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Abstract—This review describes the properties of some specialized DNA polymerases participating in translesion synthesis
of DNA. Special attention is given to these properties in vivo. DNA polymerase iota (Polt) of mammals has very unusual
features and is extremely error-prone. Based on available data, a hypothesis is proposed explaining how mammalian cells
can explore the unusual features of DNA Poli to bypass DNA damages and to simultaneously prevent its mutagenic poten-

tial.
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DNA TRANSLESION SYNTHESIS
IN EUKARYOTIC CELLS

The structural organization of a living cell and also
physical and biochemical properties of its elements can-
not completely protect DNA within cells against numer-
ous damaging agents from the environment, such as ion-
izing radiation, carcinogens, and UV-radiation of sun-
light, or from endogenous agents like reactive oxygen
species. Due to some special molecular mechanisms, cells
can eliminate damage to DNA, but some damage is
retained and can block replication. To abolish the block
and continue synthesis of the growing DNA chain, the
cell also has some molecular mechanisms that provide for
the translesion synthesis of DNA, but these mechanisms
are not known in detail. Studies on these mechanisms are
very important for biology and medicine, and in recent

Abbreviations: APEI1, apurinic/apyrimidinic endonuclease 1;
cisPt-GG, cisplatinum adduct; csTT, cis-syn-thymine—thymine
dimer; HIF1, hypoxia-inducible factor 1; HRE, hypoxia
response element; PARPI1, poly(ADP-ribose) polymerase 1;
PCNA, proliferating cell nuclear antigen; PIP1(PIP2), PCNA
interaction protein box; PNK, polynucleotide kinase; Poli,
Poln, Pol, Polk, Revl, Polf, PolA, Pola, Pol3, and Pole are
DNA polymerases t, 1, C, k, Revl, B, A, a, 8, and &, respective-
ly; RFC, replication factor C; RPA, replication protein A; XP-
V, xeroderma pigmentosum variant V; XRCC1, X-ray repair com-
plementing defective repair in Chinese hamster cells 1.
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years there has been significant progress in studies on the
replication of damaged DNA and DNA polymerases
involved in the translesion synthesis of DNA.

DNA replication is a complex process resulting in
effective and very accurate replication of maternal chains
of DNA. Replicative DNA polymerases are enzymes fully
corresponding to this process, and their active sites are
adapted for replicating undamaged DNA. Therefore,
many types of DNA damage are insurmountable obstacles
for these DNA polymerases, and this can terminate repli-
cation and cause cell death. Regulatory systems of the cell
resolve this problem depending on the type of damage and
on difficulties of bypassing it. Thus, to bypass interchain
cross-linking in DNA, the eukaryotic cells use three dif-
ferent approaches: nucleotide excision repair, DNA
translesion synthesis, and homological recombination.
Disorders in coordination of these approaches caused by
mutation in a regulatory gene often results in severe genet-
ic diseases, e.g. Fanconi anemia. This disease is character-
ized by a disturbance in genetic stability of cells. In addi-
tion to anemia, other specific symptoms appear in these
patients, and cancer develops at an early age [1].

Interchain cross-links in DNA are a rather complex
and rare kind of damage that must be bypassed during
replication. They affect the two chains of DNA, prevent
their untwisting, and thus inhibit both replication and
transcription. Damage affecting one of DNA chains is
more frequent. Such damage can often be bypassed only
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by the translesion synthesis of DNA, which is catalyzed
by one or several specialized DNA polymerases. Due to a
special structure of their catalytic sites, these enzymes can
synthesize DNA using templates with damaged regions,
but they are unable to accurately synthesize on undam-
aged template and frequently make errors during its repli-
cation. Therefore, these enzymes are sometimes termed
“error-prone DNA polymerases” [2]. However, some of
these DNA polymerases are able to bypass replication-
blocking damage and insert nucleotides recovering the
information that was present in the template previous to
its being damaged. Consequently, the term “error-prone
DNA polymerases” is not always just. Obviously, the
function of these enzymes is not to create errors but to
maintain genome stability. In fact, in the living cell a
complex regulatory system is responsible for minimiza-
tion of the number of errors generated by “error-prone
DNA polymerases”, and the ability to infallibly bypass
DNA damage is used as one of major approaches for sup-
porting genome stability.

An error-free translesion synthesis of DNA is exem-
plified by the bypass catalyzed by DNA polymerase Poln
on ¢sTT replication. This enzyme can bypass this lesion
in DNA with the same efficiency and accuracy as on the
replication of an undamaged thymine-containing tem-
plate [3]. Poln bypasses csTT by insertion of nucleotides
opposite the damage and then continues the synthesis
beyond the inserted nucleotides. However, in many cases,
for translesion synthesis of DNA consecutive actions of
two or several DNA polymerases are required. One inserts
the nucleotide opposite the lesion, whereas the other
extends the synthesis beyond the inserted nucleotide.
Some DNA polymerases have been shown to insert
nucleotides opposite the lesion. Such DNA polymerases
are termed inserters, whereas other DNA polymerases
that extend synthesis of DNA are termed extenders.

Studies on in vitro translesion synthesis of DNA
involving different specialized DNA polymerases have
shown that the majority of such polymerases can function
as inserters, whereas the extender function is mainly per-
formed by DNA polymerase C [4]. This enzyme can effi-
ciently elongate a primer that contains a noncomplemen-
tary base pair, a noncoding, or a destabilizing substitute
on the 3’-terminus. However, elongation by Poll of a
primer with damage in the 3'-terminus caused by the
polymerase itself occurs with very low efficiency. Based
on this and some other properties of PolC, it was supposed
that it should act as an extender if the translesion synthe-
sis of DNA is catalyzed by two DNA polymerases [4].
Moreover, in experiments on human cells with the
expression of Poll, Poln, and DNA polymerase k sup-
pressed by RNA interference, PolC was shown to be an
extender in translesion synthesis of DNA with involve-
ment of three or even four DNA polymerases [4].

It should be noted that features of some DNA poly-
merases studied in vitro using homogenous preparations

can be significantly different from the features displayed
by these enzymes in a living cell. Thus, each DNA poly-
merase Poln and Polk can catalyze in vitro translesion
synthesis in the case of such DNA damage as cisPt-GG.
But experiments with the suppressed expression of three
DNA polymerases (Poll, Poln, and Polk) by means of
RNA interference in human cell cultures have revealed
that these three DNA polymerases are involved in DNA
synthesis through this lesion [4]. Poln and Polxk are likely
to act as inserters and be interchangeable, because sup-
pression of expression of each of the two DNA poly-
merases insignificantly influences the efficiency of the
translesion synthesis of DNA. But the simultaneous inhi-
bition of expression of both DNA polymerases immedi-
ately results in a fivefold decrease in the efficiency of the
translesion synthesis of DNA. It seems that human cells
do not have a suitable equivalent of Pol( to bypass cisPt-
GG, because inhibition of expression of the gene encod-
ing this DNA polymerase decreases fivefold the efficien-
cy of the translesion synthesis of DNA. It is still unclear
why the cell uses three DNA polymerases for bypassing
the damage, which can be bypassed in vitro by two of
them. Perhaps when Pol( is used as an extender, which is
more precise on synthesis and more accurate than Poln
and Polk in the elongation of unpaired 3’-termini of
DNA, it prevents mutagenic effects of Poln and Polx.

Studies on interactions of DNA polymerases with
each other and with other proteins involved in translesion
synthesis of DNA revealed a rather complicated organi-
zation of the system regulating activities of individual
DNA polymerases. It is still unclear how cells can involve
during replication one or several specialized DNA poly-
merases to most efficiently and accurately bypass dam-
age. Moreover, it is necessary to remove the specialized
DNA polymerases from the replication fork after the
damage is bypassed and to create conditions for further
synthesis of DNA by replicative DNA polymerases. The
latter operation is necessary because all DNA polymeras-
es involved in translesion synthesis of DNA have low effi-
ciency and are very prone to errors on replicating undam-
aged template.

TWO HOMOLOGS (Poln AND Polv)
IN MAMMALIAN CELLS

DNA polymerases of the Y family, which includes
Poln and Polx, are different in their ability to bypass DNA
regions with damaged nucleotides and are highly prone to
errors on replicating an undamaged template. X-Ray
crystallographic analysis reveals that these enzymes have
a more open catalytic site that allows them to bind
unpaired or damaged bases and thus to be less demanding
to the structure of the DNA template. All DNA poly-
merases of the Y family contain five N-terminal conserva-
tive motifs, I-V. Three conservative motifs, I-III, con-
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tribute to formation of the active site, whereas two con-
servative motifs form a characteristic structure consisting
of helix-turn-helix, which interacts with DNA. The C-
terminus of DNA polymerases of the Y family is less con-
servative, varies in size, and is involved in protein—protein
interactions having a regulatory function.

Mammals have four members of the Y family of
DNA polymerases: Polr, Polk, Poli, and Revl [5, 6]. By
now Poln of this family of DNA polymerases is the best
characterized. The gene encoding Poln (RAD30A)
belongs to the group of RAD30 genes, which encode a
subfamily of DNA polymerases found only in eukaryotes.
Two members of this subfamily are described in mam-
mals. The RAD30A gene product occurs in both yeast and
humans [7, 8] and independently of the origin can effi-
ciently bypass different lesions during synthesis of DNA.
It has been already mentioned that Poln can efficiently
and unerringly perform in vitro synthesis and bypass ¢sTT
damage, which is responsible for ~80% of UV-induced
mutations [9]. Obviously, Poln plays an important biolog-
ical role protecting us against the deleterious effect of UV
radiation of the Sun. Moreover, this DNA polymerase
replicates an undamaged template with many errors, and
thus contributes to somatic hypermutagenesis of genes
encoding antibodies in mammals. This is confirmed by
changes in the mutation spectrum in variable regions of
immunoglobulin genes in patients having a mutant gene
encoding Poln [10].

Another member of the RAD30 subfamily is Poli,
which is encoded by the gene RAD30B. The amino acid
sequence of Poln is reminiscent of a similar sequence of
Poli, and Pol is supposed to have descended from Poln as
a result of gene duplication shortly before the appearance
of insects in evolution [11].

The biological functions of Polu are still unclear, and
no human diseases are described that are directly associ-
ated with the gene encoding this enzyme. There have
been attempts to obtain mice with knockout of this gene,
but mice of the 129 strain, which are usually used as
donors of embryonic stem cells for obtaining gene-
knockout animals, were found to have a nonsense-muta-
tion in the second exon of RAD30B [12]. In extracts from
different organs of the 129 strain mice Polt was not
detected by Western blotting. We also failed in detecting
Polv activity in extracts from different organs of these
mice [13].

Thus, Poli seems to be not necessary for survival of
mice, at least under laboratory conditions. It was also
shown that in mice of the 129 strain the mutation spec-
trum of immunoglobulin genes was the same as in mice
without mutations in the gene encoding Poli [12]. This
means that although Polt is extremely prone to incorrect
synthesis of DNA, it is not involved in hypermutagenesis
of variable regions of the immunoglobulin genes as dis-
criminated from Poln. But mutation in the Poli-encoding
gene was shown to increase in mice the frequency of ure-
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thane-induced lung cancer [14]. Therefore, it seems that
a useful property of Polt is its direct involvement in
processes preventing carcinogen effect in mammals.
Moreover, experiments in inhibiting expression of the
Poli-encoding gene on sensitivity of human fibroblasts to
different agents damaging DNA [15] have revealed that
Poli can be involved in the repair of genomic DNA under
conditions of oxidative stress. Thus, the data accumulat-
ed so far indicate that Polt is not necessary for survival of
mammals, but is important at least for their normal exis-
tence.

PROPERTIES OF Polu in vitro

The gene encoding human Poli was discovered 10
years ago [16]. The protein consists of 715 amino acid
residues, and its properties are significantly different from
those of other DNA polymerases described to date [17].
Orthologs of Poli are found in some fungi (except
Saccharomyces cerevisiae), insects, fishes, and amphibian
[18]. The enzymes of human, mouse, and drosophila have
been studied [12, 17, 19, 20]. The exon—intron structure
and biochemical properties of the human and mouse
enzymes are very similar, whereas Polt of drosophila is
sharply different and has features more like its precursor
Poln. It is very likely that the properties of human and
mouse Poli should be also specific for this enzyme from
the majority of mammals.

The accuracy and efficiency of in vitro DNA replica-
tion by Polt significantly depend on the nucleotide com-
position of the template. Thus, opposite to the template
adenine (A) the enzyme efficiently and accurately inserts
thymine (T), and the error probability is 10~*. On bypass-
ing guanine (G) and cytosine (C) of the template the
probability of Polt error is, respectively, 10 and 10~'. On
synthesizing DNA the enzyme inserts G opposite the
template thymine instead of the complementary A 3-10
times more efficiently [6]. And Poli is a distributive
enzyme that dissociates from the template after every
inserted nucleotide. Some cases are described when on
replicating T-containing template the enzyme stopped
after the first incorrectly inserted G. This property
described only for Polt is designated T-stop [17].

Recent studies have revealed another unusual prop-
erty of Poli: it can catalyze synthesis of DNA in the pres-
ence of low concentrations of Mn?*. Thus, Frank and
Woodgate have shown that this enzyme prefers as a biva-
lent cation cofactor just Mn?*, whereas the majority of
DNA polymerases use Mg?* [21].

Unusual properties of mammalian Poli are due to
the specific structure of its active site. It is known that on
incorporation of pyrimidines opposite the template
purine the enzyme uses not Watson—Crick, but rather
Hoogsteen interactions between nucleotides. X-Ray crys-
tallographic analysis shows that the active site of Poli
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contains large aliphatic amino acid residues (GIn59,
Leu62), which prevent the template purine from adopting
the anti-conformation necessary for the Watson—Crick
interaction. This is associated with a purine turn by 180°
and its taking the syn-conformation [22]. This is favor-
able for production of alternative hydrogen bonds
between the template nucleotide and the incorporated
one: this is the so-called Hoogsteen interaction.

In addition to the DNA polymerase activity, mam-
malian Poli can remove the deoxyribosophosphate group
from the 5'-termini of DNA that is necessary for the cor-
rect repair of damaged regions of DNA during base exci-
sion repair [23]. However, the majority of the in vitro
properties of this enzyme demonstrated its ability to par-
ticipate in translesion synthesis of DNA. Thus, on repli-
cation of DNA containing modified nucleotides with a
wrong nucleotide incorporated oppositely by other DNA
polymerases, Poli can “by mistake” incorporate the due
nucleotide and prevent mutations. Thus, experiments
with replication of templates containing uracil and some
of its derivatives have shown that Poli can incorporate G
opposite these lesions and prevent C—T transitions
caused by deamination of cytosine [24]. Moreover, the
enzyme can synthesize DNA in vifro and bypass some
lesions capable of arresting activities of replication DNA
polymerases, aromatic adducts of deoxyadenosine,
cyclobutane pyrimidine dimers, and apurine/apyrimidine
sites [25-27]. However, the in vitro translesion synthesis of
DNA by Polit depends on the presence of univalent
cations and on the template context [28]. Results of
experiments can also depend on the use of bivalent
cations Mg?" and Mn?*. The optimal concentrations of
these cations as cofactors of the DNA polymerase reac-
tion catalyzed by Poli were determined only in 2007 [21],
so the earlier data need to be revised.

REGULATION OF EXPRESSION
OF THE GENE RAD30B IN MAMMALIAN CELLS
AND PROTEIN—PROTEIN INTERACTIONS
OF Polv

Different examples of in vitro translesion synthesis of
DNA catalyzed by specialized polymerases reveal that in
the living cell these enzymes are controlled by regulatory
factors. Moreover, in some cases DNA polymerases
involved in DNA synthesis also act themselves as regula-
tory factors, e.g. DNA polymerase Revl. This protein
capable of incorporating nucleotides in the growing DNA
chain can physically interact with other DNA polymeras-
es of the Y-family (Poli, Poln, and Polk) and also with
Rev7, which is a non-catalytic subunit of Pol{ from the
B-family of DNA polymerases [29, 30]. Note that Polk
and Rev7 are bound with the same region located on the
C-terminus of Revl. This suggests that Revl could play a
key role in multienzymatic multistep translesion synthe-

sis of DNA. Such a mechanism is sometimes designated
as the Revl-Pol{ pathway of translesion synthesis of
DNA [31].

Mechanisms regulating Poli expression and its avail-
ability to undamaged DNA in cells are similar to mecha-
nisms regulating activities of other DNA polymerases of
the Y-family. The expression of the gene Polt is controlled
on both transcriptional and posttranscriptional levels.
The level of Poli mRNA transcription sharply increases in
human cells under conditions of hypoxia. In this case the
transcription is activated as a result of interaction of
hypoxia-inducible factor 1 (HIF1) with the consensus
sequence located in the first intron of the gene encoding
Polv [32]. The posttranscriptional regulation of expres-
sion of the Poli-encoding gene is realized at the level of
splicing. Processing of mouse Polt mRNA can be associ-
ated with alternative splicing accompanied by removal of
the second and fourth exons [33].

Polt interacts with some regulatory protein factors
and also with other DNA polymerases. The interaction
with protein factors involves the Poli C-terminus, which
is responsible for regulatory functions and is less conser-
vative than the N-terminus. Thus, Poli was shown to
interact with Poln [34]. Both enzymes are accumulated in
sites of replication upon arrest of the replication complex
caused by UV-irradiation of cells. The existence of the
two DNA polymerases in the nucleus is strictly coordi-
nated: the accumulation kinetics of the two enzymes at
the replication sites are similar, and the presence of Polt
in the replicative complex depends on Poln. The key role
in the interaction with Poln belongs to 224 C-terminal
amino acid residues of Poli. Moreover, Poli interacts with
Revl through the region located between amino acid
residues 449 and 589 [35].

Because Polu is involved in translesion synthesis of
DNA, the physical interaction of the enzyme with the
proliferating cell nuclear antigen (PCNA) is important
[36]. On the C-terminus of the human Polt molecule
there are three consensus sequences capable of interact-
ing with PCNA: PIP1 (amino acids from 420 to 427),
PIP2 (amino acids from 540 to 542), and KA (amino
acids from 412 to 424) [36]. But only the PIP1 sequence
is involved in regulation of Polu activity. PCNA together
with replication factor C (RFC) and replication protein A
(RPA) stimulate DNA synthesis catalyzed by human Polt
in vitro. Mutations in the PIP1 region suppress stimula-
tion of the Polu activity and limit the accumulation of the
enzyme in the region of replication [36].

Pol1 also interacts with monoubiquitinylated PCNA
(UB-PCNA) through two C-terminal ubiquitin-binding
motifs (UBM1 and UBM2), which can be an important
mechanism for inclusion of the enzyme into the replica-
tive fork at a DNA lesion [37].

The base excision repair factor XRCCl1 is important
for repair of oxidative damage. This factor interacts with
many proteins, e.g. with PARP1, Polf (DNA polymerase
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of the X-family), PCNA, APE1, PNK, and ligase III
[38]. Petta et al. have shown that Poli can also physically
interact with XRCC1 in vivo [15]. Because Poli has 5'-
deoxyribosophosphate activity [23], it is suggested that in
addition to participation in translesion synthesis of DNA
this enzyme should also be involved in base excision
repair.

Because Poli can interact with different proteins, it
seems to form transient complexes with them. Using
approaches of gel filtration and centrifugation in glycerol
gradient, Sabbioneda et al. recently showed that the
molecular weight of Poli in extracts from MRCS5 cells is
130 kDa, which is approximately 50 kDa higher than the
weight calculated from the amino acid sequence [39].
None of the abovementioned protein factors interacting
with Poli has such molecular weight. Most likely, the cells
contain another protein with molecular weight of 50 kDa
that forms a stable complex with Polt.

Polt AS A SOURCE OF INCREASED
MUTAGENESIS AND CARCINOGENESIS
IN MAMMALIAN CELLS

In some cases Poli of mammals can act as a protec-
tor of the genome participating in translesion synthesis of
DNA and, possibly, also in base excision repair. Being an
extremely low-fidelity DNA polymerase, this enzyme is
likely to be a source of an increased mutagenesis in cells
of mammals and thus lead to development of malignan-
cies.

Patients with variant pigment xeroderma (XP-V) are
very prone to development of skin cancer induced by
insolation. The initial defect of XP-V cells is a mutation
in the Poln-encoding gene, which completely prevents
functioning of this enzyme. In patients with XP-V the
probability of appearance of UV-induced mutations is
25-fold higher than in persons with the normal genotype.
This is associated with an unusual spectrum of mutations
with the prevalence of G—T transversions [40, 41]. It has
been already noted that in vifro Poln can efficiently and
precisely bypass ¢sTT, which is a type of UV-generated
damage in DNA on the translesion synthesis of DNA.
The cell repair systems can efficiently correct ¢sTT [9], so
the absence of functioning Poln is a threat for the survival
of the cell due to arresting the replicative fork before the
damage. In this situation another DNA polymerase is
supposed to act in the role of Poln. Because the XP-V
genotype is characterized by a high probability of muta-
genesis and a specific spectrum of mutations, Polt is con-
sidered to be the main pretender for the role of alternative
DNA polymerase. Studies in vitro have shown that this
enzyme can incorporate G or T opposite the 3'-
nucleotide in ¢sTT [26].

To determine whether Polu is really responsible for
the increased mutagenesis in the cells of patients with
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XP-V, in work [42] an immortalized line of XP-V cells
expressing two forms of Poli was used. The probability of
appearance of mutations in DNA of the cells of this line
was twofold higher than in DNA of the cells of the XP-V
line expressing one form of Polt, but the spectrum of
mutations did not change. These data confirm the
hypothesis that, in the absence of Poln, Polt is responsi-
ble for the increased mutagenesis in the cells and for the
specific spectrum of mutations. However, later experi-
ments have shown that in the cells of patients with XP-V
not only Pol, but also Polk and PolC are responsible for
the increased mutagenesis and malignization of cells [43].
In other words, in the absence of Poln the csTT is
bypassed through the above-considered Rev1-Poll path-
way of translesion synthesis of DNA [31], but Poli and
Polk acting as inserters incorporate wrong nucleotides,
whereas Poll continues the synthesis fixing the muta-
tions.

The examples under consideration unanimously
indicate that disorders in the balance of expression of spe-
cialized DNA polymerases can induce mutations and
malignization of cells. However, it is unclear whether this
statement can be extended to different types of malignant
tumors and if disorders in the balance of expression of
specialized DNA polymerases can always result in cell
malignization. In work [44] the levels of expression of
specialized DNA polymerases Polf, PolX, Polt, and Polxk,
and of replicative DNA polymerases Pola,, Pold, and Pole
were determined in different types of normal and tumor
tissues. The expression level of only one specialized DNA
polymerase was increased at least twofold in 45% of
tumors under study. In particular, in some cases the
expression of Polt was increased [44].

The presented data show that cell malignization is
associated, in particular, with an increase in Poli expres-
sion. But it is difficult to determine how the increased
expression of this enzyme influences the increase in the
number of mutations in cells because regulatory factors
can prevent the availability of the enzyme to the replica-
tion of an undamaged DNA. A detailed study was per-
formed by Yang et al. on cells of human mammary gland
cancer [45]. They found increased levels of both mRNA
and the Poli protein in different strains of human mam-
mary gland cancer cells. The expression of RAD30B var-
ied in different strains, and an increase in the expression
level was accompanied by a decrease in the replication
accuracy of the reporter plasmid introduced into the cells.
Moreover, the expression of RAD30B additionally
increased upon UV-irradiation of the cells and remained
elevated during 30-120 min after the irradiation [45]. This
indicated that the change in the expression of RAD30B
was an early event in the response to UV-caused damage
of DNA. For replication of the plasmid vector, the same
authors also used nuclear extracts from cells of mammary
gland cancer and from mammary gland benign tumor
[45]. These experiments clearly indicated that the num-
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ber of mutations correlated with cell malignization. Using
anti-Poli-specific antibodies decreased the number of
mutations, and in the mutation spectrum ~90% were
point mutations. The number of C—T transitions was
decreased and the number of C—A transversions was
increased compared to observations in the absence of the
antibodies [45].

Moreover, our studies on DNA synthesis in extracts
of cells of some malignant tumors have shown that DNA
synthesis can continue beyond the T-stop specific for Polt
[13].

The presented data suggest that Poli can increase the
total number of mutations and also mutations arising dur-
ing replication as a result of translesion synthesis of DNA
after UV-irradiation.

ROLE OF MANGANESE IONS
IN MANIFESTATION OF DNA-POLYMERIZING
ACTIVITY OF Polu in vitro
AND IN MAMMALIAN CELLS

Thus, Poli has been recently shown to act both as a
“genome protector” and as an agent affecting its stability.
However, many details of Poli functioning in mammals
are still unclear. In particular, it is a mystery what bivalent
cation, Mg?>* or Mn?" is a cofactor of this enzyme in liv-
ing cells. Of bivalent cations, Mg?* is the most represen-
tative in living cell (its intracellular concentration is
~0.2 mM) [46, 47]. Concentration of Mn?>" in mam-
malian cells is much lower (~0.04 mM) [48].

DNA polymerases can catalyze DNA synthesis in
vitro in the presence of Mn?*. But the synthesis accuracy
in this case is significantly lower. In the first studies on
Polt, Mg?* was used as a cofactor of the DNA polymerase
reaction at the concentration of 5-8 mM. But recently the
activity of Pol1 was studied in detail in the presence of dif-
ferent bivalent cations that can be present in the living cell
[21]. The enzyme displayed the best accuracy on synthe-
sis of DNA in the presence of Mn?" as a cofactor; Polt was
active over a wide range of Mn?>" concentrations with the
optimum at ~0.075 mM. In the presence of Mg?* in the
reaction mixture the enzyme activity was tens times lower
and the optimal concentration of Mg?* for the DNA-
polymerizing activity of Polt was ~0.25 mM [21]. This
indicates that all data on biochemical properties of Polt
described in the literature before 2007 were obtained not
under optimal concentrations of Mg?*. Because some of
these data do not adequately present true properties of
Poli, new experiments are required. Thus, low concentra-
tions of Mg?* and Mn?" very significantly influence the
ability of Polt to bypass csTT. The efficiency of bypassing
this damage was 2.5% in the presence of 5 mM Mg?* and
increased to 8% in the presence of 0.5 mM Mg**, where-
as in the presence of 0.2 mM Mn?" it was 60% [21]. Thus,
under certain in vitro conditions Poli can very efficiently

bypass ¢sTT. Possibly, conditions needed for the efficient
synthesis of DNA by Polt bypassing these damages can
also exist in vivo. This hypothesis is confirmed by some
reports about the role of Polt in arising of UV-induced
mutations in mice and humans [42, 49, 50]. Based on the
available data, Frank and Woodgate supposed that Mn?*
should be the major cofactor of Pol in the living cell [21].

We have determined the Polu activity in extracts from
different organs of some inbred mouse strains using an
approach developed by us. These studies with Mg?" as a
cofactor of DNA polymerase reaction revealed Poli activ-
ity only in extracts from cells of testes and brain of the
mice [51]. On using Mn?* as a cofactor of the DNA poly-
merase reaction, activity of Poli was observed in extracts
from cells of all mouse organs [13]. Moreover, using
extracts from mouse testes resulted not only in the prod-
uct of Poli synthesis, but synthesis of DNA continued
beyond the incorrectly incorporated G. These experi-
ments revealed that the synthesis was continued not by
Poli but by yet another unidentified DNA polymerase
[13].

Based on the above-described data, it seems reason-
able to attempt to answer the question of why Polt, pos-
sessing great mutagenic potential that is in particular due
to its ability to incorporate G opposite the template T,
does not normally cause disorders in genome stability.
Most likely this may be explained by the property of the
enzyme to stop beyond the incorrectly incorporated G. In
extracts from cells of normal mouse organs the character-
istic T-stop occurred as a rule after G incorrectly incor-
porated by Poli. Only in extracts from the cells of mouse
testes the active enzyme was found which could continue
synthesis of DNA, but in the case when the concentration
of Mn?" in the reaction mixture was ~0.2 mM, which is
much higher than the intracellular concentration. This
can be the other cause of the absence of hypermutagenic-
ity of Polt in living cells. It seems that in the presence of
particular damages of DNA, some factors are activated
that allow DNA polymerase to more efficiently interact as
an extender with Poli and perform translesion synthesis of
DNA.

During the decade after the discovery of Poli, many
studies were performed in order to elucidate the role of
this DNA polymerase in mammals. The properties of Polt
as a DNA-synthesizing enzyme are significantly different
from those of other DNA polymerases described to date.
However, regulation of Poli activity in living cells has
much in common with the regulation of activities of some
specialized DNA polymerases. The expression of struc-
turally homologous RAD30A and RAD30B is regulated
most similarly.

The role of Poli in mammals is not clear in detail,
although it is shown that a probable function of this
enzyme is its involvement in translesion synthesis of
DNA. However, some data suggest the potential involve-
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ment of this protein in base excision repair. Thus, the
function of Poli as a protector of the genome is clearly
determined, but there are data that disorders in regulation
of the gene RAD30B expression can increase the level of
mutagenesis in cells and cause the initiation and develop-
ment of cancer.

Some functions of Poli, which can be associated with
specific features of mice of strain 129 with the mutant
gene encoding this enzyme, are not explained. These fea-
tures include a record resistance to radiation compared to
mice of other strains [52], unstable epigenetic status [53],
high incidence of teratocarcinomas [54], and unique
pluripotency of embryonic stem cells [55]. Perhaps not all
these properties are immediately associated with muta-
tion in the Poli-encoding gene, but it is obvious that func-
tions of this enzymes are not limited by its involvement in
maintaining genome stability.

This work was supported by the Russian Foundation
for Basic Research (project No. 10-04-01434-a).
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