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ABSTRACT. Platinum anticancer agents form bulky DNA adducts which are thought to exert their cytotoxic
effect by blocking DNA replication. Translesion synthesis, one of the pathways of postreplication repair,
is thought to account for some resistance to DNA damage and much of the mutagenicity of bulky DNA
adducts in dividing cells. Oxaliplatin has been shown to be effective in cisplatin-resistant cell lines and
less mutagenic than cisplatin in the Ames assay. We have shown that the eukaryotic DNA polymerases
yeast pok, human pofs, and human pa} bypass oxaliplatin-GG adducts more efficiently than cisplatin-

GG adducts. Human paj, a product of the XPV gene, has been shown to catalyze efficient translesion
synthesis pagtis,syncyclobutane pyrimidine dimers. In the present study we compared translesion synthesis
past different Pt-GG adducts by human pplOur data show that, similar to other eukaryotic DNA
polymerases, po} bypasses oxaliplatin-GG adducts more efficiently than cisplatin-GG adducts. However,
pol n-catalyzed translesion replication past Pt-DNA adducts was more efficient and less accurate than
that seen for previously tested polymerases. We show that the efficiency and fidelity of translesion
replication past Pt-DNA adducts appear to be determined by both the structure of the adduct and the
DNA polymerase active site.

cis-Diamminedichloroplatinum(ll) (cisplatid)s an effec- is believed to be a critical step in platinum drug cytotoxicity.
tive chemotherapeutic agent which is widely used in the However, Pt-DNA adducts are not an absolute block to DNA
treatment of a variety of human tumors. However, intrinsic replication in vivo. We have shown that cells have the ability
and acquired resistance represent major limitations to itsto replicate past Pt-DNA adducts. This replicative bypass is
usefulness. In addition, cisplatin has been classified as aincreased in drug-resistant cells and consistently discriminates
probable human carcinogef)( One strategy to overcome between oxaliplatin and cisplatin adducis-(7). These data
these limitations has been to design new platinum complexessuggest that some cellular DNA polymerases must be capable
that might form structurally unique adducts in DNA. The of replicating past oxaliplatin and cisplatin adducts with
second-generation platinum drugahsR,R-1,2-diaminocy- different efficiency.
clohexaneoxalatoplatinum(ll) (oxaliplatin) has recently been  The enzymes utilized for translesion synthesis past Pt-
approved for the treatment of colorectal cancer in Europe DNA adducts in vivo have not yet been identified. However,
and is in phase llI clinical trials in the United States. Cisplatin several DNA polymerases with varied structure, function,
and oxaliplatin form the same types of adducts at the samefidelity, and processivity have been examined in vitro for
sites of the DNA (primarily intrastrand GG and AG cross- their ability to carry out translesion synthesis past Pt-DNA
links) (2, 3). Thus, the Pt-DNA adducts formed by these adducts. The replicative enzymes pal pol 6, and pole
complexes differ only in the carrier ligands which they retain have been shown to be incapable of replicating platinated
upon binding to DNA. Cisplatin forms adducts witlis- DNA in vitro (8—10) even in the presence of PCNA&)(
diammine carrier ligands while oxaliplatin forms adducts On the other hand, viral polymerase HIV-1 RT, yeast DNA
with the transR,R-1,2-diaminocyclohexane (dach) carrier polymerase;, and human DNA polymerasgsandy are
ligand. Pt-DNA adduct formation results in severe local able to traverse through Pt-DNA adducts with an efficiency
distortions of the DNA double helixd§, which hinder DNA of 5—15% compared with their ability to replicate undam-
polymerase progression. This inhibition of DNA replication aged DNA 8, 11, 12). While HIV-1 RT did not discriminate
between cisplatin and oxaliplatin adducts, gobol ¢, and
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liplatin, (transR,R-1,2-diaminocyclohexaneoxalatoplatinum(ll); dach, ; ;
(transR,R-1,2-diaminocyclohexane; HIV-1 RT, human immunodefi- that polg is overexpressed in some human tumors. Although

ciency virus 1 reverse transcriptase; XPV, xeroderma pigmentosum N0 data implicating poC in bypass of Pt-DNA adducts in
variant. vivo have been established, genetic evidence suggests that
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this polymerase is involved in error-prone translesion
synthesis past UV-induced DNA adducfiby.

Recently, a new family of DNA polymerases that catalyze
very efficient translesion synthesis past bulky DNA adducts
has been discovered. This family is generally referred to as
UmuC/DinB/Rev1/Rad30 on the basis of the genes originally
shown to encode for enzymes with polymerase activity
(reviewed in refs16—19). Those translesion polymerases
which have been characterized are distributive and lack
proofreading activity16—19). They are thought to substitute
for the stalled replication complex at the site of the lesion.
After addition of one or two nucleotides these strictly
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H3N Cl NH, O—CO
N Nz o/
Pt Pt
H3N Cl NH, O—CO
cisplatin oxaliplatin

. Stul
44-mer template
GGTGGTGGTGGGCGTCTA(\E—(J:TCCTTCTATTGAAGGATGCATGGTG—3 '
AAGATAACTTCCTACGTACCAC-5'
GGAAGATAACTTCCTACGTACCAC-5"'
CGGAAGATAACTTCCTACGTACCAC-5'

22-mer primer
24-mer primer
25-mer primer

d|str|but|ve_ enzymes V\{ou_ld then d|ssfomate from th_e templ_ate, Ficure 1: Structures and sequences of oligonucleotide substrates
thus allowing reassociation of the highly processive replica- yith site-specific platinum adducts. (A) Chemical structures of the
tion complex and completion of genome replication. Since platinum complexes. (B) The 44-mer templates hybridized to 22-
most cells appear to contain more than one member of thismer primers were used in the primer extension assay. The 44-mer
family, the specific polymerase involved in replicative bypass templates annealed with 24- and 25-mer primers were utilized in

is likely to depend on the structure of the lesion containing
DNA. The accuracy of translesion synthesis is likely to be
determined by both the fidelity of DNA polymerase utilized
and the type of DNA damage encountered.

With the discovery of this new family of translesion
polymerases, it is now of interest to determine the lesion-
replicating specificity of these enzymes and the mechanism
by which the cell selects which DNA polymerase(s) to use
for replicating damaged DNA. Eukaryotic DNA polymerase
1 is encoded by the yeast RAD30 and human XPV genes

and has been shown to perform robust translesion synthesis

past UV-inducedcis,syncyclobutane thymine dimer(,
21). Defects in the gene expressing this protein result in
increased UV sensitivity and UV-induced hypermutability
in yeast cells22, 23) and in the autosomal recessive disease
xeroderma pigmentosum variant (XPV) in humag, 24,
25). XPV is characterized by a high incidence of UV-induced

skin cancers due to a decreased ability to elongate nascenE’

DNA strands on UV-irradiated DNA in an error-free manner.
Although genetic evidence suggests that palatalyzes a
relatively error-free bypass of UV damage in vivo, it may

represent an error-prone mechanism of bypass for other

lesions £2). Poly is able to bypass cisplatin-DNA adducts,
but with lower efficiency thartis,syncyclobutane thymine

dimers (data not shown). The present study was designed to

evaluate whether po} has the same specificity for transle-
sion replication past cisplatin and oxaliplatin adducts as other
eukaryotic DNA polymerases and to determine the fidelity
of this translesion replication.

MATERIALS AND METHODS

Materials. Human recombinant pok was purified as
described previously2(l). The structures of the platinum
complexes used in these studies are shown in Figure 1A.
Cisplatin was obtained from Sigma and Pt(dach)@as
provided by Dr. S. D. Wyrick (UNC). The template
sequences used in present study are shown in Figure 1B
The primer-templates were constructed from synthetic oli-
gonucleotides as described previously)( Briefly, 12-mer
oligonucleotides containing a single platinum adduct within
a Stu restriction site were ligated with a 14-mer and 18-
mer using a 35-mer as a scaffold. After ligation, templates
were restricted byStd to ensure the absence of any
unplatinated oligonucleotideStu cleavage was also used

the kinetic studies and in misincorporation assays in the presence
of individual nucleotides. The template GG site for platination is
indicated. The site-specifically modified oligonucleotides were
constructed and hybridized to the primers as described in Materials
and Methods.

following all primer extension assays described below, and
only Stu-resistant elongation products were quantitated as
translesion synthesis. DNA substrates were prepared by
hybridizing 3?P-labeled primers to the undamaged or plati-
nated templates.
Primer Extension Assay®rimer extension assays were
performed using 22/44 primer-templates (Figure 1) as
described previouslyl@). Primer-template (200 fmol, ex-
pressed as primer termini) was incubated with palt 37
°C in 10uL reactions containing 500M dNTPs. Reaction
times and enzyme concentrations are indicated in the figure
legends. Reaction conditions for primer extension byspol
ere as described previousB1j. Reactions were terminated
y heating at 80C for 10 min. Each reaction mixture was
split into two aliquots, one of which was incubated with the
Stu restriction enzyme. Cleavage by th8tu enzyme
revealed that95% of the product synthesized on platinated
templates was resistant to restriction digestion, while product
synthesized on undamaged templates was completely re-
stricted. Reaction products were resolved by denaturing
polyacrylamide gel electrophoresis and analyzed using a
Molecular Dynamics Phosphorimager and ImageQuant soft-
ware as described previousl¥1).

The extent of translesion synthesis on damaged templates
was calculated as follows:

% translesion synthesis
bypass product followin&tu restriction

total primer termini

% 100 (1)

where bypass product equals chain elongation past the
platinum adduct (bands longer than the 26-mer). Total primer
termini are defined as the sum of elongated and unelongated
primers.

The efficiency of translesion synthesis relative to synthesis
on undamaged DNA templates was calculated as follows:

relative translesion synthesis (%)
translesion synthesis on damaged DNA

synthesis on undamaged DNA x 100 (2)
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where translesion synthesis on damaged DNA is calculateddependence for elongation of primers on undamaged DNA
by eq 1 and synthesis on undamaged DNA equals the sumtemplates or templates containing a single platinum adduct.

of chain elongation products longer than the 26-mer,

calculated as a percent of total primer termini.
Steady-State Polymerization Kineti€&eady-state kinetic
parametersK,, and Vmax for dCTP incorporation were

The positions of the prime2@), full-length reaction product
(44), and platinum adducts are indicated. Distinct bands
corresponding to every nucleotide in the sequence were
clearly visible, consistent with the distributive nature of pol

measured in standing start reactions as described previously; (Figure 2A,C). The distribution of the products of primer

(26) using 44-mer templates hybridized to 24- or 25-mer

elongation on platinated templates by pplwas different

primers (Figure 1). Prior to kinetic studies, experiments were from that seen with other DNA polymerases. For eukaryotic
performed to determine the enzyme concentrations, dNTPpol a, 6, ande, DNA synthesis was blocked immediately
concentrations, and times for which product accumulation prior to the adduct§, 9). For polg, pol y, and polZ, DNA

was linear as a function of time. Less than 20% of the primers synthesis was inhibited at three major sites:

the site

were extended as required for steady-state single hit condi-immediately preceding the platinum adduct and the sites

tions. DNA substrates (400 fmol) were replicated at°87
in 4 uL reaction mixtures containing 20 fmol of pgland
1—-40 uM dCTP for 2 min.Vmax and Ky, were determined
from a HanesWoolf plot by linear least-squares fit as
described in Creighton et al). The efficiency of nucle-
otide insertion by poly (f) was calculated a¥ma/Km. TO
facilitate comparison of values for different platinum adducts,
the relative insertion efficiencfe was calculated abe =
fPll fcontrol-

Misincorporation AssayslTo measure nucleotide misin-

opposite both the’'3and 3Gs of the platinum adductL().

The pause site just prior to the adduct is thought to indicate
an inhibition of nucleotide incorporation opposite th€3

of the platinum adduct. Similarly, the pause sites opposite
the 3- and B3Gs are thought to represent inhibition of
nucleotide incorporation opposite th&Gbof the platinum
adduct and inhibition of elongation from thé& respec-
tively. Similar pause sites have been seen for all bacterial,
bacteriophage, and viral DNA polymerases capable of
translesion replication past Pt-GG addud®s 11, 12, 27,

sertion opposite Pt-GG adducts, 24- and 25-mer primers were28). In contrast, primer extension on damaged templates by
hybridized with control and damaged 44-mer templates pol » produced only one strong pause site opposite t@e 3
(Figure 1). These DNA substrates (80 fmol) were incubated of both cisplatin- and oxaliplatin-GG adducts. The pause sites

with 500 uM dNTP individually for 5 min using 2 ng (25
fM) of pol # in 5 uL of the total reaction mixture. Reactions

just prior to the Pt-GG adduct and opposite th& Bf the
adduct were very weak, which suggests thatpohtalyzed

were terminated, and products were analyzed as describeducleotide incorporation opposite the templat& 3and

above.
The kinetics of dTTP misincorporation opposite platinated

primer elongation from the'& site are not significantly
affected by the Pt-GG adduct.

and undamaged GG sites using 24- and 25-mer primers To characterize nucleotide incorporation opposite plati-
hybridized with control and damaged 44-mer templates nated sites more quantitatively, kinetic experiments were
(Figure 1) were determined in reactions similar to ones performed on undamaged templates and templates with
described in the previous section. The dTTP misinsertion cisplatin and oxaliplatin adducts. Steady-state kinetic assays

efficiency fmis) was determined as the ratio of dTTP to dCTP
insertion efficiencies.

RESULTS AND DISCUSSION

DNA polymerasey; is capable of translesion synthesis past
a number of bulky DNA adducts, including UV-induced
cyclobutane pyrimidine dimer20, 21). The present study

of dCTP incorporation opposite the@ and 5G were
performed using standing start reaction conditid®).(The
kinetic parameters for dCTP insertion opposite theadd

5'G using control and damaged DNA substrates are presented
in Table 1. As anticipated from the primer extension studies,
neither thevmax nor thekK, for dCTP incorporation opposite
the 3G was significantly affected by the presence of a Pt-

was designed to answer two questions: what is the specificity GG adduct. Thus, the catalytic efficiend¥nf/Kn) for dACTP

of translesion synthesis by human ppolor cisplatin versus

incorporation opposite the@ of cisplatin- and oxaliplatin-

oxaliplatin adducts and what is the accuracy of this bypass?GG adducts was very similar to that seen at the same position
The 1,2-d(GpG) intrastrand DNA adducts are the most with undamaged DNA. Interpretation of the kinetic param-

abundant adducts formed in vitro and in vivo by both

eters for dCTP incorporation opposite th&5is more

cisplatin and oxaliplatin. These adducts are also of particular complex. Both theV/nax and theK, for dCTP incorporation

interest since they correlate with the clinical efficacy of the

drugs. Therefore, 44-mer oligonucleotides containing site-

specifically placed cisplatin- and oxaliplatin-GG adducts
(Figure 1) were used to examine the ability of pplto

catalyze translesion synthesis past Pt-DNA lesions in vitro.

were significantly decreased by the presence of a Pt-GG
adduct. Thus, at low concentrations of dCTP the overall
efficiency Vma/Km) for dCTP incorporation opposite th&®
would appear to be unaffected by the presence of a Pt-GG
adduct. However, thK, for dCTP incorporation is 2753-

These templates are identical to the ones used in our previoudold less than the nuclear dCTP concentration during the S

studies with eukaryotic DNA polymerasgs¢, andy (11).
Therefore, translesion replication by pptan be considered

phase 29) and 63-125-fold less than the dCTP concentration
used for the primer extension experiments (Figure 2).

in comparison to translesion replication by other eukaryotic Therefore, under both physiological conditions and the

DNA polymerases, particularly by p@l, which is the most

conditions used for the primer extension assay, dCTP is

efficient among the eukaryotic polymerases previously tested present at saturating concentrations. Thus, the extent of dCTP

in its ability to bypass platinum adducts in vitro.
Effect of Pt-GG Adducts on DNA Replication by Rpol

incorporation opposite thé G of Pt-GG adducts is likely to
be determined primarily by the effect of the adducts on the

Figure 2 shows the time course and enzyme concentrationVma Of the reaction. This interpretation will need to be
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FiGURE 2: Primer extension activity of paj. Time-course experiments (A, B) were conducted using 20 ng ofy aoid 80 fmol of DNA
primer-templates. Enzyme concentration dependence experiments (C, D) were carried out using 80 fmol of DNA primer-templates for 10
min. The primer-templates for these experiments consisted of the 22-mer primers hybridized to the 44-mer templates (Figure 1). The extent
of translesion synthesis past cisplatix) @nd oxaliplatin @) adducts (B, D) was calculated as a percent of total primer termini by eq 1 as
described in Materials and Methods. Synthesis on control (undamaged) BN 6hown for comparison and equals the sum of chain
elongation products longer than the 26-mer, calculated as a percent of total primer termini. Data are thestaeataid error) from four

experiments.

Table 1: Steady-State Kinetic Analysis of dCTP Incorporation

Opposite Pt-GG Adducts

Vma)JKmx
target Ptadduct Vmax min™t Km, uM  mM™Imin™  fry

3G control 0.013+ 0.001 6.7+04 19+0.2
cisplatin 0.015+ 0.002 94+22 17+£03 09
oxaliplatin  0.015+ 0.001 74+11 19+03 1.0

5G control 0.023+ 0.001 13+ 0.9 2.0+ 0.2
cisplatin 0.0086t 0.0006 4.3:t0.2 2.0+0.2 1.0
oxaliplatin  0.016+ 0.001 7.9+02 20+01 1.0

cisplatin- and oxaliplatin-GG adducts than for undamaged
DNA (Table 1), which is consistent with the increased
incorporation opposite thé@ seen in the primer extension
studies (Figure 2). Furthermore, the difference¥jnax for
dCTP incorporation opposite th&&are consistent with both
the extent and specificity (oxaliplatin versus cisplatin)
observed in the primer extension reactions (see below).
Extent of Primer Elongation on Platinated Templatése
have previously shown that the extent of translesion synthesis
past Pt-GG adducts (calculated by eq 1) was significantly

2 Standing start kinetic assays were performed using 5 fmol of pol greater for pol3 than for poly and pol¢ (11). However,

n and 400 fmol of primer-templates. The incubation time was 2 min. ; ; ; ;
dCTP concentrations ranged from 1 tod. Kinetic parametersi, the extent of translesion synthesis relative to synthesis on

andVmay and insertion efficiencyf(= VmadKm) for dCTP incorporation

an undamaged template (calculated by eq 2) was similar for

by pol » were determined using Hane®/oolf plots (see Materials  all three enzymes. The extent of ppkatalyzed translesion
and Methods). The relative insertion efficiency was determinebas  synthesis past the cisplatin-GG and oxaliplatin-GG adducts

= felfeonvor The data are the meanstandard error) from three to  (calculated by eq 1; see Materials and Methods) is shown in
five experiments with two different template preparations.

Figure 2B,D. For pol the maximum extent of translesion
synthesis past platinum adducts was similar to that observed

verified with pre-steady-state kinetic analysis. However, the for pol 8 under similar reaction conditions (i.e., identical
Vmax for dCTP incorporation opposite thé® is less for primer-template and incubation times, similar ratios of
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enzyme to template)1(). However, translesion synthesis

relative to synthesis on an undamaged template (calculated

by eq 2) was significantly higher for paj (15—35% for
cisplatin adducts and 50r5% for oxaliplatin adducts) than
for pol 3, pol y, and pol¢ [4—9% for cisplatin adducts and
7—15% for oxaliplatin adductsl@)]. The extent of transle-
sion synthesis by pa} relative to synthesis on an undamaged
template was consistent with the differences in\thg for
dCTP incorporation opposite the @ on damaged and
undamaged DNA (Table 1). ThénaxeyVmaxcontron X 100
for dCTP incorporation opposite the® was 37% for the
cisplatin-GG adduct and 70% for the oxaliplatin-GG adduct.
Thus, poly appears to be much more efficient at catalyzing

Biochemistry, Vol. 39, No. 16, 20001579
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Ficure 3: Specificity of nucleotide incorporation by pglacross
from GG sites on control (undamaged) and platinated DNA
templates. Nucleotide incorporation studies were performed for 5
min using 80 fmol of DNA template, 2 ng of pgl and individual

translesion synthesis through Pt-GG adducts than any of thedNTF’S present at a 500M concentration. (C, incubation with
eukaryotic polymerases previously tested. dCTP; G, incubation with dGTP; T, incubation with dTTP; A,

. bati ith dATP.) The t lat dicated on th
Effect of Carrier Ligand on the Extent of Translesion incubation wi ) The template sequence is indicated on the

) " ! ) ‘ left (pr = primer). Nucleotide incorporation opposite th&3vas
SynthesisAt all reaction conditions tested, cisplatin adducts performed with the 24-mer primers hybridized to the 44-mer
were about 23.5-fold more effective than oxaliplatin  templates, and nucleotide incorporation opposite the #as
adducts at blocking poj-catalyzed DNA synthesis (Figure Performed using the 25-mer primers hybridized to the 44-mer
2). This specificity for translesion synthesis past cisplatin- templates (see Figure 1 for primer and template sequences).
and oxaliplatin-DNA adducts is similar to the specificity we
have reported recently for other eukaryotic DNA polymerases
from three different DNA polymerase families, i.e., gil

Table 2: Steady-State Kinetic Analysis of dTTP Insertion Opposite
Pt-GG Adductd

. Vma)JKmy
pol ¢, and pqu (11). These_ 'data support our hypotheqs target Ptadduct Vg mint  KmuM mM-Lmint  fue
that the carrier ligand specificity for translesion synthesis | 000545 0.0001 362 015£00L 0079
past Pt-DNA adducts may be determined in part by distinct gi(;gtlgin 0.0056L 0.0004 36+ 2 016+ 001  0.094
structural characteristics of Pt-DNA adducts with different oxaliplatin 0.0053+ 0.0002 36+1 0.15+0.01  0.079
carrier ligands 11). In agreement with the primer extension 55 conrol  0.0043- 0.0003 792 0.0544 0.002 0.027
experiments, th¥max(oxaliplatinf Vmax(cisplatinfor dCTP incorpora- cisplatin  0.0042: 0.0008 92+ 1 0.0464 0.001 0.023

tion opposite the s (Table 1) was 1.9. However, there was
no significant difference in either th&ma. or Kn for 2 Standing start kinetic assays were performed using 20 fmol of pol
nucleotide incorporation across from th&3of cisplatin- 7 and 400 fmol of primer-templates. The incubation time was 2 min.
and oxaliplatin-GG adducts. Therefore, the increase in dTTP concentrations ranged from 20 to 10d. Kinetic parameters
translesion synthesis past oxaliplatin adducts compared to{Km and Vmay and insertion efficiencyf(= Vma/Km) for nucleotide
insertion by poly were determined using Hane®/oolf plots (see
cisplatin adducts is determined almost entirely by differences yjaterials and Methods). The misinsertion efficienéys] was deter-
iN Vmax for dCTP incorporation opposite thé@ of the mined as the ratio of incorrect (dTTP) to correct (dCTP) insertion
adducts. In contrast, differences in translesion synthesis pastfficiencies. The data are meanisstandard error) from three different
cisplatin- and oxaliplatin-GG adducts for pgl were experiments using two independent template preparations.
determined primarily by differences in th&, for dCTP
incorporation opposite the'@G (30). Thus, it is clear that  opposite the template GG sites observed with polas
the conformation of the adducts is strongly influenced by different from that seen at the same sequence with other
their interaction with the enzyme active sites. eukaryotic DNA polymerases. For pBlsome misincorpo-
Fidelity of Polyy on Undamaged and Platinated Templates. ration of dTTP was detected opposite th& 3However, no
Translesion synthesis might be mutagenic or nonmutagenicother nucleotides were misinserted by gapposite the ‘&,
depending on whether the correct or incorrect nucleotide is and no misincorporation opposite the&5site was detected
incorporated opposite the lesion sites. To obtain qualitative even at 5 mM dNTP concentration30j. For pol ¢, dGTP
information about misincorporation opposite the Pt-GG was the nucleotide most frequently misincorporated opposite
adducts, primer extension assays were performed in thethe 3G, while for pol y it was dATP (data not shown).
presence of 50@M nucleotide individually. These experi-  Misincorporation opposite thé ® has not been determined
ments were done with undamaged and platinated 44-merfor pol ¢ and poly. These data suggest that Pt-DNA adducts
templates hybridized to 24- and 25-mer primers (Figure 1) can induce different mutations depending on which poly-
which ended just prior to the template- Zind 3G sites, merase(s) is (are) utilized in translesion synthesis.
respectively. The correct dCTP was preferentially incorpo-  To characterize misincorporation by pplmore quanti-
rated opposite both theé-3and 8Gs (Figure 3). However, a  tatively, the kinetic parameters of dTTP incorporation
significant degree of misincorporation was observed with opposite the 3 and 3Gs were determined (Table 2).
both undamaged and damaged templates. The tendency tdlisincorporation of dGTP and dATP was relatively minor
misincorporate different nucleotides across from tli&@\Bas and was not quantitated. On undamaged DNA the efficiency
dTTP > dATP ~ dGTP. The overall tendency for misin-  (Vmad/Km) of dTTP incorporation was 1337-fold less than
corporation opposite thé @ was less than opposite th&s3 the efficiency of dCTP incorporation, due to both a decrease
and the pattern of misincorporation was dT®P dATP in Vmax @and an increase i, The presence of a Pt-GG
(Figure 3). No detectable misincorporation of dGTP was adduct on the DNA template did not significantly affect the
observed opposite thé®. The pattern of misincorporation  Vmax Km, or overall efficiency Vma/Km) of dTTP incorpora-

oxaliplatin  0.0052+ 0.0005 95t 5 0.055+0.001 0.027
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tion opposite either the'3or 5G. With undamaged DNA,
the overall frequency of dTTP misinsertiofy{) by pol 7
was 8x 102 opposite the & and 2.7x 102 opposite the

5'G (Table 2). This is comparable to the misinsertion

frequency recently reported for yeast pp(31) and much

greater than the frequency of dTTP misinsertion seen with

pol 5 using the same DNA template. With p@ the
frequency of dTTP misinsertion opposite tH&3vas 5.4x
104, and dTTP misincorporation opposite th&5vas too
low to be reliably quantitated3(). Thus, in this particular

sequence context pal appears to be approximately 150

times more error prone than pglon an undamaged DNA
template.

In contrast to their lack of effect on the fidelity of pgl
platinum adducts caused a-185-fold increase in the dTTP
misinsertion frequency opposite théG3by pol 5 (30).

However, even in the presence of Pt-GG adducts, the

frequency of dTTP misincorporation opposite tH& 3vas
5—10 times greater for paj than for polS. These results
suggest that translesion replication in vivo by gotould
be more mutagenic than by p@l However, it is possible

that translesion replication in vivo requires the presence of
accessory factors which might change polymerase fidelity.
In addition, the present study did not address other types of

polymerase errors. For example, with gbthe frequency

of frame-shift mutations appears to be greater than the

frequency of base substitution mutatioB&)( Therefore, it
remains to be determined whether gblor pol  will be

more error prone during translesion replication past Pt-GG

adducts in vivo.
SummaryOur data show that po} catalyzes translesion

synthesis past Pt-GG adducts with greater efficiency and
lower fidelity than other eukaryotic polymerases that have 17.
been characterized to date. These data implicate human pol 18.
n in error-prone translesion replication past Pt-DNA adducts.
Experiments to compare the cytotoxicity and mutagenicity

of platinum complexes in pol proficient and deficient
(XPV) cell lines are currently in progress. Pgplis similar
to DNA polymerasesf, &, and y in that it bypasses

oxaliplatin-GG adducts more readily than cisplatin-GG
adducts. This suggests that the conformation of cisplatin-
and oxaliplatin-GG adducts is different and that these
conformational differences have a similar influence on the o3
ability of distantly related DNA polymerases to perform

translesion synthesis. However, ppis very different from

other eukaryotic DNA polymerases tested in terms of the

sites of replication termination @ vs 3G), the fidelity of

translesion synthesis, and the specificity of misincorporation
(i.e., which dNTPs are misincorporated). These data suggest ¢
that the conformation of templates containing cisplatin- and
oxaliplatin-GG adducts is significantly different in the active
site of poly than in the active sites of the DNA polymerases

that have been studied previously.
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