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GROWTH KINETICS OF YEASTS
By

E .  K .  N o v a k  and  T .  D e á k

N ational In stitu te  o f  Public Health (Director : T. B a k á c s ) and  
Institu te  o f  Food Technology and M icrobiology (Director : E . A l m á s i ) ,  

U niversity  o f  Horticulture. B udapest

(R eceived A pril 1. 1969)

Sum m ary. C hanges in  g row th  k inetic  p a ram ete rs  such as m u ltip lica tio n  ra te  co n stan t 
(k). lag phase  (L). final d en sity  (D) and  m u ltip lica tio n  index  (M )  hav e  been exam in ed  for 
Candida beverw ijkii, C. claussenii. C. k ruse i, C. u tilis . Procandida albicans. Pc. tropicalis, 
Saccharomyces carlsbergensis and  S. cerevisiae g row n aerob ica lly  in glucose, galactose , sucrose, 
m altose  and  raffinose. W ith  th e  excep tion  of m altose , in  all su b s tra te s  th e re  was a close co rre 
la tio n  be tw een  к  an d  M  va lues. T he resu lts  have  been  ev a lu a te d  in resp ec t to  y eas t c a rb o 
h y d ra te  m etabo lism . T he assoc ia tion  be tw een  g row th  p a ram e te rs  in  d iffe ren t su b s tra te s  and  
f irs t  steps o f c a rb o h y d ra te  m etabo lism  (sugar tra n sp o rt,  e x tra -a n d  in trace llu la r  oligosaccharide 
b reakdow n) has been discussed.

E x am in a tio n  of g row th  ch a rac te ris tic s  m ay  yield im p o r ta n t d a ta  for th e  
ca rb o h y d ra te  m etabo lism  o f y easts  an d  for th e  an tim e tab o lic  effect o f in h ib i
to ry  ag en ts . In  th e  know ledge o f th e  general law s o f g row th  k inetics [12, 13, 
18], from  changes in  th e  lag  phase, g row th  ra te  an d  m ax im um  cell coun ts o f 
b ac te ria l an d  y eas t p o p u la tio n s conclusions can be d raw n as to  th e  effect o f 
fac to rs in fluencing  m u ltip lica tio n  [1, 5, 12, 34]. In  th e  p resen t p ap e r an  accoun t 
is given of th e  grow th  k ine tics  in d iffe ren t ca rb o h y d ra tes  o f several yeast 
species. T he resu lts  h av e  been  ev a lu a ted  by  com paring  th e  ch a rac te ris tic s  of 
one given species in  d iffe ren t sugars an d  by  exam in ing  th e  ch a rac te ris tic s  of 
d iffe ren t species in th e  sam e su b s tra te .

Materials and methods

Stra ins. Candida beverw ijkii O K I C LX X V /1967; C. claussenii O K I 460-sect,/1961 : 
C. krusei O K I 238/1964; C. utilis  O K I 287/1964: Procandida albicans O K I 85/1957; Pc. tropicalis 
O K I 302/1964; Saccharomyces carlsbergensis O K I 11/1966. S tra in  S. cerevisiae O K I C X C II/1967 
was id en tica l w ith  s tra in  R  X I I  used b y  K o ty k  ( In s t i tu te  of M icrobiology, CSAV, P rag u e) 
an d  by one of th e  p re sen t a u th o rs  (T. D .) in  tra n s p o r t  experim en ts  [4]. T he cu ltu res  w ere 
m ain ta in ed  on Csillag’s m olasses ag ar [3]. T he sam e m edium  w as used  fo r p rep arin g  inocula.

Growth experim ents w ere perfo rm ed  in  m odified  S ab o u rau d  b ro th  (glucose. 2 % ; p ep to n e . 
1 % ; p H  5.5 — 5.7). W hen  needed, ga lactose , sucrose, m altose  or ra ffinose  w as su b s titu te d  for 
glucose. On ch ro m ato g rap h ic  checking th e  sugars w ere free from  im p u ritie s  excep t m altose  
w hich co n ta in ed  ab o u t 8 %  glucose and  1%  m alto trio se . As in  m altose  b ro th  only know n m a lto 
se-assim ila ting  organ ism s w ere exam ined , th e re  was no need to  p u rify  th is  sugar. All cu ltu res  
were in v es tig a te d  fo r aerobic g ro w th  in  glucose, sucrose an d  m altose . D epend ing  on th e ir  
assim ila tion  sp ec tru m , ce rta in  cu ltu res  w ere exam ined  in ga lactose  an d  raffinose. E ach  ex p eri
m en t w as p e rfo rm ed  in  tr ip lica te .

P re p a ra tio n  of aerob ic  shaken  cu ltu res  an d  m easu rem en t o f g ro w th  w ere described 
p rev iously  [5]. In  th e  p re sen t ex p erim en ts , in s tea d  of 10 ml on ly  5 m l p o rtio n s  of m ed ium  w ere
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used. In o cu la tio n  w as m ad e  w ith  suspensions a d ju s te d  to  0.05 o p tica l d en sity , th u s  th e  in itia l 
cell co u n ts  w ere ap p ro x im a te ly  id en tica l fo r th e  sam e species, b u t  w ere d iffe ren t fo r o th er 
species (in  th e  ran g e  be tw een  2.5 x lO 6 an d  18.5x10® p e r m l). G row th  r a te  c o n s ta n t (k), lag 
phase  (L) an d  d en sity  reach ed  a f te r  60 hours in cu b a tio n  (D ) w ere calcu la ted  as described  p re 
viously  [5] excep t t h a t  L  w as d e te rm in ed  b y  p lo ttin g  th e  in itia l cell co u n t c h a rac te ris tic  of 
th e  organism . In  co m paring  k, L , a n d  D  va lues o b ta in ed  in  d iffe ren t c a rb o h y d ra te s  fo r th e  
sam e s tra in  th e  d a ta  w ere re la te d  to  th e  correspond ing  va lues o b ta in ed  in  glucose n o t only for 
th e  g ro w th  c o n s ta n t (kp  [24]), b u t  also fo r th e  o th e r  tw o p a ram e te rs  (L p , D p). D ifferen t 
species w ere com pared  fo r ab so lu te  va lues of g ro w th  k in e tic  c h arac te ris tic s  in  th e  sam e su b 
s tra te  w ith  th e  ex cep tion  of th e  fin a l d en sity  (D ). T his, due  to  a difference in  in itia l densities, 
could  n o t be com pared  d irec tly . R esu lts  w ere expressed  as m u ltip lica tio n  indices (JVf) show ing 
th e  ra tio  o f fin a l an d  in itia l den sity . T he v a lu e  of M  re la te d  to  glucose w as id en tica l w ith  th e  
v a lu e  of f in a l d en sity  re la te d  to  glucose (M p  =  D p ), in  o th e r w ords, th e re  w as no a lte r 
a tio n  w hen  th e  re su lts  o b ta in ed  for th e  sam e species w ere com pared , b u t  th e  ca lcu la tio n  of 
ab so lu te  M  v a lues m ad e  th e  com parison  of d a ta  fo r d iffe ren t species m ore reliable.

Results

Fig. 1 p resen ts  a series o f g row th  curves. R esu lts  expressed  as k, L  an d  D  
values (Tables I , I I  an d  I I I )  w ere derived  from  such curves.

F rom  th e  galactose and  sucrose curves in  F ig . 1 i t  is ev id en t th a t  a 
p ro longa tion  of th e  lag phase an d  a decrease o f th e  g row th  ra te  c o n s tan t do 
no t necessarily  lead  to  a low er fin a l d en sity , as show n by  th e  grow th  in galactose 
an d  sucrose. In  th e  case o f m altose , how ever, th e  sh o rte r  lag phase an d  th e  
h igher g row th  ra te  w ere associated  w ith  a h igher fina l d en sity , w hile in  raffinose 
an  opposite  effect was observed.

Fig. 1. G row th  of S. cerevisiae in  v a rio u s su b s tra tes . A erobic, shaken  cu ltu res . B asa l m edium : 
p ep to n e , 1 % ; sugar, 2 % ; p H  5.6. 1 =  glucose, 2 =  galactose , 3 =  sucrose, 4 =  m altose ,

5 =  raffinose

Acta Microbiologica Academiac Scientiarum Hungaricae 17, 1970
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Table- I

Absolute and relative growth rate constants for yeasts cultured aerobically in various carbohydrates

к kn
Species

I) G s M R I) G s M H

Candida beverwijkii 0.540 0.300 0.427 0.708 1.00 0.56 0.79 1.31
Candida cla ussen ii 0.582 0.366 0.430 0.453 1.00 0.63 0.74 0.78
Candida krusei 0.330 1.00

Candida utilis 0.348 0.334 0.424 0.310 1.00 0.96 1.22 0.89
Procandida albicans 0.366 0.300 0.348 0.468 1.00 0.82 0.95 1.28
Procandida tropicalis 0.354 0.336 0.318 0.430 1.00 0.95 0.90 1.25
Saccharomyces carlsbergensis 0.145 0.096 0.148 0.140 0.130 1.00 0.66 1.02 0.96 0.90
Saccharomyces cerevisiae 0.265 0.246 0.286 0.307 0.204 1.00 0.93 1.08 1.16 0.77

к
k D

abso lu te  g row th  ra te  co n stan t in hours 
grow th ra te  co n stan t re la ted  to glucose

1 ) glucose, G galactose , S sucrose, M 
not exam ined

m altose , R raffinose
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Table II

Absolute and relative lag phase times for yeasts cultured aerobically in various carbohydrates

Species
L l d

D (; s M R d  <; s M R

Candida beverwijkii 8.8 9.8 7.8 6.9 1.00 1.12 0.89 0.78

Candida claussenii 8.1 9.1 7.2 8.3 1.00 1.12 0.89 1.02

Candida krusei 2.6 1.00

Candida u tilis 4.1 5.2 4.2 5.1 1.00 1.28 1.02 1.24

Procandida albicans 3.8 3.7 4.9 3.7 1.00 0.97 1.28 0.98

Procandida tropicalis 4.4 5.0 4.3 3.8 1.00 1.13 0.98 0.87

Saccharomyces carlsbergensis 6.5 9.2 5.8 6.0 8.6 1.00 1.42 0.89 0.92 1.32

Saccharomyces cerevisiae 2.9 5.2 3.4 2.4 3.6 1.00 1.80 1.16 0.84 1.24

L  lag phase in hours
L[) =  lag phase re la ted  to  glucose
D glucose, G = galactose , S =  sucrose, M =  m altose , R raffinose  
. =  not exam ined
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Table III

Absolute and relative f in a l densities and multiplication indices for yeasts cultured aerobically in various carbohydrates

Species
I) (X lO e cetle/ml) M ( -  M „ )

I) G S M R I) G s M R 1) G s M R

Camlida beverwijк i i 8 8 4 2 78 1 6 4 1 0 3 5 0 90 193 100 48 8 8 1 8 6

Candida claussenii 5 0 3 9 4 0 74 91 71 73 1 3 5 100 78 8 0 1 4 8

Candida krusei 5 9 6 9 100

Candida utilis 9 3 8 4 251 70 5 0 45 1 3 6 3 8 100 9 0 2 7 0 75

Procandida albicans 7 6 5 7 5 4 175 8 9 6 7 6 3 2 0 5 1 0 0 75 71 2 3 0

Procandida tropicalis 2 5 2 2 25 58 1 0 0 8 6 1 00 2 3 4 100 86 1 0 0 2 3 4

Saccharomyces carlsbergensis 11 7 11 13 9 2 8 17 28 3 3 2 2 100 61 1 0 0 1 1 8 79

Saccharomyces cerevisiac 2 5 2 3 22 6 8 12 5 6 51 50 1 5 0 2 7 1 00 91 9 0 2 7 0 4 9

D  abso lu te  final d ensity
M  m u ltip lication  index

D p , M p  f in a l d ensity , m u ltip lica tio n  index  re la ted  to  glucose
I) glucose, G galactose , S sucrose, M m altose , R raffinosc 

not exam ined

G
R

O
W

T
H

 
K

IN
E

T
IC

S O
F Y

E
A

ST
S



6 E. К . NOVAK and T. D EÁK

In  view  o f th e  resu lts  p resen ted  in  Tables I — I I I ,  a m ost defin ite  associa
tio n  ex ists betw een  к and  M  values (F ig. 2A, B). I f  th e  resu lts  w ere p lo tted  
accord ing  to  d ifferen t species (F ig. 2A) th e  co rre la tion  was n o t linear. T he low 
grow th  ra te  an d  th e  consequen t low fin a l d en sity  o f S . carlsbergensis was 
conspicuous. In  th e  case of p lo ttin g  accord ing  to  su b stra te s  (F ig . 2B), it  becam e

Д
О

oOO-j
о

Fig. 2. C orre la tion  be tw een  g ro w th  ra te  c o n s ta n t (к ) and  m u ltip lica tio n  in d ex  (M ). A: R esu lts 
p lo tted  accord ing  to  species; О =  C. beverw ijkii, ф  —  C. claussenii, A =  C. krusei, Д  =  C .  
util is, □ =  Pc. albicans, ■  =  Pc. tropicalis, V =  S. carlsbergensis, ▼ =  S. cerevisiae. 
B: R esu lts  p lo tte d  accord ing  to  su b s tra te s ; О  =  glucose, V =  galactose , •  =  sucrose.

▼ =  m altose , □ =  raffinose

ev id en t th a t  th e  values in  m altose  are responsib le  for th e  d is to rtio n  o f th e  
co rre la tion  betw een  к an d  M ; if  th e y  were o m itted , th e  rest show ed a close 
corre la tion .

T here was no co rre la tion  betw een  к and  L , and  L  and  M , respective ly . 
The low grow th  ra te  for S. carlsbergensis was in all su b s tra te s  associated  w ith  
a long lag phase and  a low7 m u ltip lica tio n  index  (low final density ). T his o rg an 
ism , accord ingly , show ed in  all respects th e  w eakest m u ltip lica tio n  ab ility . 
C. beverwijkii and  C. claussenii w7ere cha rac terized  b y  a long lag  phase followed 
by  a v e ry  rap id  g ro w th  (these organism s show ed th e  h ighest g row th  ra tes), 
a lthough  th e  resu lts  were n o t alw ays re flec ted  b y  M  and  D  values.

C onsidering th e  g row th  o f th e  sam e organism  in d ifferen t su b s tra te s  it 
is clear th a t ,  ta k in g  in to  acco u n t all g row th  charac te ris tic s , m altose  y ielded
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th e  best g row th . T he only  excep tion  was th e  к va lue  for C. claussenii w hich 
w as considerab ly  low er fo r m altose th a n  for glucose, desp ite  a h igher final 
d en sity  and  a sh o rte r lag phase in th e  fo rm er th a n  in th e  la t te r  sugar.

In  sucrose S . cerevisiae, S . carlsbergensis, C. u tilis, Pc. tropicalis and  in 
raffinose C. carlsbergensis and  C. utilis  ex h ib ited  g row th  p a ram ete rs  sim ilar to  
those o b ta in ed  in  glucose, while o th e r  s tra in s  show ed m ore considerab le d iffer
ences. G row th  was u sua lly  w eaker in galactose th a n  in glucose.

D iscussion

The general laws of th e  m u ltip lica tio n  of un ice llu lar organism s are  well 
know n. M ath em atica lly  only  th e  logarithm ic  (exponen tia l) phase can be 
ch arac terized  by  th e  m u ltip lica tio n  ra te  co n stan t (k). Since th e re  is no general 
m a th em a tica l form ula for th e  whole g row th  curve, it  is u sua lly  charac terized  
b y  th e  leng th  o f th e  lag phase (L) and  th e  fina l d en sity  (D ) o f th e  cu ltu re , 
in ad d itio n  to  th e  к va lue . F rom  th e  very  fac t th a t  all th ree  values are needed 
for ch arac teriz in g  th e  process o f g row th  it  follows th a t  th e re  is no generally  
valid  co rre la tion  betw een  these  p a ram e te rs . F in a l den sity  m ay  be influenced 
b y  th e  len g th  of th e  lag phase and  th e  value of th e  g row th  ra te  c o n s tan t, b u t 
is de te rm in ed  b y  n e ith e r  of th em , since th e  I)  value depends h igh ly  also on a 
n u m b er of com plicated  processes in itia te d  b y  th e  c u ltu re ’s au to in to x ica tio n .

The above considerations have  been confirm ed b y  th e  p resen t resu lts . 
F o r S . cerevisiae, as show n in F ig . 1, L  and  к p rac tica lly  dete rm in ed  th e  final 
d ensity  in m altose and  raffinose, b u t n o t in galactose, w here desp ite  a lower 
к and  a h igher L , th e  D  value was th e  sam e as in  sucrose. C. beverw ijkii and  
C. claussenii were un ifo rm ly  ch arac terized  b y  a long lag phase and  a high 
g row th  ra te , b u t th e  fin a l d en sity  of th e  cu ltu res varied  g rea tly  accord ing  to  
th e  su b s tra te . F o r S . carlsbergensis th e  long lag phase and  low grow th  ra te  
were alw ays associated  w ith  a low fina l d en sity , and  so w ith  th is  organism  
th e  th ree  p a ram ete rs  show ed a defin ite  co rre la tion . I t  is, how ever, questionab le  
w h e th e r th is  in  every  resp ec t w eak m u ltip lica tio n  was a general ch a rac te ris tic  
of th e  species S . carlsbergensis. The s tra in  exam ined  in  our aerobic g row th  
experim en ts w as a S chw echat-type  cu ltu re  well ad a p te d  to  th e  fe rm en ta tio n  
of brew ery  m a lt m ash . On th e  o th e r h an d , th e  lack  of v itam in s (yeast e x tra c t)  
in our cu ltu re  m edium  m ig h t have influenced  th e  g row th  of S . carlsbergensis 
a lthough  it seem ed to  ex e rt no effect on o th e r species.

In  one respect th e re  was a defin ite  co rre la tion  betw een  th e  grow th 
p a ram e te rs  к and  M . As described u n d er “ M aterials and  m eth o d s” index  M  
was in tro d u ced  in stead  of D  in o rder to  exclude th e  influence on fina l d ensity  
of in itia l d en sity  w hich varied  w ith  th e  d ifferen t species. A t iden tica l in itia l 
densities th e  M  values w ere p ro p o rtio n a l to  th e  co rrespond ing  D  values. 
As seen in F ig . 2 th e  co rre la tion  betw een  к and  M  was n o t linear; w ith  th e
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increase of th e  m u ltip lica tio n  index  th e  value of th e  g row th  ra te  co n stan t 
app roached  the m ax im um . I t  is a w ell-know n p ro p e rty  o f m icrobial popu la tions 
th a t  n e ith e r th e  g row th  ra te  n o r th e  fina l d en sity  (D ) or, in o th e r  w ords, th e  
m u ltip lica tio n  o f th e  in itia l cell co u n t (M )  can rise above a certa in  lim it 
d e te rm in ed  b y  cu ltu rin g  conditions and  th e  ch a rac teris tic s  of th e  given 
organism . T he fac t th a t  к an d  M  show ed a lin ear co rre la tion  if  th e  resu lts  for 
m altose were neg lec ted , and  a non -lin ear co rre la tion  if  m altose w as also 
considered, ind ica tes th a t  th e  various organism s approached  th e  lim it of 
g row th  m ore closely in m altose  th a n  in  o th e r sugars. (The h igh degree of 
g row th  in m altose w ill be d iscussed below .) As to  th e  above resu lts  we refer 
to  th e  experim en ts of Vas [37] in d ica tin g  th a t  th e  m ax im um  cell count 
changed  para lle l w ith  th e  g ro w th  ra te  c o n s ta n t, w hile th e re  was no defin ite  
co rre la tion  betw een  lag phase  an d  g row th  ra te .

In  ev a lu a tin g  th e  re su lts  w ith  resp ec t to  ca rb o h y d ra te  m etabo lism  firs t 
o f all th e  grow th ra te  and  th e  lag phase  shou ld  be considered. T he final density  
(i.e. m u ltip lica tio n  index) depends on th e  au to in to x ica tio n  of th e  cu ltu re , 
am ong o th ers , and  can n o t th ere fo re  be co rre la ted  d irec tly  w ith  p rim ary  p ro 
cesses in c a rb o h y d ra te  m etabo lism . F o r a b e tte r  u n d e rs tan d in g  of th e  resu lts, 
som e ca rb o h y d ra te  m etabo lic  ch a rac teris tic s  of th e  exam ined  y easts  are  su m 
m arized in T ab le  IV.

In  th e  know ledge o f th e  d a ta  p re sen ted  in T ab le  IV  i t  m igh t be expected  
th a t  th e  g row th  k inetic  p a ram e te rs  are  iden tical in various su b s tra te s  and  in 
glucose w hen th e  given organism  is capab le  of ex trace llu lar oligosaccharide 
b reakdow n. This has been confirm ed  for S. carlsbergensis and  C. u tilis  in  sucrose 
and  raffinose. In  these  su b s tra te s  C. beveru ijk ii show ed a som ew hat sh o rte r 
lag phase  and  a som ew hat low er grow th ra te  as com pared  to  glucose; th is  
find ing  was a ttr ib u te d  to  a w eaker in v e rta se  p ro d u c tio n . In  S. cerevisiae the  
cond itions are  m ore com plica ted  as it  leads n o t only to  an  ex trace llu la r sucrose 
b reakdow n  and  a su b seq u en t m onosaccharide tra n sp o r t  b u t  also to  endosaccha- 
rase  a c tiv ity  and , a t  least in  p a r t ,  a tra n s p o r t  o f sucrose before its cleavage. 
T he w eaker g row th  o f S. cerevisiae in raffinose as com pared  to  C. utilis  or S. 
carlsbergensis in d ica tes  a re ta rd e d  and  slow in v e rta se  p rod u c tio n . S. cerevisiae 
grows b e tte r  in  sucrose th a n  in raffinose; th is  find ing  confirm s th e  presence 
of a p a th w a y  invo lv ing  sucrose tra n s p o r t  and  in trace llu la r cleavage paralle l 
w ith  in v e rta se  a c tiv ity . In  ad d itio n , sucrose b reakdow n  by S. cerevisiae m ay  
also be p ro m o ted  b y  m alto se  w hich  acts in trace llu la rly  [30]. M elibiase in  S. 
carlsbergensis to g e th e r w ith  in v e rta se  allow a perfec t (3/3) u tiliza tio n  of th e  
raffinose m olecule. This explains w hy S . carlsbergensis u tilizes raffinose re la 
tiv e ly  b e tte r  th a n  th e  only in v erta se -p ro d u c in g  S. cerevisiae s tra in  w hich uses 
1/3 o f th e  raffinose m olecule (fructose). T he la te  ap p earan ce  o f m elib iase in 
S. carlsbergensis [19] m ay  explain  th e  p ro lo n g a tio n  of th e  lag phase  w ith  
respect to  raffinose.
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Carbohydrate assim ilating and oligosaccharide sp litting  ability o f  some yeast species

Table IV

Specie»
Carbohydrate assimilât ion

Oligosaccharide splitting  enzyme Reference ^

Candida krusei 

Candida utilis 

Candida beverwijkii

D

+

+
,

t;

4-

S M

+  +

it

1/3

1/3

invertasc

invertase, endomaltasc

ЗЙ

6  z
У.

2 1  5

S a c char о m y ces cerevis i a e + -!- -1- 1/3 invertasc, endosaccharase, endoinaltase 9, 11, 30 5

Saccharomyces carlsbergensis -1- + +  : + 3/3 invertase, endoinaltase, melibiase 17, 19

Procandida albicans -1- + +  ; + endosaccharase, endoinaltase 27, 28 «

Procandida tropicalis 

Candida claussenii
+

+

+

+

+  1 +  

+  ; +

endosaccharase, endom altasc  

endosaccharase, exom altase

2 1 </>

21, 33

4- = assimilation, no assim ilation, 1/3, 3/3 degree o f raffinose assim ilation
1) glucose, G galactose, S sucrose, M maltose, R raffinose
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1 0 E. К . NOVAK and T. D EÁ K

I t  w ould ap p ea r th a t  g row th  p a ram e te rs  in  m alto se  and  glucose show 
id en tica l values fo r exom altase-p roducing  C. claussenii. T he  exom altase  of th is 
o rganism , how ever, sp lits  m altose  b y  a tra n sfe r- ty p e  reac tio n  [21] an d  th u s  
every  m altose m olecule yields on ly  one read ily  u tilizab le  glucose m olecule and 
one m olecule n o t d irec tly  u tilized  m alto trio se . This m echanism  m ay  explain  
w hy к and  I)  values w ere low er in m altose th a n  in glucose.

P a ram e te rs  in  galactose in d ica ted  a w eaker g row th  of all species in  th is  
sugar th a n  in glucose. This m ay  be a t tr ib u te d  to  a p ro b ab ly  in d u c tiv e  galactose 
m etabo lism  o f th e  exam ined  yeasts . In d u c tio n  m ay  ap p ear b o th  in th e  tra n sp o rt 
and  in  th e  w aldenase system s, as in d ica ted  b y  th e  fac t th a t  these  organism s 
fe rm en t galactose w eaker and  u n stead ily  or no t a t all [15, 25, 26, 35]. The 
in d u c tiv ity  of galactose tra n s p o r t  was ex p erim en ta lly  show n in S . cerevisiae 
[31, 32].

In  th e  rest of th e  exam ined  cu ltu res th e  resu lts  should  be in te rp re te d  on 
the basis o f in trace llu la r sucrose and  m altose  b reakdow n and  th e  previous 
tra n sp o r t  process. In  th is  m an n er Pc. tropicalis was able to  grow alm ost w ith  a 
sam e in te n s ity  in  sucrose and  in glucose. In  th e  case of C. claussenii th e  sh o rte r 
lag phase and th e  low er g row th  ra te  in sucrose com pared  to  those o f glucose 
ind ica ted  a rap id  sucrose tra n sp o rt b u t slow er cleavage. As to  Pc. albicans, 
th e  lag phase in sucrose was considerab ly  pro longed , due to  an in d u c tiv e  
sucrose tra n sp o r t  m echanism  [23].

E nd o m altase-p ro d u cin g  yeasts (C . beverw ijkii, C. u tilis , Pc. albicans, Pc. 
tropicalis, S . carlsbergensis, S . cerevisiae) show ed a h igher grow th ra te  (except
S . carlsbergensis) and  a sh o rte r  lag phase (excep t C. u tilis  and  Pc. albicans (in 
m altose th a n  in glucose. I t  should  be n o ted  th a t  m altase  in S. carlsbergensis 
differs from  th e  correspond ing  enzym e in o th e r species (s tru c tu re -b o u n d  [20]).
C. utilis  fails to  fe rm en t m altose (its aerobic m altose u tiliza tio n  is therefo re  
p ro b ab ly  inductive) and  in Pc. albicans glucose fe rm en ta tio n  and m altose 
fe rm en ta tio n  are  c o n s titu tiv e  processes nearly  iden tica l in reaction  ra te  [25]. As 
th e  final d en sity  (m u ltip lica tion  index) was considerab ly  h igher for all species in 
m altose th a n  in glucose, it m ay  be s ta te d  th a t  all th e  exam ined  yeasts m ultip lied  
b e tte r  in th e  fo rm er th a n  in th e  la t te r  sugar. In  connection  w ith  th is  find ing  an 
old problem  o f y east physio logy, d irec t versus ind irec t fe rm en ta tio n , should 
be m en tioned . T he long -debated  question  of th e  cause o f m ore rap id  m altose 
fe rm en ta tio n  as com pared  to  glucose b reakdow n  has fin a lly  been explained 
by  an in trace llu la r cleavage [7] and  a very  ac tive  tra n sp o rt process [22]. 
In  som e cases th e  presence of an  ac tive  m altose tra n sp o r t  has been ex p eri
m en ta lly  confirm ed [9, 10, 29]. In  view  of these  find ings th e  m ore ab u n d an t 
aerobic g row th  in m altose can be in te rp re ted  as a resu lt o f a h igh ly  active 
m altose tra n sp o r t  w hich th o u g h  th e  a c tiv ity  of endom altases m ay  be w eak, 
resu lts  in  an  in trace llu la r glucose co n cen tra tio n  h igher th a n  th a t  caused 
d irec tly  b y  th e  tra n sp o r t  of glucose per se.
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The effect of g lucose-im purity  in th e  m altose substance  used rem ains to  
be d iscussed. Two fac ts  should  be considered. On th e  one h an d  it is know n from  
fe rm en ta tio n  stud ies th a t  th e  lag phase o f m altose b reakdow n  is decreased 
b y  a sm all am o u n t o f glucose; on th e  o th e r h an d , th e  ra te  o f m altose fe rm en 
ta tio n  (in en dom altase-p rodueing  yeasts) is a lw ays h igher th a n  th a t  o f glucose 
fe rm en ta tio n  [2, 8, 14, 16]. C onsequently , th e  role o f glucose m ay  be exp lained  
by  an im p ro v em en t of m altose tra n sp o r t  or m altase  indu c tio n . T his resu lts  
p rim arily  in a sho rten in g  o f th e  lag phase  and , as discussed above, in a h igher 
grow th ra te  due to  an  ac tive  m altose tra n sp o r t . W ith  respect to  th e  final 
d en sity , howrever, th e  glucose im p u rity  in m altose  is o f no consequence, p a r tlv  
because it is rap id ly  u tilized , and p a r tly  as th e  D  values are  considerah lv  lower 
in a m edium  con ta in in g  only  glucose. As a fu r th e r  ex p lan a tio n  it  m ay  be 
supposed  th a t  ce rta in  im purities in m altose m igh t ren d er th e  cells to le ra n t to  
au to in to x ica tio n  and  in th is  m an n er th e  fin a l d en sity  increases. A n o th er 
ex p lan a tio n  is th a t ,  in d ep en d en tly  of im pu rities , ac tive  m altose  tra n sp o r t  m ay 
be m uch m ore in tensive  th a n  glucose tra n sp o rt and  th u s  it  m ay  re ta in  m e ta b 
olic processes necessary  for m u ltip lica tio n  even a fte r  a considerab le decrease 
o f th e  su b s tra te  co n cen tra tio n . F o r e lucidating  th e  problem  fu r th e r  in v es tig a 
tions are  needed .
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GROWTH FACTOR REQUIREMENT OF SHIGELLA 
FLEXNERI AND SHIGELLA SONNEI
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Institu te  o f Microbiology (D irector: K . R á ü s s ) .  I nicersitv  M edical School. Pécs 

(R eceived A pril 18. 1969)

Sum m ary . T he g ro w th  fac to r req u irem en t of 271 S h .fle x n e r i  an d  100 Sh. sonnei s tra in s  
has been ex am ined  on Falkow  m in im al m edium . All Sh. sonnei and  th e  m a jo rity  o f S h .fle x n e r i  
s tra in s  w ere p ro to tro p h ic  cu ltu re : onlv 11 au x o tro p h ic  Sh. flexneri s tra in s  were encoun tered  
(2 .9% ).

E arlie r au th o rs  claim ed to  have  show n th a t ,  un like Escherichia coli w hich 
m ultip lies in  sim ple defined  m edium , shigellae req u ire  n ico tinam ide  or n ico tin ic  
acid [1], p a n to th e n ic  acid [3] an d  even p-am inobenzoic acid [4]. An occasional 
req u irem en t fo r vario u s am ino acids, nucleo tide  bases and  th iam in e  has also 
been rep o rted  [5, 6].

R ecen tly , Lachow icz et al. [7, 8] have re fu ted  th e  general v a lid ity  of 
o b se rva tions on g row th  fac to r  req u irem en t an d  described  m an y  p ro to tro p h ic  
s tra in s  an d  th e  freq u en t incidence o f ran d o m  dependence. T h ey  show ed an 
association  betw een  an tig en ic  s tru c tu re  and  dependence only  fo r Sh. flexneri 
ty p e  6. A ccording to  S ch uh  and  A ldo va  [9] Sh. fle x n e r i  6 w as charac terized  
by  a c o n s ta n t th iam in e  req u irem en t and  th e  m a jo rity  o f th e  s tra in s  needed 
also p a n to th e n ic  acid.

In  earlie r s tud ies we have  found  th a t  th e  p ro p er com position  of th e  
m in im al m edium  is im p o r ta n t for avo id ing  erro rs in  d e te rm in in g  au x o tro p h y . 
T his experience has m ade us to  s tu d y  random -selec ted  Sh. fle x n e r i  and  
Sh. sonnei s tra in s .

Materials and methods

Strains. A to ta l o f 271 Sh. flexneri and  100 Sh. sonnei s tra in s  collected  from  v arious 
p a r ts  of H u n g a ry  over a o ne-year period  was s tud ied . Am ong stra in s  o rig in a tin g  from  one 
epidem iological focus only one re p re se n ta tiv e  cu ltu re  w as exam ined.

Culture media. A gar s la n t or s ta b  cu ltu res  received w ere s treak ed  o n to  m ea t infusion 
m edium  co n ta in in g  2 °0 agar. A fte r re iso la tion  th e  cu ltu res  w ere checked  on trip le -sugar-iron  
m edium  as described  by  N ógrády  and  R odler  [10].

G row th  fac to r re q u ire m e n t was exam ined  on th e  m inim al m edium  of F a lkow  et al. [ I l ]  
w ith  double glucose c o n cen tra tio n  an d  2%  ag ar co n ten t.

Serological exam inations  were perform ed  w ith  24-hour agar  cu ltu res  by  slide a g g lu t in a 
tion in po lyvalen t  and  ty p e  sera. Sh. f le x n e r i  ty p e  de te rm in ing  abso rbed  sera were p repared  
as described by  R auss [12].

Grouth factor requirement w as te s ted  by  tw o d ifferen t m ethods for every  s tra in . One of 
them  consisted  of s treak in g  a sm all q u a n ti ty  of b ac teria  on m in im al and  com pleted  m in im al
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m edia , th e  o th e r of re p lica tin g  [13] 5 -hour ag ar cu ltu res  on  th e  correspond ing  m in im al m edia . 
The s tra in  w as reg ard ed  a u x o tro p h ic  if  i t  h ad  fa iled  to  grow  on th e  m in im al m ed iu m  a f te r  48 
hours b u t  grew  on a t  lea s t one of th e  su p p lem en ted  m edia.

G ro w th  fac to r req u ire m e n t w as d e te rm in ed  in  tw o  step s: f i r s t  th e  a u x o tro p h s  were 
tran sfe rre d  on to  p la te s  of m in im al m edia supp lem en ted  w ith  5 d iffe ren t g ro w th  fa c to r pools 
(3 d iffe ren t am ino acid  pools, v ita m in  pool, an d  n u c leo tide  base  pool), th e n  th e  cu ltu re  was 
te s te d  fo r in d iv id u a l co m p onen ts of th e  pool p ro v id in g  grow th .

T he m in im al m ed ium  was usu a lly  com ple ted  w ith  20 pg  su b stan ce  pe r m l excep t fo r 
th iam in e  (4 p g /m \), th reo n in e  (40 ,ng/ml), leucine, serine a n d  v a line  (80 /ig /m l each). The 
c o n cen tra tio n s  w ere chosen on th e  basis of ou r earlie r findings.

Results

R esu lts  are sum m arized  in T ab le  I. T here was a rem ark ab ly  high incidence 
of p ro to tro p h s  w hile dependence w as u n fre q u e n t (11 s tra in s , 2 .9% ). In  view  
o f th e  narrow -scale  ty p e  d is tr ib u tio n  in  H u n g a ry , no general conclusions could 
be d raw n  as to  association  betw een  dependence and  serological p ro p e rty . The 
p resen t find ings failed  to  confirm  such association  for m ore freq u en t ty p es  as 
Sh. sonnei, Sh. fle x n e r i  2a, 3 an d  even 6.

Table I

Type distribution and growth factor requirement o f  Sh. fle xn eri and Sh. sonnei strains

Subgenus Serotype
No. of 
strains

No. of proto
trophic strains

No. of auxotrophic 

N ia“ M et-

trains

M et_T rp_

Sh. flexneri la 3 3

lb 9 9

2a 105 9 8 2 5

2 b 1 — 1

3 116 113 1 1 l

4a 4 4

l b — —
D

6 24 24

var. X 6 6

var. Y 3 3

Sh. sonnei 100 100

T otal 371 360 4 6 i

N ia =  n icotin ic  acid req u irem en t; M et =  m eth ion ine req u irem en t; M et T rp  =  
m eth ion ine +  try p to p h a n  requ irem en t

T he few d ep en d en t s tra in s  ex h ib ited  little  v a r ie ty : req u irem en t for 
n ico tinam ide  or m eth ion ine  w as com m on; one cu ltu re  needed m eth ion ine  
try p to p h a n .
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I t  should be n o ted  th a t ,  as po in ted  ou t b y  L a c h o w i c z  et al. [8], su b 
jec tiv e  elem ents considerab ly  in fluence  th e  te s tin g  of a u x o tro p h y . W e fre 
q u en tly  observed  cu ltu res  show ing poor g row th  on m in im al m edium  b u t a 
good one in  th e  presence of a given su bstance  (m ain ly  m eth ion ine  or cysteine) 
or a m ix tu re  of su bstances. M ost of these  s tra in s  failed , how ever, to  show  a 
defined  req u irem en t for one single grow th  fac to r.

O ur observ a tio n s in d ica te  th a t  au x o tro p h ic  cu ltu res occurred  m ore fre 
q u en tly  am ong shigellae show ing m ultip le  resistance  to  an tib io tic s  th a n  am ong 
sensitive s tra in s . These d a ta  should  be confirm ed in fu r th e r  stud ies.

D iscussion

In  d isag reem en t w ith  earlie r au th o rs  and  in ag reem en t w ith  th e  W roclaw  
team  [8] we could reveal no essen tia l g row th  fac to r req u irem en t for Sh. flexn er i 
and  Sh. sonnei. F a lk o w ’s m in im al m edium  [11] som ew hat m odified for th e  
p resen t s tu d y  allow ed a defin ite ly  b e tte r  g row th  th a n  D av is’s m inim al m edium  
[14]. U n d er th e  rigorous c rite ria  o f read ings, a u x o tro p h y  w as an  u n freq u en t 
c h a ra c te r  on th e  m odified  F alkow  m edium .

In  view  ot th e  d ifferences in  th e  m eth od s our d ata  are d ifficu lt to  com pare  
w ith  o ther au th ors’ ob serva tion s. For exam p le, th e  sta te m e n t o f  S chuh  and  
A ldo va  [9] th a t  Sh. fle x n e r i  serotyp e 6 is ch aracterized  b y  th iam in e and  
freq u en tly  b y  p a n to th en ic  acid  requ irem en t can n ot be com pared w ith  th e  
present d ata  becau se th e y  considered  th e grow th -p rom otin g  effect o f  these  
su b stan ces.

T he c o n trad ic to ry  find ings in  th e  lite ra tu re  are , accord ingly , due m ain ly  
to d ifferences in  th e  m ethods. In  our opinion th e  com position  of th e  m inim al 
m edium  p lays an  essen tia l role in  th is  respect. On D av is’s m edium  w hich is 
excellen t for s tu d y in g  E . coli K -12, num erous Shigella s tra in s , w hich m u ltip ly  
well on F a lk o w ’s m edium  grew poorly  an d  slowly (a fte r 48 — 72 hours) or n o t 
a t all.

T he o th e r source o f d iscrepancies m ay  be a t tr ib u te d  to  d ifferences in 
read ings. W e freq u en tly  en co u n tered  Shigellae th a t  grew' poorly  an d  slow ly on 
m in im al m edium . T hese s tra in s  w ere sim ilar in  n a tu re  to  L e d e r b e r g ’s [14] 
non -abso lu te  m u ta n ts  or exh ib ited  a “ narrow ed  sy n th e tic  c a p a c ity ”  — as 
te rm ed  fo r shigellae by  St y p u l k o w sk a -M isiu r e w ic z  [15]. In  ou r op in ion  
th is  c h a ra c te r  c an n o t be regarded  as a p ro p e rty  associa ted  w ith  au x o tro p h y .

A n essen tia l conclusion to  be d raw n  w as th a t ,  s im ilarly  to  E . coli, Shigellae 
do n o t requ ire  organic n itrogen  com pounds specific of th is  species.

Acknowledgement. T he a u th o rs  a re  in d eb te d  to  th e  chiefs an d  th e  sta ffs  o f th e  Shigella 
L ab o ra to ry , N a tio n a l In s t i tu te  o f Pub lic  H e a lth , B u d ap es t, an d  of th e  Pub lic  H e a lth  S ta tio n s  
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Summary. Iso leucine in h ib its  th e  a c tiv ity  o f L -th reo n in e  deam inase  iso la ted  from  
M ycobacterium pellegrino. T he degree of in h ib itio n  depends on su b s tra te  c o n cen tra tio n . V aline 
ex erts an  a c tiv a tin g  effect an d  p a r tly  suspends th e  in h ib itio n  by  isoleucine. In  fresh  enzym e 
p re p ara tio n s  th e  su b s tra te  sa tu ra tio n  cu rve  corresponds to  th e  M ichaelis—M enten k inetics . 
On sto rage  a t  0°C th e re  is an  increase  in  a c t iv ity  an d  a decrease  in  iso leucine se n s itiv ity  and  
th e rm o sta b ility . T he enzym e is stab ilized  no t only by  p y rid o x al p h o sp h a te  an d  isoleucine b u t 
also by  v a line  an d  th iam in e  p y ro p h o sp h a te .

W e have  show n th a t  a d d itio n  o f v a line  to  M ycobacterium pellegrino  
cu ltu re  re su lts  in a co o rd ina tive  derepression  of enzym es ta k in g  p a r t  in iso
leucine and  valine b iosyn thesis [15]. T he co o rd in a tiv e  derepression  involves 
th reon ine  deam inase , an  enzym e f irs t  observed  in  Escherichia coli by  W ood 
and  G u n sa l u s  [1]. L a te r  U m barger  and B ro w n  described  tw o d ifferen t 
th reo n in e  deam inases in  E . coli, a d eg rad a tiv e  th reo n in e  deam inase  and  a 
so-called b io sy n th e tic  th reo n in e  deam inase . T h e  la t te r  enzym e, w hich ac ts in 
isoleucine b iosyn thesis , is in h ib ited  b y  isoleucine [2, 4, 5]. In  these  stud ies 
U m barger  was th e  f irs t to  d e m o n s tra te  a llosteric  in h ib itio n . M ore recen tly  
th e  p ro p erties  o f th is  enzym e have been in v es tig a ted  in de ta il. On th e  basis of 
stud ies on E . coli К  —12 L -th reon ine  deam inase  Ch a n g e u x  [6, 7] devised a 
th eo re tica l m odel for a llosteric  in h ib itio n . H olzer  exam ined  allosteric  phen o m 
ena on th reo n in e  deam inase  in y eas ts  [8]. F r e u n d l ic h  stu d ied  th e  p ro p erties  
of th e  enzym e in Salmonella typ h im u riu m  [9]. S a n w a l , who also used S . typhi- 
m urium , m ade th e  m easu rem en ts m ore reliab le an d  devised  a m odified m odel 
for in te rp re tin g  allosteric  in h ib itio n  [10]. The p re sen t s tud ies are n o t m erely  a 
c o n tin u a tio n  o f th e  above ex p erim en ts  b u t  give an  acco u n t o f th e  m u tu a l 
effects o f co o rd in a tiv e ly  induced  enzym es.

Materials and methods

P reparation o f  threonine deam inase. M . pellegrino  w as cu ltu red  as described in [15]. 
In  th e  ex p erim en ts  20-hour lo g arith m ic  ph ase  cu ltu res  derepressed  by  v a line  were used. The 
cells w ere cen trifuged , w ashed in  p h o sp h a te  b u ffer (pH  7.6. 0.4 M ), th e n  resu sp en d ed  in  b u ffer 
m ix tu re  i l  g w et cells in  6 m l). T he buffer m ix tu re  consisted  of: p h o sp h a te  b u ffe r  (pH  7.6). 
0.4 M : m agnesium  su lp h a te , 0.01 iVf; th iam in e  p y ro p h o sp h a te , 0.1 m M . T he su sp en sio n  was 
chilled in  ice b a th  and  su b jec ted  to  u ltra so n ic  tre a tm e n t in an  M SE a p p a ra tu s  (20 ,000 cycles.
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100 w a tts ) . T he crude  p ro te in  so lu tion  w as se p a ra ted  from  th e  cellu lar debris in an  M SE re 
fr ig e ra te d  cen trifuge  a t  16,000 r.p .m . T he yellow ish, opalescen t so lu tion  was s to red  in  ice b a th  
u n til used.

T he ex p erim en ts  w ere p a r tly  p e rfo rm ed  w ith  p ro te in  so lu tio n  co n ce n tra ted  by  am m o
n ium  su lp h a te  p re c ip ita tio n . P h o sp h a te  buffer (p H  7.2, 0.4 M )  w as sa tu ra te d  w ith  am m o
n ium  su lp h a te  an d  th e  p H  was re a d ju s te d  to  7.2 w ith  sodium  h y d ro x id e. F irs t  0.2 m l volum e 
sa tu ra te d  am m onium  su lp h a te  w as ad d ed  drop  b y  d rop  to  th e  chilled p ro te in  so lu tion  an d  th e  
in ac tiv e  p re c ip ita te  w as rem o v ed  b y  cen trifu g a tio n . T h en  a n  equal vo lum e of sa tu ra te d  am m o
nium  su lp h a te  so lu tio n  w as p ip e tte d  to  th e  s u p e rn a ta n t  an d  th e  p re c ip ita te  w as co llected  by  
cen trifu g a tio n . T he p re c ip ita te  co n ta in ed  80 — 90%  of th e  a c tiv ity  a n d  w as sto rab le  w ith o u t 
loss a t  0°C fo r a few  days. B efore use  th e  p re c ip ita te  w as d issolved in  th e  above described  buffer 
m ix tu re  so t h a t  th e  p ro te in  co n ce n tra tio n  was 20 — 25 m g/m l. F in a lly  th e  so lu tion  w as gel 
filte red  th ro u g h  S ep h ad ex  G-25 co lum n eq u ilib ra ted  w ith  b u ffer m ix tu re .

A ssa y  o f  enzym e activity. T h reon ine  deam inase  assay  w as p e rfo rm ed  in  p H  7.8 tr is  
(h y d ro x y m e th y l am in o m eth an e ) b u ffer in  th e  p resence of p y rid o x a l p h o sp h a te . T he reac tio n  
m ix tu re  co n ta in ed  in  a f in a l vo lum e of 0.9 m l: tr is  b u ffer, 0.1 M ;  am m onium  chloride, 0.1 M ; 
p y rid o x a l p h o sp h a te , 0.1 m M ; L -th reo n in e , 20 m M ;  p ro te in , 0.2 —1.0 mg. T he re ac tio n  was 
s ta r te d  b y  th e  ad d itio n  of th e  enzym e. T he m ix tu re  w as in cu b a ted  a t  28°C fo r 20 m inu tes, 
th e n  th e  re ac tio n  w as te rm in a te d  w ith  0.1 m l 50%  trich lo ro ace tic  acid. D e te rm in a tio n  of 
re leased  k e to ac id  w as carried  o u t b y  th e  d irec t m e th o d  of F r ie d m a n n  a n d  H a u g en  [11]. 
To 1 m l a p p ro p ria te ly  d ilu ted  so lu tion  3 m l d in itro p h en y lh y d raz in e  re ag e n t (0 .025%  din itro - 
p h en y lh y d raz in e  in  N  hyd ro ch lo ric  acid ) w ere ad d ed . A fte r 20 m in u te s  s tan d in g  a t  room  
te m p e ra tu re  hy d ra  zone w as show n b y  ad d in g  1 m l 40%  sodium  hy d ro x id e. T he developing 
red d ish -b ro w n  colour w as re ad  a t  450 in//. T he su b s tra te -free  reac tio n  m ix tu re  w as used  as 
b lan k . T he u n it  o f specific a c tiv ity  w as expressed  as ц М  k e to ac id  re leased  b y  1 m l p ro te in  
in  1 h our. P ro te in  w as d e te rm in ed  as described  b y  L o w r y  el al. [12]. In  th e  ex p erim en ts  a n a 
ly tica l g rad e  com m ercial p re p a ra tio n s  w ere used.

R e s u lt s

Effect o f  pro tein  concentration on enzym e activity. T he  reac tio n  ra te  w as 
p ro p o rtio n a l to  th e  p ro te in  co n cen tra tio n  (F ig . 1).

Fig. 1. T h reon ine  d eam inase  a c t iv ity  versus p ro te in  co n cen tra tio n . R eac tio n  m ix tu re : t r i  
b u ffer (p H  7.8), 0.1 M ; am m o n iu m  chloride, 0.1 M ; p y rid o x a l p h o sp h a te , 0.1 m M : L -th reo n in e  
20 m M ;  p ro te in  c o n cen tra tio n  as in d ica ted . R eac tio n  tim e, 20 m in u tes  (a) and  10 m in u tes  (b)
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Effect o f  pyridoxa l on reaction rate. A w eak ac tiv a tin g  effect o f py rid o x a l 
p h o sp h a te  was d e tec tab le  w hen crude e x tra c t or am m onium  su lp h a te -p re 
c ip ita ted  and  gel-filtered  p ro te in  so lu tion  was exam ined . T hreon ine  d eam i
nase w as in a c tiv a te d  if  th e  enzym e so lu tion  teas d ia lysed  o v ern ig h t aga in stJ  J  D O

0.1 M  p h o sp h a te  bu ffer o r ag a in st 0.1 M  tr is  buffer. H ow ever, as an  effect 
of p y rid o x a l p h o sp h a te , 70 — 75%  of th e  o rig inal a c tiv ity  could be d em o n 
s tra ted  (T able I).

Table I

Effect o f  pyridoxal phosphate on reaction rate

Pyridt>xal phosphate

0.1 m M

Crude p ro tein  solution 0.41 0.40

P ro te in  solution dialysed  in 0.1 M  phosphate
buffer pH  7.6 0.34 0.08

P ro te in  solution dialysed  in 0.1 M  tr is  buffer
jil l  7.6 0.31 0.01

R eaction  m ix tu re : tr is  buffer. (pH  7.8), 0.1 M ; am m onium  chloride, 0.1 JVÍ; L -th reonine, 
20 m M ; p ro tein , 0.25 m g/m l. R eaction  tim e, 20 m inutes a t  28°C. The figures ind ica te  /unole 
ketoacid produced in 20 m inutes.

Effect o f  p H  on reaction rate and isoleucine sen sitiv ity . T he am o u n t of 
x -k e to b u ty ric  acid released  from  th reo n in e  in tr is  bu ffer in th e  p H  range 
6.1 — 9 w as dete rm in ed  (F ig . 2). C hanging th e  p H  from  7 to  9 resu lted  in a 7-fold 
increase o f enzym e a c tiv ity .

Fig . 2. T h reon ine  deam inase  a c t iv ity  versus p H . R eac tio n  m ix tu re : tr is  buffer, 0.1 M : am m o 
nium  chloride, 0.1 M ;  p y rid o x al p h o sp h a te , 0.1 m M ;  L -th reo n in e . 10 m M ;  p ro te in , 0.2 m g/m l.

R eaction  tim e, 20 m in u tes  a t  28°C
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20 A. SZENTIRMAI and I. HORVÁTH

T he influence  o f p H  on th e  in h ib ito ry  effect o f 0.1 m M  isoleucine is show n 
in F ig . 3. B etw een  p H  6 an d  8 th e re  w as no a lte ra tio n , b u t  above p H  8 iso
leucine sen s itiv ity  decreased  to  half. T he decrease occurred  alw ays in th e  
range of p H  8 — 8.5 in d ep en d en tly  of th e  iso leucine co n cen tra tio n .

Effect o f  temperature on threonine deam inase activity and isoleucine sen
sitiv ity  o f  the enzym e. Increasing  th e  te m p e ra tu re  from  20 to  38°C resu lted  in a 
4-fold increase in  reac tio n  ra te  (F ig . 4). A bove 38°C th e  a c tiv ity  decreased 
rap id ly . T he am o u n t o f a -k e to b u ty r ic  acid p roduced  in  th e  presence of iso
leucine increased  slow ly and  p ro p o rtio n a lly  w ith  th e  increase of th e  te m p e ra tu re  
up to  42°C. T his find ing  in d ica tes  th a t  isoleucine sen s itiv ity  was h igh ly  influ*

•Л/J  
VO I

0.5-j

6 7 8 1 )
pH

Fig. 3. In fluence  of p H  on isoleucine sen sitiv ity  o f th reo n in e  deam inase . R eac tio n  m ix tu re : 
tris  buffer, 0.1 M ; am m onium  ch loride, 0.1 M ;  p y rid o x a l p h o sp h a te , 0.1 m M ;  L -th reo n in e , 
10 m M ; p ro te in , 0.2 m g/m l. In h ib ito ry  isoleucine c o n cen tra tio n , 0.1 m M . R eac tio n  tim e.

20 m in u tes  a t  28°C

Fig. 4. T h reon ine  deam inase  a c tiv ity  versus in cu b a tio n  tem p e ra tu re . R eac tio n  m ix tu re : 
tr is  b u ffer (pH  7.8), 0.1 M ;  am m o n iu m  ch loride, 0.1 M ; p y rid o x a l p h o sp h a te , 0.1 m M : 
L -th reo n in e , 20 m M ;  p ro te in , 0.28 m g/m l. R eac tio n  tim e, 20 m in u tes , a =  w ith o u t isoleueine.

b  =  w ith  0.1 m M  L -isoleucine
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enced by  th e  te m p e ra tu re  (F ig. 5). A t 20°C 0.1 m M  isoleucine caused nearly  
90%  and  a t 30°C 50%  in h ib itio n  b u t a t 42°C it a lm ost to ta lly  failed  to  exert 
an y  in h ib ito ry  effect. On th e  o th e r h an d , above 38°C th e  stab iliz ing  effect of 
isoleucine w as ev id en t.

Effect o f  substrate concentration on reaction rate. W hen reac tion  ra te s  were 
p lo tted  ag a in s t su b s tra te  co n cen tra tio n , a hyperbo lic  cu rve  correspond ing  to  
th e  M ichaelis — M enten k inetics w as o b ta in ed . W hen p lo tte d  accord ing  to  
L i n e v e a w e r  and  B u r k ’s recip rocal m eth o d  (F ig . 6), th e  po in ts  fell along a 
s tra ig h t line (K M =  13.4 m M ). In  th e  presence o f iso leucine th e  sa tu ra tio n  
curve  ap p roached  a sigm oid shape w hich in th e  recip rocal g raph  appeared  as a

\i
V°

1 -

° 20 T 5  7Ö "C
Fig. 5. In flu en ce  of in cu b a tio n  te m p e ra tu re  on isoleucine sen sitiv ity  o f th reo n in e  deam inase . 
R eaction  m ix tu re : tr is  b u ffer (pH  7.8), 0.1 M ;  am m onium  chloride, 0.1 M ; p y rid o x a l p h o sp h a te . 
0.1 m M ; L -th reo n in e , 20 m M ; p ro te in , 0.28 ing/m l. In h ib ito ry  isoleucine co n cen tra tio n

0.1 m M . R eac tio n  tim e, 20 m inu tes

Fig. 6. In flu en ce  of su b s tra te  c o n cen tra tio n  on th reo n in e  deam inase  a c tiv ity  in th e  presence 
of d ifferen t isoleucine co n cen tra tio n s . R eac tio n  m ix tu re : tr is  b u ffer (pH  7.8), 0.1 M ; am m onium  
chloride, 0.1 M ; p y rid o x a l p h o sp h a te , 0.1 m M ; p ro te in , 0.3 m g/m l. R eac tio n  tim e, 30 m in u tes  
a t  28°C. a =  w ith o u t isoleucine, b  =  w ith  10 f iM  isoleucine, c =  w ith  20 f t M  isoleucine,

d =  w ith  100 f iM  isoleucine
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concave curve. A t low su b s tra te  co n cen tra tio n s th e  enzym e was n o t in h ib ited  
by  isoleucine (F ig . 7). F o r exam ple , 10 m M  isoleucine in  th e  presence o f 2 m M  
th reo n in e  caused  70% , while in  th e  presence of 8 m M  th reo n in e  20%  in h ib itio n . 
A t h igher isoleucine co n cen tra tio n s th e  b reak  in  th e  curve in d ica tin g  the  
w eakening  of th e  in h ib ito ry  effect show ed a sh ift to w ard s h ig h er th reo n in e  
co n cen tra tio n s. The in h ib ito ry  effect of isoleucine was very  de fin ite  (F ig. 8).

V

Fig. 7. Iso leucine sen sitiv ity  of th reo n in e  deam inase  versus su b s tra te  co n cen tra tio n . R eaction  
m ix tu re ; tr is  b u ffer (pH  7.8), 0.1 M ;  am m onium  chloride, 0.1 M ; p y rid o x a l p h o sp h a te , 0.1 m M : 
p ro te in , 0.3 m g/m l. Iso leucine co n cen tra tio n s : a =  10 ц М ;  b =  30 fiM ;  c =  100;tJW:

d =  300 f iM

V

Fig. 8. Iso leucine sen sitiv ity  o f th reo n in e  deam inase  in  th e  presence of 10 an d  20 m M  su b s tra te . 
R eac tio n  m ix tu re : tr is  b u ffer (p H  7.8), 0.1 M ;  am m onium  chloride, 0.1 M ;  p y rid o x a l p h o s
p h a te , 0.1 m M ;  p ro te in , 0.26 m g/m l. a =  w ith  20 m M  L -th reo n im e , b =  w ith  10 m M

L -th reo n in e

Acta Microbiologica Academiae Scientiarum Hungaricae 17. 1970



P R O PE R T IE S OF T H R EO N IN E DEAMINASE 23

F o r exam ple, a t  10 m M  th reo n in e  co n cen tra tio n  0.3 m M  isoleucine caused a 
p rac tica lly  to ta l  in h ib itio n  w hile 0.01 m M  isoleucine ex e rted  n o t m ore th a n  
10%  in h ib itio n .

T he deve lopm en t o f in h ib itio n  was th e  re su lt o f a rap id , reversib le  
a lte ra tio n  (F ig. 9). T he ad d itio n  of isoleucine e ith e r  a t  zero tim e  or du ring  the  
reaction  alw ays induced  th e  sam e degree of in h ib ito ry  effect. T h is find ing  
ind ica tes th a t  d u rin g  th e  reac tio n  th e re  was no a lte ra tio n  in  th e  isoleucine

Fig. 9. In h ib itio n  of th reo n in e  deam inase  by  isoleucine. B asa l reac tio n  m ix tu re : tr is  buffer 
(p H  7.8), 0.1 M ;  am m o n iu m  chloride, 0.1 M ; p y rid o x al p h o sp h a te , 0.1 m M ; L -th reon ine . 
20 m M ; p ro te in , 1 m g/m l. T he b asa l m ix tu re  w as su p p lem en ted  w ith  0.16 m M  isoleucine. 
D ilu tion  of isoleucine was p e rfo rm ed  by  add in g  3 volum es of enzym e-free re ac tio n  m ix tu re  
to th e  above system , decreasing  in  th is  m an n e r th e  p ro te in  co n ce n tra tio n  to  0.25 m g/m l 
an d  th e  isoleucine co n ce n tra tio n  to  0.04 m M . T he d a ta  rep re sen t th e  am o u n t o f a -k e to b u ty r ic  
acid  p roduced  in  1 m l re ac tio n  m ix tu re , a =  b asa l re ac tio n  m ix tu re , b  =  b asa l re ac tio n  m ix 
tu re  w ith  0.16 m M  isoleucine, c =  b asa l reac tio n  m ix tu re  w ith  0.04 m M  isoleucine, d =  basal 
reac tio n  m ix tu re  d ilu ted  1 : 4, e =  effect of 0.16 m M  isoleucine added  to  b asa l re ac tio n  m ix tu re  
d ilu ted  1 : 4, f  =  b asa l re ac tio n  m ix tu re  w ith  0.16 m M  isoleucine d ilu ted  1 : 4 a f te r  5 and

20 m in u tes  in cu b a tio n

se n s itiv ity  of th e  enzym e. In  a n o th e r series of ex perim en ts th e  reac tio n  ra te  
in  an  iso leucine-inh ib ited  system  was im m ed ia te ly  increased  on d ilu tin g  th e  
m ix tu re . A fte r d ilu tio n  th e  in h ib ited  s ta te  of th e  enzym e im m ed ia te ly  changed 
so as to  co rrespond  to  th e  new  co n cen tra tio n  o f isoleucine.

Effect o f  valine on enzym e activity. A t fa irly  h igh co n cen tra tio n s (1 — 2 
m M )  va line  increased  th e  reac tio n  ra te  (F ig. 10). A t h igher con cen tra tio n s 
th e  a c tiv a tin g  effect d isappeared . A t ex trem ely  high co n cen tra tio n s valine 
itse lf  was in h ib ito ry . Low  valine co n cen tra tio n s decreased  th e  in h ib ito ry  effect 
o f isoleucine.

O th er am ino acids failed  to  influence th e  reac tio n  ra te . D -isoleucine and  
D -valine w ere ineffective. N orleucine an d  no rvaline  also failed  to  a c tiv a te  the  
enzym e a t  10 ~2 M  co n cen tra tio n . T he in h ib ito ry  effect o f D -th reo n in e  was 
co m petitive .
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Y
0 L

mM L-valine

Fig. 10. E ffect of valine  on th reo n in e  deam inase . R eac tio n  m ix tu re : t r is  buffer (pH  7.8). 0.1 M ;  
am m onium  chloride, 0.1 M ;  p y rid o x a l p h o sp h a te , 0.1 m M ; L -th reo n in e , 20 m M ;  p ro te in , 
0.25 m g/m l. R eac tio n  tim e. 20 m in u tes  a t  28°C. a =  w ith o u t isoleucine, b =  w ith  40 f iM  iso

leucine, c =  w ith  0.5 m M  isoleucine

Fig. 11. H e a t sen sitiv ity  of th reo n in e  deam inase . F ive  mg p ro te in  pe r m l w ere h ea ted  in 
p h o sp h a te  b u ffer co n ta in in g  m agnesium  su lp h a te  a t  55°C. Specim ens tak e n  a t  one m in u te  
in te rv a ls  w ere assay ed  fo r specific a c tiv ity . Specific a c tiv ity  w as d e te rm in ed  also in  p ro te in  
so lu tions h e a ted  in  th e  presence of 1 m M  L -valine  an d  1 m M  L -isoleucine. T he reac tio n  m ix 
tu re  co n ta in ed  0.25 m g p ro te in  an d  0.05 m M  v a line  or isoleucine. R eac tio n  tim e, 20 m in u tes  
a t  28°C. a =  cell-free e x tra c t  h e a ted  in  buffer, b  =  cell-free e x tra c t  h e a ted  w ith  1 m M  valine , 

c =  cell-free e x tra c t  h e a ted  w ith  1 m M  isoleucine

H eat sensitiv ity  o f  threonine deam inase. The enzym e was in a c tiv a te d  a t 
55°C in 3 m inu tes. F ig . 11 shows th e  ra tio  o f th e  reac tio n  ra tes  for hea ted  
(E h) and  u n h ea ted  (E°) enzym e versus th e  tim e  o f exposure. V aline and  iso
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leucine p ro tec ted  th e  enzym e against in ac tiv a tio n  a p p ro x im a te ly  in th e  sam e 
degree. Iso leucine sen s itiv ity  o f th e  enzym e did n o t change sign ifican tly  
d u ring  h ea tin g .

S tability  o f  threonine deaminase at 0°C. I f  th e  gel-filtered  enzym e solution  
w ith o u t cofactors was in cu b a ted  in ice h a th , th e  specific a c tiv ity  increased and 
th e  isoleucine sen s itiv ity  decreased  in 24 hours. In  ou r opinion isoleucine 
sen s itiv ity  is ch a rac te ris tic  o f th e  n a tiv e  s ta te  of th e  enzym e. T he decrease in 
isoleucine sen s itiv ity  corresponds to  a change from  th e  n a tiv e  s ta te  to  a b eg in 
n ing  d eg rad a tio n  process. In  th e  presence of th iam in e  p y ro p h o sp h a te  th e  in a c ti
v a tio n  o f th reo n in e  deam inase teas m ore defin ite , b u t th e  enzym e’s isoleucinc 
sen s itiv ity  show ed no im p o rta n t change (Table I I ) .

25

Table II

Effect o f  cofactors on enzyme stability

Enzyme stored with
A ctivity after 

incubation in ice 
bath  for 24 hours

Isoleucine 
sensitivity 

(0.1 m M JV /V 1

1 A ctivity after
Isoleucine 
sensitivity 

(0.1 m M)  V/V
TPP 

0.1 m M
P5P

0.1 m M
FAD 

0.1 m M

incubation at 
I 37'C  for 40 

min.

— 1.01 0.72 0.64 0.85

+ — - 1.12 0.55 0.80 0.46

— + — 0.90 0.77 0.75 0.52

— “Г 0.98 0.89 0.60 0.90

+ — 1.08 0.50 0.82 0.46

+ 1 + + 0.93 0.51 0.81 0.48

In itia l enzym e ac tiv ity 0.86 0.48

P h o sp h ate  buffer (pH  7.6. 0.4 M ) contain ing  3.8 mg pro tein  per m l was incu b a ted  w ith  
or w ith o u t cofactor(s) in ice b a th  for 24 hours or a t 37°C for 40 m inu tes, th en  th e  a c tiv ity  of 
th e  sam ples was d e te rm in ed .T h e  figures ind ica te  // m ole ketoacid  produced  in 1 ml reac tion  m ix 
tu re  a fte r 20 m inu tes in cubation  a t  28°C. T he reaction  m ix tu res contained 0.38 mg pro tein  per ml.

In  th e  presence o f py'ridoxal p h o sp h a te  th e  specific a c tiv ity  o f th e  solu tion  
rem ained  unchanged , h u t  isoleucine sen s itiv ity  decreased. A c tiv a tio n  observed 
in  th e  presence o f th iam in e  p y ro p h o sp h a te  w as n o t in fluenced  by  pyrridoxal 
p h o sp h a te . In  p ro te in  so lu tion  con ta in in g  valine  or isoleucine th e re  teas no 
change in  a c tiv ity  d u ring  24 hours. K ine tic  experim en ts could n o t be perform ed 
w ith p ro te in  so lu tions s to red  w ith o u t valine or isoleucine because o f u n s ta b ility  
u n d er th e  applied  cond itions: th e  reac tio n  ra te  changed  d u ring  th e  reaction  
tim e.

S tability  o f  threonine deaminase at 37°C. I f  th e  p ro te in  so lu tion  was 
in cu b a ted  a t  37°C for 40 m inu tes w ith o u t cofactors, specific a c tiv ity  and  iso
leucine se n s itiv ity  decreased . T h iam ine  p y ro p h o sp h a te  was m ark ed ly  p ro 
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te c tiv e : th e  degree o f in ac tiv a tio n  was sligh t and  th e re  was no im p o rta n t 
change in isoleucine sen s itiv ity .

Discussion

T he reac tio n  ra te  for am m onium  su lp h a te -p re c ip ita te d  and  gel-filtered  
L -th reon ine  deam inase  show ed a linear re la tio n sh ip  to  reac tion  tim e  and 
p ro te in  co n cen tra tio n . A c tiv ity  of th e  enzym e was in h ib ited  b y  isoleucine. 
A rise in  te m p e ra tu re  up  to  37°C increased  th e  a c tiv ity ; a t h igher tem p era tu res  
th e  reac tio n  ra te  decreased  s teep ly . W ith  th e  rise of te m p e ra tu re  isoleucine 
sen s itiv ity  decreased , b u t a t th e  sam e tim e  isoleucine ex erted  a p ro tec tiv e  
ac tion  ag a in st th e  in a c tiv a tin g  effect o f h ea tin g . T hus in  th e  presence of 
th is agen t th e re  was no reac tio n  ra te  m ax im um  a t 37°C and  th e  am o u n t of 
x -k e to b u ty ric  acid p roduced  from  th reo n in e  increased  slow ly an d  even ly  w ith 
the increase o f te m p e ra tu re .

T he reac tio n  ra te  was g rea tly  in fluenced  b y  th e  p H  of th e  system . I f  th e  
p H  was increased  from  7 to  8 th e re  w as a fourfold  rise in  a c tiv ity . Slight 
changes in th e  range of pH  8 h igh ly  in fluenced  th e  isoleucine sen s itiv ity  of th e  
enzym e. In  th e  range  of p H  6 —8 isoleucine sen s itiv ity  rem ained  u n a lte red  b u t 
a t  p H  8 it  decreased rap id ly . A c tiv ity  assays w ere, th ere fo re , perfo rm ed  alw ays 
a t pH  7.6. A rap id  decrease in th e  sen s itiv ity  of th e  enzym e a t pH  8 was 
rep o rted  b y  B u r n s  and  Z a r l e n g o  for S . typ h im u riu m  [13].

T he sa tu ra tio n  curve for th e  enzym e show ed a t  p H  7.6 a hyperbo lic  
shape corresponding  to  th e  M ichaelis—M enten k ine tics, in o th e r  w ords on rec ip 
rocal p lo ttin g  a s tra ig h t line was o b ta in ed . A bove p H  7.6 th e  sa tu ra tio n  curve 
becam e sigm oid in shape.

In  S . typ h im u riu m  te s te d  a t  h igh ionic s tre n g th  B u r n s  and  Z a r l e n g o  
observed  a change o f th e  sigm oid curve in to  a s tra ig h t line, and  exp la ined  th e  
find ing  w ith  an  a lte ra tio n  in  th e  enzym e’s q u a te rn a ry  s tru c tu re  [13].

In  th e  presence of isoleucine a rise in  su b s tra te  co n cen tra tio n  resu lted  
in a h igh increase o f th e  reac tio n  ra te  even u n d e r p H  7.6; accord ing ly , th e  
h yperbo la  in d ica tin g  M ichaelis — M enten k inetics in th e  isoleucine-free system  
changed  in to  a sigm oid curve. On recip rocal p lo ttin g  th e  la t te r  ap p eared  in  a 
concave shape.

A bove p H  7.6 an d  in  th e  presence of isoleucine, how ever, th e  sigm oid 
curve o b ta in ed  in th e  isoleucine-free system  ten d ed  to  becom e hyperbo lic . 
T he resu lts  were d ifficu lt to  rep roduce  since th e  values w ere h igh ly  influenced 
b y  several fac to rs such as p H , te m p e ra tu re , p ro te in  co n cen tra tio n  an d  s to ring  
cond itions. T hough  th e  in h ib ito ry  effect of isoleucine was considerab le , even 
to ta l  inh ib itio n  could be suspended  w ith  L -th reon ine  a t  h igh co n cen tra tions.

T he s tru c tu ra l change of th e  enzym e p ro te in  occurred  v e ry  rap id ly . 
T he ad d itio n  or d ilu tio n  of th e  in h ib ito ry  agen t caused an  im m ed ia te  a lte ra tio n  
in the  reaction  ra te .
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Valine suspended  or decreased the  inh ib ito ry  effect of isoleucine. In  E . coli 
a similar effect was described by  Ch a n g e u x  [6]. I f  valine was added  in the  
absence o f  isoleucine th e  reaction  ra te  increased; above 5 m M  concen tra tion , 
however, the  ac t iv a t in g  effect changed into inhibition .

Valine, s imilarly to  isoleucine, s tabilized th e  fairly  heat-sensitive  enzyme. 
H eating  a t  55°C for 3 m inu tes  in ac t iv a ted  th e  enzym e irreversibly, b u t  after  
a similar t r e a tm e n t  in th e  presence of isoleucine or valine th e  enzym e re ta ined  
50%  of its ac t iv i ty .

O ur experim ents  ind ica ted  th a t  a lthough  pyridoxa l phospha te  was bound 
s trong ly  to  th e  enzym e, dialysis overn igh t in tr is  buffer  in ac t iv a ted  the  
enzym e irreversibly. After  th e  add it ion  of pyridoxa l p h o spha te  th e  m a jo r i ty  
of  the  a c t iv i ty  reappeared .

A denosine m onophospha te ,  which exerts  an  ac t iv a t in g  effect in E . coli 
К  —12 [2] and  in Streptomyces rim osus [14], was ineffective in M . pellegrino.

Isoleucine sens i t iv i ty  of  th e  enzym e on s toring a t  0CC was rem arkably  
influenced b y  th iam ine  py ro p h o sp h a te ,  a lthough  th is  subs tance  is n o t  a 
coenzyme of th reon ine  deam inase. P y r idoxa l  phospha te ,  an active group of 
the enzym e, exer ted  no such effect. I t  is n o t  unlikely  t h a t  th reon ine  deam inase  
is loosely b o und  to  ace tohydroxyacid  sy n the tase ,  th e  coenzym e of which is 
th iam ine  p y ro p h o sp h a te .  P e rh ap s  th e  fo rm ation  of th is  association plays a 
p a r t  in th e  s tab i l i ty  of th e  enzym e. The correctness of th is  hypothesis  seems 
to  be confirm ed b y  th e  results ob ta ined  w ith  pro te in  solution in cuba ted  at 
37°C, in which th iam in e  py rop h o sp h a te  was found to  p ro tec t  th e  enzym e.
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VIRAL GROWTH INHIBITION BY A BIGUANIDINE 
DERIVATIVE IN TISSUE CULTURE
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In stitu te  o f  M icrobiology (H ead: L. YÁczi),
U niversity  M edical School. Debrecen

(R eceived M ay 29. 1969)

Sum m ary . A b ig u an id ine  d e riv a tiv e  was exam ined  for to x ic  and  v ira l g ro w th  in h ib ito ry  
effects in tissue  cu ltu re . T he com pound in h ib ited  d is tin c tly  and  fa irly  se lectively  th e  rep lica
tio n  of c e rta in  m y x o v iru s an d  p a ram y x o v iru s  s tra in s  in  ro ller cu ltu res  o f chorioa llan to ic  
m em brane  fragm en ts .

The an tiv ira l  action  of b iguan id ine  deriva tives  has been exam ined  bv 
several au th o rs  [1, 2, 3, 7, 8, 9, 10, 11]. The com pounds  were found  to  inhibit 
p r im ari ly  th e  g row th  of m yxoviruses  and  according to  K a j i  et a l .  [ 6 ] ,  also th a t  
o f  adenoviruses . The b iguanid ine  der iva tive  N ’,N ’-anhydrob is-(be ta -hyd roxy-  
e thyl) b iguan id ine  hydroch lo r ide  [4, 5] has even been m ark e ted  as an  an tiv ira l  
d rug  u n d e r  th e  t ra d e  nam e  F lum id in  (AB K ab i,  S tockholm).

In  th e  p resen t  paper ,  th e  g row th  in h ib i to ry  action  of  a b iguanid ine  
der iva tive  on some stra ins  of th e  m yxov irus  group is reported .

Materials and methods

T he com pound was p re p are d  in  th e  lab o ra to rie s  o f th e  U n ited  'S o rks o f P h arm aceu tica l 
and  D ie te tic  P ro d u c ts , B u d ap est,*  by  th e  m eth o d  of B r a u n , E rit  an d  Crooks  [12]. M olecular 
w eight: 265.16: m elting  p o in t: >  315°C. I t  dissolves read ily  in  cold w ater. I ts  d esig n atio n  is 
V-146. S tru c tu ra l fo rm ula:

\ H

Н С 1 -Н .Л  C H \  f  M I  C N H ..H C I  

\ H

T he tissue  cu ltu res  and  m edia used , th e  m ain ten an ce  and  sto rag e  of th e  v iru s s tra in s , 
p lo ttin g  of th e  g ro w th  curves and  th e  m ethods of ex am in atio n  an d  ev a lu a tio n  of th e  com 
p o u n d ’s to x ic  and  v ira l g ro w th  in h ib ito ry  effects have  been described in  de ta il [13, 14]. T he 
co m pound’s v ira l g row th  in h ib ito ry  effect was exam ined  by H o r v a t h ’ s  [ 15 ] ro ller d rum  
infec tive  t i t r a tio n  m ethod  in chorioa llan to ic  m em brane  frag m en ts .

G iven co n cen tra tio n s o f V-146 an d  a p p ro p ria te  d ilu tions of th e  v irus were in o cu la ted  
sim u ltan eo u sly  in to  the  tissu e  cu ltu res.

A t ev a lu a tio n  th e  c o n cen tra tio n  low ering th e  in fec tive  t i t r e  by  a t  least 1 logarithm ic  
step  (base 10) w as considered  th e  low est effective  co n cen tra tio n . T he se lec tiv ity  of th e  effect 
was expressed  in te rm s of th e  so-called a c t iv ity  index:

* T he com pound V-146 used in th e  experim en ts  was k ind ly  supplied  by  th e  U n ited  
W orks of P h a rm ac eu tica l an d  D ie te tic  P ro d u c ts . B u d ap est.
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C o n cen tra tio n  producing  + -j- to x ic  dam age 
Low est v ira l g ro w th  in h ib ito ry  co n cen tra tio n

A ccording to  p rev ious te s ts , com pounds w ith  an  a c tiv ity  index  of 100 or h igher can be 
reg ard ed  as effective.

Results

Tables I and  I I  show th e  toxic  effect on p r im a ry  h u m an  em bryonic  
f ib rob las t  cell cu ltu re  an d  a h u m a n  am nio tic  cell line, as p lo t ted  aga ins t  t im e  
and  concen tra t ion  of th e  ac tive  substance .

Table I

Toxic effect o f  compound V-146 on prim ary hum an embryonic fibroblast culture

Concentration of active 
substance, ug/ml

T i m e  o f i n c u b a t i o n  (days)

3 4 5 6 7

0 0 0 0 0 0

100 0 T +  + + + + + + + +

50 0 0 + + + + + +

25 0 0 0 0 0

Table II

Toxic effect o f  compound V-146 on a hum an amniotic cell line

Concentration o f ,  T i m e o f i n c u b a t i o n  (days)
active substance, 

,/g/m 1 2 3 4 5 6 7

0 0 0 0 0 0 0

1 00 0 + + + + + + + + + + + + +  + + +

25 0 0 0 0 0 -I-
6 .2 5 0 0 0 0 0 0

A t a concen tra t ion  of 100 pg/ml the  com pound  was d is t inc t ly  toxic  to  
b o th  ty p es  of cell culture . A t  a concen tra t ion  of 25 pg/ml a slight cell d e s tru c 
tion appeared  exclusively in th e  am niotic  cell cu ltu re  by  th e  7 th  day. A t lower 
concen tra tions the  com pound  was no t  toxic  to  e ither  cell culture.

Table  I I I  shows th e  com p o u n d ’s g row th  inh ib ito ry  effect on various 
m yxovirus  s tra ins. The num bers  represen t th e  differences re la ted  to  th e  control 
series no t  con ta in ing  th e  active substance , as expressed in logarithm ic  te rm s 
(base 10).
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Table III
Effect o f  compound V-146 on growth o f  various m yxovirus strains

Concentration of 
active substance,

Influenza
A-0/PR8

Influenza 
A-1/Paris

Influenza 
A-2/Sing. 1/57

Influenza 
В/Lee

Parainfluenza-1 
(Sendai)

NDV
(“H”)

50 2.25* > 3 .7 5 3.37 n.e. 3.62 > 3 .7 5

25 2.12 > 3 .7 5 2.50 n.e. 3.37 > 3 .5 0

12.5 1.87 3.25 2.12 n.e. 2.12 3.50

6.25 0.00 2.62 1.96 > 3 .1 2 1.25 3.62

3.125 0.00 2.00 1.12 2.37 0.50 2.00

2.00 n.e. 1.62 0.12 1.25 0.25 0.50

1.00 n.e. 1.12 0.00 0.37 0.00 0.00

0.5 n.e. 0.75 n.e. n.e. n.e. n.e.

n.e. - no t exam ined
* T he figures ind icate  th e  difference in  infective titre s  re la ted  to  the  controls, as expressed 

in term s of base 10 logarithm ic un its

The high sens itiv ity  of the  Paris  and Lee s tra ins  M as conspicuous, as 
their  g row th was still inh ib ited  a t  concen tra tions as low as 1 and  2 fig]m\, 
respectively. The com pound was d is t inc t ly  active against th e  “ H ” s tra in  of 
NDV and influenzavírus  A-2/Sing. 1/57, and least ac tive  against the  stra in  
PR8.

In  chorioallantoic  m em b ran e  fragm ents  th e  com pound  exer ted  a 
toxic effect a t  a concen tra t ion  of 8000 ^g/m l and  it  was on th e  basis of this 
value t h a t  th e  activ i ty  indices (see Materials and  m ethods) of th e  s tra ins  ex 
am ined  Mere ca lcu la ted  (Table IV). I t  should  be no ted  th a t  th e  ac t iv i ty  index 
of a d a m a n ta n e  Mas 3000 for s tra in  A-2/Sing. 1/57.

Table IV
A ctiv ity  indices o f  compound V-146 fo r  various m yxovirus strains

Virus strain A ctivity index

Influenza A -0/PR 8 800

Influenza A -l/P a ris 8000

Influenza A-2/Sing. 1/57 2560
Influenza B/Lee Ю00

Parainfluenza-1 (Sendai) 1280

NDV (“ H ” ) 3200

N ext,  it  was exam ined  how th e  com pound  would influence th e  infectiv e 
t i t re  of th e  s tra in  P R 8  when added  a t  50 /zg/ml concen tra tion  a t  different 
points of t im e  during  th e  v iral cycle. Results  are shoMii in Fig. 1.
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Fig. 1 shows t h a t  th e  com pound  uniform ly  inh ib ited  viral g row th  when 
added  at 0, 2 and 4 hours after  v ira l infection, b u t  failed to  do so af te r  6 hours.

F inally , th e  even tua l d irect an tiv ira l  effect of th e  com pound  was stud ied  
b y  incuba ting  th e  chorioallantoic fluid con ta in ing  th e  P R 8  or Sing. 1/57 stra in

Fig. I .  E ffec t of com pound  V-146 on th e  rep lica tio n  cycle o f P R 8  in fluenzav írus. 1 =  C ontrol: 
2 =  ac tiv e  sub stan ce  ad d ed  sim u ltan eo u sly  w ith  v iru s ino cu la tio n ; 3 =  a c tiv e  substance  
ad d ed  2 hours a f te r  v iru s ino cu la tio n ; 4 =  ac tiv e  su b stan ce  ad d ed  4 hours a f te r  v iru s in o cu la 

tion : 5 =  active  sub stan ce  ad ded  6 hours a f te r  v iru s ino cu la tio n

in th e  presence of 50 /rg/rnl of active substance , for 3 hours a t  35°C. Subse
quen t ly ,  in fec t iv i ty  t i t ra t io n s  were done. The decrease of th e  infective t i t re  
(0.75 I D 50) was uniform  in b o th  the  t re a te d  and  th e  control cultures  and no 
change was observed in th e  haem agg lu tina tion  t i t re .

Discussion

The p resen t  results  clearly ind ica ted  th a t  th e  b iguanid ine  com pound 
V-146 has a no tab le  g row th  inh ib i to ry  effect on several m yxovirus  stra ins . 
O f th e  s tra ins  te s ted ,  th e  g row th  of influenza A -l /P a r is  and  В /Lee s tra ins  
was in h ib ited  a t  concen tra t ions  as low as 1 and  2 /xg/ml, respectively , a fa v o u r 
able effect in com parison to  th e  ac tive  concen tra t ions  of o th e r  v ira l  growth 
inh ib ito rs  described in the  l i te ra tu re .

The to x ic i ty  of  com pound V-146 is low. As to  its m echanism  of action, 
it had  no d irect virocidal effect and since it  was still active w hen added  af te r  
th e  4 th  hou r  of  th e  viral cycle, it  is supposed to  suppress v ira l m a tu ra t io n  
processes.

Acknowledgements. We are  in d eb ted  to  Mr. J .  M á r t o n , Mrs. Zs. H e r p a y  an d  M rs. 
L. J e n k e y  fo r skilful techn ica l assistance.

Acta Microbiologica Academine Scientiarum Hungaricae 17, 1970



V IR A L GROW TH IN H IB IT IO N 33

R E F E R E N C E S

1. G a r c i a , Б . Y .: J .  P h ilipp , m ed. Ass. 26, 287 (1950).
2. P i l c h e r , K . S., So i k e , K . F ., T r o s p e r , F .: B act. Proc. 44 (1953).
3. P i l c h e r , K . S., S o i k e , K . F ., T r o s p e r , F .: A n tib io t. and  C hem other. 11, 381 (1961).
4. S j ö b e r g , B .: A n tib io t. Med. 7, 97 (1960).
5. M e l a n d e r , B .: A n tib io t. an d  C hem other. 10, 34 (1960).
6. K a j i , M-, K a m i y a , S.. T a t e w a k i , E ., N a g a f u c h i , Z., F u j i w a r a . N .: C hem otherapy  14,

66 (1966).
7. I s h i d a , N .: A nn. N. Y. A cad. Sei. 130, 460 (1965).
8. I s h i d a , N ., S h i r a t o r i , T., R i k i m a r u , M.: J .  A n tib io t. (T okyo) Ser. A. 15, 242 (1962).
9. R i k i m a r u , M., K u m a s a k a , M., S u z u k i , M., I s h i d a ,  N .: J .  A n tib io t. (T okyo) Ser. A.

16, 213 (1963).
10. K a s h i w a z a k i , H ., I s h i d a , N .: Proc. Soc. exp. Biol. (N. Y .) 120, 139 (1965).
11. S h i m i z u , Y .: J .  A n tib io t. (T okyo) Ser. A. 17, 216 (1964).
12. B r a u n , C h . E ., E r i t , J .  D ., C r o o k s , G. C h . :  J .  org. Chem. 3, 148 (1938).
13. V á c z i , L., H a d h á z y , G y . ,  H i d e g , K ., G e r g e l y , L ., H a n k o v s z k y , O. H .. D. T ó t h , F .:

A cta  virol. 12, 371 (1968).
14. G e r g e l y , L ., D. T ó t h , F ., H a d h á z y , G y . :  A cta  m icrobiol. A cad. Sei. hung . 15, 145 (1968).
15. H o r v á t h , S.: A c ta  m icrobiol. A cad. Sei. hung . 1, 481 (1954).

Address of the authors:
L a jo s  G e r g e l y , L a jo s  V á c z i , G y ö r g y '  H a d h á z y . F e r e n c  D . T ó t h , 
Institu te  of Microbiology, University Medical School,
Debrecen 12, H ungary

3 Acta Лlicrobiologica Academiae Scientiarum Hungaricae 17, 1970





Acta microbiol. Acad. Sei. hung. 17, 35— 48, 1970

SEROLOGICAL PROPERTIES OF PSEUDOMONAS
AERUGINOSA

I I .  T Y P E -S P E C IF IC  T H E R M O L A B IL E  (F L A G E L L A R ) A N T IG E N S

By
B . L á n y i

N ational Institu te  o f  Public Health  (D irector: T. B a k á c s ) ,  B udapest 

(R eceived  Ju n e  19. 1969)

Sum m ary. In  specific H  a n tise ru m  d ep le ted  of О ag g lu tin in s P s . aeruginosa  cells grown 
on m edia p ro m o tin g  th e  develo p m en t of flagella  are  f irs t  im m obilized , th e n  ag g lu tin a ted  in to  
c h a rac te ris tic  f lak y  clum ps. Im m u n o g en ic ity , a g g lu tin ab ility  an d  agg lu tin in -b in d in g  cap ac ity  
of th e  H an tig en s a re  re ta in e d  a f te r  fo rm alin iza tio n  b u t  are  lo st a f te r  exposure  to  75°C or 
h igher tem p e ra tu re s  and  to  hydroch loric  acid. E th a n o l d estro y s ag g lu tin ab ility  an d  im p a irs 
im m u nogen ic ity  an d  ag g lu tin in -b in d in g  cap ac ity . I t  has  been concluded th a t  th erm o lab ile  
an tig en s in  Ps. aeruginosa  a re  associated  w ith  th e  flagella.

Serological ty p in g  in d ica ted  th a t  o u t o f 541 Ps. aeruginosa  iso lates 288 s tra in s  w ere 
ch arac te rized  b y  serologically  un ifo rm  an tig en  H I ,  and  246 s tra in s  b y  com plex a n tig en  H2. 
T he la t te r  cu ltu res  were su b d iv id ed  b y  p a r tia l  an tig en s 2a, 2b, 2c, 2d, 2e an d  2f. One s tra in  
was non-m otile  an d  6 s tra in s  con ta in ed  u n d e te rm in ed  H  an tigens.

On th e  basis of va rio u s com b in a tio n s o f 0  an tig en s described in a p rev ious s tu d y  and  
of H  an tig en s a Ps. aeruginosa an tigen ic  schem a co n ta in in g  53 se ro ty p es has been devised.

Inves t iga t ions  perform ed in th e  last  decade have  sa tisfac torily  e lucidated  
the  n a tu re  of som atic  th e rm o stab le  antigens in Pseudomonas aeruginosa  [5, 6, 
9, 12 —15]. I t  was supposed for long t h a t  th is  m icroorganism  con ta ined  also 
therm olab ile  antigens [1 — 4, 10, 11], b u t  no evidence was p resen ted  th a t  
these receptors were associated  w ith  flagella or corresponded to  th e  “ envelope” 
or “ capsu la r”  antigens usual in th e  fam ily  Enterobacteriaceae. The inves t iga
tions of K l e i n m a i e r , S c h r e in e r  and G r a e ff  [7], K l e i n m a i e r , S ch reil  and 
Q u in c k e  [8] and  V e r d e r  and  E v a n s  [14] suggested th a t  therm olab ile  a n t i 
gens in P s. aeruginosa  m a y  be assigned to  flagella.

The purpose  of the  presen t w ork was to  con tinue  studies on th e  serology 
of P s. aeruginosa  [9] and  to  e lucidate  th e  properties  o f  th e  therm olab ile  factors. 
A n o th e r  aim was to  supp lem en t the  Ps. aeruginosa  0  antigenic  schem a w ith  H 
antigens in o rder to  m ake  it  su itable  for th e  de te rm in a t io n  of serotypes. As, in 
agreem ent w ith  th e  above-m entioned  au thors ,  th e  p resen t  d a ta  also ind ica te  
t h a t  therm olab ile  antigens in Ps. aeruginosa  are flagellar factors, the  term  H 
an tigen  is used th ro u g h o u t  th is  paper.

Materials and methods
Ps. aeruginosa strains. T w e n ty -th ree  ty p e  s tra in s  o f th e  an tig en ic  schem a described in 

[9] an d  518 stra in s  iso la ted  from  a w ide v a r ie ty  o f  sources and  selected  so as to  rep re sen t 
th e  average  incidence of О an tig en s w ere used.
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P reparation o f  im m une sera. A gar slan t cu ltu res  were tran sfe rre d  to U tu b es  con ta in ing  
sem isolid ag ar (ag ar, 2 g; n u tr ie n t b ro th , 1000 ml). W hen th e  cu ltu re  had  ap p ea red  in th e  
o th e r a rm  of th e  U tu b e  a f te r  a few days in cu b a tio n  a t  37°C, i t  w as ino cu la ted  on to  so ft ag ar 
m edium  som ew hat th ic k e r th a n  th e  u sua l p la tes: B acto -ag a r (D ifco), 5 g: B acto  p ep tone  
(D ifco), 10 g; NaCl, 2 g: K .,H P 0 4. 2 g; K H .,P 0 4. 1 g; 121°C, 30 m inutes.

A fter in cu b a tio n  a t  37°C o v ern ig h t, a b o u t 10 m l 0 .42%  NaCl so lu tion  w as p ip e tted  
on to  each sw arm  p la te . T he dishes w ere left to  s ta n d  a t  room  te m p e ra tu re  fo r a b o u t 1 hour, 
th en  th e  suspensions w ere tran sfe rred  to  E rlen m ey er flasks and  left to  s ta n d  for 3 — 4 hours a t 
room  tem p e ra tu re . F in a lly  th e  b ac te ria  were killed  w ith  0 .2%  form alin .

T he d en sity  of suspensions for im m u n iza tio n  was a d ju s te d  so as to  correspond  ap p ro x i
m ate ly  to  th e  d en sity  o f a s ta n d a rd  suspension g iv ing  44%  tra n sm itta n c e  a t  1 cm lig h t p a th  
in  th e  B eckm an DU sp e c tro p h o to m ete r se t a t  0.03 m m  slit an d  530 m /и w av eleng th . R a b b its  
w ere in jec ted  w ith  g rad ed  in tra v en o u s  doses of 0.5, 1.0, 2.0 and  4.0 ml tw ice w eekly. T he 
sera w ere p reserved  w ith  0 .5%  phenol an d  s to red  a t  4°C. H eated , a lcoholized, sa tu ra te d  NaCl- 
t re a te d  and  H C l-trea ted  suspensions used in s tu d y in g  th e  p ro p e rtie s  o f H  an tig en s w ere p re 
p a red  as described in  [9].

Tube agglutination. T he b a c te ria l suspensions w ere p rep ared  as an tig en s used  for im m u n i
zation  excep t th a t  th e y  were p reserv ed  w ith  0 .5%  fo rm alin  an d  a d ju s te d  to  65%  d ensity . 
T ube ag g lu tin a tio n  was perfo rm ed  w ith  0.5 m l serum  d ilu tio n  an d  0.5 ml b a c te ria l suspension. 
R ead ings were m ade  a f te r  in cu b a tin g  th e  tu b es  a t  37°C fo r 18 — 20 hours.

Absorption  o f  agglutinins. F irs t  О ag g lu tin in s w ere rem oved  by  ab so rb in g  th e  serum  
w ith  th e  hom ologous cu ltu re  h e a ted  a t 100°C for 1 hour (1 ml serum  +  39 m l saline absorbed  
w ith  b ac te ria  h a rv este d  from  5 R oux  flasks).

F ro m  p u re  H  sera o b ta in ed  in  th is  m an n e r ag g lu tin ins for p a r tia l  H an tig en s were 
rem oved  as follows. A fte r passage in  U tu b e , 0.1 m l cu ltu re  w as tran sfe rre d  in to  b ro th . A fter 
in cu b a tio n  a t  37°C for 4 — 6 hours a 1 m l a liq u o t of th e  cu ltu re  w as p ip e tte d  in to  each  R oux  
flask , th e  n u tr ie n t a g a r m edium  in w hich  h ad  been ov erlay ered  w ith  5 ml sterile  b ro th . T he 
R o u x  flasks w ere in cu b a ted  a t  37°C o v ern ig h t, th en  th e  cu ltu re  was h a rv ested . T he suspension 
was left to  s ta n d  a t  room  tem p e ra tu re  for 3 — 4 h ours, th e n  cen trifuged . F in a lly , th e  b acteria  
w?ere resuspended  in  H  sera d ep le ted  p rev iously  o f О ag g lu tin ins. F o r a b so rp tio n  of 1 ml 
u n d ilu ted  serum , b ac te ria  h a rv este d  from  20 — 40 R oux  flasks were u su a lly  suffic ien t. F o r 
О or H  ag g lu tin in  a b so rp tio n  th e  serum — b acteria  m ix tu re  w as in cu b a ted  a t  37°C for 2 hours, 
th en  a t  4°C o v ern ig h t. T he abso rb ed  sera w ere p reserved  w ith  0 .5%  phenol.

Im m obiliza tion  test. B efore stu d y in g  th e  specific in h ib ito ry  effect o f an tib o d ies  on 
m o tility , phenol-free  O H  sera  w ere abso rbed  w ith  th e  h e a ted  suspension of th e  hom ologous 
s tra in . T h en  0.05 m l 18 — 20-hour b ro th  cu ltu re  o f th e  o rgan ism  w as p ip e tte d  in to  0.5 ml 
serum  d ilu ted  1 : 40 —1 : 80 w ith  saline. T he tu b es w ere in cu b a ted  a t  37°C for 1 h o u r th en  
m o tility  was exam ined  u n d e r th e  da rk fie ld  m icroscope w ith  low -pow er ob jective .

Results

1. Serological methods fo r  studying  type-specific antigens in P s . aeruginosa. 
A lthough in fresh b ro th  cu l tu re  m ost P s. aeruginosa  s tra ins  showed defin ite  
m o ti l i ty ,  b ro th  was no t  th e  b es t  m ed ium  for th e  p rep a ra t io n  of H  antigens. 
A fter  passaging in semisolid agar  th e  m o ti l i ty  of th e  cultures im proved  so th a t  
th ey  sw arm ed on suitab le  soft agar p la tes . I t  should  be n o ted  th a t  in U tubes  
Ps. aeruginosa differed in b ehav iou r  from motile  Enterobacteriaceae s tra ins . 
The diffuse g row th  travelling  aw ay  from  th e  site of inocula tion  was en tire ly  
ab sen t  in P s. aeruginosa cu ltu res . The successful passage o f  th is  organism 
th ro u g h  th e  semisolid agar colum n was ind ica ted  b y  th e  s ta r t in g  of  g row th  on 
the  surface of  th e  m edium  in th e  o th e r  a rm  of th e  U tu b e .  The passage of less 
motile  s tra ins  was im proved  if  p rio r  to  inocula tion  small a ir  bubbles were 
forced in to  th e  semisolid m edium  by  m eans of a sterile p ipe tte .  The tim e  of 
trave ll ing  th ro u g h  th e  U tu b es  was variab le :  th e  f irs t  passage in a semisolid
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agar colum n 8 —10 cm in length  took  2 —10 days;  th e  t im e  needed for subse
q u en t  passages was usua lly  shorter.

The b est an tigen  for H  agg lu tina t ion  was ob ta ined  when soft agar  m edium  
th ick e r  th a n  th e  usual p la te  was used. F rom  Ps. aeruginosa  i t  was more difficult 
to  p repa re  su itab le  H  an tigens th a n  from  Enterobacteriaceae. The sw arm ing  of 
Ps . aeruginosa  was h igh ly  influenced b y  th e  qua l i ty  o f  agar, pep tone  and other 
ingred ien ts  o f  th e  m edium . The m edium  found  th e  m ost su itab le  contained 
only  B acto  pep tone  and  B ac to  agar  in add it ion  to  minerals. I f  the  suspension 
ha rves ted  from  th is  m ed ium  was left to  s tan d  a t  room  te m p e ra tu re  for a few 
hours before form alin iza tion , th e  agg lu tinab il i ty  of th e  an tigen  defin ite ly  
im proved  as com pared  to  b ac te r ia  killed im m ed ia te ly  af te r  w ashing off (d isen
tang ling  of flagella?).

D espite  of fo rm alin iza tion , dense suspensions of m a n y  s tra ins  showed a 
p a r t ia l  clearing during  storage, as if  th e  b ac te r ia  h a d  been undergoing  lysis. 
In  dense suspensions m a n y  s tra ins  h ad  lost th e ir  hom ogeneity  and  th e  b ac te r ia  
form ed f lak y  aggregates. In  order to  p rev en t  these  difficulties th e  suspensions 
were p rep a red  w ith  0 .42%  sodium  chloride and  th e ir  d ens i ty  was ad ju s ted  
so t h a t  in s tead  of  0.5 ml serum  d ilu tion  -f- 0.05 ml an tigen  em ployed in 'О agglu
t in a t io n ,  0.5 m l serum  d ilu tion  and  0.5 ml an tigen  were p ip e t te d  in to  th e  tubes .  
Cultures failing to  give homogeneous suspensions even in th is  m an n e r  were 
hom ogenized b y  mild shaking  for ab o u t  30 m inu tes  before form alin iza tion . 
P s. aeruginosa  suspensions p repared  as described above gave in specific sera 
f laky ,  loose c lum ps easy to  shake up. The ty p e  of agg lu tina t ion  was similar 
to  t h a t  shown b y  Enterobacteriaceae H  antigens.

D iffe ren tia t ion  of H  antigens and  therm olab ile  som atic  antigens (the 
ex is tence  of  which in P s. aeruginosa  h ad  been supposed b y  some au thors)  was 
a t te m p te d  b y  cu ltu r ing  th e  s tra ins  on m edia  d isadvan tageous  for th e  develop
m en t  of flagella: blood agar  con ta in ing  sodium  desoxychola te  and  agar  supple
m en ted  w ith  anionic de te rgen t .  The deve lopm ent o f  flagella was defin ite ly  
decreased b u t  no t  en tire ly  suppressed on these  m edia. The cu ltu res  were 
w eakly  and  m uch less typ ica l ly  ag g lu tina ted  in  pu re  H  sera t h a n  b ac te r ia  
passed th ro u g h  U tu b es  and  subcu ltu red  in b ro th  or on sw arm  agar  plates. 
As com pared  to  bac te r ia  w ith  well-developed flagella, organism s ha rves ted  
from  inh ib i to ry  m edia  produced  H  antibodies  lower in t i t re .  W hen  applied in 
sufficient am oun ts ,  cultures w ith  less developed flagella com plete ly  absorbed  
H antibodies .

Slide agg lu tina t ion  was unsu itab le  for th e  reliable de te rm in a t io n  of H 
an tigens, a lthough  th e  soft agar  cu ltu re  of m a n y  s tra ins  reac ted  read ily  in 
pure  H  sera.

2. Specific  im m obilization. U n d e r  suitab le  conditions th e  m o ti l i ty  of Ps. 
aeruginosa  is inh ib ited  b y  specific H  serum. The experim en ts  were perform ed 
w ith  b ro th  cultures in which th e  m a jo r i ty  of cells showed rap id ly  advancing
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m ovem en ts  characteris tic  o f  po la r  flagellate bacteria .  To the  serum  dilutions 
íe la t iv e ly  small nu m b ers  of bac te r ia  were added  since microscopic agg lu tina 
t io n  ta k in g  place in dense suspensions d is tu rb ed  th e  read ing  o f th e  im m obiliza
tion  reaction. The best results were ob ta ined  in system s in cuba ted  for 1 hour. 
In  specific serum  th e  active m o v em en t  of th e  cells ceased or was reduced  to  a 
few cells, while in th e  control sera (an tisera  no t  reacting  in th e  tu b e  agg lu t in a 
tion test)  the  m a jo r i ty  o f  cells showed brisk m otil i ty .  W hen  th e  m ix tu re  of 
se rum  and  bac te r ia  was in cu b a ted  overn igh t ,  considerable m ult ip l ica t ion  took 
place and  m an y  actively  motile  rods were de tec ted  no t only in th e  control 
b u t  also in th e  specific H  serum.

Im m obil iza t ion  and agg lu tina t ion  tes ts  yielded iden tica l results  for all 
Ps. aeruginosa  ty p e  s tra ins .  S tra ins  characterized  b y  H  an tigen  1 showed 
com plete  cross-im m obilization in the  corresponding H  sera. Sera prepared  
from  s tra ins  con ta in ing  com plex H  an tigen  2 failed to  inh ib it  th e  m ovem ent 
of  H I  cultures. A m ong H2 stra ins  those hear ing  iden tica l H antigens inhibited 
th e  m o ti l i ty  of one ano ther .  A t lower serum  dilu tions a defin ite  cross-immo
bilization was d em o n s tra ted  be tw een  H2 s tra ins  con ta in ing  different partia l  
H an tigens. H I  sera did no t  inh ib it  H2 cultures.

The inh ib i to ry  effect of specific serum  on m o ti l i ty  was m ore or less def i
n i te ly  d em o n s tra ted  in semisolid agar:  in U tubes  supp lem ented  w ith  specific 
H serum  the  cu ltu re  appeared  in the  o th e r  a rm  3 — 8 days la te r  th a n  in U tubes  
con ta in ing  th e  control serum .

3. Properties o f  Ps. aeruginosa H  antigens. A gg lu tinab ility . E xp er im en ts  
shown in Table  I were perform ed w ith  motile  cells o f  s tra in  170 002 harves ted  
from swarm  plates. A fter  hea t in g  or exposure to  chemical agents  th e  bac te r ia  
were used as an tigens for im m uniza tion  and  for agg lu tina tion . P r io r  to  th e  
agg lu tina tion  te s t  th e  О agglutin ins were absorbed from th e  sera w ith  heated  
cells of th e  homologous s tra in .  F ro m  T able  I i t  is ev ident t h a t  in H  ag g lu t in a 
tion the re  was no difference betw een  living and formalinized cells. B acteria  
t re a te d  w ith  s a tu ra te d  sodium  chloride or hea ted  a t  60°C for 1 h o u r  showed 
weak, indefin ite  agg lu tina t ion  in the  f irs t  tubes .  A gglu tinab il i ty  of th e  culture  
was lost a f te r  hea t in g  a t  75°C or h igher and  af te r  e thano l  and  hydrochloric  
acid t r e a tm e n t .

Im m unogenicity . Table  I  shows th a t  living and  formalinized b ac te r ia  
p roduced  H  agglutin ins in high ti t res .  Im m u n o g en ic i ty  was also unaffec ted  by  
hea ting  a t  60°C for 1 hour and b y  t r e a tm e n t  w ith  s a tu ra te d  sodium  chloride. 
Alcoholized b ac te r ia  induced  H  agglu tin ins  only  in traces .  H  im m unogen ic i ty  
was lost a f te r  hea t in g  a t  75°C or h igher as well as af te r  hydrochloric  acid 
t r e a tm e n t .

A gglu tin in -b ind ing  capacity  is shown in Table  I I .  I t  is ev iden t  th a t  H 
agglutin ins were com plete ly  rem oved  no t only by  living and  formalinized 
bac te r ia ,  b u t  also b y  cultures sub jected  to  hea t in g  a t  60°C and  to  sa tu ra te d
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Effect o f  heat and chemical agents on the agglutinability and immunogenicity o f  Ps. aeruginosa
H  antigens

(R eciprocal agg lu tination  titre s  in tubes in cubated  a t 37°C for 20 hours. P rio r to testing  О agglu
tin ins were absorbed w ith  the  hom ologous heated  cu ltu re.)

Table I

Antigens u sed for immunization

Antigens 170 002 170 002 170 002 170 002 170 002 170 002 170 002
living 1 hr. 1 hr. 0.5% saturated 50% 1 A'

60 C 75=C formalin NaCl 1 ethanol на

170 002 living 20 480 10 240 0 10 240 10 240 160 0

170 002 1 hr. 60°( X X 0 X X 0 0

170 002 1 hr. 75°f 0 0 0 0 0 0 0

170 002 0 v° u.-> о form alin 10 240 5 120 0 5 120 2 560 80 0

170 002 sa tu ra ted NaCl X X 0 X X 0 0

170 002 50% ethanol 0 0 0 0 0 0 0

170 002 N  HC1 0 0 0 0 0 0 и

170 002 2 1/2 hr.

100°C + 1 hr. 130CC* 0 0 0 0 0 0 0

* Control for О agglu tin in  absorp tion  
X =  W eak agg lu tination  in the  f irs t tubes

Table II

Effect o f  heat and chemical agents on the agglutinin-binding capacity o f  Ps. aeruginosa H  antigens 
(R eciprocal ag g lu tination  titre s  in tubes incu b a ted  a t 37°C for 20 hours. P rio r to  absorp tion  
w ith  an tigens tre a te d  in d iffe ren t m an n ers th e  О ag g lu tin in s were rem oved  w ith  th e  hom ologous

heated  cu ltu re.)

Serum 70 002 prepared with formalinized antigen and absorbed by

Formalinized antigens
-

170 002 
living

170 002 
1 hr. 60GC 1

170 002
hr. 75°C

170 002
0.5%

formalin

170 002
saturated

NaCl

170 002
50%

ethanol

170 002 
\  

HC1

170 002 5120 0 0 5120 0 0 X 5120

170 008 5120 0 0 5120 0 0 X 5120

X =  W eak ag g lu tination  in th e  f irs t tubes
S tra ins 170 002 and 170 008 contained iden tical H . bu t different О antigens

sodium chloride. A bsorp tion  b y  alcoholized an tigen  decreased th e  H  agglutin in  
t i t re ;  th is  p a r t ia l  abso rp tion  could, however, be a t ta in e d  only w ith  great 
am o u n t  of alcoholized bac te r ia .  The H  agglu tin in  con ten t  of the  sera was no t  
influenced b y  abso rp tion  w ith  bac te r ia  hea ted  a t  75CC or higher. Acid t r e a t 
m e n t  also resu lted  in a to ta l  loss o f  H  agg lu tin in-b ind ing  capacity .

Table  I I I  p resen ts  th e  properties  o f  Ps. aeruginosa  H  an tigens compiled 
on the  basis of th e  above experim ents .  E ssen tia lly  th e  sam e results  were 
ob ta ined  in p re l im ina ry  experim ents  w ith  o the r  stra ins [9]. The only difference
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Table III

Properties o f  H  antigens o f  Ps. aeruginosa

■------------------------ I 7 "  '  '

Antigen J A gglutinability ! Imm unogenicity | Agglutinin-binding

Living 

1 hr. 60°C

1 hr. 75CC or h igher tem pera tu re  

0 .5%  form alin 

S a tu ra ted  NaCl 

50%  ethanol 

N  HCI

was th a t  the  m e th o d  used in th e  p resen t  work allowed an op tim al deve lopm ent 
o f  flagella and , consequently ,  th e  t i t re s  were h igher and  the  readings were more 
reliable.

Phase variation. An a t te m p t  was m ade  to  induce  H  phase  serologically 
d ifferent from  th e  original flagellar an tigen . As th e  results  were nega tive  w ith  a 
n u m b e r  of  s tra ins  te s ted  in b ro th  and  U tubes  con ta in ing  homologous H  serum , 
it  has been concluded th a t  P s. aeruginosa  is p ro b ab ly  charac terized  b y  mono- 
phasic  H  antigens.

4. D iagnostic antigenic schema. C ross-agglutination experim en ts  indica ted  
t h a t  in respect of H  an tigens,  P s. aeruginosa  isolates can be d iv ided  in to  two 
groups. One of these, th e  cha rac te r is t ic  H  an tigen  of which has been te rm ed  
H I ,  is p rac t ica l ly  un ifo rm  in flagellar antigenic  s t ru c tu re .  S tra ins  belonging 
to  th e  o th e r  group (H2) are re la ted  b y  one or more com m on p a r t ia l  H  antigens. 
H I  and  H2 stra ins  differ sh a rp ly  in antigenic  s t ru c tu re :  cross reactions betw een 
th em  are insign if ican t and  un freq u en t .

In  H I  s tra in s  cross-absorp tion  revealed  only one u n im p o r ta n t  par t ia l

Table IV

Cross-absorption experiments w ith H I antigens
(R eciprocal ag g lu tin atio n  titre s  w ith  form alinized antigens in tu b es in cubated  a t 37°C for 20 
hours. P rior to  H  agglu tin in  abso rp tion  th e  О agglutin ins were rem oved w ith  th e  hom ologous

heated  cu ltu re .)

Strain
H serum 170 001 absorbed by H serum 170 003 absorbed by

- 170 003 170 001

170 001 20 480 160 20 480 0

170 003 20 480 0 20 480 0

A gglutinins la .  lb lb la —

R esult of an tigen ic  analysis: 170 001 =  la ,  lb
170 003 =  l a
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Table V

Cross-absorption experiments with H 2 antigens
(R eciprocal ag g lu tination  titre s  w ith  form alinized an tigens in  tu b es incu b a ted  a t 37°C for 20 hours. 
P rio r to H  agglu tin in  ab so rp tion  th e  0  agglutin ins were rem oved w ith  the  hom ologous heated

cu ltu re.)

H serum 170 002 absorbed by H serum 170 016 absorbed by
Strain

170 016 170 012 170 018 170 021 - 170 002 170 012 170 018 170 021

170 002 .3120 2560 5120 2560 2560 640 0 0 1280 0

170 016 160 0 0 0 0 1280 640 320 2560 0

170 012 80 0 0 160 160 1280 0 0 5120 0

170 018 1280 160 2560 0 2560 160 0 0 0 0

170 021 0 0
1

0 ! 0 0 640 320 80 640 0

A gglutinins (2a), 2b ,. . . 2b .. . . 2 b , . . . 2b .. . . 2a. 2c 2c 2c 2 c . . . .

2b

Strain
H serum 170 012 adsorbed by H serum ! 70 018 adsorbed by

170 002 170 016 170 018 170 021 170 002 170 016 170 012 170 021

170 002 160 0 0 0 0 320 0 0 160 0

170 016 640 0 0 0 0 0 0 0 0 0

170 012 5120 1280 1280 1280 1280 80 160 0 0 0

170 018 160 80 160 0 160 5120 5120 2560 5120 5120

170 021 160 0 0 0 0 640 640 640 80 0

A gglutinins 2a. 2d 2d 2d 2d 2d (2a), (2d). 2e, 2e, 2e

(2d). 2e, 2f (2f)
2e, 2f 2f

H serum 170 021 absorbed by
Strain

170 002 170 016 170 012 ' 170 018

170 002 640 0 0 640 0

170 016 1280 1280 0 640 2560

170 012 320 0 0 0 0

170 018 2560 1280 320 1280 0

170 021 2560 1280 640 1280 1280

A gglutinins 2a, 2c. 2c. 2f 2f 2c, 2c

2f 2 f .. . .

R esults of antigenic analysis:
170 002 =  (2a), 2b
170 016 =  2a, 2c
170 012 =  2a, 2d
170 018 =  (2a), (2d), 2e, 2f
170 021 =  (2a), 2c, 2f
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an tigen  presen t in a small n u m b e r  of  s tra ins  (Table IV). This insignificant 
fac to r  (H lb )  was no t  included in th e  antigenic  schem a. In  H2 stra ins , in 
co n tra s t ,  ce rta in  well-defined, d iagnostically  im p o r ta n t  p a r t ia l  an tigens were 
d e m o n s tra te d  (Table V).

D a ta  shown in Table  V sum m arize  th e  resid t of repea ted  absorp tion  
experim en ts  perform ed in sera p repa red  in  a t  least  tw o different rab b i ts .  From  
Tab le  V i t  is seen t h a t  s tra ins  con ta in ing  com plex an tigen  H2 are characterized  
no t  only  by  b ila te ra l  b u t  also b y  un ila te ra l  antigenic  re la tionships. Sera 
p repa red  w ith  s tra ins  170 016, 170 012, 170 021 and  others  agg lu tina ted  all 
s tra ins  con ta in ing  complex an tigen  H2; th e  fac to r  responsible for th is  reaction 
was te rm ed  an tigen  H2a. At 1 : 80 d ilu tion  sera for several s tra in s  (e.g. 170 002 
and 170 018) failed to  agg lu tina te  certa in  o th e r  H2 s tra ins .  This f ind ing  ind i
ca ted  t h a t  antigen  H 2a  was w eakly  developed in  such stra ins  or gave a u n i 
la tera l  reaction. F rom  Table  V it  is also ev iden t t h a t  in H2 s tra ins  o the r  un i
la te ra lly  reacting  antigens m a y  also be presen t.  As th e  purpose  of  th e  present 
work was to  establish  a p rac t ica l  d iagnostic  schem a, only well-defined antigens 
giving b ila tera l  reactions were used for typ ing . These antigens were designated  
b y  symbols 2b, 2c, 2d, 2e and 2f.

Only 1 ou t of th e  541 s tra ins  exam ined  was non-m otile . This s tra in ,  the  
ty p e  cu ltu re  for О an tigen  subgroup  4a, 4c, had p ro b ab ly  lost its  m o ti l i ty  in 
th e  course of lab o ra to ry  m a in tenance ,  as in a serum  prepared  w ith  its freshlv 
isolated cu ltu re  years  ago, H2 agglutin ins were d em o n s tra ted  in the  present 
s tu d y .

Tab le  VI presen ts  the  division in to  sero types of P s. aeruginosa  0  antigen  
groups and  subgroups [9]. I t  should be n o ted  th a t  several s tra ins  designated  
w ith  th e  same antigenic  form ula  were n o t  always iden tica l in antigenic  s t ru c 
tu re ;  such s tra ins  failed to  give com plete  cross-absorption, only decreased 
the  H  agglutin ins o f  one a n o th e r  considerably . In  view of th e  p ractica l aim 
of serological ty p in g  these m inor differences were no t included in th e  antigenic 
schem a.

The last column of Table  V I presen ts  th e  d is tr ibu tion  of th e  541 s tra ins  
according to  serotypes. A lthough  th e  s tra ins  had been isolated from a wide 
v a r ie ty  of  sources, in m ost serogroups th e re  was b u t  one p red o m in an t  type . 
S tra ins  bearing  two or th ree  different H  an tigens occurred  in larger num bers  
only in serogroups 2, 5a, 5b, 5d, 6, 10a and 11. M any of th e  un freq u en t  sero
types ,  represen ted  b y  a few isolates or b y  one single s tra in ,  had  been isolated 
from  w ate r ,  sewage an d  o th e r  m ater ia ls ,  th o u g h  th e  m a jo r i ty  of cultures 
o r ig ina ted  from clinical specimens.

The n u m b e r  of cultures  belonging to  sero types represen ted  by  
4 s tra ins  or less was 45, ou t of which 22 h ad  been isolated from 
clinical m ateria ls ,  17 from w a te r  or sewage, and  6 from  miscellaneous faecal 
specimens.
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Ps. aeruginosa diagnostic antigenic schema

Table VI

N um ber of strains: 541

Group 0  antigen H antigen* Type strain N um ber of 
strains

l l 170 001 (Ps 304) 62

l l 2a. 2b 171 059 1

l 2a. 2c 171 031 1

2 1 171 076 11

2 2 2a, 2b 170 002 (Ps 21) 10
2 2a, 2c 171 074 1

3a. 3b 1 170 003 (Ps 11) 25

3c 1 170 004 (Ps 340) 25

3a. 3d 1 170 005 (Ps 317) 35

3 3a. 3d 2a. 2b. 2f 171 175 1

3a. 3d. 3e ] 170 006 (Ps 469) 12

3a. 3d. 3e 2a. 2c 171 188 1

3d. 3f 1 170 007 (Ps 48) 24

3d. 3f 2a. 2b. 2f 171 192 1

4a, 4b 2a. 2b 170 008 (Ps 161) 17

4a, 4b 2a. 2d. 2e, 2f 171 289 1

4a, 4c — 170 009 (Ps 217) 1

4a, 4c 1 171 230 1

4 4a. 4c 2a. 2b. 2f 171252 16

4a, 4c 2a. 2c 171 269 3

4 a, 4c 2a. 2c. 2f 171 248 1

4a, 4d 2a. 2b. 2f 170 010 (Ps 323) 24

4a, 4d 2a. 2c. 2f 171 272 2

5a, 5b, 5c 1 170 O il (U 645) 6

5a, 5b, 5c 2a, 2d 171 304 1

5a, 5b, 5d 1 171 312 5

5 5a. 5b. 5d 2a. 2d 170 012 (Ps 319) 8

5a. 5d 1 170 013 (Ps 194) 2 9

5a, 5d 2a. 2c 171 348 2

5a, 5d 2a. 2d 171 338 1

6 1 171 350 12

6 6 2a, 2b 170 014 ( U  7 2 /5 9 ) 18

6 2a. 2c 171 365 11
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T ab le  V I co n tin u ed

Group 0  antigen H antigen* Type strain N um ber 
of strains

7a, 7b l 171 401 4

7a, 7b 2a, 2c 170 015 (U 118/59) 42

7 7a, 7b 2a, 2d 171 420 4

7a, 7c 1 171 447 1

7a, 7c 2a, 2b 171 445 1

7a, 7c 2a, 2c 170 016 (B 415) 3

8 8 1 170 017 (U 900/60) 3

9 2a, 2d 171 453 2
9

9 2a, (2d), 2e. 2f 170 018 (Ps 910) 1

10a 1 170 019 (Ps 196) 1
10a 2a. 2b, 2f 171 464 13

10 10a 2a, 2c 171 455 10

10a, 10b 1 171 478 4

10a. 10b 2a, 2c 170 020 (Ps 275) 1

11 1 171 483 15

11 11 2a, 2c 171 492 5

11 2a, 2c, 2f 170 021 (Ps 898) и

12
12 1 170 022 (L 83) 5
12 2a, 2c 171 518 1

13 13 1 170 023 (V 142a) 1

T otal 497

* A ntigen H 2a is in m any  s tra in s  w eak ly  developed

S tra in s no t included in th e  schem a: 2: ND 1
3 a , . . . : 1 6
3a,3d: ND 2
4 a , . . . : 1 1
4 a ,. . 2a ,. . . 3
4 a .. . 2a. 2b 15
4 a , . . . : 2a, 2c 3
4 a , . . . : 2a, 2c, 2f 1

10a. 10b: 2a .. . . 1
11: ND 1
ND: 2a, 2b 3
ND: 2a, 2c 4
ND: 2a, 2c, 2f 1
N D : ND 2

T otsd 44

In  order to  s tu d y  a wide v a r ie ty  of s tra ins ,  th e  isolates were chosen so as 
to  rep resen t  as m a n y  hosp ita l  u n i ts  as possible. Accordingly, only  lim ited 
conclusions could be d raw n  as to  th e  s tab i l i ty  of  th e  serotypes. I t  m ay  be 
s ta te d  th a t ,  as a rule, th e  sam e sero type  or serotypes occurred  in  pa t ien ts  
t re a te d  in  th e  same w ard  and  th e re  was no a l te ra t io n  on rep ea ted  exam ina tions .  
The serotypes were s tab le  in  vitro: on subcu ltu r ing  or freeze-drying th e y  
showed no change in  antigenic  s truc tu re .
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5. R outine determ ination o f  H  antigens. The single tu b e  techn ique  is 
su itab le  for rou t in e  ex am ina tion .  The b ac te r ia l  suspension is p repared  as 
described u n d e r  “ M ateria ls  and  m e th o d s” an d  added  a t  0.5 ml a liquots to  
tubes  con ta in ing  0.5 m l a d eq u a te ly  d i lu ted  (not cross-reacting) “ H I ” and 
“ po lyva len t  H 2 ”  sera. The tubes  are in c u b a te d  a t  37°€ o v e rn ig h t , th e n  read . 
S tra ins  showing ty p ica l  H  agg lu tina t ion  in serum  “ H I ” are regarded  as bear ing  
an tigen  H I .  I f  charac ter is t ic  H  agg lu tina t ion  occurs in serum  “ po lvva len t  
H 2 ” , th e n  th e  suspension is te s ted  in a similar m an n e r  in absorbed sera H 2b , 
2c, 2d, 2e and  2 f and th e  resu lt  is read  on th e  n e x t  day . F o r  de te rm in ing  antigen  
H 2a, th e  sera m u s t  be p rep a red  from  two differen t s tra ins  con ta in ing  well- 
developed H 2 a  an tigen . P re p a ra t io n  of H  sera for rou tine  tv p in g  is presen ted  
in Table  V I I .

Table VII

Determination o f  the H  antigens o f  Ps. aeruginosa

H antigen» i Tube agglutination in

Serum  170 001 absorbed by  170 001 1 hr. 100°C cu ltu re

Polyvalen t serum  pool "H 2 ” (m ix tu re  of H sera 170 002, 170 016. 170 012. 170 018 
and 170 021, each absorbed by hea ted  hom ologous culture)

Serum  170 016 absorbed by  170 016 1 h r. 100°C cu ltu re  and serum  170 012 absorbed 
by  170 012 1 hr. 100°C cu ltu re

Serum  170 002 absorbed by  170 002 I h r .  100°C -f- 170 012 living -|- 170 018 living 
cu ltu re

Serum  170 016 absorbed by  170 016 1 hr. 100°C - 170 002 liv ing  cu ltu re

Serum  170 012 absorbed by  170 012 1 hr. 100°C +  170 002 living cu ltu re

Serum  170 018 absorbed  b y  170 018 1 h r. 100°C +  170 021 living cu ltu re

Serum  170 021 absorbed by  170 021 1 h r. 100°C +  170 016 living cu ltu re

Discussion

The f i rs t  inves t iga to rs  of th e  serological p roperties  o f  Ps. aeruginosa 
were unab le  to  d is t inguish  clearly be tw een  0  and  H an tigens.  B r u t s a e r t  [1] 
in  1924 a t t e m p te d  to  show 0  and  H  an tigens in th is  species. H e p repared  0  
an tigens  b y  boiling th e  cu ltu res  for 2 hours — a p rocedure  cer ta in ly  destroy ing  
II  antigens. His choice for “ O -)- H ”  an tigens — exposure of th e  suspension 
to  56°C — wras, in  view of our p resen t  knowledge, less fo r tu n a te ,  since th is  
an tigen  is su i tab le  n e i th e r  for О n o r  for H  agg lu tina t ion . Ga b y  [3] used 
form alin ized and  alcoholized suspensions for th e  d e m o n s tra t io n  of H  and  О 
agglutin ins , respectively . As shown b y  subsequen t  au th o rs ,  in sera con ta in ing  
О agglutin ins th e  de te rm in a t io n  of H  antigens is difficult or impossible even 
w ith  form alinized suspensions, and  alcoholized bac te r ia  are unsu i tab le  for the  
de te rm in a t io n  of 0  antigens.

1
2 com plex

2a

2b

2c

2d

2e
2f
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Ma y r -H a r t in g  [11] was th e  f i rs t  to  conclude t h a t  th e  classical m ethods 
were in a d e q u a te  for s tu d y in g  th e  serology o f Ps. aeruginosa, an d  described 
th a t  th e  organism s re ta in ed  th e ir  im m unogen ic i ty  b u t  lost th e i r  agg lu tinab il i ty  
a f te r  hea t in g  and  alcohol t r e a tm e n t .  U nlike o th e r  au tho rs ,  who h a d  assum ed 
th a t  th e  agg lu tina t ion  of living Ps. aeruginosa  was due en tire ly  to  flagellar 
an tibod ies ,  she regarded  th e  reac tion  correc tly  as О agg lu tina t ion .

Ch ristie  [2] in 1948 d iv ided  138 Ps. aeruginosa  s tra ins  in to  13 serological 
groups. B y  m eans of Ch r is t ie ’s m eth o d  F o x  and  L o w b u r y  [4] an d  L o w b u r y  
an d  F o x  [10] p rep a red  sera w ith  form alin ized bac te r ia  and  te s ted  th e  ag 
g lu tina t ion  w ith  living and  alcoholized suspensions. T hey  regarded  th e  high t i t re  
reac tion  of  th e  form er as H  and  th e  low t i t r e  reac tion  of th e  la t te r  as 0  agg lu ti
na tion .  As m entioned  above, in  unabso rbed  O H  serum  living b ac te r ia  react 
with som atic  antibodies  so s trong ly  th a t  H  agg lu tina t ion  rem ains to ta l ly  s u p 
pressed.

H abs  [5] in 1957 b y  th e  use of h ea ted  an tigens and  sera p repa red  against 
th e m , established th e  f irs t  antigenic  schem a su itab le  for the  precise d e te rm i
n a t io n  of Ps. aeruginosa  О antigens. On th e  basis of H a b s ’s schem a K l e i n - 
m a ie r , S c h r e in e r  and  Gr a e f f  [7] have  shown t h a t  th e  ag g lu tina t ion  of 
therm olab ile  an tigens can be d is tinguished  from  t h a t  o f  th e rm o stab le  antigens 
only in  sera which have been  deprived  of antibodies  reac ting  w ith  h e a t  s table  
factors. T hey  showed a m arked  difference be tw een  g ran u la r- ty p e  agg lu tina t ion  
due to  th e rm o s tab le  antigens an d  f lu ffy -type  agg lu tina t ion  due to  therm olab ile  
antigens. In  th e ir  excellent s tu d y  th ey ,  however, failed to  answ er th e  question  
w he the r  therm olab ile  an tigens were associated  w ith  flagella. T he  precau tious  
app roach  of th e  problem  was ju s t if ied , since in view of th e  m a n y  k inds of 
therm olab ile  som atic  antigens in the  fam ily  Enterobacteriaceae several au thors  
h ad  suggested  th e  presence of such receptors  in  Ps. aeruginosa. T h a t  K l e i n - 
m a ier  et al. assum ed these fac tors  to  be H  antigens is ind ica ted  b y  th e  fac t 
th a t  — for th e  f irs t  t im e  in th e  h is to ry  of  Ps. aeruginosa  serology — th ey  
laid stress upon  p repa r ing  th e ir  an tigens from actively  motile cultures  and 
w orked  on a m ed ium  allowing o p tim a l deve lopm en t of flagella. In  1959, th e  
m orphological studies of K l e i n m a i e r , S chreil  and  Q u in c k e  [8] m ade it  very  
probab le  t h a t  th e  therm olab ile  factors were flagellar antigens.

In  1961 V e r d e r  and  E v a n s  [14] devised an antigenic  schem a of Ps. 
aeruginosa  О and  H  antigens. T hey  described th e  therm olab ile  antigens def i
n i te ly  as H  factors, th o u g h  th e y  rem ark ed  t h a t  som atic  therm olab ile  antigens 
m igh t  also be presen t.  The techn ique  used b y  V e r d e r  an d  E v a n s  conforms to 
m odern  principles of bac te r ia l  serology. T hey  de te rm ined  0  an tigens w ith  
h ea ted  suspensions in  sera con ta in ing  p u re  0  agglutin ins. F o r  H  antigen 
d e te rm in a t io n  th e y  used form alin ized motile  cu ltu res  and  sera p repa red  with 
motile  b ac te r ia  an d  absorbed  w ith  h ea ted  suspension in o rder to  rem ove 0  
agglutinins. O nly  th e  a m o u n t  of  an tigen  applied b y  th e m  in cross-absorption
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experim en ts  for th e  d em o n s tra t io n  o f  H p a r t ia l  an t ig en s  seems to  be too sm all .  
In  the p resen t  s tud ies ,  for the  com ple te  abso rp t io n  of  II par t ia l  agg lu tin in s  
considerab ly  h igher  (ab o u t  ten fo ld )  a m o u n ts  o f  b ac te r ia  were needed.

The p re sen t  s tu d y  has fu rn ished  a fu r th e r  p ro o f  of  the  th e rm olab ile  
an tigens  in Ps. aeruginosa  be ing  associa ted  w ith  flagella : cha rac ter is t ic  II 
agg lu tina t ion  Mas o b ta in ed  only  Mith bac te r ia  b ea r in g  well-developed flagella  
an d  only in sera p re p a re d  w ith  such cu ltu res ;  b a c te r ia  g row n on media u n fa v o u r 
able for th e  d ev e lo p m en t  of flagella ag g lu t in a ted  m u ch  less readily  t h a n  cells 
cu ltu red  on th e  m ed iu m  devised for H  an tigen  p ro d u c t io n ;  there  Mas a close 
agreem ent b e tw een  agg lu tina t ion  and im m obil iza t ion  te s t  in specific sera.

The s ta te m e n t  o f  K l e in m a ie r  et al. and of V e r d e r  and  E van s  t h a t ,  
because o f  th e  s t ro n g  reac t iv i ty  of  som atic  and  th e  w eak  reac tiv i ty  of flagellar  
an tigens,  th e  la t t e r  should be d e te rm in e d  in sera free from  О agglutin ins, has  
also been con firm ed . H  antigens m a y  be d e te rm in e d  in unabso rbed  O H  sera  
p repared  w ith  s t ra in s  different in О an tigen  from th e  cu ltu re  under  in v e s t ig a 
tion . As th e  rem o v a l  o f  0  agg lu tin ins  p resen ts  no d ifficulties  (in fact,  i f  t h e  
suspension is re -h ea ted ,  it can be used for re p ea ted  absorp tions)  it is m ore  
adv isab le  and  m ore  simple to  use p u re  H sera.

The d e te rm in a t io n  of Ps. aeruginosa  H  an tigens  is n o t  an easy ta sk  even  
w ith  su itab le  p u re  H  sera, as special m e thods  are needed  for the  p re p a ra t io n  
of  hom ogeneous suspensions g iv ing ty p ica l  ag g lu t in a t io n .  An im p o r ta n t  a im  
o f  th is  s tu d y  M as, therefore , to  e lab o ra te  th e  p ro p e r  te ch n iq u e  of the  p r e p a r a 
tion  of antigens. Macroscopic H  agg lu t in a t io n  of  P s. aeruginosa  cells is a slow 
procedure  and  th u s  slide a g g lu t in a t io n  has n o t  been  found  suitable for  t h e  
purpose.

A lthough  th e  H  antigens of P s. aeruginosa  and  o f Enterobacteriaceae m a y  
be sim ilar in physicochem ical p roper t ie s ,  it  is clear t h a t  th e y  differ in ce r ta in  
o th e r  respects , especially  as regards th e  conditions su i tab le  for the ir  d e te rm in a 
tion . T hus  it  is no w onder w hy  several a u th o rs ’ c o n tr ib u t io n  Mas needed  to  
e lucidate  th e  n a tu re  of  Ps. aeruginosa  H  antigens.

I t  is in te re s t in g  th a t  a f te r  t r e a tm e n t  w ith  s a tu ra te d  sodium ch lo r ide  
Ps. aeruginosa  H  an tigens  lose th e i r  agg lu t in ab i l i ty  b u t  re ta in  th e ir  im m u n o -  
genicity  and  agg lu tin in -b ind ing  cap ac i ty .  A s im ilar  effect was observed a f te r  
h ea t in g  a t  6 0 C .  T he  p h enom enon  is p ro b a b ly  due  to  slime p roduc tion  assum ed  
to be associated  w ith  th e  sMell ing of a n o n -an tigen ic  envelope covering P s. 
aeruginosa  ее Ils [9].

The m e thod  e labora ted  in th is  s tu d y  for th e  p ra c t ic a l  de te rm in a t io n  o f  Id 
an tigens ,  th o u g h  n o t  so simple as slide a g g lu t in a t io n  for grouping acco rd ing  
to  0  an tigens,  is su i tab le  for a fu r th e r  d iffe ren tia t ion  of  Ps. aeruginosa iso lates. 
T he  H  an tigen ic  schem a p resen ted  has been  devised for  p rac t ica l  purposes and 
conta ins ,  therefore ,  only  well-defined, s tab le  an tigens.

As shoMn in T ab le  VI, 497 o u t  o f  541 s tra in s  could  be sero typed  acco rd ing
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to  t h e  schem a. The rem a in in g  44 s tra in s  were  n o t  included in th e  schem a because  
o f  i r r e g u la r  or not d e te rm in ed  0  a n t ig e n s  (34 strains), II an t ig en s  (5 stra ins)  
o r  О a n d  H  an tigens (5 s tra ins) .

As to  th e  p rac t ica l  usefulness o f  d if fe ren tia t ion  of Ps. aeruginosa  sero- 
g ro u p s  a n d  subgroups in to  sero types b y  H  an tigens, th e  following m a y  be 
sa id .  T h e  serotypes h av e  p roved  s tab le  in  vitro  and , as fa r  as i t  m a y  be  concluded 
f ro m  d a t a  for isolates collected from  a w ide  va r ie ty  of sources, th e y  do not 
c h a n g e  th e i r  an tigen ic  s t ru c tu re  in  vivo. T h u s ,  de te rm in a t io n  of  H  an tigens  in 
a d d i t io n  to  О grouping  seems to  he su i ta b le  for epidemiological ex am ina tions .  
O n t h e  o th e r  h an d ,  th e  va lue  of  d i f fe re n t ia t io n  b y  H an tigens  is l im ited  to  a 
c e r t a in  degree, as th e  overw helm ing  m a jo r i ty  of  s trains be long ing  to  f requent 
s e ro g ro u p s  and  subgroups  (0 1 ,  0 3 a ,  3b , 0 3 d ,  3f, 0 4 a ,  4c, 0 4 a ,  4d , 0 5 a ,  5d, 
0 7 a ,  7b) con ta ined  in each group one k in d  o f  H  an tigen. In  groups  0 6  and  O i l , 
w h ic h  were also f re q u e n t ,  s tra ins  c h a ra c te r iz e d  b y  d ifferent H  an tigens  were 
d i s t r ib u te d  more or less evenly , so t h a t  a com plete  serological ty p in g  of such 
c u l tu r e s  m ay  be of m ore  p rac tica l  va lue .
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Sum m ary. T h e  iso la tio n  and p ro p e rtie s  of phages new ly  iso la ted  from  tw o g ro u p s of 
B. cereus d iffering in  cell w all s tru c tu re  a re  described. T h e  new ly  iso la ted  phages p ro d u ced  
c lear, ta rge t-like  an d  tu rb id  ty p es  of p laq u es. T he tu rb id  (w ild) ty p e  co n ta in ed  clear and  ta rg e t-  
like p laq u e  m u ta n ts  in  5 —10% . E x am in a tio n  of th e  h o st ran g e  revea led  th a t  p a r t o f  th e  
iso la tes  were type  sp ec ific  an d  th e  rest g ro u p  specific. Som e of th e  phages were of p o ly v a len t 
n a tu re , being specific fo r  b o th  B. anthracis and  B. cereus. A n tig en ica lly  th ere  was a  sh a rp  
d ifference  betw een th e  p h ag es  of the  tw o B . cereus g roups. T h e  new ly  iso la ted  B. cereus p h ag es 
w ere exam ined also fo r b u rs t  size, la ten cy  period, and  se n s it iv ity  to  h ea t, p H  and  UV i r r a 
d ia tio n .

Isolation  of  several B . cereus phages w as rep o r ted  previously  [4]. 
I t  seemed w orthw h ile  to  exam ine w h e th e r  these  iso la tes  were suited  for  th e  
gene tic  s tudy  of B . cereus and w h e th e r  th e y  m ig h t  he used in t ran s fec t io n  
experim ents .  T herefo re ,  fu r the r  B . cereus phages h av e  been  isolated and s tu d ied .

The phages o f  B . cereus h av e  a considerable  in fluence  on B . anthracis 
s tra in s .  This p h e n o m e n o n  is ascribed to  th e  phy lo g en e t ic  re la tionship  o f  th e  
tw o bacteria l  species [5, 7]. Phages h igh ly  specific for B . anthracis were iso la ted  
from a lysogenic s t r a in  of B . cereus [11, 12]. M an y  phages  acting on b o th  
B . cereus and B. anthracis  were iso la ted  from soil sam ples  [3, 6, 14, 15]. S t ra in s  
re s is tan t  to  s t r e p to m y c in  were found  p a r t icu la r ly  su i ta b le  for the  isolation of  
B. anthracis phages  [6] and th e  m e th o d  has b een  a d a p te d  for iso lation  of  
B . cereus phages [4]. P hages  isolated from soil sam ples  on B . cereus are m a rk e d ly  
ac t iv e  also ag a in s t  B . anthracis [15]. As to  th e  des ig n a t io n  of these p hages ,  
there  are certa in  n o m en c la tu ra l  differences d ep en d in g  on the ir  isolation on  
B . cereus [3, 14, 15] or B. anthracis [9]. H ow ever,  th e i r  n om enc la tu ra l  d i f 
fe ren tia t ion  is n o t  ju s t i f ied  before th e i r  sy s tem atic  pos i t ions  have been cleared. 
T h ey  very  likely re p re se n t  host range  m u ta n ts  o f  one a n d  the  same ph ag e  
according to the  o rgan ism  on which th e  isolation had  been  m ade. I t  has th e re 
fore been suggested  to  te rm  such phages  “ A p h a g e ”  [9]. A t te m p ts  have a l re a d y  
been  m ade for t h e  sy s tem atic  classification of such  p hages  on the  basis o f  
biological p ropert ies  [9]. Some biologically d iss im ila r  phages have d is t in c t  
receptors  in the  cell wall of B. anthracis [10]. T h e  phages  designated  A, B, C 
and D, isolated b y  N orris  [13] on B . entom ocidus, ac t  exclusively on th e  
B . cereus strains n o t  producing  lecith inase.
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T h u s  th e  phages described in th e  l i t e r a tu re  and p a r t ly  av a ilab le  for s tu d y  
were  on  th e  one h an d  p o lyva len t  and  on  th e  o th e r  hand  specific for  n o t  sa tis
fa c to r i ly  cha rac ter ized  stra ins . The p re s e n t  experim ents  were u n d e r ta k e n  with 
th e  p u rp o se  to  isolate  B . cereus phages  w i th  fairly  limited spec if ic i ty  for the  
b a c te r ia l  s tra ins  used in th e  p rev ious exp er im en ts  [5, 7] an d  charac ter ized  
b y  th e i r  biochem ical and  an tigen ic  p ro p e r t ie s .

Materials and methods
M ed ia . 4*PY”  m ed iu m , co n ta in in g  1%  o f p e p to n e , 0 .25%  of y eas t e x tr a c t  (Y E , D IFC O ) 

a n d  0 .5 %  of NaCl. T he m edium  w as so lid ified  w ith  1 .5%  of agar. F o r use as a d ilu e n t, th e  PY 
m ed iu m  w as d ilu ted  1 : 5 w ith  saline.

B acterial stra ins. T he aerobic  sporogens B . anthracis. B . cereus a n d  B . sub tilis  were of d if
fe re n t  o rig in . In  th e  ex p erim en ts , spore su sp en sio n s of stra in s  from  o u r co llec tio n  [5] were 
u sed . T h e  b iochem ical a c t iv ity  o f th e  s tra in s  w as exam in ed  by  th e  lec ith in ase  [16, 17], phos
p h a ta s e  [2 ] an d  haem olysis te s ts  an d  th e  s tra in s  w ere te s ted  for pen ic illin  se n s it iv ity  as de
sc rib ed  ea rlie r [5].

Iso la tion  o f the phages from  soil sam ples w as carried  ou t w ith  th e  s tre p to m y c in  m ethod  
[6] a d a p te d  by  us fo r th e  iso la tion  of B . cereus p h ag es [4].

S en sitiv ity  to U V  irradiation  o f th e  p h ag es ex am in ed  was tes ted  w ith  a H a n a u  U V -lam p. 
u s in g  L a t a r j e t ’ s a p p a ra tu s  and  m eth o d  [8] fo r  m easu rin g  the  ra d ia te d  energy . T he phages 
w ere  exp o sed  in PY  d ilu en t.

T herm osensitiv ity  w as exam ined  a t  56°C a n d  assessed by d e te rm in in g  th e  su rv iv o r 
p h a g e  co u n t.

S en sitiv ity  to p H  w as e s tim a ted  in a c e ta te  b u ffe r  solution. To a liq u o ts  o f 0.5 ml ace ta te  
b u ffe r  so lu tio n  a d ju s te d  to  d iffe ren t pH s, th e  p h a g e  suspension was ad d ed  in  eq u al volum es 
a n d  th e  m ix tu re s  w ere in cu b a ted  a t  37°C. In  sam p les tak en  a t d ifferen t tim e  in te rv a ls  the 
v iab le  p h ag e  co u n t w as d e te rm in ed  b y  t i t r a tio n .

Host-range  ex am in a tio n s  w ere m ade  b y  p lac in g  10~4, 10~6 a n d  10“ 8 d ilu tio n s  of phages 
w ith  109 t i t r e  on b a c te ria l cu ltu res  em bed d ed  in  a so ft layer of PY  agar.

Phage adsorption  ex p erim en ts  w ere ca rried  o u t  in  PY  m edium  co n ta in in g  0.002 M  CaCl2. 
1' ro m  th e  sam ples ta k e n  a t  d ifferen t tim e in te rv a ls , th e  bac teria  w ere rem o v ed  b y  c en trifu g a 
tio n  a n d  th e  n o n -adso rbed  phage c o n te n t w as d e te rm in e d  by t i tra tio n . A d so rp tio n  ra te  was 
c a lc u la te d  acco rd ing  to  A dams [1].

One-step growth curves were p lo t ted  on th e  basis  of Adams’ [1] s t a n d a r d  exper im en ta l  
m e th o d .

Im m u n e  sera for serological exam ina tion  w ere p repared  in ra b b its  a n d  th e  K -values 
w ere  m easu red  acco rd ing  to  A dams [1].

Results and discussion

Iso la t io n  of  phages was a t t e m p te d  from  soil samples t a k e n  in d ifferen t 
a re a s  and  des ignated  w ith  serial n u m b e rs  from  1 to  5. The suspension  prepared  
f rom  th e  samples in P Y  m ed ium  was d iv ided  into tw o p a r t s  a n d  enriched 
selectiv ely as described earlier [4]. To one p a r t ,  B . cereus-569 was ad d ed ,  whose 
cell wall e x t ra c t  does n o t  p rec ip i ta te  t h e  a n th r a x  an tise rum  [7]. To th e  o ther  
p a r t ,  B. cereus-114 cells were added  w hose  cell wall po lysaccharide  does p re 
c ip i ta te  th e  a n th r a x  an tise rum . T he  en r ich ed  suspensions were ae ra te d  and 
in c u b a te d  a t  37°C for 4 — 6 hours. S u b se q u e n t ly ,  bacteria l  cells were rem oved  
b y  cen tr i fu g a t io n  and  th e  s u p e r n a ta n t  was exam ined for  th e  presence of 
Ph  ages. T he  s tra ins  B. cereus-5b9 a n d  B. cereus-114 were used as ind ica to r  
b a c te r ia .
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On the  basis o f  p laque  m orpho logy , the  phages iso la ted  from th e  soil 
sam ples were of th re e  different ty p es ,  viz. elear, ta rg e t- l ik e  and  tu rb id ,  which 
were designated  a (clear), b ( target- l ike)  and  c ( tu rb id )  w ith  th e  B . cereus-569 
host and  a , ß  and  y , respectively , w i th  th e  B . cereus-114 host.  T hus th e  follow
ing designations o f  t h e  isolated p h ag es  were used: C Pa , C Pb , CPc an d  CP*, 
CP/J, CPy, respectively . The R om an  num era ls  a t ta c h e d  as indices in d ica te  th e  
n u m b ers  of  the soil sam ples.

Fig. 1. P liage CP}',: C lear, targ e t-lik e  an d  tu rb id  p laques

F ig. 2. P hage C P;1,: L ysis in h ib ition  an d  tu rb id  p laq u es

The o p tim a l m ed ium  for th e  p ropaga tion  of th e  phages was th e  PT 
m ed ium , which was supp lem ented  w ith  10~:i M  a n d  10 4 M  M nSO , for 
B . cereus-569 and B . cereus-114 p h ag es ,  respectively .

T he  phages C P a ,  CPb, CP* a n d  CPff were iso la ted  in pure  form  and 
th e i r  p laque d ia m e te rs  were 4 — 5 m m . The plaques of  th e  CPc and CPy phages 
were 1 2 m m  in d ia m e te r ,  and c lear  and ta rge t- l ike  ty p e s  were always presen t
in 5 — 10% . The C P y  phages showed a conspicuous lysis inh ib it ion . Th is  p h e 
nom enon  and th e  basic  p laque ty p e s  are shown in F igures  1, 2 and 3.

F or  host ra n g e  studies, 10 p a thogen ic  s t ra in s  each  of B. anlhracis, 
B . subtilis  and B . megatherium, as well as 25 B. cereus s tra in s  p roduc ing  leci-
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th in a s e ,  p h o spha tase  a n d  haem olysin  a n d  res is tan t  to  penicillin , were used. 
F o r  control, ex p e r im en ts  were set u p  w ith  M c C l o y ’s W x phage .  Results  are 
sh o w n  in Table  I.

As shown in T ab le  I ,  (1) th e  phages p ro p ag a t in g  on B . cereus-569 (CPa, 
C P b , CPc) had  no effect on the  B . anthracis  s tra ins ,  while (2) some of th e  
p h a g e s  p ro p ag a t in g  on B . cereus-114 (CPx, CPß)  had  a ly t ic  effect also on
B . anthracis, owing to  com m on  polysaccharide  com ponen ts  in th e  cell wall 
[7]. (3) The d if fe ren tia ted  h o s t  range specif ic ity  of the  phages  was n o tew orthy ,

Fig. 3. L ysis in h ib itio n  of CPy t b y  C Pvj tu rb id  p laq u e

as e.g. th e  phages C P a ,  C Pb were s tr ic t ly  ty p e  specific, w ith  m in u te  differences 
in  th e  specificity range .  (4) P h ag e  CPxj, b u t  p a r t icu la r ly  CP/?2 were of po ly 
v a le n t  na tu re :  th ey  h a d  a ly tic  effect n o t  only  on a n th r a x  bacilli b u t  also on 
m o s t  exam ined s t ra in s  of t h e  B . cereus-569 group . (5) A ccord ing  to  th e  host 
ra n g e  studies, a th i rd  g roup  of th e  B. cereus s tra in s  was n o t  sensitive  to  an y  of 
t h e  phages tes ted . (6) T h e  nega tive  resu lts  ob ta ined  w i th  B . subtilis  and 
B . m egatherium  s t ra in s  h av e  n o t  been inc luded  in  Table  I.

T he  serological resu lts  were co m p le m e n ta ry  to  the  f ind ings m ade in the  
h o s t - ra n g e  studies. T ab le  I I  shows th e  К -values ob ta ined  w ith  C Pa ,,  CP/i,, 
C P a ,  and  CPb.j an t ise ra .

D a ta  in Table  I I  show t h a t  th e  respec tive  phages o f  th e  tw o  B . cereus 
g ro u p s  different in cell wall s t ru c tu re  were c learly  d is t ingu ishab le  serologically. 
T h e  po lyva len t  p h ag e  C Pa , was serologically unre la ted  to  th e  o th e r  phages 
e x a m in e d ,  including th o se  o f  i ts own group. A ntibodies to  p h ag e  CP/I2 n e u tra l 
ized also phage CPx,. T he  o th e r  com m on p ro p e r ty  of these  tw o  phages was 
th e i r  ly tic  effect on B -anthracis. T he  an tigen ic  p a t te rn s  of  th e  various phages 
o f  th e  B. cereus-569 g roup  differed only slightly . Only w ith  phages CPa., and
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Table I

Host range o f  B . cereus phages 
(Num ber of tested and sensitive strains)

P h a g e

N o .  o f  b a c t e r i a l  s t r a i n s

10
B . anthracis

10
11. cereus I

(in i

10
B . cereus  I I

(569)

5
B. cereus I I I

Wot 1 0 0 0 0

CPa, 1 0 1 0 7 0

CPa. 0 6 0 0

CP/?, 0 7 0 0

CP/?. 8 7 0 0

CP y , 0 6 0 0

CPj’j 0 6 0 0

СРа, а- 0 0 1 0 0

CPb,, 0 0 1 0 0

CPbs 0 0 1 0 0

CPc3 0 0 1 0 0

CPc4 0 0 1 0 0

CPc5 0 0 1 0 0

Table II

Neutralization rate constants ( K  m in ~ l) determined by exposure o f  phages to antisera 
(Sam ples taken at 5, 10 and 15 m inutes)

Phage
Ant i s e г a

C P a t C P ß , C P a, C P b3

CPa, 600 225 0 0
CPa. 0 0 0 0

CP/?, 0 0 0 0
CP/?., 0 585 0 0

CPy. 0 0 0 0
CPy, 0 0 0 0

CPa, 0 0 250 550
CPa. 0 0 75 200
CPa., a 5 0 0 250 550

CPb3 0 0 250 550
CPb5 0 0 80 100
CPc3 0 0 250 550
CPc, 0 0 200 500
CPc, 0 0 125 400
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C P b 5 was the  n e u tra l iz a t io n  ra te  co n s tan t  ind ica t ing  th a t  th e  p hages  of  similar 
p la q u e  morphology, h u t  iso la ted  from  d iffe ren t  soil sam ples were  n o t  identical. 
A ccord ing ly , fu r th e r  e x a m in a t io n s  were carried  out exclusively  w ith  those 
p h a g e s  which differed b o th  m orphologically  an d  serologically.

One-step g row th  cu rves  were p lo t ted  on th e  basis o f  g ro w th  experim ents  
in P Y  m edium  a t  37°C.

F ig. 4. O ne-step  g ro w th  cu rv es of phages C P a,. C P a , and  CP/S1 on Ji. cereus 114

W ith  some phages ,  t h e  slope of th e  one-step  g row th  cu rve  was, after 
t h e  la te n c y  period, s teep  a n d  ra n  p rac tica l ly  parallel, reach ing  th e  p la teau  at 
d i f fe re n t  heights (b u rs t  size). The d a ta  read  from  th e  curves are  sum m arized  
in T a b le  I I I ,  which shows th e  la tency  periods and b u rs t  sizes.

T he  la tency  pe r iod  v a r ie d  from  30 to  45 m inu tes ,  and ave rag e  b u rs t  size 
f ro m  10 to  70. A d so rp t io n  of  the  phages to  homologous host cells was 99%  
a n d  to  heterologous cells 0 % .

Testing  of th e  p hages  for acid sens i t iv i ty  was carried o u t  f irs t  a t pH  4.6. 
w h ic h  s im ultaneously  rep re sen ted  th e  o p t im u m  p H  for p ro d u c in g  m u ta n ts  by  
n i t r o u s  acid t r e a tm e n t .  P h a g e  sens i t iv i ty  var ied  in p H  4.6, 0.25 M  aceta te  
b u f f e r ,  as shown in Fig. 6.

Fig. 6 shows th e  p H  sen s i t iv i ty  of  th e  phages of the  B . cereus-114 group. 
T h e  po lyva len t phage  СРзсг appeared  to  be th e  m ost sensitive ; th e  n u m b e r  of 
su rv iv in g  phages fell b y  tw o  logar ithm ic  orders in 2 m inu tes ,  while  with the  
o t h e r  phages such a decrease  did n o t  occur before the  5 th  to  10 th  m inute .
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In  view of these  findings, p H  sen s i t iv i ty  was te s ted  also in h igher ranges, 
in  ad d it ion  to  o th e r  m arkers, th e se  d a t a  m ay  be helpful in charac ter iz ing  th e  
p ropert ies  of th e  d ifferen t phages. In th is  case, too, the  ex am in a t io n s  were 
carried  ou t in 0.25 M  aceta te  b u f fe r ,  a t  pH  5, 5.6 and  6.2. Resu lts  are s u m 
m arized  in F igures 7 12.

2-j

Olо

m mutes

h i" .  5. O ne-step  g ro w th  curves o f p h ag es  C P a r  C P a2, CPb., a n d  C P b 5 on B. cereus 569

Table III

One~step growth characteristics o f  the phages in  the hosts B. cereus 569 and B . cereus 114

Latent period. Average
Phage minutes burst size

CPot, 3 3 - 3 5 20

CP«., 33 35 20

B. cereus 114

CPfl, 40 42 70

CP/?- 4 5 - 4 7 70

C Pa, 38 — 40 10

C P a 2 3 0 - 3 3 20

B. cereus 569

C P b , 4 0 - 4 5 10

C P b , 33 35 50
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Fig. 6. S e n s itiv ity  to  a c id  a t  p H  4.6 o f p h ag es C P a,, C P a 2, CP/?, and^CP/?

F ig. 7. In a c tiv a tio n  of p h ag e  C P a , a t  d iffe ren t p H s
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Fig. 8. In a c tiv a tio n  of phage CPa., a t  d ifferen t pH s

Fig. 9. In a c tiv a tio n  of phage CP/?i a t  d iffe re n t pH s
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1 2 3 6 5 10 Í5
minutes

F ig . 10. In a c tiv a tio n  of p h ag e  CP/?2 a t  different pH s

minutes

Fig. 11. In a c tiv a tio n  of p h age  C P a , a t  d ifferen t pH s
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6-

T 2 3 & 5 10 15
minutes

Fig. /2 . In ac tiv a tio n  of p h ag es  CP1>., and C P b 5 a t  d iffe ren t p H s

As shown by  th e  in ac tiva t ion  curves, the  p H  sens i t iv i ty  of  th e  d iffe ren t  
p hages  p resen ted  a charac ter is t ic  and  fairly varied  p ic tu re .  T he  high pH  
sen s i t iv i ty  of th e  phages C Pa,,  CP/3, and  CPa, was conspicuous in com parison  
to  t h a t  of th e  res t  o f  B . cereus ph ag es .  These charac ter is tics  will be helpful in 
la te r  experim en ts  on m u ta n t  p ro d u c t io n ,  hybride  analysis , etc.

The sen s i t iv i ty  of the  phages to  UV irrad ia t ion  is shown in Fig. 13.
The curves presen ted  in Fig. 13 show th e  d a ta  o f  inac t iv a t io n  kinetics. 

E x c e p t  for phage C P a ,,  all phages  were exposed a t  17 cm d is tan ce  to  6.76 
e rg /m m  ~2/se c _1 rad ia t ion  energy. P h ag e  CPa, was ex trem ely  sensitive  to  UV 
irrad ia t io n ,  when i t  was exposed a t  30 cm d is tance  to  5.3 e rg /m m  _2/ s e c ~ '. 
T he  UV sensit iv i ty  o f  the B . cereus-569 phages m ay  be cha rac ter ized  b y  two 
curves. The phages producing c lear and  ta rge t- l ike  p laques  ( re p ré se n tan t  C Pa,)  
could m ostly  be classified in to  a g roup  in which th e  n u m b e r  of  su rv ivo rs  
decreased  by  tw o logarithm ic ex p o n e n ts  in 40 seconds following exposu re  at 
270 e rg /m m -2. P h ag e  C P a , ,  which was considerably  m ore  re s is tan t ,  was an 
excep tion . The UV-sensitiv ity  o f  th e  phages C Pc, and  C P c 5 was iden tica l  with 
t h a t  o f  CPa.,. A sim ilar  inac t iv a t io n  o f  CPc., required  135 e rg /m m -2.

O f th e  phages of th e  B . cereus-114 group, th e  po ly v a len t  phage  CPa, 
was m ost  sensitive to  UV ir ra d ia t io n .  The n u m b e r  o f  the  su rv iv in g  phage 
par t ic les  decreased by two e x p o n e n ts  a f te r  exposure  a t  100 e rg /m m  2. The
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Fig. 13. U V -inactivation
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minutes

F ig. 14. T herm al in a c tiv a tio n
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re la t ive  UV-resistance of  the  ta rg e t- l ik e  p laque  ty p es  CP/3t and  CP/F, was 
conspicuous.

Some curves represen ting  h e a t  in a c t iv a t io n  experim en ts  are show n  in 
Fig. 14.

In a c t iv a t io n  a t  56°C usually  decreased  th e  n u m b e r  of su rv iv ing  ph ag e  
pa r t ic le s  by  two ex p o n en ts  in 5 — 10 m in u tes .  The phages exam ined  can  be 
regarded  m arked ly  therm osensit ive .  T h e  h e a t  in ac t iv a t io n  curves o f  th e  phages  
n o t  shown in Fig. 14 coincided w ith  one o f  ex is ting  curves and are th u s  re p ré 
s e n ta n ts  of the  phages  grouped b y  id en t ica l  therm o sen s i t iv i ty .  Thus , t h e  h e a t  
in a c t iv a t io n  curve of  phage  C P a2 co inc ided  w ith  those  of  phages CP/3j an d  
C Pß2, n o t  shown in Fig. 14.

The dissimilar appearance  of t h e  UV and  h e a t  in ac t iv a t io n  cu rves  was 
ascribed  to  the ir  d if fe ren t  sites o f  a c t io n ,  viz. phage  D N A  and p ro te in  coa t.  
This  accounts  also for th e  absence o f  a paralle lism  be tw een  UY sen s i t iv i ty  and  
h e a t  resistance of  th e  phages.

A c k n o w l e d g e m e n t s .  We are indebted to  Miss E. K i r á l y  and Miss E. C s i k h e g y i  for 
skilful teehnieal assistance.
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THE EFFECT OF BORDETELLA PERTUSSIS VACCINE 
AND ADRENAL HORMONES ON 

5-HYDROXYTRYPTAMINE LEVEL IN RAT TISSUES
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(R eceived J u ly  12, 1969)

Sum m ary . T he effect of Bordetella pertu ssis  vaccine (B PV ), ad ren a lec to m y  a n d  co r
tiso n e  tr e a tm e n t  on 5 -h y d ro x y try p ta m in e  (5 -H T ) level in r a t  tissues has been exam in ed . 
A d m in is tra tio n  of B PV  re su lted  in an  in crease  o f th e  5-H T level in  th e  py loric  s to m ach  and  
d u o d e n u m  and  in an  in crease  of 5 -h y d ro x y in d o leace tic  acid  c o n ten t in th e  u rine. A fte r  a d re n 
a le c to m y  th e  level of 5 -H T  increased in all tis su es  ex cep t in th e  blood an d  th e  lung . C ortisone  
t r e a tm e n t  decreased  th e  5-H T  c o n ten t in all tis su es  b u t  th e  py loric  s to m ach  and  th e  d u o d en u m . 
In  th e  p y lo ric  sto m ach  co rtisone  increased  th e  a m o u n t o f 5-H T. I t  is assum ed th a t  B PV  in 
fluen ces th e  tissue 5-H T  level in d irectly , th ro u g h  th e  adrenals .

Bordetella pertussis  vaccine (B PV ) t r e a tm e n t  or ad rena lec tom y  are k n o w n  
to  increase the  sen s i t iv i ty  of rats to  h is tam in e ,  5 -h y d ro x y try p ta m in e  (5-H T) 
a n d  a n ap h y lac t ic  shock [1]. In  earlier  ex p e r im en ts  we h ave  shown t h a t  B P V  
causes a change in th e  h is tam ine m e tab o l ism  of r a t  t issues. I t  has been assum ed  
t h a t  t h e  change was associated w ith  th e  h is tam ine  sens i t iv i ty - increas ing  effect 
o f  B P V  [2]. A d rena lec tom y  induced  s im ila r  b u t  more def in ite  a l te ra t io n s  in 
t issue  h is tam ine  m etabo lism  [3]. B P V  exerts  its effect m ain ly  th ro u g h  th e  
ad ren a ls  causing p ro b a b ly  a reversible cortical insuffic iency [2].

T h e  present experim en ts  were pe rfo rm ed  in view of th e  a ssu m p tio n  th a t  
B P V  influences t issue 5-HT m etabo lism  and  th a t  th is  effect, s im ilarly  to  t h a t  
o f  h is tam in e ,  m ay  be analogous to  changes  occurring a f te r  ad ren a lec to m y . 
In  o rd e r  to  confirm t h a t  hypothesis  we exam ined  th e  effect of BPV, a d re n a l 
e c to m y  and  cortisone on the  5-H T level in  r a t  tissues. Changes in 5 -h y d ro x y 
indoleacetic  acid (5-H IA A ) con ten t  o f  th e  urine a f te r  B PV  t r e a tm e n t  were 
also de te rm ined .

Materials and methods

W ista r  ra ts  o f b o th  sexes w eighing 150 - 200 g were used . T he an im als w ere fed on a 
s ta n d a rd  d iet and  w'ere given w a te r ad lib itum .

B P V  treatment consisted  of one in tra p e r i to n e a l  in jec tio n  of 3 x l O ln cells. G ro u p s of 
a n im a ls  w ere sacrificed 24 hours, 4 days a n d  12 d a y s  a f te r  in jec tion .

B ilateral adrenalectomy was perform ed u n d e r h e x o b arb ita l an aesth es ia . Tw o g ro u p s 
of r a ts  w ere sham  adren a lec to m ized  and  sac rificed  24 hours an d  12 days a f te r  o p e ra tio n .

Cortisone acetate (A dreson, N. V. O rg an o n ) was given in tra m u sc u la rly  to  one g roup  
of an im a ls  in single doses of 20 m g/kg, to th e  o th e r  group  in 10 m g/kg doses a t  tw o -d ay  in te r 
vals. T h e  ra ts  were sacrificed  24 hours a f te r  th e  la s t  in jec tion .
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Tissue 5 -H T  level w as d e te rm in ed  by  th e  f lu o rim e tr ic  m eth o d  of B o gd a nsk i  e ta l.  [4]. 
A m in e  levels were ex p ressed  as fxg 5-H T base/g  o r m l tissu e . All d a ta  re p re sen t av erage  v a lu es 
fo r a t  le a s t 9 specim ens. S ign ificance w as te s te d  b y  St u d e n t ’s tw o-sam ple  t te s t.

F o r  exam ining 5 - H I A A  excretion , as th e re  w as no  sex d ifference in  th is  re sp ec t, 4 m ale  
a n d  4 fem ale ra ts  w ere used . T he an im als w ere p lac ed  in  m etabo lic  cages one w eek before  
th e  ex p erim en t in o rd e r  to  accu sto m  th em  to  th e  sp ec ia l c ircu m stan ces . U rin a ry  5-H IA A  
c o n te n t  was d e te rm in ed  b y  th e  m eth o d  of D r e u x  a n d  D e l e u n e u x  [5]. T he co n tro l v a lu es 
co rre sp o n d ed  to  3 d ay s  m e a n  ex cre tio n  before В Р У  in je c tio n . T he 5-H IA A  c o n te n t o f 24 h o u r 
u r in e  sam ples was d e te rm in e d  1, 4, 8 an d  12 d a y s  a f te r  B PV  a d m in is tra tio n . S ignificance w as 
te s te d  b y  St u d e n t ’s o n e-sam p le  t tes t.

Results

T w en ty -fou r  h o u rs  a f te r  B PY  in jec t ion , th e  5-H T level was considerab ly  
low er in  the  blood a n d  signif ican tly  h igher  in  th e  pyloric  s to m ach  and d u o 
d e n u m  th a n  th e  re sp ec t iv e  control values (Fig. 1). A fte r  4 days  the  blood level 
b e c a m e  norm al; in t h e  pyloric  s tom ach  a n d  d u o d en u m  it rem ained  high b e 
tw e e n  th e  4 th  and  1 2 th  d a y .  The peak  in these  organs was observed on the  4 th  
d a y .  There was no a l te ra t io n  in liver, lung  and  skin 5-H T levels.

T he  am o u n t  of  5 -H IA A  excreted in th e  ur ine  increased signif ican tly  a f te r  
B P V  injection  (T ab le  I). A fter  th e  peak  on th e  4 th  d ay  th e  values decreased 
a n d  b y  the  12th d a y  th e re  was no significant difference from the  control.

The level o f  5 -H T  decreased s ign if ican tly  in th e  blood and  increased 
s ign if ican tly  in th e  l iver ,  skin and  especially  in th e  pyloric s tom ach  and d u o 
d e n u m  as soon as 24 hou rs  af te r  a d ren a lec to m y  (Fig. 2). A fte r  sham  opera t ion  
o n ly  th e  blood level changed ,  app roach ing  th e  values  found in ad rena lectom ized

p<0.1 V.

1.0 -

F ig . 1. E ffect of Bordetella pertussis  vaccine on  r a t  tissu e  5-H T level, a =  co n tro l, b =  24 
h o u rs  a f te r  BPV in je c tio n , c =  4 days a fte r  BPV in je c tio n , d =  12 d ay s  a f te r  B PV  in je c tio n
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r a ts .  T issue levels d e te rm ined  12 d a y s  a f te r  ad ren a lec to m y  were s im ila r  to  th e  
24 -hour  values, b u t  th e re  was a de f in i te  increase  in the  liver. The 5 -H T  levels 
in an im als  sacrificed 12 days a f te r  sh am  ad ren a lec to m y  were o m it te d  from  
Fig. 2 as they  were identical with th e  con tro l  values.

Table I

Effect o f  Bordetella pertussis vaccine on 5 -H IA A  excretion in rats

5-HIAA excreted in urine, /ig/24 hours

Designation and sex of 
animals Control I day 4 days 8 days 12 days

after BPV injection

1 s 24.1 20.0 37.5 22.7 21.1

2 9 21.6 43.3 34.0 29.4 17.2

3 0 18.7 32.1 47.8 26.6 29.5

4 9 15.1 23.0 26.6 26.4 23.8

5 C? 21.2 32.7 36.8 22.1 23.8

6 <? 15.0 18.1 30.6 31.4 17.8

7 cí 13.2 25.3 29.3 20.2 26.2

8 0 14.5 19.5 28.2 28.3 26.1

M ean ±  SI) 17.9 ±  3.8 26.7 ±  8.7 35.8 ±  7.2 25.9 3.9 23.2 4.

S ign ificance I) • 2°P L о P <  0 .1% P <  1%

Ш  
ZD 
( Л

О
О)
P

BLOOD

p  < 0.1 •/.
p  < 0.1 7 .

LIVER

10

,

SKIN PYLORIC
STOMACH DUODENUM

Fig. 2. E ffect of ad ren a le c to m y  on ra t tissu e  5 -H T  level, a con tro l, b = 1 d ay  a f te r  sh am  
o p eratio n , с 1 d a y  a fte r ad ren a le c to m y , d 12 day's a f te r  ad ren a lec to m y

A d a  Microbiologica Academiae Scientiarum Hungaricae 17, 1470



6 6 В. CSABA and L. M USZBEK

One single dose of  cortisone caused som e increase in th e  5-H T level on ly  
in t h e  pyloric s to m a c h  (Fig. 3). P ro longed  cortisone t r e a tm e n t ,  how ever, 
d ec reased  th e  5 -H T  level in all organs save th e  d u o d en u m  an d  pyloric s to m ach .  
Г11 t h e  l a t te r  organ a def in i te  rise was o b se rved  while in th e  duodenum  the re  
w as no  change as co m p ared  to  norm al values .

BLOOD LIVER LUNG SKIN c ™LiS !?rCu DUODENUM

F ig. 3. E ffec t of co rtiso n e  tr e a tm e n t  on r a t  tissue  5 -H T  level, a =  con tro l, b =  single co rtiso n e  
in je c tio n  (20 m g/kg), c =  p ro longed  cortisone t r e a tm e n t  (10 m g/kg a t  2-day in te rv a ls  fo r 12

days)

Discussion

B P V  in jec tion  caused  a change in th e  5 -H T  level in th e  blood, py loric  
s to m a c h  and  d u o d e n u m . T he  decrease in b lood  level 24 hours  a f te r  t r e a tm e n t  
re f lec ted  p ro b ab ly  n o t  an  a l te ra t ion  of 5 -H T  m etabo lism , b u t  the  release o f  th e  
a g e n t  from  th ro m b o c y te s  un d e r  the  effect o f  ce r ta in  com ponents  of th e  vaccine . 
I n  c o n tra s t ,  th e  d e f in i te  and  prolonged increase  o f  th e  5-H T level in th e  py loric  
s to m a c h  an d  d u o d e n u m  was p re su m ab ly  d ue  to  a l te ra t ions  in t issue am ine  
m e tab o l ism . This concep t  was confirm ed b y  o u r  results  as to  the  excre tion  of 
5-11IAA, the  m ost im p o r ta n t  final p ro d u c t  o f  5-HT. I t  is know n th a t  th e  
5 -H IA A  co n ten t  o f  u r in e  orig inates m ain ly  from  th e  gas tro in tes t ina l  t r a c t  [6]. 
A ccord ing ly , th e  s im u ltaneous ly  observed h igh  5-H IA A  excretion  and  h igh  
5 -H T  levels in th e  gas tro in te s t in a l  t r a c t  m a y  be explained b y  an increased  
5 -H T  synthesis  an d  b y  an increased “ tu r n o v e r ’" in  vivo. I t  should be m en tio n ed  
t h a t  in ra ts  t r e a te d  w ith  pertussis  vaccine, S a n y a l  and W est  [7] observed  
no  change  in th e  5 -H T  level of th e  spleen, lu n g  and  subcu taneous  connec tive  
t is su e  b u t  t h e y  d e m o n s t ra te d  decreased va lues  in  th e  je ju n u m . As we exam ined  
d if fe ren t  t issues, o u r  resu lts  canno t be c o m p a re d  w ith  those  of Sa n y a l  an d  
W e s t , b u t  concern ing  th e  lung th e  d a ta  show ed a fairly  good agreem ent.  O ur  
conclusions, how ever ,  are d ifferent from th o se  of  S a n y a l  and  W e s t .
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T here  are con trad ic t ions  in th e  l i te ra tu re  as to  th e  5 -H T -regu la t ing  role 
of th e  adrenals . A ccord ing  to  R e s n i c k  et al. [8] varions horm onal effects failed 
to influence the  5 -H T  co n ten t  of th e  t issues .  In  co n tra s t ,  T e l f o r d  and W e s t  [9] 
are o f  th e  opinion t h a t  th e  adrenal g lan d ,  or m ore exac tly  the  g lucocortico ids , 
p lay  an  essential p a r t  in  the regu la t ion  of t issue h is tam ine  and 5 -H T  levels. 
O ur resu lts  su p p o r t  th e  la tter  co ncep tion .  A fte r  ad ren a lec to m y  5 -H T  levels 
increased in all o rgans except the  b lood  and  lung. An especially high increase  
was observed  in th e  pyloric  s tom ach  a n d  d u o d en u m . In  agreem ent w i th  o th e r  
au th o rs  [10] we d e m o n s t ra te d  decreased am ine  levels in th e  blood a f te r  a d r e n a l 
ec tom y . T he  sim ilar  b u t  less de f in i te  a l te ra t io n  in  sham  opera ted  an im als  
m akes  th e  specif ic ity  of  th is  effect d o u b tfu l .  Cortisone t r e a tm e n t  dec reased  
considerab ly  th e  5 -H T  level in all r a t  t issues  save th e  pyloric s tom ach  a n d  th e  
d u o d e n u m ; i.e. i ts  effect was th e  opposite  of t h a t  o f  ad rena lec tom y . T h e  
incom pleteness  of  th is  effect and d a t a  in  th e  l i te ra tu re  [11] ind ica te  t h a t ,  in 
add i t io n  to  the  p r im a ry  role of g lucocortico ids , o th e r  fac tors  are also invo lved  
in t issue  am ine level regulation.

Cortisone t r e a tm e n t  increases 5 -H T  c o n te n t  as well as h is tam ine  c o n te n t  
[3] in th e  pyloric s to m ach .  The cause  o f  th is  effect is n o t  know n. F or  i ts  e luc i
d a t io n ,  sy s tem a tic  investiga tions a re  needed  in to  5-H T  anabolism  a n d  c a t a 
bolism in the  gas tro in te s t in a l  t rac t .

T he  changes occurring  after B P V  t r e a tm e n t  were similar to  th o se  found  
one d a y  a f te r  ad rena lec tom y . In  b o t h  cases a def in ite  increase in th e  5 -H T  
level in th e  pyloric s tom ach  and d u o d e n u m  was n o ted .  I t  is know n t h a t  a f te r  
a d ren a lec to m y  as well as BPV in jec t io n  th e  u r in a ry  5 -H IA A  con ten t  increases  
[13]. B P V -trea ted  an d  adrena lec tom ized  ra ts  and  mice reac t  s im ilarly  to  d if 
fe ren t  stresses [1]. A lthough  m orpho log ica l proofs are lacking, it  seem s t h a t  
BPV causes ad rena l  insufficiency [2 14,]. T h u s  i t  m a y  he supposed t h a t  B PV , 
sim ilarly  to  h is tam in e  m etabolism , ex e r ts  its  effect on tissue 5 -H T  levels  
ind irec t ly ,  th ro u g h  th e  adrenals.

O ur results  failed to  prove, b u t  d id  n o t  d isp rove  th e  existence o f  a d i re c t  
associa tion  be tw een  th e  B PV -induced  h igher  sen s i t iv i ty  to  5-H T a n d  th e  
changes in  t issue 5 -H T  levels. In  v iew  o f  th e  fac t  t h a t  4 days  a f te r  B P V  in je c 
tion , a t  th e  peak  o f sensitiv ity ,  th e re  w as no change in th e  blood 5-H T  level,  a 
d irec t  association  seems im probab le .  A f te r  B P V  t r e a tm e n t  th e  inc rease  in 
g as tro in te s t in a l  5 -H T  levels m ay en h a n c e  th e  an a p h y la c t ic  h y p e rsen s i t iv i ty .

Acknowledgem ent. T h an k s  are due to  D r. S. P usztai ( In s t i tu te  for S e ro b acterio lo g ica l 
P ro d u c tio n  an d  R esearch  “ H u m a n ” , B u d a p e s t)  for th e  Bordetella pertussis  vaccine .
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IMMUNOFLUORESCENT STUDIES 
ON THE REACTIVITY OF “EARLY” AND “LATE” 

HERPES-IMMUNE RABBIT SERA WITH 
VIRUS-INDUCED ANTIGENIC FORMATIONS 

OF HEp-2 CELLS*

By

L. G é d e r , L. V a c z i , F . L e h e l , É va  G ö n c z o l  and E n ik ő  J e n e y

Institu te  o f  M icrobiology (Director : L. VÁCZl),
U niversity  M edical School, Debrecen

(R ece iv ed  J u ly  16, 1969)

S u m m ary . T he reac tiv ity  of sera o f h e rp es-in fected  ra b b its  was s tud ied  w itli an tig en ic  
fo rm atio n s of b e rp es sim plex v iru s-in fec ted  (H SY ) H E p -2  cells d u rin g  th e  course o f im m u n i
zation . Serum  sam ples tak e n  one w eek a f te r  th e  o n se t o f im m u n iza tio n  s ta in ed  d iffuse  c y to 
plasm ic, p e rin u c le a r, and  some in tra n u c le a r  finely  g ra n u la r  e lem en ts in HSV in fec ted  H E p -2  
cells. Im m u n e  sera  ta k e n  2 weeks la te r  revealed  on ly  la rg e  inclusion-like bodies a n d  som e 
large g ran u les in  th e  nuclei of th e  sam e p re p a ra tio n s , in  a d d itio n  to a diffuse cy to p la sm ic  
and p e rin u c lea r fluorescence. At th e  sam e tim e  a s ig n ifican t in crease  in the  t itre  of v iru s  n e u tr a l 
izing a n tib o d ie s  w as noticed .

T h e  “ e a r ly ”  an d  “ la te ” im m u n e  sera re ac te d  w ith  p e rin u c lea r an tigen ic  fo rm a tio n s  
in cells tre a te d  w ith  cytosine  a rab in o sid e .

T he “ e a r ly ”  an tib o d ies co rresp o n d ed  to  IgM  im m u n o g lo b u lin s.

L i p p e l t  and  S öltz-S zöts  [1] described  t h a t  an tibodies ag a in s t  th e  
soluble herpes-specific  antigenic  co m ponen ts  deve lop  earlier th a n  those  reac t iv e  
w ith  th e  sed im en tab le  ones. T o k u m a r u  [2] es tab lished  th a t  th e  increase  of 
the  t i t r e  o f  IgM  im m unoglobu lin  is ch a rac te r is t ic  o f  th e  early  im m une  response  
in herpes s im plex  virus (HSV) infections, which 14 days la ter  is followed by  
the p red o m in an ce  of IgA and  IgG  an tibod ies .

I t  had been  shown b y  R o iz m a n  et al. [3, 4] and confirmed b y  o thers  
[5, 6] t h a t  H SV  induces d ifferen t an tigen ic  fo rm a tio n s  in infected cells. T h o u g h  
each of th e  im m unofluo rescen t  e lem ents consists  o f  m ore th a n  one an tigen ,  
some d a ta  a re  availab le  on differences in th e i r  n a tu r e  [3, 4].

Based on these  findings it  has  been supposed  th a t  the  dev ia tion  in t im e  
of ap p e a ra n ce  of  antibodies a g a in s t  d ifferent herpes-specific  an tigens  m a n i 
fested itself  also in connection w ith  im m u n o flu o re scen t  form ations c o n ta in in g  
different an tigen ic  com ponen ts  as for th e i r  e a r ly  or late, s t ru c tu ra l  o r  non- 
s t ru c tu ra l ,  sed im en tab le  or n o n -sed im en tab le  n a tu re .  This paper  re p o r ts  on 
studies on th e  reac t iv i ty  of  “ e a r ly ”  ( taken  1 week a f te r  the  f irst im m u n iz in g  
dose) and  “ l a t e ”  ( taken  2 3 weeks or la te r  a f te r  th e  onset of im m u n iza t io n )

* P re se n te d  a t  th e  F irs t In te rn a tio n a l C ongress fo r V iro logy , Helsinki 1968.
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r a b b i t  im m u n e  sera ag a in s t  th e  antigenic  fo rm a tio n s  of HSV in fected  H E p -2  
cells, t r e a te d  (CA+ ) or u n t r e a te d  (CA~) w ith  cytosine arabinoside.

M ateria ls  and  m ethods

T issu e  cultures. P re p a ra t io n  of h u m an  em b ry o n ic  f ib ro b la s t, coverslip  c u ltu re s  of H E p-2  
cell lin e , a n d  m ain ten an ce  of H E p -2  cells w ere as d esc rib ed  p rev iously  [5, 7, 8].

V iru s. S yncy tiu m -fo rm in g  HSY s tra in  532 in  p assages 543 — 550 m a in ta in e d  on H E p -2  
cell c u ltu re s . T he v irus s tra in  w as iso la ted  from  th e  co n ju n c tiv a l ex u d a te  o f a p a t ie n t  w ith  
k e r a t i t i s .  B efore th e  e x p erim en ts  th e  s tra in  w as p assag ed  in  p rim ary  h u m an  em b ry o n ic  cell 
c u ltu re s .

S y n cy tiu m -fo rm in g  H S V -stra in  44M”  in  p a ssag e  1 on hum an  em b ry o n ic  fib ro b la s t 
cells iso la te d  from  a lab ia l vesicle  flu id .

V iru s  assay. In fe c tiv ity  t i t r a tio n s  w ere p e rfo rm ed  on hu m an  em b ry o n ic  fib ro b la s t 
cells. T it re s  w ere calcu la ted  acco rd in g  to  R e e d  an d  M u e n c h  and expressed  in  T C D 50.

H E p -2  cells cultivated on cover slips for indirect im m unofluorescent technique  w ere in o cu 
la te d  w ith  HSV a t a m u ltip lic ity  o f 10 T C D 50 p e r cell as described  p rev iously  [5, 7]. T h e  m edium  
a d d e d  to  ce rta in  tu b es co n ta in ed  10 /<g pe r m l o f cy to s in e  arab inoside  (CA+ cells) w hile  o th ers  
w ere  g ro w n  w ith o u t cy to s in e  a rab in o sid e  (CA— cells).

Im m u n e  sera. A n tise ra  to  H SV  w ere p re p are d  in  y o u n g  a d u lt ra b b its  w hich  w ere  se p a ra t
ed  in to  4 g roups.

G ro u p  1. These ra b b its  w ere  in o cu la ted  in tra v e n o u s ly  w ith  an  in fec tiv e  suspension  
o f v iru s  s tr a in  532 derived  from  h u m an  em bryon ic  f ib ro b la s t  cells. R a b b its  w ere in je c te d  w ith  
2 m l o f v iru s  suspension, 9 tim es  a t  w eekly  in te rv a ls . B lood  sam ples w ere ta k e n  before  each 
in je c tio n . R a b b its  Nos 1, 2 a n d  3 belonged to  th is  g roup .

G ro u p  2. R a b b its  be long ing  to  th is  g roup  w ere in o cu la ted  once in tra c u ta n e o u s ly  w ith  
1 m l o f th e  suspension of HSV s tra in  44M” p ro p a g a te d  on h u m an  em bryon ic  f ib ro b la s t  cells. 
T h e  s ite  o f  in o cu la tion  was in f il t r a te d  w ith  0.2 m l (30 I .U .)  o f h y a lu ron idase  p rio r  to  in fec tion . 
F o u r  d a y s  a f te r  in fection  sk in  lesions m easu ring  3 0 x 3 0  m m  in d iam e te r dev elo p ed . Blood 
sa m p le s  w ere  tak en  before in fec tio n  an d  la te r  a t  w eek ly  in te rv a ls . R a b b its  N os 4, 5 a n d  6 
b e lo n g e d  to  th is  group.

G ro u p  3. R a b b its  N os 7, 8 an d  9 o f th is  g ro u p  w ere im m unized b y  co rn ea l sca rifica
t io n  w ith  vesicle flu id  of a  lab ia l h e rp e tic  lesion. K e ra t i t is  developed in each of th e  an im als 
w ith in  7 d a y s  a fte r  sca rifica tion . T h e  cau sa tiv e  a g e n t p ro v ed  to  be T ype  1 HSV a t  serological 
id e n tif ic a t io n  and p o c k -p ro d u c tio n  on chick em b ry o  ch o rio a llan to ic  m em brane . B lood sam ples 
w ere  t a k e n  before im m u n iza tio n  a n d  la te r  a t  w eek ly  in te rv a ls .

G ro u p  4. R a b b its  of th is  g ro u p  w ere in o cu la ted  in trav en o u s ly  9 tim es a t  w eek ly  in te r 
v a ls  w i th  2 m l of th e  suspension  of HSV s tra in  532, c u lt iv a te d  on hu m an  em b ry o n ic  f ib ro b la s t 
cells. B efo re  inocu la tio n  th e  v iru s  suspension  w as in a c tiv a te d  a t  56°C for 1 hour. B lood sam ples 
w e re  ta k e n  from  th e  an im als befo re  every  in o cu la tio n . R a b b its  Nos 10, an d  11 be longed  to 
th is  g ro u p .

P repara tion  o f  v irus suspension  fo r  im m u n iza tio n . T he hu m an  em b ry o n ic  f ib ro b la s t 
cell c u ltu re s  used  for th e  p ro p a g a tio n  of v iru s w ere in o cu la ted  w ith  HSV a t  a m u ltip lic ity  of 
1 T C D 50 p e r  cell. C y to p ath o g en ic  effect in vo lv ing  th e  w hole cell sheet developed  a f te r  in cu b a 
t io n  a t  37°C  fo r  2 — 3 d ays. T h e  m ain ten an ce  m ed iu m  used  for in o cu la ted  cell m o no layers 
w as P a r k e r ’s m edium  No. 199 w ith o u t serum  (0 .2 5 %  N a H C 0 3). T he cell c u ltu re s  show ing 
c o m p le te  cy to p a th o g en ic  effect w ere frozen a t  — 7 8 °€ , th aw ed  once, cen trifuged  a t  2500 r.p .m . 
fo r 10 m in u te s , and  th e  su p e rn a ta n t  t i t r a te d  fo r v iru s  c o n te n t. T he m ean t i t r e  w as 107'5 p e r 1 ml.

R em oval o f  non-specific sta in in g  components. Im m u n e  ra b b it  sera and  flu o resce in  iso th io 
c y a n a te  c o n ju g a ted  g o a t a n ti - r a b b i t  g lobulin  (su p p lied  b y  SEVAC, P rag u e) w ere  adso rbed  
w ith  H E p -2  cells an d  m ouse liv e r pow der, as d esc rib ed  prev iously  [5, 7].

F ix a tio n  and sta in ing  o f  cell monolayers fo r in d ire c t im m uno flu o rescen t tech n iq u e  
w ere  d o n e  as described p re v io u s ly  [5, 7].

N eutra liza tion  test. E q u a l p a r ts  of v iru s su spension  (HSV-532) co n ta in in g  200 T C D 50 
a n d  u n d i lu te d  or tenfo ld  d ilu tio n s  o f u n h e a ted  im m u n e  sera were added , m ixed  a n d  in cu b a ted  
o v e rn ig h t  a t  4°C. On th e  fo llow ing d ay , 0.1 m l of th e  v iru s —serum  m ix tu re s  w ere in o cu la ted  
on  H E p -2  cell sheets. T he in o cu la te d  cell cu ltu res  w ere in cu b a te d  w ith  P a rk e r’s m ed iu m  No. 199 
c o n ta in in g  2%  calf serum , an d  re a d  fo r c y to p a th o g en ic  changes daily . S im u ltan eo u s  t i t r a tio n  
o f th e  v iru s  suspension w as carried  o u t b y  a d d in g  to  th e  v iru s suspension in s te a d  of serum  
a n  e q u a l a m o u n t of d ilu en t. T h e  suspension  w as in c u b a te d  overn igh t a t  4 ° C ,th e n  te s te d  for 
in fe c tiv i ty .
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Treatment o f  im m u n e  sera with 2-mercaptoethanol. Iu a c t iv a te d  serum  was d ilu ted  1 : I 
in  0.13 M  2 -in e rcap to e th an o l, in cu b a ted  a t  37°C fo r 30 m in u te s , a n d  d ia lyzed  against severa l 
changes of H an k s’ b a la n ce d  sa lt so lu tion  co n ta in in g  0 .5 %  la c ta lb u m in  h y d ro ly sa te  in th e  
re frig e ra to r u n til o d o u rless  [9 |.

Results

Im m unologic reactivity o f  serum sam ples during  im m un iza tion . F o r  th e  
d e te rm in a t io n  of  th e  course of dev e lo p m en t  of a n t ib o d ie s  which  sta in im m u n o -  
fluorescent e lem en ts  o f  d ifferent fo rm ations  in HSV infected  H Ep-2  cells,

T ig s  1 —3. H E p-2  cells in fec ted  w ith  herpes sim plex  v iru s , f ix ed  6 hours a fte r  in fec tio n  
a n d  sta in ed  w ith  se ru m  sam ples of r a b b it  No. I w hich  w as im m u n ize d  w ith  in fec tive  v iru s

T'ig. 1. In d irec t s ta in  o f CA~ (H Ep-2 cells F ig . 2. In d ire c t s ta in  o f C A + H E p -2  cells
w ith  im m une serum  ta k e n  on 7 th  d ay  a f te r  w ith  im m u n e  se ru m  ta k e n  on 7 th  day  a f te r

the  f irs t im m u n iz in g  dose th e  f ir s t  im m unizing  dose

th e  rabb its  of G ro u p  1 tvere in jec ted  w ith  in fec tive  suspension  of HSV s t ra in  
532 in travenously ,  th e  mem bers of  G roup 2 were im m u n ized  in tracu tan eo u s ly  
on a single occasion w ith  freshly iso lated  in fec tive  v irus  s t ra in  “ M” , and  th e  
ra b b i ts  of G roup 3 were im m unized  by  corneal scar if ica t ion  w ith  the  vesicle 
f lu id  of herpetic  e rup tions ,  as described u n d e r  “ M eth o d s” . Blood sam ples  
tak en  a t  d ifferen t in te rva ls  a f te r  infection were te s te d  for reac t iv i ty  w i th  
H Ep-2  cells f ixed  6 hours  a f te r  H SV  infection. In  som e p rep ara t io n s  th e  p r o 
duc tion  of an tigens  coded b y  th e  p ro g en y  viral D N A  was in h ib ited  w ith  cy tos ine  
arabinoside.

On the 7 th  d a y  af te r  the  onse t  of im m u n iz a t io n  w ith  live HSV, th e  sera 
reac ted  with th e  cy top lasm ic , per inuc lear  and  f ine ly  g ra n u la r  in tran u c lea r  
an tigen ic  e lem ents  o f  H Ep-2  cells, t re a te d  or u n t r e a te d  w ith  cytosine a ra b in o 
side (Figs 1 and  2, Table  I).
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T h e  re a c t iv i ty  o f  im m u n e  sera  w i th  th e  in tran u c lea r  inclusion-like large 
bod ies  a n d  large granules o f  CA~ cells developed  1 2  weeks la te r .  I t  was no t  
in f lu en ced  by  th e  rou te  of im m u n iz a t io n  or  by  the  n u m b e r  o f  in jec t ions  (Fig. 
3, T a b le  I).

T able  I

Development o f  antibodies against H S V  specific  antigenic form ations in  rabbits im m unized  
with infective or heat inactivated virus

Antigenic formation

Day of appearance of antibodies against the indicated  
antigenic form ations

G г o u p

1 2 3 4

I n  C A ~  cells

1. D iffuse cytoplasm ic 7 7 7 7
2. P e rinuclear 7 7 7 7
3. In tra n u c le a r  diffuse granules 7 7 7 7
4. In tra n u c le a r  inclusion-like bodies 21 21 1 4 - 2 1  21
5. In tra n u c le a r  large granules 21 21 1 4 - 2 1  21

I n  C A + cells

1. P erin u clea r 7 7 7 7 - 1 4
2. In tra n u c le a r  diffuse granules 7 7 7 No

reaction

F ig . 3. In d ire c t s ta in  o f CA~ H E p -2  cells w ith  
im m u n e  serum  ta k e n  on 21st d a y  a f te r  th e  

f irs t  im m u n iz in g  dose

F ig . 4. СЛ+ HSV in fec ted  H E p -2  cells fixed  
6 h o u rs  a fte r  in fec tion , s ta in e d  w ith  im m une 
serum  of ra b b it  No. 11, ta k e n  on th e  21st day  
a f te r  th e  f irs t im m u n iz in g  dose. T h e  ra b b it  
w as in jec ted  w ith  h e a t in a c t iv a te d  v iru s. M ag

n ifications a b o u t  X 750
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R eactiv ity  o f  im m une sera derived fro m  rabbits injected w ith  heat- 
inactivated virus. R a b b i ts  o f  G roup  4 were im m u n ized  9 t im es a t  w eekly  
in te rva ls  w ith  h e a t - in a c t iv a te d  suspensions of  HSY p ro p ag a ted  in h u m a n  
em bryon ic  f ib rob las ts .  HSV infected  H Ep-2  coverslip  cultures  were s ta ined  
w ith  serum  sam ples ta k e n  before every  im m uniza tion .  T here  was no difference 
in th e  course of th e  a n t ib o d y  response in these an im als  as com pared  to  those  
o f  groups Nos 1, 2 and  3 w ith  th e  exception  th a t  no an tibod ies  bad  deve loped  
aga ins t  th e  diffusely d is t r ib u te d  in tran u c lea r  f ine ly  g ran u la r  an tigens of  CA 1 
cells (Fig. 4, Tab le  I), a l th o u g h  one of  these sera also reacted  w ith  d iffusely  
d is t r ib u te d  granules of  th e  nuclei o f  CA cells.

T here  Mas also some difference in the  a p p e a ra n ce  of the  in t ra n u c le a r  
inclusion-like fo rm ations  d ep en d in g  on the  im m u n e  serum  used for s ta in in g .  
T he  sera of  rabb its  im m unized  w ith  live virus s ta in e d  th e  inclusion-like bodies 
m ore in tensely  and  diffusely t h a n  did th e  sera of an im a ls  im m unized  w i th  hea t-  
killed virus. The fo rm ations  s ta ined  w ith  the  la t t e r  show ed a less dense, w eak ly  
s ta in ing  spongious s t ru c tu re .

2-M ercaptoethanol sensitiv ity  o f  ííearly ', antibodies. After  t r e a tm e n t  w ith  
2 -m ercap to e th an o l  th e  “ ea r ly”  im m u n e  sera lost th e i r  reac t iv i ty  with th e  c y to 
plasmic, p er inuc lear  and  in t ra n u c le a r  antigenic  fo rm a tio n  of CA a n d  CA 1 
cells. Control im m u n e  serum  n o t  t r e a te d  w ith  2 -m ercap to e th an o l  b u t  k e p t  a t  
37°C for 30 m inu tes  a t  1 : 4 d ilu t ion  in H a n k s ’ ba lanced  salt solution re ta in e d  
its re a c t iv i ty  w ith  the  an tigen ic  fo rm ations  m en tio n ed  above.

Table II

Development o f  virus-neutralizing antibody titres in serum o f  rabbits o f  Group 3 
im m unized  w ith H S V  by corneal scarification

Rabbit
D ay after infection

No.
7 11 21

7 0 1 : 30 1 : 1 0 0 0

8 1 : .4 1 : 5 0 1 : 5 0 0

9 1 : 10 1 : 5 0 1 : 3 0 0 0

In d iv id u a l differences in  reactivity' o f  im m une sera. Im m u n e  se ru m  No. 2 
derived  from a rab b i t  im m unized  w ith  live v irus did n o t  reac t  with  th e  large 
granules localized in th e  nucleus along the  n u c lea r  m em b ran e  of CA -  cells, 
while o th e r  m em bers  of th e  sam e group were re ac t in g  w ith  it. I m m u n e  serum  
No. 10 of  a ra b b i t  im m unized  w ith  heat-k illed  v irus  s ta in ed  ne i th e r  t h e  d iffuse
ly d is t r ib u ted ,  n o r  th e  large granu les  in the  nuclei o f  CA ~ cells, while serum  
No. 11, belonging to  th e  sam e group , failed to  reac t  w ith  the in t ra n u c le a r
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inclusion-like bodies o f  C A -  cells. Serum  No. 11, like No. 10, d id  n o t  s ta in  the  
d if fu se ly  d is tr ibu ted  in t ra n u c le a r  granules o f  CA+ cells b u t ,  un like  se rum  No. 
10, i t  d id  react w ith  t h e  sm all  granules d iffusely  d is t r ib u ted  in t h e  nuclei of 
C A -  cells. The se rum  of r a b b i t s  Nos 4 a n d  5, im m unized  w ith  live v irus , did 
n o t  r e a c t  with th e  inc lusion-like  in t ra n u c le a r  fo rm ations  of  C A -  cells, and 
s e ru m  No. 6 of th e  s am e  g roup  did n o t  s ta in  th e  large in t ra n u c le a r  granules 
localized  along th e  n u c le a r  m em brane  o f  C A -  cells. None o f th e  p re - im m une  
r a b b i t  sera reacted  w i th  a n y  of the  HSV ind u ced  antigens. All th e  im m une  
se ra  re ta in ed  the ir  im m u n o lo g ic  reac t iv i ty  th ro u g h o u t ,  b u t  none o f  th e  im m une  
se ra  nega tive  a t  21 d a y s  a f t e r  th e  f irs t  im m u n iz in g  dose aga ins t  th e  m entioned  
an t ig e n ic  form ation  h a d  l a t e r  become positive .

Discussion

T hough  th e  in d i re c t  im m unofluo rescen t  te chn ique  p ro v e d  a  valuable  
m e th o d  for s tu dy ing  th e  m ult ip l ica t ion  of  HSV , i t  has l im ita t io n s  for th e  
d e te rm in a t io n  of  a n t ib o d y  response ag a in s t  th e  num erous  H SV  induced 
p ro te in s ,  as (i) one im m u n o f lu o re sc e n t  fo rm a t io n  consists o f  m ore  th a n  one 
an t ig e n ic  com ponent,  (ii) t h e  herpes-specific  p ro te ins  are sy n th e t iz e d  in the  
c y to p la sm , and su b s e q u e n t ly  some of th e m  are  transfe rred  in to  th e  nucleus. 
T h u s  th e  same an t ig en  m a y  have  d ifferent locations inside th e  cell, (iii) In  the 
n u c leu s  where the  nuc leocaps id s  are assem bled  th e  m acrom olecu lar  aggregates 
m a y  h av e  an im m uno log ic  specificity d if fe ren t  from t h a t  o f  th e i r  com po
n e n t s  [9].

A lthough th e  a n t ig en ic  consti tuen ts  o f  th e  d ifferent HSV in d u ced  im m u n o 
f lu o re scen t  elements in H E p -2  and o th e r  cells are  not precisely k n o w n ,  there  
a re  som e da ta  abou t th e i r  n a tu re .  We kno w  th e  sequence of th e i r  deve lopm ent 
[3, 4 , 5, 6, 7]. R oizman  et al. [4] showed t h a t  th e  in tran u c lea r  a n d  cytoplasm ic  
g ran u le s  are m acrom olecules ,  syn the tized  la te  a f te r  the  infection. T h e ir  p ro p 
e r t ie s  f i t  herpes v ir ions  as  well. The diffuse nuc lea r  and  cy top lasm ic  antigens 
a p p e a r  eaily  and consis t  o f  s t ru c tu ra l  and  n o n s t ru c tu ra l  e lem ents .  Im m u n o 
f luorescen t  elements c o n ta in in g  only “ e a r ly ”  s t ru c tu ra l  and  n o n s t ru c tu ra l  
p ro te in s  are produced  in  in fec ted  cells t r e a te d  w ith  cytosine a rab inoside  [5].

There was some re g u la r i ty  in th e  dev e lo p m en t  o f  an tib o d ies  reactive 
w i th  d ifferent an tigen ic  fo rm a tio n s  of H SV  in fec ted  H E p-2  cells. On th e  basis 
o f  p resen t  knowledge th e  following conclusions m a y  he d raw n from  o u r  findings.

(1) The “ ear ly”  im m u n e  sera reac ted  w i th  those  antigenic  fo rm ations  of 
CA and CA+ cells, w h ich  are th e  earliest f luorescen t p ro d u c ts  in infection 
(cy top lasm ic , pe r inuc lea r  a n d  finely g ra n u la r  in tran u c lea r  fo rm ations) .  The 
“ e a r ly ”  antibodies p ro v e d  to  he IgM im m unoglobulins ,  in  ag reem en t  with 
T o k u m a r u ’s f inding [2].
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(2) “ L a te ”  im m u n e  sera s ta in ed  m a n y  in t ra n u c le a r  an tigens of d ifferen t 
form s and a r ra n g e m en ts  in CA~ cells, in the  sam e p re p a ra t io n s  in which  on ly  
in tran u c lea r  small granules  could he  de tec ted  w ith  th e  “ e a r ly ”  serum  sam ples .  
T he  in tran u c lea r  inclusion-like fo rm a tio n s  appeared  4 hours  or la te r  a f te r  
infection. Since in  t h e  nuclei no new  virus-specific  p ro te in  is syn thetized , th e y  
m igh t  he m acrom olecu lar  aggregates o f  v irus specific p ro te in s  transfe rred  from  
th e  cytoplasm  in to  t h e  nuclei, and  th e y  m ight have  an im m unologic  specif ic ity  
d ifferen t from th e i r  com ponents  [9].

This h y p o th es is  is supported  hy  th e  o bse rva tion  t h a t  the  re a c t iv i ty  o f  
im m u n e  sera w ith  t h e  in tran u c lea r  large granules coincides with the  increase  
o f  v irus  neu tra l iz ing  an t ib o d y  t i t r e s  (Table I I) .

(3) Im m u n e  se ra  of rabb its  im m u n ized  w ith  h e a t - in a c t iv a te d  v irus d id  
n o t  react w ith  th e  in tran u c lea r  sm all  granules o f  CA 1 cells, th o u g h  one of 
th e m  stained such fo rm ations  in C A -  cells. A ccord ing  to  S a b in  [10] the n o n 
virion  herpes specific  early  an tigens are hea t  labile. T h e  hea t  inac tiva t ion  of  
an tigens  used for im m u n iza t io n  h a d  a double  purpose :  (a) to  d ena tu re  “ e a r ly ” 
an tigens  in th e  v iru s  suspension to  be  in jec ted  an d ,  (b) to  p reven t  the  in jec t ion  
o f  live virus which could  induce p ro d u c t io n  of non -v ir ion  ear ly  proteins. Based  
on th e  n o n - re a c t iv i ty  of im m une sera of  G roup  4 w ith  th e  diffuse g ra n u la r  
e lem ents  of CA h nuc le i ,  these fo rm a tio n s  can be in te rp re te d  as the in tran u c lea r  
location  of hea t  labile, e the r  labile, soluble early  an tigens  detec ted  earlier b y  
th e  com plem ent f ix a t io n  techn ique  [8].

Acknowledgements. W e are  indeb ted  to  Mrs. C. D Ó CZY  an d  M rs. E . H e r p a y  for sk ilfu l 
tech n ica l assistance.

R E F E R E N C E S

1. L i p p e l t , H ., S ö l t z - S z ö t s , J . :  Arch. ges. V irusforsch . 9, 127 (1959).
2. Tokumaru, T.: J .  Im m u n o l 97, 248 (1966).
3. R o a n e , P. R . J r ., R o i z m a n , B.: V iro logy 29, 668 (1966).
4. R o i z m a n , B., S p r i n g , S. B „ R o a n e , P . R . J r.: J .  Virol. 1, 181 (1967).
5. C é d e r , L., VÁczi, L .: A c ta  virol. 12, 97 (1968).
6. R o ss , L. J . N .. W a t s o n , D. H., W i l d y , P .: J .  gen. Virol. 2, 115 (1968).
7. C é d e r , L., L e h e l , F ., J e n e y , E., G ö n c z ö l , E .: A cta m icrob io l. Acad. Sei. hung . 15,

151 (1968).
8. G é d e r , L., VÁczi, L ., G ö n c z ö l , É ., J e n e y , E ., L e h e l . F .: A cta  m icrobiol. Acad. Sei. hung .

13, 357 (1966/67).
9. S p e e r , P. G., R o i z m a n , B.: V irology, 36, 545 (1968).

10. S a b i n , A. B.: F irs t  In te rn a tio n a l C ongress fo r V irology, H e lsink i 1968.

Address of the authors:
L á s z l ó  G é d e r , L a jo s  VÁ c z i , É v a  G ö n c z ö l ,  E n ik ő  J e n e y ,
In stitu te  of Microbiology, U niversity  Medical School,
Debrecen 12, Hungary 
F r i g y e s  L e h e l ,
Virus L aboratory , Public H ealth  S tation ,
Tóthfalussi t í r  5 — 7, Debrecen, H ungary

Aria Л1 icrobiologica Acadrmiav Scientiarum  Hunearicae 17, 1970





Acta microbiol. Acad. Sei. hung. 17, 77 84. 1970

THE EFFECT OF TEMPERATERE 
ON THE DEVELOPMENT OF IMMUNOFLUORESCENT 

ELEMENTS IN HERPES SIMPLEX VIRUS 
INFECTED BS-C-1 CELLS

By

L . Gé d e r , E n ik ő  J e n e y , É va  G önczöl and F .  L e h e l

Institu te  o f  M icrobiology  (D irector: l,. VÁC7.I),
U niversity  M edical School. Debrecen

(R ece iv ed  J u ly  16. 1969)

Sum m ary . T h e  in cu b a tio n  of HSV in o cu la ted  BS-C-1 cells a t  40°C did no t in flu en ce  
th e  d ev e lo p m en t o f “ early ”  an tig en ic  fo rm a tio n s  hu t de lay ed  th e  ap p earan ce  of larg e , in t r a 
nu c lear in c lusion -like  bodies w hich a re  la te  p ro d u c ts  in in fec tion . B o th  " e a r ly ”  a n d  “ la te ” 
v irus-specific  com plem en t-fix ing  a n tig e n s  w ere p ro d u ced , th e  fo rm er in larg e r q u a n ti t ie s . 
T he t i t r e  o f in tra ce llu la r  in fec tive  v iru s  w as m ark ed ly  red uced .

In c u b a tio n  a t  room  te m p e ra tu re  re su lte d  in a la te n t  v iru s in fec tion  of cells, w ith  th e  
acc u m u la tio n  of “ early ”  an tig en ic  fo rm a tio n s , com ple te ly  b locking th e  sy n th esis o f “ la te ” 
an tig en ic  e lem en ts  and  in fec tive  v irus.

T h e  te m p e ra tu re  of in c u b a t io n  has a s ign if ican t efiect on th e  h e rp es  
s im plex v irus  (HSV) p ro d u c t io n  of  cells: th e  largest n u m b e r  of  v ir ions is 
sy n th e t iz e d  a t  34, 35 a n d  37°C. Cell cu ltu res  in c u b a te d  a t  room  te m p e ra tu re  
show l i t t le  or no evidence of  v iru s  p ro d u c t io n ,  while in cuba tion  a t  39.5 — 40' C 
re ta rd s  t h e  syn thesis  of viral D N A  and  pro te ins ,  causing an  abnorm al in fec t ive  
cycle a n d  a considerable  decrease in th e  n u m b e r  of new ly  sy n the tized  v ir ions  
IE  2, 3].

As show n b y  R oizman  et al. [4] and  confirm ed b y  o thers  [5, 6, 7], som e 
of th e  an t ig en ic  fo rm ations  induced  bv  HSV in infected cells are c h a ra c te r is t ic  
o f  th e  ea r ly  phase  of infec tion , while o thers  are typ ica l p ro d u c ts  o f  th e  la te r  
even ts .  T h e  studies  to  be re p o r te d  h ave  dea lt  w ith  th e  effect o f  su b o p t im a l  
and  su p ra o p t im a l  te m p e ra tu re s  on th e  d eve lopm en t and  c o m p a r tm e n ta l iza t io n  
of  an tigen ic  e lem ents  in infected cells, w ith  th e  purpose  of  es tab lish ing  which  
of  th e  phases  o f  viral m u lt ip l ica t io n  are in fluenced by un favourab le  t e m p e r a 
tures .

M ateria ls  and m ethods

T issu e  cultures. T he p ro ced u res fo r th e  m a in ten an ce  of BS-C-1 and  H E p -2  cells, 
an d  th e  p re p a ra tio n  of coverslip  c u ltu re s  o f BS-C-1 cell line, w ere described  p re v io u s ly  
[6, 7).

V irus. S y n cy tiu m -fo rm in g  H SV  s tra in  532 in passages 540 -5 4 2  on H E p -2  cells [6 | 
w ith  an  in fec tiv e  t i t r e  o f 107 -’ T C D 50 per 0.1 m l w hen t i t r a te d  on BS-C-1 cells.

Im m u n e  sera. A nti-H S V -in fected  cell e x tra c t  im m u n e  guinea pig serum  F  T  a n d  h u m a n  
convalescen t serum  No. 42 a t  1 : 2 d ilu tio n , as described  prev iously  [6j. B o th  re a c te d  w ith  
th e  H S V -induced  cy top lasm ic , d iffuse ly  d is tr ib u te d  sm all in tra n u c le a r  g ranu les a n d  n u c le a r
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in c lusion -like  m asses o f H S V -infected  cells, a n d  w ith  th e  d iffusely  d is tr ib u te d  perinuclear, 
a n d  in tra n u c le a r  a n tig e n ic  fo rm atio n s of HSV in fe c te d  cells t re a te d  w ith  cy tosine  arab inoside.

H S V  im m une rabbit sera R 4 and R6. T h e  sam e sera  were used  in  our p rev io u s experi
m e n ts  [8]. These sera  w ere id en tica l in an ti-v ira l co m p lem en t fix ing  an tib o d y  t i t r e  [1 : 16(32)]. 
R 6  d id  n o t re ac t w ith  th e  e a rly  e x tra c t of c y to s in e  a rab in o sid e  tre a te d  HSV in fec ted  cells 
w h ile  R 4 reac ted  w ith  th is  p re p a ra tio n  a t  a  lo w er t i t r e  th a n  w ith  th e  v ira l ones [1 : 8(16)].

BS-C-1 cells cultivated  on coverslips fo r  ind irect immunofluorescence technique were 
in o cu la te d  w ith  H SV  a t  a  m u ltip lic ity  of 10 T C D 50/ce ll, as described p rev io u sly  [6 ] .T he m edium  
a d d e d  to  certa in  tu b es  c o n ta in ed  10 fig  pe r m l o f c y to s in e  a rab in o sid e  (CA+ cells), while o thers 
w ere  grow n w ith o u t th e  co m pound  (CA~ cells). T h e  coverslip  cu ltu res  w ere in cu b a ted  a t 
20 — 22°C, 30°C, 37°C, 40°C  a n d  45°C. C overslips w ere  rem oved  an d  fix ed  2, 3, 4, 6, 8 an d  10 
h o u rs  a f te r  in o cu la tio n , a n d  in  th e  case of in c u b a tio n  a t  room  te m p e ra tu re , 2, 4 an d  7 
d a y s  a f te r  infection .

F ixa tion  and s ta in in g  o f  cell monolayers fo r  indirect im munofluorescence technique was 
th e  sam e as described  p re v io u s ly  [6].

P reparation o f  C F  antigens and technique o f  C F  tests carried  o u t w as th e  sam e as described 
p re v io u s ly  [81.

Results

The effect o f  supraop tim al temperatures on the development o f  H S V  specific  
im m unofluorescent elem ents in BS-C-1 cells. T h e  observa tions  were m ade  on 
coverslip  cultures f ix e d  2, 3, 4, 6, 8 an d  10 hou rs  a f te r  exposure to  10 T C D 30 
v i ru s  p e r  cell, and  th e n  s ta ined  w ith  im m u n e  serum  F —T and  w i th  labelled 
a n t ib o d y  p re p a ra t io n s .  Some coverslip cu l tu re s  were in cu b a ted  in  th e  presence 
o f  10 /гg/ml of cy to s in e  arabinoside.

Two hours a f te r  inocula tion  no virus-specif ic  antigenic  fo rm ations  oc
c u r re d  in th e  cells.

T hree  hours  a f te r  infection, in C A “ cells in cu b a ted  a t  40°C th e  diffuse 
cy to p lasm ic  f luorescence was weaker t h a n  in those  incu b a ted  a t  37°C. Diffusely 
d is t r ib u te d  in t ra n u c le a r  granules were p re se n t  in  cells in c u b a te d  e i the r  a t 
37°C or a t  40°C (T ab le  I).

F o u r  hours a f t e r  infection , in th e  cells in c u b a te d  a t  40°C th e  cytoplasm ic 
f luorescence  was still  w e a k e r  th a n  in  those  k e p t  a t  37°C. In  th e  nuclei, diffusely 
d i s t r ib u te d  small g ranu les  were only p re se n t  (Fig. 1). In  th is  period, in the  
cells in cu b a ted  a t  37°C, inclusion-like in t r a n u c le a r  large bodies developed; th e y  
w ere  sepa ra ted  b y  a n a r ro w  u n s ta in ed  zone from  th e  nuc lear  m em brane
(Fig- 2 )-

Six  hours a f te r  inocu la t ion , in cells in c u b a te d  a t  40°C m ost  of th e  nuclei 
were  filled w ith  d iffuse ly  d is t r ib u ted  g ranu les  b u t  in th e  cen tre  deve lopm en t of 
den se  sm all bodies were  no ticed . In  cells in c u b a te d  a t  37°C no change was seen 
in  t h e  appearance  of  e lem en ts  as com pared  to  p rep a ra t io n s  fixed 4 hours after  
in fec tion .

E ig h t  hours a f te r  infection, in th e  nucle i of cells in cu b a ted  a t  40°C 
inclusion-like f luo rescen t  bodies appeared ;  t h e y  were similar to  those  observed 
a t  37°C 4 hours earlier.  T he  only difference wras t h a t  a t  40°C these  bodies were 
co n n ec ted  to  th e  n u c le a r  m em brane  w ith  less dense fluorescing m a te r ia l .  The 
n u c le a r  m em brane  also showed a w ell-defined fluorescence n o t  seen in  prep-
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Table I
Effect o f  40°C on the development o f  I I S V  induced im m uno fluorescen t elements in BS-C-1 cells

Antigenic formation
Time of appearance

Location of antigen " f anti«™  a t 40°C 
(hours after inocula

tion)

Difference in appearance of 
antigen as compared to 

those formed at 37°C

In  u n trea te d  cells 

1. C ytoplasm ic diffuse fills cy toplasm  3 less in tense  lacy ne tw ork

2. N uclear sm all granules dispersed
th ro u g h o u t 3 
nucleus

no difference

3. N uclear inclusion-like 
m ass fills nucleus 8

appearance  4 hours. la te r; 
i t  is surrounded by a  less 
dense fluorescing m ate ria l

4. N uclear m em brane along nuclear 
m em brane 8 developed only a t 40°C

In  cells trea te d  w ith 
cytosine  arabinoside

1. P erinuclear
nucleocytoplas-
m ic ju n c tio n  ^ no difference

2. In tran u c le a r small 
granules

dispersed
th ro u g h o u t 4 
nucleus

no difference

Fig. 1. CA cells 4 h o u rs  a f te r  in o cu la tio n , Fig. 2. CA cells 4 hours a fte r in o cu la tio n , 
in cu b a ted  a t  40°C in c u b a te d  a t  37°C

BS-C-1 cells fixed  a t  d iffe ren t in te rv a ls  a f te r  in o cu la tio n  w ith  IISV. All the  p re p a ra tio n s  
were s ta in ed  w ith  im m une serum  F —T. (M ag n ifica tio n  a b o u t X 500)
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a r a t io n s  in cuba ted  a t  37°C (Fig. 3, T ab le  I ) .T h e  cytoplasm ic f luorescence  was 
sti l l  w e a k e r  th a n  a t  37°C.

T h e  fo rm ation  of  antigenic  e lem en ts  in cells t rea ted  w ith  cy tos ine  arabi- 
n o s id e  was th e  sam e a t  37°C and  a t  40°C. T hree  hours a f te r  in fec t ion  cy to 
p la sm ic  and per inuc lear  fluorescence w as do m in an t ,  and Mas followed one 
h o u r  la te r  by the  ap pearance  of d iffuse ly  d is tr ibu ted  granules  in th e  nuclei 
(F igs  4, 5, 6, 7; T ab le  I).

F ig . 3 . CA cells 8 ho u rs  a f te r  ino cu la tio n , 
in cu b a ted  a t  40°C

F ig . 4. CA+ cells 3 h o u rs  a f te r  in o cu la tio n , 
in cu b a ted  a t  37°C

A t 45°C rap id  degenera tion  o f  cells was observed w i th o u t  a n y  sign of 
v iru s  m u lt ip l ica t ion .

E ffec t o f  suboptim al temperatures on the development o f  H S V  specific  
im m unofluorescent elements in BS-C-1 cells. In  prepara tions  in c u b a te d  a t  30CC 
no d ifference  in th e  ap p earan ce  of an t ig en ic  e lem ents M as observed  as com pared  
to  th o s e  in cu b a ted  a t  37°C, b u t  fo r  a 3 -h o u r  delay  in the ir  d e v e lo p m e n t .

I n  cells k e p t  a t  20 — 22°C no c y to p a th o g en ic  changes deve loped . The 
p r e p a r a t io n s  s ta ined  w ith  an ti-H S V  im m u n e  sera showed dense ly  d is t r ib u te d  
sm a ll  granules  inside th e  nuclei and  a w e a k  diffuse cy top lasm ic  fluorescence 
(F ig . 8). The p ic tu re  rem inded  of th e  im m unofluorescence  o f  H SV  infected
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Fig. 6. CA + cells 3 hours  a f te r  ino cu la t io n ,  
in c u b a te d  a t  40°C

Fig. 5. CA + cells 4 hours a f te r  inocula tion , 
i n c u b a te d  a t  37°C

Fig. 8. CA“  cells 48 hours  af te r  in o cu la t io n ,  
in c u b a te d  a t  20°C

Fig. 7. C A + cells 4 hours  a f te r  inoculation , 
i n c u b a te d  a t  40°C
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cells w hich  had  been  t r e a te d  w ith  cy tos ine  a rab inoside  an d  s ta in ed  four hours 
a f te r  infection .

T itra tion  o f  com plem ent f ix in g  antigens and in fectivity  o f  H S V -in fec ted  
BS-C .-l cells incubated at 22°, 37° and  40°C. T he  “ ear ly”  a n d  “ la te ”  an tigen  
c o n te n t  in th e  e x t r a c t  o f  H SY -infected  cells was de te rm ined  w i th  th e  use of 
R4 a n d  R6 im m u n e  sera [8], iden tica l  in  an ti-v ira l  t i t re .  R 6  failed to  reac t  
w i th  th e  early  e x t ra c t  o f  HSY-infected cells, while R4 reacted  w i th  th is  com po
n e n t  a t  a lower t i t r e  th a n  w ith  th e  v ira l  ones.

Table II

Titre o f intracellular herpes sim plex  v irus-induced complement-fixing antigens 
synthetized in BS-C.-l cells at d ifferent temperatures

T im e of 
p repara tion  
o f antigen 
(hours after 

infection)

22°C 37°C 40°C

Complement-fixing 
antigenic units 

titra ted  w ith  serum
Infectivity  
log TCD5e
per 0.1 ml

Complement-fixing 
antigenic units 

titra ted  w ith  serum
Infectivity 
log TCD5e 
per 0.1 ml

Complement
fixing antigenic 
units titra ted  

w ith serum
Infectivity  
log T C D „ 
per 0.1 ml

R4 R6 R4 R6 R4 R6

6 N.T.* N .T. N.T. 8 4 4.5 4 und** 4.74

12 N.T. N.T. N.T. 32 16 6.74 8 u n d 3.24

18 4(8) 0 2.74 32 16 7.24 4 u n d 3.24

48 2(4) 0 1.5 N.T. N .T. N.T. N .T. N .T. N T .
96 2 0 Э.74 N.T. N.T. N.T. N .T. N .T. N.T.

* no t tested  
** undilu ted

M ost com plem ent-f ix ing  an tigens  w ere  syn the tized  a t  37°C. A t  40°C th e  
p ro d u c t io n  of  “ e a r ly ”  an tigens  decreased less th a n  th a t  of th e  “ la te ”  s t ru c tu ra l  
c o m p o n e n ts .  In  cu ltu res  in c u b a te d  a t  ro o m  te m p e ra tu re  no d e te c ta b le  a m o u n t  
o f  “ l a t e ”  v ira l an tigens  was sy n th e t iz e d ,  b u t  the  t i t re  o f  “ e a r ly ”  an tigens 
r e a c t in g  w ith  serum  R4 was equa l  to  th e  a m o u n t  of “ ear ly”  an t ig en s  p roduced  
in C A + cells a t  37°C d e tec ted  in ou r  p rev io u s  experim en ts  [8].

T h e  grea tes t  a m o u n t  of  in trace l lu la r  in fec tive  virus was p roduced  a t  37°C, 
w hile  th e  smallest q u a n t i t y  was d e tec ted  in th e  ex trac t  o f  cells in c u b a te d  at 
ro o m  te m p e ra tu re .

Discussion

T h e  d isad van tageous  effect o f  e lev a ted  te m p e ra tu res  on th e  m u lt ip l ica 
t io n  o f  HSV has been  s tud ied  b y  several in v es t iga to rs  [1, 2, 3]. A t  39.5 — 40°C 
p ra c t ic a l ly  no ex trace llu la r  infec tive  v iru s  was de tec ted , b u t  th e  a m o u n t  of 
in t ra c e l lu la r  infective virions was also re d u c e d  to  one- th ird  as com pared  to 
t h a t  sy n th e t ized  a t  34 35°C.
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Y o s h i n o  et al. [3] es tab lished  t h a t  th e  suppression of HSV p la q u e  fo r 
m a tio n  a t  40°C was n o t  eq u iva len t  w ith  th e  com plete  block of v irus  p ro d u c t io n .  
T he  m echan ism  of p a r t ia l  in h ib it ion  differs from t h a t  o f  bovine  herpesv iruses ,  
where th e  synthesis  o f  v ira l  D N A  is blocked a t  high te m p e ra tu re s  [11].

O u r  observa tions  can be su m m arized  as follows: (i) T he  su p ra o p t im a l  
te m p e ra tu re  (40°C) failed to  in h ib i t  th e  syn thes is  o f  “ ea r ly”  an tigen ic  fo rm a 
tions in  CA+ cells, which are coded b y  th e  p a re n ta l  v ira l DN A , b u t  i t  re ta rd e d  
th e  d e v e lo p m e n t  of  im m unofluo rescen t  e lem ents which are form ed in CA 
cells la te  (4 hours) a f te r  infection.

T hese  in tran u c lea r  large inclusion-like bodies can be m acrom olecu la r  
agg rega tes  of  virus-specific p ro te in s  in th e  period when  nucléocapsides are 
assem bled  in th e  nuclei hav ing  an  im m unological specificity  d iffe ren t  from 
those  of  t h e i r  com ponen ts  [9]. (ii) T h e  ap pearance  of perinuclear  fluorescence 
la te  a f te r  in fec tion  a t  40°C m igh t be due  to  an  accum ula tion  of nucléocapsides 
a long th e  n u c lea r  m em brane  which were inh ib ited  b y  th e  e levated  t e m p e ra tu re  
in th e i r  t r a n s p o r t  into th e  cy top lasm . (Hi) Com plem ent f ixa t io n  te s ts  and 
in fec t iv i ty  t i t r a t io n s  m ade w ith  e x t ra c ts  of cells incuba ted  a t  40°C h av e  co n 
firm ed  th e  d a ta  of H oggan and R oizman  [2], W h e e l e r  [1], Y o sh in o  et al. [3], 
t h a t  on ly  a small am o u n t  of in trace l lu la r  infective viruses is p ro d u ced  a t  
40°C; t h e y  fu r th e r  showed th a t  th e  fo rm atio n  of “ la te ” antigenic  co m p o n en ts  
was d a m ag ed ,  (iv) In cu b a t io n  a t  room  te m p e ra tu re  (20 — 22°C.) did n o t  in h ib i t  
the  fo rm a tio n  of  “ ea r ly” antigenic  e lem ents  of CA 1 cells. T he  diffusely d is t r ib 
u ted  g ranu les  in th e  nuclei of CA cells incuba ted  a t  20°C were like th e  
fo rm a tio n s  of  CA+ cells k e p t  a t  37°C. The deve lopm ent of  “ l a te ”  an tigen ic  
fo rm ations  (inclusion-like bodies) was com plete ly  blocked a t  room  te m p e ra tu re .  
This f in d in g  was in accordance w ith  th e  low degree of in fec t iv i ty  of  cell e x t ra c ts  
p re p a re d  18, 48 and  96 hours  a f te r  infec tion  (Table I I ) ,  which was p ro b a b ly  
due to  ab so rb ed  h u t  no t  p e n e t ra te d  v irus  partic les. This was co n f irm e d  also 
by  th e  fa c t  t h a t  w ith  im m une  serum  R6 no com plem ent f ix ing  an t ig en s  were 
d e tec ted ,  while serum  R4 revealed  4 (8) an tigen ic  u n i ts  in th e  p re p a ra t io n s .  
This f in d in g  is in correlation w ith  t h a t  o f  K it ah ara  and  Me l n i c k [ 10] ,  who 
found t h a t  more “ ear ly”  “ tu m o u r- l ik e ”  an tigens  were syn tl ie t ized  in  th e  cells 
if th e y  h a d  been  in cuba ted  at 30°C a f te r  infection w ith  SV-40.
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COMPARATIVE STUDY ON SENSITIVITY TO 
TOXOPLASMA GONDII

OF HUMAN PRIMARY AMNIOTIC CELL CULTURE
AND OF MICE
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(R eceived  Ju ly  23, 1969)

S um m ary . P rim ary  h u m an  a m n io tic  cell cu ltu res  and  a lb in o  m ice w ere te s te d  for 
se n sitiv ity  to th e  R H  s tra in  of Toxoplasm a gondii. S en sitiv ity  o f th e  cu ltu red  cells p roved  
eq u iv a len t or superio r to  th a t  o f m ice by  b o th  q u a lita tiv e  and q u a n ti ta t iv e  ev a lu a tio n . T he 
fin d in g s hav e  confirm ed th e  o b se rv a tio n  th a t  the  v iru le n t v iab le  T o x o p lasm a  co u n t d ecreased  
co n sid erab ly  a f te r  24 hours of sto rag e .

A n u m b e r  of reports  h a v e  d ea l t  with the  te s t in g  o f  a v a r ie ty  o f  t issue 
cu ltu res  for th e  cu ltiva tion  o f  T. gond ii [1 -1 5 ] ,  and  severa l a u th o rs  have  
s tud ied  in an im al exp er im en ts  th e  factors influencing th e  d e m o n s t ra t io n  of 
th e  p ro tozoon  from tes t  m a te r ia ls  [16, 17, 18. 19]. H ow ever,  in fo rm a tio n  is 
s c a n ty  on com parison  of sen s i t iv i ty  to  7’. gondii o f  cell cu ltu res  and ex p e r i
m en ta l  an im als  [20, 21]. In  v iew  o f  th e  favourab le  resu lts  o b ta in ed  in this 
lab o ra to ry  w ith  cu ltu r ing  in p r im a ry  h u m a n  am nio tic  cell cu ltu re ,  i t  seemed 
w orthw hile  to  com pare  the  l a t t e r ’s suscep tib il i ty  w ith  t h a t  o f  tin* m ouse , the  
an im al com m only  used in s tud ies  o f  7’. gondii [15 —22]. In  a d d i t io n ,  e x p e r i 
m ents  were carried  ou t to  c larify , how storage in th e  re f r ig e ra to r  for 24 hours  
w ould influence the  v iru le n t  v iable  pa ras i te  coun t in a p h o sp h a te  buffe r  
so lu tion.

M ateria ls  and  methods

Toxoplasm a strain. T he in te rn a tio n a l reference s tra in  R H  of T . gondii was u sed  th ro u g h 
out. P e r ito n e a l ex u d a te  from  m ice w as o b ta in e d  by a tech n iq u e  d escribed  p rev iously , w itli 
th e  m o d ificatio n  th a t  rinsing  of th e  ab d o m in a l cav ity  was m ade  w ith  pH  7.5 p h o sp h a te  b u ffer 
co n ta in in g  sa line  [15]. To rem ove in tra c e llu la r ly  loca ted  p a ras ite s , th e  e x u d a te  w as passed  
th ro u g h  a G3 glass filte r w ith o u t a p p ly in g  n eg ativ e  p ressure. T he p a ra s ite  co u n t in th e  f i l t r a te  
was assessed by  h aem o cy to m etry  a n d  th e  d iffe ren t d ilu tions w ere p re p are d  w ith  re g a rd  to 
p ro tozoal coun ts .

Tissue culture. P rim ary  h u m a n  a m n io tic  cell cu ltu res were p re p are d  by th e  co n v en tio n a l 
trv p s in iz a tio n  techn ique. P re p a ra tio n  of glass p la te  tu b e  cu ltu res  a n d  th e  co m p o sitio n  of the  
n u tr ie n t m edium  were th e  sam e as described  p rev iously  [15].

E xperim ental anim als. M ale Swiss a lb ino  m ice w eighing 15 — 20 g w ere used  th ro u g h o u t.
T he ex p erim en ts  were pe rfo rm ed  in  tw o steps. T he f irs t series was se t up 6 h o u rs  a f te r  

sacrifice. A fter cell coun ting  in th e  filte red  e x u d a te , serial d ilu tio n s  w ith  low to x o p la sm a  
co u n ts  w ere p re p are d  w ith  regard  to th e  h igh  v iru lence of the  R H  s tra in . F o u r d ilu tio n s  w ere
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p re p a re d  in  n u trie n t f lu id . S u b seq u e n tly , in  all th e  th re e  ex p erim en ts , each  d ilu tio n  was inoc
u la te d  in to  6 tu b e  c u ltu re s  a n d  10 m ice. T he n u tr ie n t  m ed iu m  w as d iscard ed  an d  rep laced  
b y  1 m l of th e  a p p ro p ria te  d i lu tio n , while th e  m ice rece iv ed  th e  m a te ria l in  1 m l in tra p e rito n ea l 
doses. T h e  anim als w ere o b se rv ed  for 1 m o n th  d u rin g  w h ich  n u m b er a n d  tim e  of losses w ere 
re co rd e d .

A fte r inocu la tion , th e  tu b e  cu ltu res were in c u b a te d  a t  37°C. T h e  glass p la tes  w ere re 
m o v ed  on  th e  4 th , 6 th  a n d  8 th  d ay s  and  s ta in ed  w ith  G iem sa’s s ta in . In  th e  s ta in ed  p re p a ra 
tio n s , th e  num ber of in fe c te d  a m n io tic  cells was assessed  b y  m icroscopic ex am in atio n . On th e  
1 0 th  d a y , th e  tissue c u ltu re  w as exposed to  try p s in  fo r  4 ho u rs  as desc rib ed  prev iously  [22] 
a n d  th e  cell count in 1 m l w as e s tim a te d  in a h a em o cy to m ete r.

In  th e  second e x p e r im e n ta l  series th e  p a ra s ite s  w ere  su spended  in  p H  7.5 p h o sp h a te  
b u ffe r  con ta in ing  sa line  (P B S  p H  7.5) an d  s to red  p r io r  to  th e  e x p e rim e n t fo r 24 hours a t  
T -4°C . S torage was m ad e  in  h ig h ly  d ilu ted  susp en sio n  (e.g. 50,000 cells/m l). A fte r  24 hours, 
a liq u o ts  of th is suspension  w ere  a d ju s te d  by  d ilu tio n  in  n u tr ie n t  m ed iu m  to  th e  cell coun ts 
u se d  in  th e  f irs t e x p e rim e n t, a n d  each  d ilu tion  s tep  w as in o cu la ted  in to  6 tu b e  cu ltu res  and  
10 m ice  as described a b o v e . R e su lts  were e v a lu a ted  in  th e  sam e w ay  as abo v e , w ith  th e  m od i
f ic a t io n  th a t  th e  p la te s  w e re  rem o v ed  from  th e  tu b e s  on  th e  6 th , 8 th  a n d  10th days of in cu 
b a tio n  an d  try p sin iz a tio n  w as c a rried  o u t on th e  1 2 th  day .

Results

In  the  an im al e x p e r im e n ts ,  exuda tes  w i th  an id en tica l  p ro tozoa  count 
y ie lded  different re su l ts  depend ing  on th e i r  s to rage  for 6 or 24 hours. The 
m a jo r i ty  of the  mice ino cu la ted  w ith  6 -hour  e x u d a te  died be tw een  th e  7 th  
a n d  9 th  days and a sm a ll  n u m b e r  during  th e  re s t  o f  th e  1 -m onth  observation  
p e r io d .  Losses a m o u n te d  to  90%  or h igher.  W i th  th e  6 -hour  exuda te ,  the  
d if fe ren t  parasite  c o u n ts  h a d  no no tab le  in fluence  on th e  n u m b e r  and tim e 
o f  dea ths .

In  contrast ,  f ro m  th e  mice inocu la ted  w ith  th e  e x u d a te  s to red  a t  -]~4°C 
fo r  24 hours, only  3 0 %  died  between th e  1 0 th  and 12th days.  Results  are 
su m m ar ized  in T ab le  I .

Table I

Losses among mice infected w ith  different doses o f  Toxoplasma fro m  exudates stored fo r
6 and 24 hours

(F ig u re s  rep resen t averages o f severa l experim ents)

Inoculated 
toxoplasm a 
coun t per ml

Time of 
storage 
(hours)

Number of animals died on day
Percentage 
of losses7 8 9 10 11 12 j  13 14 15 1 5 -3 0

4600
6 1 0 13

1 ! 1
2 90

24 6 1 6 43.3

2300
6 8 14 1 1 2 1 l 93.3

24 1 4 1 1 23.3

1150
6 8 10 2 4 3 1 l 96.6

24 2 3 1 1 23.3

575
6 8 12 5 1 l 90

24 1 1 6.6
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In  th e  tissue cu ltu res  ino cu la ted  with exuda tes  o f  iden tica l p a ra s i te  
co u n t  and  stored for 6 or 24 hours, t h e  following p h e n o m e n a  were observed . 
In  th e  cells inocu la ted  w ith  the  6 -h o u r  exuda te ,  to x o p la sm a l  g row th  was 
a p p a re n t  in 10 13%  b y  th e  4 th  d a y  a n d  in 90%  b y  th e  8 th  d ay .  In  c o n tra s t ,
in th e  tu b es  inocula ted  w ith  the  2 4 -h o u r  exuda te ,  o n ly  1 —2 %  of th e  cells 
showed toxop lasm al g row th  by  th e  6 th  d ay  and th is  p ro p o r t io n  did no t 
n o ta b ly  increase b y  th e  10th day.

T h e  q u a n t i ta t iv e  values  for p a ra s i te  g row th in th e  t issue cultures  inoc
u la ted  with exuda tes  s to red  for 6 a n d  24 hours did also differ. As show n in 
T ab le  I I ,  while th e  g row th  ra te  w as o f  the  order o f  severa l  hundreds  in th e  
tu b e s  inocula ted  w ith  th e  6-hour e x u d a te ,  it  was on ly  20 — 30-fold in those  
in o cu la ted  w ith  th e  24-hour e x u d a te ,  despite the  fac t  t h a t  t ry p s in  t r e a tm e n t  
h ad  been  carried ou t  2 days  la te r  in  th e  la t te r  series.

Table II

Toxoplasma courus in  trypsin-treated am niotic cell cultures infected with peritoneal 
exudate stored fo r  6 and 24 hours 

( F i g u r e s  r e p r e s e n t  a v e r a g e  v a l u e s )

Inoculuted
toxoplasm a

count/m l

Toxoplasm a count/ml 
after s torage for 6 hours

Toxoplasma count/m l 
after storage for 24 hours

•1600 3.750,000 160.000

2300 3.700,000 •10,000

1150 3.077,000 31,000

575 1.085.000 11.000

D iscussion

The grow th o f  T . gondii in  t issue  cultures, w h ich  have  been  app lied  
for  its  m ain tenance  in  th e  last 15 y e a rs ,  was seldom co m p ared  to  th e  g row th  
o f  th e  parasite  in ex per im en ta l  a n im a ls  trad i t io n a l ly  used for t h a t  purpose . 
B u t t i t t a  [16] s tud ied  a s tra in  f ro m  the  Paris  P a s t e u r  In s t i tu te  in  mice, 
guinea-pigs and chick em bryos. W h ile  100% of th e  mice becam e in fec ted  on 
th e  f i rs t  inoculation , o f  th e  guinea-p igs  only a few died  a n d  in chick em bryos  
T o x o p la sm a  was d em ons trab le  o n ly  in the second passage . A b b a s  [21] co m 
p a re d  th e  suscep tib il i ty  of  mice to  t h a t  of the  chick e m b ry o ,  and H E p-2  an d  
IfeL a  cell cultures. T he  mice were  found  16 t im es m ore  sensitive th a n  th e  
chick em bryo  and  316 tim es m ore  sensitive th a n  H E p -2  and  H eLa cell cu l
tu res  [21].

In  the  p resen t  experim en ts ,  t h e  susceptib il i ty  o f  th e  p r im ary  h u m an  
am nio tic  cell cu ltu re  was co m p ared  to  the suscep tib i l i ty  of the m ouse, the
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e x p e r im e n ta l  an im al co m m o n ly  used in  s tud ies  of T ox o p lasm a . Applying for 
in o cu la t io n  a p e r i to n e a l  e x u d a te  s to red  for  6 hours, th e  sen s i t iv i ty  of th e  
a m n io t ic  culture w as id e n t ic a l  or som etim es s lightly  sup er io r  to  t h a t  of mice. 
W h i le  none of the  m ice  d ied  before th e  7 th  d a y  af te r  ino cu la t io n ,  in the tissue 
c u l tu r e s  toxop lasm al g ro w th  was always a p p a re n t  b y  th e  4 th  day . By th e  
8 t h  — 10th day  all a m n io t ic  cells adhering  to  th e  tu b e  wall h a d  becom e infected 
a n d  th e  m axim um  a t t a in a b le  pa ras i te  c o u n t  of th e  o rder  o f  several millions 
w a s  d em o n s tra ted  b y  h a e m o c y to m e try .  A m uch  less d ifference in sensitiv ity  
w a s  m anifest  w ith  t h e  24-lm ur exuda te .  A m ong  the  mice inocu la ted  with th e  
l a t t e r  material, no losses occurred  before th e  10th d a y ,  w hile  in the  tu b e  
c u l tu r e s ,  though  o n ly  in  a few, pro tozoa l  g row th  was d em o n s trab le  on the  
6 t h  d a y .

Using HeLa cells, L y c k e  [24] found  a d irec t  re la tion  be tw een  th e q u a n t i ty  
o f  ino cu la ted  T o x o p la sm a  a n d  th e ir  g ro w th  ra te .  I n  th e  p re se n t  experim ents , 
w i t h  t h e  6-hour e x u d a te  we failed to  observe  th is  corre la tion . T h e  grow th rates  
d id  n o t  no tab ly  v a r y  w i th  th e  concen tra t ions  applied, e i th e r  in mice or in the  
cell cu ltu re .  This m a y  ho expla ined  b y  ou r  earlier f ind ing  t h a t  the  L D S0 of 
t h e  s t r a in  used was o n ly  a b o u t  100 [22].

T h e  stab ili ty  of  T o x o p la sm a  in various fluids has ex ten s iv e ly  been studied. 
A cco rd in g  to J acobs  [25 ] ,  physiological saline is unsu itab le  for  th e  m ain tenance  
o f  T o x o p la sm a  even for  a sh o r t  tim e. This  has  been confirm ed b y  S chulze  [26].  
w h o  found  th a t  o f  t h e  f lu ids  te s ted  saline was th e  least  su i tab le  for storing 
T o x o p la s m a  and t h a t  so d iu m  h y d ro c a rb o n a te  buffer  seemed m ore  advan tageous. 
S h i m i z u  [27], too, has  n o te d  th a t  Toxop lasm a suspended  in p ro te in-free  fluid 
is l iab le  to  rap id  d e te r io ra t io n .

T h e  present e x p e r im e n ts  have confirm ed  th e  above f ind ings .  The viru len t 
v ia b le  Toxoplasm a c o u n t  decreased considerab ly  on storage  in ph o sp h a te  b u f 
fe re d  saline a t  -f-40C for 24 hours. This c ircum stance  should  be  considered in 
t h e  m a in ten an ce  of, a n d  all k inds of ex p e r im en ts  w ith , T o x o p la sm a .

R E F E R E N C E S

1. H o l z , J .  M.: Z .  H yg. 136 , 605 (1953).
2. Ch e r n i n , E ., W e l l e r , T h .: P roc . Soc. exp. B iol. (N . Y .) 85, 68 (1954).
3. J a c o b s , L., F a i r , J .  R ., B i c k e r t o n , J .  H .: A rch . O p h th a l. 52, 63 (1954).
4. B a l d u c c i , D . , T y r e l l , D .: B rit. J .  exp. P a th . 37, 168 (1956).
5. E i c h e n w a l d , H. F .: A n n . N . Y . A cad. Sei. 64, 207 (1956).
6. S c h u c h o v a , V.: És. E p id e rn . 5, 161 (1956).
7. Co o k , K. M., J acobs , L . :  J .  P a ra s it.  44, 172 (1958).
8. H o g a n , M. J .,  Y o n e d a , C., F e e m e y , L ., Z w e i g a r d , P ., L e w i s , A .: A rch . O ph tha l. 64,

655 (1960).
9. S o u r a n d e r , P ., L y c k e , E ., L u n d , E. : A cta  p a th , m icrobiol. scand . 51, 144 (1961).

10. G a l u s z k a , J .:  A cta p a ra z it .  pol. 10, 265 (1962).
I 1. P i e r r e u x , G.: A nn. Soc. belge  Méd. tro p . 43, 241 (1963).
12. H I R A I ,  К .: Jap . J .  v e t. R es. 13, 62 (1965).

A c ta  Microbiologica Academiae Scientiarum  Hungaricae 17, 1970



SEN SITIV ITY  TO TOXOPLASMA GONDII 89

13. H a n s o n , H. A., S o u b a n d e r , P .: V irchow s Arch. p a th . A n a t. 338, 224 (1965).
14. S t e w a r t ,  G. L., F e l d m a n , II. A.: P roc. Soc. exp. Biol. (N . Y .) 118, 542 (1965).
15. C s ó k a , R ., K u l c s á r , G.: A cta  in icrobiol. A cad. Sei. hu n g . 15, 11 (1968).
16. B u t t i t t a , P. L .: Boll. Soc. ita l. Biol. sper. 27, 83 (1951).
17. W e r n e r , H .: Z. T ropenm ed . P a ra s it. 17, 217 (1966).
18. W e r n e r , IL : Z. T ro p en m ed . P a ra s it. 17, 328 (1966).
19. W e r n e r , H . ,  E g g e r , .1 . ,  M e i s e l , C.: Z. T ropenm ed. P a ra s it.  19, 132 (1968).
20. A b b a s , A. M. A .: T rans. R oy. Soc. Med. H yg. 61, 514 (1967).
21. A b b a s , A. M. A .: Bull. W ld 'l l l th  Org. 36, 344 (1967).
22. Cs óka , R ., K u lcsár , G.: A cta  m icrobiol. Acad. Sei. hung .  15, 357 (1968).
23. L u n d , E ., L y c k e , E ., H a h n , E .: A c ta  p a th , m icrobiol. scand . 48, 99 (1960).
24. L y c k e , E ., L u n d , E .: A cta  p a th , m icrobiol. scand. 60, 209 (1964).
25. J a c o b s , L ., J o n e s , F. E ., M e l t o n , M. L.: J .  P a rasit. 38, 293 (1952).
26. S c h u l z e , E .: Z. T ropenm ed . P a ra s it. 16, 24 (1965).
27. S h i m i z u , K .: J a p .  J .  ve t. Res. 11, 1 (1963).

Address of the authors:
R ó z s a  Cs ó k a , G iz e l l a  K u l c s á r
In s titu te  of Microbiology, University Medical School, 
Hőgyes Entire u. 7 — 9, Budapest IX , Hungary

Acta Microbiologie a Academiae Scientiarum Hungaricae 17, 1970





Acta microbiol. Acad. Sei. hung. 17, 91 94, 1970

INDUCTION OF MEMBRANE-BOUND 
PENICILLINASE SYNTHESIS 
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Sum m ary. T he in d u c tio n  of m em b ran e-b o u n d  p en ic illin ase  an d  exopenicillinase w as 
exam ined  by  using  pen ic illin  a n d  h igh  c o n cen tra tio n s  of p h o sp h a te  as inducers. B oth p en ic illin  
a n d  p h o sp h a te  in d u ced  th e  sy n th es is  o f m em b ran e-b o u n d  p en ic illin ase , b u t the  p ro p o rtio n  
of bound  enzym e to  to ta l  enzym e p ro d u c tio n  w as co n sid erab ly  low er in th e  presence of h ig h  
e lectro ly te  co n cen tra tio n s . T he possib le  orig in  of th e  m e m b ran e -b o u n d  enzym e is d iscussed .

A ccording to  P ollock  [1] 6 8%  of th e  to ta l  pen icillinase p ro d u c tio n  o f
induced  B. cereus 569 cells is m em b ran e  hound and  m ay  be d istinguished  from  
exopenicillinase secreted  in to  th e  m edium . T h e  m ain  differences b e tw een  
m em b ran e  b o u n d  enzym e and  exoenzym e are  th e  g re a te r  so lubility  o f th e  
b o und  enzym e in am m onium  su lp h a te  so lu tions, its  se n s itiv ity  to  iodine t r e a t 
m en t and  its  in a b ility  to  re a c t w ith  exopenicillinase a n tise ru m . P ollock could  
exclude  th e  p o ssib ility  th a t  th e  bound pen icillinase w as a precurso r o f e x o 
pen ic illinase , b u t  th e  possib ility  of th e ir  in d ep en d en t orig in  as well as th a t  o f  
exopen icillinase being  a p recu rso r o f th e  hound enzym e has rem ained.

Since th e  b o u n d  enzym e is o f a considerab le  b io logical significance an d  
m ay  have som e fu n c tio n  in th e  reg u la tio n  of p en ic illinase  synthesis, we h a v e  
s tu d ied  its  b io syn thesis  and  p ro p e rtie s . This p a p e r dea ls  w ith  th e  in d u c tio n  o f  
th e  bound  enzym e.

Materials and methods

T he cu ltu re  m ed ium  used  a n d  th e  cond itions fo r th e  g ro w th  o f H. cereus as well as th o se  
of its  aspecific  in d u c tio n  by h igh  e le c tro ly te  co n cen tra tio n s  h a v e  been described earlie r [2, 3 |.

T he a c t iv ity  o f b o u n d  en zy m e was d e te rm in ed  b y  P o llo c k ’s [1] slightly  m o d ified  
m ethod  in  th e  follow ing w ay. T h e  sam ples o f cell c u ltu re s  w ere  tre a te d  w ith  50 //g /in l c h lo r
am phenico l to  p re v e n t fu r th e r  g ro w th , an d  cen trifu g ed , a n d  th e  h a rv es te d  cells w ere w ash ed  
fo u r tim es w ith  a so lu tio n  c o n ta in in g  1.0 M  sodium  ch lo ride , 0.2 M  sod ium  c itra te  an d  50 / /g m l  
ch lo ram phen ico l; th e  p H  was a d ju s te d  to  8.0. A fter w ash in g  th e  cells were suspended in  3 m l 
o f 0 .5%  ge la tin  co n ta in in g  50 /tg /m l ch lo ram phen ico l an d  pen ic illin ase  a c tiv ity  was d e te rm in e d  
iodom etrically  as described  earlie r [4].

Results

Induction with pen ic il l in .  A lo g a rith m ica lly  grow ing  cu ltu re  of B. cereus 
569 was in d u ced  w ith  6 pg /m l of sodium  G -pen ic illin . Sam ples were ta k e n  in
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in te rv a ls  as in d ic a te d  in  Fig. 1A; ex open ic illinase  and  b o u n d  pen ic illinase  and  
th e  o p tic a l d e n s ity  o f th e  cells w ere d e te rm in e d .

T he k in e tic s  o f th e  syn thesis  o f  th e  tw o  enzym es show ed som e re m a rk 
a b le  d ifferences. E xopen ic illinase  p ro d u c tio n  followed an  ex p o n e n tia l curve 
w h ile  th e  p ro d u c tio n  k inetics of th e  fo u n d  enzym e was e v id e n tly  lin ea r. In  the  
case  o f  exoenzym e a ce rta in  “ lag p h a se ”  w as observed by  P ollock  [5]. On th e  
b as is  o f ou r e x p e rim en t it  is obv ious t h a t  th e  lag phase re p re se n ts  on ly  th e  
f i r s t  p a r t  o f an  ex p o n en tia l curve an d  n o t  an  inh ib ited  or d e lay ed  syn thesis

AO 2

30

2

3
20

Ю 2

F ig. 1. In d u c tio n  of exopenicillinase  and  b o u n d  pen ic illin ase  w ith  pen ic illin . A lo g a rith m ica lly  
g ro w in g  c u ltu re  of B. cereus 569 was in d u ce d  b y  6 p g /m l penicillin. A. •  - •  •  exo
p en ic illin ase , О — О — О — b o u n d  pen icillinase: В . O —O — О — a m o u n t o f b o u n d  penicilli. 

nase  in  p e rce n ta g e  of th e  to ta l  a m o u n t of enzym e p ro d u c tio n

T h e p ro d u c tio n  o f bound p en ic illin ase  show ed no lag p h ase .
A n o th e r in te re s tin g  fea tu re  o f  th e  sy n th es is  was revealed  b y  expressing  

th e  a m o u n t o f b o u n d  enzym e p roduced  a t  a g iven tim e as a p e rc e n ta g e  o f th e  
to ta l  en zy m e p ro d u c tio n . As it can  be seen  in  Fig. IB , im m e d ia te ly  a f te r  th e  
in d u c tio n  th e  p ro p o rtio n  of bound en zy m e w as 20 to  50%  in d iffe re n t ex p e ri
m e n ts  w hile a fte r  th e  lag  phase its  a m o u n t was only 8 —10 %  o f th e  to ta l  
p ro d u c tio n , as found  also b y  P ollock  [1 ].

Induction  by electrolytes. As i t  has been  show n earlie r, pen ic illin ase  is 
in d u c ib le  b y  h igh e lec tro ly te  c o n c e n tra tio n s  [3]. In  th e  fo llow ing ex p erim en ts  
th e  in flu en ce  of 0.5 M  p h o sp h a te  on b o u n d  enzym e syn thesis  w as exam ined .

T h ree  lo g a rith m ica lly  grow ing c u ltu re s  w ere induced  b y  6 p g  penic illin ,
0.5 M  p h o sp h a te  an d  b y  penicillin  an d  p h o sp h a te  to g e th er, re sp ec tiv e ly . The 
p ro d u c tio n  o f b o u n d  enzym e in p e rcen tag e  o f  th e  to ta l a m o u n t o f  pen ic illinase  
can  b e  seen in  F ig . 2.
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U nlike penicillin  in d u ced  cells, th e  p ro d u c tio n  o f b o u n d  enzym e began  
slow ly in th e  case o f p h o sp h a te  in d u c tio n , and  l i t t le  enzym e A v a s  o b ta in e d  in 
th e  f ir s t  phase  of syn th esis .

T he effect o f pen icillin  an d  p h o sp h a te  to g e th e r  used  as in d u cer w as th e  
sam e as th a t  of p h o sp h a te  a lone.

In  som e u n p u b lish ed  ex p e rim en ts  th e  b o u n d  enzym e c o n te n t o f  th e  
penicillin  induced  cells show ed no difference w h e th e r th e y  had been w ashed

20

•!•-

Z

if

0 Ю 20 30

MINUTES

Fig. 2. In d u c tio n  of b o u n d  pen ic illinase  w ith  high e lec tro ly te  co n ce n tra tio n s . T h ree  lo g a r ith m i
cally  grow ing cu ltu res  of B . cerrus 569 were induced by 6 /ig /m l penicillin , 0.5 M  p h o sp h a te  
and  by b o th  penicillin  an d  p h o sp h a te , respectively . •  •  •  induced b y  pen ic illin :

O -  O —O induced j y  p h o sp h a te ;  x — x — x — in d u ced  by  pen ic illin  an d  p h o sp h a te

w ith  1 M  sodium  ch lo ride -)- 0.2 M  sodium  c itr a te  or w ith  0.5 M  p h o sp h a te . 
T hus th e  low er b o und  enzym e c o n te n t of th e  cells g row ing  in th e  p resen ce  of
0.5 M  p h o sp h a te  w as n o t due  to  th e  e lua tin g  e ffec t o f  th e  p h o sp h a te .

Discussion

B o th  penicillinases fo rm ed  by  B . cereus a re  in d u ced  beside pen ic illin , 
th e  n a tu ra l  in d u cer, w ith  high co n cen tra tio n s o f  e lec tro ly tes . T he k in e tic s  of 
cell b o u n d  pen icillinase sy n th es is  is re m a rk a b ly  d iffe ren t from  th a t  o f  exo
penicillinase. E xopen ic illin ase  fo rm atio n  follows an  ex p o n en tia l cu rv e  in  th e  
early  phase  o f syn th esis , th e n  i t  becom es linear, w hile  b o u n d  enzym e fo rm a tio n  
is lin ea r  im m ed ia te ly  a f te r  th e  ind u c tio n . Fo llow ing  in d u c tio n  by  penicillin  
th e  p ro p o rtio n  of b o u n d  enzym e is considerab le , b u t  it is low and  v e ry  sloyv if
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in d u c tio n  tak es  p lace  in  p h o sp h a te  a t h igh  co n cen tra tio n s , an  in d u cer by  
itse  If. I t  is know n fro m  th e  ex perim en ts o f  Ci t r i  et al. [6] t h a t  th e  adso rp tio n  
o f  exopen ic illinase  can  be  p re v e n te d  b y  h ig h  e lec tro ly te  c o n c e n tra tio n s .

T hese tw o e ffec ts  o f  e lec tro ly tes, th e  in h ib itio n  o f  exopenicillinase 
a d so rp tio n  and th e  p re v e n tio n  of g rea t a m o u n ts  o f  bound  enzym e im m ed ia te ly  
a f te r  in d u c tio n , suggest an  e x p lan a tio n  fo r th e  reg u la tio n  o f th e  tw o  enzym es.

T h e  possib ility  o f  b o u n d  penicillinase b e in g  a p recu rso r o f  exopenicillinase 
h a s  b e e n  excluded b y  P o l l o c k , th u s  we su g g est th a t  ex open ic illinase  is a p re 
c u rs o r  o f  th e  b ound  e n zy m e , w hich la t te r  is fo rm ed  th ro u g h  an  ad so rp tio n  
p ro cess , as su p p o rted  b y  th e  ex p erim en ts  p re sen ted  in th is  p a p e r . F u rth e r  
e x p e r im e n ts  are, how ever, n ecessary  to  p ro v e  th is  assu m p tio n .
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Til К EFFECT OF LYSO/Y ME AM) METICILLIN ON THE 
GROWTH OF METICILLIN RESISTANT AND SENSITIVE 

STAPHYLOCOCCUS AUREUS STRAINS

By

F. ROZGONYI and I . RÉDAI

I n s t i t u t e  o f  M i c r o b i o l o g y  ( D i r e c t o r  : L. VÁCZl), U n i v e r s i t y  M e d i c a l  S c h o o l ,  D e b r e c e n  

(R eceived  A pril 25, 1969)

Sum m ary. In  th e  presence of lysozym e th e  m etic illin  resistance  of n a tu ra lly  m etic illin  
re s is ta n t  stap h y lo co cc i increased  sligh tly . U n d e r th e  sam e co n d itio n , stra in s  sen sitiv e  to  th e  
a n tib io tic  or a d a p te d  to m eticillin  resis tan ce  show ed an  in creased  sensitiv ity .

In  th e  p resence of m eticillin  -f- lysozym e th e  lag  p h a se  for n a tu ra lly  re s is ta n t s ta p h y lo 
coccal cu ltu res  decreased  to  ab o u t one-half, while t h a t  fo r sensitive  and a d a p tiv e ly  r e s is ta n t  
s tra in s  increased  4 7-fold of th e  va lue  o bserved  w ith  m etic illin  alone. W hen s u b le th a l c o n 
c e n tra tio n s  o f m etic illin  -j- lysozym e were ad ded  in th e  lo g arith m ic  phase, th e  n u m b e r  o f 
su rv iv in g  b a c te ria  d ecreased  by  1 e x p o n en t in n a tu ra lly  r e s is ta n t  cu ltu res and by  5 6 e x p o 
n en ts  in sensitive  a n d  ad ap tiv e ly  re s is ta n t  s tra in s .

M eticillin  re s is ta n t Staphylococcus aureus  s tra in s  d is tr ib u te d  in  n a tu re  
show  a p h en o ty p ic  res is tan ce  [2, 5, 16] asso c ia ted  w ith  penicillinase p ro d u c 
tio n  and  a so-called  in trin sic  or in h e re n t fa c to r  [2, 3, 5, 8, 16]. P en ic illin ase - 
p ro d u c in g  Staph , aureus s tra in s  in a c tiv a te  sem isy n th e tic  pen ic illins, a n t i 
b io tics know n as re s is ta n t to  pen icillinase a c t iv i ty  [3, 8, 9, 14, 15, 18, 19]. 
As in a c tiv a tio n  o f th ese  drugs begins an d  increases g rad u a lly  only in th e  s t a 
tio n a ry  phase, it m ay  be regarded  as a seco n d ary  phenom enon  no t b e in g  a d i
rec t cause of res is tan ce .

L ittle  is know n  ab o u t th e  in trin s ic  fa c to r . O sm otic [1 ,2 ] .  ac r if la v in e  
[2, 5], UV ir ra d ia tio n , acrid ine [10] an d  u l t r a s tru c tu ra l  exam in a tio n s o f  m e t i 
c illin  re s is ta n t s tap h y lo co cc i as w ell as th e  iso la tio n  an d  s tu d y  o f m e tic illin  
re s is ta n t m u ta n ts  w hich  fail to p ro d u ce  pen ic illinase  [6, 8, 16, 17] h a v e  c o n 
tr ib u te d  to  th e  know ledge of, b u t  did n o t suffice to  explain th e  re a so n  for, 
m etic illin  re s is tan ce .

In  th is re sp ec t new persp ec tiv es  h av e  been opened by our s tu d ie s  on 
th e  dynam ics o f g ro w th  of n a tu ra lly  and  a d a p tiv e ly  m eticillin re s is ta n t  s t a 
phylococci [13 15].

F ro m  th ese  ex p erim en ts  it  was concluded  th a t  n a tu ra lly  m e tic illin  r e 
s is ta n t s tap h y lo co cc i differ from  sen sitive  c u ltu re s  in cell wall sy n th e s is  an d  
it  is p ro b ab le  t h a t  th e  form er organ ism s are cap ab le  o f syn thesizing  th e i r  w hole 
cell wall in th e  p resence of th e  an tib io tic . In o rd e r to  prove th is h y p o th e s is , 
we h av e  ex am in ed  th e  b eh av io u r of n a tu ra l ly  re s is ta n t, ad ap tiv e ly  re s is ta n t  
an d  sensitive  Staph , aureus s tra in s  in  th e  p resence  of m eticillin  a n d  ly so zy m e.

1 Acla XIicrobiologica Academiae Scientiarum Hungaricac 17, 1970
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M aterials and  m eth o d s

Stra ins. Staph, aureus  5814/R was isolated in our laboratory [13] on a medium contain
ing 500 fig meticillin/ml; the strain is a naturally meticillin resistant, penicillinase-producing 
organism inhibited by 1600 /*g/ml of meticillin during 48 hours incubation at 37°C. Staph , a u 
reus 100/110 was kindly supplied by Prof. G. T. S t e w a r d  and Dr. R. J. H o l t ; it is a naturally 
meticillin resistant strain [19] inhibited by 1000 //g/ml of the antibiotic. Staph, aureus  18R w as 
kindly supplied by Dr. M a r y  B a r b e r ; it had been trained to meticillin resistance (96 //g/ml) 
by serial passages on meticillin medium. Staph, au reu s  80/81 was isolated in our institute; the 
strain is sensitive to 4 fig/ml of meticillin and produces penicillinase. Staph, aureus  100 is sensi
tive to 1 //g/ml and fails to produce penicillinase.

M edium . One per cent glucose-casitone (Difco) broth, pH 7.2 [211.
Lysozym e. Crystalline product from egg white (Reanal, Budapest).
M eticillin , produced by Chinoin, Budapest.
D eterm ination o f  m e tic illin  sensitivity in  the presence o f  lysozyme. Meticillin was serially 

diluted a t 1 ml volumes in casitone broth containing 0, 20, 200 and 500 fig lysozyme per ml. 
Meticillin concentrations were 1600 - 1500 1400 — etc. fig/n\\ for strains 5814/R and 100/110
96—48—24— etc. and 128—64—32— 16— etc. (two parallel rows), for strains 18R and 100. 
Each tube w as seeded with 0.1 ml of a 24 hour broth culture diluted 1 : 100. Incubation lasted 
for 48 hours at 37°C. Readings were made with naked eye after 24 and 48 hours.

Growth in the presence o f  meticillin and m e tic illin  — lysozyme. The cultures were grown 
at 37°C in the “ Bonét Maury et Jouan Biophotometre” in broth without additives and with 
lysozyme, meticillin, or both. Each cuvette containing 10 ml medium was seeded with 107 
cells.

E ffect o f  m etic illin , a n d  m eticillin  lysozyme on logarithm ic phase cultures. Ten ml broth 
were seeded with 107 cells and incubated in the biophotometer. When the logarithmic phase 
was reached, lysozyme or meticillin or their combination was added to cuvettes at concentra
tions indicated in the Figures and Tables. Then the cuvettes were incubated further and after 
22—24 hours the number of colony-forming units was determined as described previously [13].

R esu lts

Changes in metic illin  sensitivity in the presence o f  lysozyme. T ab le  I shows 
th e  e ffec t of v a rio u s  co n cen tra tio n s  of ly so zy m e  on the m etic illin  se n s itiv ity  
o f  th e  exam ined  stap h y lo co cc i.

Table I

E ffect o f  lysozyme at various concentrations on m etic illin  sensitivity  o f  Staph, aureus strains

Lysozyme
//g/ml

Incuba tion ,
hours

Minimal inhib itory  concentrations for 
meticillin* //g/ml

5814/R 80/81 18R 100

о 24 1200 2 48 1
48 1600 4 96 1

20 24 1600 1 32 1
48 2000 1 64 1

200 24 1600 1 24 1
48 2400 1 48 1

500 24 2000 0.5 24 0.5
48 3200 1 32 0.75

* Average values for 6 experiments
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EFFEC T OF LYSOZYME 97

L ysozym e d id  n o t in fluence  g ro w th . In  th e  p resen ce  o f lysozym e n a tu 
ra lly  re s is ta n t s tra in  5814/R  w as m ore  re s is ta n t to  m etic illin  th a n  in lysozym e- 
free m edium . In creasin g  o f th e  a m o u n t o f lysozym e increased  s lig h tly  th e  re 
s is tan ce  to  m etic illin . S im ilar re su lts  w ere o b ta in ed  w ith  s tra in  100/110 [15].

T he m eticillin  sen sitiv e , pen ic illinase  p ositive  s tra in  80/81 e x h ib ite d  an 
increased  m eticillin  se n s itiv ity  even a t  low lysozym e co n cen tra tio n s . A t 500 //g 
lysozym e/m l the  m in im al in h ib ito ry  c o n cen tra tio n  o f m etic illin  decreased  to  
1/4 o f  th e  level show n in lysozym e-free  m edium .

Time of cu ltiva tion in hours

Fiji. 1■ Growth curves for naturally resistant Staph, aureus strain 5814/R in 1% glucose-casi- 
tone broth. 1 - control; 2 - lysozyme 500 //g/ml; 3 =  meticillin 800 //g/ml; 4 =  meticillin

800 yitg/ml -(- lysozyme 500 //g/ml

The m eticillin  re s is tan ce  of s tra in  18R (a d a p te d  to  m eticillin  re s is tan ce , 
pen icillinase negative) decreased  in th e  presence o f lysozym e. A t h ig h er ly so 
zym e co n cen tra tio n s th e  decrease becam e m ore m a rk e d : w ith  500 p g /m l of 
lysozym e th e  m in im al in h ib ito ry  co n c e n tra tio n  o f m e tic illin  was 1 /2 — 1/3 of 
th e  v a lu e  found  in  th e  co n tro l m ed iu m .

M eticillin sensitive , pen ic illinase  n egative  Staph , aureus  s tra in  100 was 
used  as a contro l fo r s tra in  18R . S tra in  100 show ed increased  se n s itiv ity  to  
m etic illin  only a t  a co n cen tra tio n  o f  50 //g/ml o f  lysozym e.

T he resu lts  in d ica te  th a t  n a tu ra l ly  m etic illin  re s is ta n t s tra in s  differ 
from  ad ap tiv e ly  re s is ta n t an d  sen sitiv e  ones; in th e  p resence o f lysozym e th e  
fo rm er show a sligh tly  increased  m etic illin  re s is tan ce  w hile th e  la t te r  becom e 
m ore sensitive to  th e  a n tib io tic .

Dynamics o f  growth in  the presence o f  meticillin and meticillin  -|- lysozyme. 
F ro m  th e  above ex p e rim en ts  it  is ev id e n t th a t  th e  e ffec t o f lysozym e w hich 
is th e  opposite  in n a tu ra lly  re s is ta n t an d  in a d a p tiv e ly  re s is ta n t or sensitive  
cu ltu re s , is w ell-defined a t  500 //g /m l co n cen tra tio n . A ccord ing ly , in  fu r th e r  
ex p erim en ts  lysozym e w as used  a t  500 //g/m l.

F ig . 1 shows g ro w th  curves fo r th e  n a tu ra lly  r e s is ta n t s tra in  5814/R , 
in th e  absence and  in  th e  p resence  o f  lysozym e, m etic illin  and of m etic illin  
an d  lysozym e.

G row th  was s im ila r in th e  c o n tro l m ed ium  an d  in  th e  p resence of ly so 
zym e (curves 1 and  2). In  th e  absence o f m eticillin  th e  o p tica l d en sity  increased  
ra p id ly  from  the  3 rd  h o u r onw ard  a n d  reached  th e  m ax im u m  a fte r  5 hours
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(c u rv e  1). I f  the  m ed iu m  co n ta in ed  m etic illin , th e  op tica l d e n s ity  began  to  
in c re a s e  only a fte r 24 h o u rs  a n d  reached  th e  m ax im u m  a f te r  a n o th e r  11 hours 
o f  in c u b a tio n  (curve 3). I n  m etic illin  -f- lysozym e m edium  o p tica l d ensity  
b e g a n  to  increase a f te r  14 h o u rs  and  reached  th e  p eak  a f te r  fu r th e r  10 hours, 
to  re m a in  there  for 7 — 8 h o u rs , th e n  slowly to  decrease (cu rve 4). T h is find ing  
in d ic a te s  th a t  n a tu ra lly  re s is ta n t  b ac te ria  begin  to  m u ltip ly  ea rlie r in m e ti
c illin  +  lysozym e th a n  in  m eticillin  m ed ium . S im ilar o b se rv a tio n s  were 
m a d e  fo r s tra in  100/110 [15].

Fig. 2. Growth curves for penicillin sensitive, adaptively meticillin resistant Staph, aureus 
stra in  18R in 1% glucose-casitone broth. 1 =  control; 2 lysozyme 500 fig /m l;  3 = meti

cillin 16 fig/ml; 4 =  meticillin 16 //g -{- lysozyme 500 /tg/ml

T h e  grow th d y n am ics  o f  ad ap tiv e ly  re s is ta n t an d  sen sitiv e  s ta p h y lo 
co cca l s tra in s  were s im ila r  in  m etic illin  an d  in  m eticillin  ly sozym e m edia. 
T h e  re su lts  for s tra in  18R  a re  p resen ted  in F ig . 2.

I t  is ev ident th a t  ly so zy m e per se d id  n o t in fluence  th e  g ro w th  of th e  
a d a p t iv e ly  re s is tan t s tra in  (cu rv e  2); th e  course o f m u ltip lic a tio n  w as th e  sam e 
a s  in  th e  contro l m ed ium  (cu rv e  1). In  th e  p resence  of 16 p g /m l o f  m etic illin  
(c u rv e  3), grow th beg an  n e a r ly  a fte r  th e  sam e perio d  as in th e  c o n tro l m edium  
b u t  o p tic a l density , e sp ec ia lly  u n til  th e  6 th  — 7 th  h o u r, increased  v e ry  slowly. 
L a te r  i t  increased m ore ra p id ly , b u t never reach ed  th e  p eak  in  th e  con tro l 
a n d  b eg an  to  decrease a f te r  13 — 14 hours. T he decrease la s ted  u n til  th e  23rd  — 
2 4 th  h o u r  of in cu b a tio n . In  m etic illin  -f- lysozym e (curve 4), a f te r  a lag o f 3 
h o u rs  th e  optical d e n s ity  s lig h tly  increased  a n d  rem ain ed  a t  th a t  level u n til 
th e  1 2 th  hour. A fter in c u b a tio n  for an o th e r 9 h ou rs th e  p eak  w as reach ed , th e n  
fo r  a  9 h o u r period th e  d e n s ity  rem ained  u n a lte re d ; a f te r  th e  3 0 th  hour of 
in c u b a tio n  a slight lysis  w as observed.

W ith  32 fjg/m l o f  m e tic illin  th e  g row th  curve  fo r s tra in  18R  w as sim ilar 
in  co u rse  to  th a t  w ith  16 pg/rril, only  th e  lag phase  la s ted  longer a n d  lysis was 
m o re  m ark ed  [13]. In  b ro th  co n ta in in g  32 и g m etic illin  -|- 500 //g lysozym e/m l 
th e  c u ltu re  failed to  m u lt ip ly  w ith in  24 ho u rs .

L ysozym e in th e  p resen ce  of m eticillin  r e ta rd e d  th e  beg in n in g  o f g row th  
o f  a d a p tiv e ly  re s is tan t a n d  sen sitive  s tra in s ; w hen  m u ltip lic a tio n  h a d  s ta r te d  
th e  cells were p rac tica lly  r e s is ta n t  to  th e  ly tic  ac tio n  of m etic illin  an d  lysozym e. 
T h is  w as shown b y  th e  fa c t t h a t  th e  o p tim um  d en sity  in  m etic illin  -(- lysozvm e
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rem ained  a t a low level for long, because  th e  m u ltip ly in g  cells sy n th e tiz e d  the  
celi wall s tru c tu re  in ad e q u a te ly  a n d  th u s  th e  cells were lysed ra p id ly . T h e  p ro 
cess la s ted  u n til  cells sensitive to  th e  given m etic illin  c o n c e n tra tio n  h a d  d is
ap p eared  from  th e  cu ltu re .

The m ain  d ifference b e tw een  n a tu ra lly  m etic illin  re s is ta n t s ta p h y lo 
cocci and  ad ap tiv e ly  m eticillin  r e s is ta n t or sen sitive  staphy lococci is as follows. 
N a tu ra lly  re s is ta n t s tra in s  in m etic illin  -f- ly sozym e show  a lag  ph  ase a lm o st 
tw o tim es sh o rte r  th a n  the lag p h ase  in m etic illin . In  c o n tra s t , th e  lag  phase  
of ad ap tiv e ly  re s is ta n t and  sen sitiv e  s tra in s  is 4 — 7 tim es longer th a n  in m e ti
cillin m edium . T h a t  is, lysozym e in  the  presence of m etic illin  p ro m o te s  th e  
m u ltip lica tio n  of n a tu ra lly  re s is ta n t s tra in s  b u t  re ta rd s  th e  g ro w th  o f  a d a p 
tiv e ly  re s is ta n t or sensitive  cu ltu re s .

Effert o f  lysozyme, meticillin and meticillin  -)- lysozyme on logarithmic  
phase cultures. In th e se  ex p erim en ts  we exam ined  th e  effect o f m etic illin  and  
m eticillin  -(- lysozym e on lo g arith m ic  phase cu ltu re s  o f  s tra in s  of d iffe ren t 
m eticillin  sen s itiv ity . In  a d d itio n ,i t  Yvas stud ied  w h e th e r a d am age or d e s tru c 
tion  o f cells had  occurred .

The s tra in s  w ere cu ltu re d  in th e  b io p h o to m ete r in  b ro th  c o n ta in in g  ne i
th e r  m eticillin  no r lysozym e. In  th e  lo garithm ic  phase  lysozym e, m etic illin  
and  m eticillin  -|- lysozym e w ere a d d ed  to  d iffe ren t cu v e tte s  and  th e  a lte ra tio n  
in th e  course of g ro w th  was reco rd ed .

The g row th  o f n a tu ra lly  m etic illin  re s is ta n t s tra in  5814/R  w as n o t in 
fluenced by  500 pg/m l lysozym e, 800 pg/m l of m etic illin  or 800 pg m etic illin  f- 
-f- 500 p g lysozym e/m l. T he effect o f 1200 pg /m l of m etic illin  ad d e d  in th e  
lo garithm ic  phase is show n in F ig . 3.

It is seen th a t  th e  op tica l d en sity  for s tra in  5814/R  was n o t in fluenced  
b y  500 p g lysozym e or by  1200 pg m etic illin /m l (curves 1 and  2). M eticillin  } 
lysozym e also failed  to  a lte r  th e  o p tica l d en sity  for 8 h o u rs , th e n  a s lig h t de
gree of lysis o ccu rred  (curve 3).

L ogarithm ic p h ase  cu ltu res  o f  a d ap tiv e ly  m etic illin  re s is ta n t s tra in  18R 
an d  of m eticillin  sensitive  s tra in s  reac ted  sim ilarly  to  lysozym e, m etic illin  
an d  m eticillin  -)- lysozym e. T he changes in th e  curves for s tra in  18 R arc  p re 
sen ted  in F ig . 4.

L ysozym e fa iled  to  in fluence  th e  course o f g row th  (curve l) . A fte r  th e  
ad d itio n  of m etic illin  th e  curve co n tin u ed  w ith o u t a lte ra tio n  for 2 h o u rs , th e n  
a g radual lysis occu rred . T he o p tic a l d en sity  decreased  un til th e  22nd hour 
of in cu b a tio n , th e n  rem ained  a t th e  sam e level (curve 2). A fter th e  ad d itio n  
of m eticillin  -(- lysozym e th e  g ro w th  curve  show ed a reg u la r course for 1 1/2 
ho u rs , th en  th e  o p tica l d en sity  h igh ly  decreased ; th e  lysis la s ted  for 8 hours 
(cu rve  3).

The effect o f  lysozym e, m e tic illin  an d  m etic illin  lysozym e added  
to  logarithm ic  p h ase  cu ltu res  on th e  su rv ival o f  staphy lococci is su m m arized

yield Л/ icrobinlogica Academiae Scienliarum Hungaricae 17, 1970



100 F. ROZGONYI and I . IÎÉ D A I

in  T a b le  I I .  C o lony-form ing  u n its  were c o u n te d  in  th e  2 2 n d —2 4th  h o u r. The 
f ig u re s  show average v a lu e s  o b ta in ed  in  3 ex p erim en ts .

T he num ber o f su rv iv in g  cells of s tra in  5814/R  was n o t ap p rec iab ly  in 
f lu e n c e d  by  500 f i g  ly so zy m e , 800 f i g  m eticillin  an d  800 f i g  inetic illin  +  500 f i g  

ly so zy m e/m l. No s ig n if ic a n t change was caused  b y  1200 f i g  m etic illin  w ith o u t 
ly so z y m e . E ven  m etic illin  +  lysozym e in d u ced  on ly  a one ex p o n en t decrease.

F ig . 3. Changes in  g ro w th  c u rv es  fo r Staph, aureus s t ra in  5814/R  as an  effect o f 500 fig lyso
z y m e /m l (1), 1200 fig  m e tic illin /m l (2) and 1200 fig  m etic illin /m l -|- 500 p g  lysozym e/m l (3)

a d d e d  in  th e  lo g arith m ic  phase

F ig . 4 . Changes in g row th  c u rv es  fo r  Staph, aureus s tra in  18R  as an  effect o f 500 fig m eticillin /m l 
(1), 64 fig  m eticillin/m l (2) a n d  64 fig  m eticillin  -)- 500 fig  lysozym e/m l (3) added  in  th e  loga

r ith m ic  phase

T h e  su rv iv a l of s tra in  18R  w as n o t in fluenced  b y  lysozym e; m etic illin  decreased  
th e  n u m b e r of su rv iv in g  cells b y  5, m etic illin  -f- lysozym e b y  6 expo n en ts . 
F o r  s tra in  100 lysozym e w as ineffective, m etic illin  caused  a 5 e x p o n en t, m e ti
c illin  lysozym e a 6 e x p o n e n t decrease. P en ic illin ase-p ro d u c in g  s tra in  
80/81 w as more re s is ta n t:  th e  decrease in v iab le  cell coun ts am o u n ted  to  3 
e x p o n e n ts  for m etic illin  a n d  5 exponen ts fo r m etic illin  -|- ly sozym e.

T hese ex p erim en ts  show ed  sign ifican t d ifferences b e tw een  n a tu ra lly  
r e s is ta n t ,  ad ap tiv e ly  r e s is ta n t  and  sensitive stap h y lo co cc i. S u b le th a l concen
t r a t io n s  of m eticillin  a d d e d  to  logarithm ic  p h ase  cu ltu res  ex e rted  no effect 
on  n a tu ra l ly  re s is tan t cells d u rin g  20 hours in c u b a tio n . T he sam e dose o f m e t;- 
c illin  caused  a m ark ed  ly sis  in  ad ap tiv e ly  re s is ta n t  an d  sensitive  cu ltu re s ,
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Table II

Effect o f  lysozyme, meticillin and m eticillin  -{- lysozym e on survival o f  Staph. aureus strains

Meticillin added to 
logurithmic phase 
cultures, //g/rnl

Number  of viable ells per ml

Strains
Cont rol Lysozyme Meticillin

Meticillin "F 
lysozyme

5814/R 800 1.2 X 10» 1 .2 X 10» 6.6 X 10» 4 .1 X 10*

5814/R 1200 1.2 X 10» 1.1 X Ю» 6.2 x  10» J.6X  10»

18R 64 1.2x10» 1 x io » 1 .4 x 1 0 ' 5 X 10»

100 1 1.3 X 10» 1 .2x10» 2.5 x  10' 3.4 X Ю»

80/81 1 1 .3x10» 1.1 X 10» 4.4 X 10» 4.2 X Ю»

Lysozym e co n cen tra tio n , 500 //g /ml. D e term in a tio n  of viable counts w as m ad e  a f te r  22 24
hours cu ltiv a tio n .

As an  effect of su b le th a l co n c e n tra tio n s  o f m eticillin  — lysozym e optica l 
d e n s ity  of th e  n a tu ra lly  re s is ta n t cu ltu re  show ed a slight decrease w hile th ere  
w as a ra p id  considerab le  lysis in cu ltu re s  o f th e  tw o o th e r  o rg an ism s. M eti
cillin caused  no im p o r ta n t decrease  in su rv iv in g  cells of th e  n a tu ra lly  re s is ta n t 
s tra in , b u t in a d a p tiv e ly  re s is ta n t and  sensitive  cu ltu res it decreased  th e  viable 
cell c o u n t b y  3 — 5 e x p o n en ts . U n d e r th e  effect o f a su b le th a l dose o f  m etic illin  
th e  n u m b e r  o f su rv iv in g  b a c te r ia  decreased  in th e  n a tu ra lly  re s is ta n t  cu ltu re  
on ly  b y  1 ex p o n en t w hile in  th e  tw o o th e r  cu ltu res  by  5 6 e x p o n e n ts .

S um m ing  up , th e  n a tu ra lly  m eticillin  re s is ta n t c u ltu re  w as insuscep
tib le  and  th e  a d a p tiv e ly  re s is ta n t  or sensitive  cu ltu re  w as su scep tib le  to  th e  
cell w all-dam ag ing  effect o f  m e tic illin  -(- lysozym e.

D iscussion

T h ere  are few d a ta  in th e  l i te ra tu re  on th e  basis o f w hich  th e  b eh av io u r 
o f n a tu ra lly  m etic illin  re s is ta n t, a d a p tiv e ly  m eticillin  re s is ta n t a n d  m eticillin  
sen sitiv e  staphy lococci cou ld  be  exp la in ed . No such ex p e rim en ts  h av e  been 
p erfo rm ed  w ith  m eticillin  r e s is ta n t s tra in s . As to  s tra in s  sen s itiv e  to  sem i
sy n th e tic  penicillins, th e  fo llow ing d a ta  w ere availab le .

I t  is know n from  th e  rev iew s of M o r s e  [11] and  S t o l p  an d  S t a r r  [20] 
th a t  th e  in ta c t Staph, aureus  cell an d  cell wall are re s is ta n t to  ly sozym e. I f  
the ich o lic  acid is e x tra c te d  from  th e  cell wall w ith  tr ich lo race tic  ac id , th e  o rg an 
ism  becom es sensitive to  lysozym e [11]. T he su b s tra te  fo r ly sozym e is m urein  
(m u co p ep tid e); lysozym e ex e rts  a specific a c tiv ity  on the  b e ta  (l,4 )-g ly co sid e  
bon d s o f am ino sugars p re sen t in m u re in . T heicholic acid , p o ly sacch arid es  and 
O -ace ty l g roups linked to  m u re in  p ro te c t th e  m olecule a g a in s t ly so zy m e-ty p e
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in tra c e llu la r  enzym es p re se n t in all b ac te ria l cells. P re tre a tm e n t w ith  m eti- 
c illin  induces lysozym e se n s it iv ity  in m etic illin  sen s itiv e , lysozym e re s is ta n t 
S ta p h ,  aureus [20]. A cco rd in g  to  R o g e rs  an d  J e l j a s z e v i c z  [12] m etic illin  
in h ib its  m urein  sy n th es is  in  th e  cell wall o f m e tic illin  sensitive  Staph, aureus. 
W a r r e n  and G r a y  [22 — 24] showed th a t  su b in h ib ito ry  co n cen tra tio n s of 
m e tic illin  caused s t ru c tu ra l  d iso rders an d  d iso rg an iza tio n  in  the  cell wall of 
se n s itiv e  Staph, aureus  in  consequence of w hich  an  in tra c e llu la r  po lysaccharide  
a c c u m u la tio n  occu rred . T h e  s tru c tu re  of th e  cell w all show s a lte ra tio n s  and  
in c rea sed  p erm eab ility  u n d e r  th e  effect of se m isy n th e tic  penicillins. B a r b e r  
[1] show ed th a t  in sen s itiv e  staphy lococci cell Avail sy n th esis  w as in h ib ited  by  
m etic illin  a t c o n cen tra tio n s  allow ing m u ltip lica tio n . T he in h ib ito ry  effect was 
p a r t ia l  as cell d iv ision  w as n o t in fluenced.

O ur resu lts o b ta in e d  w ith  m eticillin sen s itiv e  an d  a d ap tiv e ly  m eticillin  
r e s is ta n t  Staph, aureus  s t r a in s  are in ag reem en t w ith  d a ta  in th e  li te ra tu re  
[1, 9, 12 — 24]. W hen  m u ltip ly in g  in the  p resence  o f  m etic illin , these  b a c te ria  
a re  u n ab le  to  sy n th e tiz e  th e  com plete m urein  p o ly m er in  th e ir  cell wall and  
th u s  in trace llu la r a u to ly tic  enzym es lyse th e ir  ow n cells an d  even o th e r b a c 
te r ia .  T his hypo thesis is su p p o rte d  by  tb c  fin d in g  o f  W a r r e n  and  G r a y  [24] 
t h a t  th e  lysis o f n a p h c ill in - tre a te d  naphcillin  sen s itiv e  staphy lococcal cells 
is con sid erab ly  decreased  b y  h ea tin g  of th e  c u ltu re .

I f  ad ap tiv e ly  m e tic illin  re s is tan t an d  m etic illin  sen sitive  b a c te r ia  are  
c u ltu re d  in m eticillin  -]- ly so zy m e, the  cells fa il to  develop  a p erfec t cell wall 
so t h a t  th is  will be p e n e tra te d  and easily ly sed  b y  lysozym e. T his exp la in s 
th e  fa c t th a t  in m e tic illin  -f- lysozym e (d ep en d in g  on th e  co n cen tra tio n  of 
th e  an tib io tic ) th e  lag  p h a se  increases severa l tim es . D uring  th is  period , 
cells sensitive  to  th e  g iven  m eticillin  ly so zy m e co n cen tra tio n  are com 
p le te ly  d estroyed  a n d , th e re fo re , such lysis a n d  secondary  m u ltip lic a 
t io n  wrh ich  wras o b serv ed  w h en  th e  m edium  c o n ta in e d  only  m eticillin , does 
n o t  o ccu r.

T he lysozym e re s is ta n c e  of n a tu ra lly  m etic illin  re s is ta n t s taphy lococci 
c a n n o t be e lim inated  w i th  m e tic illin . I f  such o rg an ism s are c u ltu red  in  m e ti
c illin  -f- lysozym e from  th e  beg inn ing , lysozym e p ro m o te s  m u ltip lica tio n  in 
s te a d  o f  inh ib iting  i t  a n d  increases sligh tly  th e  degree  o f m etic illin  res is tan ce . 
T h is  effect can n o t be e x p la in e d  a t  p resen t.

A p a r tia l decrease in  lysozym e resis tan ce  can  be induced  in n a tu ra lly  
r e s is ta n t  s taphylococci i f  c u ltiv a tio n  is b eg u n  in  a n tib io tic  and  enzym e-free 
m e d iu m , and  m etic illin  a n d  lysozym e are ad d ed  in  th e  lo g arith m ic  phase. T he 
p a r t ia l  decrease of ly so zy m e resistance  h ig h ly  d ep en d s  on th e  co n cen tra tio n  
o f  m etic illin , b u t it  is n o t  co n sid erab le  even in  th e  p resence  of su b le th a l am o u n ts  
o f  th e  an tib io tic . F o r e x a m p le , lysozym e re s is tan ce  o f  s tra in  5814/R  was n o t 
a p p re c ia b ly  in fluenced  b y  800 //g /m l of m etic illin  a n d  even 1200 ,ug/ml of m e ti
c illin  caused only a s lig h t decrease  (see F ig . 3 a n d  T ab le  I I ) .
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T he resu lts  in d ica te  th a t  in th e  presence  o f m etic illin , n a tu ra lly  m e ti-  
cillin  re s is tan t b a c te r ia  produce a co m p le te  cell wall an d  dam aged  cells o ccu r 
u n fre q u e n tly , in o th e r  w ords th e  m a jo r i ty  o f cells c an n o t he p e n e tra te d  b y  
ly sozym e, th e  s u b s tra te  is p ro tec ted  a n d  th e  cells rem ain  re s is tan t to  ly so zy m e. 
I t  m a y  be concluded  th a t  n a tu ra lly  m etic illin  re s is ta n t s taphy lococci d iffe r  
from  a d ap tiv e ly  m e tic illin  re s is ta n t and  m eticillin  sensitive  Staph, aureus  
s tra in s  in  cell w all syn thesis  a n d /o r com position .
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PROPERTIES OF ACETO HYDROXY ACID SYNTHETASE 
IN STREPTOMYCES RIMOSUS

By

A. S z en tirm ai , I .  H o rvát h  and J .  Zs a d á n y i

D epartm ent o f  M icrobiology (Head: i. H o r v á t h ) ,  Research Institu te  fo r  Pharm aceutical
C hem istry, B udapest

(R eceived  J u ly  22, 1969)

Sum m ary . A ce to h y d ro x y  acid sy n th e ta se  in  Streptom yces rimosus re q u ire s  th ia m in e  
p y ro p h o sp h a te  an d  flav in e  adenine d in u cleo tid e . T he fin d in g  th a t  a lth o u g h  v a line  is in h ib ito ry  
a t pH  7.4 an d  28°C, i t  ex e rts  a considerab le  a c tiv a tin g  effec t a t  h igher pH  values o r te m p e ra 
tu re s  has been ex p la in ed  by its m ark ed  s tab iliz in g  effect on th e  enzym e.

T he p ro p o rtio n  of a -aceto lac tic  acid  a n d  a -ac e to -a -h y d ro x y b u ty ric  acid  sy n th e s is  was 
s tu d ie d  by  d e te rm in in g  th e  effect of th e  c o n ce n tra tio n s  o f th e  corresponding  su b s tra te s  (p y ru 
vic acid  an d  a -k e to b u ty r ic  acid). As c o m p a red  to  th e  enzym e in o th er m ic ro o rg an ism s, the 
a ffin ity  o f a -k e to b u ty r ic  acid to S. rim osus  a ce to h y d ro x y a c id  sy n th e ta se  was h ig h e r a n d , ac
co rd ing ly . isoleucine p recu rso r sy n th e ta se  w as h ig h er an d , accordingly , iso leucine p recu rso r 
sy n th e s is  in th e  la t te r  was prom oted . T h is  fin d in g  m ay  be exp la in ed  by the  d e rep re ss in g  effect 
o f  a -k e to b u ty r ic  acid.

Streptomyces rimosus  p roduces iso leucine in th e  presence o f  th re o n in e  
or a -k e to b u ty r ic  acid  [1 ,2 ] . In  a s tu d y  o f th is process we have show n  th a t  
com m on  enzym es involved  in v a lin e  an d  iso leucine b iosyn thesis a re  d e rep re ssed  
in  cells grow n in m ed ia  con ta in ing  th re o n in e  or a -k e to b u ty ric  ac id . T h e  d e re 
pression  can be in h ib ited  w ith v a lin e  and  leucine [3]. On th e  b as is  o f  these  
e x p e rim e n ts  we exp la ined  the reaso n  for derep ression  as follows. I t  is know n 
th a t  a c e to h y d ro x y  acid sy n th e ta se , tin; f ir s t  com m on enzym e o f v a lin e  and  
iso leucine  sy n th es is , ac ts  on tw o  d iffe ren t su b s tra te s , viz. p y ru v ic  ac id  and 
a -k e to b u ty r ic  acid  [4]. I t  m ay  be  assum ed  th a t  th e  a ffin ity  o f a -k e to b u ty r ic  
ac id  to  th e  enzym e is h igher in S . rimosus  th a n  in o th e r m icroo rgan ism s [5, 6] 
an d , acco rd in g ly , th is  substance  in h ib its  th e  sy n th esis  o f valine (and  iso leucine) 
p re c u rso r. In th e  absence of v a line  th e  enzym e system  is derep ressed . In  o rder 
to  con firm  th is  h y p o th esis  we h a v e  p erfo rm ed  s tu d y  on th e  p ro p e rtie s  o f  a c e to 
h y d ro x y  acid sy n th e ta se  in S . rimosus.

M ateria ls  and  m ethods

Grouth o f  organism . S. rimosus v a r ia n t  US 21/76 was grow n in g lycine-g lucose  m edium  
“ escribed  p rev iously  |7 ). A ddition of 5 miXI a -k e to b u ty r ic  acid to the  m edium  re su lte d  in a 
derep ressio n  of enzym es involved in iso leuc ine  an d  v a line  b iosynthesis [3].

P reparation o f  cell-free extract an d  p a r tia l  p u rif ic a tio n  and co n cen tra tio n  o f th e  p ro te in  
so lu tio n  were p e rfo rm ed  as described in s tu d ie s  on M ycobacterium pellegrino [6 ], e x cep t th a t  
in ev ery  step  th e  so lu tio n s were su p p le m e n ted  w ith  0.2 m/Vf-L-valine in o rder to  im p ro v e  the 
en zy m e’s s ta b ili ty . T he p ro te in  so lu tio n  c o n c e n tra te d  by am m onium  su lp h a te  p re c ip ita tio n  
w as s to red  no t longer th a n  a few hours a f te r  p re p a ra tio n ; before use it was gel f i lte re d  th ro u g h  
S ep h ad ex  G-25 co lum n.
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A ssa y  o f  acetohydroxy acid synthetase  was p e rfo rm ed  as described prev iously  [6 1. a -A ce to - 
-a -h y d ro x y b u ty r ic  acid  w as a ssa y ed  by th e  m icrob io log ica l m eth o d  of L e a w i t t  an d  U m b a r -  
g e r  [ 8 J. Specific a c t iv ity  w as expressed  as pinole a -a c e to h y d ro x y  acid p ro d u ced  b y  1 m g p ro 
te in  in  1 hour. P ro te in  w as d e te rm in e d  as described b y  L o w r y  et al. [9]. A na ly tica l g rad e  com 
m erc ia l p re p a ra tio n s  w ere  u sed .

A b b rev ia tio n s: T P P  =  th ia m in e  p y ro p h o sp h a te ; F A D  * flav ine aden ine  d in u c le o tid e ; 
A L A  a-ace to lac tic  ac id ; A H B A  =  a -a c e to -a -h y d ro x y b u ty r ic  acid.

R esults

Cofactor requirement. T h is was d e te rm in ed  w ith  crude e x tra c t gel f ilte re d  
th ro u g h  a S ephadex  G-25 colum n eq u ilib ra ted  w ith  0.1 M  p h o sp h a te  b u ffe r  
(p H  7 .4). F rom  T ab le  I  i t  is ev id en t th a t  T P P  is n eed ed  for th e  a c tiv ity  o f  th e  
en zy m e an d  FA D  e x e r ts  an  ac tiv a tin g  effect. S im ila rly  as in o th e r m ic ro o rg an 
ism s, th e  enzym e re q u ire s  p h o sp h a te  a t h ig h  c o n cen tra tio n  an d  th e  presence 
o f m agnesium  ions.

Effect o f  p H  on enzym e activity. The re a c tio n  ra te  was exam ined  in  0.1 M  
p h o sp h a te  buffer in th e  ra n g e  of pH  6.5 — 8.5 . A c tiv ity  was h ighest a t  p H  7.4. 
W h en  th e  sam e sy s te m  h a d  been su p p lem en ted  w ith  0.5 m M  v a lin e  (w hich 
w as d e fin ite ly  in h ib ito ry  u n d e r  pH  7.4), th e  p H  o p tim u m  fell betw een  7.4 — 8.0,. 
t h a t  is , above p H  7.5 v a lin e  seem ed to  e x e r t an  a c tiv a tin g  effect (F ig . 1).

Effect o f  temperature on reaction rate. T h e  ex p erim en ts  w ere p erfo rm ed  
in  th e  absence an d  in  th e  p resence  of 1 m M  L -v a lin e  (Fig. 2). W ith o u t v a lin e  
th e  o p tim u m  te m p e ra tu re  w as 30°C; w ith  v a lin e , i t  was 35°C. A ccordingly,, 
ab o v e  30°C valine  w as m ark ed ly  a c tiv a tin g  th e  enzym e.

Table I

Acetohydroxy acid synthetase activity in  reaction m ix tures o f different composition

a-Acetolactic 
I acid, //mole

Com plete re ac tio n  m ix ture 0.32

W ith o u t p h o sp h a te  buffer* 0.23

W ith o u t m agnesium 0.28

W ith o u t T P P 0.06

W ith o u t FA D 0.26

Com plete re ac tio n  m ix tu re  -j* 1 m M  L -valine 0.21

T h e  figures in d ic a te  /(m ole  aceto lactic  acid  p ro d u c e d  in  30 m inu tes. C om ple te  re a c 
tio n  m ix tu re : p h o sp h a te  b u ffe r  (p H  7.4), 0.1 M ;  m ag n e siu m  chloride, 0.01 M ;  T P P  0.1 
m M ;  F A D , 0.01 m M ;  p y ru v ic  acid , 40 m M ;  p ro te in , 1.3 m g/m l.

* In  th is  e x p e rim e n t th e  reac tio n  m ix tu re  c o n ta in e d  a sm all a m o u n t (0.01 M )  o f 
p h o sp h a te , as p rio r to  th e  re a c tio n  th e  p ro te in  so lu tio n  w as f i lte re d  th ro u g h  S ep h ad ex  G -2 5  
c o lu m n  eq u ilib ra ted  w ith  0.1 M  ph o sp h a te  buffer.
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Influence o f  p H  and temperature on the effect o f  valine.  T he  in h ib ito ry  and  
th e  above-described  a c tiv a tin g  e ffec t o f valine was h igh ly  d ep en d en t on the  
p i l  an d  th e  te m p e ra tu re  (F ig . 3). A t low er te m p e ra tu re s  an  increase o f th e  pH  
dec reased  th e  sen s itiv ity  to  va line ; th e  ac tiv a tin g  e ffec t o f  h igher te m p e ra tu re s  
becam e m ore m ark ed  w hen th e  p l l  had been increased .

F ig . 1. A ceto h y d ro x y  acid  sy n th e ta se  a c t iv i ty  vs. pH . R eac tio n  m ix tu re : p h o sp h a te  buffer 
0.1 M ;  m agnesium  chloride, 0.01 M ; T P P ,  0.1 m M ; FA D , 0.01 m M ;  p y ru v ic  acid . 40 m M; 
p ro te in , 0.5 mg/rnl. R eac tio n  tim e, 20 m in u te s  a t 28°C. T he p l l  was a d ju s te d  to 6 .5 — 8.5 w ith  

a C am bridge p i t  m eter. 1 w ith o u t valine: 2 w ith  0.5 m M  valine

Fig. 2. A ceto h y d ro x y  acid  sy n th e ta se  a c t iv i ty  vs. te m p e ra tu re . R eac tio n  m ix tu re : ph o sp h a te  
b u ffer, 0.1 M : m agnesium  chloride, 0.01 M ; T P P , 0.1 m M ; F A D , 0.01 m M ; p y ru v ic  acid, 
40 m M  ; p ro te in , 0.5 mg ml. R eac tion  t im e , 20 m inu tes a t  20 42°C. 1 w ith o u t va line ;

2 w ith  1 m M  valine

Effect o f  substrate concentration on reaction rate. W hen  p lo tte d  accord ing  
to  L in ew eav e r— B u rk , th e  reac tio n  r a te  showed a lin ea r  re la tio n sh ip  to  p y ru v ic  
acid  co n cen tra tio n  in th e  range 4 100 m M  (F ig . 4). T h e  K M v alue  for th is
p a r t  was 8.7 m M .  Al low er s u b s tra te  co n cen tra tio n s a slig h tly  sigm oid  sub-
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s t r a t e  sa tu ra tio n  cu rve  w as o b ta in ed . In  th e  p resence  o f v a lin e  th e  shape o f  
th e  c u rv e  tended  to  b eco m e  s tra ig h t;  a t low  su b s tra te  c o n cen tra tio n s  valine 
e x e r te d  a strong a c tiv a tin g  e ffec t (Fig. 5 show s th e  degree o f v a lin e  sen sitiv ity  
v e rs u s  su b stra te  c o n c e n tra tio n ). In  c o n tra s t to  enzym es e x tra c te d  from  o th e r 
m ic roo rgan ism s show ing no  a p p a re n t su b s tra te  in h ib itio n  [15, 16], in  the  p re 
s e n t  experim en ts h ig h e r s u b s tra te  co n cen tra tio n s  (10—100 m M )  failed to  
in f lu e n c e  valine se n s itiv ity .

23 24 28 32 40 °C

F ig . 3. E ffec t of valine on  a c e to h y d ro x y  acid sy n th e ta se  a c t iv ity  a t  v a rio u s te m p e ra tu re s  and 
p H  v a lu e s . R eaction m ix tu re : p h o sp h a te  buffer, 0.1 M ; m agnesium  ch lo ride , 0.01 M ; T P P . 
0.1 m M ;  F A D , 0.01 m M ; p y ru v ic  acid , 40 m M ; p ro te in , 0.5 m g/m l. T he p H  w as a d ju s te d  w ith  
a C a m b rid g e  pH  m eter. T h e  te m p e ra tu re  ranged  be tw een  20— 42°C. 1 p H  8; 2 =  pH  7.7 ;

3 p H  7.4; 4 =  p H  7.0

F ig . 4. R ela tio n sh ip  be tw een  a c e to h y d ro x y  acid sy n th e ta se  a c tiv ity  an d  s u b s tra te  co n cen tra 
tio n  p lo t te d  according to  L in e w e av e r-B u rk . R eaction  m ix tu re : p h o sp h a te  b u ffe r, 0.1 M ; m ag 
n e s iu m  ch lo ride, 0.01 M ; T P P ,  0.1 m M ; FA D , 0.01 M ,  p ro te in , 0.56 m g/m l. S u b s tra te  con
c e n tr a t io n  ranged  betw een 1— 100 m M .  R eac tion  tim e , 20 m in u te s  a t  28°C. R eac tio n  ra te s : 

1 w ithou t v a lin e ; 2 — w ith  0.5 m M  L -v alin e; 3 - w ith  2 m M  L -valine
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F ig . 5. V aline sen sitiv ity  o f a ce to h y d ro x y  acid  sy n th e ta se  a t  va rio u s su b s tra te  c o n ce n tra tio n s . 
R e ac tio n  m ix tu re : p h o sp h a te  b u ffe r  (pH  7.4), 0.1 /Vi; m ag n esiu m  chloride, 0.01 M ;  I P P , 
0.1 m M ; FA D , 0.01 m M ;  p ro te in , 0.56 m g/m l. P y ru v ic  acid  co n cen tra tio n  ran g ed  b e tw een  
1 100 m M . R eac tion  tim e , 20 m inu tes a t  28°C. 1 w ith  0.5 m M  L -valine; 2 w ith  2 m M

L -valine

F ig. 6. A cetohydroxy  acid sy n th e ta se  a c tiv ity  in  th e  presence and  in th e  ab sence  of v a lin e . 
R e ac tio n  m ix tu re : p h o sp h a te  buffer (p H  7.4), 0.1 /V/; m ag n esiu m  ch loride, 0.01 M ; T P P ,  0.1 
m M ; FA D , 0.01 m M ; p ro te in , 0.4 m g/m l. R e ac tio n  te m p e ra tu re , 28°C. T he re ac tio n  w as s t a r t 
ed in  th e  absence and in th e  presence of 0.2 m M  and  1 m M  L -valine. A fter 24 m in u te s  all 
th ree  reac tio n  m ix tu res  w ere su p p lem en ted  w ith  L -valine. 1 reac tio n  m ix tu re  w ith o u t  v a 
line; 2 w ith  0.2 m M  v a lin e ; 3 w ith  1 m M  v a lin e ; 4 effect of 0.2 m M  v a lin e  ad d ed
a fte r  24 m in u tes  to va line-free  reac tio n  m ix tu re ; 5 effec t o f 1 m M  valine  ad d ed  a f te r  24 
m in u tes  to valine-free re ac tio n  m ix tu re ; 6 effec t o f 1 m M  valine  ad d ed  a fte r  24 m in u te s  to  

reac tio n  m ix tu re  c o n ta in in g  0.2 m M  valine
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F ig . 7. A ceto h y d ro x y  ac id  sy n th e ta se  a c tiv ity  in  su b s tra te -fre e  reac tio n  m ix tu re  a t  28°C. R e 
a c tio n  m ix tu re  for p re in c u b a tio n : ph o sp h a te  b u ffe r  (p H  7.4), 0.1 M ; m ag n esiu m  chloride, 
0 .01 M ; T P P , 0.1 m M ; F A D , 0.01 m M ; p ro te in , 0.5 m g/m l. T he reac tio n  w as s ta r te d  b y  th e  
a d d itio n  of 40 m M  p y ru v ic  acid , a t  the  tim e in d ica ted  on  th e  g raph . T he figures in d ica te  //m ole 
a ce to la c tic  acid p ro d u ced  in  20 m inu tes a t  28°C. 1 - en zy m e p re in cu b a ted  w ith o u t v a lin e ;
2 =  enzym e p re in c u b a te d  w ith  0.2 m M  va line ; 3 =  en zy m e p re in c u b a te d  w ith o u t v a lin e  
w h en  s ta r tin g  th e  re a c tio n  1 m M  valine  was ad d ed  to g e th e r  w ith  p y ru v ic  acid ; 4 =  enzym e 
p re in c u b a te d  w ith  0.2 m M  v a lin e  — w hen s ta r tin g  th e  re ac tio n  1 m M  valine  w as ad d ed  to 

g e ther w ith  p y ru v ic  acid

F ig . 8. P ro p o rtio n  of a ce to la c tic  acid  and a c e to h y d ro x y b u ty r ic  acid p ro d u ced  b y  Streptom yces 
rim o su s  ace to h y d ro x y  acid  sy n th e ta se . R eac tio n  m ix tu re : p h o sp h a te  b u ffer (p H  8), 0.1 M ; 
m ag n esiu m  chloride, 0.01 M ; T P P , 0.1 m M ; FA D , 0.01 m M ; p ro te in , 0.4 m g/m l. R e ac tio n  
t im e , 20 m inutes a t  28°C. P y ru v ic  acid co n ce n tra tio n  ra n g ed  betw een 6 — 80 m M  in th e  a b 
sen ce  a n d  in th e  presence o f 1 m M  k e to b u ty ric  acid , 1 a m o u n t of a -ace to lac tic  acid  p ro d u ced
in  th e  p resence  of p y ru v ic  acid , as de term ined  by  W e s t e r f e l d ’s m eth o d ; 2 =  to ta l  a m o u n t 
o f  a c e to h y d ro x y  acids p ro d u c ed  in th e  presence of a -k e to b u ty r ic  acid  an d  p y ru v ic  acid , as 
d e te rm in e d  by  W e s t e r f e l d ’s m eth o d ; 3 a m o u n t o f a -ac e to h y d ro x y b u ty r ic  acid  assay ed  
b y  a g a r  d iffusion  m eth o d ; 4 — a m o u n t of a -ac e to lac tic  acid  ca lcu la ted  b y  su b tra c tin g  a -ace to - 

-a -h y d ro x y b u ty r ic  acid  from  to ta l  a c e to h y d ro x y  acid c o n ten t
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Alteration o f  enzyme activity during  the reaction. T he  above ex p e rim en ts  
w ere perfo rm ed  w ith  enzym e so lu tio n s  sto red  in th e  p resence  o f 0.2 m M  v a line  
an d  gel filte red  before use. T he so lu tio n  was d ilu ted  1 : 10 in th e  re a c tio n  m ix- 
tű re . I f  gel f iltra tio n  had  been c a rr ie d  o u t w ith o u t ad d in g  v aline  p rev io u sly , 
d u rin g  the  f irs t  10 m inu tes o f  th e  re a c tio n  a high a c tiv ity  w as o b served  w hich 
th e re a f te r  decreased  g rad u a lly . In  th e  presence o f 0.2 m M  v a lin e  th e  in itia l 
increase in a c tiv ity  was less d e fin ite , h u t  th e  enzym e re ta in e d  a h ig h e r a c tiv ity  
d u rin g  th e  50 m inu tes reac tio n  tim e  as com pared  to  th e  v a line-free  con tro l 
(F ig . 6). T he re la tio n sh ip  was co m p le te ly  linear if th e  reac tio n  ra te  in th e  p res
ence of 1 m M  va line  was p lo tte d  ag a in s t tim e.

I f  0.2 rn V/ valine was ad d e d  to  th e  valine-free co n tro l in th e  24 th  m in u te , 
a c tiv a tio n  w as sligh t; 1 m M  v a lin e  u n d e r th e  sam e co n d itio n  e x e rte d  a sligh t 
in h ib ito ry  effect. I f  va line  w as a d d e d  to  a system  co n ta in in g  0.2 m M  v a line , 
36%  'n h ib itio n  was d e m o n s tra te d . A ccordingly, th e  in h ib itio n  w as m ore 
m ark ed  th a n  th a t  found in th e  v a line-free  contro l (20% ). T he tim e  course of 
th e  reac tio n  ra te  clearly  in d ica te s  th e  stabilizing  effect o f v a line .

E nzym e a c tiv ity  decreased  b y  nearly  50%  in th e  absence o f p y ruv ic  
acid  if  th e  reac tio n  m ix tu re  c o n ta in e d  p ro te in  a t a low  c o n c e n tra tio n  an d  was 
in c u b a te d  a t 28°C (F ig. 7). A fte r  6 —8 m inu tes in c u b a tio n , enzym e a c tiv ity  
decreased considerab ly  and  in a c tiv a tio n  could h a rd ly  he in fluenced  w ith
0.2 m M  v a lin e . T he p a r t  of th e  cu rv e  associated  w ith  rap id  in a c tiv a tio n  re 
sem bled th e  tim e  course of th e  d ecrease  in a c tiv ity  d u rin g  th e  re a c tio n , h u t 
it  was s teep er th a n  th e  la tte r . I f  th e  degree of in a c tiv a tio n  was ex am in ed  in 
th e  presence o f va line, th ere  w as no change in v aline  se n s itiv ity .

Effect o f  л -ketobutyric acid on acetohydroxy acid production. If  th e  reac tio n  
ra te  was s tu d ied  by d e te rm in in g  th e  to ta l ace to h y d ro x y  acid c o n te n t in  th e  
presence o f 1 m M  a -k e to b u ty ric  a c id  and  a t d ifferen t p y ru v ic  acid  c o n c e n tra 
tions, s im ilarly  to  resu lts  w ith  o th e r  m icroorganism s [5, 6], a c o m p e titiv e  in 
h ib itio n  w as d em o n stra ted  (F ig . 8). If, how ever, th e  p ro p o rtio n  o f  a -ace to -a - 
-h y d ro x y b u ty ric  acid and  a -a c e to la c tic  acid was d e te rm in ed  b y  assay in g  the  
fo rm er m icrobiologically , it w as e v id e n t th a t  a t 10 m M  p y ru v ic  acid  concen
tra tio n  ace to h y d ro x y b u ty ric  acid  w as produced  p ra c tic a lly  b y  itse lf; th e  fo r
m atio n  of v a lin e  p recu rso r (a c e to la c tic  acid) was observed  only a t h ig h er p y ru 
vic acid co n cen tra tio n s.

D iscussion

As m en tio n ed  in th e  in tro d u c tio n , th e  p ro p ertie s  o f S . r imosus  a ce to 
h y d ro x y  acid sy n th e ta se  were s tu d ie d  in order to  ex p la in  th e  derepressing  
effect of a -k e to b u ty ric  acid. F o r th is  purpose it w as n ecessary  to  e lu c id a te  cer
ta in  ch a rac te ris tic s  o f th e  e n zy m e . A ccordingly, before d iscussing  th e  m ain
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Table II

Properties o f  acelohydroxy acid synthetases isolated fro m  various microorganisms

Microorganism and 
reference

Specific
acti
vity

KM
pyruvic

acid
m M

KM
T P P

K m
FAD

Valine
mM

inhibit
ing

5°%

Opti
mum

pH

Temper
ature

°C

Escherichia  coli К —12 [16, 1 7 1 0.6 4.0 50.0 0.25 0.25 8.0 37
Aerobacter aerogenes [11] 3.3 0.03 7.5 37
Salm onella  typhim urium  [17] 1.6 6.25 0.25 1.0 8.0 37
P seudom onas aeruginosa [18] 3.0 9.3 34.7 0.117 2.0 7.6 20
M ycobacterium  pellegrino [6] 0.61 1.61 50.0 0.2 10.0 7.8 20

M ycobacterium  tuberculosis [19] 0.72 0.5 6.2 25

Streptom yces rimosus 0.36 8.7 50.0 0.2 5.0 7.4 28

p u rp o se  of th e  s tu d y , we co m p are  th e  general p ro p e rtie s  o f  ace to h y d ro x y  acid 
s y n th e ta s e s  in d iffe ren t m icroorgan ism s.

O n th e  basis of th e  l i te r a tu r e  these enzym es can  he d iv id ed  in to  3 groups. 
I n  Aerobacter aerogenes, th e  correspond ing  enzym e o f w hich w as f irs t s tud ied  
b y  J u n i  [10], U m b a r g e r  et al.  d em o n stra ted  t h a t  th e  enzym e h a d  an  op tim um  
p H  o f 6 [11], p layed  a c a ta b o lic  role and  w as in v o lv ed  in  ace to in  p roduction . 
T h e  en zy m e th en  was p u r if ie d  b y  St 0 r m e r  [12]; it  w as show n to  differ in p ro p 
e r tie s  from  o ther b a c te r ia l  b io sy n th e tic  enzym es.

T h e  second g ro u p  com prises enzym es iso la ted  from  Neurospora crassa 
[13 , 14] and  Phaseolus rad ia tus  [15]. These enzym es have  th e ir  op tim u m  under 
p H  7 a n d  are p re su m a b ly  b io sy n th e tic  ag en ts ; th e ir  v a lin e  se n s itiv ity  is n o t 
u n a n im o u s ly  ac c e p ted .

T h e  th ird  g roup  c o n ta in s  b io sy n th e tic  enzym es iso la ted  from  d ifferen t 
b a c te r ia .  A cetohydroxy  ac id  sy n th e ta se  in S. r imosus  also belongs to  th is  group. 
F o r  th e  op tim u m  a c tiv i ty  o f  th is  enzym e, T P P  and  FA D  coenzym es are needed 
( th e  ro le  o f th e  la t te r  h a s  n o t been e lu c ida ted ). D a ta  for b io sy n th e tic  enzym es 
a re  su m m arized  in T a b le  I I .

T h e  ch a rac te ris tic s  in  w hich  S. rimosus  a c e to h y d ro x y  acid  sy n th e tase  
d iffe re d  from  the co rre sp o n d in g  enzym e in o th e r  b a c te r ia  w ere as follows. The 
e n z y m e  is very  sen s itiv e : its  s ta b ility  can be en su red  on ly  in  th e  presence o f 
lo w  v a lin e  co n cen tra tio n s . T h is  e x tra o rd ’n a ry  s e n s 't iv ity  is c learly  ind ica ted  
b y  th e  dependence o f th e  re a c tio n  ra te  on p H  an d  te m p e ra tu re . As com pared  
to  o th e r  enzym es, its  p H  o p tim u m  is low er. T h e  low te m p e ra tu re  op tim um  is 
o b v io u s ly  due to  h igh se n s it iv ity , as in th e  p resence  of s tab iliz in g  valine  the  
o p t im u m  pH  shifts to  th e  a lka line  side an d  th e  o p tim u m  te m p e ra tu re  falls 
a t  h ig h e r  values. V aline e x e rts  opposite  effects: i t  in h ib its  th e  enzym e used , 
o w in g  to  its s tab iliz ing  p ro p e r ty , it  a p p a re n tly  ac ts  as an  a c tiv a to r .
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On the  enzym es exam ined  so fa r , th e  stab iliz in g  effect o f v a lin e  is th e  
m o s t defin ite  in S. rimosus ; as to  th e  effect o f th e  su b s tra te , it also d iffers from  
o th e r  enzym es.

O th e r enzym es show  a c e r ta in  degree o f a c tiv a tio n  a t  low s u b s tra te  
c o n c e n tra tio n s ; in S . rimosus  th is  e ffec t was d em o n strab le  in th e  p resence  of 
v a lin e  only . In Pseudomonas aeruginosa  and  in Mycobacterium pellegrino  an 
a p p a re n t  su b s tra te  in h ib itio n  was cau sed  b y  h ig h er su b s tra te  c o n c e n tra tio n s  
o w ing  to  th e  in a c tiv a tio n  of the en zy m e. No such  su b s tra te  in h ib itio n  w as 
o b se rv e d  in S. r imosus;  in c o n tra s t, th e  su b s tra te  exerted  a ce rta in  s tab iliz in g  
e ffe c t.

Before discussing th e  m ain p u rp o se  o f th is  s tu d y , we p resen t th e  s tep s  
o f  ace to h y d ro x y  acid sy n th e ta se  a c t iv i ty  (F ig . 9).

O il

I. C H , CO C O O - +  T P P  K n z y m e ^  C H 3 C T P P  K nzym e +  CO,

II

H y d ro x y e th y l-T P P 'F . -(- a -k e to b u ty ric  acid  —► a-ac e to -a -h y d ro x y b u ty ric  acid  T P P 'E

II . H y d ro x y e th y l-T P P ’E  p y ru v ic  acid-*- -ace to lac tic  acid  • T P P 'E

Fig. 9. S teps o f ace to h y d ro x y  acid sy n th e ta se  a c tiv ity

As shown b y  k ine tic  ex p e rim en ts , th e  enzym e reac tio n  invo lves tw o 
s te p s . F irs t, p y ru v ic  acid reac ts  w ith  th e  p ro s th e tic  group  of th e  enzym e an d  
o x y e th y lth ia m in e  p y ro p h o sp h a te  is p ro d u ced . In  th e  second s tep  th e  la t te r  
c o m p o u n d  is condensed  w ith  a p y ru v ic  acid or a -k e to b u ty ric  acid m olecule.

I f  th e  to ta l ace to h y d ro x y  acid p ro d u ced  in the  presence of a -k e to b u ty r ic  
ac id  is considered, it  is ev id en t th a t  th e  la t te r  com pound  inh ib its  th e  reac tio n  
c o m p e titiv e ly . In  th is  respect S. rimosus  is s im ila r to  o th e r  m icroo rgan ism s. 
A s an  ex p lan a tio n  o f  th e  find ing  it m a y  be assum ed  th a t  in the  f irs t s tep  on ly  
p y ru v ic  acid reac ts  w ith  th e  enzym e an d  a -k e to b u ty r ic  acid is co m p e titiv e ly  
in h ib itin g  th e  reac tio n . T he second s tep  is m ore com plex , as show n by th e  fol
lo w ing  d a ta  w hen s tu d y in g  th e  p ro p o rtio n  of th e  tw o a ce to h y d ro x y  ac ids it  
w a s  ev id en t in all m icroorganism s th a t  a t  low p y ruv ic  acid c o n c e n tra tio n s  
p ra c tic a l ly  only a c e to h y d ro x y b u ty r ic  acid (isoleucine precurso r) is p ro d u c e d . 
T h e  syn thesis  of v a lin e  p recurso r becom es sig n ifican t a t h igher p y ru v ic  acid 
c o n c e n tra tio n s . A m in im al isoleucine p recu rso r syn th esis , how ever, ta k e s  
p lace  even a t high p y ru v ic  acid c o n c e n tra tio n s  [5, 6]. This process p la y s  an 
im p o r ta n t  m etabo lic  ro le, since it en su res  isoleucine syn thesis  in th e  p resen ce  
o f  a -k e to b u ty r ic  ac id  a t low c o n cen tra tio n s . T hese find ings th ro w  lig h t o n  th e  
re su lts  o f W a g n e r  et al. [20] who ex am in ed  th e  ra tio  o f va line : iso leucine syn-
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Table III

A m o u n t o f  isoleucine und valine precursors produced at various pyruvic acid concentrations in  
cell-free extracts o f  Pseudomonas aeruginosa, M ycobacterium pellegrino and Streptomyces rimosus

Pyruvic acid Ps. aeruginosa M . pellegrino S. rimosus

,,M AHBA ALA AHBA ALA AHBA ALA

1 0.08 0.06 traces 0.05

2 0.25 traces 0.10 0.02 0.08 traces

5 0.38 0.2 0.19 0.05 0.15 0.025
10 0.38 0.5 0.23 0.12 0.21 0.04

20 0.30 0.80 0.25 0.16 0.25 0.10
40 0.30 1.05 0.25 0.20 0.25 0.20

T he figures in d ica te  th e  /m ioles of isoleucine an d  valine  p recursors p roduced  in 1 hour by  
1 m g p ro te in  a t  1 m M  a -k e to b u ty r ic  acid and 1 — 40 m M  p y ru v ic  acid concentra tion .

th e s is  in  a cell-free sy s tem  and  showed th a t  a -k e to b u ty r ic  acid in h ib ited  th e  
sy n th e s is  o f va line .

T h e  p ro p o rtio n  o f v a lin e  and  iso leucine p recu rso rs w as essen tia lly  sim 
ila r  fo r  tw o d iffe ren t m icroorgan ism s [5, 6 ]. In  S. rimosus, how ever, con
s id e ra b ly  h igher p y ru v ic  acid  co n cen tra tio n s w ere needed  for v a line  syn thesis  
(T ab le  I I I ) .  In  v iew  o f th e  ch a rac te ris tic s  o f th e  enzym es, th e  derepression  
d u e  to  a -k e to b u ty ric - acid  m ay  be exp la ined  b y  a v a line  and  leucine deficiency 
c a u se d  b y  th e  su b stan ce  even  a t  h igh p y ru v ic  acid  co n cen tra tio n s. T h is h y p o 
th es is  is su p p o rted  b y  th e  fin d in g  of a m ax im u m  repression  of th e  enzym e w hen 
a -k e to b u ty r ic  acid , leucine and  valine are  p re se n t to g e th e r [3].
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Sum m ary .  T es t ing  of sucrose and ra ff in o se  ass im ila t ion  by 56 labora to ry  a n d  f resh ly  
iso lated  E. coli s t ra ins  in d ica ted  th a t  the  m a jo r i ty  o f  the  cu ltu res  either failed to a t t a c k  these  
sugars  or  ut il ized b o th  of th em .  Cultures ass im ila t ing  on ly  sucrose comprised a b o u t  1/5, those  
assim ila ting  only ra ff inose  a b o u t  1/20 o f  t h e  ex am in ed  s tra ins .  Experim ents  w i th  one  r e p re 
se n ta t iv e  of each of th e  four  groups showed t h a t  an a d a p t iv e  enzym e (“ bac te r ia l  i n v e r t a s e ” ) 
was responsible for th e  b reak d o w n  of b o th  raffinose  a n d  sucrose. The enzyme was inducib le  
by  b o th  sugars. An orig inal ly  sucrose n eg a t iv e  s t ra in  could  be a d ap ted  in a su i tab le  m e d iu m  
to a low degree of sucrose-spli t t ing  ac t iv i ty .  This sucrose  negative ,  raffinose posi t ive  s t r a in  
ac ted  upo n  raffinose p r im ar i ly  by  melibiase. A s t ra in  a ss im ila ting  sucrose on screen ing  e x a m i 
n a t io n  produced only alpha-glucosidase a f te r  a d a p ta t i o n  to sucrose. Strains failing to  util ize 
sucrose  and  raffinose could  also be induced  to p roduce  th e  corresponding enzym es ,  h o w ev er ,  
a t  low' act iv i ty .

Unlike in o th e r  microorganisms, in v e r ta s e  a n d  melibiase  are localized in t ra ce l lu la r ly  
in bac ter ia .  Similarly to lactose b reakdow n, w hich  is the  m ain  diagnostic  featu re  o f E scherich ia , 
sp l i t t ing  of sucrose a n d  raffinose  was inducib le ,  in c o n t r a s t  to the  const itu t ive  t reh a lo s e  and  
m altose  breakdow n.

In in te rp re t in g  diagnostic c a rb o h y d ra te  assim ilation  spectra  of b a c te r ia  
one  should  consider the  fact th a t  identical re su lts  m ay  be b ro u g h t  a b o u t  
b y  d ifferen t m echan ism s. (Assimilation m eans  in th is  paper the  g ro w th  on  a 
c a rb o h y d ra te  as sole source of c a rb o n  and energy .)  T he  first steps o f  a s s im ila 
t ion  (oligosaccharide splitting, t r a n s p o r t  processes) m ay  he d ifferen t,  while 
fu r th e r  s teps o f  th e  in te rm ed ia ry  m e tab o l ism  (glycolysis, E n tn e r  — D o u d o ro f f  
p a th w a y ,  etc.) are generally  un ifo rm  w ith in  th e  sam e taxonom ic u n i t .

The exact know ledge of the f i r s t  s teps  o f  su g ar  assimilation m ay  be  useful 
for in  vitro  s tud ies  on antibiotics a n d  chem o th e rap eu t ic s .  For e x a m p le ,  the  
effect o f  an  an tib io t ic  m a y  increase if th e  m ed ium  contains a c a r b o h y d r a te  
w hich  is a t ta c k e d  by  adap tive  enzym e(s)  o f  th e  te s ted  b ac te r ium , b ecau se  
th e  an tib io t ic  m a y  inh ib it  the sy n th es is  o f  th e  respective  adap tive  enzym e(s)  
[7, 14, 17].

K now ledge of th e  problem is defective , since only some r e p re s e n ta t iv e  
species h ave  been exam ined  in th is  respec t .  No sys tem atic  studies c o m p a r in g  
va r ious  species h av e  so fa r  been p e rfo rm ed .  T h e  p resen t  experim ents  w ere  in 
sp ired  b y  results  ob ta ined  in c o m p a ra t iv e  s tud ies  on the  c a rb o h y d ra te  m e t a b 
olism of yeas ts  [28, 29].

Sucrose b reak d o w n  is a good ex am p le  to  p o in t  ou t the  im p o r ta n c e  of 
such stud ies . In d ifferent organisms sucrose is a t ta c k e d  from the  f ruc tose-s ide
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b y  in v e r ta se  (beta-h -fructos idase) ,  inu linase  (beta-fructosidase) and  levan- 
s acch a rase ,  while f rom  th e  glucose-side b y  “ sacch a rase” , m altase  (a lpha-g luco- 
s idase) ,  d e x tran sacch a ra se ,  am ylosaccharase  a n d  sucrosephosphorylase [3, 4, 
6, 8, 9, 11, 12, 25, 28]. T heore tically  each p a r t i c u la r  process could be recognized 
b y  ex am in in g  w h e th e r  th e  organism u ti l izes  raffinose, inulin or m a lto se  in 
a d d i t io n  to  sucrose. T ra n s p o r t  problems, h o w ev er ,  m ake the  s i tu a t io n  m ore  
c o m p l ic a te d .  On th is  basis  ano ther  d ifference can  be made, n am e ly ,  w h e th e r  
th e  c leavage of  th e  oligosaccharide occurs ex trace llu lar ly  or in trace l lu la r ly ,  
in o th e r  words w h e th e r  th e  in tac t  s u b s t ra te  o r  i ts  decomposition p ro d u c ts  are 
t r a n s p o r te d .

Materials and methods

In  pre lim inary  e x p e r im e n ts  screening tes ts  w ere  car r ied  ou t  for c a rb o h y d ra te  ass im ila 
t ion  b y  56 E. coli s t ra ins .  F o r ty - s ix  strains were o b ta in e d  f rom  the H ungar ian  N a t io n a l  Collec
t ion  o f  Medical Bacter ia  (H N C M B ),  the rem ain ing  10 s t ra in s  were isolated in the  C entra l  L a 
b o r a to r y  Pé ter fy  H osp ita l .  T he  form er strains co r re sp o n d e d  to type  strains for О an tig en s  1. 2, 
6, 7, 8, 13, 14, 17, 18. 26, 27, 30, 32, 33, 34, 35, 42, 49, 50, 114 and  115, К an tigens  1L, 2L, 5L, 
6L, 7L ,  8L . 11L(013).  11L (0125) ,  12L, 14L, 15L, 16L, 20L ,  35A and 36A, H  a n t ig en s  1, 2, 4, 
5, 10, 11, 19, 20, 27 a n d  28.

C a rb o h y d ra te  ass im ila t ion  spectrum was d e te rm in e d  on desoxychola te -phenol-red  
(D P )  m e d iu m  for 22 su b s t r a te s :  adonitol,  D -a rab inose ,  L -arabinose,  D-ribose, D-xylose ,  dulci- 
tol,  D -m a n n i to l ,  D-sorbito l,  D-glucose, D-fructose,  D -m annose ,  D-galactose, L-sorbose,  L- 
rh a m n o s e ,  lactose, cellobiose, trehalose,  maltose, suc rose ,  raffinose, p -a rb u t in  a n d  m-inositol.  
T he  su b s ta n c es  were im p re g n a te d  into filter p a p e r  s t r ip s .  D P  plates were seeded w i th  18 hour  
b r o th  c u l tu res  then  the  p a p e r  s tr ips  were placed o n to  t h e  m edia  [1]. Unlike in ro u t in e  b a c te r io 
logical ex am in a t io n s  w here  acid production  is cons id e red ,  improved growth a ro u n d  th e  s tr ips  
was re g a rd e d  as positive reac t ion .  The diagnostic i m p o r t a n c e  of the results  will no t  be deal t  
w i th  in th is  paper.

Assimilation  of sucrose  a n d  raffinose and, as a com par ison ,  of lactose was ex am in ed  in 
d e ta i l  w i th  stra ins E  40 (H N C M B  30047), P 11a (H N C M B  30056), G 3404/41 О a n t ig e n  series 
(H N C M B  30023), G 3403/41K a n tig en  series (H N C M B  30163). The behaviour of th e  4 s t ra in s  
on D P  m ed iu m  is shown in T ab le  I (in the following th e  H N C M B  designation will be used).

T h e  cultures were g row n on  simple agar in R o u x  f lasks  a t  37°C for 18 hours .  F o r  a d a p 
t a t i o n ,  th e  corresponding c a rb o h y d ra te  was added  to  t h e  m ed ium  a t  2% . The  cells were h a r 
v e s ted  a n d  washed th ree  t im es  by  centrifugation in sa l ine .  T h en  living ( in tact)  cells, ace ton ized  
cells a n d  cell-free e x t r a c t s  were prepared  and e x a m in e d  as described previously  [26] e x c e p t  
t h a t  all  o f  th em  were used  in 1 : 10 dilution. Q u a n t i t a t i v e  est im ation  of sucrose an d  raffinose-

ТаЫе I
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sp li t t ing  a c t iv i ty  was m ad e  by B e n e d i c t ’s picron itr ic  acid  m e th o d  [16] as m od if ied  by  us 
|2).  To the  m ix tu re  of 0.1 ml sample  and  1.9 ml distil led w a ter ,  3 ml 0 .4%  p icron itr ic  acid so
lu t ion  were added  which, due to its depro te in iz ing  effect,  s to p p ed  the reaction . T h e  m ix tu re  
was centrifuged if necessary ,  their 2 ml 20%  sod ium  h y d ro x id e  were added  to th e  s u p e r n a t a n t  
and  the  m ix tu re  was k e p t  in boiling w a te r  for 13 m inu te s .  After cooling the re su l t in g  red  co
lour was de te rm ined  p h o to m e tr ica l ly  a t  520 m//. T he  m ix tu re  was sam pled  a t  h o u r ly  in te rv a ls  
d u r in g  in cuba t ion  las t ing  for 6 hours.

Results

On D P m edium  th e  s tra ins  d iffered in sucrose and  raffinose a s s im ila t io n .  
T he  tw o c h a rac te rs  are com pared  in T ab le  II.

Table II

C o m p a r i s o n  o f  5 6  E .  c o l i  s t r a i n s  f o r  s u c r o s e  a n d  r a f f i n o s e  d e c o m p o s i t i o n

R a  f  f  i n

+

iose

+ 20 10
Sucrose

3 23

Table III

Sucrose, ra ffinose  and lactose decomposition by various preparations from  4 E. coli stra ins adapted
and not adapted to sugars

Cultivation
(adaptation)

S ubstrate  
(for splitting  

tests)

.40047* 
(S H i )

.40056* 
(S H | )

30023* 
(S H )

30163* 
(S H )

I.** A N I. A II L A II L A II

Simple agar Sucrose —
Raffinose

Lactose — —
Simple agar Sucrose + + + + + + + +

-j- sucrose Raffinose + + + + —
Lactose

Simple agar Sucrose + + + + ( + ) ( + )

-f- raffinose Raffinose + + + + - + +

Lactose + + +

Simple agar Sucrose

-f- lactose Raffinose - -
1 „actose + + + + + + +

Incubat ion  for 6 hours. Chrom atographic  results  for monosaccharides ind ica t ing  su b s tra te  
sp l i t t ing:  spots absen t,  ( ) spots weakly visible, ~( spots well visible,  . n o t  tested.

* Designation o f  s tra in ;  sucrose and  raffinose assimilation on I)P agar.
** L living cells, A acetonized cells, II cell-free homogenate.
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Th»; contingency  ta b le  ind ica tes  t h a t  in th e  m a jo r i ty  of  cu l tu re s  the re  
w as  a tw o -w ay  corre la tion  be tw een  sucrose a n d  raffinose b reak d o w n  (20 s tra ins  
p o s i t iv e  an d  23 s tra ins  n e g a t iv e  for b o th  ch a rac te rs ) .  Ten s tra ins  sp lit  sucrose 
h u t  n o t  raffinose; only  3 s t ra in s  gave p o s i t ive  raffinose and  n eg a t iv e  sucrose 
r e a c t io n .  As the  la s t  v a r ia t io n  is v e ry  u n f re q u e n t  n o t  only in E . coli b u t  also 
in y e a s t s  [30, 31], in th e  inves t iga t ion  o f  raff inose  sp lit t ing  one re p re se n ta t iv e  
( s t r a in  30056) was inc luded  in add it ion  to  th e  s tra in s  rep resen ting  th e  th ree  
o th e r  v a r ia t io n s .  The re su l ts  are sum m arized  in Tab le  111.

T a b le  I I I  shows th a t  all four s tra in s  ex e r ted  th e  corresponding  sp li t t ing  
a c t i v i t y  only  af te r  a d a p ta t io n .  I t  is also c lear t h a t  with living cells n e i th e r  a 
d e c re a se  in the  a m o u n t  of  su g ar  nor an a p p e a ra n ce  of decom position  p ro d u c ts

F ig . 1. Sp l i t t in g  of sucrose (S) a n d  raffinose (R) b y  ace ton ized  cells of  E. coli 30047 a d a p te d  to
sucrose

w as o b se rved  (sugar ass im ila t ion  was negligible owing to th e  small a m o u n t  
o f  b a c te r ia ) .  W hen  th e  cu ltu res  were grow n in th e  presence of th e  c o rre sp o n d 
ing  o ligosaccharides ( a d a p ta t io n ) ,  ce r ta in  sp l i t t in g  activ ities  were d em o n s trab le  
in t h e  sam ples. No sign of sp l i t t in g  to  m o nosacchar ides  by  living cells was evi
d e n t  in  th e  6 hou r  or th e  earlier  samples. W i th  t r e a te d  cells, how ever ,  a p ro 
g ress ive  increase in sugar  b reak d o w n  was observed .

T h e  sucrose-sp lit t ing  ac t iv i ty  of s t ra in  30047 (sucrose and  raffinose p o 
s i t iv e  on D P  agar) was 4 t im es  h igher th a n  its raffinose-split t ing  a c t iv i ty  if 
a c e to n iz e d  cells were used (Fig. 1). As th is  p re p a ra t io n  exerted  a be ta -h -f ru c to -  
s id a se - ty p e  ac t iv i ty  (see la te r ,  Fig. 4) a g a in s t  b o th  sugars, th e  h igher  sucrose
s p l i t t in g  ac t iv i ty  is ex p la ined  b y  th e  fac t  t h a t  b y  th is  enzym e raff inose  is 
less  r e a d i ly  a t ta c k e d  t h a n  sucrose [12, 15]. T h e  induc tive  c h a rac te r  o f  sucrose
s p l i t t in g  ac t iv i ty  (Table  I I I )  is confirm ed  b y  d a ta  in Fig. 2, since c»‘ll-free 
e x t r a c t s  o f  cultures grown in sucrose-free m e d iu m  failed to ac t  u p o n  sucrose; 
in  c o n t r a s t ,  when the  cu l tu re  h a d  been a d a p te d  to  sucrose the cell-free ex tra c t  
sh o w e d  a considerable  ac t iv i ty .

A ce ton ized  cells o f  s t r a in  30056 (raffinose positive, sucrose n eg a t iv e  on 
D P  ag a r)  w hen a d a p te d  to  raffinose sp li t  n o t  on ly  th is  sugar h u t  w eak ly  also
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sucrose. A fter  cu lt iva t ion  in th e  presence of sucrose, ace ton ized  cells o f  the  
sam e s tra in  failed to  a t ta c k  e i th e r  sugar  during  100 m in u te s  incu b a t io n  (Fig. 3). 
As th is  s tra in  exer ted  also an  a lpha-ga lac to s idase - type  a c t iv i ty  a f te r  c u l t iv a 
tion  on raffinose (see la te r ,  F ig. 4), the  results  show n in Fig. 3 in d ica te  th a t

F ig. 2. Sucrose-splitt ing a c t iv i ty  o f  cell-free ex tra c t  of K. coli 30017 cu ltu red  on s im ple  agar  in 
the  presence (SA -|- S) a n d  in the  absence (SA) o f  sucrose

u n d e r  this condition  a lpha-ga lac tos idase  ac t iv i ty  a p p ea rs  first a n d  sucrose
sp l i t t in g  a c t iv i ty  is induced  la te r  as an effect o f  sucrose accu m u la t io n  in the 
m ed ium . F o r  the  l a t te r  process th e  organism utilizes as su b s t ra te  th e  galactose 
re leased from  raffinose. W h en  c u l tu re d  d irectly  with sucrose, th e  absence  of 
galactose m a y  be the  cause of  th e  failure of induc tion  of  sucrose-sp lit t ing  
ac t iv i ty .

Fig. 4 sum m arizes  th e  re su lts  of the  exam in a t io n  of  the  rep re sen ta t iv es  
o f  four  v a r ia n ts  p resen ted  in th e  contingency  tab le  on th e  basis of c h ro m a to 
gram s of sam ples tak en  a f te r  6 hours  incubation .

8

Fig. 3. Sp li t t ing  of sucrose (S) a n d  ra ff inose  (R) by acetonized cells o f  E. coli 30056 c u l tu re d  on 
simple agar  in the  presence o f  raffinose (SA -J- R) an d  sucrose (SA -j- S)
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E. coli 30047 

Adapted to:

E. coli 30056 
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F ig . 4. Sucrose, raffinose a n d  lac to se  b reakdow n by  ace ton ized  cells of  E . coli s t ra ins  rep resen t
in g  fo u r  var ian ts  differing in  su g a r  assimilation sp e c tru m .  The  organ ism s were cu ltu red  on 
s im ple  a g a r  conta ining sucrose ,  raffinose or lactose. C h ro m a to g rap h y  was perform ed  after  
6 h o u r s  incubation  w i th o u t  s u b s t r a t e  (B) and in the  p resence  of 2 %  sucrose (S), 2 %  raffinose 
(R )  a n d  2 %  lactose (L). C o n tro ls :  Г  =  fructose, D =  glucose, G =  galactose ,  S — sucrose, 

L lac tose ,  Me melibiose, R  raffinose

I t  should be n o te d  t h a t  none of the  va r io u s  p rep a ra t io n s  m ad e  from th e  
fo u r  s tra in s  showed en d ogeneous  release o f  m onosaccharides  (see blanks).

Acetonized cells o f  s t r a in  30047 (sucrose a n d  raffinose positive  on D P  
a g a r )  showed be ta -h -f ru c to s id ase - ty p e  a c t iv i ty  a f te r  cu ltu r ing  w ith  sucrose,
i.e . sucrose was in v e r te d  a n d  raffinose was sp lit  in to  fruc tose  a n d  melibiose. 
L a c to se  breakdown w as  n o t  observed. W h en  th e  organism  was grown with 
ra f f inose ,  the  above ty p e  o f  ac t iv i ty  was less m a rk e d  and  a w eak  sp lit t ing  of 
la c to se  occurred. A f te r  c u l tu r in g  with lactose, on ly  th is  sugar  was a t tacked ,  
a n d  m ore  readily t h a n  b y  cells growrn w ith  raffinose.
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Acetonized  cells o f  s tra in  30056 (sucrose nega tive ,  raffinose po s i t iv e  on 
D P  agar)  grown w ith  sucrose showed ve ry  w eak  beta -h -fructos idase  a c t iv i ty  
in respec t  to  b o th  sucrose and raffinose b reak d o w n .  After growing w ith  ra f f i 
nose th e  above a c t iv i ty  and a h igher degree of  a lpha-galactosidase  a c t iv i ty  
ap p ea red .  R affinose  b reakdow n  m ay occur in tw o  different m anners .  B e ta -h -  
- f ruc tos idase  releases f irst fructose and melibiose, th en  a lpha-ga lac tos idase  
sp lits  melibiose in to  glucose and  galactose; or, else, a lpha-ga lac tos idase  p ro 
duces f i rs t  galactose and  sucrose th en  b e ta -h -f ruc to s idase  splits sucrose  into 
glucose and  fructose. In  b o th  k inds of p a th w a y ,  in ta c t  raffinose an d  all in te r 
m e d ia ry  and  end p ro d u c ts  (melibiose, sucrose, glucose, galactose and  fructose)  
can  be d e m o n s tra te d .  Culturing  with raffinose induced  in stra in  30056 a weak 
a c t iv i ty  aga ins t  lactose. W hen  grown w ith  lac tose ,  th e  organism sp li t  only 
la c to s e .

S tra in  30023 (sucrose positive, raffinose nega tive  on D P  agar)  after  
a d a p ta t io n  to  sucrose acted  upon  th is  sugar  b u t  no t  upon  raffinose, i.e. it 
exer ted  an a lpha-g lucosidase-type  ac t iv i ty .  C u ltu r ing  w ith  raffinose ind u ced  
n e i th e r  a lpha-glucosidase nor be ta -h -fructos idase  a c t iv i ty  and p ro b a b ly  th is  
com p le te  in ad eq u acy  for a t tack in g  raffinose was responsible for th e  lack  of 
lac tose  b reakdow n . How ever, lactose induced  a lac tose-splitting  a c t iv i ty  in 
th is  cu ltu re .

S tra in  30163 (sucrose and  raffinose n eg a t iv e  on D P  agar) e x e r te d  traces  
of sucrose-sp li t t ing  a c t iv i ty  and com plete ly  failed to  a t ta c k  raffinose a n d  lac
tose a f te r  cu lt iv a t io n  w ith  sucrose. In d u c t io n  b y  raffinose caused p a r t ly  th e  
ap p ea ran ce  o f  a lpha-galactosidase  ac t iv i ty  (on th e  ch rom atog ram  th e re  were 
w eak  raffinose an d  melibiose spots and m a rk e d  glucose and  galactose spots),  
p a r t ly  a sucrose-sp lit t ing  ac t iv i ty  s tronger t h a n  t h a t  exerted  b y  th e  cu l tu re  
a d a p te d  to  sucrose. This  was ind ica ted  also b y  th e  absence of the  sucrose spot 
a f te r  th e  b reak d o w n  of raffinose. This find ing  m a y  he explained b y  an  ind irec t 
in d u c t io n ,  in which galactose released by  a lpha-ga lac tos idase  of th e  raffinose- 
a d a p te d  cu l tu re  was th e  initial su b s tra te  for  in d u c t io n  by  sucrose. Sucrose 
b reak d o w n  seems to  be a be ta -h -f ru c to s id ase - ty p e  reac tion  as th e  c h r o m a to 
gram  for ra ff inose-sp lit t ing  show ed the  presence  of  melibiose. Raffinose-induc- 
t io n  failed to  b r ing  ab o u t  lac tose-sp lit t ing  ac t iv i ty .  Culturing w ith  lactose, 
as u sua lly ,  resu lted  in th e  developm ent of  lac tose-sp lit t ing  ac t iv i ty .

I t  shou ld  be no ted  th a t  acetonized cells an d ,  to  a lower degree even  ex
t r a c t s ,  showed an a c t iv i ty  against trehalose  and  m altose w ith o u t  in d u c t io n .

Discussion

As shown in th e  con tingency  tab le ,  screen ing  tes ts  for sucrose a n d  raffi
nose assim ila tion  gave th ree  var ia t ions  in a d d i t io n  to  th e  un iform ly  neg a t iv e  
resu lts .  These var ia t io n s  m ay  he in te rp re ted  as follows, (i) Sucrose a n d  ralfi-
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nose po s i t iv e  stra ins p ro d u c e  invertase ; (ii) ra ff inose  positive, sucrose nega tive  
s t r a in s  p roduce  melibiase; (iii) sucrose positive ,  raffinose nega tive  s t ra in s  p ro 
d u ce  m a l ta se  (or o th e r  a lpha-glucosidase) ty p e  enzymes.

Com parison  of th e  fo u r  varia tions y ie lded  the  following resu lts .  S tra in  
30047 assim ila ting  b o th  sucrose and raffinose on D P  agar was, as expec ted ,  
e x e r t in g  fructosidase a c t iv i ty  (though in an  a d a p t iv e  form). Beside th e  in 
d u c t iv e  cha rac te r ,  th is  en zy m e  differed f rom  th e  invertases  of y e a s ts  and  
m o lds  [32, 33] in localiza tion  and  op tim um  p H  since in liv ing cells it failed to  
e x e r t  ex trace llu la r  a c t iv i ty  a n d  its op t im u m  p H  was a t  6.5 instead  of  th e  usual 
4.5 in  fungi. In v e r ta ses  are  a t t r ib u te d  m a in ly  to  yeasts  and molds [12, 14]. 
B a c t e r i a l  invertases were described b y  D o u d o r o f f  [5], S c h o c h e r  [35] and  
N e g o r o  [18 25]. These  d a ta  indicate  t h a t  “ in v e r ta se  a c t iv i ty ”  in Pseudo
m onas saccharophila  is a w eak  in tracellu lar  process . In  some c lostrid ia  in v e r ta se  
is an  in d u c t iv e  enzym e. In v e r ta se  was iso la ted  from B acillus su b tilis  v a r .  
saccharophila . Accordingly , u n t i l  more e x ten s iv e  d a ta  are ava ilab le ,  th e  su 
crose a n d  ra ff inose-sp lit t ing  enzym e in s t ra in  30047 m ay  be te rm ed  “ b ac te r ia l  
in v e r t a s e ” .

R affinose  and sucrose b reakdow n b y  s t r a in  30056 as com pared  to  t h a t  
by  t h e  above  s tra in  m a y  be defined as follows.

1. A lthough  s t ra in  30056 fails to  ass im ila te  sucrose on D P  m ed iu m , if 
it  is c u l tu r e d  on simple ag a r  in the  presence o f  sucrose or raffinose, a sucrose
s p l i t t in g  ac t iv i ty  is ind u ced .  This  induc tion  does n o t  occur on D P  ag a r  where 
th e  o rg an ism  p ro b a b ly  uses o the r  n u t r ie n t  su b s tan ces  for g row th .

2. T h e  assim ila tion  of  raffinose w i th o u t  sucrose b reakdow n  on D P  m e
d iu m  p ro b a b ly  involves a melibiase  ac t iv i ty .  T h is  is shown b y  th e  presence 
of  suc rose  (and galactose) sp o ts  on ch ro m a to g ra m s  m ade with  ace ton ized  cells 
a n d  e x t r a c t s  of cu ltu res  g row n with  raffinose.

3. W hen  grown on s im ple  agar co n ta in ing  raffinose, th e  paralle l a p p e a r 
ance  o f  sucrose b reak d o w n  is induced  b y  sucrose released from raffinose  as a 
re s u l t  o f  melibiase ac t iv i ty .

4. T he  c h ro m a to g ram s  clearly show t h a t  in  raffinose b re a k d o w n  b y  
a c e to n iz ed  cells and e x t ra c ts  o f  cultures a d a p te d  to  raffinose no t only melibiase 
b u t  also a sucrose-split t ing  enzym e is involved , as b o th  mclibiose and  fructose  
are  p re s e n t .  The l a t te r  en zy m e  seems to be o f  an  inve r ta se  ty p e ,  as in raffinose 
b re a k d o w n  small a m o u n ts  o f  melibiose are d e te c te d .

5. T h e  da ta  in d ica te  t h a t  in view of th e  in d u c t io n  of sucrose b reak d o w n ,  
D P  a g a r  is less su i tab le  t h a n  simple agar  as o therw ise sucrose assim ila tion  
w o u ld  be ev iden t also on th e  former m ed ium .

Accord ingly , s t ra in  30056 produces m a in ly  melibiase, b u t  u n d e r  su itab le  
co n d i t io n s  it  m ay  e lab o ra te  a n o th e r  enzym e resem bling  the  above -m en tio n ed  
in v e r ta s e .  The ac t iv i ty ,  o r  m ore  p robab ly  th e  a m o u n t ,  of the  la t te r  is lower 
t h a n  in s t ra in  30047.
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T he localization of  melibiase, as well as t h a t  o f  inv e r ta se ,  differs in E . coli 
a n d  in th e  yeasts . In  th e  yeasts  t h e  enzym e acts ex trace l lu la r ly  or, a t  least ,  
ou ts ide  the  cell wall b a r r ie r  [26, 27]. D o u d o r o f f  [5] has  show n th a t  melibiase  
in /J.s. saccharophila  is an endoenzym e exerting  h igher  a c t iv i ty  and being  p re 
sen t  in larger a m o u n ts  th a n  inve r ta se .

As expected , s t ra in  30023, w h ich ,  on D P  m e d iu m , assim ilated  sucrose 
b u t  no t  raffinose, showed alpha-glucosidase (“ specific saccharase” ) ac t iv i ty .  
This enzym e ap p ea red  also only a f t e r  induction. No o th e r  types  o f  enzym e 
were d e tec ted  in th is  s t ra in .  It was in te res t ing  th a t  raff inose  m arked ly  inh ib ited  
its g row th  on D P  m ed ium .

T he  raffinose and  sucrose n e g a t iv e  s tra in  30163 ex e r ted  very  weak su 
crose-split t ing  ac t iv i ty  w hen  a d a p te d  to th is  sugar. I t s  a c t iv i ty  upon  sucrose 
b ecam e  more m ark ed  if th e  s tra in  h a d  been c u l tu red  w ith  raffinose. On th e  
basis o f  th e  weak sucrose-sp lit t ing  a c t iv i ty  and th e  absence  of raffinose b re a k 
dow n, the  type  of  th e  enzym e invo lved  canno t be d e te rm in ed ,  as in a c t iv i ty  
a g a in s t  raffinose m a y  be a result o f  no t only th e  a lpha-glucosidase  ty p e  of 
enzym e b u t  may also be due to the  fac t  th a t  inver tase  a c t iv i ty  is considerab ly  
w eaker  against raffinose th a n  it is a g a in s t  sucrose. T h e  app ea ran ce  o f  raffinose 
b re a k d o w n  after a d a p ta t io n  to raff inose  indicates th e  presence o f  b o th  in
v e r ta se  and  melibiase, since on th e  c h ro m a to g ram s  melibiose, fructose, glucose 
an d  galactose were all p resen t .  A ccordingly , in the  effective sucrose b reak d o w n  
induced  by  raffinose an  in te rm e d ia ry  sucrose a d a p ta t io n  is involved, the  
energy-yield ing su b s tan ce  of  which is galactose re leased  from raffinose by  
m elibiase toge ther  w ith  sucrose.

N o t only th e  above  processes b u t  also lactose b re a k d o w n ,  the  m ost c h a r 
ac te r is t ic  fea ture  in E. coli, p roved  to  be of in d u c t iv e  ch a ra c te r  in all th e  4 
s tra in s .  In  stra ins 30047 and  30056, lactose b reak d o w n  could  be induced  even 
w ith  raffinose. This f ind ing , te rm ed  by  H estri n  and  L i n d e g r e n  [16] h e te ro lo 
gous induction , was n o t  surprising. H olmes  et al. [13] descr ibed  th a t  in bac te r ia  
raffinose belongs to  a su b s tra te  g ro u p  the m em bers  o f  w hich  are capab le  o f  
induc ing  bo th  a lpha-galactosidase  (melibiase) and  be ta -ga lac to s idase  ( lactase).

The presen t s tu d y  revealed im p o r ta n t  differences in s tra ins  re p re se n t 
ing fou r  groups of  E . coli s tra ins  d iffering in ass im ila t ion  spec trum . It m a y  
be a ssum ed  th a t  s im ilar  exp er im en ts  w ith  o the r  b a c te r ia  m ay  yield v a lu ab le  
d a ta  for different m etabo lic  p a th w a y s  in o therw ise hom ogeneous bac te r ia l  
g roups , serotvpes a n d  species.
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Sum m ary .  In  a sys tem  consisting of poliovirus adso rbed  to  suspended  m o n k ey  k idney  
cells, the  reduction  of K + ion c o n ten t  to ,  or  below, 0.91 mEq/1  for a t  least  1 h o u r  caused  a 
4fold increase of the  efficiency of infection  as m easured  by  the  cycle’s f inal yield. T h e  effect 
was abolished when K + co ncen tra t ion  h ad  been res to red  to  n o rm a l  by  the  end of t h e  cycle’s 
f i rs t  30 minutes .  Absence of M g + + ions d u r in g  the  cycle’s f i rs t  h o u r  caused a 70%  red u c t io n  
of th e  final yield. Considering the  kno w n  effects of K + or M g ++ ions on  m em b ran e  A TPase ,  
these  results  ap p ea r  to  prov ide  a fu r th e r  ind irec t  evidence for the  possible corre la t ion  be tw een  
A T Pase  conform ation  a n d  efficiency of t h e  v ir ion’s irreversible  a t t a c h m e n t .

We have  re cen t ly  pub lished  som e d a ta  on th e  effect of d if fe ren t  h e a r t  
glycosides on the  efficiency of in fec tion  by poliovirus o f  su spended  t issue  cu ltu re  
cells [1, 2, 3]. I t  seem ed t h a t  com pounds  h a v in g  h igh  a ff in ity  to  th e  ca tion  
t ra n s fe r  m em b ran e  A T Pase  s t im u la te d  virion u p ta k e  a t  con cen tra t io n s  b e 
tw e e n  6 x  105—6 X 10u molecules p e r  cell. This ind irec t  evidence of  th e  possible 
in v o lv e m e n t  of  th e  m em b ran e  A T P ase  in th is  process lias in i t ia ted  th e  ex p e r i
m e n ts  to he re p o r te d .

M ateria ls  and m ethods

The M ahoney s t r a in  of ty p e  1 poliov irus a n d  the  PM K  I I I / l  p e r m a n e n t  m o n k e y  k id n ey  
cell line were used th ro u g h o u t .  Fo r  deta ils  concerning m ate r ia ls  a n d  m ethods ,  the  f i r s t  pape  
o f  th is  series should  be  consulted  [ l j .

E xperim enta l

As d e m o n s t ra te d  by H o l l a n d  an d  M c L a r e n  [4] adso rp t io n  of  poliovirus 
to  susceptib le  cells requ ired  th e  presence of cations, while th e  phase  des igna ted  
b y  th em  as eclipse tu rn e d  ou t  to  be insensitive to  th e  presence  or absence  of 
ca t ions .  In our exp er im en ts ,  adso rp t io n  was a lw ays pe rfo rm ed  in H a n k s ’ b a l
anced  salt  so lu tion  w ith  glucose (H B S). The effect o f  ca tions was ex am in ed  
exclusively  in th e  p o s tad so rp t io n  per iod  of th e  cycle. T h e  specif ic ity  of  tin- 
ca t ion  effect observed  w as proven  by  om it t in g  on ly  a single ca t ion  from  H B S.

A fter  adso rp t io n  of  virus to  t h e  cells a t  a m u lt ip l ic i ty  1 for 10 m in u te s  
a t  20°C and  for 5 m in u te s  a t  37°C, the  u n ad so rb ed  v irus  was rem o v ed  b y  re-
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p e a tc d  washing in H B S . O ne  s tep  growth curves  were o b ta in ed  b y  incuba ting  
106 v iru s - t re a te d  cells su sp e n d e d  in 10 nil m ed iu m  a t  37°C u n d e r  gentle  shaking 
in siliconed bottles  in a 5 %  CO., a tm osphere .  M axim um  virion  yield was re 
g u la r ly  obtained by th e  e n d  o f  the  6th h o u r  o f  in cuba tion  and  th is  value did 
n o t  change signif ican tly  on fu r th e r  p ro longa tion  of th e  in cu b a t io n  by  1 2
h o u rs .  Therefore, we d e s ig n a te d  the yield in th e  6 th  hour as f ina l yield (FY„). 
All re su lts  presented  in th is  p a p e r  are given as relative F Y 6. This m eans  th a t  
y ie ld s  were always re fe r red  to  t h a t  o b ta in ed  s im u ltaneously  in th e  control 
s y s te m  in com plete  H B S .

E ffec t o f redaction o f  K + ion content. T h e  to ta l  K + ion co n te n t  of HBS 
is 3.1 mEq/1. Of th is ,  2.5 m Eq/1 is presen t in th e  form of KC1 an d  0.6 mEq/1 
in t h a t  o f  K H , P O r  T h e  l a t t e r  was always p re se n t  an d  only the  KC1 con ten t 
v a r ie d .  Tin; effect o f  th e  re d u c e d  K + ion c o n te n t  on the  re la t ive  F Y B is given 
in T a b le  I. A p p a ren t ly ,  t h e r e  is a critical m in im u m  concen tra t io n  o f  K + ion 
b e tw e e n  0.91 and 1.22 m Eq/1. R educ tion  of  th e  K + ion c o n te n t  from  3.10 to 
1.22 mEq/1 did no t  s ig n if ican t ly  affect th e  yield while a t  b o th  0.91 and 0.60 
m E q/1  there  was an a b o u t  4fold increase of  th e  yield.

Table I

Effect o f  K + depletion on relative f in a l  virion  y ield

HBS containing KCL 
( m M / 1 )

Total K  + 
mEq/1 Relative FY e

5.00 (control) 3.10 1.00

2.50 1.85 0.85

1.25 1.22 1.24

0.62 0.91 4.11

0.00 0.60 4.41

Table II

Effect o f  Mg++ ion and  o f  total ion depletion on relative f in a l  virion  y ie ld

M e d i u m  Relative FYe

HBS 1.00

HBS -  Mg + + * 0.33

Tris buffer +  sucrose** 0.015

Tris buffer +  sucrose  -f~ Mg+ + 0.005

Tris buffer -f- sucrose  +  H B S (v/v =  1/1) 1.00

* Mg + + 0.10 mEq/1
** Tris  buffer 10 mM/1, sucrose 250 mM/1
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Effect o f  M g ++ ion deficiency. M g ++ ion has been k n o w n  to be essen tia l  
fo r  th e  ac t iv i ty  of  m em b ran e  A T P ase  [5]. The H B S con ta in s  0.10 mEq/1 of  
]Vlg+ + ion in tlie form  of MgSO.,.7 H.,() (2 inM/1). One s tep  g row th  curves were 
o b ta in ed  in H B S lacking M g++ ions. S im ultaneously  control e x p e r im en ts  
were set up in a tr is  b u f fe r—sucrose (10 mM/1 — 250 inM/1) m ed ium  w ith  a n d  
w ith o u t  M g+ + (0.10 mEq/1) and in co m p le te  H BS. R esu lts  are shown in T a 
ble IT.

The to ta l  absence of ex te rna l  M g ++ ions reduced  th e  yield b y  a b o u t  
70% . In  tris  b u f fe r—sucrose the  re d u c t io n  of yield was 98.5 and  99 .5 %  in 
th e  absence and  presence of M g++ ions ,  respectively . T h u s  M g + + , as th e  sole 
ion. did no t allow for a full yield. T h e  presence of half th e  a m o u n t  of the  to ta l  
ion co n ten t  of H B S was, however, s a t i s fa c to ry  for th e  p ro d u c t io n  of a full E Y e 
if th e  solution was rendered  isotonic b y  add ing  enough tr is  buffer  — saccharose  
m ix tu re .

Table 111

Effect o f  the ion depletion s d u ra tion  on the relative f in a l  virion yieitl

Cation D uration of lcpletion Relative F Y

к 1 n one 1.00

0 15 min 0.85

0 - 30 min 1.20

0 60 min 3.00

0 6 hours 3.30

M|i 0 30 min 1.0
() 60 min 0.40

0 — 6 hours 0.33

Table IV

Effect o f  some substances on A T P a se  activity and on virion  production

Substance

Inhibition 
activ ity  a t

formation of 
enzyme-ATP 

complex

>f ATPase 
be level of

hydrolysis of 
enzyme-ATP 

complex

Relative FYe
Phase of cycle 

affected

Digitalis [1]* + increase 0 60 m i n .

K + deprivation + increase 0 60 min.

Mg++ deprivation + — reduction 0 60 min.

* reference.
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Effect on the F Y 6 o f  the duration o f  cation depletion. I n  o rder  to  ascerta in  
w h ich  phase of th e  v i ra l  cycle was affec ted  b y  th e  absence of K + or M g+ + 
ions, the  m edium  w as  com pleted  a t  v a r io u s  po in ts  of t im e  during  the  cycle. 
R esu lts  are shown in  T ab le  111.

K + ion dep le t io n  h a d  to  he m a in ta in e d  during  th e  f i r s t  hou r  to  ob ta in  
a 3fold increase o f  y ie ld .  I f  the  K + c o n te n t  h a d  been a d ju s te d  to  norm al in 
t h e  f i rs t  30 m in u tes ,  no  increase of y ield was observed. T he  absence of M g+ + 
ions from the  sys tem  h a d  to  be m a in ta in e d  during  th e  cycle’s f irs t  hour, to  
ach ieve  a full y ie ld -red u c in g  effect. R e s to ra t io n  in th e  30 th  m inu te  abolished 
th e  yie Id reducing  effec t.  The effects o f  some m em b ran e  A T Pase  inh ib ito rs  
a n d  ac t iva tors  on th e  re la t ive  F Y 6 of th e  v ira l  cycle are show n in Table  IV.

Discussion

The m em b ran e  A T P ase  inh ib ito ry  ac t ion  of  h e a r t  glycosides consists 
o f  th e  inhibition o f  hyd ro lys is  of the  M g ++ — К  +-A T P-enzym e com plex [5]. 
H e a r t  glycosides h a v e  b een  shown to  increase  th e  efficiency of infection in a 
po liov irus  — m on k ey  k id n e y  cell system  [1, 2, 3]. The effect was observed 
a f te r  adsorption of  t h e  v iru s  in the  first h o u r  of  th e  cycle. As one of  th e  possible 
exp lana tions  we h a v e  p roposed  th a t  th e  in fec tion  efficiency increasing effect 
o f  glycosides was a r e s u l t  o f  demasking or a c t iv a t in g  add i t io n a l  v irus recep tor 
s ites  b y  “ locking”  th e  A T P ase  complex in one of  its possible conform ations. 
I n  th is  case, o th e r  a g e n ts  having the sam e effect on A T Pase  should  similarly 
increase  final v irus  y ie ld .  Absence of K + ions from  a m ed ium  conta in ing  b o th  
M g ++ and N a + ions h as  been  known to  in h ib i t  A TP hydro lysis  in th e  p lasm a 
m e m b ra n e  [6]. The sam e  inh ib ito ry  effect is p ro d u ced  b y  ouaba ine  which com 
p e te s  w ith  K + [5].

As shown b y  th e  p re sen t  studies, th e  f ina l virion y ield  increased i fo ld  
w h e n  th e  K + ion c o n te n t  o f  the  m edium  h a d  been  reduced  for a t  least  1 hour 
be low  a certain c r i t ica l  concen tra tion . T h is  effect failed to  ap p e a r  when the  
K + ion conten t h a d  b een  res to red  to  norm al in th e  f irs t  30 m in u tes  of the  cycle. 
T h u s ,  th e  absence o f  K + ions affected a process  tak in g  place be tw een  the  30th 
a n d  60 th  m inute  o f  t h e  v ira l  cycle, an d  th e  d ep riva tion  affected  th e  system  
in a w ay  essentially  s im ila r  to  t h a t  observed  w ith  h ea r t  glycosides a t  certa in  
concen tra t ions .

The presence o f  M g ++ ions is req u ired  for th e  fo rm a tio n  of an  enzyme- 
A T P -K  + ion com plex  [5]. Thus , in the  absence  of M g++ ions from  th e  m edium  
t h e  supposedly fa v o u ra b le  conform ation of  th e  p lasm a m em b ran e  ATPase 
c a n n o t  develop. U n d e r  th e se  conditions th e  f ina l virion y ie ld  was found to  
be reduced  by  7 0 % . R e s to ra t io n  to no rm a l  of  th e  M g++ c o n te n t  in th e  f irst 
30 m inu tes  abolished th e  yield reducing effect. After  60 m inu tes ,  however, 
t h e  effect was no lo n g er  reversible.О
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E x a m in a t io n s  of th e  effects o f  K + a n d  M g + + ions on th e  p o s t -a d s o rp 
tion  in te rac t ions  of poliovirus a n d  its host cell yielded add it iona l  in d irec t  ev i
dence in favour  of the  th eo ry  th a t  th e  conform ation  of K + , N a  + , M g ++ m e m 
b ra n e  A T Pase  affected the  effic iency of infection.
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AUXOTROPHIC MUTATION ASSOCIATED WITH LOW 
STREPTOMYCIN RESISTANCE AND SLOW GROWTH IN

BACILLUS SU BT I LIS
By

E l isa b e t h  Ma r j a i , I. K iss  and G. Ivánovics

In stitu te  o f  Microbiology (Director : G. I v á n o v i c s ) ,  U n iversity  Medical School, Szeged  

(Received S ep tem b er  5, 1969)

Sum m ary .  N u tr ien t  agar  plates c o n ta in in g  100 — 200 //g  strepto inycin /m l were h eav i ly  
inocu la ted  w ith  Bacillus subtilis s t ra in  168 i n d - . Small  or  m ed iu m  sized colonies deve lo p ed  in 
a p roport ion  of 10 -ß a f te r  a few days  in cu b a t io n  at 37°C. A b o u t  one fou rth  of the iso lates  p ro 
duced m in u te  colonies when  t ransferred  to  blood agar.  I so la tes  showing norm al co lony  size 
on blood agar  exh ib i ted  certain  new n u t r i t io n a l  r e q u i r e m e n ts  allowing the c lass if ica t ion  of 
the  m u ta n t s  in to  5 groups. The m ajo r i ty  o f  the  m u ta n t s  m ult ip l ied  well on complete  m e d ia  as 
yeas t  pep to n e  agar  b u t  failed to grow u n d e r  defined n u t r i t io n a l  conditions. A p p ro x im a te ly  
one t e n th  of the  m u ta n t s  showed a defic iency in the p a th w a y  of te t raporphyr in  (p ro to h a e m )  
synthesis.  A few isolates with a dependence  on a ro m a tic  am in o  acids were also en co u n te re d .  
A lthough  the isolates were ob ta ined  a t  h igh  s t r e p to m y c in  concen tra t ions ,  they  e x h ib i t e d  a 
low tolerance to  th is  antibiotic .

Slow g row th  was a n o th e r  feature  of  the  m u ta n t s .  A u x o t ro p h y ,  slow growth  a n d  m o d e r 
a te ly  increased s t re p to m y c in  tolerance a p p a re n t ly  re su l ted  f rom  m uta t ion  at one single locus 
since reversion of a u x o tro p h y  to p ro to t ro p h y  res to red  th e i r  sensi t iv i ty  and norm al  g ro w th .  
It has been concluded t h a t  a direct act ion  of s t r e p to m y c in  on chromosomal rep lica t ion  m ig h t  
be involved in the  genesis of these peculiar  m u ta n ts .

A n d e r s o n  and  I v á n o v i c s  [1] h av e  re cen t ly  observed  th a t  various effects , 
including t r e a tm e n t  w ith  copper su lp h a te  or n i tro soguan id ine , induced h a e m in  
d ep en d en t  m u ta n t s  in Bacillus subtilis . In p re l im in a ry  experim ents  on s t r e p t o 
m yc in -con ta in ing  m edium  they  o b ta in e d  á-am ino laevu lin ic  acid (ALA) d e 
p en d en t  isolates. In exam ining  these  m u ta n t s  we were able to s tu d y  an  unfre -  
q u e n t  ty p e  o f  s t rep to m y c in  resis tance  c h a rac te r ized  b y  low antib io tic  to le ran ce ,  
increased n u tr i t io n a l  requ irem en t a n d  slow g ro w th .  T h e  increased n u t r i t io n a l  
req u irem en t  was characterized  by  a deficiency in p ro to h aem  synthesis .  Since 
all these  th ree  fea tu res  were associated  in b o th  ap p ea ran ce  and reve rs ion ,  it 
seemed justif ied  to regard these m u ta n t s  as a s e p a ra te  group of a u x o t ro p h s .

M aterials and m ethods

Bacterial strains. II. subtilis s t ra in  168 and a h a e m in  depen d en t  isolate |1 |  were  used .  
The  geno type  of the l a t te r  (R I  5, ALA d ep en d e n t)  was expressed  as hem Al.

Culture media. Medium GGM  con ta in in g  g lu ta m a te  an d  glycerol was p re p are d  as d e 
scribed prev ious ly  [1 ]. I f  necessary, the  m ed iu m  was s u p p le m e n te d  with t ry p to p h a n  (20 //g/ml). 
Y eas t  e x t r a c t  pep to n e  m ed ium  ( Y P )  was described in re ference  [2. | Medium Y T : y e a s t  e x t r a c t  
(Oxoid), 2.5 g: T r y p to n  (Oxoid), 10 g: K 2H P 0 4, 1 g: NaCl,  5 g: t a p  water, 1000 m l;  p H  7.5.
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M e d iu m  Н А С :  GGM was su p p lem en ted  with h a e m in  (2.5 5 //g/ml), cyste ine  (20 //g nil) and
f r a c t io n  V  bovine se rum  a lb u m in  (1 — 2 mg/ml).  Blood a g a r: to Y P  agar  5 %  c i t r a te d  h u m a n  
b lo o d  was added.

Inocu lum . P re c u l t iv a t io n  was perform ed o v e rn ig h t  a t  37°C in Y P  b r o th  w i th o u t  sh a k 
ing. T h e n  the  culture  was d i lu ted  1 : 20 w ith  the  sa m e  m ed iu m  and shaken g e n t ly  a t  37°C un t i l  
a n  o p t ic a l  densi ty  of 0 .5— 1.0 h a d  been reached .  D e n s i ty  m easurements  were c a r r ied  o u t  in a 
B a u s c h  a n d  Lomb Spec tron ic  “ 20” sp e c tro p h o to m ete r .  T he  culture was c en t r ifu g ed  a n d  the 
b a c t e r i a  were resuspended  in 1/10 volume. This  suspens ion  was seeded u n d i lu te d  o r  a f te r  di
lu t io n  in 0.1 ml a liquo ts  on to  s t re p to m y c in -c o n ta in in g  ag a r  plates. The n u m b e r  o f  inocu la ted  
c o lony  form ers  var ied  b e tw ee n  107 and 108.

U lt rav io le t - i r ra d ia ted  inocu lum  was p re p a re d  as described in reference [1].
D eterm ination o f  catalase activity. The  b a c te r ia  were  grown on Y P  or h e a te d  b lo o d  agar.  

A f te r  20 hours  in cu b a t io n  th e  cells were h a rv es ted  in p h o sp h a te  buffer (0.1 M ,  p H  6.8) and  the 
su sp en s io n  was a d ju s ted  to  o. d. 0.5. To 2 m l suspens ions ,  5 ml 0.015— 0.017 M  H 20 2 were 
a d d e d .  A fte r  5 m inu tes  s ta n d in g  a t  37°C the  a m o u n t  of  decomposed H 20 2 was d e te rm in ed  
io d o m e tr ic a l ly  [3|.

M in im a l nu tritiona l requirement. The  isolates were  firs t  grown on blood a g ar  t h e n  t r a n s 
fe r re d  to  Y P  and blood agar.  I f  the  isolate seemed to  be  p o rp h y r in  dependen t ,  i t  w as  inocu la ted  
o n to  GGM ALA ( 2 //g/ml) a n d  НАС media.

I f  th e  isolate grew on Y P  agar  b u t  no t  on  GGM agar ,  its specific r e q u i r e m e n t  was te s ted  
fo r  all  am ino  acids,  nucle in bases and 11 w a ter -so lub le  v i tam ins .

Streptom ycin  resistance. In  o r ien ta t ion  e x p e r im e n ts  a slightly opa lescen t  suspension  
w as  p r e p a r e d  from the  colony  tes ted ,  then  ag a r  p la te s  containing s t r e p to m y c in  a t  var ious 
c o n c e n t r a t io n s  were seeded w ith  loopful a m o u n ts  o f  b ac te r ia  (101- 105 colony form ers) .  In  
o rd e r  to  o b ta in  more precise d a ta ,  in q u a n t i t a t iv e  e x p e r im e n ts  1 —2 x  10;J colony  fo rm ers  were 
s t r e a k e d  on a series of  blood agar  p la tes  w ith  g ra d u a l ly  increas ing  s t rep tom ycin  c o n ce n tra t io n s .  
T h e  degree  of to lerance was expressed  as the  decrease  in th e  num ber  of colony fo rm ers .  R esis t 
ance  to  th e  bacter ic ida l  effect of  s t rep to m y c in  will be  p resen ted  in the e x p e r im e n ta l  p a r t  of 
t h is  p a p e r .

Results

Isolation and n u tritiona l requirement o f  m utants. As in ou r  p rev ious  ex 
p e r im e n ts ,  H a r t le y  aga r  p lates c o n ta in in g  s trep tom yc in  (200 fj,g/ml) were 
seeded  w ith  10 to  100 X  Ю6 colony form ers  a n d  the  media were in c u b a te d  at  
37°C. A fte r  48 hours few colonies were v is ib le . T he ir  num ber  increased  on fu r 
th e r  incu b a t io n .  A fte r  96 hours, v a ry in g  w i th  th e  size of inocula a n d  w ith  in
d iv id u a l  experim en ts ,  10 to  200 colonies were observed  per p la te .  S im ila r  n u m 
bers  o f  colonies were o b ta in ed  on o the r  c o m p le te  m edia  (YP, Y T  or b lood agar).  
O n GGM  or НАС m ed ium  con ta in ing  s t r e p to m y c in  (200 //g/ml) th e re  was no 
g ro w th  in several re p ea ted  experim ents .  I r r a d ia t io n  of the  inocu lum  did  no t 
a f fec t  th e  results  o b ta in e d  w ith  inocu lum  w i th o u t  u ltrav io le t  i r rad ia t io n .

A fte r  96 hours in cu b a t io n  on s t r e p to m y c in  agar  the size o f  colonies varied  
co n s id e rab ly .  A bou t 3/4 of  colonies was sm all  (0 .5-  l mm). L arge  colonies, 
3 m m  or more in d iam e te r ,  occurred in a b o u t  10% . The size of  th e  re m a in in g  
colonies va r ied  be tw een  these  values.

T h e  following resu lts  reflect f indings o b ta in e d  in 5 d ifferent e x p e r im e n ts .  
Colonies grown on a n t ib io t ic  agar p la tes  were t ran s fe rred  to blood ag a r .  About 
1/5 o f  th e  isolates failed to  develop in to  colonies, i.e. they  consis ted  o f  dead 
b a c te r ia .  On blood aga r  72 o u t  of the  266 t r a n s fe r re d  isolates fo rm ed  colonies 
0.5 m m  or less in d iam e te r .  These “ m in u te ”  colonies were h igh ly  u n s ta b le  in
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fu r th e r  subcu ltu res :  they  of ten  lost v iab il i ty  or segregated  colonies re sem bling  
those  o f  th e  p a re n t  cultures. In  p h e n o ty p e  (nu tr i t io n a l  requ irem en t)  85 o u t  
o f  194 isolates ob ta ined  on blood  agar  were iden tica l w ith  the  p a re n t  s t ra in .  
P a r t  o f  these  isolates had p ro b a b ly  orig inated  from a c o n tam in a t io n  o f  th e  
inoculum . More th a n  one h u n d re d  colonies showed an a l te ra t io n  in n u t r i t io n a l  
req u irem en ts ;  57 isolates were ex am in ed  in detail. A deficiency in p o rp h y r in  
syn thes is  was observed  in 14 cu ltu res .  E igh t  isolates required  a ro m a tic  am ino  
acids. F u r th e r  19 isolates failed to  grow on GGM agar  even  when th e  m e d iu m  
h ad  been supp lem en ted  w ith  all am ino  acids, nucleic acid bases and  w a te r-  
soluble v i tam ins .  All of th e m  grexv, however, a b u n d a n t ly  on Y P  and  on o th e r  
com ple te  m edia .  The rem ain ing  6 isolates m ultip lied  on ly  on blood ag a r .

In  su b seq u en t  experim en ts  a decrease in th e  co n cen tra t ion  o f  s t r e p to 
m ycin  (lowest value, 50 /ig/riil) re su lted  in an increase in the  n u m b e r  o f  colo
nies. At low concen tra t ions  m a in ly  “ m in u te ”  colonies or a u x o tro p h s  w i th  
undef in ab le  req u irem en t  deve loped . In  the  presence of 200 /ig s t re p to m y c in /m l  
th e  p ro p o r t io n  of colony fo rm ers  was 0 .2 x 1 0  (>— 1 0 -e . At lower c o n c e n t r a 
tions th is  v a lue  increased to  10 _a.

In  th is  s tu d y  abou t one th o u s a n d  isolates were exam ined  for defined  
cha rac te rs .  U ndefinab le  a u x o tro p h s  occurred f requen tly ;  these  were p receded  
in n u m b e r  only by “ m in u te ”  m u ta n t s .  The p ro p o r t io n  of m u ta n ts  defic ien t 
in p o rp h y r in  synthesis  varied g re a t ly  in the individual experim en ts .  S om etim es  
2 0 %  o f  the  colony formers req u ired  haem in  or ALA, while in o the r  ex p e r im e n ts

Table i

Relevant phenotypes o f  m utants isolated from  strain 168 ind

Class of m utants
Growth on different media

GGM GGM AKA' II AC2 Y P Y P Mood

P a re n t  s tra in  168 ind

“ M im ite”

nda

nda -b

aro

hern A

hem

+
±

+
+

1 GGM w ith  ő-aminolaevulinic acid (2 /ig/nil)
2 See m ethods
:t GGM with  tyrosine and phenyla lan ine  (10 //g/ml each)
R em arks  to the designation of isolates.  The  nomenclature  of D e m e r e c  et al. [ 4 1 was adopted .  

M u ta n ts  lacking Л-aminoIaevulinic acid syn the ta se  are denoted  as hem A . H aem in  d ep en d en t  
m u ta n t s  are designated by their p h e n o ty p es  as hem isolates.
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t h e s e  m u ta n ts  were e n t i re ly  absent. T he  low est f requency  was fo u n d  with aro 
m u t a n t s ;  in two in d iv id u a l  experim ents  o n ly  8 isolates were found .

On the  hasis o f  p h e n o ty p e  the  m u ta n t s  were classified in to  groups, as 
sh o w n  in Table  I .

A m ong o th e r  re su l ts  th e  following are  w o r th  m en tio n in g .  W e were u n 
ab le  to  characterize  th e  nu tr i t io n a l  re q u ire m e n t  of  nda  (n on-defined auxo- 
t ro p h s ) .  In the  presence  of  a great n u m b e r  of  va r ious  m etabo li tes  som e of them  
e x h ib i te d  a m in im al g ro w th  on GGM agar.  A p a r t  from  th is  d ifference in p h e 
n o ty p e  all isolates seem ed  to  be un ifo rm ; occasional traces  of  g row th  were 
a t t r i b u t e d  to  th e  “ le a k y ”  cha rac te r  of th e  cu l tu re .  M u tan ts  nda-b  (nda  w ith  
b lood  requ irem en t)  g rew  poorly on GGM blood  ag a r  h u t  a b u n d a n t ly  on Y P  
b lood  agar. M embers o f  g roup aro requ ired  a ro m a t ic  am ino acids ( tyrosine 
and  pheny la lan ine) .  T h ese  isolates were p r o b a b ly  deficient in th e  synthesis  
o f  prepheic  acid or its  p recursor.

Some s tra ins  rep re sen t in g  all kinds of  isolates were exam ined  for catalase  
a c t iv i ty .  On the ave rag e ,  2 ml suspension o f  th e  p a re n t  s tra in  decom posed 
3 ml 0.01 M  H . ,0 2. T h e  reac tion  was in h ib i te d  b y  sodium  azide. W ith in  th e  
l im its  o f  experim en ta l  e r ro r ,  identical resu lts  were given by  all rep resen ta t ives  
in t h a t  m u ta t io n  was n e v e r  associated w i th  an  a l te ra t io n  in ca ta lase  ac t iv i ty .  
B a c te r ia  deficient in th e  haem a tin  p a th w a y  were, of course, cu ltu red  in the 
p re sen ce  of exogeneous po rphyrin .

M utan ts  w ith  c h an g ed  nu tr i t iona l  re q u ire m e n ts  were o b ta ined  not only 
w i th  inocula c o n ta in in g  vege ta t ive  b ac te r ia ,  h u t  also w ith  spores.

Streptom ycin tolerance o f  the isolates. I so la te s  o b ta ined  on p la te s  con ta in 
ing 100 — 200 //g s t re p to m y c in /m l  showed a v e ry  low to lerance  to  th e  an tib io tic .  
F o r  exam ple ,  in one e x p e r im e n t  49 colonies were exam ined  by p rep a r in g  s light
ly  opa lescent suspensions from  blood ag a r  su b cu l tu re s  and  tra n s fe r r in g  10* — 
105 b a c te r ia  to blood a g a r  con ta in ing  s t re p to m y c in .  Tab le  I I  shows th e  nu m b er  
o f  iso la tes  giving c o n f lu e n t  g row th in th e  presence  of  s t rep to m y c in  a t  d ifferent 
con cen tra t io n s .

Q u a n t i ta t iv e  s t r e p to m y c in  tolerance  t e s t s  for defined m u ta n t s  are pre 
s e n te d  in T able  111.

Table II

13ÏT

A n t i b i o t i c  to le r a n c e  o f  c o lo n ie s  s e le c te d  a t  r a n d o m  f r o m  g r o w t h  o n  Y F *  a g a r  w i th  2 0 0  f ig  s t r e p t o m y c i n / m l

Streptom ycin , jiig/ml 5 20 50 100 “ Dependent”

N o. o f isolates 9 26 4 5 5

In nutritional requirem ent 15 out of the 49 isolates tested  were identical w ith  the parent 
strain. These isolates tolerated 100 f i g  streptom ycin/m l. The remaining isolates appeared to be 
n d a  in phenotype. “ D ependent” isolates tolerated streptom ycin  at low concentrations (20 f t g/ml 
or less) and grew som ewhat better in the presence o f the antibiotic.
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Table III

Percentage o f colony form ers o f  individual isolates with defined nutritional requirements on blood 
agar plates containing streptom ycin at different concentrations

Strain
Size of

Ft г cent of survivors at //g s rep tom у fin/m l

inoculum
5 10 20 50 100

168 ind 1200 90 7 — — —

h e m A 1 1300 95 100 100 —

hem.43 1350 100 38 2 - —

hemA 5 1500 95 97 100 100 —

hem-8 2300 100 90 80 40

hem-10 2100 96 72 90 80

hem -11 2500 90 55 50 5 —

liem-12 2500 95 80 62 9
hem -13 2800 50 50 60 35 —
hern- /5 2400 70 40 46 —

<iro-l 1800 100 96 90 —
aro-2 2400 2 —

aro-8 4000 34 32 10 —

Streptom ycin sensitiv ity  ol’ strain 168 in d -  was tested also at very low concentrations. 
All bacteria o f the inoculum  consisting of 1500 colony formers produced colonies at 2, 3 and 4 //g  
streptom ycin/m l. Survival rate was 90"„ at 5 /ig /m l, 15% at 8 //g/Tnl. and 4°„ at 10//g/inl.

Five further isolates w ith am  character were also included in these tests; all bu t one 
(uro-5) exhibited a high sensitivity to streptom ycin similar to that o f aro-2. Dash ind icates no 
growth.

I t  is seen t h a t  all isolates e x am in ed  were hete rogeneous  in s t re p to m y c in  
sens itiv ity .  The p a re n t  s tra in  (168 ind ) was h ighly  sensit ive. M u tan ts  hem A  
and  hem  differed slightly  h u t  s ign if ican tly  from the  p a re n t  cu ltu re . O nly  3 tiro 
isolates were s lightly  res is tan t ,  the  rem a in in g  4 s t ra in s  b eh av ed  like the  p a re n t  
cu ltu re .  S imilar exp er im en ts  will he p re sen ted  la te r  in th is  paper.

I t  should be n o ted  th a t ,  co rrespond ing  to  th e  original techn ique , m ed ia  
con ta in in g  100 200 //g s trep to m y c in /m l were seeded w ith  large inocula (107
bac te r ia )  o f  some isolates. The applied  com ple te  m edia  were supp lem en ted  w ith  
m e tabo li te s  (e.g. ALA) when necessary. D epend ing  on th e  s trep tom yc in  co n cen 
tra t io n  and com position  of  th e  m edium  som etim es  a th in  film of confluent g ro w th  
developed. Mostly, how ever, even th e se  large inocula  gave rise to few colonies.

S tability  o f  isolates. M utan ts  hem  and  hem A  showed a rem ark ab ly  w eak  
spo ru la t ing  capac ity .  W hen su b cu l tu red  freq u en t ly ,  hem  m u ta n ts  sp l i t  off 
r e v e r ta n ts .  M u ta n ts  hem A  and aro were h igh ly  s tab le .  Iso la tes  nda and  nda-b  
were u n s tab le  and  had therefore  to  be  m a in ta in e d  by freeze-drying.

Isolates show ing nu tr i t iona l  req u irem en ts  d ifferen t from those  of th e  
p a re n t  s tra in  r ev e r ted  spon taneously  to  th e  original phen o ty p e .  In o rd e r  to
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Table IV

Change in  streptomycin tolerance associated with reversion o f  auxotrophy to the parent phenotype  
(The inoculum  varied be tw een  970 to 2400 bacteria)

Iso late and its revertant
P er cen t of survivors a t j_ig streptom ycin/m l

5 10 15 20 5 0 100

h e m A 6 l 100 85 50 45 15 0
h em A 6  r e v e r tan t 0 0 0 0 0 0
hem A  6' 60 30 30 30 0 0
h em A ő  r ev er tan t 5 0 0 0 0 0
h e m A l l 45 2 1 0 0 0
hem A l l  rever tan t 0 0 0 0 0 0
hem -8 50 50 30 30 0 0
hem -8  r e v e r ta n t 5 0 0 0 0 0
hem -10 30 5 9 0 0 0
hem -10 r ev er tan t 0 0 0 0 0 0
h em -13 80 9 3 0 0 0
hem -13  r ev er tan t 40 0 0 0 0 0
hem -14 100 10 1 1 0 0
hem -14  r ev er tan t 3 0 0 0 0 0

hem -15 100 100 100 100 0 0
hem -15 r e v e r tan t 20 0 0 0 0 0

hem -16 100 100 80 80 0 0
hem -16  r e v e r tan t 60 0 0 0 0 0
aro-22 5 0 0 0 0 0
aro-2 r e v e r ta n t 2 0 0 0 0 0

aro-5 100 100 100 90 0 0
aro-5 r e v e r ta n t 90 1 0 0 0 0

nda-3 100 100 100 100 90 0
nda-3  r e v e r ta n t 5 1 1 1 0 0

n d a -15 100 100 100 90 0 0
nda-15  r e v e r ta n t 13 0 0 0 0 0

n d a -17 100 29 20 5 1 0
n d a -17 r e v e r tan t 7 0 0 0 0 0

nda-b-6 100 100 100 100 50 1
nda-b-6  r e v e r ta n t3 55 5 0 0 0 0

1 Ind iv idua l  experim ents  w i th  two r e v e r tan ts  isolated independently .
2 Similar  experim ents  w i th  three  fu r ther  aro isolates exhibited also a low ra te  of to leranc 'o  
3T o  paren t  type  s tra in .  In te rm ed ia te  r e v e r t a n t  nda showed an increased tolerance e t

s t rep to m y c in .

d e te rm in e  th e  f requency  o f  reversion, b a c te r ia  grown in su ff ic ien tly  su p p le 
m e n te d  m edia  were cen tr ifuged  and w ashed  in  GGM. The suspension  was seed
ed o n  GGM and som etim es  on Y P  p la tes .  T h e  p roportion  of  reversion  for 9 
hem  iso la tes  was 0.5 — 2.8 p e r  107 b ac te r ia .  A lower frequency  reversion  was 
o b se rv e d  w ith  hem A  iso la tes:  som etim es even  2 x l 0 8 organism s failed to  yield 
r e v e r ta n t s .  R eversion was m ore  f re q u e n t  in  nda  isolates. R e v e r ta n ts  a lw ays
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occurred  in popu la t io n s  o f  10s bacte r ia ;  th e  f req u en cy  of reversion re a c h e d  a 
m a x im u m  of 100/107 b ac te r ia .  Reversion of  nda-b  s tra in s  occurred in tw o  s teps ;  
f irs t  nda  ( in d ep en d en t  from  blood) then  th e  p a re n t  phen o ty p e  ap peared .  U n 
like with aro isolates, in size an d  s t ru c tu re  of  colonies th e  rev e r tan ts  a n d  th e  
pa ren t  cu ltu re  were iden tica l.  W hen  re v e r ta n ts  were sought on GGM m e d iu m  
two different k in d s  of  colonies were observed: a small proportion  of the  colonies 
resem bled to  th e  p a re n t  cu ltu re ,  h u t  the  m a jo r i ty  comprised slowly-growing 
small colonies (ab o u t  2 m m ) even after  48 h o u rs  incuba tion . In the  l a t t e r  th e  
reversion was p ro b a b ly  due to  a suppressor m u ta t io n .

8.5|

Minutes

Fig. 1. The  killing ac t ion  of s t re p to m y c in  on the  p a r e n t  s t r a in  ( B . subtilis  168 ind ). A 1.9 m 
sam ple  of ex ponen t ia l  phase  cu ltu re  in Y P  b ro th  was m ixed  with  0.1 ml 1% s t r e p to m y c in  
su lphate .  T he  suspension  was in cu b a ted  as a th in  layer  a t  37°C and  bacteria l  counts  were  m ad e

a t  in tervals

Com parative exam ination o f  auxotrophic m utants and tlieir revertants. 
Iso lates rev e r ted  from  m u ta n ts  with new re q u ire m e n ts  showed a dec reased  
s t rep tom yc in  to le ran ce  s im ilar to the  to le rance  of  th e  p a ren t  strain (Table  IV).

It would a p p e a r  t h a t  the  rev e r tan ts  were som ew ha t more sens i t ive  to 
s t rep to m y c in  th a n  was the  p a re n t  s tra in  (see T ab le  I I I ) .  Because of  th e  low 
to lerance  of  aro cu l tu res  only  aro-5 could be co m p ared  to  th e  correspond ing  
au xo troph ic  m u ta n t .  R eversion of th is  m u t a n t  w as also associated w ith  a d e 
crease in s t re p to m y c in  to lerance.

S trep to m y c in  at  high concen tra tions was bac te r ic idal  to cells of th e  p a r e n t  
s tra in .  T he  k inetics  of th is  effect are p re sen ted  in Fig. 1.

T able  V shows th e  bac te ric idal effect o f  th e  an tib io tic  to  several iso la tes  
and  to  the ir  r e v e r ta n ts .

T he  sen s i t iv i ty  of th e  p a re n t  s t ra in  v a r ie d  w ith in  reasonable  l im its  in 
d ifferent experim en ts .  The au xo troph ic  iso lates were more re s is tan t  th a n  
was th e  pa ren t  cu l tu re .  R eversion decreased th e i r  resis tance  to the  bac te r ic id a l  
ac tion  of  s t re p to m y c in .  S tra in  aro-7 was an  excep tion  as after reve rs ion  it 
showed no change in sens itiv ity .  I t  should be n o te d  th a t  this cu ltu re  show ed
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Table V

The killing  action o f  500 fig streptom ycin/m l on bacteria after 1 hour exposure in  broth

Strain
Survivors, 
per cent

P a r e n t  (168 i n d - ) exp. 1 6.4

P a r e n t  (168 in d - ) exp. 2 12.8

P a r e n t  (168 ind ) exp. 3 8.2

hem A  6 48.8
heniA 6  r e v e r tan t 20.9

hem A 8 85.8
h em A 8  r ev er tan t 13.3

hem-9 47.2
hem-9  rever tan t 18.6

aro-7 21.7
aro-7 r e v e r tan t 22.3

nda-3 96.2
nda-3  r e v e r tan t 10.5

nda-15 45.9
nda-15  r ev er tan t 2.4

B acter ia  were grown in  Y P  m edium  conta in ing 2 fig  ALA/ml or 2.5 fig h a e m a t in  -f- 0 .2%  
b o v in e  a lbum in/m l.  Simple Y P  b ro th  was used for p o rp h y r in  independent m u ta n ts .  W h en  the 
o.d. v a lu e  reached 0.5, 1.9 m l a liquo ts  of  the cultures  were  mixed with 0.1 m l 1% s trep to m y c in  
so lu t io n  a n d  incubated  in a  w a te r  b a th  of 37°C for 60 m inutes .  Bacterial counts were m ad e  on 
b lood a g a r  plates.

no d ifference from th e  p a r e n t  s tra in  in th e  b ac te r io s ta t ic  effect o f  th e  a n t i 
b io t ic .

T h e  results  of an  e x p e r im en t  carried  o u t  la te r  with aro-5 and  its r e v e r t a n t  
has  b een  o m itted  from T ab le  V. In th is  e x p e r im e n t  the degree o f  s en s i t iv i ty  of 
th e  p a r e n t  s tra in  ( te s ted  for comparison) w as  s tr ik ing ly  high. The p ro p o r t io n  
o f  su rv iv o rs  was only  1 %  for the  p a re n t  c u l tu re ,  15.5% for aro-5, a n d  3 %  for 
th e  r e v e r ta n t .  The d ifference m ay  he ex p la in ed  b y  th e  fact th a t  in these  ex p e r i
m e n ts  a new b a tc h  of  m ed iu m  was used.

T h e  au x o trophs  show ed increased re s is tan ce  to  bo th  th e  b ac te r io s ta t ic  
a n d  th e  bac te ric idal effect o f  s t rep to m y c in .  T h e  aro m u ta n ts  b eh av ed  irreg
u la r ly  in  th is  respec t  as well as in the  ty p e  o f  reversion. In  c o n tra s t  to  th e  
f in d in g  of G o r i n i  a n d  K a t a j a  [5], who desc r ib ed  some cond itiona lly  s t r e p to 
m y c in  d ep en d en t  (CSD) E . coli s tra ins , t h e  new  nu tr i t iona l  r e q u ire m e n t  of 
o u r  ty p ic a l  a u x o tro p h s  could  not be s u p p le m e n te d  by the add it ion  of  s t r e p to 
m y c in .  M any  of ou r  iso la tes  were ex am in ed  as to  w hether  the ir  re q u ire m e n t  
for  A L A , haem in  or com p le te  m edium  could  be  supp lem ented  by  s t r e p to m y c in  
in c o rp o ra te d  in m in im al m ed ium  (GGM). In  th e  range of 0.5 5 fig  s t r e p to 
m y c in /m l ,  however, no such  effect was d e m o n s tra te d .
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Tab le  VI

Colony size o f isolates and their nutritional revenants on different media after 24 and 18 hours
incubation at 37 °C

Size of colonies in nun on media

Strain Y P
YP ALA or 

haem atin1 Blood agar
H eated blood 

agar

24 48 24 48 24 48 24 48

168 i n d - 5.9 6.9 6.8 8.5 3.9 5.6
hem A  1 1.0 2.8 1.2 6.0 1.8 5.0

h em A 8 0 2.0 0.6 5.0 1.0 5.1
h em A 8  r e v e n a n t 6.8 7.6 6.0 8.0 4.6 7.3

hem-8 0.5 1.0 1.9 4.6 3.8 5.9
hem -8  revertant-1 5.3 7.1 5.4 5.2 4.3 5.2
hem -8  revertant-2 10.6 15.8 7.5 8.2 7.9 12.1

nda-3 1.0 2.9 I.« 1.9
nda-3  rever tan t 4.6 7.1 5.0 5.9

nda-15 1.8 3.9 0.8 1.6
nda-15 rever tan t 8.0 9.9 5.0 5.0

aro-2 6.7 9.1 4.9 5.6
aro-2 rever tan t 6.5 7.8 5.9 6.4

aro-7 3.1 5.0 3.0 4.0
aro-7 rever tan t 4.4 6.2 4.2 5.3

1 Supplemented  e ithe r  with ALA for hem A  isolates or w ith  h a em at in  -}- bovine a lb u m in  
for hem  m utan ts .  0 N o t  visible by  the n a k e d  eye.

Appropriate  d i lu t ions of exponential  g row th  phase liquid culture  were plated. Inocu la  
consis ted  of 15 to 20 colony formers. The v a lu e s  represent the average size of 30 to 50 colonies. 
V a r ia t ion  in the size of  individual colonies w as  less th an  di 1 mm.

Slow grow th was ano ther  s t r ik in g  charac ter is t ic  o f  our isolates. F o r
IP  о

te ch n ica l  reasons in s tead  of d e te rm in in g  th e  genera tion  tim e , th e  t im e  needed  
for th e  deve lopm en t of colonies w as  exam ined . As shown in Tah ié  V I th e re  
w as a s trik ing difference in the  size o f  colonies be tw een  hem, hem A  and  nda  
iso la tes  and the  p a re n t  culture. T h e  difference was especially  g reat a f te r  24 
h o u rs  incuba tion  h u t  was still m a rk e d  a f te r  48 hours.

Reversion of  th e  m u ta n ts  re s to re d  the original rap id  g row th  or re su l ted  
in an  increased degree  of m u lt ip l ica t io n .  In  this respec t  tiro au x o tro p h s  b e 
h a v e d  irregularly. T he ir  growth dec reased  slightly  an d  reversion exerted  l i t t le  
effec t.  Some aro r e v e r ta n ts  grew v e ry  slowly; these re s to red  the ir  original 
p h e n o ty p e  p ro b ab ly  by  suppressor m u ta t io n .

W hen heavy  inocula  of s t r e p to m y c in  sensitive bac te r ia  o f  B. su b tilis  168 
were p la ted  on n u t r i e n t  agar m edia  co n ta in ing  high c o n cen tra t io n  of  s t r e p to 
m ycin , the o b se rva tions  m ade could he sum m arized  as follows. It was c h a r 
ac te r is t ic  th a t  a b o u t  80%  of the  co lony  formers differed in p h en o ty p e  f rom  
th e  inocu la ted  cu l tu re .  The formed a u x o tro p h s  showed no wide range o f  va r i-
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a t io n :  on e x a m in a t io n  of abou t 1000 colonies all isolates could be classified 
in to  5 groups. T h ree  o u t  o f  th e  5 groups  were cha rac te r ized  b y  a deficiency 
in p ro to h aem  sy n th es is .  T he  re q u ire m e n t  o f  th e  m ost f req u en t ly  iso lated  au x o 
t r o p h  (n d a )  could  n o t  be defined; i t  seem ed to  rev e r t  to  its  original ph en o 
t y p e  in one step. I t  w as  characteris tic  t h a t  au x o tro p h y  was accom panied  by  
low s t re p to m y c in  re s is tan ce  and slow g ro w th .  Reversion  from a u x o tro p h y  re su l t 
ed in a loss of inc reased  s t rep tom yc in  to le ran ce  and  in regain ing  no rm al grow th . 
T h e  b ehav iou r  of som e aro isolates was v a r ia b le  and  less ch a rac te r is t ic  t h a n  
t h a t  o f  the  o th e r  m u ta n t s .

Discussion

Colonies deve lop ing  on n u tr ie n t  a g a r  p la te  con ta in ing  aminoglycoside 
a n t ib io t ic s  m ay  differ  from  the  p a ren t  s t r a in  in colony m orpho logy  and m i
n im a l  n u tr i t io n a l  re q u ire m e n t .  J e n s e n  a n d  T h o f e r n  [6] described  s t re p to 
m yc in  re s is tan t  m u t a n t s  o f  Staphylococcus aureus  th e  g row th  of which was 
h ig h ly  enhanced  b y  haem in .  H aem in  d e p e n d e n t  m u ta n t s  were iso lated  from 
Escherichia coli b y  seria l  passages on s t re p to m y c in -h a e m in  m ed ium  [7]. On 
n eom yc in  or s t r e p to m y c in  agar salm onellae  were described to  split  off  re s is tan t  
m u ta n t s  ch a rac te r ized  b y  dw arf  colonies [8]; these  consisted  p a r t ly  of bac te r ia  
d e p e n d e n t  on one or m ore  m etabolites  (cyste ine , serine, n iacin). A w ell-charac
te r ized  d-am inolaevulin ic  acid (ALA) defic iency  in th e  p o rp h y r in  p a th w a y  
was f i rs t  d e m o n s t ra te d  in a B. subtilis  m u t a n t  o b ta in ed  b y  th e  use of  s t r e p to 
m yc in . Shortly  th e r e a f t e r  a similar m u t a n t  was iso lated  from  E . coli w ith  n eo 
m y c in  [9a]. Y e g i a n  et al. in 1959 [9b] iso la ted  h aem in  d e p e n d e n t  m u ta n ts  
f rom  Staph , aureus w i th  kanam ycin . R e c e n t ly ,  T i e n  an d  W h i t e  [10a] applied  
k a n a m y c in  for iso la t in g  large num bers  o f  m u ta n t s  from  th e  sam e organisms 
in  o rd e r  to  m ap  th e  genetic  control of th e  b iochem ical p a th w a y  o f  p ro to h aem  
syn thes is .  I t  was s t r ik in g  th a t  the  m u ta n t s  failed to  show k an a m y c in  resistance.

T h e  pleio trop ic  effect of s t re p to m y c in  has  long been  kn o w n ; here only 
som e exam ples  are  m en tioned .  H igh s t r e p to m y c in  resis tance  in Salmonella  
ty p h im u r iu m  is acco m p an ied  b y  m e th io n in e  (G o l d s c h m id t  et al. [10b]) or 
th ia m in e  and n iac in  ( D e m e r e c  and  L a h r  [10c]) req u irem en t .  W a t a n a b e  
a n d  W a t a n a b e  [11, 12] stressed th e  im p o r ta n c e  of  th e  degree o f  s t rep to m y c in  
res is tance . T hey  sh ow ed  t h a t  in S. typ h im u r iu m  h igh ( >  500 /tg/ml) and  m o d 
e ra te  s t rep to m y c in  re s is tance  is assoc ia ted  w ith  d ifferen t loci. M uta t io n  to  
low resis tance  was ch a rac te r ized  b y  slow g ro w th  and , in p a r t  o f  th e  isolates, 
a sso c ia ted  w ith  th ia m in e  and  niacin re q u ire m e n t .  These m u ta n t s  could be 
t r a n s d u c e d  in a single s tep  to  the  w ild - ty p e  p h e n o ty p e ;  th e  t r a n s d u c ta n t  be
cam e  s trep to m y c in  sensitive ,  grew ra p id ly  an d  tu rn e d  p ro to tro p h ic  in n u t r i 
t io n a l  req u irem en t .  I t  has ,  therefore, been  concluded t h a t  all these  m arkers  
were  contro lled  b y  one  single locus.
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Tn p h e n o ty p e ,  our B. subtilis  m u ta n t s  seem  to  lie similar to  th o se  d e 
scribed b y  W a t a n a b e  and W a t a n a b e  [11, 12 ] .  T he great v a r ia b i l i ty  in  th e  
p ropert ie s  of s t re p to m y c in  re s is tan t  p h e n o ty p e s  justif ied  the ir  c lassif ica tion  
in to  well-defined g roups. A ccordingly , it  is reco m m en d ed  th a t  th is  p e cu l ia r  
ty p e  of  s t re p to m y c in  resistance shou ld  be d es ig n a ted  w ith  the  sym bol “ A L S A S ” 
(associa ted  low s trep to m y c in  res is tance , a u x o t r o p h y  and slow g ro w th ) .

In  p h e n o ty p e  th e re  are s im ilarities  b e tw een  our m u ta n ts  and t h e  E . coli 
s tra in s  o f  G o r i n i  a n d  K a t a j a  [13] iso la ted  f ro m  conditional s t r e p to m y c in  
d e p e n d e n t  m u ta n t s  o f  E . coli. T he  p h e n o ty p e  o f  th e ir  rev e r tan ts  w as  associ
a te d  w ith  th e  ap p ea ran ce  of a su p p resso r  fu n c t io n in g  also in th e  ab sen ce  of 
s t rep to m y c in .

T he  ques t ion  arises as to how A LSA S m u ta n t s  survive the  h igh  s t r e p to 
m ycin  concen tra t io n  used for th e i r  iso lation  a n d  how  is it  possible to  o b ta in  
au x o tro p h s  w hen  th e  required  m e tab o l i te  is ab sen t  from the  m e d iu m . F o r  
exam ple ,  the  A LA  requ ired  for g ro w th  by  hem A  m u ta n t s  is no t c o n ta in e d  b y  th e  
usual n u t r ie n t  m ed ia .  The strict associa tion  b e tw e e n  s trep tom yc in  to le ra n c e  an d  
en v iro n m e n t  (co n s t i tu en ts  of th e  m ed ium ) is well know n. A ccording to  th e  
conclusion of G y Ő r f f y  and K á l l a y  [14] th e  su rv iva l  of bac te r ia  a t  a given 
s t rep to m y c in  concen tra t io n  ‘"may be con tro lled  e i ther  physiologically , i.e. 
by  a favourab le  m icroenv ironm en t or  by  te m p o r a r y  changes a t  th e  ce llu lar  
level . . .; or th e  su rv iva l  m ay be con tro lled  gene tica l ly  by heritable  r e s is ta n c e ” . 
C om ponen ts  re leased  from d is in teg ra t ing  b a c te r ia  o f  th e  heavy  inocu lum  in te r 
fere w ith  th e  effect o f  s trep tom ycin  o n ly  s ligh tly ,  b u t  yield m e tabo li te s  lack ing  
f rom  th e  m edium .

M u tan ts  iso la ted  by the  use of  am inoglycoside  antibiotics b e h a v e  pe
cu lia r ly  as th e y  f req u en t ly  show a defic iency  in p o rphyrin  synthesis . S t r e p to 
m ycin  acts  s im ilarly  on eukaryo tes :  it su spends  chlorophyll synthesis  i r reve rs i
b ly  [15, 16]. As an effect of th is  an t ib io t ic  Euglena gracilis cells lose th e i r  
p ig m e n ta t io n  b u t  re ta in  their p las tid  s t ru c tu re  [15, 18]. I f  u l t rav io le t  i r r a d ia 
tion  affects in an isolated m an n e r  only  th e  c y to p la sm  of Euglena, p ig m e n t  
p ro d u c t io n  ceases. Ir rad ia tion  of th e  nucleus fails to  exert th is  effect [19, 20 ] .  
O f th e  papers  p u b lished  since 1962, t h a t  of 11а \ г and  H a n a w a l t  [21] m u s t  be 
m en tioned .  These au th o rs  assum ed  th a t  th e  chloroplast  possesses i ts  own 
D N A  responsible  for inform ation on  ch lo rophy ll  p roduction  and  t h a t  th is  
nucleic acid is d if fe ren t  from th a t  p re se n t  in t h e  nucleus. The ch lo ro p la s t  r ib o 
somes are also specific and different from  th o se  o f  th e  nucleus [22].

A ccording to  th e  model of S c h i f f  a n d  Z e l d i n  [23] s t re p to m y c in  in 
duces a deficient D N A  polym erase on p las t id  m -R N A  and ribosome com plex .  
T h is  defective  D N A  polym erase w o u ld  e v e n tu a l ly  lead to plastid  loss asso c ia ted  
w i th  p e rm a n e n t  b leach ing  of E uglena . A l th o u g h  th is  a lte ra tion  c a n n o t  be  con 
sidered a m u ta t io n  in the usual sense, its re s u l t  is identical w ith  t h a t  o f  th e  
la t te r .  D espite  th e  fact t h a t  several a u th o rs  descr ibed  the  m u tagen ic  e ffec t of
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s t re p to m y c in ,  th is  a n t ib io t ic  has not been in c lu d ed  in the  list o f  m u ta g e n ic  
ag en ts .  S trep to m y c in  h as  been  shown to be  m u ta g e n ic  for the  non -ch rom osom al 
d e te rm in a n t  o f  C hlam ydom onas  [24], an d  also for the hos t  range m a rk e r  o f  
T 2 p h a g e  [25]. T h e  d iscoloration  of E uglena  induced  b y  s t re p to m y c in  has  
b e e n  regarded  as m u ta t io n  [26] as well as t h e  d isappearance  of  ch lo rophy ll  
f ro m  th e  sp rou ting  on ion , where th e  an t ib io t ic  caused  m orphologically  d e m o n 
s t r a b le  ch rom osom al abe rra t ions  [27].

S trep tom yc in  a t t a c k s  prim arily  th e  cy to p la sm ic  m em brane  [28]. L a n d -  

m a n  a n d  B u r c h a r d  [29] assum ed th a t  th e  m e m b ra n e  contains an e x t ra n u c le a r  
f a c to r  tak in g  p a r t  in  m e m b ra n e  synthesis . S trep to m y c in -d ep le ted  d e p e n d e n t  
m u t a n t s  fail to  p ro d u c e  a norm al cy toch rom e  sys tem  [30]. S t re p to m y c in  re 
s i s t a n t  Salmonella  L -fo rm s do no t  yield b a c te r ia l  r ev e r tan ts  in th e  absence  of  
th e  an tib io t ic .  S t re p to m y c in  depletion causes  a h e red i ta ry  a l te ra t io n  in  cell 
w all  p ro duc tion  [31]. U n d e r  physiological cond it ions ,  ap p rox im ate ly  1/4 of  all 
b a c te r ia l  ribosomes in te g ra te  to  th e  m e m b ra n e  w here ,  bound  to  m -R N A , th e y  
e x e r t  a specific te m p la te  func tion  [32]. T he  m ode l  e labora ted  by  J a c o b  et al. [33] 
r e f le c ts  the  associa tion  of  bacteria l  ch rom osom e a n d  m em brane. This assoc ia 
t io n  h as  been p ro v e n  p a r t l y  by  electron m icroscopic  studies [34] p a r t l y  b y  
b iochem ica l  e x am in a t io n s  ind ica ting  t h a t  D N A  rep lication  took  place in  th e  
m e m b r a n e .T h e  m e m b ra n e  frac tion  c o n ta ined  1/4 o f  th e  D N A  po lym erase  [35].

Does the b a c te r ia l  m em b ran e  con ta in  an  in teg ra ted  ch rom osom al seg
m e n t  m ore or less in d e p e n d e n t  from  nuc lea r  D N A  and does it  su p p ly  in fo r
m a t io n  for th e  sy n th es is  o f  the  m em b ran e  a n d  i ts  enzymes ? The q u es t io n  is 
f a r  f ro m  being i r ra t io n a l .  P a r t  of the  D N A  is closely connected w ith  th e  cell 
w all .  B i s h o p  et al. [36] showed the  presence  o f  deoxyribonuclease re s i s ta n t  
D N A  in carefully iso la ted  cell wall p re p a ra t io n s  o f  B . subtilis. I t  w ou ld  be  in 
c o n s is te n t  w ith  th e  eco n o m y  of na tu re  i f  en zy m es  associated w ith  th e  m e m 
b ra n e  including th e  po rp h y r in -co n ta in in g  cy toch rom e  system , were n o t  
p ro d u c e d  locally. In  B . subtilis  there  was a difference in f requency  be tw een  
m em b ran e -as so c ia ted  a n d  cellular D N A -tran s fo rm ab le  m arkers .  T h e  p ro 
p o r t io n  o f  origin an d  te rm in a l  m arkers  w as h ig h e r  in the  m e m b ra n e  f ra c 
t i o n  th a n  in cellular D N A  [37]. This f in d in g  is in  agreem ent w ith  th e  fac t 
t h a t  ch rom osom al re p l ic a t io n  begins in th e  m em b rane-associa ted  D N A  [38].

S trep to m y c in  e x e r ts  its action  f i rs t  on  th e  bacteria l  m em b ran e  where 
i t  causes  an increase in  t h e  efflux of  К  ions a n d  a tran s ien t  s t im u la t io n  o f  ne t  
R N A  synthesis  [39]. I n  th e  light of th e  ab o v e  observa tion  it  is t e m p t in g  to  
sp ecu la te  on the possib le  m u tagen ic  ac t ion  o f  s t rep to m y c in .  I t  seems conce iv 
ab le  t h a t  s t re p to m y c in ,  a cationic agent, m a y  re a c t  w ith  the  s trong ly  anion ic  
D N A  a t ta c h e d  to  t h e  m em b ran e .  This r e a c t io n  m a y  result in fa ilures in  th e  
rep l ica t io n  of th e  co rrespond ing  segm ent of  chrom osom e.

T h e  m u ta n ts  descr ibed  in this r e p o r t  a re  being subjected  to  gene tic  
in v es t iga t ion .
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FAST SEDIMENTING FRACTIONS CONTAINING DNA 
FROM ST R E PTOM Y C E S GRISEES*
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Sum m ary ,  T he  sed im en tab i l i ty  o f  DN A  from  th e  m yce l ium  of Streplom yces griseus  
s t ra in  No. 52 1 a f te r  d is in teg ra t ion  was exam in ed  u n d e r  d iffe ren t  conditions. A considerab le
a m o u n t  of  fas t  sed im en t ing  frac t ion  was ob ta in ed  a f te r  ly sozym e digestion in a m e d iu m  con
ta in ing po lye thy lene  glycol 300 a t  6000 g and  af te r  m ech an ica l  disruption  in T M K  m e d iu m  
a t  25,000 38,000 g (39 and  30%  respectively).

The  a m o u n t  o f  the  fas t  sed im enting  DNA f rac t io n  d ep en d ed  on the S tre p lo m yc ess t ra in  
used, the  age of the  cu ltu re ,  a n d  the  m ed ium  in w hich  w ash ing ,  disruption  and s e d im e n ta t io n  
had tak e n  place.

No fas t  sed im en t ing  frac t ions f rom  Escherichia coli a n d  Bacillus cereus were o b ta in e d  
u n d e r  the  sam e  condit ions which were o p t im al  for  S. griseus.

The D N A  conta in ing  frac t ion  was purified by  d en s i ty  g rad ien t  centr ifuga tion  a n d  these 
frac t ions were ana lysed  for DN A, RN A , pro te in ,  an d  p o lysacchar ide  contents.  The  p ro te in  to 
DN A  ra tio  of some frac t ions yielded b y  densi ty  g ra d ie n t  cen tr ifuga t ion  was lower t h a n  1.0.

In inves t iga t ions  into th e  regula tion  of  gene a c t iv i ty  it is im p o r ta n t  to  
s tu d y  th e  n a tu re  of  the  supram olecu la r  s t ru c tu re s  in  which DNA occurs w i th 
in th e  cell. A n u m b e r  o f  au tho rs  rep o r ted  th e  iso lation  of such s t r u c tu r e s  
b o th  from  p ro ca ryo tic  and  eucaryotic  organism s [4], and in the case o f  B acillus  
megaterium  [14, 3, 1] and Bacillus subtilis  [10] these  D N A  contain ing s t ru c tu re s  
sedim ented  fa s te r  th a n  free molecular D N A . T h e re  are, however, no re p o r t s  
on th e  isolation of such s t ru c tu res  front o th e r  b a c te r ia  and we failed in ou r  
a t te m p ts  to  isolate th e m  from Escherichia coli a n d  Bacillus cereus.

D uring  th e  life cycle of  Streplomyces griseus  m a rk ed  m orphological c h a n 
ges occur in th e  nuclear  core [6, 16]. Light m icroscopic  exam ina tion  o f  s ta in ed  
p rep a ra t io n s  revea led  t h a t  in th e  young  h y p h a e  th e  nucleoid is diffuse  a n d  
pale and  on aging or a t  the  reproduc tive  d iffe ren tia t ion  of hyphae , d isc re te  
in tensely  s ta in ing  ch rom atin  bodies appear.  These  va r ia t ions  in the  a p p e a ra n c e  
of th e  nuclear  m a te r ia l ,  which can be observed a long  the  same h y p h a  o f  a 72 
or a 96 hou rs  old m ycelium , m ay  In' im p o r ta n t  in th e  d ifferentia tion  o b se rv ed  
in S . griseus. This pap e r  will deal w ith  the iso la tion  and partial c h a ra c te r iz a 
tion of  fast  sed im enting  D N A  con ta in ing  s t ru c tu re s  from S. griseus.

* A p a r t  of th is  p a p e r  w as read  a t  the  Sym posium  on Genetics  and Breeding o f  S t r e p to -  
mvees, D u b ro v n ik ,  Y ugos lav ia  1968.
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Materials and  m e th o d s

Organism s and growth conditions. The o rgan ism s u sed  were Streptom yces griseus  s t ra in  
N o.  52 — 1, Escherichia coli В a n d  Bacillus cereus s t r a in  No. 902.

S . griseus was g rown in so y b ean  cornsteep m e d iu m  [15] in 500 ml E r le n m e y e r  flasks or 
17 m l  am pou le s  (5.2 X 2.4 cm) c o n ta in ing  100 ml an d  3 m l  m ed ium ,  respectively. T h e  f lasks were 
i n c u b a t e d  a t  27°C on a h o r izo n ta l  ro ta t in g  shaker  a t  230 r .p .m .  with a stroke len g th  of 50 m m .

E . coli was g rown in a m e d iu m  contain ing Difco b e ef  e x trac t ,  0 .3% ; Difco b a c to p ep to n e ,  
0 . 5 % ;  NaCl,  0 .5 % ; glucose 0 .1 % ;  0.005 M  Tris  m a la te  buffer  p H  7.6. O v e rn ig h t  s t a t io n a ry  
p h a s e  c u l tu res  were d i lu ted  1 : 4 w i th  fresh m ed iu m  of  t h e  same composition a t  37°C an d  the  
i n c u b a t io n  was con tinued  u n t i l  t h e  optical densi ty  of  th e  suspension had reached  1.75 a t  560 m p, 
as d e te rm in e d  by  a S p e k t ro m o m  360 sp ec tro p h o to m ete r .

B . cereus was g rown from  a spore inoculum in a m e d iu m  containing m ea t  e x t r a c t ,  0 .5 % ;  
Difco  b a c to p ep to n e ,  0 .5 % ;  N a 2H P 0 4.7 H 20 ,  1 % ;  K H 2P 0 4, 0 .1% ; glucose, 2 %  w/v. The  con
s t i t u e n t s  of  the  m ed ium  were dissolved in tap  w a ter .  T h e  f inal  pH  value was 7.3. T he  bac ter ia  
w e re  in c u b a te d  on a r o t a r y  sh a k e r  a t  27°C and  h a r v e s t e d  during  the  early  sp o ru la t in g  phase 
a f t e r  12 h o u r  incuba t ion .

A t  the  end of g ro w th  the  b ac te r ia  were h a rv e s te d  b y  centrifugation  an d  re su sp e n d ed  in 
o n e  o f  t h e  following media .

(a) P E G :  p o lye thy lene  glycol 300 (F luka ,  Sw itze r lan d )  14% v /v  in d is til led water.
(b) T M K : 0.01 M  T r is -H C l,  p H  7.8, c o n ta in in g  0.01 M  magnesium a ce ta te ,  0.06 M  

KC1, a n d  0.006 M  m e rc a p to e th a n o l  [11].
(c) SP :  0.3 M  sucrose,  0.005 M  MgCl2, 0.05 M  K H 2P 0 4. The p H  was a d ju s te d  to  7.3 

w i t h  N a O I I  [5].
Cell breakage and frac tio n a tio n . The b ac te r ia l  suspens ions  were d is ru p ted  b y  lysozyme 

( f in a l  c o n ce n tra t io n  0.5 m g/m l)  a t  37°C. The process w as  followed microscopically  a n d  was 
f o u n d  to  be complete  w i th in  45 m inutes .  A m o d if ica t io n  of th is  m ethod  was used  in o th e r  ex 
p e r im e n t s .  Here the  b ac te r ia l  suspensions were sh a k e n  in  a Mickle d is in teg ra to r  [9] w i th  glass 
b e a d s  (B allo t in i  No. 12) a t  0 — 8°C, in the  presence of ly so zy m e  (1 mg/ml). The  cy lindrica l  vessel 
w as  fi l led  ha lf  w ith  b ead s  a n d  th e  densi ty  of the  m yce l ia l  suspension was 10 to  15 mg d ry  
w t /m l .  Cell breakage  was car r ied  o u t  in 1 hour  an d  su b s eq u e n t ly  the beads were rem o v ed  by 
f i l t r a t i o n  th ro u g h  a G2 s in te red  glass fi lter and  w a sh ed  th re e  t imes with  the  a p p ro p r ia te  sus
p e n d in g  m edium .

U n b ro k e n  cells were r e m o v e d  by  c en t r i fu g a t io n  a t  1550 g for 20 m inu tes .  T he  su p e r 
n a t a n t  was th en  f rac t io n a ted  by  cen tr ifuga tion  a t  4000 — 6000 g 30 m inutes followed b y  cen t r i 
f u g a t i o n  a t  25,000—38,000 g for 30 m inutes  (as g iven  in R esu l ts )  in a MSE H ighspeed  18 cen t r i 
fu g e  in ro to r  No. 6918. F u r th e r  frac t ions were o b ta in e d  b y  centr ifuga tion  a t  78,000 g for 1 hour  
a n d  200,000 g for 3 ho u rs  (M SE Superspeed 50, r o to r  No. 2410).

S ep a ra t io n  of c o m p o n e n ts  w i th in  these f rac t io n s  was achieved by  sucrose d e n s i ty  g ra 
d i e n t  c en t r i fu g a t io n  using  a 10 to  40%  w/v l inear g ra d ie n t  of  sucrose and  cen tr ifug ing  for 30 
m in u t e s  a t  13,000 r.p .m . in  th e  No. 2417 swing o u t  r o t o r  in a MSE Superspeed 50 centrifuge. 
F r a c t i o n s  were sucked off f rom  th e  surface. A fte r  t h e  f rac t ions  had been collected the  pellets 
r e m a in in g  a t  the  b o t to m  of th e  centrifuge tu b es  were  resuspended  in the  r e m a in in g  small  
a m o u n t  o f  g rad ien t  flu id  an d  d i lu ted  w ith  T M K  if necessary .

Unless  otherwise s t a te d ,  all operat ions were ca r r ied  o u t  between 0° a n d  4°C.
Chemical assays. T he  p ro te in  and nucleic acids p re sen t  in the  var ious f rac t io n s  were 

p r e c ip i t a te d  with 0.5 M  perch lor ic  acid (PCA). T h e  p rec ip i ta te s  were washed th ree  t im es  w ith  
co ld  0.5 M  PCA to rem ove  c o n ta m in a t in g  m ate r ia ls  w h ic h  could interfere w i th  t h e  sub seq u en t  
a s sa y s ,  before ex trac t in g  th e  nucle ic acids. These were e x t r a c te d  from the  p rec ip i ta te s  b y  h e a t 
in g  w i th  0.5 M  PCA a t  70°C; tw o  ex tract ions for 15 m in u te s  were sufficient for rem oving  all 
t h e  nuc le ic  acids. DN A  an d  R N A  were es t im a ted  by  th e  m ethods described b y  S e i b e r t  [13] 
a n d  B r o w n  [2], respectively .  Calf  th y m u s  DN A  so d iu m  sa l t  (B D H , E ng land)  a n d  y e as t  R N A  
(M a n n  R esearch  L ab o ra to r ie s  Inc . ,  USA) were used as s ta n d a rd s .  Residual p ro te in  an d  ca rb o 
h y d r a t e  were es t im a ted  by  th e  m ethods  of L o w r y  et al. [8] and  R o e  [12]. As p ro te in  s t a n d a rd ,  
a  p r o t e i n  frac t ion  from  S. griseus  was used and a s t a n d a r d  curve  was ob ta ined  b y  p lo t t in g  the  
e x t in c t io n s  against m g p ro te in ,  ob ta ined  by m u lt ip ly in g  b y  6.25 the K je ldah l  figures.  A solu
t io n  o f  470 fig p ro te in /m l  gave a n  extinction  of 1.25 a t  750 m p.

M orphological exa m ina tion . The frac t ions o b ta in e d  by  gradient cen t r i fu g a t io n  were 
f i x e d  w i th  g lu ta rd ia ld eh y d e  (50 ml of 25%  v /v  g lu ta rd ia ld eh y d e ;  263 ml of М /15 phospha te  
b u f fe r ,  p H  7.2; 7%  w/v o f  sucrose). After s ta n d in g  for 24 hours a t  0°C th e  p re p a ra t io n s  were 
w a s h e d  th ree  t imes w ith  dis t i l led  w a ter  and pelle ted  b y  centr ifuga tion  a t  31,000 g for 30 m i
n u te s .  Sm ears  m ade  f rom  the  f ina l  pellets were s ta in e d  w i th  m eth y l  green py ro n in e  [7] and  e x a m 
in ed  us in g  a R e icher t  Z e to p an  microscope w ith  a PI A p o  Oel 100/1.32 objec t ive .
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R esults

In itia lly , b reak ag e  o f th e  suspensions o f Streptom yces griseus  w as carried  
o u t  u sing  lysozym e a t 37°C in e ith e r  d istilled  w a te r  o r in P E G  m ed iu m . The 
D N A  co n ten ts  o f th e  v a rio u s  ce llu lar frac tio n s o b ta in e d  from  th ese  p re p a ra 
tio n s  are  shown in T ab le  1. T h ere  w ere m arked  differences in th e  D N A  co n ten ts  
o f  th e  v a rious frac tio n s re su ltin g  from  th e  d iffe ren t su sp end ing  m ed ia  used. 
In P E G  a p p ro x im a te ly  4 0 %  o f th e  D N A  sed im en ted  a t 6000 g  and  o n ly  39%  
rem ain ed  in so lu tion  a f te r  sed im en ta tio n  a t 38,000 g. W hen th e  cells w ere d is
ru p te d  in d istilled  w a te r , 7 4%  o f th e  to ta l D N A  rem ain ed  in th e  su p e rn a ta n t  
a f te r  c e n trifu g a tio n  a t  38,000 g. H ow ever, th is  m e th o d  o f cell b reak ag e  w as 
ab an d o n ed  since acco rd in g  to  som e au th o rs  [3] th e  pa rtic le s  o b ta in e d  a fte r  
in c u b a tio n  a t 37°C are  d am ag ed  an d  no longer su ita b le  for m e tab o lic  e x p e ri
m e n ts . In  th e  course of o u r ow n stud ies we w ere u n a b le  to  d e te c t R N A  p o ly 
m erase  a c tiv ity  in frac tio n s  o b ta in ed  from  S . griseus  a f te r  ly sozym e lysis.

D isru p tio n  o f Streptom yces griseus in T M K  by  th e  M ickle d is in te g ra to r  
in th e  presence o f lysozym e re su lted  in a considerab le  q u a n t i ty  o f a fa s t sed i
m en tin g  D N A  fra c tio n , b u t ,  u n like  th a t  o b ta in e d  b y  lysozym e d igestion  a t 
37°C, th is m a te ria l w as in  th e  38,000 g pelle t an d  n o t in  th e  6000 g one (Table 
I I ) .  I f  th e  m ycelium  w as d is ru p te d  in th e  SP m edium  used  b y  G o d s o n  and 
B u t l e r  [5] for iso la tin g  n u c le a r  m a te ria l from  B acillu s m egaterium , th e  g re a t
er p a r t  o f th e  D N A  fa iled  to  sed im en t up  to  31,000 g.

In several ex p e rim en ts , a f te r  M ickle d isru p tio n  a c e n tr ifu g a tio n  a t  4000 g 
for 30 m inu tes w as fo u n d  to  be su ffic ien t fo r rem o v in g  th e  h eav ie r  w all and  
m em b ran e  debris an d  th a t  c e n tr ifu g a tio n  a t  31,000 or even 25,000 g for 30

Table I

D istribu tion  o f  D N A  in the lysates o f  Streptomyces griseus strain No. 52-1 after lysozym e digestion

T he s tra in  was cu ltiv a ted  in 500 m l E rlenm eycr flasks in a volum e of 100 m l m edium  for 
96 hours. T he m ycelium  was h a rv este d  and  w ashed tw ice in d is tilled  w a te r  then  d igested  in the 
presence of 0.5 m g/m l lysozym e in the ind ica ted  m edia a t  37°C. T h e  PE G  sam ple  co n ta in ed  14%

v/v of po lyethy lene glycol 300

Suspending лкedium

K r a d i o n s distilled water PEG  300 -

DNA ,,g per cent DNA //g per cent

1,550 g su p e rn a ta n t 17,900 100.0 43,400 100.0

6,000 g pellet _ * 16,900 39.4

38,000 g pellet 4,025* 22.5 8,500 18.9

38,000 g su p e rn a ta n t 13,250 74.1 17,090 39.4

R ecovery 17,275 96.6 42,500 98.0

* T h e  ly sa te , a fte r  c en trifu g a tio n a t 1,550 g. w as im m ed ia te ly cen trifuged  a t 38,000
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m in u te s  was suffic ien t to  sp in  dow n th e  fa s t sed im en tin g  D N A  frac tio n . F ra c 
t io n a t io n  was done u n d e r  su ch  conditions in  th e  su b seq u en t ex p erim en ts . T he 
D N A  rem ain ing  in th e  s u p e rn a ta n t  a fte r c e n tr ifu g a tio n  a t  31,000 g  w as no t 
se d im e n te d  by  c e n tr ifu g a tio n  a t  78,000 g for 1 h o u r. C en trifu g a tio n  a t 200,000

Table II

D istribu tion  o f  D N A  in the cell fra c tio n s  o f  Streptomyces griseus strain No. 52-1 after d isruption in
M ickle disintegrator

In  e x p erim en t l th e  m y ce liu m  w as th e  same as in T ab le  I. In  ex p erim en t 2, 4 0 x 3  ml 
c u ltu re s  o f 72 hours were sh ak en  in  am poules of 17 m l. H a lf  o f th em  w ere tre a te d  in  TM K and 
th e  o th e r  h a lf  in SP m edium . T h e  m ycelium  was w ashed tw ice in  th e  given m edia  an d  shaken 
in  th e  M ickle d isin teg ra to r fo r 1 h o u r  in  the  presence of B a llo tin i glass bead s and  1 m g/m l of

lysozyme

F r a c t i o n s Experim ent

Suspending medium

TMK SP

DNA //g per cent DNA ,,g per cent

1,550 g  su p ern a tan t l 7,575* 100.0 —

ОLi 5,214 100.0 5,183 100.0

6,000 g  pellet 1 1.246 16.4 —
О 592 11.3 530 10.2

38,000 g  pellet 1 2,549 33.6
2 1,683** 32.3 747** 14.4

38,000 g  su p e rn a tan t 1 3,780 49.9
2 2,400** 46.1 3,600** 69.5

R eco v e ry 1 — 100.0 —
2 4,675 89.7 4,877 94.2

* Calculated value ** C entrifuged a t  31,000 g.

Table III

D istr ib u tio n  o f D N A  in  the cell fra c tio n s o f  Streptomyces griseus stra in  N o. 52-1 depending on the
age o f  the culture

T he m ycelium  was c u ltu re d  as given in Table I  t re a te d  in  TM K  an d  d isru p ted  in th e  
M ickle d isin teg ra to r (see T ab le  I I )

Age of 
cu ltu re  
(hours)

F r a c t  i o n  s

6,000 g pellet 38,000 g pellet 38,000 g  supernatan t

DNA ,/g per cen t DNA ,ig per cent DNA fig per cent

24 1,735 13.6 1.403 1 1 .0 9,650 75.6

48 2,640 27.6 2.220 13.2 4.700 49.2
72 3,720 27.6 4,790 35.6 4,905 36.5

96 3.380 22.0 5,325 34.7 6,660 43.4

A cla  Microbiologica Academiae Scientiarum  Hungaricae 17, 1970



KAST SEDIMENTING FRACTIONS 151

g fo r 3 h o u rs  re su lted  in th e  sed im en ta tio n  o f  a p ro p o rtio n  o f DNA s im ila r to  
th a t  o b ta in e d  from  Escherichia coli in th e  sam e ex p erim en t.

T he p ro p o rtio n  o f D N A  sed im en ting  a t 6000 g  an d  38,000 g in c reased  
w ith  th e  age o f th e  cu ltu re  up  to  72 hours w hen it  w as m ax im um  for b o th  f ra c 
tio n s (T able  I I I ) .

T re a tm e n t o f Escherichia coli anil Bacillus cereus suspensions u n d e r  co n 
d itio n s  id en tica l w ith  tho se  used for S . griseus d id  n o t y ield  an ap p rec iab le  
q u a n t i ty  o f D N A  sed im en ting  a t  31,000 g  as w as o b ta in ed  from  S. griseus  
(5 a n d  7%  com pared  to  2 2 % , respec tive ly . T ab le  IV).

Table IV

Comparison o f  D N A  content in cell fractions o f  Streptomyces griseus strain No. 52-1 o f  Escherichia  
coli В and o f  Bacillus cereus strain N o. 902

The S. griseus m ycelium  was the  sam e as in ex p erim en t 2 in T ab le  II . Concerning the c u ltiv a tio n  
of E . coli and  B . cereus. see u n d e r M ethods. C ultures were tre a te d  in T M K  with a Mickle

d isin teg ra to r

F  r a c t i и il s
N. griseus h \ col i H. cereus

DNA ,,g per cent DNA ,,g per cent DNA /ig per cent.

1,550 g  su p e rn a tan t 9,940 100.0 12,960 100.0 5,330 100.0

6,000 g  pellet 1.097 11.0 1.070 8.3 556** 10.4

38,000 g  pellet 2,200* 22.1 658* 5.1 391 7.3
38.000 g  su p e rn a ta n t 5,010* 50.4 8,580* 66.3 3,670 68.9

R ecovery 8,307 83.6 10,308 79.6 4.617 86.7

* 31,000 g cen trifugation . 
** 4,000 g cen trifugation .

Table V

Composition o f cell fractions o f Streptomyces griseus strain No 52-1

M ycelium and tre a tm e n t were the  sam e as in E x p erim en t 2 in  T ab le  II. T he sam ples tak en  fo r 
chem ical d e te rm in a tio n s were p rec ip ita ted  th en  w ashed th ree  tim es in 0.5 M  PC A, fo llow ed by

the ex trac tio n of nucleic acids

F r a c t i o n s DNA
(//g)

UNA
(/'g)

Protein
(/-g>

Poly
saccharide

0<g)
DNA : RNA : protein : 

polysaccharide

1,550 g su p e rn a ta n t 9,075 39,600 98,250 4.460 1 : 4.36 : 10.83 : 0.491

4,000 g pellet 542 4,610 16,600 1.500 1 : 8.52 : 30.60 : 2.770

31,000 g pellet 1.269 7.390 19,000 1,540 1 : 5.82 : 15.00 : 1.215

31,000 g su p e rn a ta n t 7,010 23,000 61,950 436 1 : 3.28 : 8.82 : 0.062

R ecovery 8.821 35,000 97,550 3,476
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D ensity gradient centrifugation. A m yce lia l suspension was d is ru p te d  and  
f ra c t io n a te d  by  th e  m e th o d  described  in T ab le  I I  in  TM K , an d  th e  D N A , R N A , 
p ro te in  and  p o ly sacch arid e  co n ten ts  o f th e  v a rio u s  frac tions w ere d e te rm in ed . 
R e s u lts  are show n in  T ab le  Y. A tta in m e n t o f p u rifica tio n  of a “ nu c lea r f ra c 
t io n ”  w ould  re su lt a low er v alue  o f p ro te in  to  D N A  ra tio , b u t  c e n tr ifu g a tio n  
a t  31,000 g  by  itse lf  d id  n o t cause a p u rif ic a tio n  o f th e  D N A  c o n ta in in g  p a rtic le . 
T h e  31,000 g pelle t o b ta in e d  in th is  e x p e rim e n t was re su sp en d ed  in  T M K , 
la y e re d  on to  a sucrose d e n s ity  g rad ien t a n d  cen trifuged  in th e  N o 2417 sw ing
ing  b u c k e t ro to r  o f th e  M SE Superspeed  50 cen trifuge  a t  13,000 r .p .m . for 
30 m in u te s . F ive m a jo r frac tio n s  were co llec ted  (T able V I) an d  th e  D N A , R N A , 
p ro te in  and  p o ly sacch arid e  co n ten ts  of each  frac tio n  w ere d e te rm in ed . The 
f i r s t  fra c tio n  was a lm o st colourless an d  tr a n s p a re n t ,  th e  second w as sh a rp ly  
s e p a ra te d  from  th e  f ir s t  an d  b row nish  in co lou r. This b row n  co lour p ro g res
s iv e ly  d im in ished  to w ard s  th e  b o tto m  o f th e  tu b e  and  th e  fo u rth  frac tio n  was 
a g a in  alm ost colourless. T h e  p artic les p re se n t in th e  vario u s frac tio n s  w ere 
e x a m in e d  m icroscopically  a f te r  m eth y l g reen  py ro n in e  s ta in in g . In  th e  second 
f ra c t io n , sm all, ro u n d , greenish  pa rtic le s  0.3 — 0.4 /< in d iam e te r could  be ob
se rv e d  in a s tro n g ly  p y ro n in e  positive  b a c k g ro u n d . In  th e  3rd 4 th  and  p e lle t 
f ra c tio n s  sim ilar b u t  sm alle r partic les  cou ld  be  de tec ted . In  th e  h eav ie r  fra c 
t io n s , th e  b ack g ro u n d  s ta in in g  teas sh if te d  fro m  red  to  v io le t. T he incidence 
o f  th e se  partic les  w as co n sis ten t w ith  th e  h y p o th es is  th a t  th e y  re p re se n t th e  
D N A  co n ta in in g  co m p o n en t.

In  a su b seq u en t ex p erim en t th e  fa s t  sed im en ting  D N A  c o n ta in in g  fra c 
t io n  w as sed im en ted  a t  25,000 g for 30 m in u te s  before fra c tio n a tio n  on a su 
c ro se  d en sity  g ra d ie n t (T able  V II).

Table VI

P u rifica tio n  o f D N A  frac tion  o f  Slreplomyces griseus N o . 52-1 sedimented at 31,000 g  in  sucrose
density gradient

P a r t  o f  th e  31,000 g p e lle t in  T ab le  V (2.2 m l, 1150 //g D N A ) afte r resuspension w as layered  over 
36.5 ml sucrose d en sity  g rad ien t. F ra c tio n s  w ere collected as ind ica ted

No. F r a c t i o n s
DNA
(/'g)

RNA
(/'g)

P ro tein
<"«>

Poly
saccharide

(/-g)

DNA : RNA : protein : 
polysaccharide

l . 0 . 0 - 4.9 ml 181 1,833 3,410 279 1 : 10.11 : 18.85 : 1.540

2. 4 .9 - 13.0 ml 214 1.225 6,030 656 1 : 5.75 : 28.20 : 3.070

3. 1 3 .0 - 22.0 ml 177 394 2,227 90 1 : 2.22 : 12.59 : 0.508

4. 2 2 .0 - 35.2 ml 102 193 736 20 1 : 1.89 : 7.22 : 0.198

5. g rad ien t pellet 398 286 3,460 118 1 : 0.72 : 8.70 : 0.277

Recovery / ' g 1,072 3,931 15,863 1.164

% 93.2 63 83.5 89.3
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I t  can be seen (T able Y I) th a t  the g ra d ie n t frac tions o f th e  31,000 g  
p e lle t y ielded  p ro te in  to  l)N A  ra tio s  ju s t low er th a n  th a t  o f the  31,000 g  su p e r
n a ta n t  (frac tion  4 : 7.22; fra c tio n  5 : 8.7; 31,000 g su p e rn a ta n t: 8 .82). T h e  
co rrespond ing  ra tio s  in th e  g ra d ie n t frac tions o f  th e  25,000 g p e lle tt (T able  V II)  
w ere m ore fav o u rab le  (frac tion  3 : 3.6; frac tio n  4 ; 2 .0 ; and  frac tio n  5 : 3.7). 
T h e  value o f 2.0 fo r frac tio n  4 in  T ab le  V II w as low er th a n  th e  3.0 v a lu e  re 
p o rte d  b y  S p i e g e l m a n  et al. [14] for a sim ilar f ra c tio n  from  B. m egaterium .

Table VII

P u r i f i c a t i o n  o f  I ) N A  f r a c t i o n  o f  S t r e p t o m y c e s  g r i s e u s  s t r a i n  N o .  5 2 - 1  s e d i m e n t e d  a t  2 5 . 0 0 0  g  i n

s u c r o s e  d e n s i t y  g r a d i e n t

T he m ycelium  was of the  sam e k in d  as in  E xperim en t 2 in  T ab le  I I .  A fter Mickle d is in teg ra tio n  
in  T M K  th e  suspension was sed im en ted  a t 1550 g, a t 4000 g  th en  at 25,000 g .  P art of th e  25,000 g  

pelle t (1.3 m l, 570 //g DNA) a f te r  resuspension was lay ered  over a 36.5 ml d ensity  g ra d ie n t

DNA RNA Protein P o ly - DNA : RNA : protein :
No. F г ; c 1 i o n s ( w) (/'ft) (/«it) saccharide

(/'g)
poly saccharide

25,000 g pellet 1,150 15,750* 9.360* 773 1 13.70 : 8.14 0.672

l . 0.0 6.1 llll 125 283 1,488 60 1 : 2.26 : 11.90 0.480
2. 6.1 11.3 ini 5 7 161 600 110 I : 2.79 : 10.43 1.913

3 . 11.3 18.3 nil 7 5 121 270 29 1 : 1.60 : 3.60 0.391

4. 18.3 30.3 nil 75 205 150 17 1 : 2.71 : 2.00 0.228

5 . G radie i t  p e lle t 126 231 468 4 y 1 : 1.89 : 3.70 0.387

Recovery //g 458 1001 2.976 265

° o 80.5 12.8* 58.8* 63.4

* The 31.000 g pellet a fte r  p i ecip ita t ion with 0.5 M РСЛ was not washed in l ’( A .

T he q u a n t i ty  o f  th is  fa s t sed im en tin g  fra c tio n  o f D N A  w ith th e  d iffe ren t 
v a r ia n ts  o f o u r s tra in  of S . griseus  u n fo r tu n a te ly  v a r ie d  considerab ly ; th e  m ech 
an ism  for th is  could  n o t be exp la ined . In  72 to  96 hours cu ltu res  from  a 
p a r tic u la r  v a r ia n t  o f S. griseus  d is ru p te d  in T M K , m ore th a n  30%  of th e  D N A  
sed im en ted  a t  31,000 g w hereas w ith  the o th e r s tra in s  th is  value was less th a n  
10% . The resu lts  rep o rted  in T ab le  V I and V II re p re se n t the  d a ta  o f  p e lle ts  
w hich  co n ta in ed  less th a n  20 %  o f th e  to ta l D N A  an d  a fu rth e r  f ra c tio n a tio n  
w as perfo rm ed  on a 25,000 g p e lle t from  a 96 h ours old cu ltu re  w hich  in 
th is  case c o n ta in e d  m ore th a n  30 %  of th e  to ta l ce llu la r DNA. The re su lts  o f 
th is  frac tio n a tio n  are  show n in F ig . 1. The p ro te in  to  DNA ra tio  v a ried  in th e  
d iffe ren t frac tio n s  an d  it would a p p ea r from  th is  ex p e rim e n t th a t  th e  ra tio  for 
th e  DNA c o n ta in in g  p a rtic le s  w as less th a n  1.0 an d  t h a t  the  h igher v a lu es  re 
p o rte d  in T ab le  V I and  V I 1 cou ld  be due to  p ro te in  co n tam in a tio n  of th e se
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f ra c tio n s . (In  Fig. 1 th e  rec ip rocal va lues o f  th is  ra tio  are i l lu s tra te d .)  The age 
o f  th e  cu ltu re  m ay also h a v e  affected th e  re su lt since th e  ex p e rim en ts  rep o rted  
in  T a b le  V I and  V II  w ere p erfo rm ed  w ith  72 h ours cu ltu res w h ereas  those  fo r 
F ii;. 1 w ith  96 hours ones.О

1.6

F ig . 1. Sucrose density  g ra d ie n t c en trifu g a tio n  of th e  fa s t  sed im enting  D N A  frac tio n . 96 hours- 
old m y ce liu m  of Streptomyces griseus, th e  sam e as in  T ab le  I. As for cell d is ru p tio n  and frac 
t io n a t io n ,  see Table V II. T he p e lle t ob ta in ed  a t  25,000 g  was layered  over 10—40%  w/v su
crose  g ra d ie n t and cen trifu g ed  a t  13,000 r.p .m . fo r 30 m inu tes. F rac tio n s of 2 m l w ere collec
te d . 1 p ro te in /frac tio n ; 2 =  D N A /frac tio n ; 3 D N A /p ro te in . F rac tio n  17 re p re se n ts  th e  g ra 
d ie n t  p e lle t. The line m ark ed  w ith  arrow  shows th e  D N A : p ro te in  ra tio  o f th e  25,000 g pellet

W h en  the  frac tio n s  o b ta in ed  on sucrose d en sity  g rad ien t w ere d ilu ted  
w ith  a n  equal volum e o f T M K  and  cen trifu g ed  a t  31,000 g for 40 m in u te s , th e  
D N A  ag a in  appeared  in  th e  p e lle t frac tio n  suggesting  th a t  th e re  w as no ap p re 
c iab le  dissociation  of th e  D N A  c o n ta in in g  pa rtic le s  during  sucrose  density  
g ra d ie n t  cen trifu g a tio n .

Discussion

T h e  broken cell p re p a ra tio n s  o b ta in e d  b y  lysozym e d ig estio n  a t  37°C 
o r M ickle  d is in teg ra tio n  in  th e  presence o f ly sozym e a t  0 — 8°C c o n ta in e d  con
s id e ra b le  qu an tities  o f a fa s t  sed im en ting  D N A  frac tion . T he p ro p o rtio n s  of 
th e  ce llu la r  DNA sed im en tin g  u n d er th ese  con d itio n s depended  la rg e ly  on the  
m e th o d  o f b reakage a n d  th e  suspending  m ed iu m  used. P o ly e th y le n e  glycol 
300 m a y  exert a p ro te c tiv e  effect on p a rtic le s  co n ta in in g  D N A . I t  is also prob-
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ab le  th a t  th e  change in th e  p ro p o rtio n  o f m a te r ia l in the  6,000 anti 31 ,000 g 
pe lle ts  in  th e  d iffe ren t experim en ts  w as due to  th e  deg rad a tio n  of th e  n a tiv e  
p a rtic le .

T he cond itions w hich have been  used successfully  for th e  iso la tio n  o f  a 
fa s t sed im en tin g  DNA con ta in ing  frac tio n  from  B. megaterium  [3] cou ld  n o t 
be ap p lied  for S . griseus and  th is  d ifference m ay  well be connected  w ith  d iffe r
ences in th e  ion req u irem en ts  for th e  s ta b ili ty  o f  th e  DIS A co n ta in in g  p a rtic le s  
from  S . griseus  and  B . megaterium. A fu r th e r  difference is th a t  in  m ed ia  used 
fo r B . m egaterium  [3] a suspension o f h igh  v isco sity  is o b ta in ed  also  fro m  S . 
griseus  a f te r  th e  d isru p tio n  of m ycelium , b u t  in TM K  m edium  th e  v isco s ity  
rem ain s low.

T he p ro p o rtio n  of DNA sed im en tin g  a t  re la tiv e ly  low speeds reach ed  
a m ax im u m  v a lu e  of 58% , con sid erab ly  low er th a n  th e  v alue  o b ta in e d  for 
B . m egaterium  [3]. A num ber o f  possib le ex p lan a tio n s  could be o ffe red  for 
th is . I t  could  have  been due to  su b -o p tim a l ex p erim en ta l co n d itio n s  or it 
m ay h av e  been a d e fin ite  p a r t o f m icroscop ica lly  he terogeneous D N A  w hich  
w as p re se n t in th is  fo rm . The la t te r  e x p la n a tio n  w as to  some e x te n t su p p o rte d  
by  th e  fin d in g  th a t  th e  p ro p o rtio n  o f D N A  in these  frac tions dep en d s n o t  on ly  
on th e  age o f  th e  cu ltu re  b u t also on th e  p a r tic u la r  s tra in  of S . griseus.

T he 31,000 g p e lle t is obv iously  a com plex  m ix tu re  and  c o n ta in e d  D N A  
as well as p ro te in , RNA and  p o ly sacch arid e , an d  in some in stan ces th e  ra tio  
ot th ese  com pounds to  DNA was g re a te r  th a n  in th e  m ycelium  h o m o g en a tes  
(T able  V). T he presence of a considerab le  p ro p o rtio n  o f RNA m ay be im p o r
ta n t .

T he p ro p o rtio n  o f DNA to  o th e r  co m p o n en ts  increased d u rin g  d e n s ity  
g ra d ie n t c en tr ifu g a tio n  (F rac tio n s 3, 4 an d  5, T ab le  V I and  V II). In  th e  g ra 
d ien t frac tio n s , th e  RN A  to DNA ra tio  was h ig h er th a n  th a t  found  b y  o th e r  
a u th o rs  in B. m egaterium e.g. S p ie g e l m a n  et a l.:  1.0 [14]; B ut l er  a n d  G o d s o n :
0.143 [3], b u t it was no t clear w h e th e r th e  changes in th e  R N A  to D N A  ra tio  
for th e  d iffe ren t frac tio n s had  re su lted  from  a rem oval of R N A  c o n ta in in g  
c o n ta m in a tio n s , o r from  v a ria tio n s  in  th e  co m position  of a D N A -R N A -p ro - 
te in  co n ta in in g  com plex.

T he po lysaccharide  m easu rem en ts w ere p erfo rm ed  to  d e te rm in e  th e  level 
o f co n ta m in a tio n  in these  frac tions b y  m a te ria ls  o f th e  cell envelope, and  it  is 
c lear from  th e  re su lts  th a t  th is  v a ried  in F ra c tio n s  3, 4 and  5, b u t  a d e fin ite  
p u rif ic a tio n  was achieved .

T h e re  was also a considerab le  v a r ia tio n  in th e  p ro te in  to  D N A  ra tio s  
anti m u ch  of th is  could  be acco u n ted  for c o n ta m in a tio n  of th e  D N A -p ro te in  
p a rtic le  w ith  o th e r  p ro te in s  since u n d e r  som e c ircum stances it  was possib le  
lo o b ta in  p a rtic le s  con ta in in g  m ore D N A  th a n  p ro te in  (F ig. 1).

T he resu lts  show ed th a t  by cen trifu g a tio n  a t 6,000 to  38 ,000g we su cceed 
ed in iso la tin g  DNA con ta in ing  p a rtic le s  s tab le  in TM K . T hey  m ay  h a v e  com -
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ш оп fea tu re s  w ith  th o se  re p o rte d  by  T r e m b l a y  et al. [17] h u t are d iscern ib le  
also u n d e r  th e  lig h t m icroscope and  m ay be  id e n tic a l w ith  th e  c h ro m a tin  b o d 
ies o bserved  in th e  m ycelium  o f S. griseus  a n d  m ay  have a m ore com plex  
s tru c tu re . T he p resence  o f sm aller partic les a p p e a rin g  in  th e  v a rious frac tio n s 
m ig h t be  exp la ined  b y  a d eg rad a tio n  of th e se  p a r tic le s  during  cellu lar b reak ag e .
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Sum m ary . The b iochem ical b e h av io u r of B a d e r ’ s P s . shigelloides and  F e r g u s o n ’ s  C27 
s tra in s  was ch ara c te ris tic  o f th e  genus Aeromonas.

Plie S form s and R  m u ta n ts  o f th e  tw o  s tra in s  were sero log ically  iden tica l w ith  each 
o th e r  as well as w ith  Sh. sonnei, phases l and  II. re sp ec tiv e ly .

T he id e n tity  in an tig en ic  s tru c tu re  o f Sh. sonnei and  Ps. shigelloides was d e m o n s tra te d  
by  m ouse p ro tec tio n  te s t, too.

T he L PS p roduced  from  b o th  Aerornonades co n ta in ed  su g a r c o n s titu e n ts  q u a lita tiv e ly  
id en tica l w ith  th e  L PS  of Sh. sonnei in resp ec t o f e ith e r S and  R fo rm s, bu t th e  Aerornonades 
possessed in ad d itio n  a sero log ically  in ac tiv e  u ron ic  acid co m p o n en t an d  th e  L PS  o f C27 a 
sm all q u a n ti ty  of ga lacto sam in e .

Sh. sonnei an d  th e  tw o s tra in s  o f Aeromonas s tu d ied  were rep re sen tin g  d ifferen t chem o- 
ty p es , b u t  even th e  s tra in s  Ps. shigelloides and  C27 did not belong  to  tlie sam e ch em o ty p e .

F lagella ted  b a c te ria  not belonging  to th e  en te ric  organism s and  h av in g  
an  an tigen ic  s tru c tu re  com m on w ith  S h . sonnei ph ase  I, w ere iso la ted  by  sev 
eral a u th o rs  from  faeces o f h u m an s  suffering  o f e n te r itis  as well as from  th e  
in n e r organs an d  faeces o f an im als. T he firs t re p o rt is linked  w ith  th e  n am es 
o f F e r g u s o n  an d  H e n d e r s o n  [1] w ho in 1947 described  a s tra in  considered  
an  anaerogen ic  v a r ia n t  o f th e  g roup  E . coli an d  re fe rred  to  as C27. B a d e r  [2] 
p u b lish ed  a sim ilar re p o rt in 1954, classify ing th e  s tra in  in th e  genus P seudo
monas and  suggesting  th e  nam e  Pseudom onas shigelloides. Since th en  s im ila r 
s tra in s  w ere iso la ted  from  v ario u s  sources b y  severa l a u th o rs  [3 — 13]. E w in g  
et al. [14, 15] iden tified  th e  C27 an d  Ps. shigelloides s tra in s  reffering  th e m  as 
a p a r tic u la r  species of th e  genus Aerom onas. H a b s  an d  S c h u b e r t  [16] as well 
as E d d y  an d  Ca r p e n t e r  [17] suggested  to  classify  th e m  in a new genus, Ple- 
siom onas. S e b a l  and  V e r ő n  [18] th o u g h t also o f c re a tin g  a new genus by  th e  
n am e Fergusonia. W e h av e  accep ted  th e  c la ssifica tion  o f s tra in s  in th e  genus 
A erom onas, since in ou r in v es tig a tio n s , to o , th e ir  b iochem ical b e h av io u r w as 
c h a ra c te r is tic  o f th is  genus. T h e  s tra in s  s tu d ied  b y  us — w ith  th e  re se rv a tio n  
o f th e  p rev io u s s ta te m e n t w ere d esigna ted  in th is  p a p e r  for s im p lifica tio n  
b y  th e ir  o rig inal n am e: Pseudom onas shigelloides, an d  C27.

T he g roup  Aerom onas shigelloides w as show n b y  severa l a u th o rs  to  be 
he tero logous sero logically  an d  s tra in s  in ag g lu tin ab le  b y  Sh . sonnei p h ase  I 
serum  are often  e n co u n te red . O f th e  48 b iochem ically  id en tica l s tra in s  o f E w in g  
a n d  J o h n so n  [15] 20, o f  th e  10 s tra in s  of H abs  an d  S c h u b e r t  [16] 5, o f  52
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s tra in s  o f  A ldova  [12] 7 were agg lu tinated  b y  Sh . sonnei phase I  serum . The  
22  stra ins studied b y  S ak azak i  et. al. [19] were com p osed  o f  5 antigenic  
grou p s and 7 strains were serologically  identica l  w ith  Sh. sonnei phase I.

Since accord ing  to  th e  l i te ra tu re  som e o f th e  A erom onas shigelloides 
s tra in s  h ad  an an tig en ic  s tru c tu re  id en tica l w ith  t h a t  of Sh . sonne i, it  seem ed 
in te re s tin g  to  s tu d y  w h e th e r  th is  e x tra g e n e tic  re la tio n  re s te d  on an  id en tica l 
ch em ica l s tru c tu re .

In  th e  course o f  th e  ex p erim en ts , f irs t an  ex ac t serological analysis  o f 
th e  s tra in s  was p e rfo rm ed . T hen  th e  co m p o n en ts  o f th e  lipopo lysaccharide  
(L P S ) an tigens o f th e se  s tra in s  w ere in v e s tig a te d  com paring  th e m  w ith  the  
c o m p o n en ts  o f Sh. sonnei d e te rm in ed  b y  us earlie r [20].

Materials and methods

Strains. Sh. sonnei, p h ases I and I I ,  s tu d ied  p rev io u sly  [21] as well as th e  orig inal stra in s  
C27 of F e r g u s o n  and H e n d e r s o n  [1] and  th e  o rig ina l Ps. shigelloides of B a d e r  [2] w ere s tu d 
ied . F ro m  th e  las t n am ed  tw o  s tra in s  sp o n tan eo u s  R  m u ta n ts  were iso la ted  an d  included  in 
th e  s tu d ie s , as well as a R  m u ta n t  iso lated  from  Sh. sonnei, phase I I  [21]. T he clone differing 
fro m  phase  I I  in an tig en ic  s tru c tu re  m ay  be considered  an  ad v an ced  phase  of th e  R  m u ta tio n , 
since  th e  phase  I I  should  be reg ard ed  as th e  f irs t  step  of R  m u ta tio n  [21].

A gglu tina ting  and prec ip ita ting  sera. R a b b its  w ere im m unized  w ith  suspension  killed 
b y  ace to n e  and su b seq u e n tly  bo iled  for 2 hours. T he R s tra in s  were su spended  in  d istilled  w a ter 
to  av o id  sed im en ta tio n . T he t it re s  of sera were 1 : 1600 -3 2 0 0 .

Bacterial agglutination. T u b e  a g g lu tin a tio n  w as carried  ou t in vo lum es of 0.5 ml by 
a d d itio n  of 0.05 ml o f boiled  suspensions of 2 x  Ю9 den sity .

Absorption  was p e rfo rm ed  b y  suspend ing  0.1 g o f acetone killed  b a c te r ia  in 5 ml of 
se ru m  d ilu ted  1 : 20. T he m ix tu re  of serum  and  b a c te r ia  in cu b a ted  a t  37°C for 2 h o u rs  and  th en  
a t  5°C o v ern ig h t was ab so rb ed  rep ea ted ly  if  n eeded , acco rd ing  to  th e  re su lts  o f co n tro l ag g lu ti
n a tio n s .

H aem agglutination  w as done by  using  sheep R B C  preserved  in  A lsever’s so lu tion  and 
sen sitiz ed  by  h e a t a c t iv a te d  W estp h a l an tig en , by  th e  T a k á ts y ’s [22] m ic ro tech n iq u e .

A b sorp tion  for h a em ag g lu tin a tio n  was c a rried  o u t by  th e  a d d itio n  of 5 m g of W estphal 
a n tig e n  to  5 ml serum  1 : 20. In c u b a tio n  a t  37°C fo r 2 ho u rs  th en  a t  room  te m p e ra tu re  over
n ig h t w as followed b y  c en tr ifu g a tio n  and  th e  p ro ced u re  had  been rep ea ted .

Agar-gel prec ip ita tion  w as perform ed by  O u c h t e r l o n y ’s m eth o d  [23]. B y  aid  of a 
m e ta l m odel in the  p u rif ied  agar-gel co n ta in in g  m erth io la te  wells 5 m m  in  d iam e te r were 
fo rm ed  a t d istances o f 10 m m . In to  th e  cen tra l well 0.1 m l of c o n ce n tra ted  serum , while 
in to  th e  peripheral ones W estp h a l an tigens a t  a c o n ce n tra tio n  of 5 m g/m l w ere m easured . R e 
v e rsed  experim en ts  w ere also carried  ou t, p lac in g  th e  sera  a ro u n d  th e  a n tig en  m easu red  in to  
th e  c e n tra l  well. In c u b a tio n  w as done in a w et ch am b er a t  room  te m p e ra tu re , an d  th e  resu lt 
w as ev a lu a te d  a fte r 72 hours.

Active im m uniza tion . G roups of 4 m ice each  were im m unized  ora lly  using  a m eta l bougie 
on  five  occasions a t  3 d a y  in te rv a ls , w ith  decreasing  cell co u n ts  of Sh. sonnei I and  Ps. shigel
loides k illed  a t 60°C. F iv e  d a y s  a f te r  th e  la s t im m u n iz in g  dose th e  an im als w ere in tra p e rito -  
n e a lly  challenged by  50 L D -0 (ap p ro x im ate ly  2 x  10:{ o rgan ism s) of a 24 h o u r cu ltu re  of Sh. 
sonnei phase  I, suspended  in s te rile  5%  m ucin . E D 50 w as ca lcu la ted  acco rd ing  to  K ä r b e r  [ 2 4 ] .

Chemical studies. L P S  an tig en s were p ro d u ced  by  th e  h o t p h en o l/w a te r  m eth o d  of 
W e s t p h a l  et. al. [25] from  b a c te r ia l m ass cu ltu re  killed b y  acetone. In  th e  e x p erim en ts  su b 
s ta n c e s  purified  by  u ltra c e n tr ifu g a tio n  a t  100,000 g w ere used.

T he q u a lita tiv e  a n d  q u a n ti ta t iv e  d e te rm in a tio n  of sugar com p o n en ts  w as carried  ou t 
as desc rib ed  earlier [20]. G a lac tu ro n ic  acid was id en tified  b y  h igh vo ltag e  p a p e r e lec tro p h o re 
sis on W h a tm an ’s No 1. p ap er in a py rid in e  : acetic  acid  : w a te r  100 : 40 : 860 b u ffer a t  pH  5.3, 
3000 V, 120 m A, for 2 h o u rs . T he spo ts were developed  w ith  n ap h th o re so rc in . F o r th e  q u a n ti
ta t iv e  d e te rm in a tio n  of u ro n ic  acid  a m odified m eth o d  w ith  carbazole  w as app lied  [26]. G alac
tu ro n ic  acid was id en tif ie d  by  c h ro m a to g ra p h y  on S ep h ad ex  colum n a n d  b y  m icrochem ical 
m e th o d s .
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Results

I .  Biochem ical reactions. T h e  b iochem ical reac tions of th e  tw o s tra in s  
w ere in v es tig a ted  b y  E w i n g  et al. [14, 15]. In  o u r stud ies, th e  c y to ch ro m o x y d - 
ase re a c tio n  ch a rac te ris tic  o f th e  genus Aerom onas  w as given b y  b o th  s tra in s . 
S tra in  C27 was O N G P po sitiv e , fe rm en tin g  lac tose  w ith o u t gas p ro d u c tio n  
w ith in  24 h o urs, while P s. shigelloides lacked  th is  ab ility . E w i n g  et al. s tu d ie d  
50 s tra in s  an d  found  only 4 lactose p o sitiv e  ones [15].  W i n t o n ’s s tra in  w as O N P G  
po sitiv e  [13]. T he 22 stra in s  o f Sa k a z a k i  et. al. [19] fe rm en ted  lac to se  slow ly. 
Ca s e l it z  [27] found  am ong 31 s tra in s  o f Aerom onas a single lac to se  p o sitiv e  
one. O therw ise  th e  s tra in s  in v e s tig a te d  b y  us corresponded  in ev e ry  resp ec t 
to  th e  b iochem ical ch a rac te ris tic s  described  by  E w i n g  et al., th u s , th e ir  b e lo n g 
ing to  th e  genus Aerom onas w as doub tless .

I I .  A n tigen ic  structure, (a) Cross absorption. T he titre s  o f im m u n e  sera 
and  th e  va lu es  for cross a g g lu tin a tio n  w ere de te rm ined  b y  b a c te r ia l a g g lu ti
n a tio n  an d  h aem ag g lu tin a tio n . T h e  ti tre s  w ere ly ing  so close th a t  av erag e  
values could  be  considered . T h en  th e  sera w ere seria lly  abso rbed  by  te  s tu d ie d  
s tra in s  an d  b y  L P S  p rep ared  from  th e m . T he resu lts  o f b a c te ria l a g g lu tin a tio n  
an d  h a e m a g g lu tin a tio n  of th e  a b so rb ed  sera also p e rm itted  th e  use o f av erag e  
va lues.

As reg a rd s  th e  an tigen ic  s tru c tu re  of S s tra in s , conclusions can  be  d raw n  
from  T ab le  I . T he s tra in s  Sh. sonnei, I ,  P s. shigelloides and €27 gave cross-agglu-

ТаЫ с I

A n tig e n ic  structure o f  S  strains

S e r u 11
Average  t i t re  in b a c te ria l a g g lu tin a tio n  a n d  in 
h ae in ag g lu tin a tio n  a g a in s t R B C  sen sitized  w ith  

s tra in s  an d  LPS

D esignation
A b sorbed  b y  s tra in s  

an d  L P S Sh. sonnei I
Ps.

shigelloides C27

0 2560 2560 1280

Sh. sonnei I Ps. shigelloides —

€27 —

0 1280 1280 640

Ps. shigelloides Sh. sonnei I —

€27

0 2560 2560 2560

€27 Sh. sonnei L — —

Ps. shigelloides — — —
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Table II

A ntigenic  structure o f  R  strains

S e г n  m
Average t i t r e  in b a c te ria l 
h a e m a g g lu tin a tio n  ag a in st 

s tra in s  and

a g g lu tin a tio n  a n d  in 
RBC sensitized  w ith  
L PS

D esignation
A b so rb e d  b y  s tra in s  

a n d  LPS

Sh.
sonnei

I I

Ps.
shigelloides

R

C27
R

Sh.
sonnei

II

0 2560 2560 1280 320

S h . sonnei 11 Ps. shigelloides R — — - —

C27 R — — —

Sh. sonnei R 640 640 320 —

0 1280 1280 1280 160

Ps. shigelloides R C27 R -

Sh. sonnei I I — — —

Sh. sonnei R 640 640 320 —

0 1280 1280 1280 1 6 0

C27 i t Ps. shigelloides R - —

Sh. sonnei II —

Sh. sonnei R 640 640 320 —

0 320 160 320 1280

Sh. sonnei R Ps. shigelloides R 640

C27 R — - • - 320

Sh. sonnei II — 640

t in a t io n  up  to  th e  en d  t i t r e s  an d  absorbed  th e  sera  m u tu a lly . In  th e  lig h t o f 
th e s e  resu lts  th e  S a n tig e n ic  s tru c tu re  o f th e  3 s tra in s  is iden tica l.

F ro m  T able  I I  th e  an tig en ic  s tru c tu re  o f  R  s tra in s  m ay  be estab lish ed . 
T h e  ag g lu tin a tin g  sera  p ro d u c e d  by  R m u ta n ts  o f s tra in s  Sh. sonnei ph ase  I I ,  
P s . shigelloides an d  C27 m u tu a lly  ag g lu tin a ted  b o th  th e  b ac te ria l suspensions 
a n d  th e  sensitized  R R C  close  up to  th e  end  t i t r e s .  T h e  sera  were m u tu a lly  a b 
so rb ab le  b y  b ac te ria l su spen sio n s as well as b y  L P S . H ence th e  an tigen ic  s tru c 
tu r e  o f  s tra in s Sli. sonnei p h ase  I I ,  Ps. shigelloides R  an d  C27 R is id en tica l.

A ccording to  o u r p rev io u s  o b se rva tions [21] th e  an tigen ic  s tru c tu re  of 
R  s tra in s  iso lated  from  S h . sonnei phase I I  is, h o w ever, d iffe ren t. T he cross- 
a g g lu tin a b ility  o f th e  m u ta n t  and  th a t  o f th e  im m u n e-se ru m  p rep a red  ag a in s t 
i t  is p a r t ly  of low er g ra d e  th a n  th a t  of th e  hom ologous sy stem , p a r tly  th e  m u 
t a n t  is incapable to  a b so rb  th e  im m une-serum  p re p a re d  ag a in st th e  3 o th e r 
s tra in s  and  even in  th e  hom ologous serum  a s ig n if ican t am o u n t of ag g lu tin in  
re m a in e d  a fte r c ro ss-ab so rp tio n . T hus, th e  R  m u ta n t  show s an an tigen ic  re la 
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tio n sh ip  of low er g rad e  wi th the s tra in s  Sh . sonnei I I ,  P s. shigelloides R and  
C27 R , and  it possesses a p a r tic u la r  an tig en , to o .

(b) Agar-gel p recip ita tion . T h e  an tig en ic  s tru c tu re  o f S form s an d  R 
m u ta n ts  of P s. shigelloides and  C27 as well as o f S h . sonnei phases I an d  I I  
was th e n  s tu d ied  b y  agar-gel p re c ip ita tio n , u sing  W estp h a l an tigens an d  sera 
p ro d u ced  ag a in s t th e  s tra in s  lis ted . Tw o a rra n g e m en ts  were app lied . F irs t 
the  in te rre la tio n sh ip  o f serum  m easu red  in to  th e  ce n tra l well and  of so lu tio n s 
of an tig en s m easu red  in to  th e  p e rip h e ra l wells w ere s tu d ie d , th en  th e  e x p e ri
m en t w as rev ersed . R esu lts  are illu s tra te d  in F igs 1 an d  2.

Fig. 1. A gar-gel p re c ip ita tio n  of Sh. sonnei 
phase I serum . T h e  cen tra l well co n ta in s Sh. 
sonnei phase  I se ru m , th e  p e rip h eral wells 

c o n ta in  th e  an tig en s

Pig. 2. A gar-gel p re c ip ita tio n  of Sh. sonnei 
ph ase  I I  se ru m . T he c en tra l well c o n ta in s  Sh. 
sonnei ph ase  II se rum , the p e rip h e ra l wells 

c o n ta in  th e  an tigens

Fig. 1 d e m o n s tra te s  th a t  on en co u n te rin g  Sh . sonnei phase 1 se ru m  an d  
S an tig en s a m u ltip le  band  had  fo rm ed . T he in d iv id u a l bands were g iv ing  a 
con tin u o u s line con firm ing  the  id e n ti ty  of th e  an tig en s .

F rom  F ig . 2 i t  can  be seen th a t  Sh . sonnei p h ase  1 I serum  and  th e  a n t i 
gens o f Ps. shigelloides R and C27 R gave an  in n e r in d is tin c t and an o u te r  d is 
t in c t b a n d . B o th  h an d s  form ed a co n tin u o u s line, in d ica tin g  the  id e n tity  o f  th e  
an tigens.

] П . M ouse protection test. A decisive p ro o f o f th e  id e n tity  of an tig en s  w as 
p ro v id ed  b y  th e  m u tu a l p ro tec tiv e  a b ility  o f th e  s tra in s . The p ro te c tio n  in 
m ice affo rded  by oral ad m in is tra tio n  o f suspensions o f Sh . sonnei p h ase  I an d  
th e  S form s of P s. shigelloides killed a t  60°C was in v e s tig a te d  against cha llenge  
w ith  Sh . sonnei 1.

In tin* e x p e rim e n t show n in T ab le  I I I ,  30 %  o f m ice were p ro te c te d  by  
8 X  10» germ s a g a in s t hom ologous challenge w ith  Sh . sonnei. T he E D S0 of

5* Acta XIicrobiologica Acadcmiac Scientiaruni llun^aricae 17. Ю70



162 K. RAUSS et al.

Table III

P rotection o f mice im m unized  orally by Sh. sonnei I  and  Ps. shigelloides cultures killed at 60°C ,
against challenge w ith  Sh . sonnei

(In fec tive  dose 50 L D f0 o f Sh. sonnei I)

Im m unization  dose 
(No. of bacteria)

Indicators of im m unity 

Sh. sonnei Ps. shigelloides

2 .5 x 1 0 " 4/4 4 /4

2.5 x l O 10 3/4 2/4

2.5 x  109 1/4 1/4

2.5 x 1 0 s 0/4 0/4

E D 5(j (N o . of b acteria ) 8 X 10" 2.5 X 1 0 !0

D en o m in a to r in d ica tes th e  num ber of in fec ted  m ice, nu m era to r shows th a t  o f th e  surv iv ing
ones.

P s . shigelloides p ro v ed  to  be 2.5 X l0 ln germ s. T he d ifference w as n o t sign ifi
c a n t ,  an d  in d ica ted  th e  an tig en ic  id e n tity  o f  th e  tw o s tra in s.

IY . Chemical studies. R esu lts  a re  su m m arized  in T ab le  IV .
T ab le  IV  show s th e  m ain  com ponen ts o f  S an d  R lip o p o ly sacch arid es . As 

c o m p a re d  to  Sh. sonnei, th e  im p o r ta n t su g ar com p o n en ts  were q u a lita tiv e ly  iden-

Table IV

Percentage o f  the m ain  components comprising the L P S  o f  S  fo rm s and R m utants o f  P s. shigelloides
and C.27 strains

Ps. shigelloides \ C27

S R s R

К  DO 13.7 21.0 9.6 28.6
H e p to se 11.9 18.3 10.2 18.8
G lucosam ine 6.8 10.1 6.4 7.9
G a lac to sam in e — — 1.1
G lucose 5.8 10.10 2.9 10.10
G a lac to se 5.1 5.5 3.0 5.9
G a lac tu ro n ic  acid 2.7 4.1 3.0 2.7
N -a ce ty l 3.8 0.5 6.7 1.2
O -a ce ty l 0.3 0.6 4.2 1.2
E s te r  (in  form  of p a lm itic  acid

m eth y les te r) 9.0 11.0 6.7 8.3
P h o sp h o ru s 2.0 2.7 1.0 3.5
N itro g en 4.3 2.2 6.7 3.2
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tic a l in Sh. sonnei a n d  Aerom onas. E x pressing  in p e r  cen t th e  ra tio  o f su g a r  
co m ponen ts, in th e  serologically  id en tica l m u ta n ts  o f  Aerom onas an d  Shigella  
v e ry  d iffe ren t ra te s  w ere o b ta in ed . In v e s tig a tin g , how ever, th e  m o la r ra t io  
o f sugar co m p o n en ts  re la ted  to  each o ther, th e  co rresp o n d in g  LPS o f A e ro 
m onas an d  Shigella  show ed a h igh s im ila rity  [20]. A n  uncom m on q u a l i ta t iv e  
difference w as in d ic a te d  by  th e  p resence of g a la c tu ro n ic  acid in th e  L P S  o f 
S and  R form s o f P s. shigelloides an d  C27. In case o f L P S  o f C27 also g a la c to s 
am ine should  be  a d d ed . R egard ing  th e  q u a n t i ta t iv e  com position  of L P S  o f 
C27 even th e  low c o n te n t o f ga lac tose  and  g a lac to sam in e  is of special in te re s t .  
G alactosam ine w as id en tified  b y  m eans of n in h y d r in ; th e  heptose p ro v e d  to  
be d -g lycero -d -m annohep tose  in all th e  four L P S .

D iscussion

N um erous p ap e rs  [3 —13] h av e  dealt w ith  th e  serological in te r - re la tio n 
ship of Sh. sonnei an d  o f th e  s tra in s  C27 [1] and  Pseudom onas shigelloides [2]. 
W hile th e ir  tax o n o m ic  position  seem s to  be c la rified  [14, 15] a single r e p o r t  
only  was an a lyz ing  th e ir  serological re la tio n sh ip  to  Sh . sonnei. by  m ean s o f 
agar-gel p re c ip ita tio n  [28]. As to  th e  chem ical s tru c tu re , again a single re p o r t  
was only found on th e  re la tionsh ip  betw een  th e  S an tig en s  of Sh. sonnei p h ase  1 
and  Ps. shigelloides, s tu d y in g  th e  C F -inh ih ition  by  su g ars  [29]. In th e  p re se n t 
in v estig a tio n  of th e  S and  R m u ta n ts  o f th e  o rig in a l s tra in s  C27 of F e r g u s o n , 

o f B a d e r ’s P s . shigelloides and  o f Sh . sonnei p h ase s  I  and  I I  and R m u ta n ts ,  
we have tried  to  ap p ro ach  the  q u estio n  from  v a rio u s  sides.

1. A ccord ing  to  ou r b iochem ical s tud ies, P s. shigelloides and  C27 h a v e  
th e  c h a rac te ris tic s  o f the genus Aerom onas, an d  th e ir  taxonom ic  p o sitio n  is 
in d isp u tab le . S tra in  C27 was O N PG  positive w hile P s. shigelloides did n o t fe r 
m en t lactose an d  it w as p ro b ab ly  due to  th is  b e h a v io u r  th a t  F e r g u s o n  a n d  
H e n d e r s o n  had  classified  th e  s tra in  in th e  E . coli g ro u p . Now it is c lear t h a t  
w ith  Aerom onas s tra in s , O N PG  p o s itiv ity  an d  lac to se  fe rm en ta tio n  are  e x 
cep tio n a l fea tu re s  [13, 15, 19, 20].

2. O ur ex p e rim en ts  concern ing  th e  d e te rm in a tio n  o f th e  an tigen ic  s t ru c 
tu re  were carried  o u t w ith  b o th  S a n d  R m u ta n ts , inc lu d in g  in the case o f  Sh . 
sonnei, beside th e  s tra in s  of phases I  and  II , even  th e  R m u ta n t derived  fro m  
th e  la tte r . C ross-agg lu tina tions w ere d is tin c t a n d  th e  ab so rp tio n s w ith  b a c te r ia  
an d  w ith  W estp h a l an tigens y ie ld ed  iden tica l re su lts .

T he a g g lu tin a tin g  titre s  of abso rbed  sera  w ere closely  sim ilar in b a c te r ia l  
ag g lu tin a tio n  an d  h aem ag g lu tin a tio n  te s ts . T h e  S fo rm s o f C27 and  Ps. s h i
gelloides w ere co n seq u en tly  id en tica l and  th e ir  a n tig en ic  s tru c tu re  co rre sp o n d 
ed to  th a t  of S h . sonnei phase I . In  an tigen ic  s tru c tu re  th e  11 m u ta n ts  o f  th e  
tw o s tra in s  w ere id en tica l and  p ro v ed  iden tical also w ith  Sh. sonnei p h ase  11. 
H ow ever, Sh. sonnei phase II , as well as th e  R m u ta n ts  of C27 an d  P s. sh i-
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gelloides  did no t show  a com plete  serological id e n tity  w ith  th e  R m u ta n t  o f  
S h . sonnei. To ex p la in  th is  it  was assum ed  th a t  Sh. sonnei ph ase  I I  co n ta ined  
R  a n tig e n  a lready  in  tra c e s  and  hence R ag g lu tin in s  were p re se n t in  th e  phase 
I I  se ru m . T he serological re la tio n  of P s. shigelloides and  C27 R  an d  o f th e  R 
m u ta n ts  o f Sh. sonnei m ig h t be ex p la in ed  in  th e  sam e w ay. T h e  successive 
d e g ra d a tio n  of R m u ta n ts  is w ell-know n from  th e  stud ies o f L ü d e r i t z  et al. 
[30] concern ing  th e  changes in serological specific ity  occurring  p a ra lle l w ith  
a c h an g e  in th e  c o n s titu e n ts  of th e  R m u ta n ts  o f Salm onellae. S a k a z a k i  et al. 
[19] also  iso lated  R  m u ta n ts  from  A erom onas shigelloides s tra in s , b u t  these 
s t r a in s  failed  to  a g g lu tin a te  in Sh. sonnei p h ase  I I  serum . T h ese  R  m u ta n ts  
m ig h t h av e  been in a m ore advanced  p h a se  o f m u ta tio n  th a n  th e  s tra in s  in 
v e s t ig a te d  b y  us.

3. To id en tify  th e  an tig en ic  s tru c tu re , agar-gel p re c ip ita tio n  w as also 
c a r r ie d  o u t w ith  W estp h a l an tigens p re p a re d  from  S s tra in s  o f P s. shigelloides, 
C27 an d  Sh. sonnei ph ase  I ,  from  th e  R  m u ta n ts  of these  s tra in s , as well as 
f ro m  p h ase  I I .  T he p re c ip ita tio n  b an d s  w ere form ed of co n tin u o u s  lines in 
d ic a tin g  th e  com plete  id e n tity  of S and R  an tig en s . M a r t i n  et al. [28] in v es ti
g a te d  b y  agar-gel p re c ip ita tio n  th e  in te ra c tio n  of sera and  an tig en s  p roduced  
a t  v a r io u s  te m p e ra tu re s  to  com pare Sh . sonnei phase I and  a p a r t ic u la r  s tra in  
o f  A erom onas  €27 . T h e  an tig en ic  re la tio n sh ip  betw een Sh. sonnei p h ase  I and 
th e  in v e s tig a te d  Aerom onas  C27 s tra in  w as found  to  be m a in ta in e d  b y  hea t 
la b ile  an tig en s. In  o u r s tu d ies  we app lied  W e stp h a l an tigens, an d  se ra  o f ra b b its  
im m u n iz e d  by  bo iled  cu ltu re s  to  exclude th e  d is tu rb ing  effect o f f lag e lla r  a n ti
gen s a n d  o f e v e n tu a l h e a t  labile  an tig en s . T he h ea t s tab le  a n tig en s  an d  the 
c o rre sp o n d in g  sera  p ro d u ced  such d is t in c t  reactions (Figs 1 a n d  2) which 
p o in te d  to  th e  lead ing  role o f  h ea t s tab le  a n tig e n s  in the  an tig en ic  re la tio n sh ip .

4 . As a conclusive m e th o d  o f id e n tif ic a tio n  of th e  an tig en ic  s tru c tu re , 
th e  im m u n e  reac tio n s in th e  m acroo rgan ism  w ere stud ied . I t  w as fo u n d  th a t  a 
su sp e n s io n  of Sh. sonnei phase  I an d  P s. shigelloides tre a te d  a t 60°C w as p ro 
te c t in g  th e  m ice a g a in s t challenge w ith  50 LD-)0 of Sh. sonnei I . T h e  d ifference 
in  th e  E D 50 betw een  hom ologous an d  h e te ro lo g o u s s tra in s w as n o t  sig n ifican t. 
T h e  p ro te c tio n  ag a in s t each  o th e r affo rd ed  b y  th e  tw o s tra in s  ag a in  confirm ed  
th e  id e n ti ty  of th e  a n tig en s . In  these  e x p e rim e n ts  oral im m u n iza tio n  w as ap 
p lie d  so th a t  th e  effect o f e v e n tu a l m ino r a n tig e n s  could no t d is tu rb  th e  efficacy 
o f  a n tig e n s  d e te rm in in g  th e  specific ity . H en ce  th e  resu lt was re g a rd e d  as highly  
sp ec ific .

5. A ccording to  th e  chem ical an a ly s is , th e  com ponents o f L P S  o f S and 
R  fo rm s  w ere q u a lita tiv e ly  iden tica l w ith  th e  L PS of Sh. sonnei p h a se s  I and 
I I ,  e x c e p t th a t  th e  L P S  o f b o th  P s. shigelloides and  C27 c o n ta in e d  d -g a lac tu r- 
o n ic  ac id . T he re su lt w as u n ex p ec ted , b ecau se  so fa r only th e  L P S  o f  P . m irabi
lis  [31], P . vulgaris an d  X anthom onas  [32] w ere know n to  c o n ta in  u ro n ic  acid. 
I n  th e  S s tra in  C27, even g a lac tosam ine  w as d em o n stra ted .
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T hough  th e  p e rcen tag e  o f th e  com m on su g ar co m p o n en ts  was d iffe ren t 
from  th a t  of th e  LPS of Sh. sonnei, th e  ra tio  of co m p o n en ts  in re la tio n  to  each  
o th e r co rresponded  ex ac tly  w ith  th e  ra tios found  in th e  L PS  of Sh. sonnei.

I t  was ex p ec ted  th a t th e  serological id e n tity  w as d u e  to  th e  ex ac tly  id en 
tica l s tru c tu re  o f  th e  L PS, on th e  basis o f the  close re la tio n sh ip  of th e  se ro 
ty p es in the  Salm onella  g roup  [33]. T he sugar c o m p o n en ts  of the L PS  w ere 
ex ac tly  id en tica l also in the  case o f a serological id e n ti ty  o f  species be longing  to  
d ifferen t genera [34]. H ow ever, th e re  was no co m p le te  chem ical id e n tity  b e 
tw een Sh. sonnei and  th e  s tu d ie d  s tra in s  o f A erom onas  as discussed ea rlie r. 
T he uronic acid p re sen t in  th e  Aerom onas  s tra in s  d id  n o t seem  to have a role 
in serological specific ity , due to  th e  fac t, th a t  th is  c o m p o n en t does no t in d ica te  
th e  presence o f a new  an tigen ic  fa c to r  com pared  to  Sh . sonnei. The g a lac to s
am ine found in th e  LPS of C27 w as also considered  to  h av e  no role in th e  fo r
m atio n  of serological specific ity , because th e  an tig en ic  s tru c tu re  of Sh. sonnei 
I I ,  lacking th is  com ponen t w as id en tica l w ith  th a t  o f Ps. shigelloides. D ue to  
th e se  chem ical d ifferences d e sp ite  of th e ir  serological id e n tity  — th e  th re e  
s tra in s  can n o t be classified in th e  sam e chem otype an d  a c tu a lly  even th e  s tra in s  
Ps. shigelloides an d  C27 are re p re se n tin g  tw o ch em o ty p es o f th e  sam e genus.
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ISOLATION OF I1FR DERIVATIVE BY THE USE OF 
SHIGELLA FLEXNERI 4b-MODIFIED F FACTOR
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I .  K É T Y I

In stitu te  o f  Microbiology (Director : K. R a u s s ) ,  U niversity  M edical School, Pécs 

(R ece ived  D ecem ber 9, 1969)

Sum m ary . By tran sfe rrin g  th e  lisp gene of Shigella f le x n e r i  4b to F + E scherichia coli 
К - 12 a Sh. f le x n e r i  4b-m odified F  fa c to r  was produced . T ran sfe r of th is  fa c to r to  a n o th e r  
m u ta n t  o f th e  Shigella host re su lted  in an  F+  cu ltu re  y ie ld ing  a s ta b le  H fr  d e riv a tiv e .

T h e  F  in te g ra tio n  site of Sh . f le x n e r i  4b H fr  d e riv a tiv e  falls betw een th e  M il a n d  Ilv  
m ark e rs , a n d  if  p ro jec ted  to  th e  linkage  m ap  of E. coli K -12, ap p ea rs  a p p ro x im a te ly  a t  72 m in 
u tes . T he tra n s fe r  o rder follow ed a clockw ise d irec tion : O -ilv-m et-thr-trp.

In p rev ious s tud ies we h av e  show n th a t  th e  in m an y  respects  irreg u la r  
b e h a v io u r  o f K-12 fac to r  is a consequence o f host-specific  m o d ifica tio n  an d  
re s tr ic tio n . T he find ing  th a t  F + Shigella flexneri s tra in s  failed to  y ie ld  s tab le  
H fr  d e riv a tiv e s  also ap p ea red  to  be associa ted  w ith  re s tric tio n .

T h e  p re sen t p ap e r gives an  acco u n t of ex p erim en ts  in  w hich, on th e  basis 
o f th is  fin d in g , we p rep ared  Sh. fle xn er i  4b h o s t cell-m odified  F  fa c to r  an d  
successfu lly  iso la ted  a H fr  d e riv a tiv e  from  an  F + s tra in  ca rry in g  th is  F  fa c to r .

Acta microbiol. Acad. Sei. hung. 17, 167 -173 1970

ÍVIalerials and m ethods

O rganism s. B acteria l s tra in s  and  th e ir  ch a rac te ris tic s  are p resen ted  in T ab le  I.
Phages and jthage titration. T he m odification  re s tr ic tio n  re la tio n sh ip  w as ex am in ed  

by th e  use o f T5 phage, on the  basis of earlier s tu d ies [2 |.
F o r p re lim in ary  s tu d ies on hsp  sp ec ific ity  o f re co m b in a n ts  th e  qu ick  m eth o d  of C o l s o n  

et al. [3] w as used.
F o r  p hage  t it ra tio n  th e  phages w ere d ilu ted  w ith  L o e b ’s so lu tion  [4]. T he n u m b er of 

p laq u es o b ta in e d  for various s tra in s  was expressed  in re la tiv e  va lues (efficiency of p la tin g  
e. o. p.) by  tak in g  th e  nu m b er o f  p laq u es produced  by  th e  phage p ro p a g a ted  an d  te s te d  on 

a given s tra in  as 1.
F transfer. The tech n iq u e  d escribed  in reference [1] w as used.
A crifla v in e  treatment. As in p r e v io u s  s tu d ie s  [2 |  th e  o r ig in a l  m e t h o d  o f  HlROTA [6 |  w a s  

a p p l ied .
Conjugation technique. The m em b ran e  filte r m eth o d  of M a t n e y  et al. [7 1 as m odified  by 

F e r g u s o n  w as used. In te rru p te d  co n ju g a tio n  was p e rfo rm ed  as described p rev io u sly  |2 |.  
Chilled 4 h o u r  cu ltu res  o f th e  donor an d  recip ien t were m ixed (1 : 10). th en  1 ml o f th e  m ix tu re  
was passed  th ro u g h  a Mi Hi pore H A W P  047 00 m em brane  filte r. A fter w ashing w ith  chilled 
saline th e  m em b ran e  was kep t on chilled  m in im al m edium  u n til  co n ju g a tio n  h ad  been  s ta r te d . 
C o n ju g atio n  began a fte r placing th e  m em branes on to  p rew arm ed  (37°C) 1.6%  a g a r p la tes . 
C o n ju g atio n  was s topped  by p lacing  th e  m em brane  in to  10 ml chilled saline. M ating  pa irs 
were se p a ra te d  by  tre a tm e n t for 1 m in u te  in a v o rte x -ty p e  a p p a ra tu s  (ÍSA V  5001 II). The 
1/1000 or h igher d ilu tions o f the  o rig ina l suspension were im m ed ia te ly  seeded o n to  se lec tive  
m edia .

A eta Wicrobiologica Academiae Scicntiarum  llungaricae 17, 1970



I. KÉTYI168

Isolation o f  H fr  derivative  w as perform ed by th e  m e th o d  of T a ylor  and  A d e l b e r g  [9]. 
F o r  p u rific a tio n  purposes th e  p ro ced u re  was re p ea te d  f ir s t  w ith , th e n  w ith o u t, U . V. irra 
d ia tio n .

Culture media. A ll m ed ia  includ ing  th e  m in im al m ed iu m  of F a lk o w  et al. |10] w ith  
g lu co se  a t  double c o n c e n tra tio n  w ere p repared  as desc rib ed  in  references 1 an d  2.

Nomenclature. A cco rd in g  to  th e  reco m m en d a tio n s o f D em er e c  et al. [11].

Table I

Parent stra ins used and isolates obtained in  the present studies

Designation Sexual polarity M arkers

W 117 7 F th i~  thr leu~ lac~

W 6 F+ met~~
W 1177/50 F+ th i~  thr leu~ lac~

W 1177/54 F b th i~  ( th r{ hsp • 4b) leu~ lac~

D 41012 F + N i a -
U P 40097 F - N ier  '

D 4122 F + N ia  ( F  -4 b )
U P 4 2 0 4 Hfr N i a -

U P 3 0 0 9 F - H i s - 1 ,  Ilv -1

U P 3042 F - H i s - 1 , T/1Í - - J ,  Thr -3, T rp ~ -2 , M et -9. M al -1

U P 3 0 7 5 F - H is - -1 ,  Thi - l ,  T h r~ -3 , T r p - - 2 , M e t- -9. M a l~ -1 , M il -1

Stra ins denoted w ith  “ W ”  corresponded to  E . coli K-12 cu ltu res o rig ina ting  from  Dr. J . 
L ed e rb erg  and to their d e r iv a tiv e s  produced in  our lab o ra to ry . S tra ins iso lated  and  p repared  in 
th e  W H O  Escherichia C en tre , S ta te  Serum  In s t i tu te ,  Copenhagen, are d esignated  w ith  ” D ” , 
th o se  isolated and p rep ared  in  o u r  lab o ra to ry  are desig n ated  w ith  ” U P ” . The la t te r  a re  Sh . flexn eri  
s t ra in s ;  th e  first figure re fers to  th e ir  serotype (4 =  4b, 3 - 3).

R esults

1. Isolation o f  H fr  derivatives. As m en tio n ed  in th e  in tro d u c tio n , our 
p re v io u s  experim en ts w ith  T5 phages and  o b se rv a tio n s  on th e  rec ip rocal t r a n s 
fe r  o f  lisp genes in E . coli K -12 and  Sh. f le x n e r i  4b [2] have  in d ica ted  th a t  the  
fa ilu re  to  isolate s ta b le  H fr  deriva tives is due  to  a specific re s tr ic tio n  o f the  
h o s t cell. In  view  o f B o y e r ’s exp erim en t [12] so lv ing an  analogous problem  
in  re la tio n  to E. coli K -12 an d  B, the  m e th o d  o f th is  a u th o r  was a d a p te d  for 
th e  p rep a ra tio n  o f th e  m odified  F fac to r.

Because of its  thr dependence, E . coli K -12 F "  W 1177 seem ed su itab le  
fo r  th e  iso lation  o f re c o m b in a n ts  w hich h a v e  acq u ired  Sh. f le x n e r i  4b hsp  gene 
w ith  th e  assu m p tio n  t h a t  Shigella hsp gene showrs a close linkage  w ith  th e  thr 
lo cu s . T hus F  fa c to r  wras tran sfe rred  from  s tra in  W 6 F + in to  th is  cu ltu re  
(W 1177/50) th en  its  F  phen o co p y  was p re p a re d  b y  cu ltu rin g  on m in im al agar 
fo r  48 hours. T his F _ phenocopy  was crossed  w ith  an  F + Sh. f le x n e r i  4b
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(D41012) s tra in  o b ta ined  in p re v io u s  ex p erim en ts . D ouble  re c o m b in a n ts  h a v 
ing a p a tte rn  o f Sh. flexneri 4b  w ith  T 5 .K  an d  T 5.4b  m odified  p hages w ere 
soug h t am ong  thr + re co m b in an ts  o b ta in ed  in th e  co n ju g a tio n . O ne o f  such  
s tra in s  o b ta in e d  by  Colson’s q u ic k  m eth o d  [3] was exam ined  for re s tr ic tio n  
a n d  m o d ifica tio n  charac ters (T ab le  IT).

Table II

E xam ination  o f  E . coli K-12 hybrid W 1 177j54 assumed to carry Sh. f le x n er i 4b lisp gene by m odified
T 5  phage lysate

Strains
Relative e.o.n. value*

T5 K** T5.41» I 5.W 1177/54

К. coli K-12 W 1177 l 5 .1 x 1 0  :l 7 . 8 x l 0 - 3
Sh. f le x n e r i  4I> D41012 2 .3 x 1 0 "2 1 1

E . coli K-12 hybrid  W 1177/54 1 .1 x 1 0 -2 1 1

* T he n u m b er of plaques o b ta in e d  was expressed in re la tiv e  values by  tak in g  as 1 th e  
n u m b er o f p laq u es produced by th e  p h ag e  propagated  as well as tes ted  on th e  sam e s tra in .

** A b b rev ia tio n  of m odified phages. E.g. T 5.K  m eans th a t  T5 phage was p ro p a g a ted  on 
s tra in  K-12.

T ab le  II  show s th a t ,  in  re sp e c t to  th e  re s tr ic tio n  an d  m o d ifica tio n  o f 
p h ag e  T 5, h y b rid  W 1L77/54 b e h a v e s  as Sh. f le x n e r i  4b , in  o th e r  w ords, i t  ca rries  
p ro b ab ly  th e  hsp  gene of th e  la t te r .  I t  lias been  assum ed  th a t ,  due to  th is  
a lte ra tio n , its  F  fac to r also a c q u ire d  a Shigella-specific m o d ifica tion . In  th is  
m an n e r th e  F  fac to r of h yb rid  W 1 177/54 was tra n sfe rre d  to  a n o th e r, F  , m u 
ta n t  (U P40097) o f Sh. fle x n e r i  4 b . In this ex p e rim en t in stead  of th e  u su a l
0.5 — 1%  F - tra n s fe r  frequency  [1] th e  value w as as high as 20% . T he F + d e 
r iv a tiv e  c a rry in g  a m odified F  fa c to r  (F .4b) w as desig n a ted  as D 4122.

From  s tra in  D4122 F + it w as easy to  iso la te  several H fr  d e r iv a tiv e s  b y  
th e  m eth o d  o f T aylor  and A d e l b e r g  [9]. O ne o f th ese  (U P4204) w as exam -

Table III

Characteristics o f  Sh. flexneri 4b /' '  and llfr  derivatives carrying m odified E  factor

Characteristic»

K ffectiveness of acriflavine de le tio i 

F-1rarisfe r frequency 

C hrom osom al transfer f req u en cy

01122 UP4204
F + l l fr

8 0 % <  0 .5 %

3 8 % <  0 .5 %

met 1 .8 x 1 0

ihr 1 0 -  = 4.5 X 10

trp ' 2 .1 x 1 0
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in ed  m ore th o ro u g h ly . In  T ab le  I I I  th e  Г  a n d  chrom osom e tra n s fe r  cap ac ity  
o f  H fr  U P4204 an d  th e  effect of ac riflav in e  tr e a tm e n t are  su m m arized . F  + 
d e r iv a tiv e  D4122 se rv e d  as a contro l.

T h e  d a ta  in d ic a te  t h a t  th e  H fr  c h a ra c te r  o f d e riv a tiv e  U P 4204: F  tra n sfe r  
w as ab se n t in c o n tra s t  to  th e  38%  freq u en cy  show n b y  F + s tra in  D4122 ca rry 
in g  th e  m odified F  fa c to r . A criflavine re s is ta n c e  re fe rrin g  to  an  in te g ra te  F  
fa c to r  an d  th e  re su lt o f  co n ju g a tio n  e x p e rim e n ts  show ing n o t on ly  a h igher 
b u t  an  o rien ted  ch ro m o so m e tran sfe r also su p p o rte d  th e  H fr  c h a ra c te r  o f th e  
d e r iv a tiv e  Г Р 4204 .
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/  ;--------- ---  -
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F ig. 1. In te r ru p te d  c o n ju g a tio n  of H fr Sh. f le x n e r i  4b  a n d  F ~  Sh. f le x n e r i  3 s tra in s . T im e o f 
e n try  a n d  reco m b in a tio n  k in e tic s  o f d iffe ren t m ark ers

2. Characterization o f  the H fr  derivative U P 4204. Before s ta r tin g  these 
e x p e rim e n ts  i t  w as a ssu m e d  th a t  th e  le n g th  o f  chrom osom es an d  th e  ra te  of 
c o n ju g a tio n  are s im ila r  in  Sh . flexn er i and  in th e  K-12 system  an d  th a t  th e  
Sh . fle x n e r i  genes are  allelic w ith K-12 genes id en tica l in p h en o ty p e .

T he lack  of b io ch em ica l c h a ra c te riz a tio n  o f m u ta n ts  iso la ted  from  our 
S h . fle x n e r i  s tra in  p re se n te d  an o th er d iff icu ltv . A ccord ingly , we chose m arkers 
th e  in fo rm atio n s o f w h ich  w ere localized in  one c lu s te r ( ilv , thr, trp ) .  T he m ost 
su ita b le  m u ta n ts  w ere  d e riv ed  from  Sh. f le x n e r i  3. T his s tra in  was used  on th e  
b as is  o f th e  o b se rv a tio n  t h a t  it  exerted  no re s tr ic tio n  to  T5 phage p ro p ag a ted  
on s tra in  4b [2].

F ig . 1 p resen ts  th e  re su lts  of in te r ru p te d  co n ju g a tio n  ex p erim en ts  w ith  
s tra in s  H fr  U P4204 a n d  U P3042 in  re sp ec t to  3 m ark ers : T hr, M et and  Trp. 
T h e  cu rves were p lo t te d  from  average v a lu es  o b ta in ed  in  3 — 5 d iffe ren t ex
p e r im e n ts . I t  is e v id e n t t h a t  as to  re c o m b in a tio n  k in e tics  th e  re su lts  w ere th e  
sam e  as in  th e  K -12 sy s te m . The tim e  o f e n try  for th e  3 m ark ers  w as: M et + 
a t  11 m inu tes, T lir+ a t  23 m inu tes and T r p + a t  48 m in u tes . T he m axim um  
d ifference  in in d iv id u a l ex p erim en ts  am o u n te d  to  ^ 1  m in u te . S everal a tte m p ts
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h av e  fa iled  to  tra n s fe r  th e  M a l+ m a rk e r in to  M a i rec ip ien t U P 3042 . T he 
tra n s fe r  o f M tl + in to  M il m u ta n t  U P3075 w as also unsuccessful: in th e  e x a m 
ined  M et + re co m b in an t class n e ith e r  o f th e se  m arkers could be d e te c te d . 
T h e  tim e  o f e n try  of the Ilv  + m a rk e r was a t  7 m in u tes  as d e te rm in ed  b y  th e  
use o f  m u ta n t  o f U P3009.

T h e  d a ta  o b ta in ed  were d raw n  in a p ro v is io n a l chrom osom e m ap  ra n g 
ing from  0 to  90 m inu tes. As for th e  K-12 chrom osom e, th e  ihr locus w as p laced  
a rb itra r i ly  a t m in u te  90/0 (Fig. 2).

23
thr -3

Fig. 2. In te g ra tio n  site  and  tran sfe r  d irec tio n  for U P 4204  H fr  s tra in  and prov isional c h ro m o 
som e m ap  o f Sh. flexn eri on th e  basis o f a few m ark e rs . T he o u te r  circle rep re sen ts  th e  p ro v i
sional Sh . f le x n e r i  chrom osom e w ith  localized  m ark ers . T he in n er circle dep ic ts th e  lo ca liza tio n  
o f allelic m ark ers  in  K. coli K-12 chrom osom e. T he a rro w  show s the  in te g ra tio n  p o in t o f F 

fa c to r  in th e  H fr  s tra in  an d  th e  d irec tio n  of tran sfer

F ig . 2 show s th e  tim es o f e n try  for th e  H fr  s tra in  and  th e  loca liza tio n  of 
id en tica l p h en o ty p e  m arkers on th e  m ap  o f K -12 chrom osom e. S h . flexneri 
ilv , ihr and t ip  genes are allelic w ith  th e  co rresp o n d in g  K-12 genes. A t th e  posi
tio n  o f  o u r M et m a rk e r (a t 78 m inu tes) th e  K -12 chrom osom e show s th e  p re s 
ence o f th e  met A  locus. In  view  o f th e  s ta n d a rd  e rro r of th e  te c h n iq u e , no 
precise  id e n tif ic a tio n  can be offered since th e  77 m in u te  po in t is occup ied  by  
m e tfí  an d  m etF  loci [13]. In  view  o f th e  n eg a tiv e  re su lt for M il m a rk e r, th e  
F  in te g ra tio n  p o in t o f th e  H fr  d e riv a tiv e  m ay  be p laced betw een th e  m il (71 
m in u te s) and  ilv  (74 m inu tes) loci. On th e  basis o f  th e  5 m in u te  la te n c y  perio d  
e lapsing  u n til th e  ap p earan ce  o f  th e  f irs t m a rk e r in th e  K-12 sy stem , th e  in 
te g ra tio n  p o in t can  m ore precisely be d e te rm in ed  as being a t 72 m in u te s . T h e  
tra n s fe r  o rd e r follows a clockw ise d irec tio n : O-ilv-met-thr-trp.
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D iscussion

In  p rev ious s tu d ies  [2] we a tte m p te d  to  iso la te  a H fr  d e riv a tiv e  from  a 
S h . f le x n e r i  4b F  ^ s tra in  ca rry in g  th e  K -12 F  fa c to r . T his s tra in  w as show n to  
be a chrom osom e d onor a t  a level o f 10 ~7 (th is  v a lu e  was 100 tim es low er th a n  
th e  freq u en cy  o bserved  for th e  K-12 sy stem ). A tte m p ts  to  iso la te  H fr  s tra in  
w ere a t  th a t  tim e  unsuccessfu l, a lth o u g h  a tem p o ra rily  increased  tra n s fe r  
f re q u e n c y  w as observed  an d  conclusions cou ld  be d raw n as to  th e  v a ria b le  
in te g ra tio n  o f th e  F  fac to r. T his increased  chrom osom al tra n sfe r  w as u n s ta b le  
a n d  acco m p an ied  b y  a d e tec tab le  F  tra n s fe r . S u b seq u en t in v estig a tio n s in to  
h o st-ce ll specific m od ifica tion  and  re s tr ic tio n  y ie lded  positive re su lts  in  re la 
tio n  w ith  E . coli K -12 and  Shigella. A r b e r  [14] has po in ted  o u t th a t  red u c tio n  
in  p h ag e  t i t re  in  a foreign h o s t cell can be e s tim a te d  only q u a lita tiv e ly ; n e v 
e rth e le ss , it  should  be n o ted  th a t  th e  low est degree of phage t i t r e  re d u c tio n  
w as o b serv ed  in  Sh . f le x n e r i  4b an d  th a t  th is  v e ry  s tra in  was th e  one to  show  
m o s t d e fin ite ly  th e  presence of F  fac to r (p h ag e  sen s itiv ity , an tig en ic ity ) and  
th e  a b ili ty  to  ac t as a chrom osom e d o nor. In  th e  exp erim en t Sh. flexneri 3 
a n d  E . coli o th e r th a n  K-12 were used as rec ip ien ts ; w ith  these  c u ltu re s  re 
s tr ic tio n  o f phage T5 p ro p ag a ted  on th e  d o n o r was very  sligh t or n il. These 
s tra in s , chosen w ith  m ore chance th a n  th e  c u ltu re s  used in th e  classical e x p e ri
m e n ts  o f L u r i a  [15], allow ed to  s tu d y  th e  d o n o r p roperties of F + shigellae 
a n d  o f  the  p o ssib ility  of iso la ting  H fr  d e r iv a tiv e s .

I t  is n o t clear w hy an  F  fac to r m o d ifica tio n  does no t occur in th e  F + cell, 
w h y  is i t  n ecessary  to  tra n s fe r  b y  B o y e r ’s m e th o d  [12] th e  hsp  gene from  th e  
fo re ig n  h o s t cell to  th e  K -12 F + cell, a n d  w h y  is th e  F  p lasm id  m odified  in 
th is  case. T he p rob lem  m ay  p ro b ab ly  be c la rified  by  th e  experience th a t  on ly  
a sm all p ro p o rtio n  o f phages p ro p ag a ted  on foreign  host-specific  cells a t ta in  
a new  specific m o d ifica tio n . F o r exam ple , C h r i s t e n s e n  [16] e s tim a te d  fo r 
P2 p h ag e  th e  p ro p o rtio n  o f new  m odified  p hages a t  no t m ore th a n  3 % . H ow 
ev er, as d e m o n s tra te d  in th e  p re sen t e x p e rim e n ts , in th is  m an n er s ta b le  H fr  
d e riv a tiv e s  can  successfully  be iso la ted . O u r iso la te  conform s in all re sp ec ts  
to  th e  c rite r ia  of H fr  s tra in s  (acriflav ine  re s is tan ce , absence of F  tra n s fe r  an d  
o rie n te d  tra n s fe r  o f chrom osom al m ark ers). T h e  supposed in te g ra tio n  p o in t 
o f F  fa c to r  on th e  p ro v is io n a l m ap a t  72 m in u te s  is a p red ilec tion  s ite  also in 
th e  K -12 chrom osom e [17]. W ith  an id en tica l clockw ise tra n sfe r  o rd e r th e  F  
fa c to r  in H fr  s tra in s  G10, J 6  an d  R1 (K -12 de riv a tiv es) is in te g ra te d  a t  th is  
p o in t.

T he pu rpose  o f our fu r th e r  ex am in a tio n s  w ill be th e  iso la tion  o f Sh . f l e x 
neri H fr  d e riv a tiv e s  w ith  in teg ra tio n  sites d iffe ren t from  th a t  rev ea led  in  th is  
s tu d y , to  e lu c id a te  th e  p o ssib ility  of in te g ra tio n  a t  o th e r positions in th e  Sh. 
flexn er i chrom osom e. I t  m ay  be assum ed th a t  p ositive  resu lts  of th e se  ex p e ri
m e n ts  w ould confirm  th e  v a lu e  o f our m e th o d , w hich a lread y  seem s to  h av e
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several a d v a n ta g e s  over th e  m e th o d  using  te rm in a l selection  for o b ta in in g  
h y b rid  H fr  s tra in s  [18, 19].

O ur d a ta  do no t suffice for conclusions as to  th e  chrom osom e m a p  o f 
Sh. flexn eri. T h e  few localized m a rk e rs  a p p e a r to  he allelic w ith K-12 m a rk e rs  
of iden tica l p h en o ty p e . C on juga tion  freq u en cy  an d  recom bination  k in e tic s  
w ere id en tica l in Sh. flexneri an d  in K -12 sy stem s an d  th e  id e n tity  of th e  le n g th  
of chrom osom es m ay also be su p posed . T hese d a ta  are n o t strik ing , as S . ty p h i  
m urium , w h ich  is less closely re la te d  to  Escherichia  th a n  is Shigella, show s m i
nor ch rom osom al differences from  K -12 T he v ir tu a lly  longer ch rom osom e in 
th e  fo rm er is due  m erely  to  te ch n ica l causes [20].

Acknoivledgement. A considerab le  p a r t  of th is  s tu d y  w as carried  o u t in th e  W H O  I n t e r 
nationa) E sch erich ia  C entre, S ta te  Serum  In s t i tu te ,  C openhagen , D enm ark. T he a u th o r  is 
g rea tly  in d eb te d  to  Drs. I d a  O r s k o v  an d  F r i t z  O r s k o v  for th e ir  adv ice  and  helpfu l in te re s t .
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IMMUNOLOGICAL AND BIOCHEMICAL ACTIVITY OF 
ANTI-RIBOSOME IMMUNE SERUM*
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(R eceived  D ecem ber 29, 1969)

Sum m ary . Im m u n e  sera ag a in s t M gCl.,-treated gu in ea-p ig  liver riboso inal frac tio n  were 
p roduced  in ra b b its  and  ra ts . T he presence of an ti-ribosom e an tib o d ies  was d e m o n s tra te d  by  
liq u id  an d  gel p re c ip ita tio n  as well as by  ribosom e-la tex  a g g lu tin a tio n . Im p u rities  were con
tro lled  by  th e  im m unod iffusion  s tu d y  of th e  im m une sera  p ro d u ced  ag a in st ribosom es an d  
liver hom ogenate. N orm al sera h a d  also som e p re c ip ita tio n  a c tiv ity . T he p recip itin s w ere con
ta ined  by  th e  IgG frac tio n . T he iso la ted  anti-ribosom e IgG  frac tio n  in h ib ited  th e  fu n c tio n a l 
a c tiv ity  of ribosom es in th e  in vitro  am ino  acid in co rp o ra tin g  sys tem .

I t has been know n fo r years th a t  the  p ro d u c tio n  o f nucleic acid-specific  
an tib o d ies  m ay be induced  b y  im m u n iza tio n  w ith  b a c te ria l or m am m alian  
ribosom es. A lthough  th e  po lynucleo tides re p re se n t only  non-im m unogenic  
h a p te n s , th e  ribosom al frac tio n  is still im m unogen ic , since its R N A  an d  p ro 
te in  form  a n a tu ra l com plex . T his seems to  ex p la in  w hy an tib o d ies  are  p ro d u ced  
no t on ly  ag a in st th e  ca rrie r ribosom al pro te ins b u t  also ag a in s t th e  ribosom al
RNA [9. 22].

T he produced  an ti-n u c leo p ro te in  an tibod ies are , how ever, he terogeneous 
b o th  as to  s tru c tu re  an d  specific ity  [9 ,1 3 ,1 4 ]. A cco rd ing ly , th e  p resen t in v e s ti
g a tions were designed to  e lu c id a te  th e  problem s (a) w h e th e r th e  im m unogeni- 
c ity  of th e  ribosom al frac tio n  m ay  be increased b y  p u rif ic a tio n ; (b) w h e th e r 
th e re  is a para lle lism  betw een  th e  an tib o d y  ac tiv itie s  dem o n strab le  by  vario u s 
m et hods; an d , (c) w h e th e r  th e re  is any  dem o n strab le  a c tiv ity  o f an ti-ribosom e 
a n tib o d y  in th e  in  vitro am ino acid in co rp o ra tio n  sy stem .

M ateria ls and m ethods

1. Preparation o f  gu inea-p ig  liver homogenate and  isolation o f  the ribosomal fra c tion . 
G uinea-pigs w eighing 300 to  400 g were killed, th e ir liver w as rem oved  and hom ogenized in 
TM SK  so lu tion  (0.25 M  sucrose, 5 m M  MgCl2, 50 m M  2 -m erc ap to e th a n o l, 0.02 M  tr is  buffer, 
pH 7.8) in a glass ho inogenizer f i t te d  w ith a Teflon pestle . T he nucleus and cell debris were 
sed im en ted  at 1,000 g. P a r t  o f th is  cen trifuged  s u p e rn a ta n t  w as s to red  a t  20°C and  used  as 
h o m ogenate  in the  ex p erim en ts . T he m ajo r p a r t was c en trifu g ed  a t 15,000 g for 15 m in u tes . 
T he pe lle t was d iscarded  and  th e  s u p e rn a ta n t  used for iso la tin g  m icrosom es. T hese were sed i
m en ted  at 105.000 g for 60 m in u te s  and  trea te d  w ith 1°() sod ium  d eo x y ch o la te ; th e  ribosom es 
were cen trifu g ed  a t 105.000 g for 3 hours. For fu rth e r p u rif ic a tio n , p re c ip ita tio n  w ith  MgC.L

* The p resen t w ork  was p e rfo rm ed  w ith in  the  scope of a re sea rch  p rogram  su p p o rte d  
by  th e  In te rn a tio n a l A tom ic E nergy  Agency.
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w as u sed . The a p p ro p ria te  M gCl2 c o n ce n tra tio n  w as a d ju s ted  by  d ialysis. T he rib o so m al frac 
t io n  w as s to red  a t  — 20°C.

2. Preparation o f im m u n e  sera. C hinchilla ra b b its  w eighing 2.5 to  3 kg w ere im m unized  
w ith  g u inea-p ig  liver h o m o g en a te  (w ith  40 m g of p ro te in  per dose) or w ith  12 m g of ribosom es 
f ro m  g u inea-p ig  liver, 4 tim es in  all, a t  in te rv a ls  o f 14 days. The an tig en  w as in je c te d  in to  the 
fo u r  p a w s and in to  th e  m uscle a t  tw o  sites. Seven r a ts  were im m unized  w ith  6 m g of guinea-pig 
l iv e r  ribosom es according to  th e  sam e schedule. Tw o ra ts  were im m u n ized  w ith  th e  w ashed 
p r e c ip ita te  of an ti-ribosom e se ra  p ro d u ced  in  ra b b its  an d  of ribosom es (0.2 mg p ro te in  -f- 0.05 
m g R N A ), th ree  tim es in  all. A ll th e  an tig en s w ere m ixed in to  com ple te  F re u n d  a d ju v a n t. 
T e n  d a y s  a fte r  th e  la s t in je c tio n  th e  an im als w ere e x san g u in a ted  and th e  sera  w ere sto red  a t 
— 20°C.

3. Quantitative p rec ip ita tion  o f  im m une sera. P a n ije l ’s [18] m eth o d  w as a d o p te d , w ith  
a  few  m odifications. 0.5 m l q u a n ti t ie s  of sera o f v a rio u s d ilu tions w ere m ixed  w ith  an  equal 
p a r t  o f  ribosom es d ilu ted  to  v a r io u s  ex ten ts . T he p re c ip ita te s  form ed d u rin g  in cu b a tio n  a t 
-f-4öC fo r 17 hours were cen trifu g e d , w ashed once w ith  TM SK , and  tw ice w ith  T S K  so lu tion  
(T M S K  so lu tion  w ith o u t sucrose). T he sucrose-free p re c ip ita te  was re p re c ip ita te d  w ith  25%  
T C A , le f t to  s tan d  a t  - |-4 0C fo r 15 m in u te s  an d  w ashed  th ree  tim es w ith  10%  TCA. T he p recip 
i ta t e  w as hydro lysed  w ith  0.3 N  K O H  for 60 m in u te s  a t  37°C. F in a lly , th e  h y d ro ly sa te  was 
u se d  fo r th e  d e te rm in a tio n  of th e  p ro te in  an d  R N A  con ten ts.

T h e  pro tein  c o n te n t w as d e te rm in ed  acco rd ing  to  L o w ry  et al. [12].
R N A  determ ination. T he h y d ro ly sa te  w as a d ju s te d  to pH  2 by  ad d in g  PCA . A fter h a v 

in g  k e p t  i t  in thaw ing  ice for 15 m in u te s , th e  p re c ip ita te  was cen trifu g ed  an d  w ashed  tw ice 
w ith  0.2 N  PCA. The e x tin c tio n  of th e  com bined  s u p e rn a ta n ts  was m easu red  a t  260 m /и. On 
th e  b a s is  o f the  ribose c o n te n t d e te rm in ed  b y  th e  orcinol colour reac tio n  [4] a n d  on th a t  o f 
th e  e x tin c tio n , the  m u ltip ly in g  fa c to r  was d e te rm in e d  in an in fo rm a tiv e  ex p erim e n t. A ccord
in g ly , m u ltip ly in g  th e  o p tica l d e n s ity  by  28.3, th e  R N A  c o n ten t of th e  va rio u s su p e rn a ta n ts  
is o b ta in e d  in fig.

4. I n  im m unod iffu sion  a n d  immunoelectrophoretic studies Ou c h t e r l o n y ’s [17] lin ea r 
d o u b le  d iffusion m ethod  an d  Sc h e id e g g e r ’s [25] im m unoelectrophoresis m ic ro m eth o d  were 
a d o p te d .

5. Preparation o f  rabbit IgG fra c tion . IgG  frac tio n  was p re p are d  b y  D E A E  cellulose 
c o lu m n  ch ro m ato g rap h y  b o th  fro m  norm al and  from  an ti-ribosom e im m u n e  r a b b it  sera  [27].

6. Ribosome-latex agglutination . L a tex  suspensions of various c o n ce n tra tio n s  were p re 
p a re d  (3 .5%  veronal buffer, p H  7.0) and  va rio u s a m o u n ts  of ribosom es w ere ad d ed  to  th e  di
lu tio n s . T he d ilu tion  consisting  o f eq u al am o u n ts  o f 1%  la te x  and  of ribosom es, w ith  4 mg of 
p ro te in /m l, furn ished th e  b es t re a g e n t. T his su spension  was stab ilized  by  1/20 vol. 2%  JISA- 
so lu tio n  a fte r  incu b a tio n  a t  —]— 4°C for 3 hours an d  could  be used for a w eek. A n eq u al num ber 
o f  d ro p s  o f th e  im m une serum  d ilu tio n s  and  of th e  ribosom e-la tex  susp en sio n  w ere m ixed on 
slid es , p laced  in to  a w et c h am b er an d  th e  reac tio n  was ev a lu a te d  a f te r  20 m in u tes .

7. Histological study. Sec tions from  th e  liver, lung  and k idneys of ra b b its  im m unized 
w ith  ribosom es were s ta in e d  w ith  h aem ato x y lin -eo sin .

8. In  vitro am ino acid incorporation system . T he ribosom es re q u ire d  fo r th e  cell-free 
sy s te m  were prepared  acco rd ing  to  K o rn er  [10], th e  pH  5 frac tion  acco rd ing  to  H oagland 
et al. [ 8 1 (for details see th e  p a p e r by  H íd v é g i et al. [7]). The system  com prised  2 mg R N P /m l 
o f  rib o so m es and pH  5 frac tio n  w ith  1.7 m g/m l of p ro te in . U nifo rm ly  labe lled  14C -valine (91.5 
m C i/m M , UVVVR, P rag u e ) a t  a  c o n ce n tra tio n  of 2 /tCi/ml was used  fo r in co rp o ra tio n . The 
r ib o so m es  were p re in cu b a ted  w ith  th e  a p p ro p ria te  IgG  frac tio n  a t  0°C for 45 m in u te s . A fter 
c o m p le tin g  the system  i t  w as in c u b a te d  a t  37°C fo r a fu r th e r  60 m in u tes . T he tu b e s  w ere p re 
c ip i ta te d  w ith  TCA. To co m p are  th e  specific ra d io a c tiv ity  of labelled p ro te in s , th e  sam e am o u n t 
o f  TgG p ro te in  was ad d ed  to  th e  con tro l sy s tem s, w hich  co n ta in ed  b u ffe r  in s te a d  of IgG 
d u r in g  th e  incubation . T he lab e lled  p ro te in  frac tio n  was iso lated  acco rd ing  to  S ie k e v it z  [26] 
a n d  d isso lved  in form ic acid  fo r p ro te in  c o n te n t d e te rm in a tio n  112]. A liq u o ts  w ere tran sferred  
to  a lu m in iu m  p lan ch ets, d ried , a n d  th e  ra d io a c tiv ity  o f th e  sam ples w as d e te rm in e d  in a Frie- 
s e c k e — H oepfner 2 n  gas flow  c o u n te r.

R esu lts

1. The importance o f  p u r ity  in  the im m unogenicity  o f  ribosomes. R ab b its  
w ere  im m unized  w ith  gu in ea-p ig  liver hom ogena te , w ith  c ru d e  ribosom es and 
w ith  ribosom es p re c ip ita te d  th ree  tim es w ith  50 m M  M gCl2. T he p rec ip itin
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F ig . I. Im m u n o e lec tro p h o re tic  p a t te rn  o f  an ti-ribosom e im m u n e  sera. K ey: on eac h  slide th e  
u p p e r reservo ir co n ta in ed  ribosom al f ra c t io n ;  th e  b o tto m  reserv o ir, liver h o m ogenate , a -|- b 

ra b b it  im m une sera  to  gu inea-pig  liv e r ribosom es tre a te d  w ith  MgCl„; c ra b b it  im m u n e  
serum  to  gu in ea-p ig  liver h o m o g en a te

Table I

Effect o f  precip ita tion  with MgCl., on the immunogenic property o f  guinea-pig liver ribosomes

N um ber of precipitation bands

Im m unizing antigen Immune serum
w ith ribosomes

w ith liver- 
homogenate

G uinea-pig liver hom ogenate 12 5—9

o _ 2
G uinea-pig liver 1 3
ribosom al frac tion 2

1
4
5

R ibosom al frac tion 1 i 1
p rec ip ita ted  th ree  tim es 
w ith  MgCl.,

1
1

I
l

2
3

9 — 2

c o n te n t o f  th e  im m une  sera w as in v es tig a ted  in agar-gel by  double d iffusion . 
T he n u m b er of p re c ip ita tio n  b a n d s  o b ta in ed  w ith  gu inea-p ig  liv er hom oge
n a te  w as s tu d ied . As it ap p ears  from  T able 1, im m u n iz a tio n  Avilb g u inea-p ig  
liver h om ogenate  d id  n o t elicit a d em o n strab le  an ti-rib o so m e a n tib o d y  p ro 
d u c tio n . im m u n iz a tio n  w ith  c ru d e  ribosom al f ra c tio n  also failed to  ind u ce  th e  
p ro d u c tio n  o f an ti-ribosom e p re c ip itin . On th e  o th e r  h an d , ribosom e preci- 
p itin s  w ere found  in th e  m a jo rity  o f ra b b its  im m u n ized  w ith  M gC l,,-treated  
ribosom es. H ow ever, even th e se  la t te r  im m une se ra  gave m ore p re c ip ita tio n  
arches w ith  liv er hom ogena te . T h e re  was b u t a single im m une serum  w hich 
gave only  th e  ribosom e p re c ip ita tio n  arch  w ith  liv e r hom ogena te . (T his serum
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w as u sed  in m ost o f th e  ex p erim en ts .)  T h e  re a c tio n  of specific a n tib o d ie s  w ith  
r ib o so m es or liver h o m o g en a te  could he d e m o n s tra te d  also by  im m unoelec tro - 
p h o re s is  (Fig. 1).

2. Quantitative precip ita tion  o f  ribosomes and ribosome-specific im m une  
seru m . T he diffusion o f  ribosom es was s ligh t in  ag a r. A ccord ingly , a flu id  me-

0 -

116 2 3 2  4 6 5  9 3 0

RNA jjg ( a d d e d )

F ig . 2. Q u an tita tiv e  p re c ip ita tio n  of gu inea-p ig  liver m icrosom es. R N A  c o n te n t o f ribosom es 
a d d e d  to  th e  tubes is p lo tte d  on  th e  abscissa: R N A  c o n te n t o f p rec ip ita ted  ribosom es, on the  
o rd in a te .  K ey: full line p re c ip ita tio n  w ith  an ti-rib o so m e ra b b it  se rum : d o tte d  line  reac

t io n  w ith  norm al ra b b it  serum

d iu m  appeared  to  he  m ore  conv en ien t fo r p re c ip ita tio n  te s ts  (F ig . 2). N orm al 
s e ra  fo rm ed  hard ly  an y , w hile  im m unized  ra b b i t  sera gave rise to  d e fin ite  p re 
c ip i ta te s .  W hen increasing  th e  am o u n t o f an tig en , th e  am o u n t o f  p re c ip ita te d  
rib o so m es also increased .

O f the  fac to rs w h ich  m ay  influence th e  p re c ip ita tio n  re a c tio n , th e  role 
o f  M g ++ co n cen tra tio n  w as s tu d ied  (T able I I ) .  W hile u n d er th e  co n v en tio n a l 
5 m M  M g ++ c o n c e n tra tio n  1 ml of an im m u n e  ra b b it  serum  p re c ip ita te d  125 
p g r ib o so m al R N A , th e  sam e  serum  p re c ip ita te d  110 /ig R N A  from  ribosom es 
d ia ly se d  against M g-free T S K  so lu tion . A ccord ing ly , th e  p re c ip ita tio n  system  
w a s  h a rd ly  affected  by  changes in th e  co n cen tra tio n  of Mg + + .

Table 11

In flu e n c e  o f M g + + concentration on the precipitation o f  guinea-pig liver ribosomal fra c tio n  and o f
specific im m une serum

Mg + +
concentration

UNA
precipitated by 

1 ml serum

A nti-ribosom e 5 .0  m M 125  /<g

R a b b it  se ru m  4tB ” <  0 .5  m M 1 1 0  / ( g
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T h e  role of hea t-lab ile  fac to rs  in p rec ip ita tio n  Avas also s tu d ied . T he p re 
c ip ita tio n  a c tiv ity  of im m une  sera s to red  a t —20°C, befo re  and  a fte r  in a c ti
v a tio n  a t  -j-56°C for 30 m in u te s , was com pared  (F ig . 3). In a c tiv a te d  serum  
p ro v e d  less effective, as it p re c ip ita te d  less ribosom es th a n  se ru m  n o t su b jec ted  
to  h e a t tre a tm e n t.

100-

ctO-
<2
СГ

50-

SERA SERUM
(POOLED)

F ig . 3. E ffect o f h e a t t re a tm e n t (56°C for 30 m inu tes) on th e  p re c ip ita tio n  a c tiv ity  o f an ti-  
ribosom e im m une sera. O pen b a rs  before tre a tm e n t;  h a tc h ed  b a rs  a fte r  t r e a tm e n t

Table III
Comparison o f anti-ribosome im m une sera by ribosome-latex agglutination and 

precipitation reaction in agar-gel

Hibosoine-latex Ribosome
S c r u  m agglutination precipitation 

in agar-gel

aR  horse serum

norm al horse serum —

aR ra b b it serum  "A ” +
aR  ra b b it  serum  '*B” +
aR  ra b b it  serum  1 —

aR  ra b b it  serum  2 +
aR  rabb it serum  3 + +

norm al ra b b it serum —
aR ra t  serum  “ 0 ” -1-
aR  rat serum  4“1” +
aR ra t  serum  3 -
aR ra t  serum  4 —
aR ra t serum  5

aR  ra t  serum  6 + —
aR  ra t  serum  7 + —
norm al rat serum  

anti-ribosom e.
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3. Correlation between activity in  ribosome-latex agglutination  and pre
c ip it in  content. T h e  r ib o so m e-la tex  an d  an ti-rib o so m e p rec ip itin  ac tiv ities 
in  th e  various r a t  a n d  r a b b i t  im m une sera w ere co m p ared  (T able  I I I ) :  th e  ac
t io n s  d id  no t show  a n y  s t r ic t  paralle lism . C erta in  im m u n e  sera  p roved  to  be 
e ffec tiv e  in b o th  sy s tem s , o th e rs  only acco rd ing  to  one o f th e  m ethods. A n ti
b a c te r ia l  ribosom e h o rse  serum  ag g lu tin a ted  rib o so m e-la tex , b u t  d id  no t p re 
c ip ita te  guinea-pig liv e r  ribosom es to  a m easu rab le  e x te n t.

F ig . 4. Im m u n o e lec tro p h o re tic  p ic tu re  o f serum  from  ra ts  im m u n ised  w ith  th e  w ashed  com plex 
of g u in ea -p ig  liv e r ribosom es -(- an ti-rib o so m e ra b b it  serum

F ig . 5. Im m u n o e lec tro p h o re tic  co n tro l of th e  p u r i ty  o f iso la ted  ra b b it  IgG . (H orse  serum  used: 
an  im m u n e  serum  to  ra b b it  w hole serum , H U M A N )

4. D eterm ination o f  the serum pro tein  responsible for ribosome precip ita 
tio n . Sera from  ra ts  im m u n ized  w ith  w ashed  p re c ip ita te  o f in a c tiv a te d  im m une 
se ru m  and  of ribosom es w ere  s tu d ied  to  rev ea l w hich r a b b i t  serum  p ro te in  was 
resp o n sib le  for th e  p re c ip ita tio n  of ribosom es. As seen in  F ig . 4 , th is  im m une 
se ru m  gave a single p re c ip ita tio n  arch  w ith  w ho le  r a b b it  serum , and  corre
sp o n d e d  to  th e  a rc h  of IgG .

5. Histological s tu d y  o f  the organs o f  im m un ized  an im a ls. Som e vacuo la r 
d eg en e ra tio n  was re v e a le d  in  th e  liver of n e a rly  every  an im a l and  an  accum u
la t io n  of eosinophilic cells could  be observed  in  th e  k id n ey s  an d  lungs.

6. Effect o f  anti-ribosom e IgG fraction  on pro tein  syn thesis in  vitro. A fter 
h a v in g  estab lished  th e  ro le  o f IgG  im m une  sera  in th e  p re c ip ita tio n  of rib o 
som es, IgG  frac tio n  w as iso la ted  b y  D E A E  cellulose co lu m n  ch ro m ato g rap h y . 
I t s  p u r ity  was ch eck ed  b y  im m unoelec trophoresis  (F ig . 5). To th e  in  vitro
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am ino  acid incorpora tion  sy s tem , 1.29 mg/ml IgG frac t ion  (final co n cen tra t io n )  
was added . As established in an  in fo rm ative  e x p e r im en t ,  this a m o u n t  d id  n o t  
induce  p rec ip i ta te  form ation  d u r in g  17 hours. N o rm a l  r a b b i t  IgG also in h ib i ted  
am ino  acid incorpora tion  to  a c e r ta in  ex ten t .  H ow ever ,  th e  inh ib i to ry  effect 
o f  im m une  IgG apprec iab ly  exceeded  th a t  of norm al IgG. A ccordingly , r ib o 
som e-antibodies  are able to  in h ib i t  the  function of  ribosomes.

Table IV
Effect o f  normal and anti-ribosome rabbit IgG frac! ion on 1 lC-valine incorporation by guinea-pig liver

microsomes in vitro

ip(;-froo
control

In the presence 
of normal IgG 
(1.29 nig/nil)

IgC-fr.T
control

In the presene 
of immune 

IgG
(1.29 mg/ml)

1 3360 2960 3200 1560

II 3340 2880 3420 1486

Mean 3350 2920 3310 1523

R a te  of inh ib i

tion 13% 46%

Discussion

I t  has  been shown t h a t  th e  purif ica tion  of  th e  ribosom al frac t ion  p lays  
a decisive role in ob ta in ing  sa t is fac to r i ly  im m uniz ing  antigens. P re c ip i ta t io n  
w ith  Mg seemed to lie a su i tab le  met hod for rem ov ing  im purities .  E x p e r im e n ts  
h a d  failed to  decide w he the r  th e  c o n tam in a t in g  c o m p o n en ts  consisted of p ro 
te ins  synthesized  on or adso rbed  o n to  the  surface of  r ibosomes or were c o n ta 
m ina tions  deriv ing  from im p erfec t  isolation. P rec ip i ta t io n  w ith  an ti- l iver  h o 
m ogenate  im m une  serum is a genera lly  accepted  m e th o d  to check th e  im m u n o 
chemical p u r i ty  of th e  subcellu lar  frac tions  [IS]. W e are, however, of the  op in ion  
th a t  th e  p rec ip i ta t io n  of th e  a n ti- r ibosom e im m u n e  serum  w ith  l iver-hom ogen
a te  is a m ore reliable procedure  checking  the  p u r i ty  of  th e  r ibosom al f rac t io n  
and  it  allows to  d e m o n s tra te  m u c h  smaller a m o u n ts  o f  im purities .  T h e  a n t i 
bodies p roduced  against these  im pur i t ie s  m ay  be decisive when s tu d y in g  b io 
chemical sys tem s [16]. T he  im m u n e  serum  t h a t  p re c ip i ta te d  only  ribosom es 
led to  a dem onstrab le  p re c ip i ta t io n  also in im m unoelec trophores is .  T h e  site  
of th e  p rec ip i ta t ion  arch co rresp o n d ed  to  th e  e lec trophoretic  location of th e  
r ibosom al f rac tion  [24].

The r ibosom e-latex  ag g lu t in a t io n  which gives a positive resu lt  n o t  on ly  
w ith  im m u n e  sera but also w i th  sera  from p a t ie n ts  w ith  certa in  diseases (e.g. 
l iver  disease, SLE) p ro b ab ly  d e m o n s t ra te s  th e  presence of R N A  an tibod ies  
[23, 28]. T h u s  in our r ibosom e-la tex  agg lu t in a t io n  experim en ts  we m u s t  h av e
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m e a su re d  the reac t io n  o f  R N A  and of its  specific an tibody .  T he  positive  re a c 
t io n  ob ta ined  bv  horse  se ru m  im m unized w ith  b ac te r ia l  ribosom es also supports  
th i s  assum ption . A cco rd ing  to  B a r b u  a n d  P a n i j e l  [1],  th e  an t ib o d ies  to  R N A  
shou ld  be held responsib le  for the  cross re a c t io n  betw een  bac te r ia l  and  m a m m a 
lian  ribosomes. On th e  o th e r  hand , th e  p ro te in  com ponents  p ro b a b ly  also in
te r fe re  w ith  the  p re c ip i ta t io n  reaction.

H eat-labile  fac to rs  p roved  to  be o f  im p o r tan ce  in th e  p rec ip i ta t io n  reac
t io n  and  the  c o m p lem en t  factors still p re se n t  in th e  im m une  sera m igh t  also 
in te r fe re  w ith  th e  re a c t io n  a n d  the  ac tion  of  fu r th e r  fac to rs  can n o t  be excluded.

As to  the  se rum  f rac t io n  or, more precise ly , th e  im m unoglobu lin  respon
sible for th e  p re c ip i ta t io n ,  the  fact t h a t  p rec ip i ta t io n  h ad  been  accom plished 
also in  an  alm ost M g + + -free m edium , ex c luded  th e  possib ility  of  some n o n 
specific  aggregation. T h e  presence of IgG  in th e  p rec ip i ta te  could be dem on
s t r a t e d  in the  se rum  of r a t s  im m unized w ith  t h e  w ashed  p rec ip i ta te  o f  th e  ribo- 
som e-anti-r ibosom e p rec ip it in .  However, w i th o u t  controlling th e  presence of 
an t ib o d ies  to  h e a v y  cha ins ,  one canno t declare  t h a t  a c t iv i ty  is found  in the 
Ig G  frac t ion  only [2, 24]. In  all p robab il i ty ,  th e  IgM frac tion  also has  a share 
in th e  reaction [3, 5, 6]. T h e  histologically observed  lesions m igh t  h ave  accoun t
ed for th e  a u to -a n t ib o d y  na tu re  of th e  p ro d u ced  an tibodies . D o d d  [5, 6] 
p u b lish ed  da ta  on th e  a n t i -R N A  au to -an t ib o d ie s  in th e  19S frac t ion . I t  is 
ques t ionab le  w h e th e r  an ti-r ibosom e a c t iv i ty  p resen t  in th e  no rm al serum  is 
d ue  to  normal a u to -a n t ib o d ie s  [19, 20].

Only sporadic  d a t a  are  available concern ing  th e  effect of an ti-r ibosom e 
se ru m  on the  cell-free am in o  acid inco rp o ra t io n  system . Using a h igh q u a n t i ty  
o f  whole serum, Me y e r - B e r t e n r a t h  [15] succeeded in app rec iab ly  reducing 
3H -p h en y la lan in e  in co rp o ra t io n  by  r a t  l iver  ribosomes. N orm al se rum  failed 
to  give a reaction in  th is  system . This suggests  th e  re la tive  resis tance  to  RNase 
o f  th e  system , since th e  R N ase  con ten t  o f  th e  whole serum  in  se also reduces 
am in o  acid in co rp o ra t io n .  P a n ij e l  [21] d e te rm in e d  two c o n tra s t in g  effects 
b y  14C -phenylalanine incorpora t ion . D ispersed  and  washed r ibosom e-an tibody  
p rec ip i ta te s  showed an  apprec iab ly  red u ced  level of b iosynthesis . T he  soluble 
a n t ig en -an t ib o d y  co m p lex  seemed to be m ore  ac tive  th a n  th e  r ibosom es th e m 
selves. Applying a d if fe ren t  an t ig en -an t ib o d y  ra t io ,  and  in h igh ly  d i lu ted  IgG 
so lu tion , лее failed to  d e m o n s t ra te  an increase  in b iosynthesis . Soluble antigen- 
a n t ib o d y  complexes in h ib i ted  the  func tiona l  a c t iv i ty  of ribosom es in our ex
p e r im e n ts  and T a n e n b a u m  [29] also obse rved  inh ib ition  for va r ious  RNA- 
re a c t iv e  antibodies.

The IgG frac t ions  u sed  also h ad  some R N ase  ac t iv i ty ,  o f  th e  sam e degree 
b o th  in  norm al and  in  im m u n e  IgG frac tions.  This fac t  has confirm ed ou r  s ta te 
m e n t  in th a t  the  in h ib i to ry  effect of th e  im m u n e  IgG frac tion  on th e  function 
o f  ribosomes, a t  leas t  th e  action  exceeding th e  effect of th e  n o rm al IgG  frac
t io n ,  m a y  be a t t r ib u te d  to  th e  presence o f  specific antibodies.
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Summary. The partial genetic map of the Rhizobium phage 16 3 was constructed by
complementation and two or three point crosses. Temperature sensitive (ts), thermo inducible 
(ti), plaque morphological (JS2; C), host range (h) and altered phage antigen (Ant~) m utants 
were isolated and used. The mapped genes were found in the sequence of N2-C-ts2-ts6-ts4-h-ts5- 
-Ant.

T h e  b a c t e r io p h a g e  16 3 o f  R h .  meliloti  w as iso la te d  and  c h a r a c t e r i z e d
as t e m p e r a t e  b y  S z e n d e  and  O r d ö g h  [1], its  n u c le ic  ac id  w as s tu d i e d  b y  S ik  
[2]. In o r d e r  to  s t u d y  th is  p h a g e  g e n e t ic a l ly ,  s o m e  b a s ic  r e q u i r e m e n ts  o f  t h e  
b a c t e r iu m  an d  p h a g e  g row th  h a d  to  b e  k n o w n  a n d  tin* s y s te m  for p h a g e  c ro sse s  
had  to  lie w o r k e d  o u t .

M u tan ts  were isolated w i th  a l te re d  p laque  m orp h o lo g y  and an tigen  c h a r 
ac te r  as well as tem p era tu re  sens i t ive  [3, 4], th e rm o  inducible [5, 6, 7] a n d  
host range [8] ones.

By crossing these  and co u n t in g  th e  re c o m b in a n ts  un d e r  different selec
t ive  conditions it w as possible to  c o n s t ru c t  th e  l inear genetic map of th is  p h a g e .

M ateria ls  and m ethods

Abbreviations, m.o.i. multiplicity of infection; E.O.P. efficiency of plating: P.F.U. 
plaque forming unit: К velocity constant of antiphage serum 19J: Rh. 41 Rhizobium 

meliloti 41; his histidine; Strr streptomycin resistant; phr phage resistant; mi minute 
plaques; s small plaques.

Bacteriophages. 16 3 wild type phage, forms turbid plaques 3 5 mm in diam eter at
25 — 37°C. Its lysogénisation frequency is about 30% 11 |. N2 nitrous acid induced plaque 
morphology m utant of 16 3, forming sharp, dark centred turbid plaques. К clear plaque
m utant with a lysogénisation frequency of about 10_5.

Bacteria. Rhizobium meliloti 41 (Rh. 41) wild type bacterium [1|. It requires biotin 
for growth. Л-l histidine requiring m utan t of Rh. 41, induced by nitrosoguanidine. G-l 
streptomycin resistant and phage resistant spontaneous derivative of А-l (Rh. 41 his~, Str' . 
phr). This was used as host for host range mutants.

Media. MRP. NaCl, 1 g; NH4C1, 3 g; glucose, 2 g; KM2PO.„ 0.7 g: Mg'”, 10— M: Ca”, 
10 : M: 0.2 M tris (hydroxymethyl)-aminomethane, 125 ml; 0.1 n HCl, 200 ml in one litre. 
pH: 7.2. RRP MRP supplemented with biotin 10 5 g/litre; YRP MRP supplemented with 
yeast extract 1 g/litre: YTB tryptone, 10 g; yeast extract, 1 g: NaCl, 5 g; Ca , I0 -;* M; 
Mg , 10-:{ M in one litre. pH was adjusted with NaOH to 7.

Mutagenesis. Nitrous acid treatm ent flOj. 0.5 ml of 16 3 or N2 phage (titre, 108/ml);
0.5 ml of 0.2 M acetate buffer (pH 4.5) and 0.5 ml N aN 02 solution (1.5; 0.75; 0.375 M) were 
mixed at 30°C and after 20 minutes the m ixture was diluted into MRP medium and plated. The 
survival phage fractions were 10 *; 10-a and 10 -, respectively
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Nitrosoguanidine treatm ent. The lysogenic form of Rh. 41 was induced by mitomycin С 
(5 /ig/ml at 30°C [11]) in YRP medium containing 5 /tg/ml nitrosoguanidine. After 4 hours the 
lytic yield was plated.

T e m p e r a t u r e  s e n s i t i v e  m u t a n t s .  The optimum temperature for both bacterium and phage 
was 30°C, but they still grew at 37°C. The nitrosoguanidine or nitrous acid treated phage po-

Table I

S o m e  c h a r a c t e r i s t i c s  o f  t h e  t s  m u t a n t s

Origin
Frequency of

Plaque sizeM utant M utagen ts+ rev ertan ts  
at 36 C

size

l s 2 NTG 16-3 <  1 0 8 normal ■10
t s 3 N N2 <  10 ' normal 2 0 -2 5
t s 4 N N2 <  1 0 7 normal 2 0 -2 5
t s 5 N N2 <  10-« small 10
i s 6 N N2 <  1 0 - ° normal 20 -2 5

NTG nitrosoguanidine 
N =  nitrous acid

pulation was plated at 32°C, and after 14 hours of incubation the minute plaques were picked 
out and tested at 25°C and 36°C, respectively. Those unable to grow at 36°C were qualified as 
“ is” (Table I).

H e a t  i n d u c i b l e  m u t a n t s .  Mutagen treated phages at 32°C or 36°C and clear plaques were 
picked and tested at 25°C and 36°C. Those giving clear plaques at 36°C but turbid at 
25°C were characterized as heat inducible m utants.

i s o l a t i o n  o f  h o s t  r a n g e  m u t a n t s .  From the histidine requiring and streptomycin resistant 
bacterium  ( А - l  S t r r ) 40 phage resistant mutants were isolated for different clear plaque pha
ges. Host range m utants of the К phage (Kh) were isolated from 6 of these resistant bacteria, 
with a frequency of about 10 ~8 (Table II).

Table II

C h a r a c t e r i s t i c s  o f  K h

Phage
A dsorption % P laque size E O P .

m.o.i.
on Rh. 41 on G — 1 on Rh. 41 on G — 1 on Rh. 41 on G — 1

Kh 17-0.5 95 20 mi varying l 0 .2 -0 .4
к 15-0 .4 95 0 normal _ l —

O n e - s t e p  g r o w t h  o f  t h e  p h a g e .  The recipient bacteria A-I (5x10* ml) were infected with 
a m ultiplicity of 0.01 0.1 in BRP medium. After 20 60 minutes adsorption, the free phages
were removed by centrifugation or antiphage serum (К -l) and infective centres were diluted 
104 times into YTB medium. Samples of 0.1 ml were plated for plaque forming units [12]. 
In the case of wild type recipient bacterium (Rh. 41) the cells were infected in YTB or YRP 
medium and adsorption time was 15—20 minutes a t 30°C. The latent period was 90 minutes 
a t 30°C, the average burst size of phage was 40—70.

I s o l a t i o n  o f  l y s o g e n s  c o n t a i n i n g  t i  p r o p h a g e s .  107 108 phages were spotted onto a plate
inoculated with Rh. 41 bacterium and incubated a t 25°C. After the appearance of the lytic 
spot, bacteria were picked from the centre of the spot and suspended in BRP containing phage 
antiserum  [K 8|. A few hours later the bacteria were plated for single colonies. These were
tested for phage producing ability at 25°C, 30°C, 32°C, 36°C, and for immunity.

A n t i p h a g e  s e r u m  was prepared from rabbits injected with phage 16—3, according to 
the method described [9].
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Results

Ca requirement o f  phage multiplication. The, role o f  Ca" was s tud ied  u n d e r  
th e  conditions o f  single-step g row th . To avo id  lysogénisa tion , th e  th e rm o - in 
duc ib le ,  clear p laque  double  m u ta n t  phage t i4 C } was used in th is  ex p e r im en t .  
No phage  p ro d u c t io n  could be de tec ted  w ith o u t  Ca as shown in Fig. 1. M u l t i 
p l ica t ion  s ta r te d  a f te r  th e  ad d it ion  of  10 M  Ca". T h e  sam e effect was found  
using th e  А -l m u ta n t  as host.  As expected , the  h is t id in e ,  requ ired  b y  th is  h o s t  
b a c te r iu m , was ind ispensable  for the  g row th  o f  phages.

Minutes

Fig. 1. One step growth of phage 16 3. Recipient bacteria, a Rh. 41 or А-l, without Ca ; 
b Rh. 41, normal one step growth; c Rh. 41, after 60 minutes Ca was added: d A -1

(Rh. 41 his ), after 60 minutes diluted into complete medium

Thermo-induction o f  lysogenic bacteria containing ti prophages. F ro m  the  
iso lated  lysogens carry ing  ti phages, th ree  were chosen  to  te s t  inducibili ty . T he  
b ac te r ia  were grown to a cell n u m b e r  of 2 x l 0 8/inl in  YT11 or Y11P m ed iu m  
w ith o u t  Ca” . After induc tion  at 36°C for 10 or 20 m in u te s  th e  culture  was cooled 
to  30°C for the  m u lt ip l ica t ion  of  phages. As s h o w n  in Fig. 2, th e  b u r s t  
s ta r te d  90 m in u te s  af te r  th e  induction . Average b u r s t  size was 40 for th e  ti3  
and ti4 phages, and  22 for the  ti5 phage. The increased  tem p era tu re  h ad  no 
effect on th e  lysogen carry ing  wild ty p e  phage. Ca" was n o t  necessary for  th e  
rep lica tion  and  m a tu ra t io n  of  h e a t  induced  phages .

Com paring  th e  ti m u ta n t s  a t  different t e m p e ra tu re s ,  differences were 
found  in th e rm o se n s i t iv i ty  o f  th e ir  repressor. As show n  in Table  I I I ,  th e  
p laques form ed b y  m u ta n t  ti4 were a lready  c lear a t  32°C.
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F i g .  2 .  Thermo-ind action of lysogenic bacteria, a - - - Rh. 41 ( t i 3 ) ;  1) R h. 41 ( t i 4 ) ;  
c Rh. 41 ( ti5 j ;  d Rh. 41 ( C + ) ;  j. =  cooled to 30°C

Table III

P l a q u e  f o r m  o f  t i  m u t a n t s  a t  d i f f e r e n t  te m p e r a tu r e s

Plaques at
M utan t

25 C 30 C 32’C 36 C

t i 3 t t t c
t i 4 t t C c
t i 5 t t t c

t -  turbid, lysogénisation  
C = clear, no lysogénisation

Complementation o f  ts, ti and clear plaque mutants.  C o m p lem en ta t io n  was 
c a r r ie d  o u t  b y  sp o t t in g  pa irs  o f  m u ta n t s  on to  a p la te  w ith  a law n  of R h. 41 
as h o s t  [13, 14, 3]. T he  ts m u ta n t s  were t e s t e d  w ith  each o th e r  a t  36°C, th e  clear 
p l a q u e  a n d  ti m u ta n t s  w i th  th e  phage  K . T h e  com plem en ta t io n  groups are 
s h o w n  in Table  1Y.

Phage crosses. T he  phage  s tocks w ere  m ixed  and m. o. i. 5 was applied  
w i t h  each  m u ta n t .  T h e  h o s t  was А - l .  A d so rp t io n  took  place in  B R P .  T he  u n 
a d s o rb e d  phages were rem o v ed  b y  tw o cen tr ifuga tions .  The in fec ted  cells were 
d i lu te d  102—103 t im es  in to  Y T B  m ed iu m  a t  30°C. 2.5 — 3 single g ro w th  cycles 
w e re  allowed, th e n  CHC13 was ad d ed  a n d  th e  progeny ana lysed .
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T abic  IV

C o m p le m e n ta t io n  g r o u p s

G r „ „ p

2 3 4 S

l s 3 ts 5 t s 6 t i 3

t s 4 t i 4

t i 5

К  and all the tested clear 
m utants

(a )  M apping o f  ts points. P la t in g  was m a d e  a t  30°C and  a t  36°C. T h e  
frequency  of reco m b in an ts  was c a lcu la ted  as

2 X t i t  re a t  36°C 

t i t r e  a t  30 C

(b )  M apping  o f  the host range ( h )  character. T he  K h  m u ta n t  p h a g e  w'as 
crossed to  th e  two d is ta l  Is sites. T h e  ts2C  a n d  ts.5C m u ta n t  phages w ere  p a r t 
ners in these crosses. T he  num ber  o f  tu rb id  p laq u es  on the mixed in d ic a to r  
a t  36 C corresponded  to  the h + t s + r e c o m b in a n ts .  The percen tage  of  r e c o m b i
n a n ts  was ca lcu la ted  as twice the n u m b e r  of  h + t s + phages div ided b y  th e  
n u m b e r  of p laque fo rm ing  units a t  30°C.

I t  is also possible to  differentia te  h a n d  h + phages  on Rh. 41 host  b ecau se  
“ h ”  m u ta n t s  are fo rm ing  minute ( m i )  p laques  (see Table  V).

( c )  M app ing  o f  the clear (C) character. T h e  c lear  m u ta n t  site was c rossed  
to  th e  know n end p o in ts  o f  the  ch rom osom al segm en t de term ined  w i th  o u r  ts 
m u ta n t s .  The crosses were made w ith  th e  m a rk e rs  in b o th  the  cis and  th e  t r a n s  
positions. In the  case of  cis the clear p laq u es  a t  36°C are corresponding to  th e  
reco m b in an ts  t s +C, w hereas  in t ra n s  crossings to  th e  tu rb id  p laques t s +C + .

W e can also d is t ingu ish  reco m b in an ts  a t  30°C based  on the size and  t u r 
b id i ty  of  plaques since ts5 is form ing small ( s )  p laques. The re c o m b in a t io n  
freq u en cy  between C and  It could be d e te rm in e d  b y  p laque  size. The h C + p hages  
fo rm  m in u te ,  w hereas  h + C r e com binan ts  no rm a l  p laques on 41 or m ix e d  
(41 -|- G —l )  in d ica to r  (Table V).

( d )  The position o f  serum character ( A n t ) .  O ne of our m u ta n ts  w as se ro 
logically d ifferent f rom  th e  wild ty p e  1 6 -  3 or o th e r  m u tan ts .  The a n t ip h a g e  
se rum  from  rab b i ts  in jec ted  with p h a g e  16 — 3 g ave  a value of К 300 w ith  
A n t + m u ta n t s  and К  =  40 with the A n t  one. T h e  recom binan ts  can be classi
fied using  a serum  concen tra tion , w hen  3 0 -m inu te  t r e a tm e n t  resu lted  in a 
t i t re  o f  10~J su rv iva l w ith  A n t + phages ,  b u t  only  in 10 1 with the  A n t~  m u 
ta n ts .
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Table V

Results o f  the phage crosses

M a p p in g  o f m u ta n t  
sites Crossing

O bserved
rec o m b in a n ts

F re 
q u e n c y  

o f  reco m 
b in a n ts
% R

is  p o in ts ts2 +
1 t s 2 x  ts5 ts + 5.5

2 1ь2 X i s i ts5 ts + 4.7
3 ls2 X ts6 ts + 3.3
4 ts5 X ts4 ts + 1.15
5 ts5 X ts6 ts + 1.7
6 ts4 X ls6 ts + 0.7

h gene
ts2  — h 7 Cls2h + X Cls2 +h C ts2 + l s +h +

5.4

3 p o in t 8 C+ts2h + xC ls2+ h C +  I, l s +h +
m i + mi m i +

ts5  — h 9 Cls5h + x C ts5 + h ts+h+ a t  36°
s+ h+ a t  25° 0.3

3 p o in t 10 C +ts5h + X C ts5+h ls+h+ a t  36°
m i+ mi s+ h+ a t  25°

m i +

C  gene
Is2 - C

cis 11 is2C xts2+ C + C ts2
ts +C

18
tra n s 12 is2C + X ts2 +C ts+C+
3 p o in t 8 ls2C +h + X ts2+Ch is+ C +

ts5  — C is+C a t 36°
cis 13 ts5 C x  Is5+C + s+ C a t  25°

C s C+ a t 25°
tra n s 14 ts5C +x  ts5 +C \  /  — I S + C +  a t 36°

у s+ C+ a t  25° 21.5

A s C a t  25°/  \
3 p o in t 10 ls5C +h+ Xts5+ C h <s+C+ a t 36°+  ts5 (s) s+ C+ a t 25°

C - h
15 C h x C + h  + C h( mi) C+mi

Cmi X C + m i + ----- V/------ C m i +
21.5

3 p o in t 8 C +ts2h + X C ts2+h C +mi
m i+ mi C m i +

3 p o in t 10 C +ts5h+ xC ts5+ h C+mi
m i+ mi C m i +
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Fre-
Mapping of unit ant 

sites Crossing
Ohrerved Í 4 u ®ncy

recombinants ofrecom - 
b in a n ts

«>„ R

N 2 point
N 2  C 16 I \2  C

cis N 2C  X N2+C +
1

N2C +

T~ T*

i \2  A 1

Irans 17 N 2 C + X N 2 +C. i ÍV2+C+
C

Phage m u ta n t geno ty p es by genetic sym bols: K b C ls2+h (cross 7,8), Cts5+h (cross 
9, 10), Ch or Cnii (cross IS); К  ts2+C (cross 11), ts5 +C (cross 14), N 2 +C (cross 17). F req u en cy  
d a ta  represen t average from  3 — 4 crosses ex cep t for 1 and 4 w here th ey  represent average from  
10 crosses.

C_______ts2_______ts5 _______ Ant

-------------------------------  ts+ recombinant Ant"III
I---------------------------------------------- Cts5 recombinant Ant

C+ ts2* ts5 Ant +

Fig. 3. M ap p in g  of A n t  c h a ra c te r

The ts2 A n t  w as  crossed w ith  ts5 A n t * .  tsO A n t * and  ts4 Ant + p h ag es  
a n d  ts*  reco m b in an ts  were p ro p ag a ted .  T he  t s + yield as popu la t ion  was te s te d  
lor an tigen  ( A n t )  c h a rac te r .  These re c o m b in a n ts  were serologically a l te re d  
( A n t  )  phages. T h is  w as confirmed by  checking  single <s+ recom binan t  p laques .  
All t s + r e c o m b in a n ts  were showing a l te red  an t ig en  ch a ra c te r  ( A n t ~ ) .  F ro m  
this it was conc luded  th a t  the A n t  reg ion  has  to  be s i tu a te d  to the r ig h t  o f  
po in t ts2  in our m a p  (Fig. 3).

F ro m  th e  crossing of ts2C A n t~  X ts5 C *  A n t*  shown in Fig. 3, it  w as 
possible to  isolate a t  36°C the  ts* r e c o m b in a n ts .  These  were all showing a l te re d  
an tigen  c h a rac te r  ( A n t  ) .  At 30°C we isola ted  th e  small clear reco m b in an ts .  
In  view of th e ir  small size, these were ts5 and  A n t * .  To check the g en o ty p e ,  
these  reco m b in an ts  were back-crossed to  ts2 and  ts5 m u ta n ts ;  th is  has  c o n 
f irm ed th a t  th e  rea l  genotype was C ts2* ts5 A n t * .  T hus ,  the  A n t  reg ion  is 
also s i tu a ted  to  th e  r ig h t  of point ts5.

7 . irta  M ir  roh ia lagira Acatlrm itn- S rirn littrurn  H ungarian- 17, 1070
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—4-
N2 C

47
r - ---------1

5.5 1

1 ' 18 3.3 0.7 1.15

5.4 ,03

I ! mi 1

ts2 ts6 ts4 h ts5 Ant

21.5

2' 5

F i g .  4 .  Order of mutant points on 16 - 3 chromosome

(p) M a p p in g  of N 2 .  The cross w as m a d e  in bo th  cis and  t r a n s  positions. 
N 2  was m ap p ed  to  C gene only. T h e re  were  detectable  N 2  r e c o m b in a n ts  in 
cis an d  16- 3 ones in t r a n s  (Table V).

Discussion

The f irs t  p a r t  o f  our ex p e r im en ts  w as concerned w ith  th e  conditions 
necessa ry  for th e  crosses. The cond it ions  o f  one-step grow th , adso rp t io n ,  and  
t h e  period  of  p h a g e  m a tu ra t io n  were s tu d ie d .

Similarly as for  th e  infection o f  o th e r  well-described phages  in th is  case, 
to o ,  Ca" was found  necessary. The lack  o f  Ca" did not influence th e  adso rp tion  
o f  p hages and  i ts  p resence  was n o t  n ecessa ry  in the rm o-induc tion . Since phage 
p ro d u c t io n  could n o t  be detec ted  w hen  in fec t ion  was carried  o u t  in  th e  absence 
o f  Ca ”, it  was conc luded  th a t  Ca" was in v o lv ed  in the  in jection  of  phage  D N A . 
p ro b a b ly  in th e  co n trac t io n  of th e  t a i l  sh e a th  [15].

F rom  th e  f req u en cy  of r e c o m b in a n ts  sum m arized  in T ab le  V, we have  
c o n s t ru c te d  th e  l in ea r  m ap  of th e  ch ro m o so m e of R hizobium  phage 16 -3.

The poss ib ili ty  to  de tec t ts+ r e c o m b in a n ts  allowed th e  m ap p in g  of ts 
sites . A fter  ca rry ing  ou t  all the possible crossings between pairs  o f  these  m u ta n t s  
we were able to  c o n s t ru c t  the  u n a m b ig u o u s  order ts2-ts6-ls4-ts5 w hich  covers 
a region of m ap  le n g th  5.5 w ith  s t r ic t  a d d i t iv i ty  (crosses 1 — 6 in T ab le  Y).

In  th e  m a p p in g  o f our o ther  m u t a n t s ,  the  ex trem e loci o f  th e  ts region 
( ts2 , ts5)  were u sed  as re la tive  po in ts .  I n  th is  way the  ts p a re n ts  could be elim 
in a te d  from th e  p ro g en y  a t  h igher t e m p e ra tu re s .  The crosses w i th  m u ta n t s  
in th e  C gene re su l ted  in a higher f r e q u e n c y  o f  recom bina tion  w ith  ts5 t h a n  w ith  
ts2  (crosses 11 —14, 8, 10) whereas th e  h  locus was found close to  th e  ts5 p o in t  
(crosses 7 —10 in T ab le  V). The o rder  w as  confirm ed b y  th e  h igh  f req u en cy  of

■Ida Microbiologica Acadvmiae Scientiarui H ungaricac 17, 1970
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recom binan ts  in crosses between ( an d  h, m ak in g  use of  the  d is t inc t  m in u te  
ch a ra c te r  of p laques  of  h m u ta n ts  (crosses 8, 10, 15 in T ab le  V).

The m u ta n t  d isp lay ing  a changed  an tigen ic  c h a ra c te r  (A n t  )  was u n 
usual. The possib ili ty  o f  con tam in a t io n  could be e l im ina ted .  In  th e  crosses of 
phages with d iffe ren t  p ro te in  capsule the  chance  o f  pheno typ ic  m ixing [16, 
12] has  to  be ta k e n  in to  account. T he  progeny  of th e  crossing between ts2 A n t  
and  t.s2+ A n t + was t r e a te d  with an t ip h ag e  se rum . O nly  15%  of phages s u rv iv 
ing se rum  t r e a tm e n t  a t  30°€ could be d e tec ted  at  36°C.

T he  serum in ac t iv a t io n  of li a n d  A n t  m u ta n t s  was almost the  sam e. 
B o th  were less sensitive  th a n  the  wild ty p e  phage .  T h e ir  specificity could be 
d istinguished by  d if fe ren t  hosts. All th e  re s is tan t  b a c te r ia  for the wild ty p e  
phage  were equally  r e s is ta n t  to th e  A n t  m u ta n t s  and  vice versa. The A n t  
could also represen t  an  h m u ta n t  ce r ta in ly  d iffe ren t  from  the  isolated h, b u t  
no ad e q u a te  host w as found am ong th e  40 r e s is ta n t  bac te r ia  tested.

The results o f  tw o and three p o in t  crosses w ith  th e  A n t  gene added , gave 
th e  genetic m ap  show n in Fig. 4.

The ev a lu a ted  th ree  point crosses f i t ted  well into th e  construc ted  m ap . 
T h u s  C + ts2h + X  C ts2 +h th ree  po in t  cross (cross 8, T ab le  V) resulted  in a m ap  
d is tance  of 17 be tw een  C and ts2, 5.4 betw een  ts2 a n d  h, whereas one of  20 
be tw een  C and  h ( m i ) .  The frequency  of double  r e c o m b in a n ts  be tw een  C and  
h was 2 .2%  (1 .1%  C + t s +h + was de tec ted ) .  F ro m  th e  crossing of C +ts5 h + X 

X  Cts5 + h (cross 10 in Tab le  V) the  m ap  d is tance  was 22.5 between C a n d  h, 
and  0.3 be tw een  h an d  ts5.

In  o the r  th ree  p o in t  crosses is m u ta n t s  and  loci in C gene were com bined . 
A m ong the t s + r e c o m b in a n ts  of very  close ts m u ta n t s  th e  frequency  of doub le  
reco m b in an ts  was h ig h er  th an  expected . In  th e  case of  ts5C + X  ts4C crossing, 
5 0 %  of the  t s + r e c o m b in a n ts  were clear. This was p ro b a b ly  due to  th e  h igh 
nega tive  in terference b u t  crosses be tw een  the  e x trem e  is po in ts  resu lted  in an 
even higher f req u en cy  (80%  when ts2C X  ts5C + was perform ed) and  th is  
c a n n o t  be exp la ined  a t  the  m om en t.

The N 2  p laq u e  m orphology m u ta n t  was only  crossed to  C locus a n d  will 
h ave  to  be re la ted  to  o th e r  points o f  th e  m ap.

The hea t  inducible  m u ta n ts  and  o the r  c lear m u ta n t s  gave no com ple 
m e n ta t io n  with th e  m a p p ed  C m u ta n ts .  Therefo re  th e  m apped  C c is tron  is 
th o u g h t  to he the  re g u la to r  gene of th e  prophage . T h e  h m u ta n t s  conta in  a l tered  
sites in one of th e  genes of tail f ibres and A n t~  m u ta n t s  m ay h av e  also 
a l te red  genes of m orphogenesis . In analogy  w ith  o th e r  phages [4, 17, 18], 
the  left arm  of th e  m a p  contains  the  no n -v eg e ta t iv e  fu n c t io n s  (C )  and  th e  r ig h t  
side controls th e  m orphogene tic  s teps of  phage 16 3 (h ,  A n t ) .

O ur cond itiona l le tha l m u ta n ts  are u n d e r  fu n c t io n a l  specification and  
f u r th e r  details of th e  genetic map of R h izob ium  p h a g e  arc  continuously  s tu d ied  
w ith  fu r th e r  new m u ta n t s .
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DIE BIOLOGIE 
UNI) VARIABILITÄT 
DES TUBERKELBAKTERIUMS 
UND DIE ATYPISCHEN 
MY COBAKTERIEN
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Der Verfasser  b e r ic h te t  übe r  seine experim en te l len  U n te r s u c h u n 
gen, welche die H a u p tp ro b le m e  d e r  Biologie d e r  T u b e rk e lb a k te 
rien u n d  der  a ty p isch en  M yco b ak te r ien  um fassen . B esonders- 
in te re s sa n t  ist das M ater ia l  ü b e r  die R eak t iv ie ru n g  von M yco
b ak te r ien  m it geschäd ig te r  L ebensfäh igke it ,  ü b e r  erbliche Ä n d e 
ru n g  d e r  A rzne im it te lre s is tenz , d e r  V iru lenz  u n d  der  vom  V erfasser  
als k o m plexe  p lurif ika torie lle  M u ta t io n  gekennzeichnete  gleichzei
tige W a n d lu n g  m eh re re r  E ig en sch af ten  sowie die A nalyse  d e r  
G ese tzm äß igke iten  d ieser  E rsch e in u n g en  a u f  G rund  des D arw in is-  
mus. Die U n te rsu ch u n g en  ü b e r  die n ich t  säu refesten  und  f i l t r ie r 
ba ren  F o rm en  der  T u b e rk e lb a k te r ie n ,  der  A n t ig e n s t ru k tu r  im  Z u 
sa m m e n h a n g  m it dem  P ro b lem  d er  a ty p isch en  M ycobakterien  u n d  
der  K lass if ika t ion  h a b e n  ebenfalls zu zahlreichen neuen B e o b a c h 
tu n g e n  geführt .  Die aus  Affen h e ra u sg e z ü ch te te n  neuen , f a k u l ta t iv  
p a th o g e n e n  M ycobak te r ien  w erden  e ingehend  beschrieben, u n d  das 
P ro b lem  der  möglichen H erk u n f t  von  a ty p isch en  M ycobak terien  
aus T u b e rk e lb ak te r ien  w ird  b e leu ch te t .  E in  besonderer  A b sc h n i t t  
von E . V andra  v e r fa ß t ,  ist den M ycobac te r iophagen  gew idm et.
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ANAEROBIC TRANSFORMATION OF STEROIDS 
BY MYCOBACTERIUM PHLEI

l$y

K. A l b r e c h t , E.  T ö m ö r k é n y  and A. S zabó

Research Institute fo r  P harm aceutical Chemistry (Director : L. V a r g h a ) . B udapest 

(R ece ived  D ecem ber 23, 1969)

Sum m ary . U nder an ae ro b ic  co n d itions M ycobacterium  ph lei tran sfo rm ed  an d ro st-4 - 
ene-3 .17-d ione, 17/?-hydroxyandrost-4-en-3-one and  its  17/5-acylates, as well as 3 /M iydroxy- 
an drost-5 -en -17-one  and  l7a-m eth y l-1 7 /? -h y d ro x y an d ro st-4 -en -3 -o n e  to  5a- an d  5/i-satu- 
ra te d  com pounds. F rom  th e  re d u c tio n  of th e  3-oxo an d  occasionally  o f the  17-oxo groups, 
s a tu ra te d  h y d ro x y  d e riv a tiv e s  w ere o b ta in ed . S tero id  e s te r  fo rm a tio n  also occu rred  u n d e r 
an ae ro b ic  conditions.

Since the  in v es t iga t ions  in to  stero id  t ra n s fo rm a t io n  by  Mamoli e ta l.  [1]. 
a n u m b e r  of au tho rs  s tu d ie d  th e  microbial reduc tion  of  s teroids. O b se rv a 
t ions concerning s a tu ra t io n  of  th e  molecule and  ke to -red u c t io n  were m ad e  
mai nl y  u n d e r  aerobic cond it ions  [2]. The p re sen t  p a p e r  deals w ith  th e  t r a n s 
form ation  of and ros tenes  b y  Mycobacterium ph le i , u n d e r  anaerob ic  condi- 
t ions.

M aterials and methods

Growth, microbial transform ation  and extraction. T he M ycobacterium  phlei s tra in  used 
in th e  ex p erim en ts  was c u ltiv a te d  u n d e r  aerobic con d itio n s [3]. T he cu ltu re  w as cen trifu g ed  
an d  th e  cells were e ith e r re su sp en d ed  in sterile  d istilled  w a te r  to  m ake  a n o rm al cell su sp en 
sion  w ith  0 .5%  dry  m ate ria l c o n te n t o r d ried  in vacuo  in th e  p resence of ph o sp h o ric  a n h y 
d rid e , pow dered and sto red  in a g lass-sto p p ered  b o ttle , and  used  in 0 .5 %  suspension  in  d istilled  
w a te r. One hun d red  ml a m o u n ts  o f th e  cell suspension w ere d is tr ib u te d  each  in to  500 ml 
E rlen m ey e r flasks. In th e  cen tre  of the  b o tto m  of each  flask  was so ldered  a glass tu b e , 12 cm 
long, 1.5 cm in d iam ete r an d  open a t  th e  top . In to  th is  tu b e  w ere p o u red  8 m l o f an  aq u eo u s 
so lu tio n  co n ta in ing  10%  p y ro g a llo l and  16%  sodium  h y d ro x id e . S u b seq u en tly  an oxygen- 
free n itro g en  flow was passed  th ro u g h  th e  cu ltu re  suspension  a t  a ra te  of 200 m l/m in  for 
40 m inu tes. Before sto p p in g  th e  n itro g en  flow, 20 mg of one of th e  su b s tra te s  a n d ro st-4 -en e - 
3 ,17-dione (I), 17/?-hydroxyandrost-4-en-3-one (II ) ,  the  l a t t e r ’s 17/?-acetate ( I I a )  o r 11 ß- 
p ro p io n a te  ( l ib ) ,  3 /i-h y d ro x y an d ro st-5 -en -l7 -o n e  ( I I I )  o r 1 7 a -m e th y l-1 7 ß -h y d ro x y an d ro st-  
4-en-3-one (IV ), dissolved in 1 m l ace to n e , was added  to each  flask , th e n  the  flask  w as closed 
a ir t ig h t. A bsence of oxygen w as checked  w ith  M a r s h a l l ’s  in d ic a to r [4]. In c u b a tio n  o f flasks 
an d  co n d itions of e x tra c tio n  w ere as described  p rev iously  [3], excep t th a t  no d is tin c tio n  was 
m ad e  betw een ex p erim en ts fo r a n a ly tic a l and p re p a ra tiv e  pu rp o ses and  th e re fo re  th e  cell 
e x tra c t  was used th ro u g h o u t.

A naly tica l methods. In  e v e ry  case, tran s fo rm a tio n  w as follow ed by th in - la y e r  c h ro m a 
to g ra p h y  on silica gel, using  in  succession  95:5, 90:10, 80:20 and  70:30 m ix tu re s  o f benzene 
an d  e th y l ace ta te  as ru n n in g  so lv en t (system  A). E s te r  d e riv a tiv e s  w ere se p a ra ted  by a single 
ru n n in g  in a 95:5 m ix tu re  o f benzene  a n d  e thy l a ce ta te  (system  B). T he ch ro m a to g ra m s were 
d e te c te d  w ith  a 1:1 m ix tu re  o f su lp h u ric  acid  and e th an o l. Q u a n tita tiv e  e stim a tio n  o f/14-3-oxo  
an d  11,4-3-oxo d e riv a tiv es w as carried  o u t by m eans of p a p e r  c h ro m a to g ra p h y  [5].

D etermination o f  5cc-androstane-3tl7-d ione ( V ) ,  and 5ß-androstane-3,17-dione ( V I )  
(5ot to 5ß ratio). The d ry  resid u e  of th e  e x tra c t  o b ta in ed  by tra n s fo rm a tio n  of 20 m g su b s tra te
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was dissolved in 2 ml glacial acetic acid and oxidized with a mixture of 0.4 ml of 2% aqueous 
CrO., and 1.6 ml of glacial acetic acid at room tem perature for 2 hours. Subsequently the solu
tion  was diluted with water, extracted with dichloroethane, washed and evaporated. 5a- 
androstane-3,17-dione and 5 /?-androstane-3,17-dione were determined separately in the above 
ex tra c t by the TLC method, running in succession in 95:5 and 90:10 mixtures of benzene and 
e thy l acetate. The dried chromatogram was sprayed with 2,4-dinitrophenylhydrazine reagent 
(saturated  solution of 2,4-dinitrophenylhydrazine in 2 N hydrochloric acid, filtered at 20 °C) 
and the coloured spots of compounds V and VI were eluted with dichloroethane. The eluate 
was washed with 3 N aqueous sodium hydroxide solution and measured photometrically at 
410 m/i. With steroids of known amount, the loss was about 20% and this was the case with 
the  5 a and 5 ß steroids as well.

isolation and identification of the transformation products. After extraction and evapo
ration  the metabolites were isolated by repeated chromatography on silica gel column. Elu
tion  was made with benzene, containing increasing amounts of ethyl acetate. The product 
was compared with authentic substances in respect of melting point, mixed melting point, 
Ry value and Ш  spectrum.

Results and discussion

Using a norm al cell suspension the  following com pounds  were ob ta ined  
f ro m  andros t-4 -ene-3 ,17-d ione in 24 hours  d u r in g  which th e  s u b s t ra te  d isap 
p e a r e d  completely: 5x-and ros tane-3 ,17 -d ione  (V), 5/3-androstane-3,17-dione 
(V I) ,  3/3-hydroxy-5x-androstan-17-one (V II) ,  3x-hydroxy-5/3-androstan-17- 
o n e  (V III) ,  5 /3-androstane-3x, 17/3-diol ( IX ) ,  3/3-hydroxy-5/3-androstan-
17-one (X), 5x-androstane-3/3 , 17/3-diol (X I )  an d  17/3-hydroxy-5/3-andros- 
ta n -3 -o n e  (X II) .  In  som e  frac tions  e lu ted  w ith  benzene, a t  leas t  seven  com 
p o u n d s  more apolar  t h a n  V could be d e tec ted  in the  TLC sy s tem  B. T ran s fo r 
m a t io n  of these f rac t io n s  w i th  M . phlei  u n d e r  aerobic conditions in th e  pres
en ce  o f  8 -h yd roxyqu ino line  resulted  in th e  fo rm a tio n  of an d ro s ta - l ,4 -d ien e-
3 .1 7 -  dione [6]. O th e r  a l iq u o ts  o f  the  f rac t ions  showed, a f te r  hydro lysis  w ith  
p o ta s s iu m  ca rbona te ,  c o m p o u n d s  V II ,  V I I I ,  I X  a n d  X  w hen  ch ro m a to g rap h ed  
in  sy s te m  A. These tw o  resu lts  ind ica ted  t h a t  th e  su b s tan ces  m ore  apolar  
t h a n  com pound V w ere  t h e  esters of th e  red u ced  d er iva tives .

T he  ratio of t h e  s a tu r a t e d  5x an d  5/3 der iv a t iv es  w as 0.9. A m ong 
t h e m ,  th e  3,17-diones (V a n d  VI) were p re d o m in a n t  in th e  early  s tage , whereas 
t h e  reduced  de r iva tives  in  th e  la ter  s tage. On sh o r te r  t r a n s fo rm a t io n  17/3- 
h y d ro x y a n d ro s t -4 -e n -3 -o n e  (II )  was also d em o n s trab le  in traces .

T ransfo rm ation  of  17/3-hydroxyandrost-4-en-3-one ( I I ) ,  its 17/3-acetate 
o r  17/3-propionate a n d  o f  3/3-hydroxyandrost-5-en-17-one ( I I I )  w ith  norm al 
cell suspension in 24 h o u rs  yielded th e  sam e  resu lts  as when  androst-4-ene-
3 .1 7 -  dione (I) h ad  b een  th e  in itia l su b s t ra te .  D is t inc t  fo rm a tio n  of  I  from 
t h e  above  subs tra te s  w as  in  fac t  no ted  a t  ea rlie r  po in ts  o f  t im e.

Using the  dr ied  cell suspension, fo rm a t io n  of all foregoing der ivatives  
t o o k  place from s u b s t r a te s  I, 11 and I I I ,  b u t  th e  ra t io  of 5x to  5/3 s a tu ra te d  
co m p o u n d s  was 0.1 0.2.

17x-m ethyl-17 /3-hydroxyandrost-4-en-3-one (IV) was t ra n s fo rm e d  into 
1 7x -m cthy l  de r iva tives  ana logous  to  th o se  of th e  fo rm er su b s t ra te s ,  bu t  
t r a n s fo rm a t io n  to  5x s a t u r a t e d  com pounds was less d is t inc t  w ith  th e  n o rm al
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cell suspension a n d  only traces  of  th e m  were  d e m o n s tra b le  w ith  th e  d r ied  cell 
suspension.

As it  was show n /14-3-oxo s tero ids  were t ra n s fo rm e d  anae rob ica lly  in to  
b o th  5a  and 5ß  s a tu ra te d  com pounds . T h e  f in d in g  t h a t  w ith  th e  d r ied  cell

OH OH

Fig. 1. A naerobic tran s fo rm a tio n  o f com p o u n d s I, II and  III

suspension th e  ra te  of 5a s a tu ra t io n  decreased  considerab ly  suggested  t h a t  
s a tu ra t io n  was a c tu a l ly  re la ted  to  th e  ac t iv i t ies  o f  two d ifferent en zy m es ,  a t 
least a t  th e  co-fac to r  level. This seems to  ve r i fy  t h e  s im ultaneous  p re sen ce  of 
l4-5a and  14-5/i reduc tases  in Mycobacterium phle i,  as in h igher o rgan ism s, 

too [7].*

* In  p re lim in a ry  ex p erim en ts  p e rfo rm ed  u n d e r  less an aero b ic  cond itions, in crease  o f 
Sa co m pounds a t  th e  cost o f 5/1 reduced  d e riv a tiv e s  w as n o ted  while sm all a m o u n ts  o f  an- 
d rost-4 -ene-3 ,17-d ione  (I)  and , occasionally , o f a n d ro sta -l,4 -d ien e -3 ,1 7 -d io n e  a p p ea red . T h u s 
5 /í-an d ro stan e -3 .17-d ione (IV) could be tran sfo rm ed  to  5a  red u ced  d e riv a tiv es th ro u g h  I.
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R e d u c t io n  of th e  3-oxo group resu lted  chiefly  in equ a to r ia l  h y d ro x y -  
d e r iv a t iv e s ,  b u t  in th e  5/9-series axial  ep im eres  were also d e m o n s t ra te d  
(X  a n d  X I I ) .  Wc failed to  d e m o n s t ra te  3 -h y d ro x y - / l4  in te rm ed ia te ,  th e  s a tu 
r a t io n  o f  J 4  double bo n d  h a d  a p p a re n t ly  p reced ed  th e  3 -oxoreduction .

T h e  considerable  a m o u n t  of androst-4-ene-3 ,17-d ione (I) fo rm ed  in the  
e a r ly  t r a n s fo rm a t io n  phase  o f  3 /3-hydroxyandrost-5-en-17-one ( I I I )  suggests  
t h a t  in  accordance  w ith  th e  f in d in g  of S c h u b e r t  et al., s a tu ra t io n  of  th e  /15- 
3 /9 -hydroxy  com pounds to o k  place th ro u g h  th e  /14-3-oxo der iv a t iv es  [8].

B o th  5x- and  5/3-androstanes could he  esterified with Mycobacterium  
p h le i .  T h e  fo rm ation  of  s te ro id  esters  by  m icroorgan ism s was s tu d ie d  by 
S c h u b e r t  et al. [9], b u t  its  occurrence  u n d e r  anaerob ic  conditions was n o ted  
f i r s t  in  th e  p resen t  s tu d y ,  w i th  th e  applied  M . phlei  s tra in .  The es terify ing  
ac ids  h a v e  no t  been id en t i f ied ,  b u t  th e  e s te r  fo rm ed  was found to  be e n z y m a 
t ic a l ly  hydro lysab le  d u r ing  aerobic  t ra n s fo rm a t io n .

R e d u c t io n  of c o m p o u n d s  I, I I  and I I I  b y  Mycobacterium ph le i  u n d e r  
a n a e ro b ic  conditions is show n  in Fig. 1, w ith  ind ica tion  of th e  te m p o ra l  se
q u e n c e  a n d  even tua l  reve rs ib i l i ty  of the  re d u c t io n  processes.

Acknow ledgem ent. W e are in d e b te d  to  Mrs. M. K o v á c s  for analyses an d  to  D r. G . T ó t h  
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WITH MYCOBACTERIUM PHLEI
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Research In stitu te  fo r  Pharm aceutical Chem istry (D irector : L. Vargha), B udapest 

(R ece ived  D ecem ber 23, 1969)

Sum m ary . U n d er an aero b ic  co n d itions, 3 -oxo-(3 -hydroxy)-4 ,5 -epoxy  ste ro id s cou ld  
be tran sfo rm ed  to  5a-H  an d  5/S-H d e riv a tiv e s  th ro u g h  th e  zf4-3-oxo in te rm ed ia te . E lim in a tio n  
of th e  oxido group  sup p o sed ly  took  p lace th ro u g h  th e  3 -h y d ro x y -4 ,5 -ep o x y , and , in  su cces
sion, the  3 ,5 -d ih y d ro x y  d e riv a tiv e s.

I t  was show n prev iously  t h a t  3 -oxo-(3 -hydroxy)-4 ,5-epoxy s te ro id s  
were tran s fo rm ed  by  Mycobacterium phlei u n d e r  aerobic  conditions, th ro u g h  
androst-4-ene-3 ,17-d ione to  an d ros ta - l ,4 -d iene-3 ,17 -d ione ,  which acc u m u la ted  
in th e  presence  of 8 -hyd roxyqu ino line .  E l im in a t io n  of th e  oxido g roup  could 
n o t  be exp la ined  b y  th e  fo rm atio n  of a 4 ,5 -d ih y d ro x y  com pound  as d esc r ib ed  
in th e  l i te ra tu re  and  th e  process was accom panied  also by  reductive  t r a n s f o r 
m ations [1]. S upposing  th a t  th e  e lim ination  to o k  p lace th ro u g h  a m o n o 
h y d ro x y  de r iv a t iv e  an d  w ith  th e  fac t  in m ind t h a t  e lim ination  by  m ic ro o r
ganisms o f th e  C ,-hyd roxy l-g roup  has n o t  yet b een  observed , the  p resence  o f  
3-oxo-5-hydroxy  and  3 ,5 -d ihyd roxy  in te rm ed ia te s  h a d  to he pos tu la ted .  T h e  
fo rm ation  of these  could be a reduc tive  process, th e  biochemical an a lo g u e  
of th e  c leavage of  epoxy  s tero ids  w ith  e.g. l i th iu m  a lum in ium  h ydr ide  [2, 3]. 
To su b s ta n t ia te  th is  th e o ry ,  3 -oxo-(3 -hydroxy)-4 ,5 -epoxy  steroids were t r a n s 
form ed w ith  d ifferen t cell suspensions of Mycobacterium phlei  un d er  a n a e r o 
bic conditions.

Acta microbiol. Acad. Sei. hung. 17, 199 —204, 1970

Materials and m ethods

M elting p o in t, IR  a n d  NM R sp ec tra  w ere d e te rm in e d  as described p rev iously  (1 |.
Preparation o f  4 ,5-epoxy steroid substrates. T he 3-oxo-4 ,5 -epoxy  com pounds w ere o b ta in 

ed from  th e  a p p ro p ria te  14-3-oxo com pounds in a lka line  m ed iu m , using hydrogen p e ro x id e : 
4/3,5/3-epoxyandrostane-3,17-dione (I) [4]; 4a, 5a-ep o x y an d ro stan e-3 ,1 7 -d io n e  ( I I )  [5 ]; 
17a-m ethyl-4 /?,5 /9-epoxy-17/?-hydroxyandrostan-3-one (111) an d  17a-m eth y l-4 a ,5 a -ep o x y - 
17 /j-h y d ro x y an d ro stan -3 -o n e  (IV ) [6]. T he com pounds 4/f, 5 /9-epoxyandrostane-3a, 17/1- 
diol (V), 17a-m ethyl-4 /i, 5 /i-epoxyandrostane-3a,17 /l-d io l (V I) and  17a-m ethy l-4a , 5a- 
epoxyandrostane-3 /1 ,f7 /t-d io l (V ÎI) iso lated  also as t ra n s fo rm a tio n  p ro ducts , were p re p a re d  
from  the  a p p ro p ria te  3-oxo co m pounds by  m eans of sod ium  b o ro h y d rid e  [2, 7].

Growth, microbial transform ation , extraction. G row th  o f th e  M ycobacterium phlei s t r a in  
19] used  in th e  e x p erim en ts  an d  th e  co n d itions of tra n s fo rm a tio n  and  e x trac tio n  w ere th e  
sam e as described  p rev iously  [9].

A n aly tica l methods. T ran sfo rm a tio n  was follow ed by  th in  lay e r ch ro m a to g rap h y  (sy s 
tem  A) [9J. T he 14-3-oxo d e riv a tiv e s  o b ta in ed  on tra n s fo rm a tio n  of I and I I  (F igs 1 — 3) 
were d e te rm in ed  by p a p e r ch ro m a to g ra p h y  [10]. In th e  e a rly  s tag e  of tran s fo rm a tio n  th e
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e p o x y  su b s tra te s  an d  m eta b o lite s  were d e te rm in e d  q u a n tita tiv e ly  by fo rm in g  a su lphuric  
ac id  ch ro m o g en  [1]. In  th e  la te r  s tag e, ow ing to  th e  p resence  of 8— 10 m e ta b o lite s  th e  epoxy  
d e r iv a tiv e s  were an a ly sed  se m i-q u a n tita tiv e ly  on  th e  basis o f th e  colour in te n s i ty  a f te r  devel
o p m e n t w ith  su lp h u ric  acid , b y  com parison  to  k n o w n  am o u n ts  o f th e  c o m p o u n d  e s tim a te d  
o n  th e  th in  lay e r c h ro m a to g ram . T he to ta l  q u a n t i ty  o f 5a -H  and  5/3-H s a tu ra te d  d e riv a tiv e s 
as w ell as th e ir  ra tio  w ere d e te rm in ed  as desc rib ed  p rev io u s ly  [9]. I f  th e re  w as also an  epoxy 
c o m p o u n d  p re sen t, th e  above se m i-q u a n tita tiv e  d e te rm in a tio n  was p e rfo rm e d  owing to  
th e  u n c e r ta in ty  o f se p a ra tio n .

Iso la tion  and iden tifica tion  o f  transform ation  products. The m etab o lites  w ere iso la ted  as 
d e sc rib e d  prev iously  [1]. T ab le  I show s th e  a p p ro p ria te  conditions o f tra n s fo rm a tio n  of 
d if fe re n t  su b s tra tes , for th e  b e s t iso lating  effect.

Table I

Optim al conditions o f  transform ation  fo r  isolating the metabolites

Substrate I i l III IV

Cell suspension A В A В A В A В

M etabolites T im e of tran sfo rm a tio n  in hours

V 24

V I 3 - 4 6 - 8

V II 6 8

V III 6 -7 1.5- 2

IX 5 - 6 5 - 6

XV 3 - 4 4—5

X V I 6 - 8

A : T ran s fo rm a tio n  w ith  n o rm al cell suspension ; B : T ran sfo rm a tio n  w ith  d ried  cell suspension : 
Y =  4/?,5/?-epoxyandrostane-3a,17/5-diol; V I =  17a-m ethyl-4 /?,5 /?-epoxy-androstane-3a,17ß- 
d io l; V I I  1 7 a -m e th y l-4 a ,5 a -ep o x y an d ro stan e-3 ß ,1 7 ß -d io l: V II I  an d ro st-4 -ene-3 ,17 -d ione: 
I X  = 1 7 a-m eth y l-1 7 /M iy d ro x y an d ro st-4 -en -3 -o n e; XV  = 4/?,5 /?-epoxy-3a-hydroxyandrostan- 

I7 -o n e ; X V I =  4a ,5a-epoxy-3 /5 -hydroxyandrostan -17-one.

Id e n tif ic a tio n  of all m e tab o lite s  e x cep t co m p o u n d  X V I was m ad e  b y  com parison  
w ith  th e  earlie r p re p are d  [1, 2] o r o th e r a u th e n t ic  su b s tan ces , w ith  reg ard  to  m eltin g  p o in t, 
m ix e d  m eltin g  p o in t, IR ,  UV a n d  NM R sp e c tra , as well as Rr.

T he 4 a >5a-epoxy -3 /?-h y d ro x y an d ro stan -1 7 -o n e  (X V I) had , on re p e a te d  re c ry s ta lliz a 
tio n  fro m  a c e to n e -p e tro l  e th e r: Mp 175— 179 °C ; [oc] :  + 1 2 4 °  (c =  1, ace to n e). A nalysis ca l
c u la te d  fo r C19H 280 3 (304.2):C  74.95, H 9 .27% . F o u n d  C 74.84, H 9.33% . IR  sp e c tru m : vCOi 
1730 c m - 1 ; гО Н : 3330 c m -1 . N M R  sp e c tru m : C4— H :7.08  ppm  (sin g u le tte ) in  CDC13.

1 7 ß -hydroxyandrost-4 -en -3 -one  (X ), w h ich  w as form ed in a sm all q u a n ti ty ,  was 
id e n tif ie d  by  th e  R j v a lu e  an d  UV sp e c tru m , w h ereas th e  sa tu ra te d  d e r iv a tiv e s  o f zJ4-3- 
o x o  ste ro id s (5/3-androstane-3 ,17-dione (X I) , 5 a -an d ro stane-3 ,17 -d ione  (X I I ) ,  17a-m ethy l- 
1 7 ß -h y d ro x y -5 ß -an d ro stan -3 -o n e  (X II I ) ,  17a-ine thy l-1 7 /?-h y d ro x y -5 a-an d ro stan -3 -o n e  (X IV ) 
as w ell as th e ir  fu r th e r  red u ced  d e riv a tiv e s [9]) w ere id en tified  by  th in  la y e r  chrom atog- 
r a p h y  [9].

Results and  discussion

On th e  t r a n s fo rm a t io n  of  3 -oxo-4 ,5 -epoxy  com pounds w i th  a norm al 
cell suspension  no su b s t ra te ,  a n d  s t a r t in g  f ro m  3-hydroxy-4 ,5 -epoxy  steroids, 
n o  3 - О Х О - 4 , 5-epoxy ana logue could be d e te c te d .  D epending  on th e  s u b s t r a te  a p 
p l ie d  a n d  on th e  ty p e  of  cell su spension  a 3 -hydroxy-4 ,5 -epoxy  com pound ,
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su b seq u en t ly  а ,44-3-oxo co m p o u n d  and  its 5x-H  or 5/Í/-H s a tu r a te d  d e r iv 
a tives  had fo rm ed  in th e  sam e p ro p o r t io n  as e.g. on th e  anaerobic  t r a n s f o r 
m a tio n  of  androst-4-ene-3 ,17-d ione or 17a-m ethyl-17 /?-hydroxyandrost-4-  
en-3-one [9]. Th is  p roved  t h a t  th e  /14-3-oxo com pounds  are in te rm e d ia te s  
also u n d e r  anaerob ic  condition . On t r a n s fo rm a t io n  of  I and V, r e d u c t io n  of 
th e  17-oxo g roup  and  d eh y d ro g en a t io n  of th e  17/9-hydroxyl g roup to o k  p lace  
like in o th e r  anae rob ic  tran s fo rm a tio n s  [9].

T ran s fo rm a tio n s  perfo rm ed  w ith  th e  d r ied  cell suspension d iffered  
from  th e  above  in th e  decreased e lim ina tion  r a te  of th e  oxido g ro u p ;  e.g. 
X V I  could be iso la ted  only u n d e r  such  cond itions .  T h e  ra tio  of 5a-H  a n d  5/9-H 
de r iva tives  was as described prev iously  [9].

T ra n s fo rm a t io n  of I and  I I  w ith  no rm al cell suspension as well as t r a n s 
fo rm a tio n  of  I I  w ith  a dried  cell suspension  were followed q u a n t i t a t iv e ly  
(Figs 1 —3). C hanges in su b s t ra te  and  m e ta b o l i te  concen tra t ion  were  p lo t te d  
aga ins t  t im e  a n d  p e r  cen t m o la r i ty  of th e  s u b s t r a te .  The q u an t i t ie s  o f  5a-H  
a n d  5 /1-Н de r iv a t iv e s  were expressed  in te rm s  of th e  sum of X I  a n d  X I I  
a f te r  o x ida tion  of  th e  reaction  m ix tu re  w ith  chrom ic acid [9].

Considering again  th e  red u c t io n  of th e  3-oxo groups of e p o x y k e to n es ,  
in every  case 3 -pseudo-equa to r ia l  h y d ro x y  d e r iv a t iv e s  were iso la ted  [1, 2] 
which, w hen  der ived  from th e  17a-m ethyl-17/3-hydroxy d e r iv a t iv e s  ( I I I ,  
IV, V I a n d  VI I )  were d irec tly  iden tif iab le  w ith  th e  chemically p re p a re d  c o m 
pound [2 ). T h e  17a-m ethyl-17/?-hydroxy d e r iv a t iv e s  behaved  u n d e r  aerobic  
cond itions  in th e  sam e m a n n e r  as did th e  corresponding  17 /I-hydroxy or

100-1

I

Fig. 1. T ra n s fo rm a tio n  of 4 /7 ,5/7-epoxyandrostane-3,17-dioue (I) w ith  n o rm al cell su sp e n 
sion. 1 = 4 /?,5/3-epoxyandrostane-3,17-dione; V 4/7,3 /J-epoxyandrostane-3oc,17/?-diol;
VI I I  androst-4 -ene-3 ,17 -d ione; X I  -f- X I I  5 /?-androstane-3 ,17-d ione -f- 5 a -a n d ro s ta n e -  

3 ,17-dione; XV  - 4 /? ,5 /?-epoxy-3a-hydroxyandrostane-I7-one
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F ig . 2. T ra n s fo rm a tio n  o f 4a ,5oc-epoxyandrostane-3 ,17-dione ( I I )  w ith  no rm al cell su sp en 
sion. I I  =  4a ,5a-ep o x y an d ro stan e-3 ,1 7 -d io n e ; V I I I  =  androst-4-ene-3 ,17-d ione; X  =  17/3- 
h y d ro x y a n d ro s t-4 -e n -3 -o n e ; X I  +  X I I  =  5 /3 -an d ro stan e-3 ,l 7-dione +  5a -an d ro stan e-3 ,1 7 - 

d ione; X V I — 4a ,5a-epoxy-3 /3-hydroxyandrostan-17-one

Fig. 3. T ran sfo rm a tio n  o f 4 a ,5 a -ep o x y an d ro stan e -3 ,1 7 -d io n e  (II)  w ith  d ried  cell su sp en 
sion. I I  =  4a ,5 a -ep o x y an d ro stan e-3 ,1 7 -d io n e ; V I I I  =  androst-4-ene-3 ,17-d ione; X I  -|- X I I  = 
=  5 /9-androstane-3 ,17-d ione -f- 5 a -an d ro stan e-3 ,1 7 -d io n e ; X V I =  4a,5a-epoxy-3 /?-hydroxy-

and ro stan -1 7 -o n e

17-oxo analogues, i.e. th e y  could be t r a n s fo rm e d  into 17oc-methyl-17/3- 
h y d ro x y a n d ro s ta - l ,4 -d ie n -3 -o n e  [1, 11] th ro u g h  a z14-3-oxo d e r iva tive .
R i n g o l d  et al. h ave  d e m o n s t ra te d  t h a t  an  e lec tro n -a t t rac t iv e  su b s t i tu e n t  
(halogen) a t  C2, C4 or Ce of th e  stero id  m olecule  p rom otes  th e  enzym ic  red u c 
tion  o f  th e  3-oxo g roup  [12]. I t  seems l ike ly  t h a t  in the  presen t case and
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also in others [13, 14, 15], Ca w as  rendered  su itab le  for  hydride  t ran s fe r  
an d  accordingly for reduction  o f  t h e  oxo group by  th e  e lec t ro n -a t t ra c t io n  
o f  th e  oxido group , un d e r  aerobic a n d  anaerobic co n d it ions  alike.

D irect ev idence is lacking as to  th e  role of th e  3 -ke to  or th e  3 -h y d ro x y  
co m p o u n d  in th e  e lim ination  of th e  ox ido  group. T he  fa c t  t h a t  on t r a n s fo rm a 
tion  of  3 -hydroxy-4 ,5-epoxy co m p o u n d s ,  no 3-oxo-epoxy  com p o u n d  had 
fo rm ed ,  ind ica ted  t h a t  it was t h e  3 -hyd ro x y  d e r iv a t iv e  which u n d e rw e n t  
fu r th e r  t ran s fo rm a tio n .  The sam e conclusion is a r r iv ed  a t  if Figs 2 a n d  3 
a re  com pared ; w ith  near ly  iden tica l  ra tes  of c o n su m p tio n  of th e  su b s t ra te ,  
X Y I  accum ula tes  if th e  dried cell suspension  is used, w hile  V I I I  and  in su c 
cession its s a tu ra te d  derivatives  a r e  form ed a t  th e  fo rm e r ’s cost if a no rm a l  
cu l tu re  is used. T he  p robable  se q u e n c e  of these processes is shown in Fig. 4, 
using 17/9-hydroxy and 17-oxo d e r iv a t iv e s  as exam ples .

an d  3 - 1 7 -hy dr ox y  derivatives

Fig. 4. T en ta tiv e  se q u e n ce  of tran s fo rm a tio n a l step s
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The in te rm e d ia te  be tw een  epoxy  a n d  /14-3-oxo c o m p o u n d s  was no t 
d em o n s trab le  u n d e r  an a e ro b ic  conditions e ither .  In  p re l im in a ry  exam inations, 
n e i th e r  the expec ted  h y d ro ly t ic  cleavage p ro d u c ts  no r  th e i r  d e h y d ra te d  der iv 
a t iv e  (3,4,5 - t r ih y d ro x y ,  3-ОХО-4,5 -d ihyd roxy ,  Zl4-3-oxo-4-hydroxy) t r a n s 
fo rm e d  in the  ex p e c te d  d irec tion . B u t th e  p ro d u c ts  o f  oxido  s u b s t ra te s  o b ta in 
ed on  cleavage w ith  l i th iu m  alum in ium  h y d r id e  (3,5-dioles [2]) could be t r a n s 
fo rm e d  at a high r a t e  to  5 a -H  and  5//-H der iv a t iv es  [16] th r o u g h  th e  d4-3-oxo 
in te rm e d ia te .  All th e se  f ind ings  underline  th e  possib ility  o f  a reduc tive  clea
v a g e  o f  the  oxido g roup  n o t  ye t no ted  w i th  m icroorgan ism s, as shown e.g.  

in  F ig .  5.
I t  seems u n l ik e ly  t h a t  th e  3 -oxo-(3 -hydroxy)-4 ,5 -epoxy  com pounds 

w o u ld  have a role in  s te ro id  m e tabo lism  in  vivo. 16*,17a-epoxypregn-4- 
ene-3,20-dione, too , seem s to  be an a r te fa c t ;  its  m e tabo lism  w as explained b y  
K a d i s  [17] by  an an a logous  m echanism  in m am m als  [17]. I n  co n tra s t ,  Osucii  
a n d  C h e n  [18] s ta te d  t h a t  in  th e  b iosyn thes is  of bufad ieno lides ,  th e  14//,15/1- 
ox id o  compound could be a n  in te rm ed ia te  in th e  fo rm ation  o f  th e  14/S-hydroxy 
d e r iv a t iv e  which m e a n s  t h a t  a similar process takes  p lace  also in  na tu re .
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APPLICATION OF GEL ADSORPTION TO CHARACTERIZE 
STRAINS OF THE FAMILY ENTEROBACTER1ACEAE
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(R eceived D ecem ber 29, 1969)

Sum m ary. Cell suspensions of s tra in s  belonging to  th e  fam ily  E n te ro b ac te r iac e ae  were 
fo u n d  to  be b ound  to  th e  surface of A l(O H )3 gel w ith  d iffe ren t in te n sity . As a d so rp tio n  was 
in h ib ited  b y  p h o sp h a te  ions, an  a t te m p t  was m ade to  c h arac te rize  th e  degree o f ad so rp tio n  
by  th e  m o la rity  o f th e  p h o sphate  b u ffer. R eg ard ing  as s tra in  c h arac te ris tic  th e  n u m erica l 
v a lu e  of th e  m o la rity  o f th a t  buffer c o n ce n tra tio n  a t  w h ich  50%  of th e  cells w ere a d so rb ed  
to th e  gel surface (A C -0), b ac teria l s tra in s  belonging to  id en tica l serological an d  phage ty p es 
could  be d istin g u ish ed  from  each o th er.

On th e  basis o f  th e  AC30 v a lues, 25 E. coli О-ty p e  s tra in s  show ed th e  follow ing d is tr i
b u tio n . T hree e x h ib ited  very  w eak a d so rp tio n  p ro p e rtie s  even in  the  absence of p h o sp h a te  
ions. Seven s tra in s  d isp layed  an A C 50 o f 0.0035, while fo u r s tra in s  fell in the  0 .0 0 2 5 - 0.005, 
seven  in  th e  0.005— 0.01, th ree  in  th e  0.01 — 0.02 an d  one in  th e  0 .04—0.08 p h o sp h a te  b u ffer 
M in te rv a ls . S tra in s  iso lated  from  p a tie n ts  show ed a sim ila r d is tr ib u tio n  as О -ty p e  s tra in s . 
T he m a jo rity  o f th e  cells o f th e  p a th o g e n ic  E. coli s tra in s  ex h ib ited  very  w eak ad so rp tio n  
p rop erties  even in th e  absence of p h o sp h a te  ions. A reaso n ab le  d ifference of the  AC-)0 va lues 
w as fo und  am ong Shigella flexneii s tra in s . Shigella flexneri and sonnei s tra in s  show ing  id en 
tica l serological a n d  phage type  could  be d iffe re n tia te d  on  th e  basis of th e ir d iffe ren t AG50 
v a lues. The S alm onella  stra ins , ex cep t S. typhi, were ch ara c te riz ed  by p ro trac te d  ad so rp tio n  
curves. The AC30 v a lu es for two S. typhi murium s tra in s  were d ifferen t.

P a th o g en ic  E. coli dispepsiae cells, ow ing to th e ir  w eak ad so rp tio n  c h a ra c te r , could 
be regained  from  a suspension p rep ared  from  norm al E. coli b acteria  adso rb ing  s tro n g e r  to 
th e  gel, in sp ite  o f th e  g rea ter n u m b er o f th e  la tte r .

The re la tio n  betw een  an tigen ic  a n d  a d so rp tio n  c h a ra c te r  is discussed.

R eports  suggesting  d issim ilar ch ro m a to g rap h ic  properties  of v irus  species 
and  also s im ilar in t ra ty p ic  d ifferences be tw een  virus s tra ins  were f irs t  p u b 
lished during  th e  p as t  decade [ i 3]. In  th e  m e an t im e ,  ch ro m a to g rap h ic  and 
gel adsorp tion  m e th o d s  have increas ing ly  been  applied  in virology, as th e y  
allow a ready  d e m o n s t ra t io n  of  in t r a - ty p ic  d ifferences of the  va r ious  e n te ro 
v irus  s tra ins  [4 8].

The p re se n t  s tud ies  were u n d e r ta k e n  to  a d a p t  th e  gel adso rp t io n  m e th o d  
for th e  s tra in  cha rac te r iza t io n  of  en te ra l  bac te r ia .  T he  working p r inc ip le  of 
th e  m ethod  was t h a t  cell suspensions of va r io u s  b ac te r ia l  s tra ins  were found  
to  adsorb  to  th e  surface of A l(O H );i gel w ith  d iffe ren t  in tens i ty .  As p h o s p h a te  
ions inh ib ited  th e  adsorp tion , its  degree could be expressed in te rm s  o f  th e  
in h ib i to ry  c o n cen tra t io n  of p h o s p h a te  ions.

Materials and methods
Bacterial growth medium: B ro th .
Buffer solutions. T R IS  buffer, 0.05 M, p i t  7 .5; p h o sp h a te  buffer, 0.66 M, p H  7.5. 
Serial d ilu tio n s  were p rep ared , using  as d ilu e n t T R IS -b u ffe r  in th e  range 

below  0.1 M, w hereas b isdistilled w a te r  in th e  range  above  0.1 M.
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Adsorbent. A l(O H )3 gel Су (B ehring  W erke) w as u sed  th ro u g h o u t. T he A l(O H )3 c o n ten t 
o f th e  p re p a ra tio n  co rresp o n d ed  to  1 g A l20 3/100 m l d is tilled  w ater. F o r ex p erim en ta l purposes, 
th is  s to c k  so lu tion  was d ilu te d  1:4 in d istilled  w a ter.

Bacterial strains. E scherichia  coli, Shigella a n d  Salm onella  s tra in s , p ro to ty p e s  and 
iso la te s  from  p a tie n ts , w ere used .

P reparation o f  bacterial cell suspension fo r  gel adsorption studies. The b a c te r ia  were 
g row n  in  100 m l E rle n m ey e r f la sk s  f i tte d  w ith  a c o m m u n ica tin g  tu b e  for d e n s ity  reading. 
C u ltu r in g  was m ade in 20 m l m ed iu m  per flask , in  a  w a te r  b a th  a t  37°C. D uring  in cu b a tio n , 
th e  flask s were shaken  a t  a freq u e n c y  of 120/m in. C u ltiv a tio n  was con tinued  u n til  tu rb id ity  
h a d  reach ed  a degree of 1.6, as re a d  in a M agnepho t I I ,  ty p e  2213 a p p a ra tu s . S u b seq u en tly , 
th e  c u ltu re s  were cen trifu g ed  a n d  th e  cell sed im en t w as suspended  in 20 ml T R IS -b u ffe r .

Fig. 1. A d so rp tio n  of E. coli (s tra in  30018) to  A l(O H )3 gel

Gel adsorption test. In  9 o f 10 te s t tu b es (100 X 15 m m ) each was p laced 1 m l A l(O H )3 
gel a n d  in th e  10th tu b e  w as p laced  1 ml d istilled  w a te r  fo r con tro l. Two ml T R IS -b u ffe r  was 
th e n  ad d ed  to  the  f irs t tu b e  a n d  su b seq u en tly  2 ml p h o sp h a te  buffer o f rising m o la r ity , g raded  
a t  0.1 log, w as added  to each  tu b e  in  succession. T he m o la r i ty  in te rv a l was se lected  w ith  reg ard  
to  th e  s tre n g th  of b in d in g  o f th e  b ac teria l cells to  th e  gel, as assessed in p re lim in a ry  ex p eri
m en ts . In  every  case, th e  m o la r c o n cen tra tio n  of th e  b u ffe r  added  to  tu b es N os 9 and  10 
w as 0.32 M . T hen 1 ml o f th e  b a c te r ia l suspension to  be ex am ined  was ad ded  to  each  tu b e , 
th o ro u g h ly  m ixed, and  allow ed to  s ta n d  a t  room  te m p e ra tu re  for 20 m inu tes. A fte r  a d so rp 
tio n , th e  m ate ria l was c e n trifu g e d  a t  1000 r.p .m . fo r 2 m in u te s  an d  th e  p ro p o rtio n  of non- 
a d so rb ed  bac teria l cells was assessed  by estim a tin g  th e  d e n s ity  of th e  su p e rn a ta n t. A t a con
c e n tra t io n  of 0.32 M , th e  p h o sp h a te  buffer co m p le te ly  in h ib ite d  adso rp tio n  of all th e  s tra in s  
s tu d ie d  u p  to  now, th u s  i t  w as ex p ec ted  th a t  th is  su sp en s io n  and the  con tro l susp en sio n  not 
c o n ta in in g  ad so rb en t will be id en tica l in density . P lo t t in g  th e  adso rp tio n  curve, th e  abscissa 
v a lu e  correspond ing  to  th e  in te rse c tio n  po in t o f 50%  a d so rp tio n  rep resen ted  th e  b u ffer m o lar
i ty  c h a ra c te ris tic  of th e  e x am in ed  stra in . R eading  th is  v a lu e , care was tak e n  to consider the  
tw ofo ld  d ilu tio n  of th e  b u ffe r  e ffec ted  by  the  a d d itio n  o f A l(O H )3 gel an d  of th e  bac teria l 
su sp en sio n . T he c h a ra c te ris tic  m o la r ity  was te rm ed  A C 50.

T h e  p ro p o rtio n  of n o n -ad so rb ed  b acteria l cells can  be de te rm in ed  also by  germ  co u n tin g , 
u sin g  th e  p o u r-p la te  m eth o d . B o th  m ethods of d e te rm in a tio n  yielded id en tica l A C 50 values. 
T he ad so rp tio n  curve for th e  E . coli s tra in  No. 30018, show n  as exam ple, is p re sen ted  in Fig. 1.

Results

F ir s t  of all it  h a d  to  be  clarified w h e th e r  th e  gel adsorp tion  beh av io u r  
was a s tab le  p ro p e r ty  of  th e  popula tion  of  a g iven  bacteria l  s tra in .  F o r  th is  
p u rp o se ,  average A C 50 va lu es  were d e te rm in ed  for selected s tra ins  in parallel 
m e a su re m e n ts  and  th e  s ta n d a rd  dev ia t ion  was ca lculated . F ro m  th e  same
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s tra ins ,  several passage m ater ia ls  were p rep a red  u n d e r  iden tica l cond it ions  
a n d  ex am in ed  for AC3(I values and s t a n d a r d  devia tion . Resu lts  are su m m a r iz e d  
in T a lde  I.

As can be seen from Tab le  I, t h e  average  A C 50 values for th e  tw o  groups 
were in  good corre la tion  an d  th e  s t a n d a r d  devia t ions  did n o t  differ n o ta b ly .

О -p ro to ty p e  s tra ins  belonging  to  th e  E . coli sero types m os t  f r e q u e n t  in 
H u n g a ry  were exam ined  for a d so rp t io n  p ropert ies  on A l(OIl):! gel. T h e  exam -

Table I

ACM values far E. coli and Shigella flexneri strains in different passages

Bacterium
Designation 

of strain
N um ber of parallel 

exam inations
Log X

ACJ0

, S tandard  deviation

Escherichia coli 30018 8
'

2.131 ± 0 .0 1 9 7

30018 9(1 9 passage) 2.152 ± 0 .0 1 9 0

30023 8(1 8 passage) 2.933 ± 0 .0 0 6 6

38 8 3.251 ± 0 .0 9 6

Shigella flexneri 38 8(1 8 passage) 3.397 ± 0 .0 9 2

1280 0 1.033 ± 0 .0 6 1 5

1280 0(1 6 passage) 1.783 ± 0 .0 7 6 2

ined s t ra in s  w ere classified by  ACS0 va lues  into m o la r i ty  in te rva ls  o f  log., in 
rising sequence . R esu lts  are show n in T ab le  I I .

T h e  m a jo r i ty  of th e  s tra in s  w as found  to  belong to  groups 2, 3 a n d  4. 
Cells o f  these  s tra in s  were c h a rac te r ized  by  a weak  bind ing  to  th e  gel surface: 
a p h o sp h a te  buffer  concen tra t ion  o f  th e  o rder  o f  (Vf/1000 was su ff ic ien t  to  
inh ib it  th e i r  adso rp t io n  which alw ays took  place if no p h o sp h a te  ions were  
presen t .

D is tr ib u t io n  of  the  adso rp tion  p roper t ie s  was sim ilar am ong th e  p r o to ty p e  
s tra in s  and  isolates.

T h e  adso rp tion  charac ter is t ics  o f  pa th o g en ic  en te ra l  b ac te r ia  are  s u m 
m arized  in T ab le  I I I .

T he  gel adso rp t io n  capac ity  of  th e  g rea te r  p a r t  of en te ra l  b a c te r ia  w as 
very  w eak . This  applied  chiefly to  th e  p a thogen ic  E . coli g roup in w h ich  every  
s t ra in  ex cep t  0 1 2 4  th e  m a jo r i ty  of cells were found  in the  s u p e rn a ta n t ,  even  if 
no p h o sp h a te  ions were p resen t.  T he  p e r  cen t values in Table  I I I  show th e  p ro 
p o r t ion  of  non-adsorbed  b ac te r ia l  cells, as assessed by  tu rb id im e try .

Shigella f le x n e r i  s tra ins  too d isp lay ed  low A C 50 values, th o u g h  2 of  th e  
exam ined  8 s tra in s  h ad  a very  d is t in c t  adso rp t io n  capacity .  The d iss im ila r  
adso rp tion  p ropert ie s  enabled  th e  d if fe ren t ia t io n  of s tra ins  of iden tica l  se ro 
type  or phage  ty p e ,  as e.g. of tw o ty p e  3a s tra in s  an d  of ty p e  6 s tra ins .
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Table II

Distribution by adsorptivity to Al(OH)3 gel of the most frequent E. coli
О-type strains

Phosphate buffer
Phosphate buffer m olarity intervals

Bacterium
nil

<0.0025 0.0025-0 .005 0.005 0.01 0.01 0.02 0.02 -0 .0 4 0 .0 4 -0 .0 8 Total

1 2 3 4 5 6 7

4:3L:5 8:8L:4 2:1L:4 1:1L : 7 6 :2acL :l 20:

5:4L:4 10:5L:4 21:20L: - 7:1L: 17:16L:18

О -type stra ins 25: : 9:9L:12 22:13L:1 16:1L: 23:18L:15

18:76B:14 65: 25:19L:12

19b.:7 15:14L:4

20:17L: 24:.:.

101: : — 3:2a,bL:2

No. 3 7 4 7 3 0 1 25
0 //о 12 28 16 28 12 0 4 100

S tra ins isolated 

from  p a tien ts  

No. 2 22 15 12 4 3 2 60
0 /
/О 3.33 36.7 25.00 20.00 6.65 5.00 3.33 100

2
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T able  HI

A d s o r p t i o n  c h a r a c t e r i s t i c s  o f  p a t h o g e n i c  e n t e r i c  b a c t e r i a

Adsorption to Al(O H)3 gel

Bacterial strain Serotype Phage
type

No. of 
strains 

examined
W ithout 

phosphate 
buffer, 

per cent
AC,0 X

026 К  60 10 60—80 _
055 К  59 10 58 75 —

E. coli 086 К  61 7 1 cc сл —
pathogenic 0111 К  58 4 65—80 —

0125 К 70 — 3 70 85 —

0124 К 72 2 — 0.0026

1 Ь 109 1 80 —

2 а Л 109 1 10 0.00048
Shigella flexneri 3 а 62 2 <  0.00030

0.00055
3 а 30 1 20 0.00046

3 а 68 1 20 0.00065
6 121 2 0.023

0.06

65 2 — 0.0012
Shigella sonnei — 0.00041

6 1 — 0.0008

32 1 — 0.0015

Salmonella typhi 9,12, Vi: (1 I) 1 — 0.0065
Л 1 — 0.006

S. enterilidis 1,9,12: g, in — 1 20 0.005
S. typhi-murium 1,4,5,12: i — 2 20 0.002

10 0.013
S. derby 1,4,5,12: f, g — 1 20 0.006
S. abony 1,4,5,12: b — 1 40 <  0.0003
S. paratyphi-В 1,4,5,12: b — 1 10 0.001
S .  i n f a n t  is 6,7: г 1 30 0.001
S .  m e le a g r id i s 3,10: e, h - 1 0.003

The Shigella sonnei s tra ins  h a d  a m ore d is t in c t  adso rp tion  ca p a c i ty .  Two 
s tra in s  of the  p h a g e  type  65 h a d  d iss im ilar  adso rp tion  p roperties .

W ith  the  m a jo r i ty  of sa lm onella  s t ra in s ,  p a r t  of th e  cells fa iled  to  adsorb  
to  th e  gel even if no p h o spha te  b u ffe r  w as p resen t ,  th ough  th e i r  A C 50 va lues

Acta Microbiologica Academiae Scientiarum H ungaricae 17, 1970



2 1 0 К. SZÖLLÖSY

w ere  re la tive ly  high. T h e  adso rp tion  p ropert ies  o f  tw o  S. typ h i-m u riu m  s tra in s  
d iffe red  considerably.

Gel adsorp tion  a l low ed  to  d is tinguish  b e tw een  b ac te r ia l  cells w ith  d if
f e r e n t  adsorption p ro p e r t ie s  even in m ix tu re s .  As pa thogen ic  E . coli and  
sa lm one lla  cells h a d  a v e ry  w eak  ad so rp t iv i ty  as com pared  to n o n -en te ro p a th o -  
genic  E . coli b ac te r ia ,  gel adso rp tion  a p p ea red  to  offer a su itab le  basis fo r  th e  
e la b o ra t io n  of a r o u t in e  d iagnostic  m e th o d  fo r  th e i r  isolation from  faecal 
sam ples .

To obtain  m ore  in fo rm a tio n ,  a m odel e x p e r im e n t  was carried  ou t  as 
follows. Cell suspensions  p rep a red  from n o n -en te ro p a th o g en ic  E . coli and  
p a th o g e n ic  E. coli (0 5 5 )  s t ra in s  in saline w ere  m ix e d  so t h a t  th e  n o n -e n te ro 
p a th o g e n ic  cells were  p r e s e n t  in greater  n u m b e r .  T h e  suspension was ad d ed  to  
a m ix tu re  of 1 m! A l(O H )3 gel 2 ml T R I S  b u ffe r  and  allowed to  adsorb  
fo r  20 m inutes. T h en  th e  m a te r ia l  was cen tr i fu g ed  a t  1000 r .p .m . In  th e  su p e r 
n a t a n t ,  cells were c o u n te d  b y  the  p o u r-p la te  m e th o d  to  assess th e  ra t io  of 
p a th o g e n ic  and n o n -p a th o g e n ic  E. coli cells. R esu l ts  are shown in T ab le  IV.

Table IV

Separation by gel adsorp tion  o f  pathogenic and  non-enteropathogenic E . coli bacteria

C o m p o n en ts  of 
m ix e d  b ac te ria G e rm  c o u n t/m l

D is tr ib u tio n  o f  co m p o n e n ts  N os 1 an d  2 
colonies on  ag a r p la te

be tw een  100

b efo re  a d so rp tio n a fte r  ad so rp tio n

1. E . coli 30018 2.7 X 10l! No. of colonies <Ç 100 35

2. E . coli 055 5 .3 x  104 No. of colonies 0 :13.5% * 

No. of colonies >  1:86.5%

65

* V alues c a lcu la ted  acco rd in g  to  Poisson d is tr ib u tio n .

I f  th e  original cell suspension (see T ab le  IV) was so d i lu ted  t h a t  an in 
o c u lu m  of un it  v o lu m e  g av e  rise to  a b o u t  100 colonies on agar p la te ,  colony 
o u tg ro w th  took p lace  acco rd ing  to  Poisson d is t r ib u t io n .  Thus, no o u tg ro w th  
o f  p a thogen ic  E . coli colonies was expec ted  on 13 .5%  of th e  agar p la tes , while 
g ro w th  of one or m o re  colonies on 86 .5%  of t h e  p la tes .  After  gel ad so rp tion ,  
th e  average  p ro p o r t io n  o f  pa thogenic  E . coli g ro w th  was 6 5 %  per  p la te .

Discussion

U nder  the  g iven  cond itions of e x p e r im e n t ,  th e  adsorp tion  p ro p e r ty  of 
b a c te r ia l  cells a p p e a re d  to  be a stable fe a tu re  ch a rac te r is t ic  of th e  s t ra in .  The 
A C 5() value  for b a c te r ia l  s t ra in s  passaged u n d e r  iden tica l  conditions rem ained  
w i th in  the  limits o f  t h e  s ta n d a rd  dev ia t ion  o r ig inally  assessed (Table I). The
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\ C 50 va lu e  for  a Shigella s t ra in  w h ich  h a d  undergone  one h u m a n  passage  bv  
a la b o ra to ry  acc ident,  also rem a in ed  unchanged .

T he  AC5(> value, nevertheless ,  rep resen ts  only a single p o in t  o f  th e  a d 
sorp tion  curve  and  as such m ay  n o t  a lw ays be suffic ien t to  cha rac te r ize  th e  
a d so rp t io n  p ro p e r ty  of the  s tra in .

W hen  exam in ing  in t ra ty p ic  d ifferences, th e  course of th e  a d so rp t io n  
curve  shou ld  also be tak en  in to  considera t ion .

As can  be seen from  th e  a d so rp t io n  curve of th e  E . coli s t ra in  30018 
(Fig. 1), th e  difference betw een  th e  m olar i t ies  of th e  p h o sp h a te  buffer  con cen 
t ra t io n s  no t  in h ib it ing  and inh ib i t in g  adsorp tion  was a b o u t  0.4 log, th u s  t h e  
AC-o va lue  fell in to  th e  steep p a r t  o f  t h e  curve an d  as such  ch a rac te r ized  well 
th e  adso rp t io n  p ro p e r ty  of th e  s t ra in .

T h e  a d so rp t io n  curves of th e  e x am in ed  E . coli О p ro to ty p e  s t ra in s  as 
well as o f  th e  n o n -en te ropa thogen ic  E . coli s tra ins  iso la ted  from  p a t ie n ts  h a d  
all s teep  slopes.

T h e  adso rp t io n  curves of th e  p a th o g en ic  entera l b ac te r ia  were va r iab le .  
The w eak es t  adso rp t io n  capac ity  w as  found  with p a thogen ic  E . coli s t ra in s .  
T ype  0 1 2 4  s t ra in s  differed from  t h e  l a t te r  group also b y  th e i r  g rea te r  ad- 
so rp t iv i ty .

Shigella flexn eri s tra ins , too , v a r ie d  in adso rp tion  p ro p er ty .  T he  w eak  
a d so rp t iv i ty  of  th e  ty p e  lb  s t ra in  resem bled  th a t  of th e  pa thogen ic  E . coli 
s tra in s ,  w hereas  tw o stra ins  of se ro ty p e  6, phage ty p e  121, were in th e  h ighest 
a d so rp t iv i ty  range.

T he  d iss im ila r i ty  of the  slopes o f  adso rp tion  curves is ind ica ted  by  th e  
a d so rp t io n  d a ta  of s tra ins  s e r o ty p e  2aA  (phage ty p e  109) and  se ro ty p e  3a 
(phage ty p e  62) in t h a t  the  fo rm er s t r a i n ’s A C 5I1 value  was h igher  th o u g h  1 0 %  
of th e  cells h a d  n o t  b o und  to  th e  gel even  in th e  absence  of  p h o s p h a te  ions, 
w hereas  th e  cells of the  o the r  s t r a in ,  th e  AC50 va lu e  for  w hich  in d ic a te d  a 
w eak  b ind ing , h a d  fully adsorbed  also in th e  absence of p h o sp h a te  ions.

S tra in s  of  th e  Salmonella  g ro u p ,  excep t  Salm onella typ h i  y ie lded curves 
ind ica t ing  a p ro t ra c te d  adsorp tion . This was clearly show n by  th e  n u m erica l  
d a ta  of  T ab le  I I I  showing th a t  th e  p ro p o r t io n  of u n b o u n d  cells was g rea t  also 
w ith o u t  p h o s p h a te  ions, even if th e  A C 50 was re la tive ly  high. Steep and  p r o 
t r a c te d  curves seem, therefore, to  suggest  a homogeneous and  he te rogeneous  
popu la t io n ,  respectively , of th e  s t r a in s  in question.

T here  was no parallelism b e tw e e n  serological ty p e  an d  a d so rp t iv i ty  of  
th e  s tra in s  exam ined . Though th e  E . coli m a te r ia l  did n o t  com prise  s t ra in s  of  
iden tica l s e ro ty p e  b u t  different o r ig in  and , therefore , in t ra ty p ic  d ifferences 
could n o t  be pu rsued ,  the  d a ta  of T a b le  I I  clearly in d ica te  t h a t  none of  th e  
an tigen ic  com ponen ts  (О, К ,  H) w as  in itself responsible  for the  adso rp tion  
p ro p e r ty .  F o r  exam ple , one s t ra in  each  of type  0 2 5  was found  in groups  1 
a n d  4, b o th  with and  w ithou t p h o s p h a te  buffer, and  0 2 0  s tra ins  were fo u n d
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in  b o th  th e  2nd a n d  7 th  adso rp tion  groups, w hich  were fa ir ly  d is tan t .  Several 
su ch  exam ples  m ig h t  b e  c ited  also in  re sp ec t  o f  th e  an tigen ic  com ponents  К  
a n d  H , as e.g. t h e  К  a n t ig e n  des igna ted  1L as well as th e  H  an t ig en  des igna ted  
4 w ere  d e m o n s t ra te d  in  s tra ins  o f  d iss im ila r  ad so rp t iv i ty .  T he  dissimilar 
n a tu r e  o f  antigenic  a n d  adsorp tion  p ro p e r t ie s  was still m ore  conspicuous w ith  
th e  shigella s tra ins ,  as m a n y  of th e m  d iffered  in a d so rp t iv i ty  th o u g h  th e ir  
serological and  p h a g e  ty p e s  were iden tica l .  T h u s ,  th o u g h  th e  available  d a ta  
a re  n o t  too  n u m ero u s ,  th e re  is reason  to  conclude t h a t  th e  s tu d y  of adsorp tion  
p ro p e r t ie s  m ay  be  h e lp fu l  in  d em o n s t ra t in g  in t ra ty p ic  differences of various 
e n te r a l  bac te r ia l  s t ra in s .
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S um m ary . F a c to r  C, a g ly co p ro te id -ty p e  m acrom olecu le-con tain ing  ag en t re g u la tin g  
c y to d iffe re n tia tio n  in Streptomyces g riseu s , increases th e  a m o u n t o f 5% -cold-T C A -inso lub le  
14G-uracil frac tio n  in co rp o ra ted  in th e  p resen ce  of ac tin o m y cin  D in b o th  Str. griseus  an d  
Escherichia coli a n d  ra ises th e  Tm  p o in t o f DN A.

S tud ies on glucose repression  o f in d u ced  ß -ga lactosidase  sy n th esis in E. coli show ed 
th a t  a t  v a rio u s glucose con cen tra tio n s fa c to r  C decreased g lucose-induced tra n s ie n t a n d  ca- 
ta b o lite  repression .

In  view  of d a ta  on the  m echan ism  of glucose repression  it has been assum ed  t h a t  
fa c to r C ac ts  p r im a rily  on DNA.

F a c to r  C was isolated in th is  la b o ra to ry  from  shaken  cu ltures  of S trep to 
myces griseus  s t r a in  45H  [1]. W h e n  ad d ed  to  th e  cu ltu re  of  Str. griseus  s t ra in  
52 — 1, th e  a g en t  caused  an im p o r ta n t  cy tom orpho log ica l change in t h a t  cu l tu re ,  
which h a d  been  unab le  to  reach  th e  rep ro d u c t iv e  s tage  in no rm al su b m e rg e d  
fe rm en ta t io n ,  began  to  d iffe ren tia te  fo r  conid ium  p ro d u c t io n  [2]. As to  ch em i
cal s t ru c tu re ,  it  has been concluded  t h a t  th e  ac tive  su b s tan ce  in e x t ra c ts  c o n 
ta in in g  fac to r  C is a g lycop ro te id - type  m acrom olecule  (T. BÉKÉSI, p e rso n a l  
com m unica tion ) .

T he  m ode  of action  of fa c to r  C was ex am in ed  b y  S z a b ó , B é k é s i  a n d  
\  I T Á L I S  [3]. I t  w as shown th a t ,  in t h e  presence  of ac t inom yc in  D, f a c to r  C 
increased th e  a m o u n t  of in c o rp o ra te d  14C-uracil f rac t ion  n o t  soluble in  5 %  
cold TCA in Str. griseus  and also in E . coli an d  B acillus subtilis. F a c to r  C a l te re d  
th e  d é n a tu ra t io n  profile  of D N A , i t  ra ised  th e  T m  po in t .  F ro m  these  i t  was 
concluded  t h a t  fa c to r  C acted  p r im a r i ly  on DNA.

In  th e  p re se n t  work we h a v e  a t t e m p te d  to  de te rm ine  m ore e x a c t ly  th e  
site  of ac tion  o f  fa c to r  C. As descr ibed  in  [3] th e  su b s tan ce  was effective in  E .  
coli; th is  o rgan ism  was chosen, accord ing ly , for s tu d y in g  th e  effect o f  f a c to r  
( , a t  th e  level o f  gene regula tion . T h e  influence of fac to r  C on glucose re p re s 
sion of  th e  w ell-know n lac operon  [4] was inves t iga ted .

Materials and  m ethods

E . coli K -12 w ild -ty p e  s tra in  w as s to re d  on  ag ar s la n t in  th e  re frig e ra to r. T h e  c u ltu re  
was tran s fe rre d  in to  O xoid n u tr ie n t b ro th  a n d  sh ak en  a t  37°C fo r 8 hours. T he liq u id  c u ltu re  
was in o cu la ted  in to  th e  following m ed iu m : NH ,C1, 2.0 g; N a 2H P O ,, 6.0 g; K H .P O ,,  3 .0  g; 
NaCl, 3.0 g; M gClj 0.04 g; N a2S 0 4, 0.116 g ; so d iu m  su cc in a te , 10.0 g; acid casein h y d ro ly sa te ,
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1.0 g p e r  litre ;  p H  7.4. T h e  cu ltu re  was aera ted  o v e rn ig h t b y  b low ing a ir th ro u g h  th e  m edium , 
th e n  cen trifu g ed  and  w ash ed  in  a m edium  co n ta in in g  th e  above in g red ien ts  ex cep t sodium  
su c c in a te  and  casein h y d ro ly sa te . F ina lly  th e  cells w ere resu sp en d ed  in  th e  com plete  m edium  
a n d  o p tic a l d en sity  w as se t to  a p p ro x im ate ly  0.300 in  S p ek tro m o m  360 (MOM, B u d ap es t) 
sp e c tro p h o to m e te r  a t  570 т/л.

T h e  suspension  w as in d u ced  by  a d d in g  m eth y I-/? -D -th iogalac topyranoside  (TMG, 
K o c h -L ig h t)  a t  1 m g/10 m l co n cen tra tio n  (a p p ro x im a te ly  5 x  10~4 M ),  th e n  tran s fe rre d  im m e
d ia te ly  in to  a w a te r b a th  a t  37°C and shak ing  w as s ta r te d  (0 m inute).

A liq u o ts  o f th e  c u ltu re  w ere tran sfe rred  a t  in te rv a ls  in d ica ted  in F igs 1, 2, 3, 4 in to  E rlen- 
rneyer flask s co n ta in in g  th e  substance(s) te s ted  a t th e  re q u ire d  c o n cen tra tio n , an d  sh ak ing  was 
co n tin u e d . A t in te rv a ls  show n in  F igs 1, 2, 3, 4, 1.0 m l sam ples were ta k e n  an d  p ip e tte d  in to  
a liq u o ts  o f 0.1 m l so lu tio n  o f ce ty l-tr im e th y l-a m m o n iu m  brom ide  (F lu k a , 1.0 m g/m l) and  
ch lo ram p h en ico l (0.5 m g/m l) k e p t  in flasks im m ersed  in  ice b a th . A fte r ra p id  and  brisk  
m ix in g  th e  sam ples w ere in c u b a te d  in ice till the  end  o f th e  ex p erim en t.

F o r  th e  d e te rm in a tio n  o f /9-galactosidase a c t iv i ty  th e  m eth o d  described  in  [5] was 
s lig h tly  m odified . To th e  ch illed  sam ples, 1.5 m l o -n itro p h en y l-^ -D -g a lac to p y ran o sid e  (O N PG , 
K o ch -L ig h t)  so lu tion  (1 m g/m l) was added  an d  th e  m ix tu re  was p laced  in a w a te r  b a th  a t 
37°C. T h e  reac tio n  w as te rm in a te d  by  add ing  1.0 m l 0.1 M  N a 2C 0 3 a f te r  10 m inu tes. T hen  
th e  m ix tu re  was again  ch illed  in  ice, cen trifuged  a n d  th e  su p e rn a ta n t’s abso rb an ce  w as e s ti
m a te d  in  th e  S p ek tro m o m  360 sp e c tro p h o to m ete r a t  420 m /i w ave len g th . E n zy m e a c tiv ity  
w as c a lcu la te d  on  th e  b asis  o f 1U ~ 1  f(M  o -n itro p h e n o l re leased  p e r hour pe r d ry  w eight 
o f b a c te r ia . T he enzym e a c t iv ity  estim a ted  u n d e r  c o n s ta n t  co n d itions w as p ro p o rtio n a l to  
th e  a m o u n t o f enzym e p ro d u ced .

G lucose (in 0.08, 0 .2, 20 a n d  40%  so lu tions) w as p ip e tte d  in th e  flasks to  give th e  re q u ir
ed f in a l co n cen tra tio n s . F a c to r  C was added  as d ry  su b s ta n c e  to  give 200 //g /m l f in a l concen
t r a t io n . W h en  fa c to r C w as m easu red  to  th e  c u ltu re  before  th e  a d d itio n  of glucose, th e  la t te r  
w as a d d e d  w ith  a m ic ro p ip e tte , w hen  th e  sequence o f ad d itio n s  w as rev ersed  th e n  th e  cu ltu re  
a lre a d y  co n ta in in g  g lucose w as p ip e tted  to  th e  f la sk  in to  w hich fa c to r C h a d  been added .

T h e  fac to r C used  in  th ese  ex p erim en ts w as p re p a re d  from  69-hour subm erged  cu ltu res 
o f S tr. griseus  s tra in  45H  b y  sa ltin g  o u t w ith  (N H  ,)2S O , an d  passing  th e  liq u id  th ro u g h  Dow ex 
50 co lu m n . The pu rified  a n d  freeze-dried  p ro d u c t w as e ffective  in  m orphological ex p erim en ts  
[2]. A ccord ing  to  e le c tro p h o re tic  experim en ts, th e  p re p a ra tio n  consisted  of severa l d iffe ren t 
c o m p o u n d s (I. Békési, p e rso n a l com m unication).

Results

B efore  describ ing  th e  results, it seems adv isab le  to  sum m arize  th e  d a ta  
ap p l ie d  in  these  e x p e r im e n ts  as a model fo r  th e  s tu d y  of th e  m ode of ac tion  
o f  f a c to r  C.

T o d a y  two k in d s  o f  repression are d is t in g u ish ed :  t ra n s ie n t  a n d  ca tabo li te  
rep ress ion  [6 8].

I f  glucose is a d d e d  to  an induced  E . coli cu l tu re  grown on w eak  carbon  
source  (glycerol or succ ina te ) ,  the  ra te  o f  its  /^-galactosidase syn thes is  rap id ly  
decreases  to  nil. A f te r  a certa in  in te rv a l ,  enzym e  synthesis  reappears  even 
w h en  glucose is still p re sen t  in the  m ed iu m  [9]. This p h enom enon  is te rm e d  
t r a n s ie n t  repression.

I f  one cu ltu re  is g row n in weak c a rb o n  source, and  a n o th e r  on glucose, 
th e  r a te  of /З-galac tos idase  synthesis  is m u c h  less in th e  l a t te r  th a n  in the  
fo rm er.  This ty p e  o f  repression is k n o w n  as ca tab o l i te  repression. A fte r  the  
re lease  of  the  t r a n s ie n t  repression th e  process changes in to  ca tabo li te  repression.

T ra n s ie n t  repression  is p roduced  b y  glucose (or an y  ad e q u a te  c a rb o 
h y d ra te )  a t  th e  level o f  t ran sc r ip t io n  [10 —13].
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The m echan ism  of ca tab o l i te  repression  has  n o t  been elucidated ; in  th e  
opinion of som e au tho rs  th is  also ta k e s  p lace a t  t ra n sc r ip t io n  level [11]; o th e r  
inves t iga to rs  assum e t h a t  i t  occurs a t  th e  t r a n s la t io n  level [7, 8].

I f  fac to r  C was ad d ed  to  th e  induced  cu l tu re  alone, th e re  was no d if fe r 
ence in /1-galactosidase a c t iv i ty  as com pared  to  th e  cu ltu re  no t  su p p le m e n te d  
with fac to r  C; i t  was on ly  a f te r  90 m in u tes  t h a t  a m inim al, p rac t ica l ly  n o t

F ig . I. E . coli K-12 cells w ere in d u ced  w ith  TMO (1 m g/10 m l, ap p ro x im a te ly  5 х Ю -1 Vf) 
a t  0 m in u te , th e n  sh aken  a t  37° ( •  • ) .  G lucose ( 2 x l 0 -2 M )  ( o — — — O) or g lucose
( 2 x l 0 ~ 2 M )  fa c to r С (70Э /<g/m l) ( a  — . —. — a ) w ere ad d ed  (arrow ) th en  sh ak in g  w as 
co n tin u ed . S am ples of 1.0 ml w ere ta k e n  a t in te rv a ls  a n d  exam ined~ fo r enzym e a c t iv i ty

eva luab le  effect was no ted .  This  m eans  t h a t  fa c to r  C per se does n o t  in f luence  
th e  in d u c t io n  o f  /f-galactosidase a n d  th e  enzym e syn thes is  [14]. I f  f a c to r  C 
was ad d ed  1 —2 m inu tes  a f te r  th e  ad d i t io n  of  glucose, it  failed to  in fluence  t h e  
repressing effect of the  la t te r ;  th e  enzym e a c t iv i ty  curve  was similar to  t h a t  
o b ta ined  w ith  glucose alone.

T he  p re se n t  results  are su m m arized  in Figs 1 -4 .
Fig. 1 shows experim en ts  w ith  2 x 1 0 “  ̂ M  glucose. W ith  glucose a lo n e  

th e  rise in enzym e ac t iv i ty  decreased  and  a f te r  3 —4 m in u tes  enzym e sy n th es is  
s topped . A fte r  reach ing  th e  m a x im u m  a c t iv i ty ,  th e  curve  shows a dec reas in g  
tendency ,  p ro b a b ly  owing to  a de te r io ra t io n  of  th e  enzym e. (There a re  no 
d a ta  in th e  l i te ra tu re  t h a t  glucose would d i rec t ly  decrease enzym e a c t iv i ty  
[10] a n d  we also failed to  d e m o n s t ra te  such an  effect. In  co n tra s t ,  a s l ig h t  
degree o f  increase has been described.)  W hen the  sam e concen tra t ion  of  g lucose 
was su p p le m e n te d  w ith  fa c to r  C, th e  decrease in enzym e synthesis  o ccu rred
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a b o u t  1.5 m in u tes  la te r  a n d  no p e rfec t  te rm in a t io n  Avas observed : enzym e 
s y n th e s is  con tinued , a l th o u g h  a t  a m u ch  low er  level th a n  in  th e  con tro l  cu ltu re .

Sim ilar  resu lts  were o b ta in ed  a t  lo w er  glucose concen tra t ions .  W hile  in 
t h e  ab o v e  e x p e r im en t  th e  ex am in ed  per io d  o f  t im e  was insuffic ien t fo r  d e m o n 
s t r a t i n g  th e  re lease of  t r a n s ie n t  rep ress ion , in  th e  following ex p e r im en ts  it  
w as  ev id e n t  t h a t  t r a n s ie n t  repression h a d  b een  released a f te r  a ce r ta in  in te rv a l  
a n d  enzym e syn thes is  s t a r t e d  again.

I f  glucose was ad d e d  a t  10 M  f in a l  co n cen tra t ion  (Fig. 2), th e  resu lt  
w as  s im ila r  as in  Fig. 1. T he  ra te  o f  en z y m e  synthesis  decreased  to  nil. The

rep ress io n  la s ted  on ly  for 14 15 m in u te s ,  th e n  enzym e syn thes is  re a p p ea red ,
th o u g h  a t  a m uch  low er r a te  th a n  in  th e  c o n tro l .  This find ing  m a y  be exp la ined  
b y  a ca tab o l i te  rep ression  following t r a n s i e n t  repression. I n  th e  presence  of 
f a c to r  C th e  decrease  in th e  ra te  of en zy m e  syn thes is  was de layed ;  th e  a c t iv i ty  
c u rv e  show ed a s l ig h t  r is ing  te n d e n c y  a n d  a t  th e  end of th e  e x p e r im e n t  th e  
r a t e  o f  enzym e sy n th es is  was de f in i te ly  h ig h e r  as com pared  to  th e  cu l tu re  
c o n ta in in g  glucose alone.

I n  th e  ex p e r im en ts  show n in  F ig . 3, 1 0 -4 M  glucose was used . T ra n s ie n t  
r e p re ss io n  was obse rved  n o t  only  w i th  g lucose b u t  also w ith  glucose -f- fac to r
C. I n  th e  p resence  of  th e  la t te r ,  rep re ss io n  la s ted  a sh o r te r  t im e ;  i t  began  
l a t e r  a n d  was re leased  earlier th a n  w i th  glucose alone. A f te r  th e  re lease  the  
r a t e  o f  enzym e sy n th es is  increased  g ra d u a l ly  and  by  th e  end of th e  exp e r im en t  
i t  h a d  con s id e rab ly  exceeded th e  c o n tro l  va lue . In  th e  p resence  of  glucose 
a lo n e ,  t r a n s ie n t  repress ion  was followed b y  ca tabo li te  repression ; th e  r a te  of 
e n z y m e  syn thes is  w as lower th a n  in  t h e  contro l cu ltu re .
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F ig . .'f. C o n d itions as in Fig. 1, ex cep t glucose c o n c e n tra tio n  (10 1 M )

F ig . I. C ond itions as in  Fig. 1, e x cep t glucose c o n c e n tra tio n  (4 x 1 0  5 M )
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Fig. 4 presen ts  re su l ts  ob ta ined  a t  4 х Ю  5 M  glucose concen tra t ion . 
T h e  sm all  am oun t of  glucose was also able to  evoke t ra n s ie n t  rep ression , th ough  
th is  w as shorte r  t h a n  t h a t  observed  a t  h igher  glucose c o n cen tra t io n s .  After 
t h e  re lease  of t r a n s ie n t  repress ion  the  r a te  o f  enzym e sy n th es is  increased 
g ra d u a l ly  and a t  th e  e n d  o f  th e  e x p e r im en t  i t  was h igher th a n  th e  con tro l  
v a lu e ,  i.e. catabolic rep ress io n  did no t  occur (even a s t im u la t in g  effect was 
e v id e n t) .  A t the  sam e  glucose concen tra t io n ,  fac to r  C e l im in a ted  t ran s ien t  
rep ress ion .  The ra te  o f  en zy m e  synthesis  was iden tica l  w ith  t h a t  o f  th e  period 
o f  t r a n s ie n t  repression; su b se q u e n t ly  /З-galac tosidase  p ro d u c t io n  ra te  increased 
a n d  w as considerably  h ig h e r  t h a n  in th e  con tro l  an d  in  th e  g lucose-conta in ing  
c u l tu r e .

I f  the  cu ltu re  w as su p p lem en ted  w ith  fac to r  C befo re  th e  add it ion  
o f  glucose, the  resu lts  w ere  sim ilar  to  th e  above  findings.

Discussion

O n the  basis o f  p rev ious  findings 11 ] in th e  p resen t  experim en ts  we 
b a v e  a t te m p te d  to  p e r fo rm  a deta iled  analysis  of th e  effect o f  fa c to r  C.

I t  has been d e m o n s t r a te d  th a t  fac to r  C, if  added  to g e th e r  w i th  or before 
g lucose , is able to  in f luence  th e  t ra n s ie n t  repression  b ro u g h t  a b o u t  b y  glucose. 
T h e  h ig h es t  c o n cen tra t io n  o f  glucose te s te d  ( 2 х Ю -2 M )  caused  a to ta l  re 
p re ss io n  of enzyme sy n th e s is  n o t  released d u r in g  th e  ex p e r im en t .  T he  increase 
in  en zy m e  ac tiv ity  was d e lay ed  also in t h e  presence  of glucose -|- fac to r  C, 
b u t  en zy m e  synthesis  c o n t in u e d  a t  a ra te  m a rk e d ly  lower t h a n  in th e  control. 
A t  10 _3 M  glucose, an  e ssen tia l ly  similar effect o f  fac to r  C was d e m o n s tra te d ,  
b u t  in  th is  experim ent t h e  release of t r a n s ie n t  repression to o k  place during  
th e  t im e  of observa tion . T ra n s ie n t  repress ion  in  th e  p resence  of fac to r  C 
was observed  only a t  10 ~ 4 M  glucose. In  all experim en ts  th e  repression, in 
o th e r  w ords the  onse t  a n d  th e  decrease of th e  ra te  of enzym e syn thes is  was 
d e la y e d  in the  presence o f  fa c to r  C as com pared  to  cu ltu res  su p p le m e n te d  only 
w i th  glucose. In  ex p e r im e n ts  where th e  release of t ra n s ie n t  repress ion  occurred 
w i th in  th e  examined p e r io d  of tim e, in th e  presence of fa c to r  C th e  release 
a p p e a re d  earlier. A t  t h e  low est glucose c o n cen tra t io n  te s te d  ( 4 х Ю ~ 5 M ), 
d e v e lo p m e n t  of t r a n s ie n t  repression  was en t i re ly  p re v e n te d  b y  fac to r  C. 
I n  t h e  presence of g lucose -)- fac to r  C th e  ra te  o f  enzym e sy n th es is  was id en t i 
cal w i th  t h a t  in th e  c o n tro l  in th e  period  of  t r a n s ie n t  repression.

T h e  assum ption  t h a t  fa c to r  C stabilizes th e  a lready  sy n th es ized  m essen
ger  R N A  [1] and is th u s  responsible  for th e  s light /З-ga lac tosidase  synthesis  
t a k in g  place despite  t h e  inh ib i t io n  of m essenger R N A  sy n th es is  b y  glucose, 
c a n n o t  be denied on th e  bas is  of experim en ts  1, 2 an d  4. H ow ever ,  experim ent 
3 a n d  th e  fac t t h a t  fa c to r  C per se failed to  influence th e  in d u c t iv e  synthesis

A cln  Microbiologica Acadim iac Scientiarum  Hunnaricae 17. 1970



E F F E C T  OF FACTOR С 219

of / í-galactosidase in E. coli |14J con trad ic t  t h a t  a ssum ption .  Messenger 
s tab il iza t ion , i.e. th e  possib ili ty  t h a t  on one m essenger I1NA molecule more 
enzym e molecules can be sy n th es ized  th a n  in t h e  contro l,  oug h t  to  resu lt  
in a h igher enzym e level.

The course of  the  enzym e sy n th es is  cu rve  in  th e  presence  o f  glucose -j 
fac to r  C ind ica tes  r a th e r  t h a t  as an  effect o f  fa c to r  C th e  d e v e lo p m e n t  of 
repressor — o p e ra to r  com plex is de layed  in t r a n s ie n t  repression.

A t lower glucose co n cen tra t io n s ,  t r a n s ie n t  repression was re leased  
d u r ing  th e  course of th e  ex p e r im en ts .  In  ex p e r im en ts  2 and 3 th e  r a te  of 
enzym e syn thes is  was lower t h a n  in  the  control,  even a f te r  release. Th is  f in d 
ing m a y  be expla ined  by  a t r a n s i t io n  of t r a n s ie n t  to  ca tabo li te  repression . 
In  th e  presence of fac to r  C, th e  release occurred  earlier  and  th e  cu rv e  rose 
s teeper :  c a tabo li te  repression was s l igh te r  in degree. T h u s  it m ay  be conc luded  
th a t  fac to r  C generally  inh ib itis  th e  d eve lopm en t of glucose repress ion :  it 
decreases b o th  t ran s ien t  and  c a tab o l i te  repression.

In  Fig. 4, where a t  4 х Ю ~ 5 M  glucose, fa c to r  C com plete ly  e l im ina ted  
t r a n s ie n t  repression, th e  r a te  o f  /J-galactosidase syn thes is  reap p earin g  a f te r  
an in te rv a l  is h igher in th e  presence  of glucose alone th a n  in th e  contro l,  
t h a t  is, no ca tab o l i te  repression occurs. A t th e  sam e t im e  in th e  p re sen ce  of 
fac to r  C th e  ra te  of syn thes is  is even  higher. No d a ta  are availab le  in th e  
l i te ra tu re  as to  th is  effect of glucose. This m a y  be due to  th e  fact t h a t  glucose 
repression  is usua lly  s tud ied  w i th  cells grown on glycerol, a poorly  m e ta b o 
lized carbon  source and  a t  h ig h e r  glucose concen tra t io n s .

On th e  basis of th e  effects o f  fac to r  C (de lay ing  th e  d ev e lo p m en t  and  
p rom o tin g  the  release of  t r a n s ie n t  repression a n d  decreasing th e  degree  of 
ca tab o l i te  repression) its m ode  o f  ac t ion  m a y  be exp la ined  by  an in h ib i t io n  
of  ca tabo lite -corepressor and  rep resso r  in te ra c t io n  a n d  by  an in f luence  on 
rep resso r-opera to r  binding. A ccordingly , in view of earlier f ind ings [3, 14] 
DNA is th e  m o s t  p robab le  s i te  o f  ac t ion  o f  fa c to r  C.

I f  new theories  concern ing  th e  dev e lo p m en t  o f  t ra n s ie n t  rep ress ion  
an d  assum ptions  as to  th e  role o f  cyclic 3’,5’A M P [15, 16] are considered , 
the re  is a re m ark ab le  s im ila r i ty  b e tw een  th e  effect o f  fac to r  C a n d  cyclic 
3 ’,5’AMP. This suggests t h a t  o u r  p ro d u c t ,  which has  n o t  so far been o b ta in ed  
in e lec trophoretica lly  pu re  fo rm , m a y  be c o n ta m in a te d  w ith  cyclic 3 ’,5’AM P, 
a su bs tance  seem ingly  u b iq u i to u s  in m icroorganism s a n d  in h igher  an im als  
[17]. This a s sum ption ,  how ever, m a y  be re fu ted  on th e  basis t h a t  while cyclic 
3 ’,5’A M P is th e rm o s tab le ,  ou r  fa c to r  C p re p a ra t io n  h a d  lost its effect a f te r  
hea ting  and  also t h a t  the n ew es t  frac t ion  k ind ly  pu r if ied  by  Dr. , 1 . E r d e i  
by  gel f i l t ra t io n  th ro u g h  S ep h ad ex  G 75 colum n was m ore  effective t h a n  the 
frac t ion  passed th ro u g h  D ow ex  50X 2 ion exchange  resin.

T he  s im ila r i ty  of effects is ind ica t ive  of  a s im ila r i ty  of th e  m o d e  of 
ac tion . According to P erlm a n  cl al. |18, 19] cyclic 3’,5’AM P a c t in g  a t  th e
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p r o m o to r  site of lac o p e ro n  [20] is responsib le  n o t  for in d u c t io n  b u t  for the  
r a t e  o f  t ransc r ip t ion  a n d  is a molecule p re se n t  in th e  cells a t  physiologically  
d e te rm in e d  c o n cen tra t io n .  As an  effect of glucose, f i r s t  th e  decrease  of  3 ’,5’AMP 
lev e l  appears and  th e n  follows th e  dece le ra t ion  o f  th e  t ra n s c r ip t io n  of gene z. 
I t  m a y  be assum ed t h a t  f a c to r  C exerts i ts  effect a t  th e  sam e s ite , e i th e r  d irec tly  
o r  ind irec tly ,  by  m a in ta in in g  th e  a c tu a l ly  effective cyclic 3 ’,5 ’AM P level.

P rep a ra t io n  o f  a n  e lec trophoretica l ly  p u re  frac t ion  need ed  for  e luc ida t
in g  w h e th e r  or n o t  t h e  above-discussed effect was due to  a com plex  ac t iv i ty  
o f  ingred ien ts  of th e  p r o d u c t ,  is in progress.
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ELECTRON MICROSCOPIC STUDIES IN EXPERIMENTAL 
KERATOCONJUNCTIVITIS LISTERIOSA

I. PENETRATION OF LISTERIA MONOCYTOGENES INTO CORNEAL
EPITH ELIA L CELLS

Ry

P. RÁcz, K l á r a  T e n n e r  a n d  K l á r a  S z i v e s s y  

N a t i o n a l  I n s t i t u t e  o f  P u b l i c  H e a l t h  ( D i r e c t o r :  T. B a k á c s ) ,  B u d a p e s t  

(Received March 2, 1970)

Summary. Electron microscopic studies have been carried out in guinea pigs on the 
penetration into corneal epithelial cells of L i s t e r i a  m o n o c y to g e n e s .  Epithelial cells were invaded 
usually by one or two Listeria each. Before the advancing organism, the cell membrane be
came invaginated. As the organism advanced further into the cytoplasm, the invagination 
developed into a membrane-bound vacuole containing the agent. Subsequently, the membrane 
disintegrated and the organism remained surrounded by a characteristic granular material. 
When the organism released in this manner again approached the cell membrane it protruded 
at th a t site. Depending on the absence or presence of oedema in the intercellular space, this 
part of the host cell together with the agent was either pushed into the neighbouring cell 
which later incorporated the organism, or it was demarcated into the intercellular space in 
case of a considerable intercellular oedema.

In later stages, 36- 48 hours after infection, the number of cellular organelles increased 
in the cells containing the bacterium and in the neighbouring cells.

It has been concluded tha t in connection with keratoconjunctivitis listeriosa the term 
“ facultative intracellular parasitism” , which has so far been applied only to the interaction 
of host and parasite in relation to macrophage-type cells should be extended to the epithelial 
cells of the cornea.

S u t e r  |1] in 1956 applied  th e  te rm  facu l ta t iv e  in trace llu la r  p a ra s i te s  
to  ce r ta in  pa thogen ic  b ac te r ia .  T h e  m ost  im p o r ta n t  organism s be long ing  to  
th is  g roup  are M ycobacterium tuberculosis, Francisella tu larensis, Salm onella  
a n d  Brucella. These bac te r ia  are  n o t  d e s tro y ed  by  m acrophages a t  t h e  beg in 
n ing  of th e  infective process h u t  are  able to  m u lt ip ly  in the  c y to p la sm  of th e  
m acro p h ag e .  A fter  a given t im e  v a ry in g  w i th  d ifferen t o rganism s, a s ta te  
of cellular im m u n ity  develops [2 6].

In  earlier studies on th e  facu l ta t iv e  in trace llu la r  paras i t ic  p ro p e r t ie s  
o f  L isteria  monocytogenes th e  organ ism  was in tro d u ced  in t ra v e n o u s ly  or 
in t ra p e r i to n e a l ly  in to  ex p e r im en ta l  anim als. U n d e r  these  c ircu m stan ces  th e  
in te ra c t io n  of host and  p a ra s i te  ap p ea red  m a in ly  in re la tion  to  m acrophage-  
ty p e  cells. U nder  n a tu ra l  cond it ions  th e  cau sa t iv e  agen t  gains e n t ra n c e  to 
th e  b o d y  th ro u g h  an epithelia l  b a r r ie r  b e tw een  th e  b o d y  and  th e  e n v iro n m e n t .  
T h e  ke ra to co n ju n c t iv i t is  l is teriosa m odel in gu inea  pigs 17, 8] desc r ib ed  by 
A n t o n  [9] in 1934, offers an a d e q u a te  m e th o d  for inves t iga t ing  th e  dev e lo p 
m e n t  on infection when  th e  a g e n t  en te rs  th e  b o d y  th ro u g h  th e  ep ithe lia l  
barr ie r .
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W e h a v e  p e r fo rm e d  an  electron m icroscopie  s tu d y  to  estab lish  th e  mode 
o f  en tra n c e  of th e  o rg a n ism  in to  th e  ep ithelia l  cell, th e  u l t r a s t ru c tu ra l  changes 
deve lop ing  in th e  h o s t  cell, th e  fa te  of th e  o rg an ism  released from  th e  host 
cell, a n d  the  sp read  o f infection  from one cell to  ano ther .

Materials and  m ethods

C u l tu r e  p r e p a r a t i o n .  L .  m o n o c y to g e n e s  serotype 1 strain “ Bodajk” was isolated by 
Dr. G. S z e m e r é d i  (National Institute of Veterinary Hygiene, Budapest) from the brain of 
a sheep dying from listeriosis. Before conjunctival infection of guinea pigs, the organism 
was cultured on blood agar a t 37°C for 18 hours.

T e c h n iq u e  o f  i n f e c t i o n .  Guinea pigs of both sexes of our own breed, weighing 250— 
300 g were used. Groups of 3 animals were infected by means of a platinum loop into the 
conjunctival sac of both eyes with 109 live cells. The animals were sacrificed by cervical dislo
cation 1, 3, 6, 9, 12, 24, 36, 48 and 72 hours after inoculation. Five animais w'ere used as 
controls.

E l e c t r o n  m i c r o s c o p ic  t e c h n iq u e .  The method of K a y e  [10] was modified as follows. 
Two per cent 0 s 0 4 solution (pH 7.2) containing 0.045 g per ml of sucrose was stored at 4°C 
and used for fixation. After sacrificing the animals, a small amount of the solution was injected 
into the anterior chamber of the eye so tha t the cornea became slightly protruded and opales
cent. After rapid enucleation the whole eyeball was fixed for 40 minutes at 4°C, cut into 
pieces of 0 .5x3  mm and fixed for further 50 minutes a t 4°C. The preparation was then washed 
in Soerensen, phosphate buffer, dehydrated in alcohol series contrasted with 1% uranyl acetate 
dissolved in 70% alcohol for 60 minutes and embedded in Durcupan. Thin and ultrathin 
sections were cut with a glass knife in the Reichert ultramicrotome. Post-contrasting was 
done with uranyl acetate and R e y n o l d s ’ lead citrate [11]. Thin sections were stained with 
1% toluidine blue. U ltrathin sections were examined with an SEM 2—3 electron microscope 
operating at 80 kV.

Results

T he  electron m icroscop ic  s t ru c tu re  o f  th e  no rm al guinea pig cornea 
(F ig . 1) has been d e a l t  w i th  in a prev ious s tu d y  [9].

L ig h t  m icroscopic  e x am in a t io n  in d ic a te d  t h a t  as soon as 3 hours  a f te r  
th e  inocula tion  of 10IJ L isteria , a few cells o f  th e  o u te r  layer of th e  corneal 
ep i th e l iu m  a lready  c o n ta in e d  the  o rganism  [7]. F or  electron microscopic 
ex a m in a t io n  of in i t ia l  changes ,  sections p re p a re d  9 hours  a f te r  in fec tion  were 
th e  m o s t  su itab le  as b y  t h a t  t im e  th e  n u m b e r  of  cells con ta in ing  th e  agent 
h a d  increased su ff ic ien tly  fo r  an easy d e te c t io n  on th e  screen.

A t  this s tage, co rresp o n d in g  to  th e  s ite  w here  th e  organism  has  come 
n e a r  to  th e  cellular su rface  th e  plasm a m e m b ra n e  of th e  hos t  cell w hich  has 
b een  u n d u la te  before b e c a m e  sm ooth  and  in v a g in a te d  in f ro n t  of th e  a d v a n c 
ing L isteria  (Fig. 2 A a ,  F ig .  3). T hen  th e  in v a g in a te d  p a r t  was s e p a ra te d  and 
a p p e a re d  in the  c y to p la s m  as a vacuole c o n ta in in g  th e  m icroorgan ism  (Fig. 
2 A b ). L a te r  th e  wall o f  t h e  vacuole was p a r t l y  or to ta l ly  des troyed  a n d  the  
c y to p la sm  showed a c h a ra c te r is t ic  change b y  becom ing  m ore elec tron  dense 
a n d  g ran u la te  (Fig. 2 A c ,  F ig . 4). This change  in  th e  cy top lasm  was so c h a r 
ac te r is t ic  t h a t  w hen  i t  wras observed in one of  th e  serially cu t  sections w ith-
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Fig. 1. Corneal ep i the l ium  in control animals . Cells of  th e  s t ra t i f ied  squamous ep ith e l iu m  
are in close c o n ta c t  w i th  one ano ther .  T he  cy top lasm ic  m e m b ra n e  is undulate  or  d e n ta t e .  
Numerous desm osom es (arrow). T onofilam ents  s i tu a ted  a t  v a r ious  sites in the c y to p la sm .

The cy top lasm  is poor in organelles
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o u t  t h e  m icroorganism , i t  was know n fo r  ce r ta in  t h a t  L isteria  will be  found 
in  t h e  sections of deeper  p a r t s  (Fig. 5).

I n  subsequen t  s tages  when, p ro b a b ly  due  to  cy top lasm ic  flow , the  
a g e n t  ag a in  advanced  n e a r  th e  p lasm a m e m b ra n e ,  th e  m e m b ra n e  of  t h e  host 
cell p r o t r u d e d  in to  th e  ne ighbouring  cell, p u sh in g  forw ard th e  p la sm a  m e m 
b r a n e  o f  t h e  la t te r  (Fig. 2 A d ,  Fig. 6). W h ere  t h e  two parallel m e m b ra n e s  had 
fo rm e d  a cav ity  a ro u n d  th e  agent, no desm osom es were visible (F ig . 2 A e, 
F ig . 6). T h e  cav ity  c o n ta in in g  th e  o rgan ism  in t ru d e d  more a n d  m o re  deeply  
in to  t h e  ne ighbouring  cell and  finally  s e p a ra te d  so t h a t  b o th  t h e  organism

A В

Fig. 2. A. Early stage of Listeria infection. The epithelial cells are in close contact with one 
another. Aa. The agent reaches the cell surface. The plasma membrane becomes smooth and 
invaginates before the agent; Ab. The invaginated p art of the plasma membrane is separated 
and appears in the cytoplasm as a vacuole containing the agent; Ac. The wall of the vacuole 
disintegrates and the cytoplasm becomes more granular and more electron dense around 
the organism; Ad. The plasma membrane of the host cell when the organism approaches it 
protrudes into the neighbouring cell and pushes its membrane. At this site desmosomes are 
absent; Ae. The cavity containing the organism separates and the wall of the vacuole develop
ing in this manner is constituted by a double membrane originating from two different adja
cent plasm a membranes; Af. At the site where the agent advances from the direction of the 
surface, the invaginating cell membrane disintegrates. Around the agent the cytoplasm shows 
a special change; Ag. Listeria surrounded by characteristically changed cytoplasm of the 
host cell. B. Corneal epithelium 36 hours after infection. Intercellular oedema in every layer 
of the epithelium. Contact between epithelial cells persists only at the site of the desmosomes 
(D) or has been lost (k). Increased numbers of mitochondria; they are swollen and their cristae 
are fragm ented. Numerous multivesicular bodies (MYB). The ribosomes are detached from 
the tough-surfaced endoplasmic reticulum (ER). Rest bodies (RB) appear; Bh. The plasma 
m em brane protrudes before the advancing organism into the intercellular space; Bi. The 
cavity  formed in this manner separates; Bj. Vacuole containing the agent in the intercellular

space
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Fig. 4. Nine hours after infection. The Listeria within the cell is not surrounded with phago
some membrane. The cytoplasm has became more electron dense (arrow) (see Fig. 2 Ag)

a n d  th e  cytoplasm ic p a r t  su rrounding  it  b e c a m e  in co rpo ra ted  b y  th e  second 
cell. I n  th is  the  agent is enveloped  by  a double  m e m b ra n e ;  unlike on its e n tran ce  
in to  t h e  f irst cell w here  i t  h a d  been su r ro u n d e d  b y  a single p lasm a m e m b ra n e  
(F ig . 2 A e, Fig. 5).
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Fig. 5. Nine hours after infection. The same area cut at different levels (a and b). Charac
teristic density of cytoplasm (A) at site corresponding to the position of the more deeply 
situated dividing Listeria (a). Beside the plasma membrane an intracellular agent is surround
ed by characteristic denser cytoplasm and membrane fragments (arrow); another agent 
is surrounded by double unite membrane. In the neighbouring cell a rest body (KB) is visible
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Fig. 6. Nine hours after infection. Listeria entering the neighbouring cell. Around the advanc
ing organism plasma membranes form a cavity. A t this site of the plasma membrane no 
desmosomes are visible. Increased density of cytoplasm around the organism (see Fig. 2 Ad)
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F ig . 8. T h irty -six  hours a f te r  in fec tion . Severe u l tr a s t ru c tu ra l  d am age in th e  th ree  ex te rn a l 
cell-ro w  layers of th e  c o rn ea . M ore deeply s itu a te d  cells re ta in ed  th e ir  u l tra s tru c tu re  well. 
W id e ly  d ila ted  in te rce llu la r  sp ace . The connection  be tw een  n e ig h b o u rin g  cells rem ained  
u n b ro k e n , the  longest a t  th e  s ite  of th e  desm osom es (arrow ). L iste ria  o rgan ism s are p resen t

in  th e  in te rce llu la r space  (L)
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Fig. 9. F o rty -e ig h t hours a fte r in fec tion . Basal lay e r o f th e  corneal ep ithe lium . T h e  cells are 
se p a ra ted  b y  in te rce llu la r oedem a. T h e  c o n ta c t betw een th e  cells is broken  in a larg e  a rea , 
even  a t  th e  site  o f th e  desm osom es. In c reased  n u m b er o f m ito ch o n d ria  (arrow ). In  th e  cell 
show n in th e  m idd le  of the section  th e  a g en t is su rro u n d ed  by double  un ite  m em b ran e , beside 
w hich a lysosom e-like fo rm atio n  is p re sen t (th ick  arrow ). The basal m em brane  (BM ) is re ta in e d
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A different m a n n e r  of  en trance  of  L is te r ia  in to  th e  cell was also observed. 
S om etim es  th e  p la sm a  m em b ran e  in v a g in a t in g  before th e  advanc ing  organism  
w as d es tro y ed  a t  a s i te  a n d  th u s  th e  L is te r ia  an d  th e  cy top lasm  cam e  in to  
d i re c t  co n ta c t  (Fig. 2 A f ,  Fig. 3). A ro u n d  th e  m icroorganism  g rad u a l ly  a d 
v a n c in g  tow ards  d eep e r  areas  of th e  cell, t h e  above-m entioned  ch a ra c te r is 
t ic  changes of th e  c y to p la sm  were v isib le  (Fig. 2 A g).

Occasionally  t h e  d irec tion  of th e  m o v e m e n t  of the  a g en t  could  n o t  be 
d e te rm in e d  exac tly  a n d  i t  was assum ed t h a t  th e  cell m ight cast  ou t  th e  p h ag o 
som e to g e th e r  w ith  t h e  organism  (Fig. 7).

N ine hours a f t e r  th e  infection th e re  w as still a close co n ta c t  be tw een  
t h e  epithelia l  cells o f  th e  cornea. This c o n ta c t  was ensured  by  th e  u n d u la te  
or d e n ta te  course o f  th e  cell m em brane  a n d  th e  ju n c t io n a l  com plex described 
b y  F a r q u h a r  a n d  P a l a d e  [12]. In  s u b se q u e n t  stages of th e  process, how ever, 
t h e  in i t ia l  cellular o ed em a  (Fig. 4) ch an g ed  in to  a severe cellular d y s t ro p h y  
a n d  a t  th e  sam e t im e  an in terce llu lar  o ed em a  has becam e ev iden t  in everv  
la y e r  o f  th e  ep ith e l iu m . T he  con tac t  b e tw e e n  th e  epithelia l  cells rem ained  
lo n g e s t  a t  th e  site  o f  th e  desmosomes; l a t e r  even  th is  co n ta c t  ceased a t  several 
s i tes  (Fig. 8). In  th is  m a n n e r  a new w a y  has  opened  for th e  sp read  of the  
in fec t iv e  process a n d  th e  organism  can  re a c h  th e  cells s i tu a te d  m ore  deeply  
e i th e r  b y  advanc ing  f rom  th e  direction of t h e  su rface  or b y  w an d e r in g  th ro u g h  
t h e  d i la te d  in te rce l lu la r  space  af te r  hav ing  b een  released  from th e  ep ithelia l cell.

W hile  the  n o rm a l  corneal ep ithe l ium  co n ta in s  a small n u m b e r  o f  m i to 
c h o n d r ia  as well as ro u g h  a n d  sm ooth  en d op lasm ic  re ticu la  (Fig. 1), 3 8 —48 
h o u rs  a f te r  th e  in fec t ion  th e  nu m b er  of  m i to c h o n d r ia  increased considerab ly  
(F ig . 1) a n d  various d y s t ro p h ic  conditions ( f ra g m e n ta t io n  of ch ris tae ,  swelling of 
m ito ch o n d r ia )  were  observed . The n u m b e r  o f  rough  an d  sm ooth-surfaced  
endop lasm ic  re t icu la  increased , and  th e  r ibosom es s ep a ra ted  from th e  ro u g h 
su rfaced  endoplasm ic  re t ic u lu m  (Fig. 9). A t  th is  s tage  m a n y  m u lt ives icu la r  
bod ies  appeared .

L isteria  cells u su a l ly  re ta ined  th e ir  u l t r a s t r u c tu r e  in la te r  s tages of th e  
in fec t io n ,  div id ing cells still were p re sen t  a n d  on ly  a small n u m b e r  of  osmio- 
philic  rest  bodies cou ld  be detected.

Discussion

On th e  basis o f  l igh t  microscopic s tu d ie s  [7, 8] it  would ap p e a r  t h a t  in 
th e  case of  k e ra to c o n ju n c t iv i t i s  listeriosa th e  ep ithelia l  ba rr ie r  of th e  cornea 
a n d  co n ju n c t iv e  e x e r t  n o t  only  a p ro te c t iv e  func tion  as th e y  do in o the r  
in fec t ions ,  b u t  also p ro m o te  th e  spread ing  o f  th e  pathological process. Corneal 
ep ithe l ia l  cells ensu re  fav o u rab le  cond itions  fo r  th e  m u lt ip l ica t ion  of  th e  
c a u sa t iv e  agent and  a t  t h e  sam e tim e p ro te c t  th e m  against th e  phag o cy t iu g
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a c t iv i ty  of po lym orphonuc lea r  leucocy tes .  O ur e lec tron  microscopic s tu d ie s  
h av e  confirm ed t h a t  living ep ithelia l  cells are en te red  h y  th e  agen t  which 
is ab le  to  m u lt ip ly  in it. I t  seems ju s t i f ie d  to  assum e th a t  th e  h o s t  cell 
is v iab le  a t  the  t im e  o f th e  o rgan ism ’s e n t ra n c e  since its u l t r a s t ru c tu re  is m o re  
or  less re ta ined  a n d  it  shows a v i ta l  reac t io n  aga ins t  L isteria  p ro d u c t io n  of 
phagosom es, changes in cy top lasm ic  s t ru c tu re ,  etc. (as shown in Figs 3, 4, 
5, 6, 7 and 9). T h e  app ea ran ce  of d iv id in g  bac te r ia  ind ica tes  th e  v ia b i l i ty  of  
th e  agen t  (Fig. 5). In  addition  to  L is te r ia , o the r ,  m a in ly  facu l ta t iv e  i n t r a 
ce llu la r  pa thogens m a y  also en te r  t h e  cells of the  ep ithelia l  ba rr ie r  [8, 13 -2 3 ] .

The process of  in trus ion  of L isteria  in to  th e  c y to p la sm  of ep ithe lia l  cells 
m a y  be regarded as a special form of phagocy tos is ,  or, u s ing  a d ifferen t n o m e n 
c la tu re ,  of endocytosis . T he  p h e n o m e n o n  is s im ilar  to  t h a t  observed  in  k e r a 
tocon ju n c t iv i t is  shigellosa [8, 20, 21] a n d  differs o f  course  from w h a t  can  be  
seen in endocytosis  observed  in t h e  case  of  m icrophages and  R E S  cells. An 
im p o r ta n t  po in t o f  th e  difference is t h a t  th is  fo rm  of endocy tosis  is a specific  
one because th e  ep ithe lia l  cells a re  p h ag o cy t in g  only L isteria  [7, 8], h u m a n  
p a th o g en ic  Shigella  [8, 20, 21] a n d  ce r ta in  E . coli s t ra in s  [14, 22]. Severa l 
a u th o rs  have supposed  th e  p h ag o cy t ic  a c t iv i ty  of in te s t in a l  ep ithelia l cells 
[24, 27]. The ex tra n e o u s  coat cover ing  th e  surface of th e  corneal cells m a y  
a c t  in selective endocy tosis  sim ilarly  to  th e  com plex  acid m u co po lysaccharide  
m a te r ia l  covering th e  cell surface l in in g  th e  gas tro in te s t in a l  t ra c t .

To s tu d y  th e  in trace llu la r  p a ra s i t i s m  upon  th e  p e n e t r a t io n  o f  L isteria  
in to  th e  host cell cy top lasm , our o b se rv a t io n s  h av e  been  com pared  w ith  o th e r  
d a t a  on th e  u l t r a s t ru c tu ra l  changes in m acrophages  p h ag o cy t in g  th is  o rgan ism .

N orth and  Ma c k e n e s s  [28, 29] in jec ted  L isteria  in t r a p e r i to n e a l ly  in to  
im m unized  and con tro l  mice and  e x a m in e d  th e  p e r i to n e a l  m ac ro p h ag es  10 
m in u te s  after  th e  infection . A r m st r o n g  an d  S w o r d  [30] also in jec ted  L isteria  
in t rap e r i to n ea l ly  a n d  exam ined  th e  m ac ro p h ag e - ty p e  cells in the  sp leen  of  
mice a t  72 hours. I n  every  case o f  t h e  10 m in u te  ex p e r im e n t  a n d  in  m o s t  
cases of the  72 h o u r  ex per im en t th e  a g e n t  was found  in th e  phagosom e w i th in  
th e  cy top lasm . In  b o th  ex per im en ts  it  was ev id en t  t h a t  th e  c o n te n t  o f  c y to 
p lasm ic  vesicles (p robab ly  lysosomes) h a d  en te red  th e  phagosom e c o n ta in in g  
th e  organism.

I n  the  am o rp h o u s  e lec tron-dense  m a te r ia l  su rro u n d in g  th e  o rg an ism , 
less electron dense areas were o b se rv ed  af te r  72 hours, th e y  sp read  in to  th e  
c y to p la sm  su rro u n d in g  th e  p h agosom e a t  those  c ircum scribed  s ites w h ere  
th e  phagocy tic  v acu o la r  m em b ran e  h a d  broken . T he  p h enom enon  was r e g a r d 
ed as a toxic, d egenera t ive  process.

The d is in teg ra t ion  of the  p h a g o c y t ic  vacu o la r  m e m b ra n e  is a process 
lead ing  to a basic  a l te ra t io n  of t h e  re la t ionsh ip  be tw een  th e  organ ism s an d  
th e  host.  Some paralle lism  seems to  exist be tw een  th e  abili ty  of ce r ta in  
b a c te r ia  for in trace llu la r  pa ras i t ism  a n d  the  d is in teg ra t io n  of th e  p h a g o c y t ic
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v a c u o la r  m em brane  s u r ro u n d in g  th e  in fe c t iv e  agent. F o r  exam ple ,  S t a l e y  
et a l. [27] found t h a t  a ro u n d  cells of n o n -en te ro p a th o g en ic  E . coli s tra in s  
u n a b le  for  in trace llu la r  p a ra s i t i sm ,  d is in teg ra t io n  of th e  phagosom ic  m em b ran e  
c a n  n e v e r  be observed. R oth  and W illiam s  [31] in jec ted  v i ru le n t  an d  a v i ru 
le n t  В . anthracis i n t r a v e n o u s ly  into mice a n d  observed t h a t  in  th e  re t icu lo 
e n d o th e l ia l  cells of th e  sp leen  the  v iru len t  bacillus ,  in c o n tra s t  to  th e  av iru len t  
one , was never su r ro u n d e d  b y  phagosomic m e m b ra n e .  A rm stro ng  a n d  S w o r d  
[30] a ssum ed  th a t  th e  haem olys in  released f ro m  L isteria , w h ich  according to  
J e n k i n s  et al. [32] also h a d  a lecithinase a c t iv i ty ,  p layed  a p a r t  in th e  d is in te 
g r a t io n  of  the  phagosom ic  m em brane . I n  o u r  opinion, for th e  d is in teg ra t ion  of 
th e  phagosom e th e  haem o ly s in  is no t  p r im a r i ly  or n o t  alone responsible , 
s in ce  th is  phenom enon  occurs even m ore  def in i te ly  in k e ra to co n ju n c t iv i t is  
sh igellosa ,  loo.

I n  con tras t  to  t h e  m acrophages, th e  corneal epithelial cells con ta ined  
v e r y  few lysosome-like fo rm ations .  C onsequen tly ,  it  m a y  be a ssum ed  th a t  
o n ly  th e  f irs t  s tage  o f  phagocy tos is ,  th e  inges t ion  of th e  agen t,  has ta k e n  
p lace .  In  the  host cell th e r e  are no la rge r  a m o u n ts  of enzym es h a rm fu l  for 
t h e  in fec t ive  agent so t h a t  it  is able to  m u l t ip ly  freely in th e  cy top lasm  of 
e p i th e l ia l  cells. We failed to  observe th e  g ra v e  in ju ry  a ro u n d  th e  bac te r ia  
d e sc r ib e d  by  A rm stro ng  a n d  Sword  [30]. T h is  find ing  is perhaps in analogy  
w i t h  th e  observation  of  D i Ca p u a  et al. [33] w ho , af te r  im p lan t in g  a diffusion 
c h a m b e r  w ith  L isteria  in to  th e  per i tonea l  c a v i ty  of mice, recorded  no toxic  
e ffec t.  T he  b ac te r ium -free  f i l t r a te  of th e  c o n te n t  of th e  c h a m b e r  w hen  in jec ted  
in t ra c e re b ra l ly  to  m ice also failed to e x e r t  a n y  apprec iab le  tox ic ity .

O n the  basis of th e  above  da ta  and  o u r  findings it  w ould  ap p ea r  t h a t  
t h e  a c t iv i ty  of ly sosom al enzym es is n eed ed  for th e  re lease b y  L isteria  of 
s u b s ta n c e s  in jurious to  t h e  cytoplasm  of th e  living host  cell. The d am age  
o b s e rv e d  in the  superf ic ia l  cell layer of th e  co rn ea  a t  la te r  s tages of th e  infec
t io n  (Fig. 8) m ay n o t  be d u e  to  a direct effect o f  th e  agent p re se n t  in tracellu -  
la r ly  in  th e  ep ithelium , b u t  ra th e r  to  to x ic  substances  re leased  as an effect 
o f  t h e  L is ie r ia -phagocy ting  ac t iv i ty  of p o ly m o rp h o n u c lea r  leucocytes. In  th is  
s ta g e ,  considerable leu co cy t ic  in fil tra tion  occurs  in various areas  of th e  eye [7].

T h e  special e lec tron  dense  granu lar  m a te r ia l  appear ing  in th e  cy top lasm  
o f  co rn ea l  epithelial cells around  th e  c a u sa t iv e  agen t  develops p ro b a b ly  
f ro m  th e  ground p la sm a  a n d  its m ic ro f i lam en ts  and  d is in teg ra ted  m em b ran e  
m a te r ia ls .  This fo rm a t io n ,  localized to a sm all  a rea  of th e  cell, does n o t  seem 
to  a f fec t  th e  v iab i l i ty  o f  th e  host cell. A n  analogous cy top lasm ic  reac tion  
has  b een  observed in  in te s t in a l  epithelial cells [27, 34].

I n  view of th e  s p re a d in g  of the  in fec tive  process, an im p o r ta n t  p h e n o m 
e n o n  show n in e lec tron  microscopic ex a m in a t io n s  [23] is th e  a g e n t’s passage 
f ro m  one  host cell to  a n o th e r  w ithou t  pass in g  th ro u g h  th e  in te rce l lu la r  space 
(F ig . 6). In  la ter s tages of  th e  in f lam m ato ry  process, when th e re  is a definite
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in trace llu la r  oedem a , th e  te rm in a l  b a rr ie rs  a n d  desmosomes are d a m a g e d  
(Figs 8 and  9) a n d  the  sp read in g  of th e  organ ism  occurs b y  p a ra c e l lu la r  
passage. This p rocess  opens th e  w a y  fo r  th e  passage  of d ifferent ions, w a te r  
so luble  molecules an d  drugs [35].

P ara lle l  w i th  th e  progression of  th e  in fec tion , th e  n u m b e r  o f  o rgane lles ,  
m a in ly  m ito ch o n d r ia  and sm o o th -su r fa c e d  endoplasm ic  re t icu lum , in c reases  
in cells c o n ta in in g  th e  organism a n d  in th e  neighbouring  cells. This p h e n o m 
enon  is an im p o r ta n t  ind ica to r  o f  th e  in te ra c t io n  of th e  organism  a n d  h o s t  
cell resu lting  in an  increase of ce l lu la r  m e tab o l ism , b u t  is no t  a specific re sp o n se  
to th e  presence o f  th e  m icroorgan ism , since i t  m a y  also occur in in to x ic a t io n s  
due  to  p a ras i t ic  infection [36].

I t  m ay  be  concluded th a t  t h e  l iv ing  corneal ep ithelium  is a su i ta b le  
m ed ium  for th e  m ult ip l ica t ion  of  L is ter ia  an d ,  therefore , th e  te rm  in t r a c e l lu 
lar pa ra s i t ism  of b ac te r ia  which h a s  so fa r  been  applied only to  th e  in te r a c t io n  
of h o s t  and p a ra s i te  in relation to  m ac ro p h a g e s ,  should  be ex tended  in  re la t io n  
of  th e  ep ithelia l  cells of the  co rnea .

Acknowledgem ent. We are in d e b te d  to  Dr. E . MÉRŐ, Section of B acterio lo g y  o f  o u r 
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EFFECT OF SORBIC ACID ON THE GROWTH 
OF SOME SPECIES OF YEAST*

B y

T . D e á k , M. T ü s k e  a n d  E. K . N o v a k

National Institute of Public Health (Director: T. Bakács), Budapest 

(R eceived  M arch  9, 1970)

Sum m ary . T he effect of sorbic acid  (SA) on g row th  k inetic  p a ram ete rs  in aerob ic  
a n d  anaero b ic  cu ltu res  of Candida beverwijkii, C. claussenii, C. krusei, C. pseudolropicalis, 
C. utilis, Procandida albicans, Pc. tropicalis a n d  Saccharomyces carlsbergensis has been  s tu d ied . 
SA ex erted  d iffe ren t effects on g row th  r a te  c o n s ta n t, lag ph ase  and  fin a l d en sity  dep en d in g  
on th e  co n ce n tra tio n  of the  ag en t, m ode o f in cu b a tio n , p resence of reduced  g lu ta th io n e  (G S H ) 
an d  species o f th e  exam in ed  organism . As a m ain  effect o f SA th e  lag phase  becam e pro longed . 
T he su b s tan ce  caused  an  a p p ro x im ate ly  id en tica l in h ib itio n  of g row th  ra te  and d ev e lo p m en t 
o f fin a l d en sity . T he effect o f SA was m ore  d e fin ite  u n d e r an aerob ic  conditions. T h is w as due 
p a r tly  to  th e  fa c t t h a t  du ring  aerobic c u ltiv a tio n  of certa in  species th e  co n cen tra tio n  o f SA 
decreased  an d  th u s  th e  in h ib ito ry  effec t o f th e  su b s tan ce  becam e w eaker an d  w eaker. As 
in th e  p resence of G SH  th e  decrease o f SA  w as ab sen t o r less defin ite , it has been  concluded  
th a t  GSI1 in d irec tly  increased  th e  effec t o f SA.

In  a p rev ious w ork [9] i t  h a s  been  p o in ted  ou t  t h a t  a l th o u g h  sorbie  
acid  (SA) is a w idely applied p re se rv a t iv e  used especially in food in d u s t ry  
for  th e  in h ib it ion  of th e  g row th  o f  y e a s ts  and  m olds, only few a u th o rs  h av e  
s tu d ie d  th e  k inetics  of its in h ib i to ry  effect. O ur g row th  k inetic  s tu d ie s  on 
Procandida albicans model have  show n t h a t  th e  effect of SA depends  on  th e  
a e ra t io n  of  th e  cu l tu re  and is to  som e  e x te n t  in fluenced  by  th e  in g red ien ts  
o f  th e  m ed ium . W e have  also d e m o n s t r a te d  t h a t  u n d e r  aerobic co n d it ions  
t h e  a g en t  is de to x ica ted  by Pc. albicans. D e to x ica t io n  of SA is p re v e n te d  
by  red u ced  g lu ta th io n e  (GSH) a n d  th u s  th e  g row th  in h ib i to ry  effect becom es 
m ore  d e f in i te  and  prolonged.

Since m a n y  d a ta  ind ica te  t h a t  th e  fu n g is ta t ic  effect of SA d e p e n d s  on 
th e  species ex am in ed  [26], on th e  bas is  of th e  above-m en tioned  m odel  e x p e r i 
m e n ts  we inv es t ig a ted  the  ac tion  of  SA on some fu r th e r  y eas t  species and  
dev o ted  special a t te n t io n  beside th e  effect on g row th  kinetics to  th e  poss ib i l i ty  
o f  de to x ica t io n  of  th e  agent and  th e  influence o f  G SH  in th is  respect.

Materials and methods
T he m eth o d s were as described in o u r  p rev io u s w ork  [9] b u t  only one k in d  o f m ed ium  

(S a b o u rau d  glucose b ro th ) was used. S o rb ic  acid  was ad d ed  to  th e  m edium  as p o tass iu m  
so rb a te  (P S ) p ro d u ced  by  F arbw erke  H o ech s t Л .G. A naerob ic  (m ore correc tly , sem ian ae ro b ic

* P a r t  o f th is  investiga tion  has b een  re p o rte d  by  T . D eák  [8 |.
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s ta n d in g  tu b e) cu ltu res  w ere in cu b a ted  w ith  0.3 a n d  0.6 m g m l, aerobic  sh aken  T -tu b e  cu ltu res  
w ith  0.5 an d  1.0 m g/m l c o n ce n tra tio n s  of th e  ag en t. W hen  G SH  was added , its  m o lar concen
t r a t io n  w as alw ays 10 tim es  less th a n  th a t  of PS. T h e  co n ce n tra tio n  of PS in  th e  cu ltu res  was 
d e te rm in e d  a t  0, 16, 24, 48 an d  72 hours by  d irec t p h o to m e try  a t  254 mp b y  p re p arin g  su itab le  
d ilu tio n s  o f 0 .1— 0.2 m l sam ples. D istilla tion  w as o m itte d , since in  p re lim in a ry  ex p erim en ts  
d is tilled  an d  d irec t sam p le s y ielded id en tica l re su lts .

E v a lu a tio n  was m ad e  on th e  basis o f th e  g ro w th  ra te  c o n s tan t (к ), lag  phase  (L) and  
f in a l d e n s ity  (D). In itia l  o p tic a l d en sity  was se t to  0.050 fo r all species. In  co m p arin g  va rio u s 
spec ies, differences in f in a l  d en sity  due to  v a r ia tio n s  in  th e  in itia l cell co u n t w ere co rrec ted  
b y  ca lcu la tin g  th e  m u ltip lic a tio n  index  (M) [21].

In  o rder to  m ake  d irec t com parisons w ith  th e  re su lts  o f ou r p rev ious s tu d y  [9], Pc. 
albicans (O K I 85/1957) w as re -exam ined  to g e th e r w ith  th e  follow ing cu ltu res: Candida bever- 
wijkii (O K I C L X X V /1967), C. claussenii (O K I 460 sect/1961), C. krusei (O K I 287/1964), 
Pc. tropicalis (O K I 302/1964), Saccharomyces carlsbergensis (O K I 11/1966). M ain tenance  and 
c u lt iv a t io n  of th e  s tra in s  w ere perfo rm ed  as desc rib ed  p rev io u sly  [9, 21].

A ll resu lts  re p re se n t m ean  values o b ta in e d  in  tw o  p aralle l ex p erim en ts. A nalysis of 
v a r ia n c e  w as used fo r s ta tis t ic a l  ev a lu a tio n  [11, 35].

Fig. 1. C ontrol g row th  cu rv es fo r th e  exam ined  y e a s t species. A erobic cu ltu res in  S ab o u rau d  
g lucose b ro th . V =  C. beverwijkii; •  =  C. claussenii; О =  C. krusei; □ =  C. pseudotropi- 

calis ; ■ =  C. utilis ; A =  Pc. albicans ; к Pc. tropicalis ; т S. carlsbergensis
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Results

F or charac ter iz ing  a n d  c o m p ar in g  the  grow th p ro p e r t ie s  of th e  e x am in ed  
species, th e  control g row th  cu rves  are  p resen ted  f i r s t  (F igs  1 and 2). D iffer
ences in g row th  am ong th e  va r io u s  organism s were e v id e n t .  W ith  th e  excep tion  
of C. pseudotropicalis  and  C. carlsbergensis all y eas ts  grew more ra p id ly  and 
reached  h igher  final densities  th a n  in anaerobic cu l tu re s .  The differences in 
g row th  am ong  th e  various species were more d e f in i te  in aerobic cu ltu res .  
I t  is ev iden t  t h a t  a sh o r te r  lag p h a se  and  a h igher g ro w th  ra te  re su l ted  in a 
h igher  final dens i ty  and  vice ve rsa  (Fig. 3). H ow ever ,  th e re  was n o t  a lw ays 
such an  in te rre la t ionsh ip  b e tw e e n  th e  grow th p a ra m e te r s  (see curves for C. 
krusei and  Pc. albicans in  Fig. 2). T he  influence of  th e se  two factors o f  final 
d en s i ty  d iffered also w ith  th e  cond itions  of in c u b a t io n ;  th e  in te r re la t io n sh ip  
be tw een  к and  M  was closer in anaerobic  th an  in  aerob ic  cu ltu res  (F ig . 3).

i 'ig . 2. C ontrol g row th  curves fo r th e  exam in ed  yeast species. A n aerob ic  cu ltu res  in Sabou- 
rau d  glucose b ro th . V C. b e verw ijk ii; •  C. claussenii; О C. krusci : ' - C. p seudo -
trop ica lis; Я C .  u tilis, Д  I'r. albicans; a P c. tro p ica lis;  т C. carlsbergensis
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R e g a rd in g  all p a ra m e te r s ,  u n d e r  th e  p re s e n t  ex p er im en ta l  conditions th e  
b e s t  g row th  was e x h ib i te d  b y  C. krusei.

C. pseudotropicalis  d iffered from all cu ltu res  p re se n te d  in  Figs 1 and 2 
in  show ing  a v e ry  w e a k  g row th . As c o m p a re d  to  th e  con tro l ,  g row th  of this

Fig. 3. In te rre la tio n sh ip  o f g ro w th  ra te  c o n s tan t a n d  m u ltip lica tio n  in d ex . S a b o u rau d  glucose 
b r o th  cu ltu res , a =  aero b ic , b  =  an aero b ic  in cu b a tio n . V =  C. beverwijkii; •  S . claussenii; 

~ C. krusei; □ =  C. pseudotropicalis; ■ = C. utilis; Д =  Pc. albicans; A — Pc. tropica
lis; t .S. carlsbergensis

Fig. 4. E ffec t of p o tass iu m  so rb a te  on g row th  cu rves fo r C. pseudotropicalis in  th e  presence 
a n d  in  th e  absence of re d u ce d  g lu ta th io n e . A erobic cu ltu res  in S a b o u ra u d  glucose b ro th . 
C ircles, co n tro l; triang les , 0.5 m g  PS /m l; squares, 1.0 m g PS/m l. C o n tin u o u s line; w ithou t 

G SH, d o tte d  line : w ith  GSH. G S H :P S  m olar ra tio  1:10
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species was alw ays b e t te r ,  th ough  d iffe ren t  in  degree, in th e  presence of SA, 
G S H  or SA 4 - G SH , as i t  is seen in aerob ic  g ro w th  curves  in Fig. 4. S im ilar  
results  were o b ta in e d  u n d e r  anaerobic  cond it ions .  T h is  u nexpec ted  f ind ing  
was expla ined  b y  m orphogene tic  changes observed  a t  th e  microscopic checking  
of th e  cultures. W hile  in th e  control cu l tu re  th is  species grew in pseudom yce lian  
form , in th e  p resence  of  th e  exam ined su b s tan ces ,  how ever ,  it always ex h ib i ted  
a b u d d in g - ty p e  g row th .  This m orphological chan g e  h igh ly  in f luenced  th e  
sh ap e  of g row th  curves ob ta ined  on tu rb id im e tr ic  e s t im a t io n .  C onsequen tly ,  
th e  resu lts  for g ro w th  inh ib it ion  ex p e r im en ts  could n o t  be ev a lu a ted  a n d  in 
th e  following th e i r  num erica l  d a ta  are  om it ted .

Values for th e  g row th  kinetic p a ra m e te rs ,  as d e te rm in e d  from th e  g ro w th  
curves, are su m m ar ized  in Tables I —V I. T hese  d a ta  and  average va lues  of 
th e  given p a ra m e te r  for 7 d ifferent species as well as resu lts  ob ta in ed  in cu ltu res  
w ith  added  su b s tan ces  an d  expressed as p e rc e n ta g e  of  th e  control ( inh ib it ion  
%  for к and  M , p ro longa tion  %  for L) d e m o n s t r a te  well th e  effect of v a r io u s  
t re a tm e n ts ,  th o u g h  do n o t  allow a com plex  e v a lu a t io n  o f  th e  ind iv idual effects 
and the  in te rac t io n s  of th e  exam ined  fac to rs :  P S ,  G S H , m ode of in c u b a t io n  
(Inc) and  sen s i t iv i ty  o f  species (Spec). These  were  e s t im a te d  b y  analysis  of 
variance .

Effect o f  P S  on growth rate constant. On th e  basis  of d a ta  in T ab les  I 
a n d  I I ,  Tab le  V I I  shows th e  analysis o f  th e  effect o f  th e  exam ined  fa c to r s  
on th e  a l te ra t io n  of th e  grow th ra te  c o n s ta n t .  I t  is e v id e n t  t h a t  every  f a c to r  
exer ts  a s ign if ican t effect by  itself, t h a t  is, in f luences  th e  к value. D o u b le

Table I

Alteration of growth rule constant under the effect of potassium sorbate 
in the presence and absence of reduced glutathione in aerobic cultures

k X lO O  ( l i r —>)

1 2 3 \ 5 6

C. beverwijkii 43.0 40.0 19.8 18.0 17.6 5.4

C. claussenii 45.5 50.0 40.0 38.7 33.2 29.6

C. krusci 31.0 34.0 23.6 21.0 16.7 14.6

С. и til is 31.0 30.7 24.2 20.2 15.8 14.6

Pc. albicans 30.2 31.4 18.7 16.9 14.8 13.6

Pc. tropicalis 28.0 28.0 15.4 13.4 10.6 8.4

S. carlsbergensis 12.6 14.5 6.9 5.9 5.0 4.7

Mean 31.6 32.7 21.2 19.2 16.2 13.0

E ffec t in per cen t in h ib ition 0.0 — 4.0 33.0 39.0 49.0 59.0

1 co n tro l, 2 GSH 0.2 m g/m l, 3 PS 0.3 m g m l, 4 PS 0.3 m g/m l 4- G SH
0.1 m g/m l, 5 PS  1.0 m g/m l, 0 PS 1.0 m g/m l 4" GSH 0.2 m g/m l.
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T a b i c  I I

Alteration o f growth rate constant under the effect o f potassium sorbate
in the presence and absence o f reduced glutathione in anaerobic cultures

Species
l 2 3 4 5 6

C. beverwijkii 11.8 13.2 4.2 4.5 3.3 2.5

C. claussenii 9.0 8 .8 6.8 4.1 6.2 4.5

C. krusei 14.0 15.0 7.0 6.6 4.8 4.3

C. utilis 8.1 7.0 6.0 5.2 4.9 4.5

Pc. albicans 11.1 10.7 7.0 7.0 6.5 6.5

Pc. tropicalis 15.0 15.2 6.9 5.5 5.2 4.7

C. carlsbergensis 11.2 10.4 6.4 6.4 4.5 5.0

M ean 11.5 11.5 6.3 5.6 5.1 4.6

E ffe c t in per cent in h ib ition 0.0 0.0 45.0 51.0 56.0 60.0

1 co n tro l, 2 = G SH  0.1 2 m g/m l. 1 P S  0.3 m g/m l. 4 PS 0.3 m g/m l -f- G SH  0.06
m g /m l, 5 - PS 0.6 m g/m l, 6 =  PS  0.6 m g /m l -j G SH  0.12 m g/m l.

Table III

Alteration of lag phase under the effect of potassium sorbate 
in the presence and absence of reduced glutathione in aerobic cultures

L  (hr)

3 4 5 6

C. beverwijkii 10.2 10.2 17.3 22.4 23.5 24.4

C. claussenii 9.2 6.5 14.7 13.8 17.5 18.4

C. krusei 3.2 2.6 4.5 4.8 5.4 7.3

C. utilis 3.5 3.5 6.6 8.0 9.8 10.5

Pc. albicans 2.9 2.6 4.6 6.4 9.0 10.2

Pc. tropicalis 3.8 3.4 10.2 11.0 13.7 24.7

S. carlsbergensis 8.4 5.9 15.0 16.8 20.0 28.5

M ean 5.9 5.0 10.4 11.9 14.1 17.7

E ffe c t  in  per cent p ro lon

g a tio n 0.0 15.0 76.0 102.0 139.0 200.0

1 6 as in T ab le  I.

a n d  t r ip le  in terac tions b e tw een  th e  fac to rs  are m ostly  also s ign if ican t ,  t h a t  
is, t h e i r  effect on g ro w th  r a te  is n o t  in d e p e n d e n t  from  one a n o th e r .  F ro m  th e  
a n a ly s is  of in te rac t ions  th e  following were concluded.
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Table IV

Alteration o f lag phase under the effect o f potassium  sorbate
in the presence and absence o f reduced glutathione in  anaerobic cultures

.
1 2 4 5 6

(.. beverwijkii 4.5 5.5 15.0 17.5 22.0 26.0

C. claussenii 5.0 5.5 14.5 17.5 25.0 31.0

C. krusei 2.(1 3.0 6.5 6.5 10.0 10.0
C. u til is 6.0 7.0 15.0 18.0 25.5 27.0

Pc. albicans 5.0 5.0 12.0 14.0 20.0 22.0

Pc. tropicalis 3.0 3.5 9.5 9.0 18.5 27.0
S. carlsbergensis 6.0 5.0 8.5 8.5 14.5 14.5

Mean 4.5 4.9 11.6 13.0 19.4 22.5

E ffect in per cen t p ro lon 

gation 0.0 2.0 158.0 189.0 330.0 400.0

1 6 as in T ab le  II.

Table V

A lteration o f  m ultip lication  index under the effect o f  po tassium  sorbate 
in the presence and absence o f  reduced g lutathione in  aerobic cultures

Species
M (ratio of final and initial density)

l 2 3 4 5 1 6

C. beverwijkii 69 69 29 18 9 5

C. claussenii 69 69 64 64 51 27

C. krusei 73 73 48 48 28 28

C. ut il is 54 54 45 43 29 17

Pc. albicans 65 65 61 59 40 35

Pc. tropicalis 80 80 76 60 60 16

S. carlsbergensis 57 57 33 25 19 14

Mean 67 67 51 45 34 20

E ffect in per cent in h ib ition 0 0 24 33 48 70

1 6 as in Fable I.
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Table VI

Alteration o f multiplication index under the effect o f potassium sorbate
in the presence and absence o f reduced glutathione in anaerobic cultures

M  (ratio  of final and initia l density)
Species

l 2 3 4 5 6

C. b everu ijk ii 58 58 10 12 6 4

C. claussenii 55 55 31 13 18 8

C. krusei 59 59 19 23 8 8

C. u lilis 28 28 17 15 12 11

Pc. albicans 60 59 29 26 23 21

Pc. tropicalis 68 68 46 44 27 10

S . carlsbergensis 57 57 34 29 18 16

M ean 55 55 27 23 16 11

E ffe c t in  pe r cent inh ib itio n 0 0 51 58 71 80

1 —6 =  as in T ab le  I I .

T ab le  V II

A n a ly s is  o f  variance o f  growth rate constant

Variance
Sum of 
squares

Degrees
of

freedom
Mean squares F

Inc 4,680.4 l 4,680.4 3,900.3***

Spec 1,487.8 6 248.0 206.6***

GSH 16.6 l 16.6 13.8**

PS 2,133.5 2 1,066.8 889.0***

In cX  Spec 1,708.0 6 248.7 207.2***

I n c X GSH 7.1 1 7.1 5.9*

In cX  PS 428.2 2 214.1 178.4***

SpecX  GSH 13.9 6 2.3 1.9

SpecX  PS 254.0 12 21.2 17.6***

G SH  X PS 20.4 2 10.2 8.5**

In cX  SpecX GSH 30.5 6 5.1 4.3*

In cX  SpecX PS 106.6 12 8.9 7.4***

In cX  G S H x  PS 15.1 2 7.5 6.3*

SpecX  G S H x  PS 26.2 12 2 .2 1.8

R esidual (error) 14.8 12 1.2

T o ta l 10,943.1 83

*P  =  5 % , **P - 1% , ***P

\0o'-

Ö
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1. A lte ra t ion  of the mode o f  in c u b a t io n  from aerobic to  a n a e ro b ic  d e 
creases  the к  v a lue ;  the  degree o f  th i s  decrease s t ro n g ly  depends on th e  sp e 
cies (Table V I I I ) .  U nder  anaerob ic  conditions all species show an  a p p r o x i 
m a te ly  iden tica l g ro w th  ra te  (Fig. 5).

T ab le  V III

A ltera tion  o f  growth rate constant as a fu n c tio n  o f  the in 
teraction o f  mode o f  incubation and species

Mode of incubation

Aerobic Anaerobic

C. beverw ijkii 24.0 6.7

C. claussenii 39.7 6.7

C. krusei 23.7 8.7

C. u tilis 22.8 6.0

Pc. albicans 21.0 8.3

Pc. tropicalis 17.2 8.8

S. carl sb er gen sis 8.5 7.2

The d a la  re p re se n t m ean values o f  k x  100 (h r -1). Confidence in te rv a l (1) fo r  th e  d if
fe rence  of m ean v a lu e s  (d): Ip,*>u d +  1.93.

Fig. 5. A lte ra tio n  of g row th r a te  
co n stan t as a fu n c tio n  of th e  m ode 

of in cu b a tio n ; к values in h r -1

Fig. 6. A lte ra tio n  of g row th  r a te  c o n 
s ta n t  as an  effect of in cu b a tio n  m o d e  
and  p o tassiu m  so rb a te . О = aero b ic , 
•  an aero b ic  incu b a tio n . C o n tin u o u s 
line: k , d o tte d  line: log k. PS  c o n 
cen tra tio n  in aerobic  in cu b a tio n , 0.5 a n d  
1.0 m g/m l, in  an aerob ic  in cu b a tio n  0.3 
and 0.6 m g/m l. T he abscissa in d ic a te s  
only t h a t  th e  e x p erim en t w as p e rfo rm ed  
a t a c o n cen tra tio n  of zero (0), a t  a  c e r 
ta in  level (1) o r a t  tw ice th e  la t te r  (2)

4* Acta  \/icrobiologica Academiae Scientiarum Hungaricae 17, 1970



24(3 T. DEÄK e t al.

2. As com pared  to  aerobic  incu b a t io n ,  u n d e r  anaerobic  conditions the 
к  v a lu e  decreases to  1/3 a t  all concen tra tions o f  P S . T he  increase of th e  effect 
a t  increasing  PS c o n c e n t ra t io n s  is m ore m a r k e d  u n d e r  aerobic t h a n  un d er  
a n a e ro b ic  conditions (F ig . 6 ).

3. In  aerobic i n c u b a t io n ,  GSH per se does n o t  influence th e  к va lue  sig
n i f ic a n t ly .  Combined w i th  P S ,  however, t h e y  co n s id e rab ly  decreased th e  grow th 
r a t e  co n s tan t .  U n d e r  an a e ro b ic  conditions t h e  effect o f  PS-f- GSH does not 
d iffer  significantly  f ro m  t h e  effect of PS (T a b le  IX ).

Table IX

A l t e r a t i o n  o f  g r o w t h  r a t e  c o n s t a n t  a s  a  f u n c t i o n  o f  t h e  t r i p l e  i n t e r a c t i o n  o f  

m o d e  o f  i n c u b a t i o n ,  p o t a s s i u m  s o r b a t e  a n d  r e d u c e d  g l u t a t h i o n e

PS

A erobic Anaerobic

0* 0.5 1.0 0 0.3 0.6

о 31.7 21.5 16.4 11.4 6.3 5.1
GSH 32.7 19.1 13.1 11.4 5.7 4.9

Ipj%  =  d i  1.6.
T he d a ta  rep re sen t m e a n  va lues of k x  100 ( h r - 1 ).
*Po tassium  so rb a te  c o n c e n tra tio n  in m g/m l; G S H :P S  1:10 m ole; th e  h igher GSH 

c o n c e n tra t io n  in the  co n tro l.

E ffec t o f PS on lag phase . On the basis  o f  th e  d a ta  in Tables I I I  and  I \  
t h e  analysis  of v a r ian ce  o f  t h e  effect of fa c to rs  t e s te d  is p resen ted  in Tab le  X. 
A ll  fac to rs  exerted s ta t i s t i c a l ly  significant effects  w hen  analysed  separa te ly .  
T h e  effect shown w ith  G S H  was due p ro b a b ly  to  an in te rac t io n  of GSH-)-PS, 
s in ce  G S H  failed to  e x h ib i t  a n y  significant e ffec t in double or t r ip le  com bina
t io n  w i th  other fac to rs .  O f  th e  triple in te ra c t io n s ,  only  In c X  Spec X PS was 
s ig n if ican t .  Conclusions o f  th e  analysis w e re  as follows.

1. W hen cond it ions  a re  changed from  ae rob ic  to  anaerobic , th e  L  value 
in c rea se s  in the  m a jo r i ty  o f  organisms. U n d e r  t h e  effect of PS th e  lag phase  
is p ro longed  in all spec ies  abou t twofold a t  low er and  th reefo ld  a t  h igher 
c o n c e n tra t io n s  (Fig. 7).

2. U nder an ae rob ic  conditions PS ac ts  m o re  m ark ed ly  and  th e  effect 
o f  increased  co n c e n tra t io n s  is also more d e f in i te  (Fig. 8 ).

3. GSH exerted  a s ign if ican t  effect o n ly  in  th e  presence of PS ; th e  L  
v a lu e  increased w hen  P S  w a s  supp lem ented  w i th  G SH  and  th e  effect increased 
a t  h ig h e r  concen tra t ions  o f  e ither PS or G S H  (Table  X I) .
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Table X

A n a ly s is  o f  variance o f  lag phase

Variance
Sum of 
squares

Degrees
of

freedom
Mean squares F

Inc 81.9 l 81.9 40.9***
Spec 948.4 6 158.1 79.1***
GSH 50.2 i 50.2 25.1***

PS 2,524.3 2 1,262.2 631.1***

IncX  Spec 474.5 6 79.1 39.6***

In c x G S H l . i i 1.1 0.6

In c  X PS 124.4 2 62.2 31.1***

Spec X  GSH 20.9 6 3.5 1.9

S p ecx  PS 244.6 12 20.4 10.2***

GSH X PS 41.8 2 20.9 10.5**

IncX  S p ecx  GSH 14.3 6 2.4 1.2

IncX  SpecX PS 151.4 12 12.6 6.3**

In c  X GSH X  PS 1.7 2 0.8 0.4

S p e c x  GSH X PS 52.3 12 4.4 2.3

R esidual (error) 24.2 12 2.0

T o ta l 4,756.0 83

**P 1% , ***P  - 0 .1% .

Ь control ps concentration

Fig. 7. P ro lo n g a tio n  of lag ph ase  
as a fu n c tio n  o f po tassiu m  sor- 
b a te  co n cen tra tio n . PS levels 

(1 an d  2) as in Fig. 6

Fig. 8. A lte ra tio n  of lag ph ase  
u n d e r  th e  effect of in c u b a tio n  
m ode an d  po tassium  so rb a te . 
C o n tin u o u s line: aerobic in c u b a 
tio n , d o tte d  line: anaerob ic  in 
en hat ion. PS levels (0, 1. 2) 

as in Fig. 6

A d a  \licrobiologica Academiar Seien liar urn Hungaricae 17. 1070



248 T. D EÁ K  e t al.

Table XI

A ltera tio n
between

o f  lag phase as a 
po tassium  sorbate

fu n c tio n  o f  the interaction 
u n d  reduced glutathione

PS

0 1 2

0 5.2 11.2 16.9

GSH 5.1 12.6 20.2

Ipi?„ d  ±  0.52.
P S  co n cen tra tio n s as in  F ig . 6. GSH levels co rre sp o n d in g  to  0, 1 and  2 PS  levels: 0 .2,

0.1 a n d  0.2.

E ffect o f  P S  on m ultip lica tion  index. V a r ian ce  analysis of th e  m u l t ip l i 
c a t io n  index  (Table  X I I  on  th e  hasis o f  T a b le  V a n d  VI) gave genera l ly  th e  
s a m e  results  as t h a t  o f  t h e  two o ther  p a ra m e te r s .  A m ong double in te ra c t io n s  
in  co m bina tion  In c  X  Spec, th e  cha rac te r  o f  a l te ra t io n  was sim ilar as w ith  К  
v a lu e .  According to  th e  analysis of th e  c o m b in a t io n  Inc  X PS, p o ta s s iu m

Table XII

A n a ly s is  o f  variance o f  m u ltip lica tio n  index

V ariance
Sum of 
squares

Degrees
of

freedom
Mean squares F

In c 5,376.0 l 5,376.0 480.0***

Spec 5,428.8 6 904.8 80.0***

GSH 505.2 l 505.2 45.1***

PS 23,235.0 2 11,617.5 1,037.3***

In cX  Spec 1,740.0 6 290.0 25.9***

In cX  GSH 58.3 1 58.3 5.2*

In cX  PS 494.9 2 246.5 22.0***

SpecX GSH 407.8 6 68.0 6.1**

SpecX PS 2,205.5 12 183.8 16.4***

GSH X  PS 291.7 2 145.9 13.0***

In cX  SpecX GSH 100.4 6 16.7 1.5

In cX  SpecX PS 700.6 12 58.4 5.2**

In cX  GSHX PS 74.7 2 37.4 3.3

SpecX  GSH X  PS 448.8 12 37.4 3.3*

R esidual (error) 134.1 12 11.8

T o ta l 41,199.8 83

*P 5 % , **P 1 % , ***P o .i% .
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so rb a te  a t  low c o n cen tra t io n s  was less effective u n d e r  aerobic th a n  u n d e r  
anae rob ic  conditions; a t  h igher concen tra t io n s  t h e  increase  in effectiveness 
was m ore  definite  in  aerobic  in c u b a t io n  (Fig. 9).

T h e  effect of t h e  various com bina tions  of t h e  m ode  of incu b a t io n ,  PS 
a n d  G SH  m ay be an a ly sed  as tr ip le  in te rac t io n s  (T ab le  X I I I ) .  I t  is seen th a t ,  
s im ilarly  as on p a ra m e te rs  к and L ,  G SH  acts  o n ly  in  th e  presence  of PS 
a n d  its effect increases w h en  th e  co n cen tra t io n  of e i th e r  PS o r  GSH is increased

801

PS concentration

F ig. 9. A ltera tio n  of m u ltip lic a tio n  index u n d e r  th e  effect o f in c u b a tio n  m ode and  p o tassiu m  
so rb a te . M  value: ra tio  o f f in a l and  in itia l d ensity . C o n tin u o u s line: aerobic, d o tte d  line: 

an aero b ic  incu b a tio n . P S  levels (0, 1, 2) as in  F ig . 6

u n d e r  b o th  aerobic a n d  anaerobic  incubations.  U n d e r  aerobic cond itions  
G S H  -(- PS  decreased th e  M  value m o re  m ark ed ly  t h a n  PS  per  se; in anaerobic  
cu ltu res  th e  difference was no t  s ignif ican t.

E ffec t o f  the decrease, o f P S  concentration. As in  our previous ex p e r i
m e n ts  |9] PS co n c e n tra t io n  decreased  during  aerob ic  in cu b a t io n  of Pc. a lb i
cans. In  aerobic cu l tu re s  th e  sam e resu lt  was o b ta in e d  for C. claussen ii, 
C. pseudotropicalis , C. u tilis  and P c. tropicalis b u t  n o t  for C. heverw ijkii,

Table XIII

Alteration  o f m ultip lica tion  index ( M )  as a fu n c tio n  o f  the trip le interaction o f  
mode o f  incubation, po tassium  sorbate and reduced glutathione

PS

Aerobic Anaerobic

0* 0.5 1.0 0 0.3 0.6

0 66.5 51.5 33.7 55.0 28.0 11.0

GSH* 66.5 45.3 20.3 55.0 23.3 11.2

IP|
Vf

<1 ±  5.48. 
ra tio  of final a n d  in itial d en sity ; *PS ;and GSH c o n c e n tra tio n s  as in T able
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C. k ru se i  and S. carlsbergensis (Table  X IV ).  U nder  an ae ro b ic  conditions 
n o n e  excep t  tw o o rgan ism s  were able to  decrease PS c o n c e n tra t io n .  W ith  
C. c laussenii and Pc. tropicalis  th e re  was a s light decrease (17 a n d  10%, re 
sp ec t iv e ly )  bu t  only in  th e  absence  of  G SH  an d  a t  low in itia l  PS  concen tra t ions  
(0.3 mg/ml). In  aerobic  cond itions  a n d  a t  h igher PS co n c e n tra t io n s  in th e  
p re se n c e  of GSH th e  decrease  of PS was always considerab ly  less; a t  lower 
P S  concen tra t ions  th e  effect o f  G S H  ap p ea red  only as a s l ig h t  de lay  in PS 
dec rease .

Accordingly, th e  y e a s t  species ex am in ed  could be classif ied  into tw o 
g ro u p s  on the basis o f  th e i r  ab il i ty  to  decrease PS c o n c e n tra t io n  in aerobic

Table XIV

Decrease o f po tassium  sorbate concentration in  aerobic cultures o f  som e yeasts 
in  the presence and absence o f  reduced glutathione

Tim e of Decrease of PS concentration, °/0
Species

C. claussenii

C. pseudotropicalis

C. u tilis

Pc. albicans

Pc. tropicalis

incubation,
hours I 1

16

24 

48 

72 

16 

24 

48 

72 

16 

24 

48 

72 

16 

24 

48 

72 

16 

24 

48 

72

0 0

34 34

90 96

100 100

0 0

10 15

70 67

100 100

0 6

16 20

44 44

100 96

8 12

28 16

48 50

100 100

14 10

44 24

46 32

100 92

3 , 4

6 6

8 6

10 3

43 9

0 0

0 4

10 5

24 11

4 10

14 8

36 8

36 12
2 8

0 8

8 15

40 22

5 2

11 5

12 2

48 14

1 PS in itia l c o n c e n tra tio n , 0.5 m g/m l, 2 = PS in itia l c o n c e n tra tio n , 0.5 m g/m l -)- 
G S H  0.1 m g/m l, 3 =  P S  in it ia l  co n ce n tra tio n , 1.0 m g/m l, 4 =  PS  in it ia l  co n cen tra tio n , 
1.0 m g /m l -j- GSH 0.2 m g/m l.
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cu ltu res .  This d ifference was expec ted  to be re f lec ted  in th e  effect on th e  
g ro w th  kinetic p a ra m e te rs  of PS o r of its c o m b in a t io n  w ith  o th e r  factors. 
The above analyses failed to  ind ica te  th is  d ifference  clearly as th e  7 species 
were eva lua ted  s ep a ra te ly .  In  T ab le  XY a new  k in d  of variance  analysis  is 
p resen ted :  the  species were d iv ided  into th e  ab o v e  tw o groups a n d  tw o con 
c e n tra t io n  levels for each of PS a n d  GSH were u n i te d .

Table XV

A n a ly s is  o f  variance o f  m ultip lication  index. A na lysis  
according to 2 1 factoria l experim ent

Variance Sum of squares F

loo 812.25 361.00***

Spec 144.00 64.00*

GSH 49.00 21.77*

PS 4,422.25 1,965.44***

In cX  Spec 121.00 53.77*

In c x G S H 9.00 4.00

lu c x P S 42.25 18.77*

SpecX GSH 12.25 5.44

SpecX PS 256.00 113.77**

GSH X PS 49.00 21.77*

I i ic x  SpecX  PS 25.00 11.1 1

I n c X G SH  X PS 9.00 4.00

S p e c x  GSH X PS 12.25 5.44

IncX  S p e c x  GSH* 2.25 )l |, 5
R esidual (error) 2.25 1

T otal 5.967.75

*IncX  SpecX G SH  u n ite d  w ith  th e  residual (degrees o f freedom , 2): degrees o f freedom  
in all o th e r variances, 1 ( to ta l  15), th a t  is, th e  m ean of sq u a res  is equal w ith  th e  sum  of 
sq u ares (2.25 in the  residual).

*P 5 % , **P 1 % , ***P 0 .1 % .

The analysis in d ica ted  th a t  th e  effects o f  PS an d  m ode of in cu b a t io n  
were h ighly  s ign if ican t  even sep a ra te ly ,  while t h e  significant effect o f  th e  
species fac tor  and  G SH  was p ro b ab ly  due to  a doub le  in te rac t ion . T h e  analysis  
o f  th e  la t te r  (Table  X V I)  showed th a t  th e  M  v a lu es  decreased s ign if ican tly  
up o n  th e  effect o f  b o th  PS and anaerobiosis  (T able  X Y I A) a n d  t h a t  GSH 
caused  a significant a l te ra t ion  on ly  in th e  p resence  of PS (Table  X Y I B), 
as it was expec ted  from  th e  form er analysis. T he  new  analysis, how ever, showed 
also t h a t  while th e  effect of PS was s ign if ican t in b o th  species g roups , th e
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d if fe rence  betw een  th e  g roups  ap p ea red  only  in  th e  presence o f  PS  (Table 
X Y I  C). Similarly, a l th o u g h  a change in  th e  m o d e  of in cu b a t io n  cau sed  signif
i c a n t  a l te ra t ions  in b o th  g roups , th e  difference b e tw een  th e  tw o g roups  a p p e a r 
ed o n ly  under  aerobic  co n d it ions  (Table X V I  D). This find ing  in d ica te s  t h a t  
t h e  b as is  of the s ign if ican t  difference be tw een  th e  groups really  consisted 
o f  t h e  decrease of PS in  aerob ic  cu ltu res  and  t h a t  d if fe ren tia t ion  of  t h e  species 
in to  t h e  two groups was ju s t i f ied .  I t  is also e v id e n t  t h a t  in y e a s ts  causing 
th e  decrease  of PS in  ae rob ic  cu ltu res  s ign if ican tly  h igher M  va lues  m a y  be 
o b ta in e d ,  in o ther w ords  t h e  degree of g row th  inh ib i t io n  is cons ide rab ly  lower 
t h a n  in  o ther  species.

Table XVI

A n a ly s is  o f  double in teractions o f  factors in fluencing  the m ultip lication  index  ( M )

A In c X P S в GSH X PS

Aerobic Anaerobic 0 GSH

о 66.5 53.0 0 61.0 61.0

PS 36.5 19.0 PS 31.2 24.2

C S pecX P S I) IncX Spec

» PS Aerobic A naerobic

I 60.6 34.7 I 57.2 37.5

и 62.0 20.7 II 45.7 37.0

M  =  ra tio  of f in a l a n d  in it ia l  d en sity ; I =  species d e tox ify ing  P S , I I  =  species 
n o t  d e to x ify in g  PS, Ip 5% =  d  d : 4.56; Ip x% =  d  11.46.

Discussion

T h e  inh ib ito ry  a c t io n  of SA on th e  m u lt ip l ica t io n  of y e a s ts  m ay  be 
c h a ra c te r iz e d  by changes  in  th ree  g row th  k ine tic  p a ram e te rs  (k, L , M ). The 
e ffec t o f  SA on th e  p a ra m e te r s  d iffered and  show ed  a l te ra t ions  accord ing  to  
SA c o n cen tra t io n ,  p re sen ce  of G SH , m ode  of incu b a t io n ,  a n d  th e  species 
e x a m in e d .

As regards th e  aerob ic  g row th  of th e  c o n tro l  cultures, C. krusei and
S . carlsbergensis occup ied  tw o  ex trem e posit ions ;  on th e  basis o f  all g row th 
k in e t ic  pa ram ete rs  th e  fo rm e r  grew best an d  th e  l a t te r  w orst (Fig. I) .  I n  th e  
p r e s e n t  experim ents , s im ila r ly  to  th e  f indings of  V as  [33] an d  to  th e  results 
o f  o u r  earlier inves t iga t ions  [21], only к a n d  M  show ed an in te ra c t io n  (Fig. 3). 
C. beverw ijkii and  C. claussen ii were  cha rac te r ized  b y  a long lag  p h ase  and 
h ig h  g ro w th  rate.
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As to th e  m o d e  of in c u b a t io n ,  under  anae rob ic  conditions all species 
grew less readily  t h a n  in aerobic c u l tu re s  (Fig. 2). T h is  f in d in g  m a y  be exp la ined  
b y  a lower effectiveness of anae ro b ic  energy p ro d u c t io n .  T he  only excep tion  
w as S. carlsbergensis, th e  e x a m in e d  stra in  of w h ich  (Schw echat b rew er’s 
y eas t)  had  been a d a p te d  to  f e rm e n ta t io n  and  th u s  grew  equally  well w ith  
b o th  modes of incu b a t io n .  Considering  all growth p a ra m e te r s ,  u n d e r  anaerob ic  
conditions C. kru se i and  Pc. trop ica lis  showed th e  b es t ,  while C. u tilis  and  
C. claussenii th e  w o rs t  growth.

No a t te m p ts  h av e  been m a d e  to  elucidate th e  reason  for th e  m o rp h o 
genetic  change in  C. pseudottropica lis. The change occu rred  in th e  presence  of 
su lfhyd ry l-co n ta in in g  or su lfhyd ry l- reac ting  co m p o u n d s  (G SH  or SA), which 
are  known to  in fluence  o x id o reduc tion  and th e  p ro te ind isu lf ide -reductase  
enzym e system s p lay in g  and  im p o r t a n t  role in cell d iv is ion  and  m orphogenesis  
[10, 13, 20].

G row th ch arac ter is t ics  of t h e  organisms in S a b o u ra u d  glucose b ro th  
were generally v e ry  similar to th o s e  revealed in  ear l ie r  s tudies, in  which 
var ious  species w ere  com pared  in  glucose and  o th e r  c a rb o h y d ra te s  [2 1 ].

The g ro w th - inh ib it ing  a c t iv i ty  o f  SA was e v id e n t  for all th ree  p a r a m e 
te rs .  The most de f in i te  effect was e x e r te d  on th e  lag  ph ase ,  which was p ro long 
ed a b o u t  four t im es . The in h ib i to ry  effect of SA on к  and  M  was o f  ab o u t  
th e  sam e order (b o th  values dec reased  a p p ro x im a te ly  to  half); th is  f ind ing  
ind ica tes  again th e  correlation b e tw e e n  the  tw o  g ro w th  p a ram e te rs .  T h e  
re su lts  are in ag reem en t  with o th e r  au th o rs ’ g row th  k ine tic  s tudies  w i th  SA 
[22 25, 31]. O nly  H a r a d a  el al. [12] s ta te  t h a t  SA, a l th o u g h  it  considerab ly
decreased  th e  g ro w th  ra te  and f in a l  density , was a lm o s t  ineffective on th e  
lag phase. Accord ing  to  the ir  p a p e r ,  th ey  m ade th e  f i r s t  readings a t  16, 28 
a n d  42 hours, w h ich  was ev id en t ly  insufficient fo r  an  exac t  d e te rm in a t io n  
of  th e  du ra t io n  of  th e  lag phase .

The effect o f  SA on grow th k in e t ic  p a ram e te rs  w as in fluenced by  sev 
eral factors. P re l im in a ry  experim en ts  w ith  Pc. albicans [9] have  a lready  show n 
t h a t  th e  in h ib i to ry  effect depends m a in ly  on th e  co n cen tra t io n  o f  SA and  
th e  m ode of incu b a t io n .  Studies o f  o ther  species con f irm ed  these  f ind ings 
a n d  th rew  light on th e  difference a m o n g  the o rganism s in sens i t iv i ty  to  SA. 
S ta t is t ica l  eva lu a t io n  of th e  resu lts  allowed a th o ro u g h  analysis  of th e  effect 
of th e  factors a lone or in co m b in a t io n .  In  e v a lu a t in g  th e  results, a n o th e r  
fa c to r  exerting  a decisive influence should  also be considered , the  a l te ra t io n  
of th e  in itia l co n cen tra t io n  of SA during  cu lt iva t ion .

There are a n u m b e r  of d a ta  in  the  l i te ra tu re  concern ing  th e  decrease 
of  SA concen tra t ion  in preserved p ro d u c ts  [1 — 7, 14, 17, 18, 34]. The decrease 
occurred  m ain ly  in  p roduc ts  w i th  h igh  initial c o u n ts  o f  m icroorganism  or 
in p ro d u c ts  the  p re p a ra t io n  of w h ich  are  accom panied  w i th  in tensive  m icrobia l 
a c t iv i ty  (e.g. pickles). Thus it h a s  been  supposed t h a t  th e  decrease of  SA

A d a  Microbiologica Academiae Scientiarum  Hungáriáié 17, №70



254 T. D EÁ K  e t al.

w as  d u e  to  m icroorgan ism s. Certain b ac te r ia  [30, 37, 38] a n d  molds [15, 
16, 19, 28, 29] were sh o w n  to  decom pose SA. As to  y eas ts  no such  findings 
w ere  available  in t h e  l i te ra tu re ;  C o s t i l o w  et al. [3] failed to  dem ons tra te  
th i s  effect in Torulopsis holm ii.

F ro m  our e x p e r im e n ts  i t  is ev iden t  t h a t  th e  co n c e n tra t io n  of SA de
c rea se s  in aerobic c u l tu re s  of  C. claussenii, C. pseudotropicalis , C. u tilis , Pc. albi
cans  a n d  Pc. tropicalis. O u r  previous experim en ts  w ith  Pc. albicans also 
d e m o n s t r a te d  th is  effect a n d  suggested  t h a t  th e  decrease w as associated  w ith  
a de to x ica t io n  of SA d u r in g  aerobic m etabo lism , which process is accom panied 
w i t h  th e  ceasing o f th e  in h ib i to ry  effect. I n  th e  p resen t  ex p e r im en ts  there  
w as  a slight reduc tion  in  t h e  a m o u n t  of  SA also in cer ta in  an ae rob ic  cultures 
of  C. claussenii and  Pc. tropicalis. This f ind ing  m ight h av e  b een  due to  the 
fac t  t h a t  incubation  in  s ta n d in g  tubes  ensured  only sem ianae rob ic  conditions 
a n d  t h a t  for the  tu rb id im e t r ic  es t im a tion  th e  tubes  had b een  shaken . Thus 
th e  tw o  organisms, especia lly  active in SA detox ica t ion , cou ld  decrease the  
co n c e n tra t io n  of th e  a g e n t  even u n d e r  sem ianaerob ic  cond itions .  More ex ten 
s ive  s tud ies  on th e  d e to x ic a t io n  of SA will be  p resen ted  in  a su b se q u e n t  paper.

D uring aerobic in c u b a t io n ,  especially a t  lower in it ia l  concentra tions, 
SA  decreased m a rk e d ly  or  even d isappeared  from  cultures  of  t h e  above o r
g a n ism s  (Table X IV ).  As th e  decrease was observed  only in aerobic  cultures, 
u n d e r  anaerobic co n d i t io n s  even lower SA concen tra t ions  w ere  enough for 
m a r k e d  and du rab le  in h ib i t io n  and  therefore  the  increase o f  th e  am ount of 
S A  p ro m o ted  the  degree  o f  inh ib it ion  less defin ite ly  th a n  in aerobic  cultures. 
T h is  was evident f rom  th e  effect of SA on th e  g row th  ra te  a n d  the  m u lt i
p l ic a t io n  index (Figs 6  a n d  9). The effect o f  increased  SA concen tra t ions  on 
t h e  lag  phase of a n a e ro b ic  cu ltu res  was m ore  m ark ed  (Fig. 8 ). I t  should be 
co n s id e red  here t h a t  a t  t h e  beginning of th e  incu b a t io n  p e r io d  (during the  
lag  phase) there Mas a lm o s t  no decrease in  SA co n c e n tra t io n  even under 
ae ro b ic  conditions; as shoMrn in Table  X IV  th e  decrease a m o u n te d  to  a feMr 
p e r  c e n t  in the  f i r s t  16 hours ,  so t h a t  in aerobic cu ltu res  SA was present 
p ra c t ic a l ly  at its in i t ia l  (added) concen tra t ion .

T he  decrease in SA co n cen tra t ion  occurred  only in aerobic  cultures of 
c e r t a in  microorganism s. Th is  find ing  expla ins  th e  im p o r ta n t  differences in 
SA  sensitiv ity  am ong  th e  species, as ju d g e d  on th e  basis of all th e  th ree  p a ra m 
e te r s .  As the  decrease  w as h ighes t a t  th e  end  of th e  in c u b a t io n  period, th e  
m o s t  definite d ifference am ong  th e  species was reflected  in th e  effect of SA 
on  th e  M  value (Tables  XV and  X V I).

F u r th e r  e x p e r im e n ta l  resu lts  d e m o n s t ra te  th e  in te ra c t io n  of SA and 
G S H .  The s tud  ies o f  o th e r  au th o rs  ind ica te  t h a t  the  in h ib i to ry  effect of SA 
o n  m icroorganism s is assoc ia ted  w ith  th e  inh ib ition  of su l fh y d ry l  group- 
c o n ta in in g  enzymes a n d  it  has been d e m o n s t ra te d  t h a t  th is  effect can be 
e l im in a te d  in vitro w i th  cyste ine  or G SH  [36, 39]. A ccord ing ly , these  thiol
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com pounds  were expec ted  to  e lim inate  or a t  least to  decrease th e  inh ib it ion  
by SA. However, in a g re e m e n t  w ith  our p rev ious experim en ts  w i th  Pc. albi
cans [9], an opposite effect was ob ta ined , as in th e  presence of b o th  G S H  and 
cys te ine  th e  grow th in h ib it ion  by SA increased a n d  becam e m ore  pro longed . 
A sim ilar  synergism has b een  d e m o n s tra te d  be tw een  SA and  cy s te in e  acting 
on th e  g row th  of A sperg illu s niger [27].

A ccord ing  to  th e  p re se n t  findings, GSH per se does no t  in f luence  signif
ican tly  th e  value of any  o f  th e  g row th  p a ra m e te rs .  T o ge the r  w i th  SA it 
exe r ted  an inh ib ito ry  effect which becam e s tro n g e r  on increasing th e  concen
t ra t io n  of e ither  SA or G SH . As com pared  to  th e  effect of SA alone, the  
co m b in ed  effect of SA G S H  was higher vinder aerobic b u t  n o t  u n d e r  an 
aerobic  conditions (Tables I X ,  X I ,  X I I I  and X V I).  On th e  basis o f  th e se  results 
the  inh ib it ion-prom oting  effect of G SH  can be exp la ined  only if it is assum ed  
th a t  G SH  s t im u la tes  the  e n t ra n c e  of  SH in to  th e  cell by increasing  t h e  p e rm e
ab ili ty  of th e  cell m em b ran e ,  by  decreasing th e  redox  po ten t ia l  or b y  exer t ing  
a specific effect on th e  m e m b ra n e .  Considering t h a t  th e  effect o f  G S H  was 
m ore  def in ite  for SA -de tox ify ing  species th a n  for  organism s n o t  exh ib i t in g  
such ac t iv i ty  (Table X V I)  a n d  th a t  in th e  presence of G SH  th e  decrease  of 
SA concen tra t io n  was slower an d  less definite  (Table X IV ), it m a y  be  assum ed  
t h a t  th e  synergistic  effect o f  G SH  is an ind irec t  one, h indering or e l im ina ting  
th e  de to x ica t io n  of SA d u r in g  cu lt iva t ion .  In  add it ion ,  the  effect u p o n  SA 
de to x ica t io n  m ay be seco n d a ry  itself, when due to  the  increased e n t ra n c e  of 
the  a g en t  its own d e to x ica t io n  is inhibited . This is ind ica ted  h y  ex p e r im e n ts  
in progress. The prob lem  a n d  elucidation  of th e  role of GSH need  fu r th e r  
inves t ig a t io n s  as th e  above m en tio n ed  effect of G SH  m ay  be used  in practice  
to p re v e n t  th e  microbial decom posit ion  of SA. On th e  basis of th is  possib ili t \  
a m e th o d  has been e lab o ra ted  for increasing th e  effectiveness o f  food p re 
se rva tives  [32].
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EFFECT OF SORBIC ACID ON THE GROWTH OF YEASTS 
ON VARIOUS CARBOHYDRATES
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Sum m ary. T h e  g ro w th  of C andida beverw ijkii, C. claussenii, C. u tilis , Procandidu  
albicans, Pc. tropicalis, Saccharomyces carlsbergensis and  S . cerevisiae was stu d ied  in th e  p re s 
ence of 0.75 m g/m l p o tass iu m  so rba te , in  aerob ic  liqu id  m ed ia  co n ta in in g  as su b s tra te  glucose, 
ga lactose , m altose, su c ro se  o r raffinose. B y  com paring  th e  effect o f  th e  in h ib ito r  on given 
p a ram ete rs  of g ro w th  k in e tics  (g row th  r a te  c o n s tan t, lag  p h ase , m u ltip lica tio n  in d ex ) w ith  
th e  d ifferen t su b s tra te s  ad d ed , conclusions were d raw n  as to  th e  cause of in h ib itio n  a t  th e  
level o f ca rb o h y d ra te  m etabo lism . T he re su lts  in d ica ted  t h a t  th e  cause of in h ib itio n  is o ften  
in th e  tra n sp o rt  p ro cesses w hich are th e  f i r s t  steps o f c a rb o h y d ra te  m etabo lism . In te rfe ren c e  
w ith  th e  active  t r a n s p o r t  processes m ay  p lay  an im p o r ta n t  role in th e  m echanism  of action  
of sorbic  acid.

Changes of  grow tli  kinetic p a ra m e te rs  of var ious  y e a s t  species w ith  th e  
k in d  of ca rb o h y d ra te  m ed ium  as well as possible re la t ionsh ips  of  g row th  p a r a m 
eters  in different c a rb o h y d ra te  m ed ia  w ith  th e  early  phases  of c a rb o h y d ra te  
m etabolism  h ave  b een  described earlier [18]. I n  o th e r  studies  [4, 9] it was 
d em o n s tra ted  t h a t  sorbic  acid (SA) as a fung is ta t ic ,  h a d  a d is t in c t  in fluence  
on g row th  p a ra m e te rs .  Since, how ever ,  g row th  k ine tic  s tudies  as a ru le  had 
been  perform ed in one given g ro w th  m edium  and  prev iously  we h a d  app lied  
exclusively glucose m ed ium  ourselves, it  seem ed w orthw h ile  to  exam ine  th e  
effect of SA on y e a s t  g row th  in o th e r  types  o f  c a rb o h y d ra te s  w ith  th e  a im  of 
concluding from co m p ara t iv e  s tu d ie s  o f  various yeas ts  and  various s u b s t ra te s  
on th e  m echanism  o f  action  of th e  inh ib ito r  as well as on certa in  p a r t ic u la r i 
ties of the  c a rb o h y d ra te  m e tabo lism  of th e  y e a s t  species exam ined .

Materials and methods
T he stra ins e x am in ed , m ain ten an ce  an d  grow th  m ed ia , in cu b a tio n , m ethods of g ro w th  

m easu rem en t as well as th e  d e te rm in a tio n  o f  g row th  k in e tic  p a ra m e te rs  (g row th  ra te  c o n s ta n t 
k, lag  phase  L , m u ltip lic a tio n  index M )  w ere th e  sam e as d escribed  earlie r [181. SA w as ap p lied  
in th e  form  of p o ta s s iu m  so rb a te  (PS), a t  a  co n ce n tra tio n  o f 0.75 m g ml. D e te rm in a tio n  of 
PS  was described p re v io u s ly  [9].

Results and discussion

To ch arac ter ize  th e  grow th inh ib i to ry  effect of SA, values o f  g ro w th  
kinetic  p a ram e te rs  as com pared  w i th  controls  w i th o u t  SA are shown in T a b le  I. 
к and M  were ex p re ssed  as per c e n t  inhibition  des ig n a ted  w ith  fcrei a n d  M re),
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t h e  p ro longa tion  of th e  lag phase  in per  c e n t  as L rei, ca lcu la ted  as averages 
o f  t h e  various g row th  s u b s t ra te s  and  th e  ex am in ed  yeas t  species. As seen in 
T a b le  I ,  SA inh ib ited  th e  p a ra m e te rs  к a n d  M  to  a similar e x te n t ,  a b o u t  3 0 ° o, 
w h e r e a s  i t  increased th e  v a lu e  of L  so m ew h a t  m ore  th a n  one a n d  a h a lf  times. 
T h is  correla tes  well w i th  th e  earlier f ind ings  concerning th e  effect o f  SA on 
g r o w th  kinetic p a ra m e te rs  [9] and  also discloses the  corre la tion  be tw een  к 
an  d M , as d e m o n s t ra te d  prev iously  [9, 18].

Table I

Effect o f  po ta ssiu m  sorbate on the growth k inetic  param eters o f  yeasts  
C o n c e n tra t io n  of in h ib ito r: 0.75 m g/m l. The v a lu es fo r th e  g ro w th  p a ra m e te rs  a re  in per 
c e n ts  o f  th e  inh ib ito r-free  c o n tro l v a lu e , k rei an d  M re[ as per cen t in h ib itio n , a n d  L re|

as per cen t p ro lo n g a tio n

Y east species
Growt It kinetic param eters

el M re,

Candida beverw ijkii 4 5 6 3 4 3

Candida claussenii 15 6 6 12

Candida u tilis 17 39 25

Procandida albicans 2 4 30 4

Procandida tropicalis 4 0 9 3 9

Saccharomyces carlsbergensis 3 3 108 6 5

Saccharomyces cerevisiae 2 3 6 3 4 6

Average 2 8 6 3 31

T here  was a considerab le  species v a r ia t io n  in respect of th e  ind iv idua l  
g r o w th  param eters .  W h e n  all the  th ree  p a ra m e te rs  are considered, C. bever- 
w ijk i i  and  S. carlsbergensis were m ost  sensitive  to  SA (Table I). In te res t ing ly , 
w i th  th re e  species ( C. claussenii, Pc. albicans, Pc. tropicalis)  t h e  value  of 
M  show ed  hard ly  a n y  inh ib it ion . The reason  of th is  m ay  be so u g h t  in the  
a b i l i ty  of these species to  decompose a n d  de tox ify  SA u n d e r  aerobic  condi
t io n s  [4, 9]. In  fac t ,  d e te rm in a t io n  of SA disclosed a considerab le  decrease 
o f  i t s  concen tra t ion  w h ich  va r ied  w ith  th e  ty p e  of the  su b s t ra te  in  th e  aerobic 
c u l tu re s  of the  above  th r e e  yeasts  and also in those  of C. u tilis  (Table  I I) .  
T h e  detoxifying ac t ion  of  C. utilis  ap p ea red  to  be less d is t inc t  as com pared  
to  p rev ious  exam in a t io n s .  I n  th e  cu ltu res  of  th e  o ther  s tra ins ,  th e  co n cen tra 
t io n  o f  SA did n o t  change .

T he  growth in h ib i to ry  effect of SA v a r ie d  w ith  th e  su b s t ra te s .  To facil
i t a t e  u n d ers tand ing ,  va lu es  of th e  g ro w th  p a ram e te rs  in iden tica l  ca rbo 
h y d r a t e  medium  as co m p ared  to  controls  w ith o u t  PS are g iven in  Tables 
I I I —Y I I  for each s u b s t r a te .
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Table 11

Decrease o f  po tassium  sorbale concentration in  yeast cultures 
grown on different substrates under aerobic conditions fo r  60 hours 

In itia l c o n c e n tra tio n  of in h ib ito r: 0.75 m g/m l

Y east species
Per cent cle ■rease of potassium sorbate concentration

Glucose Galactose Sucrose Maltose

C. claussenii 67 53 73 87

C. u til is 19 21 42

Pc. albicans 46 68 70 91

Pc. tropicalis 36 66 63 90

S u b s tra te  not u tilized  by  th e  species.

Table III

Effect o f  po tassium  sorbate on growth kinetic param eters o f  yeasts 
grown on glucose substrate under aerobic conditions 

F o r va lues o f re la tiv e  p a ram ete rs , see T ab le  l

Y east species
Growth kinetic param eters

V i i'rel M re,

C. beverwijkii 4 5 7 0 5 3

C. claussenii 18 6 0 9

C. u til is 15 3 9 22

Pc. (dbicans 2 3 2 9 3

Pc. tropicalis 31 8 0 3

S. carlsbergensis 3 2 85 57

S. cerevisiae 22 41 2 8

Table IV

Effect o f  potassium  sorbate on growth kinetic param eters o f  yeasts 
grown on galactose substrate under aerobic conditions 

F o r values o f re la tiv e  p a ram ete rs , see T ab le  I

Yeast species
Growth kinetic param eters

*ui J-rel Mre]

C. beverwijkii 26 53 40

C. claussenii 8 70 8

Pc. albicans 22 33 0

Pc. tropicalis 49 94 15

.S', carlsbergensis 35 114 71

S. cerevisiae 19 62 35
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Table V

Effect o f  p o ta ss iu m  sorbate on growth k in e tic  param eters o f  yeasts  
grow n on  sucrose substrate under aerobic conditions 

F o r  v a lu e s  o f re la tiv e  p a ra m e te rs , see T able  I

Growth k inetic param eters
Y east species -------------------------- ------------------

fcrel L rel I ^ r e l

C. beverwijkii 4 3 7 4 5 5

C. claussenii 16 81 11

C. utilis 16 4 2 2 4

Pc. albicans 24 2 5 1

Pc. tropicalis 31 8 4 —  3

S. carlsbergensis 32 6 9 5 3

S. cerevisiae 28 4 1 3 6

Table VI

Effect o f  p o ta ss iu m  sorbate on growth k in e tic  param eters o f  yeasts  
grow n on  maltose substrate under aerobic conditions 

F o r v a lu e s  o f  re la tiv e  p a ra m e te rs , see T able  I

Y east species
Growth kinetic param eters

Че1 i-rel Mrel

C. beverwijkii 43 5 0 3 3

C. claussenii 14 5 6 15

C. utilis 19 3 8 3 0

Pc. albicans 37 3 2 6

Pc. tropicalis 5 4 1 2 6 15

S. carlsbergensis 36 1 1 6 6 7

S. cerevisiae 20 1 5 4 6 3

Table VII

Effect o f  p o ta ss iu m  sorbate on growth k in e tic  param eters o f  yeasts  
grow n on ra ffin o se  substrate under aerobic conditions 

F o r  v a lu e s  o f re la tiv e  p a ra m e te rs , see Table I

Y east species
Growth k inetic param eters

*rel Are 1 M re,

C. utilis 17 41 21

S. carlsbergensis 31 1 3 8 7 2

S. cerevisiae 22 3 6 2 2
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I f  varia tions in  th e  changes of  the  SA effect w ith  the  su b s t ra te s  are to  
he ev a lu a ted  w ith  rega rd  to  c a rb o h y d ra te  m e tab o l ism , com parison  of th e  
p a ra m e te rs  es t im a ted  on the  var ious  su b s t ra te s  w ith  those m e a su re d  on 
glucose as a baseline seem ed to  be th e  m os t  reasonab le  app roach  [18]. I t  is 
in ferred  t h a t  in th e  case of a g iven s u b s t ra te  th e  divergence of th e  SA  effect 
from  t h a t  e s t im a ted  on glucose implies an  in h ib i to ry  action  on th e  step(s) 
o f  c a rb o h y d ra te  m e tabo lism  d iffe ren t  from  t h a t  affected  w ith  glucose su b 
s t ra te .  To su p p o r t  th is  a ssum ption ,  th e  d a ta  o f  T ab les  I I I —V II  were e x am in ed  
by  analysis  of v a r ian ce ;  th e  values o b ta in ed  w ith  galactose, sucrose, m altose  
a n d  raffinose su b s t ra te s  being co m p ared  each in  itse lf  to  those o b ta in e d  w ith  
glucose. In  the  case of  raffinose, th e  d a ta  ow ing to  th e ir  low n u m b e r  were 
e v a lu a te d  to g e th e r  w ith  those  for sucrose. The resu lts  show n in Tables  V I I I  — X
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Table VIII

Difference in growth inhib ition  by po tassium  sorbate between galactose and  
glucose substrates, expressed as diffeience o f  growth param eters vs. glucose

Growth k inetic param eters
Y east species

Л-п.| l;,l Wr„|

C. beverwijkii — 19 — 17 13
C. claussenii — 10 10 — 1

Pc. albicans 1 4 — 3
Pc. tropicalis 18 14 12
S. carlsbergensis 3 29 14
S. cerevisiae 3 21 7

s d 5% 14.0 13.3 8.3

Table IX

Difference in  growth inhib ition  by po tassium  sorbate between maltose and  
glucose substrates, expressed as difference o f  growth param eters vs. glucose

Growth k inetic param eters
\  east species

r̂el t'rel *"1

C. beverwijkii — 2 — 20 20
C. claussenii — 4 — 4 6
C. util is 4 1 8
Pc. albicans 14 3 3
Pc. tropicalis 14 46 12
S. carlsbergensis 4 31 10
S. cerevisiae 2 113 35

SD3% 7.3 8.3 16.7
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Table X

D ifference in growth in h ib itio n  by po tassium  sorbate between sucrose or ra ffinose  
and  glucose substrates, expressed as difference o f  growth param eters vs. glucose

Y east examined

G row th kinetic param eters

fcrel Gel Mrc, fcrel Gel Mre,

Sucrose — Glucose Raffinose — Glucose

C. beverw ijkii _2 4 2 _ — —

C. claussenii — 2 21 2

C. u tilis 1 3 2 2 2 1

Pc. albicans 1 -  4 - 2 — — —

Pc. tropicalis 0 -  4 - 6 — — —
S . carlsbergensis 0 16 - 4 1 53 15
S . cerevisiae 6 0 8 0 — 5 6

S D 5 o/o (Suer.—Glue.) 3.4 5.8 10.3 — — —
S D joj (S u er.—Raff. -G lu e .) 8.1 27.4 9.7 8.1 27.4 9.7

r e p r e s e n t  th e  differences in  k rt\, L re\, and  M rei va lues  of th e  above  su b s t ra te s  
r e l a t iv e  to  glucose as well as th e  lowest s ign if ican t  difference assessed a t  th e  
5 %  p ro b ab i l i ty  level (S D 30/J .

E ffec t o f  sorbic acid on growth in  galactose m edium . T he  effect o f  SA on 
g r o w th  p a ram ete rs  was e x a m in e d  f irs t  w ith  ga lac tose  as th e  su b s t ra te .  Using 
g a la c to se  instead  o f  g lucose as su b s tra te ,  a difference in SA ac tion  w as found 
o n ly  w h e n  one or m ore  o f  th e  f i r s t  steps o f  ga lac to se  m e tabo lism  ( t r a n s p o r t  
p h o sp h o ry la t io n  — t r a n s f e r  — ep im eriza tion  — p h o sp h o m u ta t io n )  preceding  
t h e  E M P  w ay  and  d iffe ring  from  those  of glucose, were in h ib i ted  in  a g rea te r  
d eg re e  th a n  the  su b s e q u e n t  s teps which are a l re a d y  iden tica l  w i th  t h e  corre
sp o n d in g  phase  of glucose m e tabo lism . A n o th e r  source of d ivergence m a y  have 
b e e n  th e  adap tive  n a tu r e  o f  a n y  of th e  enzym es involved in  th e  above  five 
s t e p s  w hich  allows SA to  in h ib i t  the  in d u c t io n  of th e  ap p ro p r ia te  enzym e. 
I n  t h e  la t t e r  case, p r im a r i ly  th e  p a ra m e te r  L  w as expec ted  to  differ. As seen 
in  T a b le  V II I ,  L  in d eed  d iffered  sign if ican tly  w i th  S. carlsbergensis a n d  S. 
cerevisiae ; w ith  th e  fo rm e r  also M  was d ifferen t.  T he  cause of th is  m a y  have  
b e e n  a delayed in d u c t io n  of galactose t r a n s p o r t  or, pe rhaps ,  an  inh ib it ion  
o f  ga lac to se  t r a n s p o r t  i t se l f  since, a t  least  in  th e  case of S. cerevisiae, the  
in d u c t iv e  na tu re  of a c t iv e  ga lac tose  t r a n s p o r t  h a s  been d e m o n s t ra te d  [28, 30].

G row th  on glucose a n d  galactose d iffered  considerab ly  also w ith  Pc. 
trop ica lis  and  C. beverw ijk ii, fo r  all th e  th r e e  g row th  p a ra m e te rs  s tud ied  
(T a b le  V II I ) .  W ith  th e  fo rm e r  organism, in h ib i t io n  was g rea te r  on galactose 
t h a n  on glucose, while w i th  th e  la t te r  o rgan ism , th e  opposite  was th e  case. 
S ince  th e  m etabolism  of th e se  tw o hexoses differs in several s teps ,  th e  cause
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of th e  d ivergence of SA in h ib i t io n  rem ains to  be clarified. A n y w ay ,  i t  is 
k n o w n  t h a t  th e  decom position  o f  ga lactose b y  Pc. tropicalis is a slow a n d  p r o 
longed process 113, 22, 25]; th is  m a y  im ply  t h a t  th e  g row th  o f  Pc. tropicalis  
on th a t  su g ar  was more liable t o  inh ib it ion  th a n  its g row th  on glucose. On 
th e  o th e r  hand ,  w ith  C. beverw ijkii active t r a n s p o r t  processes h a v e  been  
d e m o n s t ra te d  [8 ] and th e  in h ib i to ry  effect o f  SA on such  processes has b een  
descr ibed  [2, 5, 20]. I t  there fo re  seems likely t h a t  if  b o th  glucose a n d  g a lac 
to se  are t r a n s p o r te d  active ly , b u t  each by  a n o th e r  sy s tem , th e  in h ib i to ry  
effect o f  SA on the  la t te r  m a y  be  com p ara t iv e ly  less p ronounced .

E ffect o f  sorbic acid on growth in maltose m edium . E v a lu a t in g  th e  effect 
of SA on g row th  in m altose  m e d iu m , C. claussenii should  be t r e a te d  s e p a r 
a te ly  as th is  organism  splits m a l to se  by  exom altase  [17, 31] unlike all o the rs  
which sp li t  i t  by  endom alta se  [10, 12, 14, 15, 17, 23, 24, 27]. D e v ia t io n  of 
th e  g row th  ra te  from t h a t  m e a s u re d  on glucose was no ted  only  w i th  Pc. 
albicans a n d  Pc. tropicalis ; fo r  Pc. tropicalis t h e  p a ra m e te rs  L  a n d  M  also 
in d ica ted  a d is t inc t  effect of SA (Table  IX ).  F o r  these  species anti in  genera l 
for all yeas ts  w ith  en d o m a lta se  ac t iv i ty ,  u p ta k e  and  sp li t t ing  of  m a lto se  
are  th e  s teps w hich  differ f rom  th o se  of glucose m e tabo lism . Since, accord ing  
to  our f ind ings, SA did no t  a ffec t th e  ac t iv i ty  of th e  sp li t t ing  enzym e of Pc. 
albicans [1, 3, 7], it m a y  be su p p o se d  th a t  th e  difference found  w as re la te d  
to  th e  in h ib it ion  of the  t r a n s p o r t  s tep . The ac tive  n a tu re  of m altose  t r a n s p o r t  
is w ell-know n [1 0 , 1 1 , 26] an d  accord ing  to  ou r  own observa tions,  th e  ac t ive  
t r a n s p o r t  processes of Pc. albicans w ere  in h ib ited  by  SA [5, 6 , 19]. T h e  endo- 
m a lta ses  of Pc. albicans and  Pc. tropicalis being constitvitive enzym es o f a 
s im ilar  ty p e  [16, 17, 23, 24, 32] th e  d iss im ilarity  be tw een  th e  tw o  species 
in th e i r  L  and  M  p a ram e te rs  m a y  be a t t r ib u te d  to  th e  d ifferen t sen s i t iv i ty  
to  SA o f  th e ir  m altose t r a n s p o r t  system s.

In h ib i t io n  of the  g ro w th  ra te s  of S. cerevisiae an d  S. carlsbergensis 
d id n o t  differ from  th a t  of g lucose, whereas th e ir  L  p a ram e te rs  and  w i th  th e  
l a t te r  also th e  M  p a ra m e te r ,  w ere  n o ta b ly  affected  b y  SA. M altose t r a n s p o r t  
o f  those  species is b o th  in d u c t iv e  an d  ac tive  [1 0 , 1 1 , 26] and  e n d o m a l ta se  
i tse lf  m a y  be induc tive  [10, 14]. Since active t r a n s p o r t  an d  in d u c t iv e  p ro te in  
syn thes is  are energy requ ir ing  processes, th e y  m a y  be h igh ly  sens i t ive  to  
th e  effect of SA. The d iss im ila r i ty  no ted  w ith  th e  tw o species in re sp ec t  of 
SA inh ib it ion  m a y  have been  d u e  to  th e  differences in th e ir  t r a n p o r t  p rocesses; 
in add i t io n ,  it  is know n t h a t  t h e  m altose  sp li t t ing  enzym es of th e  tw o  species 
arc  d ifferen t,  th a t  of S. carlsbergensis being s t ru c tu re -b o u n d  [15, 16].

T he  g row th  of C. beverw ijkii on m altose  was less in h ib ited  b y  SA th a n  
its  g ro w th  on glucose, to  th e  a n a lo g y  of galactose. This seems to  be in  s u p p o r t  
o f  th e  im plica t ion  th a t  ac t ive  glucose t r a n s p o r t  of th is  species was m ore  
sensitive  to  inh ib ition  by  SA t h a n  were its ga lactose or m a lto se  t r a n s p o r t  
m echan ism s.
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As noted  in t h e  foregoing, the  m a lto se  m e tabo lism  of C. claussenii 
t a k e s  place by  e x o m a l ta se .  This enzym e n o t  be ing  sensitive to  SA [1], the  
effec ts  of SA on g ro w th  in glucose and m alto se  m ed ia  d id  n o t  differ (Table  IX).

Effect o f  sorbic acid  on growth in sucrose and  raffinose media. W ith  all ex
a m in e d  species w hich  u t i l iz e  sucrose and  ra ff inose  b y  m eans  o f  inv e r ta se  (C .be- 
v e rw ijk ii, C. u tilis, S . carlsbergensis, S . cerevisiae; cf. [16, 32]), th e  su b s tra te  
u t i l iz e d  for g row th  is p a r t i a l ly  or com plete ly  sp li t  ou ts ide  th e  cells to  m ono
saccharides  t r a n s p o r te d  b y  th e  glucose u p t a k e  sys tem  a n d  p h o sp h o ry la ted  
b y  hexokinase  in tra c e l lu la r ly .  Accordingly, no  difference was expec ted  in 
t h e  inh ib ition  of g ro w th  b y  SA as co m p ared  to  glucose. This was proved 
b y  th e  d a ta  of T a b le  X  w h ich  shows t h a t  th e  effect of SA on th e  grow th 
o f  t h e  above species in  glucose, sucrose a n d  raffinose was u n ifo rm  for all 
t h e  th re e  grow th p a r a m e te r s .  In  only tw o  cases was th e re  a significant 
d ifference: in the  g ro w th  ra te  of S. cerevisiae on sucrose, an d  in th e  L  p a 
ra m e te r s  of S. carlsbergensis on bo th  sucrose a n d  raffinose, and  w ith  raffi
n o se  also in the  M  p a r a m e te r .

As described ea r l ie r  [18], sucrose m e ta b o l ism  of S. cerevisiae can take  
p la c e  n o t  only th ro u g h  a n  ex trace llu lar  sp l i t t in g  b y  inve r ta se  and  subsequen t  
t r a n s p o r t  of the  re su l t in g  glucose and f ruc tose ,  b u t  also b y  a n o th e r  p a th w a y  
cons is t ing  of sucrose t r a n s p o r t  and a su b s e q u e n t  sp l i t t ing  b y  endosaccharase . 
T h e  SA sensitiv ity  of  t h e  fo rm er  p a th w a y  m a y  be iden tica l  w ith  t h a t  of glu
cose  m etabolism  un less  SA  inhibits  the  p ro d u c t io n ,  a c t iv i ty ,  or th e  secretion 
o f  inve r ta se .  This w as p ro v e d  indirectly  b y  th e  s im ila r i ty  of g row th  inh ib ition  
on  raffinose and glucose. D irec t  e s t im a tion  also in d ica ted  t h a t  th e  ac t iv i ty  
o f  in v e r ta se  is no t in h ib i te d  b y  SA [1, 29]. T h e  p o s tu la t io n  is, therefore ,  feasible 
t h a t  w ith  the  species in  ques t ion  the  second  m etabo lic  p a th w a y  also plays 
a n  im p o r ta n t  role in  th e  u t i l iza t ion  of sucrose  a n d  since th e  SA sensitiv ity  
o f  ac t iv e  t ran sp o r t  m a y  b e  greater, i t  is to  t h a t  c ircum stance  t h a t  th e  g reater  
in h ib i t io n  rela tive to  g lucose  can be ascribed .

S. carlsbergensis u ti l izes  raffinose b y  m e a n s  of two exoenzym es, inver
t a s e  a n d  melibiase, sy n th e t iz e d  and  ac t ing  in  succession. Since, however, 
SA  affected the  g ro w th  o n  sucrose to n e a r ly  th e  sam e e x te n t  as on glucose, 
o n ly  th e  inh ibition  o f  L  h a v in g  been g rea te r ,  a m ore d is t in c t  in h ib it ion  of 
in v e r ta s e  seemed u n l ik e ly .  I t  is, therefore , reasonab le  to  suppose  t h a t  the 
s t ro n g e r  inhibition b y  SA  of the  grow th p a ra m e te rs  L  and  M  on raffinose 
w as  due  either to  one  o f  t h e  conditions o f  sp l i t t in g  b y  melibiase (synthesis, 
sec re t ion ,  splitting) o r  to  t h e  inhibition o f  th e  m e tabo lism  of galac tose  p ro 
d u c e d  b y  splitting. U s in g  galactose as th e  s u b s t r a te ,  th e  effect o f  SA on the  
g ro w th  of S. carlsbergensis affected th e  p a ra m e te r s  L  and  M  show ing th a t  
t h e  inh ib it ion  of its  g ro w th  on raffinose also cam e  in to  effect th ro u g h  depres
s ion  of  the  m etabo lism  — v e ry  likely of th e  t r a n s p o r t  s tep  — of th e  galactose 
fo rm e d  from raffinose b y  th e  action of m elib iase .
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T he species Pc. albicans a n d  Pc. tropicalis are  endosaccharase  con ta in ing  
y eas ts .  W hile th e  in h ib it ion  b y  SA of th e  g row th  of th e se  tw o species on m a l
tose  differed from th a t  on glucose, no such difference was no ted  w ith  sucrose 
as t h e  su b s t ra te  (Table X ),  th o u g h  b o th  d isaccharides  are decom posed  by  
in trace llu la r  enzymes [16, 17, 23, 24, 32]. E n d o sacch a rase ,  like en d o m a lta se  
Mas insensitive  to  SA [1, 3, 7]. T h is  suggested t h a t  in th e  species in  ques t ion  
th e  t r a n s p o r t  m echan ism s are d if fe ren t  in the  m e tab o l ic  p a th w a y  o f  m a lto se  
and  sucrose. As suggested  b y  th e  resu lts ,  the  t r a n s p o r t  o f  sucrose is less sensi
t ive  to  SA th a n  t h a t  of m a lto se ,  while being similar in th is  respect to  th e  g lu 
cose t r a n s p o r t  m echan ism .

C om para tive  analysis  of th e  effects of SA on th e  g ro w th  k inetic  p a r a m 
eters  of th e  y eas t  species e x a m in e d  w ith  d iffe ren t  su b s tra te s  p e rm i t te d  
conclusions as to  th e  causes of  in h ib it ion  which m an ife s ted  them selves a t  th e  
level of ca rb o h y d ra te  m e tabo lism . A p p aren tly ,  in te rfe rence  w ith  th e  t r a n s p o r t  
processes is an im p o r ta n t  e lem en t  in  th e  m echan ism  o f  ac tion  of  SA. P r e 
l im in a ry  exam ina tions  in th is  la b o ra to ry  [2, 5, 6 ] disclosed a d is t inc t  SA sens i
t iv i ty  o f  th e  ac tive  t r a n s p o r t  processes M’liich is la rge ly  in su p p o r t  of th e  
above  im plication . C onsis ten tly  w i th  earlier resu lts  [8 , 9, 21] th e  p re se n t  
f ind ings again  s tressed  th e  fu n d a m e n ta l  an d  de f in i t iv e  role of t r a n s p o r t  
processes in th e  c a rb o h y d ra te  m e tabo lism  of yeasts . F u r th e r  studies of  su g a r  
t r a n s p o r t  seem to  be a p ro p e r  a p p ro a c h  to  the  b e t t e r  know ledge of b o th  th e  
c a rb o h y d ra te  m e tab o l ism  o f  y e a s ts  and  the  m ech an ism  of action  of  grow th  
inhib ito rs .

2 6 5
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STUDIES О IN SWINE ENTEROVIRUSES
I I I .  O C C U R R E N C E  OK E N T E R O V IR U S E S  IN  H U N G A R IA N  S W I N E  H E R D S  A N D  

IN T H E  K I D N E Y  T IS S U E  OF NO R MA L  P IG S

Ry

T. S z E N T - I v Á N Y I

Institu te  o f  Epizootiology (D irector: J .  M é s z á r o s ) ,  Veterinary U n iversity , B udapest

(R ece iv ed  April 1, 1970)

Sum m ary. A to ta l  of 505 en te ro v iru s  s tra in s  has been iso lated  from  1585 faecal sam ples 
o f  pigs o f d ifferen t age groups. No e n te ro v iru s  shedding w as revea led  before one w eek of age, 
b u t  su b seq u en tly  th e  ra te  o f v irus sh e d d e rs  increased  g rad u a lly  u p  to an  av erage  o f 75 .3%  
a f te r  w eaning. T hen  th e  ra te  decreased , a n d  shedding  becam e sp o rad ic  bey o n d  one y e a r 
o f age. The sp read  o f in fection  am ong l i t te r s  in a large p iggery was co n n ec ted  w ith  iso la tio n  
c irc u m stan c es  of th e  litte rs  of in d iv id u a l sows.

W ith  th e  ex ce p tio n  of 16 iso lates, th e  iso lated  s tra in s  belonged to  one of 16 se ro ty p es 
a n d  2 cy tom orpho log ical types. R e p ea te d  faecal sam pling  of in d iv id u a l pigs p ro v ed  th a t  
sev e ra l en te rov irus se ro ty p es  were shed o n e  a f te r  th e  o th e r  or less f req u e n tly  s im u ltan eo u s ly .

E n te ro v iru s  in fec tion  was tra n s fe rre d  v e rtica lly  from  th e  sow to  th e  o ffsp ring  in the  
fa rro w in g  pen, and h o rizo n ta lly  am ong p ig le ts  especially  a f te r  w eaning, w hen  m ix ed  to  fo rm  
large groups.

Isolation, serological ty p in g  anti grouping  of en te rov iruses  o f  pigs on 
th e  basis of cytom orphological lesions caused in pig k id n ey  m o n o lay e r  cu l
tu re s  was described  earlier [12, 13]. A fu r th e r  rep o r t  described  cases of  ence
pha li t is  in pigs caused  by ty p e  1-2 en terov irus  [14].

Though  a g re a t  va r ie ty  o f  en te rov iru s  s tra in s  was iso la ted  f rom  pigs 
all ove r  th e  world [2 , 8 ], only a few  d a ta  are availab le  on the  inc idence  of 
en te ro v iru s  infec tion  in swine h e rd s  and th e  f req u en cy  of v irus  shedders  
w i th in  a herd  [4, 15].

This pap e r  repo rts  on the  inc idence  of en te rov iru s  in fec tion  in pigs in 
H u n g a r y  and on th e  connection o f  v irus shedd ing  w ith  age in yroung  pigs of 
la rge  breeding p la n ts .  The incidence  o f  en te rov irus  in fec tion  in  k id n e y  t issue 
o f  n o rm al pigs is also reported .

M ateria ls  and methods

Source o f  material. 1. A to ta l of 1585 rec ta l sw abs were o b ta in ed  from  pigs o f  d iffe ren t 
age groups in 52 larg e  p lan ts.

I I . In  each o f  4 ad d itio n al p iggeries rec ta l sw abs were ta k e n  of 10 sows in la te  p reg 
n a n cy  and  again  a t  th e  tim e of w eaning o f  th e ir  litte r. R ecta l sw abs were o b ta in e d  also from  
2 or 3 ear tagged p ig le ts  of each of th ese  sow s, when 1, 2, 4, 6, 8, 12, an d  24 w eeks old. On 
tw o  fa rm s sam pling  w as repea ted  in som e o f the  ex p erim en ta l pigs a t  th e  age of 12 m o n th s .

I I I .  Not in o cu la ted  pig kidney c u ltu re s  p rep ared  from  fresh ly  processed  tissu e  o f 8 12-
w eek-old in d iv idua l pigs weekly for 10 co n secu tiv e  years were tes ted  sy s te m a tica lly  fo r la te n t 
e n te ro v iru s  infection.
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L a b o r a t o r y  t e c h n i q u e .  P re p a ra tio n  of th e  tis su e  c u ltu re s  used  th ro u g h o u t th ese  ex p eri
m e n ts , processing an d  in o cu la tio n  o f faecal sam ples as well as cy to m orpho log ical an d  serolog
ical ty p in g  of th e  iso la tes h a v e  been  described p re v io u s ly  [12, 13].

Results

E xperim en t I .  E n te ro v iru se s  were iso la ted  from  505 ou t  of th e  inves t i
g a te d  1585 rec ta l  sw ab  sam ples  which m e a n s  a n  overa ll  f req u en cy  of 31 .8°0. 
T h e  d is t r ib u t io n  of  po s i t iv e  faecal sam ples  w i th in  age groups is shown in 
T a b le  I.

Table I

O c c u r r e n c e  o f  e n t e r o v i r u s e s  i n  t h e  f a e c e s  o f  p i g s  o f  d i f f e r e n t  a g e  g r o u p s

A ge N u m b er
P o s itiv e  e n te ro v iru s  

iso la tio n

ol p igs tes ted N u m b e r P e r  ce n t

0 — 4 weeks 382 26 6.9

5- 8 weeks 328 105 32.0

9 12 weeks 426 321 75.3

13 24 weeks 165 38 23.0
over 24 w eeks 284 15 5.3

T o ta l 1585 505 31.8

All 505 isolates w ere  te s ted  for th e  m orpho log ica l c h a ra c te r  of cyto- 
p a th ic  changes caused  in  p ig  k idney  t issue  cu ltu res .  206 s tra ins  belonged to  
cy tom orpho log ica l  t y p e  I  a n d  285 to  cy to m orpho log ica l  ty p e  I I ,  described 
ear l ie r  [13]. The re m a in in g  14 isolates w ere  m ix tu re s  of  s tra in s  of b o th  cy to 
m orpho log ica l  types .

I n  add it ion  to  th o se  u sed  in previous te s ts  [12], 3 add it iona l  sera  were 
ap p l ied  for  se ro typ ing  th e  isolates; th e y  h a v e  been  p ro d u ced  recen tly  w ith  
s t r a in s  n o t  f i t t in g  in to  t h e  form erly  e s tab l ish ed  13 sero types.

D is tr ib u t io n  o f  t h e  s t ra in s  according to  th e  ty p e  of c y to p a th ic  lesion 
a n d  se ro ty p e  is sh o w n  in  Tab le  I I .

E xperim en t I I .  I n  each  of four piggeries rec ta l  sw abs were ob ta ined  from 
10 sows im m ed ia te ly  befo re  farrow ing a n d  ag a in  w hen  th e i r  l i t te r  was weaned 
a t  8 weeks of age.

A t  farrowing on ly  one sow of he rd  В sh e d d e d  en terov iruses  w ith  th e  
faeces , b u t  a t  w ean ing  of th e i r  l i t te r  one sow each  of he rds  A, В an d  C proved  
p o s it ive .

A c ta  ATicrobiologica A ca d em ia c  S c ie n tia ru m  H ungaricae 17, 1970



STUDIES ON SWINE ENTEROVIRUSES 2(59

Table II

C lassification o f  strains isolated in  E xperim en t I  according to cy to morphology and
serotype

Cytomorpho- 
logical type Serotype

Prototype
strain

Corresponding 
foreign strains

N um ber of 
isolates 

belonging 
to  the type

I l 5-DVIII Talfan 24
I 2 12-14, T-801 S-180/42 36
l 3 1-AAV1 V-4- 2

[ 4 21-S/, 6
1 5 25-TV II 41 41
i 6 37-UVI 89
1 14 60-EV N -ll2 11
I 15 112-Dll 9

l 16 121-F.IX F-73 3

и 7 2-AKIII U-10- 70
и 8 9-klV 24
II 9 39-V.II 5
II 10 16-SX 21
и 11 20-SIM 6
и 12 26-TXII 62
II 13 27-THI V-13,' N-72 97

I Not typable 9

Mixed 14

Total 505

1 Ref. [1], 2 Ref. [111, 3 Kef. [9], 1 Ref. [10].

V irus iso la tio n  resu lts  fo r th e  sam e tw o  (herds A an d  B) or th re e  (h e rd s  
C an d  D) p ig le ts  o f th e  litte rs  o f th e  sam pled  10 sow s are sum m arized  in  T a b le
I I I .  T h e  re la tiv e  frequency  o f v iru s  shedders am ong  these  pigs is d e m o n 
s tr a te d  by  F ig . 1.

All 133 en te ro v iru s  s tra in s  iso la ted  in th is  series of in v es tig a tio n s  w ere  
ty p e d  fo r  c y to p a th ic  lesions in d u ced  in  tissue  c u ltu re s  and  also sero log ica lly . 
T he n u m b e r an d  ty p e  of th e  iso la tes p er herd  a re  lis ted  in T able IV .

E xp erim en t I I I .  M onolayer cu ltu re s  of try p s in  d igested  tissu e  o f  th e  
k id n ey s o f in d iv id u a l 8 — 1 2  w eeks old pigs, p re p a re d  w eekly fo r n e a r ly  te n  
y ea rs , y ie lded  spon taneous en te ro v iru s  in fec tio n  in  9 cases. This m ean s an  
overall in fec tion  ra te  of n ea rly  1% . In  all cases spon tan eo u s in fec tio n  w as 
recovered  befo re  th e  change of th e  cu ltu re  m ed iu m . In  all b u t one case on ly
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Table III

E nterovirus shedding in  ten litters each

T he age of investi-

H erd
0 1 2 4

te st positive test positive te s t  positive te st positive

No. No. % No. No. % No. No. % No. No. О //0

A 20 0 0 18 1 5.1 17 3 17.6 17 7 41.1
11 20 0 0 17 0 0 18 0 0 16 1 6.2

C 30 0 0 27 0 0 26 1 3.8 26 6 23.1

1) 30 0 0 29 0 0 28 2 7.1 28 4 14.2

T ota l 100 0 0 91 1 1.1 88 6 6.8 87 18 23.5

80 1

0 1 2 4 6 6 12 24 1
Аде o f pigs in w eeks Уеог

F ig. 1. P ro p o r t io n  o f  e n te ro v iru s  shedding pigs in  t h e  average  of 10 l it ters each  of 4 large
piggeries

5 - -1 0 %  of th e  tu b e  c u ltu re s  showed a c y to p a th ic  effect. In  one case, how ever, 
m assiv e  c y to p a th ic  e ffec t was revealed  in  a ll cu ltu re s  p rep ared  fro m  th e  k id 
ney s o f an  8 -w eek-o ld  pig.

In  4 cases ty p e  1-1, in  3 cases ty p e  1-5, an d  in  2 cases ty p e  1-6 was 
p re s e n t  in  all c u ltu re s  o f th e  series.
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o f  f o u r  p i g  b r e e d i n g  p l a n t s  ( E x p e r i m e n t  I I )

6 8 12 24
One year

tent positive test positive test positive te st positive test positive

No. No. % No. No. % No. No. % No. No. % No. No. %

17 8 47.0 17 1 1 64.8 14 10 71.5 9 l 1 1.1

16 4 25.0 16 5 31.1 12 9 75.0

26 5 19.2 25 8 31.9 21 15 71.4 16 2 12.5 6 0 0

27 7 25.9 27 5 18.5 19 11 57.9 17 6 35.1 l i l 9.1

86 24 28.0 85 29 34.1 66 45 68.2 42 9 21.2 17 i 5.9

Table IV

N u m b e r  a n d  t y p e  o f  e n t e r o v i r u s  s t r a i n s  i s o l a t e d  f r o m  p i g l e t s  o f  f o u r  h e r d s
( E x p e r i m e n t  I I )

Herd

N um ber
Cytomorpliologieal 

and serotype N um ber Cytomorpliologieal 
and serotype

of strains isolated from 
piglets before weaning

of strains isolated from 
piglets after weaning

A 26 1-4, 1-4 15 1-4, 1-5
11- 10, ?* 11-10, 11-12

11 9 1-2 10 1-2

H-13

C 28 1-1 9 1-1

11- 10, ?* 11-8, 11-10, 11-11

I) 27 1-6 9 1-6

11-10, 11-13 II-10, 11-13, ?*

* Not neutralized by any of the 16 type sera.

Discussion

E x p e rim e n ts  I and  II p ro v ed  th a t  faecal e n te ro v iru s  shedding  is c o n n e c t
ed w ith  th e  age o f th e  pig. No en te ro v iru s  sh ed d in g  o ccu rred  in  piglets y o u n g 
er th a n  one w eek. H ow ever, th e  resu lts  o f E x p e r im e n t II d e m o n s tra te d  in  
Fable III and  F ig . 1 p ro v e  th a t  housing  c ircu m stan ces are  a t least so im p o r ta n t  
as age in  sp read in g  of th e  in fec tion . M ore ra p id  v iru s  sp reading  in h e rd  
A th a n  in herds B , C an d  D was due to  the  c ircu m stan ce  th a t  in herd  A p ig le ts
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o f d if fe re n t litte rs  h a d  access to  a co m m o n  feeding and w a te rin g  p lace  o u tside  
th e  fa rro w in g  pens a fte r  th e  f irs t w eek , b u t  in  herds B, C a n d  D th e  l i t te r  of 
in d iv id u a l sows was iso la ted  in  closed pen s u n til  w eaning a t  8  w eeks of age. 
T h e re fo re  th e  ra te  of v iru s  sh edd ing  p ig le ts  in  herd  A reach ed  a lre a d y  before 
w e a n in g  a value (64 .8% ) v e ry  close to  th e  m ax im um  (71 .5% ) a t ta in e d  a fte r  
w ean in g . B u t in h erd s  B, C and  D th e  ra te  of v iru s shedders show ed  an  a b ru p t 
in c re a se  from  31.9, 31.1 an d  18.5%  b efo re  w eaning, to  71.4, 75.0 an d  57.9%  
a f te r  w ean in g , respective ly .

T h e  incidence of en te ro v iru ses  in pigs was te s ted  m a in ly  fo r T a lfan  
(1-1) a n d  T-80 (1-2) ty p es  [3, 5, 6 ], o r fo r  u n id en tified  en te ro v iru s  iso la tes [4].

A s show n in T ab le  I I ,  th e re  w ere g re a t differences in  th e  o ccu rrence  of 
c e r ta in  en te ro v iru s  se ro ty p es. D a ta  o f E x p e r im e n t I I  su m m arized  in  T ab le  IV  
re v e a le d  th e  occurrence of en te ro v iru se s  of several se ro ty p es  in  th e  sam e 
h e rd . T h e  sam e p ig le t sliedded m ore  th a n  one sero type  one a f te r  th e  o th e r, 
o r less f re q u e n tly  s im u ltan eo u sly . C o n tin u o u s shedding  of th e  sam e se ro ty p e  
b y  a n  in d iv id u a l pig exceeded 4 w eeks in  one single case an d  la s te d  8  w eeks.

T h o u g h  en terov iruses could be  iso la ted  only  spo rad ica lly  fro m  th e  faeces 
o f  a d u l t  pigs in  large p iggeries, th e  re su lts  of these  in v es tig a tio n s  p ro v ed  
t h a t  n ew -b o rn  p ig lets are in fec ted  m o s tly  b y  th e  sow. In  all cases of iso la tion  
o f  an  en te ro v iru s  from  th e  sow ’s faeces th e  sam e se ro ty p e  w as soon shed  
b y  h e r  p ig lets.

T h e  in v estig a tio n s p roved  th a t  p ra c tic a lly  every pig o f a la rge  p iggery  
c o n tr a c ts  in fection  b y  a t le a s t one e n te ro v iru s  sero type, fo llow ed b y  shedd ing  
o f  th is  se ro ty p e  for a few w eeks. M ost p ro b ab ly , shedd ing  o f en te ro v iru ses  
in  sm a ll q u a n titie s  n o t revealed  b y  th e  iso la tion  tech n iq u e  used , is m ore 
w id e sp re a d  th a n  it has been in d ic a te d  b y  these  in v es tig a tio n s .

I n  ag reem en t w ith  a fo rm er s ta te m e n t [6 ], E x p e rim e n t I I I  p ro v ed  
t h a t  l a te n t  en te ro v iru s  in fec tion  can  be p re se n t in th e  k id n ey  tissu e  o f a p 
p a re n t ly  norm al pigs. In  7 o u t o f th e  9 cases in w hich th e  n o n -in o c u la te d  pig 
k id n e y  tissu e  cu ltu res co n ta in ed  en te ro v iru se s , th e  pigs used  as k id n e y  donors 
o r ig in a te d  from  herds in w hich th e  sam e ty p e  of en te ro v iru s  w as iso la ted  in 
s im u lta n e o u s  faecal screening  te s ts . All 4 pigs whose k id n ey  p ro v ed  in fec ted  
w ith  ty p e  1-1 (T alfan) e n te ro v iru s , cam e fro m  th e  sam e herd  (h e rd  C of E x p e r i
m e n t I I )  w ith in  a few  w eeks.
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SPECIFIC ORAL PREVENTION OF INFANTILE 
GASTR O-ENTERITIS

I. EXPERIM ENTS IN MICE

By

K . R á ü s s , I . KÉTYI, L. SzENDUEI and A d ELE V e r TENYI

In stitu te  o f  M icrobiology (Director : K. R a u s s ) , U niversity  M edical School. Pécs

(R ece ived  M ay 28, 1970)

Sum m ary .  The  possibility of  in d u c in g  im m u n i ty  aga ins t  E . coli dyspepsiae  was s tu d ied  
in m ouse experim en ts ,  w ith the  a im  o f  p reven t ing  infantile  gastro -en ter i t is .  The  in v es t ig a 
tions were pe rform ed  w ith  freeze-dried B oiv in  an tigen  p re p are d  from  0 111 : K58(B4) s t ra in .  
Im m u n iz a t io n  was carried o u t  orally, by  g ra d u a ted  doses given da ily  or a t  3-day in te rva ls .

The  im m u n e  response was d e te rm in e d  by  direct s tudies  of the  active  p ro tec t ion  an d  
on the  basis of  the  protective  effect o f  sera  and  in test inal  e x tra c ts  of  im m unized  anim als .  
P ro te c t iv i ty  afforded actively  and th e  p ro tec t ive  effect of in te s t in a l  e x tra c ts  (copro-an t ibo-  
dies) was s tud ied  in mice by  the  m ucin  techn ique .  The pro tec t ive  va lue  of sera was d e te rm in e d  
in 10-day old chick embryos.

Im m u n e  response was d e m o n s t r a te d  in all the  th ree  e x am in ed  groups. A corre la t ion  
was found  to  exist  between the  im m u n iz in g  dose, the  m ode  a n d  th e  effect of im m u n iza t io n .

Im m u n i ty ,  as ju dged  from act ive  a n d  passive p ro tec t iv i ty ,  was considerab ly  d im in ished  
31 days  a f te r  the  completion of vacc in a t io n .  By the  a d m in is t ra t io n  of small  doses o f  an t igen  
in 5-day in te rvals ,  the degree of i m m u n i ty  could be m a in ta in ed  or increased.

P ro tec t iv e  copro-antibodies were de tec ted  in the  in tes t ina l  ex tra c t .  These a n tibod ies ,  
too, d isappeared  with in  31 days,  while th e i r  effect could be m a in ta in ed  or enhanced  by  sm all  
doses of  antigen. The  copro-antibodies  are indicative  of the  d ev e lo p m en t  of  local i m m u n i ty  
an d  ju s t i fy  a s tu d y  of the im m u n o g e n ic i ty  o f  the vaccine in infants .

The  prob lem s of live and killed vaccines are discussed.

Since th e  discovery  of e n te ro p a th o g e n ic  E . coli dyspepsiae  in H u n g a ry  
[ l ] ,  th e  incidence of in fan tile  g a s tro -e n te ritis  an d  th e  n u m b e r o f h o sp ita l 
o u tb re a k s  h av e  been reduced  b y  a n tib io tic  tre a tm e n t, h u t la te r , due  to  tin* 
d ev e lo p m en t o f resistance to  th e  an tib io tic s , th e re  was no fu r th e r  im p ro v e 
m en t. In  th e  la s t 5 years, tin* n u m b e r  of cases was 2 0 0 0  to  2500 and  th a t  o f 
nosocom ial o u tb reak s b e tw een  14 a n d  25 [2]. In  1908, th e re  w ere 1752 cases, 
w ith  16 d ea th s  [3]. F o r e lim in a tin g  th e  d isease, ac tiv e  im m u n iza tio n  seem ed 
to  prom ise success.

R ecen tly , several a u th o rs  h a v e  stu d ied  the  p o ss ib ility  of oral im m u n i
za tio n  against en te ro p a th o g en ic  E . coli in m ouse ex p e rim en ts . L o d e n k ä m p f e r  
[4] im m unized  mice orally  and  found  a fav o u rab le  effect in p ro te c tiv ity  te s ts . 
L ik ing ek  [5] im m unized  w ith  tin* 0 1 2 7 :K 63(B 8) s tra in  k illed by  fo rm a lin  
o r ace tone ; no agglu tin ins w ere fo rm ed , bu t p ro te c tiv ity  ag a in st in tr a p e r i
to n ea l challenge could be reco rd ed . L ietz  an d  R a e t t ig  [6] d e m o n s tra te d  
73%  p ro te c tiv ity  against in fec tio n  w ith  tin* hom ologous s tra in  by im m u n iz-
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in g  w ith  hea t-k illed  011 1 :K 5 8 (B 4 ) vacc in e . N o h a e m a g g lu tin a tin g  an tibod ies 
w ere  fo und , b u t  in  th e  b lood  of an im als su rv iv in g  th e  challenge haem agglu - 
t in in s  ap p eared  in  a h ig h  ti tre . In  th e  o p in io n  o f these  a u th o rs , o ra l im m u n i
z a tio n  is p rep arin g  th e  a n tib o d y  p ro d u c in g  sy stem  to  be ab le  to  afford  p ro 
te c t io n  ag a in st th e  in fec tio n . T o rik ata  an d  I maizumi  [7] are  of th e  opinion 
t h a t  th e  decisive fa c to r  is n o t th e  q u a n t i ty  of a n tib o d y  e lic ited  b y  oral im m u 
n iz a tio n  b u t  th e  a b ili ty  o f the  im m u n o -co m p e ten t cells o f th e  im m unized  
o rg an ism  to  p ro d u ce  an tib o d ies  p ro m p tly  a t  th e  tim e  of in fec tion .

Ocklitz et al. re p o r te d  on th e  im m u n o g en ic  effect o f 0111 :K 58(B 4) 
e x tra c te d  b y  d eso x y ch o la te  or killed b y  h e a t. T here  w as no  s ig n ifican t d iffe
ren ce  betw een  th e  e ffec t o f these tw o v acc in es , show ing a 70%  effec tiv ity  
in d e x  u n d e r th e  sam e  cond itions of im m u n iz a tio n  an d  in fec tio n  as applied  
b y  R ae t tig  [ 8  — 15]. R eg ard in g  th e  a p p e a ra n ce  of an tib o d ies , all th e se  au th o rs  
s h a re  th e  above p o in t  o f view . T he d u ra tio n  o f im m u n ity  w as e s tim a te d  a t 
6  m o n th s.

Iso la tio n  o f 0 1 1 1 :K 5 8 (B 4 ) s tre p to m y c in  d ep en d en t s tra in , show ing a 
r a t io  of re v e r ta n ts  2 to  592 out of 108 ge rm s, has recen tly  been  re p o rte d  by  
L i n d e  et al. [16 18]. B y  th e  use o f th is  live s tra in  (10 11 germ s on 10 occa
sions) an d  a v acc in e  k illed  a t 60°C, m ass iv e  p ro te c tio n  w as e stab lish ed  in  
m ice , m an ifesting  w ith  70 — 80%  p ro te c tiv i ty  ag a in s t in tra p e r ito n e a l challenge 
w ith  20 to  40 L D 5() o f  a w ild  s tra in . N o d ifference w as o b serv ed  b e tw een  th e  
im m u n o g en ic  effect o f live and  k illed  s tra in s . H aem ag g lu tin in s  developed  
o n ly  in  anim als su rv iv in g  th e  challenge. T h e  su p e rio rity  o f th e  live vaccine 
w as considered  to  be  due  to  th e  fa c t t h a t  a s tre p to m y c in  re s is ta n t s tra in  
a d h e re d  to  th e  colon o f o n ly  18%  of o ra lly  im m u n ized  m ice p rev io u sly  “ s te r il
iz ed ”  w ith  s tre p to m y c in , in  c o n tra s t to  8 0 %  of th e  con tro ls .

T he s tud ies w ere  su p p o rted  by  o u r p rev ious fin d in g s, (i) W e found  
t h a t  in  suckling  m ice th e  path o g en ic  s tr a in  E . coli 0 1 0 1 :K 3 0  b eh av ed  in  
sev e ra l respects like th e  h u m an  s tra in s  o f  E . coli dyspepsiae  [19]. (ii) B est 
p ro te c tiv i ty  could  b e  ach ieved  in  th e  in te s tin e s  b y  im m u n e  serum  given 
o ra lly , i.e. b y  an tib o d ie s  co n cen tra tin g  locally  [20]. T h is m odel d isp layed  
c h a ra c te ris tic s  w h ich  rem in d ed  of th e  p a th o m e c h a n ism  a n d  im m unological 
b e h a v io u r  of sh igellae . I t  w as th ere fo re  a t te m p te d  to  p re p a re  an  ora l vaccine 
fro m  th e  e n te ro -p a th o g en ic  s tra in s  o f E . coli m ost f req u en t in  H u n g ary , 
0 1 1 1  :K 58(B 4), 0 5 5 :K 5 9 (B 5 ) and  0 8 6 :K 6 1 (B 7 ); on th e  sam e p rinc ip le  as 
o u r  ora l Shigella f le x n e r i  an d  sonnei v acc in e  is developed  [21, 22]. T he p resen t 
p a p e r  w ill re p o rt on th e se  experim en ts c a rr ie d  o u t in  m ice w ith  th e  0 1 1 1 :K 5 8  
(B 4) s tra in .

M aterials an d  m ethods

Strain . F o r  p r e p a r a t io n  o f  the  an tigen ,  t h e  s t ra in  0111  :IC58(B4), labelled 1872/68, 
iso la ted  in our  rou t ine  l a b o r a to r y  from a severe case  of infanti le  gas t ro -en ter i t is ,  and  regarded 
as ty p ic a l  in b iochem ical  te s ts  a n d  antigenic  s t r u c tu r e ,  was chosen.
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C ultivation  was carried  o u t  in fluid m ed iu m  c o n ta in ing  casein hydro lysa te  d i lu te d  1:5 
(ap p ro x im a te ly  1 .5 % ),  0 .1% of glucose an d  0 .3 %  of Cellamin,* under  v igorous a e ra t io n  
a n d  st i r r ing  for 7 8 hours.  The culture  was killed w i th  0 .3%  form alin ,  sed im ented  n e x t  d a y
in a cen tr ifuge  of con tinuous  flow type,  a n d  th e  bac te r ia l  m ass was freeze-dried. A n  a m o u n t  
of  a b o u t  100 g of d ry  bac ter ia  was o b ta in e d  from  30 litres of  m edium .

P reparation o f  antigen. The  antigen was p re p a re d  by  the  classical procedure  o f  Ho iv in  
and Me s r o b e a n u . F o r ty  mg of the f reeze-dried  m ass o f  bac te r ia  was suspended in 1 nil of 
cold distil led w a te r  a n d  mixed with 1 ml o f  cold IV/2 tr ichloroacetic  acid. A f te r  v igo rous  
mixing the  suspens ion  was kep t  a t  4°C o v e rn ig h t ,  th e n  cen tr ifuged  and  the  s e d im e n t  was 
re -ex trac ted  in h a lf  volume, according to the  p rocedure  described above. After u n i t in g  b o th  
e x trac ts ,  dialysis in cold ta p  w a te r  for 3 d a y s  a n d  in d is til led w a te r  for 2 days was app lied ,  
followed by  Seitz  f i l t r a t io n ,  concen tra t ion  to a b o u t  1:10 in a ro ta t in g  v acu u m  e v a p o r a to r  
and lyophil iza t ion .  T he  p ro d u c t  was d is t r ib u te d  in b o t t le s  w i th  close f i t t ing  glass s to p p e r  
and  sto red  in th e  exsiccator.  One ml of e x t r a c t  y ie lded  an average  a m o u n t  of 1.2 m g  o f  freeze- 
dried antigen.

A n tigen ic ity  was exam ined  by the  H I  tes t ,  as described earlier [23]. Our a n t ig e n s  were 
tes ted  for p ro tec t iv e  ab il i ty  in mouse e x p er im en ts  co m p ar in g  th e m  with the chosen a n t ig e n  
which  was reg ard ed  as a s tandard .

Im m u n iza tio n . Using a meta l  bougie an d  a syringe, g r a d u a te d  doses of the a n t ig e n  were 
injec ted  in to  th e  oesophagus [24]. Fo r  the  dosage an d  th e  in te rv a ls  between in jec t io n s ,  see 
below.

Determ ination o f  im m u n ity , (a) Oral active im m uniza tion . Challenge was p e r fo rm e d  
in trap er i to n ea l ly  w i th  50 75 LD-)0 doses on th e  5 th  d ay  af te r  th e  last  im m unizing  dose ,  by
the m ucin  techn ique .  This allowed the d e te rm in a t io n  of th e  E D - 0 of the antigen a n d  co n se 
q u e n t ly  of the  o p t im a l  dose. These e x p er im en ts  se rved  also for es t im a tion  of the  d u r a t i o n  of 
im m u n i ty  a n d  of th e  effect of revaccina tion .**

(b) S tu d y  o f  the protective effect o f  hum oral antibodies in  chick embryo test. D i lu t io n s  of
sera of  im m unized  mice were injected into the  vein of th e  chorioallantoic  m e m b ra n e  o f  10 
days  old chick em b ry o s  by m eans of a tubercu lin  syringe a n d  a No. 21 cannula .  T h e  ge rm  
co u n t  of  18-hour slope agar  culture  was d e te rm in e d  by N I H -H U M A N  tu rb id i ty  s t a n d a r d .  
Challenge was carr ied  o u t  similarly in t ra v en o u s ly  w i th  50 — 75 L D 50 (50 100 germ s) .  F o r
details ,  see [25].

(c) Passive mouse protection test. T he  im m unized  mice were bled th rough  the  r e t r o b u l 
bar  venous  p lexus a n d  th e  sera were stored  in th e  deep freezer. T he  g radua ted  doses o f  sera 
were adm in is te red  in traper i tonea l ly  and  the  mice were challenged in traper i tonea l ly  w ith  
50 75 L D 50, w i th  th e  mucin technique. F o r  infection, a d i lu ted  suspension of a n  18-hour
slope agar  cu l tu re  a d ju s te d  by the N I H - H U M A N  s ta n d a rd ,  was used.

(d) C opro-antibodies. The entire  in te s t i n a l  t r a c t  of  bled mice was rem oved ,  c leaned ,
the in tes t ines  of an im als  receiving similar im m u n e  doses were pooled, weighed an d  h o m o g en 
ized in cold d istil led w a te r  by the aid of q u a r tz  sand .  A fte r  cen tr ifuga t ion  and Seitz  f i l t r a t io n  
the suspension was freeze-dried. F o r  im m u n iza t io n ,  d i lu t ions were prepared , c o r re sp o n d in g  
in co n ce n tra t io n  to th e  original wet weight,  a n d  g r a d u a te d  doses in 0.5 ml volume were  te s te d  
in mice in traper i tonea l ly ,  challenging ha lf  an  h o u r  l a te r  w i th  50 75 L D 50, w i th  th e  m ucin
technique.

R esu lts

A ctive im m un iza tion  o f  mice. C o rrespond ing  to  our previous p ro c e d u re , 
5 m ice each  w ere im m unized  o ra lly  b y  g ra d u a te d  doses of B oivin a n tig e n  
p rep a red  from  th e  s tra in  0111 :K 58(B 4). T h e  doses of an tigen  w ere 2 .0 , 0.2 
and 0.02 m g, as ca lcu la ted  on th e  basis  o f p rev ious find ings. T he m g dose, 
since re p e a te d  e x tra c tio n  rem oved a p p ro x im a te ly  70 %  o f tin* cell-wall a n tig e n  
[26], co n ta in ed  th e  cell-wall an tig en  o f a p p ro x im a te ly  1 .5 х Ю 11 b a c te r ia .

* Yeast  h y d ro ly sa te  prepared  b y  th e  I n s t i tu te  for Serobacteriological P ro d u c t io n  a n d  
Research  H u m a n ,  B udapes t .

** T he  te rm  revaccina tion  refers in th is  p a p e r  to a prolonged oral a d m in i s t r a t io n  o f  
small  doses of  an t igen  given in order to m a in ta in  the  im m u n i ty  ind u ced  by priming v a cc in a t io n .
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T h e m ice w ere  d iv ided  in  tw o m a in  g roups. One w as im m u n ized  on 
e v e ry  3 rd  d ay , th e  o th e r  every  day . I n  e ach  m ain  group 3 sub g ro u p s w ere 
fo rm e d . One of th e m  w as challenged 5 d ay s  a f te r  th e  te rm in a tio n  of im m u n iz a 
tio n , th e  o th e r w as g iven 0.2 mg as a re v a c c in a tin g  dose on every  5 th  d ay , 
a lto g e th e r  on 5 occasions. T he th ird  su b g ro u p  w as th e  con tro l; here  no re v a c 
c in a tio n  w as p e rfo rm ed  to  estab lish  w h e th e r  during  th e  3 1 -day  perio d  of 
th e  e x p e rim en t a n y  red u c tio n  in  im m u n ity  w o u ld  occur. The tim e  of im m u n iz a 
t io n  w as c o o rd in a te d  in  o rder to  ch a llen g e  sim u ltaneously  an d  m ak e  it 
p o ss ib le  to  co m p are  th e  resu lts . These a re  show n in T able I , w hich  p re sen ts  
o n ly  th e  ac tu a l ( E D 5n) and  th e  re la tiv e  (re la tiv e  po tency , R P ) im m u n iz in g  
v a lu es .

Table I

Active mouse protection
Challenge dose: 75 L D 50 of 0111 :K58(B4),  in trap e r i to n ea l ly  (m ucin  techn ique)

Days
after

prim ing
im m uniza

tion

ED30 (mg) and  R P  value*

im m unized on 5 occasions at 3-day in tervals immunized daily on 5 occasions

n o t revaccinated | revaceinated** n o t revaccinated revaccinated

5 th  day 0.02 (7.5)+ 0.02 (7.5)

31st day 0.15 (1) 0.02 (7.5) 0.10 (1.5) 0.015 (10)

* R P :  re la tive  p o ten cy ,  ** revaccina tion  dose ,  0.2 mg of an tigen  given ora lly  ev e ry  
5 th  d a y ,  + in b ra ck e ts :  R P .

F ro m  th e  d a ta  in T ab le  I th e  fo llow ing  conclusions w ere d raw n .
1. T he re su lt  o f  th e  im m unizing  p ro c e d u re  was id en tica l w h e th e r th is  

w as ca rried  o u t e v e ry  d a y  or a t 3 -day  in te rv a ls .
2. T h ir ty -o n e  d ay s  a fte r  p rim ing  im m u n iz a tio n  the  p ro te c tiv e  t i t re s  w ere 

s ig n if ic a n tly  decreased . T here  seem ed to  b e  som e slight te n d e n c y  in  fav o u r 
o f  d a ily  im m u n iza tio n .

3. T he fa v o u ra b le  effect o f re v a c c in a tio n  was b ey o u n d  d o u b t. In  th e  
g ro u p  im m u n ized  a t  in te rv a ls , th e  im m u n ity  elicited by th e  p r im a ry  dose 
w as m a in ta in e d , w hile  in  th e  group im m u n iz e d  daily  th e  p ro te c tiv e  t i t re  
sh o w ed  a rise, w hich , how ever, d id  n o t  re a c h  significance.

T he fin d in g s w ere in d ica tiv e  o f th e  p o ssib ility  of o ra l im m u n iza tio n  
a g a in s t  E . coli dyspepsiae , d e m o n s tra tin g  also  th e  sh o rt d u ra tio n  of im m u n ity  
a n d  p o in tin g  to  th e  efficacy  of re v a c c in a tio n , as a lready  o bserved  in  our 
e x p e rim e n ts  in  m ice w ith  Shigellae [23].

Passive im m u n iza tio n  o f mice, (a) Seru m  antibodies. T en  ac tiv e ly  im m u n 
ized  an im als o f each  g roup  w ere n o t c h a llen g ed  while perfo rm ing  th e  ac tiv e  
p ro te c tio n  te s t , b u t  w ere b led . The p ro te c tiv e  v a lu e  of th e ir  sera  w as te s te d
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in  10-tlay-o ld  ch ick  em bryos. T his m e th o d  was ch o sen  because in p re lim in a ry  
experim en ts  th e  ch ick  em bryo  te s t  w as found  to  be  m ore sensitive th a n  th e  
m ouse p ro te c tio n  te s t. T he resu lts  a re  d e m o n s tra te d  in  T ab le  11 in th e  sam e  
a rra n g e m en t as in  th e  case of th e  ac tive  p ro te c tio n  te s t , excep t th a t  w ith in  
th e  groups th e  p ro te c tiv e  values are  in d ica ted  a long  w ith  th e  im m unizing  doses. 
In  th is w ay  in fo rm a tio n  is su p p lied , beside th e  im m u n iza tio n  in te rv a l, also  
concern ing  th e  tim e  fac to r, th e  effect of re v a c c in a tio n  and  th e  re la tio n sh ip  
of im m uniz ing  dose an d  im m u n ity .

Table II

Protective values in  sera o f  im m u n ized  mice 
Chick em bryo  tes t

Challenge close: 75 L D -0 of 0 1 1 1 :K 5 8 (B 4 )

ED 50 (mg) und KP value*

Days after priming 
im munization

Dose of 
active

immunization
(n,s)

im munized on 
a t 3-day

5 occasions 
intervals

immunized daily on 5 occasions

not
revaccinated revaccina ted* *

not
revaccinated revaccinated

Before 0 0.01 (О* 0.01 ( i )
immunizat ion

5th day 2 0.001 (10) 0.0005 (20)

0.2 0.0017 (6) 0.0017 ((>)
0.02 0.005 (2) 0.005 (2)

31st day 2 0.0017 (6) 0.0001 (100) 0.0005 (20) 0.00005 (200)

0.2 0.01 (1) 0.0005 (20) 0.003 (2) 0.00017 (60)

0.02 > 0 .01  ( < 1 ) 0.0028 (3) 0.01 (1) 0.005 (2)

* HP: re la t ive ,  po tency ,  ** revacc ina t ion  close, 0.2 mg of an tigen  given o ra lly  e v e ry  
5th day,  in b rack e ts :  HP.

T he d a ta  in  T ab le  I I  are  in  h a rm o n y  w ith  th o se  concerning th e  a c tiv e  
p ro tec tio n  te s t  show n in T ab le  I , b u t, due to  th e  h igher sen s itiv ity  o f  th e  
te s t, th e  d ifferences w ere m ore d efin ite . The ra p id ly  decreasing te n d e n c y  o f 
im m u n ity , especially  in th e  case of low er doses, th e  efficacy of re v a c c in a tio n  
and th e  effect o f daily  im m u n iza tio n  were also m ore  expressed. T h e  l a t te r  
was especially  m ark ed  in th e  rev acc in a ted  grovip w h ere  th e  value w as n e a r ly  
10 tim es h igher th a n  th a t  conferred  by  th e  p rim in g  dose. T hus, th e  b e t te r  
effect o f da ily  im m u n iza tio n  w as m ost p ro b ab ly  d u e  to  th e  higher fre q u e n c y  
ol s tim u li. T h e  co rre la tio n  b e tw een  im m unizing  doses and  im m une re sp o n se  
was also estab lish ed ; th e  com bined  effect of th e  im m u n iz in g  and re v a c c in a tin g  
dose h ad  th e  b e s t effect

(b) Copro-antibodies. T he p resence of co p ro -an tib o d ies  in en te ric  in fec
tions of local c h a ra c te r  is w ell-know n. P ro te c tiv e  copro-an tibod ies w ere
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fo u n d  b y  B u r r o w s  et al. [27, 28] in g u in e a  pigs in fected  b y  V . com m a. In  
m ice  im m u n ized  ag a in s t Shigellae and  in  m ouse  shigellosis, p ro te c tiv e  copro
a n tib o d ie s  w ere d e m o n s tra te d  b y  R a u ss  a n d  KÉTYI [21, 29 ]. T he loca l ch a r
a c te r  o f  dyspepsia-like  E . coli in fec tion  in  suck ling  m ice w as re p o r te d  by 
K ÉTY I [20 , 30]. All th is  h as  m ade i t  n ec e ssa ry  to  search  fo r p ro te c tiv e  a n ti
b o d ie s  in  th e  in te s tin a l t r a c t  o f m ice o ra lly  im m unized  ag a in st E . coli, an d  it 
w as e x p e c te d  th a t  in  th e  case of an  im m u n e  response in  n o t su scep tib le  mice 
th is  w o u ld  be even m ore  m ark ed  in  su sc e p tib le  in fan ts , a fac t w h ich  w ould 
be  o f  decisive  im p o rtan ce  in  p rev en tio n . R e su lts  o f such stud ies are  su m m arized  
in  T a b le  I I I ;  th e y  w ere ca rried  o u t in  m ice , since th e  e x tra c ts  w ere to x ic  for 
th e  c h ic k  em bryo .

Table III

P r o t e c t i v e  v a l u e s  i n  t h e  i n t e s t i n a l  e x t r a c t  o f  i m m u n i z e d  m i c e  

Mouse t e s t
In fec t iv e  dose: 75 L D 5n o f  O H l :K 5 8 ( B 4 )

(m ucin  tech n iq u e)

E D 50 (mg) and R P value*

D ays a fte r printing 
im m unization

Dose of 
active

i m m unization
immunized on 5 occasions 

a t  3-day in tervals
immunized daily on 5 occasions

(“ *) not
revaccinated revaccinated* *

not
revaccinated revaccinated

Before

im m u n iza t io n 0 0.05 ( i ) + 0.05 ( i )

5 th  d a y 2 0.016 (3.1) 0.005 (10)

0.2 0.028 (1.7) 0.028 (1.7)

0.02 > 0 .05 ( < 1 ) > 0 .05 ( < 1 )

31st d a y 2 > 0 .05  (1) 0.05 (10) 0.05 (1) 0.0028 (17)

0.2 > 0 .05  (I) 0.016 (3.1) > 0 .05  (1) 0.009 (5.5)

0.02 > 0 .0 2  (1) 0.05 (1) 0.05 (1) 0.05 (1)

* R P :  re la tive  p o ten cy ,  ** revaccina tion  dose ,  0.2 mg of an t igen  g iven  o ra l ly  every  
5 t h  d a y ,  “ in brackets :  R P .

T h e  m o st im p o r ta n t fin d in g  w as th e  p resen ce  of co p ro -an tib o d ies  in  th e  
in te s t in a l  e x tra c t o f m ice. T here  was l i t t le  possib ility  for s ta n d a rd iz a tio n  of 
th e  e x t r a c t ,  b u t on th e  basis  of w eigh t ra tio s  th e  sam e tre n d s  of p ro te c tiv ity  
w e re  fo u n d  as in  th e  case of serum . A fte r  th e  com pletion  of im m u n iza tio n , 
th e  co p ro -an tib o d ies  decreased  m ore ra p id ly  th a n  did th e  se ru m  an tibod ies, 
to  d is a p p e a r  com plete ly  in  31 days, w h en  th e  serum  an tib o d ies , especially  
a f te r  a la rg e  im m uniz ing  dose, w ere still d e te c ta b le . The effect of rev acc in a tio n  
w as  m a rk e d  and  th e  p ro longed  an d  th e  d a ily  ad m in is tra tio n  o f a n tig e n  en 
h a n c e d  th e  p ro tec tiv e  effec t, ju s t  as in  th e  case of serum  an tib o d ie s ; th e  in 
c re a se d  effectiveness o f la rg e  im m u n iz in g  doses was also n o ted .
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Discussion

T h e  p revalence  of E . coli in fec tions in  H u n g a ry  has m ade it im p e ra tiv e  
to  s tu d y  th e  possib ility  of a specific  p re v e n tio n  of in fan tile  g a s tro -e n te r itis . 
T he basic  ex p erim en ts  w ere ca rried  o u t in  m ice, since several d a ta  w ere  k n o w n  
concern ing  sim ilar a t te m p ts  [5 —18]. T he in v estig a tio n s w ere p e rfo rm ed  
by o ra l im m u n iza tio n , th e  m ore so as we h a d  a favourab le  experience  w ith  
such  im m u n iza tio n  a g a in s t d y se n te ry  [21, 29] an d , also, as th e  sy n d ro m e  
elic ited  in suck ling  m ice by  a p a th o g en ic  E . coli s tra in  has been  sh o w n  to  
re p re se n t an  analogue of in fan tile  g a s tro -e n te ritis  [20, 30].

In th e  s tu d ies, B o iv in  an tig en  w as used  in view  of its excellen t im m u n o 
genic effect [21]; an d  ora l im m u n iza tio n  o f h u m an s w ith  Shigella  B o iv in  
an tigen  w as equally  conv incing  [21, 32].

F o r th e  ac tive  im m u n iza tio n  o f m ice, g ra d u a te d  doses to ta ll in g  2.0,
0 . 2  and  0 . 0 2  m g of freeze-d ried  an tig en  w ere app lied , ad m in is te rin g  id e n tic a l 
am o u n ts  on 5 occasions. T in 1 h ighest dose co n ta in ed  th e  cell-wall a n tig e n  of 
a p p ro x im a te ly  1.5 х Ю 11 b ac te ria . R a e t t i g  [6 ] ad m in is te red  8 х Ю 1 0  germ s 
in ten  doses. O c k l i t z  et al. [10] th e  sam e n u m b er, L i n d e  an d  K o c h  |17 ] 
l X l O 12 o f  k illed or s tre p to m y c in  d ep e n d e n t live germ s sim ilarly  in 10 doses. 
T hus in o u r ex p erim en ts  th e  m ax im u m  im m uniz ing  dose e ssen tia lly  co rre 
sponded  to  tho se  used  by  o th e r au th o rs . C onsidering, how ever, th e  E D 5(I 
(0 . 0 2  m g) of th e  an tig en  app lied  b y  us, 1 .5 х Ю !) germ s were a lread y  e ffec tiv e , 
a lth o u g h  th e ir  com parison  w ith  o th e r  d a ta  w as d ifficu lt in view  of th e  d iffe r
en t m e th o d s  used  by  th e  a u th o rs  m en tio n ed . T h ey  applied  id en tica l doses 
an d  estab lish ed  th e  degree o f p ro te c tio n  in p e rcen tag e , while we used g r a d u a t
ed ones an d  d e te rm in ed  E D 3(1 v a lu es . T hey  exp ressed  th e  challenge dose b y  
the  germ  c o u n t, while we d id  it  by  th e  L D 5 0  va lues. L i n d e  and K o c h  [18] 
used 20 40 LDji, for in fec tion , an  a m o u n t rep resen tin g  2 to  6 x l 0 7 germ s
su sp en d ed  in  egg yolk . In  c o n s tra s t, in our ex p erim en ts  carried  o u t w ith  th e  
m ucin  te c h n iq u e , p ro te c tiv ity  w as te s te d  a g a in s t 75 100 L D -(). T h u s , th e
orally  ad m in is te red  B oiv in  an tig en  p ro v ed  to  he h ighly  effec tive  a g a in s t 
p a re n te ra l infection .

In s te a d  of a da ily  im m u n iza tio n  p erfo rm ed  fo r 10 days by th e  a u th o rs  
re fe rred  to , we com pared  th e  efficacy  of im m u n iza tio n  carried  o u t on  5 co n 
secu tive  days w ith  th e  im m unogen ic  effect o f 5 v acc ina tions p e rfo rm ed  a t 
3 -day  in te rv a ls , in b o th  ac tive  and  passive  p ro tec tio n  te s ts . A p a rt from  th e  
sim ila rities  o f th ese  p ro ced u res , th e  ch a rac te ris tic s  were m ore e x p re ssed  
in th e  sen s itiv e  passive p ro te c tio n  te s t  in th e  ch ick  em bryo . T he p ro p e rtie s  
of im m u n ity  are  su m m arized  as follow s.

1. T h e  re la tio n sh ip  be tw een  th e  im m uniz ing  dose and  th e  deg ree  of 
p ro te c tiv ity  was obvious.
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2. T he passive p ro te c tio n  te s t rev ea led  th e  su p erio rity  o f d a ily  im 
m u n iz a tio n .

3. Im m u n ity  e lic ited  b y  active im m u n iza tio n  ceased com pletely , accord ing  
to  th e  d irec t te s t, a n d  i t  w as considerab ly  re d u c e d  according to  th e  passive  
p ro te c tio n  te s t, b y  th e  3 1 st day . The co rre la tio n  be tw een  dose and  p e rsistence  
o f im m u n ity  was d is tin c t.

4 . T he fav o u rab le  effect of rev acc in a tio n  cam e in to  prom inence  m o stly  
in  co n n ec tio n  w ith  p assiv e  im m u n ity  (serum - a n d  copro-an tibod ies), m a n ife s t
ing  i ts e lf  w ith  an in c rea se  of p ro tec tiv e  t i t r e s ,  in  good ag reem en t w ith  th e  
re su lts  o f th e  im m u n iz a tio n  of mice [21] a n d  m a n  [31, 32] ag a in st d y se n te ry ; 
th e  p h en o m en o n  has b een  a ttr ib u te d  to  th e  e ffec t o f rep ea ted  s tim u li.

T h e  above re su lts  m a y  be considered  th e  p a r tia l m an ife s ta tio n s  of 
g en e ra l im m u n ity  a n d  th u s  one could conclude  to  th e  ex istence in  th e  in te s tin e  
o f  im m u n e  re la tions. T h is was s tu d ied  b y  th e  in v estig a tio n  of p ro tec tiv e  
co p ro -an tib o d ies , in  th e  passive  m ouse p ro te c tio n  te s t. This in fa c t revealed  
th e  p ro d u c tio n  of p ro te c tiv e  cop ro -an tibod ies in  th e  course of im m u n iza tio n . 
T h e  dosage, th e  in te rv a ls  betw een  v ac c in a tio n s , th e  d u ra tio n  of im m u n ity  
a n d  th e  effect o f re v a c c in a tio n  were id en tica l w ith  tho se  applied  in  th e  ac tive  
a n d  passiv e  im m u n ity  te s t .

A ccording to  F r é t e r  and  Ga n g a r o sa  [33 ] an d  our own stud ies [21, 29] 
in e n te r ic  in fections i t  is th e  cop ro -an tibod ies w h ich  serve as th e  p ro tec tiv e  
fa c to r . As to  th e ir  p re sen ce  in  in fan tile  g a s tro -e n te r itis , K a r a k a s e v iC [34] 
fo u n d  cop ro -ag g lu tin in s  in  46 of 56 p a tie n ts ;  p ro te c tiv ity  was n o t in v es tig a ted .

I f  it  is possib le to  ensure d ev e lo p m en t o f cop ro-an tibod ies b y  m eans 
o f  k illed  vaccine, i t  is questionab le  w h e th e r  live s trep to m y c in  d ep en d en t 
s tra in s  shou ld  be a p p lie d , in  view of th e  r isk  o f  reversion . T he s tre p to m y c in  
d e p e n d e n t s tra in s  u se d  b y  L i n d e  et al. [16] re su lte d  in  2 to  592 re v e r ta n ts  
am o n g  1 0 8 colonies from  w hich a suspension  of 1 0 u  germ s induced  en te ritis  
in  in fa n ts  [35]. In  re sp e c t o f  general im m u n ity , n o  d ifference was fo u n d  betw een  
th e  live and killed vacc in e  | IT]. The a d v a n ta g e  o f live vaccine was su p p o rte d  
b y  th e  observation  t h a t  in  th e  in testin es  o f m ice fed by  live vaccine  and 
su b se q u e n tly  t r e a te d  w ith  strep to m y cin , a s tre p to m y c in  re s is tan t s tra in  was 
e lim in a te d  in 2 3 d a y s , while in th e  c o n tro l an im als p ro tra c te d  excre tion
w as n o te d  [18]. T he ra p id  e lim ination  of th e  s tre p to m y c in  re s is tan t infective 
s t r a in  from  im m u n ized  an im als was o b se rv ed  also b y  O c k l it z  et al. [13]. 
W e h a v e  show n 136] th e  dom inance of a sing le  ty p e  of E . coli in th e  in te s tin e s , 
p re v e n tin g  th e  co lo n iza tio n  of any  o th e r s tra in s ;  th e  phenom enon  w as te rm 
ed an tag o n ism . E x c h a n g e  of stra in s m ay , how ever, occur a fte r e lim in a tin g  
th e  re s id en t s tra in  b y  strep to m y c in . In  th is  w ay  s tra in  0 1 1 1 :K 5 8 (B 4 )  was 
successfu lly  im p la n te d  in to  th e  colon of m ice, perfo rm ing  th e  role of th e  no rm al 
f lo ra  fo r a long p e rio d . S im ilar o b se rv a tio n s w ere la te r  m ade b y  A s h b r u n e r  

a n d  M u s h i n  [37]. T h e  questio n  m ay a rise  w h e th e r  L i n d e ’ s o b se rv a tio n  лгав

Acta Microbiologica Academiae Scientiarum  Hungaricae 17, 1970



PRE V E N T IO N  OE IN FA N TILE C A S T R O -E N T ER ITIS 283

also a case of an tag o n ism . D ue to  th e  lim ited  n u m b e r  of con tro l te s ts  ap p lied  
by  L i n d e  et al. (3 days o b se rv a tio n  a fte r  im m u n iz a tio n , om ission of in v e s tig a 
tion  of o th e r E . coli s tra in s ) , th is  possib ility  c a n n o t be excluded.

T he p h enom enon  of “ im p la n ta tio n ”  a f te r  feed ing  a g rea t n u m b « . 
(100 200) of E . coli was d e m o n s tra te d  by  L i n d e  et al. A ccording to  ou r in v e s
tig a tio n s , of v iru le n t (k e ra to c o n ju n c tiv itis  p o s itiv e ) Shigellae, 2 to  3 germ s 
w ere enough to  in d u ce  p e rs is te n t excre tion . As fo r  a v iru le n t Shigellae, 200 — 
300 germ s w ere e lim in a ted  w ith in  1 to  2 days w ith o u t p re im m u n iza tio n , w hile  
the  im p la n ta tio n  o f v iru le n t Shigellae could be p re v e n te d  only in im m u n ized  
an im als [24]. Since a re liab le  p ro ced u re  fo r th e  d e te rm in a tio n  of v iru len ce  o f 
E . coli is lack ing  [38], d e te rm in a tio n  of th e  a c tu a l  ra te  of im p la n ta tio n  is a 
d ifficu lt p roblem .

T he p ap ers  o f L i n d e  et al. fa iled  to  m en tio n  how  long th e  s ta te  in h ib itin g  
th e  im p la n ta tio n  h ad  p e rs is ted . In  our ex p erien ce , th e  presence of co p ro 
an tibod ies can be m a in ta in e d  as long as n ecessa ry , by  th e  period ica l a p p li
ca tion  of sm all doses o f an tig en .

In  ou r s tu d ies  no d ifference in im m unogenic  c a p a c ity  was found b e tw een  
live and killed Shigellae [39]. H a e t t ic  [40] to o k  a d e fin ite  s tan d  a g a in s t th e  
live vaccines.

T he p re se n t ex p erim en ts  p ro v id ed  a hasis  fo r s tu d y in g  th e  p o ss ib ility  
o f oral im m u n iza tio n  in in fa n ts . Such in v e s tig a tio n  shou ld , how ever, be p e r 
form ed g rad u a lly .
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PROPHYLACTIC USE OF AMANTADINE DURING 
HONG KONG INFLUENZA EPIDEMIC

By

J .  M á t é , M .  S i m o n , T. J u v a n c z , G y . T a k á t s y , I . H o l l ó s  an d  E .  F a r k a s

H ungarian  A rm y  M edical Corps, A cadem ic Biom etric U n it , and N ationa l Institu te  o f  Public  
Health (D irec to r :  T. B a k á c s ) ,  Budapest

(R ece ived  J u n e  20, 1970)

Sum m ary.  I n  M arch, 1969, w hen  H o n g  K ong  influenza was w ide-spread in H u n g a ry ,  
am a n tad in e  MCI (V ireg y t® )  and p lacebo were adm in is te red  to a to ta l  of 2440 a n d  2133 young 
men, respectively,  in seven mil i ta ry  u n i ts .  T re a tm e n t  was s ta r te d  as soon as c u m u la t io n  of 
influenza-like cases h a d  been recognized as an  o u tb re a k  and  las ted  un t i l  the  o u tb re a k  had 
subsided.  The da ily  dose was 200 mg, d iv ided  in two capsules.

The drug  failed to influence m o rb id i ty ,  b u t  reduced  the  peak  (P <  0.01) a n d  d u ra t io n  
(P  <  0.001) of  fever,  the  period of bed-ca re  (P  <c 0.001). the  incidence of co m plica t ions  in 
general (P  <  0.05) an d ,  especially, the  incidence of cases w ith  lower re sp ira to ry  com plica tions  
(P  <  0.01).

Virological and  serological re su l ts  suggested t h a t  in four u n i ts  (and p e rh a p s  also in 
a fifth  one) the o u tb re a k s  were caused  by  a s t ra in  p rac t ica l ly  identical  w ith  A 2 /H o n g  Kong/ 
1/68. In two or th ree  u n i ts  an u n iden t i f ied  agen t  (or agen ts)  o th e r  t h a n  influenza A or В m ust  
have co n tr ib u ted  to th e  outbreaks.  T he  beneficial effect p roved  significant only in th e  l a t te r  
units .

Seroconversion ra te  was n o t  red u ced  by the  d rug ,  while the  postep idem ic  haem agglu-  
t ina t ion - inh ib i t ing  a n t ib o d y  titres o f  in it ia l ly  seronegative  tes t  sub jects  tended  to be lower 
in the  a m a n ta d in e - t r e a te d  than  in th e  p lacebo- t rea ted  group. T he  difference ju s t  failed to 
reach  the 0.05 significance level.

In tes ts  in  vitro  the  Hong Kong 1/68 s tra in  proved  to be  less sensitive to a m a n ta d in e  
th a n  was an  earlier  s t ra in  of in f luenza  A2 virus.

1 -a d a m a n ta n am in e  h y d ro ch lo rid e  (a m a n ta d in e ) lias p ro v ed  to  be 
v iro s ta tic  ag a in s t in fluenza-A  v iru se s  in tissue cu ltu re s  |1 8 ]. e m b ry o n a te d
eggs [2, 4 ], and  m ice [4, 5, 9]. In  m ice th e  com pound  h ad  a th e ra p e u tic  effect 
if ad m in is te red  soon a fte r a r tif ic ia l in fection  [9 --1 1 ].

In  m an, tr ia ls  wi t h a rtific ia lly  induced  in flu en za  A2 infection  [7, 12 — 
IS] and  p ro p h y lac tic  tria ls  a g a in s t in flu en za  o u tb re a k s  [16—18] h av e  show n 
m o stly  p rom ising , y e t v a riab le , re su lts . T h e ra p e u tic  effect has also been 
rep o rted  [19 2 2 ].

in  th e  p re se n t rep o rt a p ro p h y la c tic  tr ia l is described  w hich w as c o n d u c t
ed in H u ngary  w ith  an a m a n ta d in e  HC1 p re p a ra tio n  (V iregy t® , U n ite d  W orks 
of P h a rm a c e u tic a l and  D ie te tic  P ro d u c ts , B u d ap est) in M arch, 1969, d u rin g  
th e  H ong K ong  influenza  ep idem ic.

The tria l w as designed to  te s t  th e  m o rb id ity -red u c in g  effect o f th e  com 
pound , and  no special effort w as m ad e  to  follow th e  clinical course o f th e  d isease, 
co n seq u en tly , it h ad  shortcom ings as co m p ared  to  co n tro lled  clin ical tria ls .
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U n d er th e  g iven  co n d itio n s am a n ta d in e  failed  to  reduce m o rb id ity , 
w h e re a s  th e  analysis o f ro u tin e  case records y ie ld ed  som e fea tu re s  w hich seem ed 
to  ju s t i fy  th e  p u b lic a tio n  o f th e  p resen t p a p e r.

M ateria ls and m ethods

Preparations. B o th  a m a n ta d in e  (V iregy t® ) a n d  th e  placebo were k ind ly  supplied 
b y  t h e  m akers .  The p re p a ra t io n s  were  d is tr ibu ted  in capsules ,  100 mg in each. T he  da ily  dose 
w a s  u n i fo rm ly  two capsules (200 mg). Neither the  s a n i t a r y  personnel nor  the  te s t  subjects  
k n e w  t h a t  a placebo was in c lu d e d  in  the  trial .

Test subjects. The t r ia l  w as  carr ied  ou t  in seven m il i ta ry  units .  The  te s t  sub jects  were, 
w i th  few  exceptions, young  m e n  o f  18— 21 years. I t  was a im ed  to  collect for th e  act ive  subs tance  
a t  l e a s t  2000 subjects exposed  to  t h e  risk of influenza, a n d  th e  same for th e  placebo. As some 
u n i t s  were  expected to ev ad e  th e  epidem ic ,  an  excess n u m b e r  of u n i ts  were invo lved  in th e  trial.

Timing of the trial. W h e n  e i the r  of the  a d o p te d  u n i ts  had  re p o r te d  cu m u la t io n  of 
in f luenza- l ike  cases, the  u n i t  was im m edia te ly  v isited b y  tw o  of the p re sen t  a u th o rs  to inves
t ig a t e  t h e  clinical and ep idem io log ica l  features of the  o u tb rea k .  I f  these were consis ten t  with  
in f lu e n z a ,  from the  m os t  a c u te  cases th ro a t  w ashings fo r  virological  pu rposes  and  blood 
sa m p le s  for serology were o b ta in e d .  Medication was s t a r te d  on the  sam e d ay  and  con tinued  
u n t i l  th e  ou tb reak  had  su b s id ed ,  i.e., over 2—3 weeks. F o r  those  who were a d m i t te d  to the  
i n f i r m a r y  medication was d isc o n t in u e d  on the n e x t  day .

Allocation. The tech n ica l  feasibilit ies excluded th e  m a n  to be tak e n  as un i t .  Due g u a ra n 
tee  o f  swallowing of the  capsu les  a t  prescribed t im es a n d  excluding errors  and  misuses were 
a im e d  at.  This end could b e s t  be  ach ieved  by considering th e  d o rm ito ry  as un i t .  Consequently ,  
t h e  do rm ito r ies  were a l lo ca ted  to  t h e  t rea tm e n ts  a n d  ba lanced  w ith in  the  buildings.  The 
s u b je c t s  in the  same bu ild ings  were  among them selves th e  whole day ,  in d e p e n d e n t  of  their  
d o rm ito r ie s .  In  some sm all  b u i ld in g s  this schedule cou ld  n o t  be followed rigorously. The 
n u m b e r  o f  allocated su b je c t s  p e r  u n i t  is shown in T ab le  I.

Paired sera for estimating seioconversion rate. P a i re d  blood samples were tak e n  in each 
u n i t  f ro m  25 heal thy  p ropos i t i  a lloca ted  to receive th e  ac t ive  d rug  and  from  25 persons in 
t h e  p laceb o  group. The  sam p le s  were  obta ined  on zero d a y  an d  several d a y s  a f te r  te rm in a t io n  
o f  t h e  trial.

Recording. The course  of th e  illness of in- and  o u tp a t i e n t s  was recorded  on usua l  p ro to 
cols.  In  calcula ting  m o rb id i ty  b o t h  types  of records,  while for the  incidence of sy m p to m s  
a n d  com plica tions only t h e  case  records were t a k e n  in to  account.

T h e  following d a ta  were  an a lyzed :  dura tion  a n d  p e a k  of fever, per iod  of t r e a tm e n t  in 
i n f i r m a r y ,  and com plica tions,  viz., lower re sp ira to ry  (b ronch it is  and  b ronch o p n eu m o n ia ) ,  
u p p e r  re sp ira to ry  ( tonsill i tis ,  f r o n ta l  and  m axillar  sinusi t is )  and  g as tro in tes t ina l  complica
t io n s  (vom it ing  and  d iar rhoea) .

Statistical methods u se d  w ere ,  for the  graded responses:  t t e s t ;  for f requencies:  yf tes t:  
a n d  — when  frequencies w ere  low  — Fisher’s e x a c t  tes t .

Viruses. The s t ra in  in f lu e n z a  A2/Hong K ong/1 /68  was k indly  supplied  by  th e  W orld  
I n f lu e n z a  Centre, L o n d o n ;  t h e  in f luenza  A2/Hung/4/65 s t ra in  was iso lated  in our  labora to ry .

Virus isolation. T h r o a t  w ash ings were cen tr ifuged  a t  low speed. F ro m  the  su p e rn a ta n ts  
w i th  a d d e d  antibiotics 0.1 m l  w a s  inocu la ted  into th e  am n io t ic  sac of each of eight 10-day-old 
c h ic k  em bryos  and in to  each  of six  p r im ary  m o n k ey  k id n e y  (MK) cell cu ltures .  In  positive 
cases v i ru s  was dem o n s trab le  in th e  am nio tic  and a l lan to ic  f lu ids as soon as in the  f irs t  passage: 
in  M K  cell cultures a second  p a ssag e  was necessary for several strains.

Haemagglutination-inhibition (HI) test. H u m a n  sera  were p re t re a te d  as follows. 0.1 ml 
s e ru m  m ixed  with  0.05 ml of a  0 .25%  trypsin  so lu t ion  was h ea ted  for 30 m in u te s  a t  56°C; 
t h e n  0.15 ml 0.02 M K IO  , w^as a d d e d  and the m ix tu re  was left  to s ta n d  a t  room tem p e ra tu re  
fo r  15 m in u te s  and, a f te r  a d d in g  o f  0.05 ml 6.0% glycerol,  for a n o th e r  15 m inutes .  Finally ,  
t h e  m ix tu r e  was made u p  to  0.5 m l w ith  PBS. Thus th e  se ru m  was d i lu ted  1 to 5 a n d  the  first  
t e s t  d i lu t ion  was 1:10.

T h e  hae in ag g lu t in a t in g  (H A )  antigen was p re p a re d  from an  inh ib i to r- insensit ive  
v a r i a n t  of  the Hong K ong  1/68 s t ra in ,  which had  been  o b ta in e d  by  transfer r ing  the  original 
s t r a in  th ro u g h  several passages  in e inb ryona ted  eggs in t h e  presence of h ea ted  horse  serum. 
T h e  H I  t e s t  was pe rform ed  in t h e  wells of the M ic ro t i t ra to r  p late  [23]. Twelve H A  u n i ts  of 
v i ru s ,  a n d  chicken e r y th r o c y te s  were used.
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In the preliminary experim ents it  was found that this m ethod o f pretreatm ent and 
testing resulted in titres highly consisten t w ith those obtained w ith the original H ong Kong  
strain after R D E  pretreatm ent o f sera.

Testing of antiviral activity in vitro. A hundred mg am antadine HC1 was dissolved in 
4 ml ethanol and the solution was d ilu ted  tenfold in a fluid (Glucosol) contain ing glucose  
and 1% eggw hite in buffered saline. Further dilutions were made in the sam e fluid.

Antiviral activ ity  was estim ated in the Virutor apparatus [24]. Each vial contained  
0.5 ml Glucosol w ith  or w ithout am antadine HC1, sm all fragm ents of pooled chick em bryo  
chorioallantoic membrane made up to 0.5 ml w ith Glucosol, and virus inoculum  in a volum e  
of 0.1 ml. The vials were rolled in a drum  at 37°C and 10 12 r.p.hr. for 72 hours. The viral
haem agglutinin in the liquid phase was titrated  in the M icrotitrator apparatus. G eom etric 
means of titres were calculated from 8 parallels; virus inhibition was expressed using the 
quotients o f the geom etric means o f the titres obtained in the presence and in the absence  
of am antadine.

Results

Test fo r  side effects. P r io r  to  th e  tria l, a m a n ta d in e  was a d m in is te re d  to  
50 y o ung  m ales over a period  o f  tw o  w eeks. T h e  daily  dose w as 200 m g. No 
side effect could  be de tec ted .

The 1969 in fluenza  epidem ic. T he  epidem ic th a t  h ad  o rig in a ted  in C hina 
an d  ap p ea red  as a very  large ep id em ic  in  H ong K ong in th e  su m m er, 1968, 
reach ed  H u n g a ry  la te  in J a n u a r y ,  1969 and  caused  th e re  an u n u su a lly  p ro 
t r a c te d  epidem ic. I t  reached its  p e a k  a t  th e  en d  of M arch and  cam e to  an  end 
in  th e  f irs t  w eek of M ay. M o rb id ity  ra te  show ed a considerab le  v a r ia tio n  
betw een  reg ions. A ccording to  v iro log ica l an d  serological in v e s tig a tio n s  th e  
epidem ic w as caused  by  th e  H o n g  K ong v a r ia n t  o f in flu en za  A2 v iru s .

The outbreaks. O u tb reak s w ere rep o rted  from  seven of th e  elec ted  u n its . 
In  u n its  1 — 6  cu m ula tion  of cases w as f irs t observed  betw een  M arch  16th 
an d  23rd ; th e  o u tb reak s  la s te d  a b o u t th ree  w eeks; th e  decline w as less sh a rp  
in u n it  5 th a n  in  th e  o th e r five  u n its .  In  u n it  7 cu m u la tio n  was f ir s t  o b se rv 
ed on M arch 6 th  and  the  o u tb re a k  lasted  fo r ab o u t five w eeks.

In  u n it  2 th e  o u tb re a k  w as su d d en  and  i t  was on its second  d a y  th a t  
m ed ica tio n  w as s ta rte d . In  th e  o th e r  u n its  i t  took  4 to  9 day s b efo re  th e  
cu m u la tio n  of cases w as recogn ized  as an  o u tb re a k  an d  tre a tm e n t w as s ta r te d . 
C o n sequen tly , a considerab le p a r t  o f  th e  a lloca ted  p a tie n ts  h ad  n o t b een  tr e a te d  
or h ad  received  only a one-day  dose before th e  onse t of illness (T ab les I and  
I I I ) .  In  th e  follow ing, these  p a tie n ts , to g e th e r  w ith  th e  12 p a tie n ts  w ho 
becam e ill a f te r  th e  t re a tm e n t h a d  ended h av e  been considered  u n tre a te d .

Evidence o f  the causative role o f  the H ong K ong variant. T he  H ong  K ong 
v iru s  could  be iso la ted  from  a c u te  cases in  each  of th e  seven u n its  (T ab le  I I ) ,  
an d  in u n its  1 —4 61%  of th e  h e a lth y  blood donors (106/173) d ev e lo p ed  H I 
an tib o d ies  to  th e  sam e v irus. T h u s , th e  o u tb re a k s  in  u n its  1 — 4 m ay  be  co n sid 
ered  pu re  H o n g  K ong in flu en za  o u tb re a k s . F o r u n its  5 — 7 th e  m ean  a n tib o d y  
response ra te  w as as lowr as 14% , an d  th e  p ro trac ted n ess  of th e  o u tb re a k s  
in  th ese  offered  an  o p p o rtu n ity  to  o b ta in  te s t  m a te ria l from  la te  cases. F rom
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Table I

Influenza morbidity data based on clinical diagnosis

U n it No.

No. of 
subjects 
allocat

ed

P a tien ts  
adm itted  

to  in firm ary

Placebo-
pretreated No. of 

subjects 
allocat

ed

P atients  
adm itted  

to  infirm ary

A m antadine- 
pretreated Mor

bidity
data,
per
cent

before afte r

patients
out

patients

before after
in 

patients
out

patien tsthe tria l the trial

l 300 8 2 l 15 300 3 i — 8 6.3
2 100 19 9 — 150 3 l 13 7 20.8

3 no 9 2 3 3 90 25 3 6 25.5

4 530 22 3 7 500 10 i 4 16 6.1

T o ta l  1 4 1040 58 4 16 25 1040 41 3 20 37 9.8

5 200 — 2 3 10 300 1 3 14 8 8.2

6 410 6 — 2 — 440 22 — 5 3 4.5

7 560 13 — 32 41 750 26 — 30 56 15.1

T o ta l  5— 7 1170 19 2 37 51 1490 49 3 49 67 10.4

G ra n d  to ta l 2210 77“ 6" 53* 76 2530 90f 6 d 69 + 104 10.2

* Group P; ОuО
P  V ;

Û+6+C+ 1 Group U.

th e s e  no v im s could  b e  iso la te d  and  som e o f th e se  p a tie n ts  p ro d u ced  n e ith e r 
H I  an tibod ies to  th e  H o n g  K ong v iru s  n o r  com plem en t-fix ing  an tibod ies 
to  th e  S an tigen  o f in f lu e n z a  A and В v iru ses . A ccord ingly , in  u n its  5 an d  7 
th e  o u tb reak s  w ere o f  m ix e d  aetiology. I n  u n i t  6 , w here  all th e  five  p a tie n ts  
te s te d  becam e se ro p o s itiv e , th e  low sero logical response  w as co n sis ten t w ith  
th e  low  m o rb id ity  r a te  (4 .5 % ), so th a t  no  o th e r  cau sa tiv e  ag en t h a d  to  be 
a ssu m ed .

Table II

Virus isolation and HI antibody response

U nit No.

Iso lation rate  for A ntibody response of
Response rate

early  cases late cases patien ts
healthy*
subjects

m orbidity rate

l 3/5 Il.t. 5/5 25/49 5.4
2 6/7 n.t. 7/7 33/44 3.6

3 3/3 n.t. 3/3 18/34 2.1

4 5/5 n.t. 4/4 30/46 10.6

5 1/4 0/5 2/5 6/41 1.8

6 4/5 n.t. 5/5 5/44 2.4

7 5/5 0/10 6/12 6/39 1.1

* H ea l th y  a t  t im e  o f  t a k in g  pre-epidemic sam ple ,  n. t .  =  n o t  tes ted .
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M orbid ity . M orb id ity  ra te  fo r th e  w hole period  o f th e  o u tb reak s  ran g ed  
betw een  4 .5 %  an d  25 .5%  (T able  I). T h e g re a t s c a tte r in g  of th e  d a ta  an d  th e  
re la tiv e ly  low m o rb id ity  ren d e red  im possib le  to  p e rfo rm  an  analysis b y  u n its . 
C onsidering  th e  viro logical an d  sero logical find ings th e  d a ta  for u n its  1 4
w ere pooled  a n d  so w ere th e  d a ta  fo r  u n its  5 — 7 (T ables I and  III).

Table III

Pooled morbidity data

U nits 1 4 Units 5 —7 Units l -

No. of
subjects

Case 
mor- 

1 b id ity

Mor
bidity,

per
cent

No. of
subjects

Case
m or

bidity

Mor
bidity,

per
cent

Mor
bidity ,

per
cent

Vllocated to placebo group 1 0 4 0 1 0 3 * 9 .9 1 1 7 0 109 * 9 .3 9 .6

Allocated to am antadine group 1 0 4 0 1 0 1 * 9 .7 1 4 9 0 1 6 8 * 1 1 .3 1 0 .6

Pretreated w ith placebo 9 7 8 4 1  1 4 .2 1 1 4 9 8 8 7 .6 6 .0

^retreated w ith amantadine 9 9 6 5 7  T 5 .7 1 4 3 9 116 7 .0 7 .1

* During the whole outbreak. 
r During the period of m edication.

T he m o rb id ity  d a ta  revealed  no  s ig n ifican t differences b e tw een  th e  
a m a n ta d in e -p re tre a te d  an d  p la c e b o -p re tre a te d  su b jec ts . T he la t te r  even  show 
ed s lig h tly  low er m o rb id ity . I t  has been  concluded  th a t  p rev en tiv e  tr e a tm e n t  
w ith  a m a n ta d in e  failed  to  reduce  th e  m o rb id ity .

Effect o f  prophylactic treatm ent on the course o f  the disease. T h ere  w as 
p ra c tic a lly  no d ifference in  th e  ra tio  o f o u tp a tie n ts  to  in p a tie n ts . T h is ra tio  
was 1.5 fo r th e  a m a n ta d in e -p re tre a te d  and 1.4 for th e  p la c e b o -p re tre a te d  
p a tie n ts  (1.9 vs. 1.6 for u n its  1 — 4, a n d  1.4 vs. 1.4 fo r u n its  5 — 7).

F o r fu r th e r  com parison  on ly  th e  in p a tie n ts  w ere ta k e n  in to  acco u n t, 
viz., 69 a m a n ta d in e -p re tre a te d  cases (G roup  “ V ” ), 53 p la c e b o -p re tre a te d  
cases (G roup  “ P ” ) an d  179 p a tie n ts  (G roup “ U ” ) h av in g  received n e ith e r  
a m a n ta d in e  n o r p lacebo . T he d is tr ib u tio n  of these  cases betw een  u n its  1 4
an d  5 —7 is show n in T ab le  I.

In  tb e  analysis o f th e  fev e r p e a k  an d  of th e  com plica tions it seem ed 
perm issib le  to  com bine th e  d a ta  fo r G roup  “ P ”  w ith  th o se  o f G roup  “ U ” . 
T hus th e  co n tro l p a tie n ts  (G roup “ P -J-U ” ) n u m b ered  232. (Of th e se  122 
belonged  to  u n its  1 4, an d  110 to  u n its  5 -7.) T re a tm e n t in th e  d iffe ren t
u n its  was a p p ro x im a te ly  th e  sam e and  sy m p to m a tic .

As reg a rd s th e  d u ra tio n  o f fever an d  in firm a ry  d ay s, on th e  o th e r  h a n d , 
onl y th e  cases in G roups “ V ”  a n d  “ P ” , h av in g  occu rred  sy n ch ronously , w ere
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co m p a re d  to  each  o th e r, since bed  re se rv a tio n s  for th e  ep idem ic m ay  h av e  
u rg e d  th e  d ischarge  of hosp ita lized  p a tie n ts . F o r th e  fever p e a k  values a 
d isq u a lify in g  co n d itio n  like th is  d id  n o t ex is t.

W ith in  th e  h ig h -ra te  a n tib o d y  u n its  (N os. 1 —4) n e ith e r  th e  p eak , no r 
th e  d u ra tio n  of th e  fever, n o r th e  d u ra tio n  o f bed  care show ed s ign ifican t 
d iffe rences b e tw een  G roup “ V ” and  th e  co rrespond ing  con tro l g roup  (T a
bles I Y - Y I ) .

Tabu- IV

P eak value o f  fever

Group V Group P Г IGroup U G roup P -fU

P eak value 
°C

Frequencies Frequencies Frequencies Frequencies

absolute relative absolute relative absolute relative 1 absolute - relative

U nits - 4

3 7 .1  3 8 .0 3 2 14 16

0.15 0.12 0.13 0.13

3 8 .1  3 9 .0 10 7 6 7 7 4  1

0.50 0.44 0.63 0.61

> 3 9 . 0 7 7 25 32

0.35 0.44 0.24 0.26

U nits  5 - 7

3 7 . 1 - 3 8 . 0 2 5 3 2 4 2 7

0.51 0.08 0.33 0.25

3 8 . 1 - 3 9 . 0 19 2 0 3 3 5 3

0.39 0.54 J 0.45 0.48

3 9 .0 5 1 4 i6 3 0

0.10 0.38 0.22 0.27

In  c o n tra s t, fo r u n its  5 — 7 all th e  th re e  fea tu res  y ie lded  h igh ly  sign if
ic a n t  d ifferences (P  <  0.01). T he d ifference  in  fever p eak  w as co m p u ted  
in  tw o  w ays, v iz ., h av in g  fo r c ritica l v a lu e  e ith e r 38.0°C o r 39.0°C. B o th  
y ie ld e d  th e  sam e resu lt.

O n th e  o th e r  h a n d , G roup “ P ”  an d  G roup  “ U ”  y ie lded  sign ifican t d if
ferences w ith  38.0°C, an d  a n ea rly  s ig n ifican t one w ith  39.0°C, G roup “ P ” 
d iffe rin g  m ore fro m  G roup “ V ”  th a n  did G roup  “ U ” . N everth e less , th e  d iffe r
ence  betw een  G roup  “ P ”  an d  G roup  “ U ”  d id  no t in v a lid a te  th e ir  pooling 
fo r analysis.
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Table V

D uration o f  fever

No. of 
days w ith 

fever

U nits 1 - 4 Units 5 - 7

Group “ V” Grou p “ P ” Group “ V” Group

l 3 1 18 2

о 3 2 9 7

3 6 5 13 15

4 4 3 5 7

5 3 1 4 3

6 1 3 2

7 1

8 1

T ota l 2 0 16 4 9 37

Mean values in un i ts  1 —4: 3.2 vs. 3.9 days;  in u n i ts  5 — 7: 2.3 vs. 3.4 days. 
* 11 days.

Table VI

In firm a ry  days

Days in 
infirm ary

U nits 1 - 4 U nits 5 — 7

Group “ V”  Group “ P ” Group “ V” Group “ P ”

3 2 1 i i 3

4 4 1 2 и 3

5 2 2 7 7

6 4 4 6 7

7 7 2 9 10

8 1 3 1

9 1 2 1

10 1 1 1

11 1 1

12

13 1

14 2

15 1

Total 20 16 49 37

Mean values in u n i ts  1 — 4: 5.7 vs. 6.6 days;  in u n i t s  5 — 7: 5.3 vs. 6.9 days.

As co m p u ted  from  th e  pooled  d a ta  o f u n its  1 -7 , th e  fever peak  show ed  
h igh ly  sign ifican t d ifference (P  <7 0.01) b e tw een  G roup  “ V” and  G roup  

P -f-U ” , w hereas b o th  in d u ra tio n  of fever an d  in th e  ho sp ita l days th e re
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w ere  v e ry  h igh ly  sig n ifican t differences (P  <[ 0.001) betw een  G roup  “ V ”  and  
G ro u p  “ P ” , in  fa v o u r o f G roup “ V ” .

A nalysis of th e  cases w ith  co m p lica tio n  p rov ided  fu r th e r  ev idence of 
th e  ben efic ia l effect o f a m a n ta d in e . S ince double  or m u ltip le  com plica tions 
o c c u rre d  in  as few as five  cases, i t  seem ed  ju s tif ie d  to  base  th e  analysis  on 
th e  n u m b e r  of cases w ith  co m p lica tio n . G roup  “ V ”  w as co m p ared  to  G roup
“ P  +  U ” .

Table VII

C om plications

U nit No.

No. of 
inpatients in 

Group

Lower respira
to ry  compli

cations in 
Group

U pper respi
ra to ry  compli

cations in 
Group

Gastrointestinal 
complications in  

Group

Tonsillitis 
(disregarded)* in 

Group

••P + U ” “ V” “ P  +  U ” “ V” “ P  + U” j “V” “ P  +  U” “V” “ P  +  U” “V”

I 15 _ _ _ _ l _ _
2 32 13 9 — 1 — 10+ 1 l —

3 39 3 — — — — l 4 —

4 36 4 4 — 1 2 1 -

5 9 14 1 1 l 1 1+ 3 3

6 30 5 9 1 - 1 — — —

7 71 30 8 - — 1 1 5 6

T o ta l 232 69 31 1 3 l 17 + 4 + 13 9

* See text .
+ One, suffering also f ro m  tonsill i tis ,  d isregarded.

As show n in  T ab le  V II , th e  com plica tions occurred  a t  p ra c tic a lly  th e  
sa m e  r a te  in  G roup “ P  +  U ”  an d  G roup  “ V ” . H ow ever, o f th e  15 cases w ith  
c o m p lica tio n  in  G roup “ V ” , 9 w ere d iagnosed  as fo llicu lar to n s illitis  an d  all 
th e s e  occu rred  in u n its  5 a n d  7, w here  th e  o u tb re a k  ap p ea red  to  be  o f m ixed 
ae tio lo g y . O f th e  13 to n s illitis  cases in  G roup “ P - |-U ” , 8  o ccu rred  in u n its  
5 o r  7. T hough  sy s te m a tic  bac te rio lo g ica l checking  w as n o t done, th e se  tonsil- 
lit is cases should  n o t be reg a rd ed  as in flu en za  cases w ith  co m p lica tio n . Conse
q u e n tly ,  th e y  w ere exc luded  n o t to  disguise th e  tr e a tm e n t  effect, q u ite  
lik e  p lacebo  reac to rs  are  neg lec ted  in  analgesic tria ls .

O m ittin g  th e  to n s illitis  cases, 49 cases w ith  com plica tion  rem ain ed  in 
G o ru p  “ P-f-U ”  an d  5 in G roup  “ V ” . T h e  difference is s ig n ifican t (P  0.05). 
H o w ev e r, sep a ra te  analysis  in  th is  re sp e c t o f u n its  1 —4 an d  u n its  5 — 7 re 
v e a le d  no sign ifican t d ifference b e tw een  th e  a m a n ta d in e -p re tre a te d  an d  the 
c o n tro l groups.

T h e  difference in  cases w ith  com p lica tio n  w as due  to  th e  d ifferen t 
freq u en c ies  of th e  cases w ith  acu te  low er re sp ira to ry  com plica tions (b ronch itis
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plus b ro n ch o p n eu m o n ia). T he 31 cases vs. 1 case rep re sen t a h ig h ly  s ig n if i
c a n t d ifference (P  <[ 0.01) as show n b y  F ish e r’s ex ac t te s t.

Seroconversion and postepidem ic I I I  antibody titres. Seroconversion  w as 
n o t in fluenced  b y  am an tad in e . W e h a d  p a ired  sera  from  103 d o n o rs  w ho 
w ere h e a lth y  an d  seronegative  a t  th e  tim e  o f th e  f irs t sam pling  and  d ev e lo p ed  
an tib o d ies  d u rin g  th e  o u tb reak . F if ty  o f  th e se  h ad  been  tre a te d  w ith  a m a n ta 
d ine  an d  53 w ith  th e  placebo. T h e  d is tr ib u tio n  b y  postep idem ic  H I  t i t r e  of 
th e  se ro n co n v erted  sub jec ts  is show n in T ab le  V I I I .  T he geom etric  m ean  
fo r th e  su b jec ts  tre a te d  w ith  th e  ac tiv e  su b stan ce  w as 1:68, i.e., low er th a n

Table  VIII

E ffect o f  am antadine on H I  antibody response o f  previously  seronegative subjects

G roup
D is tr ib u tio n  b y  p o step id em ic  III t i t re

T o ta l
G e o m e tric

1:20 1:40 1:80 1:160 1:320 1:640
m ea n

Am antad ine* 6 20 11 к 3 2 50 1:68
Placebo* 5 10 17 ] 1 5 5 53 1:98

U ntreated  pa t ien ts 2 5 5 7 10 2 31 1:136

* Irrespec t ive  of clinical illness.

Eig. 1. In h ib i t io n  of g ro w th  of two s t ra in s  o f  in f luenza  A2 virus in rolled t issue f r a g m e n ts
as a func tion  o f  a m a n ta d in e  dose
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t h a t  fo r th e  p la c e b o -tre a te d  ones (1:98). T h e  d ifference ju s t  fa iled  to  reach  
th e  0.05 sign ificance level calcu la ted  b y  th e  t te s t. The th ird  row  in  T ab le  
V I I I  show s th e  d is tr ib u tio n  of th e  co n v a le scen t titre s  of 31 p a tie n ts  w hose 
a c u te -p h a se  h lood  sam p les  w ere neg a tiv e  in  th e  1:10 d ilu tion . T he geom etric  
m e a n  fo r th e  co n v a le scen t titre s  was 1:136.

S en sitiv ity  o f  the H ong Kong 1 68 s tra in  to am antadine in  vitro. T he  
d a ta  in  Fig. 1 re p re se n t geom etric m eans ca lc u la ted  from  th e  re su lts  o f tw o 
e x p e rim e n ts  ca rried  o u t in  th e  V iru to r sy s te m . In  b o th  ex p erim en ts  th e  H ong  
K o n g  s tra in  p ro v e d  less sensitive th a n  th e  H u n g  4/65 s tra in . (R egression  
lines f i t te d  b y  eye.)

Discussion

T he lack  of a n y  p ro p h y lac tic  e ffec t o f  am an tad in e  on H ong K ong 
in flu e n z a  m o rb id ity  in  th e  p resen t s tu d y  w as in  accordance w ith  th e  n eg a tiv e  
re su lts  p u b lished  b y  G a l b r a i t h  et al. [24] a n d  d id  n o t agree w ith  th e  po sitiv e  
re su lts  o b ta in ed  b y  S m o r o d i n t s e v  et al. [25] in  a tr ia l  ca rried  o u t on 10,053 
p e rso n s  d u ring  th e  1969 H ong K ong in f lu e n z a  epidem ic.

T h e  fo rm er a u th o rs  s tu d ied  th e  p ro p h y la c tic  effect of a m a n ta d in e  in 
th e  fam ily  e n v iro n m e n t. I n  th e ir  1968 tr ia l ,  th e  sam e au th o rs  [20] d e m o n s tra t
ed  a d efin ite  re d u c tio n  o f clinical in flu en za  in  th e  a m a n ta d in e - tre a te d  con
ta c ts  o f index  cases w ith  lab o ra to ry  ev id en ce  o f A2 in fec tion . In  a s im ila r 
t r ia l  d u rin g  th e  1969 in flu en za  epidem ic th e y  fa iled  to  d e m o n s tra te  an y  p ro 
te c t iv e  effect.

G a l b r a i t h  et al. [24] a ttr ib u te  th e  d iv e rg en cy  of th e  re su lts  to  a d iffe r
ence in  th e  im m u n o lo g ica l s ta tu s  of th e  tw o  popu la tio n s u n d e r  s tu d y . In  
1969, 90 %  of th e  c o n ta c ts  possessed in itia l H I  t i tre s  below 1:12 to  th e  a c tu a l 
p a th o g e n , w hereas in  1968 th e  co rrespond ing  fig u re  was 4 0 % . In  ou r s tu d y  
8 6 %  o f th e  su b je c ts  te s te d  had  p re -ep idem ic  H I titre s  below  1:10 to  th e  
H  ong  K ong  v iru s .

G a l b r a i t h  et al. [24] found  th e  A2 /H o n g  K o n g /1/68 s tra in  an d  an  earlie r 
s t r a in  o f th e  A2 v iru s  (E n g lan d  10/67) eq u a lly  sensitive to  a m a n ta d in e , 
w h ereas  in  our te s t  th e  fo rm er ap p eared  less sensitive  th a n  th e  s tra in  А2/ 
/H u n g /4 /6 5 .

S u rp rising ly , in  c o n tra s t  to  th e  lack  o f a m o rb id ity -red u c in g  effect, we 
fo u n d  a beneficial e ffec t o f am an tad in e  o n  th e  clinical course of th e  disease 
in  sp ite  of th a t  m ed ic a tio n  h ad  been d isc o n tin u e d  on th e  second d ay  of illness.

O n th e  basis  o f  th e  frequency  of se ro log ica lly  ev idenced in fluenza  in fec
tions th e  seven  u n its  u n d e r  s tu d y  could b e  c lassed  in to  tw o g roups w ith  an  
a p p ro x im a te ly  eq u a l m o rb id ity  ra te . E n v iro n m e n ta l or h a b itu a l fac to rs , or 
d ifferences in p re -ep id em ic  an tib o d y  t i t r e s  p ro v id ed  no ex p la n a tio n  of th e  
d ivergence . In  u n its  5 an d  7 an unknow n aetio log ica l ag en t m ig h t have  in te r-
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fe red  w ith  th e  sp read  o f th e  in flu en za  v irus. I t  m ay  he n o ted  th a t  th e  1969 
H o n g  K ong epidem ic show ed tw o d iffe ren t epidem iological p a tte rn s  in  d iffe r
ent cou n tries  [27].

T he q u es tio n  arose to  w h a t an  e x te n t th e  beneficial effect ex p e rien ced  
in  th e  p re se n t s tu d y  w as due  to  an  effect of a m a n ta d in e  on th e  in f lu e n z a  
v iru s  in fec tion . T he questio n  has rem ain ed  open because th e  lack  of s ta t is t ic a l  
sign ificance fo r th e  few cases in  th e  u n its  w ith  p u re  in fluenza  o u tb re a k s  and  
th e  s ig n ifican t effect w ith in  th e  u n its  w ith  m ixed o u tb reak s  d id  n o t e x c lu d e  
an  in fluence  upon  th e  H ong K on g  v iru s , for (i) in  u n its  1 4 th e re  w as a t e n 
dency  in fav o u r of th e  a m a n ta d in e -p re tre a te d  p a tie n ts , an d  (ii) a co n s id e ra b le  
p a r t  o f th e  cases in u n its  5 - 7  w ere caused  b y  th e  H ong  K ong v iru s . O n th e  
o th e r  h an d , th e re  was no reason  fo r excluding  an  influence  u p o n  th e  su p p o se d  
o th e r  agen t(s). A ccording to  li te ra ry  d a ta  [17] a m a n ta d in e  m ay  be b en e fic ia l 
also in  non -in fluenzal acu te  re sp ira to ry  disease. In  th is  resp ec t it  is o f  in te re s t  
th a t ,  accord ing  to  serological ev idence , in fluenza  В v iru s , w hich  has co n s is 
te n tly  proved  insensitive to  a m a n ta d in e , p lay ed  no p a r t  in th e  p re se n t o u t 
b reak s .

T he s ta tis tic a lly  sign ifican t red u c tio n  in th e  occurrence of cases w ith  
acu te  low er re sp ira to ry  co m p lica tio n s w as n o t life-sav ing  in  th e  y o u n g  and  
h e a lth y  su b jec ts  o f th e  p re sen t s tu d y , b u t  a s im ila r effect in  an  old a n d /o r  
ch ro n ica lly  ill p o p u la tio n  m ay  be life-sav ing . F u rth e rm o re , it  shou ld  he ta k e n  
in to  co n sid e ra tio n  th a t  in th e  p re se n t tr ia l t re a tm e n t w as d isco n tin u ed  ea rly . 
T re a tm e n t fo r severa l ad d itio n a l d ay s  m ig h t have increased  th e  b enefic ia l e ffec t.

Noie. D u r in g  th e  1969 1970 in f luenza  epidemic some d a ta  were collected on th e  th e ra
peutic  effect of a m a n tad in e  (V iregy t® ).  I n  a u n i t  u n d e r  conditions like the  m en t io n ed  ones,  
24 a m a n ta d in e - t r e a te d  cases were co m p ared  to 27 p lacebo-t rea ted  ones. According to a  p re l im 
in a ry  analysis,  a m a n tad in e  p roved  to d im in ish  average s ta y  in the  in f irm ary  an d  n u m b e r  
o f  febrile days.  In  a n o th e r  similar u n i t ,  a t r ia l  in 57 and  70 cases, no effect could be d e te c te d .  
In  th e  fo rm er u n i t  serological tes ts  o f  all th e  propositi  (a m a n ta d in e -  an d  p lac eb o - t re a ted  as 
well as clinically h ea l th y )  revealed a pu re  H ong  Kong influenza o u tb rea k ,  whereas in the  
l a t t e r  u n i t  serological tes ts  revealed  b o th  H o n g  Kong a n d  influenza В infections.
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STUDIES ON THE PERITONEAL EXUDATE 
OF ANIMALS EXPERIMENTALLY INFECTED 

WITH TOXOPLASMA GONDII*
III. COM PARATIVE STU DY O N M OUSE P E R IT O N E A L  E X U D A T E  

IN D U C E D  W ITH COM PLETE F R E U N D  A D JU V A N T

By

M. A h m e d  S a m i r

National Institute o f Public Health (Director: T. Bakács), Budapest 

(R eceived March 16, 1970)

Summary. Peritoneal exudate w as induced in mice by m eans of com plete Freund  
adjuvant. The intravenous injection of the supernatant o f this fluid after heating it  at 56 °C 
or 65 °C for 30 m inutes reproduced the syndrom e which develops after the intravenous in jec
tion o f the supernatant of peritoneal exudate  of toxoplasm ic mice (SPE T ). The lethal dose 
varied betw een 0.006 to 0.012 ml per g body weight. Intraperitoneal and subcutaneous in jec
tions produced no apparent ill effects. The a ctiv ity  o f this heated supernatant was abolished  
by hyaluronidase and reduced by trypsin. Intravenous injection of 0.05 m l per g body w eight 
o f unheated or heated mouse serum was tolerated by mice. The syndrom e develop ing after 
the intravenous injection of SPET was also reproduced by 0.01 ml per g body w eight o f 4%  
starch or of saturated gum  arabic solution . Mouse SPET, supernatant o f m ouse peritoneal 
exudate induced w ith  Freund adjuvant and m ouse serum are apparently qualitatively  sim ilar. 
In disc elcctrophoretogram s a thick ring form ed at the starting zone at the expense o f others 
which becam e paler, thinner or disappeared in the three fluids after heating at 56 °C for 30 
m inutes. The significance of these findings is discussed w ith reference to SPET.

The s u p e rn a ta n t of th e  p e rito n ea l e x u d a te  o f to x o p lasm ic  m ice (S P E T ) 
in  sm all doses induces d ra m a tic  sym ptom s and  d e a th  in  m ice [1 — 13]. 
Mice, how ever, to le ra te  up to  0.7 m l m ouse asc itic  flu id  in d u ced  b y  
lac tic  acid , k illed  s trep tococci, o r a cu taneous g ra ft an d  h a m ste r  asc itic  flu id  
p ro d u ced  by  in fec tio n  w ith  L eish m a n ia  donovani [11]. M ice also to le ra te  u p  
to  1 m l of m ouse serum  sto red  a t  37 °C w ith  or w ith o u t a d d ed  tissu e  [ 1 1 ], an d  
o f h e a te d  an d  u n h e a te d  h u m an  asc itic  and  p leura l flu id s an d  iso tonic  p h o sp h a te  
sa line  b u ffe r [13]. T his is reg ard ed  as evidence of th e  to x ic  n a tu re  o f S P E T .

F re u n d  a d ju v a n t was used  fo r  th e  p ro d u c tio n  o f la rg e  am o u n ts  o f  an ti-  
b o dy-rich  m ouse ascitic  flu id  [14]. S uch  a flu id  is q u a lita tiv e ly  sim ilar to  m ouse 
serum  [15], an d  th e  effect o f h e a tin g  o f sera  was s tu d ied  b y  e lec trophoresis  [16].

T he aim  o f th is  co m m u n ica tio n  w as to  p re sen t a co m p ara tiv e  s tu d y  of 
th e  s u p e rn a ta n t  o f m ouse p e rito n e a l ex u d a te  in d u ced  w ith  com plete  F re u n d  
a d ju v a n t w ith  reference to  S P E T  as regards th e  sy n d ro m e  develop ing  a f te r  
its  in jec tio n , th e  effectiv e ro u te , th e  effect of h ea tin g  a t  56 °C and  a t  65 °C on 
its  a c tiv ity , its possible chem ical n a tu re  and  th e  d ifference betw een  u n h e a te d

* This work is part of a Thesis subm itted  to the Hungarian A cadem y of Sciences, 1969.
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a n d  h ea ted  S P E T , th e  su p e rn a ta n t o f e x u d a te  in d u ced  w ith  a d ju v a n t an d  
se ru m  in disc e lec tro p h o res is . A tte m p ts  w ere  m ade to  rep ro d u ce  th e  syndrom e 
w ith  s ta rc h  an d  g u m  arab ic .

M aterials an d  m ethods

Preparation o f  large volum es o f mouse peritoneal exudate using complete F reund adjuvant. 
T h is  is essen tia lly  th e  sam e  m eth o d  as th a t  o f M u n o z  [14]. H e a lth y  fem ale  swiss m ice were 
in je c te d  in tra p e rito n e a lly  each  w ith  0.25 m l o f co m p le te  F reu n d  a d ju v a n t  (D ifco) tw ice a t  an  
in te rv a l  of 14 days a n d  a sc itic  flu id  was allow ed to  develop fo r a t  le a s t 3 weeks.

The skin  of m ice d isp lay in g  ascites w as sw ab b ed  w ith  iodine so lu tio n , th e  pe rito n ea l 
c a v i ty  tap p e d  w ith  an  18 gauge needle and th e  f lu id  w as collected in  te s t  tu b es . B a tches w ere 
te s te d  for ste rility  on b lo o d  ag ar and left to  c lo t o v e rn ig h t in  a re fr ig e ra to r. S terile  lo ts w ere 
p o o led  and cen trifu g ed  a t  2000 r.p .m . A fter c en trifu g a tio n , th e  su p e rn a ta n t  (S P E F ) was 
co llected  b y  a sterile  P a s te u r  p ip e tte  f i tte d  w ith  a  ru b b e r  te a t  to  avo id  co llecting  th e  oil d rop le ts 
t h a t  m ay  be p re sen t on  th e  surface. F lu ids w ere ex am in ed  in tw o p a r ts ,  one u n h e a ted  (F u) 
a n d  th e  o th er a fte r  h e a tin g  a t  56 °C for 30 m in u te s  ( F 56) by  th e  in tra v e n o u s  in jec tio n  in to  th e  
la te ra l  ta il vein o f n o rm a l m ice.

Intraperitoneal a n d  subcutaneous injection o f  mice w ith F u and 1P 56. S P E F  was in jec ted  
in to  fo u r groups of 10 m ice  each ; in th e  f irs t  tw o  g ro u p s in tra p e rito n e a lly , in  th e  o th er tw o 
g ro u p s  su b cu tan eo u sly  w ith  F u and  F 5(i re sp ec tiv e ly , in  a dose up  to  0.05 m l o f th e  fo rm er 
a n d  of 0.006—0.012 m l o f  th e  la t te r  per g bod y  w e ig h t.

Effect o f  try p sin  on  the activity  o f  S P E F .  E x p erien ce  show ed th a t  t ry p tic  a c tiv ity  could  
be  d e m o n s tra ted  on S P E T  w hose original p H  is 7.4 a n d  w hich h as been  h e a ted  a t  65 °C for 
30 m in u te s  a fte r  th e  a d d itio n  of try p sin  c ry sta ls  [8]. W ith  S P E F  th e  e x p erim e n t was carried  
o u t  as follows. I t  w as h e a te d  a t  65 °C for 30 m in u te s  a n d  th e n  d iv ided  in to  tw o  p a rts . One served  
as co n tro l. The o th e r  p a r t  w as poured  in a te s t  tu b e  co n ta in in g  1.3 m g o f try p s in  c ry sta ls for 
e ach  m l S P E F ; th e  tu b e  w as th o ro u g h ly  shaken  to  m ix  enzym e an d  su b s tra te , and in cu b a ted  
in a w a te r  b a th  fo r 3 ho u rs .

Effect o f  hya luronidase  on the activity o f  F 5Ct. S P E F  was in cu b a ted  a t  56 °C for 30 m inutes. 
I t  w as th en  d iv ided  in to  2 p a r ts . One p a r t  se rv ed  as con tro l. T he IU  of h y alu ron idase  for 
eac h  ml F 56 were m ixed  to  th e  second p a r t. B o th  p a r ts  w ere in cu b a ted  in a w a te r  b a th  a t  37 °C 
fo r 4 hours.

Intravenous in jec tion  o f  norm al mouse serum  ( M ) .  Pooled  m ouse serum  was te s ted  in 
tw o  p a r ts , one u n h e a te d  (M u) an d  th e  o th e r a f te r  h e a tin g  a t  56 °C fo r 30 m inu tes (M 56), by  
in tra v e n o u s  in jec tion  o f a dose up  to 0.05 m l p e r g b o d y  w eight.

Intravenous in jec tion  o f  starch and gum  arabic solutions. A 4 %  so lu tio n  of s ta rch  and  
a s a tu ra te d  so lu tion  o f g u m  a rab ic  in saline were p re p a re d . The effect o f in trav en o u s ly  in jec tin g
0.01 m l per g body w e ig h t o f  each  in to  n o rm al m ice w as te s te d .

T he assay  w as d o n e  b y  estab lish ing  th e  d ifference  in th e  n u m b er o f dead  an im als in  
g ro u p s  of mice rece iv ing  th e  sam e dose of S P E F  t r e a te d  in  d iffe ren t w ays. Since F 56 w as no t 
as v iscous as S56, i t  w as n o t d ilu ted . This is to be considered  w hen le th a l doses o f these  tw o 
f lu id s  are com pared.

Disc electrophoresis o f  mouse S P E T , S P E F  a n d  serum . M ouse S P E T  w as p rep ared  as 
d e sc rib ed  p rev iously  [6], a n d  S P E F  as described  above. Pooled  m ouse serum  was p rep ared  
fro m  blood o b ta in ed  fro m  th e  ta il vein o f mice. E a c h  flu id  was ex am in ed  in  two p a rts , one 
u n h e a te d , th e  o th er a f te r  h e a tin g  a t 56 °C for 30 m in u te s  [17]. T he vo lum e of th e  sm all-pore 
gel w as 2 ml and its le n g th  66 m m , onto w hich 0.15 m l o f spacer gel w as layered . T hen one drop  
o f th e  sam ple flu ids w as a d d e d  b y  m eans of a P a s te u r  p ip e tte . A v o ltag e  of 300 У and a cu rren t 
o f  4 m A  per tu b e  w as ap p lie d  a n d  e lectrophoresis w as co n tin u ed  for 120 m in u tes . A fter e lec tro 
p h o resis, gel colum ns w ere  s ta in ed  for 60 m in u te s  w ith  1%  N a p h th a lin e  b lack  10 В (с. T. 
20 470 R eanal, B u d a p e s t)  in  7%  acetic  acid for 3 d ay s. E xcess dye w as rem o v ed  from  th e  a n a 
ly tic a l  gel by  e lu tion  w ith  7%  acetic  acid. Gel co lu m n s were s to red  in  ace tic  acid.

R esults

Character o f  S P E F .  O nly a sm all n u m b e r  of m ice in o cu la ted  by  th e  
a d ju v a n t  responded  b y  th e  p roduction  o f e x u d a te  w hich co llected  slowly b u t

Acta Microbiologica Academiae Scientiarum Hungaricae 17, 1970



STU DIES ON T H E  PER ITO N EA L EX U D A TE 299

in am o u n ts  m uch la rg e r th a n  a f te r  toxop lasm ic  in d u c tio n . P e rito n ea l flu id  
induced  by  F reu n d  a d ju v a n t is a s tra w  coloured flu id  an d  is less viscous th a n  
toxop lasm ic  p e rito n ea l ex u d a te . T h e  fo rm er ten d s to  fo rm  a cobw eb coagu lum  
w hich is rem oved  w ith  th e  cells b y  cen trifu g a tio n . L ike  S P E T , S P E F  has a 
pFI o f 7.4 an d  te n d s  to  form  a to u g h  m ucous p re c ip ita te  w hen  sto red  a t  5 °C.

Sym ptom s in  mice fo llow ing  the intravenous in jection  o f  S P E F .  No or 
m ild  dyspnoea , lean ing  on th e  side or h ind q u a r te r  p a ra ly s is  w ere observed  
a fte r  th e  in tra v e n o u s  in jec tio n  o f 0.05 ml per g b o d y  w e ig h t o f F u. T he sy n 
drom e follow ing th e  in tra v e n o u s  in jec tio n  of Su or S 5f> in c lu d in g  sy m p to m s 
such  as “ frog-like m o v em en t” , “ circus m o v em en t” , “ b a rre l rolling m ove
m e n t”  [6 ] an d  h aem o g lo b in u ria  [8 ], w ere exac tly  re p ro d u ced  b y  F 5 0  an d  F 05. 
T h e  le th a l dose v a ried  b e tw een  0.006 and  0.012 m l p e r  g b o d y  w eig h t an d  
d e a th  occurred  w ith in  1 3 m in u te s .

In traperitoneal and subcutaneous injection o f  F u und  F BB w ere w ith o u t 
effect.

E ffect o f  hyaluronidase and  try p s in  on the a ctiv ity  o f  S P E F .  T he a c tiv ity  
o f F se w as com plete ly  abo lished  b y  h y a lu ro n id ase  a n d  th e  a c tiv ity  of F 0 5  w as 
reduced  b y  try p s in .

Effect o f  intravenous injection o f  M u and  M 56. T hese  w ere w ith o u t a p p a re n t 
ill effects in  a dose up  to  0.05 m l p e r g body  w eigh t.

Effect o f  intravenous in jection o f  starch and g u m  arabic solution. W e w ere 
ab le  to  rep ro d u ce  th e  syn d ro m e follow ing the  in tra v e n o u s  in jec tio n  o f S P E T

Fig. 1. E lec tro p h o re tic  p a tte rn  o f m ouse S P E T  (1, 2), S P E F  (3, 4) a n d  serum  (5, 6). As com 
p a red  w ith  u n h e a ted  flu ids (1 ,3 ,  5), h e a te d  ones (2, 4, 6) show  a th ic k  ring  a t  th e  s ta r tin g  zone

a t  th e  expense  of th e  o thers

1* Acta Microbiologica Acadvmiae Scienliarum  Hungaricae 17, 1970
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a n d  S P E F  b y  th e  in tra v e n o u s  in jec tio n  o f 4 %  s ta rc h  so lu tio n  or sa tu ra te d  
3 3 %  gum  arab ic  so lu tio n .

D isc electrophoresis o f  unheated and heated mouse S P E T ,  S P E F  and  
seru m . This show ed t h a t  th e se  flu id s  are q u a lita tiv e ly  s im ila r (F ig . 1). As com 
p a re d  w ith  u n h ea ted  f lu id s  (tu b es 1, 3 an d  5), h e a te d  flu id s  ( tu b e s  2, 4 and  6 ) 
sh o w ed  m ore dense rin g s  a t  th e  s ta r tin g  zone w hile th e  o th e rs  w ere paler, 
th in n e r  or d isappeared .

D iscussion

Since th e  f irs t  re p o r t  on “ to x o to x in ”  b y  W e in m a n  and  K latchko  [12] 
o n ly  a few substances w ere  re p o rte d  th a t  could  rep ro d u ce  th e  sy n d ro m e  ap p ea r
in g  a f te r  its in trav en o u s  in je c tio n . F u l t o n  [2] has show n th is  fo r  ca lf  synovial 
f lu id  an d  sodium  a lg in a te , w hile  we [ 6  — 8 ] fo u n d  th a t  s ta rc h  a n d  gum  arab ic  
s o lu tio n  and  the  h e a te d  s u p e rn a ta n t  o f p e rito n e a l ex u d a te  in d u ced  b y  com plete 
F re u n d  ad ju v a n t, gave  rise  to  th e  sy n d ro m e , too . All th ese  su b stan ces are 
co llo id  in n a tu re , h av e  som e com m on p ro p e rtie s  and th e  sy n d ro m e  is m ost 
p ro b a b ly  an ap h y lac to ic  in  a ll cases. O f th e  above su b stan ces , th e  su p e rn a ta n t 
o f  m o u se  perito n ea l e x u d a te  in d u ced  w ith  F re u n d  a d ju v a n t in  th e  u n h ea ted  
s t a te  w as to le ra ted  u p  to  0.05 m l p er g bo d y  w eigh t, h u t  a f te r  h ea tin g  a t 
56 °C for 30 m inu tes i t  in d u c e d  re sp ira to ry  an d  nervous d is tu rb a n c e s  w ith  th e  
sa m e  m an ifesta tio n s as th o se  observed  a f te r  th e  in tra v e n o u s  in jec tion  of 
S P E T . T he le tha l dose o f F 5 0  v a ried  b e tw een  0.006 an d  0.012 m l p e r g body 
w e ig h t. C om pared w ith  S P E T , th is  dose is a l i ttle  m ore th a n  th a t  of Su or 
a b o u t  one fifth  of th a t  o f  u n d ilu te d  S 56. I t  caused d e a th  in  1 3 m inu tes. 
S P E F  is th e  m ost s ig n if ic a n t o f th e  flu id s  th a t  gave rise  to  th e  syndrom e 
w h ic h  follows th e  in tra v e n o u s  in jec tio n  of S P E T  because i t  co rresponds to  
th e  la t t e r  in several p ro p e rtie s . T hus, i t  is of m ouse p e r ito n e a l o rig in , it  p ro 
d u ces  anaphy lax is-like  sy m p to m s in  m ice a f te r  single an d  a f te r  each  of re p e a t
ed  su h le th a l in trav en o u s  b u t  n o t in tra p e rito n e a l or su b c u ta n e o u s  in jec tion , 
i t  is q u a lita tiv e ly  s im ila r e lec tro p h o re tica lly , it  is th e rm o p o te n tia te d  a t  56 °C 
a n d  65 °C for 30 m in u te s , a n d  its  a c tiv ity  is abolished  b y  h y a lu ro n id ase  and 
re d u c e d  by try p sin , i.e. i ts  ac tiv e  su b stan ce  is a m u co p ro te in . M oreover, it  
re p re se n ts  the f irs t p e r ito n e a l flu id  w ith  p ro p ertie s  s im ila r to  th o se  of SPE T . 
O th e r  m ouse and  h a m s te r  u n h e a te d  p e rito n ea l flu ids w ere to le ra te d  [11], b u t 
n o  re p o r ts  are av a ilab le  on  th e ir  effect a f te r  h ea tin g . S P E F  is a local reac tio n  
o f  th e  m ouse p e rito n eu m  to  th e  non -liv ing  c o n te n t of F re u n d  a d ju v a n t, i.e. 
k illed  m ycobacteria , la n o lin  an d  p a ra ff in  oil, w hile S P E T  is a local reac tion  
o f  th e  peritoneum  to  T . g o n d ii. T he  p ro d u c tio n  of th e  ac tiv e  su b stan ce  by 
m e a n s  of a non-liv ing  m a te r ia l  is ag a in st its  to x o p lasm ic  n a tu re .

E lec tro p h o re tica lly , S P E T , S P E F  an d  m ouse serum  a re  q u a lita tiv e ly  
s im ila r  a lthough n o t id e n tic a l an d  th is  is co n sis ten t w ith  s im ila r find ings con-
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corning S P E F  an d  m ouse se rum  [15]. M ost p ro b ab ly , th e  d ifference b e tw een  
th  ese flu id s  is q u a n tita tiv e : S P E F  con ta in s sm aller a m o u n ts  of th e  ac tiv e  
su b s ta n c e  w hich  form s la rg e r ag g reg a tes  a fte r h e a tin g  a n d  serum  co n ta in s  
l i t t le  o r none of it.

H e a tin g  of S P E T  and  S P E F  enhances th e ir  a c t iv i ty  a n d  th e  m ech an ism  
o f th e rm o p o te n tia tio n  is p ro b a b ly  th e  sam e [6 ]. T he slow  m oving  fra c tio n  a t  
th e  s ta r t in g  zone of e lec tro p h o re to g ram s p ro b ab ly  co rresp o n d s to  th e  fa s t  
sed im en tin g  frac tio n  [2 ] in  th e  u ltra c e n tr ifu g e  an d  is in  h a rm o n y  w ith  th e  
re su lts  o f e lec trophoretic  s tu d ies  [16] on hea ted  horse se ru m .
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EFFECT OF PHYTOHAEMAGGLUTININ 
AND TUBERCULIN ON MACROMOLECULE SYNTHESIS 

IN HUMAN LYMPHOCYTE CULTURES

By

A. D o bo z y , J .  H u n y a d i  and N .  S imon

Institu te  o f  Dermatology and Venerology (D irec to r: N. S i m o n ) ,
U niversity  M edical School, Szeged

(R eceived  M ay 26, 1970)

Summary. M acrom olecule sy n th esis  induced  b y  p h y to h ae m ag g lu tin in  and  tu b e rc u lin  
in  ly m p h o cy te  cu ltu res  from  M an to u x  p o sitive  su b jec ts  h a s  b een  exam ined . P h y to h a e m a g g lu 
tin in  s tim u la tio n  in creased  h is to n e  m é th y la tio n  a fte r  30 m in u te s  an d  induced  R N A  a n d  p ro te in  
sy n th esis  a f te r  6 h ours. U rid ine  a n d  leucine in co rp o ra tio n  sh o w ed  m ax im u m  values a t  48 h o u rs , 
D N A  sy n th esis  reach ed  th e  p eak  a t  72 hours.

T u b ercu lin  e x e rted  a sim ilar effect, b u t  th e  m a x im u m  v a lu es were reached  24 h o u rs  
la te r  th a n  w ith  p h y to h ae m ag g lu tin in . L y m p h o cy te  c u ltu re s  fro m  drug  sensitive  p a t ie n ts  
reac ted  s im ilarly  w ith  th e  specific an tig en s. A c tinom ycin  D in h ib ite d  b o th  p h y to h ae m ag g lu tin in  
an d  tu b ercu lin -in d u ced  u rid ine  in co rp o ra tio n .

H u n g e r f o r d  et al. [1] an d  N ow ell  [2] w ere  th e  f irs t to  show  t h a t  as 
an  effect o f p h y to h a e m a g g lu tin in  (P H A ), an  a g e n t ag g lu tin a tin g  e ry th ro c y te s  
and  leu k o cy tes , th e  sm all ly m p h o cy tes  in p e r ip h e ra l b lood  develop in to  b la s t-  
type  cells. L y m p h o cy tes  cu ltu red  in  vitro in  th e  p resence  of P H A  sh o w  a 
g rad u a l en la rg em en t in  3 6 —48 hours and  a new ly  a rran g ed  ch ro m atin  s t r u c 
tu re  in  th e  nucleus. N ucleoli an d  m ito ch o n d ria  in c rea se  in num ber an d  e x h ib it  
a s tru c tu ra l  a lte ra tio n . P a r t  o f th e  b la s t- ty p e  cells d iv ide  in  the  4 8 th  7 2 n d  
h o u r o f c u ltiv a tio n  [3 5]. B lastic  tra n s fo rm a tio n  b y  P H A  is aspecific , as
ly m p h o cy tes  o f all no rm al h u m an s give th e  re a c tio n .

In  1963, several au th o rs  have  observed  th a t  th e  p u rified  p ro te in  d e r iv a 
tiv e  of tu b e rc u lin  (P P D ) induced  b lastic  tra n s fo rm a tio n  in  p a rt of ly m p h o 
cy tes o b ta in e d  from  M an toux  p ositive  donors [ 6  9]. O th e r specific a n tig e n s
m ay  also ex e rt m itogen ic  a c tiv ity , fo r exam ple , te ta n u s  an d  d ip h th e ria  to x o id  
te ta n u s  an a to x in , S a lk ’s po liov irus, Treponem a  a n tig e n , cardio lip in , d if fe re n t 
tissue an tig en s an d  drugs [10 14]. A com m on p ro p e r ty  o f these a n tig e n s  is
th a t  th e y  are ab le to  s tim u la te  lym p h o cy tes  o rig in a tin g  from  p rev iously  se n s i
tized  in d iv id u a ls . B la s t- ty p e  cells developing  as an  effect o f PH A  or sp ec ific  
s tim u la to rs  a re  v e ry  sim ilar in  ap p earan ce  [15]. O n th e  basis of th e ir  l ig h t a n d  
e lec tron  m icroscopic p ic tu re  m an y  au th o rs  re g a rd  th em  as ly m p h o b la s ts  o r 
im m u n o b las ts  [16].
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In  th e  p re se n t ex perim en ts we c o m p a re d  PH A  and  tu b e rc u lin -in d u c ed  
h is to n e  m é th y la tio n  in  ly m p h o cy te  c u ltu re s  from  M antoux  p o s itiv e  donors 
a n d  th e  degree an d  tim e  course of su b s e q u e n t R N A , p ro te in  a n d  D N A  sy n 
th e s is .

M aterials an d  m eth o d s

L y m p h o cy tes  fro m  5 M an to u x  po sitiv e  n o n -tu b e rc u lo u s  and  from  3 d ru g  sensitive  
(p ro m e th a z in e , p rocaine  an d  strep to m y cin ) p a t i e n ts  were used. T he deg ree  of h isto n e  
m é th y la t io n  w as d e te rm in e d  b y  m easuring th e  in co rp o ra tio n  of 14C-labelled m e th y l group . 
T h e  sy n th esis  of D N A , R N A  a u d  p ro te in  w as e s t im a te d  on th e  basis o f 3H -th y m id in e , 
3H -u r id in e  and  3H -leu cin e  in co rp o ra tio n .

Lym phocyte cultures. C itra ted  blood w as ta k e n  fro m  th e  cu b ita l vein  a n d  le f t to  s ta n d  
a t  ro o m  tem p e ra tu re  fo r 1 h o u r. T hen th e  p la sm a  co n ta in in g  the  ly m p h o cy tes  w as rem oved  
a n d  cen trifu g ed  a t  800 r .p .m .f o r  5 m inutes, a n d  th e  d e p o s it was resuspended  in  th e  au to logous 
p la s m a  to  4 x  Ю6 ly m p h o c y te s  p e r ml. L y m p h o cy tes  w ere  n o t separa ted  from  o th e r  w h ite  blood 
cells. C u ltu res w ere p re p a re d  b y  adding 2 m l ly m p h o c y te  suspension to  8 m l an tib io tic -free  
P a r k e r  199 so lu tion . S tim u la tin g  an tigens w ere a d d e d  to  the  cu ltu res a t  0.1 m l a liq u o ts  a t 
th e  beg in n in g  of th e  e x p e rim e n t. C ultiva tion  w as p e rfo rm ed  a t 37 °C.

M itogens. F o r a specific  s tim u la tio n  0.1 m l P H A  (P h y to h em ag g lu tin in  M , Difco) was 
a d d e d . Specific s tim u la tio n  w as carried  o u t w ith  0.3 U  P P D  (H um an , B u d a p e s t)  p e r m l or, 
fo r  ly m p h o c y tes  o f d ru g  sensitive  p a tien ts , w ith  p ro m e th az in e  (5 ^g /m l), s tre p to m y c in  (100 
jUg/ml) o r p rocaine  (200 //g /m l).

H istone m éthylation. S im u ltaneously  w ith  th e  s tim u la to rs , m ethy l-14C -labelled  m eth ion ine 
(0 .1  /лC/m l) was ad d ed  to  th e  cu ltu re . These e x p e r im e n ts  were carried o u t o n ly  w ith  ly m p h o 
c y te s  ta k e n  from  tu b e rc u lin  positive  sub jec ts . T h re e  paralle l cu ltu res w ere p re p a re d  from  
e a c h  su b je c t: one of th e m  w as s tim u la ted  w ith  P H A , th e  o th e r w ith P P D  an d  th e  th ird  served 
as c o n tro l. A t th e  beg in n in g  of th e  ex p erim en t a n d  a t  in te rv a ls  ind icated  in th e  F ig u re s , 2 X 1 ml 
sa m p le s  w ere ta k e n  a n d  th e  h istones were e x tr a c te d  fro m  each  sam ple se p a ra te ly . D u rin g  the  
4 h o u r  e x p erim en t th e  ly m p h o c y te  co u n t re m a in e d  a t  th e  sam e level in all c u ltu re s . H istone  
e x tr a c t io n  was pe rfo rm ed  as described by  P o g o  et al. [17]. The nuclei were iso la te d  th e n  resu s
p e n d e d  in  0.5 ml 0.2 N  HC1 so lu tio n  a t  4 °C for 20 m in u te s . The suspension w as th e n  cen trifuged  
a n d  th e  e x tra c tio n  of th e  d e p o sit was rep ea ted . A f te r  u n itin g  the  tw o frac tio n s , th e  h istones 
w e re  p re c ip ita te d  from  th e  acid  so lu tion  w ith  9 m l 4 °C  acetone. The d ep o sit w as p u rified  by  
p e rfo rm in g  tw o su b seq u e n t 20 m inu te  e x tra c tio n s  as decribed  above. R a d io a c tiv ity  o f the  
h y d ro c h lo r ic  acid  e x tr a c t  w as d e term ined  w ith  a  P a c k a rd  T ri-C arb sc in tilla tio n  c o u n te r.

R N A , pro tein  a n d  D N A  synthesis. S ix p a ra l le l  cu ltu res were p re p a re d  fro m  each 
d o n o r: 3 of th em  w ere s tim u la te d  by  specific a n tig e n , while the o th er 3 se rv ed  as con tro ls. 
S a m p le s  w ere ta k e n  a t  in te rv a ls  show n in th e  F ig u re s . To 1 ml sam ple, 1 jaC 3H -u rid in e , 3H - 
le u c in e  o r 3H -th y m id in e  w ere ad d ed  in 0.1 m l s te rile  iso to n ic  solution. A fte r 6 h o u rs  cu ltiv a tio n  
th e  sa m p le s  w ere p re c ip ita te d  w ith  5%  tr ic h lo ra c e tic  acid . A cid-soluble p re cu rso rs  w ere re 
m o v e d  b y  rep ea ted  w ash in g  in  trich lo race tic  acid . T h e  a m o u n t of in co rp o ra ted  u r id in e , leucine 
a n d  th y m id in e  w as d e te rm in e d  by  liquid sc in ti l la tio n  coun ting . Because of a lte ra t io n s  in  the  
n u m b e r  o f  cells tak in g  p lace  d u rin g  incu b a tio n , th e  re su lts  were calcu la ted  for 100 000 ly m p h o 
c y te s .

E ffect o f  actinom ycin  D . In  all ex p erim e n ts  tw o  P H A  and tw o tu b e rc u lin -s tim u la te d  
a n d  one  u n tre a te d  co n tro l w ere p rep ared  and  lab e lled  w ith  3H -uridine. One P H A  a n d  one tu b e r 
c u lin -s tim u la te d  c u ltu re  w ere su p p lem en ted  w ith  ac tin o m y c in  D (10 jug/m\) w hile  th e  cor
re sp o n d in g  paralle l c u ltu re s  w ere used as co n tro ls . A fte r  6 hours in cu b a tio n  th e  a m o u n t of 
u r id in e  in co rp o ra ted  w as d e te rm in ed  as described  ab o v e .

Results

H istone m éthylation . In  ly m p h o cy te  c u ltu re s  no t t re a te d  w ith  specific 
o r  aspecific  an tig en , 14C in co rp o ra tio n  in to  th e  h istones d id  n o t in c rease  in 
4 h o u rs  as co m p ared  to  th e  in itia l v a lu e . W h e n  th e  cu ltu re  w as s tim u la te d  
w ith  P H A , a m a rk e d  h is to n e  m é th y la tio n  w as observed as soon as a f te r  30
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m inu tes. 14C u p ta k e  in  th e  n e x t 30 m inu tes decreased  rap id ly , th e n  from  th e  
second ho u r m é th y la tio n  increased  con tin u o u sly  till  th e  end  of th e  ex p erim en t. 
B y th e  end of th e  4 th  h o u r, ra d io a c tiv ity  h ad  reach ed  th e  peak  m easu red  
a fte r  30 m inu tes.

E ssen tia lly  s im ila r re su lts  w ere o b ta in ed  w h en  P P D  was added  to  lym - 
ph ocytes of M an toux  po sitiv e  su b jec ts . In  th ese  e x p e rim e n ts  th e  k ine tic  cu rv e  
for h istone  m é th y la tio n  reach ed  th e  f irs t p eak  in  60 m in u te s  in stead  of 30 m in 
u tes an d  m in im u m  va lu es  w ere observed  2  h ou rs a f te r  th e  beginning  o f th e  ex 
p e rim en t. The ra d io a c tiv ity  o f h is to n e  e x tra c ts  w as considerab ly  low er a f te r  
P P D  stim u la tio n  th a n  a fte r  P H A  tre a tm e n t (F ig . 1).

Tim e course o f  R N A , p ro te in  and D N A  syn thesis. I n  cu ltu res s tim u la te d  
w ith  P H A , in ten se  u rid in e  an d  leucine in c o rp o ra tio n  w as ev iden t 6  h o u rs  
a fte r  beg inning  o f th e  ex p e rim en t. T his increased  co n tin u o u sly  and  reached  th e  
peak  a t  th e  48 th  h o u r  of c u ltiv a tio n  (F ig. 2), th e n  th e  degree of R N A  an d  
p ro te in  syn thesis  decreased  g ra d u a lly  till th e  en d  o f th e  experim en t.

Time in hours

F ig . 1. E ffec t o f  p h y to h ae m ag g lu tin in  and  tu b e rc u lin  on  h is to n e  m éth y la tio n

T he course o f D N A  sy n th es is  a f te r  P H A  s tim u la tio n  was essen tia lly  
d iffe ren t from  th e  course o f p ro te in  and  R N A  sy n th es is . On th e  f irs t  d ay  of 
cu ltiv a tio n  th y m id in e  in c o rp o ra tio n  was m in im al, b u t  on th e  n e x t days th e  
ra te  of D N A  sy n th es is  increased  rap id ly  to  reach  th e  p e a k  on th e  th ird  d ay . 
S u b seq u en tly , s im ila rly  to  u rid in e  an d  leucine in c o rp o ra tio n , th y m id in e  u p ta k e  
decreased  g rad u a lly .

F ig . 3 p resen ts  m acrom olecu le  syn thesis  in d u ced  b y  P P D  in ly m p h o cy tes  
from  th e  sam e donors. In  th e  f irs t  6  hours of tra n s fo rm a tio n  leucine an d  u rid in e  
in co rp o ra tio n  beg an  an d  increased  co n tin u o u sly  till  th e  th ird  day  of c u lt iv a 
tio n , th e n  th e  degree o f R N A  an d  p ro te in  sy n th es is  decreased . D N A  sy n th esis  
com m enced as an  effect o f specific  s tim u la tio n  o n ly  a f te r  a longer la te n c y
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F ig . 2. E ffec t o f p h y to h ae m ag g lu tin iii  on  u rid in e , leucine  an d  th y m id in e  in co rp o ra tio n . R ad io 
a c t iv i ty  o f  n o n -stim u la ted  co n tro l cu ltu res  w as su b tra c te d  from  values m easu red  in  th e  te s t

cu ltu res

F ig . 3. E ffec t o f tu b e rc u lin  on  u rid in e , leucine  a n d  th y m id in e  in co rp o ra tio n . R a d io a c t iv i t  
o f n o n -s tim u la te d  co n tro l c u ltu re s  was s u b tra c te d  fro m  values m easu red  in  th e  te s t  cu ltu re

p e r io d  an d  reached  its  m ax im u m  on th e  fo u r th  day . In  p ro m e th a z in e , p rocaine  
a n d  s tre p to m y c in -s tim u la te d  cu ltu res  th e  course of u rid ine , leucine  an d  th y 
m id in e  in co rp o ra tio n  w as id en tica l w ith  t h a t  observed  in  P P D - tre a te d  cu ltu res.

U rid ine  u p ta k e  w as alw ays p a ra lle l w ith  leucine in c o rp o ra tio n  in  cu l
tu re s  s tim u la te d  w ith  P H A  or w ith  specific  an tig en . T he sy n th es is  o f th e  tw o 
m acrom olecu les com m enced  in th e  ea rly  p h ase  of th e  ex p e rim en ts  an d  took  
an  id e n tic a l course. In  c o n tra s t , D N A  sy n th es is  induced  b y  th e  tw o  k inds of
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an tig en s  began a fte r  a longer la te n c y  period and  reach ed  m ax im u m  values 
one d ay  la te r. A fte r P H A  s tim u la tio n , u rid in e , leucine an d  th y m id in e  in c o rp o 
ra tio n  reached  m ax im u m  values 24 hours earlie r th a n  a f te r  t r e a tm e n t  w ith  
specific  an tigens an d  th e  degree o f u p ta k e  w as co n sid e rab ly  h igher. As show n 
in T ab le  I , P H A  an d  P P D -in d u ced  R N A  syn th esis  w as com ple te ly  in h ib ite d  
w hen  cu ltiv a tio n  w as p erfo rm ed  in  th e  presence o f ac tin o m y c in  D (10 /rg /m l).

T able  I

Inhibitory effect o f  actinomycin D

Antigen Actinomycin D
Increase

in radioactiv ity , 
cpm /m l culture

Nil 0 135

T ubercu lin 0 758
T ubercu lin 1 0  / t g / m l 93

P H A 0 2069

PH A 1 0  f i g / m l 2 1 0

F ive  parallel cu ltu res were p repared  fro m  lym phocytes o f M an toux  positive  do n o rs and  
s tim u la ted  w ith  tu b ercu lin  and  PH A . A ctinom ycin  D was added  in th e  beginning of th e  ex p er
im en t. T he increase in ra d io ac tiv ity  was ca lcu la ted  by  su b trac tin g  th e  in itia l coun ts from  values 
m easured  a fte r  6 hours incubation .

Discussion

A llfr ay  et al. [18] have assu m ed  th a t  a c e ty la tio n  o f h is to n es (basic 
p ro te in s  linked  to  D N A ) induces an  a lte ra tio n  in th e  c h ro m a tin  w h ich  allow s 
th e  s ta r tin g  of D N A -d ep en d en t R N A  syn th esis . T h is co n sid e ra tio n  h as  been  
based  on o b serv a tio n s show ing th a t  th e re  is a d irec t associa tion  b e tw een  
h is to n e  ace ty la tio n  an d  th e  s ta r tin g  o f  R N A  sy n th esis  an d  th a t  a c e ty la te d  
h is to n es only  slig h tly  in h ib it th e  a c t iv i ty  o f ca lf th y m u s  an d  E . coli R N A - 
p o ly m erase  [18, 19].

H isto n e  h y d ro ly sa te s  u su a lly  co n ta in  d iffe ren t m e thy l-ly sines. A cco rd 
in g  to  R o b b in s  and  B o r u n  [20] m é th y la tio n  of th e  free lysine g ro u p s of 
h is to n es occurs in  th e  nucleus as a su b se q u e n t s tep  a f te r  th e  h istone  sy n th es is . 
T herefo re , in o rd er to  s tu d y  h is to n e  a lte ra tio n  in  th e  c h ro m a tin  we ex am in ed  
m é th y la tio n  processes.

P ogo et al. in v es tig a ted  th e  e ffec t o f P H A  in h u m a n  ly m p h o cy te  cu ltu re s  
a n d  show ed th a t  a c e ty la tio n  of h is to n es began  in a few m in u tes  a f te r  th e  s t im 
u lu s  and  reached  a c o n s ta n t v a lue  a f te r  30 m in u tes  [17]. W e also o b se rv ed  
th a t  b o th  tu b e rcu lin  an d  P H A  tre a tm e n t induce  an  increase in 14C u p ta k e  
by  h istones (F ig. 1). On th e  basis o f th is  fin d in g  we assu m ed  th a t  th e  d erep res- 
sive processes needed  fo r th e  s ta r tin g  o f  m acrom olecule  sy n th esis  are com m enc-
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in g  w ith in  m inu tes a f te r  th e  specific s tim u la tio n . In  o u r ex p erim en ts , 60 
m in u te s  a fte r th e  a d d itio n  o f P H A  th e  u p ta k e  o f  14C b y  h is to n es decreased 
co n sid e rab ly , b u t  a f te r  th is  tra n s itio n a l decrease  m é th y la tio n  b eg an  to  increase 
ag a in . Sim ilar changes w ere  observed a f te r  P P D  s tim u la tio n , b u t  14C in co rp o 
r a t io n  a fte r th e  specific  an tig en ic  stim ulus w as low er in  degree an d  th e  tr a n s i
t io n a l  decrease o ccu rred  la te r  th a n  w ith  P H A .

I t  has been d e sc rib e d  th a t  u rid ine  in c o rp o ra tio n  in  P H A -in d u ced  ly m 
p h o c y te  cu ltu res b eg in s  30 m in u tes  a fte r  derep ression . T he p rocess w as a t t r ib 
u te d  to  m essenger R N A  syn th esis  [17]. In  o u r ex p erim en ts  6  hours a fte r  
P H A  stim u la tio n  a m a rk e d  urid ine  in c o rp o ra tio n  occurred , w hich increased  
t i l l  th e  second d a y  o f  c u ltiv a tio n , th e n  R N A  sy n th esis  decreased  g rad u a lly  
(F ig . 2). The course o f  R N A  syn thesis  a f te r  th e  specific  s tim u lu s  w as essen tia lly  
s im ila r  to  th a t  a f te r  P H A  in d u c tio n  in  th e  ly m p h o c y te  cu ltu re s  of b o th  M an
to u x  positive and  d ru g  sen s itiv e  p a tie n ts  b u t  u rid in e  in c o rp o ra tio n  increased  
s lo w ly  and  reached  th e  p e a k  la te r  (Fig. 3).

R N A  syn th esis  s ta r t in g  a fte r P P D  t r e a tm e n t ,  s im ila rly  to  th a t  a fte r 
P H A , is inh ib ited  b y  ac tin o m y c in  D (T ab le  I). T his m eans t h a t  in  th e  f irs t 
s te p  tu b ercu lin  p ro b a b ly  induces also m essenger R N A  p ro d u c tio n .

Leucine in c o rp o ra tio n  changed in  th e  tr ich lo race tic  ac id -p recip itab le  
p ro te in  frac tion  p a ra lle l w ith  u rid ine  in c o rp o ra tio n  a f te r  t re a tm e n t w ith  
P H A  or specific a n tig e n s . D N A  syn thesis  to o k  a d iffe ren t course a fte r  th e  a n ti
g en ic  stim ulus. A fte r  th e  ad d itio n  of P H A , th y m id in e  in co rp o ra tio n  began  
a f te r  a 24 hour la te n c y  p e rio d  and  reach ed  its  m ax im um  a t  th e  72nd ho u r 
(F ig . 2). Specific a n tig e n s  in d u ced  D N A  sy n th e s is  also a fte r  one d ay , b u t  th e  
m a x im u m  ap p eared  a t  th e  9 6 th  hour (F ig . 3). S im ila r re su lts  w ere o b ta in ed  
b y  Ca r o n  et al. w ho  in v e s tig a te d  D N A  sy n th e s is  a f te r  specific  an d  aspecific 
s t im u la tio n  [21]. A cco rd in g  to  A m bs , th y m id in e  in co rp o ra tio n  and  b lastic  
tra n s fo rm a tio n  a f te r  P H A  tre a tm e n t show ed  a close co rre la tio n  [22].

As to  th e  e ffec t o f P H A  an d  specific a n tig en s  on m acrom olecule  syn th esis , 
i t  m a y  be assum ed  t h a t  th e  h istone  m é th y la tio n , R N A , p ro te in  an d  D N A  
sy n th e s is  induced  b y  th e  tw o kinds of m ito g en  are v e ry  s im ila r in  course. 
Q u a n tita tiv e  d iffe rences m a y  be exp la ined  b y  th e  fac t th a t  P H A  is capab le  
o f  s tim u la tin g  a m u c h  la rg e r  portion  of ly m p h o c y te s  th a n  th e  specific an tigen . 
T h is  assum ption  h as  b e e n  confirm ed b y  th e  d ifference b e tw een  th e  m ito tic  
in d ices  of cu ltu res tra n s fo rm e d  w ith  th e  tw o  k in d s  of an tig en  [23].

In  b o th  ty p e s  o f  s tim u la tio n , firs t h is to n es  are  m e th y la te d , th e n  m essen
g e r R N A  and  p ro te in  sy n th es is  and  f in a lly  D N A  sy n th esis  an d  m itosis  are 
in d u ced . In  tr a n s fo rm a tio n  b y  specific a n tig en s  th e  p rocesses ta k e  a slow er 
co u rse  and R N A , p ro te in  an d  DNA sy n th ese s  reach  p eak  v a lu es  a t  le a s t 24 
h o u rs  la te r  th a n  w ith  P H A  s tim u la tio n . I n  o u r op in ion  th e se  k in e tic  d if
ferences desp ite  th e  close sim ilarities — in d ic a te  som e delica te  d ifferences in 
th e  m echanism  o f s tim u la tio n .
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In  h u m an  ly m p h o cy te  c u ltu re s  th e  increase of h is to n e  m é th y la tio n  s ta r ts  
w ith in  a few m in u te s  a fte r th e  s tim u la tio n , since acco rd ing  to  T i d w e l l  et al. 
[24] a fte r  p a r tia l  h ep a tec to m y  th e  m é th y la tio n  o f h is to n es  o f th e  liv e r  cells 
occu rs m uch la te r  th a n  th e  a c e ty la tio n  of h istones.
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(D irector: T . B a k á c s )  and N ational In s titu te  o f  Occupational H ygiene  (D irector: M. T í m á r ) ,

B udapest

(R ece iv ed  M ay 27, 1970)

Sum m ary . In  ra ts  p re tre a te d  w ith  Serratia  marcescens en d o to x in , th e  lo g arith m ic  g ro w th  
o f in tra v en o u s ly  ad m in iste red  T rypanosom a equiperdum  s ta r te d  on ly  a fte r  a  lag  p h a se  of 
several hours.

T he len g th  of th e  lag  phase d ep en d ed  on th e  tim e  e lap sed  be tw een  en d o to x in  t r e a tm e n t  
an d  in fec tion . W ith  an  en d o to x in  dose of 200 /ig/100 g, th e  o p tim a l tim e in te rv a l b e tw ee n  
t re a tm e n t  a n d  in fec tio n  was found  to  be 24— 72 hours.

O th e r fac to rs  in fluencing  th e  le n g th  of th e  lag  ph ase  of th e  try p an o so m a l g ro w th  cu rv e  
w ere th e  b o d y  w e ig h t o f th e  ex p e rim e n ta l an im als a n d  th e  germ  co u n t o f th e  dose u se d  fo r 
in fection .

In fec tin g  ra ts  o f id en tica l b o d y  w e igh t w ith  id en tica l germ  co u n t a t  id en tica l tim e  
in te rv a l a f te r  en d o to x in  tre a tm e n t, a l in e a r regression  was d em o n s trab le  betw een  th e  le n g th  
of th e  lag  phases o f th e  g row th  cu rves a n d  th e  app lied  doses o f en d o to x in . F o r m a th e m a tic a l-  
s ta tis tic a l analysis, r a ts  o f 100 g b o d y  w e ig h t were in fec ted  40 hours a f te r  en d o to x in  t r e a tm e n t  
w ith  T . equiperdum  doses so a d ju s ted  as to  m ake  an  in itia l g erm  co u n t of 2 • 107 ml.

On th e  basis o f th e  phenom enon , a  m eth o d  has been e la b o ra te d  w hich allows a  q u a n t i 
ta t iv e  com p ariso n  o f th e  resis tan ce-in c reasin g  effect o f e n d o to x in  p rep ara tio n s.

I t  is well know n th a t  e x p e rim e n ta l an im als t r e a te d  w ith  en d o to x in  shoxv 
an  increased  resis tan ce  to  in ju rie s  [ I ] ,  ion izing  ir ra d ia tio n  [2, 3] and  in fe c tio n  
b y  p a ra s ite s  [10]. T his fav o u rab le  effect o f en d o to x in  can n o t be u tiliz ed  fo r 
p ro p h y lac tic  purposes, as th e  dose enhanc ing  th e  non-specific re s is tan ce  is 
a lread y  to x ic . E ffo rts  have th e re fo re  been m ade to  develop such e n d o to x in  
p re p a ra tio n s  w hich , th o u g h  n o t to x ic , w ould  s till be capab le  of in c reasin g  th e  
non-specific  res is tan ce  [11]. O ne an d  th e  sam e en d o to x in  confers v a rio u s  
degrees o f re s is tan ce  aga in st th e  d iffe ren t p a th o g en ic  agen ts. T herefo re , te s tin g  
of ce rta in  en d o to x in s  for th e ir  re s is tan ce -in creasin g  effect has been c a rrie d  o u t 
ag a in s t severa l pa thogen ic  ag en ts  sim u ltan eo u sly . T his is a tim e  co n su m in g  
p ro ced u re , as ev a lu a tio n  has been  m ad e  as a ru le  on th e  basis of p o s t- in fe c tio n  
su rv iv a l o f th e  exp erim en ta l an im als.

P rev io u s s tu d ies  in th is  la b o ra to ry  h av e  show n th a t  in ra ts  in fe c te d  
in trav en o u s ly  w ith  Trypanosom a equiperdum , th e  try p an o so m es im m e d ia te ly  
s ta r te d  to  grow lo g arith m ica lly  an d  in th e  b o d y  w eig h t group of 1 0 0  1 2 0  g,
a lag p h ase  to o k  place only a f te r  p reced in g  en d o to x in  tre a tm e n t [12]. E le v a 
tio n  of th e  en d o to x in  dose re su lted  in  a p ro lo n g a tio n  of th e  lag p h ase  [13].

A d a  Microbiologica Academiae Scientiarum Hungaricac 17, 1970



312 G. FÓRIS e t al.

I n  th e  p re se n t p a p e r , analysis of try p a n o so m a l g row th  cu rves as a m e th o d  
o f  q u a n ti ta t iv e  a s sa y  o f  th e  resistance in c re a s in g  effect of en d o to x in  is rep o rted .

M aterials an d  m eth o d s

E xperim enta l a n im a ls . M ale W ista r ra ts  w e ig h in g  100—300 g w ere u sed  th ro u g h o u t.
Endotoxin . Serra tia  marcescens e n d o to x in , p re p a re d  w ith  B oiv in  a n d  M esrobeanu’s 

m e th o d , w as used  fo r p re tre a tm e n t.  Doses w ere e x p re ssed  in  te rm s o f d ry  m a te ria l c o n ten t. 
T h e  p re p a ra tio n ’s L D 50 w as 460 /«g/100 g fo r th e  r a t .

T . equiperdum grow th curves. A T . equiperdum  s t r a in  m ain ta in ed  in  th is  la b o ra to ry  in  
m o u se  passages w as u sed  fo r in fec tion . As in fec tio u s m a te ria l,  b lood from  ra ts  in fec ted  48 hours 
b e fo re  th e  e x p erim en t w as u sed . In  th e  know ledge o f th e  germ  co u n t o f th e  b lood  used  for 
in fe c tio n  an d  of th e  c irc u la tin g  blood volum e o f  th e  ra ts ,  th e  desired  in it ia l  germ  coun t, 
7.45 m l/100 g in  th e  p re s e n t  case, could read ily  b e  a d ju s te d ,  since in tra v en o u s ly  ad m in iste red  
try p a n o so m e s  are  u n ifo rm ly  d is tr ib u te d  in c irc u la tin g  blood. T he blood try p a n o so m a l co u n t 
o f  th e  in fec ted  an im als  w as e s tim a ted  from  a 200-fo ld  d ilu ted  blood sam ple  in  B u e rk er’s 
c h a m b e r . C ounting  e r ro r  w as -[ 5 % . In  ra ts  n o t t r e a te d  p rev io u sly  w ith  en d o to x in , th e  try p a n o 
som es s ta r te d  lo g a rith m ic  g ro w th  im m edia te ly , w i th  a d u p lica tio n  tim e  of 5.5 h o u rs , w hich 
c o rre la te d  well w ith  th e  re le v a n t  lite ra ry  d a ta  [14]. I n  c o n tra s t, in  th e  e n d o to x in - tre a te d  
r a ts ,  lo g arith m ic  try p a n o s o m a l g row th  s ta r te d  o n ly  a f te r  a c e rta in  lag  phase . W ith  p ost-lag  
p h a se  g row th , d u p lic a tio n  tim e  was again  5.5 h o u rs , like  in  th e  con tro l ra ts . T h e  len g th  of th e  
lag  p h a se  was d e te rm in e d  b y  g raphical e x tra p o la t io n , according to  H i n s h e l w o o d  [15]

R esu lts

T he f irs t series o f  experim en ts w as u n d e r ta k e n  to  c la rify  w hich  tim e 
in te rv a l  betw een  e n d o to x in  tre a tm e n t a n d  in fec tio n  w as o p tim a l to  s tu d y  th e  
in c rea se  in  re s is tan ce  to  infection . R a ts  w eigh ing  100 120 g w ere g iven 200
fi g /100  g en d o to x in  in tra p e rito n e a lly . In fe c tio n  w ith  try p an o so m es, a d ju s te d  
to  an  in itia l germ  c o u n t o f  2  • 1 0 7/m l, w as m a d e  sim u ltan eo u sly  w ith  en d o to x in  
t r e a tm e n t  an d  24, 48 , 72, 96 and  120 h o u rs  a f te r  i t .  T he len g th  o f th e  lag  phases 
o f  th e  g row th  cu rv es, d e te rm in ed  as specified  above, are show n in T ab le  I.

Table I

Length o f  lag phase o f  trypanosomal grow th curves as assessed in  rats 
infected at d ifferen t tim e intervals after treatm ent w ith 200 tig / 00 g  endotoxin

Tim e o f infection, 
hours*

No.
of animals

Lag phase 
(hours) S tandard error

S im u ltan eo u sly 4 0.25 0.08

- f  24 10 5.9 0.52

+  48 10 5.6 0.64

+  72 8 5.7 0.58

+  96 5 3.2 0.21

+  120 5 0.6 0.10

* A fter en d o to x in  adm in istra tio n .
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T he lag phases m easu red  in th e  ra ts  in fec ted  24 72 hours a fte r e n d o to x in
tre a tm e n t la s ted  5.6 5.9 hours. An a b ru p t d ecrease  o f th e  lag phase o ccu rred
firs t in th o se  ra ts  w hich had  been infec ted  96 h o u rs  a f te r  th e  endo tox in . W h en  
given s im u ltan eo u sly  w ith  th e  in fec tion , th e  e n d o to x in  did no t m odify  th e  
try p an o so m a l g ro w th . T hese find ings suggested  t h a t  th e  in fec tion  tim e o p tim a l 
for th e  s tu d y  o f res is tan ce-in creasin g  effect w as 24 72 h ours a fte r e n d o to x in .
In  fu r th e r  ex p e rim en ts , in fec tion  w as alw ays p e rfo rm ed  40 hours a fte r  e n d o 
to x in  p re tre a tm e n t.

Fig. 1. R e la tio n sh ip  b e tw een  len g th  of lag  phase of t ry p a n o so m a l g ro w th  curves a n d  b o d y  
w eight o f ra ts  p rev io u sly  tre a te d  (E ) and n o t t re a te d  (K ) w ith  200 /ig/100 g endotox in . T h e  9 5 %

re liab ility  lim its are  also show n

Since xvith ra ts  w eighing 200 250 g, s h o r t  lag  phases were n o te d  also
in th e  con tro l g roup , in  su b seq u en t ex p e rim en ts  th e  d u ra tio n  of th e  lag  p h a se  
was d e te rm in ed  in ra ts  d iffering  in body  w e ig h t t re a te d  an d  no t t r e a te d  p re 
v iously  w ith  en d o to x in . In fec tion  w ith  try p a n o so m e s , ad ju s ted  to  m a k e  an  
in itia l germ  co u n t o f  2 • 107/m l, was alw ays c a rr ie d  o u t 40 hours a f te r  e n d o 
to x in  tre a tm e n t. T he re la tio n sh ip  betw een  th e  le n g th  o f th e  lag p h ase  an d  
body  w eigh t in  e n d o to x in - tre a ted  and  co n tro l an im als  is show n in F ig . 1.
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As can be seen  from  Fig. 1, w ith  h ig h e r  body  w eights th e  lag  p h ase  was 
p ro lo n g ed  in b o th  ex p erim en ta l an d  c o n tro l ra ts . The regression b e tw een  body  
w e ig h t and  th e  le n g th  o f th e  lag  p h a se  co u ld  be rep resen ted  g ra p h ic a lly  as a 
seco n d  o rd er cu rv e . E xclu d in g  th e  300 g w eig h t group from  th e  an a ly s is , in 
b o th  cases a lin e a r  regression  w as o b ta in e d , w ith  coefficients o f 0.56 a n d  0.66 
fo r  th e  con tro l a n d  ex p erim en ta l g ro u p s, re spec tive ly . T he d ifference  betw een  
th e  coefficients n o t  being  sign ifican t s ta t is t ic a l ly , it  follows th a t  u p  to  a w eigh t 
c a te g o ry  of 250 g, r a ts  of any  w eigh t can  b e  u sed  prov ided  th e  re su lts  a re  a p p ro 
p r ia te ly  co n v erted  o r an im als of id e n tic a l b o d y  w eight are  used  in  th e  ex p e ri
m e n ta l  an d  co n tro l g roups. Y et, p re fe ren ce  sh o u ld  be given to  ra ts  o f 100 200 g
w e ig h t, as in  th is  g ro u p  th e re  n ev er o c c u rre d  a spon taneous lag  p h a se . A n o th e r 
f a c to r  to  be consid ered  in  th e  course o f  th e  e labo ra tion  of th e  m e th o d  w as th e  
e v e n tu a l m o d ifica tio n  o f th e  leng th  o f th e  en d o to x in -in d u ced  lag  p h ase  b y  th e  
c h a n g e  of th e  germ  coun t used for in fe c tio n . R a ts  w eighing 100 120 g were
th e re fo re  in fec ted  40 hours a fte r  e n d o to x in  tre a tm e n t w ith  v a rio u s  try p a n o 
so m e  coun ts by  th e  in trav en o u s  ro u te . L e n g th s  of th e  lag phases o f th e  try p a -  
n o so m al g row th  cu rv es  th u s  o b ta in ed  a re  show n in Fig. 2.

1 -

________________ I____________I___________ i____________ I____________ i__________________________

M O 7 2-107 Л-107 8 -107 16-107
Initial germ count / ml

F ig . 2. R e la tio n sh ip  b e tw een  len g th  of lag p h a se  o f  try p an o so m a l g ro w th  cu rv es a n d  in itia l 
g e rm  c o u n t in ra ts  p re tr e a te d  w ith  200 jug/100 g e n d o to x in . The 95%  re lia b ility  lim its  are

also show n

In  th is  case, to o , th e  co rre la tion  b e tw e e n  th e  germ  co u n t of th e  in fec tio u s 
dose  an d  th e  len g th  o f  th e  lag phase  cou ld  be  charac terized  b y  a second  o rd er 
c u rv e . I t  shows t h a t  w ith  an in itia l germ  c o u n t of 2 4 • 107/m l, th e re  w as no
c h a n g e  in th e  le n g th  of th e  lag p h ase , w h ile  w ith  h igher germ  co u n ts  th e re
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was a d e fin ite  sho rten in g . K now ing  th e  an im al’s b o d y  w eigh t th e  prec ise  
a d ju s tm e n t o f th e  in itia l germ  co u n t involves no te c h n ic a l p rob lem . To ensure  
th e  ex ac tn ess  of co u n tin g  in  B u e rk e r’s cham ber, we a d ju s te d  th e  in o cu la  so 
as to  keep th e  in itia l germ  c o u n t a t  2  • 1 0 7/m l, th e  lo w er lim it of th e  o p tim a l 
range.

S u b seq u en tly , th e  n a tu re  o f th e  co rre la tion  b e tw een  th e  en d o to x in  dose 
an d  th e  len g th  of th e  lag  p h ase  w as sc ru tin ized . In  th is  series, ra ts  of s tr ic tly  
100 g b o d y  w eigh t received  v a rio u s doses of e n d o to x in  an d  w ere in fec ted  40 
hours la te r  w ith  try p an o so m e  m a te r ia l  ad ju s ted  to  m ak e  an  in itia l germ  co u n t 
of 2 • 107/m l. T he len g th  o f th e  lag  phases of th e  try p a n o so m a l g ro w th  curves 
th u s  o b ta in e d  is show n in  T ab le  I I .

Tabic II
Length o f  lag phase o f  trypanosom al growth curves as assessed in  rats 

infected 40 hours after treatment w ith various doses o f  endotoxin

Endotoxin dose,
/(g/юо g

No.
of animals

Lag phase, 
hours S tandard  error

50 6 1.67 0.53

100 6 4.17 0.57

200 6 5.97 0.61

400 6 7.85 0.54

_1________________ I________________I________________1—
50 100 200 A00

jjg/100 g

Fig. 3. R e la tio n sh ip  betw een  len g th  o f lag  phase  of try p an o so m a l g row th  curves a n d  th e  dose 
of e n d o to x in . T he 95%  re liab ility  lim its  o f  th e  regression  line ( ) an d  of th e  6 p a ra l

lel m ea su re m e n ts  ( - - - - ...............) are also show n
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T he applied  e n d o to x in  doses an d  len g th s  of th e  lag p h ases  w ere show n 
to  b e  re la ted  by  lin e a r  reg ressio n  (F ig . 3). T he regression  coeffic ien t (b =  2.035) 
w a s  h igh ly  s ig n ifican t s ta tis t ic a lly .

I n  add ition  to  th e  9 5 %  re liab ility  lim its  o f th e  reg ression  line , th e  re lia 
b i l i ty  lim its of th e  m ean  o f  6  p a ra lle l m easu rem en ts  are  show n. T he re liab ility  
l im its  could fu r th e r  b e  n a rro w ed  dow n by  increasing  th e  n u m b e r  of parallel 
m e a su re m e n ts .

T hus, th e  m e th o d  a p p e a rs  to  be su ita b le  fo r th e  q u a n t i ta t iv e  e stim ation  
o f  th e  resistance in c re a s in g  effect of e n d o to x in  p rep a ra tio n s . In  possession o f 
a re fe ren ce  s ta n d a rd , th e  p ro ced u re  allow s th e  d e te rm in a tio n  o f  th e  re la tive  
p o te n c y  of any  e n d o to x in  p re p a ra tio n  b y  m eans of th e  s ix -p o in t assay.

D iscussion

T h e  m echan ism  o f th e  re sis tance-increasing  ac tio n  o f  end o to x in  is 
u n c le a r .  I t  has b e e n  sh o w n  th a t  t re a tm e n t w ith  en d o to x in  w as follow ed by  
a n  in c rea se  in R E S  a c t iv i ty  [16], and  ph ag o cy to sis  [17], e lev a tio n  o f serum  
b a c te r ic id in  [18], o p so n in  [19] an d  in te rfe ro n  [20] levels.

T h e  num erous, o f te n  co n tro v ersia l li te ra ry  d a ta  suggest t h a t  depend ing  
o n  th e  host o rgan ism  a n d  th e  p a th o g en ic  a g e n t selected  fo r th e  s tu d y  of th e  
p h en o m en o n , one o r a n o th e r  co m p o n en t o f th e  non-specific  p ro te c tiv e  m echa
n ism  w ill becom e p re d o m in a n t.

T h e  m echanism  o f th e  lag phases in  try p a n o so m a l g ro w th  curves is 
e x p lic a b le  from  re le v a n t in  vitro  and  passive  tra n s fe r  ex p e rim en ts . In  th e  sera 
o f  e n d o to x in - tre a te d  r a ts ,  a try p an o so m ic id a l fa c to r  w as d e m o n s tra te d  which 
e x e r te d  its  action  on th e  iso la te d  try p an o so m es d u rin g  th e  2 n d  — 3rd  hours o f  
in c u b a t io n  and could  n o t  be  in a c tiv a te d  b y  th e  procedures te s te d  [21]. This 
try p a n o so m a l g ro w th  c u rv e  m odify ing  ac tio n  w as tra n sfe ra b le  to  susceptib le  
r a t s  b y  th e  serum  o f e n d o to x in - tre a te d  ra ts  [22]. Since th e  b lood  p lasm a of 
e n d o to x in - tre a te d  ra ts  h a d  no such effect un less tra n s fe r  w as perfo rm ed  in 
p la te le t- r ic h  serum , a decisive  role of p la te le ts  in  th e  d ev e lo p m en t of th e  lag 
p h a s e  w as supposed. I t  is k n o w n  from  rep o rts  o f  D e s  P r e z  a n d  h is g roup  th a t  
e n d o to x in  dam ages th e  p la te le ts , w hich th e n  release se ro to n in , phospholip ids 
a n d  bac te ric id al su b s ta n c e s , in  vitro  in to  th e  m ed ium  and  in  vivo  in to  th e  c ir
c u la t io n  [23, 24]. T h ese  b a c te r ic id a l su b stan ces  are th e rm o s ta b le  an d  ap p ear 
to  b e  iden tica l w ith  th e  b a c te ric id a l serum  com p o n en ts  I  a n d  I I  of M y r v i c k , 

k n o w n  to  be acu te  p h a se  p ro te in s  [25, 26]. P a t t e r s o n  [27] has convincingly  
sh o w n  th a t  in th e  m o u se , e lev a tio n  of th e  C re ac tiv e  p ro te in  leve l in response 
to  e n d o to x in  in jec tio n  a n d  resis tan ce  to  Staphylococcus aureus  w ere re lated .

A ccording to  L a n d y  an d  P i l l e m e r  [28], th e  re sis tan ce -in creasin g  action  
o f  e n d o to x in  dep en d ed  p r im a r ily  on th e  ap p lied  dose an d  on th e  tim e  in te rv a l 
b e tw e e n  endotoxin  t r e a tm e n t  an d  in fec tion . U sing  en d o to x in  doses of 100 /ig ,
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10 f i g  an d  1.0 0.1 f i g ,  th e y  found  m ax im um  p ro te c tio n  in  m ice in fected  24 28,
12 an d  6 hou rs, re sp ec tiv e ly , a f te r  en d o to x in  tr e a tm e n t ,  as assessed from  th e  
su rv iv a l of Salm onella  typ h i  in fec tion . The resis tan ce -in creasin g  p o te n c y  of 
a g iven en d o to x in  p re p a ra tio n  can he es tim a ted  on th e  one h an d  from  th e  tim e  
when it  confers m ax im u m  p ro tec tio n  ag a in st in fec tio n , an d  on th e  o th e r  h a n d  
from  th e  com parison  o f th e  degrees of p ro tec tio n  co n ferred  on an im als p re 
tre a te d  an d  in fec ted  a t  id en tica l tim es. In  th e  p re se n t s tu d ies  th e  la t te r  w ay  
w as follow ed. B ased  on ex p erim en ts  w ith  200 f i g / l O O  g endo tox in , a tim e  
in te rv a l of 40 h ours w as chosen fo r su b seq u en t in fec tio n  to  com pare th e  effect 
of th e  various en d o to x in  doses on th e  lag phase of try p a n o so m a l g row th  cu rves. 
T ho u g h  L a n d y  an d  P i l l e m e r  [28] drew7 no such  conclusions from  th e ir  e x p e ri
m en ts , th e ir  find ings c learly  show  th a t  a f te r  in fec tin g  th e  m ice 48 h ours a f te r  
p re tre a tm e n t w ith  100 f i g , 10 f i g  and  1.0 0.1 f i g  en d o to x in , th e  su rv iv a l
ra tio s  w ere 9 0 % , 4 0 %  an d  18% , respective ly .
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VITAMIN Bl2 PRODUCING FERMENTATIONS 
OF SEWAGE SLUDGE ORIGIN 

WITH A MIXED BACTERIUM POPULATION
I. ROLE OF INDIVIDUAL BACTERIUM SPECIES 

IN VITAMIN B12 PRODUCTION

By

B. J o h a n

Microbiological Laboratory (H ead: B. J o h a n ) o f  B iochem istry  III,
Chemical W orks Gedeon R ichter L td ., B udapest

(Received June 2, 1970)

Summary. The mixed bacterium population of vitam in B l2 producing fermentations 
inoculated with 20% domestic sewage sludge remained unchanged during several years, when 
the charging of sewage sludge was discontinued and the population was adapted to a sludge
less medium. The analysis of the morphological types was difficult because of the polymorphism 
of the individual bacterium species. This could, however, be promoted by the fact tha t it was 
possible to separate these bacteria by centrifugation into three typical morphological groups. 
By determining the B l2 vitamin/analogue content in the three separated morphological bacterial 
groups, it was possible to clarify their special role in the production of the total vitamin yield. 
This allowed to influence the bacterial spectrum of the fermentation and therewith its vitam in/ 
analogue content.

T h e sludge o f d o m estic  sew age is well know n to  c o n ta in  some v ita m in  
В ,., [1, 2, 3]. I ts  a m o u n t can  be increased  b y  fe rm e n tin g  i t  fo r several m o n th s  
a t  a te m p e ra tu re  of 30 °C. T h e  y ie ld  is raised  fu r th e r  on m u ltip ly in g  th e  n u m b e r 
of b a c te r ia  in th e  sludge by  th e  a d d itio n  of ce rta in  n u tr ie n ts .  I t  was reasonab le , 
th e re fo re , to  s ta r t  fe rm e n ta tio n  w ith  a cu ltu re  m ed iu m  fav o u rab le  to  th e se  
b a c te r ia , com posed of cheap  n u tr ie n ts  and  p recu rso rs , w ith  2 0%  sewage s ludge  
as inocu lum . T his p ro ced u re  in  b a tc h  fe rm e n ta tio n  w as re p e a te d  w ith  a d d ed  
sludge u n til  an in ten s iv e  m u ltip lica tio n  of th e  b a c te r ia  h a d  been reach ed  
to g e th e r  w ith  a good y ie ld  o f v ita m in  B 12.

T he d isad v an tag e  o f th e  process consisted  in  t h a t  s ta r tin g  of fe rm en 
ta t io n  in  a 500 cu .m , c a p a c ity  fe rm en to r needed  100 cu .m , o f fe rm en ted  sew 
age sludge. O b ta in in g  an d  tra n s p o r t  to  th e  p la n t o f su ch  a large a m o u n t o f 
sludge en co u n te red  w ith  d ifficu lties. F u r th e r  d ifficu lties w ere  th a t  th e  com posi
tio n  o f dom estic  sew age sludge changed  seaso n -d cp en d en tly  an d  its b a c te riu m  
flo ra  w as also v a ry in g . M oreover, th e  so-called in d u s tr ia l  w astes flow ing in to  
th e  sew age canals m ig h t c o n ta in  substances to x ic  fo r th e  bac te ria . T h u s , 
w hen using  sew age sludge in  th e  fe rm en ta tio n s  no s ta n d a rd  b ac te riu m  p o p u 
la tio n  h ad  fo rm ed; y e t, th is  w as a cond ition  o f s ta b le  p ro d u c tio n .

T herefo re , th e  sew age sludge was o m itted . T he w ell-p roducing  b a c te riu m  
p o p u la tio n  form ed d u rin g  sev era l years  in  th e  cu ltu re  m ed iu m  con ta in ing  sew age,
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w a s  a d a p te d  to  a cu l tu re  m ed iu m  c o n ta in in g  no sewage sludge [4]. A t  f i r s t  lower 
a m o u n t s  of v i tam in  Bj., were o b ta in ed  b u t  b y  m eans of t ran s fe rs  r e p e a te d  every 
f iv e  d a y s ,  a f ter  severa l genera t ions ,  a y ie ld  was ob ta ined  reach in g  an d  even 
s u rp a s s in g  the  yields o f  fe rm e n ta t io n s  pe rfo rm ed  by  th e  a d d i t io n  of  sludge. 
T h e  b a c te r iu m  p o p u la t io n  m a in ta in e d  b y  serial weekly t ran s fe rs  fo r  m ore  th a n  
t h r e e  yea rs  p roduced  5000 — 7000 /tg/1 (a n d  sometimes m ore) o f  cyanocobal- 
a m in e  and  abou t th e  sam e a m o u n ts  o f  analogues in l a b o r a to r y  ferm entors .

Fig. 1. M ixed b a c te r iu m  p o p u la tio n  o f 5 days old fe rm e n ta tio n  ( x ! 2 5 0 )

\
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V itam in  ß,. ,  and  its analogues are  in  th e  form of coenzym es in  th e  b a c 
te r ia l  cells. F rom  th ese  th e  corrinoids a re  ex tra c te d  in th e  p resence  o f  cyanide 
a n d  so th e  ex trac ts  co n ta in  th e  cyan ides  of corrinoids. T h e i r  a m o u n t  d e te r 
m in e d  in the  ex per im en ts  to  be desc r ibed  rela tes to  the  q u a n t i t a t i v e  con ten t  
o f  th e  different corrino id -coenzym es in th e  bacteria l  cells. F o r  b r e v i ty ’s sake 
we sha ll  use th e  following n o m e n c la tu re :  cyanocobalam ine  fo r  5 ,6-dim ethyl-  
b enz im idazo ly l  cobam ide  cyan ide ;  F a c to r  I I I  for 5 -hydroxybenz im idazo ly l-  
c y a n id e ;  F ac to r  В for  co b inam ide ;  to t a l  B,„ for v i tam in  B 12 p lus  all th e  a n a 
logues. Sum m a fa c to r  ( E  fac to r)  is o b ta in e d  by  s u b tra c t in g  th e  a m o u n t  of 
c y an o co b a lam in e  an d  F a c to r  В from  th e  to ta l  am o u n t  of B 12.
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T h e co rrino id  y ield  w as p ro d u ced  by  a m ixed b a c te r iu m  p o p u la tio n . I t s  
m orpho log ica l analysis caused  d ifficu lties  because o f th e  po ly m o rp h ism  o f th e  
in d iv id u a l b a c te riu m  species. R o u g h ly , th ree  p re d o m in a n t ty p es  w ere reco g 
n ized  (F ig . 1): (a) G ram -positive  cocci-diplococci w ith  1.0 1.2 fi in d ia m e te r
(in th e  follow ing, c dc); (b) G ram -p o sitiv e  sm all rods m easu rin g  0.3 0.5 X
X l-0  2.5 fi, m e t w ith  one b y  one  o r in  th e  form  o f a Y , or fo rm ing  ch a in s  
(in th e  fo llow ing , sr). A sm all coccoid  form  of these  w as also  fre q u e n t, (c) T h ic k 
er, la rg e r, G ram -positive  or G ram -v a riab le  p o ly m o rp h o u s  rods m easu rin g  
0.6 0 . 8 x 2 —4 Ц ( ih r ) .  O ccasionally , som e o th e r b a c te r ia  w ere also fo u n d ,
e.g. s ev e ra l la rge , G ram -positive  s trep to co cc i. T he ta x o n o m ic  d e te rm in a tio n  of 
these; b a c te r ia  will be given in a n o th e r  paper.

T h e  re la tiv e  n u m b er of th e  th re e  p red o m in an t b a c te r iu m  ty p e s  m a y  
d iffe r acco rd in g  to  th e  com p o sitio n  o f th e  cu ltu re  m ed iu m  or fe rm e n ta tio n  
co n d itio n s ; som etim es, how ever, i t  changed  u n c o n tro lla b ly  per se an d  th is  
p rocess cau sed  changes in  th e  q u a n t i ty  and  q u a lity  o f th e  y ie ld . I t  w as th e re 
fore  d e s irab le  to  e luc ida te  th e  ro le o f  th e  in d iv idua l b a c te r iu m  species re la tiv e  
to  th e  q u a n t i ty  an d  q u a lity  of B 12 a n d  analogues in  th e  y ie ld s , in  o rd e r t h a t  
th e  co m p o sitio n  of th e  p o p u la tio n  a n d  so of th e  y ie ld  cou ld  be  d irec ted  on th e  
basis  o f experience.

A m e th o d  fo r c larify ing  th is  p ro b lem  could have  b een  to  iso la te  th e  b a c 
te r iu m  species in  p u re  cu ltu re  a n d  to  exam ine its  q u a n t i ta t iv e  an d  q u a lita tiv e  
p ro d u c tio n  c a p a c ity  a t  f irs t s e p a ra te ly  an d  th en  in  co m b in a tio n s . These in v e s t i
g a tio n s sh o u ld  be com pleted  w ith  fe rm e n ta tio n  ex p e rim en ts  w here re la tiv e  
q u a n tit ie s  o f th e  b ac te riu m  species used  as inoculum  w ere  v a ried . T h is w as, 
how ever, im p rac ticab le  since c dc cou ld  no t he o b ta in e d  in pu re  c u ltu re . 
M oreover i t  w as th o u g h t th a t  sev e ra l v a ria n ts  of th e  b a c te r iu m  species m ig h t 
occu r in  th e  fe rm en ta tio n s  an d  hence  several s tra in s  sh o u ld  have  been  ex 
am in ed .

I t  w ou ld  offer deeper in s ig h t in to  th e  question  if  we could  sep a ra te  th e  
in d iv id u a l b a c te r ia l species from  a h igh -p roducing  b a c te r iu m  p o p u la tio n  a t  th e  
p eak  o f p ro d u c tio n  and  so to  d e te rm in e  sep ara te ly  th e ir  p a r tic ip a tio n  in th e  
to ta l  v ita m in  y ie ld . This a p p ro x im a tio n  of th e  p rob lem  w ou ld  be desirab le , 
since th e  life , m u ltip lica tio n , m e tab o lism , and p roducing  c a p a c ity  of th e  m ic ro 
o rgan ism s o f  vario u s species in a m ix ed  popu la tion  d ep en d  to  a ce rta in  e x te n t  
u p o n  one a n o th e r  (com m ensalism , sym biosis, synergism , a n ta g o n ism ; th e  p h e 
no m en o n  described  by  us and  te rm e d  com bined fe rm e n ta tio n  could be also  
m en tio n ed  in  th is  connexion [5]).

Such  an  ex am in a tio n  of th e  in d iv id u a l role of th e  d iffe ren t b a c te ria l 
species in  p ro d u c in g  th e  v itam in  w ould  only have been possib le  if  B 12 an d  th e  
ana logues h a d  accu m u la ted  in th e  b a c te r ia  and  h ad  n o t b een  ex cre ted  in to  th e  
flu id  up  to  th e  m om en t o f ex am in a tio n .

T he e lu c id a tio n  of these  p ro b lem s was th e  aim  o f th e  p re sen t s tu d y .
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M aterials an d  m ethods

The bacterium population used in the experiments was partly the culture of laboratory 
10 litre  fermentations and partly  the culture of well-producing plant fermentations of 500 cu.m.

The composition of the culture medium used most frequently in fermentations has been 
described in a Hungarian P a ten t [4]. Culture media with different composition eventually 
used will be mentioned in the experimental part.

The laboratory fermenters were wide-mouth cylindrical glass vessels of 10 litres filled up 
to the neck with culture medium and therm ostated at 28—30 °C with a thick rubber sheet 
cover. The plant fermentors were constructed of steel, with a narrowing opening on the top. 
The contents were mixed after each addition of materials (e.g. methanol) and before sampling. 
Moreover, the liquid was continuously kept in motion by the intensive gas production.

Vitamin Bl2 and its analogues were determined quantitatively by paper chromatography 
and electrophoresis. The ferm entation brew was heated to boiling with cyanide, precipitated 
w ith iron chloride, and the precipitate was discarded. From the clear supernatant the corrinoids 
were extracted with a 1 : 2 v/v mixture of phenol and chloroform. From this solution, after 
the addition of acetone and chloroform, all the cyano-corrinoids were extracted quantitatively 
w ith  water. An aliquot of the solution was chromatographed on Macherey—Nagel No. 214 
paper in secondary butanol saturated with cyanide containing water. The spots on the paper 
were cut out, extracted in distilled water containing 0.1% sodium cyanide and compared in 
a colorimeter to a vitam in B l2 standard. The same solution was used for electrophoretic deter
m ination. The paper was soaked with 0.5 N  acetic acid to which 0.1% sodium cyanide was 
added. Electrophoresis was done at 700 У, 10 mA, for 4—5 hours.

E xperim en ta l

1. I t  was s tu d ie d  w h e th e r  B 12 a n d  its  analogues w ere to  be found  in th e  
b o d y  of bacteria  o r w ere  secre ted  in to  th e  su rro u n d in g  liq u id .

T he am oun t o f v ita m in s  was d e te rm in e d  in  500 m l o f  w ell-producing  fe r
m e n ta t io n  brew  (co n tro l) . A n o th e r 500 m l o f th is  liqu id  w as freed  from  b ac te ria  
b y  cen trifug ing  a n d  o f te n  b y  su b seq u en t f i l tra tio n  th ro u g h  a J e n a  G-5 glass 
f i l te r ,  and  the  v ita m in  c o n te n t was e s tim a te d .

In  pure b a c te r iu m -fre e  liqu id  o rig in a tin g  from  b a tc h  fe rm en ta tio n s , an 
a v e ra g e  of 2 .0% , in  liq u id s  from  sem ico n tin u o u s fe rm e n ta tio n s  an  average of 
7 .1 %  of th e  to ta l  B 12 c o n te n t w ere fo u n d . T he ba lance  w as in  th e  b acteria . 
T h e  above d ifference w as easy to  u n d e rs ta n d  for p a r t  o f th e  b ac te ria  in  th e  
sem ico n tin u o u s fe rm e n ta tio n s  was m ore aged  th a n  th o se  in  th e  b a tc h  ferm en
ta t io n s .  The o lder b a c te r ia  died successively . T herefo re , th e  follow ing experi
m e n ts  were genera lly  c a rr ie d  ou t on m a te r ia ls  of h a tc h  fe rm en ta tio n s .

2. The n e x t e x p e rim e n t was p ro m o te d  by  th e  fo llow ing observation : 
w h e n  M rs. Szabó  (P h y la x ia  S ta te  S erum  In s t i tu te ,  B u d a p e s t)  tr ied  to  se ttle  
th e  b ac te ria  from  200 litre s  of our fe rm e n ta tio n  brew  b y  m ean s of an O .F . 31 
s e p a ra to r  a t 5000 r .p .m ., th e  success w as o n ly  p a r tia l  even  a t  slow flow ing v e 
lo c itie s . A lthough th e  p re c ip ita te  was a b u n d a n t, th e  s u p e rn a ta n t  s till d isp layed  
a s tro n g  tu rb id ity . O n m icroscopical e x a m in a tio n  of th e  tw o specim ens m uch sr 
xvere found in th e  s u p e rn a ta n t  and  all th e  c dc w ere in  th e  sed im en t to g e th e r 
w ith  few sr.

B ased on th is  o b se rv a tio n , se d im e n ta tio n  of th e  in d iv id u a l bacterium  
species in fe rm e n ta tio n  liqu ids was ex am in ed  in  d iffe ren t la b o ra to ry  cen tri-
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fuges a t d iffe ren t r .p .m . an d  d iffe re n t d u ra tio n  of sp in n ing . In  th e  u p p e r  p a r t  
o f th e  cen trifu g ed  m ate ria l, in  th e  tu rb id  s u p e rn a ta n t, a g rea t n u m b e r o f  sr 
w ith  d iffe ren t leng ths and  u su a lly  a few thr were found  (F ig . 2a). In  som e cases 
som e G ram -n eg a tiv e , sh o rt, th in , som etim es b e n t rods (sim ilar to  v ib rio ) w ere 
also found . A fter th is  lay e r h ad  been  p oured  o u t of th e  cen trifu g e  tu b e , a m uch  
m ore  dense, so-called m iddle la y e r  follow ed (F ig . 2b). T h is co n ta in ed  m a n y  sr, 
few er thr, an d  som etim es a sm all n u m b e r  of G ram -positive , b u lk y  s trep to co cc i. 
W hen  th is  m iddle  lay er was filled  up  w ith  w a te r, 2 .5%  sodium  chloride d isso lved  
an d  cen trifuged , th e  thr w ere ag g lo m era ted  on th e  b o tto m  to g e th e r  w ith  a 
sm all n u m b er of sr (see F ig . 2).

Fig. 2. B ac te riu m  p o p u la tio n  se p a ra te d  by  cen trifu g a tio n  in to  th ree  layers (X  1250).
(a) Sm all rods in  su p e rn a ta n t;  (b) th ic k e r ro d s, p a r tly  G ram -n eg a tiv e , in  m iddle lay e r; (c) G ra m 

positive  cocci-diplococci in sed im en t

A fte r th e  m iddle  lay e r h ad  b een  poured  o u t a th ic k  sed im en t (F ig . 2c) 
rem ain ed  in  th e  tu b e ; th is  could be rem oved  only  b y  th e  use of a spoon. I n  th is  
la y e r, a large a m o u n t of c dc an d  v e ry  few sr w ere fo und . A fte r th e  ro u g h ly  
s e p a ra te d  b a c te ria  of th e  d iffe re n t layers had  been  su sp en d ed  in sa line , th e  
in d iv id u a l species could fu r th e r  be iso la ted  b y  re p e a te d  cen trifu g a tio n .

T hus we h av e  succeeded in  se p a ra tin g  th e  m ixed b a c te riu m  p o p u la tio n  
in to  p re d o m in a n t ty p es b y  c e n tr ifu g a tio n  or in a s e p a ra to r . T his a llow ed  to  
s tu d y  th e  m ain  com ponen ts o f p o p u la tio n  sep a ra te ly .
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3. I t  was a t te m p te d  to  determ ine th e  n u m erica l co rre la tio n s of th e  p re 
d o m in a n t b ac te riu m  spec ies in the  m ixed  p o p u la tio n  and  to  e s tab lish  th e ir  
ro le  in  v itam in  p ro d u c tio n .

A s only  p a r t  o f  th e s e  species could be  c u ltu re d , th is  p ro ced u re  could  n o t 
be  u se d  fo r th e  above p u rp o se . Sim ple c o u n tin g  y ie ld ed  no p ra c tic a l d a ta  because 
th e  d im ensions of th e  sr w ere  g rea tly  v a ry in g . T he 2 /j, long rods o f sr, its  
coccoid  form s 0.3 0.4 /j in  d iam eter, or th e  long  chains of th e se  rods or coc-
co ids could no t be co n sid e red  eq u iva len t fro m  th e  p o in t o f v iew  of v itam in  
p ro d u c tio n .

O n th e  o th e r h a n d  usefu l values w ere o b ta in e d  b y  d e te rm in in g  th e  b a c 
te r ia l  m asses. F o r th is  p u rp o se , bu lb -fo rm  c en trifu g e  tu b es o f a cap ac ity  of 
1 0  m l w ith  a w ide m o u th  w ere  used w hich  co n tin u e d  below  in a closed narrow  
tu b e  severa l cm long. T h e  tu b e s  were c a lib ra te d  an d  th e  liq u id  w as cen trifuged  
in  th e se  tub es a t 1 0  0 0 0  g  fo r th ree  to  fo u r m in u tes .

W hen  a co m p le te ly  c lea r sup ern a t a n t  w as o b ta in ed , th e  a m o u n t o f se ttled  
b a c te r ia  was 6  to  1 0 %  o f th e  cen trifuged  v o lu m e , depend ing  u p o n  th e  q u a lity  
o f  m ed iu m  and th e  age o f  th e  cu ltu re . In  th is  zone, layers v a ry in g  in  colour 
a n d  h u e  could be reco g n ized  from  w hich sam p les  w ere ta k e n  b y  m eans of a fine 
c a p illa ry . A fter s ta in in g  i t  w as found th a t  th e  low er ochre-yellow  lay e r, a m o u n t
in g  to  8  — 1 0 %  of th e  t o ta l  b ac te ria l se d im e n t, consisted  n e a rly  exclusively  of 
c dc. A bove th is  la y e r  th e re  was a th in  b lack  s tre a k  co n ta in in g  lum ps of iron 
su lf id e  an d  h igher u p , a p a le  grey lay er c o n ta in e d  a large a m o u n t (90 92% )
of sr. In  cu ltu re  c o n ta in in g  m any thr, th e  low er p a r t  o f th e  grey  lay e r was 
g rey ish -p in k .

4. B ased on th e  a b o v e  findings th e  p ro b lem  w as s tu d ie d  w hich  of th e  
ab o v e  bac te rium  species w as producing  a n d  in  w h a t p ro p o rtio n , th e  cyano- 
co b a lam in e  and its  an a lo g u es  found in  th e  fe rm e n ta tio n  brew .

F o r th is  p u rp o se , cyanocoba lam ine , F a c to r  В an d  th e  27 fa c to r  were 
d e te rm in e d  in 500 m l o f  a w ell-producing, fe rm e n t tio n  flu id  (“ o rig inal” ) by 
p a p e r  ch ro m a to g rap h y . T h e  b ac te riu m  p o p u la tio n a o f  fu r th e r  500 m l of th e  
sam e  fe rm en ta tio n  l iq u id  w as sep ara ted  in to  tw o  layers. A fte r  cen trifug ing  at 
1000 g  fo r 25 m in u te s  th e re  w ere a la rge  a m o u n t of c dc an d  v e ry  few sr in 
th e  sed im en t. The u p p e r  a n d  th e  m iddle la y e r  co n sis ted  m ain ly  o f sr, a few thr , 
a n d  a v e ry  few b u lk y  s trep tococc i. T he v ita m in s  of th is  m a te r ia l w ere d e te r
m in ed  sep ara te ly  in  th e  single layers b y  p a p e r  ch ro m a to g rap h y . T he resu lts 
a re  show n in T ab le  I .

T he value fo r to ta l  B 12 found in th e  c e n tr ifu g e -sep a ra te d  b a c te ria  was 
p ra c tic a lly  id en tica l w ith  th e  values for th e  o rig in a l (non -cen trifuged ) m ateria l. 
T h u s , th e  procedure  a llow ed  to  estab lish  th e  q u a lita tiv e  an d  q u a n ti ta t iv e  v i ta 
m in  p ro d u c tio n  b y  th e  b ac te riu m  species in  th e  single layers.

F u r th e r  in fo rm a tio n  w as o b ta in ed  fro m  a s tu d y  of th e  m a te r ia l of th e  
cen trifu g ed  layers b y  e lec tro p h o re tic  se p a ra tio n  (T able I I ) .
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E lec tro p h o resis  y ielded  p ra c tic a lly  th e  sam e  to ta l  v itam in  v a lu e  as 
p a p e r-c h ro m a to g ra p h y  d id . T hus, th e  c dr in th e  sed im ent p roduced  m ore  
B 12 th a n  d id  th e  sr  o f th e  m iddle lay e r an d  th e  su p e rn a ta n t. F a c to r  I I I  w as 
p roduced  on ly  h y  c dr.

T his e x p e rim en t w as rep ea ted  an d  p ra c tic a lly  th e  sam e re su lts  w ere 
o b ta in ed .

Table I

VITAMIN B „  PROD U CING  FERM EN TA TIO N S

Cyanocobalamine analogue content in  orig inal and in centrifuged 
ferm en ta tion  material, as estimated by chromatography

/ 'g /l  of

Materiül Cyano-
cobalamine Factor L’ F acto r В Total B12

O riginal 5630 4930 845 11,405

C entrifuged:
sed im ent 3760 3670 - 7,430
m iddle -f- up p er 

layers 2040 1610 465 4,115
11,545

Table II

Cyanocobalamine analogue content in the layers o f  the centrifuged material 
as estimated by electrophoresis

M aterial
.«g/l of

Cyanocobalamine F acto r 111 F ac to r В Other factors T o ta l B 12

C entrifuged:
sedim ent

m iddle -f- upper layers
3410
2040

2555
0

205
465

1010
1440

7,180
3,945

11,125

5. By chan g in g  th e  com position  o f th e  c u ltu re  m edium  it was a t te m p te d  
to  a lte r  th e  re la tiv e  am o u n ts  of th e  th ree  b a c te r iu m  species p re d o m in a n t in  
th e  p o p u la tio n , to  reach  th e  p rep o n d eran ce  o f one  o r  o f th e  o ther, or to  d ec rease  
th e ir  n u m b e r to  th e  m in im um . In  th e  fe rm e n ta tio n  liquid so o b ta in e d , th e  
am o u n t of B 1 2  or its  analogues was d e te rm in ed  b y  electrophoresis.

T h e  c h a ra c te ris tic  b ac te ria l p o p u la tio n  of th e  fe rm en ta tio n  o b ta in e d  in 
th e  cu ltu re  m ed ium  c o n ta in in g  sugar, used  in  o u r  p la n t  fe rm en ta tio n s  [4] is 
show n in Fig. 1 . M any sr, a fa ir n u m b e r of c dr a n d  a few thr were found  he re . 
E lec tro p h o re tic  se p a ra tio n  of the  to ta l  Bj„ y ie ld e d  th e  substances sh o w n  in 
T ab le  IH /a . A fte r m olasses and  su lp h ite  liq u o r (i.e . sugars) had been o m itte d  
from  th e  c u ltu re  m ed ium  an d  urea and  am m o n iu m  su lp h a te  were ad d e d , th e  
c dc and  sr d isap p ea red  o r were found  in a m in im u m  am o u n t in th e  fe rm e n 
ta tio n  a fte r  seven to  e ig h t genera tions, w hile p o ly m o rp h o u s  thr w ere p re p o n 
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d e r a n t  (F ig . За). T h e  su b stan ces  o b ta in ed  on  electrophoresis are  show n  in 
T a b le  I l l / b .  Beside m uch  cy an o co b a lam in e , F a c to r  I I I  was p re se n t in  low 
a m o u n ts  or absen t.

O n  increasing  th e  n u m b e r of c dc b e s id e  thr and on dec reasin g  s im u l
ta n e o u s ly  th e  n u m b er o f sr (F ig . 3b) th e  v a lu e s  seen in T able I I I / c  w ere  ob
ta in e d .  T h u s , in  th is  case th e  value o f cy an o co b a lam in e  was v e ry  h ig h , m uch  
F a c to r  I I I  was p re se n t a n d  F a c to r  В w as a b se n t.

Table III

Corrinoids fo u n d  by electrophoresis when changing 
the composition o f  the culture medium

Corrinoids found
//g/l, w hen the  culture medium was

type a type b type c

C yanocobalam ine 4042 8460 15,440

F ac to r I I I 1104 552 4,600

F ac to r В 0 0 0

O ther facto rs 2944 2200 2,780

F ig . 3. (a) P re v a le n t th ic k e r  ro d s in a cu ltu re  m e d iu m ; (b) cocci-diplococci a n d  th ic k e r  rods
in a n o th e r cu ltu re  m ed iu m  (x !2 5 0 )
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Discussion

I t  has b een  show n th a t  v ita m in  B l 2  an d  its  analogues (i.e. th e ir  co en 
zym es) are w ith in  th e  cells of th e  b a c te r iu m  p o p u la tio n  o rig in a tin g  from  sew age 
sludge. O nly a l i t t le  p a r t  of it  p assed  in to  th e  liqu id  p ro b a b ly  w ith  th e  ageing  
an d  b reak ing  u p  o f  th e  cells.

A m icroscopic  s tu d y  of such  m ixed  b a c te riu m  p o p u la tio n s p a r tic u la r ly  
in  th e  presence o f  b ac te ria  ten d in g  to  p o ly m o rp h ism  is d ifficu lt. As ve rified  
by  la te r  in v es tig a tio n s , th ree  ty p e s  o f G ram -p o sitiv e  b a c te ria  were p red o m i
n a n t  in th e  fe rm e n ta tio n s : a coccus-d ip lococcus; a th in n e r , sm aller rod ; an d  
a th icker, la rger rod .

In  cu ltu re  m ed ia  con ta in ing  su g ars , th e  overw helm ing  G ram -positive  
sm all rods and  th e  cocci-diplococci w ere so p re p o n d e ra tin g  th a t  th ey  m u s t be  
considered th e  p ro d u ce rs  of B 12 v ita m in  an d  analogues. G ram -nega tive  b a c te r ia  
w ere usually  in a negligible m in o rity ; th u s , th e y  could  n o t p lay  a role in th e  
p ro d u c tio n  of th e  large  am ount o f  v ita m in .

T he d o m in a tin g  bacteria  cou ld  be se p a ra te d  b y  cau tio u s, ev en tu a lly  re 
p ea ted  d iffe ren tia l cen trifu g a tio n . In  th is  w ay  th e  m orphological fea tu res  o f 
th e  b ac te riu m  p o p u la tio n  were easy  to  in te rp re t. B y d iffe ren tia l c en tr ifu g a tio n  
in  a ca lib ra ted  tu b e  w ith  the  sam e g  v a lu e  an d  sp in n in g  tim e  it was show n th a t  
th e  to ta l  vo lu m e o f bacteria  in th e  d iffe ren t b a tc h e s  o f th e  fe rm e n ta tio n  
m edium  was 6  10% . The sed im en ted  m asses o f th e  in d iv id u a l b a c te r iu m
species were in d iffe ren t layers a n d  d iffered  in co lour. In  m edia co n ta in in g  
sugar, cocci-d ip lococci am oun ted  to  8  1 0 %  o f th e  to ta l  bac te rium  v o lu m e
and  th e  rem ain in g  90 to  92%  co n sis ted  of sm all ro d s ; a few  th ick  rods w ere 
on ly  p resen t. In  c u ltu re  m edia c o n ta in in g  u re a  b u t  no sugar, a fte r sev e ra l 
genera tions n e a rly  th e  whole b a c te r ia l m ass consisted  o f th ic k  rods and  cocci- 
diplococci. B y m ean s  of d iffe ren tia l c e n tr ifu g a tio n  of a larger am o u n t o f 
fe rm en ta tio n  b rew , an d  analysis b y  p a p e r  c h ro m a to g ra p h y  or e lectrophoresis, 
th e  b ac te ria l m ass in  the  d iffe ren t lay e rs , th e  q u a n t i ty  o f v itam in  B 12 an d  
its  analogues p ro d u c e d  by  the in d iv id u a l b a c te riu m  species could be d e te r 
m ined . C yanocoba lam ine  was p ro d u c e d  by  all th e  th re e  p red o m in an t species. 
F a c to r  I I I  was p ro d u c e d  only by  cocci-d ip lococci, in  a sm aller am o u n t b y  
th ick  rods an d  n o n e  by  th e  sm all rods. M uch F a c to r  I I I  an d  s im u ltaneously  
m uch  cy an o co b a lam in e  were p ro d u ced  b y  cocci-d ip lococci an d  by  th ick  rods. 
U n d e r certa in  c ircu m stan ces , h ow ever, a h igh y ie ld  of cyanocobalam ine  a n d  
a sm all am o u n t o f  F a c to r  I I I  w ere p ro d u ced  w hen b eside  an  excess of cocci, 
a fa ir  n u m b er o f  sm all rods, and  an  in s ig n ifican t n u m b e r  o f th ick  rods w ere 
p resen t.

B ased on th e  re su lts  of these  s tu d ie s , it  is possib le  to  enhance th e  m u lt i
p lica tion  of th e  d esirab le  b ac te riu m  species an d  to  re s tr ic t  th e  p ro p ag a tio n  
of a n o th e r species b y  adding su ita b le  in g red ien ts  to  th e  cu ltu re  m edium . In

VITAMIN II ,, PRO D U CIN G  FERM EN TA TIO NS
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th is  w ay  th e  y ield  o f  cyanocoba lam ine  a n d  possib ly  of F a c to r  I I I  can  sign ifi
c a n t ly  be increased .

T he p ro d u c t o f th e se  fe rm e n ta tio n s  is n o t sim ply  th e  sum  o f th e  in d iv id u a l 
p ro d u c tio n  o f th e  sing le b ac te riu m  species p resen t, because th e  p a r tic ip a tin g  
b a c te r iu m  species a re  in fluencing  each  o th e r ’s m etabolism .

Acknowledgements. T he a u th o r is in d e b te d  to  M rs. K ovács an d  M iss L em m ic h  fo r o u t 
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Sum m ary . In te rfe ro n  p ro d u c tio n  in  vitro by leucocytes from  p a tie n ts  w ith  p o ly g lobu lia  
o f v a rio u s origins an d  by  th o se  from  h e a lth y  sub jects was s tu d ied . As indu cer, p a ra in f lu e n z a -1 
(S endai) v iru s w as used . In te rfe ro n  was d e te rm in ed  in  cu ltu re s  o f a co n tin u o u s line o f h u m an  
am nion  cells w ith  vesicu lar s to m a titis  v iru s as in d ica to r.

L eucocytes were exam ined  from  33 p a tie n ts  suffering  fro m  p o ly cy th aem ia  vera. T he 
geom etric  m ean for th e  in te rfe ro n  titre s  w as 1 : 31, a p p ro x im a te ly  6 tim es lower th a n  th e  
geom etric  m ean  fo r th e  co n tro l leucocytes.

T he leucocytes from  p a tie n ts  w ith  polyg lobulia  o th e r th a n  p o ly cy th aem ia  v era  (8 cases) 
were as good in te rfero n  p roducers as th e  con tro l cells.

T he possible p a th o g en e tica l im p o rtan ce  of th e  a lte red  in te rfero n -p ro d u c in g  cap a c ity  
o f leucocy tes in various h aem ato log ica l diseases is discussed.

In  a p rev ious w ork [1] th e  in te rfe ro n -p ro d u c in g  c a p a c ity  of th e  w h ite  
blood cells was found  to  he decreased  in som e p a tie n ts  w ith  p o ly cy th aem ia  
v era  (PV ). Since th e n  we have in v estig a ted  fu r th e r  sam ples from  th e  sam e 
p a tie n ts  and  in c lu d ed  new p a tie n ts  in  th e  s tu d y . Som e of th ese  suffered  from  
PV, o th e rs  from  po lyg lobu lia  o th e r  th a n  PV [2].

M ateria ls and m ethods

Donors. P a t ie n ts  w ith  PV w ere d iv id ed  in to  tw o groups: th o se  show ing ex ac erb a tio n  
are  signed by E , those  show ing rem ission  by  R . The p a tie n ts  su ffe rin g  from  secondary  p o ly 
g lobulia  or p rim a ry  ben ign  e ry th ro c y to s is  were all in th e  e x a c e rb a tio n  stage. Blood sam ples 
ta k e n  from  h e a lth y  su b jec ts  served  fo r con tro l. In  each  e x p e rim e n t, sam ples from  sick an d  
h e a lth y  su b jec ts  were ta k e n  a t  th e  sam e tim e and were p rocessed  s im u ltan eo u sly  in  th e  sam e 
m an n er.

In terferon  was p ro d u ced  accord ing  to  th e  m ethod  of S t r a n d e r  an d  Ca n tell  [3]. As 
in d u cer th e  Sendai s tra in  o f p a ra in f lu e n z a -1 v irus was used . In te r fe ro n  was d e te rm in ed  in 
h u m an  am nion  cell cu ltu res , using  vesicu lar s to m atitis  v iru s as in d ic a to r  [1, 4].

Results

T h e resu lts  o f 47 ex p erim en ts  ca rried  ou t w ith  leu co cy tes  from  33 p a tie n ts  
w ith  PV an d  th e  a p p ro p ria te  co n tro l resu lts are show n in  T ab le  I.

In  32 of th e  47 cases th e re  was a fourfold or g re a te r  d ifference in in te r 
feron p ro d u c tio n  in fav o u r of th e  co n tro l leucocy tes. T h e  geom etric  m ean  of 
th e  in te rfe ro n  titre s  w as 1 : 31 for th e  PV p a tie n ts  a n d  1 : 182 for th e  con tro ls , 
th e  q u o tien t being ap p ro x im a te ly  6 .
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O f th e  32 cases w ith  re d u ced  in te rfe ro n  p ro d u c tio n  27 w ere  in  th e  exa
c e rb a tio n  stage  an d  5 in  rem issio n . F o r th e  35 sam ples o b ta in e d  from  p a tie n ts  
in  e x a c e rb a tio n  th e  g eo m etric  m ean  w as 1 : 23 as com pared  to  th e  1 : 174 for 
th e  co rrespond ing  co n tro ls . I t  m ay  be concluded  th a t  th e  re d u c e d  in te rfe ro n  
p ro d u c tio n  of leucocy tes from  PY  p a tie n ts  is ch a rac te ris tic , f i r s t  o f  all, of those 
b e in g  in  th e  stage o f e x a c e rb a tio n .

Table I

interferon-producing capacity o f  leucocytes fro m  patien ts
w ith  polycythaem ia vera

Experiment
No.

Initials 
of patients

Phase of 
illness*

Interferon titre 
(reciprocals)

patient I  control

l 0 . J. E < 4 64

2 B. A. E 16 32

B. A. E 16
3 B. B. E 16 256

B. V. E 64

Sz. G. E 256
4 C. M. E 64 128

M. M. К 128

0. J. E 32
5 Ü. L. R 64 512

Ó. J . R 64

6 L. J. R 32 64

P. I. R 256
7 128

V. Gy. R 128

8 s. s. E 256 1024

9 S. J. E 32 128

V. J . E 64
10 128

0. M. E 32

11 V. D. E 32 128

12 H. G. E < 1 6 128

13 K. J . E 64 128

14 K. I. R 64 256

M. F. R 32
15 512

P. L. E 32

* E  =  exacerbation  
R =  remission

and o f  normal leucocytes

Interferon titre
Experim ent Initials Phase of (reciprocals)

No. of patients illness*

patien t control

E 8 128

R 64 96

16 Sz. K. E 16 128

E < 1 6 256

E 16 128

E <  4 32
17 Zs. I.

E <  4 128

R 64 512
18 M. L.

E 128 512

E 64 64
19 V. I.

E 512 256

R 256 256
20 A. I.

E 64 96

E 128 512
21 G. F.

R 96 96

E < 1 6 512

22 M. G. E 32 256

E < 1 6 128

E 32 128
23 K. J .

E 32 128

E 16 256

24 K. P. E 16 128

E 128 512
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L eucocy tes from  8  p a tie n ts  w ith  po lyg lobu lia  o th e r  th a n  PV  w ere te s te d  
in  10 ex p e rim en ts  (Table I I ) . H ere  th e re  w as no d ifference in  in te rfe ro n  p ro 
d u c tio n  in  vitro  betw een  leucocy tes fro m  p a tie n ts  and  th o se  from  co n tro l su b 
je c ts . T he re sp ec tiv e  geom etric  m ean s w ere 1 : 8 8  and  1 : 99.

Table II

Interferon-producing capacity o f  leucocytes from  patien ts  
with polyglobulia other than polycythaemia ver a. 

and o f  norm al leucocytes

In terferon  titre
In itia ls 

o f pa tien t Character of polyglobulia
(reciprocals)

p atien t control

B. J . E ndocrine  (C ushing) 16 32

Cs. Z. E ndocrine  (hyperth y reo sis) 64 96

A. S. H ypoxic 32 32

256 128
II. F . H ypoxic

128 256

64 96
Sz. J . H ypoxic

64 64

.1. A. H ypoxic 512 512

Sz. M. P rim ary  ben ign  e ry th ro cy to s is 96 96

K . J . P rim ary  ben ign  e ry th ro cy to s is 128 96

D iscussion

T he cause  o f th e  reduced  in te rfe ro n  p ro duc tion  b y  leu co cy tes  from  p a 
tie n ts  w ith  Р У  is unknow n. I t  m a y  be m en tioned  th a t  PV  is u su a lly  c h a ra c 
te riz e d  b y  p a n m y e lo p a th y ; th e  b o n e  m arrow  is h y p erp lasie  an d  h y p erce llu la r, 
show ing en h an ced  e ry th ro -, m yelo- a n d  throm bopoiesis (m eg ak ary o cy to s is) w ith  
th e  p red o m in an ce  of e ry th ro p o iesis  [5 8 ]. D a m esh ek  [9] classified  th e  d isease
in to  th e  g ro u p  of m y e lo p ro life ra tiv e  diseases. T hus, d u rin g  th e  illness b o th  
e ry th ro p o ies is  an d  leucopoiesis as w ell as th e  p e rip h era l co u n ts  a re  a lte re d ; 
in ad d itio n  to  e ry th ro cy to s is , leuco cy to sis  and  a sligh t sh if t to  th e  le ft [1 0 , 1 1 ] 
and  a fu n c tio n a l w eakness of th e  ly m p h a tic  tissues can  be  observed  [ 1 1 ]. 
T h e  p a th o lo g ica l leucopoiesis m ig h t be re la ted  to  th e  red u ced  in te rfe ro n - 
p ro d u c in g  c a p a c ity  observed  b y  us. T h is is su p p o rted  b y  th e  p re se n t o b se rv a 
tio n  th a t  in  p a tie n ts  w ith  se c o n d a ry  polyglobulia , in w hose hone m arrow  
on ly  th e  e ry th ro p o iesis  w as a lte re d  and  th e re  was no p e rip h e ra l ly m p h o p en ia  
[ 1 1 ], th e  in te rfe ro n -p ro d u c in g  c a p a c ity  of th e  leucocy tes w as n o rm al.

L ike in  th e  case of РУ , th e  in te rfe ro n -p ro d u c in g  c a p a c ity  o f leucocy tes 
in ch ron ic  ly m pho id  leu k aem ia  is red u ced  [4, 12, 13, 14], w hereas in ch ron ic
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m y e lo id  leukaem ia  i t  is som etim es in c reased  [4, 13]. T h e  im p o rtan ce  o f th e se  
o b se rv a tio n s  is u n k n o w n . W e suppose  th a t ,  if  an y  v iru s  p lay s a role in  th e  
ae tio lo g y  of th e  m y e lo p ro life ra tiv e  d iseases or an y  k in d  o f  leucosis, th e  a b n o r
m a l in te rfe ro n -p ro d u c in g  cap ac ity  m ig h t in fluence  th e  p a th o m ech an ism  o f 
th e  disease.

Acknowledgement. T h e  a u th o rs  g ra te fu lly  acknow ledge th e  tech n ica l assistance  of 
M r .  J .  M ÁRTON .
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OF INFANTILE GASTROENTERITIS

I I .  E X P E R IM E N T S  IN  IN F A N T S
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and C ounty Children'1 s H o sp ita l (Director: J .  B a r l a - S z a b Ó ), Pécs

(R eceived  J u n e  29, 1970)

Sum m ary, (i) E scherichia coli B o iv in  an tig en s p roducing  effec tive  im m u n ity  in  m ice 
w ere te s ted  by  oral a d m in is tra tio n  for re a c t iv i ty  and  im m u n o g en ic ity  in  62 m o stly  d y s tro p h ic  
in fa n ts  1 to  8 m o n th s o f  age. The in fan ts  rece iv ed  0111 : K 58(B 4), 0 5 5  : K 59(B 5) a n d  0 8 6  : 
K 61(B 7) e x tra c ts  in ta b le ts  con ta in ing  0.5 m g am o u n ts  o f a n tig en  each.

(ii) A ntigen  doses increased  g ra d u a lly  up  to 12 mg (8 ta b le ts )  p e r kg b o d y  w e ig h t 
e x e r ted  no h a rm fu l e ffect. H igher doses w ere  n o t given.

(iii) A n tig en ic ity  o f th e  vaccine w as s tu d ied  by  passive  im m u n iza tio n  of 10 -day-o ld  
ch ick  em bryos w ith  th e  in fa n ts ’ serum , a n d  by  passive im m u n iza tio n  of m ice w ith  co p ro 
an tibod ies .

(iv) S u b o p tim u m  doses (2 — 3 x 3  ta b le ts )  increased  th e  level o f  serum  an tib o d ies  a b o u t 
five  tim es. T he effect w as sign ifican tly  in c reased  b y  w eekly re v ac c in a tio n  w ith  one ta b le t.  
T he im m u n e  response w as p o lyvalen t. L a rg e r  doses (2— 3 x 8  or 8 x 3  tab le ts )  p ro d u ced  sig
n if ic an tly  h igher (18- to  55-fold) t itre s  as c o m p a red  to those  in  th e  ab ove  group  of in fan ts , b u t  
w eekly  rev acc in a tio n  fa iled  to  raise th e  a n tib o d y  level s ig n ifican tly . D e te rm in a tio n  of th e  
o p tim u m  in te rv a l b e tw een  v acc in a tio n s re q u ire s  fu r th e r  stud ies.

(v) T he oral an tig e n  induced co p ro -a n tib o d y  p ro d u c tio n  ch ara c te riz ed  b y  p a ra m e te rs  
s im ilar to  those of se ru m  an tibodies .

(v i) As show n b y  th e  d ev elopm en t o f  serum  and co p ro -a n tib o d y  titre s , re v ac c in a tio n  
a f te r  p rim ing  is e ssen tia l to  m ain ta in  an  e ffec tiv e  im m u n ity .

(vii) The ro le o f se ru m  and  c o p ro -an tib o d ie s  in im m u n ity  is d iscussed . T he fav o u ra b le  
im m u n e  response, especia lly  th e  d ev e lo p m en t o f co p ro -an tib o d ies, suggests th e  need  fo r a 
large  scale epidem iological su rvey  of th e  v a c c in e ’s p ro p h y lac tic  effect.

In  a prev ious p a p e r  [1] we re p o r te d  on m ouse ex p e rim en ts  in d ic a tin g  
th a t  rep ea ted  oral doses of B oivin a n tig e n  p ro te c t th e  an im als ag a in s t c h a l
lenge w ith  th e  co rrespond ing  o rg an ism  in jec ted  in tra p e r ito n e a lly  w ith  m u cin . 
T h ere  w as a co rre la tio n  betw een  th e  degree of p ro te c tiv i ty  an d  im m u n iz in g  
dose. T he m ode of im m u n iza tio n  also  in fluenced  th e  re su lts  in th a t  im m u n ity  
was b e tte r  a f te r  d a ily  v acc in a tio n  th a n  if  th e  vaccine w as g iven a t  in te rv a ls . 
Im m u n ity  ceased one m o n th  a fte r  d isc o n tin u a tio n  of th e  v accine , b u t  i t  cou ld  
he m a in ta in ed  an d  even  increased  b y  sm all an tig en  doses g iven  a t  5 d a y  
in te rv a ls . D ev e lo p m en t o f p ro te c tiv e  co p ro -an tib o d ies  w as p ro m o ted  b y  sm all 
an tig e n  doses.

T hese fav o u rab le  resu lts  h a v e  s tim u la te d  us to  perfo rm  la b o ra to ry  
in v estig a tio n s w ith  th e  fu r th e r  a im  o f e lab o ra tin g  th e  o ra l v acc in a tio n  o f
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in fa n ts . C oncerning th is  p rob lem , few d a ta  are  ava ilab le . M o c h m a n n  et al. [2] 
a n d  O c k l i t z  et al. [3] im m unized  300 n ew -b o rn  an d  27 p re m a tu re  in fan ts  
o ra lly  w ith  sod ium  d e o x y c h o la te -ex tra c te d  0111  : K 58(B 4) an tig en . T he 
h a e m a g g lu tin in  t i t r e  se ldom  rose above 1 : 20. K ö d i t z  et al. [4] fed 30 in fan ts  
w ith  s tre p to m y c in -d e p e n d e n t living o rgan ism s w hich h ad  been  show n to  induce  
im m u n ity  in m ice; th e y  d id  n o t rep o rt on th e  d ev e lo p m en t o f an  im m une reac 
t io n . As our an tig en  d iffe red  considerab ly  from  th e  vaccines used  b y  th e  above 
a u th o r s ,  th e  e x p e rim e n ts  w ere to  be p e rfo rm ed  on an  e n tire ly  new basis.

In  th is  p a p e r we p re se n t o b serv a tio n s on 62 in fan ts  aged  1 to  2 m on ths 
as to  re a c tiv ity  an d  im m u n e  response to  B o iv in  an tigens fo u n d  effective in 
m o u se  experim en ts.

M aterials and  m ethods

Strains. B io chem ically  an d  an tigen ically  ty p ic a l E . coli 01 1 1  : K 58(B 4) 1872/68, 
0 5 5  : K 59(B 5) 1926/68 a n d  0 8 6  : K61(B7) T b/68  s tra in s  w ere used . T hese  organism s were 
iso la te d  in  our ro u tin e  la b o ra to ry  from  severe cases o f  in fan tile  d ia rrh o ea .

C ultivation, p rep ara tion  o f  antigens and determ ination  o f  im m unogenicity  w ere described in 
a p rev io u s  p ap er [1]. D ifferences in  the  m ethods due  to  th e  n a tu re  of th e  p re se n t ex p erim en ts 
w e re  as follows.

Preparation o f  tablets fo r  oral im m uniza tion  o f  in fa n ts . In  o rd e r to  sim plify  vacc in a tio n , 
th e  an tig en s were co m p ressed  in to  ta b le t  form . A n tig en s  p re p are d  from  s tra in s  0111  : K 58(B 4), 
0 5 5  : K 59(B 5) and  0 8 6  : K 6 1(B 7) rep resen tin g  th e  m o st f re q u e n t E . coli serogroups in  H u n 
g a ry ,  w ere used in a m o u n ts  to  give h aem ag g lu tin a tio n  in h ib itio n  id en tica l w ith  th e  s tan d ard . 
O n e  ta b le t  co n ta ined  0.5 m g o f  each  an tigen , th u s  th e  to ta l  a m o u n t o f an tig e n  was 1.5 mg per 
ta b le t .  T he tab le ts  d is in te g ra te d  in  w a ter easily .

F o r  checking th e  a n tig e n  c o n ten t, 2 ta b le ts  w ere su spended  in  1 m l sa line  (1 mg per ml 
fo r  eac h  antigen). A fte r c e n tr ifu g a tio n  th e  a n tig e n  c o n ce n tra tio n  in  th e  su p e rn a ta n t  was d e te r 
m in e d  paralle l w ith  th e  o rig in a l an tig en  p re p a ra tio n  b y  th e  use o f h aem ag g lu tin a tio n  in h ib ition . 
T h e  an tig en  was reco v e red  in  90— 95% . The loss w as p ro b ab ly  due to  a n  ad so rp tio n  of th e  
a n tig e n  to  the  deposit. S te r il i ty  tes tin g  on blood a g a r show ed th a t  one ta b le t  co n ta in ed  a t  
m o s t  one or tw o m icrococci.

Im m u n iza tio n  and  collection o f specim ens. S ev eral d iffe ren t im m u n iza tio n  schedules 
w e re  applied  as in d ic a te d  in  th e  te x t  and th e  T ab les . R ev acc in a tio n *  was a lw ays perform ed w ith  
one  ta b le t  (0.5 mg of each  a n tig en ). The tab le ts  w ere d isso lved  in te a  an d  g iven  before th e  m o rn 
in g  m eal. T heir a d m in is tra tio n  p resen ted  no d iff ic u lty . Im m u n iz a tio n  w as p e rfo rm ed  a t 5 d ay  
in te rv a ls , excep t in  one e x p e rim e n t, where v a cc in a tio n  w as carried  o u t  da ily . R evaccina tion  
w a s  carried  o u t a lw ays a t  7 d a y  in tervals .

F o r the  e x a m in a tio n  o f an tig en ic ity  blood sam ples and , for th e  d e te rm in a tio n  of copro 
a n tib o d ie s , faecal sp ec im en s w ere  ob ta in ed  before a n d  5 d ay s a f te r  im m u n iza tio n . The d u ra tio n  
o f  im m u n ity  was e s tim a te d  b y  exam in ing  specim ens co llected  severa l w eeks a f te r  th e  la s t  dose.

Passive mouse pro tection  test. Serum  d ilu tio n s  w ere in jec ted  in tra p e rito n e a lly  to  mice. 
C hallenge was im m e d ia te ly  pe rfo rm ed , likewise in tra p e rito n e a lly  w ith  5 to  50 L D 50 of b ac teria  
c u ltu re d  on agar s la n t a n d  s ta n d a rd ize d  by  th e  use  o f  th e  N IH -H u m a n  o p ac ity  s ta n d a rd . 
D e te rm in a tio n  of th e  L D 50 w as carried  o u t in co n tro l an im als in fec ted  in  th e  sam e m anner.

D etermination o f  copro-antibodies. T he faeca l specim ens were s to re d  in  th e  deep freezer 
u n t i l  use. An e s tim a te d  a m o u n t (10— 15 g) of th e  sp ec im en  was su sp en d ed  in  15 m l cool d istilled  
w a te r  an d  cen trifuged  a t  10 000 g. E x tra c ts  o r ig in a tin g  from  in fan ts  belonging  to  th e  sam e 
te s t  group  were u n ite d , p a ssed  th ro u g h  Seitz f i lte r  a n d  freeze-dried . T he d ry  m ate ria l w as 
r e h y d ra te d  in  6 m l sa line  a n d  used  for passive im m u n iza tio n  an d  h a em ag g lu tin a tio n .

* R ev accin a tio n  m ean s th a t  sm all a n tig en  doses were g iven a t  in te rv a ls  for m ain ta in in g  
th e  im m u n ity  in duced  b y  p rim ing .
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R esults

R eactiv ity  o f  the vaccine. F ew  d a ta  have  been av a ila b le  as to  o ra l im m u 
n iza tio n  o f in fa n ts  w ith  coli vacc in e . Mo ch m ann  et al. [2] an d  O cklitz et al. [3] 
ap p lied  a freeze-d ried  f i l tra te  o f  th e  deoxy ch o la te  e x tra c t  o f 1010 cells in  5 s u b 
seq u e n t doses; th e  vaccine show ed no  re a c tiv ity . K ö ditz  et al. [4] used  10ö Ю11
liv ing  cells o f a s tre p to m y c in -d e p e n d en t s tra in  and  o b se rv ed  m ild  d ia rrh o e a  
am ong  th e  in fa n ts  v acc in a ted  w ith  1011 organism s. N e ith e r  o f th ese  v acc in es  
can  be co m p ared  w ith  ou r a n tig e n  p re p a ra tio n . W e h a v e  h a d  experience  in  
ch ild ren  w ith  an  oral d y se n te ry  v acc in e  of sim ilar to x ic i ty  [5], b u t  n o t  in  
in fa n ts  an d , th e re fo re , we s tu d ie d  f i r s t  th e  effect of low g ra d e d  doses. A cau tio u s  
a d m in is tra tio n  was essen tia l, as th e  p a tie n ts  co n sis ted  o f u n d e rn o u rish ed  
d y s tro p h ic  in fa n ts  w ith o u t a p rev io u s  h is to ry  of e n te r ic  in fec tio n . T e m p e ra 
tu re , w e ig h t an d  th e  presence or ab sen ce  of d ia rrh o ea  w ere  considered . A to ta l  
o f 2 0  in fa n ts  aged 1  to  8  m o n th s  (m a in ly  u n d er 6  m o n th s) w ere s tu d ie d  fo r  th e  
a n tig e n ’s re a c tiv ity . T he resu lts  a re  show n in T ab le  I .

In  d iffe ren t w eight g roups o f  in fa n ts  th e  an tig e n  dose was cau tio u sly  
increased . D oses rang ing  from  0.5 to  2.4 m g p er kg (1 to  6  ta b le ts )  w ere ap p lied .

A fte r h av in g  been conv inced  o f  th e  in n o cu ity  o f even  th e  la rg es t dose 
s tu d ies  o f th e  vaccine’s im m u n o g en ic ity  w ere com m enced. T h e  resu lts  sugg ested  
th a t  th e  h ig h es t doses could sa fe ly  be  adm in is te red . T h is f in d in g  was con firm ed  
la te r  w hen  8  ta b le ts  ( 1 2  mg) w ere  g iven  in  one dose.

Im m unogen ic  effect. P r im in g  w as perfo rm ed  in  7 d y s tro p h ic  in fa n ts  
1 to  9 m o n th s  of age; 4 of th em  w ere  1 to  4 m on th s o f age a n d  w eighed  3500 g

Table I

R eactiv ity  o f  the vaccine

Age,
months

Weight,
g

Average
w eight,

g

No.
o f infants 
vaccinated

A ntigen

dose
R eactiv ity

No.
of tablets mg mg/kg

1 . 2 - 4 2700 -3400 3200 l l 1.5 0.5 Nil

3 2 3 0.9 Nil
1 .5 - 6 3500 -  4400 3800 l 1 1.5 1 0.4 Nil

5 2 3 0.8 Nil

2 6 9 2.4 Nil
2 - 8 4500 5400 5300 2 2 3 0.6 Nil

2 4 6 1.14 Nil
5 — 6 5 5 0 0 -5 8 0 0 5600 1 2 3 0.5 Nil

2 4 6 1.0 Nil

1 6 9 1.6 Nil
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o n  th e  average. T h is  g ro u p  received 2 x 3  ta b le ts ;  th e  in te rv a l  be tw een  th e  tw o 
doses was 5 days. T h e  rem ain in g  4- to  9 -m o n th -o ld  in fa n ts  w eighed  4800 g on 
th e  average and  w ere  fed  w ith  2 x 5  ta b le ts  (T able I I ) .

Table II

Protective value o f  sera o f  in fa n ts  im m unized  orally  

Chick em bryo te s t ;  challenging stra in , 0111  : K 58(B 4); in fec tive  dose, 75 L D 50

Protec tive value of sera (ml), E D 50 Rise in titre  as

In fan ts
Age.

months
W eight,

g No. of tab lets before after
compared to 

pre-immunization

im m unization
value
(R p )

l l 3600 0.05 0.009 5.5

2 3 3300 2 x 3 0.05 0.005 10.0

3 4 3700 0.05 0.0028 17.8

4 4.5 3600 0.05 0.016 3.1

5 4 4600 0.05 0.009 5.5

6 9 5400 2 x 5 0.05 0.0028 17.8

7 9 4400 0.05 0.005 10.0

T able I I  p re se n ts  th e  re su lt of passiv e  ch ick  em b ry o  p ro tec tio n  te s t  
a g a in s t 0111 : K 5 8 (B 4 ). P assive  m ouse p ro te c tio n  te s t  c a rr ie d  ou t w ith  the  
u s u a l techn ique [6 ] fa ile d  to  give re liab le  re su lts . I t  is seen  t h a t  tw o doses of 
e i th e r  3 or 5 ta b le ts  p ro d u ced  a seroconversion , th e  p ro te c tiv e  a n tib o d y  level 
a g a in s t the  ch a llen g in g  organism  in creased  3 to  17 tim es . In  im m unogenic 
e ffec t th ere  was no  d ifference  betw een  th e  tw o  k inds of dosage.

T able I I I  p re se n ts  p ro tec tiv e  va lu es  a g a in s t th ree  d iffe re n t E . coli s tra in s  
in  th e  sera of th e  sa m e  in fa n ts  pooled a t  eq u a l p ro p o rtio n s . Irre sp e c tiv e  of th e  
dose, th e  rise in p ro te c tiv e  t i t re  w as 10- to  31-fold a g a in s t a ll challenging  o r
gan ism s. I t  is th u s  e v id e n t th a t  th e  ta b le ts  ex e rted  a p o ly v a le n t im m unizing  
effec t.

S u b seq u en tly , th e  p ro tec tiv e  v a lu e  o f th e  serum  pool of 11 im m unized 
in fa n ts  aged 1 to  9 m o n th s  was ex am in ed  a g a in s t s tra in  0 1 1 1  : K 58(B 4). Six 
in fa n ts  received 2 x 3  ta b le ts , th e  rem a in in g  5 in fa n ts  2 x 5  ta b le ts . In  accor
d an ce  w ith  p rev io u s f in d in g s , th e  p ro te c tiv e  t i t r e  show ed an  1 1 -fold increase. 
T h e  im m une resp o n se  o f  an  ad u lt g iven 5 x 5  ta b le ts  w as s im ila r  in  degree to  
t h a t  observed in  th e  in fa n ts .

Effect o f  revaccination . Mouse ex p e rim en ts  [1] h av e  in d ic a te d  th a t  th e  
e ffec t of p rim ing  is n o t  on ly  m a in ta in ed  b u t  even increased  on th e  subsequen t 
a d m in is tra tio n  o f sm a ll an tig en  doses. ( In  v iew  o f th e  b o o s te r  effect of sm all 
doses, th e  te rm  re v a c c in a tio n  seem s m ore  co rrec t th a n  m a in te n a n c e  of im m u 
n ity .)  The e x p e rim e n ts  w ere  p erfo rm ed  in  tw o  g roups of 5 in fa n ts  each. One
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Table III

Protective value o f  serum pools o f  in fan ts

Chick embryo test; challenging strains, 0111 : K 58(B4), 0 5 5  : K 59(B5) and 0 8 6  : K 61(B 7), 
in fective dose, 0111 =  5, 0 5 5  =  7.5, 0 8 6  =  75 L D 50

No.
o f ta b le ts B lood  sam ples collected

Im m u n ity  a g a in s t  s tra in s

0 1 1 1  : K 58(B 4) 0 5 5  : K 59(B 5) 0 8 6  : K 6 1 (B 7 )

E D „ /m l H P E D „ /m l H P E D „ /m l R P

2 x 3 Before im m unization 0.05 l 0.05 l 0.05 1

5 days after immunization 0.0016 31 0.005 10 0.0016 31

2 x 5 Before im m unization 0.05 l 0.05 1 0.05 1

5 days after immunization 0.005 10 0.005 10 0.0028 17

group  received  2 x 3  ta b le ts , th e  o th e r  3 x 3  ta b le ts  a t  5 d ay  in te rv a ls . E a c h  
m em ber of th e  f i r s t  g roup  was re v a c c in a te d  a f te r  p rim in g  w ith  1 ta b le t  a t  
w eekly  in te rv a ls . T h e  o th e r group received  no rev acc in a tio n . The tim e  o f o b se r
v a tio n  la s ted  70 d ay s in  th e  re v a c c in a te d  an d  60 day s in  th e  co n tro l g ro u p . 
T he resu lts  o f p ass iv e  chick em bryo  p ro te c tio n  te s t  ag a in s t 0111 : K 58(B 4) 
arc su m m arized  in  T ab le  IV.

Table IV

Protective value o f  serum pools o f  in fa n ts after revaccination

Chick embryo test; challenging strains, O l l l  : K58(B4), 
0 5 5  : K59(B5) and 0 8 6  : K 61(B7); infective dose 50 LD,„

N o.
Blood sam ples co llected

R e la tiv e  v a lu e of im m u n ity  (R P ) a g a in s t  s tr a in
G roup o f  ta b le ts

O l l l  : K 58(B 4) 0 5 5  : K59(B5) 0 8 6  : K 5 1 (B 7 )

Revaccinated 2 x 3 Before priming l l l
5 days after priming 
5 days after the 9th

5 6 6

revaccination* (70 days 
after priming) 20 100 60

N ot 3 x 3 Before priming 1 l 1
revaccinated 5 days after priming 10 6 10

60 days after priming l l l

* Revaccination: 1 tablet weekly.

A fte r  p rim in g  th e  rise in p ro te c tiv e  an tib o d ies  w as sim ilar in b o th  g ro u p s . 
A fte r 9 rev a c c in a tio n s  (70 days a f te r  [»riming) th e  p ro te c tiv e  a n tib o d y  levels 
h igh ly  in creased  in  th e  firs t g roup : th e  d ifference as com pared  to  v a lu es  a f te r  
p rim ing  w as s ig n if ican t (ab o u t 10-fold fo r all te s t  s tra in s , P  <[ 0.01). A f te r  a
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s im ila r  period  (60 d ay s) an tibod ies in  th e  n o t  rev acc in a ted  g roup  decreased  
to  th e  v alue  o b se rv ed  before  prim ing . T h is  f in d in g , in  view  o f h u m o ra l fa c to rs , 
in d ic a te s  th e  ceasin g  o f im m unity .

Correlation between dose and im m u n ity  and duration o f  im m u n ity . T he  
q u e s tio n  arose w h e th e r  th e  obvious e ffec tiv en ess  of rev acc in a tio n  is o r is n o t 
a t t r ib u ta b le  to  an  in su ffic ien t p rim ing . T h e  answ er is p re se n te d  in  T ab le  Y, 
w h ic h  shows d a ta  fo r  3 groups of 5 in fa n ts  each. The f ir s t  g roup  received  
2 x 3  ta b le ts  a t  5 d a y  in te rv a ls . T he seco n d  g roup  was g iven  3 x 8  ta b le ts  a t  
5 d a y  in te rv a ls  ( th e se  in fan ts  w ere e x a m in e d  fo r p ro tec tiv e  an tib o d ie s  a fte r  
th e  second  dose). T h e  th ird  group w as im m u n ized  on 8  co n secu tiv e  day s w ith  
d a ily  doses of 3 ta b le ts ,  th u s  th e  second  a n d  th ird  groups rece ived  th e  sam e 
to ta l  dose of 12 m g. T h e  sera  were ex am in ed  w ith  th e  chick em b ry o  te s t  a g a in s t 
0 1 1 1  : K 58(B 4).

In fa n ts  rece iv in g  2 doses of 3 ta b le ts  show ed  a 5-fold rise  in  p ro te c tiv e  
a n tib o d ie s , s im ila rly  to  tho se  im m unized  e a r lie r  w ith  the  sam e dose (T ab le  IV ). 
A f te r  8  re v a c c in a tio n s  th is  level in c rea sed  10-fold. The d ifference be tw een  th e  
tw o  re su lts  is s ig n if ic a n t (0 . 0 2  >  P  >  0 .0 1 ).

In fa n ts  g iven  8  ta b le ts  tw ice a t a 5 d a y  in te rv a l show ed an  in c reased  
a n t ib o d y  response. U n d e r  th e  effect o f  2 x 8  ta b le ts  th e  p ro te c tiv e  t i t r e  rose
18-fo ld . T he a n tib o d y  level developing a f te r  th e  th ird  dose w as 3 tim es h ig h er 
th a n  th a t  observed  a f te r  th e  firs t tw o doses (1 : 55). B oth  va lu es  d iffered  sign if
ic a n t ly  from  th e  e ffec t of 2 X  3 ta b le ts  (P  ~  0.05), b u t  th e  d ifference  in im m une  
re sp o n se  betw een  th e  second and  th ird  doses o f 8  ta b le ts  w as n o t s ig n ifican t 
(1 : 18 vs. 1 : 55; 0.5  <  P  )> 0.3). N e ith e r  w as sign ifican t (0.20 P  > 0 .1 0 )  
th e  2 -fo ld  rise (1 : 100) a f te r  5 re v a c c in a tio n s . T he effect o f d a ily  doses of 3 
ta b le ts  given on co n secu tiv e  days was less fav o u rab le  th a n  th a t  o f im m u n i
z a tio n  w ith  th e  sam e  dose a t 5 day  in te rv a ls  (1 : 31 vs. 1 : 55). Tw o re v a c c i
n a tio n s  d id  n o t in c rea se  th e  values s ig n if ic a n tly  (0.5 >  P  >  0.3). S im ila rly , 
th e r e  w as no s ig n if ic a n t difference b e tw een  th is  re su lt an d  th a t  fo u n d  in  th e  
fo rm e r  group ( 3 x 8  ta b le ts )  rev acc in a ted  5 tim es  (0.80 >  P  >  0.70).

In  a su b se q u e n t ex p erim en t, in  th e  g ro u p  im m unized  w ith  3 x 8  ta b le ts  
a n d  rev a c c in a te d  5 tim es  th e  p ro te c tiv e  t i t r e  w as exam ined  30 an d  51 days 
a f te r  th e  la s t re v a c c in a tio n  dose. T he d ec rea se  h ad  becam e sig n if ican t in  30 
d a y s  a n d  a fte r 51 d a y s  th e  t i tre  decreased  n e a r ly  to  th e  values o b ta in e d  before  
im m u n iza tio n .

In  a fu r th e r  g ro u p  it  w as show n th a t  th e  j)ro tec tiv e  t i t re  develop ing  u n d e r 
th e  e ffec t of 2 X  8  ta b le ts  given a t  5 d a y  in te rv a ls  decreased co n sid e rab ly  a fte r  
24 d ay s .

A ccord ing ly , p rim in g  w ith  a to ta l  dose o f  16 to  24 ta b le ts  fed  a t  5 d ay  
in te rv a ls  or d is tr ib u te d  in  daily  doses re su lte d  in  an im m u n ity  w hich  was n o t 
f u r th e r  increased  b y  rev acc in a tio n s; w ith o u t rev acc in atio n , how ever, th e  p ro 
te c t iv e  t i t re  d ecreased  rap id ly .
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Table V

Im m unogenic effect o f  d ifferen t im m unization  schedules 

Chick embryo test; challenging strain, 011 1  : K58(B4); infective dose 75 L D 50

G ro u p s im m uuized
No.

Blood sa m p le s  collected
P ro te c tiv e  v a lu e  o f  se ra

E D ,„ /m l (R P )

5 day intervals, 2 x 3 Before priming 0.05 1
on 2 occasions 5 days after prim ing 

5 days after the 8th revaccination
0.01 5

(70 days after priming) 0.009 55

5 day intervals, 2 - 3 x 8 Before priming 0.05 1
on 2 and 3 5 days after the 2nd priming dose 0.0028 18
occasions 5 days after the 3rd priming dose 

5 days after the 5th revaccination
0.0009 55

(40 days after priming) 0.0005 100

On 8 consecutive 8 x 3 Before priming 0.05 1
days 5 days after the 8th priming dose 

5 days after the 2nd revaccination
0.0016 31

(14 days after priming) 0.0009 55

Passive haem agglutination. H a e m ag g lu tin in s  in co n g ru en t w ith  th e  p ro 
te c tiv e  a n tib o d y  levels w ere d e te c te d  in  low ti tre s . T hus, in  o u r op in ion , 
h aem ag g lu tin in s  are  u n re liab le  and  p o o r in d ica to rs  o f im m u n ity .

Copro-antibodies. O u r m ouse e x p e rim e n ts  d e m o n s tra te d  th a t  o ra l v acc i
n a tio n  w ith  coli an tig en s gave rise to  co p ro -an tib o d ies  [1]. I t  w as, acco rd ing ly , 
ad v isab le  to  exam ine th e  in fan ts  fo r  th e  presence o f th e se  fac to rs . T h e  chick 
em b ry o  te s t  could n o t be used, as even  0 . 0 1  o r 0 . 0 0 1  m l am o u n ts  o f faecal 
e x tra c ts  killed th e  em bryos. T he m o d ified  passive  m ouse p ro te c tio n  te s t  as 
described  u n d er “ M ateria ls  and m e th o d s”  w as su ita b le  to  s tu d y  th e  p ro b lem .

T ab le  V I com pares m ouse p ro te c tiv e  serum  ti tre s  w ith  co p ro -an tib o d ies  
in g roups of in fan ts  show n in T ab le  IV . B lood an d  faecal specim ens w ere 
ta k e n  a t  th e  sam e tim e . I t  is c lear t h a t  th e  p ro te c tiv e  v alue  of se ru m  a n t i 
bodies was considerab ly  low er in deg ree  w ith  th e  m ouse te s t  as c o m p ared  to  
th e  chick em bryo te s t .  N everthe less, th e  rise in  p ro te c tiv e  t i t r e  w as clearly  
d e m o n s tra te d  also in m ice especially  a f te r  rev acc in a tio n s .

T he appearance  a f te r  p rim ing  o f  p ro te c tiv e  an tib o d ies  in faecal e x tra c ts  
is ev id en t. The t i t r e  rose fu r th e r  a f te r  9 rev acc in a tio n s  and  a p p ro ach ed  th e  
level o f th e  p ro tec tiv e  se rum  an tib o d ie s  d e m o n s tra te d  w ith  ch ick  em b ry o  te s t 
(T ab le  IV). As th e  aim  o f these  e x p e rim e n ts  w as to  o b ta in  q u a lita tiv e  d a ta , 
th e  a m o u n t of faecal e x tra c ts  was n o t  s ta n d a rd iz e d . Y e t, i t  m ay  be suggested  
th a t  th e  rise in t i t r e  w as due to  an  in ten s iv e  p ro d u c tio n  of co p ro -an tib o d ies  
w hich  m ay he considered  as th e  h u m o ra l p rinc ip le  of p ro te c tio n  a g a in s t in fan -
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Table VI

Protective value o f  serum and  copro-antibodies

P assive  mouse protection test; challenging strain, 0 1 1 1  : K58(B4); infective dose, 25 L D 5l

S am p les
N o.

Sam ples co llec ted
P ro te c t iv e  v a lu e

o f ta b le ts
E D „ /m l R P

Serum  pool 2 x 3 Before priming 0.1 i
5 days after priming 
5 days after the 9th revaccination

0.05 2

(70 days after priming) 0.017 5

F aecal extract 2 x 3 Before priming 0.1 1
pool 5 days after priming 

5 days after the 9th revaccination
0.031 3

(60 days after priming) 0.005 20

ti le  E . coli in fec tions. C opro-an tibod ies, a cco rd in g ly , are fo rm ed  in  in fan ts  
co rresp o n d in g  to  th e  ru le s  o f  th e  d ev e lo p m en t o f a r tif ic ia l im m u n ity .

Tw o o b serv a tio n s sh o u ld  be considered  fo r a co rrec t e v a lu a tio n  o f copro- 
a n tib o d ie s  as th e  p rin c ip le  o f  im m unity . O n th e  one h an d , th e  h igh  p ro te c tiv e  
leve ls  in  in fan ts  r e v a c c in a te d  9 tim es dec reased  in  50 days a f te r  th e  la s t dose 
to  v a lu es  found befo re  v a c c in a tio n ; on th e  o th e r , co p ro -an tib o d y  ti t re s  in  th e  
g ro u p  tre a te d  w ith  2 x 8  ta b le ts  a t 5 day  in te rv a ls  decreased  to  p re -im m u n iza 
t io n  v a lu es  24 days a f te r  th e  second dose o f vacc in e . A ccord ingly , rev acc in a tio n  
is e ssen tia l for th e  m a in te n a n c e  of high level cop ro -an tib o d ies .

Discussion

T h e fac t th a t  th e  inc idence  of in fan tile  E . coli g a s tro e n te r itis  has re 
m a in e d  a t  th e  sam e lev e l y e a r  by  y ea r is a t t r ib u ta b le  m ain ly  to  th e  m u ltip le  
re s is ta n c e  of th e  c a u sa tiv e  a g e n t [7, 8 ]. In  re c e n t y ea rs  m ore th a n  h a lf  of ab o u t 
2000 in fa n ts  invo lved  h a v e  becom e in fec ted  in  com m u n ities ; from  1962 onw ard  
th e  n u m b e r of fa ta l cases v a r ie d  betw een  16 a n d  40 [9]. In  v iew  o f th e  p rim a ry  
ro le  o f  in fan t co m m u n itie s  in  the  sp read  o f in fec tio n , v acc in a tio n  seem s to  be 
th e  v e ry  m eans to  so lve th e  problem .

T h ere  are no su ff ic ie n t d a ta  in  th e  l i te r a tu r e  concern ing  th e  im m u n ity  
fo llow ing  E . coli e n te r itis . H a e m ag g lu tin a tio n  m a y  be reg a rd ed  as th e  sim p lest 
m e th o d : in accordance w ith  th e  findings of M e r e t e y  an d  B a c k h a u s z  [11] an d  of 
se v e ra l o th e r au th o rs , w e cou ld  regu larly  d e m o n s tra te  h aem ag g lu tin in s  in  th e  
se ru m  o f in fan ts  an d  a d u lts  [10]. H ow ever, K ö d l i t z  et al. [12] re p o rte d  v a riab le  
h a e m a g g lu tin in  t i tre s  in  in fa n ts  recovered fro m  E . coli e n te ritis  an d  R a l o v i c h  

et al. [13] described s im ila r  findings. As a lre a d y  m en tio n ed , th e re  w as no
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co rre la tio n  betw een  h aem ag g lu tin in  an d  p ro te c tiv e  a n tib o d y  ti tre s . E v a l
u a tio n  o f th e  lia em ag g lu tin a tio n  te s t  in th is  re sp ec t is d ifficu lt s ince, in  
a d d itio n  to  th e  genera l opinion th a t  th e re  is no  s tr ic t  co rre la tio n  be tw een  c ir 
cu la tin g  an tib o d ies  and  im m u n ity  [12, 14], th e  fa c t th a t  o lder age g ro u p s 
show  a decreasing  su scep tib ility  o f  no n -im m u n e  c h a ra c te r  to  E . coli in fec tio n  
[15] shou ld  be considered . This p a r t ic u la r  ep idem iological-clin ical re la tio n  p re 
sen ts  special cond itions fo r ac tiv e  im m u n iza tio n ; th e  in fa n ts  shou ld  be  v a c 
c in a ted  as ea rly  as possible and  a h igh  degree of im m u n ity  shou ld  be reach ed . 
On th e  o th e r  h a n d , th e  im m u n ity  n eed  n o t la s t longer th a n  6  or 12 m o n th s .

O ur s tu d ie s  w ere p erfo rm ed  a f te r  fav o u rab le  ex p e rim en ts  in  m ice im m u 
n ized  w ith  B oiv in  an tigen  [1]. S tu d ies  on v acc in a tio n  a g a in s t d y se n te ry  rev ea led  
th a t ,  acco rd ing  to  th e  m ouse te s t ,  B o iv in  e x tra c ts  w ere 3 to  4 tim es  m ore  
effective th a n  th e  co rpuscu la r vacc in e  [6 ]. T ab le ts  of Shigella  B oivin  a n tig e n s  
induced  m ark ed  seroconversion in a d u lts  an d  ch ild ren  an d  im m u n ity  cou ld  be 
m a in ta in e d  as long as desired  b y  o ra l ad m in is tra tio n  o f sm all doses [16].

S evera l d a ta  are availab le  fo r th e  a re a c tiv ity  of B oiv in  an tig en s  g iven  
o ra lly . Salm onella  and  Shigella  a n tig en s  are  ingested  w ith o u t sy m p to m s b y  
m ice a t  50, b y  ad u lts  a t 100 m g a m o u n ts  [16, 17]. In  im m u n iza tio n  a g a in s t 
d y se n te ry  no reac tio n  was observed  a f te r  feeding 8  m g B oiv in  a n tig e n  [5]. 
T here  are  no d a ta  regard ing  th e  to x ic i ty  of E . coli B oiv in  an tig en s in  in fa n ts . 
As to  o th e r  an tig en s , Ockxitz et al. [2, 3] used  d e o x y c h o la te - tre a te d  d ried  
an tig en s rep re sen tin g  1 0 1 0  cells fo r th e  im m u n iza tio n  of new -born  in fa n ts . 
K ö ditz  et al. [4] show ed th a t  th e  h ig h e s t lim it of to le ra b ility  o f a liv ing  s t r e p to 
m y c in -d ep en d en t s tra in  was 10u  cells. O u r an tig en  essen tia lly  differs from  th e se  
p re p a ra tio n s  an d , accord ingly , b efo re  s ta r tin g  th e  ex p erim en ts  we h a d  to  
check its  a re a c tiv ity .

O u r vacc ine  con ta ined  an tig en s  fo r th e  th re e  m o st fre q u e n tly  o ccu rrin g  
E . coli sero g ro u p s: 0111 : K 58(B 4), 0 5 5  : K 56(B 5) an d  0 8 6  : К 6 Ц В 7 ). F o r 
fa c ilita tin g  a d m in is tra tio n , th e  a n tig en s  w ere com pressed  in  ta b le ts . O ne ta b le t  
co n ta in ed  0.5 m g o f each of th e  th re e  an tig en s, th u s , s im ila rly  to  o u r o ra l 
d y se n te ry  vacc in e  [16], th e  to ta l  a n tig e n  c o n te n t w as 1.5 m g. T he r e a c t iv i ty  
o f th e  vaccine  w as s tu d ied  a fte r  ch eck in g  th e  an tig en  c o n te n t b y  h aem ag g lu ti-  
n a tio n  in h ib itin g  te s t and  a fte r  co n d u c tin g  th e  s te r ility  te s t .  T h e  an tig en  t a b 
lets w ere g iven to  20 m ain ly  d y s tro p h ic  in fan ts  1 to  6  m o n th s  of age. T h e  dose 
was g rad u a lly  increased  from  1.5 to  9 m g (0.5 2.4 m g p e r  kg). A fte r  o b ta in in g
ev idence o f th e  com plete  absence o f  to x ic ity , th e  v acc ine  w as g iven also  in  
single 12 m g doses w ith o u t any  u n to w a rd  effect. R ecen t ex p erim en ts  h a v e  
in d ica ted  th a t  th e  above doses w ere n o t  h arm fu l fo r p re m a tu re  in fa n ts , t h a t  
is, th e  an tig en  is su ffic ien tly  safe u n d e r  d iffe ren t co n d itio n s fo r re so rp tio n . 
A re a c tiv ity  of th e  vaccine was a c o n s ta n t p ro p e rty , since th e  L D S0 in  m ice 
w eighing 15 18 g show ed a n a rro w  ran g e  o f d ifference (100 gg  on th e  a v e r 
age) [18].

Acta Microbiologica Academiae Scientiarurn Hungaricae 17, 1970



342 K. RAUSS e t al.

The im m u n o g en ic  effect of th e  v acc in e  w as to  be s tu d ie d  b y  d e tec tin g  
conversion  in  th e  p ro te c t iv i ty  of p a ired  se ra  an d  b y  d e m o n s tra tin g  th e  presence 
o f  p ro tec tiv e  co p ro -an tib o d ie s . F irs t, an  a t te m p t  was m ade to  use passive 
m ouse  p ro tec tio n  t e s t  w h ich  had  been  p ro v e d  su itab le  fo r s im ila r s tud ies on 
im m u n ity  to  ty p h o id  [19] and d y se n te ry  [6 , 16]. T he effect o f E . coli vaccines 
cou ld  n o t p ro p e rly  b e  e v a lu a te d  by  th is  m e th o d . L a te r , a s lig h t m o d ifica tion  
o f  th e  m ouse te s t  (see M ateria ls  and  m eth o d s) w as successfu lly  used  especially  
in  th e  d e te rm in a tio n  o f  co p ro -an tibod ies. T h e  in tra v e n o u s  ch ick  em bryo  
m e th o d  applied  a lre a d y  fo r endotoxin  assay  [2 0 ] w as, acco rd ing ly , su b s ti tu te d  
fo r  th e  m ouse te s t .

The chick e m b ry o  te s t  in d ica ted  t h a t  2 x 3  or 3 x 3  ta b le ts  given to  7 
d y s tro p h ic  in fa n ts  ag ed  1 to  7 m o n th s in c re a se d  th e  p ro te c tiv e  va lu e  10 to  
31 tim es aga in st all s t r a in s  in co rp o ra ted  in  th e  vaccine . T h is fin d in g  has p roved  
th e  po ly v a len t e ffec t o f  th e  vaccine. I t  sh o u ld  be n o ted  th a t  th e  p ro tec tiv e  
t i t r e  o f in fa n ts ’ se ra  w as sim ilar in  deg ree  to  t i t re s  of a d u lts  im m unized  w ith  
5 x 5  tab le ts . I t  m a y  th u s  be concluded  th a t  th e  im m u n e  response  of in fa n ts  
is n o t  in ferior to  t h a t  o f  ad u lts . I t  seem s also  t h a t  as in d ic a te d  b y  th e  d if
fe rence  betw een  a n t ib o d y  levels d e te c ta b le  b y  th e  m ouse te s t  an d  b y  th e  sen 
s itiv e  chick em b ry o  t e s t  im m u n ity  d ev e lo p in g  a fte r  E . coli v acc in a tio n  is 
superfic ia l, s im ila rly  to  th e  im m u n ity  in d u c e d  ag a in st d y se n te ry  [2 1 ], an d  
d iffers  only q u a n t i ta t iv e ly  from  th e  im m u n ity  to  en te ric  in fec tions. A ccord
in g ly , th e  slig h te r d eg ree  of im m u n ity  is n o t  assoc ia ted  w ith  th e  age of th e  
im m unized  in d iv id u a ls . T h is assu m p tio n  h as  been  con firm ed  b y  E r d ő s  [22] 
w ho show ed w ith  o th e r  an tigens th a t  th e  im m u n e  response  is n o t less d efin ite  
in  in fan ts  th a n  in  a d u lts .

As to  th e  d u ra t io n  o f im m u n ity  a n d  th e  effect o f w eek ly  ad m in is te red  
sm all an tigen  doses, 60 to  70 days a f te r  im m u n iza tio n  w ith  2 3 x 3  ta b le ts
th e  p ro tec tiv e  v a lu e  o f  se ra  decreased to  p re -im m u n iza tio n  levels. W hen p ro 
longed  rev acc in a tio n  w as carried  o u t d u rin g  th e  sam e p e rio d  w ith  1 ta b le t  
w eekly  the  p ro te c tiv e  t i t r e  increased s ig n if ican tly . This agrees well w ith  th e  
in crease  in  th e  se ru m  an tib o d ies  of re v a c c in a te d  m ice [1 ] or o f in fa n ts  rev acc i
n a te d  orally  a g a in s t d y se n te ry  [16].

F o r s tu d y in g  th e  effect of h igh doses, th e  in fa n ts  w ere g iven  8  ta b le ts  2 
o r  3 tim es a t 5 d a y  in te rv a ls  or doses o f  3 ta b le ts  da ily  fo r 8  days, th e n  b o th  
g ro u p s were re v a c c in a te d  2 to  5 tim es. T h e  a b o v e  a m o u n t o f an tig en  (24 ta b le ts  
in  3 doses w ith  in te rv a ls  or in 8  co n secu tiv e  days) gave s ta tis t ic a lly  ho m o 
geneous response a n d  rev acc in a tio n s re su lte d  in  no fu r th e r  rise in  t i t re . In  con
t r a s t ,  th e  p rim in g  e ffec t of 2 X  3 5 ta b le ts  w as s ig n ifican tly  less defin ite ,
a lth o u g h  im m u n ity  fcould be increased b y  re v a c c in a tio n  to  a level o b ta ined  b y  
h ig h  prim ing  doses. T h is  find ing  is in  a g re e m e n t w ith  R a e t t i g ’s observ a tio n  
show ing  th a t  th e  do se  o f  an tigen  an d  th e  p ro te c tiv e  effect are s tr ic tly  co rre 
la te d  [23]. A lth o u g h  in  th e  absence o f a su ffic ien t p rim in g  th e  pro longed  a d 
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m in is tra tio n  of sm all an tig en  doses m ay  also p roduce  a s a tis fa c to ry  an tib o d y  
level, rap id  im m u n iza tio n  shou ld  b e  th e  guiding p rinc ip le . M axim um  im m u n e  
response  w as observed  on th e  10 th  d a y  a fte r  th e  a d m in is tra tio n  o f 2 X  8  ta b le ts  
(4 m g  fo r each an tigen ). M ouse ex p e rim en ts  in d ica te  th a t  th e  d is tr ib u tio n  of 
th is  a m o u n t in to  consecu tive  d a ily  doses is even m ore fav o u rab le  [1]. T h e  
q u es tio n  rem ains to  be s tu d ie d . W eek ly  rev acc in atio n , how ever, m u st n o t be 
o m itte d  even a f te r  o p tim u m  p rim in g .

H aem ag g lu tin a tio n  does n o t re f le c t th e  p ro te c tiv e  v a lu e  o f sera. R a e t t ig  
[23] fa iled  to  d e m o n s tra te  an tib o d ie s  in  orally  im m u n ized  m ice. Mo c h m a n n  
et al. [2], in  c o n tra s t, show ed a n tib o d ie s  b y  F a g r e u s ’s h a e m a d so rp tio n  m e th o d  
a f te r  o ral im m u n iza tio n  of m ice. B o th  th e  above p a p e rs  agree in th a t  oral 
im m u n iza tio n  s tim u la te s  th e  a n tib o d y  p roducing  c a p a c ity , as in  im m u n ized  
m ice h igh  am o u n ts  of h a e m a g g lu tin in  w ere d e tec ted  a f te r  in tra p e r ito n e a l 
in fec tio n . In  o u r concep tion  th e  sign ificance  o f serum  ag g lu tin in s  shou ld  n o t 
be o v e re s tim a te d  an d  from  th e  la b o ra to ry  m ethods on ly  th e  p ro te c tio n  te s t  
sh o u ld  be relied  upon.

In  view  of th e  above d iscussed  find ings i t  is ju s tif ie d  to  ra ise  th e  q u es tio n  
w h e th e r  ex p erim en ts  w ith  se ru m  an tib o d ie s  re flec t th e  s ta te  of im m u n ity , 
w h e th e r  p ro te c tiv e  serum  an tib o d ie s  rea lly  c o n tr ib u te  to  ren d erin g  th e  in fa n ts  
in su scep tib le  to  E . coli e n te ritis . T h e  im p o rtan ce  of th e  q u estio n  is obv ious 
in  v iew  o f th e  fin d in g  th a t  m o u se -p ro tec tiv e  an tibod ies w ere d ifficu lt to  d em o n 
s t r a te  and  m ore d e lica te  d ifferences be tw een  th e  effect o f v a rio u s  dosages w ere 
d e m o n s tra te d  only  b y  th e  sen s itiv e  ch ick  em bryo  te s t .  T h e  f in a l answ er to  
th e  q u es tio n  has to  be o b ta in ed  fro m  epidem iological s tu d ies . T he chick em b ry o  
te s t  d e m o n s tra te d  p ro tec tiv e  a n tib o d ie s  w hich differ from  m o u se-p ro tec tiv e  
an tib o d ie s  only q u a n tita tiv e ly . T h u s , an  accep tab le  in d ic a to r  of im m u n ity  
has b een  e lab o ra ted  w hich allow s th e  d e te rm in a tio n  o f th e  m o st su itab le  im m u 
n iz a tio n  schedu le  for epidem iological investiga tions.

In  view  of th e  ac tu a l im m un o lo g ica l va lue  of v a c c in a tio n , o b se rv a tio n s  
on co p ro -an tib o d ies  are  even m ore  re le v a n t. I t  is know n th a t  p a tie n ts  su ffe ring  
fro m , o r persons im m unized  a g a in s t, cho lera  [24 29] an d  d y se n te ry  [30 33]
ex c re te  an tib o d ies  w ith  th e  in te s t in a l  m ucus and  th e  faeces. T hese fac to rs  
can  be d e m o n s tra te d  by  a g g lu tin a tio n  an d  ex ert a p ro te c tiv e  effect a g a in s t 
th e  co rresp o n d in g  organism . K a r a k a s e v iC [34] show ed th e  presence  o f co p ro 
ag g lu tin in s  in th e  in te s tin a l c o n te n t o f in fan ts  w ith  E . coli g a s tro e n te r itis . 
W e d e te c te d  p ro tec tiv e  an tib o d ies  in  th e  in te s tin a l e x tra c t  o f m ice im m unized  
o ra lly  w ith  shigellae [35] an d  assu m ed  th a t  these  fac to rs  w ere p ro d u ced  in th e  
im m u n e  a p p a ra tu s  of th e  in te s tin a l w all and , since p a r t  o f th e  c ircu la tin g  
an tib o d ie s  derive from  th is  v e ry  s ite , th e  serum  an tib o d ies  w ere good in d ica to rs  
of th e  presence of cop ro -an tib o d ies . A s show n p rev iously , th e  in te s tin a l e x tra c t  
o f  m ice im m unized  w ith  0111  : K 58(B 4) an tigen  also c o n ta in e d  c o p ro -a n ti
bodies [ 1 ].

Acta Microbiologica Academiae Scientiarum  Hungaricae 17, 1970



3 4 4 K . RAUSS e t al.

T he presence a n d  rise  on v acc in a tio n  o f p ro te c tiv e  an tib o d ies  in faecal 
e x tr a c ts  of im m unized  in fa n ts  m ay  be considered  a d irec t p ro o f of im m u n ity . 
I t  is know n from  K e t y i ’s experim en ts  t h a t  E . coli O 101 : K 30 in  suckling  
m ice  causes an  en te ric  in fe c tio n  w hich is lo c a te d  to  th e  in te s t in a l  w all an d  can 
b e  reg a rd ed  as an  a n a lo g y  of in fan tile  g a s tro e n te r itis  [36]. Im m u n e  serum  
ad m in is te re d  o ra lly  e x e r te d  a m ore e ffec tive  p ro te c tio n  th a n  d id  p a re n te ra l 
im m u n iza tio n  [15]. I n  in fa n tile  g a s tro e n te ritis , in te s tin a l an tib o d ie s  obviously  
se rv e  as a defence a g a in s t th e  in fec tive  a g e n t en te rin g  from  th e  in te s tin e  and  
a t ta c k in g  th e  in te s t in a l  Avail. F r é t e r  an d  Ga n g a r o sa  [29] reg a rd ed  copro
a n tib o d ie s  as p ro te c tiv e  p rincip les a g a in s t en te ric  in fec tio n s. T h e  s tud ies of 
B u r r o w s  [24, 25] h a v e  con firm ed  th is  assu m p tio n . T hese p r im a ry  fac to rs of 
im m u n ity , like th e  se ru m  an tib o d ies , d isa p p e a r  a fte r  im m u n iza tio n . T hey  w ere 
co m p le te ly  ab sen t as soon  as 24 days a f te r  feed ing  th e  o p tim u m  dose. I t  is, 
h o w ev er, im p o rta n t t h a t  as an effect o f  rev acc in a tio n  th e y  rem ain ed  a t  th e  
d e s ire d  level an d  ev en  increased  s ig n if ican tly  w hen  sm all p rim ing  doses 
( 2 x 3  tab le ts) w ere g iv en . The need fo r rev acc in a tio n  is c learly  show n by  
th e s e  d a ta .

T he fav o u rab le  la b o ra to ry  find ings shou ld , of course, be  follow ed b y  
la rge-sca le  im m u n iza tio n  s tud ies in  in fa n ts ’ com m unities, th is  be ing  th e  only  
m e a n s  for d e m o n s tra tin g  th e  effectiveness o f th e  vaccine a n d  th e  d u ra tio n  of 
im m u n ity .

T he p rac tica l a p p lic a b ility  of o ral im m u n iza tio n  is su g g ested  b y  th e  fac t 
t h a t  all the  in fan ts  in  th e  p resen t s tu d y  w ere u n d e rn o u rish e d , d ystroph ic , 
w ith o u t  a h isto ry  o f e n te r i t is ,  w hose im m u n e  a p p a ra tu s , ow ing to  th e ir  general 
co n d itio n , was fa r  f ro m  fu n c tio n in g  n o rm a lly . In  ou r op in ion , im m u n iza tio n  
o f  h e a lth y , w ell-developed  in fan ts  w ould  y ie ld  b e t te r  re su lts  th a n  tho se  p re 
s e n te d  in th is p a p e r. Im m u n iz a tio n  o f ev e ry  in fa n t in th e  p o p u la tio n  in o rd er 
to  e rad ica te  th e  d isease  m a y  be reg a rd ed  as th e  f in a l goal o f such  stu d ies .

A c k n o w l e d g e m e n t .  W e are indebted to ch ief chem ist Dr. D. H orváth for the preparation  
o f  tab lets, and to Dr. J . Barla-Szabo for help in  obtaining clinical m aterial.
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TYPE DISTRIBUTION OF STREPTOCOCCUS 
PYOGENES IN THE YEARS 1964-65 AND 1968-69
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Sum m ary . As th e  in te rn a tio n a l su rv ey s  o f s tre p to c o cc a l infections in  1964 65 a n d
1968 - 6 9  w ere id en tica l in a im  and co n d itions, th e ir  re su lts  a re  com parab le .

(i) T he su rv ey s in  H u n g a ry  showed th a t  in  1964— 65, 395 Streptococcus pyogenes s tra in s  
fell in to  27 ty p es ; in 1968— 69, 427 stra ins be lo n g ed  to  22 ty p es  (cu ltu res  w ith  com plex an tig e n s  
were reg ard ed  as se p a ra te  ty pes).

(ii) E ig h t o u t o f th e  27 ty p es iso lated  in  th e  f irs t  su rv ey  w ere n o t m et w ith  in 1968 69.
D uring  th e  second su rv ey  4 new  types w ere id en tified .

(iii) B y a g g lu tin a tio n  an d  p rec ip ita tio n  a p p ro x im a te ly  99%  of the  stra in s  were ty p a b le  
in th e  tw o surveys.

(iv) Com plexes 5, 11, 12, 27, 44 and 3, 13, B 326, a n d  ty p e  12 occurred  freq u e n tly  in b o th  
periods. T he incidence of o th e r  freq u en t ty p es  show ed a re m a rk ab le  change in th a t  th e  n u m b e r  
o f ty p e  3 s tra in s  decreased  to  h a lf and ty p e  28 d isap p ea red . In  c o n tra s t, th e  in cidence  of 
com plexes 4, 24, 26, 28, 29, 46, 48  and 8, 25, I m p lü an d  o f ty p e  19 increased  in th e  second  
su rvey .

(v) T here  was no d e fin ite  association  b e tw een  d iffe ren t ty p es  an d  various s tre p to c o cc a l 
in fections. In  th e  f irs t su rv ey , ty p e  3, in th e  second , ty p e  19 w ere freq u en t in sc a rle t fever.

(vi) No sig n ifican t d ifference was rev ea led  be tw een  ty p es  o rig ina ting  from  u rb a n  a n d  
ru ra l areas.

(vii) T e tracy c lin e  se n s itiv ity  of the  s tra in s  w as s im ilar in b o th  surveys.
(viii) In te rn a tio n a l co llabora tion  on th e  basis  o f id en tica l princip les offers a g ro u n d  for 

e la b o ra tin g  th e  specific p re v en tio n  of s trep to co cca l in fections.

On th e  re q u e s t o f th e  In te rn a tio n a l S u b co m m ittee  on S trep to co cc i a n d  
Pneum ococci we h av e  ta k e n  p a rt in tw o  su rveys*  o f th e  ty p e  d is tr ib u tio n  o f 
Streptococcus pyogenes  in d ifferen t c o u n trie s .

R esu lts  in H u n g a ry  o f the f irs t  su rv e y  h av e  been  described [1]; th e  co l
lec ted  d a ta  from  11 p a rtic ip a tin g  c o u n trie s  w ere re p o rte d  by  P a r k e r  [ 2 ] .  T h e 
aim  o f th e  ex a m in a tio n s  was the  sam e  in  b o th  su rv ey s, being a co m p ariso n  
of ty p e  d is tr ib u tio n , im p ro v em en t o f  ty p in g  te c h n iq u e  and  o rg an iza tio n  o f 
a close co opera tion  be tw een  s trep to co ccu s lab o ra to rie s . In  view of im m u n iz a 
tio n  ex p erim en ts  w ith  strep tococcal M p ro te in  [3] th e  d a ta  were to  be  u sed  
in choosing th e  co m p o n en ts  of th e  vacc in e .

As co n d itions fo r th e  in v es tig a tio n  w ere a lm o st iden tica l in th e  tw o  
su rv ey s, th e  ty p e  d is tr ib u tio n  of s trep to co cc i in th e  tw o periods has been  
com pared .

* T he f irs t  su rv ey  la s te d  from  Ju n e  1, 1964, to  Ju n e  1, 1965, u n d e r th e  d irec tio n  o f 
P rofessor R. E . O. W i l l i a m s  and  Dr. M. T . P a r k e r  (C ross-In fec tion  R eference L a b o ra to ry ,  
L ondon); the  second from  A pril 1, 1968, to  A p ril 1, 1969, u n d e r th e  d irection  of P ro fesso r 
W . K ö h l e r  (S trep to co ccu s R eference L a b o ra to ry , Je n a ).
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Table I

Type distribution o f  Str. pyogenes strains

Type

1964 -65 1968 -69

No. of strains determ ined by antigens Total No. of strains determ ined by antigens Total

M T M + T No. per cent M T M + T No. per cent

1 — 9 12 21 5.3 — 8 2 10 2.3
2 — 4 — 4 1.0 — 4 3 7 1.6
3M (3R) l - 38 39 9.9 — — 19 19 4.5
3R - - 2 2 0.5 — — 8 8 1.9
3, 1 3 , -B;J264 - 67 — 67 16.9 — 45 — 45 10.5
4 ,  2 4 ,  2 6 .  . . - 15 — 15 3.8 — 45 — 45 10.5
5 7 - 7 14 3.5 — — 9 9 2.1
5 ,1 1 , 1 2 ,  2 7 ,  44 - 74 — 74 18.7 — 42 — 42 9.8
6 2 2 16 20 5.0 l 2 5 8 1.9
8 - - 2 2 0.5 — — 8 8 1.9
8,  25,  I m p la - 17 - 17 4.3 — 59 — 59 13.8
9 - 3 — 3 0.8 — 21 — 21 4.9

11 - — 27 27 6.8 — — 18 18 4.2
12 - - 27 27 6.8 l — 42 43 10.1
13 — — — — — — — 12 12 2.9
14 2 9 6 17 4.3 — — — —
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1 5 3 — 3 6

1 5 ,1 7 ,1 9 , 23, 30, 47 — 2 — 2

1 7 — — 1 1

1 8 - 1 - 1

1 9 1 5 - — 1 5

2 2 — 6 1 7

2 4

2 5

1 — — 1

2 6

2 8 R

— —

2 7 2 7

2 9 5 — 1 6

3 6 2 _
— 2

4 6 — — 1 1

4 8 — — 1 1

T o ta l typab le 3 8 2 0 9 1 4 5 3 9 2

( 9 - 6 % ) ( 5 2 . 9 % ) ( 3 6 . 7 % )

U n typab le 3

T ota l 3 9 5

— 3 __ - 3 0.7
1.5 — 2 — 2 0.5
0.5 - — _ — __
0.3 — — — —
0.3 — — 3 3 0.7
3.8 31 _ 2 33 7.7
1.8 — 16 — 16 3.8
0.3 — - _

— —
— — 10 10 2.3

6.8
1.5
0.5
0.3
0.3

- -
2 2 0.5

___

—

__ _

—

99.2 35 245 143 423 99.1
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3 5 0 J . SZITA and M. K Á L I

M aterials an d  m ethods

Strains. L ab o ra to rie s  co llab o ra tin g  in  th e  su rv e y  were so chosen  as to  re p re se n t all 
a re a s  o f  H u n gary . T h e  n u m b e r  o f lab o ra to ries  ta k in g  p a r t  was 10 (11 in  th e  f ir s t  su rv ey ), 
i.e . th e  public  h e a lth  lab o ra to r ie s  in th e  co u n tie s  B a ra n y a , B ékés, B orsod -A b aú j-Z em p lén , 
H a jd ú -B ih a r , P es t, S zab o lcs-S za tin á r, Vas an d  V eszp rém  and  in  th e  c ities o f B u d a p es t and  
S zeged . S trep tococca l s tra in s  se n t to our la b o ra to ry  w ere  checked on ly  b y  sero logical g rouping  
in s te a d  of the  b a c itra c in  +  g roup ing  m eth o d  u sed  in  th e  p revious su rv ey . T he lab o ra to rie s  
w e re  asked to send s tra in s  fro m  (a) scarle t fever, (b ) to n sillitis , (c) o th e r in fec tio n s , (d) h e a lth y  
c a rr ie rs . In  th e  f irs t  su rv e y , s tra in s  of h e a lth y  c a rr ie rs  w ere n o t in v es tig a ted . T h e  s tra in s  w ere 
s e n t  on  Loeffler or b lood  ag ar s lan ts  in b o th  su rv ey s.

Serological methods w ere also id en tica l (a g g lu tin a tio n  w ith  try p sin iz e d  suspension  and  
M  p re c ip ita tio n  w ith  L an cefie ld  e x trac t). T he sam e se t o f  sera  was used . Id e n tif ic a tio n  of ty p es 
1, 2, 6, 9, 18 and 22 w as a cc ep te d  on th e  basis o f  n o t  o n ly  M -p recip ita tio n  b u t  also o f T -agglu- 
t in a t io n .  The s tra in  ex am in ed  w as regarded  to  b e lo n g  to  one of th e  com plexes (3, 13, B 32ß4; 
5 , 11, 12, 27, 44 ; 4, 24, 26, 28, 29, 46, 4 8 ; 15, 17, 19, 23, 30, 47  or 8, 25, I m p l9) if  i t  ag g lu tin a ted  
in  one  or m ore ty p e  se ra  fo r  m em bers of th e  co rre sp o n d in g  com plex b u t  fa iled  to  re a c t in  anti-M  
se ra .

P enicillin  and tetracycline sensitivity  o f  th e  c u ltu re s  was de te rm in ed  b y  th e  d isk  m ethod  
in  b o th  surveys.

Reporting o f  the resu lts  w as perform ed, as in  th e  p rev ious su rvey , on spec ia l form s. The 
co d e  n u m b er of th e  reg io n a l lab o ra to ry , site  o f iso la tio n , clinical d iagnosis an d  serological 
r e s u l ts  were rep o rted . In  b o th  su rveys, a p p ro x im a te ly  30 s tra in s  were ty p e d  m o n th ly . C hecking 
o f  th e  resu lts  by  send ing  5%  o f th e  stra in s  to  a  s tre p to c o cc u s  la b o ra to ry  s i tu a te d  in  a foreign  
c o u n tr y  was o m itted  in  th e  second  survey.

Results

T ype d is tr ib u tio n  o f strep tococci iso la te d  during  th e  tw o  su rv ey s is p re 
se n te d  in Tabic I.

In  th e  f irs t  su rv e y , 395 Str. pyogenes  s tra in s  fell in to  27 d iffe ren t ty p es. 
I n  th e  course of th e  second  su rvey , 427 s tra in s  were ex am in ed  a n d  classified  
in to  22 d ifferen t ty p e s . (Com plexes w ere reg a rd ed  as s e p a ra te  ty p es .)  E ig h t 
ty p e s ,  viz. 15, 17, 19 . . .  , 17, 24, 28R , 29 , 36, 46 and  48 en co u n te red  in  th e  
f i r s t  su rv ey  w ere n o t  m e t w ith  in th e  seco n d , w hich, in  c o n tra s t , show ed th e  
p re se n c e  of four new  ty p e s : 11, 13, 25 a n d  26.

T yp ing  b y  T -a g g lu tin a tio n  an d  b y  M -p rec ip ita tio n  show ed no  d ifference 
b e tw e e n  th e  tw o su rv e y s  as in 1964 — 65, 99 .2 , while in  1968 69, 9 9 .1%  of
th e  s tra in s  were ty p a b le  [4]. The inc idence  o f  cu ltu res defined  o n ly  b y  p rec ip i
t a t io n  decreased fro m  4 6 .3 %  to  4 1 .7 % , w h ile  on ly  b y  T -a g g lu tin a tio n  in  th e  
f i r s t  su rv ey  89 .5 % , in  th e  second 9 0 .9 %  o f th e  s tra in s  could be id en tified . 
I n  th e  second su rv e y  th e  sym bol 14, 49  w as u sed  for th e  d es ig n a tio n  of s tra in s  
n o t  p re c ip ita tin g  in  se ru m  14M [6 , 7], in s te a d  o f K o h l e r ’s te rm  14, 35, 49 [5 ].

I f  ty p es o ccu rrin g  a t  a frequency  h ig h e r  th a n  5%  are a rb itra r i ly  reg a rd ed  
as p re v a le n t s trep to co cc i, in  b o th  su rveys com plexes 5, 11, 12, . . . , 3, 13, B 3264 
a n d  ty p e  12 fell in to  th is  ca teg o ry  (T able I I ) .  As com pared  to  th e  f irs t  su rv ey , 
in  th e  second th e  in c id en ce  of ty p e  3 d ecreased  considerab ly  an d  ty p e  28 
d isa p p e a re d , w hile com plexes 4, 24 . . . a n d  It. 25, I m p lg an d  ty p e  19 had  
b eco m e p rev a len t o rgan ism s.
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T able I I I  p re se n ts  th e  a ssoc ia tion  be tw een  th e  source  of s trep to co cca l 
s tra in s  an d  ty p es . I n  1964 65, s tra in s  from  sc a r le t fev e r show ed th e  lo w est
incidence (25 .6% ); to n s illitis  and o th e r  in fections w ere  rep resen ted  b y  an  a lm o s t 
id en tica l n u m b e r o f s tra in s  (37.9 a n d  36 .5% , resp ec tiv e ly ). In  1968—69, th e  
d ifference b e tw een  th e  disease ca tegories w as less m ark ed  (28.6, 21.3 a n d  
2 7 .4 % , resp ec tiv e ly ); th e  new ca teg o ry , h e a lth y  ca rrie rs , y ielded 2 2 .7 %  of 
th e  s tra in s .

L ike in  th e  f i r s t  su rvey , no d e fin ite  asso c ia tio n  w as d em o n stra ted  in  th e  
p re se n t in v es tig a tio n s  betw een ty p e s  and  th e  c lin ica l form  of th e  d isease . 
In  sca rle t fever, ty p e s  3 (24.8% ) a n d  19 (11 .9% ) w ere th e  m ost f re q u e n t in  
th e  f irs t  su rvey . In  1968 69, ty p e  19 was th e  co m m o n est (18.0% ) and  co m p lex
4, 24, 26 . . . w as n e x t  in  order (12 .3% ). In  th e  second  su rv ey , to n s illitis  w as 
fre q u e n tly  caused  b y  com plexes 8, 25 , I m p l9 (20 .8% ) an d  5, 11, 12 . . . (1 5 .4 % ),

Table II

D istribution o f  prevalent types

1 9 6 4 -6 5 1 9 6 8 -6 9

Type Number per cen t Type Number per cen t

5 ,1 1 ,1 2 ,  27, 44 74 19.0 3, 73, 7̂ 3264 45 10.5

3, 73, 7̂ 3264 67 17.0 4, 24, 2 6 , . . . 45 10.5

3 41 10.0 5 ,1 1 , 12, 27, 44 42 9.8

12 27 7.0 3, 25, I m p l9 59 13.8

28R 27 7.0 12 43 10.1

19 33 7.7

P rev a len t ty p es , to ta l 236 60.0 P re v a le n t ty p es , to ta l 267 62.4

O th er types 159 40.0 O th e r ty p es 160 37.6

T o ta l 395 100.0 T o ta l 427 100.0

w hile in  th e  f i r s t  perio d  b y  com plexes 3, 13, B 32ai (20 .0% ) and  5, 11, 12 . . . 
(17 .2% ). In  o th e r  s trep to co ccal in fec tio n s ex am in ed  in  1964 65, com plexes
3, 15, B 32e4 an d  5, 11, 12 . . . w ere  p re v a le n t, h u t  in  1968 69, com plexes
8, 25, I m p 19 a n d  3, 13, В 3264 w ere th e  co m m onest ag en ts . In  h ea lth y  p e rso n s , 
com plexes 3, 13, В 32e4, 5, 11, 12 . .  . and  8, 25, I m p l9 a n d  ty p e  12 o ccu rred  a t 
th e  sam e freq u en cy ; com plex 4, 24, 26 . . . w as also  p rev a len t.
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Table I I I
Distribution o f  S tr. pyogenes types

1964-65

Type Scarlet fever Tonsillitis*
Other streptococcal 

infections Total

No. per cent No. per cent No. per cent No. per cent

1 7 6.9 6 4.0 8 5.6 21 5.3
2 — — 2 1.3 2 1.4 4 1.0
3M (3R)
3R
3, 13, R32 64

25 24.8 10 6.7 6 4.1 41 10.4

6 5.9 30 20.0 31 21.5 67 16.9
4 ,  2 4 ,  26 . . . 3 3.0 10 6.7 2 1.4 15 3.8
5 1 1.0 4 2.7 9 6.2 14 3.5
5, 1 1 ,  1 2 ,  2 7 ,  44 9 8.9 26 17.2 39 27.1 74 18.7
6 4 4.0 8 5.3 8 5.6 20 5.0
8 — — 1 0.6 1 0.7 2 0.5
S, 25, I m p l9 5 4.9 5 3.3 7 4.8 17 4.3
9

11
12
13
14

— - 2 1.3 1 0.7 3 0.8

8 7.9 14 9.3 5 3.5 27 6.8

5 * 4.9 4 2.7 8 5.6 17 4.3
1 4 ,  4 9 — — — — — — — —

15 — — 4 2.7 2 1.4 6 1.5
1 5 ,  1 7 ,  1 9 ,  2 3 ,  3 0 ,  4 7 — — 2 1.3 — — 2 0.5
17 1 1.0 — — — — 1 0.3
18 — — — 1 1.4 1 0.3
19 12 11.9 3 2.0 — — 15 3.8
22 6 4.9 — — 1 0.7 7 1.8
24
25

— — — — 1 0.7 1 0.3

26
28R 3 3.0 15 10.0 9 6.2 27 6.8
29 4 4.0 1 0.7 1 0.7 6 1.5
36 1 1.0 — — 1 0.7 2 0.5
46 — — 1 0.7 — — 1 0.3
48 — — 1 0.7 — — 1 0.3

T o ta l  ty p ab le 99 98.0 149 99.3 144 100.0 392 99.2
U n ty p a b le 2 2.0 1 0.7 - - 3 0.8
T o ta l 101 100.0 150 100.0 144 100.0 395 100.0

* In c lu d in g  sore th r o a t
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according to disease groups

1 9 6 8 -6 9

Scarlet fever Tonsillitis* O ther streptococcal 
infections H ealthy  carriers Total

No. per cent No. per cent No. per cent No. per cent No. per cent

2 1.6 4 4.4 l 0.9 3 3.1 10 2.3
3 2.4 1 1.1 — — 3 3.1 7 1.6

11 9.0 3 3.3 2 1.7 3 3.1 19 4.5
3 2.4 1 1.1 1 0.9 3 3.1 8 1.9
9 7.3 7 7.7 17 14.5 12 12.4 45 10.5

15 12.3 5 5.5 15 12.8 10 10.4 45 10.5
2 1.6 3 3.3 2 1.7 2 2.1 9 2.1
6 4.9 14 15.4 11 9.4 11 11.3 42 9.8

- - 5 5.5 3 2.5 — — 8 1.9
1 0.8 1 1.1 5 4.3 1 1.0 8 1.9
9 7.3 19 20.8 20 17.1 11 11.3 59 13.8
4 3.2 4 4.4 4 3.4 9 9.3 21 4.9
6 4.9 2 2.2 6 5.1 4 4.1 18 4.2

12 9.8 8 8.8 12 10.2 11 11.3 43 10.1
4 3.2 1 1.1 4 3.4 3 3.1 12 2.9

1 0.8 — — — — 2 2.1 3 0.7
1 0.8 — — 1 0.9 — — 2 0.5

_
—

2 2.2
— —

1 1.0 3 0.7
21 18.0 3 3.3 5 4.3 4 4.1 33 7.7

8 6.5 3 3.3 2 1.7 3 3.1 16 3.8

3 2.4 1 1.1 5 4.3 1 1.0 10 2.3
3 2.4 1 1.1 5 4.3 1 1.0 10 2.3
1 0.8 1 1.1

-

—

- -

2 0.5

122 100.0 88 96.7 116 99.1 97 100.0 423 99.1
- 3 3.3 1 0.9 — — 4 0.9

122 100.0 91 100.0 117 100.0 97 100.0 427 100.0
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T ab le  IY  d e m o n s tra te s  th e  d is tr ib u tio n  o f p re v a le n t ty p e s  accord ing  to  
th e  residence  o f th e  exam ined  p e rso n s . I t  is seen th a t  in  b o th  su rv ey s th e se  
ty p e s  occurred  in  ru ra l  as w ell as in  u rb a n  p o p u la tio n  a t  a f req u en cy  of m ore 
th a n  5 % , ex cep t ty p e  12 w hich in  1964 65 was show n in  ru ra l areas on ly
in  2 .8 % .

S e n s itiv ity  o f th e  s tra in s  to  p en ic illin  and  te tra c y c lin e  w as te s te d  in  
b o th  periods. As show n in  T ab le  Y , a ll s tra in s  w ere sen s itiv e  to  penicillin . 
I n  th e  incidence o f te tra c y c lin e  re s is ta n c e , w hich  shows an  in c reas in g  te n d e n c y  
in  m a n y  co u n tries , no change w as d e m o n s tra te d .

Table TV

Percentage distribution o f  prevalent types in  urban and rural areas

1 9 6 4 - 65 1 9 6 8 -6 9

Type U rban areas R ural areas Type U rban areas R ural areas

5, 1 1 ,1 2 , 27, 44 17.5 20.6 12 14.6 6.9
3, 13, ^ 3 2 6 4 14.2 21.3 4, 24, 26 . . . 12.4 6.9
3 11.0 9.3 8, 25, Im p l9 12.4 17.3

12 9.4 2.8 5 ,1 1 , 12, 27, 44 9.6 10.2
28 6.1 8.6 19 6.3 10.2

T ab le  V

S en sitiv ity  to pen ic illin  and tetracycline o f  Str. pyogenes stra ins 
isolated during  the two surveys

Penicillin Tetracycline

Survey
Sensitive

M oderately
sensitive R esis tan t Sensitive

M oderately
sensitive Resistant

1964-65 395
(100.0%)

— 346
(87.6%)

28
(7-1%)

21
(5.3%)

1968-69 427
(100.0%)

— — 394
(92.3%)

10
(2-3%)

23
(5-4%)

D iscussion

T he desired  n u m b e r of s tra in s  co u ld  n o t be collected b y  every  la b o ra to ry  
in  ev e ry  m o n th . H ow ever, th e  la b o ra to r ie s  rep resen ted  fa ir ly  hetero logous 
a re a s  to  o b ta in  a p ic tu re  c h a ra c te r is tic  o f th e  d is tr ib u tio n  o f s trep to co cca l

A cta  Microbiologica Academiae Scientiarum H ungaricae 17, 1970



TYPE DISTRIBUTION OF STREPTOCOCCUS PYOGENES 355

ty p es  in  th e  w hole c o u n try . In  o rd e r to  avo id  false d a ta ,  th e  lab o ra to rie s  w ere 
asked  n o t to  sen d  s tra in s  assoc ia ted  w ith  o u tb reak s .

In  analysing  th e  ty p e  d is tr ib u tio n  in  th e  tw o su rv ey s  a s ligh t q u a lita tiv e  
d ifference was e v id e n t: 8  types o ccu rrin g  in  1964 65 w ere n o t iso la ted  in
1968—69, and th e  second  su rvey  y ie ld ed  4 new ty p es . I t  shou ld  be n o te d  th a t  
5 o u t o f the  a fo re -m en tio n ed  8  ty p e s  can be reg a rd ed  as se p a ra te  u n its  on ly  
b y  M an tigen  an a ly s is  b u t  no t by  T -a g g lu tin a tio n  as th e y  possess a com m on 
T  an tig en  (types 24, 29, 28, 46, 48 a n d  th e  co rrespond ing  com plex as well as 
ty p e  17 and  com plex  15, 17, 19, 2 3 , 30, 47). T he ch an g e  in  th e  incidence  of 
these  ty p es was n o t  necessarily  d u e  to  a d isap p earan ce  o f som e ty p es  (th is  
w as ce rta in  only fo r  ty p e  36) b u t m a y  have been d u e  to  a d iffe ren t degree of 
d e te c ta b ility  of th e  M an tigen . T  a n tig e n  re la tio n sh ip s  d iffe ren t from  th e  u su a l 
w ere n o t  observed  in  e ith e r of th e  su rv ey s.

T he a lte ra tio n  in  th e  incidence of p rev a len t s tra in s  w as n o t sign ifican t 
as reg a rd s  com plexes 5, 11, 12 . . . a n d  3, 13, R 3264 an d  ty p e  12. In  th e  second 
as com pared  to  th e  f ir s t  survey , ty p e  3 occurred  less f re q u e n tly  w hile com plex  
4, 24, 26 . . . an d  ty p e  19 iso lated  e a r lie r  in  a low p e rc e n ta g e  h ad  becom e p re 
v a le n t. Com plex 8, 25, lm p 19 c lassified  in  1968 — 69 as a p re v a le n t ty p e  w as 
en co u n tered  in  th e  1958—62 m a te r ia l [8 ] m ore fre q u e n tly  th a n  th e  la t te r  ty p es.

In  1964 65, sca rle t fever w as caused  in 2 4 .8%  b y  ty p e  3, b u t  in  th e
second  su rvey  ty p e  19 was th e  m o s t fre q u e n tly  a sso c ia ted  w ith  th is  disease. 
T h a t  ty p es 3 a n d  19 m ay  be re g a rd e d  as reg u la r c a u sa tiv e  agen ts of sca rle t 
fev e r w as in d ica ted  b y  th e  fac t t h a t  th e se  ty p es o ccu rred  a t  low er frequencies 
in  sore th ro a t an d  ton sillitis . In v e s tig a tio n s  in to  th e  to x in -p ro d u c in g  c a p ac ity  
o f strep tococcal s tra in s  and  in to  th e  a n tito x ic  and  a n tib a c te r ia l  im m u n ity  of 
th e  pop u la tio n  m ig h t be useful fo r e lu c id a tin g  th is  p ro b lem . As to  an  ev en tu a l 
associa tion  be tw een  th e  ty p e  o f th e  ag en t an d  in fec tio n s  o th e r th a n  scarle t 
fev e r (including to n s illitis  and all p u ru le n t  cond itions caused  b y  strep tococc i), 
th e  p re sen t ex am in a tio n s , sim ilarly  to  th e  re su lt o f th e  p rev io u s su rv ey , fa iled  
to  give an  answ er. A ccording to  d a ta  collected in  th e  second  su rv ey , ty p e s  
p re v a le n t in p a th o lo g ica l cond itions com prised  th e  m o st f re q u e n t ty p e s  also 
in  h e a lth y  ad u lts .

N o s ign ifican t d ifference has b e e n  d e m o n s tra te d  b e tw een  u rb a n  an d  ru ra l 
a reas as regards th e  d is tr ib u tio n  o f  s trep to co ccal ty p e s . T h is m ay  re flec t th e  
fac t th a t  d ifferences betw een  to w ns an d  villages are  d isap p earin g .

T he c o n s ta n t sen s itiv ity  of S tr. pyogenes to  p en ic illin  has been confirm ed 
in b o th  surveys. T h e re  was no d ifference  betw een  th e  tw o  periods as to  th e  
incidence of te tra c y c lin e  re s is tan t s trep to co cc i. S im ilar d a ta  w ere rep o rted  b y  
R o b e r t s o n  [9] w ho found  th a t  th e  incidence  of te tra c y c lin e  re s is ta n t s tr e p to 
cocci in S ou thw est E ssex  rem ained  p ra c tic a lly  a t  th e  sam e level be tw een  1963 
an d  1967. In  R o b e r t s o n ’s m a te r ia l te tracy c lin e  re s is ta n t s tra in s  occurred  
m ore freq u en tly  th a n  am ong our c u ltu re . P enicillin  is s till reg ard ed  as th e  b es t
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a n tib io tic  against s trep to co cca l in fec tions, b u t th e  p o ssib ility  of an  increase in 
th e  n u m b e r of te tra c y c lin e  re s is ta n t s tra in s  can n o t be ex c lu d ed . A fter hav ing  
c lo sed  th e  collection  o f s trep to co cc i fo r th e  second su rv ey , one o f our lab o ra 
to r ie s  (V eszprém ) re p o rte d  an  o u tb re a k  o f n ep h ritis  caused  b y  penicillin  sen
s it iv e  b u t  te tra c y c lin e  re s is ta n t s tra in s .

S urveys ca rried  o u t in  th e  m a n n e r described  m ay  be consid ered  ad eq u a te  
fo r  co llecting  d a ta  concern ing  changes occu rring  in  th e  ty p e  d is tr ib u tio n  of 
s trep to co cc i. I f  th e  su rv ey s  w ill be co n d u c ted  a t  id en tica l perio d s, u n d e r th e  
sa m e  cond itions an d  w ith  th e  sam e te c h n iq u e  in  m an y  co u n trie s , a reliab le basis 
w ill b e  c rea ted  fo r assessing  th e  ep idem iological s itu a tio n  in  w hole co n tin en ts  
a n d  fo r  offering an  e ffec tive  help  in  th e  e lab o ra tio n  of th e  specific  p rev en tio n  
o f  s trep to co cca l d iseases.
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Sum m ary . In te rfe ro n  p ro d u c tio n  in vitro by  leucocytes fro m  10 ch ild ren  w ith  in fec tious 
m ononucleosis was s tu d ied . T he p ro d u c tio n  ten d e d  to  be m ore in ten siv e  th a n  in con tro l cu ltu res  
o f th e  sam e cell d en sity , p re p are d  in th e  sam e m an n er from  leu co cy tes  o f h ea lth y  ch ild ren . 
T he possible causes o f th e  difference are  d iscussed.

Since G r e s s e r ’s d iscovery  [1 ] th a t  hum an  leu co cy tes  p roduce  in te rfe ro n  
in  vitro  num erous au th o rs  h av e  in v es tig a ted  th e  in te rfe ro n  p ro d u c tio n  by p a th o 
logical leucocytes. W e h av e  ex am in ed  leucocytes from  p a tie n ts  suffering  from  
chron ic  or lym pho id  leukaem ia  [2], p o ly cy th aem ia  [3] a n d  lupus e ry th e m a 
tosus [4].

E v e r since i t  had  been show n th a t  infectious m ononucleosis (IM ) is a 
ben ign  ly m p h o p ro lifé ra tiv e  disease w hich m ay have in  th e  E p s te in  — B a rr  v iru s 
an  ae tio log ical ag en t com m on w ith  th a t  o f the  m a lig n a n t B u rk itt  ly m p h o m a 
[5, 6 ], th e  in te re s t o f oncov iro log ists has been focussed  on IM . This in te re s t  
has been increased  by  th e  recen t d iscovery  th a t  th e  E p s te in  B a rr  v iru s  can 
cause a m a lig n an t tra n s fo rm a tio n  o f  hum an  leucocy tes [7, 8 ].

D a m e s h e k  [9] considers IM  a self-lim ited  form  o f leukaem ia , in w hich 
p rog ression  is s to p p ed  and  rev ersed  by  th e  o rgan ism ’s p ro te c tiv e  m echan ism s. 
I t  has a lread y  been d e m o n s tra te d  [10] th a t  co n tin u o u sly  cu ltu red  leucocy tes 
from  IM p a tie n ts , like cu ltu red  n o rm a l leucocytes, are  cap a b le  of sp o n tan eo u s 
in te rfe ro n  p ro d u c tio n . In  th e  p re se n t w ork, in te rfe ro n  p ro d u c tio n  in  vitro  by  
leucocy tes from  IM p a tie n ts  an d  b y  norm al leu co cy tes  has been s tu d ie d .

M ateria ls and  m ethods

Leucocytes were p u rified  acco rd ing  to  th e  m ethod  of S t r a n d e r  an d  C a n t e l l  [11]. T he 
p u rified  leucocytes, 107/m l, w ere in cu b a ted  in a rolling d ru m  rev o lv in g  a t  18 r.p .m . As m ed ium  
P a rk e r’s 199 enriched  w ith  10%  ca lf serum  was used.

In te rfe ro n  p ro d u c tio n  was in d u ced  by  Sendai virus. In te r fe ro n  w as assayed in a co n 
tin u o u s  line o f h u m an  am nion  cells, using  v esicu lar s to m atitis  v iru s as in d ic a to r. The tec h n iq u es  
used  were described in de ta il p rev io u sly  [2].
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Results

T ab le  I  shows th e  in te rfe ro n  p ro d u c tio n  b y  leucocytes from  10 IM  p a tien ts  
a n d  fro m  10 h e a lth y  co n tro ls . T he co n tro l su b jec ts  co rresp o n d ed  in  sex and  
age  to  th e  p a tie n ts  in  each  case. F ro m  ev e ry  su b jec t tw o b lo o d  sam ples w ere 
o b ta in e d ;  from  th e  p a tie n ts  th e  f irs t  sam ple  w as ta k e n  d u rin g  th e  acu te  phase 
o f  th e  illness and th e  second  one a fte r  convalescence.

As regards th e  a c u te -p h a se  sam ples, th e  IM leu co cy tes  p ro d u ced  four 
o r  m o re  tim es m ore  in te rfe ro n  th a n  th e  con tro l ones in  5 cases (Nos 4, 
5, 6 , 8  an d  10); in  tw o  cases (N os 7 an d  9) th e  q u o tie n t w as 3 a n d  2 , respec
t iv e ly ;  in  tw o cases (N os 1 a n d  2 ) th e  t i t r e s  w ere equal, an d  th e re  w as a single 
ca se  (N o. 3) w here th e  c o n tro l t i t r e  exceeded th e  t i t re  p ro d u ced  b y  th e  p a tie n t’s 
leu co cy te s .

Table I

Interferon production in vitro by leucocytes from children 
with infectious mononucleosis and by healthy control leucocytes

Case
No. In itials Age (years) Sex

Blood
sample

In terferon  ti tre  produced 
b y

p atien t’s control 

leucocytes

l B. J . 6 3 1st 128 128

2nd 1024 256

2 p . j . 9 3 1st 16 16

2nd 48 64

3 M. I. 7 $ 1st 32 128

2nd 16 32

4 B. F . 6 3 1st 1024 128

2nd 64 64

5 M. T. 10 3 1st 512 32

2nd 256 256

6 Cs. K . 12 ? 1st 512 32

2nd 128 256

7 M. E . 3 ? 1st 96 32

2nd 256 128

8 T. J . 13 ? 1st 1024 256

2nd 256 256

9 T. A. 1 1/2 3 1st 256 128

2nd 128 64

10 K . Z. 2 1/2 3 1st 1024 256

2nd 1024 1024
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T h ere  w as h a rd ly  an y  d iffe rence  in in te rfe ro n  p ro d u c tio n  b e tw een  th e  
co n v a lescen t-p h ase  leucocytes an d  th e  correspond ing  con tro ls .

T ab le  I I  show s th e  g eo m etric  m eans (g.m .) for th e  acu te -p h ase  an d  con
v a le scen t-p h ase  leucocytes an d  fo r  th e  correspond ing  con tro ls . T he q u o tie n t 
g .m . acu te -p h ase/g .m . co n tro l w as 2.9, w hereas th e  q u o tie n t g .m . conval- 
e scen t-p h ase /g .m . con tro l was 1.1. T h e  significance of th e  f irs t  d ifference was 
a t  th e  0.05 level.

Table II

Geometric means fo r  the interferon titres in  Table I

Geometric means for titres

Phase of illness patien ts healthy children A/B
A В

A cute 232 78 2.9

Convalescence 164 147 1.1

Discussion

T he in creased  in te rfe ro n  p ro d u c tio n  show n by  th e  leucocy tes from  th e  
m a jo r ity  o f th e  IM  p a tie n ts  m ig h t be  a t tr ib u te d  to  an  e lev a ted  p e rcen tag e  of 
in te rfe ro n -p ro d u c in g  leucocytes a n d /o r  to  an increased  y ie ld  b y  in d iv id u a l 
leucocy tes. H o o v e r  et al. [ 1 2 ]  h a v e  show n th a t  in th e  in itia l phase  o f IM , 
R N A  sy n th esis  in  th e  a ty p ica l ly m p h o id  cells is v e ry  in ten s iv e . I t  is w ith  th is  
in ten s iv e  R N A  syn th esis  th a t  th e  en h an ced  in te rfe ro n  p ro d u c tio n  m ig h t be  in 
co rre la tio n . T he v a ria tio n s  in  in te rfe ro n  p ro d u c tio n  b y  th e  leucocy tes from  
in d iv id u a l IM  p a tie n ts  m ay d ep en d  up o n  th e  p e rcen tag e  of m o n o n u clears  
show ing  an  e lev a ted  R N A  sy n th es is  an d  consequen t p ro te in  accu m u la tio n . 
T h is p e rcen tag e  also shows a g re a t in d iv id u a l v a r ia tio n  [ 1 3 ] .

Acknowledgement. T he a u th o rs  g ra te fu lly  acknow ledge th e  tech n ica l a ssis tan ce  of 
M r. J .  MÁRTON.
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Sum m ary . P yocine  ty p in g  of 1043 Pseudomonas aeruginosa  s tra in s  iso la ted  from  a 
v a r ie ty  o f sources has been carried  o u t b y  u sin g  th e  schem a o f G o v a n  and  G i l l i e s . T he m a jo r
ity  o f  th e  cu ltu res be longed  to  ty p es  1 (2 8 .7% ), 3 (20 .1% ), 5 (5 .5 % ) and  10 (14 .8% ). U nclassi- 
fiab le  and  u n ty p ab le  s tra in s  occu rred  in 7.6 an d  9 .2 % , resp ec tiv e ly . A m ong ty p e  1 s tra in s , 
su b ty p e s  lb ,  lc ,  Id , I f  a n d  l h  p red o m in a ted .

A to ta l  of 543 s tra in s  falling  acco rd ing  to  Lányi’s an tig en ic  schem a in to  53 se ro ty p es 
an d  16 fu r th e r , p a r tia lly  defined  serological u n its  w ere su b d iv id ed  in to  165 com bined  sero- 
pyocine  types. An in te re s tin g  assoc ia tion  has been revea led  b e tw een  О an tig en s an d  pyocine 
ty p es . The p rac tica l a p p lic ab ility  o f com bined  ty p in g  in ep idem io log ical in v es tig a tio n s  is 
discussed.

Pseudom onas aeruginosa  is w idely  d is tr ib u te d  in  n a tu re  an d  is re sp o n 
sible for various pa th o lo g ica l cond itio n s. I ts  im p o rtan ce  as a nosocom ial in fe c t
ing  ag en t has been in creasin g  since th e  w ide-spread  use o f an tib io tic s . In  a d d i
tio n  to  patho log ica l m a te ria ls  it  is fre q u e n tly  en co u n te red  in a ir  an d  on fom ites 
especially  in v e n tila to rs  an d  th e ir  accessory  p a r ts . T h e  organism  m ay  be p re s 
en t in an tisep tics , o in tm e n ts  an d  d rin k in g  w a te r  an d  is a com m on in h a b i ta n t  
o f sew age.

In  epidem iological s tu d ies  on Ps. aeruginosa  in fec tions, b ac te rio c in e  
(pyocine) p ro d u c tio n  b y  th e  s tra in s  can  re liab ly  be  u tilized . In  th e  p re se n t 
w ork  we exam ined  th e  d is tr ib u tio n  o f Ps. aeruginosa  s tra in s  iso la ted  from  a 
w ide v a r ie ty  of sources accord ing  to  pyocine ty p es and  s tu d ie d  th e  asso c ia tio n  
b e tw een  an tigen ic  s tru c tu re  and  pyocine p ro d u c tio n .

M ateria ls and  m ethods

Strains. A to ta l  o f 1043 Ps. aeruginosa  s tra in s  iso la ted  in d iffe ren t p a r ts  o f H u n g a ry  
were exam ined . O f th e  s tra in s , 543 h a d  been su b jec ted  to  full an tig en ic  an d  b iochem ical a n a ly 
sis [12, 13]. N in e ty -e ig h t s tra in s  w ere iso la ted  from  th e  Szeged m u n ic ip a l w a te r su p p ly  in v ad ed  
by P s. aeruginosa  as a  sole p o llu tin g  ag en t [11] and , fin a lly , 402 s tra in s  w ere co llected  from  
pa th o lo g ica l m ate ria ls  se n t to  th e  N ógrád  C oun ty  Pub lic  H e a lth  S ta tio n . A ccord ing  to  m a te 
ria ls , th e  1043 stra in s  w ere d is tr ib u te d  as follow s: faeces 422, non-faecal h u m an  m a te ria l  403, 
w a te r  and  sewage 218.

5 Acta Alicrobiologica Academiae Scientiarum  Hungaricac 17, 1970



3 6 2 К. CSISZÁR and В. LÁNYI

Indicator stra ins  to g e th e r  w ith  p y o c in e -p ro d u cin g  co n tro l s tra in s  P  , a n d  P 16 were 
o b ta in e d  from  Dr. R . R . G i l l i e s . E ig h t in d ic a to r s tra in s  (N os 1 — 8) w ere u se d  fo r p rim ary  
ty p in g . S ubdiv ision  of ty p e  1 s tra in s  was pe rfo rm ed  w ith  5 in d ic a to r s tra in s  o f  th e  sup p lem en 
ta r y  se t [6].

Culture media. B lood  a g a r  base p re p are d  as d escribed  in  th e  S ta n d a rd  M ethods of 
H u n g a r ia n  Pub lic  H e a lth  L ab o ra to rie s  [14] was su p p le m e n ted  w ith  5— 7%  horse  o r ox  blood. 
C o m p ara tiv e  e x am in a tio n  of h o rse  and  ox b lood  a g a r b y  th e  use o f v a rio u s  p yocine  ty p es 
in c lu d in g  contro l s tra in s  P , a n d  P 16 in d ica ted  t h a t  b o th  k inds o f blood w ere su itab le . The 
in d ic a to r  s tra in s  w ere p re c u ltu re d  in  b ro th .

Pyocine typ ing  w as ca rried  o u t e ssen tia lly  in  th e  sam e m an n e r as desc rib ed  b y  G i l l i e s  
a n d  G o v a n  [4] and  G o v a n  a n d  G i l l i e s  [6]. T he s tra in  u n d e r  ex am in a tio n  w as seeded  d iam e tri
c a lly  across a blood a g a r p la te  w ith  a loop 5 m m  in  d ia m e te r  an d  grow n a t  32°C fo r 14— 18 
h o u rs . T h en  th e  g ro w th  w as rem o v ed  w ith  a glass slide an d  a piece of c o tto n  wool im m ersed  
in  ch lo ro fo rm  was p laced  in  th e  lid  o f th e  P e tr i  d ish . A fte r  s ta n d in g  fo r 1 h o u r  th e  c o tto n  wool 
w as rem o v ed  and  th e  ch lo ro fo rm  v a p o u r  was e lim in a ted  from  th e  p la te  b y  o pen ing  th e  lid  for 
a  few  m in u tes . T he in d ic a to r  s tra in s  w ere s tre ak e d  a t  r ig h t-an g les  to  th e  line o f th e  o rig inal 
in o cu lu m . T he re su lts  w ere re a d  a f te r  20 hours in c u b a tio n  a t  37°C accord ing  to  th e  schem a 
o f G o v a n  and  G i l l i e s  [ 6 ] .

Serological a na lysis  w as pe rfo rm ed  as described  p rev io u sly  [12, 13].

Results

A to ta l o f 1043 P s. aeruginosa  s tra in s  w ere exam ined  fo r pyocine  produc" 
t io n . T h irty -tw o  o u t o f th e  37 pyocine ty p e s  described  b y  G o v a n  a n d  G i l l i e s  

w ere  en co u n tered  (T ab le  I). S im ilarly  to  th e  re su lts  o f th e  above au th o rs , 
p y o c in e  ty p e  1 w as th e  m o s t f req u en t (28 .7% ). F u r th e r  com m on ty p e s  were 
3 (2 0 .1 % ), 10 (14 .8% ) a n d  5 (5 .5% ). P y o c in e -p ro d u c in g  s tra in s  show ing a 
p a t t e r n  d ifferen t from  th o se  inc luded  in th e  G o v a n -  G i l l i e s  schem a occurred  
in  7 .6 % . S tra in s n o t a c tin g  on th e  in d ic a to r  s tra in s  w ere en co u n te red  in  9 .2% . 
E x a m in a tio n  w ith  th e  su p p le m e n ta ry  se t o f in d ic a to r  s tra in s  show ed th a tw ith in  
ty p e  1 , su b ty p es lc ,  I d  a n d  lb  p red o m in a ted .

I t  was s tu d ied  w h e th e r  th e  sero ty p es o f L a n y i ’s P s . aeruginosa  an tigen ic  
sc h e m a  can be su b d iv id ed  in to  fu r th e r  u n its  b y  pyocine ty p in g . In  th e se  inv es
t ig a tio n s  543 s tra in s  iso la ted  from  a w ide v a r ie ty  of sources an d  id en tified  
a cco rd in g  to  b iochem ical an d  serological c h a ra c te rs  [13] w ere used . T he resu lts  
a re  p re sen ted  in T ab le  I I .

T he 543 s tra in s  fell acco rd ing  to  0  an d  H  an tigens in to  53 se ro ty p es  and 
in to  16 o th er, n o t fu lly  d efin ed  serological u n its . T hese serological u n its  w ere 
su b d iv id e d  in to  165 com b in ed  sero-pyocine ty p e s . T he m a jo rity  o f sero types 
c o n ta in e d  tw o or m ore  d iffe ren t pyocine ty p es . S ero types fre q u e n tly  encoun
te re d  in  path o lo g ica l m a te ria ls  as 1 : 1 ,  3a, 3b : 1, 3a, 3d : 1, 3c : 1, 3d, 
3 f  : 1, 4a, 4d : 2a, 2b , 2f, 5a, 5d : 1 w ere each  classified in to  5 or m ore 
d iffe re n t sero-pyocine ty p e s . O th e r com m on sero ty p es as 4a, 4b : 2a, 2b, 4a, 
4c : 2a , 2b, 2f and  7a, 7b : 2a, 2c co n ta in ed  tw o  or th ree  sero -pyocine  types.

T here  was a d e f in ite  association  b e tw een  0  an tigen  g roups an d  pyocine 
ty p e s . T he freq u en cy  o f pyoc ine  ty p es 5 an d  29 w ith in  g roup  1 w as rem ark ab le . 
In  g ro u p  0 3 , e n co u n te red  fre q u e n tly  in  p a th o lo g ica l m a te ria ls , pyocine ty p es 
lc  a n d  Id  p red o m in a ted . T he overw helm ing  m a jo r ity  o f 0 4  s tra in s , w hich
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Tabló I

Distribution of 1043 Ps. aeruginosa strains according to pyocine type

Pyocine type* No. per cent Pyocine type* No. per cent

la 9 0.8 14 2 0.2

lb 43 4.1 15 3 0.3

lc 124 11.9 17 12 1.1

i d 70 6.7 18 1 0.1

le 2 0.2 19 2 0.2

и 20 1.9 22 8 0.8

i g 6 0.6 23 1 0.1

i h 16 1.5 24 2 0.2

lu e 11 1.0 25 2 0.2

2 12 1.1 27 3 0.3

3 210 20.1 28 6 0.6
4 2 0.2 29 18 1.7

5 58 5.5 30 5 0.6

6 10 1.0 31 7 0.7

7 1 0.1 32 1 0.1
8 7 0.7 33 4 0.4

9 4 0.4 34 2 0.2

10 155 14.8 35 5 0.5

11 16 1.5 37 6 0.6

12 1 0.1 UC 79 7.6

13 1 0.1 u t 96 9.2

* A ccording to  th e  schem a of Go van  a n d  G il l ie s  [6].
uc — unclassifiab le  stra ins (no t p rod u c in g  pyocine de tectab le  w ith  th e  s ta n d a rd  in d ic a to r  

stra ins).
u t  u n ty p ab le  stra in s  (pyocine-producing  cu ltu res giving p a tte rn s  o th er th a n  th o se  

included  in  th e  schem a).

rep re sen t th e  com m onest serogroup  in  faeces, w a te r an d  sew age, fell in to  p y o 
cine ty p e  3. P yocine  10 w as c h a ra c te r is tic  o f 0 5 , 0 7  an d  O i l  s tra in s ; in  g ro u p s 
0 7  and  O i l  ty p e  lb ,  a pyocine ty p e  a lm o st en tire ly  a b se n t from  o th e r  g ro u p s, 
was fre q u e n tly  d em o n stra ted . I t  is in te re s tin g  to  no te  th a t  be tw een  th e  la s t-  
nam ed  tw o  g roups th e re  is a m in o r sero logical re la tio n sh ip  [12]. No d e f in ite  
associa tion  w as revealed  betw een p y o c in e  ty p es  and  serological su b g ro u p s  or 
sero ty p es.

T ab le  I I I  p resen ts  th e  d is tr ib u tio n  o f pyocine ty p e s  accord ing  to  sero- 
groups. T he d a ta  can he in te rp re te d  s im ila rly  to  th e  ab o v e  ones. I t  is seen  
th a t  u n ty p a b le  an d  unclassifiab le  s tra in s  belonged m ain ly  to  serog roups 0 1 , 
0 4  and  0 6 .

5 * Acta Microbiologica Academiae Scientiarum  H ungarian' 17, 1970
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Table II

Subdivision o f  Ps. aeruginosa serotypes into pyocine types

Serogroup 0 antigen Н antigen
Frequent pyocine types, 

number of strains Other pyocine types*
Not determined 

types, No. 
of strains Total No. 

of strains
lb 1с Id If lh 3 5 10 29 UC ut

1 l 1 - - — - - 12 - 12 17 (2 ,6 , 9 ,1 3 ,1 5 ,3 1 , 

35, 37)

12 9 62

l 2а, 2Ь - - - - — — 1 - - — - — 1

i 2а, 2с — - — — — — 1 — — — — — 1

2 2 1 - 1 — 1 — — — 8 — 1 (1«) — — 11
2 2а, 2Ь - 5 - - - 1 - 1 - 3 ( le , lg , 11) - - 10
2 2а, 2с - 1 — - — — — — _ — — — 1

2 ND М П ) - - 1

3 За, . . . 1 - 1 4 - — — - 1 - — — — 6

За, 3b 1 - 13 9 - - 4 - 1 - 3 (lue, 6, 17) — - 30

За, 3b ND - 1 1 — - — - - — — — — 2

Зс 1 - 6 15 - - — - 1 - 4 ( la ,  6, 8) — - 26

За, 3d 1 - 21 5 - - 1 - 1 - 2 (lue) — — 30

За, 3d 2а, 2Ь, 21' — 1 — - — — — — — — — - 1

За, 3d ND — — 1 - — — — — — — — — 1

За, 3d, Зе 1 — 5 6 — — — — — — — — _ 11

За, 3d, Зе 2а, 2с 1 — — — — — — — — — — 1

3d, 3f 1 — 15 1 — — 3 — 1 — 4 ( la ,  7) — — 24

3d, 3f 2а, 2Ь, 2f - 1 - -
_

- - - - - — - 1
4 4а, . . . 1 — — — — — 1 — — — — — — 1

4а, . . . 2а, . . . — — — — — 1 — — — — — 2 3
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6

7

4 a ,. . . 2a, 2b _ _ _ _ _ 13 _ _

4a, . . . 2a, 2c, (2f) 2 — — — — 1 — — —
4a, . . . ND —
4a, 4b 2a, 2b — — — — — 12 — — 1
4a, 4b 2a, 2d, 2e, 2f
4a, 4c — — - — — — 1 — — —
4a, 4c 1 — — — — — 1 — — —
4a, 4c 2a, 2b, 2f — — — — — 11 5 — —
4a, 4c 2a, 2c — — — — — 3 — — —
4a, 4c 2a, 2c, 2f
4a, 4d 2a, 2b, 2f — — — — — 5 2 — —
4a, 4d 2a, 2c, 2f
5a, 5b, 5c 1 — — — — — — — 5 —
5a, 5b, 5c 2a, 2d — — — — — — — 1 —
5a, 5b, 5d 1 2 — — — — — — 3 —
5a, 5b, 5d 2a, 2d — — — — — — _ 8 —
5a, 5d 1 — 7 1 1 — — — 17 —
5a, 5d 2a, 2c — 2 — — — — —
5a, 5d 2a, 2d - - - - - 1 -

6 2a, 2b _ _ _ _ _
1 1

1 _
6 2a, 2c — — — — — — 1 — —
7a, 7b 1 1 — — — 1 — — 2 —
7a, 7b 2a, 2c 10 — — — 2 — — 30 —
7a, 7b 2a, 2d — — — — — — _ 4 —
7a, 7c 1 — — — — — — — 1 —
7a, 7c 2a, 2b 1 — — - - - - - -

l ( l a )
1(33)

1 ( 2)

1(27)

6 (2, 14, 17, 28, 31) 

2 (17, 27)

2 (18, 34)

1 (31)

5 (9 ,1 1 ,3 1 )  

6 ( 22)

1 15

4 

1
3 17

1 1
1 

1

16

3

1 1
5 6 24

2
1 -  6

1

9
12

4

8

29

2

1

12
18

11
4

42
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1
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* Figures before the brackets indicate the num
ber of strains; bracketed figures stand 

for unfrequent pyocine types; uc 
=

 unclassifiable strains; ut 
=

 untypable strains; N
D

 =
 

antigen not specified in 
L

á
n

y
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Table II (continued)

Serogroup 0  antigen H antigen

Frequent pyocine types, 
num ber of strains O ther pyocine 

types*

N ot determined 
types, No. 
of strains

Total No. 
of strains

lb lc Id I f lh 3 5 10 29 uc Ut

7a, 7c 2a, 2c 3 - - - - - - - - - - 3
3

9 9 2a, 2d — — — — — — 2 — — — — 2

9 2a, (2d), 2e, 2f — - - - - 1 - - - - - - 1

10 10a 1 — — — 1 - — - - - - - - 1

10a 2a, 2b, 2f - — — 8 - - - - - 2 (lue) - 2 12

10a 2a, 2c — — - 6 — — - — - 4 (lue) - - 10

10a 2a, 2c, (2f) - - - - - 1 - - — - - - 1

10a, 10b 1 - 1 - - 1 — - - - 2 (1 9 ) — - 4

10a, 10b 2a, . . . — 1 - — — 1

10a, 10b 2a, 2c 1 (31) - - 1

11 11 1 3 — - - 5 - - 5 - 2 ( la ) - - 15

11 2a, 2c 2 — — — - — - 3 - - - - 5

11 2a, 2c, 2f 3 — — — — — - 8 — - - - 11

11 ND 1 — - - — - - - - - — - 1

12 12 1 2 — — — - — — 3 - - - - 5

12 2a, 2c - l - 1

13 13 1 - - - - - - - 1 - - — — 1

ND 2a, 2b - - - - - 1 - 2 - - - - 3

ND 2a, 2c 3 - - - - - - 1 - - - - 4

ND 2a, 2c, 2f — - — - - 1 - - - - — - 1

ND ND — — 1 — — — — 1 — — — 2

Total 3 4 8 2 47 17 9 6 3 2 4 112 13 72 23 47 5 4 3
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Table III
D istribution o f  P s. aeruginosa pyocine types according to serogroups

Pyocine
Serogroup T o ta l

type
1 2 3 4 5 6 7 8 9 10 11 12 13 NI>

No. ol 
s tra in s

l a — 1 4 l — — — — — — 2 — _ _ 8
l b — — 1 2 2 — 15 — — — 9 2 - 3 34
l c — 7 6 4 — 9 — — — — 2 — — — 8 2

I d — — 4 2 — 1 — — 3 — — — — 1 4 7

l e — 1 1

I f - 1 - - 1 - - - - 15 - - - - 1 7

l g — 1 — — — - — - — 2 — - - - 3
l h — — — - — — 3 — — 1 5 — — — 9
l u e — — 3 — — — — — — 6 — — — — 9
2 1 — — 2 3
3 — 1 8 49 — 1 — — l 1 — — — 2 63
5 14 — — 7 — 3 — — — — — — — — 24
6 1 — 3 4
7 — — 1 1
8 — — 1 1
9

10
3

9 5 35
1

37 2 16 3 l 4
4

111
11 — 2 — — — 2 — — — — — — — — 4
13 1 1
14 1 l

15 2 2
17 — — 1 3 4

18 1 1
22 - - - - - 6 - - - - - - - - 6
27 — — — 2 — — — — — — — — — 2
28 1 1
29 12 — — 1 13
31 1 - - 1 - 3 - - - 1 - - - — 6
3 3 — — — 1 — — — — — — — — — — 1
34 1 1
3 5 4 4

37 4 4

UC 12 — 5 1 4 — — — — — 1 — — 24
ut 9 - 14 1 21 - - - 2 - - - 47
Total 64 23 133 90 52 41 55 3 3 30 32 6 l 10 543

u c  =  u n c la s s i f i a b le  s t r a in s ,  
u t  =  u n t y p a b l e  s t r a in s .
ND =  a n t ig e n  n o t  s p e c if i e d  in  L á n y i ’s s c h e m a .
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N o association  w as d e m o n s tra te d  b e tw een  th e  b iochem ical ch a ra c te rs  
a n d  pyoc ine  ty p es of th e  543 s tra in s . S im ila r conclusions h av e  been  d raw n  as 
to  co lo n y  m orphology , p y o cy an in  an d  flu o re sc e n t p igm en t p ro d u c tio n . D iffer
e n t  co lo n y  ty p es o f Ps. aeruginosa  iso la ted  from  th e  sam e m a te ria l w ere alw ays 
id e n tic a l  in  pyocine ty p e .

In  ad d itio n  to  th e  a b o v e  543 s tra in s , 98 cu ltu res iso la ted  b y  L a n t o s  

et al. [11] in  stud ies of a P s. aeruginosa  m ass p o llu tio n  of th e  Szeged m un ic ipa l 
w a te r  system  w ere also exam in ed . T ab le  IV  show s th a t  g roup  4a, 4c s tra in s  
re sp o n s ib le  for th e  in v as io n  belonged , w ith  one excep tion , to  pyocine  ty p e  3. 
O th e r  P s. aeruginosa  s tra in s  iso la ted  from  th e  Szeged w a te r  sy stem  b u t n o t 
a s so c ia te d  w ith  th e  m ass p o llu tio n  belonged to  d iffe ren t subgroups an d  d iffe r
e n t  p y o c in e  types.

Table IV

0  a n t i g e n s  a n d  p y o c i n e  t y p e s  o f  9 8  P s .  a e r u g i n o s a  s t r a i n s  i s o l a t e d  

f r o m  t h e  S z e g e d  m u n i c i p a l  w a t e r  s u p p l y

0  antigen Pyocine type N um ber of strains

l* UC l

3a, 3b* id l

4a, 4c 3 93

4a, 4c UC 1

5a, 5b, 5d* 10 1

ND* 3 1

Total 98

*  Strains belonging to  these serogroups were isolated  from peripheral sam pling sites and 
w ere n o t associated w ith the invasion of the drinking water system  by P s .  a e r u g i n o s a  0 4 a , 4c.

S ta b ili ty  of pyocine  ty p e s  was co n firm ed  b y  th e  fa c t th a t  re p e a te d  ex 
a m in a tio n s  of th e  sam e p a t ie n t  y ielded  id e n tic a l pyocine ty p es  and  th e  o rig inal 
ty p e  rem ain ed  u n ch an g ed  a f te r  severa l su b c u ltu re s .

Discussion

F o r  th e  ep idem iological m ark ing  of P s. aeruginosa  s tra in s , ph ag e  ty p in g , 
p y o c in e  ty p in g  and  sero log ica l d e te rm in a tio n  o f th e  cu ltu res  m ay  be used. 
T h e  s tra in s  are fre q u e n tly  lysogenic [1]. T h e  p ra c tic a l u tiliz a tio n  of v a rious 
ly s o ty p in g  schem es [7, 16 18] is ren d ered  d ifficu lt by  th e  in s ta b ili ty  o f phage
p a t te r n s  [2 1 ] and  by  th e  ex istence  o f a la rg e  n u m b er o f ty p e s  [19].
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B acterioc ine  (pyocine, aerug inocine) p ro d u ced  b y  Ps. aeruginosa  was 
described  f irs t b y  J a c o b  [10]. H o l l o w a y  [8 ] reco m m en d ed  pyocine ty p in g  
fo r th e  subd iv ision  of th e  species. T h e  tw o w idely used  m eth o d s  [2, 4] are  based  
on th e  d e tec tio n  o f pyocine p ro d u c tio n  by  th e  iso la ted  s tra in s  an d  th e ir  tech 
n ique  resem bles th e  m eth o d  e la b o ra te d  for th e  colicine ty p in g  o f Shigella sonnei. 
C lassification  o f Ps. aeruginosa  w as a tte m p te d  b y  d e te rm in in g  th e  pyocine 
se n s itiv ity  of th e  s tra in s  [3, 15]. F o r  th e  serological c h a ra c te riz a tio n  of Ps. 
aeruginosa  m an y  schem es have  b een  devised. T he m o s t ex tensive  of th ese  is 
th a t  described  b y  L á n y i  [12, 13].

P yocine  ty p in g  of H u n g a ria n  Ps. aeruginosa  s tra in s  gave resu lts  s im ilar 
to  th e  find ings o f G i l l i e s  an d  G o v a n  for c u ltu re s  iso la ted  in th e  U n ited  
K ingdom . In  b o th  coun tries, p y o c in e  ty p e  1 was th e  m o st fre q u e n t, in d ica tin g  
th e  im p o rtan ce  o f classify ing th is  u n it  in to  su b ty p es .

C om bined sero logical-pyocine ty p in g  offers a re liab le  an d  d e lica te  ch a r
ac te riz a tio n  of P s. aeruginosa  s tra in s . The m eth o d  allow ed th e  c lassifica tion  
o f 543 s tra in s  o rig in a tin g  from  a v a r ie ty  o f sources in to  n o t less th a n  165 
ty p e s . S ero types fre q u e n tly  m e t w dth in  p a tho log ica l m a te r ia l could be d iv ided  
in to  a n u m b e r of d iffe ren t p yoc ine  ty p es. I t  shou ld  be n o te d  th a t  a lth o u g h  th e  
n u m b e r of d is tin g u ish ab le  sero -pyoc ine  ty p es w as g re a t, w ith in  each freq u en t 
se ro ty p e  th e  m a jo rity  of s tra in s  belonged  to  one o r tw o  pyocine  ty p e s . This 
fin d in g  m eans th a t  th e  ap p lic a b ility  of th e  m e th o d , s im ila rly  as in  th e  case of 
ty p in g  b y  H  an tigens [13], is so m ew h at lim ited . W e fa iled  to  d e m o n s tra te  th e  
un ifo rm  d is tr ib u tio n  of pyocine ty p e s  as described  b y  W a h b a  [ 2 0 ] .  T he dis
ag reem en t was due  p ro b ab ly  to  th e  fac t th a t  W a h b a ’s m eth o d  d iffe ren tia ted  
a considerab ly  sm alle r n u m b er o f  ty p es  e ith e r b y  sero logical ex am in a tio n  or 
on th e  basis of pyocine p ro d u c tio n .

O u r ex p erim en ts  revealed  a n  im p o rta n t a sso c ia tio n  b e tw een  О an tigens 
and  pyocine  ty p es  o f Ps. aeruginosa. In  th is  re sp ec t i t  is in te re s tin g  to  no te  
th a t  accord ing  to  H o m m a  and  S u z u k i  [9 ]  th e  p ro te in  p a r t  o f en d o to x in  iso la ted  
from  th e  cell w all o f Ps. aeruginosa  is re la ted  to , o r id e n tic a l w ith , pyocine. 
К  colicine in  Escherichia coli К  235 is also asso c ia ted  w ith  th e  О an tig en ic  
s tru c tu re  o f th e  organism  [5].

T he u n ifo rm ity  of pyoc ine  ty p e s  of Ps. aeruginosa  s tra in s  assoc ia ted  
w ith  th e  invasion  o f th e  Szeged w a te r  system  has con firm ed  o th e r find ings 
concern ing  th e  s ta b ili ty  o f p y o c in e  p roduc tion .

Acknowledgement. T he au th o rs  a re  in d eb te d  to  Dr. R . R . G i l l i e s  (D e p a rtm e n t o f R acte- 
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ATYPICAL MYCOBACTERIA ISOLATED 
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Sum m ary . A to ta l  o f 32 s tra in s  o f a c id -fa s t b a c te ria  was iso la ted  from  ro u tin e  tu b e r 
cu lo u s m ate ria l. On th e  basis o f m orpholog ical, c u ltu ra l, b iochem ical, pa th o g en ic  an d  re sis tan ce  
c h a ra c te ris tic s  the  s tra in s  w ere: 2 M ycobacterium  tuberculosis (h u m an  ty p e ) , 1 M . a v ium , 
8 M . aquae I ,  3 M . aquae I I I ,  3 M . sm egm atis  an d  1 M . phlei. T he h u m an  p a th o g e n ic ity  of 
n iac in  po sitiv e  stra in s , because  of th e ir  ir reg u la r  b eh av io u r, was d o u b tfu l. Six s tra in s  rem a in ed  
unclassified . C ontrad ic tions in  th e  c lassifica tion  o f m y co b acte ria  a re  d iscussed . S ta n d a rd iz a tio n  
o f  th e  m eth o d s is regarded  as a  m ost im p o r ta n t  step  for p ro p er id en tif ic a tio n . A c lass ifica tio n  
schem e su itab le  for sm all lab o ra to rie s  is recom m ended .

In  recen t years an  increasing  n u m b e r of papers has d e a lt w ith  th e  id e n ti
f ic a tio n  o f “ a ty p ic a l” m y co b ac te ria  [1 — 3]. M ost au th o rs  a tte m p te d  to  e lab o 
r a te  a c lassification  b y  th e  use of in te rn a tio n a l ty p e  s tra in s  [3, 4].

P ra c tic a lly  every  a u th o r  has described  new b iochem ical reac tio n s  or 
g ro w th  fac to r  te s ts  fo r im prov ing  c lassifica tion . T s u k a m u r a  [3] described  98  
c h a ra c te rs  for each exam ined  s tra in , J u h l in  [4] and  R u n y o n  [5] d e te rm in e d  
an  a lm o st equally  high n u m b e r of p ro p e rtie s . T o d ay  th e  n u m b e r o f te s ts  used  
fo r  th e  c lassification  o f m y co b ac te ria  is well over one h u n d re d . M any o f th em  
h av e  been  fo rg o tten  (th io g lyco lla te , D esbordes an d  n e u tra l red  reac tion ) and  
som e o f th em  are used b y  few w orkers. T he n u m b e r o f  te s ts  in  com m on use  is 
n o t m ore th a n  50. U n fo rtu n a te ly , som e reac tions such as ph ag e  ty p in g  [6 , 7] 
a n d  im m unological ex am in a tio n  [8 , 9] have n o t been genera lly  in tro d u c e d  
because  o f techn ica l an d  o th e r d ifficu lties. In  view  o f th e  w ide v a r ie ty  in  th e  
m e th o d s  th e  resu lts  are  d ifficu lt to  com pare . T he m edia  an d  th e ir  in g red ien ts  
d iffe r in com position  an d  q u a lity  a n d  th e  te s ts  are  ca rried  ou t in  d iffe ren t 
m an n e rs . F o r exam ple, a t least 6  d iffe re n t m eth o d s are ro u tin e ly  em p lo y ed  
fo r th e  n iacin  te s t. I t  is genera lly  ag reed  th a t  th e  resu lts  are rep ro d u c ib le  on ly  
w h en  th e  s ta n d a rd  p rocedures are  s tr ic t ly  follow ed, b u t v e ry  few  — an d  
m a in ly  unsuccessful a tte m p ts  h a v e  been m ade to  s ta n d a rd iz e  th e  id e n tif i
c a tio n  m ethods. E v en  th e  s im p lest c h a ra c te r  fo r g ro u p in g  th e  tim e  of 
g ro w th  has no t been accep ted  u n an im o u sly .

In  th e  p resen t w o rk , m eth o d s giv ing rep ro d u c ib le  resu lts  h av e  been  
chosen  so as to  allow a p ro p e r id e n tif ic a tio n  of m y co b ac te ria  in sm all la b o ra 
to ries .
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M aterials and  m ethods

Stra ins. A to ta l  o f 32 a ty p ic a l m y co b acte ria l s tra in s  iso la ted  fro m  ro u tin e  tu b ercu lo u s 
m a te r ia l  was used. T he sp ec im en s were cu ltu red  a f te r  p re tre a tm e n t w ith  sod ium  trip h o sp h a te  
[10]. All cu ltu res o th e r  th a n  h u m an  and  bovine ty p e  M . tuberculosis w ere co llected  du ring  a 
6 -m o n th  period. S u b c u ltu re s  o f  th e  stra in s  w ere su sp en d ed  by th e  a id  o f glass beads 3 m m  
in  d ia m e te r  to  1 m g b a c te r ia  p e r  ml. A liquots of 0.5 m l o f  th e  suspension  w ere used  for seeding 
c u ltu ra l  and  resistan ce  te s t  m ed ia  and  also fo r an im a l ino cu la tio n . B iochem ical p rop erties  
w ere  ex am ined  by seed ing  p a ra lle l  te s t  m edia fro m  L o ew en ste in —Je n se n  cu ltu re .

M edia. M odified  Loeivenstein— Jensen m ed ium  w as p rep ared  fro m  th e  s ta n d a rd  co n ce n tra 
te  o b ta in e d  from  th e  N a tio n a l In s t i tu te  for T ubercu losis “ K o rá n y i” , B u d a p es t. P N F  m edium : 
to  L o ew en ste in —Je n se n  m ed iu m  0.05%  a n a ly tic a l g rad e  p -n itro p h en o l w as added . M eat 
in fu s io n  agar: d e h y d ra te d  m ed iu m , H u m an , B u d a p es t. T T C  m ed ium :  L o ew en ste in —Jen sen  
m ed iu m  su p p lem en ted  w ith  an a ly tic a l grade tr ip h e n y l té traz o liu m  chloride  (500 /ig/m l). 
P icronitric  acid agar: to  S a u to n  ag ar 0 .2%  p ic ro n itr ic  acid  was ad d ed . S a licy l m edium : sodium  
sa lic y la te  (1 m g/m l) w as d isso lved  in Ogawa m ed iu m .

Biochemical tests. N ia c in :  K o n o ’s m eth o d  as m odified  b y  T a r s h i s  [11]. Catalase: 
M i d d l e b r o o k ’s m eth o d  [12]. Peroxidase : acco rd ing  to  V i s c h e r  et al. [13]. L ip a se :  according 
to  T i s o n  et al. [14]. C F A :  fe rr ie  am m onium  c itra te  u tiliz a tio n  as d escribed  by  S z a b ó  [15]. 
N itra te  and nitrite reduction: acco rd ing  to  T a c q u e t  et al. [16]. Tw een hydro lysis: W a y n e ’s 
m eth o d  [17]. A m idase tests w ith  10 su b s tra tes  w ere pe rfo rm ed  as d escribed  b y  B o e n i c k e  [18].

Resistance to antib io tics. T he m ethod  of C a n e t t i  et al. [19] w as u sed  a t  th e  follow ing 
co n ce n tra tio n s : IN H , 20 /vg/m l; strep to m y c in , 8 p g /m l; PA S , 10 //g /m l; e th io n am id e , 80 //g /m l; 
cy clo se rin , 80 /jg /m l; v io m y c in , 80 /ig/m l; T B -I, 4 /ig /m l; rifam picin  (A M P), 40 /ig /m l; p y razin  
am id e , 400 ^g /m l; e th a m b u to l ,  3 /tg/m l, k an am y cin , 80 /ig/m l.

A n im a l experim ents. T h e  bac teria l suspension  (1 m g/m l) w as in o cu la te d  a t  0.5 ml a li
q u o ts  in  th e  inguinal reg io n  to  gu inea pigs and  a t  0.1 m l a liquo ts in tra p e rito n e a lly  an d  su b 
c u ta n eo u s ly  to  m ice. R e ad in g s  were perform ed 6 w eeks a f te r  th e  in jec tio n . T he resu lts  were 
co n sid ered  positive  if  th e  te s te d  ag en t was reco v ered  fro m  m acroscopic  changes in  th e  spleen, 
liv e r , lung  and ly m p h  nodes. A nim als dying 48 h o u rs  a f te r  th e  in fec tio n  w ere ex am ined  by  
a u to p sy .

Identifica tion  o f  isolates w as perform ed as show n in  T able  I. M edium  P N F  was used for 
se lec tin g  Nocardia  [20].

Table I

Scheme fo r  the identification o f  mycobacteria

S ta in in g

I I
3 7 °C 2 2 °C

JTim e of g ro w th

C oloration

P N F

A n im al in o cu la tion

Suspension
(sta in in g )

G row th  p ro p e rtie s

45 °C

R esistan ce

B iochem ical p ro p e rtie s
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Results

T he isolates w ere classified in to  tw o  groups on th e  basis of th e  tim e  of 
g ro w th . A to ta l  o f 14 rap id ly  grow ing s tra in s  w as iso la ted ; th e y  began  to  m u lt i
p ly  a f te r  2 3 d ay s an d  showed o p tim u m  grow th  w ith in  6  days (T ables I I ,
I I I  a n d  IV).

Table II

C u l t u r a l  c h a r a c t e r s  a n d  a n i m a l  p a t h o g e n i c i t y  o f  r a p i d l y  g r o w i n g  i s o l a t e s

Designa
tion

Time
of

growth,
days

G row th at

Colour
P h o to 

induction Mouse
Guinea-

pig
Meat

infusion
agar

Piero-
nitric
acid

TTC
20» 45°

3 3 + + white — — — + — +
и 3 + - white — - + + +
12 3 + - white — - + + +
14 3 + - white - - - + + +
17 2 + + white - + - + + +
18 6 H" - orange — - - - + +
19 6 + - white - + - + + +
20 2 + - white — - - + +
21 3 + - yellow - - - - +
25 3 -j- - orange - 4- - + - +
26 2 + + orange - - - + + +
27 6 + - white - - - + + +
28 6 + — white — - - + + +
29 3 + — orange — — — + — +

N one of th e  ra p id ly  grow ing iso la te s  w ere p h o toch rom ogen ic  an d  p a th o 
genic to  the  gu inea  pig. All grew a t  room  te m p e ra tu re  an d  show ed red u c in g  
colonies on TTC m ed ium . As ex p ec ted , th e y  w ere c a ta la se  p o sitive , n iac in  
n e g a tiv e  and  PA S re s is ta n t. On th e  b as is  o f am idase te s ts  iso la tes 11, 12 a n d  
14 w ere iden tified  as M . smegmatis. T h ese  cu ltu res were u n ifo rm  in b e h a v io u r  
an d  d iffered  only  in peroxidase p ro d u c tio n  and  k an am y c in  resistance . T h e re  
w ere m ore considerab le  differences b e tw e e n  iso lates 17, 19, 27 an d  29 id e n tif ie d  
as M . aquae g roup  I I  s tra in s  (tim e o f g ro w th , colour o f cu ltu re , etc . as seen 
in T ab le  II).

N one of th e  s tra in s  a tta ck ed  n i t r a te  and  n itr ite , an d  p ero x id ase  p o s it iv ity  
w as u n freq u en t. In  an tib io tic  s e n s itiv ity  th e  s tra in s  v a rie d  co nsiderab ly . In  
a d d itio n  to  PA S res is tan ce , a f re q u e n t incidence o f IN H , s tre p to m y c in , T B -I 
an d  p y raz in am id e  in su scep tib ility  w as n o ted .
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Table III
Biochemical characters

D esig n a 
t io n N03 n o 2 CFA C ata la se

P e ro x id ase
В L ip ase N iac in

T w een
h y d ro ly sis

5 + — — + + + + — +

11 + + + + + + + - +

12 + — + + - + + + - +

14 + — + + + + + + — +

17 — + - + - - - —

18 — + — + - + + - -

19 — + — + - - - ( ± )
20 — + — + - - - ( ± )
21 — + - + - + + + - + +

25 — + - + - + + + - +  +

26 — — — + - + + + - —

27 - + — + - - - (± >
28 — + - + - - - ( ± )

29 + — + — + + + — —

— negative, ±  w e a k ly  positive, +  positive , +  +  , +  +  +  stro n g ly  positive

Table IV

A n tib io tic  resistance o f  ra p id ly  growing isolates

D esig n atio n IN H
S tre p to 

m y c in PA S
E th io n 
am ide

C yclo
se rin

V io-
m y c in T B -I A M P P Z A EM B

K a n a -
m y cin

5 s s R s R s R R R R s

1 1 R R R R R R R R R R R

1 2 R R R R R R R R R R S

14 R R R R R R R R R R R

17 R R R S S S S S S S S

18 S R R R S S S S S S S

19 R R R S s R R s R s s

2 0 R R R S s S R s R s s

2 1 R R R R s s R s R s s

25 R R R R s s R s R s s
26 R S R R s s R R R s s

27 R R R S R s R s R s R

28 R R R S R s R s R s R

29 S S R s s s R s R s s
S =  sensitive, R  =  re s is tan t.
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o f  rapidly  growing isolates

Amidase

1 2 3 4 s 6 7 8 9 10

— — — — + — ± — — —

+ + - + - ± + ± + ± —

± ± + - + + ± + ± ±

+ + +

+ +

± ±

-

+ ± ±

- - - +

±

+

±

-

+

±

—

— - + + - - ± - + — —

+ 4 -

—

+ +

—

± +  +

_
±

±

— - - - -

±

- —

Table V
Cultural characters and an im al pathogenicity o f  slowly growing isolates

Designa
tion

Time 
o f ,grow th,

days

Growth at

Colour
P hoto

induction Mouse
Guinea

P«g

M eat
infusion

agar

Picro-
nitric
acid

TTC
20° 45°

l 17 — — w hite — + — — — —

2 17 - - w hite — + + — — —

3 13 + — yellow - - - + + +

4 17 - yellow - - - — - +

6 17 - - w hite - — — - + +

7 17 + - w hite - + — — -j- +

8 13 + - w hite - - - + +

9 17 - - orange - - - -

10 13 + - w hite - + — 4 - +

13 13 + - yellow - - - — - +
15 13 + - w hite - - - - + +
16 13 + — orange - — - — - +
22 8 + - w hite — — + — — —
23 8 + - w hite — — — — — —
24 8 + - w hite — + — — + +
30 8 + - w hite - — — + — —
31 8 + — w hite — + + + — —
32 8 + — w hite — + + + — —
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Table VI

Biochemical characters

D esigna
tion NO, n o 2 CFA Catalase

Peroxidase
В Lipase N iacin Tween hydr.

l 4 " — — — -f- — + —

2 + — — + + + + + + -

3 - — - + + + - -

4 + — - - + + +  + - -

6 - + + - - - +
7 - + - + - - - +

8 - + - + - - — + + +
9 - — - + + - + -

10 - + + - + — -

13 - + - + — + + + - +

15 — — - + - - - + +

16 — + - + — + + + - +

22 + — - - + + + + -

23 + — - - + +  + + -

24 - + — + — + - +
30 + - - + — + + + + -
31 + - - — + + + + +
32 — — + + + + + + +  +

— negative, ±  w eak ly  positive, +  p o sitive , + + ,  +  +  +  stro n g ly  positive.

Iso lates show ing  v isib le  m u ltip lic a tio n  a f te r  6  days w ere classified  as 
slow ly  grow ing o rg an ism s (Tables Y, V I a n d  VIT). N one of th e  18 cu ltu res  
w ere  p h o toch rom ogen ic  o r grew  a t  45 °C. C u ltu rin g , p a th o g en ic ity  an d  b iochem 
ica l te s ts  show ed th a t  iso lates 1 and  2 w ere  h u m an  pa th o g en s. On th e  basis 
o f  ch a rac te rs  d e te rm in e d  in  th is  s tu d y  th e  c lassifica tion  o f th e  m a jo rity  of 
slow ly  grow ing c u ltu re s  w as difficult.

W ith  th e  e x c e p tio n  o f s tra in s  1 an d  2, n iac in  p o s itiv ity  was n o t in  ag ree
m e n t w ith  th e  sy s te m a tic  position  of th e  s tra in s  d e te rm in ed  b y  o th e r ch a ra c 
te rs . In  th e  l i te ra tu re  on ly  hum an  ty p e  M . tuberculosis and  M . niacinogenes 
a re  know n to  p ro d u c e  n iac in . T hus s tra in s  9, 22, 23, 30, 31 an d  32 w ere a ty p ica l 
in  b iochem ical b e h a v io u r . Slowly grow ing s tra in s  w ere u su a lly  m ore sen sitive  
to  an tib io tic s  th a n  ra p id ly  grow ing ones. T h e re  was no s ign ifican t re la tio n  
b e tw een  an tib io tic  re s is ta n c e  and  o th e r c h a ra c te rs .
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o f  s l o w l y  g r o w i n g  i s o l a t e s

Discussion

C ultu ra l and  m orphological b e h a v io u r were th e  f ir s t  ch a rac te rs  ex am in ed  
in th e  p re sen t w ork. O nly s tra in s  fo rm in g  R or S colonies on L oew enste in  
Je n se n  m edium , d iffe ren t in  co lour from  M . tuberculosis, show ing u n ifo rm  
tu rb id ity  in liq u id  Sula m edium  an d  lack ing  cord fo rm a tio n  w ere se lec ted .

M . tuberculosis s tra in s  w ith  a ty p ic a l m orpho logy  a re  u n fre q u e n tly  e n 
coun tered . T he incidence of tw o such  iso lates in  ou r m a te r ia l in d ica tes  th a t  
th e ir  possib le occurrence shou ld  a lw ay s  be considered  in  ro u tin e  w ork.

In  recen t years  a f req u en t incidence o f p a th o g en ic  a ty p ica l m y co b ac te ria  
has been no ted  [5, 21]. I t  is d ifficu lt to  p rove  the  p a th o g e n ic  role o f such  iso 
la tes. U sually , on ly  organism s c u ltu re d  on rep ea ted  e x am in a tio n s  or from  
surg ical m a te r ia l are  accep ted  as p a th o g en s . T he p re se n t w ork  was n o t a im ed  
a t p rov ing  th e  p a th o g en ic ity  of th e  s tra in s . The fa c t t h a t  m o st o f th e  a ty p ic a l 
m y co b ac te ria  w ere iso la ted  from  chronic  lesions of in cu rab le  p a tie n ts  seem s 
to  confirm  X a l a b a r d e r ’s selection  th e o ry  [22]. T he se lec tive  ac tion  o f la b o 
ra to ry  p re - tre a tm e n t of th e  m a te r ia l an d  th e  effect o f d ru g s  can n o t, o f co u rse ,
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Table VII

A n tib io tic  resistance o f  slow ly growing isolates

D esignation INH S trep to 
m ycin PAS

Ethion
amide

Cyclo
serin

Vio-
mycin TB-I AMP PZA EMB

K ana-
mycin

l s s s s s s s s R s s
2 s s s s s s s s R s s
3 s s s s s s s s s s s
4 s R s s s s s s R s s
6 R R R s R s R s R s R
7 R R R s s s R s R s s
8 R R R s s R R s R s s
9 S S S s s s S s R s s

10 R R R s s s R s R s s
13 S S R s s s R s R s s
15 R R R R R s R s R s R
16 R R R s s s R s R s s
22 S R R R s s R s R s s
23 S S R s s s S s S s s
24 R R R s s R R s R s s
30 R S S s s s S s R s s
31 S S R s s s S s S s s
32 S s S s s s s s R s s

S =  sensitive, R  =  re s is ta n t.

b e  excluded . Som e o f th e  iso la tes  m ay h a v e  b e e n  c o n ta m in a n ts ; th is  is in d ica ted  
b y  th e  re la tiv e  fre q u e n c y  o f  M . aquae.

In  th e  id e n tif ic a tio n  o f m y co b ac te ria , g re a t im p o rta n c e  shou ld  be a t t r ib 
u te d  to  th e  s ta n d a rd iz a tio n  o f th e  m e th o d s . I t  is reco m m en d ed  th a t  th e  te s ts  
sh o u ld  be s ta r te d  b y  seed in g  w ith  lo g a rith m ic  ph ase  c u ltu re s  grow n on an  
a p p ro p r ia te  s ta n d a rd  m ed iu m  and  su sp en d ed  to  co n ta in  1 m g b a c te r ia  p e r m l 
b y  th e  use of glass b e a d s . A ll g row th  te s ts , b iochem ical re a c tio n s  an d  an im al 
e x p e rim e n ts  shou ld  b e  s ta r te d  from  th e  sam e  cu ltu re  s im u ltan eo u sly . T he use 
o f  a  s ta n d a rd  m ed iu m  is im p o r ta n t b ecau se  th e  o rgan ism  grow n in  liqu id  
m e d iu m  m ay e x e rt an  a c t iv i ty  d iffe ren t fro m  th a t  o f a so lid  m ed ium  cu ltu re . 
A s m y co b ac te ria  f r e q u e n tly  p roduce ag g reg a tes , care sh o u ld  be ta k e n  to  use 
hom ogeneous cu ltu res .

T here  are m a n y  d isag reem en ts  b e tw een  th e  a u th o rs  as reg a rd s  b iochem ical 
te s ts .  F o r exam ple, P e n s o  [23] regards M . tn inetti c a ta la se  n eg a tiv e , w hile 
acc o rd in g  to  o th e r w o rk e rs  [24] i t  is c a ta la se  positive .
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In  th e  p resen t w o rk  te s ts  no t g iv in g  v a riab le  re su lts  fo r m em bers o f one 
m y co b ac te riu m  group  w ere regarded  as h av in g  a p r im a ry  im p o rtan ce  in  c la ssi
f ic a tio n . D ifferences in  th e  in ten s ity  o f  th e  sam e reac tio n  +  +  and  
c a n n o t be accepted  as a firm  tax o n o m ic  basis. T he w idely  used schem e o f 
ta x o n o m ic  analysis [25] has several d isa d v a n ta g e s . In  o u r opinion on ly  s tra in s  
show ing  iden tica l b e h a v io u r in c e r ta in  basic  c h a ra c te rs  (tim e o f g ro w th , 
o p tim a l te m p e ra tu re , co lo ra tion  and  an im a l p a th o g en ic ity )  should be c lassified  
in to  th e  sam e group . In  ev a lua ting  an im a l p a th o g e n ic ity  i t  should alw ays be  
co n sid ered  w heth er th e  p a tie n t h ad  o r h a d  n o t received  an tib io tic  t r e a tm e n t .

C om parison o f M . smegmatis s tra in s  11, 12 an d  14 in d ica ted  th a t  a s im i
la r i ty  o f 90 .3%  ex is ted  betw een th e se  iso la tes. T h e  va lu es  fo r o th e r  m y c o 
b a c te r ia  classifiable on  th e  basis of am id ase  te s ts  in  th e  sam e group w as a b o u t 
50% . In  th e  p re sen t w o rk  fin a l c lassifica tion  w as b ased  on B o e n ic k e ’s am id ase  
te s ts . A t p resen t th is  m e th o d  su p p lem en ted  w ith  c e r ta in  o th e r te s ts  seem s to  
be th e  on ly  m eans o f o b ta in in g  a p rec ise  d iagnosis.
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(R eceived S e p tem b e r 23, 1970)

Summary. A n ti-co m p lem en ta ry  su b s ta n c es  from  n u tr ie n t  m edia  o f K B  cell c u ltu re s , 
in fec ted  an d  n o t in fec ted  w ith  v irus have been s tu d ied . O ne frac tio n  o f th e  a n ti-c o m p le m e n ta ry  
su b s ta n c e  p ro d u ced  b y  non-in fec ted  K B  cells w as fo u n d  to  hav e  several p rop erties  in  co m m o n  
w ith  C l. In fec tio n  o f th e  cell cu ltu re  w ith  ty p e  1 po lio v iru s in d u ced  a decrease, w h ereas in fec 
tio n  w ith  ty p e  3 a d en o v iru s  an  increase, in  th e  a n ti-co m p lem e n ta ry  a c tiv ity  o f th e  tis su e  cu l
tu re  flu id . T h e  increase  in  a c tiv ity  re la ted  to  ad en o v iru s  in fec tion  w as due n o t so m u c h  to  th e  
in crem en t o f th e  o rig in a lly  p roduced  su b s tan ce , as to  th e  fo rm atio n  of a new su b s ta n c e  w h ich  
d iffered  fro m  th e  fo rm er in  several p roperties .

T he a n ti-co m p lem en ta ry  (AC) effect o f v ira l com plem en t fix ing  a n tig en s  
o ften  in te rfe res  w ith  th e  resu lts  o f sero logical te s ts  [1]. In  ex p erim en ts  on th e  
p re p a ra tio n  of ad en o v iru s  co m p lem en t fix in g  (CF) tu m o u r  an tig en , G i l d e n  
et al. [2] cou ld  use exclusively  th e  10 th  — 3 0 th  passages of K B  cell c u ltu re s , 
as in  th e  h ig h er passages th e  high AC a c tiv ity  o f th e  flu id  m edium  in te r fe re d  
w ith  th e  e v a lu a tio n  of th e  CF te s ts . Y o n  Z e i p e l  d e m o n s tra te d  in  th e  f lu id  
m ed ia  of n o n -in fcc ted  H eL a and  K B  cell cu ltu re s  a th erm o lab ile  s u b s ta n c e  
w ith  AC effect, w hich  was la te r  id e n tif ie d  as an  enzym e of esterase  a c t iv i ty  
decom posing  N -a c e ty l-L -ty ro s in e -e th y l-e s te r  [3, 4 ]. In  view  of th is  c h a ra c te r 
istic  s u b s tra te  specific ity  it  seem ed w o rth w h ile  to  exam ine w h e th e r  th e  
su b stan ce  responsib le  fo r th e  AC a c tiv ity  o f  th e  flu id  m ed ia  of K B  cell c u ltu re s  
w as id e n tic a l w ith  th e  ac tiv a ted  f irs t  co m p o n en t of h u m an  co m p lem en t, th e  
C l e s te rase  (fu r th e r  on referred  to  as C l, acco rd ing  to  th e  W H O  n o m e n c la 
tu re ). A fte r  th e se  ex p erim en ts  h ad  been  b ro u g h t to  an  end , v o n  Z e i p e l ’s re 
cen t p a p e r [4a] w as pub lished  s ta tin g  th a t  th e  su b s tra te  specific ity  o f  one 
frac tio n  se p a ra te d  from  th e  AC su b s ta n c e  o f th e  flu id  m edium  of H eL a  cell 
cu ltu res  w as id en tica l w ith  th a t  o f C Ï.

In  a fu r th e r  series of ex p erim en ts , K B  cell cu ltu res  were in fec ted  w ith  
S a b i n ’s a t te n u a te d  poliov irus ty p e  1 a n d  ad en o v iru s  ty p e  3 v irus s tra in s  to  
exam ine th e  in flu en ce  of these  v iru ses on AC su b s ta n c e  p ro d u c tio n  b y  K B  
cells.

Materials and methods
Cell culture. K B  cells were grown in a n u tr ie n t  m ed iu m  consisting  of 16%  in a c tiv a te d  

h u m an  serum , 3%  lac ta lb u m in  h y d ro ly sa te , 19%  P a rk e r’s 199 so lu tio n  and 62%  H a n k s ’ 
.solution. T h e  m edium  was exchanged  tw o d ay s  a f te r  passage  (g row th  m edium ) a n d  o n  th e
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six th  day the tube cultures were washed 3 tim es w ith  Parker’s 199 solution to rem ove hum an  
serum . Subsequently, part o f the cultures was in fected  w ith  virus and as m aintenance m edium  
P arker’s 199 was added to  both  infected and non-in fected  cultures. After 5, 24 and 48 hours 
th e  flu id  media of th e  in fected  and non-infected cultures were pooled (15 tubes per series), 
centrifuged at 2500 r.p .m . for 10 m inutes and, after add ition  of Sephadex G-50, concentrated  
to  about one third o f  the original volum e. In other experim ents, the cultures were subjected  
to  alternate freezing and thaw ing three tim es prior to  the withdrawal o f the tissue culture  
flu id s , to release cellular AC activ ity . Subsequently the m aterial was centrifuged and the super
n a ta n t was concentrated b y  freeze-drying to about one s ix th  of its original volum e. In every  
case, the concentrated tissue culture fluid was d ia lysed  overnight against veronal buffer pH  7.4.

V i r u s  s t r a i n s .  S a b i n ’s attenuated type 1 poliovirus strain LSc2ab and typ e  3 adenovirus 
p ro to ty p e  strain from  the collection of the N ation a l In stitu te  o f Public H ealth  were used  
throughout.

S e r a .  Pooled sera from  healthy subjects and one serum  from a patient w ith  hereditary  
angioneurotic oedem a (H A N O  serum), stored at — 20 °C, were used.

R e a g e n t s .  The titres o f the four “ classical”  com plem ent com ponents (C l, C2, C3, C4) 
w ere determ ined in hum an serum  using R -reagents, b y  th e  m ethod described earlier [5]. The 
R -reagents were prepared from  guinea-pig serum  b y  standard m ethods [6].

H a e m o l y t i c  s y s t e m .  A  m ixture of equal vo lum es o f 2% sheep erythrocyte suspension  
and 1 : 2000 diluted haem olysin  solution.

D i l u e n t .  V eronal buffer solution (VBS) of pH  7.4, containing 0.001 M  Ca++ and 0.0005  
M  Mg + + .

D e t e r m i n a t i o n  o f  C 4  i n a c t i v a t i n g  e f f e c t .  The C4 inactivating  effect o f the flu id  m edia of 
K B  cell cultures w as estim ated  by L a u b e l l  and S i b o o ’ s  m ethod [7], using inactivated  hum an  
serum . To 0.9 ml concentrated  tissue culture flu id  0.1 m l o f  1 : 15 or 1 : 30 diluted inactivated  
hu m an  serum was added and the m ixture was incub ated  at 37 °C for 60 m inutes. To the control 
tu b es , 0.9 ml V B S or Parker’s 199 was added. A fter incubation , the titre o f C4 was determ ined  
in  each tube and expressed in 50% haem olytic u n its (C4H 50). The difference betw een the C4 
titres  o f  the control and K B  tissue culture fluid contain ing tubes corresponded to the num ber 
o f  C4H50 bound b y  th e  latter.

G e l  f i l t r a t i o n .  S ix  ml concentrated K B tissue culture fluid was applied to colum ns 
310 m m  long and 20 m m  wide (Sephadex G-100 coarse and G-200 coarse, Pharm acia, U ppsala). 
T he m aterial was e lu ted  in 100— 120 ml VBS, a t pH  7.4. Flow  rate was 12 m l/hour. A to ta l 
o f  28— 32 fractions were collected, o f 4 ml volum e each. The C4 inactivating a c tiv ity  o f the  
fractions was determ ined, and their extinctions were m easured in a Unicam  spectrophotom eter  
a t 280 m/i.

M a t h e m a t i c a l - s t a t i s t i c a l  e v a l u a t i o n .  S ignificance o f differences was determ ined by  
S tu d en t’s t-test.

Results

E xam in a tio n  o f  A C  substance produced by non-infected K B  cell cultures. 
C o n cen tra ted  tis su e  c u ltu re  m edia o f 2 4 -h o u r and  48-hour n o n -in fec ted  cell 
c u ltu re s  w ere te s te d  fo r AC a c tiv ity  a g a in s t h u m a n  com plem en t co m p o n en ts  
b y  th e  above m e th o d . T ab le  I shows th a t  th e  2 4 -hour tissue cu ltu re  f lu id  caused  
a decrease of th e  C4 an d  C2 ti tre s  b y  21 a n d  1 9 % , respective ly , w hile th e  t i t r e s  
o f  C l and C3 re m a in e d  unaffec ted . W ith  th e  48-hour tissue  c u ltu re  f lu id  th e  
sam e  effect w as m ore  p ronounced .

T he fa c t t h a t  o f th e  fou r co m p o n en ts  o n ly  C4 and  C2 w ere in a c tiv a te d  
b y  th e  te s t  m a te r ia l w as in  su p p o rt of its  id e n t i ty  w ith  C l. F u r th e r  ex p e rim en ts  
w ere  perfo rm ed  to  s u b s ta n tia te  th is  h y p o th e s is , in w hich AC a c tiv ity  w as 
m easu red  b y  th e  decrease  of th e  t i t re  o f  C4 in  h u m an  serum .

1. Since u n lik e  m o st AC su b stan ces  (a n tig e n -a n tib o d y  com plex , ag g re 
g a te d  g am m ag lobu lin ), th e  C l (a c tiv a te d  C l com ponen t) ex e rts  an  effect 
a g a in s t C4 also in  in a c tiv a te d  serum  w h ich  does n o t co n ta in  C l, i t  w as ex am in ed
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Table I

Effect o f  f lu id  phase from  K B  cell culture on titres o f  complement components 
in  active hum an serum

(0.9 m l tissue cu ltu re  flu id  +  0.1 m l se ru m  dilution; in c u b a tio n  a t  37 °C fo r 60 m in .)

C o m p lem en t
c o m p o n en ts

Original
a c tiv ity

A c tiv i ty  b ound  by  K B  tissu e  c u ltu re  flu id

a f te r  24 hours a f te r  48 hours

C H 50 p er cen t C H „ p e r  cen t

CI 15.7 0.0 0 0.0 0

C4 15.9 3.3 21 5.7 35

C2 15.9 3.1 19 3.8 24

C3 15.4 0.0 0 0.0 0

w h e th e r  th e  4 8 -h o u r K B  tissue c u ltu re  flu id  w ould red u ce  th e  t i t r e  o f C4 in  
in a c tiv a te d  h u m an  serum . A d ec rea se  of th e  C4 t i t r e  to o k  p lace in  fa c t a lso  in 
th e  in a c tiv a te d  se ru m , as show n in  T ab le  IT.

Table II

Effect o f  f lu id  phase fr o m  K B  cell culture on C4 titre 
o f  hum an  serum inactivated  and not inactivated w ith  heat

O rig in a l
a c t iv i ty

A c tiv ity  b o u n d  b y tissue cu ltu re flu id

S e ru m a fte r  2‘. h o u rs a fte r  48 h o u rs
CH,„

1 C H „ p e r  c e n t C H „ p e r  c e n t

Serum  in ac tiv a te d  a t  56 °C for 30 min 8.3 0.9 и 2.2 27
C ontro l serum 12.6 1.4 11 1.8 14

In  fu r th e r  ex p erim en ts , th e  А С -effects of K B  tissu e  cu ltu re  flu id s  w ere  
ex am in ed  in in a c tiv a te d  hum an  se ra .

2. In  view  o f th e  fa c t th a t  th e  a c t iv i ty  of Cl is lost a t  56 °C for 30 m in u te s , 
th e  C4 in a c tiv a tin g  effect of th e  K B  tissue  cu ltu re  f lu id  w as exam ined  a f te r  
th is  k in d  of h ea t t re a tm e n t. No C4 in a c tiv a to r  was d e m o n s tra b le  in  th e  h e a t  
t r e a te d  tissue c u ltu re  flu id .

3. The n e x t ex p erim en t was p e rfo rm ed  to  c larify  w h e th e r  th e  C l e s te ra se  
in h ib ito r , p resen t in  all norm al h u m a n  sera, w ould su p p re ss  th e  a c t iv i ty  of 
th e  C4 in a c tiv a to r  in  th e  KB tissu e  c u ltu re  flu id . F ro m  th e  h u m an  seru m  C4 
w as p rev iously  rem oved  by  p re c ip ita tin g  it  tw ice w ith  4 0 %  (N H 4)SO ,, an d  tin ; 
f lu id  p h ase  was used  in th e  e x p e rim e n ts . (A ccording to  li te ra ry  d a ta  [8 ], th e  
fu ll am o u n t of th e  C l esterase in h ib i to r  rem ains in th e  s u p e rn a ta n t.)  As a 
c o n tro l, a s im ilarly  tre a te d  serum  sam p le  from  a p a t ie n t  w ith  h e re d ita ry  
an g io n eu ro tic  oedem a was used, as su ch  sera are k n o w n  to  co n ta in  n o  C l 
e s te ra se  in h ib ito r [9].

A d a  Microbiologica Academiae Scientiarum  Hungaricae 17, 1970



384 ZS. KÓSA and GY. FÜ ST

T h e  su p e rn a ta n ts  o f  no rm al sera an d  o f  th e  H A N O  se ru m  w ere m ixed 
w ith  tissu e  cu ltu re  f lu id  a t  a ra tio  of 1 : 5, in c u b a te d  fo r 60 m in u te s  a t 37 °C 
a n d  t i t r a te d  for C4 in a c t iv a to r  in the u su a l w ay . In c u b a tio n  w ith  th e  super
n a t a n t  o f the  norm al h u m a n  serum  s ig n if ican tly  reduced  th e  C 4-inactiva ting  
e ffe c t o f th e  KB tissu e  c u ltu re  flu id , w h ereas  th e  H A N O  se ru m  induced  no 
in h ib it io n  (Table TII).

Table III

Inhib ition  by Cl-eslerase inhibitor o f  the C4-inactivator action  
o f  f l u i d  phase fro m  K B  cell culture

Original a c tiv ity  I 
CH t0

Bound activity 
C H „

T issu e  culture fluid in c u b a te d  w ith  VBS (contro l) 1 2 .1 8 3 .0 1 * *
T issu e  cu ltu re  fluid in c u b a te d  w ith su p ern a tan t*  of

n o rm al hum an serum 1 2 .1 8 1 .1 6 * *
T issu e  culture flu id  in c u b a te d  w ith  su p e rn a tan t*  of

H A N O -serum 1 2 .1 8 2 .9 8

* S u p ern a tan t o f se ru m  p recip ita ted  w ith  4 0 %  (N H 4)2S 0 4, in cu b a te d  a t  37 C for 
60 m in u tes .

** Significant d ifference  (P  <  0.01).

To check w h e th e r  th e  AC su bstance  ex am in ed  was a c tu a lly  sy n the tized  
b y  th e  K B  cells, AC a c t iv i ty  of the  flu id  m ed ia  of cell cu ltu re s  tre a te d  and  no t 
t r e a te d  by  trip le  freez in g  an d  thaw ing  w ere  com pared . T h e  d ifference of th e  
tw o  values co rresponded  to  th e  q u a n tity  o f  AC su b stan ce  p re se n t in  the  d is
in te g ra te d  cells a t  a g iven  tim e. The C 4 -in ac tiv a to r  sy n th es iz in g  capac ity  of 
th e  K B  cells was show n  b y  a sign ifican t in c rease  in th e  to ta l  a c tiv ity  of cells 
a n d  th e  tissue cu ltu re  f lu id  betw een 24 a n d  48 hours. C ellu lar a c tiv ity  ten d ed  
to  decrease during  th e  sa m e  period (T able IV ).

Table IV

C 4-inactivating action o f  f lu id  phase and cells o f  K B  cell culture

B ound ac tiv ity  of

24-hour cell culture 48-liour cell culture
CH S0 C H „

T issue culture fluid 5.69** 8.69**

T issue culture fluid +  cells* 7.71** 9.49**

Cells 2.02 0.80

* D isin tegrated  b y  a lte rn a te  freezing and  th a w in g  3 tim es.
** T h e  difference b e tw ee n  th e  corresponding 24-hour and 48-hour v a lu es is s ta tistica lly  

sig n ifican t (P  <  0.05).
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E ffec t o f  vira l infection on C 4-inactivator production  by K B  cell cultures. 
K B  cell cu ltu res  w ere in fec ted  w ith  102 C P D 50 ty p e  1 po liov irus or 101 C P D 50  

ty p e  3 ad en o v iru s  to  o b ta in  a full c y to p a th ic  (CP) effect in  48 hours. F iv e  h o u rs  
a f te r  po liov irus in fection  th e  C4 in a c tiv a to r  a c tiv ity  of th e  tissue  c u ltu re  flu id  
show ed no change, b u t 24- and  4 8 -hour tissu e  c u ltu re  flu id s had  s ig n ifican tly  
less C 4 -in ac tiv a tin g  effect th a n  th e  co n tro l tissu e  cu ltu re  flu ids. I n  c o n tra s t ,  
in  th e  case o f adenov irus in fec tio n , 24 -hour and  48 -hour tissu e  c u ltu re  flu id s  
show ed  a s ig n ifican tly  h ig h er a c tiv ity  th a n  did th e  con tro ls  (T able Y).

Table V

E ffect o f  type 1 poliovirus or type 3 adenovirus infection on C4-inactivator production
by K B  cell culture

A c tiv ity  (C H 6u) b o u n d  b y  tissue 

5 h o u rs  24 h o u rs

a f te r  in fec tio n

c u ltu re  f lu id  

48 h o u rs

Cell cu ltu re  in fected  w ith  poliovirus 1.54 2.19* 3.35*
Cell cu ltu re  in fected  w ith  adenovirus N .T . 5.05* 8.25*

N on-in fec ted  cell cu ltu re  (control) 1.38 3.60 4.68

* D ifference from  contro l values is s ta tis tica lly  sign ifican t (P  <  0.05).
N .T . = n o t te s ted .

T o fin d  an  ex p lan a tio n  for th e  a p p a re n t s tim u la tio n  o f C 4 -in ac tiv a tin g  
a c t iv i ty  b y  ad en o v iru s , i t  w as supposed  th a t  d u rin g  th e  rep ro d u c tio n  o f a d e n o 
v iru s , in  ad d itio n  to  th e  AC su b stan ce  p ro d u ced  b y  th e  n o n -in fec ted  cells 
a n o th e r  su b s ta n c e  was also fo rm ed , th e  C 4 -in ac tiv a tin g  ac tio n  o f w h ich  h a d  
been  ad d e d  to  th a t  o f th e  fo rm er su b stan ce . This h y p o th es is  w as b ased  on th e  
ex p erien ce  th a t  in a c tiv a tio n  o f th e  48 -hour tissue  c u ltu re  flu id  from  a d e n o 
v iru s -in fe c te d  cell cu ltu res  fo r 30 m in u te s  a t  56 °C effected  a decrease, b u t  n o t 
a lack , o f th e  C 4-in ac tiv a tin g  e ffec t (T able  V I). T h is suggested  th e  re sp o n s i
b ility  o f  an  u n id en tif ied  th e rm o ré s is ta n t C 4 -in ac tiv a to r su b stan ce  fo r th e  re s id 
ual a c t iv i ty  o f th e  in fec ted  cu ltu res .

Table VI

E ffect o f  heat inactivation on C4-inactivator activity o f  f lu i d  phase fro m  K B  cell cultures 
infected and not infected with type 3 adenovirus

B ou n d  a c tiv ity  (C H 50)

T issue  cu ltu re  f lu id before

in ac tiv a tio n  a t  56

a fte r

C fo r 30 m in u te s

F rom  48-hour non-infected  cu ltu re  (con tro l) 2.80 0.00
From  48-hour cu ltu re  infected w ith  adenov irus 4.95 1.85
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To o b ta in  m ore  in fo rm a tio n  on th e  p ro b lem , an  a t te m p t w as m ade to  
iso la te  th e  supposed  tw o  ty p e s  of su b stan ces  b y  gel f iltra tio n . F o r th is  p u rpose , 
tis su e  cu ltu re  flu id s  fro m  cell cu ltu res d is in te g ra te d  b y  3 tim es a lte rn a te  freez
in g  a n d  th aw in g  w ere  u sed  a fte r  c o n c e n tra tio n  b y  freeze-d ry ing . Since fo r 
te c h n ic a l reasons no in fec tiv e  tissue  c u ltu re  f lu id  could  be used  in  th e  ex p eri
m e n ts , 48-hour flu id s  fro m  non-in fec ted  cells a n d  in a c tiv a te d  (56 °C, 30 m inu tes) 
4 8 -h o u r fluids from  ad en o v iru s-in fec ted  K B  cells w ere ru n  s im u ltan eo u sly  
on a S ephadex  G-100 co lum n 310 m m  lo n g  b y  20 m m  w ide. C4 in a c tiv a to r  
a c t iv i ty  was d e te rm in e d  in  all b u t  th e  f i r s t  frac tio n s  (F ig . 1). E x tin c tio n s

1—1—r~’—1 I " ' 1— i—1 “  1—I '—1 1 1 I
10 15 20 25 30

Fraction No.

F ig . 1. E x tin c tio n  v a lu e s  (A) a n d  C 4 -in ac tiv a to r a c tiv it ie s  (B ) o f frac tio n s  o b ta in e d  b y  f i l t r a 
t io n  th ro u g h  S ep h ad ex  G -100 fro m  th e  flu id  phases o f  K B  cell cu ltu res  in fec ted  a n d  n o t  in fec ted  
w ith  ty p e  3 ad en o v iru s. A  =  f lu id  phase  fro m  n o n -in fec te d  co n tro l cu ltu res , В =  flu id  ph ase  

fro m  cu ltu res  in fec ted  w ith  ty p e  3 adenov irus

m easu red  a t 280 m /j w ere p lo tte d  in p a ra lle l. T h e  e x tin c tio n  values fo r frac tions 
N os 28 — 34 w ere d isreg a rd ed , as th e y  c o n ta in e d  colouring  m a tte r . T he curves 
re p re se n tin g  th e  a c tiv itie s  of th e  frac tio n s  o b ta in e d  from  th e  tw o  colum ns 
w ere  o f a sim ilar ty p e , suggesting  th a t ,  in  c o n tra s t  w ith  ou r o rig inal h y p o th esis , 
th e  AC substance  w as non-un ifo rm  n o t o n ly  in  flu id s from  in fec ted  cu ltu res , 
b u t  also in  those  fro m  non-in fec ted  cu ltu re s . A n o tab le  difference b e tw een  th e
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tw o ty p es  o f cu rve  w as found  in tw o p o in ts : (1) on th e  co n tro l curve, a c t iv i ty  
values w ere h ig h es t fo r frac tio n s N os 11 13, w hereas th e  co rrespond ing  f ra c 
tio n s o f th e  in fec ted  tissu e  cu ltu re  flu id  show ed a low a c tiv ity . I t  was su p p o sed  
th a t  th e  co n tro l frac tio n s Nos 11 13 co n ta in ed  th e  СГ-Нке su b stan ce  (m olec
u la r  w eigh t o f Cl =  1 200 000) w hich  w as ab sen t from  th e  co rrespond ing  f ra c 
tio n s o f th e  in fec ted  tissu e  cu ltu re  flu id  owing to  d e s tru c tio n  by  in a c tiv a tio n . 
(2) W hile  th e  co n tro l frac tio n s Nos 22 — 23 show ed no a c tiv ity , th e  co rre sp o n d 
ing  frac tio n s  o f th e  o th e r series show ed m ax im um  a c tiv ity . This im plies th a t  
frac tio n s  Nos 22 — 23 of th e  tissu e  c u ltu re  flu id  from  in fec ted  K B  cells co n 
ta in e d  a C 4 -in ac tiv a to r su b stan ce  o f m uch low er m o lecu la r w eigh t th a n  
th a t  of C l e ste rase , w hich w as n o t p re se n t in th e  n o n -in fec ted  cu ltu re s  an d  
p e rh ap s  co rresponded  to  th e  o rig ina lly  so u g h t th e rm o ré s is ta n t su b stan ce . Gel 
f i l tra tio n  on S ephadex  G-100 an d  G-200 colum ns w as rep e a te d  in tw o  a d d i
tio n a l in stan ces , and  th e  above resu lts  w ere co n s is te n tly  rep roduced .

To v erify  th e  above find ings, fu r th e r  ex p erim en ts  w ere perfo rm ed  w ith  
th e  m ost ac tiv e  frac tio n s  pooled  fo r series Nos 11 13 an d  Nos 22 23, co n 
c e n tra te d  b y  freezing  and  d ry ing . F irs t , th e  C 4 -in ac tiv a to r a c tiv ity  o f th e  f ra c 
tio n s w as te s te d  fo r in h ib itio n  b y  th e  C l-este rase  in h ib ito r  of no rm al h u m a n  
serum  (T able  V II) . In  th is  ex p erim en t, to o , H A N O -serum  was used as a c o n tro l. 
As expec ted , a sign ifican t in h ib ito ry  ac tio n  was found  w ith  frac tio n s N os 11 13.
In  c o n tra s t, th e  C l-este rase  in h ib ito r  h a d  no in fluence  on th e  C 4 -in ac tiv a to r 
ac tio n  o f frac tions Nos 22 -2 3 .

Table VII

Inhibition by Cl-esterase inhibitor of C4-inactivator action of Sephadex fractions

B o u n d  a c t iv i ty  C H 50

S ephadex  G-100 fra c tio n  te s te d Contro l
( in c u b a te d  in VBS)

S a m p le  in cu b a te d  
in  su p e rn a ta n t* *  

o f  n o rm a l h u m an  
se ru m

S am ple  in c u b a te d  
in su p e rn a ta n t* *  
o f H A N O -se ru m

C ontrol frac tions Nos 11 — 13* 
F rac tio n s Nos 22 -2 3 *  from

2.82*** 1.68*** 2.98

adenovirus-in fected  m ate ria l 2.01 2.15 2.05

* D esignations o f th e  frac tions ap p ly  to  th e  experim ent p resen ted  graphically  in  Fig. 1- 
** S u p e rn a ta n t o f serum  p rec ip ita ted  w ith  40%  (N H 4)2S 0 4, in cu b a ted  a t3 7 DC for 60 m inutes. 

*** S ta tis tica lly  sign ifican t d ifference (P  <  0.05).

F in a lly , dose-response curves w ere c o n s tru c te d  fo r th e  C 4 -in ac tiv a to r 
ac tio n  of th e  m en tio n ed  pooled  frac tio n s  an d  o f th e  w hole  co n tro l tissu e  c u ltu re  
flu id  (F ig . 2). A lin ear re la tio n sh ip  w as o b ta in e d  fo r frac tio n s  22 23 in w hich
th e  response (n u m b er o f b o u n d  C4H50) w as d ire c tly  re la te d  w ith  th e  dose
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(v o lu m e  added to  th e  sy stem ). T he dose-response re la tio n sh ip  w as non-linear 
w ith  th e  whole c o n tro l tissu e  cu ltu re  flu id  a n d  frac tio n s 11 13 as well, b u t
a l in e a r  tra n s fo rm a tio n  o f th e  curves w as possib le  by  p lo tt in g  th e  log arith m s 
o f th e  dose on axis X . T h is im plied  a lin e a r  re la tio n sh ip  b e tw een  th e  n u m b er 
o f  in a c tiv a te d  C4 m olecu les and  th e  lo g a rith m  of th e  dose o f te s t  m a te ria l.

F ig . 2. D ose-response cu rv es  o f C 4 -in ac tiv a to r a c t iv ity  o f Sephadex  G-100 frac tio n s  o f flu id  
p h a se s  fro m  KB cell c u ltu re s  in fec ted  an d  no t in fec ted  w ith  ty p e  3 ad en o v iru s  and  of flu id  
p h a se  fro m  the  con tro l c u ltu re , a  =  flu id  phase  from  non-in fec ted  co n tro l c u ltu re , b =  frac 
tio n s  N os 11 — 13 o b ta in e d  from  flu id  phase  of co n tro l c u ltu re  by  f i ltra tio n  th ro u g h  S ephadex  
G -100 , c =  fractions N os 22 — 23 o b ta in e d  from  f lu id  p h ase  of ad en o v iru s-in fec ted  cu ltu re  by  
f i l t r a t io n  th ro u g h  S ep h a d ex  G-100. D esignations o f  th e  frac tio n s a p p ly  to  th e  ex p erim en t

p re sen te d  g rap h ica lly  in  F ig . 1

Discussion

E x p erim en ts  w ith  flu id  m edium  from  n o n -in fec ted  K B  cell cu ltu res  have 
sh o w n  th a t  the  AC su b s ta n c e  p roduced  b y  th e  K B  cells w as n o t un ifo rm  and  
th e  fra c tio n  responsib le  fo r m ost o f th e  AC a c tiv i ty  was id e n tic a l w ith  C l, th e  
f i r s t  a c tiv a te d  c o m p o n en t o f  h u m an  serum . E ssen tia lly  th e  sam e conclusions 
w ere  d raw n  by  VON Z e i p e l  [4a] from  enzym olog ical s tud ies in  w hich  a co m p ar
ison  o f  th e  su b s tra te  sp ec ific ity  of p u rified  AC su b stan ce  from  H eL a tissue 
c u l tu re  m edium  an d  C l show ed th e  e s te ro ly tic  p ro p ertie s  of th e  tw o  substances 
to  b e  sim ilar.

C om ponent C l, as an  in ac tiv e  p ro es te ra se , is p re se n t in  th e  serum  in a 
m acro m o lecu la r (19 S) fo rm  an d  is tra n sfo rm e d  to  ac tive  C l e s te rase  under 
th e  in flu en ce  o f a n tig e n -a n tib o d y  com plexes o r o th e r  fac to rs  su ch  as p lasm in . 
O f th e  th re e  su b co m p o n en ts  of C l, C ls ca rrie s  th e  esterase a c tiv ity . C4 and 
C2 b e in g  n a tu ra l su b s tra te s  o f  C l, th e ir  m olecules are  a c tiv a te d  b y  th e  en zy m e,,
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th u s  becom ing  capab le  o f b in d in g  to  su rfaces o f a n tig e n -a n tib o d y  com plexes, 
e.g. sensitized  sheep e ry th ro cy te s . T h is  c ircu m stan ce  provides fo r th e  b in d in g  
o f fu r th e r  com plem en t com ponen ts a n d  fina lly  for th e  lysis o f th e  red  cells. 
If, how ever, C l ac ts  on C4 and  C2 in  th e  absence of an a n tig e n -a n tib o d y  com 
p lex  (in th e  flu id  p hase), these  co m p o n e n ts  are  rap id ly  in a c tiv a te d  an d  lose 
th e ir  h aem oly tic  cap ac ity .

T he C l-lik e  su b stan ce  p ro d u c e d  by  K B  cell cu ltu res  d iffers fro m  th e  
com m only  know n AC substances (a n tig e n -a n tib o d y  com plexes, ag g reg a ted  
gam m ag lo b u lin , p lasm in ) by  its  a b il i ty  to  a c t on C4 also in th e  ab sen ce  o f th e  
C l co m ponen t, viz. in  in a c tiv a te d  se ru m ; th e  C 4 -in ac tiv a tin g  a c tio n  of th e  
su b s ta n c e  is analogous w ith  th e  C l C4 reac tio n  ta k in g  p lace  in  th e  flu id  
phase . A lso, th e  th e rm o se n s itiv ity  o f  th e  su b stan ce  in q u es tio n  co rresp o n d s 
to  th a t  of C l, being  com plete ly  in a c tiv a te d  b y  exposure  a t  56 °C fo r  30 m in. 
O f th e  fo u r classical com plem en t c o m p o n en ts , only  C4 an d  C2 are  a ffec ted  by 
th e  K B  tissu e  c u ltu re  m edium . As d e m o n s tra te d  b y  L e p o w  et al. [10], ex c lu 
sively  th ese  co m p lem en t com ponen ts w ere in a c tiv a te d  b y  pu rified  C l in  h u m an  
serum . T h e  sam e a u th o rs  also sh ow ed  th e  n o n -lin ea rity  o f th e  re la tio n sh ip  
betw een  th e  q u a n ti ty  an d  effect (n u m b e r  of b o und  C4II50) o f C l. T h e  dose- 
response  curve  co n s tru c te d  for K B  tis su e  c u ltu re  flu id  and  th e  a c t iv i ty  o f th e  
fra c tio n  supposed  b y  us to  co n ta in  C l disclose no linear re la tio n , e ith e r . The 
h y p o th es is  ad v an ced  to  explain  th e se  p h en o m en a  is g rea tly  su p p o r te d  by  th e  
fin d in g  th a t  th e  C 4 -in ac tiv a tin g  a c tio n  o f th e  su b stan ce  p ro d u ced  b y  K B  cell 
cu ltu re s  was in h ib ited  b y  no rm al h u m a n  serum , b u t no t in h ib ite d  b y  th e  
H A N O -serum  w hich d iffered  from  th e  n o rm al serum  exclusively  in  th e  absence 
o f th e  C l este rase  in h ib ito r  [9].

A fin a l s u b s ta n tia tio n  of th e  th e o ry  rem ains to  be o b ta in e d  b y  d em o n 
s tra t in g  th e  an tig en ic  id e n tity  of th e  tw o  su b stan ces. F u r th e r  e x p e rim e n ts  are  
schedu led  to  he carried  o u t to  c la rify  th e  precise n a tu re  of th e  a n tig e n ic  re la 
tio n sh ip  betw een  C l an d  th e  AC su b s ta n c e  p ro d u ced  by  th e  K B  cell cu ltu re .

In  th e  p re se n t ex perim en ts th e  C l-lik e  su b stan ce  p ro d u ced  b y  no rm al 
K B  cell cu ltu res  did n o t pass th ro u g h  S cp h ad ex  G-200, w hich im p lied  its  m olec
u la r  w eight to  be above 200 000. T h is  v ir tu a lly  c o n trad ic ts  v o n  Z e i p e l ’s 

f in d in g  w ho re p o rte d  on a m olecu lar w eig h t o f 115 000 for th e  AC su b s ta n c e  
p ro d u ced  by  H eL a cell cu ltu res  [4]. S ince  th e re  seem s to  be no reason  to  s u p 
pose th a t  th e  AC su b stan ces p ro d u ced  b y  K B  an d  H eL a cells w ere d iffe ren t, 
th e  e x p lan a tio n  offered fo r the  d is s im ila r ity  is th a t  in th e  absence  o f  Ca 1 1, 
C l is sp lit in to  its  su bcom ponen ts C lq, C l, and  C ls [11]. T he es te ra se  a c tiv ity  
rem a in s  localized to  th e  C ls su b co m p o n e n t, th e  m olecular w eigh t o f w hich  is 
100 000 [12]. I f  gel f iltra tio n  is p e rfo rm e d  w ith  a Ca -free b u ffe r — as in th e  
ex p e rim en ts  of v o n  Z e i p e l  th e  e s te ra se  will a p p e a r  in th e  100 000 m olec
u la r w eight frac tio n s. Since in th e  p re se n t ex p erim en ts  a Ca 1 c o n ta in in g  
b u ffe r  so lu tio n  w as used  th ro u g h o u t, th is  m ay  have been th e  cause  o f  d e te c tin g
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th e  este rase  a c tiv ity  co rre sp o n d in g  to  C l in  th e  f i r s t  exclusion  peak , viz. w ith  
th e  w hole C l m olecu le  in  th e  m olecular w e ig h t ra n g e  well above 1 000 000.

T he synthesis o f  th e  w hole C l m olecule w as s tu d ie d  b y  C o l t e n  et al. [13] 
in  v a rio u s  hum an  o rg an s  iso la ted  post m o rtem , w ith  th e  re su lt th a t  th e  b u lk  
o f  th is  com plem ent c o m p o n e n t was p roduced  in  th e  colon, th e  m in o r p a r t  in 
th e  ileum ; th ere  w as n o  in d ic a tio n  of its sy n th es is  in  o th e r  organs. An ev en tu a l 
iso la te d  synthesis o f  th e  su b co m p o n en t C ls has n o t been rep o rted .

F u rth e r  e x p e rim e n ts  in  th is  la b o ra to ry  h a v e  show n th a t  in fec tion  w ith  
e i th e r  ty p e  1 p o lio v iru s  o r  ty p e  3 adenov irus w as in fluenc ing  th e  p ro d u c tio n  
o f  C4 in ac tiv a to r  b y  th e  K B  cells. On in fec tio n  w ith  po liov irus, syn th esis  of 
th e  in a c tiv a to r  d ec reased  s ig n ifican tly  a fte r  24 a n d  48 hours, w hile on in fec tion  
w ith  adenovirus it  in c re a se d  sign ifican tly  in  th e  sam e tim e  in te rv a l. T h u s, th e  
s ig n if ic a n t change o f  in a c t iv a to r  p roduction  co incided  w ith  th e  d ev e lo p m en t 
o f  th e  cy to p a th ic  e ffec t o f  b o th  v iruses. T his is in  good co rre la tio n  w ith  lite ra ry  
d a ta  on o th e r enzym es, s ta t in g  th a t  th e  increase  o r decrease of enzym e a c tiv ity  
o f  cu ltu re d  cells cou ld  be  d e m o n s tra te d  ex c lu siv e ly  w hen  th e  c y to p a th ic  effect 
h a d  a lread y  developed  [14 16].

In fec tion  o f K B  cells w ith  ty p e  3 a d e n o v iru s  re su lted  in  th e  release o f 
a su b stan ce  id en tica l in  a c tio n  w ith  th e  orig inal enzym e h u t  d iffering  from  it 
in c e r ta in  o ther p ro p e r tie s . T he m olecular w e ig h t o f th a t  su b stan ce  w as low er 
th a n  th a t  of C l e s te ra se , i t  w as no t d estro y ed  b y  h e a t in a c tiv a tio n  (56 °C fo r 
30 m inu tes), and  its  a c t iv i ty  was not in h ib ite d  b y  th e  C l-es te rase  in h ib ito r  in  
h u m a n  serum .

The availab le e x p e rim e n ta l d a ta  p e rm it no  conclusion  as to  w h e th e r th e  
in fe c tio n  of the  K B  cells b y  adenovirus h a d  in i t ia te d  th e  syn th esis  o f a new  
en zy m e  in these cells o r s im p ly  effected th e  s t ru c tu ra l  a lte ra tio n  of an  enzym e 
re g u la r ly  p roduced  b y  th e  cells.

F u r th e r  s tu d ie s  a re  in  progress on th e  p ro p e rtie s  of th e  AC su b s ta n c e  
in i t ia te d  in K B  cells b y  aden o v iru s  in fec tion .
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Vllth INTERNATIONAL CONGRESS 
OF CHEMOTHERAPY

PRAGUE, CZECHOSLOVAKIA, AUGUST 1971

T he In te rn a tio n a l  Society  of C h em o th erap y  has e n tru s te d  th e  C hem othe- 
ra p e u tic a l sec tion  of th e  J .  E . P u rk y n ê  S oc ie ty  for In te rn a l  M edicine w ith  th e  
o rg an iza tio n  o f th e  V l l t h  In te rn a tio n a l Congress of C h em o th erap y  w hich w ill 
be held  from  A u g u st 23 28, 1971 in  P ra g u e . T he p re lim in a ry  p rog ram m e is
d iv id ed  as follow s:

A — 1 P h a rm aco d y n am ics  and P h a rm aco k in e tic s  of A n tib io tic s  and A n tib ac 
te r ia l C h em otherapeu tics
th eo re tica l basis  o f p h a rm aco d y n am ics  and  p h a rm aco k in e tics  an d  i ts  
ap p lica tio n , effect o f various fa c to rs  on th e  k in e tic s  of an tib io tic s .

A 2 T he R ole of th e  L y m p h a tic  S y stem  in th e  A b so rp tio n  and D is tr ib u tio n  
of A n tib io tic s  —
th e  role of th e  ly m p h a tic  sy stem  in  th e  a b so rp tio n  and  d is tr ib u tio n  o f 
a n tib io tic s , c y to s ta tic s  and  c h em o th e rap eu tic s , changes in  k inetics in  
pa tho lo g ica l s ta te s .

A —3 C h em o th erap y  in Im m u n o su p p ress io n  and  T ra n sp la n ta tio n
p re sen t s ta te  of clinical research , p re v e n tio n  and th e ra p y  o f b a c te ria l, v i 
ra l and  m yco tica l com plica tions in  im m uno su p p ressio n  and  t ra n s p la n 
ta tio n .

A 4 C h em o th erap y  of M ycotic D isease
new  a n tim y co tic  agen ts; c h e m o th e ra p y  o f cryp tococcosis , h is to p la s 
m osis, N o rth  A m erican  b lastom ycosis , cand id iasis , spo ro trichosis , coc
cid io idom ycosis, ch ro m ob lastom ycosis , o p p o rtu n is tic  m ycotic  in fec
tions and  ad iasp irom ycosis.

A — 5 C h em o th erap y  of V iral In fec tio n s
resu lts  from  te s tin g  of an tiv ira l su b stan ces  in  v ivo and  in v itro ; m ech a
nism  o f ac tio n ; ch em o th erap y  o f  v ira l diseases in m an .

A 6 C h em o th e rap y  o f P a ra s itic  In fec tio n s
new  a n tip a ra s itic  d rugs; c h e m o th e ra p y  of p ro to zo a l in fections and  hel- 
m in thoses.

A - 7 A dverse R eac tio n  to  C h em o th erap eu tic s
th e ir  occurrence , pa thogenesis and  p rev en tio n , d iagnostics.



A - - 8  C hrom osom al and  E x tra c h ro m o so m a l R esistance  o f M icroorganism s 
to  C h em o th erap eu tic  A gen ts
ribosom al re s is tan ce  to  a n tib io tic s  affec ting  p ro te o sy n th e s is ; s tru c tu re  
and  fu n c tio n  of nucleic ac ids in  re la tio n  ro re s is ta n c e ; im p e rm eab ility  
to  an tib io tic s ; m olecular b io lo g y  o f m icrobial re s is tan ce ; orig in , fu n c ti
on and  s tru c tu re  of R -fa c to rs , R -p lasm ids an d  sa te llite  D N A .

A — 9 S urveillance  of D rug  R esis tan ce
m ethodo logy  of c o m p ara tiv e  s tu d ie s ; su rv ey  of th e  re sis tan ce  of p a th o 
gens; p ro b lem s of m u ltire s is ta n c e ; a tte m p ts  to  a ffec t res is tan ce ; c r ite r ia  
for lo n g -te rm  te s tin g  o f defen siv e  m echan ism  affec ted  b y  lo n g -te rm  
a d m in is tra tio n  of an tib io tic s .

A — 10 L a b o ra to ry  C ontro l o f C h e m o th e ra p y
se n s itiv ity  o f  pa th o g en ic  an d  p o te n tia lly  p a th o g en ic  m icroorgan ism s to  
new  c h e m o th e rap eu tic s ; c h e m o th e ra p y  in  la b o ra to ry  p rac tice  an d  its  
co rre la tio n  w ith  clinical re su lts .

A — 11 M ode o f A n tib io tic  A ction  -
m olecu lar basis  of an tib io tic  a c tio n ; b in d in g  m ech an ism  o f an tib io tic s  
to  D N A , an d  RN A ; re la tio n  b e tw een  chem ical s tru c tu re  and  b io lo 
gical a c tiv itie s , etc.

A — 12 E x p e rim e n ta l C h em o th erap y
te s ts  an d  screen ing  of c h e m o th e ra p eu tic s  in  v iv o ; p h a rm aco k in e tics  
in an im als and  com parison  w ith  m an.

A  13 New A n tib a c te r ia l A n tib io tic s
p ro d u c tio n , ch em is try  an d  b io log ica l a c tiv itie s  o f  new  a n tib a c te r ia l  
an tib io tic s .

A 14 C linical E v a lu a tio n  of A n tib a c te r ia l  C hem o th erap eu tic s
experience w ith  new  a n tib io tic s ; p re se n t p o s itio n  o f es tab lish ed  a n t i 
b ac te ria ls  in  p a tie n ts  w ith  in fec tio u s  diseases or com plica tions.

A — 14.1 In  M edicine 
A — 14.2 In  S u rg ery  
A — 14.3 In  U ro logy  
A 14.4 In  D erm ato v en ero lo g y

В — 1 New A n tin eo p la s tic  C h em o th e rap eu tic s  -
th e  ch e m is try , biological e ffec ts , m echan ism  of ac tio n , m etab o lism , 
chem ico-b io logical co rre la tio n s , resistance  d ev e lo p m en t, com bined  
th e ra p y , new  b iochem ical a n d  th e ra p e u tic  a spec ts .

В  1.1 A lk y la tin g  A gents
В 1.2 A n tim e tab o lite s  of P y rim id in e  an d  P u rin e  T ype 
В — 1.3 A n titu m o r A n tib io tics 
В — 1.4 O th er C om pounds



В — 2 Screening M ethods in E v a lu a tio n  o f C an cero sta tics  —
an tin eo p la s tic  effect of c an ce ro s ta tic s  on ex p e rim en ta l neoplasm s; s tu d y  
of h isto log ica l and  cyto logical effec ts ; b iochem ical an d  m etabo lic  changes 
of m a lig n an t cells; m e ta s ta tic  in h ib itio n  as a screen ing  m ethod . T issue 
cu ltu res in  screening. M icrobiological screening.

В 3 P h a rm aco lo g y  o f A n tin eo p las tic  A gents
action  on m a lig n a n t cells a n d  tissu es  in  v itro  an d  in v ivo . T era to g en ic  
effect. T oxico logical p ro p e rtie s  an d  possib ilities o f  p red ic tio n  of c y to 
genetic a c tio n  and  to x ic ity . P re lim in a ry  te s tin g  o f cy to s ta tic s , th e ir  
p h a rm aco k in e tic s  and m e tab o lism . A dverse reac tio n s  in  m an.

В — 4 E v a lu a tio n  o f  T u m o r Cell S e n s itiv ity  to  C y to s ta tic s  in  v itro
th e  d e te rm in a tio n  of h u m a n  tu m o r  se n s itiv ity  to  c y to s ta tic  th e ra p y . 
T he effects o f  c y to s ta tic s  on th e  degree of in co rp o ra tio n  of labelled  
com pounds in  tu m o r cells.

В — 5 T he K in e tic s  o f T um or Cells a n d  C h em o th erap y
sen sitiv ity  o f  m a lig n an t cells in  d iffe ren t cell cycle phases. E x p e rim e n ta l 
c h e m o th e rap y  o f synchron ized  cell p o p u la tio n s. P ro life ra tiv e  a c tiv ity , 
doubling  tim e  of tum ors an d  d ru g  se n s itiv ity . Im p o rta n c e  o f n o n 
d iv id ing  tu m o r  cells in can cer ch em o th e rap y .

В — 6 Clinical C h em o th erap y  of C ancer as a P a r t  o f G enera l M anagem ent — 
c h e m o th e rap y  in  co m b in a tio n  w ith  o th e r  m e th o d s  of th e rap y .

В 7 C h em o th erap y  o f A dvanced  C ancer
c rite ria  fo r se lection  of c y to s ta tic s  and  th e ir  co m b in a tio n s in th e  resis
t a n t  tu m o ro u s  diseases.

B - 8 Clinical E v a lu a tio n  of A n titu m o r  A gents
clinical ex p erien ce  w ith  new  a n ti tu m o r  ag en ts . P re se n t clinical p o s itio n  
of e s tab lish ed  can cero sta tics .

C —1 R ad io p ro tec tiv e s
th e  e x p e rim e n ta l and  clin ica l re sea rch  in to  d iffe ren t s tru c tu ra l ty p e s  
of rad io p ro tec tiv es .

E v ery o n e  in te re s te d  in th e  p a r tic ip a tio n  a t  th e  Congress should  a p p ly  
fo r in fo rm atio n  to  th e  S ec re ta ria t o f th e  7 th  C ongress of C h em o th erap y , 
S okolská 31, P ra h a  2, phone n u m b e r 29 72 71.

The official Congress language  is E n g lish  w ith o u t s im u ltaneous t r a n s 
la tio n .

Sum m aries o f  p ap ers  no t exceed ing  200 w ords, ty p e d  in double spac ing  
in  E ng lish , shou ld  be sen t to  th e  C ongress S e c re ta ria t n o t la te r  th a n  A pril 1, 
1971. T he tim e lim it fo r p resen tin g  a p a p e r  m u st n o t exceed  10 m inu tes in 
c lud ing  th e  p ro je c tio n  of slides.



T h e  com m ercial e x h ib itio n  ‘C h e m o th e ra p ie ’ will ta k e  p lace in  th e  
C ongress bu ild ing .

P o s t  Congress S ym posia :

‘B iosyn thesis  o f  an tib io tic s  an d  re la te d  co m p o u n d s’ w ill be held  in  
W a rsa w , P o lan d , A u g u s t 30 and  31, 1971.

‘In fec tio u s  A n tib io tic  R e sis tan ce ’ w ill ta k e  p lace a t  Sm olenic, C zecho
s lo v a k ia , A ugust 30 S ep tem b er 2, 1971.
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T. Trencséni and В. Keleti
Clinical Aspects and Epidemiology 
of Haemorrhagic Fever with Renal Syndrome

The meri t  of this monograph lies in the fact that the authors  give a detailed 
analysis of the clinical and epidemiological aspects of haemor rhagic fever 
with renal  syndrome as well as its aetiology and pathology based on the 
nearly 130 cases they have encountered since 1953 in Hungary.  All per tain
ing observat ions in the l i terature are also reported.  Moreover,  the epidemio
logical cr i ter ia of the epidemic and sporadic cases which have occurred in 
Hungary a r e  discussed. Based on the knowledge of general  epidemiology 
recent da ta  on haemor rhagic fevers concomitant  with renal  syndrome are 
examined with special r egard to unsolved problems.  The appendix provides 
information on various virus induced haemor rhagic  fevers.  Another  va 
luable f ea tu re  of this monograph is that there a re  310 reference works 
in the Bibliography and another  100 in the Appendix.

In English . Approx.  290 pages . 1 7 x 2 5  cm . Cloth
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Р Е З Ю М Е

GROWTH KINETICS OF YEASTS
E. K. NOVÄK, T. DEÁK.

КИНЕТИКА РОСТА ДРОЖЖЕЙ
E .  к. Н О В А К ,  т. Д Е А К

Авторы изучали изменения кинетических параметров роста, таких как постоянная 
степени размножения (к), lag-фаза (L), конечная плотность (Д) и показатель размножения 
(М), В отношении C andida beverw ijkii, С. claussenii, С. k ruse i, С. u tilis , Procandida  
albicans, Pc. tropicalis, Saccharomyces carlsbergensis S . cerevisiae, выращиваемых в аэроб
ных условиях в глюкозе, галактозе, сахарозе, мальтозе и раффинозе. За исключением 
мальтозы, во всех субстратах наблюдалась тесная взаимосвязь между величинами к и М. 
Оценка результатов проводится с точки зрения углеводного обмена у дрожжей. Обсу
ждается связь между параметрами роста в различных субстратах и первыми фазами 
углеводного обмена (транспортирование сахара, вне и внутриклеточный распад олиго
сахаридов).

GROWTH FACTOR REQUIREMENT OF SHIGELLA FLEXNERI 
AND SHIGELLA SONNEI
A. VERTÉNYI, I. KÉTYI, B. KOCSIS

НЕОБХОДИМОСТЬ В ФАКТОРЕ РОСТА У SHIGELLA FLEXNERI И
SHIGELLA SONNEI

А. ВЕРТЕНЬИ, И. КЕТЬИ, Б. КОЧИШ

Необходимость в факторе роста у 271 штамма Sh. f le x n e r i  и 100 Sh. sonnei была 
изучена на минимальной среде Falkow -a . Все штаммы Sh. sonnei и большинство штаммов 
Sh . f le x n e r i  оказались прототрофными культурами; было найдено всего лишь 11 ауксо- 
трофных штаммов Sh. fle x n er i  (2,9%).

PROPERTIES OF THREONINE DEAMINASE 
IN MYCOBACTERIUM PELLEGRINO

A. SZENTIRMAI, I. HORVATH

СВОЙСТВА ТРЕОНИН-ДЕАМИНАЗЫ У MYCOBACTERIUM PELLEGRINO
А. СЕНТИРМАИ, И. ХОРВАТ

Изолейцин подавляет активность треонин-деаминазы, выделенной из M ycobacterium  
pcllegrino. Степень подавления зависит от концентрации субстрата. Валин оказывает 
активизирующий эффект и частично прекращает подавление, проявляемое изолейцином. 
В свежих препаратах энзима кривая субстратного насыщения соответствует кинетике по 
M ichaelis M enten. Хранение при 0° С сопровождается повышением активности и пони
жением термостабильности и чувствительности к изолейцину. Устойчивость энзима 
может быть повышена не только пиридоксал-фосфатом и изолейцином, но также валином 
и тиамин-пирофосфатом.



VIRAL GROWTH INHIBITION BY A BIGUANIDINE DERIVATIVE 
IN TISSUE CULTURE

L. GERGELY, L. VÂCZI, GY. HADHÄZI, F. D. TÓTH

ПОДАВЛЕНИЕ ВИРУСНОГО РОСТА ПРОИЗВОДНЫМ БИГУАНИДИНА 
В ТКАНЕВОЙ КУЛЬТУРЕ

Л. ГЕРГЕЙ, Л . ВАЦИ, ДЬ. Х АДХАЗИ , Ф. Д . ТОТ

Авторы изучали токсический и вирусоподавляющий эффект производного бигу
анидина в тканевой культуре. Упомянутое соединение заметно и довольно селективно по
давляло репликацию некоторых штаммов миксовирусов и парамиксовирусов во вращаю, 
щихся культурах фрагментов хориоаллантоисной мембраны.

SEROLOGICAL PROPERTIES OF PSEUDOMONAS AERUGINOSA 
II. TYPE-SPECIFIC THERMOLABILE (FLAGELLAR) ANTIGENS

B. LÁNYI

СЕРОЛОГИЧЕСКИЕ СВОЙСТВА PSEUDOMONAS AERUGINOSA 
II. ТИПО-СПЕЦИФИЧЕСКИЕ ТЕРМОЛАБИЛЬНЫЕ (ЖГУТИКОВЫЕ)

АНТИГЕНЫ
Б. ЛАНЬИ

В специфической Н-антисыворотке, истощенной от О-агглютининов, клетки Ps. 
aeruginosa, растущие на среде, способствующей развитию жгутиков, вначале станови
лись неподвижными, затем, склеиваясь, образовывали характерные хлопья. Иммуноген- 
ность, агглютинабельность и агглютининсвязывающая способность Н-антигенов после 
формалинизации оставались неизменными, но исчезали после температурного воздей
ствия 75° С и выше и обработки соляной кислотой. Эталон прекращал агглютинабельность 
и понижал иммуногенность и агглютининсвязывающую способность. Автор пришел к 
заключению, что термолабильные антигены Ps. aeruginosa  связаны со жгутиками.

Серологическое типирование показало, что из выделенного 541 штамма Ps. aeru
g in o sa  228 могли быть характеризованы серологически униформным антигеном Н1 и 
246 — комплексным антигеном Н2. Последние культуры были подразделены на частичные 
антигены 2а, 2Ь, 2с, 2d, 2е и 2f. Один штамм оказался неподвижным, и 6 штаммов содер
жали неопределяемые Н-антигены.

На основе различных комбинаций О-антигенов, описанных в предыдущей работе, 
и Н-антигенов для практических целей была создана антигенная схема Ps. aeruginosa, 
содержащая 53 серотипа.

ISOLATION AND CHARACTERIZATION 
OF SOME NEWLY ISOLATED B. CEREUS PHAGES

J .  F Ö L D E S , V. G A Á L, J .  M O L N Á R

ВЫДЕЛЕНИЕ И ХАРАКТЕРИСТИКА НЕКОТОРЫХ ВЫДЕЛЕННЫХ ФАГОВ
В. CEREUS

Й. ФЁЛДЕШ , В. ГААЛ, Й. МОЛНАР

Излагаются выделение и свойства фагов, выделенных из двух групп В . cereus, 
отличающихся по структуре клеточной стенки. Выделенные фаги образовывали чистые 
мишень-подобные и мутные бляжки. Мутный (дикий) тип в 5—10% содержал чистые и 
мишень-подобные бляшковые мутанты. Изучение спектра чувствительного хозяина по
казало, что часть выделенных фагов оказалась типоспецифической, а остальная часть 
обладала групповой специфичностью. Некоторые фаги имели поливалентную природу, 
будучи специфичными как в отношении В. anthracis, так и в отношении В. cereus. Была 
отмечена редкая антигенная разница между фагами двух групп В . cereus. Выделенные 
фаги В . cereus были изучены также с точки зрения b u rs t  size, латентного периода и чув
ствительности к температуре, pH и ультрафиолетовому облучению.



THE EFFECT OF BORDETELLA PERTUSSIS VACCINE AND ADRENAL 
HORMONES ON 5-HYDROXYTRYPTAMINE LEVEL IN RAT TISSUES

B . CS A B A , L . M U S Z B E K

ЭФФЕКТ ВАКЦИНЫ BORDETELLA PERTUSSIS И АДРЕНАЛОВЫХ 
ГОРМОНОВ НА УРОВЕНЬ 5-ГИДРОКСИТРИПТАМИНА В ТКАНЯХ КРЫСЫ

Б. ЧАБА, Л . МУСБЕК

Авторы изучали эффект вакцины Bordetella pertussis  (БПВ), адреналэктомии и 
лечения кортизоном на уровень 5-гидрокситриптамина (5— ГТ) в тканях крысы. Введение 
БПВ обусловливало повышение уровня 5—ГТ в пилорической области желудка и 12- 
перстной кишке и повышение содержания 5-гидроксииндолуксусной кислоты в моче. 
После адреналэктомии уровень 5—ГТ повышался во всех тканях за исключением крови 
и легких. Лечение кортизоном понижало содержание 5 ГТ во всех тканях кроме пило
рической области желудка и 12-перстиой кишки. В пилорической области желудка кор
тизон повышал количество 5 ГТ. Предполагается, что БПВ влияет на уровень 5—ГТ 
в тканях непрямым путем, посредством адреналовых гормонов.

LMMUNOFLUORESCENT STUDIES ON THE REACTIVITY OF „EARLY”
AND „LATE” HERPES-IMMUNE RABBIT SERA WITH VIRUS-INDUCED 

ANTIGENIC FORMATIONS OF HEp-2 CELLS
L. CÉDER, L. VACZI, F. LEHEL, É. GÖNCZÖL, E. JENEY

ИММУНОФЛУОРЕСЦЕНТНОЕ ИССЛЕДОВАНИЕ РЕАКТИВНОСТИ «РАННЕЙ»
И «ПОЗДНЕЙ» ГЕР1 IEC-ИММУННОЙ КРОЛИЧЬЕЙ СЫВОРОТКИ 

С ВПРУС-ИНДУЦИРОВАННЫМИ АНТИГЕННЫМИ ФОРМАЦИЯМИ КЛЕТОК НЕр-2
Л. ГЕДЕР, Л. ВАЦИ, Ф. Л Е Х Е Л , Е. ГЁНЦЁЛ, Э. ЙЕНЕИ

Была изучена по ходу иммунизации реактивность сыворотки кроликов, заражен
ных вирусом герпеса, с антигенными формациями клеток НЕр 2, инфицированных 
вирусом H erpes sim plex . Пробы сыворотки, взятые через неделю от начала иммунизации, 
окрашивали диффузные цитоплазматические, околоядерные и некоторые внутриядерные 
мелкозернистые элементы в клетках НЕр—2, зараженных вирусом H erp es sim plex . 
Иммунная сыворотка, взятая 2 неделями позже, в дополнение к диффузной цитоплазма
тической и околоядерной флуоресценции выявила только большие включенне-подоб- 
ные тельца и несколько больших гранул в ядрышках тех же самых препаратов. В то же 
самое время было отмечено значительное повышение титра вируснейтрализующих ан
тител.

«Ранняя» и «поздняя» иммунная сыворотка реагировала с околоядерными анти
генными формациями клеток, обработанных цитозинарабинозидом.

«Ранние» антитела соответствовали IgM иммуноглобулинам.

THE EFFECT OF TEMPERATURE ON THE DEVELOPMENT 
OF IMMUNOFLUORESCENT ELEMENTS IN HERPES SIMPLEX VIRUS 

INFECTED BS-C-1 CELLS
L. CÉDER, E. JENEY, É. GÖNCZÖL, F. LEHEL

ЭФФЕКТ ТЕМПЕРАТУРЫ НА РАЗВИТИЕ ИММУНОФЛУОРЕСЦЕНТНЫХ 
ЭЛЕМЕНТОВ В КЛЕТКАХ BS-C-1, ИНФИЦИРОВАННЫХ ВИРУСОМ

HERPES SIMPLEX
Л . ГЕДЕР, Э. ЙЕНЕИ, Е. ГЁНЦЁЛ, Ф. Л Е Х ЕЛ

Инкубация клеток BS С- I, инокулированных вирусом Herpes simplex, при 
температуре 40° С не влияла на развитие «ранних» антигенных формаций, но задерживала 
появление больших внутриклеточных включение-подобных телец, которые являются



поздними продуктами инфекции. Вырабатывались как «ранние», так и «поздние» вирус- 
специфические комплементсвязывающие антигены, причём первые в большем количестве. 
Титр внутриклеточного инфективного вируса был заметно редуцирован.

Инкубация при комнатной температуре обуславливала латентную вирусную ин
фекцию клеток с аккумуляцией «ранних» антигенных формаций, полностью блокирующих 
синтез «поздних» антигенных элементов и инфективного вируса.

COMPARATIVE STUDY ON SENSITIVITY TO TOXOPLASMA GONDII 
OF HUMAN PRIMARY AMNIOTIC CELL CULTURE AND OF MICE

R. CSÓKA, G. KULCSÁR

СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ЧУВСТВИТЕЛЬНОСТИ МЫШЕЙ И ПЕРВИЧНОЙ 
КЛЕТОЧНОЙ КУЛЬТУРЫ АМНИОНА ЧЕЛОВЕКА К TOXOPLASMA GONDII

Р. ЧОКА, Г. КУЛЧАР

Авторы изучали чувствительность белых (швейцарских) мышей и первичной кле
точной культуры амниона человека к штамму RH Toxoplasm a gondii. При количествен
ной и качественной оценке чувствительность к культивированным клеткам оказалась 
одинаковой или выше таковой в отношении мышей.

Данные подтверждают то наблюдение, что количество переживающих токсоплазм 
значительно понижалось после 24 часов хранения.

INDUCTION OF MEMBRANE-BOUND PENICILLINASE 
SYNTHESIS IN B. CEREUS 569

V. CSÁNYI

ИНДУКЦИЯ СИНТЕЗА ПЕНИЦИЛЛИНАЗЫ, СВЯЗАННОЙ С ОБОЛОЧКОЙ,
У В. CEREUS 569

В. ЧАНЬИ

Была изучена индукция пенициллиназы, связанной с оболочкой, и экзопеницил- 
линазы с применением в качестве индуктуров пенициллина и высоких концентраций 
фосфата. Как пенициллин, так и фосфат индуцировали синтез пенициллиназы, связанной 
с оболочкой, но пропорция связанного энзима в общей продукции энзима оказалась зна
чительно ниже в присутствии высоких концентраций электролита. Обсуждается воз
можное происхождение энзима, связанного с оболочкой.

THE EFFECT OF LYSOZYME AND METHICILLIN ON THE GROWTH 
OF METHICILLIN RESISTANT AND SENSITIVE STAPHYLOCOCCUS

AUREUS STRAINS
F. ROZGONYI, I. RÉDAI

ЭФФЕКТ ЛИЗОЗИМА И МЕТИЦИЛЛИНА НА РОСТ МЕТИЦИЛЛИН-УСТОЙЧИВЫХ 
И ЧУВСТВИТЕЛЬНЫХ ШТАММОВ STAPHYLOCOCCUS AUREUS

Ф. РОЗГОНЬИ, И. РЕДАН

В присутствии лизозима устойчивость к метициллину у естественно метициллин- 
устойчивых стафилококков слегка повышалась. В тех же самых условиях штаммы, 
чувствительные к антибиотику или располагающие адаптированной устойчивостью к 
метициллину, проявляли повышенную чувствительность.



В присутствии метициллина ! лизозима lag-фаза естественно устойчивых стафи
лококковых культур понижалась примерно наполовину, тогда как чувствительные или 
располагающие адаптированной устойчивостью штаммы в 4 - 7  раз повышали свои зна
чения но сравнению с таковыми в присутствии только одного метициллина. Когда добав
лялись сублетальные концентрации метициллина лизозима в логарифмической фазе, 
число переживающих бактерий в случае естественно устойчивых культур понижалась 
на 1 значение и на 5—6 — в отношении чувствительных или располагающих адаптиро
ванной устойчивостью штаммов.

PROPERTIES OF ACETOHYDROXY ACID SYNTHETASE 
IN STREPTOMYCES RIMOSUS

A  S Z E N T IK M A I, I . H O R V Á T H , J .  Z S A D Á N Y I

СВОЙСТВА УКСУСНОГИДРОКСИКИСЛОЙ СИНТЕТАЗЫ В STREPTOMYCES
RIMOSUS

А. СЕНТИРМАИ, И. ХОРВАТ, Й. Ж АДАНЬИ

Уксусногидроксикислая синтетаза в Streptom yces r im osus  требует присутствия 
тиамин-пирофосфата и флавинаденин динуклеотида. Тот факт, что хотя валин является 
ингибитором при pH 7,4 и 28° С, он всё-таки оказывает значительный активирующий 
эффект при высоких значениях pH и температуры, может быть объяснен его заметным 
стабилизирующим действием на энзим.

Были изучены пропорция а-уксусномолочной кислоты и синтез а-уксусно-а-гидро- 
ксибутириновой кислоты путём определения действия концентраций соответствующих 
субстратов (пирувиновой и а-кетобутмрпновой кислот). По сравнению с энзимом в других 
микроорганизмах, родство а-кетобутириновой кислоты с уксусногидроксикислой синте- 
тазой S. rim osus  было более тесным и поэтому синтез прекурзора изолейцина в последней 
был выше. Это явление может быть объяснено депрессивным действием ос-кетобутирино- 
вой кислоты.

SUCROSE AND RAFFINOSE BREAKDOWN BY ESCHERICHIA COLI
M. ÁRR, T. PERÉNY1, E. K. NOVÄK

РАЗЛОЖЕНИЕ САХАРОЗЫ И РАФФИНОЗЫ ESCHERICHIA COLI
M. APP, Т. ПЕРЕНЬИ, Е. К. НОВАК

Проверка ассимиляции сахарозы и раффинозы 56 лабораторными и свежевыделен
ными штаммами Е . coli выявила, что большинство культур или вовсе не утилизирует этих 
сахаров, или утилизирует оба из них. Культуры, ассимилирующие только сахарозу, со
ставляли 1/5, только раффинозу — 1/20 всех исследованных штаммов. Опыты с одним 
представителем каждой из четырех групп показали, что за разложение как раффинозы, 
так и сахарозы ответственен адаптивный энзим («бактериальная инвертаза»). Энзим мог 
быть индуцирован обоими сахарами. Естественно сахарозо-отрицательный штамм в соот
ветствующей среде мог быть адаптирован к низким степеням разлагающей активности 
сахарозы. Этот сахарозо-отрицательный и раффинозо-положительный штамм действовал 
на раффинозу в основном мелибиазой. Штамм, ассимилирующий сахарозу, после адап
тации к сахарозе в выборочном опыте вырабатывал только а-глюкозидазу. Штаммы, не
утилизирующие сахарозу и раффинозу, могли быть также индуцированы для выра
ботки соответствующих энзимов, обладающих, однако, низкой активностью.

В отличие от других микроорганизмов инвертаза и мелибиаза располагаются 
внутриклеточно в бактерии. Подобно разложению лактозы, что является основным диаг
ностическим признаком Escherichia, могло быть индуцировано разложение сахарозы 
и раффинозы, в противоположность разложению конструктивной трехалозы и мальтозы.



ACTION Of’ CATION TRANSFER ATP ASE INHIBITORS 
ON EFFICIENCY OF INFECTION WITH POLIOVIRUS

A. KOCH, E. GYÖRGY

ДЕЙСТВИЕ ИНГИБИТОРОВ КАТИОН-TRANSFER АТФ-азы НА ЭФФЕКТИВНОСТЬ 
ИНФЕКЦИИ ВИРУСОМ ПОЛИОМИЕЛИТА

А. КОХ, Е. Д Ь Е Р Д Ь

В системе, состоящей из полиовируса, адсорбированного на взвешенных клетках 
почки обезьяны, редукция содержания ионов К + до или ниже 0,91 m E q /I ,  по крайней 
мере, в течение часа вызывала 4-кратное повышение эффективности инфекции, измеряемой 
выходом вируса в конце цикла. Эффект прекращался, если концентрация К+ возвраща
лась к норме в конце первых 30 минут цикла. Отсутствие ионов Mg++ в течение первого 
часа цикла вызывало 70% редукцию конечного выхода. Принимая во внимание известный 
эффект ионов К+ и Mg++ на мембранную АТФ-азу, полученные результаты являются 
дальнейшим непрямым доказательством возможной взаимосвязи между конформацией 
АТФ-азы и степенью необратимой адсорбции вириона.

AUXOTROPHIC MUTATION ASSOCIATED WITH LOW STREPTOMYCIN 
RESISTANCE AND SLOW GROWTH IN BACILLUS SUBTILIS

E. MARJAI, I. KISS, G. IVÁNOVICS

АУКСОТРОФНАЯ МУТАЦИЯ BACILLUS SUBTILIS, СВЯЗАННАЯ 
С НИЗКОЙ РЕЗИСТЕНТНОСТЬЮ К СТРЕПТОМИЦИНУ И МЕДЛЕННЫМ

РОСТОМ
Е. МАРЬАИ, И. КИШШ, Г. ИВАНОВИЧ

Чашки с питательным агаром, содержащим 100—200 /лг стрептомицина /мл, были 
массивно заражены B acillu s subtilis  (штамм 168 ind- ). Через несколько дней после 
инкубации при 37° С выросли колонии небольших и средних размеров в пропорции 10-6. 
Приблизительно 1/4 часть изолятов при переносе на кровяной агар давала точечные 
колонии. Изоляты, производящие колонии нормальных размеров, на кровяном агаре 
проявляли некоторые новые требования в питании, позволяющие классифицировать 
мутанты в 5 групп. Большинство мутантов хорошо размножалось на комплетной среде, 
такой как дрожжевой пептоновый агар, но не росло в определенных условиях питания. 
Приблизительно 1/10 мутантов показывала недостатки в синтезе тетрапорфирина (прото- 
гем-а). Было также найдено несколько изолятов, зависимых от ароматических аминокис
лот. Хотя изоляты были получены в высоких стрептомициновых концентрациях, они 
показывали низкую толеранцию к этому антибиотику.

Другой чертой мутантов был медленный рост. Ауксотрофия, медленный рост и 
относительно повышенная стрептомициновая толерантность, очевидно, являлись резуль
татом мутации в единственном локусе, тогда как реверсия ауксотрофии в прототрофию 
восстановила их чувствительность и нормальный рост. Можно сделать вывод, что прямое 
действие стрептомицина на хромосомальную репликацию могло быть включено в генез 
этих своеобразных мутантов.

FAST SEDIMENTING FRACTIONS CONTAINING DNA 
FROM STREPTOMYCES GRISEUS

F. SZESZÁK, G. SZABÓ

БЫСТРОЕ ОСАЖДЕНИЕ ФРАКЦИЙ, СОДЕРЖАЩИХ ДНК, ПОЛУЧЕННОЙ ИЗ
STREPTOMYCES GRISEUS

Ф. СЕСАК, Г. САБО

Авторы изучали в различных условиях осаждаемость ДНК, полученной из мицелия 
Streptomyces g r is e u s ,  штамм № 5 2 — I , после дезинтеграции. Значительное число быстро- 
оседающих фракций было получено после переваривания лизозимом в среде, содержащей



полиэтиленгликоль 300, при 6000 g и после механического размельчения в среде ТМК 
при 25 000— 38 000 g (39 и 30% соответственно).

Число быстрооседающих фракций зависело от выбранног о штамма Streptom yces, 
возраста культуры и от состава среды, в которой проводились отмывка, размельчение и 
осаждение.

В тех же условиях, которые оказались оптимальными для S. griseus, в отношении 
Escherichia coli и B acillus cereus быстрооседающих фракций получить не удалось.

Очистка фракций, содержащих ДНК, осуществлялась центрифугированием в 
градиенте плотности, .затем был проведен анализ этих фракций на содержание ДНК, 
РНК, протеина и полисахаридов. Отношение протеина к ДНК в некоторых фракциях, 
полученных центрифугированием в градиенте плотности, оказалось ниже чем 1:0.

SEROLOGICAL AND CHEMICAL STUDIES OF SH. SONNEI, 
PSEUDOMONAS SHIGELLOIDES AND C27 STRAINS

K. RAUSS, T. KONTROHR, A. VERTÉNYI, L. SZENDREI

СЕРОЛОГИЧЕСКОЕ И ХИМИЧЕСКОЕ ИЗУЧЕНИЕ ШТАММОВ SH. SONNEI, 
PSEUDOMONAS SHIGELLOIDES И С 27

К .  Р А У Ш Ш ,  T .  К О Н Т Р О Р ,  А .  В Е Р Т Е Н Ь И ,  Л . С Е Н Д Р Е И

Биохимическое поведение штаммов Ps. shigelloides Bader-a и С 27 Ferguson-a 
было характерно роду Aeromonas.

Серологически формы S и мутанты R обоих штаммов были одинаковыми друг с 
другом, а также с 1 и 11 фазой Sh. sonnei.

Идентичность в антигенной структуре Sh. sonnei п Ps. shigelloides была также 
продемонстрирована опытом защиты на мышах.

LPS, полученный из обоих Aerom onades, содержал составные сахара, качественно 
идентичные с L P S  Sh . sonnei в отношении S или R формы, но Aeromonades, кроме того, 
располагали серологически инактивным компонентом галактуроновой кислоты, a LPS 
штамма С27 содержал небольшое количество галактозамина.

Sh. sonnei и исследованные два штамма Aerom onas представляли собой различные 
хемотипы, но даже штаммы Ps. shigelloides il С27 не принадлежали к тому же хемотипу.

ISOLATION OF HFR DERIVATIVE BY THE USE 
OF SHIGELLA FLEXNERI 4b-MODIFIED F FACTOR

I. KÉTYI

ВЫДЕЛЕНИЕ HFR-ПРОИЗВОДНОГО ПУТЕМ ИСПОЛЬЗОВАНИЯ ^-МОДИФИЦИ
РОВАННОГО ФАКТОРА F SHIGELLA FLEXNERI

и .  К Е Т Ь И

^-модифицированный фактор F Sh. f le x n e r i  был получен передачей hsp gene 
Shigella flexneri на F' Escherichia coli K -12 . Передача этого фактора другому мутанту 
Shigella-хозяина сопровождалась получением 1<"+-культуры, обеспечивающей выход 
устойчивого Hfr-производного.

Место F-интеграции 4Ь Hfr-производного Sh. flexneri находится между марке
рами Mtl и Ilv — при проектировании на хромосомную карту Е . coli К —12 — и появ
ляется приблизительно на 72 минуте. Порядок передачи следовал в направлении часовой 
стрелки: О ilv met thr trp.



IMMUNOLOGICAL AND BIOCHEMICAL ACTIVITY 
OF ANTI-RIBOSOME IMMUNE SERUM

K. MERÉTEY, J. HOLLAND, V. VÁRTERÉSZ

ИММУНОЛОГИЧЕСКАЯ И ВИОХИМИЧЕСКАЯ АКТИВНОСТЬ
АНТИРИВОСОМНОЙ ИММУННОЙ СЫВОРОТКИ

К. МЕРЕТЕИ, Й. ХОЛЛАНД, В. ВАРТЕРЕС

Производство иммунной сыворотки против обработанной MgCl2 рибосомной фрак
ции печени морской свинки проводилось в кроликах и крысах. Присутствие антирибо- 
сомных антител выявлялось преципитацией в жидкости и геле, а также рибосома-латекс- 
агглютинацией. Загрязнение контролировалось иммунодиффузным исследованием иммун
ной сыворотки, полученной против рибосомных и печеночных гомогенатов. Нормальная 
сыворотка также имела некоторую преципитирующую активность. Преципитины содер
жались во фракции IgM. Выделенная антирибосомная IgG-фракция в условиях in  vitro  
подавляла функциональную активность рибосом инкорпорировать аминокислоты.

GENETIC MAPPING OF RHIZOBIOPHAGE 16 3
L. OROSZ, T. SÍK

СОЗДАНИЕ ГЕНЕТИЧЕСКОЙ КАРТЫ РИЗОБИОФАГА 1 6 -3  
Л. ОРОС, т. шик

Частичная генетическая карта фага 16—3 R h izo b iu m  была создана путем компле
ментации и перекрещиванием двух или трех точек. Были выделены и использованы термо
чувствительные (ts), термо-индуцируемые (ti), отличающиеся по морфологии бляшек 
(№ 2; С), спектру хозяина (h) и измененным фаговым антигенам (Ant) мутанты. Маппи- 
рованные гены располагались в следующем порядке: № 2-C-ts2-ts6-ts4-h-ts5-Ant.

ANAEROBIC TRANSFORMATION OF STEROIDS 
BY MYCOBACTERIUM PHLEI

K. ALBRECHT, E. TÖMÖRKÉNY, A. SZABÓ

ТРАНСФОРМАЦИЯ СТЕРОИДОВ С АНДРОСТАНОВОЙ СТРУКТУРОЙ 
ПОСРЕДСТВОМ MYCOBACTERIUM PHLEI В АНАЭРОБНЫХ УСЛОВИЯХ

К. АЛБРЕХТ, Э. ТЁМ ЁРКЕНЬ, А. САБО

В анаэробных условиях M icobacterium  p h le i  превращала андрост-4-ен-3,17-дион, 
17/5-гидрокси андрост-4-ен-З-он и его 17/3-ацилаты, 3/?-гидроксиандрост-5-ен-17-он и 17а- 
-метил-17/5-гидроксиандрост-4-ен-3-он в насыщенные химические соединения 5а и 5ß. 
По ходу дальнейшей трансформации за счёт редукции 3- и в некоторых случаях 17-оксо- 
групп возникают насыщенные гидрокси-производные. В анаэробных условиях также 
можно было наблюдать образование стероидэстерных формаций.

TRANSFORMATION OF 4,5-EPOXY STEROIDS WITH MYCOBACTERIUM PHLEI 
II. TRANSFORMATION UNDER ANAEROBIC CONDITIONS

E. TÖMÖRKÉNY, К. ALBRECHT, L. ILA

ТРАНСФОРМАЦИЯ 4,5-ЭПОКСИСТЕРОИДОВ ПОСРЕДСТВОМ MYCOBACTERIUM
PHLEI

II. ТРАНСФОРМАЦИЯ В АНАЭРОБНЫХ УСЛОВИЯХ
Э. ТЁМЁРКЕНЬ, К. А Л БРЕ Х Т, Л . ИЛА

В анаэробных условиях 3-оксо (3-гидрокси)-4,5-эпоксистероиды с андростановой 
структурой могут быть превращены в насыщенные производные 5а— Н и 5/3— Н через 
<34— 3-оксо-интермедиат. Устранение эпоксидного кольца, повидимому, происходит вна
чале через производное 3-гидрокси-4,5-эпокси, затем через производное 3,5-дигидрокси.



APPLICATION OF GEL ADSORPTION TO CHARACTERIZE STRAINS 
OF THE FAMILY ENTEROBACTERIACEAE

E. SZÖLLÖSY

ПРИМЕНЕНИЕ ГЕЛЕВОЙ АДСОРБЦИИ ДЛЯ ХАРАКТЕРИСТИКИ ШТАММОВ 
СЕМЕЙСТВА ENTEROBACTERIACEAE

Э. сЕ ллЕ ш и

Было найдено, что клеточные суспензии штаммов, принадлежащие к семейству 
E n te ro b ac te riac e ae , связывались с поверхностью А1(ОН)3-геля с различной интенсив
ностью. Так как адсорбция задерживалась фосфатными ионами, была сделана попытка 
характеризовать степень адсорбции молярностыо фосфатного буфера. Принимая за штам- 
мовую характеристику нумерическое значение молярности такого буфера, в котором 
50% клеток связывались с поверхностью геля (АС50), можно было отличить друг от друга 
бактериальные штаммы, относящиеся к идентичным серологическим и фаговым типам.

Н а основе значений АС50, 25 штаммов 0-типа Е. coli показали следующее распре
деление. Три штамма проявляли очень слабое адсорбционное свойство даже в отсутствии 
фасфатных ионов. Семь штаммов проявляли АС50 в фосфатном буфере с М, равной 0,0035, 
тогда как четыре штамма — в интервале 0,0025 — 0,005, семь других — 0,005 — 0,01, 
три — 0,01 — 0,02 и один — 0,04 — 0,08. Штаммы, выделенные от больных, давали рас
пределение, сходное с таковым штаммов 0-типа.

Большинство клеток патогенных штаммов Е . coli проявляло очень слабую степень 
адсорбции даже в отсутствии фосфатных ионов. Заслуживает внимания разница значений 
АС30, обнаруженная при исследовании штаммов Shigella flexneri. Штаммы Shigella 
flexneri и somiéi, показывающие идентичный серологический и фаговый тип, могли 
быть отдифференцированы на основе их различных значений АС50. Салмонеллёзные 
штаммы, за исключением S. ty p h i, были охарактеризованы растянутой кривой адсорбции. 
Значения АС50 для двух штаммов S. typhi m u riu m  оказались различными.

Клетки патогенной Е. coli d ispepsiae , располагающие слабой степенью адсорбции, 
могли быть обратно получены из суспензии, приготовленной из бактерий нормальной
Е. coli, сильнее адсорбирующейся на геле, несмотря на большее количество последних.

Обсуждается связь между антигенным и адсорбционным свойствами.

EFFECT OF FACTOR С ON GLUCOSE REPRESSION 
OF INDUCED /J-GALACTOSIDASE SYNTHESIS

J. SCHLAMMADINGER, G. SZABÓ

ВЛИЯНИЕ ФАКТОРА С НА РЕПРЕССИЮ ГЛЮКОЗЫ В СИНТЕЗЕ 
ИНДУЦИРОВАННОЙ ß -Г АЛАК'ГОЗИДАЗЫ

Й. ШЛАММАДИНГЕР, Г. САБО

Фактор С, агент, содержащий макромолекулы гликопротеидного типа и регули
рующий цитодифференциацию у Streptom yces griseus, повышает количество 5%- 
холодо-ТСА-нерастворимой "С-урациловой фракции, инкорпорированной в присутствии 
актиномицина Д как в Str. griseus, так и Escherichia coli, и поднимает Tm-точку ДНК.

Изучение глюкозной репрессии индуцированного синтеза /З-галактозидазы у Е. 
coli показало, что при разных концентрациях глюкозы фактор С понижал глюкозо- 
индуцированную проходящую и катаболитную репрессию.

В свете полученных данных относительно механизма глюкозо-репрессии можно 
предположить, что фактор С первоначально действует на ДНК.



ELECTRON MICROSCOPIC STUDIES 
IN EXPERIMENTAL KERATOCONJUNCTIVITIS LISTERIOSA

I. PENETRATION OF LISTERIA MONOCYTOGENES 
INTO CORNEAL EPITHELIAL CELLS

P. RÄCZ, k . t e n n e r , k . sz iv e ss y

ИЗУЧЕНИЕ В ЭЛЕКТРОННОМ МИКРОСКОПЕ ЭКСПЕРИМЕНТАЛЬНОГО 
ЛИСТЕРИОЗНОГО КЕРАТОКОНЪЮНКТИВИТА

I. ПРОНИКНОВЕНИЕ LISTERIA MONOCYTOGENES В ЭПИТЕЛИАЛЬНЫЕ
КЛЕТКИ РОГОВИЦЫ

П. РАЦ, К. ТЕННЕР, К. СИВЕШШИ

В условиях экспериментального листериозного кератоконъюнктивита авторы 
изучали на морских свинках электронно-микроскопическим методом проникновение 
возбудителя в эпителиальные клетки роговицы. Чаще всего в одну эпителиальную клетку 
проникали 1 — 2 живых бактерии. Клеточная мембрана перед приближающейся 
листерией прогибалась. По мере продвижения бактерии внутрь клетки это вдавление 
превращалось в вакуолю, ограниченную мембраной, с заключённой в ней бактерией. 
В дальнейшем ограничивающая мембрана распадалась, и листерия оставалась окру
женной своеобразным зернистым материалом. Когда таким образом освобожденная 
листерия вновь приближалась к клеточной мембране, на последней образовывался вы
ступ, судьба которого зависела от того, возникнет ли в межклеточном пространстве по 
ходу воспаления значительный отёк или нет. В случае отсутствия межклеточного отёка 
выступающая часть клетки, содержащая бактерию, внедряется в соседнюю клетку, затем 
окончательно захватывается ею. При значительном межклеточном отёке выступающая 
часть клетки с заключенной в ней бактерией может отпочковаться в межклеточное прост
ранство.

В более поздние стадии инфекционного процесса, спустя 36—48 часов, увеличивается 
число клеточных органелл в клетках.

Авторы считают, что понятие факультативного внутриклеточного паразитизма 
при листериозном кератоконъюнктивите, которое применяется в отношении взаимодей
ствия хозяина и паразита только в случае клеток типа макрофагов, должно быть распрост
ранено и на эпителиальные клетки роговицы.

EFFECT OF SORBIC ACID ON THE GROWTH 
OF SOME SPECIES OF YEAST

T. DEÁK. M. TÜSKE. E. K. NOVÁK

ЭФФЕКТ СОРБИНОВОЙ КИСЛОТЫ НА РАЗМНОЖЕНИЕ РАЗЛИЧНЫХ
ВИДОВ ДРОЖЖЕЙ 

Т. Д Е А К , М. ТЮШКЕ, Е. К. НОВАК

Авторы изучали эффект сорбиновой кислоты на параметры кинетики роста в аэроб
ных и анаэробных культурах C andida beverwijkii, С. c laussenii, С. hrusei, С. pseudotropi- 
calis, С. u tilis , Procandida a lb icans, Pc. tropicalis и Saccharomyces carlsbergensis. Сорби- 
новая кислота оказывала различный эффект на постоянную скорости размножения, 
lag-фазу и конечную клеточную плотность; её действие также менялось в зависимости 
от примененной концентрации, способа инкубации, присутствия редуцированного глю- 
татиона и от исследуемого вида дрожжей. В первую очередь сорбиновая кислота продляла 
lag-фазу, тогда как степень подавления скорости роста и конечной клеточной плотности 
была примерно одинаковой. Действие сорбиновой кислоты в анаэробных условиях про
являлось сильнее. Это частью было вызвано тем, что в аэробных культурах отдельных 
видов концентрация сорбиновой кислоты понизилась, и подавляющий размножение



эффект, таким образом, проявился в меньшей степени. В присутствии редуцированного 
глютатиона понижение концентрации сорбиновой кислоты или вовсе не происходило, 
или происходило, но в незначительной степени; этим самым редуцированный глютатион 
косвенно повышал подавляющий размножение эффект сорбиновой кислоты.

EFFECT OF SORBIC ACID ON THE GROWTH 
OF YEASTS ON VARIOUS CARBOHYDRATES

T. D E Á K , E . K . N O V Á K

ЭФФЕКТ СОРБИНОВОЙ КИСЛОТЫ НА РОСТ ДРОЖЖЕЙ НА РАЗЛИЧНЫХ
УГЛЕВОДАХ 

Т . Д Е А К , Е . К . Н О В А К

Авторы изучали рост C andida beverwijkii, С. c laussen ii, С. u tilis, P rocandida a lb i
cans, Pr. tropicalis, Saccharomyces carlsbergensis и S. cerevisiae в аэробной Ж И Д К О Й  Среде, 
содержащей глюкозу, галактозу, мальтозу, сахарозу и раффинозу, в присутствии 0,75 
мг/мл сорбата калия. Исходя из эффекта ингибитора на изучаемые параметры кинетики 
роста (постоянная скорости роста, lag-фаза, показатель размножения), на основе срав
нительного изучения добавленных отдельных субстратов, был сделан вывод, что 
причина подавления находится на уровне углеводного обмена веществ. Результаты 
показали, что причину подавления можно искать довольно часто в процессах переноса, 
которые являются начальными стадиями углеводного обмена веществ. Влияние на актив
ные процессы переноса может играть важную роль в механизме действия сорбиновой 
кислоты.

STUDIES ON SWINE ENTEROVIRUSES
III. OCCURRENCE OF ENTEROVIRUSES IN HUNGARIAN SWINE HERDS 

AND IN KIDNEY TISSUE OF NORMAL PIGS
•г. s z e n t -tvAn y i

ИЗУЧЕНИЕ ЭНТЕРОВИРУСОВ СВИНЕЙ

III. ВСТРЕЧАЕМОСТЬ ЭНТЕРОВИРУСОВ СРЕДИ СВИНЕЙ В ВЕНГРИИ 
И В КУЛЬТУРАХ ПОЧЕК ЗДОРОВЫХ СВИНЕЙ

Т . С Е Н Т -И В А Н Ь И

Автор выделил 505 энтеровирусных штаммов из 1585 фекальных проб, взятых от 
свиней различного возраста. До недельного возраста выделение энтеровирусов обнару
жить не удалось, но в дальнейшем пропорция впрусовыделителей постепенно повысилась 
в среднем до 75,3%, после того как поросята перестали быть сосунками. Затем пропорция 
понизилась, и выделение вируса среди животных старше одного года было спорадическим. 
Распространение инфекции среди помётов в больших свинарниках было связано с усло
виями изоляции помётов от одной матки.

За исключением 16 изолятов, выделенные штаммы принадлежали к одному из 16 
серотипов и 2 цитоморфологическим типам. Повторные исследования фекальных проб 
от отдельных свиней показали, что некоторые энтеровирусные серотипы выделялись один 
за другим и реже одновременно.

В условиях изолированного содержания свиней в отдельных клетках энтеровирус- 
ная инфекция передавалась вертикально от матки новому поколению. Горизонтальное 
распространение инфекции наблюдалось среди поросят особенно после того, как они пере
ставали быть сосунками, и их помещали в большие группы.



SPECIFIC ORAL PREVENTION OF INFANTILE GASTRO-ENTERITIS 
E. EXPERIMENTS IN MICE

K. RÁ ÜSS, I. K É T Y I, L. S Z E N D R E I, A. V ERTÉN Y I

СПЕЦИФИЧЕСКАЯ ОРАЛЬНАЯ ПРОФИЛАКТИКА ГАСТРОЭНТЕРИТА
НОВОРОЖ ДЕННЫ Х

I. ЭКСПЕРИМЕНТЫ НА МЫШАХ
К . Р А У Ш Ш , И . К Е Т Ь И , Л .  С Е Н Д Р Е И ,  А . В Е Р Т Е Н Ь И

В эксперименте на мышах с целью разработки профилактики гастроэнтерита ново
рожденных было проведено изучение возможности индукции иммунитета против Е. coli 
dyspepsiae. Опыты были выполнены с лиофилизированным антигеном Boivin, приготов
ленным из штамма 0111 : К58(В4). Иммунизация проводилась p e r  o s  повышающимися 
дозами ежедневно или с 3-дневными интервалами.

Иммунный ответ определялся прямым изучением активной защиты и на основе 
защитного эффекта сыворотки и интестинальных экстрактов иммунизированных живот
ных. Активно проявленная защитность и защитный эффект интестинальных экстрактов 
(копро-антитела) были изучены на мышах с помощью муциновой техники. Защитное 
свойство сыворотки определалось на 10-дневных куриных эмбрионах.

Иммунный ответ был продемонстрирован во всех трех изученных группах. Авто
рам удалось установить взаимосвязь между иммунизирующей дозой, способом и эффек
том иммунизации.

Иммунитет, судя по активной и пассивной защите, значительно понизился спустя 
31 день после завершения полной вакцинации. Степень иммунитета можно было поддер
жать или повысить введением небольших доз антигена с 5-дневными интервалами.

В интестинальном экстракте были обнаружены защитные копро-антитела. Эти 
антитела также исчезали в пределах 31 дня, тогда как их эффект мог быть поддержан 
или усилен небольшими дозами антигена.

Копро-антитела являются свидетельством развития местного иммунитета и оправ
дывают изучение иммуногенности вакцины у новорожденных.

Обсуждаются проблемы живой и убитой вакцин.

PROPHYLACTIC USE OF AMANTADINE 
DURING HONG KONG INFLUENZA EPIDEMIC

J . MÁTÉ, M. SIM ON, I. JUVANCZ, GY. TA K ÂTSY , I. HOLLÓS, E . FA R K A S

ИЗУЧЕНИЕ ПРОФИЛАКТИЧЕСКОГО ПРИМЕНЕНИЯ АМАНТАДИНА ВО 
ВРЕМЯ ЭПИДЕМИИ ГРИППА ГОНГ-КОНГ

Й . М А Т Е , М. Ш И М О Н , И . Ю В А Н Ц , Д Ь .  Т А К А Ч И , И . Х О Л Л О Ш , Э . Ф А Р К А Ш

В марте 1969 года, когда в Венгрии широко распространилась эпидемия гриппа 
Гонг-Конг, было проведено применение 1-амантадин-НС1 (Viregyt R°) и placebo в семи 
военных подразделениях, всего у 2440 и 2133 молодых солдат (соответственно). Лечение 
было начато сразу, как только накапливающиеся случаи гринпоподобных заболеваний 
были распознаны как эпидемия, и продолжалось до спада эпидемии. Ежедневная доза 
представляла собой 200 мг, содержащихся в 2 капсулах.

Средство не оказывало влияния на заболеваемость, но понижало степень (Р <  0,01) 
и продолжительность (Р <  0,001) лихорадки, сокращало число койкодней (Р <  0,001) 
и случаи осложнений вообще (Р <  0,05) и особенно случаи, осложняющиеся заболе
ванием нижних дыхательных путей (Р < 0 ,0 1 ) .

Вирусологические и серологические результаты показали, что в 4 подразделениях 
(возможно и в 5-ом тоже) эпидемия была вызвана таким штаммом, который практически 
идентичен A2(Hong Kong) 68. В двух подразделениях эпидемии способствовал нетипирую- 
щийся агент, отличный от вируса гриппа А и гриппа Б. Только в последних подразделе
ниях был достигнут значительный благоприятный эффект. Средство не понижало про
порцию сероконверсии, тогда как титр антител в РПГА у лиц, первоначально сероотри



цательных, после эпидемии оказался несколько ниже в группе, в которой применялся 
амантадин, по сравнению с группой, в которой использовали placebo. Разница не дости
гала предела достоверности (0,05). В опытах in  vitro штаммы Hong Kong(l)68 оказались 
менее чувствительными к амантадину, чем более ранний штамм вируса гриппа А,.

STUDIES ON THE PERITONEAL EXUDATE 
OF ANIMALS EXPERIMENTALLY INFECTED WITH TOXOPLASMA GONDII

III. COMPARATIVE STUDY ON MOUSE PERITONEAL EXUDATE INDUCED 
WITH COMPLETE FREUND ADJUVANT

M. A. SAMIR

ИССЛЕДОВАНИЕ ПЕРИТОНЕАЛЬНОГО ЭКССУДАТА ЖИВОТНЫХ, 
ЭКСПЕРИМЕНТАЛЬНО ЗАРАЖЕННЫХ TOXOPLASMA GONDII

111. СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ НА МЫШАХ ПЕРИТОНЕАЛЬНОГО 
ЭКССУДАТА, ИНДУЦИРОВАННОГО КОМИЛЕТЫЫМ АДЪЮВАНТОМ ФРОЙНДА

М . А Х М Е Д  С А М И Р

Посредством комплетного адъюванта Фройнда в нескольких мышах была инду
цирована перитонеальная жидкость. Внутривенное введение супернатанта этой жид
кости после прогревания при 56° С или 65° С в течение 30 минут вызывало развитие синд
рома, сопровождающего внутривенное введение СПЭТ (супернатант перитонеального 
экссудата токсоплазмозных мышей). Летальная доза варьировала между 0,006 и 0,012 мл 
на 1 грамм веса тела. Внутрибрюшинное или подкожное введение не вызывало очевидного 
заболевания. Активность прогретого супернатанта могла быть снята гиалуронидазой и 
редуцирована трипсином. Мыши переносили (толеранция) внутривенное введение 0,05 
мл непрогретой или прогретой мышиной сыворотки на 1 грамм веса тела. Синдром, сопро
вождающий внутривенное введение СПЭТ-а, мог быть также воспроизведен введением 
0,01 мл 4% крахмала или насыщенного раствора резины арабика на 1 грамм веса тела. 
Мышиный СПЭТ, супернатант мышиной перитонеальной жидкости, индуцированной 
адъювантом Фройнда и мышиной сывороткой, качественно представляется тождествен
ным. На дисковых электрофоретограммах широкое кольцо формировалось в стартовой 
зоне за счёт других, которые становились более бледными, узкими и исчезали в 3 жид
костях после прог ревания при 56° С в течение 30 минут. Обсуждается значение этих 
наблюдений в свете литературных данных о СПЭТ-е.

EFFECT OF PIIYTOHAEMAGGLUTININ AND TUBERCULIN 
ON MACROMOLECULE SYNTHESIS IN HUMAN LYMPHOCYTE CULTURES

A. DOBOZY, .1. HUNYADI, M. SIMON

СТИМУЛИРУЮЩИЙ ЭФФЕКТ ФИ'ГОГЕМАГГЛЮРИНИНА И ТУЬЕРКУЛИНА НА
МАКРОМОЛЕКУЛЯРНЫЙ СИНТЕЗ В КУЛЬТУРЕ ЧЕЛОВЕЧЕСКИХ

ЛЕЙКОЦИТОВ
А. Д О В О З И , Й. Х У Н Ь А Д И , м. ш имон

Авторы изучали макромолекулярный синтез, индуцированный фитогемагглюти- 
нином и туберкулином в культурах лимфоцитов от Манту-положительных лиц. Фито- 
гемагглютининовая стимуляция спустя 30 минут повышала метиляцию гистона, а через 
6 часов индуцировала синтез РНК и белка. Максимальные значения инкорпорации ури- 
дина и лейцина были получены на 48 часу культивирования, тогда как синтез ДНК, 
начинающийся позже, достигал своего пика спустя 72 часа.

Туберкулин проявлял эффект, подобный таковому фитогемагглютинина, но макси
мум значений был достигнут на 24 часа позже. Лимфоциты культур от больных, чувст
вительных к различным лекарственным средствам, на стимуляцию специфическим анти
геном реагировали подобным же образом. Актиномицин Д  в одинаковой степени по
давлял инкошшрацпю уридина, индуцированную фитогемагглютинином и туберкулином.



ESTIMATION OF ENDOTOXIN-INDUCED INCREASE IN RESISTANCE 
BY MEANS OF TRYPANOSOMA EQUIPERDUM GROWTH CURVES

G. FÓ R IS , K. Ú JH E L Y I, M. CSUKÁS

ИЗМЕРЕНИЕ ПОВЫШЕНИЯ РЕЗИСТЕНЦИИ, ВЫЗВАННОЙ ЭНДОТОКСИНОМ, 
С ПОМОЩЬЮ КРИВОЙ РОСТА TRYPANOSOMA EQUIPERDUM

Г . Ф О Р И Ш , к. У Й Х Е Й И , М . Ч У К А Ш

В опытах на крысах, предварительно получивших эндотоксин Serratia marcescens 
и затем внутривенно зараженных Trypanosoma equiperdum, логарифмический рост начи
нался спустя несколько часов после lag-фазы.

Продолжительность lag-фазы находилась в зависимости от промежутка времени 
между дачей эндотоксина и заражением. При дозе эндотоксина 200 рг/100 г оптимальный 
интервал от дачи эндотоксина до заражения был 24—72 часа.

Другими факторами, влияющими на продолжительность lag-фазы кривой трипа- 
носомного роста, являлись вес экспериментального животного и число паразитов, исполь
зуемое при заражении.

После предварительной дачи эндотоксина, параллельно заражая крыс с одинако
вым весом тела идентичным количеством паразита, можно было наблюдать линеарную 
регрессию между продолжительностью lag-фазы кривой роста трипаносомы и применен
ными дозами эндотоксина. Математический анализ был проведен на основе опытов, в 
которых крысы весом 100 г спустя 40 часов после дачи эндотоксина заражались Trypa
nosoma equiperdum таким образом, чтобы начальное содержание паразита составляло
2-107/мл.

На основе уже предварительно сообщенного нами явления (12,13), в настоящей 
работе удалось выработать такую методику, с помощью которой представляется воз
можным количественное сравнение эффекта различных эндотоксинных препаратов по
вышать резистенцию.

VITAMIN R12 PRODUCING FERMENTATIONS OF SEWAGE SLUDGE ORIGIN 
WITH A MIXED BACTERIUM POPULATION

I. ROLE OF INDIVIDUAL BACTERIUM SPECIES 
IN VITAMIN B 12 PRODUCTION

B. JO H A N

ИЗУЧЕНИЕ ФЕРМЕНТАЦИИ В ИЛЕ КАНАЛИЗАЦИОННОГО ПРОИСХОЖДЕНИЯ 
СО СМЕШАННОЙ ПОПУЛЯЦИЕЙ БАКТЕРИЙ ПРИ ПРОИЗВОДСТВЕ ВИТАМИНА

В12

1. РОЛЬ ИНДИВИДУАЛЬНЫХ ВИДОВ БАКТЕРИЙ В ПРОИЗВОДСТВЕ
ВИТАМИНА

Б . Й О Х А Н

Смешанная популяция бактерий, участвующая в ферментации при производстве 
витамина В12, инокулированная вместе с 20% канализационного ила бытового проис
хождения, оставалась неизмененной в течение нескольких лет, когда пополнение канали
зационного ила было прекращено, и популяция была адаптирована к обедненной илом 
среде. Из-за полиморфизма индивидуальных бактериальных видов анализ морфологи
ческих типов был затруднен. Однако, это могло быть облегчено тем фактом, что имелась 
возможность центрифугированием сепарировать эти бактерии в три типичные морфоло
гические группы. Результаты попыток определения таксономии этих бактерий будут 
опубликованы позже. Определение содержания аналогичного витамину В!2 в трех от
деленных морфологических бактериальных группах предоставляло возможность более 
ясного понимания их специальной роли в получении общего выхода витамина. Пред
ставляется реальным влиять на бактериальный спектр ферментации и этим самым на его. 
витаминаналогичное содержание.



INTERFERON PRODUCING CAPACITY OF WHITE BLOOD CELLS 
FROM PATIENTS WITH POLYGLOBULIA

GY. HADHÄZY, GY. NAGY L. G ERG ELY . CS. BALÁZS

ИЗУЧЕНИЕ ИНТЕРФЕРОНПРОДУЦИРУЮЩЕЙ СПОСОБНОСТИ ЛЕЙКОЦИТОВ 
ОТ БОЛЬНЫХ ПОЛИГЛОБУЛ ИЕЙ

Д Ь .  Х А Д Х А З И , Д Ь .  Н А Д Ь , Л .  Г Е Р Г Е Й ,  Ч . Б А Л А Ж

Авторы провели сравнительное изучение продукции интерферона in  vitro  лейко
цитами от больных полиглобулией различного происхождения и от здоровых лиц. В 
качестве индуктора использовали вирус парагриппа — 1 (Сендай). Интерферон опреде
лялся в культуре перевиваемой линии клеток амниона человека с помощью вируса вези
кулярного стоматита, как индикатора.

БЫЛИ изучены леЙКОЦИТЫ ОТ 33 бОЛЬНЫХ, СТрадаЮЩИХ p o l y c y t h a e m i a  v e r a ;  от 
некоторых из них было взято несколько проб. Геометрический титр интерферона был 
1:31, приблизительно в 6 раз ниже, чем таковой у контрольных лейкоцитов.

Лейкоциты от больных полиглобулией в  отличие от случаев p o l y c y t h a e m i a  v e r a  
(8 случаев) в такой же степени вырабатывали интерферон, как и контрольные клетки.

Обсуждается возможное патогенетическое значение измененной способности лей
коцитов вырабатывать интерферон при разных заболеваниях.

SPECIFIC ORAL PREVENTION OF INFANTILE G ASTRO-ENTERITIS 

II. EXPERIMENTS IN INFANTS

K . RÁÜSS, I. K É T Y I, E. MATUSOVITS, L. S Z E N D R E I, A. Y ERTÉNY I

СПЕЦИФИЧЕСКАЯ ОРАЛЬНАЯ ПРОФИЛАКТИКА ГАСТРОЭНТЕРИТА
НОВОРОЖДЕННЫХ

И. ЭКСПЕРИМЕНТЫ НА НОВОРОЖДЕННЫХ
К . Р А У Ш Ш , И . К Е Т Ь И , Е . М А Т У 1П О В И Ч , Л .  С Е Н Д Р Е И ,  А. В Е Р Т Е Н Ь И

1. Реактогенность и иммуногенность антигенов Boivin Е. coli, вызывающих эффек
тивный иммунитет у мышей, были изучены путем введения p e r  os 6 2 ,  в основном, дистро
фичным новорожденным в возрасте от 1 до 8 месяцев. В одной таблетке содержалось по 
0,5 мг каждого из антигенов: 011 : К58(В4), 055 : К59(В5) и 086 : К61(В7).

2. Доза антигена, постепенно доведенная до 12 мг (8 таблеток) на 1 кг веса тела, 
оказалась безвредной. Более высокие дозы не изучались.

3. Антигенность вакцины оценивалась по пассивной иммунизации 10-дневных 
куриных эмбрионов сывороткой новорожденных и по пассивной иммунизации мышей 
копро-антителами.

4. Субоптимальные дозы (от 2 x 3  до 3 x 3  таблеток) повышали уровень сывороточ
ных антител примерно в 5 раз. Эффект мог быть значительно усилен ревакцинацией: 
1 таблеткой в неделю. Иммунный ответ был поливалентным. Более высокие дозы (2 -  3 x 8  
или 8 x 3  табл.) давали более значительный подъем титров (18—55-кратный) по сравнению 
с таковыми в упомянутой группе новорожденных, и дальнейшая ревакцинация не сопро
вождалась значительным повышением уровня антител. Определение оптимальной имму
низирующей дозы, а также оптимальных интервалов между вакцинациями требует до
полнительного изучения.

5. Оральный антиген вызывал образование коиро-антител, параметры которых 
были подобны таковым сывороточных антител.

6. Как это было показано на примере возникновения сывороточных- и копро-анти- 
тел, после примовакцинации для поддержки эффективного иммунитета существенным 
моментом является ревакцинация.



7. Обсуждается роль сывороточных- и копро-антител в иммунитете. Благоприят
ный иммунный ответ — особенно появление копро-антител — подтверждает необходи
мость широкого эпидемиологического изучения профилактического эффекта вакцинации.

TYPE DISTRIBUTION OF STREPTOCOCCUS PYOGENES 
IN THE YEARS 1964-65 AND 1968-69

J . SZITA, M. K Á L I

СРАВНЕНИЕ ТИПОВОГО РАСПРЕДЕЛЕНИЯ STREPTOCOCCUS PYOGENES 
В 1964- 65 И 1968—69 ГОДЫ

Й . С И ТА , М. К А Л И

Так как международный надзор над стрептококковыми инфекциями в 1964—65 и 
1968—69 годах был идентичным по целям и условиям, имелась возможность сравнения 
результатов.

1. Надзор в Венгрии показал, что в 1964— 65 годах 395 штаммов Streptococcus 
pyogenes относились к 27 типам, в 1968—69 годах 427 штаммов принадлежали к 22 типам 
(культуры с комплексными антигенами были оценены как отдельные типы).

2. Восемь из 27 типов, выделенных при первом изучении, не встречались в 1968— 
69 гг.; в свою очередь, во втором периоде были идентифицированы 4 новых типа.

3. В обоих исследованиях агглютинацией и преципитацией можно было типировать 
приблизительно 99% штаммов.

4. Комплексы 5, 11, 12, 27, 44 и 3, 13, В32(14 и 12-ый тип встречались довольно часто 
в обоих периодах. Встречаемость других фреквентных типов заметно изменилось: у 3 
штаммов понизилось до половины, а 28-ой тип исчез. В противоположность этому во вто
ром исследовании встречаемость комплексов 4, 24, 26, 28, 29, 46, 48 и 8, 25, 1тр ,э и типа 
19 повысилась.

5. Не было найдено определенной взаимосвязи между разными типами и различ
ными стрептококковыми инфекциями. При первом исследовании 3-ий тип, при втором —
19-ый тип встречались наиболее часто в случаях скарлатины.

6. Не было отмечено значительной разницы между типами, происходящими из 
промышленных и сельскохозяйственных областей.

7. Чувствительность штаммов к тетрациклину оказалась подобной в обоих иссле
дованиях.

8. Подчеркивается, что международное сотрудничество на основе общих принци
пов предоставляет возможность для выработки специфической профилактики стрепто
кокковых инфекций.

ENHANCED INTERFERON PRODUCTION IN VITRO BY LEUCOCYTES 
FROM CHILDREN WITH INFECTIOUS MONONUCLEOSIS

L. G ERG ELY , F. D. TÓTH, GY. H A D H Á Z Y , В. SZABÓ

СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ИНТЕРФЕРОНПРОДУЦИРУЮЩЕЙ СПОСОБ
НОСТИ ЛЕЙКОЦИТОВ ЗДОРОВЫХ И БОЛЬНЫХ ИНФЕКЦИОННЫМ 

МОНОНУКЛЕОЗОМ ДЕТЕЙ
Л .  Г Е Р Г Е Й ,  Ф . Д . Т О Т , Д Ь . Х А Д Х А З И ,  Б .  С А Б О

Авторы изучали in  vitro  выработку интерферона лейкоцитами от 10 детей, боль
ных инфекционным мононуклеозом. Выработка интерферона была более интенсивной, 
чем в контрольных культурах той же самой клеточной плотности, приготовленных тем 
же самым способом из лейкоцитов здоровых детей. Обсуждаются возможные причины 
разницы.



PYOCINE TYPING OF PSEUDOMONAS AERUGINOSA:
ASSOCIATION BETWEEN ANTIGENIC STRUCTURE AND PYOCINE TYPE

K . CSISZÄR, b . l á n y i

ПИОЦИНОВОЕ ТИПИРОВАНИЕ PSEUDOMONAS AERUGINOSA.
СВЯЗЬ МЕЖДУ АНТИГЕННОЙ СТРУКТУРОЙ и пиоциновым типом

К . Ч И С А Р , Б .  Л А Н Ь И

Пиоциновое типирование 1043 штаммов Pseudomonas aeruginosa, выделенных из 
различных источников, было проведено по схеме Govan и Gillies. Большая часть культур 
принадлежала к типам 1 (28,8%), 3 (20,1%), 5 (5,5%) и 10 (14,8%). Неклассифицируемые 
и нетипируемые штаммы оказались в 7,6 и 9,2% соответственно. Среди штаммов типа 1 
доминировали подтипы lb, lc, Id, If, и lh.

В общей сложности 543 штамма, несоответствующие антигенной схеме Ланьи, 
включающей 53 серотипа и 16 дальнейших, частично определенных серологических еди
ниц, были подразделены в 165 комбинированных серо-пиоциновых типов. Была обнару
жена интересная взаимосвязь между 0-антигенами и пиоциновыми типами. Обсуждается 
возможность практического применения комбинированного типирования в эпидемиоло
гических исследованиях.

ATYPICAL MYCOBACTERIA ISOLATED FROM DIAGNOSTICAL MATERIAL
K. HAJÓ S, P. JUHÁSZ

АТИПИЧНАЯ МИКОБАКТЕРИЯ, ВЫДЕЛЕННАЯ ИЗ ДИАГНОСТИЧЕСКОГО
МАТЕРИАЛА

К . Х А Й О Ш , П . Ю Х А С

При исследовании рутинного туберкулёзного материала было выделено 32 штамма 
кислото-устойчивой бактерии. На основе морфологических, культуральных, биохимиче
ских, патогенетических характеристик и резистенции штаммы были следующие: 2 Myco
bacterium  tuberculosis (человеческий тип), 1 М. avium , 8 М. aquae е, I М. aquae III, 
3 М. sm egm atis и 1 М. phlei. Патогенность для человека 5 ниацин-положительных штам
мов -  из-за их иррегулярного поведения — была сомнительной. Шесть штаммов оста
лись неклассифицированными. Обсуждается противоречие в классификации микобак
терии. Стандартизация методов рассматривается как наиболее важный шаг для соответ
ствующей идентификации. Авторы рекомендуют схему классификации, пригодную для 
небольших лабораторий.

ANTI-COMPLEMENTARY SUBSTANCES PRODUCED 
BY KB CELL CULTURES INFECTED AND NOT INFECTED WITH VIRUS

ZS. KÓSA, GY. FÜST

ИЗУЧЕНИЕ АНТИКОМПЛЕМЕНТАРНЫХ СУБСТАНЦИЙ, ВЫРАБАТЫВАЕМЫХ 
КЛЕТОЧНЫМИ КУЛЬТУРАМИ КБ, ЗАРАЖЕННЫМИ И НЕЗАРАЖЕННЫМИ

ВИРУСОМ
Ж . К О Ш А , Д Ь . Ф Ю Ш Т

Авторы изучали антикомплементарные субстанции, обнаруженные в питательной 
среде клеточных культур КБ, зараженных и незараженных вирусом. Было найдено, что 
одна из фракций антикомплементарной субстанции, вырабатываемой незараженными 
клетками КБ, имела много общих свойств с С1. Заражение клеточной культуры полио
вирусом типа 1 понижало, тогда как заражение 3 типом аденовируса повышало анти- 
комплементарную активность культуральных жидкостей. Повышение активности, свя
занное с аденовирусным заражением, являлось следствием не увеличения количества 
первоначально выработанной субстанции, а возникновения нового материала, отличаю
щегося от упомянутой субстанции.
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