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Ultraviolet (UV) light causes a variety of
damage in DNA. The most abundant
lesions are pyrimidine dimers such as
the pyrimidine (6-4) pyrimidone photoproduct (6-4PP) and the eis,syn cyclobutane - pyrimidine
dimer
((PD)11J
(Scheme 1). These lesions are often repaired sluggishly and remain in the DNA,

error propensity when dealing with undamaged DNA, which distinguishes them
from known high-fidelity DNA polymerases. Most of their biological roles and
functions have not been elucidated yet.
Nevertheless, recent investigations suggest the involvement of pol L together
with poll;, in error-prone translesion DNA
synthesisPJ Furthermore, it has
been shown that pol L possesses
lyase activity, which suggests
that the enzyme may be involved in DNA repair processes. 14J DNA polymerase l] is
unique among the eukaryotic
polymerases since it has the
ability to perform error-free bypass synthesis through (PD le6·4 pp
CPD
sions, which are poorly removed
by repair processes.lSJ It has
Scheme 1. UV-light-induced thymidine dimer DNA lesions.
been shown that cells from
6-4PP=pyrimidine (6-4) pyrimidone photoproduct, CPD=
cis,syn cyclobutane pyrimidine dimer.
patients with the inherited disorder of a variant form of xerowhere they considerably impede the DNA derma pigmentosum (XP-V) are unable to
replication machinery.l1l How cells perperform (PD bypass synthesis as a result
form DNA synthesis past these kind of of expression of severely truncated or
functionally inactive forms of poll].lse, n
lesions has for a long time remained
obscure. Only recently, it has been dis- These observations strongly suggest that
covered that several specialized DNA poll] is the XP-V gene product and that
polymerases which belong to the new the polymerase is involved in suppression
superfamily Y are clearly involved in trans- of sunlight-induced skin cancer. Yeast and
lesion synthesis.(2] These DNA polymer- human poll] replicate through a cis,syn
ases (pols) are found in a variety of thymidine-thymidine dimer by inserting
organisms ranging from Escherischia coli two deoxyadenosine residues opposite
to humans, One of their most prominent the lesion. Although, poll] misinserts
functional characteristics is their high
noncomplementary nucleotides opposite
the first thymidine (T) in the lesion with
high frequency, extension from mismatched substrates is greatly impeded.
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predicted from the misinsertion frequency alone. In general, poll] appears to be
able to replicate DNA accurately through
the lesions that are most frequently
formed as a result of exposure to UV light.
These unique properties of poll] instantly triggered interest in its molecular
and structural basis. Recently, several
crystal structures of error-prone Y-family
DNA polymerases have been solved from
which valuable new insights into their
molecular action can be drawn. 16J Trincao
et al. determined the crystal structure of
an N-terminal fragment of Saccharomyces
cerevisiae poll] that includes the active
site.16cJ This structure reveals that poll]
retains the overall shape of a right hand
composed of thumb, palm, and finger
domains, as seen in other known DNA
polymerases l6-9J (Figure 1). However, poll]
contains a novel polymerase-associated
domain (PAD), which mimics an extra set
of fingers. The structure shows that the
palm domain of poll] is nearly superimposable with that of high-fidelity DNA
polymerases.l7. 8J In contrast, the finger
and thumb domains, which make extensive contacts with the primer template
and incoming triphosphate in other DNA
polymerases, are unusually small and
stubby. In particular, the "0 helices",
which are believed to play a pivotal role
in fidelity checking, are absent in poll].
Further insights into error-prone DNA
synthesis were gained through the crystal
structures of Sulfolobus solfataricus P2
DNA polymerase IV (Dpo4) reported by
Ling et al. 16dJ This enzyme is able to bypass
eis - syn (PD lesions efficiently and thus,
with respect to translesion synthesis, the
enzymatic properties of Dpo4 are similar
to that of the distantly related eukaryotic
poll]. Ling et al. successfully obtained
Dp04 structures in ternary complexes
with the DNA primer template and either
a canonical or noncanonical incoming
nucleoside triphosphate. The overall
structure of the Dpo4 - DNA ternary complex showed the familiar shape of a half-
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Figure 1. DNA polymerase structures. A: ternary complex of Taq DNA polymerase (Protein Data Bank (PDB)
entry code 2KrQ); B: DNA polymerase '/ (coordinates provided by the authors); C: the ternary complex of Dpo4
(PDB entry code 7JX4). The palm (red), fingers (blue), thumb (green), and polymerase-associated domain/little
finger (purple) are shown.

open right hand found in several DNA
polymerases in which parts of the primer
template are embedded. 17. B) Analogous to
poll), Dpo4 contains a domain termed the
little finger in addition to the finger, palm,
and thumb domains. Again, the palm
domain is structurally similar to those of
other DNA polymerases and the essential
carboxylates in Dpo4 are in identical
positions to those in T7, Klenow, Bacillus,
Taq, and RB69 DNA polymerases, as well
as in HIV reverse transcriptase. IB) However,
the finger and thumb domains of Dpo4
that surround the incoming triphosphate
and template nucleotide are unusually
small. The 0 helices that are believed to
be involved in selection for the right
nucleobase geometry and are present in
all high-fidelity DNA polymerases are
absent in Dp04 as well as in pol 1'],17)
Overall, the nascent base pair between
the template and incoming nucleotid e in
Dp04 is less tightly surrounded in the
vicinity of the enzyme than it is in highfidelity DNA polymerases. The open and
solvent-accessible active site may be one
structural basis for the error-prone replication of undamaged DNA by Y-family
DNA polymerases. These findings further
support the current concept that geometrical constraints are the major causative of DNA polymerase fidelity.IIO)
The primer template complexed by
Dp04 is nearly standard B-form DNA and
undergoes protein interactions with eight
base pairs through both hydrogen bonds
and van der Waals contacts. These interactions are mostly with the phosphodiester and sugar moieties. In contrast to highfidelity DNA polymerases, no hydrogen
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bonds with donor or acceptor sites of the
nucleobases through the minor groove
are observed in Dp04. Checking of hydrogen-bonding patterns by high-fidelity
DNA polymerases is believed to contribute to fidelity through prevention of
inadvertent sealing of mismatched base
pairs into the nascent DNA.17c. 10)
The second crystal structure obtained
by Ling et al. contains a mismatched
dideoxyguanosine triphosphate (ddGTP)
in the active site of Dpo4.16d) In the active
site, conformations of the sugar phosphate moieties of the primer, template,
and nucleoside triphosphate differ significantly from that found when a canonical
nucleotide is bound. Translocation of the
template without replication of the first
template base (guanine) leads the incoming ddGTP to form a canonical base pair
with the next template base (cytosine;
Figure 2). This structure shows that the

active site of Dp04 is able to admit two
adjacent template bases simultaneously;
this suggests possible mechanisms for
thymidine dimer translesion synthesis.
However, since the second template base
can form a canonical base pair with the
incoming nucleotide, it is unclear what
structure would result if the second
template base were noncanonical. Structural data for such DNA polymerases
bound to DNA that includes a CPD lesion
would be extremely helpful to further
clarify this point.
In conclusion, several novel DNA polymerases with new functions and properties have been discovered during the past
few years. Most of their functional properties and roles in which they interplay with
other enzymes and are involved in replication, repair, or other fundamental cell
processes remain to be elucidated before
the question of why there are so many
DNA polymerases and how they are
recru ited at the exact moment required
can finally be answered. On the molecular
level recent functional and structural
investigations of "novel" DNA polymerases have added significantly to our
molecular understanding of how cells
deal with damaged DNA in translesion
synthesis. The structural data suggest less
tight and more open active sites as a
putative reason for the error propensity
observed in low-fidelity DNA polymerases. We await further multidisciplinary
approaches that should lead to a wealth
of new insights and significantly contribute to our understanding of these complex processes.

Figure 2. DNA bound in the active site. Protein elements are removed for clarity (PDB entry codes 7JX4 and
7JXL). A: primer (gold) and template (blue) in Dpo4 with incoming noncanonical triphosphate (ddGTp, red)
exhibiting translocation of th e template that results in a base pair between ddGTP and the second nucleobase
in th e template. B: primer (gold) and template (blue) in Dp04 with incom ing canonical triphosphate ddATP (red).
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