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ABSTRACT. Codon 273 {CGT) of the humarP53 gene is a mutational hot spot for the environmental
carcinogen benza]pyrene. We incorporated a single )- or (—)-trans-antibenzop]pyrene diol epoxide

(BPDE) DNA adduct at the second position of codon 273 of the huPBB®igene and explored the
mutagenic potential of this lesion in mammalian cells. Oligodeoxyribonucleotit@AGGTGCEPPE
TGTTTGT) modified with ()- or (—)-trans-dG-N?-BPDE were incorporated into single-stranded shuttle
vectors and transfected into simian kidney cells. Progeny plasmids were then used to tr&ssfoenchia

coli DH10B. Transformants were analyzed by oligodeoxynucleotide hybridization and DNA sequence
analysis to establish the mutation frequency and spectrum produced by the adducted base. We determined
the mutational frequencies associated with-fransdG-N2-BPDE and {)-transdG-N2-BPDE adduction

to be 26.5% and 17.5%, respectively. The predominant mutations generated by both stereoisomers were
G — T transversions, with some & A transitions. When the cytosine & dGN?-BPDE was replaced

by 5-methylcytosine, the mutational frequencies-6j-fransdG-N2-BPDE and ¢)-transdG-N2-BPDE

were reduced to 11.1% and 10.6%, respectively, while the mutational specificity remained unchanged.
Thus, the mutational “hot spot” at codon 273 in P53 may reflect either sequence-specific reactivity of
BPDE and/or inefficient repair of BPDEDNA adducts positioned at this site.

Benzop]pyrene, one of several carcinogens present in tions in theP53 tumor suppressor gené(), distributed in
cigarette smokel(—9), has been implicated as a causative a nonrandom fashion and characterized by mutational hot
agent in lung cancer. Benzjpyrene is a prototype of the  spots located at CpG sequences in codons 157, 248, and 273.

ubiquitous class of environmental mutagens designated The dominant mutations found at the CpG sequence are
polycyclic aromatic hydrocarbons (PAHSs), which are me- G — T transversionsl(, 11), and are believed to be initiated
tabolized by cellular monooxygenases to form highly reactive hy BPDE and/or other PAHs1P). Codon 273, located on
epoxides and diol epoxided£3). Its biologically active  exon 8, is one of the most frequently mutated codons, and
metabolite, B,8a-dihydroxy-Qx,100-epoxy-7,8,9,10-tetra-  contains a CpG sequence in which cytosine is preferentially
hydrobenzafjpyrene [)-anti-BPDE]! reacts covalently  methylated. The CpG sequence also is a mutational hot spot

with the guanine residues of DNA to form covalet- (13) found in certain human genetic diseas#$, (15). To
deoxyguanine-DNA adductg,(5), adopting either trans or  date, the mutagenic potential of a singte){trans dG-N2-
cis stereoisomeric configurations. The major BPEENA BPDE (the structures shown in Figure 1) positioned at codon

adduct detected in mammalian cells is the trans add)ct (273 of P53 has not been investigated, and the effect of a
BPDE-DNA adducts generally are removed by nucleotide flanking 5-methylcytosine () residue on the mutagenic

excision repair (NER), but if the lesion persists, translesion properties of this adduct is not known.

DNA synthesis catalyzed by one of several DNA poly-

merases@q, 7) may result in a mutation(s). DNA adducts

derived from BPDE are found in lung tissue of smokés (

Approximately 60% of human lung cancers contain muta-

Johnson et al. have recently developed a new and efficient
method to synthesize benafyrene adducted to' 2leoxy-
guanosine (dG) at th&-position and to incorporate its
phosphoramidite derivative into oligomeric DNAG). In

Th N red by Grant ES04068 from the Nati |the present study, we used a single-strand shuttle vector to
IS research was supporte y Gran rom the Nationa H o . :
Institutes of Environmental Health Sciences. determine the specificity and frequency of mutations induced

*To whom correspondence and requests for reprints should be Py (+)- or (—)-trans-dG-N*-BPDE adducts positioned at the
addressed. Phone: 631-444-8018. Fax: 631-444-3218. E-mail: shinya@mutational hot spot codon 273 of tR&3gene in mammalian
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! Abbreviations: BP, benze]pyrene; BPDE, 7,8-dihydroxy-9,10- . . . .
epoxy-7,8,9,lO-tetrahydrobenali%il/rene; ¢)-anti-BPDE, %ﬁ-)-?ﬁ),/ 8a- or (-)-transdG-N*BPDE, were inserted into plasmid vec-
dihydroxy-Qx,100-epoxy-7,8,9,10-tetrahydrobenafgyrene; ()-anti- tors and then transfected into simian kidney (COS-7) cells;
BPDE, (-)-78, 8a-dihydroxy-%,100-epoxy-7,8,9,10-tetrahydro-  progeny plasmids were analyzed for mutations. Oligode-
benzoplpyrene; dG, 2deoxyguanosine; G (1)-ransdGN~BPDE;  5yynycleotides containing 5-methylcytosine at the CpG

G, (—)-transdG-N>-BPDE; C", 5-methylcytosine; PAGE, polyacryl- Lo
amide gel electrophoresis; HPLC, high-performance liquid chroma- Seduence of codon 273 were used to explore the contribution

tography; ss DNA, single-stranded DNA. of a flanking C"to the mutagenic potential and the specificity
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dG dG

HO),. HO A~
Ho“"' ‘ ‘ HO! ': ‘ ‘
OH OH
(+)-trans-dG-N*-BPDE (-)-trans-dG-N’-BPDE
GAGGTGCXTGTTTGT  [x= (+)-trans-dG-N*-BPDE,
(-)-trans-dG-N-BPDE or dG]
GAGGTGC™XTGTTTGT  [x= (+)-trans-dG-N*-BPDE,
(-)-trans-dG-N?-BPDE or dG,
C™= 5-methyl-dC]
Ban | Hae Ill
l L13 R13

5-GAGATCGAATTCGAGCTCGGTACCAGCGAT ATCGCTTGCAGGGGCCCTCGAGATCTGAT
CTTAAGCTCGAGCCATGGTCGCTACTCCACTTTCAAACATAGCGAACGTCCCCGGGAGCTC-5'

T S$13 T

Ban | Hae lll
Probe: 5'-GAGGTGCNTGTTTG (N=Aor T)
5-AGGTGCNTGTTTGT (N=G or C)

Ficure 1: Ligation of unmodified and modified 15-mer EcoRV-digested ss pMS2 vector and probes used for analysis. The upper strand

is part of the ss pMS2 sequence. The inserted 15-mer contains code@25 $equence for the humabs3gene (5GAGGTGCGTGTTTGT,;

the underlined sequence represents codon 273). X represents dG)atmdnsBPDEN?-dG, while m represents 5-methylation of dC.
Restriction enzym®an andHadll produce a 40-mer fragment if a 15-mer oligomer is successfully ligated. The underlined L13 and R13
probes were used to detect correct insertion. The underlined 13-mer sequence (S13 probe) of the 61-mer scaffold (bottom strand) was used
to determine the concentration of ss DNA construct. Probes listed below were used to detect mutations in progeny plasmids by differential

oligodeoxynucleotide hybridization at each guanine site.

of BPDE-derived DNA adducts. We report here thad{
transdG-N?-BPDE has significant mutagenic potential in
mammalian cells, generating primarily-6 T transversions
and some G~ A transitions. Methylation at the' Blanking
cytosine significantly reduces the mutational frequency for
both enantiomers.

EXPERIMENTAL PROCEDURES

Materials.[y-3?P]ATP (specific activity,> 6000 Ci/mmol)
was obtained from Amersham Corp. (Piscataway, NJ).
Lipofectamine E. coli DH10B, and M13KO7 helper phage
were purchased from Invitrogen (Carlsbad, CA). Simian
kidney cells line (COS-7) was obtained from the tissue
culture facility of SUNY at Stony Brook. T4 polynucleotide
kinase, T4 DNA ligase, restriction endonucleasgsdRl,
Banl, Hadll, and Sal), T4 polymerase, and exonuclease IlI
were purchased from New England Biolab (Beverly, MA).
A phosphoramidite derivative of Cwas purchased from
Glen Research (Sterling, VA).

Preparation of Oligodeoxynucleotideshe 59-mer scaf-
fold and 15-mer unmodified oligodeoxynucleotideSAG-
GTGCGTGTTTGT, codon 272275), primers, and probes

of the modified oligomers was determined using a Voyager-
DE STR matrix-assisted laser desorption ionization-time-
of-flight (MALDI-TOF) mass spectrometer system. A Waters
900 HPLC instrument equipped with a photodiode array
detector was used for purification of oligodeoxynucleotides.
The amounts of purified oligomers were determined by an
Ultrospec 2000 UV/visible spectrophotometer (Pharmacia
Biotech, Piscataway, NJ).

Construction of a Single-Strand Plasmid Containifg
trans-dG-N-BPDE, (—)-trans-dG-N-BPDE, and/or @' Ad-
ducts.The procedure (Figure 1) followed an earlier protocol
(18). Briefly, single-stranded (ss) pMS2 was annealed with
a 61-mer scaffold at 10C overnight and digested with
EcadRV to yield gapped ss DNA. The annealing mixture was
washed with distilled water in a Centricon-100 molecular
filter (Amicon) to remove small digestion products. An
unmodified or modified 15-mer was phosphorylated at the
5" end, hybridized to the gap, and then ligated into the vector
at 10°C for 16 h. Ligation mixtures were purified using a
Qiagen PCR cleanup kit (Qiagen, Valencia, CA). A portion
of the ligation mixture was used to confirm insertion of the
15-mer into the ss vector; the remaining mixture was digested

were prepared by solid-state methods using an automatedVith exonuclease Il and T4 DNA polymerase to remove

DNA synthesizer (Applied Biosystems model 392)7).
Oligodeoxynucleotides containing-}-transdG-N>-BPDE,
(—)-transdG-N?-BPDE, and/or @ were prepared by phos-
phoramidite chemical synthesis and purified according to
procedures previously publishetlj. Modified and unmodi-
fied oligodeoxynucleotides were purified on a Waters
reverse-phaseBondapak G column (0.39 x 30 cm,
Waters), using a linear gradient of 0.05 mM triethylammo-
nium acetate (pH 7.0) containing-20% acetonitrile with
an elution time of 60 min, at a flow rate of 1.0 mL/min.
These oligodeoxynucleotides were purified further by elec-

the scaffold and to cleave residual vector DNA and then
extracted with phenol/chloroform. The ss vector constructs
were precipitated with 70% ethanol and dissolved inx0.1
TE (10 mM Tris-HCI, 1 mM EDTA, pH 8.0).

To verify correct ligation of the 15-mer insert, the ligation
mixture was digested witBan and HadlIl (Figure 1). The
phosphate group at thé-8nd of the DNA fragments was
replaced withy-32P using an exchange reactiob8). Fol-
lowing ethanol precipitation®?P-labeled DNA fragments
were separated on a 12% denaturing polyacrylamide gel. A
40-mer band is observed if the 15-mer oligodeoxynucleotide

trophoresis on 20% denaturing polyacrylamide gels. Bandsis ligated correctly (Figure 1).

were cut out and the DNA extracted by soaking with distilled

Quantification of Vectors by Southern Blottirdyportion

water for at least 16 h. Extracts were concentrated using aof the ss vector with or without a lesion, together with known

Centricon-3 molecular filter (Amicon, Beverly, MA) and

amounts of ss PMS2, was subjected to electrophoresis on

precipitated by ethanol to remove urea. The molecular weight 0.9% agarose gel to separate closed circular (cc) and linear
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ss DNA. These DNAs were transferred to a nylon membrane
and hybridized to &P-labeled, S13 probe complementary
only to DNA containing the 15-mer insert (Figure 1). The
absolute amount of ss DNA was determined by comparing
the radioactivity in the sample with that contained in known
amounts of ss DNA.

Site-Specific Mutagenesis Studies in Simian Kidney Cells.
Mutagenesis studies in COS-7 cells followed a previously
used protocol with minor modificationd9). In brief, 3 x
10 cells were seedednoa 6 cmtissue culture plate and
cultured in CQ incubator at 37°C for 18 h. Using
lipofectamine reagents, cells were transfected with 100 fmol
of constructed vector for 24 h. Following transfection, cells
were cultured for 48 h in DMEM medium containing 10%

fetal calf serum. Progeny phagemids were recovered accord-

ing to the method of HirtZ0), treated with nuclease S1/
EcdRV to remove contaminating input ss DNA, and then
used to transform competer. coli DH10B cells by
electroporation. Transformants were analyzed for mutations
by oligodeoxynucleotide hybridization, as described previ-
ously (19, 21). Oligodeoxynucleotide probes used to identify
progeny phagemids are shown in Figure 1. Probes L13 and
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Ficure 2: Confirmation of insertion of BPDE into the ss vector.

A portion of the vector annealed to the 61-mer scaffold was digested
with Banl and Haédll followed by exchange of the terminal
phosphate residue using-f2P]JATP and T4 polynucleotide kinase
and subjected to 12% denaturing polyacrylamide gel electrophoresis
as described under Experimental Procedures. (&)-transdG-
N2-BPDE; G-, (—)-transdG-N?-BPDE; C", 5-methylcytosine.

R13 were used to select phagemids containing the correct

insert. Transformants that failed to hybridize with L13 and
R13 were omitted from the analysis. When L13/R13-positive

transformants failed to hybridize to probes designed to detect
events targeted to the lesion site, double-stranded (ds) DNA

Table 1: Transformation Efficiency d&. coli DH10B with a
COS-7 Cell-Derived Progeny Phagemid

was prepared and subjected to dideoxynucleotide sequencing

analysis 22). Mutational frequency is reported as the ratio
of mutated colonies to total colonies analyzed.

RESULTS

Construction of Single Strand Plasmid DNA Containing
a (+)-trans-dGN?-BPDE or (—)-trans-dGN?-BPDE Adduct
with or without a 5 Flanking C" Residue at Codon 273 of
P53 Gene 15-mer oligodeoxynucleotodes containing dG-
N2-BPDE and/or @ adduct were prepared using phosphor-
amidite chemical synthesis and purified using HPLC and gel
electrophoresis. The modified oligomers were ligated into
ss vectors, as shown in Figure 1. An unmodified 15-mer was
used as a control. When the ligation mixture was cleaved
with Banl andHadll and labeled with*?P, a 40-mer product,
indicated by an arrow, was detected by 12% denaturing
PAGE @3), indicating that the unmodified and BPDE-
modifed oligomers had been inserted correctly into the ss
vector (Figure 2). Oligomers containing BPDE adducts
migrated more slowly. No significant differences in ligation
efficiency were observed among unmodified}-Cand dG-
N2-BPDE-modified oligodeoxynucleotides (data not shown).
The final concentration of ss DNA vector was established
by southern blot hybridization.

The S13 probe was hybridized to the ligation site of the
ss vector (Figure 1). Using/&phosphorimager, the amount
of cc DNA in each construct was determined by comparing
the product with pMS2 DNA standards. Concentrations of
unmodified and modified ss vectors were 2.11 uhg/
(°CGT), 7.15 ngiL (C™GT), 10.31 ngiL (°CG'T), 10.04
nguL (5CGT), 5.55 ngiL (°C"G'T), and 5.57 ngiL

no. of transform
ss DNA? transformants efficiency (%)

5-CGT-3 1.59x 10 100

5-CG'T-3 3.80x 10* 23.9
5-CG T-3 4.00x 10 25.2
5-C"GT-3 1.19x 10° 74.8
5-C"G*T-3 3.24x 10¢ 20.3
5-C"G-T-3 3.65x 10* 22.9

a Single-stranded DNA (100 fmol) was transfected into COS-7 cells.
The progeny phagemid was used to transfdgmcoli DH10B for
ampicillin resistance. G (+)-transdG-N?-BPDE; G, (—)-trans-dG-
N2-BPDE; C", 5-methylcytosine.

(Table 1). The presence of &)-transdG-N?*-BPDE or (-)-
transdG-N\?-BPDE residue reduced transformation efficiency
by more than 70%; this value was affected by the configu-
ration of the adduct.

Mutagenicity of dG-RBPDE Adducts in COS-7 Cells
Using COS-7 cells, the mutagenic properties of BPRE
dG adducts positioned in codon 273 BB3 gene were
analyzed (Table 2). Mutational frequencies ¢){transdG-
N2-BPDE (26.5%) was higher than that of \-transdG-
N2-BPDE (17.5%) f = 0.09, Student'st-test). G— T
transversions (15.5% and 10.9%) predominated, accompanied
by lesser amounts of & A transitions (10.0% and 4.3%,
respectively). Both enantiomers produced small numbers of
G — C transversions (1.0% and 2.3%, respectively).

Similar mutational specificities were observed when dC
5' to dGN?-BPDE adducts was methylated. In this case, G
— T transversions also dominated the mutational spectrum
[6.1% for (+)-transdG-N?-BPDE and 9.1% for<)-trans
dG-N2-BPDE]. G— A transitions (5.0%) were associated
with (+)-transdGN?>-BPDE. For the £)-trans-enantiomer,
the frequency of G—A transitions decreased dramatically
to 0.9%. Deletions were not observed with the modified

(°C™G™T), respectively. BPDE-modified pMS2 was used to sequences used in this study, and methylation alone was not
transfect COS-7 cells; the number of transformants recoveredassociated with mutational events (Table 2). The presence
were compared to those obtained from the unmodified control of C™ 5’ to the adduct resulted in a significant decrease in
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Table 2: Targeted Mutational Specificity of Hot Spot Sequence of GAGGTEPBREGTTTGT (underlined codon 273) for Humd&b3 Gene

in COS-7 Cell3
no. of .
analyzed targeted mutations (dG or &&Fto dX)
plasmid expt nd. colonies G A T C others
5-CGT-3 1° 95 95 0 0 0 0
2 128 128 0 0 0 0
3 140 140 0 0 0 0
total 363 363 (100) 0 0 0 0
5-CG'T-3 1 106 67 18 21 0 0
2 97 76 7 14 0 0
3 107 85 6 13 3 0
total 310 228 (73.5) 31(10.0) 48 (15.5) 3(1.0) 0
5-CGT-3 1 94 76 6 11 1 1
2 103 84 3 13 3 1
3 105 89 4 9 3 0
total 302 249 (82.5) 13 (4.3) 33(10.9) 7(2.3) d2
5-C"GT-3 1 131 131 0 0 0 q
2 125 125 0 0 0 0
3 130 130 0 0 0 0
total 386 386 (100) 0(0) 0(0) 0(0) 1
5-C"G'T-3 1 87 74 6 7 0 3
2 89 78 6 5 0 0
3 85 80 1 4 0 0
total 261 232 (88.9) 13 (5.0) 16 (6.1) 0(0) e3
5-C"G T-3 1 103 93 2 7 1 0
2 97 82 1 13 1 0
3 119 110 0 9 0 0
total 319 285 (89.4) 3(0.9) 29 (9.1) 2(0.6) €0

aGY, (+)-transdG-N>-BPDE; G, (—)-transdG-N?-BPDE; C", 5-methylcytosine. Numbers in parentheses are percents. Adducted ss DNA (100
fmol) was used to transfect COS-7 cells. Progeny phagemid was used to trafsfeoit DH10B for analysis of mutatior?. Experiments +3
represent independent experimesitsiontargeted mutation associated with a targeted everRGABGTG(G)CGTGTTTGT-30ne G insertion.

d Nontargeted mutation associated with a targeted eveRGAGGT(G)CGTGTTTGT-30ne G deletion and'85AGGTG(T)CGTGTTTGT-3
one G— T. ®Nontargeted mutation associated with a targeted evérGAB(A)TGCGTGTTTGT-3two G— A and 3-GAGGTG(T)CGTGTTTGT-

3 one G—T.
35 hydrocarbons, including benzjpyrene. Codon 273 is one
o such target site in this gen&9).
Si-" 30 In the current study, we used ss plasmid vector to establish
S 251 the mutagenic specificity of the two major BPBBNA
- % adducts, 4)- and )-transdG-N?-BPDE, in COS-7 cells.
£ 20+ A ss vector is converted to its ds form in COS-7 ceB8,(
g 15- 31). Levine et al. has shown, using human cells and a
= different DNA adduct, that the mutagenic event observed
..E 104 with ss vector was similar to that for ds vecta82].
s Therefore, the ss vector can be used to study mutagenic
5- events in mammalian cells. Whe#t - and ()-trans-dG-
N2-BPDE adducts were positioned at the second base of
2 .CG*'T- -C™G*T- -CGT- -C"GT- codon 273, targeted & T transversions were detected, with

Ficure 3: Effect of 5-methylation of dC on mutational frequencies
of (+)-transdG-N2-BPDE and {)-transdG-N>-BPDE. Data were
taken from Tables 1 and 2.'G(+)-transdG-N2-BPDE; G-, (—)-
transdG-N2-BPDE; C", 5-methylcytosine. *, Studentistest,n =

3,p=0.03.

mutational frequencies (by 16.4% for-)-trans- dGN2-
BPDE and by 7.0% for-{)-transdG-N>-BPDE) (Table 2
and Figure 3). The Studentigest analysis showedmvalue
< 0.03. No mutations were observed at the C ariti C
flanking the dGN?>-BPDE adducts.

DISCUSSION

Mutations in theP53 gene are associated with a number
of human cancer24—28). In lung cancerP53 mutations
have been related to smoke exposufd) (and occur
frequently at preferred sites of modification by polycyclic

somewhat fewer G~ A transitions (Table 2). These results
are similar to those recorded in tiR53 mutation database
where, in codon 273, a disproportionate number of &*C
T:A mutations are found in lung cancer tissues of smokers
(33). The (@)-transdG-N>-BPDE adducts were more mu-
tagenic (26.5%) than were the \-transenantiomers (17.5%),
consistent with reports that the configuration of BPDE
adducts plays a role in mutagenesd4,(35).

Moriya et al. 85) investigated the mutagenic potential of
(+)- and )-trans-dG-N?-BPDE at codons 60 and 61 in the
human c-Harasl protooncogene3b). They reported that
the stereochemistry of theans-anttdG-N>-BPDE adducts
and the nucleotide sequence context in which these lesions
are positioned strongly influence translesional synthesis,
thereby altering the relative frequency (185%) of bases
incorporated opposite the adduct; & T transversions
predominated in this study. We observed a 26.5% mutation
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frequency at codon 273 dP53 which contains a CpG  4-hydroxy-2-nonenal, while CpG sites in codons 175, 170,
context. As the same experimental system was used for both245, and 273 were no#é6). Thus, binding of a carcinogen
studies, it is clear that sequence context can dramaticallyto the C'pG sequence appears to depend primarily on its
influence mutational frequency. However, the mutational intrinsic structure and stereochemistry.
specificity of the BPDE adducts in both studies was similar,  When C"is deaminated to form thymine during the course
suggesting that adduct structure, including stereochemistry,of the experiments, € T transition mutations are promoted
is the dominant factor in determining mutational spectra. (47). Such mutations could be removed by mismatch repair
Primer-extension studies catalyzed by different human (48). In our study, two C— T and one C— A mutations
DNA polymerases (pols) have been used to explore mech-were detected opposite thé"@ experiment 3 (but, not in
anisms of BPDE bypass during translesional synthesis. Inexperiments 1 and 2) in the sequence cont&@™51T-3
reactions catalyzed by pat, the correct base, dCMP, (data not shown). No mutations were detected in any
generally was incorporated opposite)ftrans-and the {)- experiments for other @modified oligomers. Therefore, the
trans-dG-N>-BPDE adducts. Small amounts of dTMP and three mutations observed were not significant, suggesting
even smaller amounts of dAMP were misincorporated that the conversion from"Cto thymine is minimal.
opposite these lesions,(36). Wang et al. reported that pol In our study, mutational frequencies observed opposite the
n preferentially incorporates dAMP opposite the){ and dG-N2-BPDE at C'pGPPPE sites were lower than those for
(—)-transdG-N>-BPDE DNA adducts and, additionally, CpGFPEsites. A methylated site may be repaired more easily
frequently misinserts dGMP and dTMB7j. Polu produced by nucleotide excision or mismatch repair. Recent studies
frameshift deletions predominantly, thereby bypassifj ( by Geacintov et al. support this hypothesi®,(50). These
and (-)-transdG-N*-BPDE 38). Pol ¢ is error-prone and investigators found that excision of the predominaf)-(

preferentially incorporates dGMP opposite the){rans trans-anti-BPDE-dG adduct situated in a mutational hot spot
adduct, whereas both dAMP and dGMP are incorporated sequence (codon 273 of tlp53 gene) was stimulated by
only weakly opposite £)-transdG-N>-BPDE @6). There- CpG methylation. Our ss vector experimental system mini-

fore, fidelity of insertion is dependent on adduct stereochem- mizes the contribution of DNA repailg). However, once
istry and the polymerase(s) involved in translesion synthesis.the ss vector containing d§-BPDE and/or @ is replicated
It is likely that several DNA polymerases work together to in cells, the duplex molecules could be exposed to repair.
catalyze translesional synthesis past BPIDINA adducts Therefore, in vivo repair is not completely eliminated.
in cells, as proposed for other DNA adducB9) Excision activity may increase when a singl& @sidue

In the P53 gene, cytosine, especially at CpG sites, is flanks the adduct in the damaged strand.
frequently methylated, and a large number of mutations are  Jost 1) reported that nuclear extracts of chicken embryos
located at codon 273 in exon 81 15). Several carcinogens, have demethylation activity of DNA and that demethylation
including benzaod]pyrene diol epoxide, benzgfchrysene of 5'-C™ occurs through nucleotide excision repair in
diol epoxide, aflatoxin B1 8,9-epoxide, ardtacetoxy-2- hemimethylated DNA (i.e., methylated on one strand only).
acetylaminofluorene, preferentially bind to dG at methylated Hanawalt et al. also found that demethylation enhances
CpG sequences in mutational hot spots. Thus, mutationalremoval of pyrimidine dimers from the overall genome and
hot spots at methylated CpG sequences may be a consefrom specific DNA sequences in Chinese hamster ovary cells
quence of preferential carcinogen binding at these si@s ( (52). Such demethylation mechanisms also may contribute
43). To determine the effects of methylation of flanking to the lower mutational frequency observed at tfipGPFPE
cytosine on mutagenic frequency and specificity associatedsites.
with (+)-trans- and {)-transdG-\?-BPDE, we incorporated In summary, {)-transdG-N?-BPDE and )-trans-dG-
C™ immediately 5 to the modified guanine. A similiarly ~ N°-BPDE DNA adducts positioned at codon 273 of B3
methylated oligomer with an unmodified dG was used as a gene are highly mutagenic in mammalian cells, generating
control (Table 2). Unexpectedly, when the dG was modified G — T transversions and &> A transitions, accompanied
by BPDE, methylation of the'Hlanking cytosine resulted by a small number of G> C transversions. When cytosine
in a decrease of mutational frequency for both enantiomers5' to the adduct was replaced by 5-methylcytosine, the
(Figure 3), while mutational specificity was not significantly ~mutational specificity remained the same, but the mutational
altered (Table 2). With both adducts,6 T transversions  frequency significantly decreased, suggesting that 5-meth-
predominated over G> A transitions. The results of our ylation of cytosine reduces the mutagenicitytdins-anti-
methylation studies are inconsistent with certain other studiesBPDE-DNA adducts in mammalian cells.
that used different DNA adducts. Tommasi et ad4)(
reported that cyclobutane pyrimidine dimers (CPDs) contain- ACKNOWLEDGMENT
ing 5-methylcytosine play an important role in formation of  \ye thank Ms. Cecelia Torres for preparing the modified
sunlight-induced skin tumors; methylanon of CpG sequences gng unmodified oligodeoxynucleotides.
appeared to create preferential targets for environmental
mutagens and carcinogen®l( 45). In contrast, our experi- REFERENCES
ments support the report of Tornaletti et al5), who . :
concluded that tissue-specific methylation does not contribute 1. Conney. A Ho rﬁg&%%ngm%'f%eeﬁgﬁiﬁéx ’a?]'édd\évs‘gjdse'p‘]én%ggf)
to mutation patterns observed in tumors. In that study, the differences in the mutagenic profile of its ultimate carcinogenic
occurrence of mutational hot spots in specific CpG sequences  metabolite,Drug Metab. Re. 26, 125-163.

; ; 2. Graslund, A., and Jernstrom, B. (1989) DNéarcinogen interac-
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