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In the exponential  phase of growth of a cul ture  of Esche r i ch i a  colt  P678 Hly + the inc rease  in 
hemolyt ic  act ivi ty  runs  pa ra l l e l  to the i n c r e a s e  in the n u m b e r  of ce l l s .  At the beginning of 
the s t a t ionary  phase  of growth the hemoly t ic  act ivi ty  s t a r t s  t o  dec rea se  and then falls  sharp ly .  
Changing the cul ture fluid during this per iod  for  f r e sh  medium leads to r e s to ra t i on  of the 
hemolyt ic  act ivi ty  of the cul ture .  The culture med ium,  f reed  f rom cel ls  in the s ta t ionary  
phase  of growth has an inhibi tory effect  on o~-hemolysin ac t iv i ty .  The fac to r  inhibiting (~-hemo- 
lys in  act ivi ty  withstands heat ing to a 100*C for  15 min.  
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e l -Hemolys in  is one of the f ac to r s  of  pathogenici ty of  the hemolyt ic  s t r a in  of Esche r i ch ta  colt .  It 
appea r s  in the cul ture  about 1 h a f t e r  inoculation.  During the exponent ia l  phase its t i t e r  r i s e s  to reach  a 
m a x i m u m  at the beginning of the s t a t ionary  phase of growth, a f t e r  which it falls  rapidly [3]. The reason  
for  this rapid and sudden change in the hemolyt ic  act ivi ty  of the cul ture  is not yet  c l ea r .  An a t tempt  to 
shed light on this p rob lem was made in the invest igat ion desc r ibed  below. 

E X P E R I M E N T A L  M E T H O D  

Strain E. coli  P678 ITly +, kindly provided by P r o f e s s o r  D. G. Kudlai, was used.  The hemolyt ic  a c -  
t iv i ty  f ac to r  (Hly) was t r a n s m i t t e d  to this s t r a in  f rom the pro to t rophie  s t r a in  E. colt 195 Hly, isolated f rom 
an affected child [1]. Alkaline ex t r ac t  broth [3] was used  as the nutr ient  med ium.  The cel ls  were  grown 
at 37"C in tubes  containing 10 ml  broth.  The or ig ina l  concentra t ion  of the bac te r i a  was about 5 • 108 c e l l s /  
ml .  The n u m b e r  of cel ls  in the cul ture  was e s t ima ted  f rom the densi ty of the bac te r i a l  suspension as m e a -  
s u r e d i n a  photoe lec t r ic  e o l o r i m e t e r  (F]~K-56, No. 4 f i l ter) .  The hemolyt ic  act ivi ty was moni tored  f rom the 
opt ical  densi ty  of the hemoglobin  (F]~K-56, No. 3 f i l ter)  l ibe ra ted  during lys is  of a 1% suspension of human 
red  ce l l s .  The opt ical  densi ty a f t e r  comple te  hemolys i s  of a 1% red cel l  suspension was t aken  as 100% hemol -  
y s i s .  The unit of  hemolyt ic  act ivi ty  was taken as the opt ical  densi ty of a hemoglobin solution c o r r e s p o n d -  
ing to 10%hemolys i s .  The compos i t ion  of the incubation mix tu re  was: 0.5 ml  hemolys in  solution, 0.2 ml  
of  0.2 M CaCI2, 0.3 ml  of 0.15 M NaC1, and 1 ml  of a 2%red cel l  suspens ion in 0.15 M NaC1. Incubation 
was c a r r i e d  out in an u l t r a t h e r m o s t a t  at 37"C for  1 h. To stop hemolys i s  the s amples  were  placed for  10 
min in an ice bath, then centr i fuged,  and the opt ical  densi ty  of the supernatant  was de te rmined .  In the ex -  
p e r i m e n t s  to study the effect  of the cul ture  medium on hemolys in  act ivi ty  a p r epa ra t i on  of hemolys in  i so -  
lated by the w r i t e r s  f rom the cul ture  fluid of E. colt P678 Hly + by the method of Zwadyk and Snyder [4], 
was used.  The act ivi ty  of the p r e p a r a t i o n  was 134 u n i t s / m g  prote in .  

E X P E R I M E N T A L  R E S U L T S  

The data given in Fig. 1 show that as the number  of ce l l s  in the cul ture  inc reased ,  the level  of hemo-  
lyt ic act ivi ty  rose  to r e a c h  a m a x i m u m  at the end of the logar i thmic  phase and beginning of the s ta t ionary  
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Fig. 1. Growth of cel ls  and hemolyt ic  act ivi ty of a cul ture 
of E. cell: 1) growth of cul ture;  2) hemolyt ic  act ivi ty  of 
cul ture;  3) hemolyt ic  act ivi ty  of cul ture a f t e r  change of 
med ium.  Absc i s sa ,  durat ion of cul ture  (in min); ordinate ,  
left) logar i thm of number  of cel ls ,  right) hemolyt ic  act ivi ty  
(in u n i t s / m l ) .  

Fig.  2. Changes in hemolyt ic  act ivi ty  of E. cell  cul ture  du r -  
ing change of medium: 1) growth of cul ture;  2) absolute h e m o -  
lyt ic  act ivi ty  (in un i t s /ml ) ;  3) re la t ive  hemolyt ic  act ivi ty  (in 
conventional  units) .  Remainde r  of legend as in Fig. 1. 

TABLE 1. Effect  of Culture 
Fluid on i f -He molys  in Activi ty 

No. of units in sample 
Expt. n a t i v e  cu l tu re  h e a t e d  cu l tu re  
No. _fluid fluid 

control expt. control expt. 

1 9,0 4,4 
3 , 0  ~,0 0 

2 1,8 0,5 1,8 0,6 

3 3,6 0 -- 
5,6 2,3 5,6 2,4 

4 3,2 1,7 6,4 3,4 

*In the contro l  e l -hemolys in  
was pre incubated  with the 
or ig inal  nutr ient  medium.  

phase of growth (after  cul ture for  about 3 h). During the next 1.5 h 
the act ivi ty  declined to a min imum,  and often d i sappeared  comple te ly .  
The pa t te rn  of these  r e su l t s  is bas ica l ly  the same as that  obtained 
by Smith [3]. To de te rmine  the r ea son  for  the rapid  decline in ~ -  
hemolys in  act ivi ty  in the cul ture  on reaching  the s t a t ionary  phase 
of growth, two s e r i e s  of e x p e r i m e n t s  were  c a r r i e d  out. A 4.5-h 
cul ture ,  the hemolyt ic  act ivi ty  of which was min ima l  o r  zero ,  was 
centr i fuged to r emove  the cul ture fluid. In the e x p e r i m e n t s  of s e r i e s  
I the ce l l s  were  washed twice with a f r e sh  port ion of medium,  heated 
to 37~ suspended in the or ig ina l  volume of this  medium,  and in-  
cubated for  a fu r the r  1 h. Af te r  only 30 min (Fig. 1) the hemolyt ic  
act ivi ty  of  the cul ture  fluid had r i s en  to its init ial  m a x i m u m .  The 
number  of ce l l s  in the cul ture ,  however ,  was unchanged. Conse-  
quently, E. coli  ce l l s  in the s ta t ionary  phase  of growth, when t r a n s -  
f e r r e d  to f r e sh  medium,  were  able to synthes ize  s - h e m o l y s i n  at 
the or ig ina l  ra te .  The dec rease  in hemolyt ic  act ivi ty of the cul ture  
in the s ta t ionary  phase of growth could be due e i t he r  to cessa t ion  of 
synthes is  o r  to inact ivat ion of ~ -hemolys in .  The hypothesis  of the 
cessa t ion  of hemolys in  synthes is  is unlikely to be t rue ,  for  it does 
not explain the sudden change in hemolyt ic  act ivi ty  of the cul ture .  
Despite the fact  that  c~-hemolysin is t he rmolab i l e  [2, 4], accord ing  

to the p re sen t  w r i t e r s '  observa t ions  1-1.5 h is too shor t  a t ime  for  cons iderable  des t ruc t ion  of it to take 
place at 370C. Inact ivat ion due to the gradual  accumula t ion  of a ce r t a in  fac tor  in the cul ture ,  affect ing 
hemolys in  act ivi ty  o r  faci l i ta t ing its rapid  des t ruc t ion ,  is a m o r e  l ikely explanation.  To tes t  this  hypothesis  
the e x p e r i m e n t s  of s e r i e s  II were  c a r r i e d  out to study the effect  of the cul ture  fluid of a 4.5-h cul ture  on 
the act ivi ty  of a - h e m o l y s i n  added f rom an outside source .  For  this purpose  the hemolys in  p rev ious ly  i so -  
lated was pre incubated  with cul ture fluid (1 h at 37~ the changes in the hemolyt ic  act ivi ty  of the m i x -  
tu re  were  then studied as desc r ibed  in the sect ion "Expe r imen ta l  Method." The cul ture  fluid of the 4.5-h 
cul ture was shown to inhibit the act ivi ty  of the added ex t r ins i c  ~ - h e m o l y s i n  (Table 1). The degree  of in-  
act ivat ion va r i ed  f rom one expe r imen t  to another .  

Ser ia l  dilution of the cul ture  fluid led to a gradual  i nc rea se  in s - h e m o l y s i n  act ivi ty .  The hypothesis  
that  inact ivat ion of the hemolys in  in the cul ture  was due to the act ion of p r e t e n s e s  o r  o the r  enzymes  found 
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no support. The results in Table 1 show that heating the culture fluid for 15 min at 100~ did not change 
its inhibitory effect on hemolysin. Consequently, a thermostable factor was responsible for the inhibition 
of s -hemolysin  activity. To ascertain at what period of growth of the culture this factor appeared, a special 
experiment was carr ied out. Samples were taken after  culture for 1, 2, 3, 3.5, and 4.5h, and the number 
of bacterial  cells and the hemolytic activity were determined in them. The cells from each sample were 
then t rans fe r red  to fresh medium and, after incubation for 30 min, the number of ceils and the hemolytic 
activity were again determined. The results showed that t ransfer r ing  the E. eoli cells into fresh medium 
after  1, 2, and 3 h did not change the hemolytic activity of the culture. During this period the activity in- 
creased gradually (Fig. 2). After 3.5 and 4.5 h, during the period of commencing decline and complete 
loss of activity, respectively, changing the medium led to restorat ion of hemolytic activity to the charac ter -  
istic level at the maximum. The change in the hemolytic activity of the culture when the medium was 
changed at each of these periods is shown in Fig. 2 (curve 3). The change is expressed in conventional 
units of relative activity, the ratio between activity before and after  t ransfer r ing  the cells into fresh raedium. 
The increase in the relative s-hemolysin  activity with a decrease in its absolute activity indirectly in- 
dicates the time of appearance of the factor inhibiting s -hemolys in  activity in the culture. The character  
of the curve describing the hemolytic activity of the culture (Figs. 1 and 2) evidently reflects by its rise 
an increase in the synthesis of s -hemolys in  by the dividing cells up to the maximal value, and by its fall 
the appearance of a factor inhibiting hemolysin activity in the culture. 
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