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The attention of investigators has been attracted to the phenomenon of radiosensitivity of bacteria 
during recent years for many reasons. Bacteria are a convenient test object for analysis of the mechan- 
isms determining radiation injury, and for the study of processes at the molecular, subcellular, and cellu- 
lar levels. 

The resistance of bacteria to the action of radiation varies not only from genus to genus, but also 
within the same species or even within the same strain, and it depends on the conditions of irradiation 

and of cultivation after irradiation, and so on [2, i0, 15, 16]. 
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Fig. 1. Relat ionship between s u r -  
vival  of bac te r i a  (in percent)  and 
dose of 7 - r a y  i r rad ia t ion  (in krad) .  
Here  and in Fig. 2: 1) Alcal igenes  
faeca l i s ;  2) E. coli 1; 3) E. coli  
S - l -Shch;  4) E. coli 613; 5) E_. 
coli 613 ( s t r ep tomyc in - r e s i s t an t ) ;  
6) E__. coli K12; 7) E.  coli  K12 Hfr  
thy; 8)S.  dysen te r i ae  f lexner i  550; 
9) 8 .  ~p__hi (Ty-2);  10 mutant  E .  
coli K12; 11) mutant_EE, coli Hfr  
thy; 12) mutant  S. dysen te r i ae  f lex-  
ner i  550; 13) mutant  S_. typhi (Ty-2).  

The causes of differences in the radiosensitivity of the cells 
of closely related species have not been explained. There is much 
experimental evidence to suggest that the lethal action of radia- 
tion is due to damage primarily of the nuclear structures of the 
cells, of their DNA [ii]. However, the analysis of the mechanisms 
of radioresistance is hampered by the difficulty of differentiating 
between the primary and secondary effects of radiation as well as 
by processes of recovery after injury. 

Some investigators have associated differences in the radio- 
resistance of bacteria with qualitative and quantitative changes in 
the DNA and RNA of the bacteria. However, these results are 
conflicting [i, 3, 9]. 

Kaplan [12] found that with an increase in the number of GC- 
pairs in the DNA of bacteria, their sensitivity to irradiation in- 
creases. However, Moseley found that the highly resistant species 
M. radiodurans also contains many GC-pairs in its DNA [14]. 

The object of the present investigation was to determine the 
presence or absence of correlation between the nucleotide com- 
position of the DNA and the radioresistance of pathogenic and non- 
pathogenic strains of the enteric group of microorganisms. 

EXPERIMENTAL 

The following s t r a ins  were  used:  Escher i ch ia  cell  K12 
(prototroph),  E__. col i K12 thy, Shigella_ dysen te r i ae  550, Salmonella  
typhosa Ty-2,  and mutants  obtained f r o m  these  s t ra ins  by the ac -  
tion of inc reas ing  doses  of T - r a y s  [6], E. coli  1 and the mutant  E. 
cell  S-1-Shch obtained f r o m  it by exper imenta l  mutation [5], E. cell  613, 
and an an t ib io t ic - fas t  s t r a in  of E. coli 613 r e s i s t an t  to s t r ep tomycin .  * 

*The strains were provided by Z. G. Pershina, D. G. Kudlai, and A. F. Moroz, to whom we record our 
gratitude. 
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T A B L E  1. Nuc leo t ide  C o m p o s i t i o n  of DNA of B a c t e r i a  

Rel. proportions Of bases / 
(in__molarper ce ntages)_ Put 6-ket _~ 

Microorganisms / O A C T Pyr I in~ A + T |  

S. dysenteriae fl. 550 
S. d~. enteriae fl. 550 (radioresistant). 
S. ty~hosa Ty-2 

S. typhosa Ty-2 (radtoresistant). 
E. coli K-12 
E. coli K-12 (radioresistant) 
E. coli K-12 H[r thy 
E. coli K-12 Hit thy(radioresistant) 
E. coil 1 
E. coil S-1-Shch 
Alcaligenes faecalis 
E. coli 613 
E. coli 613 streptomycin-resistant 

25,0 
21,4 
26,6 

20,8 
24,1 
17,7 
24,3 
19,6 [ 
25,6 I 
32,5 I 
30,9 [ 
24,2 ] 
24,9 

24,9 
28,7 
23,3 

24,8 
21,6 
26,7 

28,8 21,0 
26,8 24,6 
32,8 17,6 
25,8 24,5 
31,7 18,1 
24,3 25,8i 
t7,3 33,0 
19,5 I 30,8 
25,7 I 24,6 
25,2 25,1 

25,31,00 I 28,3 1,00 
23,4 I 1,00 

29,4 0,99 
24,5 1,03 
31,9 1,02 
25,4 1,00 
30,6 1,05 
24,3 1,00 
17,2 0,99 
18,8 1,01 
25,5 1,00 
24,8 1,00 

1,01 0,99 
099 
1,00 

1,01 ' 0,72 
0,96 0,95 
0,99 0,55 
0,99 0,95 
1,01 0,61 
1,00 1,05 
0,99 1,9 
0,99 1,61 
0,99 0,96 
1,00 1,00 

T A B L E  2. Nuc leo t ide  C o m p o s i t i o n  of DNA 
of B a c t e r i a  D e t e r m i n e d  by  the Me l t i ng  Po in t  
Method and by  P a p e r  C h r o m a t o g r a p h y  

Strain ~ ~ oov '4 o v ~=~ oo,~ o o * ~  ~'~ v O+C__ 
~,~ ~ ~ 

90 5 49,7 0,95 
85 0~5 37,7 0,61 

81,5 30 31 0,45 
81,5 30 30,2 0,43 

E. coli K 12 Hfr thy 
E. coli K 12 Hfr thy 
(radioresistant) 
Staph. aureus 
Siaph. aureus 
(antibiotic -resistant) 

The s u r v i v a l  c u r v e s  w e r e  p lo t t ed  by  the u s u a l  
me thod ,  I r r a d i a t i o n  of  the  c e l l s  w a s h e d  f r o m  an 18 h 
c u l t u r e  in the  s t a t i o n a r y  p h a s e  of g rowth  w a s  c a r r i e d  
out  in  phospha te  buf fe r ,  pH 7.0, in a e r a t e d  f l a s k s  b y  
m e a n s  of an e x p e r i m e n t a l  7 - r a y  a p p a r a t u s  (Co6~ 
dose  r a t e  10 k r a d / m i n ) .  The  n u m b e r  of s u r v i v i n g  
c e l l s  was  d e t e r m i n e d  f r o m  the n u m b e r  of  c o l o n i e s  on 
H o t t i n g e r t s  nu t r i en t  a g a r .  DNA w a s  i s o l a t e d  f r o m  the 
b a c t e r i a  by  a mod i f i c a t i on  of the  S c h m i d t - T h a n n -  
h a u s e r  method ,  and the b a s e s  w e r e  s e p a r a t e d  by  r a d i a l  
p a p e r  c h r o m a t o g r a p h y .  H i g h - p o l y m e r  na t i ve  p r e p a r a -  
t ions  of DNA w e r e  ob ta ined  and t h e i r  m e l t i n g  poin t  
d e t e r m i n e d  by  the method  of M a r m u r  and Doty [13], 
wi th  s o m e  m o d i f i c a t i o n s .  

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

I t  w i l l  be s een  in F i g .  1 tha t  the  c u r v e s  of s u r v i v a l  of a l l  the b a c t e r i a  s t u d i e d  w e r e  exponen t i a l ,  
d e m o n s t r a t i n g  the o n e - s t a g e  m e c h a n i s m  of  a c t i o n  of  7 - r a y s .  F o r  a l l  the  mu ta n t s  of the  b a c t e r i a  ob t a ined  
by  the  me thod  of m u l t i s t a g e  s c r e e n i n g  the s u r v i v a l  c u r v e s  w e r e  v e r y  c l o s e  and the  v a l u e s  of LDg0 w e r e  a l -  
m o s t  i d e n t i c a l  with t hose  of the  s e n s i t i v e  s t r a i n s  (LDg0 25-30 k rad ) .  S t r a i n s  E.  co l i  1, E.  c o l i  613, E .  co l i  
613 ( s t r e p t o m y c i n - r e s i s t a n t ) ,  and a l s o  the  s t r a i n  E .  co l i  S - 1 - S h c h  ob ta ined  by  e x p e r i m e n t a l  m u t a t i o n  p o s -  
s e s s e d  s i m i l a r  LDg0 v a l u e s  (6 .0-6 .5  k r a d ) .  The  s t r a i n  A l c a l i g e n e s  f a e c a l i s  w a s  the  m o s t  s e n s i t i v e  to i r -  
r a d i a t i o n  (LDg0 3.5 k r ad ) .  

The  nuc leo t ide  c o m p o s i t i o n  of the  b a c t e r i a  d e t e r m i n e d  by  c i r c u l a r  p a p e r  c h r o m a t o g r a p h y  i s  g iven  
in  T a b l e  1. The  r e s u l t s  show tha t  the  c o m p o s i t i o n  of  the  DNA f r o m  the i n v e s t i g a t e d  b a c t e r i a  m a i n l y  o b e y s  

P u t  G + T 
ChargaffTs r u l e  (-Pvr and ~ c l o s e  to 1). The fac t  w a s  noted  that  s t r a i n s  wi th  i n c r e a s e d  r a d i o r e s i s t a n c e  

G + C  
gave a l o w e r  ~ r a t i o .  

However ,  d e s p i t e  t h e i r  i d e n t i c a l  r a d i o s e n s i t i v i t y ,  the  s t r a i n  E.  eo l i  1 and the v a r i a n t  E .  co i l  S - 1 -  
Shch ob ta ined  f r o m  i t  d i f f e r e d  c o n s i d e r a b l y  in  t h e i r  c o e f f i c i e n t  of  s p e c i f i c i t y  (in the  f o r m e r  th i s  was  1.05, 
so tha t  i t s  DNA was  of the A T - t y p e ,  in the  l a t t e r  i t  was  1.9, so that  the DNA of th i s  s t r a i n  w a s  d e c i d e d l y  
of  the G C - t y p e ) .  The nuc l eo t ide  c o m p o s i t i o n  of  the  s t r e p t o m y c i n - r e s i s t a n t  s t r a i n  of  E .  co l i  was  unchanged  
by  c o m p a r i s o n  with tha t  of the o r i g i n a l  s t r a i n  of E. co l l .  The nuc leo t ide  c o m p o s i t i o n  of  the  DNA was  a l s o  
d e t e r m i n e d  on the b a s i s  of the  m e l t i n g  point .  The  nuc l e o t i de  c o m p o s i t i o n  was  c a l c u l a t e d  b y  the  M a r m u r -  
Doty  f o r m u l a :  M.p. = 69.3 + 0.41 �9 (G + C) [13]. 

As  an  e x a m p l e ,  the r e s u l t s  a r e  g iven  fo r  f ou r  s t r a i n s  d e t e r m i n e d  by  two me thods  (Tab l e  2). 
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Fig. 2. Relationship between radio-  
res i s tance  (LDs0 in krad) and nucleo-  
tide composition of bac te r ia  (TC-pairs ,  
in percent) .  

f rom the general principle was observed. 

The results obtained by the two methods agreed, but the 

the circular chromatography method revealed finer differences 
in the nueleotide composition. Determination of the coefficient 
of specificity of the high-polymer DNA and after hydrolysis of 
the DNA into bases by the two methods proved conclusively 
that the results were reliable, despite the fact that certain 
modifications had to be introduced for isolating the DNA from 
the different strains. Comparison of the radioresistanee of the 
bacteria (LD90) and the coefficient of specificz~y of their DNA 
revealed a general principle: the more resistant strains con- 
tained a larger number of AT-pairs of their DNA (Fig. 2), 

It is clear from Fig. 2 that the straight line describing 
the correlation between radioresistance and contact of GC- 
pairs had a somewhat different slope from the line given by 
Kaplan [12]. Besides, strain_E, coli S-i-Shch was identical in 
its radioresistance with strain E. coli i, but differed from it 
considerably in its nueleotide composition, so that a deviation 
Furthermore, the bacteria of one species (E. colD, although 

possessing the same nucleotide composition, differed in their radiosensitivity~ 

Changes in the nucleotide composition of the DNA in alkali-forming mutants by comparison with the 
original strains were reported as long also as in 1956 [7]. Similar changes have been observed by other 
authors [I, 4, 8]. For this reason, the present findings indicating an increase in the number of AT-pairs 
in mutants obtained by Y -ray irradiation in increasing doses are confirmed by the investigations cited 
above. 

The general principle can therefore be stated that more radioresistant strains contain more AT- 
pairs in their DNAo However, some strains do not obey this rule (E. coli S-1-Sheh and M. radiodurans). 
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