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Abstract The real DNA replication in cell is performed by DNA replisome. 
Herein, we will discuss the Escherichia coli, T4 and T7 DNA replisome. When 
DNA replisome encounters DNA damage, the replisome will have different fates. 
Some DNA replisome bypass DNA damage with the aid of protein interactions or 
other assistant proteins in the replisome. Other replisome will dissociate according 
to some specific pathways.

Keywords DNA replisome · DNA damage · T7 DNA replisome · T4 DNA 
replisome · E. coli replisome

3.1  The DNA Replisome of E. coli, T7 and T4

DNA replication in vivo is performed by the DNA replisome. DNA replisomes 
mediate assembly of proteins at the replication fork, unwinding of DNA, template-
directed polymerization of nucleotides, and synthesis of RNA primers. A major 
role of the replisome is to coordinate DNA polymerization mediated by its 
protein constituents, so that leading- and lagging-strand DNA synthesis proceed 
at the same rates. The replisome is a dynamic structure, involving the release and 
recruitment of proteins as the replisome proceeds. The complexity of the DNA 
replisome results from protein interactions and various functions of accessory 
proteins within the complex. The DNA replisomes of Escherichia coli and 
bacteriophages T7 and T4 have been constructed in vitro.

The T7 DNA replisome contains gene 5 DNA polymerase (gp5), gene 4 
helicase–primase (gp4), the E. coli processivity factor thioredoxin (trx), and gene 
2.5 ssDNA binding protein (gp2.5). Gp5 and trx form a high-affinity complex 
(gp5/trx) to increase the processivity of nucleotide polymerization. The helicase at 
the C-terminal domain of gp4 assembles as a hexamer and unwinds dsDNA to yield 
two ssDNA templates for leading- and lagging-strand DNA synthesis. Gp2.5 coats 
ssDNA to remove secondary structures and also physically interacts with gp5/trx, 
interactions essential for coordination of leading- and lagging-strand DNA synthesis.
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The T4 DNA replisome consists of DNA polymerase, helicase, ssDNA binding 
protein, a trimetric clamp processivity factor, a pentameric clamp-loader complex, and 
six monomers of the primase. The DNA polymerase has polymerase and exonuclease 
activities. A clamp-loading complex contains four molecules of the gene 44 protein 
and one molecule of the gene 62 protein. T4 DNA polymerase is monomeric, but it 
forms a dimer (via a disulfide bond) when bound to primer–template.

The E. coli DNA replisome comprises DNA polymerase III holoenzyme, DnaB 
helicase, DnaG primase, ssDNA binding protein, and multiple accessory proteins. 
The Pol III holoenzyme consists of a three-subunit catalytic core (α-polymerase, 
ε-exonuclease, and θ), a homodimeric β processivity clamp, and a δδ’τ2γχϕ-
clamp-loader complex. The β clamp consists of ring-shaped dimeric proteins that 
encircle DNA and bind to the Pol III core, thereby giving the DNA polymerase 
high processivity. The clamp-loader complex opens and loads the β clamp onto 
a primed site. Each τ subunit binds to the DnaB helicase and one Pol III core 
polymerase, coupling the helicase and the polymerase.

The T7 DNA replisome contains only four proteins, but the replisomes of E. 
coli and bacteriophage T4 contain thirteen and eight proteins, respectively, most of 
which are accessory proteins. These accessory proteins have roles in protein inter-
action in the bacteriophage T7 system. In mammals, including humans, the DNA 
replisome is too complicated to be constructed at this point, and only simple repli-
cation complexes have been reported in vitro.

DNA replisomes have shown different patterns of DNA synthesis from systems 
using a single DNA polymerase. The differences mainly result from two major 
reasons: protein–protein interactions and accessory proteins in DNA replisome 
that facilitate DNA polymerase to bypass damage as described below.

3.2  The E. coli DNA Replisome Bypassing DNA Damage

DNA replication machinery constantly encounters DNA lesions under normal 
growth conditions. Cox et al. have estimated that 10–50 % of all replication forks 
may be subjected to collapse in one generation of a single cell. Translesion DNA 
synthesis by single DNA polymerases may not reflect the accurate situation in 
vivo. Therefore, translesion DNA synthesis using DNA replisomes should be the 
object of more studies.

Addition of ddTTP can selectively block leading-strand DNA synthesis. The 
fate of E. coli DNA replisome was studied after the leading-strand DNA synthesis 
is blocked. The leading-strand polymerase remains stably bound to the helicase at 
the replication fork. The helicase continues to unwind DNA for ~1 kb ahead of the 
blocked leading-strand polymerase. The lagging-strand polymerase is connected 
to the stalled leading-strand polymerase and remains active in converting the 
lagging ssDNA to duplex DNA. When the lagging-strand DNA polymerase is 
blocked by a DNA lesion on the lagging strand, the leading- and lagging-stand 
DNA polymerases remain physically coupled, but functionally uncoupled. The 
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leading-strand polymerase continues unabatedly, allowing the replication fork to 
continue. This action causes a large loop of ssDNA to accumulate on the lagging-
strand template. This loop grows until the supply of ssDNA binding protein 
is depleted. At that point, the naked ssDNA triggers the release of the stalled 
lagging-strand polymerase from the blocked site and resumes the synthesis of a 
new Okazaki fragment on a newly primed site.

After encountering a CPD DNA lesion at leading-strand template, the E. coli 
DNA replisome is only transiently blocked, which is then reinitiated downstream 
of the damage, dependent on the assistance of primase DnaG in the DNA 
replisome but not on any other known replication-restart proteins. Therefore, 
the E. coli DNA replisome can tolerate leading-strand template lesions and 
synthesize the leading-strand template discontinuously. However, the single 
E. coli DNA polymerase alone cannot bypass this DNA damage. Additionally, 
polymerases can transiently dissociate upon encountering the CPD lesion and 
allow repair enzymes or translesion polymerases to repair or bypass this lesion. 
The helicase–primase complex remains bound to the template DNA and serves to 
maintain the integrity of the replication fork, directing the reassembled replisome 
to the correct location.

3.3  The T4 DNA Replisome Bypassing DNA Damage

Bypass of a noncoding abasic site lesion in either a leading- or lagging-strand 
template has been studied by T4 DNA replisome. Lesion at the lagging strand blocks 
the lagging-strand DNA polymerase but does not block the helicase, primase, or 
leading-strand polymerase. When the primase synthesizes another RNA primer and 
the clamp is loaded, the stalled lagging-strand polymerase recycles from the DNA 
lesion and initiates the synthesis of a new Okazaki fragment. Therefore, this lesion 
does not affect the movement of the DNA replisome, with only a ssDNA gap left 
behind. In contrast, when a blocking lesion is at the leading-strand template, the 
leading-strand polymerase is blocked, but the bound helicase continues to travel, 
causing the leading-strand template to loop out. The leading-strand template is 
then rapidly coated with ssDNA binding protein. The replication fork travels about 
1 kb beyond the DNA lesion before the replication fork completely collapses. The 
primase and lagging-strand polymerase remain active, and Okazaki fragments are 
synthesized beyond the leading-strand lesion.

Single-molecule magnetic tweezers were used to study the mechanism of 
restarting the T4 replication fork that has been blocked by blocked DNA. The T4 
DNA holoenzyme, in cooperation with UvsW helicase, can overcome a leading-
strand lesion by periodical formation and migration of a four-way Holliday 
junction. The initiation of the repair process requires partial disassembly of the 
replisome through the departure of the replicative helicase. With the assistance 
of other accessory proteins, T4 DNA holoenzyme can bypass this leading-strand 
lesion.

3.2 The E. coli DNA Replisome Bypassing DNA Damage
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3.4  The T7 DNA Replisome Bypassing DNA Damage

Single-phosphodiester bond interruptions (nicks) can be introduced by endonucleases, 
recombination, repair, and the presence of two adjacent Okazaki fragments. Either T7 
helicase or DNA polymerase alone was blocked upon encountering a nick in duplex 
DNA. However, the helicase–polymerase complex can bypass this nick. In dsDNA 
unwinding, helicase contacts both DNA strands. However, a nick does not provide 
these contacts, and the helicase itself cannot unwind a nick. When helicase is associ-
ated with a DNA polymerase, protein interactions allow the helicase to bind to the 
template and to encircle helicase onto the 5′-end ssDNA of a nick, thus bypassing the 
nick. Addition of ssDNA binding protein gp2.5 to the complex further facilitates nick 
bypass by ~twofold.

Without ssDNA binding protein gp2.5, helicase and DNA polymerase cannot 
initiate strand-displacement DNA synthesis from a nick. Gp2.5 can bind to the 
displaced ssDNA, and its acidic C-terminal tail can interact with DNA polymerase. 
The helicase replaces gp2.5 and catalyzes strand-displacement DNA synthesis with 
gp5/trx at this nick. Therefore, protein interactions within the T7 DNA replisome 
may alter the ability of the DNA polymerase to bypass DNA damage and may 
produce completely different results from those obtained from isolated T7 DNA 
polymerase (or the trx complex).
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