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T r e a t m e n t  of c e l l s  of a t h y m i n e - d e p e n d e n t  s t r a i n  of E s c h e r i c h i a  co l i  wi th  5 - b r o m o u r a c i l  has  a m u t a -  
gen ic  ac t ion .  As  a r e s u l t ,  the f r e q u e n c y  of r e c o m b i n a t i o n s  i s  d i s t u r b e d  in i s o l a t e d  r e v e r s e  n m t a n t s  com-  
p a r e d  wi th  the i n i t i a l  type.  

The thymine  ana log  5 - b r o m o u r a c i l ,  when i n c o r p o r a t e d  into the DNA of b a c t e r i a  and b a c t e r i o p h a g e s ,  
p r o d u c e s  a m u t a g e n i c  ac t ion .  I n v e s t i g a t i o n s  of i t s  m u t a g e n i c  ac t i on  on b a c t e r i o p h a g e s  have been  p a r t i c u l a r -  
ly n u m e r o u s  [4, 8]. Work  h a s  a l s o  b e e n  done on the s tudy  o f  induc t ion  of both  d i r e c t  and r e v e r s e  m u t a n t s  
in b a c t e r i a  by  the ac t i on  of 5 - b r o m o u r a c i l  [1 -3 ,9 ] .  

In face  of r e s u l t s  i n d i c a t i n g  tha t  the s e x  f a c t o r  is  DNA and can be r e g a r d e d  as  an a dd i t i ona l  r i n g  
c h r o m o s o m e  of the donor  c e l l ,  i t  can be a s s u m e d  tha t  5 - b r o m o u r a c i l  can  a l s o  be i n c o r p o r a t e d  into the sex  
f a c t o r  of b a c t e r i a ,  r e s u l t i n g  in i t s  muta t ion .  A n u m b e r  of r e c e n t  i n v e s t i g a t i o n s  have  c o n f i r m e d  the p o s s i -  
b i l i t y  of ob ta in ing  such  m u t a t i o n s  [5-7].  

In the p r e s e n t  i n v e s t i g a t i o n  we a t t e m p t e d  to induce  r e v e r s e  m u t a t i o n s  in c e l l s  of the thymine  depen-  
dent  s t r a i n  E s c h e r i c h i a  co l i  HfrH by the a c t i o n  of 5 - b r o m o u r a c i l  and we s t ud i e d  the donor  a b i l i t y  of the i s o -  
l a t e d  r e v e r t a n t s  in o r d e r  to d e t e c t  p o s s i b l e  m u t a t i o n s  of the s ex  f a c t o r .  

EXPERIMENTAL METHOD 

Strains of E. coli differing in respect to sex were used in the investigation: E. coli HfrH Thy- BI- S s k- 

TGs ; E. coli J62 F- Pro- Try- His- lac- S r. 

Reverse mutations were induced by treatment with 5-bromouracil in liquid M-9 minimal medium. A 

12-h culture of the thymine-dependent strain of E. coli grown in M-9 medium with the addition of essential 

growth factors for the strain (50 tt g/Inl thymine and 1 ~ g/ml vitamin BI) was centrifuged, and washed 

twice with buffer solution to remove excess thymine. The culture was then suspended in a minimal volume 

of M-9 medium to which 5-bromouraeil was added in doses of 50, i00, and 200 pg/mh A control suspen- 

sion was prepared in the same way (but without 5-bromouracil) to determine the background of spontaneous 

mutations. The prepared specimens were incubated at 37 ~ with aeration for 10-12 h, and then seeded on 

selective medium to detect revertants. 

Donor  a b i l i t y  of the r e v e r t a n t s  was  d e t e r m i n e d  by  c r o s s i n g  in the u s u a l  way ,  and s e l e c t i o n  was  c a r -  
r i e d  out r e l a t i v e  to p r o l i n e ,  t r y p t o p h a n ,  and h i s t i d i n e .  

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

The r e s u l t s  ob ta ined  by  t r e a t m e n t  of the t h y m i n e - d e p e n d e n t  mu tan t  of E. co l i  wi th  5 - b r o m o u r a c i l  a r e  
g iven  in T a b l e  1, showing  tha t  the i n c i d e n c e  of r e v e r s e  m u t a n t s  f r o m  t h y m i n e - d e p e n d e n c e  to p r o t o t r o p h i s m  
u n d e r  the in f luence  of 5 - b r o m o u r a c i l  was  s i g n i f i c a n t l y  h i g h e r  than the s p o n t a n e o u s  i n c i d e n c e  of r e v e r s i o n s .  
The m o s t  m a r k e d  m u t a g e n i c  e f f ec t  was  g iven  by a dose  of 50 v g / m l ,  which  i n c r e a s e d  the f r e q u e n c y  of r e -  
v e r s i o n s  by  18 t i m e s  c o m p a r e d  wi th  the c o n t r o l  va lue  (_P < 0.01).  A dose  of 100 ~ g /ml  gave  a t h r e e f o l d  in -  
c r e a s e  in f r e q u e n c y ,  whi le  a dose  of 200 / ~ g / m l  did  not  y i e l d  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  in the i n c i -  
dence  of r e v e r s i o n , p o s s i b l y  b e c a u s e  of c o n s i d e r a b l e  m o r t a l i t y  a m o n g  the c e i l s  of th i s  s t r a i n  a f t e r  t r e a t m e n t  
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TABLE 1. Induction of R eve r s e  Mutations in Thy- 
mine Dependent Strain of E. coli with 5 - B r o m o u r a -  
cil in Doses of 50 p g / m l  

Expt. 
No. 

Substances 

admini s te re d 

Survival  
ra te  

5 -b romo urac i l  
thymine 
5 -b romo urac i l  
thymine 
5 -b romourac i l  
thymine 
5 -b romourac i l  
thymine 
5 - b r o m o r u a c i l  
thymine 

1 

2 

3 

4 

5 

Mean incidence of mutants: 

P < 0.01, thymine 0.4. 

2.6.107 
6.9.107 
1 . 2  �9 107 
1.3 �9 107 
4.9.107 
8.6 "107 
2.5.107 
3.0.107 
i.i - I 0  7 

1.7 '107 

Incidence of 
mutants  pe r  
1 �9 107 cel ls  

13.8 

0.28 

5.0 

1.3 

4.8 

0.13 

ii .0 

0.26 

5.0 

0.i 

bromourac i l  7.4 :~ 1.45; 

with this particular dose. Doses of 50 and I00 #g/ 

ml, judging from the survival rate in our experi- 

ments and data published by other authors, arc the 

most physiological and, at the same time, ensurc 

adequate Incorporation of the analog into DNA to 

yield a significant mutagenic effect. 

We isolated 68 revertants, indistinguishable 

from the original mutant type in colony morpholog'y 

and biochemical and staining properties. 

The results of crossing experiments showed 

that the incidence of recombinations in the seven 

isolated strains of revertants in the seven selected 

strains of revertants was much lower than in the 

original mutant strain. The mean figures obtained 

by statistical analysis of the results of five experi- 

ments for each strain showed a significant decrease 

in frequency with several strains of revertants. The 

frequency of recombinations was assessed relative 

to three principal characteristics: proline, trypto- 

phan, and histidine. Whereas the incidence of recombinations of the initial mutant strain relative to proline 
was 1.72 i 0.22, to tr3-ptophan 0.ii i 0.0121, and to histidine 0.ii + 0.12 respectively, for the revertants the 

incidence varied relative to proline from 0.09 • 0.053 to 0.574 4- 0.31, to tryptophan from 0.021 I0.0075 to 
0.064 4- 0.0169, and to histidine from 0.0024 • 0.00037 to 0.0114 • 00036. Revertants No. 9 gave a particu- 

larly low incidence. In every case P < 0.01. No disturbances were found in the order of transfer of the 

characteristics. 

For two strains of revertants Nos. 6 and 16 no significant difference was found in the incidence of re- 

combinations compared with the original strain. Bearing in mind that in the prelimInary crossing on agar 

they behaved like the original mutant strain, yielding recombinants, and that their sensitivity to specific 

male phage was the same as that of the original strain, it can be postulated that with respect to donor abil- 

ities they were indistinguishable from the mutant strain from which they were isolated. 

The results obtained show that 5-bromouracil, when incorporated into bacterial DNA, is capable of 

exerting a considerable mutagenic action, although in large doses it lowers the viability of the cells. Re- 

membering that although 5-bromouracil is a thymine analog, it differs from it in chemical structure and is 

not a normal component of the cell, we may postulate that it can produce sufficiently gross changes in the 

bacterial cell and in its DNA. The changes in frequency of recombination can be explained by changes in 

the sex factor of the bacteria under the influence of the analog, although other possible causes cannot be 

ruled out, such as disturbance of cell contacts, delay in transfer of markers during conjugation, and a de- 

crease in the frequency of integration of markers and the recipient's chromosome. 
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