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Summary

Photoinduced DNA damage is initiated by photoexcitation of photosensitizer (S*), which results in gen-
eration of a variety of reactive species responsible for the DNA damage. When the reduction potential of s*
is more positive than the oxidation potential of guanine (G) in DNA, an electron-transfer oxidation of G by
S* occurs to produce guanine radical cation (G**) and the radical anion of photosensitizer (S"7).The G *
thus formed is converted to 7,8-dihydro-8-oxoguanine (8-0xoG) and imidazolone derivative through succes-
sive oxidation steps. Electron transfer from S°~ to O, may also occur to produce superoxide anion, which
undergoes the disproportionation to form O, and hydrogen peroxide. Hydrogen peroxide further decompos-
es through a trace-metal-dependent Fenton reaction to produce hydroxyl radical, which causes non-base-
selective DNA cleavage via abstraction of hydrogens on the deoxyribose ring or oxidation of nucleobases.
An energy transfer from the triplet excited state of photosensitizer (°S*) to O, yields singlet oxygen (‘0,),
which can also oxidize G to 8-0x0G via cycloaddition of 'O, to the imidazole ring of G. Representative exam-
ples of photosensitizers having an efficient DNA-cleaving activity are described together with the reactive
species involved in the photoinduced DNA-cleavage reactions.
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HNRBALR & L TERT 5. S*OETEMAEMIEHL
DRTL o EQBILINRTWI 72y (G) DEEILE
LD HBEGEEIIEGCLLS* NOBTRBEIREID,
Thbb, S*BFGEBILL, SOFTIVAINVT =%
(S7) LGoFVHINVAFEY (GF) BEKTSE (¥
A FIEBFRBEG). R0 X2, G i~ 0k
ek}, Exy v tolEEoeBicky,
DNABOYEAFI &R Ehb., £/, BRI
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HIZE ) -BTELEZ, SO HERT 5. S'_OD@’%
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HEL H 5L (Eliotetal, 1984 ; Nagai and Hecht, 1991 ;
Parraga et al., 1992). #i2, H,0,% 0, & H,0 2/ #
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Fig. 1 Mechanism of photoinduced DNA damage
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Fig. 2 Electron-transfer oxidation of guanine (G) to form guanine radical cation (G"*) and the subsequent reactions
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2. RItiEEEE DNA EDRIG
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vy % (Paillous and Vicendo, 1993 ; Burrows and Muller,
1998 ; Pogozelski and Tullius, 1998). = & TIZGIEEHA
OFREEINZ X Y AR T LU EERESY, oOH, BLU
10, A DNABESH PRI R I LD X S IMERT 55122
WTBERE S 5.
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o5& HEWEEILEM (1.29 Vos. NHE) % & 07204k
XN*§ < (Steenken and Jovanovic, 1997), JHEREH]
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FA VG THERT A, G TIEFig 21T T X )BT
Ok R KEDORISIZE Y, EhENA IV T Y
(1) 278V Fu8+Fv77=" (8oxoG) \ZEH
Kb, IhS OB % 20 7o BRI 3 R IR )
LTALETHY, EXY T VMHIZLD, DNABD

O=ll:’—0 -
OR' B: Nucleobase

Fig. 3 Seven hydrogens on deoxyribose ring
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and Muller, 1998). LA L, EBODNAEHFOG LI
oG & TIRAEFBERBEEM, L CILAKRERED
BERRL L0, FORGERKISE#ICOWTIEE
AW LR Tnd. F1I, GOEFBEMRILICL
5 DNAYIKOBEIZIE, 0,0 Ea L dRE0, &
WD & HEED GELAICFFER A 2 DNA LI A3 B &
nas.

—75, eOH % iftE# & 4 % DNALIWI L, #EHB L
MEEEOW G CHEBRMIIEZZZEPAMLATY
5. FEICIETig. ISR T X7 2DKEDVH S5, B
B HHDNA DAL, H-5 & H-4' 2DNASH DA
CEHRLTWARZD, bokd eOHMNEDERT L,
INLDOKENIEEPNRL T VI EFDIPoTD
(Pogozelski and Tullius, 1998). ¢OHIZ & A/KFE5| &K
XTHEBLEES D ANITCLOPDAT v TE2RET,
DNASH DYWL &b (Pogozelski and Tullius,
1998). DNABESHDOAFET] K& IC X Y DNAYIWIAHE
ZAHEIE, ERo GoOBTRERILOSE EIIRL
D, ERYVI Uy EOREOMHEELEE LWV, —
Ji, eOH GBI IE 2 BT 2 &1, FERRNWIC
MR OFFFRIZ «OHDMTM L, X3 5 LAk
Wa5.2%. BlE LT, G& «OHOD L% Fig. 41278
. sOHIIXGIZHINL 72, BILHSEM T RMILISE
HTT, ZRENWNIETLHERVLATIVFE FEY T U
(FAPYy-G) R BTFBEIBILOEEELE LARY TH 5 8-
ox0G & 5.2, ¥R U VALHE L SoIERE O/ T DNA
SHOYIWAHE = 5.

KT, KBEH O =HEFHEIRE CSY) 25 0,0
IANVFEF-BENC L D ERLZ'00E, BRWIZIST =
VHHE (G) T AZ LX) 8oxoGEAERL,
DNAYI 25l &2 v E2 5N Tw5b (Fig.5).
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Fig. 4 Addition of hydroxyl radical (¢OH) to guanine (G) and the subsequent reactions

67

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

HoN™ °N
G
HO

e L0/

OOH
R
I[H]
0]
§
N
=0
HoN N
R
8-0x0G

Fig. 5 Addition of sinlet oxygen ('0,) to guanine (G) to form 8-0x0G

D DNANDG N RIERICOWTH AR08, RIZ
ERED L) HRMBASEOFEMEERELT DNA
ZUW T o000 T, RENLAZRT.

3. DNA Y& ZE T KIE=A

1) EFBERH

URT7 ¥ iE365 nm D% RE 2 2 & TDNAY)
WiiE %279 (Ito et al., 1993). Z D4, 5-GG3' @
5-GTRERWICETEAHLZ A2 &, 8-oxoGHEKT S
Z &, BLUD,0 FTYWIGMEOBEMABIH S h e
ZERG, 5GLYRT I OHRIRE~NDETE
A TDNAYKI AR 5 TWE EEZLNTVS

Saito 5 (1995) ZEDNAYIBHGEE2H T 50 Yo+

TINVALIN (2 #AKL, VL—HF—T75v a7y
FYTRAZEY, BAOGEMNZLD2EHEDNALY
TR =50 2D ZHHFHRIRENO BT BENHRE & g
L, 5-GGGG >5-GGG > 5-GG- > 5-AG-, 5-GA-> >-G-
DETETEZHH LTI EZHOMILTWS, F
72, BREIZEHHEDNAT Y I~ —D A4 F MALEF> T %
V& ab intioFHEIZE > TRDBZLIZI Y, GHREL
BIERS O HOMO 335 o GIZBELL T 5
2k, BIUObo L 1B BRI T wIERIZ, #
BEGTIRSIFNAGTHAILEEZWLEMIZLTWVS
(Sugiyama and Saito, 1996) .

Cop 7 F— VLY HI FEHITTINIBMBATH Y, 500
nm P E DT HOGIREC G BN I DNALI I 2 42 = ¢
(Tokuyama et al, 1993 ; Boutorine et al., 1994 ; An et al.,
1996). CelddEHRENC X b, —REIEFIFRIRED & HE R
ZICE ) ZEIHFGRREIERL, TAVF—BEICL
DRI R <10, 2 BT 5729 (Terazima et al,, 1991 ;
Arbogast et al,, 1991), =N ¥ TDNAYIKOEMREIT
'0, ThbEEZHNTWA, La L, Bernstein b
(1999) 1 ZEERIEFAT, VY= FYMHT, 7=
YHFBEBCHll Lo THRBTBEBLIhEZ L %2H
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LML, Coll X ANMDNAYIKI P E T RERHTRES
N/BZEEHFEL TS
B, TV FIFR VFHFEAL (3) (Danith et al.,

1996), N¥ YV MY TV — VIR (4) (Wender et al.,
1996), [Rh(phi), (DMB)J*" (phi=7 =+~ bL ¥ ¥
JVYVA43IY; DMB=44-VAFLEVYY YY) 0y
74 () $4& (Hall et al,, 1996) 7= &b 77 = VEBHE
DEFBERRILIC X ) DNAYIK 2R 2§ &b
o> TW5b,

2) eFaxI g YVhVEREh
ERDEHIZ, O EESHITH0, 8T eOHIZZE D
5720, O ZHEETAWEEDOD HILEWDIFLAL
ADNAYMREMZ SO L EZ Shb. BHMEHS TIX
HEICANC L DB TFRBERICICIVERLZS YA NVT
=F VS OBALEMN IS TIREEE OB ICEM X ) K
A0, HHERT 5.

R, FELEy-Y 7 FF A M) VICUBESEK
1 Cgo (Coo/7-CyD) &%, 0, & @K TH 5 NADH T
T, WAL (632 nm) ME¥ 2 &, FEFICHHREL
DNAZYIWi5 5 Z & #8522 L7z (Nakanishi et al.,
2001). %7z, NADHI T TIXDNAYW 2 E - 72
KBS ol V—HF—T7F5v 275 ) TR
C & BRI 2 RN R ESRAY ¥ b5 v 7EER
6, RUGHEE LTO, P ER LTSI Easby
o7z, Thbb, $9 Culdthiesh, HEELHEE R
TEEHEBHRIREC, I b B (Fig. 7). *Cetid
NADHICEFRBEETEN, FIVMNT =4 ¥ Cy %
HH$ 5 (Fukuzumi et al., 1998 ; 1999). KiEWH T
Coo' DEBALEMIZH TIRMEOBRITEM L ) K72
B, Co” D60, NDETFEEHNEID, 0, 2ERT
% (Miyata et al., 2000). _Exfio> X 9120, 13 H,0, % #%
TeOHIZEBE I, DNAYIK 25 &R ITLEZ b
5. EE, ZODNAUIEITZSOD THmEN, H¥ 57—
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Fig. 6 Photosensitizers which can act as an DNA-cleaving agent
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Fig. 7 Mechanism of Cyrphotosensitized DNA cleavage with NADH and O,

LTIV —VEIZ L - THFIHH SN 2 & 250
ENiz. ZORIBRIZ, '0,BEHTHLT ILF MY
72 (NaN,) %12 TbDNAYKAHEZEICHH SN
720, —R, "0, EMETH LD LI IIHRL DN,
NaN; i °Co* H B 2R BT 52 b h o T
5.

$72, Fig. 10U & X R 5755, BHEICLY
EH#% cOHZ AT 2{bEWd bR TnA, b Fawx
W F Y RFHEAR (5) 13366 nm DFREICL Y 245
D eOHZ KT 5 (Matsugo et al., 1991). 5133 DNA
TIWrE 2 R $2%, eOHIC X AIREIRM M L & B
2, BFBEEHICL S GOBLLFEICEZ s Tn3
ZEBHLENTWS,

3) —HEBEAEICE Y DNAYINT AILEH
—EIHEREE (0) 2BETLHMEHELTho L
DEILHOENTWEDIR, O—AXRYHN (6) AT
LYTNh— (7) BEDBEBTH L. 72 21X, 2+
LY 70V —1E590 nm P Lo W E BT 52 212k
DIEEIHIER 10, % %L L GEIRIWIZ DNA % b
B, RN S F O P 7 FUSEEREASH & 20
23N Tv% (Buchko et al., 1995). 8D & 9 7z A
RVT7 40 20,5412 L ) DNA ZEIW3 2 ks
HThHoH. FFIZ, 9R100D XD RV T 1) VG EIT
700 nm LA EOTWHOEIACH %R  DNAYIBT 242 2
TR, BMAFREAL LTHFEEIATYS
(Magda et al., 1995). [Ru(bpy),]*" (bpy = 22-¥ ¥ Y
¥ ¥) % [Ru(phen);]*" (phen=1,10-7 =5 > b1y
Y) REONVTF= A (D $KiE, THEOERETS S
EIZL D10, %585, DNAYIMI 2R 232 & 23515
NTw5 (Kelly et al,, 1985 ; Fleisher et al., 1986). 11
DX HNF I L (V) $EKD 10,5412 X ) DNAY)
Wiafl 52 LA HMESINTV5HAY (Hiort et al,, 1996),
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COBHED ORI ZEHIANVE BB TIEA L,
B0, LTSI EBMOATWES
(Kwong et al., 1997).
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