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Summary

Reactive oxygen species generated by environmental factors, such as radiation, UV and chemicals can
cause sequence-specific DNA damage and play important roles in mutagenesis and carcinogenesis. We have
investigated sequence specificity of oxidative stress-mediated DNA damage by using “P-labeled DNA frag-
ments obtained from the human c-Ha-ras-1, p53 and p16 genes. Free hydroxyl radicals cause DNA damage
with no marked site specificity. Copper-hydroperoxo complex caused DNA damage at thymine, cytosine and
guanine residues. 'O, preferentially induces lesions at guanine residues. Benzoyloxyl radical specifically
causes damage to the 5-G in GG sequence; this sequence is easily oxidized because a large part of the high-
est occupied molecular orbital of this radical is distributed on this site.

Recently, we demonstrated that BP-7, 8 dione, a metabolite of carcinogenic benzola]pyrene (BP), strong-
ly damaged the G and C of the 5-ACG-3’ sequence complementary to codon 273 of the p53 gene in the pres-
ence of NADH and Cu(Il). BP-7,8-dione also caused preferential double base lesion at 5-TG-3’ sequences.
Since clustered DNA damage is poorly repaired, it is speculated that induction of the double base lesions in
DNA might lead to activation of proto-oncogene or inactivation of the tumor suppressor gene. Therefore,
oxidative DNA damage induced by BP-7,8-dione, especially double base lesions, may participate in the
expression of carcinogenicity of BP in addition to DNA adduct formation. Here, we discuss the mechanisms
of sequence-specific DNA damage including clustered DNA damage in relation to mutagenesis and carcino-
genesis.
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e OH) %X & )8 — P 3 #5 /K (metal-hydroperoxo complex;
metal-OOH) % A5 L, DNA % SRRl oas S L 4R &
% (Kawanishi et al., 2001; 2002). H,0, 234 MARNE 4 & O
B (Fe(D) EB L& &iE, cOH%EEKT S, oOH
WFIEFICRE LMLRICENZ L o TWEDT, 1TEA
EETOREZIBE LEMeoERY 2R T 5. F
THE—REA A L L RIC L CDNASZ DI T 5. &8
—EEEEARTIEEEIZL > TDNA & OGR4
Bz, FNENFEORY]TDNAIICEE Y525 &
Zz2oN5. HO,WHEENESEDOMR (Cu(l)) & IS L
7ok &, WMESANERSR, T, C, G%HEE
F % (Oikawa and Kawanishi, 1998a). —77, BEifIcfF
fET B5EMPAMGME 7 0 Zfb&WiE, HO0,DFHETF
ToOH %4 LA T %154 5 (Kawanishi et al.,
1986a). F7:, UL EBBAMNIREINRTVWE =y 7L
LEWIXH0,DHFAET CEE—RERT IR L C, T,
G Z LR AN S 12815 5 A (Kawanishi et al., 2002).
BEDSAMADIERE SN T WD T 200 M I G % R0k < 13l
3% (Kawanishi et al., 1989). Zh o OfEE2S, NI
SIEEEIHDA OIGTERE 2 BT TR LT
Wh, FoOM, vt F LT YA (peroxyl radical;
ROOe) %7 V2% V5 ¥ # L (alkoxyl radical; ROe),
—FIEMF ('0,) %Y DNA 2 B(LAYIZ4815 3 % (Oikawa
et al., 2003; Kawanishi et al., 1999). EE.005 VAL
(ROe, ROO®)1E5-GGG-3D & ) A GEHIH O 54
® G %15 L (Oikawa et al., 1998b), '0,13 G % 5y
\Z3E1E 4 % (Kawanishi et al., 1986b: Ito et al., 1993). 4>
OWHA, G, C, D GOMILEM AR DL, FFiC
GGR GGGEHEDRY) GERANIES IIH LT v,
o T, 7V ANOBRILEITEMDSITIITA, G, C,
T, 42OEELTHEE s DD, BILEILEM K
B2V I N T WVWGE DY, KT GG, GGG A
FERIYIZHEE SN B.

NS OEERERNIC L) BLEE S o
WEBEINDLD, B SN OB LRI TR
RAEGIERIL, BPARELTIZILDET L4 IR
WHICHEE T 5. PABBEE TR AR Z IR
Z ML ZEICLDIFFICER IR TVHE Ry b A
Ry NAFAET D, BIEE T, sy FAEY bofi
BERER SN LI, FFOBERZICOW TSI
BB ENT WS, ZOHRT, ZEZOHMAHKY b A
Ry MIBB2DO0EVHMBEPRDEETHA. Kras
DFy FAEY O R I3RS S e
$, Fo, BEINMLOLWLWI EAHE XN TS (Feng
etal, 2002). BRI Tl -EEOBEIBHEI LR
TV ERnS, W Dol R L THEE (7 9 2
# —DNAHEE) 2 ZF TV AI EREZLNDL. R
TiE, RIFERT EARNYE (RSB &ICE) ot
HFTICBCTHER SN G ZFEREFRMIC X 55
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F5 ¥ DNAJRIFICDWT, 75 A2 % — DNAEEIZHH
U RERINC T 2 47 o 7285 KD S5 5 72 iRt DRI % i
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1. #DAMNVY [a] ELOHEIIC
&% 2 IEEER DNA 185

XV al €L v (BP)IE, B% L OBmP eIl ANT
FRRALKRFPTRS MO NTL DD -DOTH 5.
BPid, KABEWETHYH, s a0z EHmInT
Wb, BPOIREBSAMIIHE 2 DEFREIWIZBWTRER
THEYH, IARCTIEZ IV —F2A(k MK L THIAM
AT R ATE V) & L TEl S T v A (TARC
Working Group, 1983). BP @ DNAEMGEHMEE LT,
AR A L s T b (Yang et al., 1977). BPIZ,
HAERNTY 7T LP450128 0 7,82 RF L (7,8
epoxide) (2Ll 41, = RF T Mk Fu J—¥ (epoxide
hydrolase) {2 & » T 7,8V * — ) (7,8-diol), ZDHFE
Y h 7O LPA450T7,8 YA —I-910-KF 2 N (7,8-
diol-9,10-epoxide) ¥ TN b, ZD78-T % — -
9,10-T K F ¥ Nk, EPAUOTELEAKTH S Z LA
BT RE Y PR SHHEIN V5. EigT R
F TN, ModEEEBIRF I FEBTEE, T
FUALAIE LTE W RERRY VAL (BP TR 1060 A
WHRZTLAF DB L G, €Dz, BP78-TUF4
—WV-910-TRKF L FOCI0fiix, /7= D27
I HICEE G L DNA IR 2 203 5 (Fig. 1. —H,
MO E LTy YEL TP Fa Pt — s
velruyA—Fe Fusrt—YiZlioThTa—
KR, HEEBILL TRy VYL v 7834 » (BP-
7.8-dione) 12t X B = & DR S Twv b (Flowers
et al., 1996). AWf4Tid 2 @ BP-7,8-dione (2 X A LAY
DNARGEHHE L I S 20z L7,

Hi:d, PP TEGR Lo A (T (-Haras-1
M ATGEIET-R p53, p16 HS AP ET) O HH DNA
Wik & v, &' A+ >, HARREICHENADH B &
FBP-7,8-dione & It &4, ¥xXY T H B WL Fpgl#
FCCRLVLATIFEYI YU yays—8) T T
BRI Z 17V, DNAEEM: & Z oI R % % M
L7, 70, 4l DNA % Flv CEE{EIY DNA S o 5
e LRhbr7= It 8-0x0-7,8-dihydro-2’-
deoxyguanosine (8-oxodG) % & & B B ZUIL SR H 23 A5
HPLC (HPLC-ECD) (2 CiEm L 7=,

PP CHERE L 72 DNAWH % flv 72454, BP-7,8-dione
D HTIZDNAHEIIAD SN - 725%, 240§ 4
F 2 (Culll)) & A AN & T & NADH T 7 D746 F T
BP-7,8-dione (& DNA # iR BEARSEICHRIG L7z, £
Mgl DNA % v T 8-ox0dG & il 52 L 7245 R I2B VT
BP-7,8-dione 1% Cu(I) & NADH OFFFE F Cil BEARTEAY 2
R DNAES 251 242 2 L7z, DNAIBH 015 S5
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Fig. 1 Mechanisms of DNA damage by metabolites of carcinogenic benzo[a] pyrene

RPN, 5MH S TG LA ZERNIZE T
U VTR TANKE R s, Fpg B ©
EEAUTINRA THEO GAMEN =, whife L 72 24596438
L TWA I EAURSI N, RS, CANEE: L 72Ky
2BV THE L WIS bz’lf AL, IBEREE
AlKA & Fpg % W TTGEH o 235 3% khrf-;d'ri o B h
i LfJM\, G DR ST DG EHT Tle & 2
ZEEN Wh. 4 DD DNAEDOHR TIZGAUR D
(A= h)@'@”bm Ens, GBI 05
%meuzyyﬁﬁT#Mm&n T O & L
T, cOHR@BM—IEIEMERIc LY 77 = v 2 — BT
ftanrr=r35v 77 )V (guanine radical cation) 731 i
ENDBE, ZOTIANIRNTT I VERIEDS5- 470
R0 %20N5. E52p530Fky F ARy
FELTELCHLNT S TN Y273 DMAiRTOG & C
G2l L CHE s - (Fig. 2). I B> 273 DA

BTASAEE QP C L B I ZH R IC RS ha 2 & h
5, NI EENLBPAERO DL EZ LN,
3F72H®%W%G®MﬁLU:V/%&KJT%%
ZEDVD, EHBERICL > THREZZITR T W &%
bbb

512, DNAHIGEN ¢ M4 2720100, ST
Fli7H 224 % MV T DNA 855 O J0IAH % #5t L 72, BP-
7,8-dione {2 & % DNAH#BIE, 7% 5 —ETHH
ZENSHBBILKEOY ﬁ‘/fxllf“f\ﬂf_, RN
CulDFL—PbRETHE NNV F2 704 UI2LoTh
szl Cu) DS bREN. —F, 7
J—=—OHZ VAN (eQH) AN XN I v —ThHrb< =}

=V EFERS M) A TSRS SR o 7 D
oK HA S BP-7,8-dione 1d ¥ / ¥ A NADH IC &
2TEIF ) T IUANITEICESN, FRHEHB)ERLL
T 7,8-dione (2R % @ ¥ T#pg bk 3% (H,0,) & W L,
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Fig. 2 Site specificity of DNA damage induced by BP-7,8-dione in the presence of NADH and Cu(ID.
The reaction mixture containing *P-5-end-labeled 443-bp DNA fragment, 0.5 uM BP-7 8-dione, 100
uM NADH and 20 uM CuCl,, in 10 mM phosphate buffer (pH 7.8) containing 5 uM DTPA incu-
bated at 37 C for 30 min. After Fpg protein treatment, the DNA fragment was electrophoresed on
an 8% polyacrylamide/8 M urea gel and the autoradiogram was obtained by exposing x-ray film to

the gel.
S 4 A AFAE T T cOH M O i VERE (S— e 80 28 Ul 3-x Fo¥ v €27 =/ — )V A(3-OH-BPA) ®
kg, BBILIICDNAZEETALEEX HN5. DNA TEE ARG & 3525 B0 41 45 S0 & B L 38 25 A bR %
INFTBPRIA—NIEFY NIIRH SN0 HIELL.
t, DNAMIIMEZ I L CDNAZIEIE T2 %2 50 FOREE, 3-OH-BPA X Cu(Il) DfF1E FiZH5 > TDNA
T&7. K%L TIEBP @PM){W} YWTdHBP-7,8  wIEG L. FoOMBEEIEAERNECHENADHIZ LD
dione %%, 8-0x0dG DA L 0O 1L DNA $81G = 2 s, g DNA % v T 8-0x0dG DA

g &amRLA 72, TG, CG, CCTHifE L7z2  Wma BT LzihR, NADH{m T C3-OH-BPA X 0.05
WIOEESRON, p53D %Ky ARy boa Ry uM &) EFITIKEE TRALWDNAEG 27 &k C
273 T HIMEEEF I & A 2 FLEREE AR Sz, U7z, 8055 o K FE ey I'J X, €~ :/“‘/M*t*fvciT
C Ok L 2R oBBIEBEI NI W & Chs, if‘S—oxodG IF A 1EREFR Td 5 Fpg WAL T

5, AKWFgE TR L2zMELAY DNA TR & AIZ S GZ‘F i < R ﬁ i, 5-TG-3 % 5-CG-3' BusiZd TZJ,m

ZBPOSEMNANCEE L EHEZ R LT EEEZLN WECREE AR S, B, PARLEZET ps3 D
% (Ohnishi and Kawanishi, 2002) . h()tspot DO—2TdH b N 273 DM T, CGDHEEE

. _ . Lf:zl;ﬁ;—J;imfu‘M%‘iréﬂ%j»ém:(Fig 3). 3—()H-BPA¢”;

DNA BIE&E Y VIO BOE
DNAifBL 5> /N HOEE) FaTuf ik mmﬂ;-uz\m;_ L7 5 1,0, b1 0C
E27x/—VABPA W, THEELLY VKA (DOKY ﬁ\/J\lI’“éht. PLEL D, BPADRED AL

—RA= 1 T TAF v 7 OREIZL M S, V‘J’JJ“(Z A X A5 S o 5w 28 25 B ER (L (19 DNA
BAEHBSEHLNTWA. 2512, BPAEMOHREG EN N ESECE L'Cb*é O CR/AN R (AN

TS v MICHIEZRZTIED2S, HBAAY IéL’?: X512, BPAIZ & AWM ZEIAEE/EHICBES 5 7 o8

HFIoLLEZD i'l T\ % (National Toxicology Program, 7 % [ 9 4 728, BPATHLALL 72 b EEFEML (HL-

1982). BPAIZ L 2% AMME #4520, Fo4ld  60)IC oW TR T a7+ — LN &2 {T-72. a7t

Ep TR L A /vﬁéi WOE{EF O DNAWIF 2 W CBPA  — LTSI T URICTEE K UkE) 2, Coomassie blue (2 THe
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Fig. 3 Site specificity of DNA cleavage induced by 3-OH-BPA and NADH in the presence of Cu(Il). Reaction mixtures containing the “P-5"
end-labeled 443- bp DNA fragment, 20 uM/base of calf thymus DNA, 20 uM CuCl, and 1 uM 3-OH-BPA and 100 uM NADH in 10 mM
phosphate buffer (pH 7.8) containing 5 uM DTPA were incubated at 37 C for 60 min. After piperidine treatment (A) or Fpg protein
treatment (B), the DNA fragments were analyzed by the method described in the legend to Fig. 2.

fo 2 47 vy, SEBLICHI D - 72 7 /37 B % matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) & 57— ¥ X— A2
EORTFRRATA 2 H=T) 74 2 FETRHEL
f:. HL-60 #iliE % v BPAIZ X 2 M % i L 72
ik, BPAWLER 24 IFREI A H BUSAAR DM L TR
b—ymeW#m@bht.%ﬁ%%‘%ﬁ¢é7>
B & Whr$ 5 7-%, HL-60 ‘f”m‘J % BPA T 12 IEg [ AL
ﬂﬂ{ﬁ‘ TU T — LR R AT o 7z, FORE, 25 AHIH
W {1 Y (14-3-3 protein &5) A% -k@ L, ZhL AT
N AV ) K;rlutathlone S-transferase P135) 734
MLTWAZEBHLENITR -7z FOHTHRIZ, 14-
3-3 protein epsilon D E = T-1&, ASAHIE R T OB
D—=DEEZLNTHEI LN, TOF 237 HOW
PIEBPAIL L BHENAINCE R xEl 2 R LTnwbH
HEd DRI S 7.

3. BEERXVVALIICELDGCGD
ALY DIRIS

WEEILX Y A4 VW (BZPO RIS 7 7 *(acne)
DWW, TIRXF v 7 OBEBEHFILCHLNL T
4. BzZPOWEPABMBIIBW T ToE—y— 70y
Ly =2 LTOfHEZRTIESRESINLTVS
(Slaga et al., 1981). AKRAFFEIZEB VT, BzPOIZ L A%H
ATOE—=Y —FHOA DAL ZWHENITH720
BzPO {2 & 2 ALY DNA H5 A 12D TREMHIZHRES
AT o7z.

O A 4 > (Cu (D) FFAE P28\ T BzPO IR K
AP CHERL L 72 DNAWI R 24865 L 72. 2O DNA
EEOMBLF R, G2 2L EBHE L Tw AR
(poly GHECH) o> 54l G 2358 < M S L7z, B W
Z &l BAMNLEET pS3 DK Y M AK Yy FO—DT
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Fig. 4 Site specificity of DNA cleavage by BzPO in the presence of Cu(l). The reaction mixture contained the *P-5-end-labeled 211-bp frag-
ment, 20 uM/base of calf thymus DNA, 15 uM CuCl, and 50 uM BzPO in 10 mM sodium phosphate buffer at pH 7.8 containing 2.5 uM
DTPA. After incubation at 37 C for 60 min, followed by the piperidine treatment, the DNA fragments were analyzed by the method
described in the legend to Fig. 2.

b5 N 248D CGGEHIF D GG LA & 2 K el L TGN VANFTF VSTV NV EELSND
THET L Z MO SN (Fig. 4). 72, Cu(DHAE (Kawanishi et al., 1999). LI | [’0) é:VJ , BZ2PO» 71

TIZBIT B BzPO & H,0,» DNA%H@;@%JLHd/yuh“%‘ T = —EHICIE T VAN X BRI s L7 G D
B L7245k, BzPOldpoly G%, H,0,l 3 FIZCRT A B4 i % /kf_L’Cb‘ AR E NI K
%EM“ L722 &5 BzPO ® DNA#H 253@iﬁ‘|f£fﬂftstﬂﬂ~ (2, ARIFEIS BT, DA T ps3 DR v b AE
FHARL IR Lo TWwB EEZ LN, DNABEO v bO—DTH 2T F ¥ 248 D GG FLH A 245 Feaiifoe L
I’HFEH%”T FTAHCOIC, FRHEHEMNEZACCHEEBOW THELTVARIENFNS Il ko, ps3 DI N
[th)JEL Miaf L7z, BzPO & Cu(DIZ X 2 DNAHEMB L 248 0% Mg b Liav'fét‘/i’ 58 A TDOWAZIE LG

dimethyl sulfoxide TIZEIH X N 725%, H,0,HEHTH 5N TV 5 (Greenblatt et al., 1994). X 512, p53 D7
A5 7= TEIM SN Aoz, T, BIEEEE 2OFRy FARY PO B, 42128 WT GG DK
MLFAIE HL-60 & Z D 5 ¥ 5 — ¥ #3884k 0 HP100 % BIAHEAT A, BzPO 2 & 5 GG @ 233l 54l A p53

M THIE N 8-0x0d G & % Il 5 L 7245 %, HL-60, HEOD AP EILTICE R L %) b L, BPEAOTOE
HP100 & b { «)K'Q)LH\(JH’JLSOXOde A4, HL-60 —varRrrTuaslyia il LTwWAREEZLRN

& HPI00 Bl T B 2SO SN ah o/, Thb 5.

DX S, BzPO T L ALY DNAES 121E, H,0, =
HEAS, Bz A H 4. KR7= /E’ﬁ;‘i“‘EJZT‘(J[«.Ji%f” i

DRFIZIFFIENbDEEZ 5N L. N -
é %C:, 1%7J{_x E /if.m" (2 (ESR) %JHV‘VC( |¢H‘@IHJ §§51$t 02 %)I [JT-L DNA ?ﬁ{ﬁ

Ex kA7, A b T v 7HIIZPBN (a-phenyl-N-tert- RELVRTA VIIKRRT IV BO—HT, ZolMdig
butyl nitrone) & B W TIERT L 7245, BzPO & Cu(D) @ B mA T OB EIZ L - TELT 5. LS 3

OG5 7 2 =—=V5 Y b (ay = 1.57 mT, a; = 0.35 YBEORZIZEDMFOREL AT A EHIENT S

mD2HER L TWA I EREDSR. L, T EAME SN TS, BREY AT A4 VILE I ZBIIREE
TOWIEIZ BT BzPO & Cull )@DNA}M,,@J.,,JM' L kx5l Sk 3. 512, i, [IJL*—F"]‘%“/X?‘{ ik
Iék?:71ﬁ—w7yfwwwt AU LR e 5 T w D A, Bt RBEORMRIKT & 25 2 & Hvl X

T EMTREN TV A, Swauger 51, BzPOrH N> T % (Wu and Wu, 2002). 7IK{I)I‘-}L“C i, FEYRT
4 NVAF NG THNHLERL, ZORELNES LT A 2 & L WALR DNATRG & & o8 2 MG L 72,

— VI TANBERINAZETHEL TS Cu(ID AT bh"(']‘%‘/?’x?‘/f‘/iZO,uMkloo
(Swauger etal., 1991). UM TDNAZHEG L7, ZoOWBEIERY V0
KFFED 5, BzPO i CulD) FA FIZB W TELKIC LomsIh/il s 7J‘ 5, DNASHOUIM & & & I8
DNAH D poly GEA T2 2 AW B2 R b, HIEOHB LR 2 2 LW 5214 - 7. DNA #iff
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Fig. 5 Comparison of site specificity of DNA cleavage induced by 20 uM

homocysteine and 100 M homocysteine. Reaction mixtures con-
taining the *P-5-end-labeled 337- bp DNA fragment, 20 uM/base of
calf thymus DNA, 20 uM homocysteine (A) or 100 uM homocys-
teine (B), 20 uM CuCl, in 10 mM phosphate buffer (pH 7.8) con-
taining 5 uM DTPA were incubated at 37 C for 60 min. After piperi-
dine treatment, the DNA fragments were analyzed by the method

described in the legend to Fig. 2.

OISR, 20uMFES A5 A4 TWET, C, G
MWELEBEIN, 72, 1000uMFEL AT A ¥ Tl
GH &k HEE S /- (Fig. 5). BLBRIEWEZ L 12, c-Havras-
IBAFEEZEFIIBNT, 20uMDKES AT L VTl
2632FFHOTHY, F72100 uM T ZF DOBED 2631 FH
CGHELHBEBEINTHWDLIENL, FEVATA VIZL
5 NS /BT 2 BRI A G L TV B e D
EZbND, 20uMEFEY AT A4 125 B DNAEGE,
HhET—EBIONYFa7aL > (CulFL—FH)
W&o Tl 2 /-Z &0, BB KEHO,) B L
KCu() DS ARENZ. 7 —0HF Y H («OH)
ARy T %=1 L 5 DNABEOHNILED 5k

STENAFFF—=NIZEoTIH SR &R
B, eOHIZHM L 72 M BR AR (S —Mk el k) OB 5
PR SNT., —FH, 100uMFEL A5 4 22X 5
DNA#HIZ, # 4 5—ETEIH SN2 En
5, WRRILKTE 2 A S e WIEPERE O A RS D A TE AR
ez, 512, 100 uMFE Y AT 4 Ii2 & B0
iz 523 2700, —EIHERRM LA L ROk
T HCOMET L7z, 10, 05 ARIE S s,

BB B 1S S HL-60 & 20 A ¥ 5 — ¥ il 53
# > HP100 % F v TRl Y DNA $8 155 1% & i 1A o fig A
% HPLC-ECD % H\>C 8-0x0dG # J&#1247 - 72. HL-60
WBWTKREY AT A Y12 & D 8oxodG DA & 7 BiAS

131

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

— Cu(l)OOH — oxidative DNA damage
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Fig. 6 Possible mechanisms of oxidative DNA damage induced by homocysteine plus Cu (II)

M BNA, HPI00 Tidlo o ko7, - T, BREKRD/3E2ED, 209 LH60%ICHLINS
FEVATA VI DHNEA 8-0x0dG DAEKITIEH,0, TV GGEMHEAIIIB W THERERIEDOLN TV
ML LTWD 2 EATRIES . DLokirs, K (Saito et al., 1996). AL TIE, EHFATTE—F 8
BEOREY AT A IZL 5 DNABEEIZIE, HZO2 k BEALAN A DS, DSABNLEE T ps3 DRy R AAK
CulDohERans B —BESEOL S Y T b FD—DTH DI K248 D GG HYI F 245 388 LT
OHI VANAEEGLTnAZ tﬁ\/r\éﬂf_. —J, It 4;’1’1“* z <‘: PG L. S50, Fk4lE, K%
B EREOREY A5 4 V130, 2 LERIL 2 AR UV ;é*?%m%rLﬁmmmm Y 2L As
DNA#BE L5632 &b, FEVATA VLD RS <E LT 5-GG-3'E N D 5D G122 L £ 8-ox0dG
DNAHEBGIZIZ LR LB 200REIEET LI DN PERLTCHEI L2 HHTWA, %55 (Shibutani et
W & 222 7% - 72 (Fig. 6) (Oikawa et al., 2003). fRH® al,, 1991) 1X 8-oxodG AW AT L B YLIREBI D ARy PL &
DNAHFHIZIE, WEBRALRFEOTH L ) WEL R 2 R LCG=TDNF Y AN=Va vy LTwnbs. Th
LTwhEEZLNS, FAZTFOL R )TN T LOZ Enn, b MEZERE ,,,Twraslzfzzﬁi LR

7R ET I ERIGHARR & e B IEA A MR ERILHY L5 GE—=TCGOEMIIINET UVB L H#R o CC
DNAHEBAEE 2 HREHZ R L THDLIEFTTICH TOYY) I Y U REY oK & is;h & 7299,

# L CTv % (Hiraku et al., 1998). > T, ¥©¥ 3 VHiLk FE % (2 UVA & AR08 5 f‘ iY Z:: 5-GG-3BH D5
EORZIZE Y EFLIZREYATA UHAEEKRNOERE MO G4 L7 80x0dGIZL 5 GEG—=TGCGHO M7 v A
AT THEAYIZ DNA 2185 LA G508  N—=Ya vouEdL+H5icdb ) )62 E2Twh. 3
HATRIE SN2, 54 55EAEE b b BAMEXY Vel EL O ERD -D>THD
benzo[alpyrene-7,8-dione &, p53 A AFHE Az D &

<= =
i =5 v FAKRY b3 2273 OMAINAELY] 5-ACG-3D C L G
LA b L R y%f/urisw TR &40 o T2 & V) IR ICERR AR A 2. o
A VB, 7')‘/»f i (s T (DY A BUE {2 TR0 % A H a3 o484 (double base lesions) &, YA 7 x ./ —
BIEZT)ORy ARy MEREETAILICLDRRE  ASONUBELZNT 25 {OREVAWHEIZ L 5 DNA

BEBEALBENLZIAMBEZELSELEEZON HEBICBWTLED LN T WA, s L7 TR
L. AN EERBREZ R L T B ps3 A3 A Wl #E I W Ens, ZoOMREE{ILA b l/xchot 2
AR IC B W TG>T o v A=Y g 38 75 A% —DNA$#EEIZ, Fv ARy b E L
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