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Changes in the  t e m p e r a t u r e  of p o s t r a d i a t i o n  cu l t iva t ion  d id  not cause  s ign i f ican t  changes  in the 
the s u r v i v a l  r a t e  of the o r i g i n a l  s t aphy lococca l  cu l t u r e s ,  w h e r e a s  the  s u r v i v a l  r a t e  of r a d i o -  
r e s i s t a n t  mutants  was l o w e r  at 19 and 45 ° than at 37°C. S imul taneous  e x p o s u r e  to i r r a d i a t i o n  
and hea t  (50" for  15 min) gave the l e a s t  s t e r i l i z i n g  effect  in the s tudied  s t aphy lococca l  s t r a i n s .  

The s tudy of the combined  ac t ion  of  T i r r a d i a t i o n  and hea t  on m i c r o o r g a n i s m s  is  of  c o n s i d e r a b l e  t h e o -  
r e t i c a l  and p r a c t i c a l  i n t e r e s t  b e c a u s e  i t  poin ts  the  way to a method of reduc ing  the m a x i m a l  e f f ec t ivenes s  
of the s t e r i l i z i n g  dose.  F a c t s  ind ica t ing  that  the s u r v i v a l  r a t e  of s e v e r a l  s t r a i n s  of E s c h e r i c h i a  eo l i  i s  d e -  
pendent  on the t e m p e r a t u r e  of  p o s t r a d i a t i o n  incubat ion have been  r e p o r t e d  in the l i t e r a t u r e  [1, 3, 6]. Dif -  
f e r e n c e s  in the s u r v i v a l  r a t e s  of  i r r a d i a t e d  E. col i  c e l l s  grown at d i f fe ren t  t e m p e r a t u r e s  a r e  exp la ined  by  
d i f f e r e n c e s  in the e f f ec t i venes s  of p o s t r a d i a t i o n  r e g e n e r a t i o n  o r  by  the phenomenon of  f i l amen t  fo rma t ion  
[2, 3, 51. 

The ob jec t  of the p r e s e n t  inves t iga t ion  was to s tudy the ef fec t  of the t e m p e r a t u r e  of p o s t r a d i a t i o n  cu l -  
t iva t ion  on s u r v i v a l  of S taphylococcus  aureus .  The combined  act ion of i r r a d i a t i o n  and hea t  ona  s t a p h y l o c o c -  
cal  cu l tu re  a lso  was examined .  

EXPERIMENTAL METHOD 

Ctiltures of S~ aureus_____._, strains No. 73 and B-445, and radioresistant mutants obtained from them by 
repeated T irradiation in subbacterieidal doses [4] were used. 

Cells of a washed 18-h culture in the stationary phase of growth were irradiated in phosphate buffer 
(pH 7.0) with Co 6° T rays (dose rate 8 krad/min). After irradiation, suspensions of the microorganisms 
were seeded on Hottinger's agar in Petri dishes and grown for 24 h at the corresponding temperature. 

The survival rate of the microorganisms was determined from the number of colonies grown on the 
agar in the dishes. 

The culture of bacteria was exposed to the simultaneous action of T rays and heat in a specially built 
water thermostat maintaining a stable assigned temperature, which was placed in the chamber of the radia- 
t-ion sou rce .  

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

Desp i te  a m a r k e d  change in many c h a r a c t e r i s t i c s  ( fe rmenta t ion  of s u g a r s ,  p igmen t  fo rmat ion ,  deoxy-  
r i b o n u c l e a s e  ac t iv i ty ,  p l a s m a - c o a g u l a t i n g  abi l i ty ,  etc.) of the s t aphy lococc i  with i n c r e a s e d  r a d i o r e s i s t a n c e ,  
the b a s e  r a t io  of t h e i r D N A  (G +C)/(ART) was  iden t i ca l  to that  of the o r ig ina l  b a c t e r i a  (0.51 for  s t r a i n  No. 73 

the i r  DNA (G + C) / (ArT)  was iden t ica l  
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Fig. 1. Relat ionship  be tween  surv iva l  rate of  s tra ins  
o f  Staphylococcus  aureus and t e m p e r a t u r e  of  p o s t r a -  
diation cul t ivat ion of  ce l l s :  a) S. aureus 73; b) S. 
aureus  B-445.  A b s c i s s a ,  dose  (in krad): 1) 37 °, 2) 45 °, 
3) 19° ;ord inate ,  surv iva l  rate (in %). 

TABLE 1. Effect  of  Heat on Survival  Rate of Irradiated 
Staphylococcus  aureus  Ce l l s  

Dose of ix- 
r ad ia t ion  
(in l~ad) 

5 
I0 
20 
30 

Note. 
= ,  

Survival rate (In percent) 
of culture heated (50 °, 15 rain) 

 .hout  fo,e  r-.dia  after wi,h  ff ation heating (9) simultaneously 
Ition ( l l )  ]tion (lO) 

28 ,04-2 ,3  3,74=_1,1 3,9 EO,7 2 , 4 ~ 0 , 2  
5, 14:0,9 2,2~=0,6 O, 15 ~_0,04 0,05 ~0 ,006  
1,64-0,3 0,54:0.1 0,02:1:0,006 0,004:t=0,000l 

Number  of  e x p e r i m e n t s  shown in parentheses .  

and 0.47 for s tra in  B-445) .  D o s e - - s u r v i v a l  c u r v e s  for cul tures  of  s taphylococca l  s tra ins  Nos.  73 and B -  
445 w e r e  exponent ia l  in character  for the or ig inal  s t ra ins  and s i g m o i d  for s taphy lococc i  with i n c r e a s e d  
r a d i o r e s i s t a n c e  (Fig. 1). 

The va lues  of  LDg0 for the or ig inal  s taphylococca l  cu l tures  (strains  No. 73 and B-445)  when incubated 
after irradiat ion  in the comple te  m e d i u m  at 37°C w e r e  27 and 17.5 krad, r e s p e c t i v e l y ,  whi l e  for  the rad io -  
r e s i s t a n t  mutants  they  w e r e  80 and 68 krad. 

A change in the  t emperature  of postradiat ion  cul t ivat ion (19 and 45 °) did not produce any s igni f i cant  
change in the surv iva l  rate (LDg0) of  the or ig inal  s tra ins  compared  with that of  the bac ter ia  grown on 
Hott inger's  agar at 37 °. There was  only a tendency for surv iva l  to d e c r e a s e  i f  these  bac ter ia  w e r e  incu-  
bated at 19 mad 45 ° . 

The s l g m o i d  character  of  the dose  curves  for  the rad iores i s tant  mutants r e m a i n e d  when the cu l t iva -  
t ion t e m p e r a t u r e s  w e r e  19 and 45 ° . The l o w e s t  surv iva l  rate was  found at 19 ° . For ins tance ,  the va lues  
of  LDg0 for mutants  of  S. aureus  B-445 and No. 73 when incubated at 19 ° w e r e  59.6 and 60.2 krad r e s p e c -  
t ive ly .  In general ,  c e l l s  of  the rad iores i s tant  mutant o f  S-- aureus  No. 73 did not f o r m  m a c r o c o l o n i e s  at 45 °. 
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An i n c r e a s e  of 2-2.5 t i m e s  in the s i ze  of  the ce l l s  fo r  r a d i o r e s i s t a n t  s t aphy lococca l  mutants  and d i s -  
t u rbance  of ce l l  d iv i s ion  a f t e r  i r r a d i a t i o n ,  d i s c o v e r e d  by  e l e c t r o n - m i c r o s c o p i c  inves t iga t ions  [4], m u s t  
ev iden t ly  inf luence  the d i f f e r e n c e s  in s u r v i v a l  at the incubat ion t e m p e r a t u r e s  spec i f i ed  above. 

The i n c r e a s e  in b a c t e r i c i d a l  e f fec t  of ioniz ing  r ad i a t i on  combined  with e x p o s u r e  to hea t  was s tudied 
on a cu l tu re  of S. au reus  B-445.  The r e s u l t s  showed that  the inh ib i to ry  ef fec t  of th is  t r e a t m e n t  on growth 
of the b a c t e r i a  depended on the o r d e r  of app l i ca t ion  of heat  and 7 r a y s .  The g r e a t e s t  s y n e r g i s t i c  ac t ion 
was o b s e r v e d  i f 7  r a y  i r r a d i a t i o n  and hea t ing  were  appl ied  s i m u l t a n e o u s l y  (Table 1), and hea t ing  a f te r  
i r r a d i a t i o n  was  l e s s  e f fec t ive .  I r r a d i a t i o n  at r o o m  t e m p e r a t u r e  a f t e r  hea t ing  was  the l e a s t  e f fec t ive  of all.  

This  r e s u l t  of the combined  ac t ion  of  7 i r r a d i a t i o n  and hea t  has  been o b s e r v e d  on c e r t a i n  o t h e r  m i c r o -  
o r g a n i s m s  [8-10], although th i s  s a m e  o r d e r  of s t e r i l i z a t i o n  was  not the mos t  e f fec t ive  in al l  c a se s .  

The m e c h a n i s m  of the s t e r i l i z i n g  act ion of combined  i r r a d i a t i o n  and hea t  has  not  been  adequate ly  in -  
ves t i ga t ed .  Some i n t e r e s t i n g  r e s u l t s  showing s i m i l a r i t y  be tween  the s t r u c t u r a l  damage  to c e l l u l a r  DNA 
at  a t e m p e r a t u r e  of the  o r d e r  of 50 °, caus ing  inac t iva t ion  of  E. col i ,  and le tha l  i n j u r i e s  p roduced  by ion iz ing  
rad ia t ion ,  have  been  pub l i shed  [7]. 

The r e s u l t s  of the p r e s e n t  e x p e r i m e n t s  with s t r a i n s  of S taphylococcus  au reus  a lso  d e m o n s t r a t e  a c o r -  
r e l a t i o n  be tween the c h a r a c t e r  of the i n j u r i e s  p roduced  by the ac t ion  of ioniz ing  r ad i a t i on  and of heat .  
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