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ABSTRACT The r a t e  of pyr imidine  dimer e x c i s i o n  has  been ' 

! measured i n  Esche r i ch i a  c o Z i - s t r a i n s  d e f i c i e n t  i n  exo- . 
nuc lease  V, exonuclease V I I ,  and t h e  5'-+3' exonuclease 
o f  DNA polymerase I. The r e s u l t s  sugges t  t h a t  a reduced ' 

l e v e l  of  t h e  5'-+3' exonuclease of '  DNA polymerase I dimin- 
i s h e s  t h e  r a t e  of dimer e x c i s i o n  .and t h a t  an a d d i t i o n a l  
d e f i c i e n c y  i n  exonuclease V I I  causes  a s i g n i f i c a n t l y  
g r e a t e r  r educ t ion  i n  t h e  c e l l ' s  a b i l i t y  t o  remove dimers. 

Three 5 ' - ~ 3 '  exonucleases  a r e  c u r r e n t l y  known i n  Esche- 
r i c h i a  coZiwhichmay be  capab le  of removing pyrimidine dimers  
i n  t h e  e x c i s i o n  r e p a i r  p roces s  s i n c e  they  have been shown t o  
e x c i s e p y r i m i d i n e d i m e r s  i nv i - t ro  ( 1 , 2 , 3 ) .  These a r e  t h e  5'+3' 
exonuclease a c t i v i t i e s  a s s o c i a t e d  wi th  DNA polymerases I and 
I11 and exonuclease V I I .  We have extended our  prev ious  
s t u d i e s  (4)  on t h e  exonucleases  of E. coZi  involved i n  e x c i s i o n  
r e p a i r  by examining t h e  e f f e c t  o f  combined mutat ions i n  
recB,C, xseA, and poZAex ( d e f i c i e n t  i n  exonuclease V, exo- 
nuc lease  V I I ,  and t h e  5'-F3' exonuclease a c t i v i t y  of DNA 
polymeraseI,respectively) (5 ,6 ,7)  o n W s u r v i v a 1  and on t h e  
r a t e  a n d e x t e n t  of d imerexc i s ion .  O u r e a r l i e r  s tudy  (4)  demon- 
s t r a t c d  t h a t  mutants d c f i c i c n t  i n  cxonuclease V I I  and t h e  
5'+3' exonuclease a c t i v i t y  of DNA polymerase I a r e  n e a r l y  as 
e f f i c i e n t  a s  wild-type s t r a i n s  a t  e x c i s i n g  dimers produced by 
up t o  40 ~ / r n ~  W. A t  h ighe r  doses  s t r a i n s  con ta in ing  only  
t h e  poZA546ex mutat ion and t h e  poZA546ex xseA7 mutat ions show 
reduced a b i l i t y  t o  e x c i s e  dimers;  however, t h e  i n t e r p r e t a t i o n  
of dimer e x c i s i o n  d a t a  a t  t h e s e  doses i s  complicated by ex- 
treme p o s t i r r a d i a t i o n  DNA deg rada t ion  i n  t h e s e  s t r a i n s .  We 
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have a t t e m p t e d ' t o  reduce p o s t i r r a d i a t i o n  DNA degrada t ion  by 
reducing  t h e  l e v e l  of  exonuclease V ( t h e  recB,C gene product )  
i n  o r d e r  t o  e v a l u a t e  t h e  appa ren t  d e f i c i e n c y  i n  dimer e x c i s i o n  
a t  h igh  W doses .obse rved  i n  t h e  poZA546ex s i n g l e  mutant and 
t h e  poZA546ex xseA7 double 'mutant  s t r a i n s .  Although t h e r e  i s ,  
e ~ i d e n c e ' a ~ a i n s t  t h e  d i r e c t  involvement of  exonuclease V i n  
t h e  e x c i s i o n  r e p a i r  p roces s ,  (8), t h e  enzyme might p l a y  a more 
impor tan t  r o l e  i n  dimer e x c i s i o n  when o t h e r  exonucleases  a r e  
missing. This  f a c t  should' be  borne i n  mind i n  t h e  i n t e r p r e -  
t a t i o n  of t h e  data p re sen ted  here.  

. ,  

RESULTS . . . . . .  

We were unable t o  c o n s t r u c t  t h e  recB21 d e r i v a t i v e  of  
s t r a i n s  con ta in ing  t h e  poZA546ex muta t ion  sugges t ing  t h a t  t h i s  
may be a n  i n v i a b l e  combination- D e r i v a t i v e s  o f  t h e s e  s t r a i n s  
were t h e r e f o r e  c o n s t r u c t e d  con ta in ing  t h e  recB270 recC272 
tempera ture-sens i t ive  muta t ions  ( 5 ) .  A s  expected,  t h e s e  s t r a i n s  
were found t o  be  c o n d i t i o n a l l y  l e t h a l ,  S t r a i n s  con ta in ing  
on ly  t h e  recB270 recC271 xseA7 muta t ions  show s l i g h t l y  re -  
duced s u r v i v a l  a t  tempera tures  r e s t r i c t i v e  t o  d e r i v a t i v e s  
con ta in ing  poZA54 6ex. 

DNA deg rada t ion  s t u d i e s  performed a f t e r  low doses  of W 
r e v e a l  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  wild-type and 
mutant s t r a i n s  a f t e r  doses o f  20 ~ / n ~ .  A f t e r  h igher  W doses  L 
(90 ~ / m ~ )  which caused 50-80% DNA deg rada t ion  a f t e r  60 min o f  
43OC incuba t ion  i n  poZA546ex and poZA546ex xseA7 s t r a i n s ,  t h e  
recB270 recC871 d e r i v a t i v e s  of  t h e s e  s t r a i n s  show only  about  
20% DNA degrada t ion .  DNA deg rada t ion  i n  t h e  recB270 recC271 
xseA7 s t r a i n  w a s  i n d i s t i n g u i s h a b l e  from wild- type a t  a l l  W .  
doses.  I t  i s  t h e r e f o r e  p o s s i b l e  t o  reduce p o s t i r r a d i a t i o n  
DNA degrada t ion  i n  t h e s e  poZA546ex d e r i v a t i v e s  by reducing 
t h e  l e v e l s  o f  exonuclease V. 

W s u r v i v a l  s t u d i e s  show t h a t  t h e  recB270 recC271 de r iv -  
a t i v e s  o f  s t r a i n s  contairlirlg t h e  puZA546ex and poZA54b"ex xseA7 
muta t ions  a r e  cons iderably  more s e n s i t i v e  t o  W i r r a d i a t i o n  
than  any of t h e  s t r a i n s  from which they  were cons t ruc ted .  The 
s t r a i n  con ta in ing  t h e  muta t ions  recB270 recC271 xseA7 i s  on1.y 
s l i g h t l y  more W s e n s i t i v e  than  s t r a i n s  con ta in ing  therecB270 
recC271 muta t ion  a l o n e  ( d a t a  n o t  shown), 

Thymine dimer e x c i s i o n  s t u d i e s  were performed on KLC124 
(wild-type) , KLC333 (recB270 recC271 poZA546ex), and KLC341 
(recB270 recC271 poZA546ex xseA7) . C u l t u r e s  l a b e l e d  w i t h  
[3~] - thymine  were i r r a d i a t e d ,  warmed t o  43OC, and samples were 
examined f o r  thymine-containing dimers  as a f u n c t i o n  of incu- 
b a t i o n  t ime (Fig.  1). Our r e s u l t s  t h u s  f a r  show t h a t  KLC333 
(recB270 recC271 poZA546ex) is  s l i g h t l y  reduced i n  i t s  a b i l i t y  
t o  remove thymine dimers compared t o  t h e  wild-type. This  may 
mean t h a t  t h e  appa ren t  de f i c i ency  i n  dimer e x c i s i o n  i n  t h e  
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FIGURE 1. Rate of Dimer Excision i n  ExonucZease Defi- 
c ient  Mutants. Cul tu re s  of E. coZi s t r a i n s  UC124: trpA33 
rha thyA; mC333: poZA546ex recB270 recC271 trpA33 thyA; and 

I KLC341: poZA546ex recB270 recC271 xseA7 trpA33 thyA were 
grown a t  32OC t o  mid-log phase i n  M9 medium supplemented wi th  
r equ i r ed  n u t r i e n t s  and 3 ~ - t h ~ m i d i n e .  The c e l l s  were c h i l l e d ,  
harves ted ,  and washed wi th  M9 s a l t s  (wi thout  g lucose  o r  o t h e r  
a d d i t i v e s )  be fo re  i r r a d i a t i o n  w i t h  90 ~ / m ~  W l i g h t .  The 
c e l l s  were warmed t o  43OC f o r  5 min, n u t r i e n t s  were added 
( a t  t = 0)  and samples were withdrawn a t  t h e  i n d i c a t e d  t imes.  
The c e l l s  were immediately c h i l l e d  and i c e  co ld  NET b u f f e r  
(0.1 M T r i s  HC1,  pH 8, 0.01 M EDTA, 0.1 M NaC1) was added. 
The samples were c o l l e c t e d  by c e n t r i f u g a t i o n ,  f rozen ,  thawed 
and ly sed  by incuba t ion  wi th  400 11g/m1 lysozyme f o r  30 min 
a t  43OC and 0.2% sa rkosy l  f o r  1 0  min a t  43OC. Af t e r  30 min 
o f  d i g e s t i o n  wi th  250 pg/ml p r o t e a s e  K a t  50°C, t h e  samples 
were c h i l l e d ,  TCA w a s  added and t h e  a c i d  i n s o l u b l e  f r a c t i o n  
d i g e s t e d  wi th  formic ac id .  Content  of thymine dimers was 

I determined by two-dimensional paper  chromatography ( 9 ) .  A t  z e r o  
t ime 0.29% o f  t h e  thymine was found a s  dimers. 0 =  KLC124; 
A = ~ ~ ~ 3 3 3 ;  A 1 ~ ~ 3 4 1 .  

poZA546ex s i n g l e  mutant shown i n  ou r  prev ious  s tudy  (4)  w a s  
l a r g e l y  due t o  p o s t i r r a d i a t i o n  DNA degradat ion.  S t r a i n  
KLC341, however, i s  s i g n i f i c a n t l y  d e f i c i e n t  i n  dimer e x c i s i o n  
compared t o  wild-type and KLC333, sugges t ing  t h a t  t h e  addi-  
t i o n a l  de f i c i ency  i n  exonuclease V I I  i n  KLC341 is  r e s p o n s i b l e  



f o r  a major reduct ion  i n  the  a b i l i t y  of t h i s  s t r a i n  t o  e x c i s e .  . 

pyrimidine dimers, A more exhaust ive s tudy ( t o  be published) 
of the  e x t e n t  of  dimer excis ion  i n  t h i s  s e r i e s  of mutants over 
t h e  dose range 0 t o  160 ~ / m ~  confirmed our  f ind ing  t h a t  a l -  
though t h e  recB270 recC271 poZAex s t r a i n  shows some def ic iency 
i n  dimer excis ion ,  t h e  a d d i t i o n a l  mutation xseA 'causes a s ig -  
n i f i c a n t  f u r t h e r  r e d u c t i o n ' i n  t h e  c e l l ' s  a b i l i t y  t o  cope with 
dimers . 

We have inves t iga ted  i n  some d e t a i l  t he  r o l e  oftwo5'-h3' 
exonuclease a c t i v i t i e s  (exonuclease V I I  and 5'+3' exonuclease 
of  DNA polymerase I) thought t o b e i n v o l v e d  i n  exc i s ion  repa i r .  
Compared t o  wild-type s t r a i n s ,  mutants d e f i c i e n t  i n  only one 
of t h e s e  a c t i v i t i e s  show e i t h e r  no de f i c i ency  o r  s l i g h t  de f i -  
ciency i n  removing pyrimidine dimers when p o s t i r r a d i a t i o n  DNA 
degradation i s  minimal; s t r a i n s  d e f i c i e n t  i n  both  a c t i v i t i e s  
show s i g n i f i c a n t l y  l e s s  a b i l i t y  t o  exc i se  pyrimidine dimers. 
These r e s u l t s  a r e  c o n s i s t e n t  with t h e  i n t e r p r e t a t i o n  t h a t  
both of these'enzymes func t ion  i n  t h e  exc i s ion  process and 
a r e  a b l e  t o  s u b s t i t u t e  f o r  one another. Although exc i s ion  i s  
reduced i n  s t r a i n s  d e f i c i e n t  i n  both exonuclease V I I  and t h e  
5'+3' exonuclease of DNA polymerase I, it s t i l l  occurs a t  a 
measurable r a t e .  This  may be due t o  r e s i d u a l  enzyme l e v e l s  
of e i t h e r  o r  both of these  a c t i v i t i e s  o r  t o  o t h e r  nucleases 
capable of dimer excision.  The only  o t h e r  exonuclease a c t i v -  
i t y  of E. C O Z ~  known t o  be  capable of pyrimidine dimer exci- 
s i o n  i n  v i t r o ,  t h e  5'+3' exonuclease of DNA polymerase 111, 
has no t  y e t  been evaluated i n  vivo. The p o s s i b i l i t y  a l s o  
e x i s t s  t h a t  a s  y e t  u n i d e n t i f i e d  nucleases p a r t i c i p a t e  i n  t h e  
exc i s ion  s tep .  
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