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CYTOSINE METHYLATION DURING THYMINE STARVATION: EFFECT OF 
NICOTINAMIDE 
M . J .  Tr ibe  and R . J .  P inney,  Microbiology S e c t i o n ,  Department of Pharmaceut ics ,  The 
School of  Pharmacy, U n i v e r s i t y  o f  London, London W C l N  1 A X .  

When b a c t e r i a  a r e  depr ived  o f  thymine they d i e .  Pinney and T r i b e  (1977) have 
shown t h a t  a thymine-requir ing ( thy-)  Escher ich ia  coli 1100 s t r a i n ,  which l a c k s  
t h e  a b i l i t y  t o  methyla te  DNA c y t o s i n e  b a s e s  (=-) i s  much less s e n s i t i v e  t o  thy-  
mine d e p r i v a t i o n  t h a n  i t s  thy- ++ p a r e n t .  
t r a n s f e r r e d  i n t o  E . c o l i  s t r a i n  J6-2 g+ thy- two c l a s s e s  o f  J6-2 dcm- thy- t r a n s -  
d u c t a n t s  were produced. One w a s  r e s i s t a n t  ( R )  t o  thymineless  d e a t h ,  w h i l s t  t h e  
o t h e r  was a s  s e n s i t i v e  ( S )  a s  t h e  J6-2 dcm' thy- p a r e n t .  Plasmid RN3 c a r r i e s  t h e  
R I I  r e s t r i c t i o n  (Res) and m o d i f i c a t i o n  (Mod) system coding f o r  endonuclease E C O R I I  
and methylase ModRII r e s p e c t i v e l y .  The dcm' chromosomal gene product  recognises  
and methyla tes  t h e  same c y t o s i n e  b a s e s  a s  t h e  ModRII methylase and t h u s  p r o t e c t s  
a g a i n s t  EcoRII r e s t r i c t i o n  (May and Hattman 1975) Nicotinamide ( N i c )  i n h i b i t s  
DNA methylat ion (Razin e t  a 1  1975) and w e  now r e p o r t  i t s  e f f e c t s  on thymineless  
d e a t h ,  thymineless  e l i m i n a t i o n  o f  plasmids and on c y t o s i n e  methyla t ion  i n  h phage. 

To t e s t  i f  c y t o s i n e  methyla t ion  was i n h i b i t e d  by Nic, E . c o l i  s t r a i n s  1100 e-, 
1100 e- (RN3 R e s t )  and 1100 +-(RN3 R e s - )  were grown i n  t h e  presence  and abs-  
ence of  100 mM Nic. A l l  s t r a i n s  grew a t  t.he same ra te  i n  t h e  absence of Nic. 
However, w h i l s t  N i c  i n h i b i t e d  izhe growth of  s t r a i n  1100 dcm-(RN3 R e s - ) ,  t h e  v i a -  
b i l i t y  of s t r a i n  1100 =-(RN3 Res')  decreased t o  less t h a n l o %  a f t e r  3 h r  expos- 
ure .  I n  t h e  l a t t e r  s t r a i n  i n h i b i t i o n  o f  methyla t ion  by Nic r e s u l t s  i n  DNA t h a t  i s  
s u s c e p t i b l e  t o  EcoRII r e s t r i c t i o n  and DNA double s t r a n d  b r e a k s  t h e r e f o r e  occur .  
The a d d i t i o n  of 100 mM N i c  dur ing  thymine s t a r v a t i o n  i n c r e a s e d  t h e  s u r v i v a l  l e v e l  
of s t r a i n  1100 dcm'thy- a f t e r  5 h r  from 0.05% t o  25%, b u t  N i c  had no e f f e c t  on t h e  
ra te  of thymineless  deat.h of  s t r a i n  1100 dcm-thy-. Plasmid RN3 Res- i s  e l i m i n a t e d  - from thymine-starved E . c o l i  1100 dcrn'thy- bu t  n o t  from 1100 dcm-thy- (Tr ibe  and 
Pinney 1977) and i t  w a s  found t h a t  Nic abol i shed  t h i s  plasmid e l i m i n a t i o n .  Thus 
Nic induces t h e  dcm- phenotype i n  t h e  1100 dcm+ s t r a i n  i n  r e s p e c t  of  both s e n s i t i v -  
i t y  t o  thymineless  d e a t h  and of  thymineless  plasmid e l i m i n a t i o n .  

E . c o l i  36-2 i s  lysogenic  for phage h .  DNA-cytcsine methyla t ion  could t h e r e f o r e  be  
e s t i m a t e 6  by measuring t h e  e f f i c i e n c y  of E::sRII r e s t r i c t i o n  on spontaneously l i b -  
e r a t e d  h .  Phage from uns ta rved  c u l t u r e s  and from c u l t u r e s  s t a r v e d  of  thymine i n  
t h e  presence o r  absence of N i c  were t i t r e d  on s t r a i n s  1100 dcm- and 1100 =-(RN3 
R e s t ) .  The r a t i o  of t h e s e  t i t r e s  g i v e s  t h e  e f f i c i e n c y  of  p l a t i n g  (EOP)  of A.  

Table 1. EOP of phage A produced b e f o r e  and dur ing  thymine s t a r v a t i o n  

However, when t h e  *- a l l e l e  w a s  
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S t r a i n  from which Time o f  thymine s t a r v a t i o n  ( h r )  
phage o b t a i n e d  0 3 3 (+Nit) 

36-2 dcm+ thy- 1.0 9.0 i0-~(9) 7.0  

J6-2 dcm- t h y - ( S )  2 . 0  x 2.8 x 10-4(14) 1.1 x - -  
J6-2 dcm- thy-(R) 9.0 x 1.8 x 10-5(2) 1.3 x - _ _  

Figures  i n  b r a c k e t s  a r e  t h e  f o l d  i n c r e a s e  i n  EOP produced by thymine s t a r v a t i o n .  

The i n c r e a s e  i n  EOP produced by thymine s t a r v a t i o n  i n  J6-2 C m +  thy-  and 56-2 e- 
__ thy-  ( s )  shows t h a t  c y t o s i n e  methyla t ion  i s  be ing  induced i n  t h e s e s t r a i n s .  T h i s  
methyla t ion  i s  a b o l i s h e d  by t h e  presence  of  Nic i n  t h e  thymine s t a r v e d  c u l t u r e s .  
L i t t l e  i n c r e a s e  i n  EOP i s  produced by thymine s t a r v a t i o n  of  s t r a i n  J6-2 dcm- thy- 
( R )  sugqes t ing  t h a t  it l a c k s  any methylase a c t i v i t y .  
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