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R PLASMIDS MEDIATE PROTECTION AND SENSITIVITY TO BLEOMYCIN 
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Some R p l a smids  i n c r e a s e  s u r v i v a l  and m u t a g e n e s i s  i n  b a c t e r i a  exposed t o  
u l t r a v i o l e t  (UV) l i g h t ,  i o n i s i n g  r a d i a t i o n  o r  chemica l  a g e n t s  (Lehrbach e t  a1 
1977) .  Bleomycin (BLM) i s  an a n t i - c a n c e r  drug t h a t  b i n d s  t o  DNA c a u s i n g  s t r a n d -  
s c i s s i o n  and release of  f r e e  b a s e s  and o l i g o n u c l e o t i d e  f r a g m e n t s  ( T a k e s h i t a  e t  a1 
1978) .  We r e p o r t  e x p e r i m e n t s  d e s i g n e d  t o  s t u d y  t h e  e f f e c t s  of R p l a smids  on t h e  
s u r v i v a l  of E s c h e r i c h i a  exposed t o  BLM. 

The a c t i v i t y  of  R46, a UV-protect ing p l a smid  which i s  p r e s e n t  i n  t h e  c e l l  as a 
s i n g l e  copy p e r  chromosome, w a s  compared w i t h  two p l a s m i d s  t h a t  do n o t  c o n f e r  UV 
p r o t e c t i o n :  R 1 ,  which i s  a l s o  a s i n g l e  copy p l a smid  and R6K, which i n  e x p o n e n t i a l  
phase  c e l l s  i s  p r e s e n t  a t  o v e r  I0 c o p i e s  p e r  h o s t  chromosome. The s e n s i t i v i t i e s  
t o  BLM of R- and R+ s t r a i n s  of E . c o l i  AB1157 were d e t e r m i n e d  i n  n u t r i e n t  b r o t h .  
P l a smid  R I  d i d  n o t  a l t e r  h o s t  s e n s i t i v i t y  t o  BLM. P la smid  R6K showed l i t t l e  
e f f e c t  on  b a c t e r i a l  s e n s i t i v i t y  t o  l e t h a l  c o n c e n t r a t i o n s  of  BLM, b u t  i t  d i d  
produce a s i g n i f i c a n t  s e n s i t i z i n g  e f f e c t  on c e l l s  grown i n  s u b - l e t h a l  
c o n c e n t r a t i o n s .  
a p p r o x i m a t e l y  tw ice  t h a t  of  t h e  R+ s t r a i n .  
c u l t u r i n g  of  t h e  R6K+ s t r a i n  i n  BLM c o u l d  i n c r e a s e  t h e  p r o p o r t i o n  of R- c e l l s  i n  
t h e  p o p u l a t i o n  and t h u s  e f f e c t i v e l y  " e l i m i n a t e "  t h e  p l a smid .  
A B 1 1 5 7  (R6K) was s u b c u l t u r e d  d a i l y  i n t o  f r e s h  n u t r i e n t  b r o t h  c o n t a i n i n g  0 . IPg  
m l - I  BLM and t h e  p r o p o r t i o n  of R- c e l l s  a s s e s s e d  by r e p l i c a  p l a t i n g .  
e l i m i n a t i o n  of R6K was o b s e r v e d  up t o  t h e  t w e n t i e t h  s u b c u l t u r e .  However, t h e  
p r o p o r t i o n  of  R- c e l l s  then  i n c r e a s e d  o v e r  t h e  n e x t  5 d a y s  t o  a maximum l e v e l  of  
82%. The t i m e  l a g  
b e f o r e  R c e l l s  were obse rved  f o l l o w e d  by t h e i r  r a p i d  i n c r e a s e  i n  number o v e r  t h e  
n e x t  5 d a y s ,  i n d i c a t e d  t h a t  BLM-mediated e l i m i n a t i o n  may n o t  b e  due s o l e l y  t o  
s e l e c t i v e  i n h i b i t i o n  of R+ c e l l s  i n  t h e  p o p u l a t i o n ,  b u t  t h a t  Ehe R6K copy number 
c o u l d  have been  r educed  by t h e  t r e a t m e n t  t o  t h e  e x t e n t  t h a t  R c e l l s  a r o s e  a f t e r  
20 days .  S i n c e  R6K c o n f e r s  r e s i s t a n c e  t o  a m p i c i l l i n ,  p l a s m i d  copy number c o u l d  
b e  e s t i m a t e d  by measu r ing  G -1actamase l e v e l s  of t h e  BLM-treated c u l t u r e s .  Us ing  
t h e  hydroxylamine method (Da le  & Smith 1 9 7 1 ) ,  p-lactamase l e v e l s  were shown t o  
f a l l  l i n e a r l y  t h r o u g h o u t  t h e  t r e a t m e n t ,  s u g g e s t i n g  t h a t  BLM had indeed  r educed  
p l a smid  copy number. 

P l a smid  R46 p r o t e c t e d  i t s  h o s t  a t  a l l  c o n c e n t r a t i o n s  of BLM t e s t e d .  UV 
p r o t e c t i o n  by t h i s  p l a smid  i s  independen t  of  hos t -med ia t ed  DNA e x c i s i o n  r e p a i r ,  
b u t  i s  dependent  upon a f u n c t i o n a l  h o s t  gene (Tweats e t  a1 1976) .  R46 was 
t h e r e f o r e  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 s  d e f i c i e n t  i n  e x c i s i o n  o r  r ecombina t ion  
r e p a i r  f u n c t i o n s ,  i n  o r d e r  t o  i n v e s t i g a t e  plasmid-mediated p r o t e c t i o n  a g a i n s t  ELM. 
R46-mediated p r o t e c t i o n  was obse rved  i n  r e c o m b i n a t i o n - d e f i c i e n t  fecB and recC 
s t r a i n s  b u t  n o t  i n  recA- s t r a i n s .  P r o t e c t i o n  o c c u r r e d  i n  e x c i s i o n  r e p a i r -  
d e f i c i e n t  mu tan t s  t h a t  l a c k  e n d o n u c l e a s e  o r  l i g a s e  a c t i v i t y ,  b u t  n o t  i n  a s t r a i n  
l a c k i n g  DNA polymerase I a c t i v i t y .  R46 p r o t e c t i o n  a g a i n s t  b o t h  UV l i g h t  and BLM 
t h e r e f o r e  seems t o  i n v o l v e  recA gene-plasmid i n t e r a c t i o n s .  However, BLM 
p r o t e c t i o n  may a l s o  b e  d e p e r d e n t  upon DNA po lymerase  I a c t i v i t y  as  shown by l a c k  
o f  R46 p r o t e c t i o n  i n  t h e  po lymerase  I - d e f i c i e n t  mu tan t .  

I n  C . lpg  m l - 1  BLM, t h e  growth r a t e  of t h e  R- s t r a i n  was 
T h i s  s u g g e s t e d  t h a t  r e p e a t e d  sub- 

T h e r e f o r e  s t r a i n  

No 

Pla_smids R I  and R46 were n o t  e l i m i n a t e d  by s i m i l a r  t r e a t m e n t .  
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