c h e rry -re d  
deposit.

Table IX

R a p id  test in  tryptophan h is tid in e  m ixture

0.25 m l 0.2 per cen t L - try p to p h a n +  0.25 ml 0.2 per cen t L -h istid ine, 
p H  7.5, loopful ino cu lu m

No . o f  
s t r a i n s

P e r c e n t a g e  o f  p o s i t i v e  c u l 
t u r e s  a f t e r  h o u r s  o f  i n c u b a t i o n

1 1 2 3

/ \  vulgaris ..................... 3 7 65 9 7 9 7

P. m ir a b il is ..................... 3 8 7 1 9 7 9 7

M o rg a n e lla ........................ 41 14 5 6 9(1

R ettg e re lla  ..................... 3 3 15 6 7 9 1

P ro v id e n c ia ..................... 3 5 1 7 9 1 100

T o t a l ................................... 184 3 7 81 9 5

M icrotest in  the m ixture o f  tryptophan and  histid ine solutions. E q u a l 
volum es of 0.2 p e r  cen t L -try p to p h a n  and  0.2 p e r  c e n t L -histid ine w ere m ix ed  
an d  th e  so lu tion  w as d is tr ib u te d  in 0.5 m l a m o u n ts  in 1 6 x 1 0 0  m m  tu b e s . 
T hen in  each  tu b e  a loopful o f cu ltu re  w as su sp en d ed . T he tubes were in c u b a te d  
fo r 3 hours in a 39 — 40°C w a te r  b a th . R ead ings w ere m ade a t one h o u r  in te r 
vals. A fte r  th e  ad d itio n  of 0.1 ml N  N aO H , th e  tu b e s  w ere left to  s ta n d  a t  room  
te m p e ra tu re . R ead ings were perfo rm ed  a f te r  15 m in u tes  and  on th e  n e x t 
day . T he ex am in ed  200 en te ric  b ac te ria l s tra in s  gave uniform ly n e g a tiv e  
reac tio n s. P ro te u s-P ro v id e n c ia  cu ltu res show ed a yellow , pink o r o ran g e
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c o lo u r  a f te r  1 ho u r in 37 p e r cen t. O n fu r th e r  in cu b a tio n  th e  n u m b e r  o f  p o sitiv e  
c u ltu re s  an d  th e  in te n s ity  o f  th e  colour re a c tio n  increased. As a w hole, a f te r  
3 h o u rs  in cu b a tio n  95 p e r cen t o f th e  182 P ro teu s-P ro v id en c ia  s tra in s  gave 
a p o s it iv e  reaction  (T able IX ) . A fte r a lk a liz a tio n  th e  in te n s ity  o f th e  reac tio n  
in d ic a tin g  th e  b reak d o w n  o f am ino acids m a y  increase and  fu r th e r  s tra in s  m ay  
tu r n  o u t  to  he positive .

O n th e  basis of th e  p resen t resu lts  it  m a y  be concluded th a t  fo r e v e ry d a y  
ro u t in e  purposes th e  d e tec tio n  of t ry p to p h a n a s e  a c tiv ity  in  2 m l so lu tio n  w ith  
in c u b a tio n  o v ern ig h t, seem s m ost su ita b le . T h e  procedure is s im p le  as it 
re q u ire s  on ly  ro u tin e  b ac te rio log ica l m a n ip u la tio n s  (seeding, in c u b a tio n  in  th e  
th e rm o s ta te  an d  read in g  o f  colour re a c tio n  on  th e  n ex t d ay ). W h en  a rap id  
id e n tif ic a t io n  of P ro te u s-P ro v id e n c ia  b a c te r ia  is necessary , th e  m ic ro test 
c a r r ie d  o u t w ith  s tra in s  fro m  selective m ed ia  in  th e  m ix tu re  o f L - try p to p h a n  
a n d  L -h is tid in e  is recom m ended . T he m ic ro te s t  is also a sim ple  p ro ced u re , 
o n ly  th e  use of a w a te r  b a th  and  read in g s a t  one hour in te rv a ls  a re  so m ew hat 
la b o r iu s .

Discussion

I t  has been know n fo r n early  60 y e a rs  t h a t  pu trify in g  b a c te r ia  are  able 
to  decom pose  am ino acids b y  d eam in a tio n  o r d eca rb o x y la tio n , a n d  m ay  p ro 
d u c e  a c e tic  acid from  glycine, or succinic a n d  propionic acids fro m  a sp a rtic  
a c id  [28]. A t th e  sam e tim e  it has been sh o w n  th a t  am ino acids te n d  to  fall 
in  a d e f in ite  order acco rd in g  to  th e  a b ility  o f  P ro te u s  b ac te ria  to  a t ta c k  them . 
B e g in n in g  w ith  th e  m em b er m ost easily  decom posable , th e  o rd e r  o f these  
su b s ta n c e s  is: a sp a rtic  ac id , leucine, am in o -v a le rian ic  acid , p h e n y la la n in e , 
ty ro s in e , arg in ine, g lycine, a lan ine ; as deco m p o sitio n  p ro d u c ts , o rg an ic  acids, 
o r a ld e h y d e s  an d  am m o n ia  are  form ed [29]. In  th e  decades fo llow ing  th e  tim e 
o f th e  f i r s t  in v estig a tio n s, a n u m b er of a u th o rs  h av e  dealt w ith  th e  am in o  acid- 
d eco m p o sin g  a c tiv ity  of th e se  b ac te ria  [1 ,4 , 22, 24, 32 ,42, 43]. I t  has been  show n 
t h a t  P . vulgaris oxidizes p ra c tic a lly  all n a tu ra l  am ino acids [4, 42] b y  enzym es 
c a ta ly z in g  th e  o x id a tiv e  d eam in a tio n  of th e se  substances in to  th e  co rre sp o n d 
in g  k e to -a c id s  and  am m o n ia  [42, 44, 45].

T h e  ch a rac te ris tic  enzym e a c tiv ity  o f  th e  P ro teus g roup  allow s its  use 
fo r  id e n tif ic a tio n  p u rp o ses . F ro m  p h e n y la la n in e  these  b ac te ria  ra p id ly  p ro d u ce  
la rg e  a m o u n ts  of p h e n y lp y ru v ic  acid , w h ich  is sim ple to  d e te c t on  th e  basis 
o f  i ts  co lour reac tio n  w ith  ferric am m o n iu m  su lp h a te . H e n r i k s e n ’s p heny l- 
a la n in e  deam inase te s t  [21] has p roved  v e ry  su itab le  for th e  d iffe re n tia tio n  
o f  P ro te u s  from  o th e r en te ric  b ac te ria  [3, 7 — 10, 17, 23, 31, 37, 38, 40). A cco rd 
in g  to  S i n g e r  an d  V o l c a n i  [39] th e  m em b ers  of th e  P ro te u s-P ro v id e n c ia  
g ro u p  d eam in a te  t ry p to p h a n , and  th e  p ro d u c e d  indo le-3 -pyruv ic  ac id  gives 
a p e rs is tin g  colour re a c tio n  w ith  ferric  ch lo rid e . Therefore, for th e  ro u tin e  id en 
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tif ic a tio n  o f th e  P ro teu s-P ro v id en c ia  g roup , th ese  au th o rs  reco m m en d ed  th e  
try p to p h a n a s e  te s t [39]. M odified tech n iq u es  h av e  been e la b o ra te d  in  o rd e r 
to  re n d e r shak in g  u n necessary  [26] or to  ca rry  o u t the  reac tio n  w ith  p a p e r  
s tr ip s  im p reg n a ted  w ith  am ino  acid  so lu tions [2, 12, 17].

E x am in in g  th e  b reak d o w n  o f 23 am ino acids b y  d ifferen t en te ric  b a c te r ia , 
S i n g e r  a n d  V o l c a n i  fo u n d  th a t  decom position  p ro d u c ts  fo rm ed  as a resu lt 
o f th e  ac tio n  of P ro te u s-P ro v id e n c ia  enzym es gave  a colour re a c tio n  w ith  
ferric  ch loride only in case of D L -m eth io n in e , L -leucine, D L -iso leucine , 
D L -norleucine, D L -norva line , L -p h en y la lan in e , L - try p to p h a n  and  L -h is tid in e . 
T he co lour reac tio n s, w ith  th e  ex cep tion  of th e  ch e rry -red  colour g iven  b y  th e  
decom position  p ro d u c t o f try p to p h a n , w ere n o t d u rab le  139]. T hese  f in d in g s  
seem ed to  in d ica te  th a t  th e re  w ere no fu r th e r  am ino  acid deam inase  co lou r re a c 
tions su itab le  for th e  id en tifica tio n  o f  th e  P ro teu s-P ro v id en c ia  g roup . O ur re su lts  
have  show n th a t  w ith  h is tid in e  decom position  p ro d u c ts  a d u ra b le  co lour 
reac tio n  can be o b ta in ed , w hich, how ever, ra p id ly  fades w hen  S i n g e r  and  
V o l c a n i ’s m eth o d  is used. W ith  o u r tech n iq u es p e rs is tin g  colour re a c tio n s  w ere 
o b ta in ed  also in lysine and  ty ro s in e  so lu tions, th e  m etabo lic  p ro d u c ts  of w hich 
give n o n -ch a rac te ris tic  reac tions w ith  ferric  ch loride.

As to  th e  colour reac tio n  of fu r th e r  am ino  acids, in ad d itio n  to  th e  d iffe r
ence betw een  our find ings an d  th e  d a ta  in  th e  l i te ra tu re , it  w as s tr ik in g  th a t  
p h en y la lan in e  should  co n seq u en tly  h av e  y ie lded  nega tive  re su lts . I n  our 
op in ion  th e  d ifferences w ere due to  differences in th e  applied  tech n iq u es . U n d e r 
su itab le  cond itions, b a c te ria  of th e  P ro teu s-P ro v id en c ia  group d e a m in a te  all 
n a tu ra l am ino acids and fo rm  k e to -ac id s  an d  am m onia[42 , 44, 45]. E n o l fo rm s 
o f k e to -ac id s  an d  p e rh ap s endiols give co loured  com plex co m p o u n d s w ith  
ferric ch loride [6, 19, 20]. T he fo rm a tio n  of com plexes depends on v a rio u s  
fac to rs , such  as th e  p H  of th e  m ed iu m  an d  th e  iron  sa lt reag en t. T h u s , on th e  
basis o f a n eg a tiv e  colour reac tio n  no conclusions can he d raw n as to  th e  lack  
o f d eam in a tio n . In  th is  w ay  n o t o n ly  the v a r ia b ili ty  of resu lts  can  be  ex p la in ed , 
b u t  b y  e lab o ra tin g  m odified  m eth o d s or p e rh ap s b y  app ly ing  o th e r  m e ta l salt 
reag en ts , a possib ility  offers itse lf  fo r fin d in g  new  te s ts  su itab le  fo r  th e  id e n ti
f ica tio n  of P ro teu s-P ro v id en c ia  s tra in s .

T he co lour reac tio n s given b y  th is  g roup  o f b ac te ria  re su lt from  th e  
a c tiv ity  of deam inase  enzym es. W ith  th e  s im u ltan eo u s  p ro d u c tio n  o f  am m o n ia , 
ty ro s in e  is b ro k en  dow n to  p -h y d ro x y p h e n y l-p y ru v ic  acid [39], t r y p to p h a n  to  
in d o le -3 -py ruv ic  acid  [39], h is tid in e  to  u rocan ic  ac id  and  fo rm am id e  [30, 37]. 
As to  lysine, only  d a ta  for a d eca rb o x y la tio n  reac tio n  y ield ing  ca d a v e rin e  and 
CO, are  av a ilab le  [16]. I t  is, how ever, know n th a t  P ro te u s-P ro v id e n c ia  b a c te r ia  
give a n eg a tiv e  ly sine-d ecarb o x y lase  reac tio n  [14]. T hus in ou r e x p e rim e n ts  
an o x id a tiv e  d eam in a tio n  m u s t h av e  ta k e n  place. This is co n firm ed  b y  th e  
acce lera tin g  effect o f a ir (oxygen) on th e  reac tio n  ra te , th e  a lkaline p H  o p tim u m , 
iron salt reac tio n s ch a rac te ris tic  o f enol an d  endio l form s of k e to -a c id s ; an d

4 A rt a M icrobiologie» X I/3 .
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o c c a s io n a l d efin ite  a n d  ra p id  changes in  th e  co lou r of com plex com pounds. 
W ith  th e  a lk a li te s t  [35] it  can  be show n th a t  d u rin g  th e  reaction  a lka line  pro- 
d u  c ts  a re  fo rm ed, a n d , fu r th e r  th e  n eg a tiv e  n in h y d rin  reac tio n  excludes th e  
p re se n c e  of am ines. P r o o m  an d  W o i w o d , w ho h a v e  show n th a t  am ine  p ro d u c 
t io n  is ch a ra c te ris tic  o f  th e  P ro teu s g roup , h av e  been  unab le  to  rev ea l th is  
p ro p e r ty  in R e ttg e re lla  a n d  in m ost P ro v id en c ia  cu ltu re s  [31, 31a],

T h e  a d v a n ta g e  o f th e  m ethods p re se n te d  in  th is  p ap er over th e  large 
n u m b e r  o f rap id  P ro te u s-P ro v id e n c ia  te s ts  su ita b le  for ro u tin e  pu rposes, m ust 
f in a lly  be discussed. M ost ra p id  te s ts  req u ire  an  a g a r  cu ltu re  grow n fo r one day . 
T h u s , fo r  ca rry in g  o u t th e  reac tio n , w hich  itse lf  ta k e s  only  10 to  60 m in u tes , 
in  r e a l i ty  a 24 h o u r p e rio d  is needed . O ur m e th o d  can  be perfo rm ed  w ith  inocu la  
o b ta in e d  d irec tly  f ro m  selective p la te s , a n d  th e re fo re  i t  can be reg a rd ed  as 
a re a lly  ra p id  p ro ced u re  fo r recognizing P ro te u s-P ro v id e n c ia  s tra in s . In  ad d itio n , 
i ts  s im p le  te ch n iq u e  p re se n ts  a fu r th e r  a d v a n ta g e  in  th e  ro u tin e  la b o ra to ry . 
T h e  iro n  sa lt is in c o rp o ra te d  in th e  m ed ium , th u s  th e re  is no need to  ad d  th e  
re a g e n t or reag en ts  se p a ra te ly . F in a lly , in  id e n tify in g  a ty p ica l, fo r exam ple  
la c to se  positive  [42a], P ro te u s-P ro v id e n c ia  c u ltu re s , ou r m eth o d  su its  itse lf  
well fo r th e  e x am in a tio n  o f  ty ro sin e , h is tid in e  and  lysine b reakdow n .
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S um m ary . In  o rd er to  e lu c id a te  th e  aetio logy  of severe  en te ric  in fec tio n s in  p rem a tu re  
in fan ts , bacterio log ica l e x am in a tio n s  have  been su p p le m e n ted  w ith  th e  d e te c tio n  of specific 
phages. It has been  show n t h a t  th is  m ethod  su its  itse lf well for rev ea lin g  th e  aetio lo g ica l agen t. 
B y  a d a p tin g  phages iso la ted  fo r d iag n o stic  purposes to  K lebsie lla  s tra in s , a ty p in g  schem e for 
ep idem iological in v es tig a tio n s  has been  e lab o ra ted . T he iso la te d  phages w ere c h a ra c te riz e d  by 
phage m orphology , h e a t se n s it iv ity , ly tic  a c tiv ity  an d  sero log ical p ro p e rties .

By m eans of specific  p h ag es K lebsiella  s tra in s  o f v a r io u s  o rig in  were d iv id ed  in to  5 
phage groups an d  13 ty p es .

T he phage ty p e  d is tr ib u tio n  of K lebsiella  s tra in s  w as ex am in ed  in n osocom ia l out b reaks 
o f e n te r it is  and  in sp o rad ic  cases.

A m ong th e  exam in ed  802 K lebsiella cu ltu res  546 (68 pe r c en t)  ty p ab le  s tra in s  occurred. 
S tra in s  from  h o sp ita l o u tb re a k s  were phage sensitive  in 73, th o se  from  sp o rad ic  cases in 40, 
per cen t.

T he association  b e tw een  К an tig en s an d  phage ty p e s  has been in v es tig a te d .

Iso la tion  o f p hages ac tin g  on various K lebsie lla  s tra in s  has been  repo rted  
by  sev era l au th o rs . F ro m  th e  faeces of a sep ticaem ic  p a tie n t C a u b l o t  [1] in 
1924 iso la ted  for th e ra p e u tic  purposes a phage th a t  lyzed  F rie d lä n d e r’s bacillus. 
H a d l e y  [2] iso la ted  a K lebsie lla  p h ag e  from  sew age, by  w hich S an d  R  v a rian ts  
could  be d is tingu ished . F ro m  B. rhinoscleromatis s tra in s  P h a s e r  a n d  P r i c a  [3] 
o b ta in e d  specific rh in o sc le ro m a phages capab le  of g iv ing  rise to  n o n cap su la ted  
form s in  hom ologous cu ltu re s . The n o n cap su la ted  form s w ere used as an tigens 
for d iagnostic  a g g lu tin a tio n  te s t. R h inosclerom a p hages w ere iso la ted  by  G e r - 

k e s  [4] from  7 w eek b ro th  an d  by  I z r a i t e l  [5] fro m  5 —-7 week a g a r  cu ltu res.
D iffe ren tia tion  o f  K lebsiella  s tra in s  w ith  specific  phages w as a tte m p te d  

b y  R a k i e t e n  et al. [6] w ho fo u n d  a close associa tion  betw een  c a p su la r  an tigens 
an d  sensitiv ity  to  phages iso la ted  from  sewage. W ith  specific  p hages K lebsiella  
ty p e s  A , В an d  C w ere d is tin g u ish ed . T ype В phages lyzed  also A ero b ac te r 
cu ltu res . P a r k  [7] describ ed  in  d e ta il a phage o f un k n o w n  orig in , w hich  was 
specific  for K lebsiellae.

A d a m s  an d  P a r k  [8] s tu d ied  th e  n a tu re  o f th e  halo  su rro u n d in g  
p laques produced  on phage ac tion . T he ex p e rim en ts  show ed th a t  th e  halo 
w as b ro u g h t a b o u t by  an  enzym e, w hich d iffused  m ore rap id ly  th a n  th e  phage 
an d  in fluenced  th e  g ro w th  o f b ac te ria . M a t s e l i u c h  [9 ]o b ta in ed  by  a d a p ta tio n  
a phage specific for th e  used  rh inosclerom a s tra in .
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E u s t a t z i o u  et al. [10] in v e s tig a te d  th e  a ssoc ia tion  betw een  se ro ty p e  and  
ly so g e n ic  p roperties of 68 K leb sie lla  s tra in s. A m ong  th e  s tra in s  8 p e r cent 
ly so g e n ic  cu ltu res occurred , w h ic h  y ielded  phages a c tin g  exclusively  on b ac te ria  
b e lo n g in g  to  th e  co rresp o n d in g  se ro ty p e . In  th e  op in ion  of th ese  a u th o rs  the  
en z y m e  encoun tered  in th e  p h a g e  — cell system  causes d ifficu lties in  phage 
ty p in g . G a v r i l o v i t c h  [11] e x a m in e d  w ith  p hages iso la ted  from  lysogenic 
rh in o sc le ro m a  cultures th e  a sso c ia tio n  betw een  p h ag e  sen s itiv ity  an d  lysogenic- 
i ty  o f  7 rh inosclerom a c u ltu re s . On th e  basis o f th e se  p ro p ertie s , he d iv id ed  the  
s tra in s  in to  4 groups.

D a ta  in the  lite ra tu re  in d ic a te  th a t ,  a lth o u g h  d iffe ren tia tio n  o f K lebsiellae  
b y  m e a n s  o f  phages has been a t te m p te d , a t p re sen t th e re  is no m e th o d  su itab le  
fo r ep idem io log ica l p u rposes. T h e  p resen t w ork w as u n d e rta k e n  to  estab lish  
a p r a c t ic a l  division of th e  K leb sie lla  group by  th e  iso la tion  of specific  phages.

I. D E T E C T IO N  O F P H A G E S

I n  a d ep artm en t for p re m a tu re  in fan ts  th e  n u m b e r of p a tie n ts  dying 
fro m  e n te r i t is  highly in c rea sed  in  1961 — 62. A t th e  sam e tim e  th e  incidence  of 
p e r i to n i t is  and  of secondary  in te s t in a l  perfo ra tio n s also increased . S im u ltan e 
o u sly  w ith  the  highest in c id en ce  of p erito n itis  cases of en te ritis  w ith  unu su a l 
co u rse  occu rred . A t au to p sy  o f  10 in fan ts  f ib r in o p u ru le n t p e r ito n itis  w as re 
v e a le d . N e ith e r  rou tine  b a c te rio lo g ic a l no r v iro log ica l e x am in a tio n s  e lu c id a ted  
th e  a e tio lo g y . S ubsequen tly , in  a d d itio n  to  b ac te rio log ica l e x am in a tio n s , the  
d e te c t io n  o f phages w as a t te m p te d .  The m eth o d s an d  resu lts  are p re sen ted  as 
fo llow s.

M ateria ls  and m ethods

T h e  ex am in atio n s w ere p e rfo rm e d  betw een  N o v em b er 20 a n d  D ecem ber 7, 1961, anti 
b e tw e e n  F e b ru a ry  12 and  A pril 4, 1962. A lto g eth e r 1131 faeca l specim ens o rig in a tin g  fro m  369 
in fa n ts  w e re  exam ined.

Bacteriological exam inations. E n te r ic  pa thogens w ere iso la te d  on eo sin -m eth y len e  blue 
or E n d o  a n d  on desoxycholate c i t r a te  a g a r. T he iso lated  c u ltu re s  w ere id en tif ie d  b y  biochem ical 
r e a c tio n s .  W ith  some stra in s  m o u se  in o cu la tio n  ex p erim en ts  w ere also ca rried  o u t. A n tib io tic  
s e n s i t iv i ty  w as tes ted  w ith  “ B io te s t”  p a p e r  discs ( In s t i tu te  fo r S e ro b ac te ria l P ro d u c tio n  and 
R e se a rc h , H u m an , B u d ap est). I n  a d d it io n , th e  se n sitiv ity  re ac tio n s  to  o th e r , re c e n tly  in tro 
d u c ed  a n tib io tic s  were ex am in ed .

P hage examinations. I so la tio n  of phages and  d e te rm in a tio n  of phage se n s it iv ity  of 
b a c te r ia l  s tra in s  were perfo rm ed  f ro m  174 faecal sam ples o b ta in e d  from  79 p re m a tu re  in fan ts . 
M e th o d s  fo r  phage iso lation  a n d  d e te c t io n  were as desc rib ed  in  a p rev ious p a p e r  fo r E . coli 
s t r a in s  [12 ]. T he ind ica tor s tra in s  w ere  p a r tly  “ s ta n d a rd ”  la b o ra to ry  s tra in s  o f know n p a th o 
g en s, p a r t l y  s tra in s  iso lated  fro m  fa e c a l sam ples du ring  th e  epidem ics.

P h a g e  sen sitiv ity  of b a c te r ia  w as te s te d  w ith  p h ages iso la ted  d u rin g  th e  ep idem ic  and 
w ith  38 d iffe re n t phages a c tiv e  a g a in s t  various en teric  b a c te r ia . T he la t te r  se t o f ph ag es was 
iso la te d  in  p rev ious years from  th e  faeces o f in fan ts  su ffering  from  e n te ritis .
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R esults

Identification  o f  the causative agent. L ac to se -p o sitiv e  m ucoid  colonies 
grow ing from  m ost faecal sam ples w ere sensitive  to  s ta n d a rd  p hages specific 
for K lebsiella  s tra in s . In  phage iso la tion  ex p e rim en ts , 20 of th e  faecal sam ples 
(11 p er cent) y ie lded  specific p hages ac ting  on K lebsiella  s tra in s . C ultures 
iso la ted  on th e  basis o f phage se n s itiv ity  and  phage d e tec tio n  w ere la te r 
id en tified  by m eans o f b iochem ical reac tions an d  an im al in ocu la tion .

K lebsiella s tra in s  w ere iso la ted  from  348 o u t o f 1131 sam ples (31 per 
cen t) o rig inating  from  198 ou t of 369 in fan ts  (54 p e r  cen t). T he h ig h est num ber 
o f in fec tions o ccu rred  a t  th e  co n d itio n ed  d e p a r tm e n t, w here K lebsie lla  was 
recovered  from  188 o u t o f 447 sam ples (42 per cen t), o rig in a tin g  from  101 out 
o f 147 in fan ts  (69 p e r cen t).

Comparison o f  laboratory f in d in g s  with clin ical data. O f 198 p rem a tu re  
in fa n ts  positive fo r K lebsiella  48 (24 p e r cent) h a d  severe or m o d e ra te  en te ritis . 
M ild in fections o ccu rred  in 51 in fa n ts  (26 p er cen t). T en  in fa n ts  (5 p er cent) 
d ied ; 89 in fan ts (45 p e r  cen t) were sym p to m less  carrie rs .

T ab le  I p resen ts th e  d is tr ib u tio n  o f 218 phage sen sitiv e  an d  p h ag e  resistan t 
K lebsiella  s tra in s iso la te d  from  th e  faeces of in fa n ts  w ith  e n te r itis  and  from 
sym p to m less  carriers. 1 n th e  fo rm er g ro u p  of in fa n ts  th e  incidence o f phage sensi
tiv e  s tra in s  was s ig n ifican tly  h igher th a n  in th e  ca rrie rs . Six cases w ere ex am 
ined bacterio log ically  p ost m o rtem ; 5 of th em  y ie ld ed  K lebsiella  from  various 
o rg an s; in th e  rem ain in g  1 case c u ltu r in g  was a t te m p te d  on ly  from  th e  spleen.

A ntib io tic  sen sitiv ity . O f 149 s tra in s  7.3 p er cen t w as re s is tan t a n d  24.1 per 
cen t m o d era te ly  sen sitiv e  to  neom y cin ; 2.6 per cen t w as re s is ta n t an d  61.7 per 
cen t m o d era te ly  sen s itiv e  to  po lym yx in  B. A ccord ing  to  U j v Á r y  [13] in  1959 
o n ly  0.3 per cen t o f th e  s tra in s  w as re s is tan t to  n eom ycin . T he 1962 d a ta  of 
L o s o n c z y  et al. [14] a re  alm ost id en tica l w ith  o u r re su lt, th e ir  nosocom ial 
s tra in s  w ere neom ycin re s is ta n t in 7.8 p e r  cen t. All s tra in s  w ere re s is ta n t to  the 
o th e r  exam ined  an tib io tic s .

T a b l e  I

D istribution o f  Klebsiella s tra in s according to phage sensitiv ity

O rigin o f stra ins

P hage se n sitiv e  
s tra in s

P h ag e  re s is ta n t  
s tra in s T o ta l

No. p e r  ce n t No. p e r  cen t N o. p e r cen t

P a t i e n t s ........................................ 93 61 23 35 n o 53

Sym ptom less e x c r e te r ............ 60 39 42 65 102 47

T o ta l .............................................. 153 100 65 100 218 100

Y. 10.82; 1> = 0.1 pe r cent
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Iso la tio n  o f phages. T en  o f  th e  iso la ted  20 specific  K lebsiella  p h ag es were 
re c o v e re d  from  p a tien ts  n o t sh o w n  to  excrete K lebsie llae  a t  th e  tim e  o f phage 
iso la tio n . A t subsequen t e x a m in a tio n s , how ever, K lebsiella  s tra in s  w ere iso la ted  
also  f ro m  these  p a tie n ts . F ro m  sym ptom less carrie rs  10 a d d itio n a l specific 
p h a g e s  w ere  recovered. N o a sso c ia tio n  was fo u n d  betw een  th e  sev e rity  of 
in fe c tio n  a n d  the  presence o f  v iru le n t  phages.

F ro m  th e  phage s e n s it iv ity  o f th e  c u ltu red  b a c te r ia  an d  th e  p resence of 
v iru le n t  ph ag es, conclusions c a n  he draw n as to  th e  re sp o n sib ility  fo r th e  in fec
tio n  o f  th e  recovered o rg an ism . B ac te ria  iso la ted  on th e  basis o f p hage  sensi
t iv i ty  m a y  subsequen tly  be id e n tif ie d  b y  b ac te rio log ica l m e th o d s . T he p a th o 
g en ic  ro le  o f K lebsiella in th e  s tu d ie d  epidem ic w as con firm ed  b y  th e  following 
f in d in g s .

(1) K lebsiella s tra in s  o r  K lebsiella  phages w ere iso la ted  from  n ea rly  all 
fa eca l sam p les .

(2) W ith  one e x c e p tio n , p o s t m ortem  e x am in a tio n s  o f v a rio u s  organs 
y ie ld e d  K lebsiella  in pu re  c u ltu re .

(3) O th e r pathogen ic  o rg an ism s were fo u n d  n e ith e r  in faecal sam ples no r 
in  th e  o rg an s.

(4) O th e r, m ain ly  E . coli, s tra in s  iso la ted  from  faecal sam ples w ere 
h e te ro g e n e o u s  as to  phage p a t te r n .

(5) A n tib io tic  th e ra p y  a im ed  against K lebsie lla  s tra in s  was successful 
in  m o s t  cases.

D e te c tio n  of specific  p h a g e s  is im p o r ta n t fo r es tab lish in g  th e  p ro p er 
a e tio lo g ic a l diagnosis. P h ag es  m a y  be responsib le for, an d , a lte rn a tiv e ly , m ay  
be conseq u en ces of, th e  c h a n g e  o f a fa cu lta tiv e ly  p a th o g en ic  o rg an ism  in to  a 
p a th o g e n ic  agent. In d u c tio n  o f  to x in  p ro d u c tio n  [15 — 18] an d  increased  v iru 
len ce  o f  E . coli [12, 19] h av e  b e e n  a ttr ib u te d  to  p h ag e  ac tion .

I I .  P H A G E  T Y P E  D E T E R M IN A T IO N  

M ateria ls  and m ethods

P h a g e s  used for ty p in g  w ere  iso la te d  from  faecal sam p les d u rin g  o u tb re a k s  o f en te ritis  
o c c u rr in g  be tw een  O ctober, 1961, a n d  J u n e , 1963, in  th e  p re m a tu re  a n d  in fa n ts ’ d e p a rtm e n ts  
o f  tw o  h o sp ita ls . The iso la ted  p h a g e s  w ere exam ined  fo r p laq u e  m o rpho logy , h e a t  se n sitiv ity , 
ly tic  a c t iv i ty  an d  serological p ro p e rt ie s .

Size a n d  m orphology of p h a g e s  w ere de te rm in ed  b y  Gbatia’s a g a r la y e r  m eth o d  [20]. 
T h e  p h a g e s  w ere d ilu ted  so as to  g iv e  d is tin c t p laques. O ne p laq u e  of each  p h ag e  w as su b cu l
tu r e d  in  o rd e r to  de term ine  th e  s t a b i l i ty  o f p laque ty p es . A lt h o u g h  on su b c u ltiv a tio n  th e  p laques 
r e ta in e d  th e ir  original ty p e , m u ta t io n s  o r v a ria tio n s w ere o ften  o b served . T h e  d iam e te r and  
m o rp h o lo g y  of plaques w ere re a d  a f te r  an  in cu b a tio n  a t  37°C fo r 18 hours.

I n  h e a t  sen sitiv ity  te s tin g  th e  p h ag es were exposed  in H a r t le y  b ro th  to  d iffe re n t te m p e r
a tu r e s  ra n g in g  from  60 to  80°C fo r  30 m inu tes.

I n  o rd er to  show se ro lo g ica l re la tio n sh ip s , im m u n e  se ra  w ere p re p a re d  ag a in s t all 
p h a g e s . N eu tra liz a tio n  te s ts  w ere  c a r r ie d  o u t w ith  a ll se ra  an d  p h ages . In  th e  case  o f p ositive  
r e a c t io n s  th e  К  values w ere d e te rm in e d  by th e  m eth o d  of Burnet et al. [21].
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T he 12 K lebsiella  a n d  1 E n te ro b a c te r  p h ages w ere se lec ted  on  th e  basis o f ly tic  a c t iv i ty  
a n d  serological p ro p e rties . T he p ro p a g a ted  phages w ere used e ith e r u n d ilu te d  or in  th e  c r i t ic a l  
te s t  c o n ce n tra tio n  ( th e  h ig h est d ilu tio n  w hich  p ro d u ced  c o n flu en t ly sis of th e  hom ologous 
s tra in ) .

T he ex am ined  s tra in s  w ere iso la ted  p a r tly  from  th e  faeces o f in fa n ts  w ith  e n te r it is  t r e a te d  
in  th e  above h o sp ita ls , p a r tly  fro m  clinical sam ples o f  u rin e , CSF, m a te ria ls  from  eye a n d  sk in  
d iseases, sp u tu m  an d  pus, sen t to  th e  D e p a rtm e n t o f B acterio lo g y  of th is  In s t i tu te .  In  a d d itio n , 
th e  p h age  se n sitiv ity  o f s ta n d a rd  K lebsiella  s tra in s  re p re se n tin g  К  an tig en s 1 to  30, w as te s te d .

A lto g eth e r 803 K lebsiella  an d  99 E n te ro b a c te r  s tra in s  were exam ined .

R esults and  discussion

E x a m in a tio n s  o f p laq u e  m orpho logy  rev ea led  7 p laq u e  ty p es  d iffe ring  in 
size an d  m orpho logy . P a r t  of th e  phages p ro d u ced  a fa in t halo  su rro u n d in g  th e  
clear p laque . Som e p laq u e  ty p es  are p re sen ted  in F igs. 1 — 5.

Fig . I .  P laq u es 3 m m  in d iam e te r, show ing F ig . 2. P laques 4 m m  in d iam e te r show ing  
c lear a rea s w ith  en tire  edge su rro u n d ed  b y  a  c lear a rea s w ith  e n tire  edge (K lebsie lla  p h a g e  4) 

d e fin ite  halo  (K lebsiella  p hage  328)

By h ea t se n s itiv ity  te s tin g  2 g roups w ere d is tin g u ish ed : 9 p h ag es w ere 
in a c tiv a te d  a t  70°C (K lebsiella  phages 2, 6, 42, 328, 181, 937, 832, 765 an d  
E n te ro b a c te r  phage 14); th e  rem ain ing  4 K lebsiella  phages (4, 106, 165, 171) 
w ere d es tro y ed  a t  8 0 °C.

Serological d e te rm in a tio n s  show ed th a t  th e  К  values of a n tip h a g e  sera 
ag a in s t th e  hom ologous phages v a ried  b e tw een  32 an d  200. On th e  basis o f  th e  
c ro ss-n eu tra liza tio n  reac tio n s an d  К  v a lu es , K lebsiella  ty p in g  p hages w ere 
d iv ided  in to  5 serological g roups (А, В, C,, C2, D) (Table I I ) .  A m inor re la tio n 
sh ip  w as revealed  betw een  phages belonging  to  groups Cj an d  C2. T he se ru m
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p re p a re d  ag a in st p h ag e  14 ac tin g  on E n te ro b a c te r  s tra in s , d id  n o t re a c t w ith  
a n y  o f th e  K lebsiella  p h ag es, therefo re  th is  p h ag e  w as reg a rd ed  as belonging to  
a se p a ra te  serogroup .

P hage se n s it iv ity  te s tin g  of 802 K lebsie lla  an d  99 E n te ro b a c te r  s tra in s  
show ed  th a t  th e  12 K lebsie lla  phages lyzed  o n ly  K lebsiella  s tra in s , w hile th e  
p h ag e  ad ap ted  to  an  E n te ro b a c te r  s tra in  ac ted  on E n te ro b a c te r  b u t n o t on 
K lebsie lla  cu ltu res.

F ig . 3. Sm all p laques su rro u n d e d  by  a large 
halo (K lebsiella  p h ag e  171)

F ig . 4. P laq u es  2 m m  in  d iam eter show ing clear 
a rea s  w ith  en tire  edge (K lebsiella  p h ag e  42)

F ig. 5. I r re g u la r ly  sh a p e d  and sized p laq u e s  (E n te ro b a c te r  phage 14)
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Tabic II

Serological classification o f  K lebsiella  phages

Phage
Serological

groups
4 328 2 42 6 171 106 165 181 832 937 765

C o n stan t for th e ra te  o f a n tip h a g e  s e ru n n eu tra liz a tio n  (K value)

4 л 41 24
328 22 200 — — -  - —

2 в 68 55 _
42 16 133 — — —

6 C, 50 33 _ l _
171 — — 26 74 9 5 <i <i —
106 c. _ _ 2 > 1 32 31 55 _
165 — — 8 < 1 20 66 29 —
181 — — > 1 28 52 59

832 1) _ _ < 1 < 1 70 22 78
937 — — — < 1 < 1 68 136 33
765 — — <1 < 1 34 32 172

O f th e  99 E n te ro b a c te r  s tra in s  40 (40.4 p e r cen t)  w ere lyzed by th e  p h a g e  
a d a p te d  to  Enterobacter cloacae s tra in  14. A lth o u g h  K lebsiella  and  E n te ro b a c te r  
s tra in s  can be d is tin g u ish ed  on th e  basis o f m o tility  a n d  biochem ical b e h a v io u r , 
in certa in  cases th e ir  classification  m ay  he p e rfo rm ed  m ore rap id ly  b y  th e  use  
of specific phages.

S tra in s  belong ing  to  th e  K lebsiella  g roup  w ere d iv ided in to  5 p h a g e  
groups an d  13 phage ty p es. T he phage ty p in g  sch em e show ing the  re a c tio n s  
o b ta in ed  w ith  12 ty p in g  phages inc luded  in sero log ica l g roups A, B, CL, C, o r 
1) is p resen ted  in T ab le  I I I .

T he d is tr ib u tio n  of phage ty p es w ith in  th e  5 p h ag e  groups is as fo llow s.
G roup I includes 5 ty p e s  ( la ,  lb ,  lc , I d ,  le )
G roup I I  inc ludes 2 tv p e s  (2a, 2b)
G roup I I I  includes 2 ty p e s  (3a, 3b)
G roup IV  includes 3 ty p es  (4a, 4b, 4c)
G roup V includes 1 ty p e  (5a).
T here w as a close association  betw een  th e  p h a g e  sen s itiv ity  of s tra in s  a n d  

th e  serological g ro u p  o f phages.
T able IV show s the p hage  g roup  an d  p h ag e  ty p e  d is trib u tio n  o f  802 

K lebsiella  s tra in s . T he m ajo rity  of s tra in s  (598) o rig in a te d  from  faecal sam p le s ; 
these s tra in s  could  he ty p e d  in 72 p e r cent. N ose a n d  th ro a t  sam ples y ie ld ed  
82 s tra in s , w hich  w ere ty p a b le  also in 72 per c en t. A  s im ila r p roportion  (71 p e r  
cen t) of ty p a b le  s tra in s  occurred  am ong  cu ltu res  iso la te d  from  various o b je c ts  
in  th e  w ards. S tra in s  o rig in a tin g  from  o th e r c lin ica l m a te ria ls  and  the  s ta n d a rd
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T able  I I I

Phage typ in g  scheme fo r  the K lebsiella group

P h a g e

g ro u p  I ty p e

S ero lo g ical groups

C. I c2 D

T y p in g  phages

42 j 6 I  171 j 106 I  165 I  181 I  937 I  832 ! 765

1

la
Hi
1c
Id
le

+
+

+
+

+
+

+
+

—
— — — —

—
— —

2a _ _ +
II 2b — — + + — — - — — — — —

3a +
I I I 3b — — ( + ) — + + — — — — — —

4a __ _ _ _ + + 1 _ _
IV 4b

4c — — ( + ) —
+
+

+
+

+
+

+
+ — - -

V 5 — - — — — — + -f +

=  confluen t o r sem ico n flu en t lysis; (-)-) =  v a r ia b le  reaction ; — =  n e g a tiv e  reac tion

s t r a in s  w ere phage sen s itiv e  in  31 an d  40 p e r  cen t, respectively . T h e  difference 
is  e x p la in e d  b y  th e  fa c t t h a t  faecal an d  n o s e -  th ro a t  s tra in s  h a d  b een  iso la ted  
f ro m  sam ples used  also fo r  th e  iso la tio n  o f  ty p in g  phages em p lo y ed  in  th is 
s tu d y .  T he rem ain ing  K lebsiella  s tra in s  w ere  received  from  a d iffe re n t la b o ra 
to r y  a n d  no phage iso la tio n  was a t te m p te d  from  the orig inal m a te r ia ls . Thus 
i t  m a y  be concluded  th a t  for fu r th e r  d e v e lo p m en t of phage ty p in g , phages 
p re s e n t  in  m a te ria ls  y ie ld in g  u n ty p a b le  K leb sie lla  stra ins, sh o id d  be  iso la ted .

T ab le  У  shows th e  d is tr ib u tio n  of th e  iso la ted  stra ins acco rd in g  to  hosp i
ta ls .  T w o m ajo r nosocom ial o u tb reak s  w ere  in v es tig a ted . S tra in s  iso la te d  from  
th e  faeces of p re m a tu re  in fa n ts  in  H o sp ita l A belonged to  phage g ro u p  I  in  65 
p e r  c e n t. S tra ins iso la ted  from  an e n te r itis  ep idem ic  occurring in  th e  p re m a tu re , 
in f a n t  an d  in fec tious diseases d e p a r tm e n ts  o f H osp ita l В b e lo n g ed  in  72 per 
c e n t  to  phage group IV . O th e r s tra in s  o r ig in a tin g  from  a d u lt p a tie n ts  tre a te d  in 
v a r io u s  hosp ita ls  fell in 57 p er cen t in to  p h a g e  group I I  and  in  28 p e r  cen t in to  
p h a g e  g roup  I I I .

T h u s s tra in s  o f p h ag e  groups I a n d  IV  m igh t be resp o n sib le  fo r severe 
cases  o f en te ritis  am ong  p re m a tu re  b ab ies  a n d  in fan ts, w hile th o se  o f phage 
g ro u p s  I I  an d  I I I  w ere asso c ia ted  w ith  v a r io u s  pathological co n d itio n s  in ad u lts .
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Table IV

D istribution o f  Klebsiella phage types in  various materials

Nose - LJrine,  e a r ,
N ecropsy F om ites

S ta n d ard
T o t a l

g r o u p t y p e
Faeces t h r o a t e tc . s t r a i n s

la 6 3 i 6 4
11. 75 15 3 2 9 5

I I f  6 3 1 l 1 1

id 8 8

le 9 3 — : 1 2

2a 31 1 5 5 4 2
II 21. 6 2 8

3a 14 1 0 2 _ 2 6

III 3 b 6 2 11 l 3 4 8 1

•la 1 7 l 1 8
IV 4 b 7 4 4 6 1 85

4 e 55 Í 6 2

V 5 1 4 8 4 7 l 3 4

T otal typab le No. 434 6 2 19 1 4 5 1 2 546
0 о 7 2 . 6 7 2 . 7 31.2 58.3 71.5 40.0 6 8 . 1

T otal u n ty p ab le  INo. 1 6 4 2 0 4 2 1 0 2 18 2 5 6
() о 2 7 . 4 24.3 6 8 . 8 41.7 28.5 60.0 31.9

T otal 598 8 2 6 1 2 4 7 3 0 8 0 2

A m ong th e  s tra in s  68 per cen t ty p a b le  c u ltu re s  occurred . S tra in s  from  th e  
h o sp ita l o u tb reak s  w ere ty p a b le  in  73 per cen t. A m ong  those  iso la ted  from  
spo rad ic  cases only  40 p er cen t phage sensitive  cu ltu re s  occurred .

Stab ility  o f  phage types  was es tim a ted  b y  p e rfo rm in g  ty p in g  of s tra in s  
iso la ted  on re p e a te d  occasions from  th e  sam e p e rso n s, an d  also b y  leav in g  th e  
iso la ted  s tra in s  in th e  la b o ra to ry  for 1 to  8 m o n th s  a t  room  te m p e ra tu re . I t  
was found  th a t ,  a p a r t  from  som e m ore or less d e fin ite  changes, th e  phage 
sen s itiv ity  rem ain ed  c o n s ta n t, as only in tra -g ro u p  a lte ra tio n s  occurred . In te r-  
group changes w ere n ev e r observed. The in tra -g ro u p  ty p e  a lte ra tio n s  w ere 
rep roduced  in m odel ex p erim en ts .

S tra in s  occu rring  in H o sp ita l A during  th e  ep idem ic period belonged  in 
83 p er cen t to  ty p e  l a  an d  lb  of group I. Tn H o sp ita l B , ty p e s  4b  an d  4c of g roup  
1Y w ere p rev a len t.

F ro m  o b se rv a tio n s m ade a t  rep ea ted  p h ag e  ty p in g  of the  sam e s tra in s , 
it m ay  be concluded  th a t  in tra -g ro u p  a lte ra tio n s  occur in th e  course of ep id em 
ics. T hese a lte ra tio n s  arc p ro b ab ly  due to  p h ag e  ac tio n  occurring  also u n d e r 
n a tu ra l c ircum stances.
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T able  V

Phage group d istribu tion  o f  Klebsiella stra ins according to origin

P h a g e  g r o u p
H o s p i t a l

A
H o s p i t a l

В O t h e r T o t a l

Number o f strains

I 1 8 8 l l 1 9 0

i l 3 1 3 1 6 5 0

i n 4 0 5 9 8 1 0 7

IV — 1 6 5 - 1 6 5

V 3 0 1 3 3 4

T otal ty p ab le 2 8 9 2 2 9 2 8 5 4 6

U ntypable 1 6 7 4 8 4 1 2 5 6

T otal 4 5 6 2 7 7 6 9 8 0 2

Percentage fo r  typable strains

I 6 5 . 1 0 . 4 3 . 5 3 4 . 8

и 1 0 . 7 1 . 3 5 7 . 2 9 . 2

h i 1 3 . 8 2 5 . 8 2 8 . 6 1 9 . 6

IV 7 2 . 1 — 3 0 . 2

V 1 0 . 4 0 . 4 1 0 . 7 6 . 2

Percentage fo r  total number o f  strains

T ypable 6 3 . 4 8 2 . 7 4 0 . 6 6 8 . 1

U ntypable 3 6 . 6 1 7 . 3 5 9 . 4 3 1 . 9

Association between phage type and К  antigens. C om parison  of p h ag e  ty p e  
a n d  К  an tigens of th e  ex am in ed  K lebsiella  s tra in s  y ielded  th e  fo llow ing resu lts . 
P h a g e  ty p e  la  s tra in s  en co u n te red  m ost fre q u e n tly  in 1961 d u rin g  th e  en te ritis  
e p id em ic  in th e  p re m a tu re  d e p a rtm e n t o f H o sp ita l A, possessed К  an tig en  18 
(6 s tra in s  from  d iffe ren t p a tie n ts ) . T he less fre q u e n tly  occurring  ty p e  2 belonged 
to  se ro ty p e  K15, an d  one p h a g e -re s is ta n t cu ltu re  to  sero ty p e  K 19. P h ag e  ty p e  5 
iso la te d  from  th e  e n te ritis  o u tb re a k  in 1963 belonged to  se ro ty p e  K 24. Phage 
ty p e  4a  en coun tered  in H o sp ita l В also co n ta in ed  К  an tig en  24. I t  is p robab le  
th a t  v a rious phage ty p e s  o rig in a tin g  from  d iffe ren t sources, in  sp ite  of possessing 
a com m on  К a n tig en , are  n o t un ifo rm . P h ag e  ty p e  4b s tra in s  w hich  occurred  
m o s t freq u en tly  in H o sp ita l B , belonged serologically  e ith e r  to  ty p e  K 23, or 
w ere  u n ty p a b le  w ith  th e  u sed  K1 —30 sera . One phage ty p e 4 c  s tra in  could  no t be 
id e n tif ie d  as belonging  to  se ro ty p es 1 — 30. One phage ty p e  3b s tra in  o f an im al 
o rig in  belonged to  se ro ty p e  K 30. One phage ty p e  3a s tra in  iso la ted  from  urine  
w as u n ty p a b le  w ith  th e  u sed  set o f K sera .
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O f th e  s ta n d a rd  K lebsiella  s tra in s  rep re se n tin g  К an tigens 1 —30, 13 w ere 
ty p a b le  л\ ith  our phages:

P h ag e  ty p e  2a: К  1, 7, 8, 11, 12 
P hage ty p e  3b: К  13, 27, 29, 30
P h ag e  ty p e  l a :  К  18
P hage ty p e  2b: К 20, 20
P h ag e  ty p e  4c: К  22

F ro m  th e  resu lts  o f phage ty p in g  th e  follow ing conclusions h a v e  been 
d raw  n .

(1) O ur phage ty p in g  schem e is su itab le  fo r trac in g  the  sp re a d  o f  nosoco 
m ial ep idem ics caused  by K lebsiellae . T he m e th o d  is rap id  and , in sp ite  o f  som e 
v a r ia b ili ty  of ty p e s , it yields re liab le  resu lts .

(2) In  th e  tw o  hosp ita ls so fa r ex am in ed  tw o  different phage ty p e s  w ere 
p re d o m in a tin g  in th e  o u tb reak s  of e n te ritis  am ong  p rem atu re  in fa n ts .

(3) T he observed  phage ty p e  v a ria tio n s  an d  an tigenic  la b ili ty  in  se ro 
logical ty p in g  described  b y  sev era l a u th o rs  w ere p resum ably  d u e  to  phage 
a c tiv ity .

A cknow ledgem ent. The a u th o rs  a re  in d e b te d  t o  P rofessor k .  R a u s s  an d  D r. T . A n g y a l  
( I n s t i tu te  o f M icrobiology, U n iv ersity  M edical School. Pécs) for К an tigen  d e te rm in a tio n s  w ith  
sera к  1 30.
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S u m m a ry . Ln th ree  ch ild ren ’s hom es prev iously  n o n -iin m u n ized  in fan ts  ra n g in g  in  age 
from  3 to  12 m o n th s  were v acc in a ted  w ith  m o n o v alen t live p o lio v iru s vaccines. In  o n e  of th e  
hom es th e  o rd e r of ty p es  was 1, 3 an d  2 (co n tro l g ro u p ), in  th e  o th e r  hom es 2, 3 a n d  1. excep t 
for 12 c h ild ren  who were a ffec ted  hy ch iokenpox  a t th e  tim e  of im m u n iza tio n  w ith  th e  ty p e  
3 vaccine. T hese  in fan ts  received th e  ty p e  3 vaccine la te r  (2 — 1 —3 group). T he a v e ra g e  age 
was 6.6, 6.0 an d  7.7 m o n th s in th e  co n tro l g roup  and  g ro u p s  2 —3 — 1 and  2 —1 — 3, re sp e c tiv e ly . 
All th e  in fa n ts  were given th e  sam e food. T he p re -v acc in a tio n  e x cre tio n  of non-polio  e n te ro v iru 
ses w as 26 p e r cen t in th e  co n tro l a n d  25 pe r cen t in th e  o th e r  tw o groups. The re sp e c tiv e  ra te s  
of t r ip le -n e g a tiv e  ch ild ren  were 33 per cen t an d  31 pe r cen t.

S e ro conversion  to ty p e  2 v irus was 100 per cen t (20/20 a n d  11/11) w h e th er th is  ty p e  of 
vacc ine  w as th e  f ir s t  or th e  last one in th e  series.

In  c e r ta in  cases som e rise in a n ti- ty p e  1 t i t r e  w as o b se rv ab le  as a result o f v a c c in a tio n  
w ith  ty p e  2 vaccine or ty p e  2 and  ty p e  3 vacc ines. T h e  seroconversion  ra te  for ty p e  1 was 
slig h tly  h ig h er in the  2 1 3 g roup  (24/24) th a n  in th e  c o n tro l g ro u p  (10/12).

T h e  se roconversion  ra te s  for ty p e  3 were 75 per cen t (9/12). 69 per cent (22/32). an d  91 
per c en t in th e  co n tro l group  an d  g ro u p s 2 — 3 — 1 an d  2 — 1 —3, respec tive ly .

T h e ty p e s  of m o n o v a len t live po liov irus vacc in e  are  a d m in is te red  in th e  
o rd er 1 — 3 — 2 all over th e  w orld  inc lud ing  H u n g a ry , w here ch ildren  fro m  2 to  
38 m o n th s  o f age have  been im m u n ized  y ea rly  since D ecem ber, 1959, w ith  th e  
live vacc in e . D ifferen t schedules w ere ap p lied  on tw o  occasions o n ly ; o lder 
ch ild ren  w ere re -v acc in a ted  accord ing  to  a n o th e r  schem e.

As a lread y  rep o rted  [1] d u rin g  th e  1959 — 1960 v acc ina tion  cam p a ig n  
older c h ild ren  gave h igher a n tib o d y  responses to  th e  ty p e  1 live v acc in e  th a n  
d id  in fa n ts . S im ilar observ a tio n s w ere m ade la te r  h y  o th e r au th o rs  [2, 3, 4].

W h en  in fa n ts  h ad  been im m unized  w ith  th e  Salk  vaccine, th e y  e lic ited  
b e tte r  a n tib o d y  responses to  ty p e  2 th a n  to  ty p e  1 o f po liovirus [5, 6].

I t  seem ed  th u s  in te re s tin g  to  in v e s tig a te  w h e th e r in fan ts  w o u ld  g ive a 
h ig h er re sp o n se  to  ty p e  2 th a n  to  ty p e  1 of live vaccine , in o th e r w ords, \v h e th e r  
ch an g in g  th e  u su a l schem e 1 —3 — 2 for 2 3 I w ould  im prove th e  a n t i - ty p e  1
response w ith o u t w eakening  th e  response to  ty p e  2, an d , in ad d itio n , how  th is  
change w o u ld  influence th e  a n tib o d y  response to  po liov irus 3.

5  A ct»  M icrobiologie» X I, 3.
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M aterials and m eth o d s

Vaccines. T ype  1 v acc in e  w as p repared  fro m  Sabin’s s tra in  LSc, 2ab , in  th e  R esearcn  
I n s t i tu t e  fo r P o lio m y elitis  a n d  V ira l E n cep h a litid e s, A c ad e m y  of M edical Sciences, M oscow, 
U S S R ; ty p e  2 and ty p e  3 v acc in es w ere p rep ared  fro m  Sabin’s stra in s  P712 C H -2ab  a n d  Leon 
12 a Ab , re sp ec tiv e ly , in  th is  I n s t i tu te .

Vaccination. U n d ilu te d  v acc in e  was tra n s p o r te d  in  th e  liq u id  s ta te  to  th e  f ie ld , w here 
i t  w a s  d ilu te d  ten fo ld  in H a n k s ’ ba lan ced  so lu tion . D ilu te d  m onovalen t v acc in es co n ta in ed  
100 ,000  to  150,000 T C ID 50 per 0.1 m l of v irus. E ac h  in f a n t  to  be v acc in a ted  acco rd in g  to  th e  
sc h e d u le  1 — 3 — 2 rece ived  4 d ro p s  o f ty p e  vacc in e . O th e rw ise  2 drops w ere g iv en  (a p p ro x i
m a te ly  0.1 m l) in a sp o o n fu l o f te a .

T issu e  culture. M ono layers o f M acaca mulatta  k id n e y  cell cu ltu res w ere u sed  th ro u g h o u t. 
T h e  tu b e  cu ltu res  w ere p re -in c u b a te d  a t  37°C fo r 7 o r 8 d ay s . As g row th  m ed iu m , H anks’ 
so lu t io n  co n ta in in g  0.5 p e r c en t lac ta lb u m in  h y d ro ly sa te  a n d  2 per cen t c a lf  se ru m ; as m a in 
te n a n c e  m ed iu m , Parker’s No. 199 w ith  100 u n its  o f  p en ic illin , 50 //g s tre p to m y c in  a n d  50 / /g 
M y c o s ta tin  pe r m l, w ere u sed . T h e  in o cu la ted  c u ltu re s  w ere  in cu b a ted  a t  36°C.

V iru s  isolation. F a e c a l sp ec im en s suspended  in  9 v o lu m es of Parker’s 199 w ere c e n tr i
fu g e d  a t  16,000 r.p .m  fo r 20 m in u te s . T he su p e rn a ta n ts  w ere  s to red  a t  —20°C u n til  u sed . A fter 
r a p id  th a w in g , 0.1 m l fa ec a l su sp en sio n  was ad d ed  to  e a c h  cu ltu re . Follow ing an  a d so rp tio n  
p e r io d  o f  30 m in u te s a t  ro o m  te m p e ra tu re , 0.9 m l m a in te n a n c e  flu id  was a d d ed . C u ltu res  were 
k e p t  u n d e r  o b se rv a tio n  fo r 7 d a y s  a f te r  ino cu la tio n . S p ec im en s were considered  n e g a tiv e  if  
c y to p a th ic  changes fa iled  to  a p p e a r  in th e  course o f  th re e  b lin d  passages.

N eutra liza tion  tests. Sera  w ere  in ac tiv a te d  a t  56°C fo r 30 m inu tes a n d  k e p t  a t  —20°C 
u n t i l  u se d . A fter th aw in g , th e  sam p les were cen trifu g ed  a t  3500 r. p. m for 10 m in u te s  to  rem ove 
th e  p r e c ip ita te  fo rm ed a c c id e n ta lly . Serial d ilu tio n s  w e re  m ade in  Parker’s 199; 0.25 ml 
d i lu te d  se ru m  w as m ix ed  w ith  a n  eq u al volum e of v iru s , th e  m ix tu res  w ere k e p t  a t  37°C for 
2 h o u rs  a n d , su b seq u en tly , a t  4°C o v ern igh t. T h ree  c u ltu re s  were in o cu la ted  w ith  e v e ry  m ix 
tu r e ,  0.1 m l per tu b e . S u b se q u e n tly , a f te r  an a d so rp tio n  p e rio d  of 30 m in u tes  a t  ro o m  te m p e ra 
tu r e ,  0 .9  m l P arker’s 199 w as a d d ed . The v iru s w as a lw ay s  re - t i t ra te d  s im u lta n eo u s ly . T he 
v iru s  ( ty p e  1, M ahoney C in c in n a ti; ty p e  2, M E F -1 ; ty p e  3, S a u k e tt)  co n ta in ed  100 to  300 
T C ID 60 p e r 0.1 m l. T he se ra  o f th e  ch ild ren  of a p p ro x im a te ly  th e  sam e age (a ll th re e  specim ens 
o f e a c h  ch ild ) , irre sp ec tiv e  o f g ro u p , w ere t i t r a te d  s im u lta n eo u s ly . W hen a t le a s t  tw o  of the  
th r e e  c u ltu re s  in o cu la ted  w ith  th e  sam e d ilu tion  show ed no  cy to p a th ic  changes, th e  re sp ec tiv e  
se ru m  d ilu t io n  w as co n sid ered  p o sitiv e .

S a m p lin g  and vaccination  schedules are p re sen te d  in  T ab le  I.

Table 1

V accination and sam pling  program m e  

(D ecem ber, 1961 — J u n e ,  1962)

O rd e r
o f

ty p e s
In te rv e n tio n

D ece Tiber
J a n u 

a ry A p ril M ay J u n e
In fa n ts

exam ined

2nd 3rd 4 th 1s t 2n d 3 rd 4 th 4 th 3rd 4 th
N u m 
b e r

A verage
age

(m onth )w e e к s

V a c c in a t io n ................. + + 51
2.3,1 Sam pling (a) b lood . . + + 47 6.0

( b ) f a e c e s . . + + + + + + 51

V a c c in a t io n ................. + + + 60
1,3,2 Sam pling (a) blood . . + + 20 6.6

( b ) f a e c e s . . + + 60

V a c c in a tio n ................. + + + 12
2,1.3 Sam pling (a) blood . . + + - f 11 7.7

(b )fa e c e s . . “Г + + + + 12
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T he in fa n ts  invo lved  in  llie  s tu d y  w ere k ep t in th ree  c h ild re n ’s hom es. T heir life c o n d itio n s  
in c lu d in g  n u tr i t io n  w ere id en tica l. T h ey  h a d  never been v a c c in a te d  ag a in st p o lio m y e litis . In  
one of th e  c h ild ren ’s hom es th e  v acc in es w ere ad m in is te re d  in  th e  o rd er 1, 3, and  2 ( ‘‘c o n tro l 
g ro u p ” ) w hile in  th e  o th e r  tw o  hom es th e  suggested  o rd er o f ty p es  w as 2, 3 and 1. A t th e  sta r,, 
o f th e  s tu d y  each  group  co n sis ted  of 60 in fan ts . H ow ever, becau se  of an  ou tb reak  of c b ic k en p o x  
in a n  iso la ted  g ro u p , 12 in fa n ts  cou ld  n o t be given ty p e  3 vacc in e  a t  th e  due tim e  a n d  th e y  
received  th e  ty p e  3 vacc ine  6 w eeks a f te r  ty p e  1 had  been  a d m in is te re d . T hus, for th e se  in fa n ts  
th e  ty p e  schedu le  w as 2, 1, 3.

R esults

T ab le  I I  show s th a t  non-polio  en te ro v iru ses  w ere iso la ted  from  th e  p re- 
v acc in a tio n  faecal specim ens of 26 p e r cen t o f th e  co n tro l children (i.e . g ro u p  
1 — 3 — 2) a n d  from  25 per cen t of th e  ch ildren  o f  th e  o th e r  groups im m u n ized  
accord ing  to  th e  changed  schedule.

c5 О

Table II

N on-polio enterovirus excretion before vaccination

C hild ren’s N u m b er 
o f  exam ined  

in fan ts

E x c re te rs

hom e
N u m b er P e r  cen t

V 21 4 19

it 41 12 29

V-f R 62 16 25

К
(Control)

60 16 26

As show n in T ab le  I I I ,  th e  p ercen tage  o f tr ip le -n eg a tiv e  ch ild ren  w as 
33 per cen t in the con tro l g roup  an d  31 per cen t in th e  g roups im m unized  in  th e  
ch an g ed  o rder.

Table III

Triple-negative in fan ts before vaccination

C hild ren’s
hom e

N u m b er 
o f  exam ined  

in fan ts

T rip le -n e g a tiv e  in fa n ts

N u m b e r P e r  cen t

V 1H 3 28

R 30 10 33

V + R 48 15 31

К
(Control)

18 6 33
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F ig . 1 illu s tra te s  th e  ty p e  2 a n tib o d y  t i t r e s .  W e exam ined  th re e  sam ples 
f ro m  e ach  child ; one w as ta k e n  before th e  v ac c in a tio n  cam p a ig n , th e  second 
b e fo re  th e  a d m in is tra tio n  o f  th e  ty p e  1 v ac c in e  an d  the  th ird  sam p le  a f te r  th e  
l a s t  v a c c in a tio n . T he se roconversion  ra te  fo r  ty p e  2 was sa tis fa c to ry ; 90 per 
c e n t  a n d  100 per cen t as ju d g e d  on the basis  o f  th e  second an d  th e  th ird  sam ples, 
re s p e c tiv e ly . The sam e ra te  w as ach ieved  in  th e  contro l g roup . T h e  in fa n ts  
h a v in g  no  ty p e  2 an tib o d ie s  (2 ou t of 46 in fa n ts )  in  th e  th ird  sam p le  h a d  been 
p o s it iv e  w hen  th e  ty p e  2 v acc ine  was a d m in is te re d . A sim ilar case (1 o u t of 
18 in fa n ts )  was reg is te red  in  th e  con tro l g ro u p .

©

В e  f

©

£ 4  4  16 6 4  2 5 6  = 1024
o r e  V a с c  i

©

< 4  4  16 6 4  2 5 6  >1024
n a t i o n

Fig. 1. T ype 2 a n tib o d y  t i t r e s
a )  Im m u n iz a tio n  w ith  ty p e  2 o r ty p e  2 and 3 v a cc in e s . C onversion ra te ,  19/21 =  90% . -  
Ь/ T h e  sam e  ch ild ren  before  a n d  a f te r  im m u n iza tio n  w ith  ty p e  2, 3 and  1 o r ty p e  2, 1 and  3 
v a c c in e s . C onversion  r a te ,  20/20 =  100% . —  c) C o n tro l group  before a n d  a f te r  v a cc in a tio n  

w ith  ty p e  1, 3 a n d  2 vaccines. C o n v ersio n  ra te , 11/11 =  100%

F ig . 2 shows th e  changes in th e  ty p e  1 a n tib o d y  levels. T he m o d e ra te  rise 
in th e  t i t r e  o f th e  sera  o f 10 o u t of th e  46 in fa n ts  a fte r  a d m in is tra tio n  o f ty p e  2, 
o r t y p e  2 and  ty p e  3 v acc in es  deserves a t te n t io n . In  the  group h a v in g  received 
ty p e  1 vaccine  as th e  la s t  dose, th e  seroco n v ersio n  ra te  was 100 p e r  cen t w hile 
in  th e  co n tro l group i t  w as 83 per cen t, in  a g reem en t w ith  ou r ea rlie r find ings 
[1 ]. I t  shovdd be n o te d  t h a t  in  th e  co n tro l g ro u p  5 ou t of 18 ch ild ren  h a d  no 
ty p e  1 an tib o d ies  in  th e ir  la s t  sam ples. T hese  in c lu d e  in fan ts  w ho a t  th e  b eg in 
n in g  o f  th e  v acc in a tio n  cam p a ig n  h ad  h a d  m a te rn a l an tib o d ies  a n d  becam e 
n e g a t iv e  d u ring  th e  v a c c in a tio n  period . In  c o n tra s t, in  th e  2 —-3 — 1 group 
e v e ry  in fa n t  h ad  ty p e  1 an tib o d ie s  fo llow ing th e  vaccination .

T h e  ty p e  3 a n tib o d y  level show ed a less pronounced  rise th a n  th a t  of 
ty p e  2 a n tib o d y , a f te r  im m u n iza tio n  w ith  ty p e  2 and  ty p e  3 vacc ines (serocon
v e rs io n  ra te , 62 p er cen t) a n d  th is  re su lt im p ro v e d  only slig h tly  a f te r  th e  last 
d o se , i.e . ty p e  1 v accine , h a d  been a d m in is te re d  (seroconversion r a te , 69 per 
c e n t) .  I n  th e  con tro l g ro u p  th e  seroconversion  ra te  was 75 p e r  c en t. T he best 
r a t e  (91 p e r cent) was ach iev ed  in th e  g ro u p  h a v in g  received ty p e  3 vaccine  as 
th e  la s t  dose because o f  th e  o u tb re a k  of ch ick en p o x .
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T he jire -vaccina tion  v iru s  excretion  is show n in T ab le  I I .  In  th e  control 
g roup  v irus excre tion  w as n o t exam ined  a f te r  v acc in a tio n . In  th e  2 — 3 — 1 
g roup  faecal specim ens w ere collected  before im m u n iza tio n  w ith  ty p e  1 vaccine,
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F ig. 2. T ype 1 a n tib o d y  t it re s
a )  Im m u n iza tio n  w ith  ty p e  2 v acc in e  or ty p e  2 an d  3 vacc ines. - b) T he sam e ch ild ren  before 
an d  a fte r  a fte r  ad d itio n a l im m u n iza tio n  w ith  ty p e  1 vaccine. C onversion  r a te ,  25/25 =  100% . 
c) T he sam e ch ild ren  before a n d  a f te r  im m u n iza tio n  w ith  ty p e  2. 3 anti 1 vaccines. C onver
sion  ra te . 24/24 100% . — d )  C o n tro l g ro u p , see F ig . 1/c C onversion  ra te . 10/12 83%

on th e  8 th  to  9 th  d ay , an d  in the  period  from  t h e l l t h t o  t h e l 3 t h  d ay  th e re a f te r . 
In  the  2—1-—3 group , th e  faeces was te s te d  3 —5 d ay s an d  4 w eeks a f te r  v acc in a 
tio n  w ith  th e  ty p e  3 vacc in e . E ach  specim en w as ex am in ed  se p a ra te ly . Before 
th e  a d m in is tra tio n  o f ty p e  1 vaccine en te ro v iru s  cou ld  he iso la ted  from  none 
o f  th e  104 faecal specim ens o b ta in e d  from  52 in fa n ts . A fte r  im m u n iza tio n  w ith  
th e  ty p e  1 vaccine, v iru s  ex c re tio n  w as d iffe ren t in  th e  tw o ch ild ren ’s hom es 
(73 an d  33 p er cen t, re sp ec tiv e ly ). No en te ro v iru s  o th e r  th a n  ty p e  1 po liov irus
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w as iso la te d . In  the  2 — 1 — 3 g ro u p  the  ty p e  3 v acc ine  v iru s  w as re-iso la ted  
fro m  a ll th e  specim ens co llec ted  on the 3rd  an d  5 th  days. F o u r  w eeks a fte r 
v a c c in a tio n  3 in fan ts s till e x c re te d  ty p e  3 v irus.
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F ig . 3. T ype  3 a n tib o d y  t i t r e s
a )  Im m u n iz a tio n  w ith  ty p e  2 a n d  3 vacc ines. Conversion r a te ,  21/34 =  6 2% . —  b) A d d itio n a l 
im m u n iz a tio n  w ith  ty p e  1 a n d  3 v acc ines of ch ild ren  p re -im m u n ized  w ith  ty p e  2 vaccine. 
C o n v e rs io n  ra te , 10/11 =  9 1 % . —  c) Im m u n iza tio n  w ith  ty p e  2, 3 an d  1 vacc in es. Conversion 

r a te ,  22/32 =  69% . —  d )  C o n tro l g roup , see Fig. 1/c C onversion ra te ,  9/12 =  75%

Discussion

T h e  firs t aim  of th e  p re s e n t stud ies was to  e s tab lish  (1) w h e th e r or n o t th e  
im m u n e  response to  th e  ty p e  2 m o novalen t live  po liov irus vacc ine  w ould  be 
w e a k e n e d  by  beg inning  v a c c in a tio n  w ith  th is  ty p e  of vaccine a n d , (2) w h e th e r 
o r  n o t  th e  an tibody  re sp o n se  to  ty p e  1 v irus w ould  be im p ro v ed  b y  a d m in is te r
in g  th is  type  of vacc ine  as th e  la s t dose. T here  w as no c o n ta c t b e tw een  th e  
c h i ld re n ’s homes u n d e r s tu d y . H ousing , n u tr i t io n  (chiefly  a rtific ia l)  and  age

®
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d is tr ib u t io n  (3 — 12 m on ths  o f  age) were also com parab le .  In  th e  d iffe ren t  
g roups th e  p revacc ina tion  excre tion  of  non-polio  en terov iruses  (25 a n d  26 p er  
cent) and th e  percen tage  o f  t r ip le -nega tive  child ren  (33 a n d  31 per cen t)  were 
also near ly  iden tica l.  N one of th e  child ren  had been v a c c in a ted  a g a in s t  polio 
m yelit is ;  m o s t  o f  them  were ho rn  a f te r  th e  p receding  vacc ina tion  cam p a ig n ,  
which  h a d  te rm in a te d  8 m o n th s  before beg inning  the  cam paign  u n d e r  s tu d y ,  
i t  shoud  be a d d e d  th a t ,  owing to  th e  sys tem a tic  vacc ina tions  po liov irus  does 
n o t  c ircu la te  in H u n g a ry ,  excep t  during , and  im m ed ia te ly  a f te r ,  v a cc in a t io n  
cam paigns  [7]. C onsequently ,  th e  an tibod ies  d e m o n s t ra te d  in ce r ta in  p r e 
v acc in a t io n  sera canno t he a t t r i b u t e d  to  infection b y  e i the r  wild or a t t e n u a te d  
polioviruses. In  th e  p rev acc in a t io n  sam ples th e  incidence o f  ty p e  2 a n d  ty p e  
3 an tibod ies  were  the  h ighes t a n d  lowest, respec tive ly  (see th e  Figs). The 
p rev acc in a t io n  antibodies  failed to  decrease th e  effectiveness of  ty p e  2 vaccine . 
The seroconversion  ra te  was as h igh as 100 p e r  cent, i r respective  of  w h e th e r  
th is  ty p e  of vaccine was th e  f i rs t  or th e  last in the  series. On the o th e r  h a n d ,  
ty p e  1 vaccine seemed to  he m ore  effective w hen  given as th e  la s t  in s te a d  of 
th e  f irst ty p e  (seroconversion, 100 p e r  cen t and 83 per cent, respectively) .

It deserves a t ten t io n  t h a t  in certa in  cases (10 out of 47) the  a n t i - ty p e  1 
t i t re  increased a f te r  the  a d m in is t r a t io n  of heterologous types .

The ques t ions  (1) w h y  the  im m u n e  response to  ty p e  3 vaccine was m ore  
p ronounced  in th e  control (1 —3 — 2) group th a n  in the  2 — 3 — 1 g roup  a n d  (2) 
how th e  im m u n e  response to  ty p e  3 vaccine could he im proved  w i th o u t  r isk ing  
th e  sa fe ty  of  vacc ina tion  b y  pro longing  v irus  c ircu la tion , need  fu r th e r  
inves t iga t ion .

E x p e r im e n ts  s tu dy ing  th e  bes t  schedule o f  vacc ina tion  in la rge r  g roups  
of  children, are in progress.

A c k n o w le d g e m e n ts .  The a u th o r s  a re  in d eb te d  to D r .  J .  R itter, I.  Greiner a n d  V. FÜLÖP 
the  d irec to rs  of  t h e  ch ild ren ’s hom es ,  a n d  to  D r .  E. Kerekes for ca r ry in g  o u t  v a c c in a t io n  a n d  
sam p lin g  and  to  M r s .  Gy . Orosz, M r .  J .  Vámos an d  M i s s  M. Sárközi for excellent  t e c h n ica l  
a ssis tance .
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EXCRETION OE SV-40 VIRUS AFTER ORAL 
ADMINISTRATION OF CONTAMINATED POLIO VACCINE
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State  In s titu te  o f  H ygiene  (D irector : T. Bakács), Budapest 

(R ece ived  J u n e  4, 1964)

Sum m ary .  SV-40 v irus  has been recovered  from  ten  o u t  of  th i r ty - f iv e  9 —12 m o n th s  old 
bab ies  p r im o v a c c in a te d  orally w ith  ty p e  1 a t t e n u a t e d  poliov irus vaccine c o n ta m in a te d  w i th  
SV-40 v i ru s .  It was fo u n d  t h a t  excre te rs  of SV-40 developed  a lower a n t ib o d y  level a g a in s t  ty p e  
1 po liov irus  t h a n  th e  non-excreters.

A lth o u g h  u p  to  now the re  is no ev idence of th e  p a th o g en ic i ty  of SV-40 in 
m an , th e  in v es t iga t ion  of th is  poss ib ili ty  a p p e a re d  to  be ju s t if ied  p a r t l y  
because of th e  cancerogenic effect o f  t h a t  v irus  in th e  h a m s te r  [1, 2] a n d  p a r t ly  
because it  has  been  recovered from  b o th  live a n d  form olized vaccines, p a r t i c u 
larly  polio vaccines , p repared  f rom  k id n e y  ep ithe lium  cultures of rhesus  a n d  
cynom olgus m onkeys  [3, 4, 5, 6].

D u r in g  th e  w in te r  season 1961/62 we pe rfo rm ed  experim enta l  im m u n i 
za tions w ith  live poliovirus vaccine in th ree  in fa n ts ’ hom es, with th e  a im  of 
e luc ida ting  th e  correla tion  be tw een  th e  serologic response  and  the seq u en ce  of 
the  ind iv idua l  vaccine  types  [7]. L a te r  SV-40 v irus  was recovered f ro m  all 
the  3 ty p es  of  th e  vaccine used in th e  ex p e r im en t .  The co n ta m in a n t  v ras d i rec t ly  
d em o n s trab le  in  ty p e  1 vaccine, a n d  in th e  3rd an d  4 th  passages of th e  ty p e s  2 
and  3, respec tive ly .  In  view of th is  fac t  we exam ined  in fan ts  of two c h i ld r e n ’s 
homes, w here th e  schedule of polio vacc in a t io n  w as 2 — 3 — 1. The faecal sam p le s  
collected a f te r  t h e  ad m in is tra t ion  of  ty p e  1 vaccine  were inves t iga ted  fo r  th e  
presence of  SV-40 virus. F o r  th is  pu rpose  лее u sed  samples in w h ic h  no  
c y to p a th ic  (CP) agen t  was d em o n s trab le  even  w hen  carried  th ro u g h  3 b l in d  
passages in rhesus  k idney  ep ithelium .

M aterials and m ethods

Tissue  culture. S ta t io n a ry  tu b e  c u l tu re s  p re p are d  from  the  k idney  ep ithe lium  o f  v e rv e t  
(Cercopithecus a e th io p s)  monkeys were u sed  th ro u g h o u t .  U n t i l  inocu la tion  the c u l tu re s  were 
in cu b a ted  a t  37 C. As grow th  m ed ium  H a n k s ’ solu t ion , c o n ta in in g  0.5 per cent l a c t a lb u m in  
h y d ro ly sa te  a n d  2 p e r  cen t  calf se rum , was used. After inocu la t ion ,  incubation  was c o n t in u e d  
a t  36 C, u s ing  a m a in ten a n ce  m edium  consis t ing  of 94 per  cent P a r k e r ’s No. 199 m e d iu m  and  
6 per cen t  ca l f  se ru m .  The  absence of SV-40 from  u n in o cu la ted  t issue cultures was c o n f i rm e d  
by m orpholog ical  exam inat ion .



272 В . L . H O R V Á T H  a n d  F .  F O R N O S X

V ir u s  is o la t io n .  T h e  faecal  suspension w h ic h  p ro v e d  negative  in o u r  p rev ious  s tu d y  
c a r r i e d  o u t  in rh esu s  k idney-ce l l  cu ltures  [7] w a s  s to r e d  a t  — 20°C u n t i l  use in  th e  p re sen t  
e x p e r im e n t .  T he  m a te r i a l  w as rap id ly  thaw ed ,  t h e n  0.1 m l  am oun ts  of  i t  were  d is t r ib u te d  in 
t i s s u e  c u l tu re  tu b es ,  a l low ed  to  absorb  for 30 m in u t e s  a t  room t e m p e ra tu r e  a n d  fina l ly  0.9 
m l  m a in te n a n c e  m e d iu m  w as added .  E ach  t e s t  m a t e r i a l  w as  inocula ted  s im u ltan eo u s ly  in to  at 
l e a s t  3 tu b es .  I h e  in fec ted  c u ltu res  were observed o v e r  a  per iod  of 28 days ,  ch an g in g  th e  medium 
w e ek ly .  I n  cases w here  th e  inocu la ted  faecal su sp en s io n  p roved  cyto toxic ,  b l ind  passages  were 
c a r r i e d  ou t .

V ir u s  n e u tr a l i z a t io n .  Specific SV-40 h y p e r im m u n e  sera were p re p are d  in r a b b i t s  i n o c u la t 
ed  w i t h  th e  A-426 s t r a in  of SV-40. Polio im m u n e  se ra  were prepared  in  r a b b i t s ,  u s ing  v irus  
s t r a i n s  iso la ted  a n d  p ro p a g a te d  in the  К Е М  cell l ine  [8]. E q u a l  vo lum es o f  p ro p e r ly  d i lu ted  
t y p e  se ra  a n d  th e  i so la te d  CP ag en t  were m ixed  a n d  in c u b a te d  for two ho u rs  a t  37°C, k e p t  in 
t h e  r e f r ig e ra to r  o v e rn ig h t  and th e n  allowed to  s t a n d  a t  room  te m p e ra tu re  for 30 m in u te s .  
T is su e  cu ltu res  were in o cu la te d  w ith  0.1 m l p e r  t u b e  o f  th is  materia l.  A d so rp t io n  was allowed 
to  p ro c e e d  for 30 m in u te s  a t  ro o m  te m p e ra tu re  a n d  t h e n  0.9 ml m a in te n a n c e  m ed iu m  was 
a d d e d  to  each  tu b e .  T h e  c u l tu res  were observed fo r  21 —28 days.

D a t a  on  th e  v a c c in a t io n  scheme a n d  t h e  v a cc in e  p rep ara t io n  were  p u b l ish ed  p r e 
v io u s ly  [7].

R esu lts

A to ta l  of 56 faecal samples o b ta in e d  f ro m  35 infan ts  aged  6 — 12 m o n th s  
w ere  exam ined . SV-40 virus was iso la ted  f ro m  14 samples; o u t  o f  26 sam ples  
t a k e n  on th e  8 th  or 9 th ,  and  30 sam ples t a k e n  on the  11th  or 13 th  d a y  a f te r  
v a c c in a t io n  SV-40 v iru s  was d em o n s trab le  in  6 and  8, respec tive ly .  In  10 of 
th e  cases th e  iso late  w as SV-40 virus a lone , w hereas  in 4 of th e  sam ples ty p e  1 
po liov iru s  was also p re se n t  in  spite of th e  f a c t  t h a t  no CP ag e n t  was d e m o n 
s t ra b le  th ro u g h o u t  3 b l ind  passages in rh esu s  k id n ey  ep ithe lium  (Table I).

Table I

D is tr ib u t io n  o f  S V - 4 0  p o s i t iv e  s a m p le s  a c c o r d in g  to the  l im e  o f  s a m p l in g

N u m b e r  o f  sam ples

D ay  o f  sam p lin g *
exam ined

con tain ing

S V -40 / SV -40 + Polio  1

8— 9 26 4 2

11— 13 30 6  1 2

T ota l 56 10 ! 4

* D ays  a f te r  th e  feeding of vaccine

O u t  of th e  35 in fa n ts  10 excreted  SV-40 v irus .  A t the  t im e  o f  oral v a c c i 
n a t io n  th e  excre to rs  were  9 to  12 m o n th s  old. F ou r  of the in fa n ts  excre ted  
SV-40 v irus  a t  b o th  sam plings, out o f  t h e m  2 SV-40 virus alone, one SV-40+  
t y p e  1 poliovirus a n d  one SV-40-|- ty p e  1 po liov irus  on th e  f i r s t  occasion a n d  
SV-40 v irus  alone on th e  second. T he  re m a in in g  6 in fan ts  e x c re ted  SV-40 
v i ru s  in  one sam ple  only , 2 of th em  a t  t h e  f i r s t  sam pling a n d  4 a t  the  second



E X C R E T I O N  O F  SV -ÍO  \  I K E S 273

O ut of the  la t te r  th e  f irs t  sam ples of  tw o in fan ts  were  n o t  exam ined  for  SV-40 
virus b u t  ty p e  1 poliovirus was d em ons trab le  in th e m  by  inocu la t ion  into 
rhesus k idney  ep ith e l iu m  cultures .

P r io r  to  vacc in a t io n  no t y p e  1 poliovirus an tibod ies  h a d  been  d e m o n 
s trab le  in the  sera of  7 ou t of the  10 SV-40 excreters . A fte r  vacc ina tion  all in fan ts

Table II

P o lio  1 a n t ib o d y  level b e fo re  a n d  a fte r  th e  v a c c in a t io n  o f  c h ild re n  
e x c r e t in g  S V - 4 0

esignation
ch ild ren

V irus e x c re tio n in  sam ples A n tib o d y  t i t e r  to  
polio 1*

1st 2nd
before a f te r

v acc in a tio n

P-64 SV-40 SV-40 < 4 io

P-65 SV-40 SV-40 < 4 64

P-68 SV-40 Negative < 4 16

P-76 Polio 1 1-SV-40 SV-40 1024 1024

P-89 SV-40 Negative < 4 1024

P-91 R h  Polio 1 SV-40 4 1024

P-102 Polio 1 + SV-40 Polio 1-(-SV-40 < 4 4

P-104 Negative Polio 1-|-SV-40 < 4 64

P-108 Negative SV-40 < 4 16

R em arks :  R h  Polio 1 : type  1 poliovirus isolated in rhesus  m onkey  k id n ey  cultures
N egat ive  =  Negative  in b o th  rhesus a n d  v e rv e t  m onkey  k id n ey  cultures  

‘ Reciprocals

disp layed  a d em ons trab le  a n t ib o d y  level against th e  vaccine s tra in .  In  one out 
of 7 seronegative cases the  a n t ib o d y  t i t re  was 1 : 1024, in 6 cases 1 : 64 or  lower 
(Table II) .  In the  17 in fan ts  who h a d  been serologically nega tive  p r io r  to  v acc i
na t io n ,  and  su b seq u en t ly  were n o t  excreting  SV-40 v irus ,  the  postv acc ina tion  
t i t re s  were |>  1 : 256 in 9 cases a n d  1 : 64 in 8 cases.

Discussion

A fter  the  oral a d m in is t ra t io n  of live polio vaccine  c o n ta m in a te d  w ith  
SV-40 virus, M e l n i c k  an d  S t i n e b a u g h  [9] succeeded in re iso la ting  SV-40 
virus from  the  faecal samples o f  the  vaccines, w hereas  S a b i n  [cit. 9] and  
M a g r a t h  et al. |4 ] rep o r ted  on n e g a t iv e  results. O u r  observations s u p p o r t  the  
f ind ings of  M e l n i c k  a n d  S t i n e b a u g h  [9], b u t  th e  tw o results  are no t en tire ly  
com parab le .  A t  th e  t im e  of oral vacc ina tion  th e  in fa n ts  exam ined  b y  us were
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o ld e r  t h a n  those s tu d ie d  b y  M e l n i c k  a n d  S t i n e b a u g h  (9 to  12, a n d  3 to  6 
m o n th s  old, respectively). T h e  p roportion  of  SV-40 excre ters  (10/35) was also 
h ig h e r  in  our m ateria l .  I t  o u g h t  to  he m en tio n ed  in  th is  connection  t h a t  a t  the  
t im e  o f  our studies th e  p ro p o r t io n  of poliovirus excre ters  was d iffe ren t  in the 
tw o  in f a n t s ’ homes s tu d ie d  b y  us, being 73 p e r  c e n t  in one an d  33 p e r  cen t  in the 
o th e r .  S im ultaneously ,  t h e  percen tage  of  SV-40 excre tors  was 24 an d  33, 
resp ec t iv e ly .  We h ave  fa i led  to  elucidate  th e  cause  of th is  difference, b u t  it  seem
ed  f ro m  th e  findings t h a t  in  child ren’s collectives th e  f requency  of poliovirus 
a n d  SV-40 excretion is in v e rse ly  re la ted , a t  leas t  when th e  po lio-negative 
sa m p le s  are considered.

T h e  excretion o f  SV-40 virus did n o t  co u n te ra c t  th e  dev e lo p m en t  of 
se ro p o s i t iv i ty  in ch ild ren  orig inally  se ronega tive  for ty p e  1 po liov irus; the  
con v e rs io n  ra te  was 100 p e r  cen t  th ro u g h o u t .  N evertheless , in m o s t  cases the  
a n t i b o d y  ti tres  were low er in  th e  SV-40 v irus  excre te rs  th a n  in non-excre ters . 
A m o n g  the  form er a b o u t  h a l f  of the  in fan ts  (9/17) exh ib ited  a n t ib o d y  titres 
1 : 256  or higher, w hereas  th e  m a jo r i ty  of polio sero-negative SV-40 excretors 
h a d  1 : 64 or lower a n t ib o d y  t i t re s  to ty p e  1 po liovirus.

O u r  d a ta  on v irus  ex c re t io n  and im m u n e  response to  ty p e  1 poliovirus 
w ere  suggestive of a c e r ta in  in terference  of t y p e  1 poliovirus a n d  SV-40 virus. 
O n  th e  basis of th e  sh o r te n in g  of ty p e  1 po liov irus  excretion, th e  sam e conclu
s ion  w as  draw n b y  M e l n i c k  a n d  S t i n e b a u g h  [9]. V irus in te rfe rence  seems to  
be  a  p lausib le  e x p la n a t io n  for our obse rv a t io n  t h a t  ce rta in  faecal samples 
r e m a in e d  negative th r o u g h o u t  3 passages in rhesus  k id n ey  ep ithe lia l  cultures, 
w h e re a s  in epithelial c u l tu re s  ob ta ined  from  v e rv e t  m onkeys th e  s im ultaneous  
p re se n c e  of type  1 po liov irus  a n d  SV-40 v irus  w as dem ons trab le .  F ro m  rhesus 
k id n e y  epithelium  cu l tu re s  u sed  for the  ex a m in a t io n  of  polioviruses we have 
su c c e e d e d  in isolating SV-40 a n d  o ther  ty p e s  o f  SV in ve rv e t  k id n e y  epithelial 
cell cu ltu res .

I n m a n  SV-40 a n t ib o d ie s  are developed a f te r  2 or 3 in jec tions of  SV-40- 
c o n ta m in a te d  Salk vacc in e  or  in ac t iv a ted  adenov irus  vaccines [3, 4, 10]. 
I n t r a n a s a l ly  adm in is te red  SV-40 m ay  also p ro p a g a te  and  evoke an  im m une  
re sp o n se  [11], b u t  no  d e m o n s t ra b le  a n t ib o d y  fo rm a t io n  occurred  w h en  SV-40 
teas  adm in is te red  orally . T h is  p roblem  has been  inves t ig a ted  in ou r  lab o ra to ry  
a n d  th e  results will be  p u b l ish e d  a t  a la te r  t im e .  H ere  we m en tio n  only  th a t  
a m o n g  th e  sera from  145 ch ild ren  none was cap ab le  of regularly  neu tra l iz ing  a 
5 0 — 100 T C ID -0 dose of  SV-40 virus.

Acknowledgement : W e  a r e  g rea t ly  in d eb ted  to  P ro f .  M. P. Chumakov, Moscow, for 
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Su m m ary .  In  accordance  with the  o b se rv a t io n s  of o th e r  a u th o rs  we h ave  fo u n d  t h a t  
m ice th y m e c to m ize d  in  new born  age were  r e s i s t a n t  to  infection  w ith  LCM v irus .  As to 
the  f a te  o f  the  th y m e c to m ize d  and v irus  in fec ted  mice, th ree  ty p es  could he obse rved .  (1) 
T y p ica l  or near ly  ty p ic a l  incuba t ion  pe r iod ,  d ev e lo p m en t  of  classical sy m p to m s  a n d  lesions 
followed b y  death .  In  th is  group  of an im a ls  n ecropsy  revea led  gross residues of t h y m u s .  (2) 
D e a th  a f te r  prolonged in c u b a t io n  (19 to 30 days) .  T he  an im als  developed wast ing  disease.  (3) 
S u rv iv o rs .  T h e  LCM v i ru s  w as  recovered f ro m  b ra in  a n d  blood samples of the  su rv iv o rs  sac r i 
f iced  in th e  period b e tw e e n  the  33rd and 53rd  d a y s  of th e  experim en t .

T he  possible causes  o f  late  death a n d  th e  im m u n e  s ta tu s  of th e  survivors  are discussed on  
th e  bas is  of histological (b ra in ,  spleen, t h y m u s )  an d  haem ato log ica l  f indings.

T he th y m u s  is know n to h ave  an  im p o r ta n t  role in th e  d ev e lo p m en t  of  
im m u n e  m echan ism s [1, 2]. Mice th y m e c to m iz e d  a t  new born  age ex h ib i t  a 
genera l im m unological areac tiv ity ,  i.e. th e y  fail to  p roduce an tibodies  a n d  t h e y  
to le ra te  skin t r a n s p la n ts  from gene tica l ly  u n re la te d  m ouse s tra in s  [3]. Neo- 
n a ta l ly  th y m e c to m iz e d  mice usually  succum b  to  w asting  disease a f te r  a su rv i 
val per iod  of 6 to  8 weeks. This sy n d ro m e  is cha rac ter ized  by  general a t ro p h y  
o f  th e  ly m p h a t ic  sy s te m , diarrhoea and  de rm a ti t is .

I t  has been fo u n d  by Rowe [4], Le v ey  [5], E ast [6] an d  th e  p re se n t  
a u th o rs [7 ]  th a t  LCM infection is a c o n v en ien t  m odel for the  s tu d y  of th e  d e v e l 
o p m e n t  o f  im m une  m echanism  in mice th y m e c to m iz e d  in new born  age.

T r a u b  [8, 9] observed  the ca r r ie r  s ta te  [10] of mice in fected  w i th  LC.M 
v iru s  d u r in g  in t r a u te r in e  life. On th is  basis it  has been suggested [11, 12] t h a t  
for th e  fa ta l  ou tcom e  o f  the in trace reb ra l  in fection  of fully deve loped  mice an 
im m une-confl ic t  in th e  diseased a n im a l  m ight be responsible. This su p pos it ion  
is s u p p o r te d  by  th e  observation t h a t  to ta l  body  ir rad ia t ion  113] or t r e a tm e n t  
w ith  cortisone or w i th  o ther  im m u n ity -d ep re ss in g  agents  [14, 15, 16] a ffo rded  
res is tance  against in tracerebra l  inocu la t ion  of  LCM virus. The o ccurrence  o f  a 
s im ila r  res is tance  was supposed to  ensue  in mice rendered  im m unolog ica lly  
a reac t iv e  b y  th y m e c to m y  in new born  age.

Materials and  methods

E xperim en ta l an im a ls . Mire from th e  closed o u tb re d  s tock of the  S ta te  B lood  T r a n s 
fusion  Service  were used .  T h e  stock was t e s te d  by  the  usua l  m eth o d  [17] for th e  absen ce  of 
LCM v irus .
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Thym ectom y. T h e  o p e ra t io n  was pe rfo rm ed  by  M iller’s m eth o d  [18]. C ann iba l ism  of 
t h e  m o th e r s  w as p r e v e n te d  by  re tu rn in g  th e  o p e ra te d  n ew borns  to th e i r  nes ts  one d a y  la te r .  
D u r in g  th is  per iod  th e  an im a ls  were k e p t  in an  in c u b a to r .  P a r t  of  the  l i t te rm a te s  se rved  as 
c o n t ro l s .  H a l f  of  th e  c on tro ls  were sub jec ted  to  sh a m - th y m e c to m y ,  i.e. incision an d  rem o v a l  
of  t h e  s t e rn u m  was p e rfo rm ed  leaving the  th y m u s  in place.

E xa m in a tio n  o f  p heriphera l blood. L eucocy te  level a n d  the  changes in p e r ip h e ra l  blood 
(b lood  f i lm s  s ta ined  w i th  M ay-G rünw ald -G iem sa’s s ta in )  were d e te rm ined  a t  weaning.  Blood 
w as  o b ta in e d  from  th e  t a i l  vein.

V irus. S t ra in  A-LCM, th e  second passage  of t h e  s t a n d a r d  s tra in  W. E . ,  was k in d ly  
s u p p l ie d  b y  Dr.  M. Simon (H u n g a r ia n  A rm y  Medical  Corps). In  our lab o ra to ry  th e  s t ra in  was 
m a in t a i n e d  by  serial in t ra ce re b ra l  passages in m ice a n d  s to red  a t  — 70°C u n t i l  use.  B o th  
th y m e c to m i z e d  a n d  n o rm a l  an im als  were in fec ted  in t r a ce re b ra l ly  a t  th e  age of 3 to  4 weeks 
w i t h  0.03 m l of in o cu lu m  c o n ta in ing  100 — 300 L D 50 of v irus .  T he  v irus  was s im u ltan eo u s ly  t i 
t r a t e d  in groups of 4 an im a ls  p e r  di lu t ion  a n d  t h e  L D 50 ca lcu la ted  according to R eed an d  
MUENCH.

R eiso la tion . I n t r a c e re b ra l  inocu la tion  of b ra in  a n d  blood samples f rom  carr ie r  an im als  
w as  u se d  for th e  d e m o n s t r a t io n  of p e rs is ten t  v irus.  B ra in s  were g round  w ith  q u a r tz - sa n d ,  c e n t r i 
fu g e d ,  a n d  the  s u p e r n a t a n t  app lied  as inocu lum . H e p a r in ize d  blood samples were t a k e n  u n d e r  
e th e r  anaes thes ia .

H istology. I la e m a to x y l in -e o s in  s ta ined  h is to log ical  p re p a ra t io n s  f rom  spleen, th y m u s  
a n d  b r a in  of e ach  a n im a l  were exam ined .

R esults

P re l im in a ry  e x p e r im en ts  (E x p e r im e n t  I) were perfo rm ed  on th ree  groups  
of  m ice. T he  su m m ar ized  d a ta  from these ex p e r im en ts  (see Tah ié  I) show th a t  
p a r t  o f  th e  th y m e c to m iz e d  anim als e x h ib i te d  prolonged incu b a t io n  as co m 
p a re d  to  th e  contro ls .  M oreover, some th y m e c to m iz e d  mice su rv iv ed  th e  30th  
d a y  a f te r  inocula tion .

Table I

Incubation  period  o f  L C M  virus infection in  thym ectom ized and control mice
( E x p e r im e n t  I)

Number 
of mice 

examined

Number of mice died

Mice 6 7 8 9 10 12 J 1.4 14 15 16 18 19 24 28 ^30
days after LCM virus infection

Thym ectom ized 26 — 3 4 4 — _ 2 l 2 1 l 2 l 2 3*

C o n t r o l ................. 29 7 9 4 6 3 —  — — —  — -

* Survivors ,  k illed on the  day  ind ica ted

T he v a r ia b i l i ty  o f  the incuba tion  pe r io d  observed  in op era ted  mice sug
ges ted  th e  possib ility  t h a t  th y m e c to m y  was n o t  com plete . I n m o s t  cases a careful 
p o s t -m o r te m  ex a m in a t io n  of  the  m e d ia s t in u m  a n d  th e  histology of th e  m ed ias 
t in a l  surface of th e  m a n u b r iu m  stern i revea led  th e  presence of  some th y m ic  
res idues.  T he  poss ib i l i ty  of some regen e ra t iv e  processes in such foci could not 
be exc luded . In  f u r th e r  experim en ts  special care  was taken  to  rem ove  all 
possib le  residues of th e  th y m u s .
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Table II
Incubation period o f  L C M  virus infection in  thym ectom ized and control mice

( E x p e r im e n t  II)

Number of mice died on

Mice
ÎN umber
of mice 7 8 I 9 10 12 19 29 30 33 47 48 53 Mortality

rate
days after LCM infection

Thymectomized 21
4

l — 1 1 I 3 3* 2* 2* ! 3* 11/21

C o n t r o l .............. 19 3 ID 3 3 19/19

* Surv ivors ,  killed on th e  tlay in d ica ted

In  th e  e x p e r im en t  p re sen ted  in T ab le  I I  (E x p e r im e n t  II)  th y m e c to m y  w as  
perform ed b y  a m ore rad ica l  te ch n iq u e .  A ccording to  th e i r  surv ival t im es, t h e

d g -  L  Two mice from  the  sam e l i t ter .  R igh t:  LCM virus in fec ted  th y m ec to m ized  an im al  w i th  
typ ica l  sy m p to m s  of w as t in g  disease. Left:  co n tro l  anim al

infec ted  th y m ec to m ized  mice could be d iv ided in to  th ree  groups. (1) A n im a ls  
dy ing  w ith in  th e  norm al range  of in cu b a t io n  a f te r  h a v in g  exhibited  ty p ic a l  
sy m p to m s of T.CM (6 o u t  o f  21). (2) A nim als  dy ing  a f te r  prolonged in cu b a t io n  
periods of 19 to  30 days (5 o u t  o f  21). (3) Survivors (10 o u t  o f  21). The su rv iv o rs  
were sacrificed successively d u r ing  th e  per iod  from  the  33rd to  th e  53rd  d a y  
of the  ex p e r im e n t  an d  su b jec ted  to  h isto logical s tud ies .

All an im als  from  th e  f i rs t  g roup  (those dy ing  w ith in  norm al in c u b a t io n  
period, a f te r  h a v in g  shown ty p ica l  convulsions of LCM in fected  mice) e x h ib i te d  
macroscopic th y m u s  residues. W hereas  m ost of th e  second-group  a n im a ls ,  
those dy ing  a f te r  p ro longed  in cu b a t io n  period w ith o u t  typical sy m p to m s a n d

() A c ta  M ic ro h io lo g ic a  X I /3 .
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F ig . 2. H isto logy of the  b ra in  of a mouse died w i th  t y p ic a l  LCM virus infection . Massive ly m p h o 
c y t i c  in f i l t r a t io n  in e p e n d y m a  and  choroid p lexus .  Haem atoxylin -eosin .  M agnificat ion ,  x70

so m e  surv ivors  of  th e  th i rd  group, d ev e lo p ed  wasting disease: re ta rd a t io n ,  
d e rm a t i t i s  as p re sen ted  in Fig. 1 an d  sp leen  a tro p h y .  These an im als  showed no 
th y m ic  residues or only  microscopic ones.

A h e te rogene ity  (un til  now7 n o t  ex p la in ed )  of the  th i rd  g roup  survivors , 
h o w ev e r ,  m u s t  be reg is tered . Some of th e se  animals hav ing  a n o rm a l  a p p e a r 
ance , clinically rem a in ed  sym p to m -free  w ith  spleens of  n o rm a l  size and  
m icroscopic  p a t te rn .

T ab le  I I I  shows th e  blood coun ts  o f  th y m ec tom ized  a n d  con tro l  mice. Of 
th e se  d a ta  th e  abso lu te  ly m p h o cy te  c o u n ts  were th e  m o s t  suggestive; th e  
a v e ra g e  values being  1670 and  3740 fo r  thy m ec to m ized  a n d  n o rm a l  anim als, 
re spec tive ly .

Persis tence  of  th e  virus was in v a r ia b ly  dem onstrab le  in th e  bra in  and 
b lood  sam ples of  th e  survivors k illed a f t e r  va ry ing  in te rva ls .  N evertheless ,

Table III

Changes o f  peripheral blood o f  m ice thym ectom ized at birth

Mice
Leukocyte

count
(mean)

Per cent 
lymphocyte 

(mean)
Absolute

lymphocyte count 
(mean)

T h y m ecto m ized  ............................ 31 0 0 ± 5 1 5 53 ± 1 3 1 6 70±600

Control  (no t  thym ectom ized)  . 4 6 0 0 ± 6 1 5 81 ±  5 3740 ± 5 7 5

S ta t i s t ic a l  significance (P)  . . . . < 0 .0 1 <0.01 < 0 .0 1
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Fig. 3. Histology of th e  b ra in  of a mouse thym ec tom ized  a t  n ew b o rn  age and infected  w ith  
LCM virus. Succum bed  on the  30 th  d ay  following infection. No signs of in f lam m atio n  in ep en 

d y m a  and the  plexuses. H aem atoxylin -eos in .  M agn if ica t ion ,  x70

microscopic exam in a t io n  o f  the  b ra in  of animals show ing  p ro longed  in cuba tion  
period  a n d  of th e  su rv ivors  revealed  no pathological changes  specific for LCM, 
a l though  carry ing  virus (Figs 2 a n d  3),

Discussion

In  ag reem ent w ith  the  resu lts  of different a u th o rs  [4, 5, 6] we have  
observed  th a t  n e o n a ta l ly  th y m ec to m ized  mice wrere r e s is ta n t  to  LCM virus 
infection. The cause o f  d ea th  a f te r  a prolonged in c u b a t io n  period (19 — 30 
days) is open to  discussion. These animals m igh t  h a v e  suffered  from  a 
to rp id  form  of LCM infection charac ter ized  by p ro longed  incu b a t io n  and  a 
lack of ty p ica l  histological lesions in th e  brain. T hey  ex h ib i ted ,  however, signs 
o f  w asting  disease ( re ta rd e d  g row th , spleen a trophy)  w i th  c o n co m itan t  ly m p h o 
penia. The la te  d e a th  m a y  thus  be re la ted  to the w as t in g  disease consequentia l  
to  th y m ec to m y .

All the  th y m ec to m ized  mice exh ib ited  ly m p h o p en ia .  R o w e  et al. [4] on 
th e  o th e r  hand  did  n o t  observe such a change in th e ir  th y m e c to m iz e d ,  o u tb red  
albino mice of th e  N IH  s tra in .  These  au tho rs  therefore  ex p la in ed  th e  im m u n o 
logical tolerance  of th y m ec to m ized  anim als by  the im m u n e  para lysis  of th e  
specific an tibody  p roduc ing  clone a n d  not by the general a t ro p h y  of the  ly m p h 
a tic  ap p a ra tu s .  M ay he t h a t  some o f our survivors ( those  w ith o u t  w asting  
sy m p to m s ,  w ith  a perfec t ly  no rm al clinical ap p ea ran ce  a n d  spleens of norm al

6 *
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s iz e  a n d  m icroscopie p a tte r n )  are like R o w e ’s an im als: to le r a n t  to  LCM virus 
w ith o u t  general sign s o f  th y m e c to m iz e d  m ice.

T he brains a n d  b lo o d  sam ples of  th e  surv ivors  k il led  b e tw een  th e  33rd 
a n d  53 rd  days of th e  e x p e r im e n t  were regu la r ly  found  to  c o n ta in  LCM virus. 
T h is  f in d in g  was in a g re e m e n t  w i th  t h a t  of R ow e  et al. [4] a n d  E a st  et al.
[6]. T h u s  these an im als  cou ld  be rega rded  as being in a con d i t io n  sim ilar to  the  
n a t u r a l l y  occurring or a r te f ic ia l ly  p roduced  carrier s ta te .  T h e  form er m ay  
r e s u l t  from  the  in t r a u te r in e  in fection of mice, as observed  b y  T r a u b  [8, 9], 
t h e  s t a t e  in te rp re ted  by  B u r n e t  [10] as im m unolog ica l to le rance .  A similar 
s t a t e  m a y ,  however, be  ach iev ed  by  th e  in trace reb ra l  in fec t ion  of  new born  
m ice  f rom  0 —4 days [11] a n d  b y  th e  su b cu tan eo u s  or in t ra p e r i to n e a l  inocula
t i o n  o f  fully developed m ice. In fec t ion  w ith  LCM virus m a y  re su l t  in a carrier 
s t a t e  i f  the  animals are  p r e t r e a te d  w ith  cortisone [11], a m e th o p te r in  [16] or 
t o t a l  b o d y  ir rad ia t ion  [13], too.

Acknowledgement. W e  a re  i n d e b te d  to  D r. E .  K e l e m e n  ( P o s tg r a d u a te  Medical School. 
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I I .  T H E  R O L E  O F  C E L L  R E C E P T O R S  IN  T H E  S E L E C T IO N  O F  E C H O V IR U S
V A R IA N T S
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H u n g a r i a n  A r m y  M e d i c a l  C o r p s , B u d a p e s t  

(R ece ived  J u n e  30, 1964)

Sum m ary .  I n  a g reem en t  w ith  o th e r  in v es t ig a to rs  we have  fo u n d  t h a t  the  h a e m a g g lu t in a t -  
ing s t ra in s  of echoviruses were losing the ir  h aem ag g lu t in a t in g  c ap a c i ty  in the  course of p a ssa g es  
in ce r ta in  s tab le  h u m a n  cell lines.  In o th e r  ex p e r im e n ts  the  ex is tence  of h a e m ag g lu t in a t in g  
( H + )  an d  n o n h a e m a g g lu t in a t in g  ( I I “ ) v i r ions  was d e m o n s tra ted  by  us in stra ins of e ch o v iru s  
ty p es  3, 6 , 7 ,  12, a n d  19. The  p re sen t  e x p e r im e n ts  h ave  show n t h a t  the loss o f  h a e m a g 
g lu t in a t in g  a c t iv i ty  in the  above cu ltu res  is due  to th e  selective in h ib i t io n  of the  m u tip l ic a t io n s  
o f  H  + v ir ions .

B o th  th e  cell lines of h u m a n  origin  and  the  h u m a n  e ry th ro c y te s  possess r ecep to rs  r e a c t 
ing exclus ive ly  w i th  th e  H + virions.  T he  cell a n d  e rh y th ro c y te  recep to rs  appear  to be id en t ica l  
as re g ard s  r e s i s tan ce  (bo th  are sensi t ive  to  t ry p s in  a n d  fo rm alin  a n d  res is tan t  to p e r io d a te  
t r e a tm e n t )  a n d  th e  cond it ions  of f ix ing  v irus .  S im ila r  recep to rs  could  n o t  he e x tr a c te d  f ro m  
p r im a ry  m o n k ey -k id n ey  cells or cell lines of m on k ey -k id n ey  origin.

T he  recep to r  subs tance  e x tra c te d  f rom  h u m a n  cell l ines or  e ry th rocy te s  ac ts  on ly  
on H +  v ir ions ,  in h ib i t in g  the h a em a g g lu t in a t io n  a n d  the  m u lt ip l ica t io n  in h u m a n  cell 
lines, b u t  increas ing  the  t it re  in m o n k ey -k id n ey  cell cu ltures .  T he  t i t re  increasing effec t  
of  recep to r  in m o n k ey -k id n ey  cell c u l tu res  m ig h t  be a t t r i b u te d  to  a n  im proved  c o n d i t io n  of 
v irus p e n e t ra t io n .

T he  poss ib i l i ty  of  isolation of H + echoviruses  in p r im a ry  m o n k ey -k id n ey  cell c u l tu re s  
f rom  spec im ens  of low v irus  c o n ten ts  m a y  s ig n if ican tly  he increased  by  add ing  h u m a n  cell 
recep to rs  to  the  cu ltu res .

*

In  th e  f irst rep o r t  of this series f 1 ] it was shown th a t  certain s t ra in s  o f  
echovirus ty p e  6 consist of two k inds  of virion , the  one be ing  able to h a em ag -  
g lu t in a te  ( H +) th e  o th e r  n o t  be ing  able  to  do so ( 1 1 ) .  F u r t h e r  experim ents  h av e  
b ro u g h t  evidence [2] of the  existence of  H + a n d  H v ir ions also within ty p e s  3, 
7 ,1 2 ,  and 19. The H + an d  H ~  virions are  d ifferent from  each o ther  in c e r ta in  
fu r th e r  biological characteris tics .

T he  c h a ra c te r  o f  a s tra in  consis ting  of b o th  H + and  II virions is d e te r 
m ined by its H + / H “ ratio , w hich, however, m ay  f lu c tu a te  in the  course  o f  
passages; even selection of one or th e  o th e r  v a r ia n t  m ay  occur.

Shifting  of the H +/ H "  ra t io  in  som e d irection  resu lts  from differences in 
cer ta in  ch arac ter is t ics  of the  tw o k inds  of virion, such as adsorp tion  ra te  a n d  
ra tio ,  len g th  of the  rep roduc tion  cycle, v irus  yield per  cell, efc., in a given sy s tem .
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Several a u th o rs  [3, 4, 5] h ave  show n  t h a t  in the  course of  passages in 
H e L  a cell cultures  h a e m a g g lu t in a t in g  echo v irus  stra ins  m ay lose the ir  haem ag- 
g lu t in a t in g  ac t iv i ty  w i th o u t  a decrease in th e i r  infectiv ity . In  th e  light of our 
re su l ts  we have supposed  th a t  H eL a  cells co n ta in  factors inh ib i t in g  the  rep ro 
d u c t io n  of H + vir ions, w ith o u t  affecting  th e  reproduc tion  o f  th e  H -  virions. 
A m o n g  th e  possible fac tors ,  the  cell recep to rs  seemed to be m ost  im p o r ta n t  in 
th is  effect, since it  has  been shown [6, 7] t h a t  th e  receptors o f  h u m a n  e ry th ro 
c y te s  a n d  of some cu l tu re d  cells inh ib it  n o t  only  h aem ag g lu t in a t io n  (HA), b u t  
in  c e r ta in  cases even  th e  rep roduc tion  o f  echoviruses.

In  the  p resen t  s tu d y  we have  a t t e m p te d  to reveal th e  possible effect of 
cell recep to rs  on th e  H + a n d  H virions a n d  to  establish  w h e th e r  cell recep tors  
p la y e d  a p a r t  in th e  selection of viral v a r ia n ts .

M aterials and m ethods

Viruses. The  H + a n d  H ~  v a r ia n ts  of  e ch o v iru s  ty p e  6 were s e p a ra te d  from  a s t ra in  
3887/61 iso lated  b y  us [1]. T he  p ro to ty p e  s t r a in s  o f  echovirus types  3, 7, 12, a n d  19 were 
k i n d ly  supplied  b y  Prof.  M. P. C h u m a k o v  (Moscow).

T h e  H + an d  H ~  v a r ia n ts  of the  p ro to ty p e  s t r a in s  were s e p a ra ted  f rom  each o th e r  by  
r e p e a t e d  end-d ilu t ion  tech n iq u e .  The h o m o g en e i ty  of the  working suspens ions  was increased  
b y  c h ro m a to g ra p h y  in Ca p h o sp h a te  colum ns [1, 8]; in th e  case of th e  H ~  lines, by  rem oving  
t h e  H  + c o n ta m in a t io n  b y  a d so rp t ion  to h u m a n  О e ry th ro c y te s .  The n o n -p ro to ty p e  s t ra in s  used 
in  t h is  s tu d y  had  been  iso la ted  a t  the  Virus D e p a r t m e n t  of the  S ta te  I n s t i tu t e  of H ygiene ,  
B u d a p e s t ,  in the  yea rs  1959 — 1963. T h ey  were t y p e d  by  the  n eu tra l iza t io n  tes t .

Cell cultures. M on k ey -k id n ey  p r im a ry  c u l tu re s  a n d  R u z i c s k a ’ s [ 9 ]  s tab le  rhesus-k idney  
cell l ines  No. I I I / l  a n d  No. X III /12  were used  in pa ra l le l  experim ents .  Occasionally  H eL a ,  K B .  
F L  h u m a n  am nion  a n d  H E p -2  cell cu l tu res  were also employed. P a r k e r ’s 199 was used  as 
m a in te n a n c e  flu id  in t h e  case of m onk ey -k id n ey  cell cu ltu res .

In fec tiv ity  tests. T h ree ,  in c e r ta in  cases f ive ,  t u b e  cultures were in o cu la ted  w ith  each  
d i lu t io n  of tenfold d i lu t io n  series. The  resu lts  were  r ead ,  in general on th e  7 th  d ay ,  in p a r t i c u 
lar  cases th e  t i t re  was ca lcu la ted  on the  basis o f  the  14 th  day  read ing .  T h e  R e e d  —  M u e n c h  
sc h e m e  [10] was app lied .

H A  and H A -in h ib itio n  ( H I )  titra tions. T h ese  were carried o u t  in T a k á t s y ’s  Microti-  
t r a t o r  a p p a r a tu s  [11]. C i t ra te - t rea ted  h u m a n  O, rhesus  a n d  vervet  e ry th ro c y te s  were used in 
1 p e r  c en t  suspension. Before being used, th e  e ry th ro c y te s  were w ashed  th ree  t im es.  W hen 
t h e  e ffec t  of p H  on H A  was inves t iga ted ,  th e  d i lu e n t  was 0.1 M  T r is  ( t r ish y d ro x y m e th y l-  
m e th y lam in e -H C l)  buffer .

T he  m ethods  o f  c h ro m a to g ra p h y  and  t h a t  of  u til izing  the  aqueous  agar  e x t r a c t  were 
d e sc r ib e d  in earlier r e p o r t s  [1, 8].

Treatm ent o f  cells and erythrocytes. One v o lu m e  of 9 per cent n e u tra l  fo rm alin  so lu tion  or 
tw o  v o lum es  of 0.01 M  K I O , or 10 vo lum es of 0.025 per cent  t r y p s in  were added  to one 
v o lu m e  e ry th ro cy te  or  HeLa-cel l  suspension. F o rm a l in  t rea tm e n t  w a s  carr ied  o u t  a t  4°C, 
K I O j  a n d  t rypsin  t r e a tm e n t s  a t  37 °C. Sam ples were ta k e n  a t  in te rva ls .  T he  effect of p e r 
io d a t e  was suspended  b y  a d d in g  glucose. T he  t r e a t e d  cells were cen tr ifu g ed  a n d  washed w ith  
sa l ine  a t  -|-4 °C. T r e a tm e n t  of  cells a n d  e r y th r o c y te s  w ith  anti-ce l lu la r  se ra  consis ted  of in 
c u b a t i o n  w ith  1 : 10 d i lu te d  serum  a t  22 °C for  a n  h our ,  and  washing.

P reparation o f  erythrocyte and cell extracts (recep tors). Our p rocedure  was based  on t h a t  
o f  H o w e  et al. [12]. E r y th r o c y te s  o b ta in e d  f rom  400 m l  h u m an  group-0  blood were washed six 
t im e s  w i th  saline. T h e  leucocy te  layer was d isca rd ed  on each occasion. One vo lum e of packed  
e r y th r o c y te s  was haem olyzed  w ith  nine vo lum es of d is t i l led  water  the  p H  of which  was a d ju s te d  
to  5.5 w ith  0.1 M  a c e ta te  buffer  of p H  4. T h e  haem o ly sa te  was cen tr ifu g ed  a t  1000 g for 
10 m in u te s .  The se d im e n t  was washed an d  cen t r i fu g e d  w ith  distil led w a te r  a d ju s te d  to p H  
5.5 u n t i l  the s u p e r n a t a n t  rem a in ed  colourless.  T o one vo lum e of washed a n d  sed im en ted  s t rom a  
tw o  v o lum es  of P a r k e r ’ s 199 were added  an d ,  i f  necessary ,  the p H  was a d ju s te d  to  7.3 — 7.4 
w i th  0.1 N  N a O Il .  A sm all  p a r t  of  the  m ate r ia l  t h u s  o b ta in e d  was used in th is  s t a te  ( e ry th ro cy te  
s t r o m a ) ,  i ts  g rea te r  p a r t  was frozen (in dry- ice-alcohol  m ix ture )  and  th a w e d  six t im es,  s t i r red
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w ith  a m agnetic  s t i r re r  o vern igh t  and  cen tr ifu g ed  a t  7000 g fo r  30 m in u te s .  The e x t r a c t  th u s  
o b ta in e d  was te rm ed  “ e ry th ro c y te  re c e p to r” . Cell s t ro m a ta  a n d  recep to rs  were p re p a re d  essen
t ia l ly  in the  same m an n e r .  The  p re p a ra t io n s  ob ta ined  from  c u l t iv a te d  cells c o n ta in ed  the  
e x t r a c t  of  10’ cells p e r  ml.

To free cells f rom  the  serum  p re se n t  in the  growth m ed iu m ,  the  cells were w ashed  twice 
w i th  H a n k s ’ solu tion  one d a y  before e x t r a c t io n  and r e - in c u b a te d  in  serum-free  m ed iu m  for 
a day .  T he  cells were t h e n  suspended b y  E D T A  1 : 3000. w ash ed  tw ice  w ith  H a n k s ’ solu t ion ,  
a n d  c o u n ted  before use.

Results

The effect o f  receptors on the H A  by echoviruses. I n  th e  f irs t  exp e r im en t  th e  
cell and  e ry th ro c y te  ex trac ts  were te s ted  for H I  a g a in s t  H + suspensions of 
d iffe ren t  echovirus ty p es .  F ou r  H A  un its  were used  th ro u g h o u t .  The e x t r a c t  — 
v irus  m ix tu res  were k e p t  a t  4°C fo r  one hour a n d ,  a f te r  add ing  th e  h u m a n  
e ry th ro c y te  suspension, a t  th e  sam e  te m p e ra tu re  u n t i l  read ing  was accom plish 
ed. The results are show n in Tah ié  I.

Tabic 1

H I  titres o f  cell and erythrocyte extracts against 4 H A  un its o f  virus

H I t i t re  (rec ip ro ca ls)  to  echov irus ty p es

з 6 7 11 12 13 19

P r im ary  rhesus m onkey-kidney ................... 0 0 0 0 0 0 0

Monkey-kidney cell-line No. I I I / l  .............. 0 0 0 0 0 0 0

Monkey-kidney cell-line No. X I 11/12 . . . . 0 0 0 0 0 0 0

H el.a  ........................................................................... 16 16 32 8

32

32 8 32

F L  a m n i o n ............................................................. 64 32 128 128 32 64

H u m a n  “ 0 ” e ry throcy tes  ............................... 32 16 32 8 64 8 64

0 0 32 0 64 0 0

Rhesus ery throcytes  .......................................... 0 0 16 0 16 0 0

0 = <  2

O ut of the  e x t ra c ts  only those  ob ta in ed  from h u m a n  cell lines a n d  h u m a n  
e ry th ro c y te s  in h ib i ted  HA regard less  of the  ty p e  of  virus. The ve rv e t  and 
rhesus e ry th ro cy te  e x tra c ts  were ac t ive  against tw o  ty p e s  only, viz. ty p es  7 
a n d  12. Since in ta c t  ve rv e t  e ry th ro c y te s  are ag g lu t in ab le  exclusively by  the  
sam e types, the  paralle lism  b e tw een  agg lu tinab il i ty  of  e ry th ro cy te s  a n d  th e  
III ac t iv i ty  of e x t ra c ts  is obvious.

Table  I also shows th a t  th e  sen s i t iv i ty  to th e  e x t r a c t  of different echovirus 
ty p e s  was different.
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I n  con tras t  to  t h e  e x t r a c t s  of cells o f  h u m a n  origin, th o se  of  th e  simian 
cells  fa iled  to inhibit  H A . A f te r  th e  f irst n eg a t iv e  results we su p p o se d  th a t  the  
s e n s i t iv i ty  of our H I  t e s t  w as  insufficient. To increase its sen s i t iv i ty ,  we first 
w is h e d  to  throw light on th e  course  of the  a d so rp t io n  of th e  v irus  in  th e  presence 
o f  d if fe ren t  relative c o n c e n tra t io n s  of v irus  a n d  receptor.

F o r  this purpose  4 H A  un its  of echo v irus  ty p e  7 were a d d e d  to  serial 
d i lu t io n s  of the H eL a  cell e x t r a c t  used also in th e  f irs t  e x p e r im e n t  an d  the

M i n u t e s  ( t o g  s c a l e )

F ig . 1. T im e  needed for t h e  in h ib i t io n  of 4 HA  u n i ts  of  echoviruses ty p e  3 a n d  ty p e  7 in the 
presence o f  v a r io u s  concen tra t ions  of H eL a  recep to r

m ix tu r e s  were kep t  a t  -j-4°C. Samples were ta k e n  a t  in te rv a ls  a n d  the  time 
n e e d e d  for the  loss o f  h a e m a g g lu t in a t in g  a c t iv i ty  was d e te rm in ed .  A similar 
e x p e r im e n t  was carried o u t  w i th  echovirus ty p e  3 (Fig. 1).

F ig .  1 shows an  in v e rse  l inear re la tion  be tw een  th e  lo g a r i th m  of the  
i n c u b a t io n  time and  th e  lo g a r i th m  of th e  a m o u n t  of recep to r  need ed  for the 
t o t a l  loss of HA a c t iv i ty .  S m all  am ounts  o f  recep to r  becam e dem onstrab le  
w h e n  t h e  period of in c u b a t io n  was prolonged. T he  sam e a m o u n t  o f  th e  recep tor 
w as  less inhib ito ry  for e c h o v iru s  ty p e  3 th a n  for th e  ty p e  7 v irus.

O n  th e  basis of th e se  d a t a  we a t t e m p te d  to  d e tec t  s im ila r  recep tors  in 
m o n k e y -k id n e y  cell e x t r a c t  b y  keeping e x t ra c ts  w ith  4 H A  u n i ts  o f  echovirus 
t y p e  7 fo r  20 hours a t  A 4  °C. N o loss of H A  a c t iv i ty  was d em o n s trab le .

Receptor concentration in  the f lu id  and cellular fractions o f  H eLa cell cultures 
d u r in g  cultivation. Before q u a n t i t a t iv e  inves t iga t ions  i t  seem ed reasonable  to 
d e te r m in e  the  possible H I  a c t iv i ty  of th e  r a b b i t  serum  in c o rp o ra te d  in the
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g ro w th  m ed ium  of H eL a  cells. In  th e  ra h h i t  sera te s te d  no III ac t iv i ty  could  he 
d e tec ted .  H ow ever, h u m an ,  b ov ine  (one-year-old calf) a n d  equine sera co n ta in ed  
inh ib ito rs  up  to  t i t re s  of 1 : 32 — 1 : 64. For th is  reason  in th e  following e x p e r i 
m en t we added  5 per cent r a b b i t  se rum  to  th e  G e y ’s so lu tion  used as g ro w th  
m edium .

H eL a  tu b e  cu ltu res  were  p re p a re d  by  [»lacing 100,000 cells (as ex ac tly  as 
possible) in  each tube . D u r in g  in cu b a t io n  cu ltu res  w ere  ta k e n  ou t a t in te rv a ls  
(10 on each occasion), the  m ed iu m  of th e  cultures was pooled  and  cen tr ifuged . 
The s u p e rn a ta n ts  were k e p t  a t  —20° C until  te s ted .  T h e  cells from th e  sam e

Time o f  c u / t i e a t i o n . f d o y s )

Fig. 2. H I  t i t re s  of  lOfold c o n ce n tra ted  cell hom ogenate  (1) a n d  th e  g row th  m ed iu m  (2) of 
H eL a  cell cu ltu res  a g a in s t  echovirus ty p e  7 d u r in g  c u l t iv a t io n

cu ltu res  were suspended  w ith  E D T A , and  th e  cell suspension, a f te r  be ing  
w ashed , was added  to  the  sed im en t  of the  respec tive  pooled  m edium . A fte r  
cen tr ifuga tion  the  sed im ent was resuspended  in 1 ml of  fresh  medium . It was th en  
hom ogenized  by  freezing a n d  th a w in g  three  tim es, c en tr ifuged  a t  3000 r.p.rn. 
for 10 m inu tes ,  and  th e  s u p e rn a ta n t s  were s to red  a t  —20° C un ti l  te s ted .  The 
co llected  m ateria ls  were te s te d  s im ultaneously  for H I  ag a in s t  4 H A  u n i ts  of 
echovirus  ty p e  7. The in c u b a t io n  period was 2 hours .

Fig. 2 shows th a t  d u r in g  cu lt iva t ion  of H e L a  cells the  in h ib i to r  c o n 
cen tra t io n  Avas con tinuously  increasing  in th e  m ed iu m  while it  r em a in ed  a t  
the  sam e level in th e  cell hom ogena te .  The H I t i t r e  o f  th e  m edium  w as  at 
least fourfold t h a t  of th e  cells as early as on th e  4 th  d ay  of cu l t iv a t io n .  
It seems likely t h a t  th e  in h ib i to r  t h a t  appea red  in th e  m ed iu m  was no t  re leased  
by th e  living cells, b u t  o r ig in a ted  from cells d e ta c h in g  and  d is in teg ra t in g  
d u r in g  cu lt iva t ion .

Inactiva tion  o f  receptor activ ity . On the  basis o f  th e  above  results we h av e  
supposed  th a t  th e  receptors [»resent in the cell a n d  e ry th ro c y te  e x t ra c ts  are
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s im i la r  in n a tu re  to  t h e  v irus-f ix ing  recep to rs  o f  in tac t  cells a n d  e ry th rocy tes .  
T o  revea l  the  cellular loca tion  of th e  recep to rs ,  th e  following e x p e r im en ts  were 
c a r r ie d  out.

H u m a n  e ry th ro c y te s  an d  H eL a  cells were t rea ted  w i th  fo rm alin ,  perio
d a t e  or t ryps in  a n d  w a sh e d ;  0.1 ml of th e  t r e a te d  red cells w as a d d e d  to  1.0 ml 
o f  a suspension o f ech o v iru s  ty p e  7, th e  m ix tu re s  were in c u b a te d  a t  22° C 
fo r  one hour, c en tr ifuged ,  a n d  th e  H A  t i t r e  o f  th e  s u p e rn a ta n ts  was determ in-

H um an  e r y t h r o c y t e s  HeLa cell - e x t  r  a c t s

•----•Formalin t r e a tm e n t  о-----о K/0  ̂ t r e a t m e n t
о- о Trypsin t r e a t m e n t  ®......© t r e a tm e n t  w i th

an tice l lu la r  s e r u m

F ig . 3. Effects of fo rm al in ,  t ry p s in ,  K I 0 4 and  a n tice l lu la r  serum  on th e  echovirus-adsorb ing  
c a p a c i ty  o f  h u m a n  e ry th ro c y te s  an d  H eL a  cells

ed .  T h e  t rea ted  a n d  w a sh e d  H eL a  cells w ere  d i lu ted  in saline to  m ake  a sus
p e n s io n  contain ing 5 X 106 cells per ml. T h is  was hom ogenized  b y  successive 
freez ings  and  th a w in g s ,  centr ifuged , a n d  th e  s u p e rn a ta n ts  were t i t r a te d  
a g a in s t  4 H A  un its  o f  echov irus  7. In  one experim en t,  sam ples  o f  H eL a  cells 
w e re  t re a te d  w ith  hom ologous  (a n t i -H e L a ) ,  in an o the r  w i th  heterologous 
(a n t i -p r im a ry -m o n k ey -k id n e y )  an tice llu lar  sera . The t r e a te d  cell hom ogenates  
w ere  also tes ted  for  H I  a c t iv i ty  (Fig. 3).

As shown in F ig . 3, th e  H eL a  cell recep to rs  able to  in h ib i t  H A  due to 
ech o v iru s  type  7 are , like  th e  e ry th ro cy te  recep to rs ,  located  on th e  cell surface. 
S im ila r ly  to  e ry th ro c y te  recep tors ,  th e  H e L a  cell receptors a re  m o s t  sensitive 
t o  form alin , less sens i t ive  to  tryps in ,  a n d  are  no t  d e s troyed  b y  periodate .
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T heir  ac t iv i ty  can  be suspended  b y  an tice llu lar  sera. I t  is rem a rk a b le  t h a t  
fo rm a lin - t rea ted  e ry th ro c y te  a n d  cell receptors  show ed som e re a c t iv a t io n  on 
try p s in  t r e a tm e n t .

Factors in fluencing  virus  — cell-receptor interaction. N ex t  the  in fluence  
of  pH  and  te m p e ra tu re  on v i ru s —recep to r  f ixa tion  was s tud ied .  F o r  th is  p u r 
pose H  1 lines of  echovirus ty p es  3 a n d  6 were chosen, tw o  ty p e s  t h a t  b e h a v e d

•-----• -4°C i n t a c t  e r y t h •"ocytes
о— ■ —о 37°C :n t a c t  e r p i n r o c y t e s
о--- о 4°C HeLa r e c e p t o r
©.... © 37°C HeLa r e c e p t o r

Fig. 4. Effects of  t e m p e ra tu re  and p H  on  the  echovirus-fixing c ap ac i ty  of  in tac t  h u m a n  e r y t h 
rocytes a n d  of HeLa-cel l  receptors

differen tly  in severa l respects. W ash ed  h u m a n  e ry th ro c y te s  and  H e L a  cell 
recep tors  were used. One ml of th e  s ta n d a rd  suspension of each of echov irus  
3 a n d  6 having  a HA ti t re  1 : 64 was ad ju s ted  to  the  desired  p H  w ith  Tris- 
UC1 buffer  and  0.1 m l of w ashed  h u m a n  e ry th ro c y te  suspension  or th e  sam e  vo l
um e of u n d ilu ted  H eL a  recep to r  was added . E ach  suspension  was in c u b a te d  
a t  -f-4°C and  37°C, for one hour. T h en  th e  suspensions co n ta in ing  e r y th r o 
cy tes  were cen tr ifuged  and  the H A  t i t r e s  o f  th e  s u p e rn a ta n ts  as well as th e  re 
sidual t i tres  of v irus  suspensions t r e a te d  w ith  H eL a cell recep to rs  were e s ta b 
lished. The H A  t i t r e s  ob ta ined  were ind ica t ive  of the  degree  of  recep to r-v iru s  
f ix a t io n  (Fig. 4).
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Fig. 4 shows t h a t  adso rp tion  of v irus  to  th e  e ry h ro cy te  receptors  (i.e . 
H A  reaction) req u ired  a p p ro x im a te ly  th e  sam e conditions as th e  reaction  of 
th e  soluble H eL a re c e p to rs  w ith  the  virus. E chov irus  ty p e  3 was fixed  a t  the  
h ig h e s t  ra tio  to  b o th  cell-fixed and  soluble recep to rs  a t  -j-4°C and  p H  5 — 7; 
a t  37°C on th e  o th e r  h a n d ,  th is  v irus was n o t  f ixed  to  e ry th ro c y te  recep tors;  
a t  t h a t  te m p e ra tu re  i t  w as b o u n d  to  H e L a  recep to rs  b u t  only  in  an acidic env i
ro n m e n t .

T he  f ixa t ion  o f  echov irus  ty p e  6 is, on th e  o the r  h a n d ,  ind ep en d en t  of 
t e m p e r a tu r e  and  even  th e  p H  of the  m ed ium  is o f  no im p o r ta n c e ,  excep t in th e  
case  of  th e  e ry th ro c y te  recep tor.

F ig . 5. R eac tiva t ion  w i th  t r y p s in  of the  H A  a c t iv i ty  o f  echovirus t y p e  7 f ix e d  to  i n ta c t  e r y th r o 
cy te s ,  e ry th ro cy te -  or HeL a-ce l l - recep to rs

T he H + v a r ia n ts  o f  echovirus ty p es  7 a n d  12 b eh av e  like ty p e  6 whereas 
th o s e  of  type  19 im i ta te  ty p e  3.

The H + vir ions o f  ty p e  6, 7 and  12 echoviruses can  be  sep a ra ted  from 
th e  recep to r  by t r y p s in  t r e a tm e n t .  An exp e r im en t  of th is  ty p e  carried out 
w i th  ou r  echovirus ty p e  7 s ta n d a rd  suspension (H A  t i t re ,  1 : 128) is described 
in t h e  following.

To 1 ml of v iru s  0.1 m l of  w ashed  h u m a n  e ry th ro cy te s ,  to  a n o th e r  sam ple 
t h e  sam e volumes o f  e ry th ro cy te -  an d  H eL a-recep to r ,  respec tive ly ,  were added. 
T h e  m ix tu res  were in c u b a te d  a t  37°C fo r  2 hours ,  th e n  an  equal volum e of 
0 .025 p e r  cent t r y p s in  so lu tion  was ad d e d  and  in cu b a t io n  a t  37°C was co n t in 
ued . F rom  this  t im e  on sam ples  were te s te d  for H A  at in te rv a ls .  T it ra t io n  was 
ca r r ied  out a t  —(-4°C (Fig. 5).
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T he v iru s  w as recovered from  each  of th e  recep to r  p re p a ra t io n s  te s ted .
The effects o f  cell receptors on the reproduct ion o f  echovirus varian ts. I n  accor

dance  w ith  several au tho rs  [3, 4, 5] we found  in earlier s tudies  t h a t  haem ag- 
g lu t in a t in g  echoviruses, when c u l t iv a te d  in H eL a  cells, lost th e ir  H A  ac t iv i ty .  
W e h ave  shown t h a t  H + lines do n o t  p ro p a g a te  in H eLa cu ltu res ;  th u s  from  
cu ltu res  consisting  of  H + and  H v ir ions the  H -  v a r ia n t  will he  se lected  as 
early  as in th e  f i rs t  few passages in H e L a  cells. In  con tras t ,  b o th  H + and  H 
v a r ia n ts  p ro p a g a te  in m o n key-k idney  cell cultures. Therefore, we chose the  
l a t t e r  cu ltu res  for th e  experim ents  in w hich  th e  influence of H e L a  a n d  m onkey-  
k id n ey  cell e x t ra c ts  on th e  m ult ip l ica t ion  of th e  two v a r ian ts  was inv es t ig a ted .  
These exp er im en ts  were repea ted  seve ra l  tim es. The H + and  H -  v a r ia n ts  of 
ty p es  3, 6, 7 a n d  12 were tes ted .

T hree  para lle l  tenfold d ilu tion  series were p repa red  from  each  of the  
v a r ia n ts  u n d e r  s tu d y .  The diluents  in th e  th ree  t i t ra t io n  series were (i) P a r k e r 's 

199 (control) ,  (ii) H eL a  cell e x t r a c t  con ta in in g  4 III  un its  pe r  ml, a n d  (iii) 
iden tica lly  d i lu ted  m onkey-k idney  cell e x t ra c t  showing no H I  ac t iv i ty .  T hree  
m o n k ey -k id n ey  cell cultures were inocu la ted  w ith  each d ilu tion , 0.1 ml per 
tu b e .  (The cells h a d  been w ashed  tw ice  w ith  H a n k s ’ solution before inocu la 
tion.) The m a in te n a n c e  f luid was P a r k e r ’s 199, added  a f te r  2 hou rs  incuba tion  
w ith  th e  inocu lum  a t  37 °C. The ex p e r im e n ts  were ev a lu a ted  on th e  basis  of 
7 th -d a v  read ings  w hen  fu r th e r  in c u b a t io n  would  no t  h ave  in f luenced  the 
resu lt .

Tab le  I I  shows th a t  th e  t i t re  o f  th e  v a r ian ts  was no t  in f luenced  by the  
m onk ey -k id n ey  cell ex trac t .  The H eLa cell e x t ra c t ,  on the  o th e r  h a n d ,  increased

Table II

Kffects o f  m onkey-kidney cell and H eL a  cell receptors on the infective titres 
o f  H  and H~~ varian ts o f  echoviruses

T y p e V a r i a n t log  C P D jp /0 ,1  m l

i n  t h e  p re s e n c e  o f

o f  v i ru s c o n t r o l m o n k e y - k id n e y H e L a  c e ll
c e ll e x t r a c t r e c e p to r

Echo 3 11 + 4.75 4 . 7 5 6.75
i i - 6.50 6.00 6.50

Echo 6 11 + 2.50 2.50 6.50
и 4.50 5.00 4.50

Echo 7 и + 4.50 4.50 7.00
ii 3.50 3.50 3.50

Echo 12 11 + 4.00 3.50 6.00
и 6.50 6.50 6.50
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th e  t i t re s  of each o f  th e  H + v a r ian ts  to  100— 10,000fold the  co rrespond
ing con tro l  values, w hile  i t  did not in fluence  th e  m ult ip l ica t ion  of  th e  H  
v a r ia n t .

To ob ta in  m ore  in fo rm atio n  abou t the  t i t re - in c reas in g  effect of th e  H eL a-  
cell recep to r  su b s tan ce  on th e  H + v a r ian ts ,  f i r s t  th e  h ighest d ilu tion  of th e  
H e L a  cell recep to r  w as  de te rm ined  in th e  p resence  of which an  increase in 
t i t r e  was still d e m o n s tra b le .  For th is  pu rp o se  a tw ofo ld  d ilu tion  series was 
p re p a re d  in P a r k e r ’s 199 from  the  H eL a  recep to r  p rep a red  as described u n d e r  
‘‘M ateria ls  and  m e th o d s ” . F ro m  every  d i lu t ion  0.9 ml was placed in each of 
fo u r  m onk ey -k id n ey  cell cu ltu res  im m ed ia te ly  a f te r  washing  the  cells w ith  
H a n k s ’ solution. T h en  0.1 C P D -0 of th e  H + v a r ia n t  o f  echovirus ty p e  3 was 
a d d e d  in a volum e o f  0.1 ml. As a contro l,  tu b e  cu ltu res  p repa red  w ith o u t  
a d d in g  recep to r  to  th e  m e d iu m  were inocvdated w ith  th e  same dose of  th e  virus. 
On th e  7 th  d ay  of in c u b a t io n  none of th e  cu ltu res  excep t  those con ta in ing  
re c e p to r  in the  m e d iu m  show ed CP effect. T he  t i t r e  o f  th e  recep to r  p rep a ra t io n  
w as  expressed in t e r m s  of th e  dilution c o n ta in in g  th e  smallest q u a n t i ty  in 
th e  presence of w hich  a t  leas t  two of th e  four  tu b e s  showed the  specific CP 
effect. In  th is  te rm  th e  t i t r e  of the recep to r  p re p a ra t io n  te s te d  was four t im es 
h igher  th a n  its H I  t i t r e  as de te rm ined  against 4 H A  un i ts  of th e  H + line of  echo- 
v irus  ty p e  3 a f te r  20 h o u rs  incubation .

Subsequen tly ,  e x t r a c ts  of h u m an , rhesus a n d  v e rv e t  e ry th ro cy tes  and  
those  of  K B , D e tro it-6 ,  H E p -2  and F L  am nion  cells were tes ted  in similar, b u t  
n o t  q u a n t i ta t iv e ,  e x p e r im e n ts .  The t i t re - in c reas in g  effect o f  the  u n d i lu ted  
e x t ra c ts  was exam ined  in  th re e  m onkey-k idney  t u b e  cu ltu res ,  each infected w ith  
0.1 C P D 50 of H + v a r i a n t  o f  echovirus ty p e  3. CP effect was observed in every  
tu b e  excep t  th e  con tro ls  a n d  in the  tubes  c o n ta in in g  rhesus or v e rv e t  e r y t h 
ro c y te  ex trac ts .

An ex per im en t o f  th e  same ty p e  was ca rr ied  o u t  w ith  the  H + v a r ia n t  
o f  echov irus  ty p e  12 a n d  ex trac ts  of h u m a n ,  v e rv e t  an d  rhesus e ry th rocy tes .  
All e x t ra c ts  p roved  to  increase  the t i t re ,  th u s  show ing  a close parallelism b e 
tw e e n  ti tre - increas ing  effect and H I  capac ity .

A ttem ps to elucidate the phenomenon o f  titre increase. W e supposed th a t  
th e  ad d it ion  to m o n k e y -k id n e y  cells of r ecep to r  su b s tan ce  derived from  H eL a  
or o th e r  hum an  cells a c te d  b y  im proving  th e  cond it ions  of virus adso rp tion . 
To do so, however, th e  recep to r  itse lf  m u s t  be ab le  to  be adsorbed  to  th e  cells 
o r ig in a t in g  from a d if fe ren t  species. We a t t e m p te d  to  prove th e  adsorp tion  o f  
I he recep to r  by th e  following experim ent.

A HeLa-cell e x t r a c t  w i th  a H I  t i t re  of 1 : 6 was ad d e d  to  washed  m onkey- 
k id n e y  cell cultures, 1 m l p e r  tube . The cu ltu res  were  in c u b a te d  w ithou t  r o ta t io n  
at 37°C. D uring  in c u b a t io n  th e  m edium  of th ree  cu ltu res  was pooled, th e  cells 
were w ashed  th ree  t im es  w ith  H a n k s ’ so lu tion  a n d  th e n  homogenized in 1.0 
ml of  P a r k e r ’s 199 b y  freezing and th aw ing .  T h e  pooled m edia  an d  th e  cell
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Table III

Detectability oof  HeLa cell receptor in prim ary rhesus-kidney  
treated fo r  different periods with receptor

cell cultures

HI t itre s*  to  ech o v iru s  ty p e  7 in

" medium cell-hom ogenate*  *

0 m inute  .................................................................. б
6

0
1

60 .......................................................................... 6 1
120 ............................................................... 4 о
240 ........................................................................... 4 3

4
.3

4
48 hours .................................................................... 0

Controls 
(a) U n treated m onkey-kidney cell cultures . 0 0

(b) Receptor after 48 h r  a t  37 C ................  6

* Reciprocals.  * * x 3  concen tra ted  hom ogenates

hom ogena tes  were tes ted  for HI aga ins t  4 H A  units  o f  echovirus  ty p e  7 (Table 
III) .

The H eLa cell recep to r  was adso rbed  by the  “ he te ro logous”  m o n k ey -  
k id n ey  cells, as p roved  by the  con tinuous  increase in th e  concen tra t io n  o f  th e  
recep to r  substance  in the  cell fraction  a n d  its decrease in the  m edium . H o w ever ,  
a f te r  48 hours H eLa cell recep to rs  could no longer be d em o n s tra ted  in the  
m o n k ey -k id n ey  cell fraction.

F u r th e r  experim en ts  were carried  ou t to  obtain  in fo rm atio n  on the  possib le  
significance of tim e factors in th e  increase of t i t re .  T h ree  parallel t i t r a t io n s  
were carried  ou t  in m onkey-k idney  cell cultures. In th e  f irs t  series th e  cells 
were p re - incuba ted  for 2 hours  in th e  presence of 2 H I  units /m l H eL a  cell 
r ecep to r  and  infected a f te r  being w ashed  twice w ith  H a n k s ’ solution. In  th e  
second  series th e  cells were t r e a te d  w ith  the  same a m o u n t  of H eL a recep to r  
for 2 hours, a f te r  infection. T h e  th i rd  series included u n t re a te d  cu ltu res .  T he  
cu l tu re s  were in fected  w ith  0.1 ml o f  echovirus 3 H + d ilu tions each, th e n  th e  
tu b e s  were in cu b a ted  at  37°C for one hour,  the  u n ad so rb ed  virus was rem o v ed  
by  w ashing , an d  1 ml of  m ed ium  was ad d e d  to  each cu ltu re .  An identical e x p e r i 
m e n t  w as carr ied  ou t  w ith  th e  recep to r  ex trac ted  from h u m a n  О e ry th ro c y te s .  
T he  cell cu ltu res  were observed  for 14 days (Table IV).

B oth  H eL a  and  h u m an  e ry th ro c y te  receptors increased  I he t i t re  o f  th e  
echov irus  ty p e  3 H + line, i r respective  of w he the r  the  cells were tre a te d  before  
or a f te r  infection. In the  form er case, however, th e  dev e lo p m en t  of the  f ina l 
t i t re  was sligh tly  delayed. The fac t t h a t  the  t i t re  was increased  by  the  recep to r  
even if it h ad  been added  a f te r  th e  infection speaks ag a in s t  the  a ssu m p tio n  
th a t  the  increase in t i t re  is due  to  an im provem ent in v irus adsorp tion .
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Table IV

E ffects before and a fter inoculation o f  treatment w ith  H eLa and erythrocyte receptors 
on the infective titre o f  the  IT+ variant o f  echovirus typ e  3 in  rhesus-kidney cell cultures

T re a tm e n t o f  m o n k ey -k id n ey  cell cu ltu res
F in a l t i t re  

a tta in e d  on 
day

In fe c tiv i ty  
(log C P D 30/0.1 m l)

Nil .................................................................................. 6 4.75

Pre - trea tm ent w i th  H e L a  r e c e p t o r ................. 9 7.0
H um an “ 0 ”  e ry th ro c y te  r e c e p to r ................... 9 6.5

Pos t- t rea tm en t  w i th  H eL a  r e c e p t o r .............. 6 6.25
Hum an “ 0 ” e ry th ro c y te  r e c e p to r ................... 6 6.5

Practical u tiliza tio n  o f  the title-increasing effect o f  “heterologous’' receptor. 
W e  supposed th a t  a d d in g  H eL a  receptor to  m o n k ey -k id n ey  cell cu ltu res  w ould  
r e n d e r  the cu ltu res  m o re  sensitive to  th e  h a e m a g g lu t in a t in g  echoviruses 
in  iso lation  exp er im en ts .  To prove the  su p p os it ion ,  we chose f rom  th e  m a te r ia l

Table V

Titration o f  16 fa eca l suspensions con ta in ing  echoviruses in  untreated  
and  HeLa-receptor-treated m onkey-k idney  cell cultures

In fe c tiv e  t i t r e  (log C P D sn/0 .1  m l) in

D e s ig n a tio n  
o f  fae c a l 

su sp en s io n

T ype
of iso lated  
echovirus

u n t re a te d
H eL a-recep to r-

t re a te d

m o n k ey -k id n ey  cell cu ltu res

636/1961 l 2.0 1.5

608/1961 2 2.0 1.5

620/1961 2 1 .0 1 .0

771/1961 2 2.5 2.5

41/1961 4 1.5 1.5

665/1961 5 2.0 2.0

33/1961 6 < 1 . 0 1.5

676/1961 6 < 1 .0 3.0

1167/1961 6 1 .0 > 3 .5

1232/1961 6 1 .0 > 3 .5

1463/1961 6 1.5 > 3 .5

2060/1961 6 1 .0 > 3 .5

696/1961 7 1.5 2.5

715/1961 7 < 1 .0 2.0

690/1961 12 1 .0 > 3 .5

4763/1960 19 < 1 .0 > 3 .5
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o f  th e  Virus D e p a r tm e n t  of the  S ta te  I n s t i t u t e  of H ygiene 16 faecal specim ens 
which had  yie lded  various echovirus s tra in s .  Some of these  s tra in s  d id  while 
o thers  did n o t  ag g lu tina te  e ry th ro cy te s .  T he  faecal suspensions h ad  been s to red  
a t  —30 °C since th e i r  arrival. All specim ens were t i t r a t e d  b o th  in u n t r e a te d  
m o n key-k idney  cell cultures an d  in those  t r e a te d  w ith  0.1 ml of H eL a  recep 
to r  con ta in ing  2 H I  units .  The re su lts  are shown in Table  V.

The faecal specimens th a t  co n ta in e d  echovirus ty p es  1, 2, 4 or 5, i.e. 
no n -h aem ag g lu t in a t in g  s tra ins, y ie lded  com parab le  t i t res  in th e  para lle l  t i t r a 
tions. In  c o n tra s t ,  th e  specimens c o n ta in in g  the  h aem ag g lu t in a t in g  s t ra in s  of 
types  6, 7, 12 or 19 gave s ign if ican tly  h igher  t i tres  in th e  p re - t re a ted  cu ltu res  
th a n  in th e  controls . It  is of in te re s t  t h a t  all th e  ty p e  6 s t ra in s  iso la ted  in 
u n t re a te d  cu ltu res  proved  to  he o f  11 c h a rac te r  w hereas th e  s tra in s  o f  th e  
sam e ty p e  isola ted  from  the  sam e specim ens in p re - t re a ted  cu ltu res  ag g lu t i 
na ted  e ry th ro cy te s .

Discussion

The p resen t  experim ents  hav e show n th a t  th e  e ry th ro cy te s  agg lu t in ab le  
by cer ta in  echoviruses, nam ely  h u m a n  О e ry th rocy tes  for all ag g lu t in a t in g  
s tra ins ,  and rhesus  a n d  verve t  e ry th ro c y te s  for types  7 a n d  12, as well as th e  
cell lines of h u m a n  origin, con ta in  recep to r  substances capable  of  f ix ing  th e  
H +, b u t  not th e  H  “ , var ian ts  of echoviruses .  As a resu lt  o f  th e  f ix a t io n  to  th e  
recep tors  dissolved in the  m edium , th e  H + v irions lose th e i r  cap ac i ty  of ag g lu 
t in a t in g  e ry th ro c y te s  and of p ro p a g a t in g  in cells possessing th e  sim ilar  recep to r .  
On the  o the r  h a n d ,  in cells lacking th is  recep to r  on th e ir  surface th e  s t ra in s  of 
H + ch a ra c te r  show an enhanced  in fe c t iv i ty  when the  recep to r  is added .

F ix a t io n  of  th e  virus to  th e  d isso lved  receptor derived  from H eL a  and 
o th e r  h u m a n  cells is in m any  respec ts  s im ilar  to  the f ixa t ion  to  th e  e ry th ro c y te  
recep to r  in situ . F o r  the  f ixa tion  to  the  dissolved cell recep to r  o f  th e  echov i
ruses which a g g lu t in a te  e ry th ro cy te s  only a t  -f4°C ( e.g. echovirus ty p e  3), -|-4°C 
is th e  most fav o u rab le  te m p e ra tu re ,  while for th e  ty p es  (c.g. echovirus  ty p e  
6) h a e m a g g lu t in a t in g  at 37°C as well as a t  -j-4°C, f ixa t io n  to  the  d issolved 
recep to r  is n o t  t e m p e ra tu re -d e p e n d e n t .  T he  pH dependence of th e  H A  a c t iv i ty  
runs paralle l w ith  t h a t  of th e  f ix a t io n  to  th e  cell recep tor.

The recep to r  is not in ju red  by  K IO  ,, b u t  is in a c t iv a te d  by  fo rm alin  and  
decom posed b y  try p s in .  The recep to r  tre a te d  w ith  form alin  for a sho r t  per iod  
of  t im e  is r e a c t iv a te d  by a p p ro p r ia te  t ry p s in  t r e a tm e n t .  T ry p s in  can s e p a ra te  
the  v irus  from  th e  receptor.

We have  used the  designation  “ recep to r”  th o u g h  th e  recep to r  re a c t in g  
exclusively w ith  th e  H + echoviruses ( H + receptor) is n o t  iden tica l w ith  th e  
so-called e n te ro v iru s  receptors o f  th e  susceptib le  cells [13, 14, 15]. On p r im a ry  
m o n key-k idney  cells we could no t d e m o n s t ra te  th e  H + recep to r ,  a l th o u g h
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th e se  cells are able  to  adsorb  H + a n d  H ~  vir ions to  a b o u t  th e  sam e degree. 
C onsequen tly ,  th e  H + recep to r  is n o t  essen tia l  for th e  adso rp tion  of  echoviruses 
to  t h e  susceptib le  cells. On the  co n tra ry ,  i ts  presence  in some h u m an  cu ltu res  
m a y  def in i te ly  in h ib i t  th e  rep roduc tion  of  H + v irions. This  phenom enon  a p 
p ea rs  to  be analogous to  th e  so-called “ p h en o m en o n  of re jec ted  par tic les”  des
c r ibed  b y  F e n w i c h  a n d  C o o p e r  [16] for polioviruses. This m eans  th a t ,  a t  t e m p e r 
a tu re s  above 23 °C, 60 — 80 per  cent o f  th e  ad so rb ed  poliovirus partic les  sep a ra te  
f ro m  th e  cells and , be ing  associated  w ith  ce r ta in  subs tances  of  cellular origin, 
a re  no longer able to  becom e adsorbed  a n d  th u s  lose th e i r  in fec tiv ity .

O u r  results  a re  in several respects  incons is ten t  w ith  cer ta in  l i te ra ry  
d a ta .  Before d iscussing th e  divergencies we wish  to  po in t  ou t  some fac to rs  
w h ich  seem  to  h a v e  a decisive role in  th e m .

(i) I n  all th e  earlie r  studies concern ing  th e  H A  by , and  H I  recep to r  for, 
echoviruses ,  h a e m a g g lu t in a t in g  s tra in s  c o n ta in in g  also H ~  virions h a d  been  
used , so t h a t  th e  re su l ts  were in fluenced b y  th e  re la t ive  a m o u n t  of  H  particles.

(ii) In  th e  course  o f  th e  p re p a ra t io n  o f  recep to r  substances  an d  in  th e  
ex p e r im e n ts  carried  o u t  w ith  these  su b s tan ces  [17, 18, 19, 20, 21] th e  fac t 
t h a t  h u m a n  and  c e r ta in  an im al sera con ta in  echovirus inh ib ito rs  was d is rega rd 
ed. C onsequen tly ,  i f  th e  g row th  and /o r  m a in te n a n c e  m ed ium  of th e  cell cu l
tu r e  co n ta in ed  se rum , cell-adsorbed se ru m  in h ib i to r  m a y  h ave  been p resen t  in 
th e  cell e x trac ts ;  th u s  th e  inh ib ition  due to  th e  se ru m  fac to r  and  t h a t  exe r ted  
b y  th e  recep to r  m a y  h av e  been sum m ed  up .

(iii) W hen  th e  re c e p to r  effect is in v e s t ig a te d ,  th e  use of  h u m a n  cell lines 
m a y  be  misleading, since in  such cells th e  m u lt ip l ica t ion  of H + virions is 
in h ib i te d  b y  th e  cells’ own receptors.

(iv) F o r  in fe c t iv i ty  t i t r a t io n  th e  aga r-o v e r lay  techn ique  is n o t  ad eq u a te ,  
since accord ing  to  o u r  inves t iga t ions  [1 ,2 ]  th e  ag a r  po lysaccharide  m a y  inh ib it  
th e  H -  v a r ian ts ,  i.e. red u ce  th e  t i t re  o f  he te rogeneous  ( H + and  H -  conta in ing) 
v iru s  popu la t ions .

T h e  results  o f  P h i l i p s o n  and B e n g t s s o n  [ 6 ]  and  of P h i l i p s o n  et al. [7] 
agree w i th  our f ind in g s  in several essen tia l  respects . T he  m ost significant 
d ivergencies are t h a t  these  au thors  d e te c te d  H I  substances  in m onkey-k idney  
cells, too , and  t h a t  th e i r  h a e m a g g lu t in a t io n - in h ib i t in g  recep to rs  (prepared  
f ro m  h u m a n  e ry th ro c y te s ,  H eL a , K B , or m o n k e y -k id n ey  cells) in h ib ited  v irus  
m u lt ip l ica t ion .  In  th e  l a t t e r  case, how ever,  th e  p a p e r  leaves some d o u b t  as to  
th e  k in d  of cu ltu re  (H e L a  or m onkey-k idney)  used  in  th e  in fec t iv i ty - inh ib it ion  
ex p e r im e n ts  carried  o u t  b y  the  p laque  tech n iq u e .  As regards th e  receptors  
d e m o n s t ra te d  in m o n k e y -k id n e y  cells, t h e y  m ig h t  h ave  been  se rum  inh ib ito rs . 
A ccord ing  to  th e  sam e a u th o rs  the  H I  recep to rs  were in a c t iv a te d  b y  C hym otryp
sin o r  p ap a in ,  b u t  n o t  b y  t ry p s in .  H ow ever ,  th e y  t r e a te d  th e  p rep a ra t io n s  for 
40 m in u te s  only while in  our experim ents  th e  t ry p s in  effect to o k  longer to  devel
op (see Fig. 5).
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T s i l i n s k y " (22, 23, 24J a n d  T s i l i n s k y  an d  L e v a s h e v  [25] r e p o r te d  
the  iso la tion  of  en terov irus  inh ib ito rs  from  th e  cellular f rac tion  a n d  m e d iu m  
of s tab le  cell lines. These substances  were ac tive  aga ins t  bo th  h a e m a g g lu t in a t -  
ing and n o n -h aem ag g lu t in a t in g  en te rov iruses .  I t  c an n o t  be decided, how ever ,  
w h e th e r  or  n o t  th e  above m en tio n ed  fac to rs  (e.g. se ru m  inhibitor) h a d  in f lu 
enced th e  ou tcom e of these experim en ts .

O u r  f ind ing  t h a t  H eL a or h u m a n  e ry th ro c y te  receptors  increase  th e  
sen s i t iv i ty  to  H + echoviruses of m o n k e y -k id n ey  cell cu ltu res  up  to  th e  10 000 
fold o f  th e  con tro l  cultures is of special in te re s t ;  such  observations h a v e  no t 
been p u b l ish ed  in th e  l i te ra tu re .W e  have  show n t h a t  the  H +virions are  a d 
sorbed on to  u n t re a te d  m o n key-k idney  cells, b u t  only  ab o u t  1 pe r  cen t  o f  
th e  v ir ions is able to  p en e tra te  such  cells a n d  thus  to in it ia te  in fec t ion .T he  a d 
sorbed virions which fail to p e n e t ra te  in to  cells re ta in  th e ir  in fec t iv i ty  fo r  one 
or tw o hours  as shown by  the t i t re - inc reas ing  effect o f  th e  recep tor added  to  th e  
cu ltu res  tw o hours  a f te r  infection. W e suppose th a t  th e  H eL a and  e r y th r o c y te  
recep to rs  increase th e  t i t re  b y  p ro m o t in g  th e  p e n e t ra t io n  of  virions o f  full 
in fec t iv i ty ;  only  a small p roport ion  of these p e n e tra te s  into cells in th e  ab sen ce  
of recep tor.

A d d in g  heterologous (H eL a, h u m a n  e ry th ro cy te )  receptors to inonkey -  
k idney  cell cu ltu res  seems to  increase th e  possib ili ty  of  isolation of  h a e m a g -  
g lu t in a t in g  echoviruses from  specim ens of low virus con ten ts  b u t  does no t  
in terfere  w ith  th e  isolation of n o n -h a e m a g g lu t in a t in g  echoviruses. F in a l ly ,  
th e  recep to r  appears  to  m odera te  th e  tox ic  effect of ce r ta in  faecal spec im ens .

The special H + receptors  of th e  s tab le  cell lines of  h u m a n  origin p la y  an 
im p o r ta n t  role in th e  selection of v a r ia n ts  from  inhom ogeneous v irus s t ra in s  
and m ay  exp la in  w hy  the  h a e m a g g lu t in a t in g  echoviruses lose th e ir  H A  c a p a c i ty  
d u r ing  p ro p a g a t io n  in stable  h u m a n  cell lines, e.g. in H eL a cu ltu res  [3, 4, 5].

I t  is only  n a tu ra l  th a t  o th e r  fac to rs ,  such as se rum  inhibitors  in th e  m e d i
um, th e  a c tu a l  d is tr ibu tion  o f  d iffe ren t  ( H + and  H _ ) virions in th e  in o cu lu m  
and  the  w eak er  adsorp tion  an d  p e n e t ra t io n  capacities  o f  the  H + v irions, m a y  
also influence the  selection even in th e  m o s t  fav o u rab le  cell cultures.

A cknow ledgem ents. T he  a u th o r  is i n d e b te d  to the  V irus D e p a r tm e n t  of t he S ta te  I n s t i t u t e  
of H yg iene ,  B u d a p e s t ,  for  l ab o ra to ry  facili t ies,  to D r. I. DÖMÖK for crit icism and  help t h r o u g h o u t  
the  s tu d y ,  and  to  M rs. Gy. Gáspár for excellent techn ica l  assistance.
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Su m m ary .  T he  susceptib il ity  to  v irus  infection was s tu d ied  of 7 m o n k ey -k id n ey  cell 
s t ra in s  developed  in our labora tory .

T he  wild poliovirus s tra ins a t t a in e d  s im ila r  t i t re s  in b o th  th e  cell s t ra in s  and  the  p r im a r y  
m o n k ey -k id n ey  cell cu ltures ,  while the  a t t e n u a t e d  poliovirus s t ra in s  gave lower yields in th e  
fo rm er t h a n  in  the  l a t te r  cells.

E s tab l i sh e d  cell stra ins were fo u n d  to he superior to  p r im a ry  m o n k ey-k idney  c u l tu re s  
in view  of b o th  th e i r  virus ranges an d  th e i r  usefulness for the d e tec t ion  of different  v ira l  ag en ts  
in clinical sam ples.  The  possibility of  u s in g  th e  cell s tra ins  for v ira l  d iagnostics is d iscussed.

The e s tab lishm en t of 7 d iffe ren t  cell s tra ins  (MCS) from  p r im a ry  m onkey-  
k id n ey  cell cu ltu res  has been re p o r te d  previously  [1, 2, 3]. The p resen t  p a p e r  
gives an  acco u n t  of studies concern ing  the  sens i t iv i ty  of  the cell s t ra in s  to 
in fec t ion  Yvith different viruses.

M ateria ls  and m ethods

Tissue  culture. P r im ary  m o n k ey -k id n ey  ( P M k )  cu ltu res  were p rep ared  a cco rd in g  to 
Younger [4]. T es t  tu b es  were seeded w i th  2 x  105 cells in 1 ml of m ed iu m  each an d  the  c u l tu res  
in cu b a ted  a t  37°C. The  cell m onolayer  h a d  developed with in  6 to 7 days .  The  g ro w th  m ed iu m  
consis ted  of H anks’ solution [5] co n ta in in g  0.5% l ac ta lb u m in  h y d ro ly sa te  a n d  2 per  cent 
ca l f  se rum , while P arker’s syn the t ic  m e d iu m  [6] was used for m ain tenance .

Since th e i r  estab l ishm en t  our  m onkey-k idney-ce l l  s t ra ins  (MCS) had  undergone  an  a v e r 
age of 120 to 200 passages. Their  g ro w th  a n d  morphological charac te r is t ic s  re m a in ed  u n im p a i r 
ed th ro u g h o u t .  S tock  cultures were p re p a re d  in 2 1. R oux  flasks.  F ro m  these s tocks t h e  cells 
were o b ta in e d  by  E D T A  t r e a tm e n t  (d i lu t ion  1 : 5 x  10:{) and used for the  p re p a ra t io n  of s t a t i o n 
a ry  tu b e  cu ltu res .  MCS cultures  were in c u b a te d  a t  37°C. T he  in p u t  cell co u n t  per tu b e  was 
1 X 105 per tu b e  for s t ra in  I I I /1 an d  5 X 10* for the  o th e r  s tra ins .  T he  d ev e lo p m en t  of a c o n f lu e n t  
cell layer w as com ple te  in 4 to 6 days  w i th  s t ra in  I I I / 1 and  in 2 to 3 days  w ith  the  o th e r  
s t ra in s .  All MCS were grown on m ed iu m  PM  as described p rev ious ly  |1] and Parker’s s y n t h e 
tic m ed ium  was used for their m a in ten a n ce .

Viruses. T he  viruses used were M ahoney ,  MEF-1, S a u k e t t ,  LSc 2ab, P712, Ch 2ab, 
L eon  12a |b  poliovirus s tra ins :  p ro to ty p e  s t r a in  of 1, 2, 3, 5, 7, 8, 11 a n d  14 a d en o v i ru s  ty p es :  
A2, A4, A6, B3 Coxsackie virus ty p es ;  3, 6, 7, 11. 12, 13, an d  19 echovirus ty p es ;  a n d  1, 2 
an d  3 p a ra in f lu en za  types .  In  add it ion ,  one s t ra in  each of po lyom a and  vacc in ia  v iruses  were 
te s te d .

T itra tions. Tenfold  dilu tion series were p rep ared  from  th e  a p p ro p r ia te  v irus .  T h e  cell 
m ono layers  were inocu la ted  w ith  0.1 ml of th e  ind iv idua l  d i lu t ions  each. Afte r  30 m in u te s  of 
in cu b a t io n  0.9 ml of m ain ten an ce  m e d iu m  was ad d ed  to each  tu b e .  T i t ra t io n  was pe rfo rm ed  
in 10 tu b es  per  d i lu t ion  and the 50 per c e n t  end-po in t  was c a lcu la ted  according to R eed  and 
MUENCH [7].

V irus isolation. A tota l  of 25 faecal  sam ples  from h e a l th y  children  of 3 to 20 m o n th s  of 
age was ex am in ed .  T he  samples were collected  du r ing  the  c o u n try -w id e  live poliovirus v a c c in a 
tion p ro g ram  carr ied  ou t  from D ecem ber ,  1962, to March, 1963. T he  sam ples were p r e p a r e d  for 
e x a m in a t io n  according to the m ethod  described  previously  [8] a n d  s to red  at 20 C u n t i l  tes ted .
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I n o c u la t io n  of the  cell m o n o la y e rs  was m ad e  w i th  0.2 m l of th e  sam ples  each  an d  30 m in u te s  
were allowed for th e  a d so rp t io n  of the  v irus  a t  37°C. T h is  was followed b y  add ing  0.9 m l of 
Pa r k e r ’s m edium  to  e a c h  tu b e .  A m in im u m  of 3 t r a n s fe r s  was pe rfo rm ed  w i th  every  sam ple ,  
to  e l im in a te  possible to x ic  effects.

Iden tifica tion  o f  the isolated agents. W h en  th e  c y to p a th ic  effect p e rs is ted  for 2 consecutive  
passages ,  the  m ate r ia l  w as  considered  to c o n ta in  a v i ru s .  Id en t i f ica t io n  o f  t h e  a g e n t  was a t t e m p t 
ed b y  th e  ty p e  sera polio  1, 2, 3; coxsackie A7, A9, B1— 6; echo 1 to  26; a n d  adeno 1 to  7, 11 
a n d  14 to  17, p re p a re d  b y  th e  Diagnostic  L a b o r a to r y  of th e  Virus D e p a r tm e n t  as described 
ear l ie r  [8].

Result»

T he  sens i t iv i ty  o f  MCS to  virus in fec tion  was exam ined  b y  th ree  different 
m e th o d s  (1). P a ra l le l  t i t ra t io n s  of poliovirus s tra in s  were p e rfo rm ed  on PM K  
a n d  MCS cell c u l tu re s  and  the  t i t r e s  c o m p a re d .  (2) F aeca l  sam ples positive 
a n d  neg a t iv e  in P M K  were re -exam ined  on  MCS cultures  in  o rder  to  com pare  
th e  efficiency o f iso la t ion  in the  tw o  d if fe ren t  system s. (3) T he  possib ility  of 
g row ing  on MCS o f  v iru ses  which h a d  failed to  m u lt ip ly  on P M K  was s tud ied .

(1) Growth o f  p o liov irus strains on M C S . P ara lle l  t i t r a t io n s  were carried 
o u t  on P M K  and  th e  a c tu a l ly  te s ted  MCS cu l tu re s  using iden tica l  v irus  dilutions 
for b o th  system s. T h e  poliovirus s tra ins  e x a m in e d  by  th is  m e th o d  were, M aho
ney , M E F-1 , S a u k e t t ,  LSc 2ab, P  712 Ch 2 a b  a n d  Leon 12 a ,h .  The results  
o b ta in e d  are p re se n te d  in  Table  I.

Table I

Y ie lds o f  d ifferen t po liov irus stra ins in  the in d iv id u a l cell stra ins as referred 
to those in  p r im a ry  m o nkey-k idney  cells

P o lio v iru s  s tra in s

M ah o n ey M EF-1 S a u k e tt L Sc 2ab P  712 Ch 2ab Leon 12ахЬ

Titres  (-log) in 
p r im ary  
m onkey-k id
ney cultures

7.2 7.1 7.5 7.0 6.8 7.1

T i t re  differences (log) to those  obtained on PM K

1/1/8 0 0.76 0 2.92 1.74 0

VIII/1/a 0 0 1.0 0.44 2.0 2.74

_C
II/1/a 0.45 0.44 1.0 2.16 1.18 1.10

Яt-
СЮ Ш/1 0.63 0.88 0 1.50 2.24 0.50

/V XIII/11 1.00 0 0.76 2.24 2.00 1.74

XIII/12 0 0 0.55 1.10 0.78 0

XI/1/a 0 0 0 0.85 1.58 2.18
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T he “ w ild”  s tra in s  o f po lio v iru s  gave 0 to  1.0 log. u n it low er av e rag e  
y ie ld s  in MCS th a n  in PM K  cu ltu re s . F o r th e  a t te n u a te d  s tra in s  th is  d ifference 
v a rie d  betw een  0 to  2.9 log. u n its . O u t of the  MCS te s te d , s tra in  X III/1 2  w as 
th e  one u sua lly  p roducing  v irus y ie ld s  com parab le  to  those  found  in P M K .

C o m para tive  titra tio n s  h av e  been  carried  ou t since 1960 on PM K  an d  
s tra in s  I / l / a  an d  V III/1 /a of MCS, u sing  M ahoney an d  LSc 2ab  po liov iruses.

As d e m o n s tra te d  in Fig. 1 th e  sen s itiv ity  of th e  cell s tra in  I / l / a  ex h ib ite d  
an  increasing  an d  th a t  o f s tra in  V III/1 /a  a decreasing ten d e n c y  d u rin g  th e  
perio d  of o b serva tion .

F ig . 1. C hanges in th e  su scep tib ility  o f  cell s tra in s  I / l /a  (A) a n d  V III/1 /a  (B) to  p o lio 
v iru s in fec tion  d u rin g  th e  period 1960— 1962

(2) Isolation experiments. O u t o f th e  25 faecal sam ples specified  above  
15 y ie ld ed  cy to p a th o g en ic  agen ts a n d  10 did n o t. T he te s t  w as p erfo rm ed  on 
P M K  cu ltu res  b y  th e  s ta ff  o f th e  D iag n o stic  L ab o ra to ry . T he o rig inal sam ples 
w ere re -exam ined  by  us on d iffe ren t MCS. All th e  15 p o sitiv e  sam ples w ere 
fo u n d  to  be p ositive  also in th e  d iffe re n t MCS cu ltu res used. O u t o f th e  10 s a m 
ples n eg a tiv e  on PM K , som e y ie ld ed  cy to p a th o g en ic  ag en ts  w hen  in o cu la ted  
to  s tra in s  I / l / a ,  V III/1 /a , II/1 /a  a n d  X I /1 /a o f  MCS. Som e o f th e  agen ts w ere 
tra n s fe ra b le  la te r  on PM K  too , som e o thers could, how ever, be m a in ta in e d  
on ly  on th e  cell s tra in  on w hich th e y  h ad  been iso la ted . P e r ta in in g  d a ta  a re  
g iven in T ab le  I I .

Sam ples 13/63 and  19/63 y ie ld ed  on cell s tra in  I / l / a  tw o  c y to p a th o g en ic  
a g e n ts  id en tified  la te r  as ad en o v iru ses . N one of th em  could  be grow n on PM K  
cells. C y top a th o g en ic  agen ts w ere iso la ted  from  sam ples 25/63, 31/63, 49/63
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Table II

E x a m i n a t io n  o n  cell s t r a in s  o f  fa e c a l  s a m p le s

F a e c a l «am ple No.
I / l / a V I H /l /a I I / l / a

А В C A I В I C A В C

7/63 — . —  — -

13/63 + — adeno — — — —

19/63 + — adeno — — — -

25/63 ? — — — —

31/63 ? — — — —

49/63 ? — — — —

55/63 + polio H“ polio polio

61/63 9 —

85/63 — — — —

115/63 —

A “  resu lt o f iso la tio n . В = tran sferab le  to  p r im a ry  m o n k ey -k id n ey  cells. C -- re su lt

a n d  61/63, too . O u t o f  th e m  the  firs t th re e  ag en ts  w ere o b ta in e d  in s tra in  1/1/a. 
cells an d  th e  la s t one in  s tra in  V III/1 / a cu ltu re s . N one o f th ese  agen ts could, 
h o w ev er, be m a in ta in e d  for more th a n  2 consecu tive  passages. The faecal 
sam p le  55/63 y ie ld ed  a ty p ic a l po liov irus in  I / l / a ,  V III /1 /a  11/1/a an d  X I/1 /a  
s tra in s  o f MCS. A  cy to p a th o g en ic  ag en t s till u n d e r con tin u o u s passage has been 
iso la te d  from  sam p le  85/63 on MCS c u ltu re s . T he ag en t fa iled  to  m u ltip ly  in 
P M K  an d  was n o t id e n tif ia b le  w ith  a n y  o f  th e  specific  im m une  sera  used in 
th is  s tu d y .

T he su rv iv a l o f  MCS is generally  sh o r te r  th a n  th a t  of PM K , th u s a fte r 
10 d a y s ’ m icroscopic ex am in a tio n  of th e  fo rm er y ields q u estio n ab le  resu lts. 
T h is  d raw back  is ab se n d  in  s tra in  IT 1/1 w h ich  su rv ives in  good condition  for 
3 w eeks or m ore. I t  seem ed , therefo re , reaso n ab le  to  pe rfo rm  som e add itiona l 
s tu d ie s  w ith  th e  l a t t e r  cell s tra in . R esu lts  o b ta in ed  are p re sen ted  in Tables 
I I I  a n d  IV.

Faecal sam ples y ie ld in g  positive re su lts  on PM K  w ere equ a lly  positive 
on  MCS I I I / l .  O u t o f  tho se  negative  on P M K , sam ples 476/63, 477/63 and  
479/63 were found  to  co n ta in  cy to p a th o g en ic  agen ts w hen  in o cu la ted  to  MCS 
I I I / l .  N one of th e se  ag e n ts  could be id e n tif ie d  sa tis fac to rily .
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n e g a t i v e  i n  p r i m a r y - m o n k e y  k i d n e y  ce l ls

I I I / l XIII/11 XIII/12 XI/ la

A 1 В C A В c: A в c A в c

— — .

— — -

— —

—

— — —

— —

— + + p o l i o

—

— + n o t  i d e n t i 
f i e d

—

of  i d e n t i f i c a t i o n

(3) Growth o f  different viruses on M C S .  T h ree  para lle l passages w ere p e r
form ed on MCS an d  PM К cu ltu res  using v iru ses  grow ing poorly in th e  la t te r  
sy stem . R esu lts  are given in  T ab le  V.

A ll MCS w ere found  to  su p p o rt th e  g ro w th  o f p ro to ty p e  s tra in s  1, 2 and 
5 o f ad en o v iru s . P ro to ty p e  s tra in s  3 and  7, h ow ever, m u ltip lied  o n ly  in  cell 
s tra in s  I / l / a ,  V III/1 /a  an d  in PM K  cells. A d en o v iru s  ty p e  8 p ro to ty p e  s tra in  
could  he recovered  a fte r  2 “ b lin d ” passages in cell s tra in s  I / l / a  an d  11/1/a 
on ly . O f th e  o th e r  p ro to ty p e  s tra in s  of ad en o v iru s , ty p es 11 and  14 could  be 
grow n on MCS I I / ] /a  and  V III/1 /a , II/1 /a , re sp ec tiv e ly .

O nly th e  A4 ty p e  am ong  th e  Л2 A4 a n d  A6 ty p es  of coxsack iev iruses 
ex h ib ited  som e vague cy to p a th o g en ic  effect in cell s tra in s  V III/1 /a  a n d  II /1 /a . 
C oxsackie B3 s tra in  could he m a in ta in ed  on ly  in cell s tra in  111 / 1.

P ro to ty p e  s tra in s  3, 6, 7, 11, 12, 13 and 19 o f echoviruses could he grow n 
on cell s tra in s  I I 1/1 and X I1I/12 .

T he p a ra in flu en za  ty p e  s tra in s  1, 2 a n d  3 were grown successfu lly  on 
cell s tra in  II/1 /a . Cell s tra in s  I I I / l  and  X III /1 2  su p p o rte d  th e  g ro w th  o f p a ra 
in fluenza  ty p e  3.

T he g row th  o f vaccina  v iru s was e x a m in e d  only  in cell s tr a in  111 / 1. 
T he v iru s  grew well in th is  sy stem .
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Table III
E f f i c i e n c y  o f  v i r u s  is o la t io n  in ce ll s t r a in  I I I / 1

F a e c a l sam ple

R e su lt  o f iso lation  
in  cell s tra in  I I I / l

No.
V iru s  iso la ted  b y  th e  
D iag n o stical L a b o ra to ry

470/63 polio 1 positive

488/63 polio 1 »

492/63 polio 2 ->

500/63 adeno 3 -•

502/63 polio 3 »

508/63 polio 3 >■

509/63 polio 3 -

510/63 polio 2

524/63 polio 3 ■>

534/63 polio 2 »

Table IV
E x a m in a t io n  o n  cell s t r a in  I I I / l  o f  f a e c a l  s a m p le s  n eg a tiv e  o n  p r i m a r y  

m o n k e y - k id n e y  c u l tu r e s

F aecal sam ples R e su lt in  cell T ra n sfe rab le  to  p rim ary
N o. I s tra in  I I I / l  I m o n k e y  k id n ey  cultures

471/63 N egative —

472/63 N egative —

473/63 N egative —

475/63 N egative —

476/63 Positive yes

477/63 Positive yes

478/63 N egative —

479/63 Positive yes

481/63 N egative —

482/63 N egative —



Table V
G ro w th  o f  d i f fe r e n t  v ir u s e s  in  the  d i f fe r e n t  cell s t r a in s

O i l  »trains
ad enov irus types co xsack iev irus types

1 2 3 5 7 8 11 14 A2 A4 A6 B3

I l a +  +  + +  +  + + + + +  +  + +  +  + + — + +  ? -

VIII/1/a +  +  + + + + + + + + — +

II/1/a +  +  + + +  + + + + +  +  + +  +  + — + +  +  +

III/l +  +  + + + + +  +  + + 1
XIII/11 +  +  + +  +  + +  +  + + —

XIII/12 +  +  + + + + +  +  + !

X I / l ,a + +  + +  +  +

p r im a ry
m o n k ey -

+  +  + + + + +  +  +k idn  y

Cell s tra in s
e rh o v iru s  types p a ra in flu en za  v iru s ty p es polyom a

3 6 7 11 12 13 19 1 2 3
v iru s

I / l /a —

VIII/1/a 1 • • --------- —

II/1/a .  f • — +  +  +* •

III/l +  +  + + + + +  +  + +  +  + + +  +  I +  +  + +  +  + + + + +  +  +  -------------

XIII/11 . ■

XIII/12 + + + +  ~\~ + + + +  +  + +  +  + +  +  + +  +  + ■ +  + .

XI/1/a

p rim a ry
m o n k ey -
k id n ey ■ ' • —

CP effect  in one passage;  -  No CP effect  in in d ica ted  passage;  . = N o t  tested
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N one of th e  cell s tra in s  exam ined su p p o r te d  th e  g row th  o f po lyom a
v iru s .

D iscussion

B o th  th e  h igh  in c id en ce  of “ sp o n tan eo u s”  m on k ey  viruses and  th e  high 
co s ts  ren d er th e  use o f P M K  cultures so m ew h at un favourab le  for ro u tin e  
w o rk . This is one o f th e  reasons of the  n u m e ro u s  a tte m p ts  a t  rep lac ing  PM K  
b y  d iffe ren t cell s tra in s . T h e  sensitiv ity  o f th e  d iffe ren t cell s tra in s  to  th e  
d iffe re n t v iruses is, h o w ev er, qu ite  va riab le  [9, 10, 11, 12]. S tudies on th e  cell 
s tra in s  developed in  th is  la b o ra to ry  were p e rfo rm ed  in o rder to  o b ta in  in fo r
m a tio n  concern ing  th e ir  v iru s  sensitiv ities.

In  ag reem en t w ith  o th e r  au tho rs [10] w e fo u n d  th e  d ifferen t MCS to  
s u p p o r t  th e  g ro w th  o f  w ild poliovirus a p p ro x im a te ly  as well as PM K  d id , while 
th e  a tte n u a te d  s tra in s  m u ltip lied  considerab ly  b e t te r  in PM K th a n  in an y  of 
th e  MCS.

A ll faecal sam p les  w hich  yielded c y to p a th o g e n ic  agen ts in  P M K  w ere 
p o sitiv e  also in all MCS. O u t of those n e g a tiv e  in P M K  some were fo u n d  to  
c o n ta in  cy to p a th o g en ic  ag en ts  when in o cu la ted  to  one or th e  o th e r s tra in  of 
MCS. T hus for d ia g n o s tic  w ork  the  la t te r  a p p e a re d  to  be m ore ad v an tag eo u s 
th a n  PM K .

T he virus sp e c tru m  o f the  ind iv idual s tra in s  of MCS differed from  th a t  
o f  P M K , therefo re  th e  fo rm er m ay be used  fo r th e  p ro p ag a tio n  of v iru ses 
non -in fec tio u s to  P M K .

Cell s tra in s  I / l / a ,  I I /1 /a  and  V III/1 /a  o b ta in e d  from  “ pooled m onkey- 
k id n e y ”  [1] p r im a ry  c u ltu re s  exhib ited  v iru s  sen s itiv itie s  d ifferen t from  tho se  
o f  th e  o th e r MCS (See T a b le  Y). The fo rm er s tra in s  w ere found  to  su p p o rt th e  
g ro w th  of several a d en o v iru se s  while of none o f th e  echo viruses. This p h e n o m 
enon  suggested th e  possib ility  of cell c o n ta m in a tio n  of this group o f MCS. 
E x a m in a tio n  of su ch  a p o ssib ility  is in  p ro g ress .

T he sen s itiv ity  o f MCS to  d ifferen t v iru se s  w as in general v e ry  m uch 
lik e  th a t  of P M K , e x c e p t fo r stra ins I / l / a ,  11/1/a an d  V III/1 /a . The re la tiv e ly  
low  ti tre s  o b ta in ed  in  MCS w ith  a tte n u a te d  po liov iruses m ight be b ro u g h t in 
a n a lo g y  w ith  th e  k n o w n  MS m arker [10]. T h e  MCS w ere found  to  be sa tis fa c 
to ry  fo r rou tin e  d ia g n o s tic  w ork. S train  I I I / l  e x h ib ite d  p a rtic u la rly  fav o u rab le  
c h a ra c te rs  in  v iew  o f its  long surv ival w ith o u t a change of m edium  an d  its  
c le a r-cu t cy to p a th o lo g ica l reactions to  v iru s  in fec tio n . T he se n s itiv ity  and  
v iru s -sp ec tru m  o f a ll co n tin u o u sly  m a in ta in e d  cell s tra in s  should , how ever, 
be te s te d  regu la rly  in  o rd e r  to  reveal e v e n tu a l chan g es b ro u g h t ab o u t b y  p ro 
lo n g ed  cu ltiv a tio n  in  vitro.
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THE EPIDEMIOLOGICAL SITUATION IN HUNGARY  
IN INTERNATIONAL COMPARISON
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(R ece ived  Ju n e  1, 1964)

S u m m ary . T he m orb id ity  ra te s , in certa in  cases also th e  case fa ta litie s  a n d  m o r ta l ity  
ra te s , o f n ine  a cu te  infectious d iseases for ce rta in  E u ro p ea n  countries have  been  s tu d ied .

IJie 10 to  lOOfold d ivergencies in th e  reg is te red  m easles m o rb id ity  resu lt fro m  d iffe ren t 
legal re q u ire m e n ts  for no tification  a n d  from  d ifferences in th e  discipline of n o tif ic a tio n . The 
cyclic  f lu c tu a tio n s  are not sim u ltan eo u s , even  in n e ig h b o u rin g  countries.

A m ong th e  countries un d er s tu d y , H u n g a ry  an d  E n g lan d  and W ales re p o rt  th e  h ig h est 
levels o f d y se n te ry  m orb id ity . A c o m p a ra tiv e  an a ly sis  o f th e  m o rb id ity , case fa ta l i ty  a n d  m o r
ta l i ty  d a ta  h as show n th a t in the co u n trie s  re p o rtin g  an e x tre m e ly  low incidence o f d y se n te ry  
th e  a c tu a l n u m b ers  of cases m ay a m o u n t to  50 to  100 tim es th e  rep o rted  n u m b ers .

T he incidence of infectious h e p a ti t is  is on th e  rise in every  c o u n try  ex cep t D e n m ark  
a n d  F in lan d . In  th e  la tte r  co u n tries  th e  incidence show s a g rad u a l decrease su p p o sed ly  due 
to  th e  im m u n ity  acqu ired  by the  p o p u la tio n  d u rin g  th e  p reced ing  epidem ic y ears . I n c e r ta in  
co u n trie s  th e  a c tu a l  incidence m ay  be 20 to  80 fold th e  rep o rte d  num ber.

T he s u b s ta n tia l  decrease in d ip h th e r ia , w hooping  cough, te ta n u s  an d  p o lio m y e litis  in 
H u n g a ry  re su lts  from  age-fixed co m p u lso ry  v acc in a tio n s . T he m o rb id ity  ra te  o f d ip h th e r ia  
d ro p p ed  in th e  p e rio d  1950 1960 to  1/16 th  o f its in it ia l  v a lue . It is now lower th a n  e lsew here
in C en tra l E u ro p e . T he cyclic f lu c tu a tio n s  o f w hooping  cough  incidence did n o t cease , b u t the 
m o rb id ity  ra te  fell to  a level lower th a n  in a n y  earlie r period . As a resu lt o f sy s te m a tic  v a c c in a 
tion  w ith  th e  live poliovirus vaccine th e  n u m b er o f  re p o rte d  cases o f po liom yelitis w ere, 7, 1 
and  4 iii th e  y e a rs  1961, 1962 and  1963, resp ec tiv e ly . T he incidence of te ta n u s  fe ll in g en era l 
to 1 /3 rd , for th e  com ple te ly  im m u n ized  age groups (from  1 to 19 years of age) to  l /1 0 th ,  of 
th e  in itia l v a lu es.

In th e  e a r ly  ’th irties  H u n g a ry ’s ty p h o id  m o rb id ity  r a te  was the  h ig h est in E u ro p e . 
D uring  th e  la te  ’th ir tie s  mass v a cc in a tio n s  and  o th e r  con tro l m easures re su lted  in a co n 
s id e rab le  d ecrease . A fter 1945 th e  soc ial-econom ical changes and  the  public  h e a lth  m easu res 
reduced  th e  m o rb id ity  to  a level a b o u t  5 per 100,000 p o p u la tio n . T his ra te  is low er th a n  the  
co rresp o n d in g  ra te s  for the n e ig h b o u rin g  co u n tries . T he incidence of p a ra ty p h o id  fev er is 
re la tiv e ly  low  in H u n g a ry . The m o rb id ity  ra te  ex p ress in g  th e  incidence of ty p h o id  a n d  p a ra 
ty p h o id  is low er in H u n g a ry  th an  in F in lan d . T he H u n g a rian  ra te  is as high as the  S w ed ish  r a te .

D uring  th e  last decade, H u n g a ry  has m ade a considerable p ro g ress  in 
th e  con tro l o f  in fectious d iseases. T he inc idence  of diseases p re v e n ta b le  b y  
v acc in a tio n  has sign ifican tly  d ro p p ed . In  th e  p resen t w ork an  a t te m p t  w as 
m ade to co m p are  th e  progress in th e  con tro l o f com m unicable d iseases in 
H u n g a ry  w ith  th e  s im u ltaneous progress in  o th e r  E u ro p ean  co u n trie s .

T he epidem iological d a ta  o f d iffe ren t co u n trie s  are hard ly  co m p a ra b le . 
T he W H O  E pidem iological a n d  V ital S ta tis tic s  R e p o rt em phasizes t h a t  for 
m any  areas o f th e  world the  n u m b ers  o f n o tif ied  cases do no t show  th e  real 
incidence of th e  diseases, as th e y  only rep re sen t a variab le  p ro p o rtio n  o f th e  
ac tu a l n u m b e r o f  cases. C om pleteness o f n o tif ic a tio n  depends m ain ly  a n d  in 
v a ry in g  degree on:

1 A cta  M icrohio logica X I /4.
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(1) th e  cu ltu ra l a n d  econom ical co n d itio n s o f  th e  co u n try  and  th e  a t t i 
tu d e  o f  th e  in h a b ita n ts  to w a rd s  th e  disease ( e.g. t ra n s fe r  o f p a tie n ts  to  iso la 
tio n  h o sp ita ls  and  te rm in a l  d isinfection  w h ich  follow s n o tifica tio n );

(2) th e  legal re q u ire m e n ts  of n o tif ic a tio n .
(3) th e  n u m b er a n d  th e  d is trib u tio n  o f  p h y sic ian s  and  h e a lth  serv ices  

a n d  th e  av a ilab ility  o f  d iag n o stic  facilities;
(4) th e  degree o f  co -o p era tio n  be tw een  p r iv a te  physic ians an d  h e a lth  

a u th o ritie s .
I t  is th erefo re  c lea r t h a t  in  add itio n  to  sim p le  com parison  fu r th e r  c irc u m 

sta n c e s  are to  be co n sid ered  before d raw ing  conclusions.

M aterials and m eth o d s

T h e  d a ta  for th e  p e r io d  1950 —1960 of n ine  a c u te  in fec tious diseases w ere s tu d ie d  
c o m p a ra tiv e ly . The d a ta  w e re  o b ta in e d  p a r tly  fro m  th e  E p idem io log ica l and  V ita l S ta tis t ic s  
R e p o r t  o f  th e  W H O , p a r t ly  fro m  th e  s ta tis tic a l r e p o r ts  o f  in d iv id u a l coun tries [1 —19]. As 
H u n g a r ia n  d a ta  those  o f th e  S ta te  In s t i tu te  o f H y g ien e , B u d a p e s t,  are p resen ted .

T h e  n ine  diseases u n d e r  discussion are m easles, d y se n te ry  an d  h ep a titis  — each  lack in g  
a d e q u a te  specific p re v en tiv e  m easu res —, and  d ip h th e r ia , w hoop ing  cough, po liom yelitis , t e t a 
n u s  a n d  ty p h o id  and  p a ra ty p h o id  fevers, i.e. d iseases e ffic ie n tly  contro lled  b y  v a cc in a tio n  
in  H u n g a ry .

M easles

T h e  a p p ro x im a te ly  100 per cen t c o n ta g io s ity  o f m easles in d ic a te s  t h a t  
p ra c tic a lly  every  ch ild  c o n tra c ts  th e  d isease. In  F ig . 1 m easles m o rb id ity  fo r 
f iv e  co u n trie s  are p re se n te d . The d a ta  are h ig h ly  d iv e rg en t. In  D en m ark  m o r
b id i ty  r a te  f lu c tu a te s  b e tw een  500 and  1500 p e r  100,000 p o p u la tio n , i.e. i t  
is a b o u t 15fold o f t h a t  in  F ran ce , w here i t  f lu c tu a te s  betw een  27 an d  97 p e r  
100,000 p o p u la tio n . I t  shou ld  be added  t h a t  d u rin g  th e  period u n d e r s tu d y  
th e  b ir th  ra te  for F ra n c e  s ig n ifican tly  exceeded  t h a t  for D enm ark .

O n th e  basis o f  th e  b ir th  ra te s  and  th e  re p o r te d  cases of m easles fo r th e  
p e rio d  1953—1957 K o s t r z e w s k i  [20] e s tim a te s  th e  num ber of n o tif ied  cases 
in E n g la n d  and  in  P o la n d  to  50 per cen t a n d  12 p e r cen t, re spec tive ly , o f  th e  
a c tu a l case incidence. O n th e  sam e p rinc ip le  w e e s tim a te  th e  re spec tive  p ro p o r
tio n s  a t  25 per cen t fo r H u n g a ry  and to  2 — 3 p e rc e n t for F rance .

M easles m o rb id ity  show ed n e ith e r in c rea se  no r decrease d u rin g  th e  
p e rio d  u n d er s tu d y  (F ig . 1). Cyclic f lu c tu a tio n s  occur in  tw o- or th re e -y e a r  
p e rio d s , h u t show  n o  s im u lta n e ity  even in  n e ig h b o u rin g  coun tries  ( e.g. in 
th e  th re e  S can d in av ian  coun tries). T he a m p litu d e  of th e  f lu c tu a tio n  is also 
v a r ia b le . I t  is on ly  tw o fo ld  in H u n g a ry  a n d  th re e fo ld  in  D en m ark , w h e reas  
n e a r ly  tw en ty fo ld  in  S w eden .

In  H u n g ary  o u t  o f  th e  no tifiab le  a c u te  in fec tious diseases m easles is 
one o f those causing  th e  m ost fa ta l cases. A cco rd ing  to  th e  W H O  A nnuals 
1954 — 1959, am ong th e  16—20 E u ro p ean  c o u n tr ie s  fu rn ish ing  ep idem iological
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d a ta  P o rtu g a l w as th e  only one th a t  co n sis ten tly  re p o rte d  m easles m o rta li ty  
d a ta  higher th a n  H u n g ary .

In  th e  la s t  th re e  years o f  o u r  s tu d y  (1958— 1960) m easles m o rta lity  in  
H u n g ary  a m o u n te d  to  2.5, 1.1 a n d  1.7, re sp ec tiv e ly  p e r 100,000 p o p u la tio n . 
F o r th e  sam e y ea rs  m easles m o rta li ty  for in fan ts  u n d e r  one y ea r of age am o u n te d

F ig . 1. Measles. R e p o rte d  cases per 100,000 p o p u la tio n

to  74.2, 29.7 a n d  50.3, re sp ec tiv e ly . T hus m easles m u s t n o t be neg lec ted  as 
a fac to r o f in fa n t  m o rta lity . F o r  th is  reason  H u n g a ria n  au th o ritie s  ex p en d  
considerable sum s to  p ro te c t c o n ta c ts  u n d er 3 y ea rs  of age w ith  g am m a 
globulin  (0.4 m l p e r kg body w e ig h t). F u rth e rm o re , th e  h ea lth  a u th o ritie s  a re  
h igh ly  aw are o f  th e  resu lts o f  th e  ex p erim en ta l v acc in a tio n  ag a in st m easles.

D ysentery

In  re c e n t y ears , d y sen te ry  has been a serious p rob lem  in severa l E u r o 
pean  coun tries w hile hard ly  a n y  cases have  been  re p o r te d  from  o th e r c o u n trie s .

Fig. 2 show s d y sen te ry  m o rb id ity  for e ig h t co u n tries . I t  is seen t h a t  
H u n g ary  re p o r te d  th e  h ighest m o rb id ity  r a te , b u t  th e  figures for E n g la n d

1
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a n d  W ales are h a rd ly  low er. In  th e  la s t  3 — 5 years C zechoslovakia  an d  th e  
G e rm a n  D em ocratic  R ep u b lic , too , re p o rte d  h igh ra te s . M edium  m o rb id ity  is 
sh o w n  b y  th e  G erm an  F ed e ra l R ep u b lic  w hile only few cases o f  d y sen te ry  
w ere  re p o rte d  from  F in la n d , I ta ly  an d  P o r tu g a l. The m o rb id ity  ra te s  re p o rte d

b y  P o r tu g a l  and  I ta ly  are  on ly  l/3 0 0 th  a n d  l/2 0 0 th  of those  re g is te re d  in 
H u n g a ry  an d  E n g lan d  an d  W ales, re sp ec tiv e ly .

I n  T ab le  I the  case fa ta litie s  are p re se n te d  for th e  tw o  co u n trie s  rep o rtin g  
th e  h ig h e s t, and th e  tw o  rep o rtin g  th e  low est m o rb id ity  ra te s . Tn H u n g a ry  
case f a ta l i ty  dropped  from  6.9 p er cen t to  0.2 per cen t d u rin g  th e  period  
1 9 5 0 — 1960. In  E n g lan d  a n d  W ales case f a ta l i ty  was a lread y  low  in  1950; 
n e v e rth e le ss , it d ro p p ed  to  one q u a r te r  o f  th e  in itia l figure . In  c o n tra s t ,  in 
I t a ly  a n d  P o rtu g a l case f a ta l i ty  f lu c tu a te d  betw een  27.2 an d  47 .6  p e r cen t 
a n d  12.1 an d  71.4 p e r c e n t, re spec tive ly .

T o  o b ta in  fu r th e r  d a ta  fo r com parison , th e  d y sen te ry  m o r ta l i ty  ra te s  
(T ab le  I I )  for the  sam e co u n trie s  w ere also  stu d ied . The h ig h est m o r ta li ty

Fig. 2. D y sen te ry . R ep o rted  cases pe r 100,000 p o p u latio n
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Table I

Dysentery. Case fa ta li ty  fo r  several European countries

C ountry 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 I960

H u n g a ry 6.9 (i.4 3.0 2.7 1.3 1.3 0.8 0.5 0.6 0.4 0.2

E ngland  
and  W ales 0.3 0.2 0.2 0.2 0.1 0.1 0.06 0.07 0.08 0.09 0.08

Portugal 19.3 15.9 40.0 30.0 52.0 54.8 12.1 28.5 66.6 68.4 71.4

I ta ly 27.7 27.2 28.0 39.6 28.2 29.6 40.4 30.8 47.6 32.2 28.5

ra te  w as show n by  H u n g a ry  th o u g h  in  th is  co u n try  its  v a lu e  d ro p p ed  to  1/15th  
o f th e  1951 level. In  I ta ly  an d  P o rtu g a l, on th e  o th e r h a n d , m o r ta li ty  is low, 
h a rd ly  d iffe ren t from  th a t  fo r E n g lan d  and  W ales.

Table II

D ysentery. Death rates per 100,000 population fo r  several European countries

C ountry 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

H u n g ary 1.9 4.4 2 .8 4.1 1.3 1.6 0.9 0.7 0.6 0.5 0.3

E ngland  
and  W ales 0.1 0.2 0.08 0.08 0.09 0.09 0.1 0.0 0.1 0.1 0.06

P ortugal 0.07 0.08 0.3 0.3 0.1 0.2 0.1 0.0 0.2 0.2 0.05

Ita ly 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.05

D y sen te ry  being an  en te ric  in fectious disease its  sp read in g  is in fluenced  
b y  social-econom ical c u ltu ra l an d  com m unal-hyg ien ic  fac to rs . C lim atic  factors 
m ay  also p lay  a role e.g. in  th e  low incidence of d y se n te ry  in N o rth e rn  E urope.

T he incidence o f d y se n te ry  is rising  in six o u t o f th e  e ig h t co u n trie s  show n 
in T ab le  I I  w hile in  I ta ly  an d  P o rtu g a l th e  n u m b e r o f  n o tif ied  cases shows 
a decline. T his tre n d  c a n n o t be ex p la in ed  by  th e  above d iscussed  fac ts .

It can  h a rd ly  he be lieved  th a t  in E n g lan d  and  W ales th e  econom ical 
c u ltu ra l an d  com m unal-hyg ien ic  cond itions m igh t be resp o n sib le  fo r a m o rb id 
ity  ra te  200 tim es h ig h er th a n  th o se  for I ta ly  and  P o rtu g a l.

To fin d  an e x p la n a tio n  we com pared  th e  tre n d s  o f th e  case f a ta l i ty  and  
m o rta lity  d a ta . In  th e  co u n trie s  rep o rtin g  h igh m o rb id itie s  th e  case fa ta li ty  
was g rad u a lly  decreasing  w hile in  tho se  rep o rtin g  low m o rb id ity  d a ta  i t  f lu c tu 
a ted  at h igh  levels. In  th e  la t te r  cou n tries  one q u a r te r  to  th re e  q u a r te rs  o f th e  
n o tified  cases were fa ta l . H igh  fa ta l i ty  to g e th e r w ith  low  m o rta li ty  in d ica te s , 
in general, a v e ry  severe  d isease. H ow ever, since th e  in tro d u c tio n  of new  
th e ra p e u tic s  d y sen te ry  ceased  to  be a severe disease.
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I t  can  th u s  be c o n c lu d ed  th a t  in  th e  co u n trie s  re p o rtin g  ex trem ely  low 
d y s e n te ry  m orb id ity  r a te s  th e  ac tu a l n u m b er o f  cases m ay  be 5 0 — lOOfold 
th e  n u m b e r of n o tified  cases.

I n  H u ngary  d y s e n te ry  h as  a ttra c te d  special in te re s t  since th e  early  
f if t ie s . As a re su lt, th e  re g is te re d  m o rb id ity  a t ta in e d , w ith in  th re e  years a 
le v e l f iv e  tim es h igher th a n  th e  1950 one. This v ir tu a l  increase  w as due to  th e  
fo llo w in g  factors.

(1) In tro d u c tio n  o f co m p u lso ry  free-of-charge la b o ra to ry  exam in a tio n  
o f  th e  d y sen te ry  p a tie n ts  a n d  su sp ec t cases.

(2) Use of th e  so d iu m -d eso x y ch o la te  m ed ium , a sen sitiv e  procedure  for 
d e te c tin g  Shigella in fec tio n s .

(3) O rgan ization  o f  p o s tg ra d u a te  courses on d ia rrh o eas , an d  especially  
on  d y se n te ry .

(4) Ne4v categories o f  th e  p o p u la tio n  were in v o lv ed  in  th e  social insu rance .
(5) O rgan iza tion  o f th e  n e tw o rk  o f c o u n ty  ep idem io log ists.
A s a resu lt o f th e se  m easu re s  m ild cases o f d y se n te ry  w ere also seen by  

th e  p h y sic ian  th u s  w ere n o tif ie d . ( I t  should  be n o te d  th a t  acco rd ing  to  D o b - 
SZAY [21] only ab o u t l /1 0 th  o f  th e  ac tu a l cases h a d  been  n o tif ie d  in  H u n g ary  
b e fo re  1945.)

T h u s , tw o fac to rs  a re  resp o n sib le  for th e  decrease  in  th e  case f a ta li ty  of 
d y s e n te ry  in H u n g ary , n a m e ly

(a) th e  im p ro v em en t o f  th e ra p y  has led  to  a s ig n if ic a n t decrease in  
m o r ta l i ty ;

(b ) m ild cases are  a lso  n o tified .
T h e  m ore th a n  e ig h t-fo ld  a n d  m ore th a n  20fold increases in  th e  incidence 

in  C zechoslovakia  an d  th e  G erm an  D em ocratic  R ep u b lic , re sp ec tiv e ly , m ay 
a lso  b e  exp lained  b y  s im ila r  fa c to rs . T he pub lic  h e a lth  a u th o ritie s  are  g rea tly  
in te r e s te d  in  d y sen te ry  in  th o se  coun tries, to o , a n d  th e  an tag o n ism  betw een  
th e  ex ecu tio n  of th e  ep idem io lo g ica l m easures an d  th e  e x is te n tia l in te re s ts  o f 
th e  p h y sic ian s has been  e lim in a te d  as a re su lt o f  th e  large-scale  social in su r
a n c e . T h is  is ch a rac te ris tic  o f  th e  social-hygien ic care  also in  E n g la n d  an d  W ales.

D y sen te ry  is th e re fo re  one o f th e  unso lved  p u b lic  h e a lth  problem s o f 
H u n g a ry  as well as o f o th e r  c o u n trie s . I ts  co n tro l req u ires  w ide-scale m easures. 
I n  s p i te  o f  th e  high m o rb id ity  r a te , th e  m o rta lity  due  to  d y se n te ry  has signif
ic a n t ly  decreased since th e  in tro d u c tio n  of a p p ro p r ia te  th e ra p y .

In fectiou s hepatitis

In fec tio u s h e p a titis  h a s  b een  a serious ep idem io log ica l p rob lem  in th e  
la s t  tw o  decades all over th e  w orld . The disease h a d  been  m ad e  n o tifiab le  in  
m o s t E u ro p ean  co u n trie s  a t  a b o u t 1950.
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In  Fig. 3 th e  incidence of h e p a tit is  in  eight E u ro p e a n  coun tries is i l lu s t r a t 
ed . In  th e  ea rly  ’fifties six cu rv es  show ed a steep  rise due to  th e  im p ro v in g  
discip line of n o tific a tio n  and d iag n o stic  m eth o d s. T h u s , th e  increase in inc idence  
was m ostly  v ir tu a l .

Fig. 3. In fec tio u s h ep a titis . R ep o rted  cases p e r 100,000 population

In  tw o  co u n trie s , D en m ark  an d  F in lan d , th e  tre n d  was inverse, show ing  
a g radua l decrease  during  th e  la te  ’fifties. To f in d  an  ex p lan a tio n  fo r th is  
decrease, we an a ly zed  in th is  re sp e c t th e  ep idem io log ical d a te  for th e  p re c e d 
ing decades. D en m ark  had experienced  a co u n try -w id e  h ep a titis  ep id em ic  
w ith  ex trem e ly  h igh  m o rb id ity  ra te s  d u ring  th e  ’th ir t ie s  and W orld W a r I I .  
In  F in land  th e  incidence w as h ig h  du ring  W o rld  W ar I I ,  w hen th e  c o u n try  
w as u n d er G erm an  occupation . R a s k a  [23] M i l o jÖiö [24] and  McCo ll u m  [25] 
assum e a cyclic f lu c tu a tio n  in  h e p a tit is  m o rb id ity . T h e  g radually  dec reasin g  
tre n d  show n b y  D enm ark  an d  F in la n d  suggests t h a t  th e  p o p u la tio n  o f  th e se
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Table III

Infectious hepatitis. Case fa ta lity  fo r  several European countries

C o u n try 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

H u n g a ry 1.4 0.6 1.0 1.3 1.3 1.0 0.9 0.7 0.7 0.5 0.7

D e n m a rk 0.3 0.4 0.5 0.6 0.7 0.5 0.4 0.5 0.6 0.4 0.7

F in la n d 0.4 0.7 0.9 0.5 0.2 0.3 0.3 0.3 0.4 0.3 0.3

C zechoslovakia 0.6 0.4 0.4 0.4 0.3 0.3 0.4 0.5 0.4 0.4 0.3

N e th e r la n d s 2.0 0.9 1.2 0.8 1.4 2.0 1.8 1.1 0.4 0.4

S w itz e r lan d 5.3 2.6 3.6 2.3 1.7 2.3 4.2 6.2 8.6 5.7 6.8

I ta ly 13.6 14.7 20.1 8.1 3.0 1.4 9.0 7.8 5.9

P o r tu g a l 8.9 27.2 20.6 7.4 10.8 35.9 24.1 25.0 24.5 23.0 23.0

B elg iu m 6.4 11.2 14.3 14.1 15.4 8.8 7.5

c o u n tr ie s  h ad  acqu ired  im m u n ity  d u rin g  th e  epidem ic years and  a t  p re sen t 
a cy c le  is app ro ach in g  its  b o tto m  level.

T h e  p ecu liar m o rb id ity  curve o f th e  N e th e rla n d s  m ay  show  a n o th e r  ty p e  
o f  cy c lic  f lu c tu a tio n .

T h e  m o rb id ity  levels be ing  h ighly  v a r ia b le , it seem ed to  be o f in te re s t 
to  in v e s tig a te  the  c a se -fa ta lity  an d  m o rb id ity  d a ta  to  o b ta in  a f irm  basis 
fo r  co m p ariso n .

Tabic IV

In fec tio u s hepatitis. D eath rates per 100,000 pop u la tio n  fo r  several European countries

C o u n try 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

H u n g a ry 0.1 0.1 0.7 1.8 1.7 1.6 1.7 1.4 1.3 0.9 l . i

D e n m a rk 0.5 0.6 0.5 0.7 0.5 0.4 0.4 0.4 0.3 0.2 0.2

F in la n d 0.4 0.5 0.8 0.5 0.3 0.5 0.4 0.3 0.3 0.3 0.1

C zechoslovakia 1.0 1.0 1.2 1.1 1.1 1.1 1.1 0.9 0.8 0.9 0.8

N e th e r la n d s 0.4 0.5 0.4 0.5 0.5 0.5 0.4 0.4 0.3 0.4 0.5

S w itz e r lan d 0.8 0.6 1.1 1.3 1.3 1.6 1.2 1.3 1.6 1.3 1.3

I ta ly 0.08 0.2 0.2 0.2 0.3 0.4 0.4 0.4 0.4

P o r tu g a l 0.06 0.1 0.1 0.06 0.09 0.6 0.3 0.4 0.5 0.5 0.5

B elg ium 0.5 0.6 0.5 0.7 0.6 0.7 0.7

A ccord ing  to  T ab le  I I I ,  case fa ta l i ty  f lu c tu a te d  around  or be low  1 per 
c e n t  in  th e  coun tries re p o r tin g  high m o rb id ity  ra te s . In  S w itze rlan d  show ing 
m e d iu m  m orb id ities, from  15 to  70 p er 100,000 p o p u la tio n , case fa ta l i ty  
r a n g e d  from  1.7 to  8.6 p e r  cen t. In  th e  c o u n trie s  rep o rtin g  low  m o rb id itie s
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case fa ta lity  w as high ( I ta ly , 1.4 to  20.1 p er c e n t;  B elgium , 6.4 to  15.4 p e r 
cen t; P o rtu g a l, 7.4 to  35.9 p e r  cent).

T able  IV  show s, on th e  o th e r  h an d , th a t  th e  m o rta li ty  ra te  was a t  th e  
sam e level in  H u n g a ry  as in  S w itzerland . In I ta ly ,  B elg ium  and  P o rtu g a l the  
m o rta lity  ra te  is equal to , o r low er th a n , in D e n m a rk , C zechoslovakia an d  
F in lan d , in sp ite  o f th e  h igh  d ifferences in case f a ta l i ty .

One m ay  conclude th a t  h ep a titis  resem bles d y se n te ry  in th a t  in th e  
coun tries re p o rtin g  low m o rb id itie s  the ac tu a l inc idence  m ay  exceed 20 to  80 
tim es th(‘ n u m b e r o f n o tified  cases.

The h igh incidence  re p o r te d  by  H un g ary  a p p e a rs  to  be rea l, as suggested  
also by  McCollum  [25]. R e c e n tly  the  m o rb id ity  level has been u n ch an g ed  
fo r years. I t  is be lieved  th a t  th e  system atic  a d m in is tra tio n  of gam m a g lobulin  
for th e  h e p a titis  c o n tac ts  (0.02 m l per kg bo d y  w e ig h t) o f  a 10 p er cen t so lu 
tion  p rev en ts  fu r th e r  increases in th e  incidence. O n th e  o th e r h an d , h e p a titis  
c an n o t he co n tro lled  before its  aetio logy  has been  rev ea led  and m ass v acc i
n a tio n s have been  organized .

D iphtheria

T he incidence o f d ip h th e r ia  has g rad u a lly  b een  d ecreasing  in m ost E u ro 
pean  coun tries since th e  end o f  W orld  W ar I I .  T he decline  has been th e  g re a te s t 
in  F in lan d  (200fold). In  E n g la n d  and W ales th e  in c id en ce  d ropped  to  l /1 0 th  
o f th e  in itia l level, w hich  was th e  low est m o rb id ity  r a te  in th e  coun tries u n d e r 
s tu d y  in 1950. In  H u n g a ry  th e  red u c tio n  was 16fold d u rin g  th e  period  from  
1950 to  1960 an d  since 1960 th e  decrease has a c c e le ra ted . In  Czechoslovakia 
th e  m o rb id ity  ra te  fo r 1950 a n d  1951 was a b o u t th e  sam e as in H u n g a ry , 
b u t  since th en  th e  decrease h as  been slower.

In  1950, A u str ia , th e  G erm an  D em ocratic  R ep u b lic  an d  P o land  show ed 
th e  h ighest m o r ta lity  ra te s . In  th e  f irs t tw o cou n tries  th e  incidence has d ro p p ed  
to  l /5 th  of the  1950 level d u rin g  th e  la s t 11 years.

The s itu a tio n  in  P o land  deserves special in te re s t .  In  th is  co u n try  th e  
incidence of d ip h th e r ia  was in c reasin g  un til 1955. A ccord ing  to  K o st r z e w sk i  
[20], Po land  experienced  such a g rea t d ip h th e ria  ep idem ic  betw een  1947 
an d  1955 as never d u rin g  th e  p reced in g  70 years. T h is a u th o r  a t tr ib u te d  th e  
ep idem ic to  th e  follow ing fac to rs .

(1) D uring, an d  im m ed ia te ly  a fte r, W orld  W a r I I  v acc ina tions w ere 
neg lec ted ; (2) th e  discipline o f  n o tifica tio n  h a d  im p ro v e d ; (3) b ir th  ra te  
h ad  increased; (4) a sig n ifican t p a r t  of th e  p o p u la tio n  h ad  assem bled in 
new ly co n stru c ted  large  tow ns; an d  (5) the  n u m b e r o f  ch ild ren  nursed  in  
w elfare in s titu tio n s  h ad  su d d en ly  grow n.

By 1960, as a re su lt of sy s te m a tic a l v acc in a tio n s, th e  incidence o f d ip h 
th e r ia  d ropped  to  1/15 th  of th e  1955 level.
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O u t o f  th e  n ine co u n trie s  u n d e r  s tu d y , I ta ly  show ed n o  rem ark ab le  
ch an g e  in  m o rb id ity  w hile in B elg ium  som e increase ap p eared  d u r in g  th e  la te  
’fiftie s .

I n  H u n g a ry , accord ing  to  th e  d a ta  o f th e  S ta te  I n s t i tu te  o f  H ygiene, 
th e  y e a r ly  incidence o f d ip h th e r ia  f lu c tu a te d  betw een  14,000 a n d  19,000

Fig. 4. D ip h th e r ia . R e p o rte d  cases pe r 100,000 p o p u la tio n

(154 .2  an d  221.7 p e r 100,000 p o p u la tio n ) du ring  th e  p e rio d  1931 to  1934. 
A t th e  sam e tim e, 1000 —1500 ch ild ren  d ied  o f d ip h th e ria  (9 .4 —17.3 p er 100,000 
p o p u la tio n )  every  y ea r. E x p e r im e n ta l v acc in a tio n  was in i t ia te d  a t  th e  m iddle 
o f  th e  ’th ir tie s , an d  v a c c in a tio n  w as m ade com pulsory  in  1938 (v acc in a tio n  a t 
2 y e a rs , and  rev acc in a tio n  a t  6 y ea rs  o f  age). As a re su lt, m o rb id ity  showed 
a d e f in ite  decline. H u n g a ry  w as th e  second co u n try  (a f te r  P o la n d ) to  in tro 
d u c e  com pulsory  v acc in a tio n , in  1938.

Since 1947 th e  v a c c in a tio n  schedule  has been c h an g ed  severa l tim es. 
I n  th e  period 1953— 1960 ch ild ren  received  b asa l im m u n iza tio n  (tw o in jections
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a t  an  in te rv a l o f fo u r weeks) in th e  second  h a lf  y e a r  o f  life; th e  f irs t  re v a c 
c in a tio n  took p lace 1 y ea r la te r  a n d  th e  second a t  6 years  o f age. Since 
1953 adsorbed  D P T  vaccine has b een  em ployed .

The exam ples o f  F in lan d  an d  E n g la n d  an d  W ales h av e  show n th a t  sy s te m 
a tic  v acc ina tion  m a y  be h ighly  e ffec tiv e  in  th e  co n tro l o f d ip h th e r ia  w ith in  
a sh o rt period o f tim e . F in la n d ’s d ip h th e r ia  m o rb id ity  h ig h ly  exceeded  th e  
H u n g a rian  level d u rin g  W orld W a r  I I  (in 1943 i t  w as ro u g h ly  400, in  1944 
450 p er 100,000 p o p u la tio n , [27]) b u t  as show n in F ig . 4 i t  has f lu c tu a te d  
a ro u n d  0.1 per 100,000 p o p u la tio n  since 1957. E n g lan d  an d  W ales re p o rte d  
120 cases per 100,000 p o p u la tio n  fo r 1941, i.e. a ra te  h igh ly  exceed ing  th e  
s im u ltaneous H u n g a ria n  ra te . S ince 1956, how ever, th e  m o rb id ity  ra te  for 
E n g lan d  and  W ales h as  been m o v in g  betw een  0.1 an d  0.2 per 100,000 p o p u 
la tio n .

F u rth e r  a c c u ra te  execution  o f  th e  v acc in a tio n  p ro g ram m e is ex p ec ted  
to  lead  to  sim ilar re su lts  in H u n g a ry .

W h oop in g  cou gh

W hooping cough belongs to  th e  h igh ly  con tag ious d ro p le t in fec tions. 
A sign ifican t p ro p o rtio n  of the  n o n -im in u n ized  ch ild ren  p o p u la tio n  c o n tra c ts  
th e  disease. In  th is  case th e  reg is te red  m o rb id ity  depends on tw o fac to rs , n am ely  
th e  com pleteness o f n o tifica tio n s a n d  th e  e x te n t o f v acc in a tio n s.

Fig. 5 show s th e  w hooping co u g h  m o rb id ity  d a ta  fo r 10 co u n trie s . T he 
h ig h es t ra tes  are  show n by  th e  S c a n d in a v ia n  coun tries, th e  low est b y  P o rtu g a l 
a n d  F rance . T he d ivergence is a p p ro x im a te ly  lOOfold.

Fig. 5. W hoop ing  cough. R e p o rte d  cases per 100,000 p o p u la tio n
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M ost of th e  10 c o u n trie s  show irreg u la r, in  general 3- to  5-year cycles. 
T h e  tre n d  is d e fin ite ly  decreasing  in  H u n g a ry , F in la n d , C zechoslovakia, D en
m ark  an d  E ng land  an d  W ales.

A ccording to  th e  W H O  s ta tis tic s  an d  th e  lite ra tu re , H u n g a ry  w as th e  
f i r s t  (in 1953) to  in tro d u c e  age-fixed com pulsory  v acc in a tio n  a g a in s t w hooping 
cough  ( th e  v acc in a tio n  schedu le  see u n d e r D ip h th e ria ) . Cyclic f lu c tu a tio n  could 
n o t be e lim inated  b y  v acc in a tio n , b u t  th e  incidence fell to  a s ig n ifican tly  
low er level. T he c lin ica l course of th e  disease has becom e d e fin ite ly  m ilder. 
M o rta lity  began to  decline  before  th e  in tro d u c tio n  o f com pu lso ry  v acc in a tio n , 
ow ing  to  th e  ex ten siv e  a n tib io tic  th e ra p y  [28]. T he C en tra l B u reau  o f S ta tis tic s  
re p o r te d  only 15 a n d  7 fa ta l  cases for 1959 an d  1960, resp ec tiv e ly .

F ig . 5 shows th e  s tr ik in g  resem blance b e tw een  th e  m o rb id ity  curves for 
F in la n d  and  H u n g a ry . In  1957 (as well as in  1961- 1962), how ever, the  peaks 
o f  th e  H u n g arian  cu rv e  w ere considerab ly  low er th a n  th o se  of th e  cu rve  
fo r F in lan d . T he d ifference  m igh t h av e  re su lted  from  th e  d ifference in 
v a c c in a tio n . A ccord ing  to  th e  W H O  A n n u als  th e  ra te  o f vacc in a tio n s w as 
d o u b le  th e  resp ec tiv e  F in n ish  ra te  d u rin g  th e  period  1954 — 1958.

C zechoslovakia in tro d u c e d  v acc in a tio n  a g a in s t w hooping  cough in 
1957 — 1958. The m o rb id ity  cu rve  has show n a s ig n ifican t decline since 1959. 
N ev erth e less , th e  tim e  e lapsed  since th e  s ta r t  o f com pu lso ry  v acc in a tio n  is 
to o  sh o rt for an y  d e fin ite  s ta te m e n ts .

I t  can  be conc luded  th a t  v acc in a tio n  a g a in s t w hooping  cough has been 
successfu l in H u n g a ry . Since 1960 —1962 v acc in a tio n  (in th e  form  of D P T ) 
is s ta r te d  a t  th ree  m o n th s  o f  age an d  since 1963 b asa l im m u n iza tio n  consists 
o f  th re e  in jec tions. I t  is h o p ed  th a t  these  m o d ifica tio n s w ill fu r th e r  decrease 
th e  incidence  and  e lim in a te  m o rta lity  o f w hoop ing  cough am ong  in fan ts .

Poliom yelitis

C onsidering th a t  th e  in tro d u c tio n  o f com pu lso ry  v acc in a tio n  in th e  la te  
’fiftie s  has com plete ly  ch an g ed  the  ep idem iological s itu a tio n  o f po liom yelitis , 
we shall include th e  1961 a n d  1962 d a ta  in to  analysis .

F ig . 6 illu s tra te s  th e  m o rb id ity  curves fo r six  co u n tries . In  these  coun tries 
p o liom yelitis  ep idem ics o ccu rred  in every  th ird  to  s ix th  y ea r. T he H u n g a rian  
cu rv e  show ed a p eak  in  ev e ry  f if th  or s ix th  y e a r  u p  to  1952. In  th e  period  
1954— 1959 four ep idem ics w ere experienced  [29].

Before th e  su m m e r o f 1957, th e  co n tro l of p o liom yelitis  consisted  o f 
m easu res  u sua lly  ap p lied  aga in st en te ric  in fec tions. H u n g a ry  experienced  
h e r g re a te s t p o liom yelitis  epidem ic in 1957, w ith  2334 cases (23.8 per 100,000 
p o p u la tio n ). V acc in a tio n  w as s ta r te d  a t  th e  p eak  o f th a t  ep idem ic. In  th e  sam e 
y e a r  1,200,000 ch ild ren , i.e. 80.4 p er cen t o f th e  p o p u la tio n  u n d e r  six years
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o f  age, were im m u n ized  w ith S a lk  vacc in e , free of charge . B y th e  end  o f 1958, 
2 ,000,000 su b je c ts , i.e. 70 per c e n t  o f th e  p o pu la tion  u n d e r  18 y ears  o f age 
h a d  heen im m u n ized , each w ith  th re e  doses of the  Salk  vaccine.

The n u m b e r of cases p re v e n te d  by  th e  v acc in a tio n  ca rried  o u t in  face 
o f  the  1957 ep idem ic  was e s tim a te d  to  500 b y  P e tr illa  [31] and  to  2000 by  
B ak ács [32].

The y e a r 1958 was o u ts ta n d in g ly  favourab le  fo r H u n g a ry  as re g a rd s  
po liom yelitis . In  th a t  year as few  cases occurred as in n one  o f th e  p reced in g

F ig . 6. Poliom yelitis. R e p o r te d  cases per 100,000 p o p u la tio n

20 years. T he lowr incidence w as a t tr ib u ta b le  to  th re e  fac to rs  viz. (a) th e  
im m u n ity  acq u ired  during the  p re c e d in g  epidem ic y e a r ;  (b) the in te rfe rin g  
a c tiv ity  of th e  sim ultaneous B o rn h o lm  disease ep idem ic; an d  (c) th e  v a c c i
n a tio n  [33].

In  1959, how ever, a n o th e r sev ere  epidem ic d eve loped , in sp ite  o f th e  
m ass v acc in a tio n s ; 1830 cases w ere  rep o rted  (18.3 p e r 100,000 p o p u la tio n ). 
O n ly  th e  1957 epidem ic was la rg e r  in H u n g ary  th a n  th is  one. R u d n a i  and  
B a r s y  [34] e s tim a te  to  1132 th e  n u m b e r  of cases am o n g  ch ild ren  u n d e r  14 
y e a rs  of age w h ich  were p re v e n te d  b y  th e  im m u n iza tio n  ca rried  o u t d u rin g  
th e  preceding  tw o  years w ith  th e  S a lk  vaccine. In  general, th e  p ro tec tio n  p ro v id 
ed b y  th e  v a c c in a tio n  was e s tim a te d  to  60 — 65 per cen t.

In D ecem ber, 1959, and J a n u a r y  and  F e b ru a ry  1960, a p p ro x im a te ly  
2,500,000 ch ild ren  received the  liv e  o ra l vaccine p rep ared  from  S ab in ’s vaccine  
s tra in s  in th e  U SSK . Thus H u n g a ry  was th e  firs t c o u n try  all over th e  w orld
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w h ere  a p rop o rtio n  as la rg e  as 92.4 p er c e n t o f  th e  p o p u la tio n  u n d er 15 years 
o f  age h ad  received liv e  po liov irus vaccine  [30]. Since t h a t  t im e , vaccinations 
a n d  revaccinations h a v e  heen carried  o u t accord ing  to  a w ell-defined p ro 
g ram m e . As a re su lt  o f  th e se  th e  y ea rly  inc idence  o f p o liom yelitis  fell to  38, 
7, 1 an d  4 in th e  fo u r  y e a rs  1960—1963. I n  som e o f th e se  cases th e  clinical 
d iagnosis  of p o lio m y e litis  could no t be co n firm ed  b y  v iro log ica l te sts .

F rom  C zechoslovak ia  no case o f p o liom yelitis  has been  rep o rted  since 
1961. F rom  th e  G e rm a n  D em ocratic  R ep u b lic  tw o  cases w ere  rep o rted  in  
1961, no cases in  1962 an d  1963.

A m ong th e  c o u n tr ie s  w here th e  live  vacc in e  has n o t  b een  applied  on a 
w id e  scale A u stria , F ra n c e  and  th e  G erm an  F e d e ra l R e p u b lic  reg istered  238, 
1151 an d  4627 cases, re sp ec tiv e ly , in  1961.

Since th en  m o s t o f  th e  E u ro p ean  co u n trie s  h a v e  accep ted  th e  live 
p o lio v iru s  vaccine, th u s  th e  e rad ica tio n  o f th e  disease has b eg u n . T he rea liza tion  
a n d  acceleration  o f th is  p rocess has s in g if ican tly  heen su p p o r te d  by  the  H u n 
g a r ia n  experience.

T etan u s

The re la tive ly  g r e a t  n u m b er o f fa ta l  cases p rov ides an  epidem iological 
im p o rta n c e  for te ta n u s  in  H u n g ary . In  T ab le  V only th e  m o rta li ty  d a ta  a re  
p re se n te d  because m o s t  coun tries  do n o t re p o r t  te ta n u s  m o rb id ity . Table V 
show s th a t  the te ta n u s  m o rb id ity  ra te  is s ig n if ican tly  h ig h e r in  H u ngary  and 
in  th e  countries ly in g  so u th  o f H u n g ary  th a n  in  th e  n o r th e rn  coun tries.

Table V

Tetanus. Death rates p er 100,000 popula tion  fo r  several E uropean countries

Country 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

H u n g a ry 2.5 2.5 1.9 1.7 1.7 1.5 l . i 1.2 1.0 0.8

Y ugoslav ia 2.2 2.5 2.2 1.9 1.7 1.5 1.3 3.8 1.4 . . .
I ta ly 1.4 1.5 1.4 1.2 1.1 1.2 l . i 1.0

A u s tr ia 1.3 1.3 1.2 1.0 0.9 1.0 1.0 1.0 0.9 0.6
G erm an  Federal 

R ep u b lic 0.7 0.5 0.4 0.4 0.4 0.4 0.4 0.3

D en m ark 0.5 0.5 0.4 0.3 0.6 0.3 0.2 0.3 0 .2

F in la n d 0.2 0.1 0.01 0.2 0.2 0.1 0.09 0.09
Czechoslovakia 0.5 0.7 0.6 0.4 0.5

The g reat n u m b e r  o f  deaths m ade th e  H u n g a ria n  a u th o r it ie s  to  in tro 
d u ce  vaccination  a g a in s t  te ta n u s  in  1953 b y  in c o rp o ra tin g  te ta n u s  toxo id
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in  th e  d ip h th e ria  p e rtu ssis  vaccine, a n d  ty p h o id - te ta n u s  vaccine h as  been 
ad m in is te red  to  ch ild ren  a t 12 y e a rs  o f  age and  th e  sam e ty p h o id - te ta n u s  
vacc ine  has been used  fo r large-scale v acc in a tio n s  ag a in s t ty p h o id  fever.

As a re su lt o f  th e  v acc ina tions, b y  1960 th e  genera l incidence o f te ta n u s  
an d  its  incidence in  th e  com pletely v a c c in a te d  age g roups (from  1 to  19 y ea rs  
o f  age) h ad  d ro p p ed  to  l/3 rd  an d  l /1 0 th ,  re spec tive ly , o f th e  in itia l levels. 
T h e  decrease in m o r ta l i ty  was th re e fo ld  [35].

T he 80 per c e n t reduction  in  n e o n a ta l  te ta n u s  in  th e  period  1951 — 1960 
w as due  to  an in crease  in  the  p e rc e n ta g e  o f in s titu tio n a l b ir th s  (41.4 p e r c en t 
in 1951, 85.0 per c en t in  1960).

In  ad d itio n  to  th e se  factors th e  rise  of th e  life s ta n d a rd  o f th e  a g ric u ltu ra l 
w orkers (m any of w hom  h ad  w alked b a re fo o t before) an d  th e  im prov ing  m edical 
care  have  c o n tr ib u te d  to  the  d ec rease  in  th e  incidence and  m o rta lity  o f  
te ta n u s .

To achieve fu r th e r  reduction , w ide-scale  v acc in a tio n  o f o lder a g ric u ltu ra l 
w orkers w ould be adv isab le .

Typhoid and  para typho id  fevers

T he success o f  th e  figh t a g a in s t ty p h o id  fever is in  close connex ion  w ith  
th e  econom ical, c u ltu ra l and p u b lic  h e a lth  d evelopm en ts o f a c o u n try  [22]. 
F o r th is  reason we rev iew  here a lo n g e r period  of tim e  th a n  in th e  case o f  o th e r  
diseases.

In  F ig . 7 th e  ty p h o id  m o rb id ity  ra te s  of six  co u n trie s  for th e  perio d  
1926— 1955 are p re sen ted . At th e  beg in n in g  of th is  period  (1926— 1930) 
H u n g a ry  was th e  la s t b u t one am o n g  33 E u ro p ean  co u n trie s  as reg a rd s  
ty p h o id  m o rb id ity  (according to  th e  d a ta  b y  th e  L eague o f N a tio n s). 
T h e  average  m o rb id ity  ra te  was as h igh as 106 p er 100,000 p o p u la tio n , 
th e  average  d e a th  ra te  16.5 p e r  100,000 p o p u la tio n  (i.e.  10 an d  20 
tim es  th e  d ea th  ra te s  for G e rm a n y  and  D en m ark , re sp ec tiv e ly  [37]). 
D u rin g  th e  period  1931 —1935 a m o n g  th e  26 E u ro p ean  co u n trie s  lis ted  
in  th e  League of N a tio n s  report, H u n g a ry  show ed th e  h ig h est m o rb id ity  r a te  
(111.1 p e r 100,000 popu la tion ). F o r  th e  sam e period  th e  m o rta lity  r a te  w as 
27.2 p er 100,000 p o p u la tio n .

T hese d a ta  t ru ly  reflect the  econom ica l, cu ltu ra l an d  pub lic  h e a lth  levels 
in H u n g a ry  in th e  ea rly  ’th irties.

F rom  th e  m idd le  of the ’th ir t ie s  on as a re su lt o f w ide-scale v a cc in a tio n s  
a n d  o th e r epidem iological m easures, th e  incidence o f ty p h o id  fever g rad u a lly  
declined  u n til W o rld  W ar II . D u rin g  th e  w ar, like elsew here in  E u ro p e , th e  
m o rb id ity  curve h a d  ano ther p e a k . A ccording to  B a k á c s  [37] th e  av e rag e  
y ea rly  decrease w as 10.3 per c en t fo r  th e  period 1931 —1945, in  c o n tra s t  to  
th e  15.8 per c en t av erag e  of the  y e a rs  1945 —1958.
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Fig. 8 show s th e  changes in ty p h o id  m o rb id ity  d u rin g  th e  period  1950 — 
1960. In  c o n tra s t to  th e  ’th ir tie s , in 1950 th e  m o rb id ity  ra te  for H u n g ary  
m o v ed  a t  th e  av erag e  E u ro p ean  level an d  d u rin g  th e  ’fifties it  dropped  to  
l /3 r d  o f th e  1950 level.

D u rin g  th e  sam e perio d  th e  incidence o f ty p h o id  fever decreased  in  
C zechoslovak ia  b y  80 p e r cen t, in  th e  N e th e rla n d s , w here it  was low in 1950

F ig .  7. T ypho id  fever. A verage  n u m bers o f re p o rte d  cases per 100,000 po p u latio n
fo r the  period 1926- 1955

a lre a d y  b y  a b o u t 50 p e r cen t. In  F in lan d  th e  red u c tio n  w as a b o u t 75 per cen t, 
w h ile  in  P o lan d  m o rb id ity  is s till high, in  sp ite  o f th e  60 p e r cen t decrease 
d u r in g  th e  period  1950— 1960.

In  I ta ly  an d  P o r tu g a l th e  incidence o f  ty p h o id  fever show ed no ap p rec i
ab le  decline d u ring  th e  ’fifties. The m o rb id ity  ra te s  for these  coun tries are  
am o n g  th e  w orst ra te s  o f E u ro p e .

T h e  drop  of ty p h o id  m o rb id ity  in  H u n g a ry  a fte r  1945 w as su p p o rted  
b y  th e  social-econom ical changes and  th e  rise  o f th e  life s ta n d a rd  and  th e  
c u ltu ra l  level in g enera l, and  th e  rise of th e  hygien ic  cu ltu re , in p a rtic u la r . 
I n  1930, th e  n u m b er o f physic ian s per 100,000 p o p u la tio n  w as 5.6, in 1950,
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11.0 an d  in  1960, 15.7. In  1931, 25 per c e n t; in  1950, 47 p er cen t; in 1960, 
85 p er cen t, o f th e  p o p u la tio n  was invo lved  in  th e  social in su ran ce  [18].

T he sy s te m a tic a lly  execu ted  hygien ic-ep idem io log ica l m easures in c lu d 
ing free-of-charge iso la tion  of p a tien ts  in h o sp ita ls , la b o ra to ry  ex am in a tio n s , 
th e  search  for, a n d  severe con tro l o f ca rrie rs  an d  th e  m ass vacc in a tio n s w ere

Fig. 8. T y p h o id  fever. R ep o rted  cases per 100,000 p o p u la tio n

th e  m ost im p o r ta n t  fac to rs  re su lting  in th e  g re a t red u c tio n  of the  in c id en ce  
of ty p h o id  fever.

I t  is, h ow ever, easier to  reduce an  excessively  h igh  incidence to  th e  
average  level th a n  to  ach ieve fu r th e r  re d u c tio n  o f  re la tiv e ly  favourab le  m o rb id 
i ty  ra te s . Since 1959, ty p h o id  m o rb id ity  has f lu c tu a te d  a ro u n d  5 per 100,000 
p o p u la tio n . A n y  fu r th e r  red u c tio n  needs com plex  ep idem iological and  p u b lic  
h e a lth  ac tiv itie s  [38].

In severa l E u ro p e a n  coun tries the  incidence  o f p a ra ty p h o id  is h ig h er 
th a n  th a t  of ty p h o id  fever. F ig. 9 show s th a t  in  H u n g a ry  th e  inc idence  o f  
p a ra ty p h o id  w as re la tiv e ly  low d u ring  th e  perio d  1926— 1955.

2  A cta  M icrobiologie» X I /4 .
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T ab le  VI

T yp h o id  and para typhoid  fevers. Death rates p e r  100,000 population fo r  several E uropean
countries

C o u n try 1956 1957 1958

H u n g a ry 9.1 9.9 7.6

I ta ly 46.5 44.8 46.9

Spain 42.0 34.1 42.0

Greece 31.1 39.1 32.2

F in lan d 26.1 16.3 18.5

Sw eden 6.6 14.0 7.6

N e th erlan d s 2.8 3.7 3.2

E n g lan d 1.3 1.0 0.8

D en m ark 1.7 0.7 0.6

N orw ay 0.7 0.4 0.2

In  sev era l co u n trie s  inc lud ing  F ra n c e  and  S pain , ty p h o id  an d  p a ra ty p h o id  
fev ers  a re  re p o r te d  to g e th e r. F o r th is  re a so n  we p resen t th e  W H O  d a ta  on 
ty p h o id  an d  p a ra ty p h o id  m o rb id ity  fo r th e  years 1 9 5 6 - 1958 in T ab le  Y I. 
I t  is seen th a t  in  th is  respect th e  s i tu a tio n  is w orse in F in lan d  th a n  in  H u n g a ry .

F ig . 9. P a ra ty p h o id  fever. A verage n u m b e rs  o f re p o rte d  cases per 100,000 p o p u la tio n
for th e  p e rio d  1926— 1955
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I t  is n o t m ore fav o u rab le  even in  Sw eden, w here, ty p h o id  m o rb id ity  is as low 
as 0.1 — 0.3 p e r 100,000 p o p u la tio n .

I t  shou ld , how ever, be em p h asized  th a t  th e  m o rb id ity  d a ta  for the  
N e th e rla n d s , D en m ark , N orw ay , B elgium  and E n g lan d  an d  W ales a re  sign if
ic a n tly  m ore fav o u rab le  th a n  th o se  for H un g ary , even in th is  re sp ec t.
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TRANSFORMATION OF STREPTOMYCIN MARKERS 
IN ROUGH STRAINS OF RHIZOBIUM LUPIN I

T R A N S FO R M A T IO N  O F  S T R E P T O M Y C IN -D E P E N D E N C E

B y

R ó zs i  B a l a s s a * a n d  M a g d a  G á b o r

I n s t i t u t e  o f  G en e tic s  (D ir e c to r :  B .  G y ö r f f y ^ ,  H u n g a r ia n  A c a d e m y  o f  S c ie n c e s ,  B u d a p e s t

(R eceived  Ju n e  1, 1964)

Sum m ary . The tra n s fo rm a tio n  of strep to m y c in -d ep en d en ce  in ro u g h  s tra in s  o f  R h izo 
b iu m  lu p in i  has  been s tud ied .

(i) T he tran sfo rm a tio n  freq u en cy  of s trep to m y cin -d ep en d en ce  is v e ry  low , 0.0002 to 
0.000001 per cen t in  cases o f “ h e te ro lo g o u s”  tran s fo rm a tio n , an d  0.0004 to 0.024 pe r c en t in 
th e  case o f “ hom ologous”  tran s fo rm a tio n .

(ii) T he m ark ers  o f s trep to m y c in -re sis tan ce  an d  dependence can  be t ra n s fe r re d  b o th  
se p a ra te ly  a n d  together.

(iii) T he sam e p re p a ra tio n  o f D N A  is able to  tran s fe r  b o th  a s tab le  an d  an  u n s ta b le  
dependence .

(iv) T he level o f strep to m y c in -d ep en d en ce  or resistance  o b ta in e d  by  tra n s fo rm a tio n  is 
d iffe re n t in th e  d ifferen t g roups of tra n s fo rm a n ts , one group  reach ing  the  o rig in a l leve l o f the  
d o n o r, th e  o th e r show ing a low er level.

(v) A m ong the  tran s fo rm a n t colonies th e  large  ones are re s is tan t, th e  n o rm al a n d  sm all 
ones a re  e ith e r dependen t or re s is tan t.

(vi) I t  h a s  been concluded th a t  in R h izob ium  the  m u ta tio n a l sites o f s tre p to m y c in -  
d ep en d en ce  an d  resistance  are localized in one com plex locus.

Genetic analysis  of th e  difference be tw een  the  single-step a n d  m u lt i-  
s tep  ty p e  of  m u ta t io n  a t  a h igh level of s t rep tom yc in -res is tance  has  been  
perfo rm ed  by  tran s fo rm a tio n  ex per im en ts  w ith  Diplococcus p n eu m o n ia e  [6, 
8, 11], recom bina tion  w ith  E . coli [14], an d  t ra n sd u c t io n  ex p e r im e n ts  w i th
S. typ h i m uriu m  [15, 16]. G enetic  analysis  o f  s trep to m y c in -d ep en d en ce  has  
also been carried  ou t b y  reco m b in a t io n  experim en ts  w ith  E . coli К -12 [5, 
10, 13], and  tran sd u c t io n  w ith  E . coli [7, 9] a n d  S . typ h i m urium  [5]. As th e  
ana lys is  o f  the  locus of  s trep to m y c in -d ep en d en ce  was m ade  only by  H a s h i 

m o t o  b y  m eans  of t ra n s fo rm a t io n  w ith  Diplococcus pneum oniae  [6], o u r  a im  
was to  s tu d y  (1) w h e th e r  it was possible to  tran s fo rm  w ith  th e  DINA of single- 
s tep ,  h igh ly  re s is tan t  s t re p to m y c in -d e p e n d en t  m u ta n ts  of the rough , s t r e p t o 
m ycin -sensitive  s tra ins  of  R hizob ium  lu p in i  [4] and (2) w h e th e r  or not th e  
w ork ing  hypo thes is  of D e m e r e c  et al [5], N ew co m be  an d  N yh o lm  [10], i.e. 
t h a t  resis tance  to  high con cen tra t io n s  of  s t rep tom yc in ,  an d  dependence  on 
s t r e p to m y c in  are  controlled by  alleles o f  the  sam e com plex gene locus, o r  b y  
tw o  loci in ve ry  close linkage, would be va lid  for R h izob ium ?

* Deceased in 1960.
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M aterials and m eth od s

B a c te r ia l  s t r a in s .  R o u g h  s tra in s  o f R h iz o b iu m  l u p i n i  w ere used . T he s tra in s  H-13-1 and  
H -13-3  w ere s tre p to m y c in -sen s itiv e  [4], the  o th ers  t r a in s  w ere s tre p to m y c in -d e p en d e n t 
m u ta n ts  o f s tra in s  H-13-1 a n d  H -13-3 . T he d ep enden t s tra in s  w ere o b ta in e d  b y  sing le-step  selec
tio n  o f sp o n tan eo u s m u ta n ts  f ro m  sensitive  stra ins or b y  se lec tio n  of d ep en d en t tra n s fo rm a n ts  
in  e x p e rim e n ts  of t r a n s fo rm a tio n  o f s trep to m y c in -d ep en d en ce . D u rin g  th e  selection of sp o n 
ta n e o u s  m u ta n ts , we o b ta in e d  one d ep en d en t colony, se lec ted  w ith  lOOO/^g/ml of s trep to m y c in  
fro m  l X l O 11 cells (s tra in  H -1 3 -1 ) a n d  5 Х Ю 9 cells ( s tra in  H -13-3), resp ec tiv e ly . T he selected 
s tra in s  grew  slowly on m ed ia  co n ta in in g  100 or 300 ^ g /m l s tre p to m y c in . T he s trep to m y c in  
re q u ire m e n t of th e  d e p en d e n t s tra in s  o b ta ined  b y  tra n s fo rm a tio n  of s trep to m y cin -d ep en d en ce  
w as o n ly  300 jug/ml. T he re sp o n se  to  strep to m y cin  o f th e  s tra in s  used  is show n in T ab le  I.

M e d ia .  The n u t r ie n t  m ed iu m  contained (p e r l ite r )  K 2H P 0 4, 3.6 g; K H 2P 0 4, 0 .4  g; 
M g S 0 4 • 7 H 20 ,  0.05 g; N aC l, 0.5 g; ferric  am m onium  c itra te ,  4.0 m g; agar, 20 g. T he pH  
w as a d ju s te d , to  7.0 — 7.2. T o  th e  sy n th e tic  m ed ium  w ere ad d ed  glucose to  a f in a l concen
t r a t io n  of 5 g, casein  h y d ro ly sa te  1 g, and y east e x tr a c t  1 g, fo r 1000 m l [2].

P r e p a r a t io n  o f  D N A .  T h e  b a c te ria  were cen trifu g e d  a t  th e  end e x p o n en tia l g row th , 
re su sp e n d ed  in 0 A M  N aC l so d iu m  c itra te , and  ly sed  b y  th e  a d d itio n  of 0.2 volum e of 5 per 
c e n t deo x y ch o late  for 10 — 15 m in  a t  55°C. The m a te r ia l  w as d ep ro te in ized  5 — 7 tim es b y  the  
S e v a g  m eth o d  w ith  ch lo ro fo rm  a n d  purified  by  re p e a te d  p re c ip ita tio n  in 3 volum es or 1 volum e 
o f a lcoho l, re spec tive ly . T h e  D N A  th u s  o b ta ined  w as s to re d  b y  th e  m eth o d  of Z a m e n h o f  
in  0.14 M  NaCl and  0.015 M  so d iu m  c itra te  a t pH  7 .4 , a t  4°C. T he D N A  c o n te n t of th e  p re p a 
ra tio n s  w as e s tim a ted  a cc o rd in g  to  D lS C H E  [2]. T he tra n s fo rm in g  e x tra c t  co n ta ined  no v iable  
b a c te r ia .

D e o x y r ib o n u c le a s e  (D N -ase ). T he DN -ase u sed  w as p re p a re d  in th e  In s t i tu te  of M edical 
C h em istry , U n iv e rsity  M ed ica l School, B u d ap est.

T r a n s fo r m a t io n  te c h n iq u e .  A  20 hrs old cu ltu re  (108 b a c te r ia  per m l) w as d ilu ted  to  a  fin a l 
c o n c e n tra tio n  of 108 b a c te r ia /m l in to  10 — 15 m l fre sh  su p p lem en ted  m edium , co n ta in in g  
5 — 19 /ig /m l of the  tra n s fo rm in g  D N A . The tra n s fo rm a tio n  re ac tio n  w as sto p p ed , if necessary , 
b y  th e  a d d itio n  of D N -ase  a t  a f in a l concen tra tion  o f 2.5 /ig /m l. In  o th e r  cases th e  tra n s fo rm a 
tio n  reac tio n  lasted  8, 24 or 48 h o u rs  w ithou t a d d itio n  o f s tre p to m y c in  to  th e  m edium . T h ere a f
te r  th e  tran sfo rm ed  p o p u la t io n  w as p la ted  on th e  se lec tiv e  m ed ium , co n ta in in g  30, 100, 300 or 
1000 /ig /m l s tre p to m y c in , a n d  in cu b a ted  for 48 to  72 h o u rs  a t  30°C. As con tro ls, cu ltu res  of 
cells grow n un d er id e n tic a l co n d itio n s b u t w ith o u t tran s fo rm in g  D N A  were p la ted  on th e  
se lec tive  m edia to  v e rify  t h a t  th e  nu m b er of sp o n ta n eo u s  m u ta tio n s  b earin g  th e  m ark e r un d er 
s tu d y  w as in sig n ifican t. T h e  freq u en cy  of tra n s fo rm a tio n  w as ca lcu la ted  in per cen t of th e  
to ta l  n u m b er o f cells, e s t im a te d  on m edium  lac k in g  s tre p to m y c in .

T he colonies g row n  on  th e  selective m ed iu m  w ere te s te d  fo r c h a ra c te r  b y  suspend ing  
in  0.5 m l o f saline som e co lon ies p icked  up a t ra n d o m , a n d  s treak in g  a  loopful on m edia  c o n ta in 
in g  0, 30, 50, 100, 300 or 1000 ^g /m l strep to m y c in . A fte r  48 to  72 hours in cu b a tio n  a t  30°C 
g ro w th  was scored fro m  — to  Н--Т -Ы - - К  or th e  colonies were coun ted .

R esu lts

Genetic an a ly s is  o f  s t re p to m y c in -d e p e n d en t  donors (spontaneous m u ta n ts  
or t ra n s fo rm a n ts )  h a v e  revealed  the following. Tab le  I I  gives the  d a ta  of ex 
p e r im en ts  p e rfo rm ed  to  s tu d y  w he the r  s t rep to m y c in -d ep en d en ce  could he 
t ran s fe rred  b y  t r a n s fo rm a t io n ,  and to  d e te rm in e  th e  m ost su itab le  conditions 
for  de tec t ing  th e  s t r e p to m y c in -d e p e n d en t  t r a n s fo rm a n ts .  The rec ip ien t b a c 
te r ia  were sensitive  t o  s trep tom yc in ,  t r a n s fo rm a t io n  was carried  ou t  w ith o u t  
s t re p to m y c in  (T ab les  I ,  I I ) .

In the  e x p e r im e n t  w ith  the  D N A  o f  th e  s t re p to m y c in -d e p e n d en t  s tra in  
1-s tr-d  (1000) (T ab le  I I ,  exp . 1/74) seven norm al-s ized  colonies and  one small 
colony am ong te n ,  w h ich  appeared on se lec tive  m ed ium , were s trep to m y c in -  
in d ep en d en t  a n d  h a d  a h igh level o f  re s is tan ce .  T es t ing  of tw o  v e ry  sm all



Table I

G row th  o f  th e  s t r a in s  o f  R h iz o b iu m  l u p i n i  o n  a g a r  c o n ta in in g  v a r io u s  
c o n c e n tr a tio n s  o f  s t r e p to m y c in

D o n o rs

(H — 13 )-l-s tr-d (l000)

(H — 13)-3-str-d(1000) 

(H — 13)-3-str-d-15(l000) 

(H — 13)-3-str-td(300)

(H  13)-3-str-d-td  m(300)

R e c ip ie n t  

(H — 13)-3-str-s

STREPTOMYCIN CONCENTRATIONS (i/g/ml)
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str-s: strep tom ycin -sensitive  s tra in , s tr-d : spon taneous, single-step, h igh-level s trep to m y cin -d ep en d en t m u ta n t, s tr - td :  s trep to m y cin -d ep en d 
en t s tra in  o b ta ined  by tran sfo rm atio n . The index  shows th e  con cen tra tio n  of s trep to m y cin  (//g/m l) requ ired  for op tim al g row th . In  th e  te x t 
th e  sign of the stra in s  will be used in ab b rev ia ted  form , w ith o u t th e  p a rts  in  parentheses.
-—absence of g row th ; -( - to  -|—|—|—|—[- ra te  of g row th  on m edia  con tain ing  d ifferen t concen tra tions o f s trep tom ycin  a fte r  48hr in cubation  a t 
30°C.
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Table II

T r a n s fo r m a t io n  o f  s tr e p to m y c in -d e p e n d e n c e  w i th  d i f fe r e n t  D N A - s
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D is tr ib u tio n  o f tra n s  
fo rm a n ts  o f th e  to ta l  t ra n s 

fo rm atio n  volum e on 
p lates , con tain ing

30 100 ! 300 1000 

f i g / m l  s trep to m y c in

F req u en cy  
o f  t ra n s 
fo rm a tio n

1/74 l-str-d(1000) 25 48 l.Ox 107 
1.0 X  1 0 «

2
2

2.0 X  107
2.0 X  10«

— 2
2

— 4
2

0.00003
0.0002

11/22 l-str-d(1000) 12 24
48 9.3 x 10« 10 9.3 x lO 7 0

2 —
1
1

0
0

0 .0 0 0 0 0 1
0.000003

11/26 3-str-td(.,„0„) 12 24
48 2.1X  10ä 10 2 .1 x 1 0 “ 60

35 —
31

6 —
0.0091
0.0041

8 _ 0 _ 0 0 .0 0 0 0 0 0
II/5 3-str-td, 12 24 l.Ox 10« 2 2.0 x 10« — 48 — 6 0.0027

48 — 587 — 700 0.0643

11/53 3-str-d(1000) 24
48 2.4 X  10’ 15 3.6 X 10« 3

211
2

133
1

25
0
0

0.0004
0.024

R ecip ien t of D N A : s tra in  3-str-s.
* These d a ta  w ere ob ta in ed  in  0.1 m l of th e  to ta l  volum e of transfo rm ation .
A ssay of t ra n s fo rm a n ts  and  of the  to ta l  n u m b er o f cells was carried  o u t in  th e  follow ing 

w ay. A fte r  th e  ad d itio n  of D N A  to the  recip ien t cu ltu re  a n d  its  in cu b a tio n  for th e  in d ica ted  tim e , 
th e  p o p u la tio n  was cen trifu g ed  and  resuspended  in  sa line  (in  one te n th  of th e  original vo lum e if  
a larg e  tran sfo rm a tio n  vo lu m e 10 or 15 m l was used). A n  a liq u o t of 0.2 ml was used to  m ake  an  
ap p ro p ria te  dilu tion  fo r th e  de term ination  of the  to ta l  n u m b er o f cells in nonselective m edia . To 
assay  th e  tran sfo rm an ts , several sam ples, each w ith  0.1 m l o f th e  rem aining volum e, were p la ted  
on  se lective  m edia co n ta in in g  different concen tra tions o f strep tom ycin . I f  th e  volum e o f th e  
tran sfo rm a tio n  m ed ium  w as 2 m l, th e  procedure  w as th e  sam e h u t  w ith o u t co n cen tra tio n  of 
th e  cells.

colonies app ea r in g  on p lates con ta in ing  1000 /(g/ml s t rep tom yc in  show ed, if  
iso la ted ,  t ran s fe rred  in to  liquid  m edium  a n d  th e n  p la ted  on m edia  lack ing  
or con ta in in g  s t re p to m y c in ,  no colonies fo rm ed  on th e  f irs t  m ed iu m  a f te r  
24 to  48 hours, a p h en o m en o n  ind ica t ive  o f  s t rep tom yc in -dependence .  G row th  
w as a b u n d a n t  on 100 /(g/ml and  w eak  on 1000 ц g/ml. After  48 hrs colonies 
a p p e a re d  on th e  p la te s  lacking s t re p to m y c in .  If ,  a f te r  the  appearence  of  these  
colonies, the  ag a r  la y e r  was cut ou t and  p laced  on a layer  con ta in ing  s t r e p to 
m y c in  (in an a m o u n t  sufficient to  ensure  a f ina l  concen tra t ion  of 100 /(g/ml 
o f  s t r e p to m y c in  in each  layer), an d  r e - in c u h a te d  for 48 hrs, new colonies arose 
in n u m b e rs  co rrespond ing  to  ab o u t  5 p e r  cen t o f  th e  originally coun ted  p o p u 
la t io n .  These new  colonies were ana lyzed  again  on p la tes  lacking or c o n ta in in g  
s t re p to m y c in .  T h e  re-isolated  colonics b e h a v e d  ex ac t ly  like th e  original colonies,
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being  d ep en d en t  d u r ing  24 to  48 hrs and  growing a f te r  48 m ore h rs  on the 
m e d iu m  lacking s trep tom yc in .  W e h ave  te rm e d  th is  phenom enon  “ u n s ta b le ”  
dependence.

In  experim en t 11/22, o f  th e  four re s is ta n t  t ran s fo rm an ts  one ap p ea red  
on a p la te  con ta in ing  300 //g/ml s t re p to m y c in  and  proved  to  be s ta b le  s t r e p 
to m y c in -d ep en d en t ,  hav ing  a lower level o f  resis tance  as th e  donor a n d  grow 
ing  op tim ally  a t  a concen tra t ion  of  300 //g/ml of s trep tom ycin , m eanw hile  
on 100 and 500 //g/ml s t rep to m y c in  g row th  was slow.

N ex t ,  t ran sfo rm a tio n  of s t rep tom yc in -dependence  w ith  D N A  o f  s tab le  
a n d  unstab le  s t re p to m y c in -d ep en d en t  t ra n s fo rm a n ts  was s tud ied .  Table  
II  shows th a t  in experim ent 11/26, where t ra n s fo rm a tio n  was carried  ou t  w ith  
th e  D N A  of the s t re p to m y c in -d ep en d en t  t r a n s fo rm a n t  s tra in  3-s tr - td (300) 
th e  f requency  of t ran s fo rm a tio n  increased  b y  several orders of m a g n i tu d e  in 
ag reem en t  w i th  our previous d a ta  [3] and  those  of  Sc h a e ffe r  [12]. T h e  colonies, 
ap p e a r in g  at s trep to m y c in  concen tra t ions  o f  30 and  300 //g/ml were fu r th e r  
a n a ly zed  according to  th e ir  size on d ifferen t m edia  w ith  or w ith o u t  s t r e p to 
m ycin  (Table I I I ) .

T h e  d a ta  ob ta ined  indicate  th e  following. (1) D uring the  24 a n d  48 hrs 
t r a n s fo rm a t io n  reaction  p a r t  of th e  colonies was resis tan t ,  a n o th e r  p a r t  was 
d e p e n d e n t ,  and  p a r t  of th e m  sensitive (pers is ten t) .  (2) The d ep e n d e n t  t r a n s 
fo rm a n ts  were always found am ong  small a n d  normal-sized colonies. T he  big 
colonics were all re s is tan t  (s trep tom ycin - ind ifferen t) .  (3) T he  D N A  of 
s t ra in  3-str-td(300), which had o r ig ina ted  from  a t ransfo rm ation  e x p e r im en t ,  
t ra n s fe r re d  b o th  s tab le  and  un s tab le  s trep tom yc in -dependence . (4) All 
s ta b le  and  un s tab le  d e p en d en t  colonies b u t  one preserved th e  original 
level of resistance and dependence of  the  d onor  s tra in ,  w he the r  or n o t  th e  
colonies had  been selected on 30 or a t  300 //g/ml s trep tom ycin . The p h e n o m e n o n  
o f  u n s ta b le  dependence proved to  be a t ran s fe rab le  m arker. D N A  w as p re p a re d  
f ro m  an unstab le  d ep en d en t  s t ra in  o b ta in ed  in th e  tran sfo rm atio n  o f  s t r e p to 
m yc in -dependence , and with th is  D N A  th e  3-str-s s tra in  wras t ra n s fo rm e d  
(T ab le  I I ,  exp. II/5). The tran sfo rm a tio n  w en t on as a “ norm al”  t ra n s fo rm a t io n  
o f  s trep tom yc in -res is tance ,  w ith  a fequency  of t ran sfo rm a tio n  ch a rac te r is t ic  
o f  th e  t ran s fe r  of th e  m ark e r  of s trep tom yc in -res is tance .  S t re p to m y c in -d e p e n d 
e n t  t ra n s fo rm a n ts  were not found  am ong  th e  colonies analyzed a t  ra n d o m . 
All colonies were s t re p to m y c in - in d ep en d en t  a n d  showed the original level o f  
s t rep tom yc in -res is tance .  N evertheless, a f te r  underlay ing  s t r e p to m y c in  as 
desc r ibed  above, several new colonics were found . T heir  appea rence  proved  
t h a t  a frac tion  of the  b ac te r ia  rem a in ed  s trep to m y c in -d ep en d en t  (Table  IV).

In  the  experim en ts  carried ou t  w ith  a homologous D N A  o rig ina ting  
f rom  a spon taneous  d ependen t m u ta n t  o f  s t ra in  3-str-s, (Table I I ,  exp . 11/53) 
th e  24 h r  t ran sfo rm atio n  reaction  resu lted  in a ve ry  low frequency  of t r a n s 
fo rm a tio n .  The tran sfo rm a tio n  f requency  o f  th e  48 h r  reaction was g rea te r ,
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Table III

Character distribution o f  the transform ants obtained in E xp . 11/26 with the D N A  o f  stra in
3 - s i r - t d ( 3 00 )

D u ra -
t io n  o f  „

th e t r a n s -  C H A R A C T E R  O F  T H E  
fo rm a- T R A N S F O R M E D  COLO- 

t io n re a c -  N IE S  
tio n  h rs.

C o n c e n tra tio n  o f s trep to m y c in (^g /m l) a t  w h ich  th e  
tra n s fo rm a n ts  w ere selected

30 300

Size o f th e  tran sfo rm ed  colonies
Sum

Sm all N orm al G rea t Sm all N orm al G rea t

S tab le  colonies (dep en d en t on the
original level 2 l 0 0 0 0

U n stab le  colonies (dep en d en t on 23

th e  original level 3 9 0 l 7 0

Colonies re s is tan t on th e  original
24 level 1 30 3 0 19 2

Colonies w ith  lower level o f resist- 57

ance 2 0 0 0 0 0

P ersis ten ts 8 1 0 1 1 0 11

Sum 16 41 3 2 27 2 91

S tab le  colonies (dep en d en t on th e
orig inal level 1 8 0 1 0 0

S tab le  colonies w ith  lower of
dependence 0 1 0 0 0 0 15

U n stab le  colonies (d ep en d en t on the
original level) 0 4 0 0 0 0

48 Colonies re s is tan t on  th e  original
level 0 17 1 0 4 1

Colonies w ith  low er level o f resi-
24

stance 1 0 0 0 0 0

P ersis ten ts 0 2 0 0 0 0 2

Sum 2 32 1 1 4 1 41

R ecip ien t of D N A : s tra in  3-str-s.
C h arac te riza tio n  o f tran s fo rm a n ts  was carried  o u t on  p la te s  contain ing  0.30 or 300/tg /m l 

s tre p to m y c in .

0.024 p e r  cent, b e tw een  th e  frequencies o b ta in e d  w ith  th e  D N A  of s t ra in  
3 -s t r - td (300j (0.004 p e r  cen t)  and  t h a t  o f  s t r a in  3-str-td(300) (0.064 p e r  cent) .

T h e  increase in  t ra n s fo rm a t io n  freq u en cy  a f te r  48 hrs seems to  be c o n t r a 
d ic to ry  to  the  re su l t  o f  e x p e r im en t  11/26 (Table  I I ) .  T hus  the  question  rem ains  
to  be  answered w h e th e r  th e  g rea te r  n u m b e r  o f  t ra n s fo rm a n ts  is due  to  th e i r  
rep l ic a t io n  or is s im p ly  th e  re su lt  o f  th e  fa c t ,  t h a t  th e  24 hr  and  48 h r  reac tions  
were  done in tw o  se p a ra te  parallels. As t r a n s fo rm a t io n  was carr ied  o u t  in
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Table IV

Streptom ycin-dependent cells after transform ation w ith the D N A  o f strain 3-str-td

D ilu tio n  of cu ltu re
O riginal colony- 
c o u n t in. 0.1 ml

N u m b er o f  a d d i
t io n a l colonies, 

0.1 m l

A d d itio n a l grow th, 
p e r  cent

29 10 34

24 о 25

1 : 10,000 31 l 3.2

27 l 3.2

A fter th e  app earen ce  of s trep to m y cin -in d ep en d en t colonies th e  agar layer was c u t o u t, 
p laced  on a layer co n ta in in g  s trep to m y cin  (in an a m o u n t su ffic ien t to  a  final co n cen tra tio n  of 
100 /tg /m l of s tre p to m y c in  in each layer), the  position of th e  colonies was no ted , th en  th e  p la te s  
w ere sto red  o v ern ig h t a t  4°C for diffusion of strep to m y cin , th e  p la tes  were re incubated  fo r 48 h rs .

a m ed ium  lack ing  s t rep to m y c in ,  only th e  s t rep to m y c in - in d if fe ren t  t r a n s 
fo rm an ts  had  been  able to  divide. T ra n s fo rm a n t  ty p e  analysis d e m o n s t ra te d  
th a t  tin? small a n d  norm al sized colonies a p p e a r in g  a f te r  24 hr t ra n s fo rm a t io n  
reac tion  on m ed ia  con ta in ing  30 or 100 /tg/ml of  s t rep to m y c in  acq u ired  th e  
sam e level of s t rep to m y c in -d ep en d en ce  as th e  d o n o r  s t ra in ,  while th e  colonies 
grown on 300 //g/ml of s t rep to m y c in  proved  to  be re s is tan t .  The d is t r ib u t io n  
of  colonies on [liâtes con ta in ing  s t rep to m y c in  in th e  48 hr t ra n s fo rm a t io n  
reac tion , is show n in Table  V.

A p ar t  f rom  tw o  re s is tan t  colonies, all t r a n s fo rm a n ts  were s tab le  d e p e n d 
en t ,  w ith  th e  sam e or a lower level of dependence  th a n  th a t  of th e  donor .  
I n  th is  case th e  m u lt ip l ica t io n  of re s is tan t  t r a n s fo rm a n ts  could be exc luded ,  
as such t r a n s fo rm a n ts  were n o t  present. Th us, th e  conclusion had to  be d ra w n  
th a t  the  seem ingly  c o n tra d ic to ry  results  were d u e  to  th e  tran s fo rm a tio n  o c c u r 
r ing  in sep a ra te  parallels.

The lack o f  s t rep to m y c in  does not p e rm it  rep lica tion  of the  s t r e p t o 
m y c in -d ep en d en t  t ra n s fo rm a n ts ,  b u t  does n o t  h in d e r  th e m  to survive a n d  la te r  
to  becom e p h e n o ty p ica l ly  m anifes t  on m edia  c o n ta in in g  s t rep tom ycin .

In connec tion  with the  expression of th e  new  phen o ty p e ,  only p re l im i
n a ry  ex per im en ts  h ave  been done. The tim e  o f  ad d i t io n  of DNA, th e  d u ra t io n  
o f  th e  t r a n s fo rm a t io n  reac tion , the  t im e  of a d d i t io n  of s trep tom yc in  to  th e  
t ra n s fo rm a tio n  sys tem  ( i.e . in to  th e  liquid m e d iu m )  or the  time of se lec t ion  
o f  th e  t r a n s fo rm a n ts  on th e  agar  m ed ium  c o n ta in in g  s trep tom yc in ,  was 
varied  and  th e  n u m b e r  and  ty p e  of  t r a n s fo rm a n ts  was studied . T he  pe r iod  
o f  8 or 16 hours  was no t  suffic ient for th e  exp ress ion  of th e  m arker, th e  f i rs t  
d ep en d en t  colonies ap p ea red  a f te r  24 hrs. (The e x p e r im en ts  were ca rr ied  ou t  
w ith  unsyn ch ro n ized  cultures.)

The t ra n s fo rm a t io n  was sensitive to  deoxyribonuclease .  In  th e  con tro ls  
w ith o u t  DN A , or  w ith  homologous DNA of s t r a in  3-str-d(ln00) and  D N -ase ,
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Table V

D is tr ib u tio n  o f  the transform ants obtained in  E x p . П /5 3  w ith the D N A  o f  s tra in  3-str-d/lool)\

C H A R A C T E R  O F  T H E  
T R A N S F O R M E D  COLO- 

N IE S

C o n cen tra tio n  o f  s tre p to m y c in  o f  th e  p lates (jUg/ml) 
m a n ts  w ere selected from

a t  w h ich  th e  tra n sfo r-

30 100 1000

Size o f  th e transfo rm ed  colonies

S m all N orm al G rea t S m all N orm al G reat S m all N o rm al G reat

S ta b le  colonies (dependent
o n  th e  o rig inal level) 56 0 0 3 79 0 4 6 0

S ta b le  colonies w ith  lower of
d ep en d en ce 63 « 0 l 34 0 1 14 0

T o ta l 119 0 0 4 113 0 5 20 0

O rig in a l leve l of resistance 0 0 0 0 0 0 0 0 0
L ow er leve l o f resistance () 0 0 0 0 0 0 0 0

T o ta l 0 0 0 0 0 0 0 0 0

P e rs is te n ts 2 0 0 0 0 0 0 0 0

T o ta l 121 0 0 4 113 0 5 20 0

R ecip ien t: s tra in  3-str-s.
F u r th e r  analysis o f tran s fo rm a n ts  was carried  o u t on plates con ta in ing  30 or 300 «g /m  

s tre p to m y c in .

th e  f re q u e n c y  of colonies a p p ea r in g  on th e  selective m edium  w as 0.000002 
p e r  c e n t  for the  v a r ia n t  w ith o u t  D N A , a n d  0.000008 per cen t  for th e  v a r ia n t  
w ith  D N A  and  DN-ase. All th e  ap p ear in g  colonies were s t re p to m y c in - re s is ta n t .  
S t re p to m y c in -d e p e n d e n t  colonies were fo u n d  w ith  a frequency  o f  0.0006 
p e r  c e n t  in v a r ian ts  w ith  D N A  n o t  d i s ru p te d  w ith  DN-ase. T he  ty p e  d is t r i 
b u t io n  of  t ra n s fo rm a n ts  was th e  sam e as in o th e r  t ran sfo rm a tio n  e x p e r im en ts .

Discussion

I n  th e  experim ents  o f  s t rep to m y c in -d ep en d en ce  t r a n s fo rm a t io n ,  only 
s t r a in  3-str-s  proved  to  be a su itab le  rec ip ien t ,  i.e. the  ve ry  s t ra in  w hich  in 
t h e  e x p e r im e n ts  of s trep to m y c in -re s is tan ce  t ran s fo rm a tio n  show ed th e  h ighest 
f r e q u e n c y  o f t ra n s fo rm a tio n  (0.5— 1 p e r  cen t)  [3]. The t r a n s fo rm a t io n  o f  
s t rep to m y c in -d e p e n d en c e  has  been re p ro d u ced  in a n u m b er  of  experim ents,,  
h u t  th e  frequency  of t ra n s fo rm a tio n  was a lw ays  very low. G enetica l  causes 
m a y  p e rh a p s  be responsible  for th is  fac t ,  n a m e ly  th a t  we are dea ling  w ith  a 
v e ry  e x te n d e d  com plex locus. In  th is  case t h e  m u ta t io n  responsible for  s t r e p to 
m y c in -d ep en d en ce  would be in th e  sam e locus as the  com plex s t re p to m y c in -
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resistance m u ta t io n .  Synapsis , in teg ra t io n  and  recom bina tion  of th e  en tire  
locus which carries the  regions of  resis tance  and  dependence, m ight he h in d e red  
because of  th e  shortness of  th e  hom ologous regions. T he  p robab il i ty  o f  th e  
role of  hom ology  is suggested  b y  th e  d ifferen t frequencies of t ra n s fo rm a t io n  
ob ta ined  w ith  different D N A  donors. T h e  D N A  donors used were th e  t r a n s 
fo rm an t  s t ra in s  ob ta ined  a f te r  th e  t ra n s fo rm a t io n  of s t rep tom yc in -dependence .  
The t r a n s fo rm a t io n  frequencies were h igher  in every  case th a n  those re su l t in g  
from tran s fo rm a tio n s  w ith  non-hom ologous D N A  (Table II) .

The a r ra n g e m en t  of s t rep to m y c in -d ep en d en ce  and  resistance in one 
com plex locus is supported  by  th e  following add it iona l  facts.

(1) In  th e  t ra n s fo rm a tio n  ex p e r im en ts  carried  ou t  w ith  one and  th e  sam e 
DNA, only p a r t  o f  the  a p p ea r in g  t r a n s fo rm a n t  colonies was s t re p to m y c in -  
res is tan t .  T h e  o th e r  pa r t  was s t re p to m y c in -d e p e n d en t  ( transfo rm ations  w ith  
DNA o rig ina ting  from s tra in s  l - s t r -d (100()j (Fig. 1); 3-str-d(1000, (Fig. 2); 
3 -s t r - td (300) (F ig . l ) ;  3-str-td„(300) (Fig. 1).

[3-str-s +  l-s tr-( l( |0„„) i)VA~j

F ig 1. Id e n tif ied  ty p es  of tran s fo rm a n ts  o b ta in ed  in tran s fo rm a tio n  of s trep to m y cin  d e p e n d 
ence w ith  th e  DNA from  th e  s tre p to m y c in -d e p en d e n t s tra in  l-str-d (l000)

I 3 -str-s +  3 -str-d (,ono)DNA I

Y \ I  Y
(A fter 8, 16 hours tran sfo rm a tio n  reac tio n ) (A fter 24, 48 hours tran sfo rm atio n

reac tion )

independence, independence, stab le  dependence, stable dependence
orig inal level lower level original level lower level o f
of resistance of resistance of resistance resistance

Fig. 2. T ran s fo rm a tio n  hy DNA o b ta in ed  from  th e  s tre p to m y c in -d e p en d e n t s tra in  3 -s tr -d /l000\
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(2) T ra n s fo rm a tio n  w ith  D N A  of s t r a in  l-s t r -d (1000) re su lted  in  s ta b le  
a n d  u n s ta b le  s trep to m y c in -d ep en d en t  t r a n s fo rm a n ts .  The u n s ta b le  d e p e n d 
ence p ro v e d  to  be a tra n s fo rm a b le  m a rk e r  (Fig. 1).

(3) T he  D N A  of th e  s tab le  s t re p to m y c in -d e p e n d en t  3-s tr- td(300j s t r a in ,  
o b ta in e d  during  a t ra n s fo rm a t io n  to  s t rep to m y c in -d ep en d en ce  t ra n s fe r re d  
s ta b le  a n d  u n s tab le  s t rep to m y c in -d ep en d en ce  (Fig. 1).

T h e  phenom enon  o f un s tab le  d ep en d en ce  m a y  be exp la ined  in  several 
w ay s ,  (a) T he  ra te  of b a c k  m u ta t io n  of  s t rep to m y c in -d ep en d en ce  to  s t r e p to 
m y c in  re s is tance  m a y  be  v e ry  high, (b) T h e  r a t e  o f  division of  th e  cells w hich  
h a v e  in te g ra te d  th e  s t r e p to m y c in -d e p e n d e n t  region of th e  d o n o r-D N A  is 
low er  t h a n  of those  cells, which h a d  rece iv ed  th e  s t re p to m y c in - re s is ta n t  
reg ion ,  there fo re  th e  s t r e p to m y c in -d e p e n d en t  cells were overgrow n b y  th e  
s t r e p to m y c in - re s is ta n t  ones in a he te rogeneous p opu la t ion ,  (c) U n s tab le  d e p e n d 
e n t  t r a n s fo rm a n ts  are in  th e  possession o f  t h e  in te g ra te d  res is tance  m u ta t io n ,  
a c c o m p a n ied  b y  th e  dependence  m u ta t io n  in  a form  w hich  is easily  lost .  
T h is  m ig h t  exp la in  th e  possib ili ty  of c o n t in u o u s  segregation of  th e  t r a n s fo rm a n ts  
[1]. (d) M u ta t io n  a t  a n o th e r  (suppressor) locus m a y  be responsible  for  “ re v e r 
s io n ”  to  independence, (e) T h e  p h en o m en o n  described rem in d s  one of  a b o r 
t iv e  t r a n s d u c t io n  ( R y a n , personal co m m u n ica t io n ) .

(4) I n  the  t r a n s fo rm a t io n  of  s t re p to m y c in -d ep en d en ce  th e  m a jo r i ty  
o f  s t r e p to m y c in - re s is ta n t  colonies was fo u n d  on plates con ta in in g  a low 
c o n c e n t r a t io n  of s t re p to m y c in .  H ow ever,  in  th e  course o f  fu r th e r  ana lys is  
p a r t  o f  th e  t r a n s fo rm a n ts  p roved  to  h a v e  th e  same level o f  s t re p to m y c in  
r e q u i r e m e n t ,  as th e  d onor  (original level o f  dependence), w hereas  th e  re s t  
r e q u i r e d  less s t re p to m y c in  (“ decreased”  dependence) .  F o r  exam ple  th e  t r a n s 
f o r m a n t  s tra ins  3-str-td^g,,,,) a n d  3-s tr- td(300j o r ig inated  f rom  t ra n s fo rm a t io n  
e x p e r im e n ts ,  where t h e  D N A  donor was th e  s t r a in  l-s tr-d(1000).

(5) In  th e  t r a n s fo rm a t io n  of  s t rep to m y c in -d ep en d en ce ,  in  those  cases 
w h e re  t h e  s t rep tom yc in -res is tance  h a d  b e e n  transfe rred ,  p a r t  o f  th e  t r a n s 
fo r m a n ts  o b ta ined  th e  original level, while  th e  o the r  only a decreased  resis
ta n c e .

T h e  ty p e  of s trep to m y c in -d ep en d en ce  is in  some w ay  co n nec ted  w ith  th e  
size o f  th e  colonies, in  o th e r  words w i th  t h e  r a te  of g row th . L arge  colonies 
w ere  a lw ays s t rep to m y c in - in d e p e n d en t ;  s t re p to m y c in -d e p e n d en t  colonies 
w e re  fo u n d  only  am o n g  th e  small colonies or those of  n o rm a l  size. T h is  
p h e n o m e n o n  m ay  be due to  some defect in  t h e  biochemical p a th w a y .

T h e  identif ied  ty p es  o f  t r a n s fo rm a n ts  o b ta in ed  in th e  course o f  s t r e p to 
m y c in -d ep en d en ce  t r a n s fo rm a t io n  m a y  be  su m m arized  a f te r  B a l a s s a  [1] 
w i th  m odifica tions in  Fig. 1 and  2.

Acknow ledgem ent. T he a u th o r  is g re a t ly  in d e b te d  to  D r. B . G y o r f f y  fo r su g g es
t io n s ,  c ritic ism  a n d  h e lp  in  p re p a ra tio n  o f th is  m a n u sc r ip t,  a n d  to  Miss E . P e r e  fo r  
v a lu a b le  tech n ica l a ss is tan ce .
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THIN LAYER AND GAS CHROMATOGRAPHIC ANALYSIS 
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(R ece iv ed  J u n e  16, 1964)

Sum m ary . T h e  phosphatide  co m p o sitio n  and  f a t ty  acid c o n te n t of syphilis a n tig e n s  
w ith  v a ry in g  serological ac tiv ity  h a v e  been ex am ined .

(i) T h in  lay e r ch ro m ato g rap h y  rev ea led  th e  presence of 6 d iffe ren t co m p onen ts in  th e  
syphilis an tigens.

(ii) S u itab le  and  unsu itab le  a n tig e n s  d iffered  m ain ly  in co n ta in in g  various a m o u n ts  o f 
a sub stan ce  d e s ig n a ted  as com ponent 6. T h is fa c to r w as found  in  sm aller am o u n ts  in  u n su ita b le  
an tigens.

(iii) T he sero logical re a c tiv ity  o f  u n su itab le  an tig en s im p ro v ed  when co m p o n en t 6 w as 
a d d ed ; how ever, h ig h er am ounts o f th is  su b s tan ce  caused  an  aspecific  reac tion .

(iv) T he f a t ty  acid con ten t o f th e  an tig e n s  a m o u n ted  to  a b o u t 50 per cent. O leic, lino lic  
an d  stearic  acids w ere considered to  be  p a r tly  responsib le  for serological a c tiv ity .

(v) A n tigens w ith  vary ing  sero log ical a c tiv ity  d iffered  co n sid erab ly  in th e ir  s a tu ra te d  
an d  u n sa tu ra te d  C18 f a t ty  aid c o n te n t a n d  in  th e  d is tr ib u tio n  of these  substances. T h e  oleic: 
linolic acid p ro p o rtio n  was over 1.500 in su itab le  a n d  u n d e r 1.000 in u n su itab le  a n tig e n s .

(vi) T he usefulness of th in  lay e r an d  gas c h ro m a to g ra p h y  in  th e  con tro l o f  a n tig e n s  is 
discussed.

In  re c e n t  years m uch progress  has been m ad e  in lipid research . T h in  
layer  [1, 2] a n d  gas c h ro m a to g ra p h y  [3, 4] allowed in tens ive  in v es t ig a t io n s  
into th e  s t ru c tu re  of com plex  lipids inc lud ing  syphilis an tigens. K now ledge  
of the  com position  of the  l a t t e r  p ro d u c ts  is desirable for the  p re p a ra t io n  of 
highly pu re  a n d  specific an t ig en s ,  a n d  for th e  e lucidation  of  decom posit ion  
processes occurr ing  during p r e p a ra t io n  and  s torage. T he  prac tica l  s ide o f  the  
problem  is t h a t  the  serological a c t iv i ty  of  such p rep a ra t io n s  decreases  on 
prolonged s to rage  in alcoholic so lu tion  (5).

M ateria ls  and methods

A ntigens w ith  vary ing  sero log ical a c t iv ity  w ere p rep ared  by  alcoholic e x tra c t io n  from  
acetone and  e th e r  trea ted  beef h e a r t .  S u itab le  and u n su itab le  K ah n  and  C itochol a n tig e n s  were 
also te s ted . In  o rd e r to avoid e rro rs  due  to a d e g rad a tio n  process occurring  in a n tig e n  sy s tem s, 
p re p ara tio n s  a p p ro x im ate ly  o f th e  sam e age were em ployed . T he an tig en s w ere su b je c te d  
to th in  lay e r a n d  gas c h ro m a to g ra p h y  a n d  serological ex am in atio n .

A p p a ra tu ses. (A) The a p p a ra tu s  dev ised  by  th e  a u th o rs  allow ed a rep ro d u c ib le  p re p a 
ra tio n  of lay e rs  o f req u ired  th ick n ess* . (B ) Pye A rgon c h ro m a to g ra p h  supplied  w ith  e lec tro n ic  
in teg ra to r.

Reagents, (a) Thin layer c h ro m a to g ra p h y : Silicagel G (M erck, D a rm s ta d t) ,  p h o sp h o in o - 
ly b d ic  acid  (M erck, D a rm stad t) , n in h y d rin , ch loroform , m e th an o l, e th e r (R e an a l, B u d a p e s t) ;

* To be published ; ap p lied  for p a te n t .

3  A c ta  M icrobio logica X I /4 .
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(b )  C olum n c h ro m a to g ra p h y : Silicagel, 0.2 —0.5 m m  (M erck, D a rm sta d t) , ch loroform , m e th a 
no l, e th a n o l d is tilled  from  ferrous su lp h a te  (R e a n a l, B u d ap es t); (c) Gas ch ro m a to g ra p h y : 

Celit 545 (1 0 0 — 120 m esh) p o ly e th y len e -g ly co lad ip a te  (P E G A ), A pieson L (A P L ) 
(A p p lied  Science L ab ., U . S. A .), A rgon gas, 99.95 pe r cen t p u r ity  (N itro g en  W orks. P é t).

P re p a ra tio n  o f  th in  layers was carried  o u t  w ith  Silicagel G on 6 X 2 0  cm p la tes . A c tiv a 
tio n  la s te d  for 10 to  15 m in u te s  a t  room  te m p e ra tu re , th e n  for 1 hour a t  110°C.

In  ex p erim e n ts  p e rfo rm ed  w ith  layers 100, 150, 200, 250, 300, 500, 750 an d  1000 /i 
th ic k ,  th e  b est se p a ra tin g  cap ac ity  was o b ta in e d  w ith  th e  500 p  lay e r (F ig . 1).

Preparation o f  antigens. A ntigens s to red  in  95 pe r cen t e th a n o l were e v ap o ra te d  to 
d ry n e ss  in  n itro g en  a t  red u ced  pressure. T he p re p a ra tio n s  were d ried  to  c o n s ta n t w eigh t over 
p h o sp h o ru s  p en to x id e  in  th e  v acuum  exsiccator. T h en  2 pe r cent stock  so lu tions were p rep ared  
fro m  th e  dried  an tig e n s  w ith  95 per cen t e th a n o l. F in a lly  from  each a n tig en  400 //g am o u n ts  
w ere p laced  on to  th e  p la tes .

F ig . 1. S e p a ra tin g  c a p a c ity  o f Silicagel layers o f d iffe re n t th ickness. C hloroform : m eth an o l: 
w a te r  (62 : 25 : 4) so lv en t. D evelopm en t a t  room  te m p e ra tu re .  D etec tion  of sp o ts w ith  5 per

cen t alcoholic p h o sp h o m o ly b d ic  acid

Solvent system . O f th e  exam ined  so lven ts [6, 7] th e  chloroform : m eth an o l: w a te r  (65 : 
: 25 : 4) m ix tu re  d escribed  b y  Wagner an d  Wagner et al. [2, 8] gave th e  m ost sa tis fac to ry  
re su lts . T h e  c h ro m a to g ra m s were developed by  th e  ascen d in g  techn ique  a t  room  tem p e ra tu re  
fo r 50 to  60 m inu tes.

D etection o f  spots was carried out with the following reagents, (a) Mangold’s [9] 5 per 
cent alcoholic phosphomolybdic acid, a general lipid reagent; (b) ninhydrin reagent modified 
by Moffat and Lytle [10] for detecting amino group-containing phosphatides; Dragen- 
d o r f f ’ s  reagent [9] for showing lecithin-type components.

C olum n chromatography  was perform ed th ro u g h  4 0 X 2  cm  colum ns co n ta in in g  23.5 g . 
silicic ac id  (0.2 — 0.5 m m ). As e lu en t, ch loroform  : m e th a n o l : w ater (65 : 25 : 4) w as used . 
A fte r e v a p o ra tin g  to d ry n ess, 200 m g aliquo ts of th e  a n tig e n s  were red isso lved  in sm all vo lum es 
of e th a n o l  a n d  poured  on th e  colum ns. W ith  th e  a b o v e  e lu e n t, 36 frac tio n s , each  am o u n tin g  
to  2.5 m l, w ere se p a ra ted . T h e  f irs t  4 frac tio n s w ere  d isca rd ed ; su sb sequen t frac tions w ere 
s e p a ra te ly  e v ap o ra te d  a n d  su b jec ted  to th in  lay er c h ro m a to g ra p h y . T hus va rio u s com ponen ts 
w ere d is tin g u ish e d  in  th e  an tig en s. C om ponent 6 e lu te d  in  p u re  so lu tion  in  frac tio n s 10, 11 
an d  12. F ra c tio n s  c o n ta in in g  th is  sub stan ce  were u n ite d , e v ap o ra te d  to  d ry n ess and  ad ded  in 
0.1 pe r c e n t so lu tion  to  u n su itab le  an tigens.

Gas chromatography. C olum n (a): A pieson L , 100 — 120 m esh Celit 545, a t  200°C; C olum n 
(b): 10 p e r  cen t p o ly e th y len e -g ly co lad ip a te , 100 — 120 m esh  Celit 545, a t  178°C, in glass 
co lum ns 122 cm  long; flow  v e lo c ity  o f carrier gas, 40 — 60 m l/m in ; d e tec to r c u rre n t, 1250 Y; 
tra v e llin g  speed  of re co rd in g  p ap er, 15.24 cm /hour. Q u a n tita tiv e  analysis w as perfo rm ed  by 
m eans o f  a n  a u to m a tic  e lec tro n ic  in te g ra to r w ith o u t e m p lo y in g  calib ra tio n  facto rs. In  o rder 
to id e n tify  f a t ty  acids w ith  u n s a tu ra te d  bonds, one o f th e  p re p a ra tio n s  w as h ydrogen ized  by  
P oukka’s m eth o d  [11].
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Preparation o f  an tigens fo r  gas chromatography. A n tigens d isso lved  in  95 per cen t e th a n o l 
w ere e v ap o ra ted  in in e r t  a tm o sp h ere  and  d ried  to c o n s ta n t w e ig h t over phosphorus pen- 
to x id e .

Extraction o f  fa t ty  acids. D ried an tig en s were hyd ro ly sed  u n d e r a reflux  for 4 h o u rs  in 
15 m l 20 per cent p o ta s s iu m  h y d rox ide  d issolved in a m ix tu re  co n ta in in g  equal volum es of w a te r  
an d  m eth an o l. A fter coo ling  fa tty  acids w ere lib e ra ted  w ith  a n a ly tic a l grade h y d roch lo ric  
acid  d ilu te d  1:3, th en  sh a k e n  out 3 tim es w ith  e th y l e th e r. T he u n ite d  e th e r e x tra c ts  were 
e v a p o ra te d  in in e rt a tm o sp h e re  th en  d ried  over phosp h o ru s p e n to x id e  to co n stan t w eigh t.

Con version o f  fa t t y  acids to methyl esters was carried  ou t w ith  diazo m ethane p re p are d  
fresh ly  from  n itro so m e th y lu re a  [12]. The o b ta in e d  fa tty  acid m e th y l este rs  were gas c h ro m a to 
g rap h ed .

R esu lts

Results o f  th in  layer chromatography. As m e n tio n e d  above, an tigens  
a p p ro x im a te ly  o f  t h e  sam e age were exam ined .

(a) Figs 2,3 a n d  4 show th in  layer  c h ro m a to g ra m s  of 3 d ifferen t a n t i 
gens prepared  by  alcoholic ex trac t io n .  The c h ro m a to g ra m s  were deve loped  
by  the  ascending tech n iq u e  in a 500 // Silicagel G laye r  w ith  ch loroform : 
m e th an o l :  w a te r  (65 : 25 : 4). Spots were d e tec ted  w i th  phosphom olybd ic  acid .

big. 2 shows th e  th in  layer c h ro m a to g ra m  o f  serologically u n su i ta b le  
an t ig en s  16 a —16 e. All antigens co n ta in ed  6 co m p o n en ts .  Spots 1 rep re sen ted

F ig . 2. T hin  layer c h ro m a to g ra m  of syph ilis  an tigens 16a 16e. C om ponents: 1
2 =  sph ingom yelin , 3 lec ith in , 4 =  cho lam ine cep h a lin , 5 =  card io lip in ,

Serologically  u n su itab le  an tig en s

ly so lec ith in . 
6 u n k n o w n .

3 *
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ly so lec i th in  co m ponen ts  giving posi t ive  colour reactions w i th  D r a g e n d o r f f ’s 
r e a g e n t  a n d  phosphom olybd ic  acid  (R f =  0.17 — 0.23). S po ts  2 g iv ing colour 
r e a c t io n  w ith  phosphom olybd ic  acid, D r a g e n d o r f f ’s reag en t  a n d  n in hydr in ,  
c o rre sp o n d ed  to  sph ingom yelin  co m p o n en ts  (Rf =  0.30 — 0.34). Spots 3 
r e p re s e n te d  lecith in  com ponen ts  a n d  gave  colour reaction  w i th  D r a g e n d o r f f ’s

F ig . 3. T h in  lay er c h ro m a to g ram  of syph ilis  a n tig e n s  17a —  17e. C om ponents: 1 =  ly so lec ith in , 
2 =  sp h in g o m y elin , 3 =  lec ith in , 4 =  ch o lam in e  cep h a lin , 5 card io lip in , 6 =  u n k n o w n .

Serologically  su ita b le  an tig en s

r e a g e n t  a n d  phosphom olybd ic  acid (Rf =  0.40 — 0.44). Spo ts  4 r e a c t in g  w ith  
p h o sp h o m o ly b d ic  acid  and  n in h y d r in  co rresponded  to  cho lam ine  cephalin  
c o m p o n e n ts  (Rf =  0.57 — 0.63). Spo ts  5 were  cardiolipin c o m p o n e n ts  r e a c t 
ing  w i th  phosphom olybd ic  acid on ly  (Rf =  0.80 — 0.88). S po ts  6 h av e  n o t  
b e e n  id en tif ied .  T h ey  rea c te d  only  w i th  phosphom olybd ic  ac id  a n d  th e i r  Rf 
v a lu e  w as  a p p ro x im a te ly  0.90.

F ig .  3 shows th e  t h in  lay e r  c h ro m a to g ra m  of th e  serologically  su itab le  
a n t ig e n s  17 a —17 e. In  th e  n u m b e r  a n d  id e n t i ty  of the ir  c o m p o n e n ts  these 
a n t ig e n s  resem bled  th e  u n su i tab le  p re p a ra t io n s ,  b u t  con ta ined  a h ig h e r  a m o u n t  
of  t h e  un iden t i f ied  c o m p o n e n t  6.

F ig .  4 shows th e  c h ro m a to g ra m  o f  th e  serologically u n s u i ta b le  an tigens 
19a a n d  19b. Spots 1 — 5 of a n t ig en  19 w ere  id en tica l  w i th  th o se  o f  an t ig en s  16 
a n d  17. C om ponen t 6 w as ab sen t  f ro m  a n t ig e n  19.
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(b) Thin  la y e r  c h ro m a to g ra m s  of su i tab le  a n d  u n su i tab le  K a h n  and 
C itochol an tigens  (no t  p re sen ted  here) g ave  th e  following resu lts .  All 
an t ig en s  co n ta in ed  lysolecith in , sph ingom yelin ,  lec ith in , cho lam ine  cheph- 
a lin  and  card io lip in  com ponen ts .  The an tigens  differed  on ly  in  th e i r  
c o m p o n e n t  6 c o n te n t .  This  c o m p o n e n t  w as p re se n t  in su itab le  K a h n  and

F ig . 4. T h in  layer c h ro m a to g ra m  of sy ph ilis  an tig en s 19a an d  19b. C om ponents: 1 =  lysoleci
th in , 2 =  sph ingom yelin , 3 =  lec ith in , 4 =  cho lam ine cep h a lin , 5 =  card io lip in , Serologically

u n su ita b le  an tig en s

Citochol an tigens  in  am o u n ts  c o r re sp o n d in g  to  th e  serologically  su itab le  
p re p a ra t io n  17. T h e  unsu i tab le  K a h n  a n t ig e n  co n ta in e d  6 a m o u n ts  cor
respond ing  to  th e  serologically u n su i ta b le  a n t ig e n  16.

(c) Thin la y e r  c h ro m a to g ra p h y  was ca rr ied  ou t  also w ith  p u re  card io 
lipin, h e a r t  lec ith in  a n d  egg lec ith in .  Spo t  6 was n o t  recorded  in  e i th e r  o f  these 
ch rom atog ram s. C om p o n en t  6 shou ld  be considered  as a decom posit ion  p ro d 
u c t ,  th e  presence o f  which in com plex  lipids m a y  ind ica te  decom posit ion , 
o x ida tion ,  d e g rad a t io n ,  etc. processes.

In  sub seq u en t  experim en ts  i t  has  b een  ex am in ed  w h e th e r  c o m p o n en t  
6, w hen  added  to  u n su i ta b le  an tigens ,  a l tered  th e  ch ro m a to g ra m  a n d  im proved  
th e  serological a c t iv i ty .  C om ponen t 6, which h a d  been  se p a ra te d  on  Silicagel
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Tabic I

Serological reactions o f  antigens supplem ented w ith component 6

N o. A n tig e n
C o m p o n e n t 6 

a d d e d , /<g

R e s u l t  o f  f lo c c u la t io n  r e a c t io n

p o s i t iv e  s e r u m n e g a t iv e  s e r u m

l U nsu itab le — + ±

2 U nsu itab le 50 +  + +
3 U nsuitab le 100 +  + + +
4 U nsu itab le 200 + + +  +
5 Suitable — +  + + + —

co lu m n  from a su itab le  a n t ig e n ,  was added  to  u n su i tab le  p re p a ra t io n s  in  50 
to  200 fig  am ounts .  T he  a n t ig e n s  were then  e x am in ed  for f loccu la tion  reac t io n  
w i th  p o s i t ive  and  nega tive  se ra .  A suitab le  and  an  u n su p p le m e n te d  u n su i tab le  
a n t ig e n  served  as contro l.  I t  h a s  been  revealed  t h a t  b o th  th e  specific a n d  th e  
aspecif ic  sens itiv ity  of  the  s u p p le m e n te d  an tigen  increased. A ddit ion  of  h igher 
a m o u n t s  o f  com ponen t 6 r e s u l te d  in  com plete  aspecif ic ity .

T a b le  I clearly in d ica te s  t h a t  com ponen t 6 is n o t  th e  only fac to r  re sp o n 
sible fo r  th e  w eak  r e a c t iv i ty  of unsu itab le  an tigens .  In  view of th is  f ind ing , 
th e  f a t t y  acid sp ec tru m  of th e  antigens was e x am in ed  by  ch ro m a to g ra p h y .

R esu lt o f  gas chrom atography. Table I I  p re sen ts  th e  to ta l  f a t t y  acid 
c o n te n t  o f  antigens w ith  d if fe ren t  serological a c t iv i ty .  The to ta l  f a t t y  acid 
c o n te n t  o f  su itable  and  u n s u i ta b le  antigens was a b o u t  50 p e r  cent.

Table II

Total fa tty  acid and content o f  syph ilis antigens w ith d ifferent serological activity

A n tig e n
S a p o n if ie d  

m a t e r i a l ,  g

F a t t y

g

a c id

p e r  c e n t

16 a 0.1652 0.0843 51.02

16 b 0.1452 0.0772 53.16

16 c 0.1343 0.0697 51.89

16 tl 0.1605 0.0820 51.09

16 e 0.1010 0.0510 50.49

17 a 0.1888 0.1025 54.29

17 b 0.1627 0.0845 51.93

17 c 0.1689 0.0858 50.72

17 <1 0.1529 0.0756 49.44

17 e 0.1348 0.0620 45.99

19 a 0.1546 0.0855 55.30

19 b 0.1341 0.0709 52.80
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Table III
F atty acid composition o f  syphilis an tigens+

No. F a t ty  acids
A b b rev ia ted  desig-

’er cen t o f  a rea

n a tion
A n tig en  16* A ntigen  17* A n tig en  19*

l Oleic acid Cl8:l 22.83 33.08 23.12

2 Linolic acid Cl8:2 39.31 18.31 34.81
3 P a lm itic  acid Cl6:0 31.76 21.64 35.17

4 Stearic  acid Cl8:0 — 25.07 1.33

5 M ethyl tetradecanoic  acid i---Cl 5 or
a i— Ci5 3.9 2.39 5.59

6 Palm ito leic acid C16:1 +

7 M ethyl pentadecanoic  acid i— Ci6 or
a i— Ci6 + + +

R esu lts ob tained  on P E G A  colum ns; no calib ra tion  fac to rs  were used. A rea p e rcen tag e  
values corresponded to M% in dz 0 .5 % .

* Average value of an tig en s 16a, b, c, d, e; lim its of e rro r, -4-3% .
** A verage value of an tig en s 17a, b , c, d e; lim its of e rro r, ^ 3 % .
*** Average values of an tig e n s  19a, b ; lim its of e rro r, i 3 % .

Fig. 5. C h arac te ris tic  p a r ts  of gas ch ro m a to g ram s of syphilis a n tig e n s  w ith  d iffe ren t sero log ical 
a c tiv ity . A =  su itab le  K ah n  a n tig e n , В M einicke an tig en , C - u n su itab le  K a h n  a n tig en . 

F a t ty  acids: 1 p a lm itic  acid , 2 linolic acid , 3 oleic acid
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T ab le  I I I  shows t h a t  t h e  exam ined an t ig en s  con ta ined  6 or 7 different 
f a t t y  acids. The m a in  c o m p o n e n t  in the  serologically  u n su i ta b le  an tigen  16 
w as  linolic acid; p a lm a t ic  ac id  was n ex t  in  order .  The p re d o m in a t in g  fa t ty  
ac id s  in  th e  serologically su i tab le  an tigen  17 were oleic a n d  s tear ic  acid. 
I n  t h e  unsu itab le  a n t ig e n  19 pa lm a tic  and  linolic acid p re d o m in a te d .  A ntigens 
w i th  v a ry in g  serological a c t iv i ty  differed cons ide rab ly  in th e  occurrence  of 
f a t t y  ac ids  conta in ing  18 c a rb o n  atoms.

Tabic IV

Oleic acid: linolic acid ratio in  syp h ilis  antigens

A n tig e n s Oleic acid: linolic 
acid

M ean

16 a 0.526

16 b 0.593

16 c 0.482 0.5938

16 d 0.501

16 e 0.867

17 a 1.658

17 b 1.742

17 c 1.520 1.8404

17 d 1.989

17 e 2.293

19 a 
19 b

0.704
0.625 0.6645

F ig .  5 shows c h a ra c te r i s t ic  par ts  o f  gas c h ro m a to g ra m s  p re p a re d  w ith  
t h r e e  biologically d if fe ren t  an tigens.  I t  is seen t h a t  the  f a t t y  ac id  spec trum  
o f  t h e  exam ined  an t ig en s  d iffered  m ainly  in C18 f a t t y  acids.

T h e  oleic acid: lino lic  acid ra t io  for  t h e  su itab le  an t ig en s  17a—17e 
w as  o v e r  1.500. F o r  u n s u i t a b le  antigens v a lu es  of  0.600 or so were  ob ta ined  
(T a b le  IV). This f in d in g  in d ica te s  t h a t  a p ro p e r  oleic acid: linolic acid ra tio  
m ig h t  be  essential for th e  specif ic ity  of th e  serological reac tion ,  in d e p e n d e n t ly  
o f  t h e  fa c t  th a t  th e  a n t ig e n s  differed s ig n if ican tly  in s tea r ic  ac id  con ten t.  
N o  ex p la n a t io n  can be  o ffe red  a t  p resen t fo r  t h e  la t t e r  f ind ing . A ccording to  
F a u r e  [13] s a tu ra te d  f a t t y  acids p lay  a se c o n d a ry  p a r t  in  t h e  serological 
a c t iv i t y  of antigens.

Discussion

T h e  purpose of  th e  p r e s e n t  work was to  show  w h e th e r  th in  la y e r  and  gas 
c h ro m a to g ra p h y  were s u i ta b le  for revealing differences am o n g  va r io u s  syp h i
lis a n t ig e n  p rep a ra t io n s .  A s th e  antigens p re p a re d  u n d e r  id en t ica l  conditions
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differed considerab ly  in serological a c t iv i ty ,  i t  was desirable  to  id en t i fy  th e  
com ponen ts  o f  our p ro d u c ts .  T h e  u n su i ta b i l i ty  o f  som e p rep a ra t io n s  m ig h t  
be due to  techn ica l  errors or q u a l i ta t iv e  differences in  th e  heef h e a r t  u se d  as 
raw  m ate r ia l .  O ur ex per im en ts  h ave  shown t h a t  syphilis  antigens w ith  d if fe r 
en t  serological ac t iv i ty  differ in th e  c o n te n t  of an  u n id en tif ied  fac to r  d e s ig n a t 
ed as co m p o n en t  6. In  su i tab le  an tigens  th is  su b s tan ce  was presen t in  h ig h e r  
am o u n ts  t h a n  in u n su i tab le  p rep a ra t io n s .

W hen a purif ied  p re p a ra t io n  of co m p o n en t  6 was added  to  sero logically  
u n su i tab le  an tigens ,  i t  was n o t  decom posed  or b o u n d  to  o the r  co m p o n e n ts ,  
an d  therefo re  i t  appea red  s e p a ra te ly  on th e  c h ro m a to g ra m s .  I t  m ay  be a s su m e d  
t h a t  th is  fac to r  is a card io lip in  decom position  p ro d u c t .  The ra t io  b e tw e e n  
th is  fac to r  a n d  th e  o the r  co m ponen ts  o f  th e  an t ig en  influences the  spec if ic i ty  
of the  serological reac tion . F o r  th e  id en tif ica t ion  o f  com ponen t 6 f u r th e r  
inves t iga t ions  are needed.

T he  d eg rad a t io n  of  card io lip in  has  been s tu d ied  b y  Faure  and  Morelec  
[5] and  F aure  [13] who could  show t h a t  on p ro longed  s torage in a lcoholic  
solution, cardiolip in  undergoes a s t ru c tu ra l  a l te ra t io n  resu lting  in a d ec rease  
of  serological a c t iv i ty .  Tw o k inds  of  changes h av e  been  observed: d e g ra d a t io n  
of the  p h o sp h a t id e  molecula and  ox ida tion  of  f a t t y  acids. Serological a c t iv i ty  
is im pa ired  b y  b o th  processes, especially b y  th e  la t t e r :  th e  h igher th e  degree  
of  o x ida tion ,  th e  w eaker th e  serological a c t iv i ty .

O ur s tud ies  also in d ica ted  t h a t  su i tab le  an d  u n su i tab le  an tigens  d iffe r  
p r im ar i ly  in  th e  degree o f  s a tu ra t io n  of  C18 f a t t y  acids. I t  m ay  he a ssu m e d  
th a t  a ce r ta in  oleic acid c o n te n t  is requ ired  for su i tab le  serological a c t iv i ty .  
W hen th e  oleic acid: linolic acid ra t io  was ca lcu la ted  for a suitable  K a h n  a n t i 
gen, th e  o b ta in e d  value exceeded  1.500. W ith  a less ac tive  Citochol a n t ig e n  
th is  va lue  was a b o u t  1.000, while w ith  an u n su i tab le  K a h n  an tigen , s im ila r ly  
to  th e  ra t io  ob ta ined  w ith  th e  unsu i tab le  an tigens  p resen ted  in T a b le  IV , 
it  was a b o u t  0.600. This ob se rv a t io n  ind ica tes  t h a t  C18 f a t ty  acids c o n ta in in g  
1 or 2 u n s a tu r a te d  bonds, influence th e  resu lt  o f  th e  serological reac tion .
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Sum m ary . A lkaline p h o sp h a tase  p roduction  b y  B acillu s anthracis and  B. cereus in 
a  sem isy n th e tic  m ed iu m  c o n ta in in g  defined  am oun ts o f p h o sp h a te , has been exam ined . A t 
low co n cen tra tio n s o f in o rg an ic  p h o sp h a te  b o th  species fo rm ed  a lk a lin e  p h o sp h a tase . Due to 
a repression  by  in o rg an ic  p h o sp h a te , a t h igher p h o sphate  c o n c e n tra tio n s  the  o rgan ism  failed  
to p roduce the enzym e.

D etection  of  p h o sp h a ta se  for th e  c h a rac te r iza t io n  of  cer ta in  pa thogen ic  
bac te r ia  was f irs t  reco m m en d ed  b y  B ray and  K iin g  in 1943 [1]. The reaction  
is p a r t icu la r ly  im p o r ta n t  in th e  exam ina tion  of  M icrococcus pyogenes v a r .  
aureus , as the  presence of  p h o sp h a ta se  in th is  o rg an ism  m a y  he associa ted  
w ith  viru lence and  penicillin resis tance  [2 — 4]. P h o s p h a ta s e  a c t iv i ty  of  M . p y o 
genes is generally  d e te rm in ed  on com plex m edia  c o n ta in in g  pep tone , b ro th ,  
yeas t  e x t ra c t ,  etc. Some au th o rs  recom m ended  su b s t ra te s  (pheno lph tha le in  
p h o sp h a te  or p -n i t ro p h en y l  p hospha te )  for th e  te s t  which  yields coloured 
decom position  p ro d u c ts  in colonies developed on n u t r i e n t  ag a r  p la tes  [2, 6]. 
O thers  used w ashed-off  b ac te r ia l  suspensions for  q u a n t i t a t iv e  p h o sp h a ta se  
tes ts  [4, 5]. The p h o sp h a ta se  te s t  seems also to  allow d iffe ren tia t ion  be tw een  
B . anthracis and  B . cereus. W h en  p ep tone-yeas t  e x t r a c t  ag a r  is used, phenol-  
ph ta le in  ph o sp h a te  is sp l i t  b y  B. cereus b u t  no t  b y  B . anthracis [6].

P h o sp h a ta se  a c t iv i ty  in E . coli was f irs t  in v e s t ig a te d  b y  Horiuchi et al.
[7] and  by  Torriani [8]. I t  has  been  shown t h a t  th e  p h o sp h a te  co n ten t  o f  the  
m ed ium  highly  influences th e  enzym e p roduc tion , w hich  is g radua lly  repressed  
at increasing p h o sp h a te  concen tra t ions .  Some m u ta n t s  h ave  been shown, which 
are able  to  p roduce  p h o sp h a ta se  freely a t  h igher  p h o sp h a te  concen tra t ions  
(co ns ti tu t ive  m u ta n ts )  [9]. A ccord ing  to K no a n d  B lum enthal , non-repres- 
sible s tra ins  were com m on am o n g  lab o ra to ry  co llection  cu ltu res  of E . coli 
and M . pyogenes [10].

F ind ings t h a t  p h o sp h a ta se  produc tion  in som e b ac te r ia l  species m a y  he 
repressed by  inorganic  p h o sp h a te ,  indicate  t h a t  in ca rry in g  ou t the  te s t ,  cul
tu ra l  conditions should  s t r ic t ly  he defined. I t  should  he k e p t  in m ind  t h a t  the  
ph o sp h a te  co n ten t  o f  com ple te  m ed ia  p repared  from  n a tu r a l  ingred ien ts  m ay  
he h ighly  var iab le .  P h o sp h a te  m a y  be presen t a t  in h ib i to ry  concen tra t ions  
in such m edia. T herefore ,  we th o u g h t  advisab le  to  re inves t iga te  our resu lts
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o b ta in e d  w ith  В . anthracis  a n d  B . cereus [6]. F o r  th is  p u rp o se  th e  b ac te r ia  
w ere  c u l t iv a te d  on s e m isy n th e t ic  m edia  con ta in ing  well-defined concen tra t ions  
o f  p h o s p h a te .  B o th  o rgan ism s  exh ib i ted  subo p t im a l  g ro w th  in  th e  presence 
o f  p r o te in  hyd ro lyza te ,  sa l ts  a n d  glucose [11, 12]. G row th  could  be  enhanced 
w i th  som e accessory su b s tan ces ,  especially w ith  th iam ine . T h e  casein hyd ro ly 
z a te  m e d iu m  [13] applied  p rev ious ly  b y  one of the  p re se n t  a u th o rs  seemed 
u n s u i t a b le  in  view of th e  considerab le  p h o sp h a te  co n ten t  o f  casein hyd ro ly za te .  
T h e re fo re ,  a com m ercial l a c ta lb u m in  p re p a ra t io n  was em ployed  as an amino 
ac id  source.

M ateria ls  and methods

S tra in s. P ro p ertie s o f B . anthracis  a n d  B . cereus s tra in s  m a in ta in ed  in  th e  collection o f  
th e  I n s t i tu te  of M icrobiology w ere d escribed  in a  p rev ious pap er [6 |.

M ed iu m . The d o u b le -s tre n g th  m ed iu m  co n ta in ed  th e  follow ing in g red ien ts : L -g lu tam sc 
ac id , 2 g ; lac ta lb u m in  h y d ro ly za te  (D ifco), 2 g; N aC l, 6 g; KC1, 2 g; Na.jSO, (d ried ), 1 g; Trii 
(h y d ro x y m e th y l)  am ino m e th a n e , 4 g; d istilled  w a te r , 1000 m l; p H  7.2. T o th e  m ed ium  the  
fo llo w in g  so lu tions were ad d ed : 1 p e r cen t fe rric  am m o n iu m  c itra te , 1 m l; 1 pe r c en t M nS 04 •

• 4 H 20 ,  0.5 m l; 1 p e rc e n t  M gS 04 • 7 H 20 ,  20 ml. S te riliza tio n  was c a rried  o u t  a t  110°C for 
30 m in u te s .

B efore  use th e  m ed ium  w as d ilu te d  w ith  an  equal volum e of d is tilled  w a te r  or w ith 
a  so lu tio n  co n ta in ing  3 per cen t w ash ed  agar. T hen  to  100 m l po rtions 2 m l 20 pe r cen t glucose 
w as a d d e d . P h o sp h ate  ion c o n c e n tra tio n  in  th e  m ed iu m  v aried  be tw een  30 a n d  50 juM.

T h e  m edium  ensu red  su b o p tim a l g ro w th , w h ich  could be som ew hat e n h an c ed  b y  in creas
in g  th e  p h o sp h a te  co n cen tra tio n . H ow ever, even  a t  a  suffic ien t p h o sp h a te  c o n ce n tra tio n  the 
g ro w th  w as n o t op tim al. T he g ro w th  of B . anthracis in  sy n th e tic  m ed ium  can  be “ s tim u la te d ” 
b y  th e  a d d itio n  of nuclein bases o r v ita m in s  [11 — 14]. T herefore  th e  solid m ed iu m  w as supp le
m e n te d  w ith  nucleic bases an d  10 d iffe re n t v ita m in s . T he su b stan ces a n d  th e ir  e ffective  con
c e n tr a t io n  have  been described  p re v io u s ly  [13]. T he supp lem en ted  m ed iu m  will be referred  
to  a s  la c ta lb u m in  m edium .

C ultivation . D ifferen t a m o u n ts  o f K 2H P 0 4 to  give 50 to  500 p M  p h o sp h a te  c o n cen tra 
t io n s  w ere  ad d ed  to  10 m l p o rtio n s  o f th e  m ed ium . In  a d d itio n , th e  m ed iu m  c o n ta in ed  30 to  
50 p M  p h o sp h a te  o rig in a tin g  fro m  th e  p h o sp h a te  co n ta m in a tio n  of th e  in g red ien ts .

P re c u ltiv a tio n  was p e rfo rm ed  o v e rn ig h t a t  ro o m  tem p e ra tu re  in  10 m l m ed iu m  c o n ta in 
in g  500 juM  ph o sp h a te . T he m ed iu m  w as in o cu la ted  w ith  one d rop  o f y e a s t e x tra c t-p e p to n e  
m e d iu m  c u ltu re . The p re -cu ltu re  w as w ashed  tw ice  in  saline and  re su sp en d ed  in  th e  original 
la c ta lb u m in  m edium . T hen  20 m l a liq u o ts  o f la c ta lb u m in  to  w hich d iffe re n t a m o u n ts  o f phos
p h a te  h a d  been ad d ed , w ere d isp en sed  in  100 m l side tu b e d  E rlen m ey e r f la sk s . E ac h  flask  
w as in o c u la te d  w ith  0.2 m l su sp en sio n . T he flask s w ere sh ak en  in a 37°C w a te r  b a th  for 5 — 6 
h o u rs . Q u a n tita tiv e  p h o sp h a tase  d e te rm in a tio n s  w ere perfo rm ed  from  th ese  c u ltu res .

Q uantita tive determ ination o f  phosphatase. T he cu ltu res  were c en trifu g ed , w ash ed  tw ice in 
sa lin e  a n d  resuspended  in  0.2 M  p H  8.7 tris -H C l b u ffer. P ro te in  c o n te n t w as d e te rm in e d  by  use 
o f  th e  F o lin  reag en t as d esribed  b y  M i l l e r  [15].C rysta lline  serum  a lb u m in  w as u sed  as a re fe r
ence. T h e  enzym e a c tiv ity  re su ltin g  in  th e  d eco m position  of 1 p M /m  1 p -n itro p h e n y l p h o sp h a te  
a t  37°C  in  30 m inu tes w as re g a rd e d  as th e  u n it. T he specific a c t iv ity  fo r 1 m g p ro te in  was 
c a lc u la te d  from  th e  o b ta in ed  v a lu es a n d  from  th e  p ro te in  c o n te n t o f th e  su sp en sio n .

D etection o f  phosphatase p roduction  on solid m edium . T he ca lcu la ted  a m o u n t o f p h o sp h a te  
w as p ip e t te d  a t  1 m l vo lum es in to  P e tr i  d ishes, th e n  p la te s  were p o u red  w ith  19 m l p o rtions 
o f  la c ta lb u m in  agar m edium . T h u s a series o f  p la te s  w ith  increasing  p h o sp h a te  co n cen tra tio n  
w as p re p a re d . E ach  p late  w as d iv id e d  in to  8 sec to rs a n d  seeded w ith  8 d iffe ren t cu ltu res  by  th e  
n e ed le  p o in t  or s treak  tech n iq u e . T h e  p la te s  were in cu b a te d  for 48 h o u rs  a t  37°C, th e n  0.1 — 
0.5 p e r  c e n t p -n itro p h en y l p h o sp h a te  in  tr is -b u ffe r  o f pH  8.5 w as d ro p p e d  on th e  colonies. 
R e a d in g s  w ere m ade a f te r  10 m in u te s . W hen  th e  su b s tra te  w as app lied  w ith in  th e  co n cen tra tio n  
ra n g e , p h o sp h a ta se  a c tiv ity  w as in d ic a te d  b y  an  in ten siv e  yellow colour o f th e  colonies. On 
th e  b a s is  o f th e  colour in te n s ity , d iffe re n t g rades o f p o s itiv ity  could be scored . C u ltu res n o t 
tu r n in g  yellow  30 m inu tes were re g a rd e d  as n eg ativ e .
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R esu lts

Different v a r ia n ts  of B . an thracis  a n d  one B . cereus s t ra in  g row n a t  
va r io u s  ph o sp h a te  concen tra t ions  were  ex am in ed  for specific p h o s p h a ta s e  
a c t iv i ty .  The re su l ts  are shown in F ig . 1. W h en  no K 2HPO,, was a d d e d  s e p a 
ra te ly  to the m ed iu m ,o n ly  ph o sp h a te s  o r ig ina ting  from  th e  la c ta lb u m in  h y d ro -  
ly za te  were p re sen t  (30 — 50 fiM ). I n  th e  ex per im en ts  acapsulogenic B . an thra 
cis s t ra in  Vollum (VC ) and its tw o  v a r ia n ts  differing in colonial m orpho logy

F ig . 1. A lkaline  p h o sp h a tase  a c t iv ity  o f  B . an thracis, B . cereus and  E . coli cells g row n  a t
d ifferen t p h o sp h a te  c o n cen tra tio n s

were  used. T h e  young  colonies o f  one o f  these  v a r ia n ts  h ad  a m osaic-like 
s t ru c tu re ;  th e  o th e r  v a r ian t  p ro d u c e d  un ifo rm ly  com pact  colonies. T h e  p a re n t  
cu l tu re  co n ta ined  b o th  colonial v a r ia n ts .  As seen in Fig. 1, th e  tw o  isolates 
d iffered  considerab ly  as to  p h o s p h a ta s e  p ro d u c t io n .  The p a re n t  c u l tu re  (VC~p) 
occupied an in te rm ed ia ry  p os i t ion .  I t  is in te re s t in g  th a t  repress ion  increased  
ra p id ly  and considerab ly  over 100 / iM  p h o sp h a te  concen tra t io n .  B . cereus 
s t ra in  569 a n d  E . coli s tra in  K 12 p ro d u ced  h igher  am oun ts  o f  p h o sp h a ta se  
t h a n  the  ex am in ed  B. anthracis cu l tu res .  Repression in th e  fo rm e r  s tra ins  
w as ev iden t  a t  low p h o spha te  c o n c e n tra t io n s ;  these  cultures, h o w ev e r ,  were 
able  to  exer t  a m in im um  p h o s p h a ta s e  a c t iv i ty  even in th e  p resence  of  large 
a m o u n ts  of p h o sp h a te  (over 300 / i M) .

Thus repression  of p h o sp h a ta se  in  th e  exam ined  s tra ins  g row n  in  liquid 
cu ltu res  a t  va r ious  phospha te  co n cen tra t io n s ,  was ev iden t.  S y n th es is  o f  the 
enzym e was in h ib i ted  by  ino rgan ic  p h o sp h a te s  inco rpo ra ted  in th e  m edium . 
S tud ies  on a la rge r  num ber  o f  c u l tu re s  were perform ed by  a s e m i-q u a n t i ta t iv e
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p la te  techn ique .  L a c ta lb u m in  agar p lates c o n ta in in g  different concen tra t io n s  
o f  p h o sp h a te  were seeded  w ith  th e  s tra ins  to  be  exam ined . A fte r  in cu b a t io n  
for  72 hours  a t  37°C, 0.5 p e r  cent p -n i t ro p h e n y l  p h o sp h a te  was d ro p p ed  over 
la rge  colonies. T he  degree  of  p h o spha tase  a c t iv i ty  was e s t im a ted  from  th e  
in te n s i ty  of th e  colonies’ yellow colour. T ab le  I  shows th e  reaction  of  12 B. 
anthracis  s tra ins  g row n a t  various p h o sp h a te  concen tra t ions .  The colonies o f  
tw o  s t ra in s  (72 a n d  100) to o k  on an  u n c e r ta in  or  v e ry  pale yellow ( i )  colour 
even  a t  considerable  p h o sp h a te  con cen tra t io n s .  In  o the r  cu ltu res  (e.g . in 
N PC  ) a definite  repress ion  occurred a t  low con cen tra t io n s .  E x c e p t  for s t ra in  
72, com ple te  repress ion  was revealed  in all cu l tu re s  a t  500 /лМ  p h o sp h a te  
co n cen tra t io n .

Table I

Phosphatase reaction o f  macrocolonies o f  B . anthracis strains grown on 
lactalbumin hydrolysate agar containing various concentrations o f  inorganic phosphate

A dditional p h o sp h a te  / i M

strain
0 50 100 200 300 400

D avis N . T . N. T. + + + ± —

vc- +  + + — — — —

VC+ +  + + — — — —

N P C - +  + + ± — — —
35— 18 +  + — — — — —

66 +  + + + + ± —

69 S +  + + + — — —

72 +  + + ± ± ± ±

74R N. T. N. T . + + + — —

99R N. T. N. T. + + +  + + —

100 +  + + + ± — —

102 +  + + +
_L — —

N . T . =  no t te s te d ; =  in tensive  yellow co lour; -j- =  yellow colour of m odera te  in 
te n s ity ;  ^  =  very  pale yellow  colour or u n certa in  reac tio n .

R ep ea ted  ex p e r im e n ts  yielded similar re su l ts .  The same find ings were 
o b ta in e d  when  the  m in im a l  lac ta lb u m in  h y d ro ly z a te  m edium  was su p p le m e n t
ed w i th  nuclein bases  a n d  v i tam in s .  C u lt iva t ion  t im e  (72 or 96 hours) a n d  
s u b s t r a te  co n cen tra t ion  (0.1 or 0.5 per  cent) e x e r te d  no influence on th e  resu lts .

E x p e r im e n ts  w ith  9 d ifferen t B . cereus s t ra in s  a re  su m m arized  in  Tab le  I I .
I t  is seen t h a t  all s t ra in s  gave a s trong  p h o s p h a ta s e  reac tion  a t  an  ad d ed  

p h o s p h a te  c o n cen tra t io n  as h igh  as 200 f i M.  A l th o u g h  no t  ind ica ted  in T ab le  
I I  -|—(- or -f- reac tions  o f  B . cereus were genera l ly  m ore in tensive  in colour 
th a n  th o se  of B. anthracis. A t  high ph o sp h a te  c o n te n t ,  however, repression of
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Table II

Phosphatase reaction o f macrocolonies o f  B . cereus stra ins grown on lactalbumin  
hydrolyzate agar containing various concentrations o f  inorganic phosphate

S tra in
A dditiona l p h o sp h a te  //M

100 200 300 too 500

No 2 +  + +  + + — —

No 4 +  + +  + + + —

No 5 +  + +  + + ± —

No 5/P3 +  + +  + + + + ±

No 5/P13 +  + +  + + + + ±

No 6 +  + +  + — — —

No 116 +  + +  + + + + +
WS +  + +  + + — —

No 130 +  + +  + + + ±

phospha tase  p ro d u c t io n  occurred  also in B . cereus. A com parison of th e  d a t a  
in Table  I and  T ab le  I I ,  reveals t h a t  repression o f  p h o sp h a ta se  p ro d u c t io n  b y  
inorganic p h o sp h a te  was w eaker in B. cereus t h a n  in B. anthracis.

The f ind ings  t h a t  B. cereus produces p h o sp h a ta se  more ac tive ly  t h a n  
B. anthracis a n d  th a t  the  tw o organism s differ in th e  repression of  en z y m e  
produc tion  b y  p h o sp h a te ,  ind ica te  t h a t  u n d e r  th e  given experim enta l c o n d i
tions the p h o sp h a ta se  tes t  is a va luab le  m eans  for d iffe ren tia t ing  b e tw e e n  
the  two closely re la ted  species.
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Sum m ary . A ra p id  d iagnostic  m eth o d  has been e la b o ra te d  for th e  d irec t id en tific a tio n  
o f en te ric  p a th o g en s in  faecal sam ples. T he d ilu ted  faeces o f p a tie n ts  suffering m ain ly  from  
a cu te  diseases w ere m ixed  w ith im m u n e  sera. T he re su ltin g  m ic ro ag g lu tin a tio n  of b a c te ria  
w as exam ined  a f te r  acrid ine-o range  s ta in in g  under th e  flu o re sce n t m icroscope. F la k y  c lum ps 
o f  cells showing green  fluorescence were easily  d is tin g u ish ab le  from  o range  coloured am o rp h o u s 
faecal co n stitu en ts . As these  fo rm atio n s w ere present in  th e  c o n tro l sm ear, too , th e ir occasional 
green  fluorescence cau sed  no d iag n o stic  d ifficulties.

S ensitiv ity  a n d  specificity  of th e  m ethod  were checked  by  p a ra lle l cu ltu ring .
Five h u n d re d  faeca l sam ples o rig in a tin g  from  p a tie n ts  h o sp ita lized  w ith e n te r itis  and  

fu r th e r  509 specim ens from  persons in v o lv ed  in a d y se n te ry  o u tb re a k  were ex am ined . T he 
fo rm er sam ples w ere po sitiv e  in 23.2 p e r cen t by c u ltiv a tio n  a n d  in 50.8 per cen t by  f lu o re s
cen t m ic ro ag g lu tin a tio n . In  the  m a te ria l fro m  the o u tb re a k  S h .fle x n e r i  was cu ltu red  in 33.3 per 
c e n t, while the ra p id  m eth o d  gave p o sitiv e  resu lts in 59.1 pe r cen t. T he a d v an tag e  of th e  new  
m eth o d  is th a t  d iag n o s is  can be estab lish ed  w ith in  one h o u r a n d  th u s  th e  p a tie n ts  can  be 
a d m itte d  w ith o u t d e la y  to the w ard designed  for diseases cau sed  b y  th e  corresponding  p a th o 
genic agent.

Ten th o u sa n d s  of cases cau sed  by  shigellae, sa lm onellae  and  pa thogen ic  
coli s tra ins  and  th e  seasonal overcrow dedness  of  en te r ic  d e p a r tm e n ts  ind ica te  
t h a t  sporadic a n d  epidemic infec tions presen t considerab le  tasks  for the  rou t in e  
bacterio logist.  E p id e m ic  and  hyg ien ic  p reven tive  m easu res  som ew hat decrease 
th e  rap id  sp read  o f  pa thogen ic  agen ts .  H ow ever, th e  h igh  frequency  of carriers  
a n d  in most en te r ic  diseases th e  lack of effective vaccines  m ean  a c o n s ta n t  
d a n g e r  for th e  en v ironm en t.

In  order to  p rescribe  an a im ed  ind iv idual t r e a t m e n t  and  to  ta k e  effective 
m easures  aga ins t  th e  spread o f infection, early  d iagnosis  is of u tm o s t  im p o r 
tan ce .  By the  use  o f  classical bacterio logical m e th o d s  a t  leas t  24, b u t  generally  
48 to  72 hours e lapse  until  a f in a l  diagnosis can  be m ad e .  Cultura l m e thods  
often  fail to  give positive re su lts  because th e  c a u sa t iv e  agent is des troyed  
d u r ing  t r a n sp o r t  o f  th e  specimen or in consequence of  p rev ious  d rug  t r e a tm e n t .  
I n  view of the  ab o v e  considera tions,  a rap id  d iagnos tic  m e th o d  has been e lab o 
ra te d  which allows d irec t iden t i f ica t io n  of b o th  l iv ing  a n d  killed cells.

M ateria ls  and m ethods

Faecal sam p les, depending  on  th e ir  consistence, w ere d ilu te d  1 : 5  — 1 :  10, th en  
sed im en ted  by a low  speed  cen tr ifu g a tio n  (100 r. p. m .). W h en  th e  sam ple  w as too f lu id  or 
co n ta in ed  m ucus or b lo o d , to  a 2 m l p o rtio n  1 drop  o f 15 p e r  cen t N aC l was ad ded  in  o rd e r to

4 A c t«  M ic ro b io lo g ie «  X I /4
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a ssu re  a p ro p e r e lectro ly te  co n ce n tra tio n . O ne d ro p  of th e  su p e rn a ta n t o f th e  se d im e n ted  sam ple 
w as d e p o s ite d  on a slide an d  m ixed  w ith  one d ro p  o f Lugol solution d ilu te d  1 : 3. L ugol so lu tion  
se rv ed  p a r t ly  for a lkaliz ing  th e  sam ple , p a r tly  for effec tive ly  decreasing  th e  au to fluo rescence  
o f u n d ig e s te d  faecal c o n stitu en ts . T h e  re ag e n t e x e rted  no appreciab le  in flu en ce  on  th e  specific 
f lu o rescen ce  of th e  ag g lu tin a ted  b a c te r ia . To th e  su p e rn a ta n t — L ugol m ix tu re  one drop  of 
d ia g n o s tic  im m une serum  d ilu ted  1 : 5 w as ad d ed . A fter m ixing th o ro u g h ly , th e  slide w as left 
to  s t a n d  fo r 20 m inutes a t  room  te m p e ra tu re . T he suspension was th e n  s ta in e d  w ith  pH  6 
a c r id in e  orange  (1 : 10,000) for 5 m in u te s  a t  room  tem p e ra tu re . T hen  a  larg e  co v er glass was 
p laced  o v e r  th e  p re p ara tio n  and  th e  excess flu id  w as b lo tte d  w ith  f ilte r  p a p e r. R ead in g s were 
p e rfo rm e d  w ith  a L eitz  M odel O rth o lu x  II  f lu o rescen t m icroscope a t  X 250  m ag n ifica tio n  and 
b lu e  l ig h t .  Hom ologous reac tio n  w ere in d ic a te d  b y  green fluorescence o f c lu m p ed  b a c te ria ; 
o th e r  c o n s titu e n ts  a p p ea red  in o rgane  co lour on lig h t b row n b ack g ro u n d . E x a m in a tio n  of 
fa e c a l sam p le s from  in fan ts  was c a rried  o u t on  3 slides w ith  p o ly v alen t coli se ra  I ,  I I  an d  III . 
F a e ce s  o b ta in e d  from  p a tie n ts  over one y e a r o f  age were exam ined  on 4 slides w ith  p o ly v alen t 
S a lm o n e lla  C and H  and w ith  Sh. f le x n e r i  a n d  Sh. sonnei d iagnostic  sera . W hen  specific  m icro- 
a g g lu tio n a tio n  was observed , th e  p ositive  re su lt w as im m ed ia te ly  rep o rted .

Results

T h e  results yielded b y  f luorescen t m icroagg lu tina t ion  an d  cu lt iva t ion  
w ere  com pared  by ex am in in g  500 faecal sam ples from p a t ie n ts  a d m i t te d  to 
t h e  d e p a r tm e n t  of enteric  diseases and  509 fu r th e r  faecal sam ples  collected 
d u r in g  a mass o u tb re a k  caused  b y  Sh . fle x n e r i.

T h e  f irs t  group of non-se lec ted  m a te r ia ls  ob ta ined  d u r in g  th e  sum m er 
m o n th s  was cultu red  by  use of  con v en t io n a l  bacteriological m e th o d s .  On the  
d a y  o f  a rr iva l  in the  la b o ra to ry ,  each  specim en was exam ined  b y  th e  f luores
c e n t  m ic roagg lu tina t ion  m e th o d .  B etw een  the  rap id  m e th o d  a n d  48 hour 
c u l t iv a t io n  there  was a s ign if ican t  difference only as to  th e  p o s i t iv i ty  for 
sh ige llae .

T a b le  1 indicates t h a t  th e  diagnosis  was established in 23.2 p e r  cen t by 
c u l t iv a t io n  and in 50.8 per cen t  b y  f luo rescen t  m ic roagg lu tina t ion .  T he  cause

Table I

R esu lts  obtained at cultivation and fluorescen t m icroagglutination in  the case o f  hospitalized  
patien t with gastrointestinal symptoms

N u m b e r  o f
Sh.

f le x 
n e ri

Sh.
so n 
nei

P a th o 
genic
coliM ethod

e x a m 
in ed n e g a tiv e po sitiv e

Salm o
nella

sam ples p o s itiv e s

No.
C ultivation

500 384 116 18 25 12 6i

0//0 100 76.8 23.2 3.6 5.0 2.4 12.2

No.
F luorescen t micro-

500 246 254 26 72 18 138

agglu tination  0/
/0 100 49.2 50.8 5.2 14.4 3.6 27.6



F ig .  1. MicroaggLutination of  Sh. f l e x n e r i .  M ag n if ic a t io n ,  X 250
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w h y  the  rap id  m e th o d  gave 27.6 p e r  cent m ore  positive results  th a n  c u l t iv a t io n ,  
was t h a t  w ith  the  former te c h n iq u e  killed organism s wore also d e te c te d .  
Sam ples  giving positive  cu ltu res  w ere  pos itive  also with m ic ro ag g lu t in a t io n ,  
as in hosp ita l ized  pa tien ts  d y sb io t ic  cond it ions  usually  p revailed , in  o th e r  
words the n o rm a l  flora was red u ced  and  th e  pa thogen ic  agent b e c a m e  p re 
d o m in a n t .

Table II

C o m p a r is o n  o f  re su lts  at c u l t i v a t io n  a n d  f lu o r e s c e n t  m ic ro a g g lu tin a tio n  
d u r in g  a  S h .  f l e x n e r i  o u tb re a k

M ethod

N u m b e r  
o f  s a m 

ples 
e x a m 
ined

P o s itiv es N egatives

N u m b e r
P er

cen t N um ber
P e r
cent

C ultiva tion 509 170 33.4 339 66.6

F luorescen t micro- 
agg lu tination 509 301 59.1 208 40.9

Parallel exam ina tions  were p e rfo rm ed  by  the  two m ethods  d u r in g  a 
w a te r-b o rn e  Sit. f le x n e r i  ou tb reak  occurr ing  in a large m il i ta ry  un it .

Tab le  I I  ind ica tes  th a t  509 faecal sam ples  y ielded positive resu lts  in  33.4 
per cen t by c u l t iv a t io n  and in 59.1 per  cen t by  fluorescent m ic ro ag g lu t in a t io n .  
T h u s  th e  n u m b e r  of  diagnosed cases was 25.7 per cent more w hen  f lu o re scen t  
m ic ro agg lu tina t ion  was em ployed . O ne m o n th  a f te r  the  o u tb re a k  6 carr ie rs  
were found  posit ive  with b o th  m e th o d s .

Discussion

F lu o rescen t  m ic roagg lu tina t ion  is a ra p id  diagnostic  m e th o d  c h a r a c t e r 
ized by  th e  ex ac tn ess  and se n s i t iv i ty  o b ta in a b le  b y  serological m e th o d s .  I t  
yields results  one hou r ,  w ith o u t  c u l t iv a t io n ,  chiefly  in acu te  en te r ic  diseases.

Certa in  non-pa thogen ic  en te r ic  o rgan ism s arc know n to share  c o m m o n  
or re la te d  an tigens  w ith  p a thogen ic  E n te ro b a c te r ia c e a e .  The d a n g e r  o f  r e p o r t 
ing false positive results  is lessened  to  a m in im u m  because, on the  one h a n d ,  
in a cu te  disease a dysbiotic co n d i t io n  p reva ils  and the  norm al f lo ra  g enera l ly  
decreases to  n u m b e rs  unable to  cause  m ic ro agg lu tina t ion ,  and , on th e  o th e r ,  
a b so rp t io n  of  Sh . flexneri p o ly v a le n t  se ru m  w ith  S. typ h i [9, 12] a n d  w i th  
S. ty p h i m u riu m  [1, 4, 5, 12] decreases  th e  chances of c ro ss-ag g lu t in a t io n  
am ong  pa th o g en ic  enteric o rgan ism s.

W ith  sligh t experience a m o rp h o u s  fo rm a tio n s  giving green a u to f lu o re s 
cence can be d is t inguished  from bac te r ia l  m icroagg lu tina t ion . T he  fo rm er  are

4*
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n e v e r  f la k y  a n d  th e i r  edge show a p a r t ic u la r ly  b r ig h t  fluorescence; in c o n tra s t ,  
b a c te r ia l  aggrega tes  e x h ib i t  a f luorescence in  th e  cen tra l  p a r t .  I t  is im p o r ta n t  
t h a t  th e  Lugol a n d  acr id ine  organe so lu tions  should  no t  he s to red  for m ore 
t h a n  2 or 3 weeks. D u r in g  longer s to rage  pe r iods  acridine orange loses m u ch  
o f  i ts  f luo rescen t  s ta in in g  capacity .

T he  ev a lu a t io n  o f  resu lts  is easier i f  seve ra l  para lle l  slides are  u sed  for 
each  faecal sam ple .  I n  case of a hom ologous re ac t io n ,  th e  o the r  sm ears  serve 
as con tro ls :  a u to f lu o re sc in g  consti tuen ts  p re s e n t  in th e  exam ined  sam ple  will 
a p p e a r  on all slides.

I n  o rder to  lessen  th e  danger of in fec t io n ,  i t  is advisable  to  a d d  1 or 2 
d ro p s  o f  10 per  c e n t  fo rm a lin  to  all faecal suspensions  a f te r  d is t r ib u t in g  th e m  
a t  2 ml a m o u n ts  in to  W asse rm ann  tubes .

W e have  a t t e m p te d  to  com pare th e  s e n s i t iv i ty  of our m e thod  to  c u l t iv a 
t io n  resu lts ,  to  re v e a l  th e  d is tr ibu tion  o f  iden t i f iab le  pa thogen ic  ag en ts  in 
p a t i e n t s  w ith  en te r ic  disease, an d  to  e s t im a te  th e  possibilities o f  id en t i fy in g  
an  organ ism  in v o lv ed  in an  ou tbreak .

I t  has been  sho w n  t h a t  f luorescent m ic ro ag g lu t in a t io n  is equa lly  s u i t 
ab le  for  b o th  k inds  o f  diagnostic  w ork , as th e  n u m b e r  of positive re su lts  
exceeded  c u l t iv a t io n  p o s i t iv i ty  by  a s im ila r  percen tage .

Im m u n o f lu o re sc e n t  de tec tion  is u n d o u b te d ly  m ore  sensitive t h a n  f lu o re s 
c e n t  m ic ro ag g lu t in a t io n .  However, e v a lu a t io n  of  th e  results  w ith  th e  l a t t e r  
m e th o d  is less su b jec t iv e ,  th e  ex am ina tion  needs  no special f luorochrom es an d  
con ju g a t io n .  T herefo re  th e  m ethod  can be  app l ied  in  all hospita l  labo ra to r ie s  
t o  accelera te  th e  adm iss ion  of pa t ien ts  to  t h e  a d e q u a te  special wards, to  increase  
t h e  c ircu la tion  of  p a t ie n ts  in ob se rv a t io n  d e p a r tm e n ts ,  to  decrease cross
in fections,  and to  h e lp  in prescrib ing an e a r ly  a im ed  t re a tm e n t .
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S um m ary . T he grow th of varicella  v iru s  has been  s tu d ied  in  cu ltu res of H e L a , H E p -2 , 
D etro it-6 , a n d  tw o  continuous m o n k ey  k id n ey  cell s tra in s  (II/1 /a , I I I / l ) ,  an d  in p r im a ry  
cu ltu res  o f  m onkey  k idney , h u m an  th y ro id  an d  h u m an  e m b ry o n ic  fib ro b la s t cells. O f th e  cell 
ty p es  tes ted  o n ly  th e  111/1 co n tin u o u s m onkey  k id n ey , th e  p r im a ry  m onkey  k idney , th e  h u m a n  
th y ro id  an d  th e  h u m an  em bryon ic  f ib ro b la s t cell cu ltu res  w ere fo und  to  su p p o rt th e  g ro w th  
of varicella  v iru s.

A h o m o g en isa te  o f low in fe c tiv ity  w as o b ta in e d  by  u ltra so n ic  d is in teg ra tio n  of in fec ted  
cu ltu res  o f 111/1 con tinuous m o n k ey  k id n ey  and  of h u m an  th y ro id  cells. The flu id  ph ase  of 
in fec ted , u n tre a te d  cu ltu res o f th e  sam e cells ex h ib ited  m o d era te  in fec tiv ity  a fte r  low  speed  
cen trifu g a tio n . T he in fec tiv ity  o f  th e  flu id  phase so m ew h at decreased  on cen tr ifu g a tio n  at. 
300 g, n ev erth e le ss  it was still p re sen t a f te r  c en trifu g a tio n  a t  12,000 g. F il tra tio n  th ro u g h  
a G-5 glass f i lte r  re su lted  in com ple te  loss o f  in fec tiv ity .

One o f  th e  m ain  p rob lem s o f  varicella  v iru s  c u l t iv a t io n  is its fa i lu re  to  
app ea r  in  th e  f lu id  phase of  tissue cu ltu res .  A ccord ing  to  W e ller  et al. [1]  
this m ay  h a v e  th e  following reasons. (1) Small a m o u n ts  o f  infectious v iru s  are  
produced . (2) T he  released v ir ions are  in s tab le  a n d  arc  in ac t iv a ted .  (3) T h e re  
is a q u a l i ta t iv e  difference be tw een  th e  v irus  rep lica t ing  in  an  organ ism  or in 
a tissue cu l tu re  system .

C on tinu ing  our p rev ious s tud ies  in th is  field [2, 3, 4] we h ave  re c e n t ly  
ex am in ed  som e tissue cu ltu re  sys tem s for th e ir  c a p a c i ty  to  su ppor t  th e  g ro w th  
of varicella  v irus .  While th is  w ork  was in progress we h ave  lea rn t  a b o u t  th e  
studies o f  Ca u n t  [5] who has re p o r te d  on th e  p re p a ra t io n  of  infectious v i ru s  
from hom ogen isa tes  of p r im a ry  h u m a n  th y ro id  t issue  cultu res .

M ateria ls  and  m ethods

V ir u s e s .  S tra in s  iso lated  a n d  m a in ta in e d  th ro u g h  80 —100 passages in h u m an  em b ry o n ic  
fib ro b la s t c u ltu re s  were used. In  c e r ta in  e x p e rim e n ts  vesicu lar c o n te n ts  from  varicella  p a tie n ts  
have served  as a  d irec t source o f v irus.

P r e p a r a t io n  o f  in o c u lu m . In fec ted  f ib ro b la s t m o no layers were rem oved  from  3 W asse r
m ann  tu b es  by  try p sin iz a tio n  w ith  a 0.15 pe r cen t Difco try p s in  so lu tio n . The cells th u s  o b ta in e d  
were su spended  in  a to ta l  o f 1.8 m l Pa r k e r’s so lu tion . F o r th e  in fec tion  of tissue m o n o lay e rs  
in W asserm ann  tu b es , 0.1 m l of th e  above suspension  w as used  pe r tu b e . V esicular c o n te n ts  
were co llected  by  m eans of a P a s te u r-c a p illa ry  and  used u n d ilu te d  as inoculum .

T i s s u e  c u l tu r e s . C ontinuous cell s tra in s  were m a in ta in ed  b y  w eekly tran s fe rs  in 1 1 
Roux flasks. F ro m  cell s tra in s  H eL a , l lE p -2 , D e tro it-6  a n d  fro m  th e  con tin u o u s m onkey  k id n ey  
stra in s  II /1 /a , I I I / l  8 X l0 4 and 15ХЮ 4 cells w ere seeded, re sp ec tiv e ly  in 1 m l volum e per W asse r
m ann  tu b e  each . T he m onkey cell s tra in s  I I /1 /a  and  I I I / l  were o b ta in e d  from  Dr. P . R u z ic s k a > 
D e p a rtm en t o f V iro logy, S ta te  In s t i tu te  o f  H ygiene, B u d a p es t.
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H u m a n  em b ry o n ic  f ib ro b la s t  cu ltu res w ere p re p a re d  from  2 to  3 m o n th s  old em b ry o s . 
A f te r  re m o v a l of th e  bones, th e  so ft tissues were m in ced  an d  rep ea ted ly  w ashed  in p h o sp h a te  
b u ffe r . T h e  tissue w as th e n  try p sin ized  a t  37°C a n d  th e  cell suspension th u s  o b ta in e d  was 
u sed  fo r th e  p re p a ra tio n  o f R o u x -flask  cu ltu res . A fte r  1 to  2 weeks in cu b a tio n  th e  confluen t 
cell m o n o lay e r was try p s in iz e d  a n d  th e  cells su sp en d ed  in n u tr ie n t m ed ium  so as to o b ta in  
1 5 X 1 0 4 cells/m l. One m l e ach  o f th is suspension  w as tran s fe rre d  in to  W asserm an n  tu b es .

H u m a n  th y ro id  e p ith e liu m  cu ltu res  were o b ta in e d  from  surgical specim ens. T he th y 
ro id  g lan d s  were d e ca p su la te d , w ashed  in p h o sp h a te  b u ffe r , and  m inced. T he frag m e n ts  were 
p re - t r e a te d  by  th ree  successive  try p sin iz a tio n s  a t  37°C fo r 30 m inu tes each. T he f in a l cell su s
p e n s io n  w as ob ta in ed  b y  t ry p s in  tre a tm e n t a t -f~4°C o v e rn ig h t u n d e r c o n tin u o u s  m agnetic  
s t i r r in g . T h is was follow ed b y  low  speed c e n tr ifu g a tio n  in  chilled tu b es . T he sed im en t was 
re su sp e n d e d  in  n u tr ie n t  m ed iu m . C ultures were p re p a re d  in W asserm ann  tu b es  w ith  1 5 X 1 0 4 
cells in  1 m l m edium  p e r tu b e .

P re p a ra tio n  of p r im a ry  m o n k ey  k id n ey  c u ltu re s  w as done e ssen tia lly  by  th e  m eth o d  
d e sc rib e d  by  Y oungner  [9].

M e d ia .  H eL a cells w ere g row n in  a m ix tu re  o f  9 0  per cen t P a r k e r ’ s  so lu tio n  a n d  1 0  

p e r c e n t  h u m an  serum . F o r  th e  cu ltiv a tio n  of H E p -2 , p r im a ry  m onkey k id n ey  a n d  fib ro b la s t 
cells, 8 0  per cen t P a r k e r ’ s  so lu tio n  and  2 0  per c e n t c a lf  serum  was used . T he m ed ium  for 
D e tro it-6  cu ltu res  co n sis ted  of 8 5  per cen t P a r k e r ’ s  so lu tio n  arid 1 5  per cen t ca lf serum . 
C o n tin u o u s  m onkey  k id n ey  cell s tra in s  (II/1 /a  a n d  I I I / l )  an d  hu m an  th y ro id  cells were grow n 
in  a  m ix tu re  of 1 0  per c e n t ca lf se rum , 4 5  per c en t H a n k s ’ s  so lu tion  c o n ta in in g  0 . 5  per cen t 
la c ta lb u m in e  h y d ro ly sa te , a n d  4 5  per cen t P a r k e r ’ s  m ed iu m . The sam e m edia  w ere used  for 
g ro w in g  an d  m ain ta in in g  th e  cu ltu res . The p H  w as a d ju s te d  to  7.2 by  7 . 5  per cen t N aH C O ;{ 
so lu tio n . All m edia c o n ta in ed  6 0 0  U /m l of p en ic illin , 4 0 0  /ig /m l o f s tre p to m y c in  an d  phenol 
r e d  as in d ica to r.

I n d i r e c t  im m u n o f lu o r e s c e n l  m e th o d . C overslip  c u ltu re s  were in fec ted  w ith  varicella  v iru s. 
A f te r  th re e  days in c u b a tio n  th e  cells were fixed  a n d  t r e a te d  w ith  an  1 : 10 d ilu tio n  of H erpes 
z o s te r  conv alescen t serum . T he p re p a ra tio n  w as k e p t  in  a m oist cham ber for 30 m in u te s  and 
th e n  w ash ed . T his w as follow ed b y  a sim ilar t r e a tm e n t w ith  a n ti-h u m an  horse gam m aglobu lin - 
b o u n d  flu o resce in -iso th io cy an ate . The rin sed  p re p a ra tio n s  were exam in ed  b y  f lu o rescen t 
m ic ro sco p y .

S ta in e d  p r e p a r a t io n s .  C overslips m easu ring  1 8 X 1 8  m m  were p laced in to  c u ltu re  flasks 
o f 8 cm 2 b o tto m  surface  a n d  th e  flask  was seeded w ith  cells. A fter a co n flu en t m o n o lay er had 
d e v e lo p e d  th e  cu ltu re  w as in fec ted  w ith  varicella  v iru s . On th e  th ird  d ay  follow ing th e  in fec tion  
th e  cells w ere fixed  in B o u in ’s so lu tion  and  s ta in e d  w ith  haem atoxy lin -eosin .

D is in te g r a t io n  o f  c e lls . T he cells were d is in te g ra te d  by  u ltra so n ic  v ib ra tio n  in  an  M SE 
d is in te g ra to r  a t  1.5 A fo r 10 m inu tes.

R esu lts

C ultures of H e L a ,  H E p -2 ,  D etro i t -6 ,  I I ( l ) a  and  I I I / l ,  p r im a ry  m onkey  
k id n e y ,  h u m an  th y ro id  a n d  em bryon ic  f ib ro b la s t  cells were in fec ted  w i th  
v a r ic e l la  v iru s -con ta in ing  f ib rob las t  cell suspensions or v es icu la r  co n ten ts .  
O f  th e  cell types  t e s t e d  on ly  the  m o n k e y  s t r a in  I I I / l ,  th e  p r im a r y  m o n k ey  
k id n e y ,  the  h u m a n  th y ro id  and f ib ro b la s t  cu ltu res  were fo u n d  to  have  
s u p p o r t e d  the  r e p ro d u c t io n  of varicella  v iru s .

T h e  c y to p a th ic  changes  observed in  in fec ted  p r im a ry  m o n k ey  k idney  
c u l tu r e s  were iden t ica l  w i th  those descr ibed  b y  W e l l e r . In  th e  m o n k e y  cell 
l ine  I I I / l ,  however, s igns o f  a more p e r fec t  v irus  syn thesis  were observed. 
S tu d ie s  were therefo re  pe rfo rm ed  on b o th  th e  l a t t e r  cell s t ra in  a n d  on p r im a ry  
h u m a n  th y ro id  cell cu l tu re s  in respec t  to  th e i r  abili ty  to  su p p o r t  varicella  
v i ru s  replication .

Cytopathic phenom ena  in  varicella v iru s  infected cell strain J I I /1 .  The 
f i r s t  c y to p a th ic  change  in the  n a t iv e  in fec ted  cultures m an ifes ted  itse lf
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on th e  5 th  to  6 th  d a y  following infection in th e  fo rm  of is lands of  sm all,  round , 
refractile  cells. T h e  n u m b e r  of  such foci increased con t in u o u s ly  u p  to  the  10th 
to  15th day  of in cu b a t io n  w hen the  confluent foci fo rm ed  a netw ork-like  
p a t te rn .  On fu r th e r  p rogress of  th e  pathologic process p a r t  o f  th e  infected 
cells died and  th e  ne tw o rk  d is in tegra ted . These c y to p a th ic  changes never 
ex ten d ed  to  m ore th a n  70 pe r  cen t of the  m ono layer .  W ith  occasional fluid 
changes th e  cells could he m a in ta in e d  for 3 to  4 m o n th s  in th is  s ta te  of virus 
carriersh ip  (Fig. 1).

Fig. 1. C y topath ic  focus in  m onkey  k id n ey  cell stra in  I I I / l  c u ltu re  in fec ted  w ith  varicella  
v iru s 10 d ay s earlie r. M agnification, a b o u t X 300

In  coverslip cu ltu res  in fec ted  w ith  varicella v irus  a n d  s ta in e d  w ith  
haem atoxy lin -eos in  sm all g roups  o f  cells with eosinophilic  nuc lea r  inclusions 
were dem onstrab le .  In  c o n t ra s t  to  th e  developm ent of  sy n cy t ia  in f ib ro b la s t  
cu ltu res  no such fo rm a tio n s  were observed in I I I / l  cells. T h e  occurrence  of 
cells w ith  2 to  4 nuclei in th e  l a t t e r  cultures was, how ever, no t excep tiona l
( F i g -  2 ) .

A pplica tion  o f  th e  ind irec t  im m unofluorescen t  m e th o d  revea led  the  
focal presence of cells con ta in in g  a irai m ateria l  in th e i r  nuclei and  cy top lasm  
(Fig. 3).

The c y to p a th ic  changes in  v irus  infected h u m a n  th y ro id  cell cu ltu res  
w ere  essentia lly  sim ilar  to  those  observed  in cell s t ra in  I I I / l .

The growth o f  varicella virus in  hum an em bryonic fibroblast, continuous  
m onkey k idney  and hum an  thyroid  cell cultures. Varicella  v irus- in fec ted  f ib ro 
b la s t  cell suspension was used as inoculum . A lo gar i thm ic  d i lu t ion  series was 
p rep a red  from  the inocu lum  a n d  0.1 ml of each d ilu t ion  was used to  in fect
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F ig . 2 . “ A ”  ty p e  in tran u c lea r in c lu sio n s in  a  varicella  v iru s-in fec ted  cu ltu re  o f m o n k ey  k idney  
cell stra in  I I I / l .  H aem a to x y lin -eo s in . M ag n ification , a b o u t X 1800

m o n o la y e rs  of hum an  f ib ro b la s t ,  continuous m o n k ey  k id n ey  I I I / l  an d  p r im ary  
h u m a n  th y ro id  cells. I n fe c t io n  was perform ed s im u ltaneous ly ,  using  th e  same 
d i lu t io n  of  virus for each  t y p e  of  cells. S ignif icant differences were observed 
in  v i ru s  yields (Fig. 4).

I n  fibroblast cu l tu re s  th e  pathologic foci a p p ea red  24 hou rs  earlier, the  
rise  o f  t i t r e  was more ra p id  a n d  th e  final y ie ld  h igher,  t h a n  in  a n y  o the r  cell 
ty p e .  T h e  t i t re  differences were  par t icu la r ly  re m a rk a b le  (2 log. un its)  on the 
se c o n d  d ay  of the  e x p e r im e n t .  A tenfold d ifference pers is ted  u n t i l  th e  final

F ig . 3. Specific im m u n o flu o rescen ce  in  varicella  v iru s-in fec ted  c u ltu re  o f m o n k ey  k idney  cell 
s t r a in  I I I / l .  M agnification , a b o u t  X 1800
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stage. The f in a l  yields were iden tica l  in b o th  th e  m on k ey  k idney  a n d  th e  
p r im ary  h u m a n  th y ro id  cells, a l th o u g h  the  r a te  o f  g row th  was h igher in  th e  
form er cell t y p e  u p  to  the  6 th  day .

In  th e  d if fe ren t  cell ty p es  infec ted  w ith  id en tica l  inocula , the  n u m b e r  of 
foci exh ib ited  a n  8 to  lOfold difference in fa v o u r  o f  th e  f ib rob las t  cells.

Fig. 4. G row th o f  v a ricella-zo ster v iru s in  (a) h u m an  em b ry o n ic  f ib ro b la s t; (b) m o n k ey  k id n e y  
cell s tra in  I I I / l .  (c) h u m an  th y ro id  cell cu ltu res

A ttem p ts to obtain cell-free infectious v iru s  in  continuous m onkey k id n e y  
I I I / l ,  hum an thyroid  and hum an em bryonic fibroblast cell cultures. T issue  
m onolayers p r e p a re d  in Sial f lasks o f  100 cm 2 surface  were infected w i th  v a r i 
cella v irus . O n  th e  12th d ay  of in cu b a t io n  th e  f lu id  phase  was rem o v ed  a n d  
centr ifuged for  20 m inu tes  a t  1300; 5000 a n d  12,000 g. The s u p e rn a ta n ts  were

Fig. 5. In fe c t iv i ty  o f cell d is in teg ra te  and  cen trifuged  cu ltu re  flu id s o f varicella  v iru s - in fec te d  
cell c u ltu res , as m easu red  in  hu m an  em b ry o n ic  f ib ro b la s t cu ltu res
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t e s t e d  for th e  p resence  of  v irus  b y  in o c u la t in g  5 tubes of f ib ro b la s t  cu ltu res  
e a c h  w i th  1.0 ml o f  ind iv idua l  s u p e rn a ta n ts .  The infected cell m onolayers  
( a b o u t  8x10® cells) were rem oved  b y  t ry p s in iz a t io n ,  suspended  in P a r k e r ’s 
s o lu t io n  and  d is in teg ra ted  b y  u l trason ic  v ib ra t io n .  The m a te r ia l  w as th en  
c e n t r i fu g e d  at low speed  a n d  the  s u p e r n a ta n t s  used for th e  infec tion  of  f ib ro 
b l a s t  cu ltu res .  The n u m b e r  o f  foci iso la ted  in  f ib rob las t  cu ltu res  w as ca lcu la ted  
fo r  t h e  original vo lu m e  o f  f lu id  or th e  ce l lu la r  phase of th e  correspond ing  
f la s k  cu l tu re  (Fig. 5).

F ro m  th e  cells o f  one f lask  of in fec ted  h u m a n  thyro id  or m o n k e y  k id n ey  
I I I / l  cell cu ltu res  3 to  4 X 102 focus fo rm ing  u n i t s  of infectious v irus  could  be

F ig . 6. In fe c tiv ity  of Herpes s im p lex  v irus suspensions cen trifu g ed  a t d iffe ren t speeds, t i t r a te d  
on  h u m a n  em bryonic  f ib ro b la s t  cu ltu res

o b ta in e d .  The in fec t iv i ty  of  th e  f lu id  p h a se  w as , however, r e m a rk a b ly  lower. 
T h e  I I I / l  m onkey  cells p ro d u ced  regu la r ly  so m ew h a t  h igher yields of  focus 
fo rm in g  u n i ts .  C en trifuged  su p e rn a ta n ts  o f  v ar ice l la  v irus-infected  f ib ro b la s t  
cell c u l tu re s  were n o t  in fec tive .  S u p e rn a ta n ts  ob ta ined  b y  low speed  ce n t r i 
fu g a t io n  of cell h o m ogen isa tes  of f ib ro b la s t  cu ltu res  conta ined  b u t  10 focus 
fo rm in g  u n i ts  of v irus .

T h e  in fec t iv i ty  o f  th e  f lu id  phase  o f  v ar ice l la  v irus-infected  m o n k ey  
k id n e y  s t r a in  I I I / l  a n d  h u m a n  th y ro id  cell c u l tu re s  exhibited  a def in i te  decrease 
in  t i t r e  on  cen tr i fu g a t io n  a t  5000 or 12,000 g, as com pared  to  t h a t  cen tr ifuged  
a t  1300 g. The 12,000 g s u p e rn a ta n t  failed to  co n ta in  any  cells, t h u s  th e  t i t r e  
d e c rease  seemed to  h a v e  re su lted  from a se d im e n ta t io n  of p a r t  o f  th e  v ir ions. 
T h is  sup p o s i t io n  was in d irec t ly  su p p o r te d  b y  a n o th e r  e x p e r im en t  u s ing  a 
cell-free  suspension of H e rp es  simplex v iru s ,  w h ere  on cen tr ifuga tion  a t  m ore 
t h a n  1300 g for 20 m in u te s  th e  v irus  c o n te n t  o f  th e  s u p e rn a ta n t  decreased  
d e m o n s t r a b ly  (Fig. 6).
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The effect o f  freezing on th e  infec tiv ity  of cell d is in teg ra te s  was also 
s tu d ied .  S torage for four d ay s  a t  —20°C resulted in a 25fold t i t re  decrease 
of  v irus  suspensions o b ta in ed  in m o n k e y  kidney I I I / l  a n d  h u m a n  thyro id  cell 
cu ltu res .

Discussion

Several cell ty p es  c u l t iv a te d  in  vitro have been  s tu d ie d  in respect of 
th e i r  ab ili ty  to  su p p o r t  th e  g ro w th  of varicella v irus  [1, 7]. On th e  basis  of 
th e  n u m b e r  of c y to p a th ic  cen tres  a n d  the  ra te  of sp read  in th e  cu ltu re , h u m a n  
em bryon ic  f ib rob las t ,  p r im a ry  h u m a n  amnion and  H e L a  cell ty p es  were 
fo u n d  to  he the  m os t  a p p ro p r ia te .  Nevertheless, even  these  cells failed to 
yield d em ons trab le  a m o u n ts  o f  cell-free virus. In  c o n t r a s t  to  th e  d a ta  of 
W e l l e r , W itton  and B e l l |1 ]  we did not succeed in infecting  th e  H eLa 
s t ra in  available  in our la b o ra to ry .

I n  cu ltu res  of the m o n k e y  k id n ey  cell s tra in  I I I / l  t h e  t im e  of ap p ea ran ce  
and  th e  rad ia l ch a ra c te r  o f  sp read in g  of the c y to p a th ic  effect was essentia lly  
sim ilar  to  t h a t  observed  in h u m a n  am nion and  H eL a  cell cultures [1, 7]. 
G enera lization  of  the  c y to p a th ic  change was, how ever ,  never  observed in th e  
m o n k ey  k idney  s t ra in  I I I / l  a n d  30 to  40 per cent o f  th e  cells regularly  su rv ived  
th e  infection. T he  fo rm a tio n  o f  s y n cy t ia  sometimes [»resent in in fected  am nion  
cell cu ltu res  was no t obse rvab le  in cultures of th e  co n t in u o u s  m onkey  k id n ey  
cell s t ra in  111/1 h u t  occasional cells d isplayed 2 to  4 nuc le i.  C om para tive  ex p e r i
m en ts  have  shown t h a t  th e  ra te  of progression o f  t h e  cy to p a th ic  changes 
was h igher in h u m a n  f ib ro b la s t  th a n  in m onkey  cell s t ra in  I I I / l  or h u m a n  
th y ro id  cultures.

T he  p henom ena  obse rved  in varicella v iru s - in fec ted  m onkey  cell s t ra in  
I I I / l  cu ltu res  resem bled  in m a n y  respect those  desc r ib ed  by  Ga u n t  [5] for 
th e  h u m a n  thy ro id  cell cu ltu res .  The infec tiv ity  a p p e a r in g  after  u ltrason ic  
d is in tegra t ion  and  th e  ch a ra c te rs  of infec tiv ity  o f  th e  cu ltu re  f lu ids  a f te r  
cen tr ifuga tion  suggested  th e  p ro d u c t io n  of only m o d e ra te  am o u n ts  of free 
v irus .  In  cell ty p es  u sed  b y  T a y l o r -R o bin so n  [7 ] ,  W e l l e r , W itton  and 
B ell  [1] and  Ga u n t  [5] th e  a m o u n t  of virus p ro d u c e d  m ig h t  have  been  even 
less. In  some cases these  a u th o rs  succeeded in l ib e ra t in g  ve ry  small am o u n ts  
of v irus from h u m an  am n io n  a n d  f ib rob las t  cell cu l tu re s .  This obse rva tion  
has been su p p o r ted  b y  ou r  s tud ies  on hum an  f ib ro b la s t  cultures. Cultures  of 
identical coun ts  o f  f ib ro b la s t  a n d  m onkey  s tra in  I I I / l  or h u m an  th y ro id  cells 
y ie lded  an  average  of 10 a n d  300 to  400 infectious u n i t s  o f  virus, respectively .  
Ca u n t  succeeded in l ib e ra t in g  2 x l 0 ' / m l  focus fo rm in g  un i ts  of v irus  from  
h u m a n  th y ro id  cell cu ltu res .  T he  in fectiv ity  of o u r  cell d is in tegra tes  was 
re m a rk a b ly  lower th a n  t h a t .  O n f i l t ra t ion  th rough  glass f i l te r  G-5 th e  in fec t iv 
i ty  of the  hom ogen isa tes  was lost in our exp er im en ts .  This  m ight he exp la ined
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e i th e r  b y  absorp tion  or  b y  in a c t iv a t io n  o f  th e  virus. T he  poss ib i l i ty  canno t,  
h o w e v e r ,  be excluded t h a t  th e  m a tu re  v irus  appear ing  in  t h e  m e d iu m  is bound  
f i r m ly  to  certa in  cell co m p o n en ts .

Chain-like g ro up ing  o f  H erpes  sim plex  virions was o b se rv ed  in  electron- 
m ic roscop ic  p rep a ra t io n s  b y  S m i t h  [8]. This fac t  m ay  be  one  o f  th e  exp lana 
t io n s  fo r  the  p a r t ia l  s e d im e n ta t io n  of  herpes an d  varicella  v iru ses  on cen tr i
fu g a t io n  a t  5000 or 12,000 g.

T h e  t i t re  decrease o f  u l tra son ica l ly  d is in teg ra ted  suspensions  of infected 
h u m a n  thy ro id  or m o n k e y  k id n e y  I I I / l  cell cu ltu res  o b se rv ed  on storage a t  
-—20 °C is in ag reem en t w i th  th e  observa tions  of  Caunt [5] w h o  found  a simi
l a r  decrease  of in fec t iv i ty  in  d is in teg ra tes  s to red  a t  —63 °C.

T h e  encouraging o b se rv a t io n s  on th e  g ro w th  o f varice lla  v i ru s  in  m onkey  
k i d n e y  s tra in  I I I / l  a n d  h u m a n  th y ro id  cell cu ltu res  suggest  th e  possibility 
t h a t  b y  fu r the r  im p ro v e m e n ts  in  th e  conditions of cu l t iv a t io n  these  system s 
m a y  becom e valuab le  too ls  in  th e  p ro d u c t io n  o f  large a m o u n ts  o f  varicella 
v i ru s .
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S u m m ary . T he e lu tion  of H erpes s im plex  v iru s and  C ytom egalov irus from  D E A E  
cellulose colum ns was s tu d ied  using  p h o sp h a te  b u ffers w ith  d iffe ren t so d iu m  ch lo rid e  c o n te n ts  
as e lu en ts .

H erpes sim plex  v iru s  and  C ytom egalov irus were e lu ted  by  0.6 or 0.9 M  a n d  by 0.3 M  
sod ium  chloride in  p h o sp h a te  buffer, resp ec tiv e ly .

T he bu lk  of cellu lar p ro te ins was e lu ted  by  0.3 M  sodium  chloride in  p h o sp h a te  b u ffer 
th u s  o n ly  th e  H erpes sim plex  v irus was p a r tia lly  purified  by th is  m eth o d .

T he e lu tio n  of com plem ent fix ing  a c t iv ity  a n d  in fec tiv ity  o f bo th  v iruses ra n  p a ralle l 
in  each  frac tion .

A n u m b e r  of  repo rts  has recen t ly  been  pub lished  on th e  use o f  eo lum n 
c h ro m a to g ra p h y  for purif ica tion  o f  v iruses [1, 2], isolation o f  d iffe ren t  virus- 
ind u ced  p ro d u c ts  [3, 4], and for th e  sep a ra t io n  of  d ifferent v iru s  m u ta n ts  
[5, 6, 7] or s t ra in s  [8, 9, 10]. In th e  p re sen t  s tu d y  th e  c h ro m a to g rap h ic  p u r i 
f ica t ion  of  H erpes simplex v irus  has  been a t t e m p te d  and  th e  cond it ions  for 
o p t im a l  e lu tion  from  D E A E  cellulose co lum ns of Herpes- and C y tom egalo 
v iruses  were exam ined . The tw o v iruses u n d e r  s tu d y  are m em bers  o f  th e  same 
g roup  and  th e  possible differences in th e i r  surface cha rac te rs  were  supposed  
to  re su lt  in d iffe ren t  elution requ irem en ts .

M aterials and  methods

Viruses. T he s tra in  of H erpes sim plex  v iru s used  in th e  p re sen t s tu d y  h a d  been iso lated  
in  th is  lab o ra to ry  in  1962. Since th a t  tim e th e  v iru s has been m ain ta in ed  by seria l tran sfe rs . 
T h e  cy to p a th o g en ic  effect of th e  s tra in  is o f th e  m ixed  ty p e , i.e. b o th  sm all g ro u p s of ro u n d  
cells an d  p o ly k ary o cy te s  are d e tec tab le  in th e  in fec ted  cu ltu res . T h is c h a ra c te r  is s im ilar to 
th a t  described  by  H o g g a n  and  R o i z m a n  [11] for th e ir  H erpes sim plex  s tra in  iso la ted  in 1959. 
T he m ixed  c h a ra c te r  o f th e  cy to p a th o g en ic  effec t w as a re su lt o f th e  s im u ltan eo u s  presence 
of tw o m u ta n ts  in ou r H erpes sim plex  v iru s. T he in d iv id u a l m u ta n ts  w ere successfu lly  sep a
ra te d  b y  th e  end  p o in t d ilu tion  m ethod .

T he C ytom egalov irus s tra in  w as k in d ly  su p p lied  by  Dr. II . S t e r n  (St. G eorge’s H o sp ita l 
M edical School, L ondon) and th en  m a in ta in ed  in o u r la b o ra to ry  by  serial passag es in  h u m an  
em b ry o n ic  f ib ro b la s t cell cu ltu res.

Tissue cultures. F o r grow ing and  in fe c tiv ity  t i t r a tio n  of H erpes sim plex  v iru s an d  of 
C y tom egalov irus, H eL a  and h u m an  em b ry o n ic  f ib ro b la s t cell c u ltu res , re sp ec tiv e ly , were 
used . H eL a cells were c u ltiv a ted  in P a rk e r’s No. 199 m ed ium  w ith  10 pe r c en t h u m an  serum , 
w hile th e  m edium  for hu m an  em bryon ic  f ib ro b la s t  cu ltu res  consisted  of H a n k s ’ so lu tion  con
ta in in g  0.5 pe r cen t lac ta lb u m in e  h y d ro ly za te  a n d  20 per cen t bovine serum . F o r grow ing and 
t i t r a t in g  v iruses b o th  ty p es of cu ltu res  w ere m a in ta in e d  in P a rk e r’s No. 199 m ed iu m  w ith o u t 
se ru m  (H erp es sim plex  v irus) o r w ith  20 p e r  c en t bovine serum  (C ytom egalov irus).
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Im m u n e  sera. A n ti-H e rp es sim plex  sera w ere o b ta in e d  from  ra b b its  in o cu la ted  w ith  
th e  v iru s  by  th e  co rnea l sca rifica tio n  m eth o d  a n d  b led  3 w eeks a fte r  th e  d ev e lo p m en t o f 
k e ra t i t is .

S e ra  ag a in st C y to m egalov irus w ere o b ta in ed  from  p a tie n ts  e x h ib itin g  specific co m p le 
m e n t- f ix in g  a n tib o d y  t i te r s  of 1 to  128 or h igher.

D E A E  cellulose. A s ta n d a rd  lo t o f N -d ie th y lam in o e th y l (D E A E ) cellulose w as u sed  
a f te r  p re p a ra tio n  acco rd ing  to  Peterson and  Sober [12].

Chrom atography. A fte r a p p ro p ria te  p re p a ra tio n , 1.4 g sam ples of D E A E  cellulose w ere 
m ad e  u p  in to  colum ns o f 1 X 10 cm  each . T h e  colum ns w ere eq u ilib ra ted  w ith  0.02 M  p h o sp h a te  
b u ffe r  o f  p H  7.1.

V iru s  suspensions for ch ro m a to g ra p h y  were o b ta in e d  by  suspend ing  th e  in fec ted  cells 
in  th e  f lu id  phase  of th e  cu ltu re  a n d  hom ogenizing  th e  suspension  in an  M SE ty p e  u ltra so n ic  
a p p a r a tu s  (1.5 A, 60 sec., 10 m l suspension , % " t i ta n iu m  h ead). D ebris were e lim in a ted  by  
c e n tr ifu g a tio n  and  th e  s u p e rn a ta n t  w as d ia lyzed  fo r 24 h r. ag a in s t 0.02 M  p h o sp h a te  b u ffe r  
o f  p H  7.1. O f th e  m a te ria l th u s  o b ta in e d  5 m l sam ples w ere p ip e tte d  on to  th e  c h ro m a to g rap h ic  
co lu m n s. T h e  e luen ts used  co n sisted  of a 0.02 M  p h o sp h a te  b u ffer of p H  7.1 alone or w ith  0.3„ 
0.6 o r 0 .9  M  sodium  chloride  c o n te n t. E lu tio n  was accom plished  by  collecting  fo u r 5 m l sam ples 
w ith  e ac h  in d iv id u a l e lu en t. P e rfu sio n  w as en h an ced  b y  ap p ly in g  200 w a te r  cm  p ressu re . 
U n d e r  su c h  cond itions th e  p e rfu s io n  r a te  was 0.5 m l/m in .

E xa m in a tio n  o f  the frac tions. T he p ro te in  c o n te n t o f th e  frac tio n s w as expressed  in  e x 
t in c t io n  v a lu e s  a t  280 т/л w aw elen g th  as m easu red  in  th e  sp e c tro p h o to m ete r. T he T C ID  50 
of th e  H e rp es  sim plex  v iru s an d  C y tom egalov irus w as d e te rm in ed  accord ing  to  R e ed and  
Mu e n c h  [13] b y  t i t r a tio n  in  H eL a  an d  in  h u m an  e m b ry o n ic  f ib ro b la s t cell cu ltu res , re sp ec 
tiv e ly . S u b seq u e n tly  th e  frac tio n s  o b ta in e d  w ith  th e  in d iv id u a l e lu en ts  o f th e  sam e sodium  
ch lo rid e  m o la r ity  were pooled. T he pools w ere c o n ce n tra ted  ten fo ld  b y  d ialysis ag a in s t pow 
d ered  d e x tra n e .T h e  co n cen tra tes  w ere d ia ly zed  ag a in s t sa line  o v e rn ig h t an d  th e ir  co m p lem en t
fix in g  a n tig e n  c o n ten t w as d e te rm in ed  b y  Takátsy’s m icro m eth o d  [14].

R esu lts

R  esu lts  o b ta ined  with  H erpes  sim plex v iru s  are p resen ted  in Fig. 1. 
Fig. l /а  shows the  p ro te in  c o n te n t  (ex tinc tion  a t  280 m/i) an d  the  in fec t iv i ty  
of  t h e  in d iv id u a l  f rac tions,  while Fig. 1/b th e  com plem en t-f ix ing  an tigen  co n 
t e n t  o f  t h e  same fractions.

T h e  h u lk  of cellular p ro te in s  and  som e m in u te  q u a n t i ty  of  H erpes  
s im p lex  v iru s  were e lu ted  b y  th e  e luen t c o n ta in in g  0.3 M  sodium chloride. 
M a x im u m  elution of H erpes s im plex  v irus was o b ta in e d  with  e luents  c o n ta in 
ing 0.6 o r  0.9 M  sod ium  chloride. This m e th o d  failed to  sep a ra te  th e  tw o 
m u ta n t s  ch a rac te r ized  b y  d iffe ren t  types  o f  c y to p a th o g en ic i ty .

I n  th e  com plem en t f ix a t io n  ex per im en ts  t h e  t i t r e  of th e  an tigen  was 
d e te rm in e d  as th e  h ighest an t ig en  d ilu tion  y ie ld ing  m a x im u m  ti tre s  w ith  a 
s t a n d a r d  d ilu t ion  series of a specific Herpes s im plex  virus im m une  serum . 
As show n  in  Fig. 1/b, e lu tion  o f  th e  co m plem en t-f ix ing  a c t iv i ty  and  of in fec t iv 
i ty  w as  parallel.

T h e  sam e exp e r im en t  was carried  ou t also w ith  C ytom egalovirus . T h e  
resu lts  a re  p resen ted  in Fig. 2.

T h e  b u lk  of in fec t iv i ty  w as e lu ted  by  a p h o s p h a te  buffer  o f  0.3 M  sodium  
ch loride  c o n te n t .  A t  c o n cen tra t io n s  u p  t o 0 . 9 M t h e  a m o u n t  of e luable in fec t iv 
i ty  dec reased .  E lu t io n  o f  com plem ent-f ix ing  a c t iv i ty  ra n  essentially  para l le l  
w ith  t h a t  o f  in fec tiv ity .
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buffer

Fig. 1. C hro m ato g rap h y  of H erp es sim plex  v iru s on D E A E  cellulose colum n
a)  p ro te in s from  H erpes s im p lex  v irus- in fected  cells: О ...........О - in fec tiv ity rÓ  —  — О

b) e lu tio n  of com plem en t-fix ing  a n tig e n

An a t t e m p t  was m ad e  to  recover  sepa ra te ly  th e  Herpes s im plex  v iru s  
a n d  th e  C ytom egalovirus f rom  m ix tu re s  of equal a m o u n ts  o f  sonieally d is in te 
g ra te d  an d  dialyzed cu ltu res  of  th e  ind iv idual v iruses. E lu t io n  was pe rfo rm ed  
as described above. T i t r a t io n  of  th e  individual f rac t ions  was carried  ou t  in 
para lle l  on H eLa and  f ib ro b la s t  cu ltu res .  As th e  sen s i t iv i ty  of these  cells is 
selective to  cy topa thogen ic  effects o f  the  tw o v iruses u n d e r  s tu d y ,  th is  se rved  
as fu r th e r  m eans of d iffe ren tia t ion .  Resu lts  o b ta in ed  in th is  ty p e  of  e x p e r im en t  
are  p resen ted  in Fig. 3.

Discussion

C h ro m a to g rap h y  on D E A E  cellulose was found  to  he a useful m e th o d  
for th e  p a r t ia l  pur if ica tion  o f  H e rp es  simplex virus . P a ra l le l  to  a r e m a rk a b le  
decrease  of the  to ta l  p ro te in  c o n te n t  of infected t issue  cu l tu re  hom ogen isa tes ,  
a nea r ly  100 per cen t recovery  o f  in fec tiv ity  was ach ieved . C y tom egalov iru s  
could also he recovered a f te r  c h ro m a to g ra p h y  b u t  in th is  case no p u r if ica t io n
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©

Fig. 2. C h ro m a to g rap h y  of C ytom egalov irus ou  D E  AE cellulose co lum n
a)  p ro te in s  f ro m  C ytom egalov irus in fec ted  cells: О ...........О
in fec tiv ity : О --------------O  b) e lu tio n  of com p lem en t-fix in g  an tigen

b u ffer

F ig . 3. S ep ara tio n  of H e rp es  sim p lex  v irus an d  C y to m egalov irus b y  c h ro m a to g ra p h y  on D A EA
cellulose c o lu m n . H erpes sim plex  v iru s  in fec tiv ity : О ---------- О

C y to m eg a lo v iru s in fec tiv ity : О --------------О
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was possible as b o th  the  in fec t iv i ty  a n d  th e  bu lk  of  to ta l  p ro te in  c o n te n t  was 
e lu te d  by  a p h o sp h a te  buffer  c o n ta in in g  0.3 M  sod ium  chloride. E lu t io n  o f  
th e  co m p lem en t- f ix ing  an tigen  and  th e  in fec t iv i ty  of h o th  viruses r a n  c o m 
p le te ly  para lle l .  T h u s  under  th e  ex p e r im e n ta l  cond itions used we were u n a b le  
to  d e m o n s t ra te  th e  presence of a s e p a ra te  com plem ent-f ix ing  an tigen  d e sc r ib 
ed b y  R u s se l  et al. [15] for H erpes  s im plex  virus.

A t te m p ts  to  separa te  the  tw o  m u ta n t s  o f  H erpes  simplex v irus  b y  c h ro 
m a to g ra p h y  has failed in our sy s tem . This  is in  c o n tra s t  w ith  th e  f in d in g s  of 
R oizmAN [7] a n d  K o hlhage  [16] w ho succeeded in sep a ra t in g  th e  tw o m u t a n t s  
h y  c h ro m a to g ra p h y  on calcium p h o s p h a te  and  E c teo la  cellulose co lu m n s ,  
respec tive ly .  T he  reason for ou r  fa ilu re  m ig h t  h av e  been  the  lab i l i ty  o f  th e  
m u ta n t s ,  resu l t in g  in rap id  reversion  on th e  f i rs t  passage in tissue c u l tu re .

I t  seem ed in te res t ing  t h a t  th e  cond it ions  for th e  elu tion  of H e rp es  s im 
p lex  v irus  and  o f C ytom egalovirus  f rom  D E A E  cellulose columns were r e m a r k 
ab ly  d ifferen t. H owever, th is  difference was no t  due  to  th e  use of d if fe ren t  
cell ty p e s  for cu lt iv a t in g  the  tw o agen ts .  T he  ch ro m a to g rap h ic  c h a ra c te r s  o f  
H e rp es  s im plex  v irus  grown in f ib ro b la s t  cell cu ltu res  were iden tica l  w i th  
those  described  above for the  sam e v irus  grow n on H eL a  cells. The d ifference  
in  th e  cond itions  of  elution of H e rp es  sim plex  v irus  and  C y tom ega lov iru s  
seems to  h ave  been caused b y  som e s t ru c tu ra l  peculiarit ies  of th e  re sp ec t iv e  
v irions. Such differences b e tw een  v iruses  belonging to  the  same g roup  h a v e  
heen  described . H a r u n a  et al. [8] r e p o r te d  on sim ilar  findings for a d e n o v i ru s 
es, K oza [10] an d  T h o m ssen  and  M a a ss  [17] for av iru len t  s tra ins  o f  po lio 
v irus  and  S im o n  a n d  D ömök [6] for th e h a e m a g g lu t in a t in g a n d n o n -h a e m a g g lu t i -  
n a t in g  m u ta n t s  o f  echoviruses. W i th  these  f ind ings in m ind  we only co n c lude  
th a t  th e  cond it ions  for the e lu t ion  from  D E A E  cellulose columns of H e rp e s  
s im plex  v irus  an d  Cytom egalovirus  are d ifferen t.  T he  exact causes o f  th e  
p h enom enon  are  no t yet known.

Acknowledgement. We are in d eb te d  to  Dr. H .  S t e r n , L ondon, for supp ly ing  th e  C y to 
m egalov irus used in these stud ies.
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S um m ary , (i) T he f a t ty  acid sp ec tru m  o f Escherichia  coli, Salmonella ty p h i-m u r iu m , 
Shigella f le x n e r i  an d  Proteus vulgaris h as been d e te rm in e d . T he organism s co n ta in ed  id en tica l 
f a t t y  acids b u t  d iffered  in th e  q u a n tita tiv e  d is tr ib u tio n  o f th ese  substances.

(ii) In  th e  ex am ined  b ac teria  f a t ty  acids c o n ta in in g  16 carbon  atom s p re d o m in a te d .
(iii) As co m pared  to  th e  o th e r s tra in s , in  Sh. f le x n e r i  an d  P . vulgaris cy c lo p ro p an e  ring- 

co n ta in in g  f a t ty  acids occurred  in  a considerab ly  h ig h er p ro p o rtio n .
(iv) I t  has  been  concluded  th a t  th e  f a t ty  acid  sp e c tru m  c an n o t be used for th e  d iffe re n 

tia tio n  of closely re la ted  b ac teria l species.

T he lip id  com position  of  bac te r ia  has scarcely  been exam ined. D ev e lo p 
m e n t  of  an a ly t ica l  lipid research has m ade it possib le  to  elucidate th e  d is t r i 
bu tion  a n d  m etabolic  role of these  su b s ta n c e s  in  various o rgan ism s. T he  
p re se n t  p a p e r  deals w ith  the  fa t ty  acid s p e c t ru m  in some enteric  b a c te r ia  
and  its changes during  cu lt iva t ion . W e h a v e  a t t e m p te d  to  show w h e th e r  
b ac te r ia l  species can he d iffe ren tia ted  or id en t i f ied  on the  basis o f  f a t t y  acid 
d e te rm in a t io n s .

Materials and m ethods

Cultures. Escherichia coli 30006*, Salm onella typ h i-rn u r iu m , Shigella f le x n e r i , Proteus 
vulgaris 61001.*

Culture m edium . L ip id-free casein h y d ro ly za te  (D ifco), 10 g; sodium  c h lo rid e , 5 g; 
d isod ium  h y d ro p h o sp h a te , 5 g; ferrous am m o n iu m  s u lp h a te , 0.03 g; m agnesium  s u lp h a te ,  
0.01 g; m anganese  su lp h a te , 0.01 g; d istilled  w a te r, to  m ak e  1 litre  solution.T he pH  w as a d ju s te d  
w ith  sodium  h y d ro x id e  to  7.2 O nly a n a ly tic a l g rade  re a g e n ts  were used.

T he b a c te r ia  were grow n in 500 m l E rlen m ey er fla sk s  co n ta in in g  150 ml m ed iu m . T h e  
flasks were im m ersed  in a w ater b a th  and  shaken  a t  a r a te  o f 120 cycles per m inute. T h e  te m p e 
ra tu re  of in cu b a tio n  was 3 7 i0 .1 ° C ;  8 a n d  18 h o u r c u ltu re s  were used.

Reagents. A pieson L, po lyethy lene  g ly co lad ip a te  a n d  C elit 545 (100 120 m esh) (A pp lied
Science L ab .. S ta te  College, P a ., U. S. A .): a n a ly tic a l g ra d e  po tassiu m  hydroxide, a n a ly t ic a l  
g rade  hyd ro ch lo ric  acid  d istilled  from  s tan n o u s  ch lo ride; a n a ly tic a l grade m ethanol a n d  d iet hyl- 
e th e r  d istilled  from  ferrous su lp h a te ; an a ly tic a l g rad e  a c e to n e ; n itro som ethy lu rea .

P reparation  o f  bacteria fo r  fa tty  acid analysis. T h e  cu ltu res  were sep ara ted  fro m  th e  
m edium  an d  w ashed in saline by  cen trifu g a tio n  a t  2800 r. p. m . T he w ashed cells w ere s u s p e n d 
ed in ace tone  an d  sto red  for 22 hours a t  4°C. A fter f i l t r a tio n  th ro u g h  G4 glass f i l te r ,  th e  
b ac te ria  were d ried  to  co n s tan t w eigh t in a v acu u m  e x s icc a to r over phosphorus p e n to x id e .

E xtraction o f  fa tty  acids. One g of d ried  cells w as re flu x e d  for 4 hours over b o ilin g  w a te r  
in 15 ml 20 pe r cen t po tassiu m  h y d rox ide  dissolved in a m ix tu re  contain ing  eq u al v o lu m es o f 
m e th a n o l an d  w a ter. A fter cooling to room  te m p e ra tu re , th e  so lu tion  was acidified w ith  H 20 2-

* R e g is tra tio n  n u m b ers  C u ltu re  C ollection C en tre , S ta te  In s t i tu te  of H ygiene, B u d a p e s t.

5*
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free h y d ro ch lo ric  acid  d ilu te d  1 : 3. The solution w as th e n  sh ak en  3 tim es w ith  15 m l a liq u o ts  
o f d ie th y l  e th e r. T he e th e r  e x tra c ts  were u n ited  a n d  sh a k e n  o u t 3 or 4 tim es w ith  5 pe r cen t 
a q u eo u s  p o tassiu m  h y d ro x id e  u n til  th e  alkali becam e colourless. Acidifying an d  sh a k in g  w ith  
e th e r  w ere  re p ea te d  a n d  th e  u n ite d  e th e r e x tra c t w as d ried  over a 4 : 1 m ix tu re  o f so d iu m  su l
p h a te  a n d  sodium  h y d ro c a rb o n a te . T hen  th e  e x tra c t  w as e v a p o ra te d  in in e rt (C 0 2 or N 2) a tm o s
ph ere  a t  40°C and  d ried  in  th e  v acu u m  exsiccator o v er p h o sp h o ru s pen tox ide  u n t i l  c o n s ta n t  
w e ig h t h a d  been reach ed .

F ig . 1. G lass a p p a ra tu s  u sed  for conversion of f a t ty  ac id s in to  m ethyl esters. 1 — n itro so m e th y l-  
u re a ;  2 =  50 per cen t p o ta s s iu m  hyrox ide; 3 =  d ie th y le th e r ;  4 =  fa tty  acid  sam p le  d issolved 

in d ie th y le th e r ;  5 =  pum ice im p reg n a ted  w ith  25 per eent acetic  acid
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F ig . 2. S ta n d a rd  g ra p h  fo r f a t ty  acid series. P y e  A rg o n  ch ro m ato g rap h : Celit 545 +  Ю per 
c e n t P E G A  colum n; gas flow , 40 m l/m in ; 178°C. X =  s a tu ra te d  fa tty  acids, A  =  f a t ty  acid s 

w ith  1 u n s a tu ra te d  bond , О =  f a t ty  acid s w ith  2 u n sa tu ra ted  bonds
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P r e p a r a t i o n  o f  f a t t y  a c i d s  f o r  g a s  c h r o m a t o g r a p h y .  C onversion  of f a t ty  acids to  m e th y l  
e s te rs  was perform ed b y  th e  m ethod of A m s t u t z  and  M y e r s  [ 1 ]  in th e  a p p a ra tu s  show n in  
F ig . 1. The d iazo m eth an e  reag en t was p re p a re d  fresh ly  from  n itro so m e th y lu re a . E th e r  so lu 
tio n  of the o b ta in ed  f a t ty  acid  m ethy l e s te rs  w ere e v ap o ra te d  in in e r t  a tm o sp h ere  th e n  p laced  
in th e  v acuum  ex sicc a to r over phosphorus p en to x id e  a n d  d ried  to  c o n s tan t w eight.

G a s  c h r o m a t o g r a p h y .  The W. G. P y e  A rgon c h ro m a to g ra p h  supp lied  w ith  a b e ta  ray  
io n iza tio n  d e tec to r c o n ta in in g  20 pC  Sr90 w as used. A rgon (99.95 pe r cen t p u rity )  passed  
th ro u g h  a 5Â m olecu lar f i lte r  was em ployed  as carrier gas.

B y the  use o f  121.92 cm  long borosilica te  glass co lum ns tw o  charges o f d ifferen t p o la r ity  
were p repared : (a) Celit 545 w ith  10 per cen t A pieson L ; (b) Celit 545 w ith  10 per cen t p o ly e th y len e  
g lyco l ad ipa te . D e tec to r c u rre n t, 1250 V; trav e llin g  speed of reco rd in g  p aper, 15.24 cm  h o u r.

C o ncen tra ted  f a t ty  acid  m ethy l e s te rs  were p laced  a t  0.1 //I a liq u o ts  on the  co lu m n s 
w ith  a Pye m ag n e tic  p ip e tte  and  an  a u x ilia ry  device c o n s tru c te d  in our lab o ra to ry .

I d e n t i f i c a t i o n  o f  f a t t y  a c i d s  was checked  by  m e th y l e s te r  p re p a ra tio n s  o f m y ris tic , 
p a lm itic , stearic , a rac h ic , oleic, erucic, p a lm ito le ic , linolic a n d  lino len ic  acid.

In  order to  id en tify  u n sa tu ra te d  c o m p o n en ts , one p re p a ra tio n  of th e  ex am ined  sam p le s  
w as gas c h ro m a to g rap h ed  before and a f te r  c a ta ly tic  h y d ro g en iza tio n  carried  ou t as d esc rib ed  
by  P o u r r a  et a l .  [2].

F a tty  acid co m p o n e n ts  of the b ac teria  w ere id en tified  by  th e  use of the above s ta n d a rd  
p rep ara tio n s . G rap h s fo r hom ologous fa tty  acid  series w ith  s a tu ra te d  and  1 and 2 u n s a tu ra te d  
b o n d s  were d raw n  so t h a t  th e  abscissa re p re se n ted  th e  n u m b er o f carb o n  a tom s an d  th e  o rd i
n a te  the  logarith m  o f th e  re ten tio n  tim e (F ig . 2.)

R esu lts

Figs 3 a n d  4 show  the  f a t t y  acid  sp e c t ru m  d e te rm in ed  in 8 a n d  18 
h o u r  shaken c u ltu res  o f  four different b ac te r ia .  I t  is seen t h a t  a b u n d a n t  a m o u n ts  
o f  C10—C20 f a t ty  acids were d em o n s tra ted .  This f in d in g  ind ica tes  the  i m p o r t a n t  
role ol these su b s tan ces  in the  m e tab o l ism  of th e  exam ined  organism s. T h e  
s ign if ican t  difference between the f a t t y  acid sp e c t ru m  o f  8 and 18 ho u r  c u l tu re s  
also supports  th is  considera tion . In  E . coli, S . th yp h i-m u riu m  and  Sh. f le x n e r i  
q u a l i ta t iv e ly  sim ilar ,  b u t  q u a n t i ta t iv e ly  va ry in g  sp e c t ra  were d e m o n s t ra te d .  
T h e  fa t ty  acid s p e c t ru m  of P. vu lgaris, how ever differed  considerably  from  
t h a t  o f  the  above  bac te r ia .

The percen tage  d is tr ibu tion  o f  f a t t y  acids ca lcu la ted  from th e  g ra p h s  
show n in Figs 3 a n d  4, is presen ted  in  T able  I .  I n  th e  exam ined  b ac te r ia  8 o r  
9 d ifferent C10—C20 f a t t y  acids were p re sen t .  T h ree  subs tances  p re d o m in a te d ,  
th e  o thers  occurred  in am oun ts  o f  less t h a n  10 p e r  cen t .

F or  the  sake o f  simplicity , b ac te r ia l  f a t t y  acids h ave  no t been l is ted  
sepa ra te ly .  In  T ab le  I I  these  com pounds  are g rouped  as com ponen ts  c o n ta in in g  
less th a n  16, 16 a n d  m ore  th a n  16 c a rb o n  a tom s. T h e  m ain  com ponen ts  were  
C16 f a t ty  acids. I n  S h . fle xn er i  and  P . vulgaris, how ever ,  h igher f a t ty  ac id s  
occurred  in considerab le  am ounts  (25 — 48 p e r  cen t) .  I n  con tras t ,  E . coli, 
a n d  S . typ h i-m u riu m  con ta ined  only  in  9 12 p e r  cen t  o f  these su b s tan ces .  
T h e  difference is re m a rk a b le ,  a l though  the  significance of  these fa t ty  acids 
in pa thogen ic i ty  a n d  resistance is as y e t  unknow n .

The form er b a c te r ia  were also cha rac te r ized  b y  a h igher c o n te n t  o f  
cyclopropane r ing  f a t t y  acids ( P. vu lgaris, 35 pe r  cen t ,  Sh. fle xn er i, 24 p e r  
cen t) .
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F ig . 3. F a t ty  acids in  e n te r ic  b a c te ria . H  8 h o u r  c u ltu re , □  =  18 h o u r  c u ltu re ;  A, A ! 
=  E . coli; B , B j =  S. t y p h i - m u r i u m ;  C, Cj =  S h .  f le x n er i
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Table I

F a tty  acid composition o f  enteric bacteria

N o . F a t t y  a c id s D e s ig n a tio n

8 h o u r c u l tu r e s 18 h o u r c u l tu r e s

1 2 3 4 1 2 3 4

l H exadecanoic acid* C,e:,* 46 42 35 6 54 55 4 3

2 n-H exadecanoic acid 
(palm itic  acid) c lr, 2 2 17 24 48 18 1 2 49 44

3 M ethylene hexadecanoic  
acid C17 Д 13 1 1 8 16 10 7 19 2 1

4 n-T etradecanoic  acid 
(m yristic  acid) Cu 6 9 1 1 13 7 6 15 15

5 n-D odecanoic acid c l2 3 1 1 9 + 2 9 5 —1-

6 M ethylene oxadecano ic  acid Cj9 Д 2 2 2 13 2 2 6 15

7 i l - ,  iso- an d  a iso -P en tadeca- 
noic acids n, i, ai-C15 3 8 3 3 7 7 2 2

8 H exadecenoic acid  (palm ito- 
leic acid) + + 4 - f — + + +

D ata  are expressed  in per cen t o f to ta l area . O rganism s: 1 =  E . coli, 2 — S. typ h i  
m u riu m , 3 = Sh. flexn eri, 4 =  P . vulgaris.

* Proved to  be id en tica l w ith  b e ta  h y d roxym yristic  acid.

F ig. 4. F a t ty  acids in P. vulgaris Щ 8 h o u r c u ltu re , □  =  18 hour cu ltu re
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Table II

Percentage d istribution o f  fa tty  acids in  IS  hour cultures o f  enteric bacteria

O rganism

F a t ty  acid 
w ith  less 
th en  16 C 

a to m s

F a t ty  acids 
w ith  16 C 

a to m s

F a t ty  acids 
th a n  16

w ith  m o re  
C a to m s

T o ta l
F a t ty  acids 
w ith  cyclo

p ro p an e  
r in g

E . coli 22 72 12 12
S. typh i-m urium 22 71 9 9
Sh. flexn eri 22 54 25 24

P. vulgaris 17 48 37 35

Discussion

Iden t i f ica t io n  of  b a c te r ia  on th e  basis  o f  chemical co m pos it ion  has long 
b e e n  a t te m p te d .  In  som e organism s (e. g. Salmonellae) va r io u s  ty p e s  m ay  be 
d is t in g u ish ed  w ith in  t h e  species b y  d e te rm in in g  cer ta in  special c a rb o h y d ra tes .  
I n  v iew  of the  h igh s e n s i t iv i ty  of  gas ch ro m a to g rap h y ,  a t t e m p t s  h ave  been 
m a d e  to  use the  f a t t y  acid sp e c t ru m  for d iffe ren tia tion  pu rposes .  E x am in in g  
th e  f a t t y  acid com position  of C. cliphtheriae, C. ovis, P . pestis  a n d  B . subtilis, 
A s s e l in e a u  [3] show ed t h a t  every  species possessed a c h a rac te r is t ic  f a t ty  
ac id  sp e c t ru m ;  th e  d ifferences w ith in  th e  species were n o t  so defin ite .  Abel  
et a l. [4], who in v es t ig a ted  f a t t y  acids in  va r io u s  m em bers  o f  th e  o rder  E ubac- 
te r ia le s ,  concluded t h a t  th e  m e th o d  m a y  be useful for th e  iden tif ica t ion  of 
b a c te r ia .

T h e  presen t e x am in a t io n s  re v ea led  t h a t  th e  four E n te ro b a c te r ia c e a e  
s t r a in s  (E .c o li ,  S . ty p h i-m u r iu m , S h . fle x n e r i  an d  P . vu lg a ris)  con ta ined  
id e n t ic a l  f a t ty  acid co m ponen ts .  A lth o u g h  these  species d iffered  in th e  q u a n t i 
t a t i v e  d is tr ib u t io n  of  th e  co m ponen ts ,  ou r  f indings ind ica te  t h a t  de te rm in a t io n  
o f  th e  f a t ty  acid s p e c t ru m  was insuff ic ien t  for iden tif ica t ion  purposes .  I t  is 
i m p o r t a n t  to  consider th e  fac t  t h a t  th e  lipid com position  an d  consequen tly  
t h e  f a t t y  acid sp ec tru m  highly  varies  w i th  cu ltu r ing  cond itions  such  as te m p e r 
a tu r e ,  p l l  and  ingred ien ts  o f  th e  m ed iu m . This explains d isc repanc ies  betw een  
th e  re su l ts  of some au th o rs  (e.g . b e tw e e n  those  of A bel et al. [4] and  Marr 
a n d  I ngraham  [5]). T h e  h igh  v a r ia b i l i ty  m akes  i t  im p ro b ab le  t h a t  th e  f a t ty  
ac id  sp ec tru m  could be relied u p o n  for th e  d iffe ren tia tion  of  closely re la ted  
species. On the o th e r  h a n d ,  th e  m e th o d  m ay  be a d e q u a te ly  applied  in th e  
case  o f  un re la ted  species.

F ro m  the  p re se n t  find ings i t  is clear t h a t  in E . coli, S . typh i-m urium  
a n d  S h . fle xn er i  the  m a in  co m p o n en t  is a C16 f a t ty  acid c o n ta in in g  p re su m ab ly  
2 u n s a tu r a te d  bonds . This su b s tan ce  is n o t  identical w ith  palm ito le ic  acid.
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I t s  u n s a tu ra te d  bond con ten t  has n o t  been confirm ed . The in te rm e d ia ry  role 
in f a t t y  acid m e tabo lism  of the u n id e n t i f ie d  co m p o n en t  is in d ica ted  b y  th e  
f in d in g  t h a t  its p ro p o r t io n  varies w i th  th e  t im e  of incu b a t io n :  it  cons ide rab ly  
decreases  in  18 h o u r  Sh . flexneri cu l tu re s .  A t  th e  sam e tim e th e  a m o u n t  of  
cy c lop ropane  r ing -con ta in ing  higher f a t t y  acids increases. T he  un id en t i f ied  
su b s ta n c e  (which now has  proved to  he iden tica l w ith  be ta  h y d ro x y m y r is t ic  
acid) m a y  serve as a p recursor in th e  syn thes is  o f  cyclopropane r in g  f a t ty  
acids. In  E . coli, S . typ h i-m u riu m  a n d  Sh. fle x n e r i  pa lm itic  acid com prised  
the second m ost im p o r ta n t  lipid c o m p o n e n t .

T he  fa t ty  acid spec trum  in P. vulgaris  som ew ha t differed f rom  t h a t  
found in the  above th re e  organism s. In  P . vulgaris, in add it ion  to  pa lm it ic  
acid, cyclopropane r ing-con ta in ing  m e th y le n e  hexadecanoic , m e th y len e  octa- 
decanoic  and  m yris t ic  acids occurred  in considerab le  am ounts .

C yclopropane r ing-conta in ing  m e th y le n e  hexadecano ic  acid w as co m m o n  
especially  in Sh. fle x n e r i  and P. vu lgaris. This  f a t ty  acid was f i r s t  d e te c te d  
by  m eans  of ra d io ac t iv e  tracing b y  O ’L e a r y  [6]. L a te r  it  was iso la ted  b y  
D a u c h y  a n d  A s s e l i n e a u  [7]. The cy c lo p ro p an e  r ing  s t ru c tu re  w as d e m o n 
s t r a te d  b y  K a n e s h ir o  and Marr  [8],  who show ed th e  presence of  a cis-9-12 
m e th y le n e  bridge. T h e ir  f inding w as con f irm ed  b y  Chalk  an d  K o d iCe k  [9].

L i t t le  is know n  a b o u t  the  b iological role of  these special f a t t y  acids 
a n d  a b o u t  the  associa tion  betw een th e i r  p resence and  th e  biological p ro p e r t ie s  
o f  b a c te r ia .  W orking  w i th  Staphylococcus aureus  s tra ins  differing in a n t ib io t ic  
sen s i t iv i ty ,  we h ave  shown th a t  w ith  th e  b ro ad en in g  of the  resis tance  sp e c t ru m  
th e re  is an  increase in  th e  p rop o r t io n  of  cyc lopropane  ring f a t t y  acids [10]. 
A ccord ing  to  H o f m a n n  and P a n o s  [11], f a t t y  acids con ta in ing  long  chain  
cyc lop ropane  ring enhance  the m u lt ip l ic a t io n  of  b ac te r ia ,  m ay  in som e resp ec t  
su p p le m e n t  b io tin , a n d  act as m e tab o l ic  a c t iv a to rs .  Thus, th e ir  increased  
occurrence  ind ica tes  a more ac tive  cellular m etabo lism .

F ro m  the  p re se n t  experim ents  it  m ay  be concluded th a t ,  a l th o u g h  th e  
d e te rm in a t io n  of the  f a t ty  acid s p e c t ru m  does no t  seem su itab le  for  id e n t i 
f ica t io n  and  sy s tem a tic  purposes, i t  is desirab le  to  e lucidate  th e  b io sy n th es is  
o f  special f a t ty  acids and  their  in fluence  on th e  biological p ro p e r t ie s  of th e  
cell.

3 8 1
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S u m m ary . T he p h o sp h a tid e  and  f a t ty  acid  com position  o f a Pseudomonas pyo cya n ea  
s t ra in  grow n fo r v a rio u s tim es, has been in v es tig a te d . T he follow ing resu lts  were o b ta in e d .

(i) T he o rgan ism  co n ta ined  7.2 — 7.7 pe r cen t to ta l  p u re  lip id , o f which 75- 80 p e r c en t 
consisted  of p h o sp h a tid es.

(ii) T he to ta l  p h o sp h a tid e  c o n ten t in  d ried  b ac teria  in creased  w ith  the  cu ltu re ’s age.
(iii) P h o sp h a tid e s  were com posed m ain ly  o f lec ith in  a n d  cephalin -type  c o m p o u n d s .
(iv) As rev ea led  by  th in  layer c h ro m a to g ra p h y , p h o sp h a tid e s  con ta ined  5 co m p o n e n ts . 

T he sam e co m p o n en ts  were found  in 3 cu ltu re s  o f d iffe ren t ages.
(v) T h ree  cu ltu res  of d ifferen t ages co n ta in ed  u n ifo rm ly  12 f a t ty  acids.
(vi) T he m ain  f a t ty  acid com ponen ts w as p a lm itic  acid . F a t ty  acids c o n ta in in g  m ore  

th a n  16 carb o n  a to m s com prised  90 per c en t o f th e  to ta l  f a t ty  acid  con ten t.
(vii) In  o lder cu ltu res  f a t ty  acids w ith  C19 cyclop ropane  r in g  were p rev alen t.

P h o sp h a t id e s  p lay  an im p o r ta n t  p a r t  in cellu lar function. As c o n s t i tu 
en ts  o f  th e  cell m em b ran e  th ey  e x e r t  a p a r t ic u la r  in fluence  on the e n t ry  in to  
th e  cell o f  va r ious  substances  and  on m etabo lic  processes. In  spite o f  th is ,  
l i t t le  is know n  a b o u t  th e  c o n s t i tu t io n  of  p h o sp h a t id es .  However, c e r ta in  
recen t ly  developed m icroanaly tieal m e thods  have  allowed some progress in 
th e  e luc ida tion  of  th e i r  na tu re .

As re p o r te d  in previous p apers  |1 , 2], an associa tion  has been rev ea led  
be tw een  th e  l ipid co n ten t  and  a n t ib io t ic  sen s i t iv i ty  o f  bacteria .  The p re se n t  
p ap e r  describes fu r th e r  studies on th is  p rob lem , in which th in  layer a n d  gas 
c h ro m a to g ra p h y  experim en ts  h av e  been  p e rfo rm ed  for th e  d e te rm in a t io n  o f  
th e  p h o sp h a t id e  a n d  fa t ty  acid c o n te n ts  o f  a Pseudom onas pyocyanea  s t r a in  
iso la ted  in ou r  in s t i tu te .

Materials and  m ethods

S tra in . T he e x p erim en ts  were carried  o u t w ith  8, 18 a n d  48 h o u r cu ltu res of the  sam e P s. 
pyocyanea  s tra in . T he s tra in  was sensitive to  s tre p to m y c in , ch loram phen ico l, e ry th tro m y c in  
an d  p o ly m y x in , a n d  re s is ta n t to  penicillin  a n d  te tracy c lin e .

M edium . L ip id-free  casein h y d ro ly za te  (D ifco), 10 g; so d iu m  chloride, 5 g; d iso d iu m  
h y d ro p h o sp h a te , 5 g; po tassiu m  d iliy d ro p h o sp h a te , 5 g; fe rrous am m o n iu m  su lp h a te , 0.03 g; 
m agnesium  su lp h a te , 0.01 g; m anganese su lp h a te , 0.01 g; d is tilled  w a te r  to give 1000 m l so lu 
tion . T he pH  w as a d ju s te d  to  7.2. O nly a n a ly tic a l g rade  re ag e n ts  were used.

C ultivation  w as carried  ou t in 500 m l E rlen m ey e r flask s c o n ta in in g  150 ml m ed ium . T h e  
flask s were im m ersed  in a w ater b a th  of 37 ^ 0 . 1 оС and  sh aken  a t  a ra te  o f 120 cycles per m in u te . 
In c u b a tio n  las ted  for 8, 18 and 48 hours.

A p p a ra tu se s . (A) T he a p p a ra tu s  (to  be p u b lish ed ; ap p lied  for p a te n t)  devised b y  th e  
a u th o rs  for th in  lay e r ch ro m a to g rap h y  allow ed th e  p re p a ra tio n  o f layers o f requ ired  th ic k n e ss .
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(В ) Pye  A rgon gas ch ro m a to g rap h  su p p lied  w ith  e lectronic in te g ra to r .
Reagents, (a) T h in  lay e r ch ro m a to g rap h y : A n a ly tic a l grade acetone, ch lo ro fo rm , m e th a 

no l, e th a n o l ,  e th y le th e r  (d is tilled  fro m  ferrous su lp h a te )  (R ean a l, B u d ap es t); p h o sp h o m o ly b d ic  
ac id , S ilicagel G (M erck, D a rm s ta d t) ;  W h a tm a n ’s cellu lose powder.

(b ) Gas ch ro m a to g ra p h y : Celit 545 (100 —120 m esh ), polyethy lene g ly co lad ip a te  (PE G A ). 
A p ieso n  L (A P L ) (A pplied  Science L ab o ra to ry , S ta te  College. P. a ., U. S. A .); a rg o n  gas, 99.95 
p e r c e n t  p u r i ty  (N itro g en  W orks, P é t) , an a ly tic a l g rad e  po tassiu m  h y d rox ide  a n d  h y d ro ch lo ric  
acid  (d is tilled  from  s ta n n o u s  chloride).

N itro so in e th y lu re a  w as p rep ared  in  th is  in s t i tu te .

I .  T h in  layer chrom atography

(1) Preparation o f  layers : 6 X 2 0  cm m irro r g lass p la tes , 3 m m  th ic k ; lay e r th ick n ess  
500 /*; a c tiv a tio n , 10 —15 m in u te s  a t  room  te m p e ra tu re  th en  1 hour a t  110°C.

(2) Solvent : ch lo ro fo rm : m eth an o l: w a te r  (65 : 25 : 4) as described b y  W agner an d  
H ö r h a m m e r  [3]. C hro m ato g ram s were ru n  for 50 — 60 m inu tes by  th e  ascen d in g  tech n iq u e  
a t  ro o m  tem p e ra tu re .

(3) Detection o f  spots : (a) G eneral lip id  re a g e n t:  5 per cent p h o sp h o m o ly b d ic  acid in 
e th a n o l  [4].

(b) D etec tion  of le c ith in -ty p e  co m p onen ts: D r agendorff’s re ag e n t [5].
(c) Detection of amino group-containing phosphatides: ninhydrin reagent as modified 

by M offat and Lyttle [6].
(d) D e tec tio n  of p lasm alogens: Schiff’s r e a g e n t  [7].
(e) D e tec tio n  of p h o sp h a tid e s  co n ta in ing  u n s a tu ra te d  bonds: iodine v a p o u r  as described  

by M a n g o l d [4].
(4) P reparation o f  bacteria fo r  phosphatide a n a lys is . A fter in cu b a tio n  th e  b a c te ria  w ere 

s e p a ra te d  from  th e  m ed iu m  by  c en trifu g a tio n  a t  2800 r .p .m . th en  w ashed in  sa line . T he w ashed 
b a c te r ia  w ere k e p t in ace to n e  for 22 hours a t  4°C. A fte r  f iltra tio n  th ro u g h  G4 glass f ilte r , 
th e  b a c te r ia  w ere d ried  to  c o n s ta n t w eight o v er p h o sp h o ru s pen tox ide.

(5) E xtraction  o f  bacteria. F loor-fine g ro u n d  d r ie d  bac teria , 1.5 to  2 g in w eigh t, were 
e x tr a c te d  in  a m odified  S o x h le t a p p a ra tu s  w ith  140 m l ch lo ro fo rm -m ethano l m ix tu re  ( 2 : 1 )  
fo r 4 h o u rs  in  3 frac tio n s  (60 m l, 2 hours; 40 m l, 1 h o u r ;  40 ml 1 hour). T h e  u n ite d  frac tio n s 
w ere  th e n  e v ap o ra te d  to  d ry n ess u n d e r red u ced  p re ssu re  and  C 0 2 flow a t  45°C, in  a w eighed 
te s t  tu b e .  F in a lly  th e  e x tr a c t  w as dried  to c o n s ta n t  w eigh t over p h o sp h o ru s p en to x id e  in a 
v a c u u m  ex siccato r.

B ecause of its  free am ino  acid  and lip o p o ly sacch a rid e  con ten t, th e  “ c ru d e ”  lip id  p re p a 
r a t io n  o b ta in e d  in th is  m an n e r w as su b jected  to  f u r th e r  purification .

(6) P urifica tion  o f  the crude lip id  prepara tion  : O f various p u rif ic a tio n  p ro ced u res th e  
m e th o d  o f L e a  an d  R h o d e s  [8] yielded th e  m o st sa tis fa c to ry  results . C olum n c h ro m a to g ra p h y  
w as c a rr ie d  o u t th ro u g h  a 4 0 X 2  cm  colum n c o n ta in in g  22 g of W h a tm a n ’s cellulose pow der. 
E lu t io n  w as p e rfo rm ed  w ith  a ch lo ro fo rm — e th a n o l (4 : 1) m ix tu re . F iv e  m l frac tio n s  w ere 
c h ro m a to g ra p h e d  fo r 18 h o u rs  on Schleicher -  Schuell 2045b Mgl paper b y  th e  u n id im en sio n a l 
a sc en d in g  tech n iq u e . T he so lv en t w as te t ra h y d ro fu ra n :  e th e r: w ater (60 : 15 : 10). T he f ir s t  
35 m l o f  e lu a te  w as d iscard ed  as i t  co n ta in ed  no p h o sp h a tid e s . The fu r th e r  100 m l frac tio n  
(p u re  lip id  p re p a ra tio n ) w as th e n  ev ap o ra te d  to  d ry n e ss  and dried to  c o n s ta n t  w eight.

(7) Separation into acetone-soluble (fa tty  a c id ) and into acetone-insoluble (phosphatide)  
fra c tio n s  w as carried  o u t b y  Le uthardt’s m eth o d  [9]. T h e  pure lipid p re p a ra tio n  w as d issolved 
in  e th e r ,  th e n  0°C ace to n e  w as ad ded  (ap p ro x . 1 : 3). Acetone caused th e  p re c ip ita tio n  o f 
p h o sp h a tid e s , b u t  le ft th e  free f a t ty  acids an d  n e u tr a l  lipids in so lu tion . T h e  m ix tu re  was 
k e p t  a t  4°C for 24 h ours. L ip ids were th en  s e p a ra te d  from  the  ace tone-so lub le  frac tio n  b y  
p a ss in g  th ro u g h  G4 glass filte r.

(8) Separation  o f  phosphatides into lecith in  a n d  cephalin. The p h o sp h a tid e s  w ere re 
d isso lv ed  in  e th e r, th e n  cep h a lin  was p re c ip ita te d  w ith  absolu te  e th an o l. A fte r  s ta n d in g  in 
th e  re fr ig e ra to r  a t  4°C fo r 24 h o u rs , th e  p re c ip ita te  w as separa ted  fro m  th e  e th an o l-so lu b le  
le c ith in  b y  m eans of a G4 glass filte r . D ry ing  to  c o n s ta n t  w eight was p e rfo rm ed  over p h o sp h o 
ru s  p e n to x id e  in a v a cu u m  exsiccator.

I I .  Gas chrom atography

(1) Preparation o f  bacteria fo r  fa tty  acid a n a lys is . C entrifugation , w ash in g  an d  d ry in g  
o f  b a c te r ia  were pe rfo rm ed  as described u n d e r 1/4.

(2) E xtraction  o f  fa t ty  acids: D ried  b a c te r ia  w eigh ing  1 g were h e a te d  u n d e r  a re flu x  fo r 
4 h o u rs  in  15 m l 20 pe r cen t po tassiu m  h y d ro x id e  dissolved in a m ix tu re  co n ta in in g  e q u a l
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vo lu m es of w ater an d  m eth an o l. A fter cooling to room  te m p e ra tu re , f a t ty  acids w ere lib e ra ted  
w ith  1 : 3 hydroch lo ric  acid  (an a ly tica l g rade), th en  sh a k e n  o u t 3 tim es w ith  e th e r. T he pooled 
e th e r  e x tra c ts  were d r ied  over sod ium  su lp h a te  an d  so d iu m  h y d ro carb o n a te  (4 : 1). A fter 
f i l t r a tio n  the  e x tra c t  w as ev ap o ra ted  a t  40°C, th en  d ried  over phosphorus p e n to x id e  to  
c o n s ta n t weight.

(3) Conversion o f fa t ty  acids to m ethyl esters was c a rried  ou t w ith  d iazo in e th an e  p rep ared  
fresh ly  from  n itro so m e th y lu re a  as d escribed  by A m s t u t z  a n d  M y e b s  [ 1OJ. The o b ta in e d  m eth y l 
e s te rs  were gas ch ro m a to g rap h ed .

Results

Results o f  th in  layer chromatography. T h e  lipid co n ten t  of P s. pyocyanea  
c u l tu re s  of various ages is p re sen ted  in Table  1. I t  is clear t h a t  th e  cu ltu res  did 
n o t  differ in to ta l  l ip id  con ten t .  T he  percen tage  d a ta  for to ta l  p u re  lipid are 
in te resting , as th e y  show  the  degree of  c o n ta m in a t io n  o f  th e  crude p rep a ra t io n s .  
T h e  crude lipid c o n te n t  was 9 — lO p e r c e n t  m ore  t h a n  th e  pu re  lip id  c o n te n t .  The 
difference is due  to  th e  presence o f  free am ino  acids and  a lipopolysaccharide- 
p ro te in  complex in  th e  crude p rep a ra t io n .  T h e  pho sp h a t id e  c o n te n t  varied

Tabic I

L ip id  content o f  P s. pyocyanea cultures o f  various ages

Age of 
eu lture, 

hours

Percentage values for d r ie d  bacteria*

T o ta l  c ru d e  
lip id

T o ta l p u re  
lipid P h o sp h a tid e

8 8.0 7.2 5.0

18 7.9 7.2 5.5

48 8.6 7.7 6.0

* D a ta  indicate av erag e  values o b ta in e d  in two p ara lle l cu ltiv atio n s

considerab ly  w ith  th e  age of th e  cu ltu re . T he  8 h o u r  cu ltu re  co n ta in ed  5 per 
c e n t ,  while th e  48 h o u r  cu ltu re  6 p e r  cent, p h o sp h a t id e .  B ac te r ia  in cu b a ted  
for 18 hours occupied  an in te rm e d ia ry  position (5.5 per cent).

In  fu r th e r  e x p e r im en ts  th e  pho sp h a t id e  co m ponen ts  were exam ined  by  
t h i n  layer  c h ro m a to g ra p h y .  T he  resu lts  are show n in p a r t  (a) of Fig. 1. C hro
m a to g ra p h y  was ca rr ied  ou t b y  th e  ascending  techn ique  on a 500 p  th ick  
Silicagel G lay e r  using chloroform : m e th an o l :  w a te r  (65 : 25: 4) so lvent. 
S p o ts  were d e tec ted  b y  sp ray ing  w i th  5 per  cen t  phosphom olybd ic  acid dissolved 
in e thano l  and  w i th  co n cen tra ted  sulphuric  acid. P a r t  (b) of Fig. 1 ind ica tes  
n in h y d r in  positive spo ts .

Fig. 1 in d ica te s  t h a t  the  th re e  cu ltu res  o f  various ages co n ta in ed  5, 
q u a l i ta t iv e ly  iden t ica l  p h o sp h a t id e  com ponen ts .
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S p o t P  reacted o n ly  w ith  n inhydrin  and wras therefore regard ed  as an 
a m in o  ac id  con tam in ation .

S p o t 1 gave p o sit iv e  co lo u r  reaction  w ith  p h osp h om olyb d ic  acid , iod in e , 
n in h y d r in  and also w ith  S c h if f ’s reagen t, and  therefore corresp ond ed  to  
a ce ta lp h o sp h a tid e  (p la sm a lo g en ).

S p o t 2 was ly so c h o la m in e  ceph alin , as it  reacted  w ith  p h o sp h o m o ly b d ic  
a c id , io d in e  and n inh ydrin .

8 hr. 18 hr. 48  hr.

F ig . 1. T h in  layer ch ro m ato g ram  o f p h o sp h a tid e s  in  8, 18 a n d  48 hour Ps. pyocyanea  cu ltu res . 
S ilicag el G lay er, 500 /<; c h lo ro fo rm : m eth an o l: w a te r  so lv en t (65 : 25 : 4); d e te c tio n : (a) 
p h o sp h o m o ly b d ic  acid -f- c o n c e n tra te d  su lphuric  acid , (b) n in h y d rin . C om ponents: 1’ =  am ino 
ac id ; 1 =  plasm alogen, 2 =  ly so ch o lam in e  cephalin , 3 =  lec ith in , 4 =  eho lam ine cephalin ,

5 — card io lip in

S p o t 3 corresponded to  lec ith in , as it reacted  w ith  p h osp h om olyb d ic  
a c id , io d in e  and D r a g e n d o r f f ’s reagen t.

S p o t 4 was the  m o s t  in ten s iv e  com ponen t on the  c h ro m a to g ram . As it 
g ave  co lo u r  reaction w ith  p h o sphom olybd ic  acid, iodine and  n in h y d r in ,  it 
w as  r e g a rd e d  as eholam ine cephalin .

S p o t 5 bound  s t ro n g ly  R h o d am in e  6 G in add it ion  to th e  genera l lipid 
r e a c t a n t s ;  i t  was ca rd io lip in .

A f te r  i t  had been re v e a le d  th a t  in Ps. pyocyanea  phospha tides  belonging  
to  t h e  g roup  of ester  p h o s p h a t id e s  were p red o m in a t in g ,  we a t t e m p te d  to  
i so la te  lec i th in  and cepha lin .  T h e  results  are p re sen ted  in Table  I I .
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Table 11

Lecithin and cephalin content o f  Ps. pyocyanea cultures o f  various ages

Age of 
c u ltu re ,

h o u rs

P e rcen tag e  values for to ta l 
phosphatide*

L ecith in
C ard io lip in

Cephalin
C ard io lip in

8 89.8 1 0 . 2

18 87.2 1 2 . 8

48 87.1 12.9

* D a ta  ind ica te  average  va lues o b ta in ed  in tw o parallel cu ltiv a tio n s

F ro m  Table  I I  it  is seen t h a t  in  the  phospha tides  o f  th e  e x am in ed  o rg a n 
ism lec i th in - type  co m ponen ts  com prised  nearly  90 p e r  cent. The cephalin  
c o n te n t  was som ew hat over 10 p e r  cent.

R esults o f  gas chrom atography. Fig. 2 and Table  I I I  revea l  t h a t  p a lm i t ic  
acid was th e  m ain  f a t ty  acid  co m p o n en t  in all cultures. F a t t y  acids c o n ta in in g  
m ore th a n  16 carbon a to m s  were p redom ina ting . Those  con ta in in g  less th a n  
16 carbon  a tom s were en c o u n te re d  in 10 per  cent.

Cultures of various ages d iffered  in th e  occurrence o f  a C19 cyc lop ropane  
r ing -con ta in ing  f a t ty  acid (m e thy leneoc tadecano ic  acid). In  8 h o u r  cu ltu res  
th is  su bs tance  com prised 2 p e r  cen t  o f  th e  to ta l  f a t t y  acid co n te n t .  In  18

Table 111

Quantitative distribution o f  fa t ty  acids in  Ps. pyocyanea , per cent o f  total area

F a t ty  ac id s D esignation
Age o f  c u ltu re , hours

n u m b er 8 18 48

l n-H exadecanoic acid  p a lm a tic  acid — 1̂6 46.6 44.8 45.0

2 O ctadecenoic acid ^I8:t 32.2 16.4 8 .1

3 M ethylene-octadecanoic acid С „Д 2.0 20.9 25.4

4 n-H eptadecanoic  acid C „ 6.7 4.5 7.5

5 n-D odecanoic acid —  la uric  acid CI2 5.0 4.0 4.7

6 M ethylene-hexadecanoic acid С 17Д 1.8 5.1 4.0

7 n-Pen tadecano ic  acid c , . 2.5 2.0 1.8

8 u-T etradecanoic acid —  m y ris tic  acid С» 1.2 0.7 1.1

9 n-O ctadecanoic acid  —- stearic  acid  — c 18 1.0 0.7 0.8

10 U ndecenoic acid c „ :1 0.4 0.5 0.7

11 T ridecenoic acid ^I3:i 0.5 0.4

12 Decenoic acid ^lo:l + +

^17A 4 “ С 19д 3.8 26.0
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8  hr 18 hr 48 hr

F ig . 2. F a t ty  acids in Ps. pyocyanea
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an d  48 h o u r  cu ltu res  i t  am o u n ted  to  20.9 a n d  25.4 p e r  cent, respectively . T h u s ,  
para lle l  w ith  th e  cu ltu res  ageing, th e  a m o u n t  of  cyclopropane r in g -co n ta in in g  
f a t t y  acids increased considerably.

A n o th e r  f ind ing  was the  v a r iab le  occurrence  in cultures  of var ious  ages 
o f  oc tadecano ic  acid con ta in ing  one u n s a tu ra te d  bo n d  (32 per  c e n t  in  8 
hour,  16.4 per cen t  in 18 hour, and  8.1 per  cen t  in 48 h o u r  cultures).

Discussion

In  prev ious s tud ies  differences h av e  been revea led  in th e  p h o sp h a t id e  
c o n te n t  and  com position  of th ree  Stnpli. aureus  s tra ins  witli d if fe ren t  a n t i 
b io tic  sens i t iv i ty  [1,2]. W ith  th e  b ro ad en ig  of  th e  resistance sp e c tru m , an  
increase  in cepha lin - type , and a decrease in  lec i th in - type  p h o sp h a t id es  has  
been observed . W hile  an  an tib io tic  sensitive  S taph , aureus co n ta ined  88 p e r  
cen t  lec ith in , in p o ly res is tan t  cu ltu res  these  subs tances  were p re sen t  in less 
t h a n  70 per  cent. These d a ta  have  been  con firm ed  by  recent resu lts  show ing  
a m ore  com plex com position  of  p h o sp h a t id e s  in a P s. pyocyanea  s t ra in  w ith  
increased  an tib io t ic  resistance.

I n  th e  p resen t  experim en ts  we h av e  a t t e m p te d  to  show w h e th e r  th e  
p h o sp h a t id e  co n ten t ,  n u m b er  o f  p h o sp h a t id e  con s t i tu en ts  an d  f a t t y  acid  
com position  d iffered in  a given organ ism , if u n d e r  s ta n d a rd  ex p e r im e n ta l  
cond itions  the  cu l t iv a t io n  tim e only w as a ltered .

T he  results  have  shown t h a t  th e  p h o sp h a t id e  co n ten t  increases w ith  
th e  cu ltu res  ageing. T he  n u m b er  of p h o sp h a t id e  com ponen ts ,  however, rem a in s  
unchanged . P ro longa tion  of th e  in c u b a t io n  t im e  does n o t  induce th e  sy n th es is  
o f  new  p h o sp h a t id e  com ponents .  C u ltu res  of  various ages differ b u t  s l igh tly  
as to  th e  ra t io  of  lec i th in - type  and  ceph a l in - ty p e  com ponents .

A n in te res t in g  find ing  was revea led  w hen  Ps. pyocyanea  was cu l tu re d  
in th e  presence of  v i ta m in  B r  As co m p ared  to  th e  5.5 per  cent va lue  o b ta in e d  
w ith  th e  contro l cu ltu re ,  the  dried b ac te r ia  grown for 18 hours in the  presence  
of v i ta m in  Iix con ta in ed  7 per cen t p h o sp h a t id e .  T here  was a difference in th e  
lec i th in  — cephalin  ra t io ,  too, as th e  lec ith in  c o n te n t  decreased to  72 p e r  ce n t ,  
a n d  th e  cephalin  c o n te n t  increased to  27 per  cen t,  as com pared  to  th e  87 a n d  
12 p e r  cen t  values ob ta in ed  w ith  th e  s t ra in  grown in v i tam in  B1-free m ed iu m .

As th e  exam ined  P s. pyocyanea  s t ra in  was re la t ive ly  sensitive to  a n t i 
b io tics, i t  s tan d s  to  reason  th a t  th e  change in th e  p h ospha tide  com posit ion  
of  th e  cell was due to  some su b s tra te s .  T h e  e n t ry  of  su b s tra te s  in to  th e  cell 
is a func tion  of  re a c t iv i ty  w ith  d iffe ren t  phases. I f  m ore com plex phases  are  
en co u n te red ,  th e  e n t ry  o f  certa in  molecules m a y  decrease or cease.

O u r  recen t  resu lts  ind ica te  t h a t  m ore  com plex  p h o spha tides  are  p re se n t  
in P s. pyocyanea  cu ltu res  hav ing  a b ro a d e r  resis tance  spec trum  [11].

6  A c t a  Microbiulogica X I / 4 .
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P s. pyocyanea  cu l tu re s  o f  d ifferen t ages differed  more defin ite ly  in  f a t ty  
ac id  com posit ion . T h e  e x am in ed  3 cu ltu res  u n i fo rm ly  con ta ined  12 f a t t y  acids. 
A l th o u g h  d u r ing  p ro longed  in cuba tion  th e  o rgan ism  p roduced  no fu r th e r  
f a t t y  acids, th e  ra t io  o f  these  com pounds  v a r ie d  w i th  th e  age of th e  cu l tu re .  
T h u s ,  th e  a m o u n t  o f  a f a t t y  acid c o n ta in in g  C19 cyclopropane r ing  increased  
as in c u b a t io n  p roceeded . T h e  cause of  th is  p h en o m en o n  is u n k n o w n . I t  is, 
how ever ,  know n t h a t  older cu ltu res  are  m ore  re s is ta n t  to  an tib io tics .  I n  a 
p rev ious  p a p e r  [12] th e  sam e f a t ty  acid has  been  shown to  occur in  consider
ab le  a m o u n ts  in an  a n t ib io t ic  sensitive P ro te u s  s t ra in .  T hus  i t  m a y  be assum ed  
t h a t  th is  subs tance  pa r t ic ip a te s  in  th e  d ev e lo p m en t  of cell s t ru c tu re  and  
res is tan ce .

Acknow ledgem ent. W e are in d eb ted  to  M r. S . László  for skilled tech n ica l a ssistan ce .
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R ésum é. L ’é tu d e  de l’allergie chez les su je ts  v acc in és de 1954 à 1957 a m o n tré  l’in su ff i
san te  e fficacité  du  BCG alors p rép aré  en H ongrie à p a r t i r  d ’une  souche reçue en 1933 de l’In s t i 
tu t  P a s te u r  de Paris. Il a d ’ab o rd  é té  te n té  d ’am élio rer les ré su lta ts  en a u g m e n tan t la co n 
c en tra tio n  du  vaccin . Mais l’ex p érim en ta tio n  chez la so u ris e t  chez le cobaye a fa it a p p a ra ître  
que la «sous-souche» de B u d a p es t é ta it  d ’une a c tiv ité  fa ib le  com parée à celle de la  souche 
actuelle  de l’In s t i tu t  P a s te u r. On a donc su b s titu é  c e tte  d e rn iè re  à  la précédente p o u r  la fa b r i
cation du  vaccin  hongrois à p a r tir  de 1960.

Il est reconnu  a u jo u rd ’hui que des d ifférences sensibles p e u v e n t  se 
m an ifes te r  en tre  les souches BCG en tre ten u es  d a n s  différents labo ra to ire s  e t  
se rv an t  à la p ré p a ra t io n  d u  vaccin  [1 à 9]. Ces différences peu v en t  a id e r  à 
in te rp ré te r  les v a r ia t io n s  observées dans les r é s u l t a t s  de la v acc in a t io n  p a r  
le BCG [10 à 13].

L ’I n s t i t u t  (l’Hygiène P ub lique  de B u d a p e s t  a reçu en 1933 la souche  
BCG 458/S2 de l ’I n s t i t u t  P a s te u r  de P a r is  [14]. E n t r e  1955 et 1957 on  a 
observé la d im in u t io n  de l ’effet a llergisant de ce t te  souche chez les su je ts  
vaccinés. C ette  c o n s ta ta t io n  a été le p o in t  de d é p a r t  d ’un essai d ’é v a lu a t io n  
de la souche d.‘ B u d a p e s t  d o n t  nous avons che rché  à com parer  e x p é r im e n ta le 
m en t l’ac t iv i té  avec celle de la souche de l’I n s t i t u t  P a s te u r  de Paris.

Matériel et m éthodes

(Л ) S o u c h e s  u t i l is é e s .  B C G - P a r is .  L a souche BCG de l ’In s t i tu t  P asteu r de P a r is  com 
m uniquée au  lab o ra to ire  d u  C entre In te rn a tio n a l de l’E n fan ce  en 1959 e t en tre ten u e  su r m ilieu  
liquide de D ubos (T w een-album ine).

B C G - B u d a p e s t .  O rigine e t en tre tie n . La souche BCG n° 458/S2 est arrivée en H on g rie  
le 10 av ril 1933, envoyée p a r l’In s t i tu t  P a s te u r  de P a ris . L a  souche a été  en tre te n u e  de  1933 
à 1935 à l’In s t i tu t  de M icrobiologie de Szeged, de 1935 à 1944 à l’In s t i tu t  d ’H ygiène P u b liq u e  
de B u d ap es t, de 1944 à 1946 à l’In s t i tu t  de R echerches de Biologie de T ih an y  e t  d ep u is  
1946 de n o u v eau  à l’In s t i tu t  d ’H ygiène P ub lique  de B u d a p e s t.  Les passages sur p o m m e de 
terre  biliée o n t é té  e ffectués to u te s  les 3 à 4 sem aines e t  p a ra llè lem en t les en sem en cem en ts  
sur pom m e de te rre  g lycérinée. Le passage sur S a u to n  a é té  réalisé  à p a r tir  de la pom m e de 
te rre  g lycérinée 3 à 4 sem aines ap rès l’ensem encem en t. P o u r  la fab rica tio n  du  v acc in , o n t  é té  
em ployées des cu ltu res  sur S au to n  âgées de 10 à 47 jo u rs . D’a p rès  les protocoles, il a é té  o b se rv é  
quelquefois des acc id en ts  d ’é tu v e  e t des anom alies de c ro issance  de la souche.

De ce tte  souche 458/S2 d é riv en t p lusieurs sous-souches dénom m ées «sous-souches- 
B udapest» , (BCG B p.)

B C G  B p  3 3 2 . L a  souche 458/S2 a été  passée su r pom m e de te rre  hiliée 332 fois e n tre  
1933 e t 1959.

6 *
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B C G  B p  2 2 6 . P ro v ie n t d ’un e  cu ltu re  ly o ph ilisée  en  bouillon le 24 fé v rie r  1948 ap rès 
le 213e p assag e  e t rem ise en su sp en sio n  le 2 ja n v ie r  1956 sous le nom  de «souche 266».

B C G  B p  4 0 9 . P ro v ie n t d ’un e  cu ltu re  ly o p h ilisée  le 15 m ai 1948 ap rès le 217e passage 
e t  re m ise  en  suspension le 2 ja n v ie r  1956 sous le n o m  de «souche 409».

B C G  B p  4 1 0 . Même orig ine  que la souche 409 m ais  la rem ise en su sp en sio n  e s t du  21 
fé v rie r  1958.

P o u r  réaliser les ex p érien ces co m p ara tiv es , n o u s  avons en tre te n u  ces souches su r un  
m ilieu  liq u id e  de D ubos; re p iq u ag e  to u s  les h u it  jo u rs . Les vaccinations e t les in o cu la tio n s  des 
a n im a u x  d ’expérience o n t é té  fa ite s  avec les cu ltu re s  âgées de 8 à 10 jo u rs.

S o u c h e  v ir u le n te . P o u r l ’in je c tio n  d ’ép reu v e , n o u s  avons em ployé la souche  H 3 7 R v  
âgée de  8 à  10 jou rs , a d ap tée  p o u r  la  souris, e n tre te n u e  d an s  le labora to ire  du  C IE  su r m ilieu 
de D u b o s .

D é te r m in a t io n  des u n i té s  v iv a n te s .  P o u r les in je c tio n s  de BCG e t p o u r les in jec tio n s  
d ’é p re u v e , le nom bre des u n ité s  v iv a n te s  a été  d é te rm in é  d ’après la m éthode  de Leblois [15].

(B ) A n i m a u x  d 'e x p é r ie n c e . S o u r i s .  Swiss a lb in o s de 25 à 30 jo u rs. In o c u la tio n  de BCG 
p a r  v o ie  in trav e in eu se  à la q ueue  sous un  volum e de 0,2 m l. D ilu tions fa ite s  en  S a u to n  1/4 
a v ec  1 p . 1000 d ’album ine b o v in e. In jec tio n  d ’ép reu v e  tro is  sem aines ap rès la v a c c in a tio n  en 
S a u to n  1/4 avec 1 p. 1000 de sé ru m  de lap in  com m e d ilu a n t .

C o b a y e s  albinos de 400 à 500 g. E p ila tio n , co u p u re  des poils aux c iseaux. A v a n t  l’ex p éri
e n ce , o n  f a it  un  te s t tu b e rc u lin iq u e  de 10 un ités.

L a  ré p a rtit io n  des a n im a u x  a é té  fa ite  p a r  t ir a g e  a u  sort. Les a n im a u x  o n t  é té  m is à 
u n  ré g im e  d ’alim ents «conditionnés»  avec su p p lé m e n ts  de  caro tte s  e t de choux .

(C) C o m p te s  de c o lo n ie s  d a n s  les o rg a n e s . L es so u ris  o n t été  sacrifiées a u  ch loroform e 
3 se m a in e s  après in jec tio n  d ’ép reu v e  de cu ltu re  v iru le n te  diluée. A près une  a u to p s ie  s té rile , 
on  b ro ie  la  ra te  d ’une p a r t ,  les p o u m o n s d ’a u tre  p a r t  d a n s  3 ml de so lu tion  d ’a lb u m in e  bovine 
à 2 p . 1000 avec des b ro y eu rs  de T eflon . Les d ilu tio n s  de b ro y a ts  sont fa ites  d a n s  u n e  so lu tion  
d ’a lb u m in e  bovine à 0,1 p. 100. O n ensem ence 0,1 m l des d ilu tions appropriées su r les surfaces 
d u  m ilieu  Je n se n  coagulé en tu b es  de L egroux. L es tu b e s  so n t placés à l’é tu v e  à 37° e t  on  effec tue  
u n e  le c tu re  p a r sem aine. P o u r les com paraisons, a  é té  re te n u  le nom bre des colon ies a u  42e 
jo u r  q u i  su it  l’ensem encem ent.

(D ) T e m p s  de s u r v ie .  E tu d ié  c o m p a ra tiv em e n t d an s  des groupes de so u ris vaccinées, 
n o n  v a cc in é e s , après in jec tio n  d ’ép reuve  m assive.

R ésu lta ts

Les ta b le a u x  I e t  I I  f o n t  a p p a ra î t re  à la  fois, pour les souches é tud iées ,  
la  m u l t ip l ic a t io n  du  BCG seul dans les o rganes  de la souris (« tes t  de v iru lence») 
e t  la  p ro te c t io n  con tre  l ’in jec t io n  d ’ép re u v e  (« tes t  de p ro tec t ion» ) .

L e  ta b le a u  I I I  do n n e  les ré su l ta ts  d ’u n e  épreuve de « tem p s  de survie».
R éaction  locale chez le cobaye. Des g ro u p es  de 10 cobayes o n t  é té  in jec tés  

a v e c  les souches BCG p a r  vo ie  in t ra d e rm iq u e  sous un  volum e de 0,1 ce. INous 
a v o n s  m esu ré  les d iam è tre s  des réactions locales  j u s q u ’au 50e jo u r  ( ta b le a u  IV).

D iscu ssion

E n  Hongrie , p o u r  fa b r iq u e r  le vacc in  BCG, on a long tem ps em p lo y é  des 
c u l tu r e s  issues de la souche 458/S2 reçue de l ’I n s t i t u t  P as teu r  le 10 av r i l  1933.

P o u r  les nouveau -nés ,  la vacc in a t io n  e s t  obligatoire depu is  1954. La 
v a c c in a t io n  des en fan ts  d ’âge scolaire es t  p r a t iq u é e  moins rég u l iè rem en t .  Les 
t e s t s  tub e rcu l in iq u es  p o s t-v acc in au x  o n t  m o n t ré  que le v acc in  p ré p a ré  à 
p a r t i r  de  la souche BCG e n t re te n u e  depuis  1933 à B udapest  possède  u n e  c a p a 
c i té  a l le rg isan te  d im inuée .
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Tableau I

M ultiplication Hu BCG dans les organes de la souris et effet d 'une  injection d'épreuve  
(H 3 7 R v). Nombre des colonies obtenues à p a rtir  des organes

BCG UV H37Rv UV
Dilution de broyât 

Organes des organes
Nombre des colonies poussant aux 
dilutions indiquées sur cinq souris X

P aris

4 8 7 . 6 0 0

—

P oum on 1 0  X  

1 0 0  X

1 2  1 6  3 0  3 8  9 0  

2  4  4  4  1 6

3 7 , 2

6 , 0

R a ie 1 0  X  

1 0 0  X

5 8  6 0  7 0  8 0  9 6  

6  8  8  1 4  3 6

7 2 , 8

1 4 , 4

3 , 0

0 , 8
1 1 . 5 0 8

Poum on 1 0 0  X

î o o o  X

0  0  0  5  1 0  

0  0  0  0  4

R ate non exam inés

B p .  4 0 9  

1 3 5 . 6 8 0

—

P oum on 1 0  X  

1 0 0  X

0  4  4  6  6  

0  0  0  0  0

4 , 0

0 , 0

R ate 1 0  X  

1 0 0  X

1 2  1 4  2 0  2 0  3 4  

2  2  2  2  3

2 0 , 0

2 , 2

1 1 . 5 0 8

Poum on 1 0 0  X  

1 0 0 0  X

1 4  2 0  2 4  3 6  9 8  

4  6  8  1 0  1 6

3 8 , 4

8 , 8

R ate non exam inés

— 1 1 . 5 0 8

Poum on 1 0 0  X  

1 0 0 0  X

2 1  5 0  8 0  9 2  1 0 0  

8  8  1 0  1 8  6 0

6 8 , 6

2 0 , 8

R a te non exam inés

— V accination  pa r le BGG: 0,2 ml p a r  voie i. v . d ’une cu ltu re  de D ubos âgée de 8 jo u rs .
—  In jec tio n  d’épreuve: H 3 7 R v , 0,2 ml pa r voie i. v. d ’une cu ltu re  de D ubos âgée de 8 

jo u rs  après 42 jours.
—  63 jo u rs  en tre  la v acc in a tio n  e t le sacrifice des an im au x .
—  21 jo u rs  en tre  l’in jec tio n  d ’épreuve e t le sacrifice des an im aux .

D ’après  F lescii e t  H al ász  [16], l ’allergie pos t-vacc ina le  ne d u re  que 
deux  ans. Selon Stark  [17] les nouveau-nés on t  un  p o u rcen tag e  de 90 p. 
100 m ais  l’allergie d isp a ra î t  au  b o u t  de deux  ans. K a r o s s a -P f e i f f e r  e t  
B og nár  [18] o n t  observé q u e  les en fan ts  d ’âge scolaire vaccinés  en n o v em b re  
e t  décem bre  de 1953 o n t  dé jà  p e rd u  leur allergie p o s tvacc ina le  d an s  u ne  p ro 
p o r t ion  de 20 p. 100 en 18 mois. Y oith  [19] a co n s ta té  un  t a u x  d ’allergie de 
80 p. 100 chez les écoliers u n  an après  la v acc ina tion .  S z u n g y i  [20] a t ro u v é  
une p e r te  de l’allergie pos tv acc in a le  de 30 p. 100 au b o u t  d ’u n  an , 40 p .  100 
au  b o u t  de deux  ans e t  de 53 p. 100 au b o u t  de tro is  ans. LÁb a d y  [21] a observé  
un  t a u x  d ’allergie pos tvacc ina le  de 84 p. 100 chez les nouveau -nés .  S z a l a t k a y  
[22] donne  le chiffre de 80 p. 100.
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Tableau II

M u lt ip l ic a t io n  d u  B C G  d a n s  les o rganes d e  la  s o u r is  et e f fe t  d 'u n e  in je c t io n  d 'é p r e u v e  
( H 3 7 R v ) . N o m b r e  des co lon ies o b te n u e s  à  p a r t i r  des o rg a n e s

BCG UV H37Rv UV Organes
Dilution de broyât Nombre des colonies pous- 

des organes sant aux dilutions indiquées 
sur cinq souris

X

P a ris
6 . 0 8 0

—

P o u m o n 1 0  X
îoo X

/ / 1 3 4 4  

/ /  0  0  0  0

3 , 0

0 , 0

R a te 1 0  X 
1 0 0  X

6  6  8  1 0  2 0  

0  0  1 2  2
1 0 , 0

1 , 0

2 0 . 1 6 0

P o u m o n 1 0 0  X
îooo X

/ /  1 0  1 2  1 6  2 4  

/ / 0 1 2 2

1 5 , 5

1 , 2

R a te 1 0 0  X
îooo X

7  9  1 0  1 4  2 2  

1 2  2  2  3

1 2 , 4

2 , 0

B p .  3 3 2  

1 5 . 6 0 0

—

P o u m o n 1 0  X 
1 0 0  X

/ / / / 0 0 0  

0  0  0  0  0

0 , 0

0 , 0

R a te 1 0  X 
1 0 0  X

0  0  0  0  1 0  

0  0  0  0  1

2 , 0

0 , 2

2 0 . 1 6 0

P o u m o n 1 0 0  X
îooo X

/ /  / /  4 0  1 0 0  1 0 0  

/ /  1 4  2 2  2 4  4 0

8 0 , 0

2 5 , 0

R a te îoo X 
îooo X

2 8  1 0 0  1 0 0  1 0 0  1 0 0  

1 6  2 2  2 4  3 2  4 6

8 5 , 6

2 8 , 0

— 2 0 . 1 6 0

P o u m o n îoo X
1 0 0 0  X

/ /  / /  5 8  1 0 0  1 0 0  

/ /  / /  8  7 0  1 0 0

8 6 , 0

5 9 , 3

R a te 1 0 0  X 
1 0 0 0  X

5 5  6 6  6 8  1 0 0  1 0 0  

8  1 0  1 2  1 4  1 6

7 6 , 8

1 2 , 0

•—  V accination p a r  le B C G : 0,2 ml pa r voie i. v . d ’une cu ltu re  de D ubos âgée de 8 jou rs.
—  In jec tion  d ’ép reu v e : H 3 7 R v , 0,2 m l pa r voie i. v . d ’une cu ltu re  de D ubos âgée de 8 

jo u rs  a p rès  42 jours.
—  63 jours en tre  la  v a c c in a tio n  e t  le sacrifice des an im aux .
—  21 jours en tre  l ’in je c tio n  d ’épreuve e t le sacrifice des an im aux .
/  /  non évaluable p o u r  ra iso n  technique

Comme ré su l ta t  de  ces observations,  p o u r  am éliorer  l ’a c t iv i té  du vaccin  
d u  lab o ra to ire  du BCG  de  B u d a p e s t ,  il a é té  décidé  d ’a u g m e n te r  la  co n cen tra 
t io n  d u  vaccin. J u s q u ’a u  20 décem bre 1957 le v acc in  é ta i t  fab r iq u é  à la  con
c e n t r a t i o n  de 1,0 m g /m l,  à p a r t i r  de ce t te  d a te  la  co n c e n tra t io n  a été doublée 
(2 ,0  m g/m l) [23]. I l  e s t  c o n n u  que la c o n c e n tra t io n  o p tim a le  d ’u n  vaccin  est 
de  0,5 mg/ml à p a r t i r  d ’u n e  souche a y a n t  in té g ra le m e n t  ga rdé  sa  viru lence 
ré s id u e l le  originelle.

L a  valeur p ro te c t iv e  d im inuée  de l ’anc ienne  souche BCG de B u d a p e s t  rend  
v ra is e m b la b le m e n t  c o m p te  d u  fa it  que la m o rb id i té  p a r  tu be rcu lose ,  s ta g n a n t
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Tableau III

E ff e t  de la  v a c c in a t io n  p a r  le B C G . T e m p s  d e  s u r v ie  d es  s o u r is  a p r è s  in je c tio n  d 'é p r e u v e

BCG UV H37Rv UV Temps de survie X  h “ r - 
monique

X e t
S. I). 
recipr.

P aris 23,8
4.480 6.788.000 30 31 37 39 40 44 47 48 55 60 60 / / 42,0 5,8

Bp. 268 30,4
10.600 6.788.000 25 27 28 30 30 36 36 38 38 39 41 49 6,0

Bp. 332 36,0
9.836 6.788.000 16 24 24 24 25 27 27 30 41 41 46 48 27,6 12,0

B p. 409 28,5
8.362 6.788.000 16 32 33 34 38 40 42 45 45 46 46 47 35,1 11,8

33,0
— 6.788.000 24 25 25 25 27 29 33 35 39 40 42 44 30,3 7,4

—  V accination  p a r le BCG: 0,2 m l pa r voie i. v . d ’une cu ltu re  de D ubos âgée de 8 jo u rs
—  In jec tio n  d ’épreuve: H 3 7R v , 0,2 ml pa r voie i. v . d ’une cu ltu re  de D ubos âgée de 8 

jo u rs  après 42 jo u rs.
/  /  non évaluab le  pour ra ison  technique
—  différence significative seu lem en t en tre  les groupes de P a ris  e t de contrôle.

Tableau IV

R é a c tio n  loca le  chez les cobayes p ro v o q u é e  p a r  les so u c h es  B C G . L e s  c h if fr e s  d o n n és  
co r re s p o n d e n t à la  s u r fa c e  ( e n  m m 2) .  ( M o y e n n e  s u r  1 0  a n im a u x )

Jours

BCG UV
3 10 15 20 25 30 35 40 45 50

B p. 332 
18.400 1,98 4,16 6,72 14,32 11,96 7,46 5,53 2,63 0,88 0,23 0,0

Bp. 268
9.779 0,66 2,16 3,91 4,75 3,64 1,85 0,78 0,43 0,11 0,02 0,0

Bp. 409 
11.400 1,10 2,63 5,18 6,79 5,16 2,30 1,98 0,80 0,25 0,06 0,0

P aris
10.200 0,50 2,01 5,50 12,66 20,36 25,27 20,63 12,65 8,44 4,73 1,50

E n tre  les
souches
Bp. ns ns IIS DS DS DS ns ns IIS ns

E n tre
les souches 
B p. et 
Paris ns ns ns ns DS DS DS DS DS DS

—  ns =  avec analyse  de v a rian ce : différence non sign ificative
— DS =  avec analyse  de v a rian ce : différence significative



3 9 6 L. LUGOSI e t F . M. LÉVY

a u t o u r  de 23 p. 10 000, n 'a  pas  d im inué  de façon significative chez les en fan ts  
v a cc in és  en tre  1954 e t  1958.

D ’a u tre  p a r t  il n ’a pas  été observé  de réactions locales e t  régionales 
p o s tv acc in a le s  appréc iab les  m algré  l ’a u g m e n ta t io n  de la c o n c e n tra t io n .  E n  
ré a l i té ,  de 1957 à 1959, on a app liqué  des doses de vaccin  q u a t r e  fois plus 
fo r te s  au  cours de la  v a cc in a t io n  u n i la té ra le  e t  h u i t  fois p lus fortes  au  cours 
de la  v a cc in a t io n  b i la té ra le  s im u ltanée .  Mais il y a beau co u p  de ra isons de 
p e n s e r  que  même à dose élevée un BCG a t té n u é  à l ’excès r isque  d ’avo ir  une 
a c t iv i t é  im m u n isan te  insuffisan te .

E u  égard  à nos ré su l ta ts  e t  a u x  données ex périm en ta les  publiées pa r  
p lu s ie u rs  au teu rs  e t nous r a n g e a n t  a u x  conclusions de la Conférence I n te r n a t io 
na le  T ech n iq u e  du BCG de 1956, nous em ployons  depuis 1960 à B u d a p e s t  la 
so u ch e  actuelle  de l’I n s t i t u t  P a s te u r  p o u r  fab r iq u er  le vacc in .  A p a r t i r  de 
c e t t e  souche, nous p rép a ro n s  u n  v acc in  l iqu ide  de co n cen tra t io n  0,4 mg/ml. 
L ’a lle rg ie  pos tvacc ina le  contrô lée  chez les nouveau-nés avec  le t im b re  tu b e r  
c u l in iq u e  (H u m an  « F or te» )  m o n tre  u n  t a u x  d ’allergie de 93 — 95 p. 100.

D epuis  le c h an g em en t  de la souche, 1 000 500 vacc ina tions  on t  été réalisées 
en  H o n g r ie .  A v a n t  1959 la m o rb id i té  p a r  tubercu lose  des en fa n ts  de 0 à 
14 a n s  é ta i t  de 23 p. 10 000. Au cours de ces q u a tre  dernières années  la  m orb i
d i té  des  en fan ts  a d im inué  de 87 p. 100 e t  à la fin de 1963 elle a é té  de 3,1 p. 
10 0 0 0 .  L ugosi  [24].

D ’au tres  expériences nous on t  p e rm is  récem m en t de vér if ie r  la d im in u 
t io n  de la  va leur im m unobio log ique  de l ’ancienne sous-souche BCG de B u d a 
p e s t .  L ug o si  et al. [25].
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Sum m ary . G uinea pigs sen sitiz ed  w ith  horse serum  were challenged  w ith  v a rio u s serum  
frac tio n s . T he m o st defin ite  a n ap h y lac to g en ic  effect w as e x e rte d  by  th e  /З-g lobulin  frac tio n . 
In  th e  h y p o th erm ic  s ta te , sen sitized  an im als could be d esen sitized  ag a in s t w eak , b u t no t 
ag a in s t s tro n g  an ap h y lac to g en ic  frac tio n s .

In a p rev ious  report [1] it has  been shown t h a t  in th e  guinea p ig  a n a p h y 
lactic  shock can  be p re v e n te d  b y  decreasing b o d y  te m p e ra tu re .  I t  has also 
been shown t h a t  in some re sp e c ts  there  is a difference be tw een  th e  b eh av io u r  
o f  anim als sensitized w ith  o v a lb u m in  and w ith  horse  se rum  [2]. I n  these 
exp er im en ts  th e  challenging dose was adm in is te red  to  guinea pigs sensitized 
w ith  o v a lbum in  which h ad  b een  cooled to 24 — 26°C. T he  animals were th en  
b ro u g h t  to  norm al t e m p e ra tu re  and a second elic iting  dose was in jec ted . 
U n d e r  these  conditions no a n a p h y la c t ic  shock was seen to  develop. In  co n tra s t ,  
when sim ilar experim ents  w ere  carried out in an im als  sensitized w ith  horse 
se rum , th e  second eliciting dose , given in th e  n o rm o th e rm ic  s ta te ,  induced 
severe  or even le thal reac tions .  In  o ther  words, desens i t iza t ion  was successful 
on ly  aga ins t  ovalbum in , b u t  n o t  against horse se rum .

This p a p e r  gives an  a c c o u n t  of experim en ts  in which we exam ined  the  
role in th e  said phenom enon  o f various horse se rum  fractions.

M ateria ls  and m ethods

Male gu inea  pigs w eighing 300 to  350 g were sensitized  w ith  tw o 0.2 ml su b cu tan eo u s  
doses o f n a tiv e  horse serum . V ario u s  frac tions were p re p are d  from  horse serum  by  Sober 
an d  Peterson’s m ethod  e la b o ra te d  fo r hu m an  serum  [3]. T h is  p ro ced u re  y ielded  4 frac tio n s: 
a , ß  and  y-g lobuiin  and a lbum in . F ra c tio n a tio n  was pe rfo rm ed  b y  th e  use o f d im e th y l-am id o - 
d ie th y l cellulose anion exchange resin  a t  0.0175 — 0.4 M  p h o sp h a te  co n cen tra tio n s , p H  6.3 
5.2 and  5°C. T he o b ta in ed  fra c tio n s  w ere purified by  p re c ip ita tio n  w ith  am m o n iu m  su lp h a te . 
H om ogeneity  o f  th e  frac tions w as check ed  w ith  an A n tw eile r m ic ro e lec tro p h o re tic  a p p a ra tu s  
(p H  8.6; b a rb itu ra te  buffer). As sh o w n  in Fig. 1, the  ß  an d  y-g lobu lin  frac tions w ere h o m ogene
o u s; th e  a lb u m in  frac tion  c o n ta in e d  p re-a lbum in  an d  in th e  a-g lobulin  f ra c tio n  b o th  al 
a n d  a2 g roups w ere p resen t.

T he gu inea  pigs were a n a e s th e tiz e d  w ith 90 m g/kg su b c u tan e o u s  doses of p h é n o b a rb ita l 
a n d  th e n  th e y  were cooled by  m ea n s  of sa lted  ice p laced  in p la s tic  sacs. A ccord ing  to  K esz
t y ű s  et al. |4 ) , p h én o b arb ita l e x e r ts  no influence on th e  a n a p h y la c tic  shock of gu inea pigs. 
R ew arm in g  o f th e  anim als w as b eg u n  a t  the  card ia l reg io n ; n o rm al body  te m p e ra tu re  was 
reach ed  a p p ro x im a te ly  a fte r 3 h o u rs . R ecta l tem p e ra tu re  w as reco rded  w ith  a th e rm is to r 
th e rm o m ete r.
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A ccording to th e  se v e rity  o f  an ap h y lax is , fo u r degrees were d is tin g u ish e d ; m ild  (sneez
in g , ru ff l in g  of ha ir, ru b b in g ) , m o d e ra te  (passing  of u rin e  and  faeces, d y sp n o e a ), severe (fall
in g  o n  th e  side, severe d y sp n o e a ), an d  le tha l.

F ig . 1. E lectrophoresis o f h o rse  se ru m  frac tions. A n tw eile r a p p a ra tu s , p H  8.6 ; b a rb itu ra te
buffer

R esu lts  and discussion

I n  the  first series o f  experim en ts  th e  anap h y lac to g en ic  effect of th e  
f o u r  se ru m  fractions w as ex a m in e d .  The guinea pigs were sensitized  w ith  horse

Table I

A naphylactogenic  effect o f  horse serum  fractions

Eliciting injection
Protein con

tent of 
eliciting 

injection, mg

Result

Horse serum 48 D ea th  in 5 m in. (10)*

Horse serum  « -g lobu
lin
fraction

5 M oderate shock (5)

7.5 D ea th  in 5 m in. (2) 
M oderate shock (8)

Horse serum  ^ -g lo b u 
lin
fraction

5 D e a th  in 5 m in. (1) 
M oderate shock (4)

7.5 D ea th  in 5 m in. (3) 
Severe shock (7)

Horse serum  у -g lo b u 
lin
fraction

5 M ild shock (5)

7.5 M ild shock (10)

Horse serum  a lb u m in  
fraction

10 M oderate  shock (10)

15 M oderate shock (5)

* F igu res in b racket in d ic a te  th e  nu m b er of anim als. G uinea pigs were sensitized  w ith  horse 
se ru m ; challenging dose w as g iven  3 w eeks later.
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se ru m , th e n  a f te r  3 weeks th e  var ious  frac tions were adm in is te red  v ia  th e  
j u g u la r  vein . As shown in T ab le  I, whole serum  caused  w ith in  5 m in u tes  le th a l  
a n a p h y la c t ic  shock in all an im als .  This  ind ica tes  t h a t  th e  guinea pigs h a d  been  
sens i t ized  aga ins t  horse se rum . O f th e  fractions y-globulin and  a lb u m in  were 
less d e f in i te ly  an ap hy lac togen ic ;  /З-globulin caused th e  m o st  severe reac tions .

W h e n  subsequen t  in t r a ju g u la r  in jections o f  whole horse se ru m  were 
given to  th e  surv iv ing  guinea pigs, le tha l an a p h y la c t ic  shock was obse rved  
m a in ly  am ong  animals w hich  h a d  been challenged prev iously  w ith  y -g lobulin  
or  a lb u m in .  This f inding also in d ica ted  t h a t  these  f rac t ions  exer ted  th e  sm a ll
e s t  anap h y lac to g en ic  and  desensitiz ing  ac t iv i ty .  O ur  resu lts  agree w ith  those  
o f  A ndzhaparidze  [5], who re p o r te d  th a t  /3-globulin was th e  frac t ion  caus ing  
the  m os t  defin ite  anaphy lax is .

I n  sub seq u en t  ex p e r im en ts  th e  effect of se ru m  frac tions on gu inea  pigs, 
in w h ich  an aphy lax is  h ad  been  p re v e n te d  b y  h y p o th e rm ia ,  was ex am in ed .  
T h e  an im als  were sensitized w ith  horse serum . A fte r  3 weeks th ey  were cooled 
to  25 — 26°C an d  challenged w ith  horse serum . T h en  th e y  were re w a rm e d  to 
n o rm a l  te m p e ra tu re  and a p p ro x im a te ly  a f te r  12 hou rs  in jec ted  w ith  va r io u s  
s e ru m  frac t ions  and  w ith  whole se rum  as th e  control.

Table II

Anaphylactogenic effect o f  horse serum  fractions after desensilization in  hypotherm ia

Second eliciting injection
Protein con
tent of 2nd 
eliciting in
jection, mg

Result

Horse serum 48 D eath  in 5 m in. (6) 
Severe shock (4)

Horse serum  
a- globulin 
frac tion

7.5 Severe shock (2) 
Mild shock (6) 
Sym ptom pless (7)

Horse serum  
ß- globulin 
fraction

7.5 D eath  in 5 m in. (3) 
M oderate shock (9) 
Sym ptom less (3)

Horse serum  
y-  globulin 
fraction

7.5 Sym ptom less (8)

Horse serum
album in
fraction

10 Sym ptom less (8)

F igures in b racket ind icate  th e  num ber of anim als. G uinea pigs were senzitized w ith  horse 
serum . T he f irs t eliciting dose (horse serum  contain ing  48 m g p ro te in ) was given in  h y p o th erm ia  
(25— 26°C). T he second eliciting dose was adm in istered  12 hrs. la te r  in  norm otherm ia.
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As shown in T a b le  I I ,  the  second dose o f  horse se rum  caused  le tha l  or 
s e v e re  anaphy lax is .  O f  t h e  fractions, y -g lobu lin  and  a lb u m in  p ro d u ced  no 
r e a c t io n ;  а -and m a in ly  /З-globulin caused severe  sym ptom s.

T he  presen t e x p e r im e n ts  have show n  t h a t  horse se ru m  co m ponen ts  
d if fe r  in an ap h y la c to g en ic i ty .  I t  has also b een  revealed  t h a t  in  th e  h y p o th e r 
m ic  s ta te  desensi t iza t ion  is successful on ly  ag a in s t  weak anap h y lac to g en ic  
f ra c t io n s .  In  the  case o f  h ig h ly  an aphy lac togen ic  fractions a p a r t ia l  an tigen  — 
a n t ib o d y  binding a p p a r e n t l y  occurs in th e  cooled animals. O u r  resu lts  ind ica te  
t h a t  th e  most d e f in i te ly  anaphy lac togen ic  f ra c t io n  is /З-globulin , and  th a t  
desensi t iza t ion  of h y p o th e rm ic  guinea pigs is less successful aga ins t  th is  
c o m p o n e n t .
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Sum m ary . F ro m  tw o  tu b ercu lin -p o sitiv e  m onkeys ( M acacus rhesus a n d  Papio  ham ad- 
r ia s)  sh o rtly  a fte r th e  an im als had been im p o r te d , tw o M ycobacterium  s tra in s  w ere iso la te d : 
М2 a n d  Zol. S tra in  М2 is a M . tuberculosis s t ra in  o f a tte n u a te d  v iru lence . S tra in  Zol is non- 
p ig m e n ted ; in b io chem ical, im m unogenic  a n d  an tig en ic  p ro p erties  i t  d iffers sh a rp ly  from  
M . tuberculosis. T he s tra in  did no t co rre sp o n d  to  m y co b acte ria  belonging to  th e  B a tte y  s tra in s  
o r to  sap ro p h y tic  m y co b acte ria .

Tuberculosis  frequen tly  occu rs  am ong  m onkeys, a n d  i t  is genera l ly  
accep ted  th a t  m o n k ey s  in c a p t iv i ty  acqu ire  infection from  m a n  [3, 7].

N um erous in s t i tu te s  are k e e p in g  considerable  n u m b ers  o f  m o n k ey s  for  
virological pu rposes ,  e.g. po liom yelit is  vaccine p rodu c t io n ,  ex a m in a t io n  of  
sp o n taneous  v iruses  of these a n im a ls ,  etc. As the  labo ra to r ie s  u sua lly  receive 
th e  m onkeys s h o r t ly  after th e y  h a v e  been  cap tu red ,  it  is un like ly  t h a t  such 
an im als  m ight h a v e  been in fected  b y  m an . Nevertheless, m a n y  of th e m  h av e  
tubercu losis  and  discarding th e  in fe c te d  anim als on th e  basis of th e  tu b e r c u 
lin te s t  is a genera l ly  adopted  m e th o d .  B u t  w he the r  th e  tu b e rc u l in  positive  
m onkeys  are rea l ly  infected w i th  M . tuberculosis, is a p o in t  on which th e re  
a re  no da ta  in th e  literature .

Considering th a t  most o f  t h e  ex p er im en ta l  m onkeys come from  In d ia ,  
i t  is of in te res t  t h a t  M i t c h i s o n  [ 6 ] ,  B h a t i a  [ 1 ]  isolated M . tuberculosis s t ra in s  
o f  a t t e n u a te d  v iru lence  from th e  s p u tu m  of In d ian  p a t ie n ts  who h a d  received  
no c h em o th e rap eu t ic  drugs. T h e  occurrence  of a typ ica l  m y c o b a c te r ia  in m an  
called  a t te n t io n  to  the  pa thogen ic  role of  such organisms a n d  th e i r  re la t ionsh ip  
to  M . tuberculosis [4, 8, 10].

M ate ria l and  m ethods

Two M yco b acteriu m  stra ins iso la te d  fro m  tu b ercu lin  positive  m onkeys w ere ex am in ed . 
S tra in  М2 was iso la ted  from  a sw ollen  in g u in a l ly m p h  g land  of a M acacus rhesus m o n k ey , 
im p o rted  from  In d ia . S tra in  Zol w as iso la ted  by  Dr. P e k e r m a n  b y  p u n c tu r in g  a slig h tly  
sw ollen ax illary  ly m p h  gland of a b a b o o n  (P a p io  h a m adrias) . T he la t te r  an im a l was im p o rte d  
from  A byssinia to  th e  Suhurn (U S SR ) e x p e rim e n ta l m onkey  s ta tio n .

The tu b e rc u lin  te s t was p e rfo rm ed  w ith  100 I. U. by  th e  in tra d e rm a l m eth o d  o v er th e  
eyebrow s. R ead in g s were m ade a f te r  72 hours. T he tw o stra in s  w ere ex am in ed  for c u ltu ra l ,  
b iochem ical, p a th o g en ic  and im m u n o g en ic  p roperties . In  ad d itio n , th e  an tig en ic  s tru c tu re  
o f  s tra in  Zol w as also studied  (G i m p l ). E x a m in a tio n  of c u ltu ra l p ro p e rtie s  in c lu d ed  th e  g ro w th
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o n  d ifferen t m edia  a n d  p ig m e n t p ro d u c tio n . O f th e  b iochem ical reac tio n s , n iac in  p ro d u c tio n , 
c a ta la se , perox idase , n i t r a te  red u ctase , a ry l su lp h a ta se  ac tiv itie s  a n d  th e  acy lam idase  sp ec tru m  
[2] w ere exam ined . I n  a d d itio n , th e  re sp ira tio n -p ro m d tin g  effec t o f sodium  benzoate  a n d  sa li
c y la te  was stu d ied . P a th o g e n ic ity  was te s te d  b y  g iv ing  doses o f 1 m g in tra v en o u s ly  to  5 
w h ite  m ice, 1 m g su b c u ta n e o u s ly  to  3 guinea pigs a n d  5 —10 — 20 m g in tra v en o u s ly  to  ra b b its  
(each  dose to  3 a n im a ls ) . Im m u n o g en ic ity  w as in v e s tig a te d  b y  in o cu la tin g  gu inea pigs w ith  
1 m g subcu tan eo u sly ; fo r  com parison  a n o th e r g ro u p  o f an im als rece ived  BCG. A fter 4 — 6 w eeks 
a ll th ese  an im als a n d  a  co n tro l group  were challenged  w ith  0.00001 m g of s tra in  H 3 7 R v  su b 
cu tan eo u sly . A n tigen ic  s tru c tu re  was exam in ed  b y  a g a r gel p re c ip ita tio n  [5]. F o r com parison  
M . tuberculosis and  M . a v iu m  s tra in s  were used.

R esults

S tra in  М2 show s th e  charac ter is t ic  cu l tu ra l  p roper t ie s  o f  M . tuberculosis. 
I t  produces a t  37°C ro u g h  colonies and  is an  R  v a r ia n t .  B iochemical p ropert ies  
(Table  I): I t  gives a n  in tens ive  niacin re a c t io n ;  p roduces  cata lase , peroxidase, 
n i t r a t e  reduc tase  a n d ,  o f  th e  acylam idases , u rease  a n d  n ico tinam idase . Aryl-

ТаЫс I

Biochem ical properties o f  the monkey strains

M. tu- 
berc.
BCG

Strains

М2 Zol

N iacin + +  + —

C ata lase + + +
P ero x y d ase + + +
N itra te  reductase — + +
A ry lsu lp h a tase + — +
U rease + + +
N ico tinam idase + + +
P y raz in am id ase — — +
S alicy la te  effect + — —
B en zo a te  effect — — —

s u lp h a ta se  is n o t  p ro d u c e d .  I t s  sens itiv ity  to  c h em o th e rap eu t ic  substances 
co rrespond ing  to  t h a t  o f  th e  tuberc le  bacillus (Table I I ) ,  be ing  sensitive to  
1 /Ig/m l of s t re p to m y c in ,  isoniazid an d  PAS. T h iosem icarbazone  inh ib ited  
g ro w th  only a t  50 p g /m l concen tra t ion .  P a th o g e n ic i ty  to  an im als:  5 mg culture  
g ave  rise in  the  r a b b i t ’s lu n g  to  num erous  grey, non-necro tic  foci a f te r  79 
d a y s ;  in  th e  guinea pig, a t  th e  site of th e  in o cu la t ion ,  an  abscess was produced  
w i th o u t  any  lesions in o th e r  organs. F or  m ice some degree of pa thogen ic i ty  
was observed , as a f te r  73 d ay s  in th e  lungs n u m ero u s  foci developed an d  in 
som e cases a h y p e r t ro p h y  of th e  spleen occurred . S tra in  М2 possesses a high



ATYPICAL MYCOBACTERIA IN  M ONKEYS 405

F ig- 1

degree of  im m u n iz in g  capac ity  a g a in s t  tubercu losis  (Table I I I ) .  Superin fec tion  
of  im m unized  an im als  gave rise o n ly  to  lesions in  th e  regional ly m p h  g lands , 
w hereas in th e  c o n tro l  animals g ra v e  tubercu los is  developed. This s t r a in  is 
there fo re  a ty p ica l  tu b e rc le  bacillus o f  low v iru lence  in experim en ta l  an im als .

S tra in  Zol p ro d u ces  no p ig m en t ,  and  does n o t  grow a t  room te m p e ra tu re .  
A t  37°C on glycerol m edium  it fo rm s  sm oo th  S colonies af te r  7 — 19 days . 
N iacin  is n o t  p ro d u ced .  The s t r a in  possesses ca ta lase ,  peroxidase, n i t r a t e  
red u c tase  an d  a ry lsu lpha tase .  O f  th e  acy lam idases  urease, n ico t in am id ase  
and  p y raz in -am id ase  are formed. T h e  s t ra in  is re s is ta n t  to  s t re p to m y c in ,  
isoniazid, PAS a n d  th iosem icarbazone , and  shows g ro w th  on media c o n ta in in g

Table II

Growth o f  stra ins isolated from  m onkeys on media w ith chomotherapeutic substances 
at d ifferent concentrations

Streptomycin IHN PAS Thiosemicarbazone

Strains 1 10 50 1 10 50 1 10 50 1 10 50

/‘g/nll /'S/n'l //g/ml

M 2

Zol + + + + + + + + + + + ±

i  =  p a r t i a l  r e s i s ta n c e

7 Acta Microbiologie» XI/4.
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Table III

Im m unogenic properties o f  the monkey strains

Strain
No. of 
animals 

tested
Tbc index*

M 2 8 4.5
BCG 9 7.8
—  (control) 10 19.3

Zol 9 15.8
BCG 10 2.5
—  (control) 9 12.3

+  m axim um  in vo lvem en t =  22

t h  ese substances  a t  50 //g/ml concen tra t ion .  I t  causes no pa tho logical changes 
in  r a b b i t s ,  mice an d  gu inea  pigs. S tra in  Zol exh ib its  no im m uniz ing  capac ity  
a g a in s t  tubercu losis  (Table  I I I ) .  G uinea  pigs inocula ted  w ith  th is  s t ra in  
s im i la r ly  to  th e  non - im m u n ized  con tro l  an im als ,  becam e severely  ill a f te r  
su p e r in fec t io n  w ith  v i ru le n t  tuberc le  bacillus , w ith  a tb c  in d ex  of 15.8 th e  
a n im a ls  v acc in a ted  b y  BCG have h ad  an  in d e x  of 2.5. The an tigen ic  s t ru c tu re  
o f  s t r a in  Zol is considerab ly  d ifferent f rom  t h a t  o f  h u m an  and  av ian  M . tuber
cu losis  s tra ins ,  H  37 R v  and  K irchberg  w hich  possess only 2 com m on  a n t i 
gens  ou t  of 10 (Fig. 1).

D iscu ssion

I t  has been found  t h a t  th e  tw o m onkeys  f rom  which our s tra in s  h a d  been 
i so la te d ,  were s ligh tly  sensitive to  tu b e rc u l in  an d  h ad  no t  been  in fected  b y  
ty p ic a l  tuberc le  bacilli. A t  a u to p sy  th e  o rgans  o f  th e  Macacus rhesus  m on k ey  
sh o w ed  no tube rcu lous  a l te ra t ions .  I t  w as s tr ik in g  th a t  in b o th  cases th e  
s t r a in s  were iso lated  from  th e  su b cu tan eo u s  ax il la ry  or inguinal ly m p h  glands. 
T h is  f ind ing  suggests t h a t  the  bac te r ia  h a d  ga ined  access th ro u g h  the  skin and  
n o t  b y  th e  re sp i ra to ry  or a l im en ta ry  rou te .

S t r a in  М2 was a ty p ic a l  a t t e n u a te d  tu b e rc le  bacillus. This  was in d ica ted  
b y  i t s  c u l tu ra l  p ropert ie s ,  n iac in  reac t io n  a n d  enzym e ac tiv i ty ,  s t rep to m y c in ,  
P A S  a n d  isoniazid s en s i t iv i ty  and  its im m u n iz in g  capac ity  aga ins t  tubercu losis .  
T h is  f in d in g  is in te re s t in g  since in In d ia ,  w here  our m onkey  o r ig ina ted  from, 
s im ila r  s tra in s  had  been  iso la ted  from  m a n  b y  M i t c h i s o n . The ques t io n  m igh t  
arise  w h e th e r  a la b o ra to ry  infection w ith  o u r  a t t e n u a te d  s tra in  115 [9], or BCG 
m ig h t  h av e  occurred. This possib ility , how ever ,  is excluded by  th e  fac t  t h a t  
th e  a n im a l  was tu b e rc u l in  pos itive  w hen  i t  w as received and , also, t h a t  th e  
s t r a in  was isolated as soon as 2 m o n th s  th e re a f te r .  In  add it ion ,  th e  s tra in  
d i f fe re d  from  s tra ins  115 and  BCG in its n e g a t iv e  a ry lsu lpha tase  a n d  salicyla te
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reactions. I t s  m ouse  p a th o g en ic i ty  was h igher th a n  t h a t  o f  BCG, b u t  low er  
t h a n  th a t  o f  s t r a in  115.

S tra in  Zol basica lly  differs from  M . tuberculosis and , accord ing  to  
R u n y o n ’s classification  of a typ ica l  s tra ins ,  i t  w ou ld  belong  to  th e  g roup  o f  
non-chrom ogen ic  or B a t t e y  s tra ins .  H ow ever, i t  c a n n o t  he f i t ted  in to  th is  
group, as th e  B a t t e y  s tra in s  can h a rd ly  he d if fe re n t ia ted  from  avian  s t r a in s  
a n d  are capab le  o f  im m uniz ing  aga ins t  tubercu losis .  T h e  an tigen ic  and  im m u n o 
genic p roper t ie s  o f  s t ra in  Zol differ defin ite ly  b o th  f rom  av ian  an d  m a m m a 
lian M . tuberculosis. Nevertheless , as it does not grow  below 37°C, th e  s t r a in  
can n o t  he reg a rd ed  as a sap ro p h y t ic  o rganism .

Our s t ra in s  caused  no severe pa tho log ica l changes  in m onkeys b u t ,  
p ro b ab ly  a f te r  p e n e t ra t in g  th ro u g h  th e  skin, gave  rise to  a la te n t  in fec t ion . 
F ro m  our f ind ings  i t  can he concluded t h a t  la rge-scale  inves tiga tions  are  
desirable in to  th is  po in t ,  as a t  p resen t  we h av e  no d a ta  on the  f req u en cy  
of m y cobac te r ia l  in fections am ong  wild m onkeys .
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S u m m ary . C h lo rina tion  in h e ritan c e  in  Streplom yces aureofaciens has been s tu d ied . 
M ixed g ro w th s s ta r te d  from  con id ia l suspensions o f c h lo rin a tin g  (cle*) and n o n -c h lo rin a tin g  
(cle~) b iochem ical m u ta n ts  a lw ay s y ielded re co m b in a n ts  w ith  h igh ch lo rinating  a c t iv i ty  (92— 
100 per cen t o f th e  to ta l  te tra c y c lin e  p o tency). T he new  re co m b in a n ts  fell in to  tw o  g ro u p s, 
viz. ch loride  scavenger cu ltu res  w ith  100 per cen t ch lo rin a tin g  a c tiv ity  and  c h lo rid e  n o n 
scavenger cu ltu res  w ith  92 — 98 per cen t ch lo rin a tin g  a c tiv ity .

A crid ine orange te s ts  in d ic a te d  th e  chrom osom al o rig in  o f th e  ch lo rination  gene.
T he te s te d  au x o tro p h  co m b in a tio n s could be d iv id ed  in to  th ree  groups. T he f i r s t  g ro u p  

y ielded h igh  (2.03 X 1 0 -1), th e  second  low (0.015 Х Ю -4) re co m b in a tio n  frequencies. T h e  th ird  
group  com prised  in te rs te rile  c u ltu res . T he fin d in g  can  be  ex p la ined  by assum ing  a sex u a l 
p o la rity  in  S trep to m y ce tes .

Certa in  S . aureofaciens s tra in s  have been  descr ibed  which are u n c a p a b le  
of  biological ch lo r ina tion , an d  which ch lo r ine-con ta in ing  m ed ium  p ro d u ce  
only te t racy c l in e  [1, 2]. In  th e  presen t ex p e r im e n ts  m u ta n ts  sy n th es iz in g  
ch lo r ina ted  te tracyc lines  a n d  m u ta n t s  failing to  e x e r t  an y  ch lo r ina ting  a c t iv i ty  
were used. The in h e r i tance  of  ch lo rination  was s tud ied  by  gene re c o m b in a t io n  
and acrid ine  organe t r e a tm e n t .  In  add it ion ,  som e d a ta  have heen  o b ta in e d  
as to  th e  m echan ism  of gene recom bina tion .

I n  s tud ies  on gene recom bina tion  in S . aureofaciens [3  — 5] i t  h a s  been 
show n th a t  p ro to tro p h ic  reco m b in an ts  o r ig ina ting  f ro m  certa in  c o m p le m e n ta ry  
a u x o tro p h s  produce  cons ide rab ly  h igher a m o u n ts  o f  to ta l  te t ra c y c l in e  t h a n  
a n y  of th e  p a re n t  s t ra in s  [4]. In  th e  p re se n t  experim ents  th e  c o n d i t io n s  
responsible  for ch lo r ina tion  inhe r i tance  in re c o m b in a n ts  have  been  s tu d ie d ,  
h u t  no de ta i led  inves tiga tions  h ave  been p e rfo rm ed  in to  the  association  b e tw een  
te t racy c l in e  b iosyn thes is  and  gene recom bina tion .  I t  should, h o w e v e r ,  he 
no ted  t h a t  te t racy c l in e  p ro d u c t io n ,  as co m p ared  to  th e  an t ib io t ic -p ro d u c in g  
c ap ac i ty  o f  au x o tro p h s ,  was re s t i tu ed  in th e ir  re c o m b in a n t  progenies.

In  o rder to  d e te rm in e  w h e th e r  th e  gene tic  u n i t  responsible for  ch lo r i
na tion  is chrom osom al or episomic in origin, e x p e r im en ts  w ith  ac r id ine  orange  
were perfo rm ed . I t  is k n o w n  t h a t  episomic un its ,  in  o the r  words fa c to rs  o f  
cy top lasm ic  n a tu re ,  such  as fac to r  F  in Escherichia coli [6], th e  d ru g -re s is tan ce  
fac tors  in E n te ro h a c te r ia c c a e  [7, 8] an d  th e  re sp ira to ry  ca p a b i l i ty  fa c to r  
in yeas ts  [9] can be a l te red  or e lim ina ted  b y  acrid ine  t re a tm e n t .
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Materials and m e th o d s
C h lo rte tracy c lin e -p ro d u c in g  B-28 [10] a n d  te trac y c lin e -p ro d u c in g  C D SD-314 [1] 

S . aureo faciens  s tra ins w ere u sed  a s  p a ren t cu ltu res. F ro m  these  s tra in s  tw o g ro u p s of b iochem i
c a l m u ta n t s  were o b ta in e d  on  tre a tm e n t w ith  d if fe re n t m u tagen ic  agen ts [4]. T h e  m u ta n ts  
a re  p re se n te d  in Table I.

C onidia for re c o m b in a tio n  ex p erim en ts w ere o b ta in e d  from  cu ltu res  g row n a t  27°C 
fo r  14 — 20 days on C zap ek -D o x  m edium  su p p le m e n ted  w ith  th e  facto r(s) re q u ire d  b y  the  
c o rre sp o n d in g  au x o tro p h s . C on id ia l suspensions o f th e  co m p lem en ta ry  a u x o tro p h s  were 
m ix e d  (1 : 1) th en  p la ted  on  su p p lem en ted  C zapek-D ox  m edium .

A fte r  in cubation  th e  c o n id ia  from  iso lated  h e te ro k a ry o tic  colonies were tra n s fe rre d  to 
m in im a l  m edium . The p ro to tro p h ic  cu ltu re  was e x am in ed  for ch lo rinating  a c t iv ity  a f te r  in cu 
b a t io n  a t  27°C for 14 — 20 d ay s.

I n  experim en ts w ith  ac rid in e  orange corn s te ep  m ed iu m  w as also used . T he m edium  
c o n ta in e d  corn steep liq u o r (50 p e r cen t d ry  w e ig h t), 0.65 per cen t; sucrose, 1.0 pe r cen t; 
K H .P O , ,  0.4 per cen t; ( N H 4) .,H P 0 4, 0.25 per cen t; M gSO ,, 0.25 per cen t; agar, 2.5 per cen t; 
p H  6.8 .

C hlo rina tion  by  o rig in a l c u ltu re s  and re c o m b in a n ts  was exam ined  in sh ak en  cu ltu res  
in c u b a te d  a t  27°C. The in o cu lu m  m edium  co n ta in ed  s ta rc h ,  2.0 per cen t; corn s teep  liquor 
(50 p e r  c e n t d ry  w eight), 4.0 p e r c e n t;  C aC 03, 0.5 p e r c e n t;  p H  6.8. In g red ien ts  o f  th e  fe rm en 
t a t i o n  m ed iu m  were: s ta rc h , 3 p e r  cen t; corn steep  liq u o r (50 per cen t d ry  w e ig h t) , 1.2 per 
c e n t ;  N H 4N 0 3, 0.7 per c e n t;  N aC l, 0.6 per cen t; CaCOy, 0.6 per cen t; C u S 0 4, 0 .004 pe r cen t; 
p H  6 .2 .

T h e  produced a n tib io tic s  w ere sep ara ted  in to  c h lo rin a te d  and n o n -ch lo rin a ted  t e t r a 
c y c lin e s  b y  paper c h ro m a to g ra p h y  using  the double so lv e n t m ethod . As so lv en ts  e th y la c e ta te  
s a tu r a t e d  w ith  pH  4.7 McI lvain b u ffe r  and ch loroform : b u ta n o l (9 : 1) sa tu ra te d  w ith  aqueous 
0.3 Ш  H . .P 0 4 and 0.1 pe r c e n t trich lo race tic  acid  so lu tio n  were used [11, 12]. P a p e r  sheets 
w e re  im p re g n a te d  w ith  1.0 p e r  c e n t Selecton B.

Table I
Streptomyces aureofaciens stra in

Strain Genotype

Frequency 
of spontane

ous back 
mutation,

XlO-e

Strain Genotype

Frequency 
of spontane

ous back 
mutation

X lO "

B - -28 a rg + m e t+ CDSD-314 arg+ m e t+
cys+ asp  + th i+ p i+
am + cle+ a m + cle-

N - -2 arg “ c le+ 0.035 N — 23 a rg - cle- 0.14

N - -4 m et- c le+ 0.28 N — 25 m e t- cle- 0.35

N - -6 arg " c y s - 0.00011 N— 29 a rg “ cle- 0.092
cle^

N - -9 a rg - c le - 0.041 N— 30 a rg “ a m - 0.0055
cle

N - -10 cys- c le+ 0.81 N — 32 a rg “ a m - 0.0082
ele-

N - -11 m e t- a m - 0.0083 N — 33 th i - pi~ 0.0033
cle+ ele-

N - -16 m et- a s p - 0.025
cle +

N - -18 cys- a s p - 0.0052
cle+

A b b re v ia tio n s  : a rg -  a rg in in e , m e t-  m eth ion ine, a m -  am ino n itrogen , a sp -  a sp arag ine, 
t h i -  th ia m in e , p i-  py ridox ine  re q u irin g  m u tan ts ; c le -  no  ch lorinating  a c tiv ity  (te tracy c lin e  
p ro d u c tio n ) , c le 1 ch lorinating  a c t iv i ty  (ch lortetracycline  p roduction ).
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A crid ine  orange  t re a tm e n t  w as c a rried  o u t as follow s. To the  su p p le m e n ted  liq u id  
m in im a l m edium  sterile  acrid ine  orange  so lu tio n  was ad d ed  so as to  give a f in a l c o n c e n tra tio n  
o f 2 to  10 //g /m l. T h en  the m ed iu m  w as seeded w ith  con id ia l suspension a n d  in c u b a te d  
u n d e r shak ing  a t  27°C for 5 d ay s. T h e  con id ia  were se p a ra te d  by  f i ltra tio n  an d  th e  m y ce 
lium  was w ashed  tw ice by  c en trifu g a tio n . T he m ycelium  was th en  resu sp en d ed  in p H  6.8 
iso to n ic  buffer an d  d is in teg ra ted  in a cold b lendor. D ilu tio n s o f th e  m ycelial f ra g m e n ts  w ere 
s treak ed  on to  corn  steep  agar. T he dev elo p in g  colonies w ere tran sfe rre d  again  to  co rn  s teep  
a g a r  and  th e  su b cu ltu re s  were ex am in ed  as described  above.

Table II

Heterokaryotic colonies obtained fro m  auxotrophic combinations

Crosses
No. of No. of

Genotype colonies* Crosses Genotype colo-
nies*

N - -2 a rs - cle+ 0 N - 11 m e t- a m - clc + 109
N -  25 m e t- cle- N - 23 a rg “ cle-

N — 2 
N — 33

arg~
th i -

cle +
P i“ cle- 285 N -

N -
11
29

rn e t-
a rg -

á m 
d e -

cle + 94

N — 4 
N -2 3

in e t-
a rg -

cle + 
cle- 390 N -

N —
11
33

m e t-
th i -

a m -
Pi_

cle + 
c le - 105

N — 4 
N — 29

m e t-
arg

cle + 
cle- 194 IN

IN -
16
23

m e t-
a rg -

a sp -
cle-

cle + 89

IN—4 m e t- clc + 2.5 N - 16 m e t- a sp - cle + 138N — 30 a rg - a m - cle- N - -29 a rg - cle-

N— 4 m e t- cle + 1.3 N - 16 m e t- a sp - cle + 0N — 32 a r g - a m - cle- IN - 30 a rg “ a m - cle-

JN— 4 m e t- cle+ 312 N - 16 m e t- a s p - cle + 2.2N — 33 th i - P*“ c le - IN - 32 a rg “ a m - c le '

N — 6 a rg “ cys- cle+ 1.3 N - 16 m e t- s a p - cle + 136N — 25 m e t- cle- N - 33 th i - p i“ cle-

N — 6 a rg - cys- cle +
248 N - -18 cy s- a sp - clc+ 75N — 33 th i - p*“ cle- N - -23 a rg “ cle-

N — 9 a rg - cle + 0 N - 18 cy s- a sp - clc + 0N— 25 m e t- cle- N - -25 m e t- c le -

N— 9 a rg - cle +
c le - 178 IN - 18 cy s- a sp - cle + 117N — 33 t h i “ P*“ N - 29 a rg - cle-

N — 10 cy s- cle + 415 N - 18 cys- a sp - cle + 1.5N — 23 a rg - cle+ N - 30 a rg - a m - cle-

N — 10 cy s- cle+ 0.4 N - 18 cys- a sp - cle + 1.4N — 25 m e t- cle- N - 32 a rg " a m - cle-

N — 10 cys- cle + 104 N - 18 cy s- a sp - ele+ 147N 29 a rg - cle+ N - -33 th i p i“ cle-

N — 10 cys- cle + 2.2N 30 a rg - a m - cle-

N — 10 cy s- cle + 0.7IN 32 a rg “ a m - c le -

N — 10 cys“ cle + 505JN— 33 th i - p i“ cle-

* A verage re su lt of 2 to 5 experim en ts . N um ber o f colonies is expressed  in re la tiv e  to  106 
conidia. F o r the  ab b rev ia tio n s, see T ab le  I.
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R esults

Conidia of c h lo r te tracy c l in e -p ro d u c in g  (c le+) and  te t ra c y c l in e -p ro d u 
c in g  (cle ) b iochem ical au x o tro p h s  were g ro w n  in m ixed cu ltu re  on m inim al 
m e d iu m  su p p lem en ted  w i th  low co n c e n tra t io n s  (10 5 to  l « 8 M ) o f  the  
correspond ing  g ro w th  fac to rs .  After 14 — 18 d a y s  conidia o f  he te ro k ary o t ic  
colonies were t r a n s fe r r e d  to  minimal m e d iu m  [4]. Table  I I  p resen ts  th e  
n u m b e r  of re c o m b in a n t  colonies per 10° con id ia  ob ta ined  as an  average  
re su l t  of 2 to  5 e x p e r im e n ts .

I t  is seen th a t  in som e com binations h igh  num bers  of h e te ro k a ry o t ic  
r e c o m b in a n t  colonies h a d  developed. S om etim es ,  how ever, no successful cross
in g  w as observed.

Conidia from  h e te ro k a ry o t ic  colonies were t ransfe rred  to  m inim al 
m e d iu m . The c h lo r in a t in g  ac tiv ity  of th e  p ro to t ro p h ic  reco m b in an ts  was 
e x a m in e d  after  14 to  18 d a y s  of incubation . T h e  resu lts  are show n in Table  I I I .

R ecom binan ts  fa i l in g  to  exert ch lo r in a t io n  were no t  recovered. I t  should 
be n o te d  th a t  the  m a j o r i t y  of recom binan ts  p ro d u ced  defin ite  am o u n ts  of 
non ch lo r in a ted  a n t ib io t ic  (tetracycline). O n ly  ch lo rinated  an tib io t ic  was 
p ro d u c e d  b y  re c o m b in a n ts  originating from  th e  tw o  “ donors”  N - l l  and  IN-18. 
I t  shou ld  be no ted  t h a t  each  of the 8 a u x o t ro p h ic  “ donors”  used  showed a 
100 p e r  cent c h lo r in a t in g  ac tiv ity .

Table III

Chlorination by recombinants

Chlorinating
(cle+)
parent

No. of re
combinants

Chlorinating activity, per 
cent

100 92-98 <92

N — 2 30 — 30 _

Z 45 — 45 —

N — 6 25 — 25 —

N — 9 20 — 20 —

N — 10 30 — 30 —

N — 11 35 35 — —

N — 16 40 — 40 —

N — 18 55 20 35 —

I n  subsequen t  e x p e r im e n ts  subcu ltu res  o f  4 au xo troph ic  com bina tions  
were exam ined. T h re e  h e te ro k a ry o t ic  colonies o f  each com bina tion  were sus
p e n d e d  and  s treaked  on  m in im al  m edium . I s o la te d  p ro to tro p h ic  reco m b in an t  
colonies were fu r th e r  su b c u l tu re d  on m in im a l  m ed ium  and  exam ined  for 
c h lo r in a t in g  ac t iv i ty .  T h e  results  are sh o w n  in  T ab le  IV. I t  is seen t h a t  no
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Table IV

Chlorination by subcultures o f  recombinants

Parental auxotrophic 
strains of recombinants

No. of sub
cultures

Chlorinating activity, 
per cent

100 9 2 -9 8 <92

N — 6 X N — 33 190 — 190 —

N — 11 X N— 33 225 225 — —

N — 18 X N — 29 150 150 —

COeo1zXccÏг

120 120

cu ltu res  w ith  conside rab ly  decreased  or ceased ch lo r ina ting  ac t iv i ty  were 
encoun te red .

In  fu r th e r  ex p e r im en ts  th e  effect o f  acrid ine orange on c h lo r in a t io n  
b y  w ild - type  p a re n t  s tra in s  and  b y  biochem ical m u ta n t s  was ex a m in e d .  
Mycelial f ragm ents  a f te r  acridine orange  t r e a tm e n t  were s treaked  on co m p le te  
and  m in im al m edia. T h e  m u tagen ic  effect was e s t im a te d  from th e  n u m b e r  
of  defic iency b ack  m u ta t io n s .  T he  resu lts  (Table Y) ind ica ted  th a t  ac r id in e  
orange  h a d  no in fluence  on ch lo r ina tion  e i the r  in w ild - type  or in def ic ien t  
m u ta n ts .  A slight m u tag en ic  action  of  th e  dye  was observed.

D iscu ssio n s

I t  has  heen show n t h a t  on crossing in su itab le  com bina tions ,  S . aureo- 
faciens  a u x o tro p h s  p ro d u ce  p ro to tro p h ic  reco m b in an ts .  D a ta  rep o r ted  p r e 
viously  ind ica ted  t h a t  in b iochem ical m u ta n t s  the  f requency  of gene re c o m b i
n a t io n s  was low (8.5x10 5) [4]. I n  th e  p resen t  s tud ies  some a u x o tro p h ic  
recom bina tions  showed considerab ly  h igher  frequencies . As seen in T ab le  I I ,  
on th e  basis of reco m bina tion  freq u en cy  th e  cu ltu res  te s ted  could be d iv ided  
in to  tw o groups (0 .015xl0~4 and  2.03x 10 4). A th i rd  group com prised  
in te rs te r i le  s tra ins ,  w hich, u n d e r  th e  ex p e r im en ta l  conditions, were u n a b le  to  
p roduce  he te ro k a ry o t ic  colonies from  m ix ed  conidial suspensions. O ur  resu lts  
a re  suggestive  of  th e  phenom enon  observed  in S .  violacoeruber b y  B r a d l e y  

a n d  A n d e r s o n  [13] a n d  confirm  th e  assu m p tio n  of these  au thors  t h a t  s trep -  
to m y c e te s  con ta in  a specific “ co m p a tib i l i ty  sy s te m ”  w hich  controls r e c o m b i
n a t io n .  T he  “ co m p a tib i l i ty  sy s te m ”  ( recom bina tion  factor) m ay  in d ic a te  a 
sex u a l  po la r i ty  in these  organism s. T he  differences in recom bina tion  f re q u e n c y  
rev ea led  in these e x p e r im en ts  m a y b e  ex p la in ed  b y  a sex u a l  difference b e tw een  
th e  used  S . aureofaciens cu ltures. O u r  s tud ies  on sexual po la r i ty  (unpub lished  
d a ta )  ind ica ted  a sexual d if fe ren tia t ion  in S. aureofaciens. A similar f in d in g  
was revealed  by S e r m o n t i  and  C a s c i a n o  in S . coelicolor ( or S .  violaceoruber) [15].
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C hlorina tion  w as exam ined  in p ro to t ro p h ic  reco m b in an ts  only as th e  
u sed  selective m e d iu m  did  n o t  allow th e  iso la t io n  of  o the r  rec o m b in a n t  g roups. 
I t  is, how ever,  e v id e n t ,  t h a t  omission of  n u t r i t io n a l ly  deficient reco m b in an ts  
(w7h ich  exe r ted  a considerab ly  decreased t o t a l  te tracy c l in e-p ro d u c in g  capac ity )  
c au sed  no e rro r  in  t h e  eva lua tion  o f  resu lts  concern ing  ch lo rina tion  inhe r i tance .  
T h e  m echan ism  of ch lo r ina tion  inhe r i tan ce  is p resum ab ly  iden tica l in a u x o 
t ro p h ic  and  in o th e r ,  n o t  exam ined , r e c o m b in a n t  groups.

A  high c h lo r in a t in g  ac t iv i ty  wras e v id e n t  in  all recom binan ts .  No reco m 
b in a n t s  w ith  s ign if ican tly  decreased or ceased a c t iv i ty  were encoun te red .

S im ilar resu lts  were  ob ta ined  w hen  t h e  ch lo r ina ting  ac t iv i ty  o f  p ro to t ro p h 
ic cu l tu re s  der ived  f rom  h e te ro k a ry o t ic  colonies was exam ined . A l i k h a n i a n  

a n d  B o r i s o v a  [5] show ed t h a t  segregation o f  S . aureofaciens f rom  h e te ro k a ry o 
t ic  colonies occu rred  in  0.02 —1.5 p e r  cen t .  I n  o u r  experim en ts  ne i th e r  o f  t h e  
re la t iv e ly  large n u m b e r  of subcultures  e x a m in e d  differed in ch lo r ina ting  ac t iv 
i t y  f ro m  th e  d i re c t ly  ob ta ined  r e c o m b in a n t  cultures. As shown in T a b le  
IV , t h e  ac t iv i ty  o f  th e  form er cu ltu res  w as be tw een  92 a n d  100 per  cent. 
A ccord ing ly , a s u b se q u e n t  loss b y  seg rega tion  of  the  rega ined  ac t iv i ty  h a s  
n o t  been  observed .

I t  is no tab le  t h a t  highly ac tive  re c o m b in a n ts  fell in to  tw o groups. M em 
b e rs  o f  g roup 1 e x e r te d  a 100 p e r  cen t  ch lo r ina ting  ac t iv i ty ,  t h a t  is, th e y  
p ro d u c e d  only Chlorte tracycline. T herefo re  these  cu ltu res  co rresponded  to  
“ ch lo r ide  scav en g e r”  s tra in s  [2, 16]. C u l tu res  belonging to  g roup  2, which  
p ro d u c e d  2 to  8 p e r  cen t non-ch lo r ina ted  te t racy c l in e  by  th e  end  of f e rm e n ta 
t io n ,  were rega rded  as “ chloride n o n -scav en g e r”  strains.

A m ong  g roup  1 s tra ins  th e  ra te  o f  te t racy c l in e  b iosyn thes is  does n o t  
exceed  th e  ra te  o f  ch lorination , t h a t  is, chlorine  is inco rp o ra ted  in  every  
te t r a c y c l in e  m olecule. In  con tras t ,  in g roup  2 s tra in s ,  because of a biochem ical 
o r  genetic  “ d iso rde r” , the  ra te  o f  ch lo r in a t io n  is lower and , therefore , non -  
ch lo r in a te d  te t racy c l in es  also ap p e a r  b y  th e  end of fe rm e n ta t io n .  M u ta n ts  
u n a b le  to  exer t  a n y  ch lorinating  a c t iv i ty  are  deficient in  th e  b iosyn thes is  
o f  a ce r ta in  enzym e. This agent (p ro b ab ly  a co p p er  ox idase- type  enzym e) w as, 
how ever ,  in v a r ia b ly  presen t in our r e c o m b in a n ts ,  which all regained  an 
essen t ia l ly  com ple te  ch lo rinating  ac t iv i ty .

In  view o f  th e  genetically  rega ined  ch lorination , from  th e  o b ta in ed  
q u a n t i t a t i v e  d ifference it m ay  be a ssum ed  t h a t  recom bina tion  of  genes re sp o n 
sib le  for te t ra c y c l in e  b iosynthesis  m a y  v a r y  w ith  d ifferent a u x o tro p h  com bi
n a t io n s .

The slight m u ta g e n ic  effect o f  ac r id ine  orange re p o r te d  in  a p rev ious  
p a p e r  [14] has  also been  d em o n s tra ted  in  th e  p resen t  ex per im en ts  (Table V). 
T h e  dye  was ineffec tive  on ch lorination  in he r i tance .  I t  has been  shown t h a t  
in  S t re p to m y c e te s  acrid ine  der ivatives  in d u ce  the  loss o f  a gene which p re 
s u m a b ly  is cy to p la sm ic  in  n a tu re ,  an d  is responsible  for ty ros inase  a c t iv i ty .
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As com pared  to  th e  control, in  th e  tre a te d  cu l tu re  t h e  f requency  of ty ros inase  
defic ien t m u ta t io n s  was a b o u t  20 fold [17]. In  ou r  e x p e r im en ts  ch lo r ina tion  
in he r i tance  was unaffec ted  by  acr id ine  orange. T herefo re ,  th is  s t ru c tu ra l  gene 
was found to he a chrom osom al fac tor .

Table V

Effect o f  acridine orange on chlorination

Strain

No. of 

Treated

ultures

Untreated
Back mutation 

in treated 
cultures x l 0 - e

Spontaneous back 
m utat on in 

untreated 
cultures X 10 — 0cle + cle^ cle + cle

В— 28 180 20 — — —

CDSD— 314 — 40 — 20 — —

N —6 60 — 20 — 0.32 0.28

N — 9 80 — 20 — 2.97 0.041

N — 11 40 — 20 — 0.012 0.0083

N — 29 — 20 — 20 0.22 0.092

N —33 — 20 — 20 0.085 0.0033

W e have show n th a t  th e  la c k  of  ch lorination  is a r a th e r  s tab le  genetic  
p ro p e r ty  of m u ta n t s .  In  our m a te r ia l  no t a single s u b c u l tu re  occurred  am ong  
th o u san d s  of te t racy c l in e  p ro d u c in g  s tra ins o b ta in e d  b y  n a tu ra l  selection t h a t  
would have rega ined  ch lo r ina ting  a c t iv i ty  by  h a c k  m u ta t io n .

These d a ta  and  o ther  e x p e r im e n ts  carried o u t  w ith  o the r  m u tag en ic  
agen ts  ind ica ted  t h a t  ch lo rination  deficiency is s im ila r  to  a u x o tro p h y ,  and  th e  
gene for ch lo r ina tion  ac t iv i ty  occurs  in genetic in te ra c t io n s  as a ch rom osom al 
fac tor .
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Р Е З Ю М Е

GENETIC RELATIONSHIPS BETWEEN MYCOBACTERIUM KANSASI1 
AND MYCOBACTERIUM TUBERCULOSIS

J . W eissfeiler, V. K arassova, J .  H olland  

ГЕНЕТИЧЕСКИЕ СВЯЗИ
MYCOBACTERIUM KANSASII C MYCOBACTERIUM TUBERCULOSIS 

Й. Вейсфейлер, В. Kapaccoea, Я. Голланд

Изучение биохимических, патогенных и серологических свойств двух штаммов 
M ycobacterium ka n sa sii  показало, что ЭТИ штаммы очень подобны тем штаммам M ycobacte
riu m  tuberculosis, которые резистентны к изониазиду и вирулентность их аттенуирована. 
В результате диссоциации удалось получить из обоих штаммов вариант ,,R ”. Вариант 
„R”, полученный из штамма P o llu k  и B u h ler, на основе его культуральных и иммуноло
гических свойств, оказался аттенуированным штаммом М . tuberculosis. По мнению 
авторов, на основании этой находки, можно сделать вывод, что М . ka n sa sii произошел 
путем мутации V/. tuberculosis и, вследствие его патогенности для человека, его можно 
считать новым типом палочки туберкулеза.

SEROLOGICAL ACTIVITY OF MYCOBACTERIAL DESOXYRIBONUCLEIC 
ACID PREPARATIONS. I. EFFECT OF PURIFICATION AND HEATING 
ON THE COMPLEMENT FIXATION BY DESOXYRIBONUCLEIC ACID

/ .  Tárnok

СЕРОЛОГИЧЕСКАЯ АКТИВНОСТЬ ПРЕПАРАТОВ 
ДЕЗОКСИРИБОНУКЛЕИНОВОЙ КИСЛОТЫ, ИЗОЛИРОВАННЫХ ИЗ 

МИКОБАКТЕРИЙ. 1. ВЛИЯНИЕ МЕТОДА ОЧИСТКИ И НАГРЕВАНИЯ 
НА РЕАКЦИЮ СВЯЗЫВАНИЯ КОМПЛЕМЕНТА ПРЕПАРАТОВ 

ДЕЗОКСИРИБОНУКЛЕИНОВОЙ КИСЛОТЫ

И. Тарнок

При изучении серологической активности препаратов дезоксирибонуклеиновой 
кислоты, изолированных из микобактерий и очищенных различными способами, уста
новлено, что связывание комплемента присутствующими в качестве примеси другими 
веществами (белками, полисахаридами, возможно рибонуклеиновыми кислотами), можно 
устранить фенол-хлороформ-амилалкоголевым очищением. Комплементсвязывающую 
способность таким способом приготовленных, или же хроматографированных метили
рованным альбумином, препаратов можно снизить только путем деградации дезоксирибо
нуклеазы; карбоксипептидаза, рибонуклеаза, трипсин и лизоцим являются без эффектив
ными.

При нагревании и быстром охлаждении препаратов дезоксирибонуклеиновой 
кислоты способность их связывать комплемент изменяется характерным температурным 
способом: активность при некоторых температурных величинах показывает максимум или 
минимум. Изменение активности оценивается как изменение «поверхности» антигена. 
При нагревании непосредственной связи между увеличением адсорбции, наблюдаемым 
в ультрафиолетовой части спектра (в 254 милимикрона), и изменением серологической 
активности не обнаруживалось.

В связи с исследованиями указывается на то, что присутствующие примеси в дезок
сирибонуклеиновых кислотах, не выявляемые химическим и энзиматическим разложе
нием, могут оказывать мешающее влияние.
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EXAMINATION OF THE CYTOPATHIC EFFECT OF ADENOVIRUSES 
BY IMMUNOFLUORESCENCE

P . Geck, P . D án, I .  N ász

ИЗУЧЕНИЕ ЦИТОПАТОГЕННОГО ДЕЙСТВИЯ АДЕНОВИРУСОВ 
ИММУНОФЛЮОРЕСЦЕНТНЫМ МЕТОДОМ

П. Гекк, П. Дан, И. Нас

Изучены с помощью метода иммунофлюоресценции первичные клеточные куль
туры человеческого амниона, зараженные штаммами аденовируса 3 и 5. Выявлено, что 
морфологические образования, возникающие в ядре клетки на влияние вирусного зара
жения, обладают характерными для вируса антигенным свойством. Получены данные 
и в том отношении, что вирус, т. е. те части вируса, которые обладают специфическим 
антигенным свойством, вырабатываются уже 7—1Ö часов спустя после заражения. Можно 
было также определить, что образование вируса начинается не во всех клетках одно
временно, все же в течение более длительного культивирования могли почти во всех 
клетках обнаружить возникновение специфической флюоресценции.

ENTERITIS ASSOCIATED WITH AN UNUSUAL BIOCHEMICAL VARIANT 
OF ESCHERICHIA COLI SEROTYPE 026 : B6 : H ll

M . M . A d á m , T . Bartha, C. K ovách , B . B .ingelhann

ЭНТЕРИТ, ВЫЗВАННЫЙ НЕОБЫЧНЫМ БИОХИМИЧЕСКИМ ВАРИАНТОМ 
ESCHERICHIA COLI СЕРОТИПА 026:В6:Н11

M . М . Адам, Т. Барта, К. Ковач, Б. Рингельган

В яслях села Широк в январе 1963 г. появились групповые заболевания с энте
ральными симптомами и явлениями со стороны дыхательных путей. Из кала больного 
[ рудного ребенка и здорового взрослого выделили разлагающий лактозу в течение 24 
часов серотип 026:В6:Н11 Е . coli, а из кала двух больных грудных детей изолировали 
биохимический вариант того же серотипа, разлагающий лактозу в течение 6—10 дней. 
Штаммы, разлагающие лактозу в более поздний срок, по сравнению с предыдущими, дали 
хороший рост на дезоксихолат-цитратной среде и образовали колонии, подобные шигел- 
лам. В сыворотке больных, за исключением одного, не получили оцениваемые титры 
агглютининов против выделенного возбудителя.

EFFECT OF CYSTEINE OF LOCAL SHWARTZMAN PHENOMENON 

I .  Jóka y , A . K iss , L . K assa i

ВЛИЯНИЕ ЦИСТЕИНА НА МЕСТНУЮ РЕАКЦИЮ ШВАРЦМАНА 

И. Йокаи, А. Кшиш, Л. Кашшаи

У подготовленных для образования местной реакции Шварцмана кроликов, одно- 
верменно с разрешающей дозой эндотоксина, введенный внутривенно цистеин задерживает 
снижение числа тромбоцитов, возникающее под влиянием эндотоксина, тогда как сни
жение числа лейкоцитов в периферической крови, наоборот, усиливается под его 
влиянием. При даче цистеина у кроликов количественный феномен Шварцмана по про
должительности и интенсивности усиливается по сравнению с контрольными исследо
ваниями.



N E W  O B SER V A TIO N S O N  H Y D R O G E N  S U L P H ID E  P R O D U C T IO N  
B Y  E N T E R IC  B A C T E R IA

K . R a u ss , S . Vörös, / .  Korit rohr

НОВЫЕ НАБЛЮДЕНИЯ В ОТНОШЕНИИ ОБРАЗОВАНИЯ 
H,S ЭНТЕРАЛЬНЫМИ БАКТЕРИЯМИ

К. Раушш, III. Вёрёш, Т. Контрор

1. Энтеральные группы бактерий, несмотря на немногочисленные исключения, 
все образуют TUS из цистеина или цистина. Метионин не является пригодным субстратом 
для образования 1 US.

2. На основе данных систематики, разницей между H,S — положительными и от
рицательными родами является то, что первые в состоянии образовывать H,S и из суль
фатов. Так, причиной «рутинной» продукции 1 US являются сульфатные примеси различ
ных пептонов.

3. Добавление цистина к питательным средам с целью выявления образования 
11 L.S не является выгодным, потому что при этом сглаживается дифференцирующий харак
тер этой важной реакции, и она теряет свое значение.

4. Необходимо также избегать применения в качестве индикатора бумажной 
ленты, пропитанной уксуснокислым свинцом, обладающей чрезвычайной чувствитель
ностью, с помощью которой выявляются также следы H.S, лежащие ниже диагностиче
ского порога, и таким образом могут быть вызваны диагностические ошибки. Подходящим 
индикатором считается (NH,),Fe(SO,), m. е. FeCL.

5. Для изучения образования ILS изготовили стандартную питательную среду, 
содержащую пептон, лишенный сульфатов, в которой источником серы служит известное 
количество N a,S ,0„ а в качестве индикатора (NH,), Fe (SO,),.

A L K A L IN E  P H O SP H A T A SE  A C T IV IT Y  O F  N O R M A L  A N D  P O L IO V IR U S  
IN F E C T E D  H E L A  C ELLS

I. Mécs. Gy. D oniján. G. Szepessy

АКТИВНОСТЬ ЩЕЛОЧНОЙ ФОСФАТАЗЫ НОРМАЛЬНЫХ 
И ЗАРАЖЕННЫХ ПОЛИОВИРУСОМ КЛЕТОК HELA

И. Меч, Д ь .  Домьян, Г. Сепеиш

Изучена гидролитическая активность щелочной фосфатазы нормальных и зара
женных полиовирусом типа 3 (Saukett) клеточных культур H eL a. Установлено, что при 
стандартных условиях в нормальных клетках на активность энзима влияет возраст 
культур. В зараженных вирусом культурах, кроме того, на активность энзима влияет срок 
инкубации после заражения. В зараженных культурах максимум активности энзима 
наблюдался между 3—4 часами после заражения. Величина активности в клеточных 
культурах H eL a различного возраста была приблизительно одинаковая. Между тем 
способность этих культур к вирусообразованию с возрастом все больше снижается.

На основании этих явлений предполагается, что щелочная фосфатаза не принимает 
непосредственного участия в синтезе полиовируса, и что при заражении вирусом не воз
никает щелочной фосфатазный энзим нового типа. Это предположение подтверждается 
также константами M ic hae l i s  энзимов, и одновременно на основе этого можно исклю
чить появление ингибиторов, влияющих на энзим в период „ e c l ip s e ”  синтеза полио
вируса.



CANDIDA SOOSII N. SP., A NEW YEAST RELATED TO CANDIDA 
REQUINYII SZÉP ET NOVÁK 1963

E , K . N oväk

CANDIDA SOOSII N. SP., НОВЫЙ ВИД ДРОЖЖЕЙ, РОДСТВЕННЫЙ] 
CANDIDA REQUINYII (SZÉP ET NOVÁK 1963)

E . К . Новак

Сообщает о штамме, изолированном как «дикие дрожжи» из реакторного загряз
нения на дрожжевом заводе. Штамм считается новым видом, который в честь проф. д-ра 
Шоош Й. получил название C andida soosii И принадлежит к группе C andida req u in yii 
рода C andida. C andida soosii n. sp. аскус не образует, вегетативное размножение его 
осуществляется путем почкования с псевдомицелиями (мицелий и артроспор не образует), 
крахмала и кератиноидного пигмента также не образует. Разлагает глюкозу и галак
тозу (слабо и удлиненно), может утилизировать, в качестве единственного углеродного 
источника, этанол (пленки не образует) и не разлагает арбутин.

PRODUCTION OF A LYTIC FACTOR BY ULTRAVIOLET LIGHT 
IRRADIATED CULTURES OF BACILLUS CEREUS. II. SOME PROPERTIES 

AND QUANTITATIVE DETERMINATION OF THE LYTIC FACTOR

S. Csuzi

ПРОДУКЦИЯ ЛИТИЧЕСКОГО ВЕЩЕСТВА КУЛЬТУРОЙ В. CEREUS, 
ОБЛУЧЕННОЙ УЛЬТРАФИОЛЕТОВЫМ СВЕТОМ

II. КОЛИЧЕСТВЕННОЕ ОПРЕДЕЛЕНИЕ ЛИТИЧЕСКОГО 
ВЕЩЕСТВА И НЕКОТОРЫЕ ЕГО СВОЙСТВА

Ш. Чузи

Разрабатывался метод, пригодный для количественного определения литического 
вещества, образовывающегося при ультрафиолетовом облучении В. cereus 569. Изучен 
механизм литического действия этого вещества на культуру В . cereus 130.

При исследовании свойств литического вещества получены данные, доказывающие 
его энзимную природу. Также доказано, что адсорбция литического вещества на клетки 
В . cereus 130 является предпосылкой лизиса.

DIE STRAHLENEMPFINDLICHKEIT VON ESCHERICHIA COLI-KULTUREN
I. PHYSIOLOGISCHE FAKTOREN VON EINFLUSS AUF DIE STRAHLEN

EMPFINDLICHKEIT

F . H ernádi, Gy. Csobán, Zs. N a g y

РАДИОЧУВСТВИТЕЛЬНОСТЬ КУЛЬТУР ESCHERICHIA COLI
I. ФИЗИОЛОГИЧЕСКИЕ ФАКТОРЫ, ВЛИЯЮЩИЕ НА РАДИОЧУВСТВИ

ТЕЛЬНОСТЬ

Ф. Гернади , Дь. Чобан, Ж .  Н адь

Изучена радиочувствительность культур Е . coli в течение цикла роста. Устано
влено, что радиочувствительность в течение культивирования изменяется. Наибольшее 
изменение обнаруживается во время кинетически постоянной фазы „lag”. Выявлено 
взаимное отношение между изменением радиочувствительности и формированием элек
тродного потенциала культуры.



ADENOVIRUS HAEM AGGLUTINATION-INHIBITING ANTIBODIES IN
HUMAN SERA

A . Lengyel, I. N ász

АДЕНОВИРУСНЫЕ АНТИТЕЛА, ЗАДЕРЖИВАЮЩИЕ ГЕМАГГЛЮТИНАЦИЮ,
В ЧЕЛОВЕЧЕСКОЙ СЫВОРОТКЕ

А. Лендьел, И. Нас

Изучены антитела против типов 8, 9, 10, 11 и 16 аденовируса в сыворотках людей, 
перенесших кератоконыонктивит. Среди 122 сывороток, взятых в период выздоровления, 
только у 10 не обнаруживался более высокий титр, чем 1:16 против аденовируса типа 8. 
У 42 больных исследовались пробы из обеих стадий заболевания (острой и фазы выздо
ровления). Против аденовируса типа 8 в остром периоде заболевания были отрицатель
ными 80, а в период выздоровления только 5% сывороток. В течение болезни обнаружи
валось повышение титра и против типов 9 и 10, тогда как против типа 11 этого не наблю
далось. Исследование сывороток 79 человек, ранее перенесших заболевание, показало, 
что задерживающие гемагглютинацию антитела выявляемы даже спустя 1 год после забо
левания. Исследование 23 человек показало, что 4 6 месяцев после заражения титры 
являются более высокими, чем в сыворотках, взятых через 1 месяц.

В сыворотках 350 здоровых людей между встречаемостью антител против типов 
8, 9, 10 и 13 аденовируса существенной разницы не было. Средняя положительность 
оказалась 42—47% у отдельных типов. В возрастной группе 15—45 летних частота по 
положительности была выше, чем у младших и старших возрастных групп. Положи
тельность против типа 11 была низкая (15%), а против типа 16 гемагглютинацию задер
живающих антител не обнаружили ни в крови перенесших кератоконыонктивит, ни у 
здоровых людей.

DIE WIRKUNG VON TUBERKULIN AUE DIE ATMUNG VON ASCITESZELLEN 
IN VERSCHIEDENEN ZEITPUNKTEN NACH INFEKTION MIT MYCO

BACTERIUM TUBERCl'LOSIS

0. Schweiger, ß . ß. Löw , 1. T om csányi

ВЛИЯНИЕ ТУБЕРКУЛИНА НА ДЫХАНИЕ АСЦИТНЫХ 
КЛЕТОК МОРСКИХ СВИНОК В РАЗНОЕ ВРЕМЯ 

ПОСЛЕ ЗАРАЖЕНИЯ

О. Швейгер, Б .  Б . Лёв, А. 'Гомчаньи

Исследовалось дыхание клеток перитонеального экссудата морских свинок при 
наличии туберкулина в различные сроки заражения вирулентной палочкой у здоровых, 
вакцинированных БЦЖ, вакцинированных и десенсибилизированных, а также у лечен
ных ГИНК и стрептомицином животных.

Дыхание клеток перитонеального экссудата морских свинок показало при наличии 
туберкулина только 24 часа после заражения усиленное дыхание, но 3, 14 или 42 дня 
спустя повышенного дыхания уже не обнаруживалось.

Дыхание клеток животных, иммунизированных БЦЖ за 6 недель до заражения 
при наличии туберкулина — спустя 24 часа после заражения также усилилось, но это 
влияние в случаях не иммунизированных, зараженных животных через 3 дня после 
заражения не выявлялось, тогда как у иммунизированных животных оно наблюдалось 
и через 3 дня без изменения.

Дыхание клеток перитонеального экссудата морских свинок, которые иммунизиро
вались, но десенсибилизировались туберкулином, при наличии туберкулина через 3 дня 
после заражения показало усиление, подобно тому, что обнаруживалось у иммунизиро
ванных, но не сенсибилизированных животных.

Дыхание клеток зараженных и леченных ГИНК животных при наличии тубер
кулина оказалось повышенным как через 24 часа, так и через 3 дня после заражения. 
Подобного явления не наблюдалось у животных, леченных стрептомицином.
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ANTIGENIC STRUCTURE OF A NEW ENTEROPATHOGENIC E. COLI
STRAIN

S . Vörös, B . R édey , F . C sizm azia

АНТИГЕННАЯ СТРУКТУРА НОВОГО ЭНТЕРОГ1АТОГЕННОГО ШТАММА
Е. COLI

Ш. Вёрёш, Б. Редей, Ф. Чизмазия

На основе результатов исследования антигенной структуры авторами установлено, 
что гуманный энтеропатогенный штамм, изолированный в 1959 г. и сообщенный под на
званием Е. coli „Ö skü”, принадлежит к серогрунпе Е . coli 0.143, обладает до сих пор еще 
не точно определенным поверхностным антигеном характера В и содержит полный ан
тиген S h . boydii 8.

BREAKDOWN OF AMINO ACIDS BY ENTEROBACTERIACEAE.
II. STEREOSPECIFICITY OF ALKALIZATION REACTION

B . Serény

РАЗЛОЖЕНИЕ АМИНОКИСЛОТ ЭНТЕРАЛЬНЫМИ ВАКТЕРИЯМИ 
IL О СТЕРЕОСПЕЦИФИЧНОСТИ РЕАКЦИИ ПОДЩЕЛАЧИВАНИЯ

Б. Шерень

С помощью реакции подщелачивания у значительного числа энтеральных бактерий 
изучалась способность параллельного разложения формы l aev o  или d e x t r o  или r a c e m  
отдельных аминокислот (альфа-аланин, серин, валин, триптофан, гистидин и глютамин). 
Различные сочетания бактерий-аминокислот дали разнообразные результаты. Иногда 
можно было установить стереоспецифичность у всех штаммов какой-то группы (под
группы,типа) или же у большинства штаммов, другой раз только у меньшей части их. 
Обнаруживалось и полное отсутствие стереоспецифичности: всеми изученными бакте
риями группы (подгруппы, типа) разлагались все 3 формы. Поведение штаммов, принад
лежащих к той же подгруппе или типу, в отношении стереоспецифичности может разли
чаться между собой. В связи с выше указанным, на основании исследования некоторых 
штаммов нельзя сделать общепринятый вывод. Результаты реакции подщелачивания 
в растворе различных изомеров той же аминокислоты могут иметь диагностическое 
значение.

SIGNIFICANCE OF HAEMAGGLUTINATION-INHIBITING ANTIBODIES 
IN THE EVALUATION OF VACCINIA!, REACTIONS

G. N yerges , Gy. Losonczy , L . E rdos , Gy. Petráss

ЗНАЧЕНИЕ ГЕМАГГЛЮТИНАЦИЮ ЗАДЕРЖИВАЮЩИХ АНТИТЕЛ 
ПРИ ОЦЕНКЕ РЕАКЦИЙ РЕВАКЦИНАЦИИ

Г. Ньергеш, Дь .  Лошонци, Л .  Ердёш, Дь. Петраш

Исследовалась взаимосвязь между титром задерживания гемагглютинации до при
вивки и реакцией ревакцинации. Установлено, что лица, располагающие до прививки 
титром задерживания гемагглютинации <  1:4, имеют немного лучшие шансы в отношении 
эффективной ревакцинации, чем лица, у которых титр до вакцинации превышал 1:4. 
Все ж е до прививки не обнаруживалось такого титра, который делал бы эффективную 
ревакцинацию не вероятной. Неэффективные попытки ревакцинации нельзя было объя
снить высоким содержанием в крови антител, задерживающих гемагглютинацию.

Эффективная вакцинация регулярно сопровождалась повышением в крови титра 
антител, задерживающих гемагглютинацию. Знание изменения титра антител, задержи
вающих гемагглютинацию, может способствовать правильной оценке сомнительных при
вивочных реакций.
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FERM ENTATIO N B Y  SY N C H R O N O U SL Y  DIV ID IN G  YEAST CELLS 
IN  N ITRO G EN -PO O R MEDIUM

T. Gánt i

И ЗМ Е Н Е Н И Е  СБРАЖ И ВА Ю Щ ЕЙ  СПОСОБНОСТИ С И Н Х РО Н Н О  
Д Е Л Я Щ И Х С Я  Д Р О Ж Ж Е В Ы Х  К Л ЕТО К  В С Р Е Д Е  Б Е Д Н О Й  АЗОТОМ

Т. Гаит и

Сбраживающая способность синхронно делящ ихся дрож ж евы х клеток в среде 
бедной азотом беспрерывно не увеличивается, а показывает периодически повторяю
щиеся возвраты, которые связаны с почкованием. Наблюдаемый эффект устраняется  
при добавлении анорганической соли азота. Величина эффекта имеет отнош ение к содер
ж анию  азота в д рож ж ах. Срок наступления возвратов зависит от температуры, при более 
высокой температуре наблюдается раньше. При росте интенсивности ды хания подобного 
эффекта наблюдать не представляется возможным. На основании выше указанны х резуль
татов ав тор предполагает, что размножаю щ иеся в среде бедной азотом дрож ж евы е клетки 
могут из состава собственной сбраж иваю щ ей энзимной системы временно выделять азот, 
если при их делении повышенная потребность в азоте не удовлетворяется из питательной 
среды.

STU D IE S ON L FORMS OF STAPHYLOCOCCUS A U R E U S ST R A IN S OF  
D IF F E R E N T  ANTIBIOTIC A N D  PH A G E  SENSITIVITY

M . Fodor, L. M iilény  i

И ЗУ Ч Е Н И Е  ФОРМ Е STAPHYLOCOCCUS A U R E U S  
С РА ЗЛ И Ч Н О Й  ЧУВСТВИТЕЛЬНОСТЬЮ  К АН ТИ БИ О ТИ КАМ  И  

С РА ЗЛ И Ч Н Ы М  ВИДОМ Ф АРА

М . Фодор, Л. М ильт ени

У штаммов Staphy lococcus a u reu s  способность образовывать формы-L под влия
нием 20 грамм/m l целбенина зависит от чувствительности к антибиотикам. Резистент
ные к антибиотикам штаммы менее способны образовывать формы-L, чем чувствитель
ные. Штаммы с фаговым типом 80/81 и 52/52 А) 80/81 менее способны, чем другие штаммы, 
образовывать формы-L.

В ж идкой питательной среде, содержащ ей 5% сахарозы , 10% человеческой сы
воротки и 3%  поваренной соли, среди 10 форм-L штаммов Staphylococcus aureus 
8 пышно культивировались в форме слизистого осадка.

Человеческую сыворотку в питательной среде мож но заменить сывороточными 
фракциями альфа-гамма-глобулина или альбумина в концентрации 0,3%  или выше.

Среди 8  штаммов-L, хорош о культивировавш ихся на ж идкой сывороточной пита
тельной среде, 2  дали рост такж е на полусинтетической среде, содерж ащ ей 0,3%  pro teos 
p e p to n  DIFCO. Максимальный рост наблюдался через 18—24 часа. Возврат штаммов 
после прекращ ения дозировки целбенина не наблюдался.

На применяемых двух  питательных средах наблюдалась сильно вы раженная  
морфологическая разница у  культур того ж е штамма.
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ISO L A T IO N  AND CH AR ACTER IZATIO N OF SOM E B . SU BTILIS PH A G ES  
W ITH  “ TR A N SFO R M IN G ” ACTIVITY

J .  Földes, J . M olnár

И ЗО Л И РО В А Н И Е  И Х А РА К Т Е РИ С Т И К А  Ф АГОВ В. SU B T IL IS  
С ТРАН СФ О РМ ИРУЮ Щ ЕЙ  СПОСОБНОСТЬЮ

ÍI. Фёльдеш, Й. Mo льнар

Д л я  цели получения трансформирующ ей нуклеиновой кислоты авторами выде
лены многочисленные фаги В . su b tilis . Определены некоторые характерные черты (ад
сорбци онн ая  способность, период латенции, фаговая продукция одной клетки), и разгруп
пированы  они с помощью серологических методов. Изолированные авторами фаги со
поставлены  с фагами, изолированны ми другими авторами в последнее время, и на осно
вании антигенной структуры м еж д у  фагами, каж ущ имися темперированными, обнару
ж ен а бол ее  тесная связь. Н уклеин овая кислота, изолированная из вирулентных фагов, 
трансф ормировала компетентные клетки В. subtilis.

STUDIES O N T H E  HUM AN IN T E ST IN A L  FLORA.
I. TH E NORM AL IN T E ST IN A L  FLO R A A N D  T H E  STABILITY  

O F ITS CONSTITUENTS

I .  K éty i, К . B arna

И ССЛ ЕДО ВАН И Я КИШ ЕЧНОЙ Ф Л О РЫ  Ч Е Л О В Е К А  
I. Н А БЛ Ю ДЕН И Я  В ОТНО Ш ЕН ИИ  Н О РМ АЛ ЬН О Й  К ИШ ЕЧН О Й  

Ф Л О РЫ  И СТА БИ Л ЬН О СТИ  ЕЕ П О С ТО Я Н Н Ы Х  КОМ П ОН ЕН ТОВ

И. Кетьи, К ■ В арна

1. В материале авторов киш ечная флора состояла из 4 -х  постоянных компонентов 
Е . co li, S tr .  faecalis, L. b if id u s ,  B actero ides. Акцидентально встречались в последо
вательной ИХ частоте следую щ ие микроорганизмы: C lo s tr id ia , K l. p n e u m o n ia e , S ta p h y 
lococci, P ro te a e , микроаерофильные лактобациллы, S acch aro m y ce ta les , аэробные споро
генные И P s. aeruginosa.

2. В отношении постоянны х компонентов наивысшую относительную пропорцию  
представляла собой Е. coli, а затем  следовали L . b if id u s , B actero id es, S tr. faecalis. 
О тносительно высокая пропорция Е . coli, достоверно высокое рассеивание аэробных ком
понентов и расхождение при и х  распределении, появляю щ ееся главным образом в зоне 
более высокого числа бактерий, объясняется тем, что материал авторов слож ился в пер
вую  очередь из более пож и лы х, постельных больных, где необходимо было считаться с 
расстройствам и пассажа. Эго подтверж далось и тем, что в старших возрастны х группах  
им елись отклонения только в отнош ении более высокого числа бактерий Е . coli и в про
порции сложивш ейся вследствие этого.

3. Число колоний, следовательно и соотношение постоянных компонентов кишеч
ной флоры , показало индивидуальное отклонение высокой степени, тогда как у  идентич
ного л и ц а обнаруж ивалось дал еко идущ ее постоянство числа бактерий.

4. Стабильность численности постоянных компонентов кишечной флоры восста
навливается, даж е при гл убок о нарушенном равновесии, в чрезвычайно короткий, не
дельны й срок. Этот восстановительный процесс, при исследовании нормализации Е . coli, 
влиял в направлении восстановления исходного штамма.

5. В связи с обсуж дени ем  эубиоза или дисбиоза на основании больш ого расхож 
ден и я, проявляющ егося в постоянны х компонентах кишечной флоры, и разницы, появляю
щ ейся в составных частях акцидентальной флоры, реком ендуется больш ая осторожность. 
У стан овление нарушения киш ечной флоры возмож но только на основании количест
венного исследования преды дущ ей нормальной флоры.
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ST U D IE S ON T H E  NUCLEIC ACID METABOLISM OF CHORIOALLANTOIC  
M EM BR ANE CELLS A F T E R  IN FL U E N Z A  V IR U S INFECTIO N

K . B a rb , G. J .  Köteles, F. A n to n i, Gy. Takd tsy

И ЗУ Ч Е Н И Е  Н УКЛЕИ Н О ВО -К И С Л О ТН О ГО  О БМ ЕН А В К Л Е Т К А Х  
ХО РИ О АЛ Л АН ТО И С Н О Й  О БОЛОЧКИ, ЗА РА Ж Е Н Н О Й  

ВИРУСОМ  ГРИ ПП А

К. Барб, Т. И . Кётелеш, Ф. Ант они, Дь. Такачи

Параллельными вирусологическими и биохимическими исследованиями изучено 
с одной стороны размножение вируса гриппа А2 (штамм Singapore  1/57) в кл етках хориоал- 
лантоисной оболочки куриного эм бриона, инкубированного в течение 12 дней, а с другой  
стороны изучено влияние вирусного зараж ения на нуклеиново-кислотный и белковый 
обмен клетки хозяина в первом цикле размножения вируса. Первый, вновь образованный  
вирусный компонент, растворяемый антиген, был выявлен спустя 180 минут после зара
жения. Гемагглютинирующая способность и инфективность появилась через 270 минут. 
У потребляя Р 32 для обозначения нуклеиновы х кислот, начиная с 90-ой минуты после 
зараж ения, специфическая активность общей РН К -ы  в зараж енны х клетках оказалась  
выше чем в контрольных. Из гомогенизата клеток с помощью 70% -ного фенола изготовля
лись фракции РНК-ы „p h en o l r e ta in e d ” И „p h en o l re le ased ” . Количество фракций 
„p heno l r e ta in e d ” РНК-ы до 90-ой минуты после зараж ения чрезвычайно быстро воз
растало. В этот срок ее количество было 10-кратно выше в зараж енны х клетках, чем в 
контрольных. Во фракции „ p h en o l re leased ” РНК-ты  увеличение активности мож но  
было выявить спустя 240 минут после зараж ения или одновременно с появлением инфек- 
тивных вирионов. У ж е спустя 45 м инут после вирусного зараж ения мож но было обна
руж ить усиленное строение лизина С14 в ядерные белки.

T H E  EFFEC T OF D IF F E R E N T  ANTICANCER AG ENTS ON IN D U C IB L E  
SYSTEM S OF BACILLUS M EGATERIUM

E , M a rja i, G. Ivánovics

В Л И Я Н И Е  Р А ЗЛ И Ч Н Ы Х  А Н Т И К А Н Ц Е РО ГЕ Н Н Б 1Х
А ГЕ Н Т О В  НА И Н Д У Ц И Р У Е М Ы Е  СИСТЕМЫ BACILLUS M EG ATERIUM .

Е. М арьяи, Г. Иванович

Бактериоцин B acillus m egaterium , мегацин индуцируется ультрафиолетовым  
облучением. Следовательно, имеет сходство с большинством лизогенны х систем. П роводи
лось исследование с целью выявления индуцирования мегациногенных бактерий, подобно  
лизогенным системам, с отдельными химикалиями. П роделано сравнительное изучение 
влияния 20 различных химикалий на мегациногенный и лизогенный штамм В . megaterium . 
Большая часть изученных хим икалий является известными антиканцерогенными аген
тами. М ожно было установить, что часть алькилирую щ их агентов, а такж е отдельные 
антиканцерогенные антибиотики (митомицин-С и кразинофиллин) индуцировали обе сис
темы одинаково. Те, которые индуцировали лизогенную систему, были и эффективные в 
отношении индукции образования мегацина. М еж ду эффективностью и химической  
структурой установить общ едействительное правило было невозможно. Среди веществ с 
подобной структурой, так напр. этилвиминов, были как эффективные, так и неэффекти
вные, что указы вает на то, что алькилирую щ ие агенты с антиканцерогенным действием  
не имеют полностью тождественную  точку действия на клетки.

Данными наблюдениями подтверж дается гипотеза, что за  генетический контроль  
мегациногенеза отвечает в большей степени дефективный профаг.



MYCOLOGICAL E X A M IN A T IO N  OF CLINICAL M ATERIALS  

I .  Vitéz, E . K . N ovák

М И К О ЛО ГИ Ч ЕС КИ Е И ССЛ ЕДО ВАН И Я НА ОСНОВЕ  
К Л И Н И Ч ЕС К О ГО  М А ТЕРИ А Л А

И. Витез, Е . К ■ Новак

Авторами на основе различного клинического материала выделены и идентифи
цированы  63  штамма грибов. Эти исследования дают дальнейш ие возможности к распозна
ванию грибковой флоры больного человеческого организма. Обращ ается внимание на 
то, что при легочных процессах грибковые инфекции м огут являться не только сопутствую
щими, но возможно, что и сами грибы способны вызывать в человеческом организме кар
тину, подобную  туберкулезу.

BIOCHEMICAL S T U D IE S  ON STREPTOM YCES AU R E O FA C IE N S
IV. STUDIES ON T H E  BIO SYNTH ESIS OF C H I,O R T E T R A CYCLINE

M . J á rn i, G. Józsa, J .  K o llá r

БИ О ХИ М И Ч ЕСК О Е И ЗУ Ч Е Н И Е  STR EPT O M YCES A U R E O FA C IE N S  
IV. И С С Л Е Д О В А Н И Е  БИ О СИ НТЕЗА Х Л О Р Т Е Т Р А Ц И К Л И Н А

М . Я  рай, Г. Ёж а, Й . Коллар

П рименяя соединения, меченные С’4 и C13G, при исследованиях установлено, что из 
органических соединений х л о р а  к молекуле хлортетрациклина присоединяется атом 
хл ор а  в присутствии хлорида. Это ж е  наблюдали и у  хлорпропандиола, который в штамме 
C D SD — 314, образующем тетрациклин, не застраивается в скелет формулы тетрациклина, 
это значит, что он не является непосредственным прекурсором  в биосинтезе хлортетра
циклина.

У становлено, что из органических хлорны х соединений атом хлор а разлагается  
в одинаковой степени до хл ор и д а  двумя штаммами; штаммом В —28 и CD SD—314.

П одтверждено экспериментальны м путем то предполож ение, что 2,5-dim erkapto- 
1— 3 — 4-tiad izoe задерж ивает первую  окислительную ф азу биохимического хлориро
вания. В штамме CDSD—314, образующ ем тетрациклин, генетическая блокада биохими
ческого хлорирования, вероятно, относится только к первой, окислительной фазе. В штамме 
C D SD — 314 не найдена остаточная реакция при биосинтезе хлортетрациклина, следо
вательно, не обязательно генетическое биохимическое хлорирование двойным или не
скольким и альтернативными путям и в период полной цепной реакции. Различное при
соединение первого и второго атома С ацетатов м ож ет указывать на то, что второй атом 
С ацетата участвует как и единица Ct в биосинтезе скелета формулы тетрациклина.

COM PARATIVE E X A M IN A T IO N  OF CH RO NIC T Y PH O ID  C A R R IER S  
W ITH IM M UNO FL UO RESC ENT A N D  CU LTURA L M ETHOD

P . Geck, R . Szántó

С Р А В Н И Т Е Л Ь Н Ы Е  И С С Л ЕДО ВА Н И Я  М ЕТОДАМИ  
И М М УНОФ ЛЮ ОРЕСЦЕНЦИИ И К У Л Ь Т И В И Р О В А Н И Я  У  

Т И Ф О ЗН Ы Х  БАЦ И Л Л О Н О С И ТЕ Л ЕЙ

П. Гекк, Р . Санто

П роверяли кал 200  зарегистрированны х тифозных бациллоносителей методом 
иммунофлюоресценции и полученны е результаты сравнивали с данными традиционного 
культивирования, дополненного обогащением. С помощью рутинного бактериологиче
ского культивирования в 84  сл уч ая х  (47% ), а методом иммунофлюоресценции в 139 слу
ч аях (69,5% ) могли выявить Salm onella  typ h i в кале бациллоносителя. В дв ух  случаях  
не удал ось  подтвердить результаты  культивирования методом иммунофлюоресценции. 
Результаты  культивирования совпали в 95% случаев с иммунофлюоресцентной полож и
тельностью , полученной в часовой срок из того ж е  кала. С помощью подщелачивания 
кала смогли в большей степени повысить специфическое свечение Salm onella  typhi.



ST U D IE S  ON T H E  HUM AN IN T E S T IN A L  F L O R A  
I I . A L T E R A T IO N  IN  T H E  IN T E S T IN A L  F L O R A  O F  P A T IE N T S  T R E A T E D

WITH ANTIBIOTICS

I .  K ély i. К . B arna

И С С Л ЕДО ВА Н И Я  ЧЕЛ О ВЕЧ ЕСК О Й  К И Ш ЕЧ Н О Й  Ф ЛОРЫ  
II. И ЗМ Е Н Е Н И Я , ВО ЗН ИКАЮ Щ И Е В К И Ш ЕЧ Н О Й  Ф Л О РЕ  

Ч Е Л О В Е К А  П О Д В Л И Я Н И ЕМ  Л Е Ч Е Н И Я  АН ТИ БИ ОТИ КАМ И

И. Кетьи , К. Варна

1. В материале авторов самое слабое влияние на кишечную флору оказывал хлор- 
амфеникол, особенно при парентеральном его применении. Хлортетрациклин действовал 
на кишечную флору сильнее, особенно на нормальные, анаэробные компоненты. Самым 
сильнодействующим, одинаково как на нормальные аэробные, так и анаэробные состав
ные части флоры, оказался эритромицин.

2. При устранении отдельных нормальных компонентов или всей кишечной флоры, 
увеличение числа отдельных нормальных Str. faeca lis  пли акцидентальных (C lostrid ia 
S tap h y lococcus) микроорганизмов встречалось от случая к случаю, но законом ер
ность, связанная с изменением кишечной флоры, не наблюдалась.

3. Наличие Staphylococcus aureus  в кале успокаивающ им образом объяснялось  
подтверждением его происхож дения из дыхательных путей.

4. Антибиотические инциденты в случаях авторов не наблюдались д а ж е  при 
тяж елы х наруш ениях или изменениях кишечной флоры. П оэтому в отнош ении антибио
тических инцидентов или вторичных инфекций авторы заняли позицию, считая, что 
лишь, выпадение отдельных компонентов кишечной флоры или размножение отдельных 
микроорганизмов само по себе не является этиологическим фактором.

5. Экспериментальные опыты авторов на ж ивотны х в связи с антагонистическим  
соотношением м еж ду отдельными компонентами кишечной флоры или ж е  отсутствие 
последнего подтвердились наблюдениями, полученными в течение изменений кишечной 
флоры.

IM P L A N T A T IO N  A N TA G O N ISM  B E T W E E N  Е . COLI A N D  N O N -P A T H O G E N IC  
O R  FA C U L TA TIV EL Y  PA TH O G E N IC  E N T E R IC  B A C TER IA

I. K cly i

И М П Л А Н ТА Ц И О Н Н Ы Й  АНТАГОНИЗМ  E. COLI ПРОТИВ  
А П А Т О ГЕ Н Н Ы Х  И ЛИ УСЛОВНО П А Т О ГЕ Н Н Ы Х  РОДОВ  

КИШ ЕЧНОЙ Ф ЛОРЫ

И. Кетьи

1. Имплантационного антагонизма м еж ду родом Е . Coli с одной стороны, а с 
другой грибом P ro t ta e  и родом K lebsiella  не имеется. Внутри отдельных д в у х  этих родов 
или трибов такж е не наблюдается антагонизм имплантационного механизма.

2. Антагонизм, обнаруж енны й м еж ду родами Е . coli и K lebsiella, а такж е внутри 
рода K lebsiella отличается от характера имплантационного антагонизма.

3. У  мышей зараж енны х перорально штаммами P seu dom onas, S tap h y lo co ccu s 
не удалось осуществить имплантацию ни при наличии нормальной флоры, ни при отсут
ствии последней.

4. Имплантационного антагонизма или антагонизма другого характера и даж е  
закономерной корреляции м еж ду Е . Coli и нормальными постоянными компонентами 
L. b ifidus. Bacteroides, S tr. fa eca lis  кишечной флоры не имеется.

5. На основании отсутствия имплантационного антагонизма, ограниченности вы
деления и из-за подтвержденной в последнем случае возможности механического уда
ления установлено, что м еж ду группами P ro teu s и K lebsie lla  с одной стороны, и кишеч
ным эпителием с другой стороны тесной связи нет. И сходя из этого, автор считает, что триб 
P ro te u s  и род K lebsiella  занимают только акцидентальное микроэкологическое поло
ж ение в кишечной флоре.
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B R E A K D O W N  O F AM INO  ACIDS B Y  EN T E R O B A C T E R IA C E A E
III. CHARACTERISTIC CO LO UR REACTIONS IN  T H E  PR O TEU S-PR O V ID EN C IA

GROUP

B. Serény

Р А ЗЛ О Ж Е Н И Е  АМ И НО КИСЛО Т СЕМЕЙСТВОМ E NTER O B ACTER IAC EAE
III. Х А Р А К Т Е Р Н Ы Е  Ц ВЕ Т Н Ы Е  Р Е А К Ц И И  В ГРУ П П Е  

P R O T E U S-PR O V ID E N C IA

Б. Шерень

А втором найдено, что бактерии, относящиеся к группе P ro te u s-P ro v id e n c ia , на 
определенной химической среде, содержащ ей fe rr i-a m m o n iu m c itra t, разлагаю т среди 
ам инокисл от L -ty rosin , L - try p to p h a n ,  L -h istid in , L -lysin . Разлож ение аминокислот про
является в цветной реакции, появляю щ ейся как при макротесте, так и при быстром или 
м икротесте. Реакция характерна для группы, поэтому применима для идентификации. 
П ростое техническое вы полнение делает пригодной данную  реакцию для рутинных 
целей.

S T U D IE S  ON K L E B SIE L L A  INFECTIONS B Y  P H A G E  DETECTIO N A N D
PH A G E  T Y PIN G

I I .  M ilch , S. Deák

И С С Л Е Д О В А Н И Е  И Н Ф ЕК Ц И И  K L E B SIE L L A  
С ПОМОЩЬЮ Ф АГДИ А ГН О СТИ КИ  И Ф АГТИ Н И ЗАЦ И И

X . М илх, III. Деак

С целью выявления возбудителя тяжелы х энтеритов, встречающихся в отделении 
преж деврем енно рожденны х, бактериологические исследования дополнялись фаговыми 
исследованиям и. Согласно результатам , полученных авторами, выявление специфического 
фага им еет большое значение в установлении этиологического диагноза. П утем адапта
ции изолированны х с диагностической целью фагов к штаммам K lebsie lla  различного 
пр ои схож ден и я  удалось выработать типовую схем у, которая является пригодной для 
эпидем иологических исследований. Изолированные фаги охарактеризованы на осно
вании морфологии бляш ек, термочувствительности, лизогенности и серологических  
свойств.

Ш гаммы, принадлежащ ие к различным группам K lebsiella , с помощью специфи
чески х фагов распределены на 5 фаговых групп и 13 типов.

И зучено распределение штаммов K lebsiella по фаговым типам в связи с внутри
больничной эпидемией.

С веди изученных 8Э2 штаммов K lebsiella  были типизированы 546 (68% ). Штаммы, 
вызывающие внутрибольничные эпидемии, в 73% , а штаммы, изолированные при споради
ч ески х случаях, в 4Э% оказались фагочувствительными.

И зучен а взаимосвязь м еж д у  антигеном К и фаговым типом штаммов.
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COM PARATIVE SEROLOGICAL ST U D IE S ON T H E  E FFE C T IV E N E SS OF
M ONOVALENT LIVE PO LIO V IRU S VACCINES G IVEN A L T E R N A T IV E L Y  

IN T H E  O R D E R  2-3-1 and 1-3-2

F . F ornosi, I. Tálos

СЕРО ЛО ГИЧЕСКАЯ ЭФ ФЕКТИВНОСТЬ П РИ М Е Н Е Н И Я  Ж И ВО Й  
М О Н О ВАЛ ЕН Т Н О Й  П О Л И О В А К Ц И Н Ы  В О Ч ЕРЕД Н О С ТИ  

ПО ТИПАМ  2 - 3 - 1  и 1— 3 - 2

Ф. Форноши, И . Талош

В трех детских коллективах были иммунизированы ж ивой полиовакциной 3 — 12 
месячные грудные дети, ранее не иммунизированные. Схема иммунизации была в одном 
коллективе Í —3 —2 (очередность типов), а в двух д руги х 2 —3 — 1, за исключением 12 
детей, которые во время иммунизации третьим типом заболели ветряной оспой и вслед
ствие этого получили третий тип последним (схема: 2 — 1 —3). Средний возраст имму
низированных был в контрольной группе 6,5 месяцев, в группе 2 —3 — 1 6 ,0  месяцев, а 
в группе 2 — 1— 3 7,7 месяцев. Питание детей грудного возраста до вакцинации во всех 
тр ех  группах было одинаковым. Д ругие энтеровирусы (не полиовирусы ) выделены: в 
контрольной группе у  25% , а в исследованных группах у  25%  грудны х детей, при иссле
довании способности нейтрализации вируса в контрольной группе в 33%  случаев, а в 
исследованных группах в 31% случаев получили отрицательный результат против всех  
трех  типов полиовируса.

Иммунный ответ на 2 тип оказался одинакого хорош им на влияние вируса, введен
ного в начале (конверсионное отношение 20/20 =  100% ) и к концу вакцинации (конвер
сионное отношение 11/11 =  100%).

Титры антител против типа 1 в некоторых случаях повысились и на влияние типа
2 или типов 2 и 3. Иммунный ответ на влияние 1 типа в начале вакцинации был слабее  
(конверсионное отношение 10/12 83% ), чем к концу вакцинации по схеме 2 —3 — 1 
(конверсионное отношение 24/24 = 100% ).

Конверсионное отношение на влияние типа 3 в контрольной группе было 75%  
(9/12), по схеме 2 —3 — 1 63%  (22/32). Конверсионное отношение тех, которые получили тип
3 последним, было 91%  (10/11).

E X C R E T IO N  OF SV-40 V IR U S A F T E R  O RAL ADM INISTRATIO N  
OF CO NTAM INATED POLIO VACCINE

L . B . H orváth , F . F ornosi

В Ы Д Е Л Е Н И Е  ВИ РУСА SV— 40 ПОСЛЕ Д А Ч И  ЗА Г Р Я ЗН Е Н Н О Й  
П Е РО РА Л ЬН О Й  П О Л И О В А К Ц И Н Ы

Л. В. Хорват, Ф. Форноши

Среди 35 детей 9 — 12 месячного возраста, первично вакцинированных, после дачи 
полиовакцины типа 1, загрязненной вирусом SV —40, 10 детей выделяли вирус SV —40. 
Тигр антител полиовируса типа 1 после вакцинации был у  детей, выделяющих вирус 
SV —40, ниж е, чем у  тех, из кала которых не удалось изолировать вирус SV—40.
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LCM INFECTIO N OF MICE THYM ECTOM IZED IN  N E W B O R N  AGE  

P. Földes, I .  S zeri, Zs. B á n o s , P. A n d er lik , Af. B alázs

З А Р А Ж Е Н И Е  ВИРУСОМ ЛИМ Ф О ЦИ ТАРН ОГО  Х О РИ О М ЕН И Н ГИ ТА  
М Ы Ш ЕЙ С У Д А Л Е Н Н О Й  В Н О ВО РО Ж ДЕН Н О М  П Е РИ О Д Е  

ЗО Б Н О Й  Ж Е Л Е ЗО Й

П . Фёльдеш, И. Сери, Ж- Банош, П . Андерлик, A4. Балаж

С огласно исследованиям зар убеж н ы х авторов наблюдалось, что белые мыши, раз
м нож аю щ иеся вне инцухта, с удаленной зобной ж елезой в новорож денном периоде явля
ются резистентными к зараж ению  Л Х М . Инфицированных мышей м ож но было разделить  
на 3 группы : 1) Мыши, которые одновременно с контрольной группой или 1—2 дневным 
опозданием погибли, при классических симптомах Л ХМ -та, с макроскопическими остат
ками зо б н о й  железы , 2) П озднее погибш ие (с 19—30 дневной инкубацией), с признаками  
“ w a s tin g  d ise a s e ” . 3) Оставшиеся в ж ивы х, из мозга и крови которых на 33 — 53 день  
после за р а ж ен и я  могли изолировать вирус ЛХМ -та. На основании гистологических  
исследований (мозг, селезенка, зобн ая  ж ел еза) и гематологических находок обсуж даю тся  
возмож ны е причины позднего падеж а мышей и иммунное состояние оставш ихся в живы х  
животны х.

ST U D IE S ON T H E  IN T R A T Y PIC  VA RIA NTS OF ECH O VIRUSES  
II. T H E  RO LE OF CELL R E C E PT O R S IN  T H E  SELECTION OF ECHOVIRUS

V A R IA N TS

M . S im on

И ЗУ Ч Е Н И Е  В Н У Т Р И Т И П О В Ы Х  ВАРИ АН ТО В ВИ РУ С А ECHO  
IL РОЛЬ К Л Е Т О Ч Н Ы Х  РЕЦ ЕП ТО РО В П РИ  С Е Л Е К Ц И И  

В А Р И А Н Т О В  ВИ РУ СО В ECHO

М . Шимон

П одобно другим авторам установлено, что гемагглютинирующ ие штаммы вируса  
ECHO теряю т гемагглютинирующ ую способность в течение пассаж ей, проведенных на 
определенны х человеческих стабильны х клеточных штаммах. При этом на други х экспери
ментах автор показал, что в случае исследованны х гемагглютинирующ их типов вируса  
ECHO (3 , 6 , 7, 11, 12, 13, 19), наблюдаю тся вирионы двоякого рода: гемагглютинирующ ие 
(Н  ) и негемагглютинирующ ие (Н ~). Настоящими исследованиями доказано, что гемаг
глю тинирую щ ие штаммы изменяю тся благодаря тому, что разм нож ение вирионов Н ; 
на эт и х  кул ьтурах селективно задерж ивается.

У становлено, что клетки клеточных штаммов человеческого происхож дения и 
человеческие эритроциты содерж ат исключительно рецепторы, влияющие на варианты  
Н<, свойства которых (чувствительность к трипсину и формалину и резистентность к 
перй одату) и условия связывания и х  с вирусом сходны. Подобные рецепторы выявить 
из первичны х клеток rhesus обезьяньей почки и из клеток, происходящ их из последних  
клеточны х штаммов, не удалось.

Рецепторами задерж ивается гемагглютинация вариантов H f . Влияние рецептор
ного вещ ества на размножение вируса изменяется соответственно тому, производится ли 
исследование на однородных (человеческих) или чуж еродны х (обезьяньей почки) для  
рецепторов клеточных культурах. Н а однородных клеточных культурах задерж ивается, 
тогда как  на чужеродны х стим улируется размножение вариантов Н . П оследнее влия
ние я вл яется  по-вицимому следствием улучш ения условий пенетрации вируса. В случае  
вариантов Н~, рецептор не влияет на размнож ение вируса, ни в человеческих и ни в обе
зь я н ь и х  клеточных культурах.

Применением задерж иваю щ их гемагглютинацию рецепторов при изолировании  
Н+ в ир усов  ECHO, в первичных клеточных культурах обезьяньей почки, мож но во 
много р а з повысить шансы изолирования их.
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E X A M IN A T IO N  OF T H E  SU SC E PTIBILITY  TO V IR U S INFECTION  
O F H E T E R O PL O ID  M O N K E Y  K ID N E Y  CELL STRAINS

É. Csonka , P. K uzicska

И С С Л ЕДО ВА Н И Е ВОСПРИИМЧИВОСТИ К ВИ РУ С Н О Й  И Н Ф ЕК Ц И И  
Г Е Т Е РО П Л О И Д Н Ы Х  Ш ТАМ МОВЫ Х К Л Е Т О К  О Б Е ЗЬ Я Н Ь Е Й  ПОЧКИ

Е . Чонка, П. Рузичка

Изучена восприимчивость к вирусной инфекции 7 гетероплоидных штаммовых 
клеточных культур обезьяньей почки, полученных в лаборатории авторов. Среди штам
мов полиовируса дикие штаммы дали подобные, а аттенуированные более низкие титры 
на клеточных штаммовых культурах, чем на первичных клеточных культурах обезьяньей  
почки. Пассируемы е клеточные культуры обезьяньей почки могут быть использованы  
дл я  вирусодиагностических целей.

TH E EPIDEM IO LO GICAL SITUATION IN H U N G A R Y  IN IN T E R N A T IO N A L
COMPARISON

K . Soil

ЭПИ ДЕМ И ОЛО ГИ ЧЕСКО Е П О Л О Ж ЕН И Е В Е Н Г Р И И  В М ЕЖ ДУ Н А РО ДН О М
С О П О С Т А В Л Е Н И И

К. Шолт

Сравнивались данные заболеваемости, в отдельных случаях летальности и общ ей  
смертности при 9 острых инфекционных болезнях по некоторым европейским странам. 
При кори 10— 100 кратная разница в заболеваемости м еж ду отдельными странами явля
ется следствием различного характера требований предписывающих правил извещ ения  
и различной дисциплины выполнения извещений о заболеваемости. Циклические коле
бания в соседних странах не совпадают.

Среди изучаемы х стран, самая высокая заболеваемость дизентерией наблюдается  
в Венгрии, Англии и Валэсе. Сопоставление данны х заболеваемости, летальности и об
щей смертности говорит о том, что в странах, сообщ аю щ их о своей низкой заболеваемости, 
фактические показатели количества сообщенных случаев превышают в 50 — 100 раз.

Заболеваем ость эпидемическим гепатитом проявляет повышающуюся тенденцию  
во всех странах за  исключением Дании и Ф инляндии, где это вполне допустимо, вслед
ствие цикла переболеваемости, после которого заболеваемость всегда сниж ается. Сопо
ставленные данные заболеваемости и смертности и здесь показывают, что число забол е
ваний выше, превышая 2 0 —80 кратно число извещений.

Значительное сниж ение заболеваемости дифтерией, коклюшем, столбняком и по
лиомиелитом в Венгрии является следствием обязательны х возрастных прививок. З а б о 
леваемость дифтерией по сравнению с уровнем 1950 г., 16 кратно снизилась в 1960 г. 
и ниж е по показателям, чем в остальных странах Средней Европы. Профилактические 
прививки не прекратили циклические колебания заболеваемости коклюшем, но доста
точно сильно ее снизили. После вакцинации ж ивой вакциной против полиомиелита за 
регистрировано в 1961 г. 7, в 1962 г. 1, в 1963 г. 4  случая заболеваемости. В результате  
прививок против столбняка заболеваемость им снизилась троекратно, а у  полностью  
вакцинированной 1 — 19 возрастной группе да ж е  десятикратно.

Заболеваем ость брюшным тифом в Венгрии в начале 30 годов являлась в Е вропе  
наивысшей, но под влиянием массовых прививок, введенных в конце 30 годов, наблю 
далось сниж ение ее. П од влиянием происшедш их после 1945 г. общественных и эконом и
ческих изменений, а такж е гигиенических мероприятий заболеваемость в настоящ ее  
время колеблется около 5°/ооо> следовательно ее уровень ниж е, чем в соседних странах. 
Заболеваемость паратифом в Венгрии относительно низкая. Общая заболеваемость брю ш 
ным тифом и паратифом в Венгрии ниж е, чем в Ф инляндии и данные совпадают со Ш ве
цией.
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T R A N SFO R M A T IO N  OF STREPTOM YCIN M A R K E R S IN  RO UG H  STRAINS
OF RH IZO BIUM  L U P IN I

R . Balassa, M . Gábor

ТРАН СФ О РМ АЦ И Я М А РК Е РО В  СТРЕП ТОМ И ЦИ Н А У ШТАММОВ
RH IZO BIUM  L U P IN I

Р. Балашша, М . Габор

Авторами изучена трансформация стрептомицино-депенденции у  штаммов:
1. Частота стрептомицино-депенденции является очень низкой: в случае «гетеро

лог» трансформации 0 ,0002% —0,000001% , в случае «гомолог» 0 ,0 2 4 —0,0004% .
2. Маркеры резистентности и депенденции стрептомицина трансформируются как  

отдельно, так и совместно.
3. Т от ж е  самый препарат Д Р К  (дезоксирибонуклеиновой кислоты) мож ет пере

дать стабильную  и нестабильную депенденцию.
4. Степень трансформированной депенденции или резистентности стрептомицина 

различна в отдельных группах трансформантов. У  части трансформантов степень депен
денции или резистентности стрептомицина равняется степени депенденции или резистент
ности донора, а у  другой части она ниж е, чем у  донора.

5. Среди колоний трансформантов те, которые имеют большие размеры, в каж дом  
случае являю тся резистентными к стрептомицину, а которые имеют небольш ие или сред
ние размеры , могут быть резистентными и депендентными к стрептомицину.

6. Н а основании полученны х данных предполагается, что у  R hizobium  „ s itu s”  
депенденция и резистентность к стрептомицину локализованы в одном комплексе.

T H IN  L A Y E R  A N D  GAS CHROM ATOGRAPHIC A N ALYSIS OF 
SY PH IL IS A N T IG E N S

J .  K . M akiéit, A .  R éth y , P . Richter

ТО НКО СЛО ЙН Ы Й  И ГАЗО ХРОМ АТО ГРАФ И ЧЕСКИ Й  А Н А Л И З  
Л Ю ЭТИ ЧЕСКИ Х АН Т И ГЕ Н О В  С РА ЗЛ И Ч Н О Й  СЕРОЛОГИЧЕСКОЙ

АКТИВНОСТЬЮ

Й. К. М аклейт, А . Реш и, П . Рихтер

Исследовали фосфатидный состав и ж ирны е кислоты люэтических антигенов раз
личной серологической активности. Установлено, что люэтические штамм-антигены на 
тонкослойной хроматограмме содерж ат 6 компонентов.

М еж ду антигенами, дающими или не дающими подходящ ие серологические реакции, 
на тонкослойной хроматограмме выявилось сущ ественное расхож дение только в отно
шении компонента №  6, который обнаруж ивается в последних в меньшем количестве. 
Серологическая реактивность не подходящ их антигенов, обогащенных этим компонентом, 
немного усиливается; все таки при наличии его в более значительном количестве, реак
ция передвигается в аспецифическое направление. Приблизительно 50%  антигенов состоит  
из ж и р н ы х кислот, среди которых в серологической активности предполож ительно играют 
роль масляная, линолевая и стеариновая кислоты. М еж ду составными частями ж ирны х  
кислот у  антигенов различной серологической активности выявляется сущ ественная раз
ница в количественной пропорции и в соотнош ении м еж ду собой ж ирны х кислот, имею
щ их 18 углеродны х атомов и располагающ их различной степенью насыщенности. В 
случае подходящ их антигенов соотношение масляная/линолевая кислота превышает 
15Ö0, а  у  не подходящ их не достигает 1000.

Указывается на возможность применения тонкослойных и газохроматографиче
ск и х  исследований при процессе изготовления антигенов.
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A L K A L IN E  PH O SPH ATASE R E P R E SSIO N  RY INORGANIC P H O SP H A T E  
IN  BACILLUS A N TH R ACIS A N D  BACILLUS CEREUS

./ . L a n to s , G. Ivánovics

РЕП РЕС С И Я  Щ ЕЛОЧНОЙ Ф ОСФАТАЗЫ  АН О РГАН ИЧЕСКИМ  ФОСФАТОМ  
В Ш ТАММАХ BACILLUS A N TH R A C IS И BACILLUS CER EUS

Й. Лантош, Г. Иванович

И зучалась образование щелочной фосфатазы В . anthracis и В . cereus на полусин- 
тетической питательной среде, хорош о определенной в отношении содерж ания фосфатов. 
У становлено, что оба species образую т щ елочную фосфатазу в случае, если содерж ан ие  
анорганических фосфатов в питательной среде низкое. При высокой фосфатной концен
трации образование энзима не выявляемо, потому что в случае обоих видов образование  
фосфатазы репрессируется присутствующ им анорганическим фосфатом.

A R A PID  DIAGNOSTIC M ETHO D FO R  T H E  IDENTIFIC ATIO N  
OF E N T E R IC  PATHOGENS. FLU O R E SC E N T  M ICROAGGLUTINATION

P. Geek

БЫ С ТРЫ Й  ДИАГНО СТИ ЧЕСКИ Й  М ЕТО Д Д Л Я  И ДЕ Н Т И Ф И К А Ц И И  
Э Н Т Е РА Л Ь Н Ы Х  В О ЗБ У Д И Т Е Л Е Й .

ФЛЮ ОРЕС11ЕНТНАЯ М ИКРОАГГЛЮ ТИ Н АЦ ИЯ

И. Гекк

Разработан быстрый диагностический метод с целью быстрой непосредственной  
идентификации энтеральных возбудителей из кала. Вначале из соответствующ его раз
ведения кала страдающ их острым заболеванием проводится микроагглютинация на пред
метном, стекле, которая окрашивается акрицин-оранжевым, затем исследуется под флюо
ресцентным микроскопом. Ф локкулообразны е микроагглютинаты, в зависимости от числа 
микробов, флюоресцируют зеленым цветом, тогда как другие составные части кала имеют 
оранж евы й оттенок. От случая к случаю  появляющ иеся другие образования, распола
гающие такж е зеленой автофлюоресценцией оценке не мешают, так как они и в контроль
ном препарате присутствуют и имеют аморфное строение.

Чувствительность и надежность метода проверялась методом культивирования, 
проведенном из тех ж е проб кала.

Среди госпитализированных энтеральны х больных исследовано 500 человек, а 
такж е 500 заболевш их в течение вспышки дизентерии. И з первой группы оказались поло
жительными при культивировании 23,2%  а с флюоресцентной микроагглютинацией  
50,8% . У  последней группы получен положительный результат с помощью культивиро
вания в 33,3%  случаев, а с помощью флюоресцентной микроагглютинацией в 59,1%  
случаев.



18

G R O W T H  OF V A R IC ELLA  V IR U S IN  CO NTINUO US M O N K EY K ID N E Y  
A N D  H U M A N  TH Y R O ID  CELL CULTURES

L . Géder, E . Jeney, É . Gönczöl

Р А ЗМ Н О Ж Е Н И Е  В И РУ С А  ВЕТ РЯ Н О Й  ОСПЫ НА ПАССИРУЕМ Ы Х  
К Л Е Т О Ч Н Ы Х  К У Л Ь Т У Р А Х  О Б Е З Ь Я Н Ь Е Й  ПОЧКИ  

И Ч ЕЛ О В Е Ч Е С К О Й  Щ И ТО ВИ ДН О Й  Ж Е Л Е ЗЫ

Л. Гедер, Э. Енеи, Е . Гёнцёлъ

И зучен о размножение вируса ветряной оспы на культурах H eLa, и Н Е р.-2 , D e t
ro it— 6, пассируем ы х кул ьтурах обезьяньей почки II/1/a и III/I, первичных кул ьтурах  
обезьяньей почки, человеческой щитовидной ж елезы  и такж е на культурах фибробластов  
эм бриона человека. Среди упом януты х культур оказались пригодными для размнож ения  
вируса ветряной оспы только пассируемые культуры  обезьяньей почки III/I, первичные 
культуры  обезьяньей почки, культуры  человеческой щитовидной ж елезы  и эмбрио
нальны х фибробластов.

О бнаруж ивая клетки при помощи ультразвукового облучения в кул ьтурах раз
виваю щ ейся обезьяньей почки III/I и человеческой щитовидной железы, получили гомо- 
генизаты невысокой степени инфективности. С меньш ей степенью инфективности оказа
лась и центрифугированная питательная ж идкость эти х клеточных культур. Инфектив- 
ность питательны х ж идкостей сниж алась при центрифугировании со скоростью больше 
1300, но она оставалась и после центрифугирования с 1200. При фильтровании на фильтре 
G — 5 препараты  этих клеток теряли свою заразительность.

COLUM N CH RO M ATO GRAPHY ON D E A E  CELLULOSE OF H E R P E S  
SIM P L E X  V IR U S A N D  CYTOM EGALOVIRUS

VI. K oller, L . Géder, /' . Lehel, E . Gönczöl, J . K iss

ХРО М АТОГРАФ И ЧЕСКО Е И С С Л Е Д О В А Н И Е  ВИРУСОВ  
H E R P E S  SIM PLEX И CYTOM EGALIA НА Ц Е Л Л Ю Л Е ЗН О Й  К О Л О Н К Е  Д Е А Е

М . Коллер, Л. Гедер, Ф. Лехел, Е . Гёнцёлъ, Я . Кишш

И сследована элюция вирусов H erpes sim p lex  и C ytom egalia  на целлюлозной ко
лон ке Д Е А Е , с фосфатными буфферами, содерж ащ им и хлористый натрий различной  
м олярности. Вирус H erp es sim p lex  элюировался фосфатным буффером, содерж ащ им  
0 ,6  и 0 ,9  М, а вирус C ytom ega lia  фосфатным буффером, содержащ им 0 ,3  М хлористого  
натрия.

П реобладаю щ ая часть клеточного протеина элю ировалась в фосфатном буффере, 
содерж ащ ем  0,3 М хлористого натрия, таким образом с помощью этого метода была воз
м ож н а  только частичная очистка вируса H erpes sim p lex .

Э лю ция комплемент-связывающей активности и инфективности у  обоих вирусов  
во в сех  ф ракциях шла параллельно.

FATTY ACIDS IN  E N T E R IC  BACTERIA  

L . V áczi, A . Réihy, /. R éda i 

Ж И Р Н Ы Е  КИСЛОТЫ  Э Н Т Е Р А Л Ь Н Ы Х  БАКТЕРИ Й  

Л. В аци, А . Реши, И . Редай

О пределен жирно-кислотный спектр штаммов Е . coli, S. ty p h im u riu m , Sh. flex - 
n e r i,  В . p ro te u s . Установлено, что спектр различных ж ирны х кислот содерж ит идентич
ны е ж ирны е кислоты, различные штаммы отличаются м еж ду собой только в количест
венны х отнош ениях отдельных ж ирны х кислот.



H)

Главная масса ж ирны х кислот состоит из ж ирны х кислот, содерж ащ их 16 угле
родных атомов.

Более патогенные штаммы Sh. flex n eri и В . p ro teu s  содерж ат в значительно боль
ших количествах жирные кислоты с циклопропановым кольцом.

На основании данных исследований метод определения спектра ж ирны х кислот  
является непригодным для отделения друг от друга близко родственных sp ecies бак
терии.

ST U D IE S ON LIPID S IN  PSEUD O M O NAS PYO CYANEA  

L. Váczi. ./. К. M a kié it, A . R éthy , I. Rédai 

И ЗУ Ч Е Н И Е  Л И П О И Д О В PSEUDO M O NAS PYOCYANEA  

Л. Ваци, Й. К. М аклейт, А . Реши, И. Редай

Изучен состав фосфатидов и ж ирны х кислот штамма различного возраста. Сде
ланы следующ ие выводы:

1. P seudom onas руосуапеа  содерж ит 7,2 -7 ,7 %  чистого общего липоида, 7 5 — 80%  
которого является фосфатидом.

2. Количество общего липоида сухи х бактерий с течением времени растет.
3. Фосфатиды состоят, главным образом, из компонентов типа лецитина и кефалина.
4. Они содерж ат на тонкослойной хроматограмме 5 компонентов, им ею щ их в 

трех культурах различного возраста идентичные качества.
5. Культуры трех возрастов содерж ат одинаковое количество — 12 ж ирны х кислот.
6. Основным компонентом является польмитиновая кислота. Ж ирные кислоты, 

имеющие больш е 16 атомов углерода, составляют 90%  ж ирны х кислот бактерии, тогда 
как жирные кислоты, имеющие атомов углерода меньше 16, только 10% их.

7. В более старых культурах увеличивается количество жирных кислот, содер
ж ащ их циклопропановое кольцо с 19 атомами углерода.

E T U D E  COM PARATIVE E N T R E  LES SO UCHES BCG DE PARIS  
ET D E  B U D A PE ST

L. Lugosi, F .-A i. Lévy

С Р А В Н И Т Е Л Ь Н Ы Е  И ССЛ ЕДО ВАН И Я П А РИ Ж С К И Х  И 
БУ ДА П Е Ш ТС К И Х  ШТАММОВ Б Ц Ж

Л. Лугоши, Ф .-М . Леви

В период 1954— 1957 гг. после прививок Б Ц Ж  вакциной, изготовленной из штамма, 
полученного в 1933 г. из П арижского П астеровского института и с тех пор п оддерж и
ваемого в Будапеш те, у вакцинированных обнаруж илась сниж енная и быстро гаснущ ая  
аллергия. Первоначально пытались усилить эффективность вакцины повышением ее 
концентрации. При сравнительных исследованиях на мышах и морских свинках выя
влено, что «подштамм» Б Ц Ж , полученный в Будапеш те, располагает по сравнению с П ари ж 
ским «подштаммом», применяемым в настоящее время в институте, более низкой актив
ностью. Поэтому в Венгрии, начиная с 1960 г., для изготовления вакцины Б Ц Ж , вместо 
ранее применяемого будапеш тского штамма, применяется вновь П арижский штамм Б11Ж .



2 0

H Y PO T H E R M IA  A N D  H ORSE SE R U M  A N A PH Y L A X IS  

T . S z ilá g y i, В . Csaba, L . M illé n y i, L . K assai

ГИПОТЕРМ ИЯ И А Н АФ И Л АК СИ Я В Ы ЗВ А Н Н А Я  
ЛОШ АДИНОЙ СЫ ВОРО ТКО Й

Т. Силадьи, Б . Чаба, Л. М илы пени, Л. Кашшай

М орских свинок сенсибилизировали лош адиной сывороткой, шоковое состояние  
вызывали инъекциями различных фракций сыворотки. Установлено, что наиболее выра
ж енны м анафилактогенным действием обладает глобулин ß. Т акж е определено, что 
сенсибилизированны е лош адиной сывороткой м орские свинки при гипотермическом  
состоянии против фракций со слабым анафилактогенным действием десенсибилизи
рую тся, тогда как против сильных анафилактогенов не десенсибилизируются.

ATY PICAL M YCOBACTERIA IN  M ONKEYS 

J .  W eissfeiler, V. K arassova , .I ■ Holland

А Т И П И Ч Н Ы Е  М И К О Б А К Т Е РИ И  У  О Б Е ЗЬ Я Н  

Й. Вейссфейлер, В. Карассова, Я . Голланд

И зучены  штаммы микобактерий, выделенные от двух обезьян с положительной  
реакцией на туберкулин, вскоре после их импортирования в Европу.

Ш тамм М—2 оказался микобактерией тубер к ул еза  с аттенуированной вирулент
ностью . Штамм Zo, пигмента не образует, по биохимическим, иммуногенным свойствам  
и антигенной структуре резко отличается от микобактерий турберкулеза. Штамм не от
носится к  микобактериям типа B attey .

B IO C H E M IC A L  C H L O R IN A T IO N  IN H E R IT A N C E  IN  ST R E PT O M Y C E S
A U R E O F A C IE N S

M . J á ra i

Н А С Л Е Д С Т В Е Н Н О С Т Ь  Б И О Х И М И Ч Е С К О Й  Х Л О Р И Н А Ц И И  У 
ST R E O PT O M Y C E S A U R E O F A C IE N S

М . Я  рай

И зучалась наследственность хлоринации у  S tre p to m y c es  au reo faciens с помощью  
геновой рекомбинации. Х лорирую щ ая активность рекомбинантов, полученных совместным 
культивированием смешанных суспензий конидий, хлорирую щ их (ele+) и не хл ор и ру
ю щ их (e le - ) биохимических мутантов, оказалась в каж дом  случае высокой, 92 — 100%  
потенциала общего тетрациклина. На основании и х  хлорирую щ ей активности рекомби
нанты м ож но было распределить в две группы: путем геновой рекомбинации происходили  
штаммы „ k lo rid -sc av e n g e r”  (с 100%-НОЙ хлорирую щ ей активностью) И  „ k lo r id  n o n -sca 
v e n g e r”  с 92— 98% -ной хлорирую щ ей активностью.

И сследования, проведенные акридин-оранжевы м указывали на то, что ген хлори
нации имеет по-видимому хромосомное происхож дение.

Применяемые комплементарные ауксотрофны е пары на основании рекомбина
ционной частоты распределяю тся в 3 группы: первая группа с высокой рекомбинацион
ной частотой (2,03. Ю-4), вторая группа с низкой рекомбинационной частотой (0,015. 
Ю-4), а третья группа несовместима. Явление м ож но объяснить предполагаемой по
ловой полярностью у S tre p to m y c es .



T h e  A cta M icrobiologica  pub lish  p a p e rs  o n  m icrobiological su b je c ts  in  E n g lish , G e rm an , 
F re n c h  a n d  R u ssian .

T he A cta M icrobiologica  ap p ear in  p a r ts  o f  v a ry in g  size, m ak in g  up  vo lum es. 
M an uscrip ts sh o u ld  be addressed  to

A cta M icrobiologica, B udapest, K e le ti Postahivatal, P osta fiók  64.

C orrespondence w ith  th e  ed ito rs sh o u ld  b e  se n t to  th e  sam e address .
T he r a te  o f su b sc rip tio n  to  th e  A cta  M icrobiologica  is 110 fo r in ts  a vo lum e. O rd e rs  

m a y  be p laced  w ith  “K ultúra.” Foreign  T ra d e  C o m pany  fo r B ooks an d  N ew spapers (B u d a 
p e s t  I . ,  F ő  u tc a  32. A cco u n t N o. 43-790-057-181) o r  w ith  re p re se n ta tiv e s  ab road .

Les Acta  M icrobiologica  p a ra issen t en  fra n ç a is , a llem an d , ang la is e t  russe  e t  p u b l i 
e n t  des tr a v a u x  du  d o m ain e  de la  m icrob io log ie.

Les A cta  M icrobiologica  so n t pu b liés  sous fo rm e de fascicu les qu i se ro n t ré u n is  en  
vo lum es.

O n e s t prié  d ’en v o y e r les m an u scrits  d e s tin é s  à  la  ré d ac tio n  à  l ’adresse  su iv a n te :

A cta M icrobiologica. B udapest, K e le ti P ostahivatal, P o sta fió k  64.

T o u te  co rresp o n d an ce  avec la  ré d a c tio n  d o it  ê tre  envoyée à c e tte  m êm e ad resse .
Les p rix  de l’a b o n n e m e n t e st de 110 fo r in 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  Com m erce E x té r ie u r  de L ivres e t  J o u r n a u x  

«K u ltú ra » (B u d a p es t I . ,  F ő  u tc a  32. C om pte  c o u ra n t  No. 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  d éposita ires.

«A cta  M icrobiological публикуют трактаты из области микробиологии на русском , 
немецком, английском и французском язы ках.

«A cta  Microbiologica» выходят отделными выпусакми разного объема. Н есколько  
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

Acta  M icrobiologica, B udapest, K e le ti P ostahivatal, P o sta fiák  64.

По этому адресу направлять всякую  корреспонденцию для редакции.
Подписная цена « A cta  Microbiological) — НО форинтов за  том. Заказы принимает  
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