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THE ROLE OF GLYCOSYLASES IN MISMATCH REPAIR: THE USE OF 7-DEAZAPURINES 
AS REPAIR-RESISTANT LESIONS IN OLIGONUCL,EOTIDE-DIRECTED MUTAGENESIS. 

Josef Jiricny, Aiko Ubasawa and Steven Wood, 
Friedrich Miescher Institut, PO Box 2543, CH-4002 Basel. 

Summary: The mechanism of mismatch repair from phclqe DNA was studied 
using the techniques of oligonucleotide-directed mutagenesis. 7-kaza- 
analogues of deoxy-adenosine and deoxy-inosine were found to be excised 
with impaired repair efficiency following transfection into E.coli JM101. 

Despite the wealth of information available describing the great 

variety of factors involved in DNA repair, relatively little is known 
about the mechanisms of mismatch repair. Although a number of repair-de- 
ficient cell lines has been characterised, no enzyme responsible so le ly  

for the removal of mispaired nucleotides has, to our knowledge, been dis- 
covered to date. The aim of our work is to elucidate the individual fac- 
tors involved in mismatch repair, using the techniques of chemical syn- 
t.hesis and molecular biology. In this report we describe our attempts to 
establish the role played by glycosylases in the repair of misincorpora- 
ted nucleotides from duplex viral DNA, by constructing mismatches con- 
sisting of a pyrimidine in the parent strand and a non-complementary 

purine in the daughter strand. 
2-Deoxy-7-deazapurines differ from their parent compounds in one 

important aspect : their qlycusidic bonds are highly resistant to acidic 
hydrolysis. It seems reasonable to expect that these bonds should also 
be resistant to enzymatic hydrolysis; their repair from a mismatch would 
thus be expected to be inefficient, providing that a glycosylase enzyme 
was involved in any part of the repair pathway. 

The system used to screen the repai.r of the above mismatches con- 
sisted of the filamentous bacteriophage M13mp9 which served as a tem- 
plate for DNA polymerase I in primer ext.ension reactions using the mis- 
match-carrying oligonucleotides as primers dur ng in vitro synthesis of 
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Figure 1 : The t a r g e t  s i t  c of M13mp9 and thc, oliLgonucleotide sequences  
used i n t h e  s i t e 4  i L cct-ed mutagcnttsis e x p ~ r i m c ~ ~ t s  desc:r ibtd below. The 
, i bb rev ia t ions  I ,  DL and Tu s t a n d  for dtmxyinosi rie, d t .oxydenz~i inos ine ,  
and dcoxyt ukxrc id in .  0 1 ~ g o n u c l e o t ~ d ~ ~ s  c o n t a i n i n g  A and 7’u were uscd ;IS 

primc,r-s on the wild type M1.3mp9 tcimplate, w h i l e  t h e  G ,  I and DI c a r r y i n g  
01 iyomers wclrc used  on thc, opal mutant t u n p l a t e .  

the, f u l l y  doub le -c i r cu l , i r  r e p l i c a t  1 v e  form of t his phdqc’. The s c ~ l c ~ - t  e>d 

:;I tc’ oL mut;ltion was an < i rg in ine  7 (CGA) codori of the p o l y l i n k e r  si>qucm- 

ct’ Qi M13mp9. A series of o ~ ~ d c ’ o x y r l b o n u c l c , o t i d e s  16 b<isc>s lonq w I i s  

syn thes i zcd  by t h e  phosphot riester approach. Mien t h e s c  o l iyomers  wc’rt’ 

used a s  primc’rs f o r  t h e  polymerase r c x t l o n s ,  thc,y a n n e a l i d  t o  thc. t e m -  

p l a t e  i n  such a way a s  t o  p l a c e  the, c e n t r a l  p u r i n e  residucl o p p s i t c 3  < I  

rion- complemc~ritary pyr imidine .  ‘l’hc, sequences of t h e  t a r g e t  s i te and t h e  

ol igonuclmt ides arc  shown i n  F‘iqiirt’ 1. 
which is oL i n t c r t > s t  codes tor  so-called a - p e p t i d e ,  which is c ~ p i b l e  

of complementing w i t h  t h e  t r u n c d t e d  product of t h e  p-qdlac tos idax<,  gene 

‘LRc. s e c t i o n  of the. M13 scqucmce 

of E . c o l i  JM101. B a c t e r i a  i n f e c t e d  wi th  t h i s  phage e x h i b i t  there , fore  a 
+ P-gal phenotype. A t r a n s i t i o n  muta t ion  of t h e  c y t i d i n c  r e s i d u e  w i t h i n  

t h e  a r g  7 codon g e n e r a t e s  a n  o p a l  ‘ X A  nonsense codon, which stcp p r o t e i n  

s y n t h e s i s  a t  t h i s  point .  1nfc.ction wi th  t h e  opal mutant r e su l t s  t h u s  i n  

a P-gal- phenotype. The repa i r  d i i c i e n c y  can  t h u s  hc> monitored by coun- 

t ing t h e  numbers of t h e  b l u e  and t h e  c o l o u r l e s s  plaques f o l l o w i n g  t r a n s -  

fetction and p l a t i n g  out o n  i n d i c a t o r  p l a t e s  c o n t a i n i n g  a substrate for 

The results of o u r  exper iments  are surnmarised i n  Table  1. Deoxy- 

i n o s i n e ,  which is known to  be e x c i s e d  by t h c  a c t i o n  of h y p x a n t h i n e  gly- 

c o s y l n s c ,  was found t o  be rernovtd wi th  similar e f f i c i e n c y  t o  deoxyguano- 

s i n c  from a I/’F or a G / T  mismatch. By c o n t r a s t ,  deoxydeazainosinc! was 

removcd  more than  10- fo ld  less e i f i c i e n t l y .  
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T a b l e  1: The efficiency of repair o f  purine/pyrimidine mismatches from 
the replicative form of the filamentous bacteriophage M13mp9, following 
transfection into E.coli JM101. 

MISMATCH ( -  I STRAND PHENOTYPE %MUTANTS TOTAL NUMBER OF 
+ strand/ PLAQUES 
- strand 

C/A 

C/Tu 

blue 
blue 
blue 

white 

white 

6 

3 
41 

3 

21 

2937 

4850 

3616 

3278 

4468 

Similarly, t.he repair of deoxyadenosine and deoxytubercidin differ 

also by an order of magnitude in favour of the deaza analogue. 
As the presence of the 7-deazapurines in the oligonucleotides was 

not found to inhibit either P1 endonuclease, or snake venom phospho- 
diesterase, the differences in the rates of repair of these lesions from 
duplex DNA can only be explained by their resistance to the action of 
N-glycosylases. 

Although DNA repair is known to be accomplished in general by a 
number of separate factors, our results indicate that mismatch repair, 

a t  least in the case of purine/pyrimidine mismatches, is to a great 
extent performed by a DNA N-glycosylase. 
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