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Summary

Ultraviolet (UV) light damages biologically important molecules including DNA, and the
damage to DNA appears to be involved in the process of skin cancer through the mutagenic
activation of proto-oncogenes and/or the inactivation of tumor suppressor genes.

In this paper, we review the mutational properties of UV-induced DNA lesions, and in particu-
lar, those of photoproducts at thymine-thymine sites.

(‘This paper, chaired by Kivomi Kikugawa, was presented to the 9th JEMS Annual Symposium, “Syn-
thetic Models for DNA Damage and Mutagenesis”, organized by Kazuo Negishi and Hikoya Hayatsu,
sponsored by the Environmental Mutagen Society of Japan, and held at Yakult Hall, Tokyo, May, 29,
1998.)
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SNEBEEIETTH), ZDIEHILIZID ras BETF O
EME(2 F 12, 13, 27203 61) DIEEBRIEHRTH
5 2 LG 12841 T v 5 (Nishimura and Sekiya,
1987). FE 511, BEOEOREFHRELHMELT, £}
c-Ha-ras BIEF DALF LK 2 LLEHZIT - 72 (Miura et
L, 1987}, F72, ZOHH c-Ha-ras BIET %257 2R
Hﬁﬁ/f v 2@ long terminal repeat D FiRiICEAT 3
&, PO AHKNDNIHITIHBLTHREL, b6, o
it L & éhé? S/BERBLTBW S ras &
ZFDHAIUL, BEEHR(M S 2 7+—2—L32)
EHERTLZ L’ zﬂtﬂ L 72 (Kamiya et al., 1989).
c-Ha-ras BIEFOEFTDOERIZ, DNA #+t v b Z5E
LB BETFERMNOERIARGIZL B L5, NEBICHIR
BERRREARA 2 3 72 (GHIC D W TR th oo 4838 (KIZ -
A, 1990) 2B S 172\), 2D 728, DNA A+ +

BRI L VIRGBIHII2 80 2AY DNA 2 ras @815 F
HZ, R RANCEAT 22 L HERETH B, L7z

2T, ras BZTFOEHALEBIECH B, a2 12, 6142
DNA R ZEAL, ras BIZETF X7 & —12HLAA 12
NIH3T3#lgic b 27223332k, 5T
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Fig.1 Structures of DNA lesions formed by ultraviolet light.

REEPELTT I /BPEREN ras BIZT 2 8
STCMilE, MERIRL T 7 1 — ﬁz%ﬁ&Lﬁ:D-
—E LTHETAI LI TEL, ZORMBIZLY, &
i3, BHEHO DNABBOARERZHR L., 200%
Table 1 (2R,

2) onTIRFI LT —HEAL T c-
Ha-ras BIZFR2 5 —nDiE

c-Ha-ras B2 F D2 F 2 6113 5.CAR-3(R=A £ 7-
BOLVIERFEL->TEY), Vg vka—FLT
Wd, FEELIE, S-CAA-IDOAE 3-GTT-SEH H o
TTHfLIZ 707y v BIF I vy fe— (L 2-V V&
&K, sT=TBIVt T 2-2 v EBHE, tsT=T) %
BATEIIE LI, FIv54=—%50A Y TR
VAF F(Fig. 2D L12) 2{bEAKL, S@EKE7 o<
P72 74 —ICEVBMBICER L, ThxhoA
TRI7VvEFFET==Y 7L, DNA Y H—+izk
DEZEIETDNA YLy F2FBLZ. ZHDNA 7
oy M3, KRS Bell, WEIZ EcoRV RS 2B LT
5 (Fig. 2).

N7 =& LT, &M c-Haras E1EF D EcoRV-
Bell (a2 F» 61 # L) »ikiba Fro® Az &
VF vt 2R &% - T % pEB(Fig. 2) # v
72, 7, pEB % EcoRV, Bcll TRBLF >+ 2K
FZBRELZZDNAKRF IV 4 =—%EGUDNA # ¢
v % Bell AL CHEE L2, DWT, EcoRV L3z &
DINERD EcoRV S % &M &4, HUGER L, B~
7 ¥ — &% L 72 (Kamiya et al., 1993 a).

3) »onT7ICBRFISLT—5BAL
Ha-ras BIZFIZ L 3 NIH3T3 MDD b5 X
TH—X— 3>

ERL72EHITHEELL~7 2 —% NIH 3T 3 #ika

KhZ R 72733 Lz, #OEL Table 2 125
. FERT I/ BTHLILS I 6120 —FLT
% 3-GTT-5 (sense $% (3 5’-CAA-3)EC %1 % # - c-

Table1 DNA lesions studied with ras-NIH3T3 system

DNA lesions Mutation Reference®
O°-methylguanine G—A 1
8-hydroxyguanine G — T, flanking mutation (2), (3
8-hydroxyadenine A—-G A—-T, (A—Q (4)
abasic site analogue G — A, flanking mutation (5)
abasic site G — A, flanking mutation (6)
hypoxanthine A—G (7)
xanthine G—A (8

®{1)Kamiya et al., 1991 ;
al., 1995b ;
Kamiva et al.,
1992¢.

1993b .
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(2)Kamiya et al.,
(4)Kamiya et al., 1995a .
(7)Kamiya et al.,

1992b ; (3) Kamiya et
(5)Kamiya et al., 1992d ; (6)

1992a . (8) Kamiva et al.,
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pEB

54 69
Asp Asp
--- GAT ATC TAA TAG TGA GGG CCI_GAT C A ---
-~-~- CTA TAG ATT ATC ACT CCC GGA CTA G T ---
EcoRV Bcll

49 55

-Glu-Thr-Cys-Leu-Leu-AspiIle-Leu-Asp-Thr-Ala-Gly-
7

61 68
-Glu-Glu-Tyr-Ser-Ala-Met-Arg
________________ UB' mcmmcm e >

GAG ACC TGT CTG CTG GAT|ATC CTT GAT ACC GCA GGC CAA GAR GAA TAC TCT GCG ATG CGT
TAG CTG CCA CTC TGG ACA GAC GAC CTA|TAG GAA CTA TGG CGT CCG GTT CTT CTT ATG AGA CGC TAC GCACTAG

B L Ll2--cm——am S<emea L1l >

DNA cassette

Fig.2 Nucleotide sequence of the DNA cassette with a cyclobutane thymine dimer. The cassette
was inserted into pEB digested with EcoRV and Bell. The thymine dimer are shown by TT.

Table 2 Number of foci induced by ras genes

Experiment No.

ras gene Codon 61%

10) Zc) 3d) 49)
In-61
Gln-6 3 GTTS 0 5 0 4
(normal)

csT=T 3 GT=T% 2 49 6 15
tsT=T 3 GT=TY 16 93 11 41

Lys-61 , _,
(activated) 3 TTTH5 37 512 88 360

®Sequences in the antisense strand are shown.
»30 ng of DNA was used.

9150 ng of DNA was used.

920 ng of DNA was used.

©50ng of DNA was used.

Ha-ras 15T O%4A, BWHEIERGE (7 + — 4 AR
)Y LPELTWWI EBEIN, ZobThil
BinifEeld, BoE—Dras B2 FHAEAINZ X
R, 543k DNA DBEAREDHBETH L EEZLNE, —
H, WHEART I/ BTHE)VyEI—FLTWD
3-TTT-5 BH % #52 c-Ha-ras BIETOHE, H L WE
BAnEe (7 4 — A AERED) BB I N/, osT=T %
ET 3 ras EETDBHA, Lys-61 ras BIZFD4—10%
DT —HATEHEEE tsC=C 216 7T 5 ras EIETD%
Al N—3 %07+ —H ABBREE R LI, T2
13, 2 PV 6LICEALAZY 2B 7S v RIF IV, w—
LT, BEFFERINTT I/ BERFELRZZE
BRT, F, ZOBREP L ST=T D » csT=T &
DELBEWEERELF LT A I LR LENIIh -7
(Kamiya et al., 1993 a). 72, Lys-61 ras #EIiz 7% 100
%r LD 7+ —H AIREEL, ErXEWOEERYE
FRTDLDEEZLNDLD, ras Bz T 1 #lIcK 2
E-ABBALHLDNT, EIENERFIBELNIHT
N LETHENLDEEDLNS.

4) oonT I RF I (T —DFERTIER

LD LY LTHELNI 7+ — A ADMg, Hith
& DNA ZHiH L, EA S N7 c-Ha-ras &5 F O AT
#4T>72{(Table 3). csT=THFHRL2EE L L T3,
3T —=>A M5 AN—D 3 VHRRIAFIORRTH - 7,
DAL, sense $HD 2 kv 61 DEHINIT 5-CTA-3
R, TIJEIOA L IIERINALILICEST
ras BIZFPIEHALI N LEESI NS, iz, 5T,
3T O EBHRSREEIN TS, tsT=T»HFHRLL
FROXKMEIS T A NI A=V a3 ThoaT2
(Table 3). 72, " TT-3A5-AA3 &7 T AIZER
LTwiobzigiidns,

#®BiBT B L1z, RKBEICBITAEREZ~RZ bV,
sT=T#3IT>AbLF A= 3, (sT=TH
S To>A PSS ANRN=D 3 v EREINTHLZDT, A
BRI F LN LIZ7% B,

2. KEVDFRIDIZERDIY NIRRT H—
ZRU BT

1) FIF5A7—56BALIZ v PRI I—DIE

£/

o, FHREO—ANIE, TIUH¥XD COS-THMRTT I X
SRELTHETLY y FARZ P2 —Z2HWT, T(6-4)
TBIVT=T(Fig. DOFRT EEROHBITEIT >
7z (Kamiya et al., 1998). Z® ¥+ b A~x7 2 — (Fig.
I3, SVAnHEBELZHFDH, COS-7TH#NTT 7 2
IRELTHEMING, 2, ColE1ndEREESRZH L,
COS-7T#lar oML A7 Z R FEARBETHEMS
T CHITERETH 5. 2 FFHO DNA #8153, HREERE
Al DEFBIALTH 5 5-CTTAAGY D TTIZHEA
THIEEL, Y CETISL MEEAWTAY T
ZVvAFRFEAKLE AU X7 VvAF FIIEEREER
zu= b7 74 —lc& ) EMEICKERE L F
DNA BEII~7 2 —D(H)-$F 23 () -HowTh
IMEA L2 IBESV 2 S GREII(H) -7 X7
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Table 3 Mutations detected in cells transformed by a ras gene with a thymine dimer

Thymine dimer Sequence® Focus observed Codon 61 (amino acid)
3’ TA% 8 CTA (Lew
GT 2 CAC (His)
AT 1 CAT (His)
csT=T CA 1 CTG{Lew)
TC 1 CGA(Arg)
TA+TG 1 CTA+CCA (Leu+Pro)
CT+GT+AT 1 CAG+CAC+CAT(GIn+His)
5ATY 9 CAT (His)
AA 7 CTT{Lew
tsT=T TC 1 CGA(Arg)
AA+TA+GA 1 CTT+CTA+CTC{(Leu)
other” 1
*Mutated sites are indicated by underlines.
®Both sites were mixtures of T and A.
5' 3'
d ) GGTCGACTTAAGGTACC
$(+) ) [GT8E_ccaccTeRATTCCATGE TEAR
Apat AfTN EcoRl s
5 3 5§ ——=TT —
ds () (+) GGTACCTTAAGICGACC ds (+) 3 - +)
{-) CATGGAATTCAGCTGG lagging strand "
EcoRl Afl N Apal
5 ——>
3| —————————
SVa0 5
ori ds (-) 3 < —
leading strand ——
amp’ g ~ )
PSVKAM2
(2106 bp)

ColE1
ori

Fig.3 Structure of double-stranded vectors with either T(6-4)T or csT=T (left) and schematic presentation of the replication
of template strands containing T (6-4) T or esT="T (right). The SV40 origin and the ColE1 origin, which work in COS-7
cells and in E. coli, respectively, and the E. coli ampicillin resistance gene are shown. Closed circles represent 5'-
phosphate groups. The TT with asterisks or the TT represents the photolesion.

BABEHS, ()-8 —7 4 v ZHARERI[FHE R
5 FHCRKELTHI20T, HHEHIBITA25AR)
BEDBNZFARDL I EHNTE D,

2) FIFAT—NERBREE

TOEHDT BL sT=T 2ETL X7 % —% COS-7M
fRiC AL, $HlalN A2 6 EE & 172 DNA 2L L 72, [8
INL 72 DNA 2 HIREER AAIl CRBLA DD L nm L
TwLbDEZENFNKBE~NEYS Y2 72203 >
L, BERZRKD(Fig. 4). BEXR(I, TGHT DA
WesT=T £V &L, ZX 2 VEHAKERCZ 4.7%, 1) —
T4 THRARERC23%TH -2, FRIZH LT,
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ST=TDERERFRIZ1IBLUTTHE 72, ZHT v 4%
DiGad, MHEHDONAEEZEZ L) bERE N
L7212, EFOERBUILLELBLNHED 21E
THLEMEIND, /2, WTFHOBEL T XL 7iH
BREED TN —T 4 v THARFEL ) LB RBEHE
EVIRRTH -7, sT=T ODERRY, LR L7 ras
BIEF-NIH3IT3#ENR L D LKAy, T, (1)
ras BIZFORTIE, 2 E—ROEEHIRETH 5725
RERRz G RBO TR SN, Q) v v b~y
F—DRTIE, HFBEOTHEICL) DNABEBEAERE
PU2LUTFIE G2 R, QYW EAFEL DI L%
PRETH 2 LBbLE, QNZBELTTHEY, ras &
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EFDFRTIZ, BN IV VICEUES E GCITELRY
DY w7 ys BB esT=T »H 4% (Fig. 2). DNA ¥
JAZ—=EHI 7 LVAF FEHRAT LRI, BEEES,
BCENC L 5 ZRIEEDEVWWIER TE L EEI TN
7eRTREMES T H B, o REME L LT, (4) v (COS-7 #
fa) & =7 2Z(NIH 3T 3#2)» DNA K1) £ 7 — {2
LHECLEZLNGD, ZOHEHRITENLHICED
nas,

3) FIVEAT—DERIRS ML
TEHNTDERZ <7 P, 3 T>CHEDL 2L
EHLEEEDHT S (Table 4), fhOEKEE L TDH
FTOEBEERERNIZ W, BRKENLNELTE, T
64T O -BEHEHBEDOCH T ICERSINLLDOL Y
FAREENTHBEZETHE, TN —T 41 v 7

4.70

Mutation Frequency (%)

BREOLDOTH S,

—%, esT=T 3W)ix» Z2~< 7 b )V &R L 72 (Table
4. SXUIHEANRERE ) — T 1 v ZHA KR T mA
ETELLY YT-CFEFLEIT-GR5T—A
REFRHBEINT WS, 272, 5-TT-3H»5-AC3I~NL ¥
PTFLZERLREDOLRHEINT VB, ras BfET—
NIH3T3#ORTIIFETHE 7P T>AFF A
N=T g s FITEAYREIN T, ZhiZ, b
LRI DECDRENFREWEHEL T S,

3. E=NRERE DNA BEOERANI N

1) FILFAT—DOBHRERDILE

b L7zX 50, WiLEMMIETTO6-4)T, sT=T,
ST=TR3FDF I 47— TROLERZFR
TBHIEHBLPICh 572 U ko SEEOREE IO
VT, O —T7IC X D RBED LSRR TOE
BZ2~27 PAPFANLNT S (Table5). csT=T 3K
BEHTIT>A I AN=—2 33 T—->Cth
SyVyavEBIRTLY, BHTRHITVERLZS
RLEWEREINTWE, KIBETHRANIERE,
ras EIZF—NIH 3T 3flan R TH SR & FE L
LTwadh, COSTHIBBNDRTHE LN LDEIIE L -
Twab,

tsT=T FRBHEOR, BROROWHH TS T A b

| cis-syn | cis-syn _ .
) 6y T S AT v RTORKEREHIT b LRES N
unmodified unmodified TWwb, rgs BIEFDRTIEYT>A M A/N—=D
double strand (+) double strand () I VDBRVBEINDTINEET R LTS, L
lagging leading U, ras BIETFORTE, TT > AA D F v FLEE)
Fig.4 Mutation frequencies of photoproducts in COS-7 cells. BEIN, TOREFRIBEIN T, 1IEER
Table4 Mutations induced by T{6-4)T and ¢sT=T in COS-7 cells
T(6-4)T csT=T
Sequence”  double strand(+) double strand (—) double strand (+) double strand (—)
lagging leading lagging leading
5 TC3 17 10 6 4
5 TG Y 3 0 7 p
5 TA 3 5 4 1 1
5CT3¥ 1 1 4 2
5 GT 3 0 1 2 2
5 AT 3' 0 0 2 3
5 AC 3 0 0 1 3
AT 0 0 2 2
ATT 0 0 0 1
+A 0 0 0 29
others 0 4 6° 2°
“Mutated sites are indicated by underlines.
®The C residue at the 5-flanking position of TT changed to T (5 CTTA to TTTA).
“QOne clone has a 3 GTTA sequence and four clones have a 5 CTTT sequence. One clone
has a sequence deleted at A (5° CTTA to CTT).
“These clones have a 5 CTATA sequence.
®0ne clone has a 5 GTTA sequence and one clone has a 5> CTTT sequence.
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Table 5 Mutations induced by UV lesions

DNA lesions Organism Mutation Reference®
csT=T E. coli 3JT—A,3T—C )
E. coli 3 T—A 3-T—C (2
S. cerevisiae weakly mutagenic (3
tsT=T E. coli 5-T— A, AT 1)
E. coli 5-T— A, AT (2)
S. cerevisine 5T — A, AT (3)
T6-4T E. coli 3-T—C (4)
E. coli 3-T—C (2)
S. cerevisiae 3-T—C (5)
T(6-4)T (Dewar isomer) E. coli 3-T — C etc. (4)
E. coli 3-T — C etc. (2)
cis-syn cyclobutane TU dimer E. cofi JU—T{C~>T) (6)
cis-syn cyclobutane TC dimer E. coli weakly mutagenic (7)
TA dimer E. coli J-A—T (8)

*(1)Lawrence et al., 1990 ; (2)Smith et al., 1996 ; (3)Gibbs et al., 1993 ; (4) LeClerc et
al., 1991 ; (5)Gibbs et al., 1995 ; (6)Jiang et al., 1993 ; (7) Hosfall et al., 1997 ; (8) Zhao

and Taylor, 1996.

KERL, ras BIETORTRERFRETEL LD T,
FERICEOBRRFELLLTEMIHEL LTI v, 2
YT LERDFHD ras BT -NIH3 T3 HIaTHE
RERESEHHB O LDE N3,

TE-O)TXKEHE, BEBHRTIT>CrI7r2Py
arEFHEL, COS-THIEDRTHE LN R L —3
T5, IORBEFHRIZLTEHTOI.T & Gl ED
IRERGPBEINTED, TG4 T 2E0 - AREDS
NENREMENDT—2 L 2 N2 FF LT 3 (Fujivara
and Iwai, 1997).

iz, FEH LD TIZEMY EiFied 7228, T(6-4)
TIZE 3 TOWE»RL 5, Dewar isomer 7 1E7E T
5., ZOHBOFALEIRKERE THNLN TGS,
PT->Ch¥, BEACARTZ bV ERTEREE T,
5.

2) thOEINRBR DNA BEHNS &8I TER

INF T, 5 TT-3MMICET 2 DNABEOERE
IZDOWTHRARTE, BIRTH BH, LD L {BIE
BAET B, FEELHFHGIL ) A RIPEAEIC &
L LDIIMRF 2 DNA 1815055 &2 2 T E B DRI
LT, vR-vr vruT s BMTU S, e —h
HiFo b (Tabled). iU, v 7u0 78 o854 »—
oy CHHER, 5, 6 AR L T > T Wb 725z
7 2 /b2 3 v & OHiE (Tessman et al., 1994)
ICEDE, IREINLDTHD, ZNICEBETUS
A=—{3ILAE "TT" r#En, .U->TERELT
SEIT., ZOUHFTCHI/A~>—HEKEEZDLEC
TEREZFERTLEMRTCESL, LL, ¥2-vv &
778 T C I A~=—I3, »FVEREE»EL %
WEHEINTEY (Table 5), HERHORHHE -
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T b ALFEEEDPH OGP I > 1BEICT-A 5 { ~—
WHED, TNEIIA->TERLFERT L (Tabled).

3) AN BRTIERIARI M

Miller (3, KIGWICEMREEBET L, loc BIETFITE
TORBRZMNT L, WEERERIG-CoA-TH
EEMIZZ2, 20TG-CoT-APRE I N7
(Miller, 1985). Hauser 53, ¥ % P27 ¥ — (244}
BEBEL, 0 CV-14ad THEREN DL E » 84T
L7z, 2O#E, G-C>A-T»61%, G-C—>T-
A A2 13 % X LT % (Hauser et al., 1986). *7-,
P MR Z -2 T 5 e ISR T R
L, G'CoA TEENFINUBTHEI LHIAHREINT
\» % (Calcagnile et al., 1996).

SR ERE L7723 F2E MRy olaihh
W THREIE, TORRPBETIERMEIZIG-C—
A TEEHIFHES 72 (Thomas and Kunkel, 1993 ;
Carty et al., 1993), 2 5HIZHESIT, FRELBEDIILA
e 7u77 8E)I vy L >—pEE X E L
T b,

PDEra#ERE, C2etyr7a79s 854 ~w—to
CHEEMLT I /{LENT, G Co A TERPFZHRT
BEV)ETNEXFETSL, LaL, L7k,
DA =ZXLZHBEMN LR LB ST B (Table
5. 72, Y uT s RIS~ CHEDORT 3
ARG EEIT KB OERLEE (T L TR v w
9 & (Barak etal,, 1995) b b h, DA< & L RIBEIC
BIL TZOMBEIIRBREZ D,

RS, — A8 77— DNA B2 BE L, KiE
BWIZb7o 272273223, G>CEE, o
WT G- TEE%Z M L7 (Negishi and Hao, 1992).

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

ZDLRREFAF L2 DNAEEI, RETH 5707, /MR
Nz L DR EREEDF G5 HIE L LN D,

i B

PlL, #H 6O EPLOICENEER DNA BHEH
FIERITERCIOWTRANRTEL HREZ2IR )KL &,
FIMRILE - THERSNIEROBEOFMICOWTIZ
WELEABRLESZ G, AL, 6 AWRICE - T,
ERDFERDHEANLETSH 5,
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