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ABSTRACT

DNA polymerase ¢ (Pol €) is a replicative DNA poly-
merase with an associated 3'-5' exonuclease activ-
ity. Here, we explored the capacity of Pol £ to perform
strand displacement synthesis, a process that influ-
ences many DNA transactions in vivo. We found that
Pol ¢ is unable to carry out extended strand displace-
ment synthesis unless its 3'-5" exonuclease activity
is removed. However, the wild-type Pol € holoenzyme
efficiently displaced one nucleotide when encounter-
ing double-stranded DNA after filling a gap or nicked
DNA. A flap, mimicking a D-loop or a hairpin struc-
ture, on the 5’ end of the blocking primer inhibited Pol
€ from synthesizing DNA up to the fork junction. This
inhibition was observed for Pol € but not with Pol 3,
RB69 gp43 or Pol n. Neither was Pol ¢ able to extend
a D-loop in reconstitution experiments. Finally, we
show that the observed strand displacement synthe-
sis by exonuclease-deficient Pol ¢ is distributive. Our
results suggest that Pol ¢ is unable to extend the in-
vading strand in D-loops during homologous recom-
bination or to add more than two nucleotides during
long-patch base excision repair. Our results support
the hypothesis that Pol ¢ participates in short-patch
base excision repair and ribonucleotide excision re-
pair.

INTRODUCTION

DNA polymerase € (Pol €) is a replicative polymerase that
carries out leading-strand synthesis at the eukaryotic repli-
cation fork (1-7). Pol € is a high-fidelity polymerase with
high nucleotide selectivity and an associated 3'=5 exonu-
clease activity (8). In addition to its role at the replica-
tion fork, Pol € is engaged in many different cellular func-
tions such as the initiation of DNA replication, S-phase
checkpoint activation and DNA repair (9). Participation

in DNA repair processes often requires that a DNA poly-
merase is able to extend 3’-OH ends on nicked substrates,
fill in short gaps and/or carry out strand displacement syn-
thesis. Strand displacement synthesis is a process in which
the DNA polymerase simultaneously synthesizes DNA and
separates the two strands ahead of the DNA polymerase. A
single-stranded DNA flap is created after the DNA poly-
merase has dissociated, and the flap must be removed by a
nuclease before a ligase can seal the remaining nick. The
commercially available @29 DNA polymerase has a very
high strand displacement activity that is utilized to create
PCR-free templates for DNA sequencing (10). However,
replicative DNA polymerases are in general very inefficient
in strand displacement synthesis. It was recently shown that
the regression pressure imposed by the upstream double-
stranded DNA shifts the primer terminus from the poly-
merase active site to the exonuclease active site (11), thus
suppressing strand displacement synthesis. It has also re-
cently been shown in the T4 and T7 bacteriophage replica-
tion systems that there is a functional coupling between the
helicase and polymerase that promotes strand displacement
synthesis. In one of the studies, the authors showed that
the helicase relieves the regression pressure of the down-
stream DNA and thus promotes strand displacement syn-
thesis (12). In another study, it was shown that T7 DNA
polymerase opens up the double-stranded DNA, and the
helicase translocates along and traps the unwound bases
(13). In the T4 and T7 bacteriophage, the helicase resides on
the lagging strand and thus the leading strand polymerase is
on the opposite strand. However, the properties of the lead-
ing strand DNA polymerase in eukaryotes might be differ-
ent because in eukaryotes both Pol € and the helicase reside
on the same strand, the leading strand (3).

Previous studies where strand displacement synthesis by
Pol € were discussed suggested that Pol € was very ineffi-
cient in performing strand displacement synthesis (3,14,15).
Here, we show that the strand displacement synthesis by Pol
€ 1s limited to only one nucleotide. We further examined the
ability of Pol € to carry out strand displacement synthesis
on different model substrates resembling the intermediate
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