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Development of novel genotoxicity assays by genetic engineering methods
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Takehiko Nohmi

Novel genotoxicity assays have been developed to efficiently detect the genotoxicity of various environ-
mental chemicals, and to evaluate the potential hazards to man. Salmonella typhimurium strains harboring plas-
mids carrying the genes encoding drug metabolizing enzymes, such as acetyl Co-A O-acetyltransferase, or the
strains lacking DNA repair enzymes, such as O%-methylguanine DNA methyltransferase, are highly sensitive to
the mutagenicity of particular classes of mutagens. Thus, they are widely used for the efficient detection of geno-
toxicity of complex mixtures. Transgenic mice, named gpt delta, have been established for the detection and
molecular analysis of mutations in various organs of rodents induced by chemicals. Future perspective of the
genotoxicity assays using genetically engineered organisms is discussed. '
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Fig. 1. Metabolic activation pathways of nitroaromatics and aromatic

amines in Salmonella typhimurium. NRase and O-ATase stand
for nitroreductase and O-acetyltransferase, respectively.
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Table 1. Bacterial strains

and mammalian cell lines

Strain Description Reference
Salmonella typhimurium
YG1021 As TA98 but has pYG216; nitroreductase 8
overproducer
YG1026 As TAI00 but has pYG216; nitroreductase 8
overproducer
YG1024 As TA98 but has pYG219; acetyltransferase 10
overproducer
YG1029 As TA100 but has pYG219; acetyltransferase 10
' overproducer
YG1012 As TAI1538/1,8-DNP  but has pYG213; 146
acetyltransferase overproducer
YG1041 As TA98 but has pYG233; nitroreductase and 12
acetyltransferase overproducer
YG1042 As TA100 but has pYG233; nitroreductase and 12
' acetyltransferase overproducer
YG2975 As TA1975 but has pKM101 147
YG3001 As TA1535 but is deficient in mutMsr 24
YG3002 As TA1975 but is deficient in mutMsr %4
YG3003 As TA102 but is deficient in mutMsgy 94
YG7100 As TA1535 but is deficient in adasy 83
YG7104 As TA1535 but is deficient in ogtst 83
YG7108 As TA1535 but is deficient in ogtsy adast 83
YG7126 As TA100 but is deficient in acetyltransferase gene 148
YG7127 As TA1535 but is deficient in nitroreductase gene 149
YG7130 As TA98 but is deficient in acetyltransferase gene 148
YG7131 As TA1538 but is deficient in nitroreductase gene 149
YG7128 As TA100 but is deficient in nitroreductase gene 149
YG7132 As TA98 but is deficient in nitroreductase gene 149
YG5144 As TA2659 but is deficient in umuDCgr and samAB 150
Escherichia coli
YG6020 As DH10B but is A(gpt-proA)62 cre* 1z
YG5132 As CC104 but is deficient in mutM and mutY 9
- YG5152 As SCS-8 but is deficient in ada and ogt 151
Chinese hamster lung
(CHL) cell line _
YG10003 As CHL but is expressing acetyltransferase of S. 152
typhimurium
YG10007 As CHL but is expressing human NAT1 152
YG10008 As CHL but is expressing human NAT2 152

FNVEBBEEREFOIO— Y 727w, ThEhni
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LTw589, YG1024, YG1029id TA98,TA100 I S.
nphimurium DT L F VEBBERBERFERH2>7I7AIF
PYG219 ZEA LWk TH Y, COTIFTAIFDDT
L FNVEBBEREEFREKRICEB 100 AL TW
%10, 30HEHLU Lo A 2iEE(LEDICOE, Thb
DOB/FBWTREL 1TV YGI021,YGI026 1= a7 L —
YEEUHFEES FubEWIC, YG1024, YGI1029 5%
B=bu, 73k EERE FaxrinT
I/EEMICHL, BROCHEVWEZEZRTEHKTDH S
SEFHLMIENT WA, K5I, typhimurium D =
FORTEEL Tt VBRI TOME RO ST
A 3 FpYG233 % TA98,TA100Z 3 A L YG1041,YG1042 %
YEELL 7212, YG1041,YG1042 ix TA98,TA100 X ¥ & # 50
fEEvwo PORTEEEELRL, T VEBERETE
L300 EWEEZ/RL7: (Table 1). THETIZ2 95
HOSESIIhBEZRIEEWIIOVWTHEZITY,
YG1041,YGI0R2 i3 ZEREHERO/-OIC= P ETEFE &
TEFVEBBEOWM A2 LELTHHEER= FulLEY
AL, BFEMICEVESERRTIEFHL MR
L 72755 T YG1041,YG1042 # 1 complex mixture H 12 & %
Na=bo7L—rOERERBICERNITHS.

L F 12 YG1021, YG1024, YG1026, YG1029, YG1041,
YG1042 Z VT b - BB 2 4843 % (Table 2).

4. Complex mixture BICEFXhd = bAOT7L—2,
EEKRT I COSBERY

4. 1 K%

Sera 513 XF YD} F ¥ THEOREHEFH»LH
L WS E 3,6-dinitrobenzolalpyrene % [FE L, € DERR
WET7TEF VEBBEREEOR L S S, typhimuriumtk
(TA98, YG1024, TA98/1,8-DNPs) #HWTHEL, 7EF
VEBEZIEEOEVYGIOU PRI HVESHERT S
ERE LS. T, Sera bW X, Z VUBTEE, 7
tFVEBBEZEEO® & o 72 YG1021, YG1024,
YG1026, YG1029 % f\®, nitrophenanthrene 5% 2 {k 0 25 R
T OV THEREIEHME A RET L T A, Houk 5 19 (33
HOKRKHEOMEYIZOWT, S9mixiZ & 2 XBHEEL
HLIEREREHREL, TEFIVEBBREHEEOSY
YG1024,YGI029 12 BW T X D W ERFEUFHNL Z EH
5, WHOKRDEREHICEFEEFER = btadhoESs
HAEVT EZRE LA, Suzuki 519 FHETORAKDEE
IOV ERE # HEAEECHiE L, S9mix 12 & B LHE
He{b 2 LIZ YG1021, YG1024 % AW CERBEE L IRFE L /2.
FORER, ELPLORIIERINLOKTI I EHW
BREMI BB IR I LRSS, KEPO=PbOTL—V
OFIER T L7, HEDSMNZLIRT, Mexico City (X F
3 1) 18 Bohemia (Fx I) 19, Raleigh CkE) 2 Dk

Table 2. Chemicals whose mutagenicities are detected by genetically-engineered bacterial strains or mammalian cells

1. Urban air, tobacco smoke and indoor air

Mutagen Source or purpose Country Tester strain| Reference
Diesel particle extracts Diesel exhaust Japan YG3003 96
PM-10 Airborne particle Czech YG1041 155
4-ABP, 4-AABP Tobacco smoke U.S.A. YG1029 156
Tobacco smoke extracts Cigarette smoke US.A. YG1024 171
Extracts of diesel exhaust particles Diesel exhaust Japan YG1024 172
Extracts of airborne particles Indoor air Japan YG1021 21
YG1024
YG1041
YG1042
Volatile organic samples Outdoor air in Raleigh, North Carolina | U.S.A. YG1021 20
YG1026
Dichloromethane extract of combustion particulate matter | Diesel exhaust US.A. YG1021 175
YG1026
Incense smoke condensates Indoor pollution Taiwan YG1024 184
Nitrophenanthrenes Air pollution Japan YG1021 14
YG1026
1-NP, 1,8-diNP, 1,3-diNP, 1,6-diNP Airbomne particles Japan YG1024 17
1-NP Diesel exhaust The Netherlands | YG1021 194
YG1024
Extracts of urban air Air samples in Mexico City Mexico YG1021 18
YG1024
Extracts of urban air Air samples in Tokyo Japan YG1024 15
YG1029
Extracts of woody plants Leaves of plants in urban area of Tokyo |Japan YG1021 16
YG1024
3.6-dinitrobenzo[alpyrene Air borne particle Japan YG1024 13
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2. Drinking water, river water and soil
Mutagen Source or purpose Country Tester strain| Reference
PBTA-1, PBTA-2 River water Japan YG1024 30
Soil extracts Soil contaminated with PAHs US.A. YG1041 161
YG1042
Soil extracts Creosote-contaminated soil before and | U.S.A. YG1041 162
after bioremediation YG1042
1,6-diNP, 1,8-diNP Soil in Osaka Japan YG1021 163
YG1024
Water extracts Drinking water Czech YG1041 166
YA1042
PBTA-2 River water Japan YG1024 29
PBTA-1 River water Japan YG1024 28
Extracts from industrial effluents and river water Water pollutants Czech YG1021 25
: YG1024
YG1041
River water extracts Water from the Chao Phraya river Thailand YG1024 24
in Bangkok
Extracts of river water Samples from Katsura River Japan YG1024 23
Extracts of river water Samples from Katsura River Japan YG1021 22
YG1024
3. Food
Mutagen Source or purpose Country Tester strain| Reference
1Q, MelQ, MelQx, PhIP, Trp-P-1 Food mutagens Austria YG1024 154
Milk extracts Human milk UK. YGI1019 158
8-MelQx, 4,8-diMelQx, IQ, AaC, Me AaC, PhIP Food mutagens Germany YG1019 160
PhIP A food mutagen US.A. YG1024 183
MTCCA A component of soy source Japan YG1029 187
Extracts of several grain-based coffee-substitute blends Food U.S.A. YG1024 192
and instant coffees YG1029
Imidazonaphthyridines Imidazoquinolines Food mutagens U.S.A. YG1024 193
Heterocyclic amines Food mutagens Germany YG1024 31
7.9- DiMelgQx Food mutagens Japan YG1024 34
4-CH,OH-8- MelQx
7,9- diMelgQx A food mutagen Japan YG1024 33
4,8-diMelQx A food mutagen Japan YG1024 32
4. Urine
Mutagen Source or purpose Country Tester strain| Reference
Human urine extracts Patients treated with ointment containing | Italy YG1024 39
2% coal tar
Human urine extracts Humans exposed to the combustion China YG1021 40
. product of liquid petroleum gas YG1024
Hamburger extracts 24 hour post-meal urine Italy YG1024 41
Human urine extracts Effects of fried-meat consumption US.A. YG1024 42
Human urine extracts Antimutagenesis study of Tochu tea Japan YG1024 179
Human urine extracts Women working outdoors in Bohemia | Czech YG1041 i9
Human urine extracts Humans exposed to benzidine U.S.A. YG1024 44
Human urine extracts Urine of tobacco smokers U.S.A. YG1024 38
Human urine extracts Humans exposed to environmental Germany YG1024 37
tobacco smoke
Human urine extracts Antimutagenesis study of N-acetylcystein| Italy YG1024 185
Human urine extracts Workers in a glass factory Italy YG1024 190
YG1029
Urine extracts of rats treated with 1-NP and 2-NF Combustion products The Netherlands | YG1012 207
YG1024
Urine extracts of rats treated with 2,4,6-trinitrotoluene Occupational exposure Finland YG1021 43
YG1024
Human urine extracts Smokers' urine Japan YG1024 35
YG1021
Cigarette smoke condensates Smokers' urines Main stream cigarette smoke Italy YG1024 36
YG1029
Urine extracts of smokers Polymorphism of glutathione S-transferase | Finland YG1024 198
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5. Metabolites or metabolic activation
Mutagen Source or purpose Country Tester strain| Reference
PDT-1 An oxidized product of Japan YG1024 153
m-phenylenediamine
1-NP-3-ol, 1-NP-4-ol, 1-NP-6-0l, 1-NP-8-ol Urine metabolites of 1-NP U.S.A. YG1024 181
B[a]P Metabolic activation by plant leaves Thailand YG1029 57
N-Nitroso compounds Metabolic activation by human Japan YG7108 85
CYP2A6 and 2E1
Aminophenylnorharman A metabolite formed form norharman Japan YG1024 61
and aniline
2.4-dinitrotoluene 2,6-dinitrotoluene Metabolic activation of nitro compounds | Japan YG1041 165
YA1042
AF Metabolic activation by green alga Slovak YG1024 58
Benzidine, 4-AB Metabolic activation by plants US.A. YG1021 56
YG1024
YG1026
: YG1029
2,3-diaminophenazine, benzidine phenylenediamines, AF | Metabolic activation by plants U.S.A. YG1024 55
m-Phenylenediamine Metabolic activation by plants Czech YG1024 54
Benzidine, 4-ABP Metabolic activation by plants US.A. YG1024 53
YG1029 :
NDP Metabolite of propranolol Japan YG1029 178
YG1042
YG3003
2,3-Diaminophenazine Metabolic activation by plants US.A. YG1024 52
2-Amino-3-hydroxyphenazine
m-phenylenediamine Metabolic activation by plants Czech YG1024 186
2-Acetoxyacetylaminofluorene
m-Phenylenediamine, AF Metabolic activation by plants US.A. YG1024 51
2-AF, 2-AAF Metabolic activation by hepatoma cell | Belgium YG1024 49
(Hep G2)
1Q Metabolic activation by cytochrome P-450 | Canada YG1012 176
1A2 supported by hydrogen peroxide
N-Nitrosodialkylamines Metabolic activation by a model system |Japan YG7108 86
1Q, Azo-IQ, Nitro-IQ Metabolic activation by prostaglandin-H | Germany YG1024 47
synthase
AF, Benzidine, m-Phenylenediamine, 4-ABP, Metabolic activation by plants US.A. YG1024 50
2,4-Diaminotoluene, 2-Naphthylamine
ABP Metabolic activation by human U.S.A. YG1024 201
uroepithelial cells
MelQx Metabolic activation by human liver UK. YG1024 48
Anisidine isomers Metabolic activation of aromatic amines | U.S.A. YG1024 205
Benzidine Metabolic activation by prostaglandin H | U.S.A. YGI1012 46
synthase
2 ,4-diaminotoluene Metabolic activation of aromatic amines | U.S.A. YG1024 208
2,4-Diaminoanisole Metabolic activation by prostaglandin H { U.S.A. YG1006 45
synthase YG1024
6. Antimutagenesis
Mutagen Source or purpose Country Tester strain| Reference
1-NP, B[a]P Antimutagenesis study of natural Mexico YG1024 159
phenolic compounds
B[a]P, AF, 2-AA, 4-NQO, MNNG Antimutagenesis study of flavones France YG1041 167
1,6-diNP, 1,8-diNP, 1-NP Antimutagenesis study of green peppers | Mexico YG1024 168
Aflatoxin B, Antimutagenesis study of natural Mexico YG1024 173
xanthophylls
1-NP Antimutagenesis study of xanthophylls | Mexico YG1024 177
AF Antimutagenesis study of aminobenzoic { Czech YG1024 196
acids )
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7. Pharmaceuticals and herbicides
Mutagen Source or purpose Country Tester strain] Reference
4-nitro-imidazoles and pyrazoles Antimycotics Italy YG1026 170
YA1029
Tinidazole An antiprotozoal drug India YG1029 180
Chlomitrofen, Nitrofen, Chlormethoxynil Herbicides Japan YG1026 182
. YG1029
Nitroscanate An antischistosomal drug India YG1024 188
5-Nitro-3-thiophenecarboxanilide Pharmaceutical Italy YG1021 189
YG1024
1-Hydrazinophthalazine An antihypertensive agent U.S.A. YG1029 191
CNP (chlomitrofen), Chlomethoxynil, Bifenox Herbicides Japan YG1021 195
YG1026
Glyceryl trinitrate Clinical nitrovasodilator U.S.A. YG1026 204
Chlorambucil A chemotherapeutic agent Japan YG2975 147
Niclosamide An anti-helminthic drug Mexico YG1021 206
YG1024
8. Strain construction
Mutagen Source or purpose Country Tester strain| Reference
ENU Transgenic mouse study Japan YGS5152 151
1-NP, 1,8-diNP, Glu-P-1, PhIP, AF Construction of strains deficient in Japan YG7126 148
O-acetyltransferase YG7130
ENNG, EMS, DMN Construction of strains deficient in Japan YG7104 83
Of-methylguanine methyltransferase YG7108
Methylene blue plus visible lightNeutral red plus visible | Construction of strains deficient in Japan YG3001 94
light Hydrogen peroxide, AF, 4-NQO 8-hydroxyguanine DNA glycosylase YG3002
YG3003
Furylfuramide Construction of strains deficient in Japan YG7127 149
2-Nitronaphthalene classical nitroreductase YG7131
YG7128
YG7132
Ultraviolet light Construction of strains carrying mucA'B | Japan YG5144 150
ENU, gamma-ray Development of transgenic mice Japan YG6020 112
1-NP, 2-Nitrofluorene Construction of strains overexpressing | Japan YG1041 12
nitroreductase and O-acetyltransferase YG1042
1-NP, 1,8-diNP, 2-nitronaphthalene, 2-AA, Glu-P-1 Construction of strains overexpressing Japan YG1012 146
O-acetyltransferase YG1024
Aromatic amines Validation of strains overexpressing either | Japan YGI1021 11
Nitroarenes nitroreductase or O-acetyltransferase YG1024
YG1026
YG1029
Glu-P-1, AF, 2-Nitrofluorene, 1-NP, 1,8-diNP, 2-AA Construction of strains overexpressing Japan YG1021 10
: either nitroreductase or O-acetyltransferase YG1024
YG1026
YG1029
9. Miscellaneous
Mutagen Source or purpose Country Tester strain| Reference
Naphtho[2,1-a]pyrene, Naphtho[2,3-alpyrene Coal tar Canada YG1025 157
AF, 2-Acetoxyacetylaminofluorene Enhancement by pentachlorophenol Czech YG1024 164
1-NP DNA adducts formation Japan YG1021 169
2,4,6-trinitrotoluene Occupational exposure to Finland YG1021 174
b 2,4,6-trinitrotoluene YG1024
Fullerene C60 Photoactivation Japan YG3003 95
Coal dust and smokeless tobacco extracts Gastric neoplasia in coal miners U.S.A. YG1021 197
: YG1024
Nitrites Model compound Belgium YG1024 199
Compounds produced during mild gasification of coal Safety evaluation of a coal conversion U.S.A. YG1024 200

technology
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YG1021 202
YG1024
YG1026

YG1029

US.A.

2-AA, AF, Glu-P-1, MelQ Stability of YG1024 during mutagenicity

assays

YG1021
YG1024
YG1026
YG1029

Atristolochic acid I and Il Naturally occurring nitroaromatics Germany 203

2-AA, 2-aminoanthracene; AaC, 2-amino-9H-pyrido[2,3-bJindole; 4-AABP, 4-acetylaminobiphenyl; 4-ABP, 4-aminobiphenyl; AF, 2-aminofluorene; Azo-IQ,
2,2'-azo-bis-3-methylimidazo[4,5-f]quinoline; Bla]P, Benzolalpyrene; 4-CH;OH-8-MelQx, 2-amino-4-hydroxymethyl-3,8-dimethylimidazo[4,5-g]quinoxaline;
Biphenox, 24-dichlorophenyl 3-methoxycarbonyl-4-nitrophenyl ether; Chlomethoxynil, 2.4-dichlorophenyl 3-methoxy-4-nitrophenyl ether;, CNP
(Chlomitrophen), 4-nitrophenyl 2,4,6-trichlorophenyl ether; 4,8-diMelQx, 2-amino-3,4,8-trimethy-3H-limidazo{4,5-f]quinoxaline; 7,9-diMelgQx, 2-amino-
1,7,9-trimethylimidazo[4,5-g]lquinoxaline; 1,3-diNP, 1,3-dinitropyrene; 1,6-diNP, 1,6-dinitropyrene; 1,8-diNP, 1,8-dinitropyrene; DMN, dimethylnitrosamine;
EMS, ethyl methanesulfonate; ENNG, N-ethyl-N-nitro-N'-nitrosoguanidine; ENU, ethylnitrosourea; Glu-P-1, 2-amino-6-methyldipyrido[1,2-a:3', 2"-d]imida-
zole; 1Q, 2-amino-3-methyl-3H-imidazo[4,5-f]quinoline; MeAaC, 2-amino-3-methyl-9H-pyrido{2,3-blindole; MelQ, 2-amino-3, 4-dimethyl-3H-imidazo{4,5-
flquinoline; MelQx, 2-amino-3, 8-dimethylimidazo[4,5-f]quinoxaline; MNNG, N-nitro-N'-nitro-N-nitrosoguanidine; MTCCA, 1-methyl-1,2,3,4-tetrahydro-
beta-carboline-3-carboxylic acid; NDP, 1-amino-3-(1-naphthyloxy)-2-propanol; Nitro-1Q, 3-methyl-2-nitro-imidazo{4,5-flquinoline; 1-NP, l-nitropyrene; 4-
NQO, 4-nitroquinoline N-oxide; PAHs, polycyclic aromatic hydrocarbones; PDT-1, 2-amino-3-[(3-aminophenyl)amino]-4-[(3-aminophenyl)imino]-2,5-cyclo-
hexadien-1-one; PBTA-1, 2-[2-(acetylamino)-4-[bis(2-methoxyethyl)amino]-5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-benzotriazole; PBTA-2, 2-[2-
(acetylamino-4-[N-(2-cyanoethyl)ethylamino]-5-methoxyphenyl)-5-amino-7-bromo-4-chloro-2H-benzotriazole; PhIP, 2-amino-1-methyl-6-phenylimidazo[4,5-

blpyridine; Trp-P-1, 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole

L[OREREMD YGI021, YG1024, YG1026, YG1029 % Flv»
THNRLNTWVA, YGI04], YGIO2 1= FuBILER L
T F VERERHEEOW AP LA LTEY, =0T L
=V LED THVEREEZRT D, MOLT— -3
75—V TENOZERN SR EZRIL, Bohi
MEOREFI DOV T YGI04], YG1042 % WV F DERENH
PEZF—ERTWwAH,

4. 2 XK

TNAKICE TN ERFOEREL YG1021 R YG1024 %
WIS 2 RAAHEN22), [BENNZ ,F 42 F235)
TR TVwE. RISRAFRROEREER, 7V—L
—A v EOREH ERVTIUEL, FORRRER
S9 mix DFETET YG1024 & A WVTIHRB HEPFH EN T
V5, Nukaya b2 B LU 0gur 62 ik, ZOFFEEHAV
IR DOTEE N D & H L VB RIF 2-[2-(acetylamino)-4-[bis(2-
methoxyethyl)amino]-5-methoxyphenyl]-5-amino-7-bromo-4-
chloro-2H-benzotriazole (PBTA-1), 2-[2-(acetylamino-4-[N-(2-
cyanoethyl)ethylamino]-5-methoxyphenyl)-5-amino-7-bromo-4-
chloro-2H-benzotriazole (PBTA-2)%* [{%€ L 7z. PBTA-2i3x—
LAFAMEITI &, pgdHizh) TAS, YG1024 2 S9mix #
1E T2\ T 98,000His* #ifm#k, 3,200,000His* {5571k % &5
Y5, INHOERFE, Mo LLiiigics s a6 THT
Fbh -7V Ed, SPOHRAMEECUE IS EE
TEFTLLNDLEZ LN TN 230,

4. 3 RB&H

EWT-Ammh BB Sh A EREEAT O 1 7y
27 3Ir0%LIE, S9 mix DFEET TYGI024 I2iHV 255
FEHEZRY. 202D YGI0241%, ARPICETIAILR
BORERLE=SY » FIZH SR T 53D, Beef extract

PHETN—L—AVERVTERELZREL, TOERE
%S9 mix DFETYGI024 2 W TE= S Y7 TH2L
T, ¥ LWL 2-amino-4-hydroxymethyl-3,8-dimethylimi-
dazo{4,5-glquinoxaline (4-CH,OH-8-MelIQx) & 2-amino-
1,7,9-trimethylimidazo[4,5-g] quinoxaline (7,9-DiMelgQx) #F
[]5g & h 72323, 4-CHOH-8-MelQx 33 & UF 7,9-DiMelgQx
i%, beef extract 1lgHICZNEFN6.0ng, 53ngHFEL TS
MW, L—-LRFTAMELT) L, 4-CHOH-8-MelQx i3 p gd
72 1) 326,000 His* /@4 (YG1024), 99,000 His* 18 7 bk
(YG98) #FR L, 7.9-DiMelgQx id 1 g 72 1) 138,000 His*

BEH (YG1024), 670 His* 454k (TA98) 2R T2
34)

4. 4 R

v FPORICETINAIEREOBRFER, L0l )%
ERBILEFOBRERZ SN TV LI P E= Y — T 5 Hi{E
PORFELFETH S, FIZYGI024 (+89 mix) ZAWT,
BEH W, -y - Ve ELRAETIHEY S A
F), WALRMEF A OREEW I RE S NALHHED, H
W — 4B 7= & f~<7- & F 4142 2.4 6 trinitrotoluene
ICRFENLFHFHED, HiRES L ORIERE O benzidine 12
REXNTHBEY ORIZOVWTEREEMRE S TW
5.

4. 5 {K#D

FEETIVROEREL2SEFSELHEFZH VT
vitro TIUHTE (L S &, AP OLREHEZ YG1024 2 [
WTHHTARAPSHEE SR TS, Prostaglandin H
synthase*>#7, ¥ MFBEEEY = % — M ¥ k& b hepatoma
MELFEY 23— b9, HPHREY 2 F— b0, ZS
PREEEZRL LTHVWORTWAS, $7/2YGI024iCkE b
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? CYP1A2, NADPH-PASOZTLHMHEDREB T 7 A I F2E
ALZF AT —#H Kamataki 559 12X Y EEE R, 2-
amino-3,4-dimethylimidazo[4,5-flquinoline (MelQ), 2-amino-3-
methylimidazo[4,5-f]quinoline (IQ), 2-amino-3,8-dimenthylimi-
dazo[4,5-f]quinoxaline (MeIQx), 2-amino-1-methy!-6-phenylimi-
dazo[4,5-b]pyridine (PhIP) N FE A H R D TA1538 L 1
BanTwhb, BEiELHERT 5 aniline iX TAIS IZITER
EHEZRE VAT, 9 mix DFLET T norharman & 12 1
YEXa2R—PFRLHMOERERERT LIRS0,
%% 3%, aniline, norharman#* & S9 mixfF £ T T4 3 %
HRFEHMRBY L L TI-(4'-aminophenyl) -9H-pyrido
(3,4-blindole (aminophenylnorharman) #% 6 & & 7z 6V,
Aminophenylnorharman i3 S9 mix ffFE T CL— A AT A b &
179 & pgH721 1,783,000 His* $UFHE (YG1024), 187,000
His* {8178 (TA98) %% T 5.

5. kB FBXUS. yphimurium DT & FIVEGBEEER
* R4 3HILIEM

FHEERT I RFEFKR= eIl BB R T
S. typhimurium DR TEI L TWAE T F VERBERIL, N
TTNVTILDRFETHLIITIEIRL, e F2EOEEHE
WICHHEAET A. S. typhimurium DT £ FIVELHEEERIT L b
DT LFVEREREL T IV ERMLEOMHFAELRL,
KT FVEBEROBRER OV EER OGNS 69FH
DY RT 4 V% & Arg-Gly-Gly-X-Cys L5l I3 B iC
BHEESRTNDY, b MIFETS 2HEDOT £ F Vg
EEENATI &E NAT2 X3 h d 8 FHHfRICHFIEEL, 73
JEEEEHI L OMEIM A RT A, FOREIHFRMIEIEL-T
V56366 F - NAT2 IZ oW TIIHHEME DD 5 Z LT
HLPASHLNTED, NATIIZDOWTHSEDHH I L
MEEH S PITENRTWS S, NATI, NAT2 D ERINS
BlZownwTid, B, B - &, HSHo%E, 18,
BiidE, RILARE L OREIREMEN TS, BEERET
& % isoniazid 12313 A kL, NAT2DEEHESEIZK
FELTWH),

X 4 13 & F NATI1, NAT2 % Chinese hamster lung cells
(CHL) I+ YA 7z27 ML, B OTEFINIREEER
*RECRAT ARSI LB L7229 (Table 1).
% 72 8. pphimurium D7 2 F VELBBEHEBDT £ LM
FARORBRRS ¥ —i#EFELCHLNM S Y A7 27 P L
7o B L7:MiBaIco &, HEKR= PofbdTH % 18-
diNP, 2-nitroflucrene % L THEFIRT 2 Y THLHIQIZH T 5
RS % in vitro /MEBBLZRIZIC B L A 67),

6. PTEtFIEBEEBEZOBEMNSEERIAVIY
B L7 &R 1,8-diNP 12T LR 2 o 2R ZHERL

7: (Fig. 2). € PONAT2 2 BH T 24 (YG10008) i
1,8-diNPIZX LE D EVWEZEEZRL, DWTLk MO
NAT1 (YG10007), S. typhimurium® 7 & F Vi B %
(YG10003), #tkD CHLDNETdH o 7z, 2-Nitrofluorene %

1,8-dinitropyrene

CHL

YG10003

YG10007

Y¥G10008

0 10 20

2-nitrofiuorene

CHL

YG10003

YG10007

YG10008

0 1 2 3 4 5

IQ(+microsome)

CHL

YG10003

YG10007

YG10008

0 100 200

Fig. 2. Relative sensitivities of the sublines of Chinese hamster lung
(CHL) cells expressing bacterial and human acetyltransferase
against 1,8-dinitropyrene, 2-nitrofluorene and IQ. The clasto-
genicities were determined by scoring the number of cells with
micronuclei among 1000 intact interphase cells. When 1Q was
tested, the microsomes prepared from the liver of rats pretreated
with phenobarbital and 5,6-benzoflavone plus NADPH-generat-
ing system were added to the culture. The sensitivity of control
CHL is set at 1.0 and the relative sensitivities are presented as
bar length. CHL, the parent CHL cells; YG10003, as CHL but
expressing O-acetyltransferase gene of S. typhimurium,
YG10007, as CHL but expressing human NATI gene;
YG10008, as CHL but expressing human NAT2.

BAWZgaicd, & FONAT2 # 83T 54 (YG10008)
i, S. typhimurium D7 £ F VEEBEEE (YG10003) < #tk
OCHLE D D BVERZHEZR LA, ZOHRE, LD
NAT2 #%1,8-diNP % 2-nitrofluorene D{CHH G LICEIE LT
WARILERBELTWS. & FONAT2 R EZEHEEZ TR
LE@HRENEETZI L L, SEBL BRI LS
diNP %° 2-nitrofluorene {2 X85 5 5 Y A 7\ X ERETF
ETOHEELRBELTVS, FEET I VIZoWwTi,
NAT2 DRIRH SR L BERLAE, BN - #5598 & ORI
DHDHTEPEFMIIRBEINTNSES, —ba7L—>
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T BRED A7 OREZE L NATR 7 F VERBEED
BIEMER L ORBEIZOWTIE, SR LIIRTTAILE
MHsH9.

EHET I THIHIQIITrEEHEL, FELEL
129y b0 O Y- LFETTHMRDB L, S typhimurium
D7 e F VEEBEFE L RBT S YGI0003 HiE b BWESMT
%R L7 (Fig. 2). DWW Tk F D NAT2 (YG10008) B X
U’k F O NAT1 (YG10007) € L CTHEED CHLOJHTH -
2. ZOERLEINIFUTOTEFNVEBERDY, MO
TEFNVERBBEEZ LY D IQIIH L RRBHEEILiEL I
2 TWAB I LERELTVS, 8. typhimurium DT X F VEL
BEEFX L RBLT 5 YG10003 i1 1,8-diNP, 2-nitrofluorene 2 &}
LCIRBRZHIEL o222 25, YGI0003A51QIZxt L
VRS HETTOR, BIZ7 b F VEBRROREEN
BWHTIdRL, 3EHO7EFNVEBREOLEER
HERBMLTWEIDLEZL, QUEEEHRETIET v
FPOKIBICHZFRTHED, IRV ITTA
1235592 & colon iCEREFRT 289, S typhimurium
BABHOEZDONZFYVTTHY, 204 LEFIIK
B L0 HFATHLZEFHLNTVED, LizAoT
KEHROBAEED 7 F VEBEE Lo WA
b5, KBEHOTFVESERICOTE, B, HEE
GOEEFPES NS0, SEE SR ERE, BH
HMBE OO 7 L F VEBEERD, IQORBHEELICES L
TWAIREREREL TV,

. b D NATI, NAT2 2% ¢ % CHL Z FIV» TPhIP D%
REMPRBEINTWE, $/2, & FOCYPIA2H B\
IXCYP3ATH FOTEFVEBEEZLLLICEHEES
CHLA {4 & TV % 727, Chinese hamster ovary cell
(CHO) %ZEIZL T, BRFMBBREE R\ UVSP3MIRAIC L
I ®D CYP1A2 & NAT2 & % 2 8. typhimurium DT & F VL
BEZEZRFSEIMEIBILEATHE™, ZH Lk
v FoORBIEELRBHE T MR, RIEZEERBOKR
T bASET AR, BEELRALELTIOLHFE
nTns,

7. PLHRIVRIICERERZMETRT S. yphimurium
T AR RO

AFVALH], ZFVALRIZEDT VF VALARNIL, EELR
RUEEREO IV —TThHY, ZOPIIIEBRSIITL
EVARERTIONL 2w, AFVLHICE S
DNAHID S BT, BEROFRICROEELEZHEH/:
L TV % D% 05-methylguanine T& % . O%-methylguanine 13,
% < O ¥ & O%methylguanine DNA methyltransferase
(MGMT) 2k o T &h, ZODNABEERRN Y7
Y7h6e PECEHELFELTVS),

KIGH 1 2 HE O MGMT, Ada& OgtZ3F->TWw5b.

Ada 135 F 5% 39kDa G, OS%methylguanine O i3 7 0*-
methylthymine, methylphosphotriester D {518 % 4TV, £ D%
BIMEBREO X FALFRBIZ L hFEE D™, ZhiC
2+ L Ogt i34 & 19kDa ® # H H T O-methylguanine, O*-
methylthymine O 1518 {217 9 7% methylphosphotriester O 515
729, FORBEIFEINLVWETADREIZREZ-T
W5, $7o0gti = FMALFIC L 2 DNARE R AdaL D b
E L 5T A,

%412 S. nyphimurium O ada BALTF (adasr), ogtBILT
(ogtst) D—HHBHVIREHLIHFRMICHETRIE, T
FMALFNC B SEE 2 R TS, nphimurium T A ¥ —ROST
225D EEZ, adast, ogtstD 7 U — =V 7 L RIGTFHE
%7072, adasrBULTIX, KIGH O ada AT & HHIERT)
LAV TR T70% OHEEER L, 5 F 84 3%kDa D&EAH
2a—FLTWAED, Z0S. nphimurium O Ada BEH A
FEFE T O%-methylguanine X° methylphosphotriester D {515 % 1T
5 Z LIZEE D B. Sedgwick HIZ L DB Iz E& AT,
su—= 7 UfETED &I, HAMARI ZFIHL
TS. yphimurium 7° /) b £ D adasr BALTF-DRIEX T o 72,

S. typhimurium O adasr LT RIFV (YGT100) iF, Kb
B O ada BAEF KRtk & F 4%, N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG) OBIEIERIZH L THWEZE
AR L7250, MNNGORKERFREMICELTIE, K
Bt D ada RIBHEP BB L D S 10EE Lo 2D L,
S. typhimurium O adast KARRR DB & 1213 B TdH D TA1535
LRI DBRTHER LT E P o7, COFED
5L, KIBE EIZRL Y S nphimurium DIFEITIE, Adak D
b Ogt A*MNNG IZ L 2 ERFRIEHASP SMAa L Fo T D
bDLEZR, ogtsrRIEFOBIEEITo 72,

S. typhimurium @ ogtst AL F I KBW D ogt BIETF & X
7 VA F FEFIETT1% OMEAM 2R L, 577 & 19kDad
BEHZI—FLTWAS, 20—=¥ 5 L7 ogsriBHEF
FRICHENHEZ Z2HVWTY /) A LD ogtsrBIZ T X B
WU 7. S ophimurium TA1535 D ogtsrift {=-FBE 18k %
YG7104, adasr, ogtsrWiiE k% YG7108 L éx% L7z (Table
1). YG7104, YG7108ix7 IV & VE{EDE % 5 MNNG, N-
ethyl-N'-nitro-N-nitrosoguanidine (ENNG), N-propyl-N'-nitro-N-
nitrosoguanidine (PNNG), N-butyl-N'-nitro-N-nitrosoguanidine
(BNNG) i3 L, Bk THHTAISIS L h bR sEs
ALz (Fig. 3). ogtst KIARRTIL, BV BT /R T
MES S FRERKREOBMMAIBRE SN0, T hF
TSRO ST EI L7V FMEFIC OV TESED
WEA T b, TA1535D ogrsr RIAKRTH 5 YG7104,
adast, ogtst —HE/RIARTH % YGT108 1%, ethylmethane
sulfonate (EMS) , dimethylnitrosamine (DMN) 7% &&3E7
VEVERICEERZIEEZRT I EAFHL ISR TY
% 8)_ FEthylene oxide ¥ ARHBE L2 7L —r 2 HWT
YG7I08DERF A P 2475 &, B L T LHMED ethyl-
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Fig. 3. Sensitivities of Salmonella typhimurium strain TA1535 and its

derivatives against alkylating agents. Closed square, S.

typhimurium YG7108 deficient in adast and ogtst; closed trian-
gle, S. typhimurium YG7104 deficient in ogtst; open circle, S.
typhimurium TA1535.

ene oxide ¥ AD7:HIZ [BREREE] P33 HOTHEL %
5., TDHYGN8EHWAETANTIE, Hrv—#HK
BLAT7LV—=FE2RWwAEIZLIWATH S, Kushida
5885 |3, YG71081iZ & I CYP2E1 & cytochrome P-450
reductase & % 2 {Z CYP2A6 & cytochrome P-450 reductase %
R B & & %1 N-nitrosamine DR F W2 ARS 2 L T,
CYP2E1 I3 L8y 7 v % U R D F V> N-nitrosamine D L3
HHILICES L, CYP2AGIE TV X VEHEO KWV N-
nitrosamine DL FNEHILICBAS L TWwWb Z & 2R L 7=,
F 72 Okochi & 86) 1%, N-nitrosodialkylamine ¢ cytochrome P-
450 7 VRIC L BAEIEMHLIZOWT, YGT108 124§
AEREEEZBZICHRE2{To T 2.

8. EMMFREICSBEZMEERTS. typhimurium 7
A2 —HORR

1% 1 B% 3% 1 X bleomycin, paraquat, hydrogen peroxide ¢ & 0
{LFYH R ERERSGHR TR L A L -BRICE T 513,
NEUOZERE L L TER#BHER T ET 5. EHRk
FILL WV ETHEMERIRTU LS 207, ZOPTEY

EMERNEL RS TY S b O D—DIZ 8-oxogua-
nine (8-0x0G) 7% %87, 8-0x0G i DNA #HE DT cyto-
sine LL4F 12 adenine & b3 EZEL 72D GCH 5 T:AND

transversion ZZEE DR & 2 58, Z D72 HIHLIZ 8-0x0G
Lo TR HERERZMHT 57D { 20D DNA
BEAZHEATEN Y, 20K L2BEEEED 80x0G
DNA glycosylase Td 5. 8-0xoG DNA glycosylase X cytosine
LA L7z8-0xoG%E, £ glycosylasefdElc & hEl 1) |
L, &5ICBIEEITOSHE 3O DNABIZWHAARE
AN B lyase [GHED A LTV 599, DNASKIZUINTATE &
71213, BifsAR{LBEFE, DNA polymerase, DNA ligase D{E
AL hEFEODNAITEHE SN S, 8-0x0G DNA glycosy-
lasett, KBE CE muMEfmFIca—-FEhTBh,
muM ARG REOBRLIIRMIC & ) BARBRAREENEL
7 o 7%k (mutator) Tdh 59,

RAEUREEZET 5 RRFITH LRI VK
SZHERRT S yphimuriim 2 HHET L L 2 HMIZ, S
typhimurium O muM BT (mutMsp) DI Q-0 ¥ %5
WIS EFEEROEE LT o729, muMgRIZFIE K
BHOmuM BT L X7 VA F FEFH LoBREEERL,
SFE302KDaDHEHE I~ FLTWA, s0—=rFL
1o muMsrB T2 B ICHRAMRRZ 2 HVWTY /4 Lo
mutMsT BT 2B L 72, S. typhimurium TA1535 O mutMsr
HAZ TR % YG3001, TA1975 D mutMsri {5 T 38 0%
% YG3002, TA102 D mutMsrift {nF R4k % YG3003 & 6
% L7z (Table 1). YG3001 i3 methylene blue + visible light,
neutral red + visible light, 2-nitrofluorene I~ X+ L IR #k @
TA1535 & 9 b 28 WV IEZ M Z /R L7z, YG30021d 4-
nitroquinoline 1-oxide (4NQO) IZxf L BARTA1975& 1 b
0L BBV 2R L7, YG3003 i3 hydrogen perox-
ide lZX LB TAI02 & D b2 B E R L.
YG3003 i3 fullerene C60 + visible light, diesel particle extracts
DERFEUHRHICOFA ST 595.%),

9. b FDNAZEEFZEOGGI DBIEHNSZEI L RH
AUZY

8-0x0G DNA glycosylase TH AT P 2 ELEBEYICD
MHBENEZ ML, & DO 8-0xoG DNA glycosylase % 2
— N4 2 8IET hOGGI DIEFEFED LN, 1997FEIZFD
BEFHIO—Z 7 &R0, ¢ FDOGGIEAY
BABEOMutM & 127 3/ BREYI EOMRAEE RS 2
», BROOgl EHE LI DHEMERL, ¥ 7 &
D 0ggl &L 84%HEMEEZIRY. & FDROGGIIZE 3 %t
OER 326 ITMWBEL, T2DLS I rhbix5 100,
hOggl 1% cytosine & *F& L 7= 8-0x0G % glycosylase {51412 &
DL, 5ICHIEEES O DNA S YIRT T 5 lyase
EREETHELTNS, :

t +DROGGHIZEBRIZWMESEIVHFELTEY, D
EEFICIE326FEH D7 I/ BRIC serin % 2 hOGG1-Ser’?
&, cystein % 32 hOGG1-Cys* 8 HSfF#E$ 5 103, HAAD
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HEERLL, MBBENRIIDVTHRLELTIE, w
FTHROLED Serd6:.Cys’ 8D HITIZIZI2TH B L HESH
T 3. hOGG1-Ser’? B X UF hOGG1-Cys326 ) B fb 69 22 5%
ERIZHTHMMEL AL 20, HREOBE{LY DNA
BHBIZEIYBEBRERERENEDDOTEL 2ot KBH
YG5132 (mueM, mutY) 12, hOGGI1-Ser’?* 3 X UF hOGGI-
" Cys3 % glutathion S-transferase (GST) BAEBHEK L L TK
BRI CRESESL 77 A IF (GST- hOGG1-Ser’®, GST-
hOGG1-Cys’%) %A L, 0O HKEAREEMHEL LK
L7210, FHE607T7 A3 FHYG5132 D8 HARZRE
BEshRA JHHE L 222, hOGG1-Cys’2 o) 5 A5 hOGG1-
Ser26 |2 e ~IHIT 28 I3 K> o /- (Fig. 4). LaL,

No. of Riff cells par 108 cells

hOGG1-Ser®28 hOGG1-Cys%6

CC104

YG5132 vector

Fig. 4. Complementation of an Escherichia coli YGS5132 with hOGG1-
overeproducing plasmids. Strain YG5132 is a mutM mutY
double mutant of E. coli CC104.

B AL 72 TG VERISE D5 B TUE, hOGGI-Ser’® & hOGGI-
CysDBICHELAZRIR VIR T Vw109,
hOGGI EZF D EEIZ OV TIE, WHICB W THEOHM
BREBEYWNRIEFNLTEITHON, Cys/Cys D allele %
Fovr MidCys/Serd B\ it Ser/Serd & bz, squa-
mous cell carcinoma & non-adenocarcinoma iIZBiL 1) A 7 5
WEHRBEEN TS 19, Lo0GGI DRIEME RIS 5V I3 F
HEOLHLREVAV A2 LOBRIZOWTIY, 615
Mz SfThh s 2 EPHFsh 5,

FILATIZ Y 7Yy R B LEEEL
BRO BT

LW E DY Mo T 5 ) A7 25 ET 5 -0121F, %
R AR R 2T TIE e L, BEAT B
CEERERPERETH S, HE, KEEP7 77—Vl
ZFELVR-F—BIETELTHARAL IS VAV 22
VI ARHWTEHEETFRALERZRIE L, BE20F
LARNVTEIETHIENMEEIIL Y0052, Zhonw
AT ETOMPIZL K- —@ETE2H-THh, &
B3Il - ST S RICRIEHERORFEEZITO 2
ENTETHE. SO &3, RBWEOMBERES,

10.

ERREERIC BT A EPA L EROBKR, & 5245
MR~ E R &2 EZE L RnHEEFME T T 54
TEHIKEV. HEBENIIAFTEL NI VAV
v 7wy AR KE# lacz@ifzFEVERE-S LTS
Muta™ mouse %, laclEZF% LR— % — &7 2 Big
BlueR mouse 19719 A3, %, LA L, BEEO IS > XV
Sy RIARKRERBERILTLOIERL TS L
BEZ V., FRE LT, EREDKRBPLERTIOM
FIET 23R MRHFHOMER, BUHRETHERSINS
REBROBMBICHEN LRI LR EOHMIEITON
ZNMD 3z ) LthkRRTAIEEHMIC, A
EGIODNA 2 HAGAARHF L VWIS VATV 22y IR T A
gptdelta #FEZE L7212, Zo~w o R, 200KHEEICE
STREDBIATORREREHRIKKRY T 7L S
YavTELRIIEMIDS. ThbOLOKEHE gpri&(z
F% VU HF—4%— &7 2 6-thioguanine (6-TG) L 7 ¥ a v
T, FICHERER GEEBRERETILV-LT 7))
FRUEL, @A77 =TV DredgamBEFE L E—5—k
ThHSpi-EL s a T, ZEREERTHHET S,
FLVbS AV 2=y 2=y X%lRTHD, +5
VAV E LTI ASHIMNEATEH LA 77—
¥ (A EGI0) DNAZ{EB L7z (Fig.5). A EGIOX Sk

HindIII

A Hindlll

BRGNP Sl | A
| SRRy
Rk

>4
loxP

>
loxP gpt CAT

ori
(pBR322)

Fig. 5. Schematic representation of AEGI0 DNA used to generate
transgenic mouse. gpt and CAT stand for E. coli gpt and chlo-
ramphenicol acetyltransferase genes, respectively.

EROBBICHV LI AKBE g BET L REERGHA®
EMfEETHE 37 7 VredlgamBIzF 5217 7
—JChBE. ZNT77—IDNAIL, A 2001DNA O Hindlll
ERRLICEMIRICL 2SS9 23 FDNAZIFA L THESL 7-.
7523 FDNAHHRIZ 2 2D loxPEFIZEHIATEY,
Z O 1|21 chloramphenicol Tt tE#{ZF (CAT), KI5 gpr
HIZT, pBR322HBUROBMHEAMEHM (ori) HETh TV
5. AEGIODNAR® A 704 ¥ vayiElLy
CSTBLIGI = 7 AZHRIZEAL, P XAV 2w o=y
ABEF#G/-1, Y7oy PEILLYEARETF
E—-HERIEILIEZA, NTOAL FHhDBEATE—
Bizieoa¥— L sh/:. Blfigpr delta & LTHAS
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RTW2 Y A, CSTBLI6T= Y AN GHE RE(LL
2230T, WHADVTERGHERIZI T VAT - UHHEAE
Nz 13,

10. 1
D
KIGH gprIEFIE, purine IV ~X— JEIEKIZED 5 gua-
nine phosphoribosyltransferase # 17— F L TwW5. ZOEE
B77=2v07+X7x )R VbEEEL, 77200
DNANODOR Y AR ICHE L TWD IR, 6 TGRHEE LT
L1z, HERO g BIETFE2ROABGHIL6-TG 2 U5
WETHERETLIENHET, gpBEFIlEELRFo 72
KGR DAL 6-TCEELEREH ETEFTES. 20
et RIETF 2 VAR— 5 —BEFICHVD L, 2HOT
ERBROBPLEREOAZBIRT IRV T4 7 - LY
aryHFuEETHS. KGH gptBRTF I T — FEHIRA 456
bp LBV D Y — 2 T AL L 2 EROFAELES
THabH. ZOOKEHE, S. yphivrium D 5 \VITFEEMRE
DHRTOLEREEREDOVR—-¥ —BEFL LTHYWLR
T&7. FM—oVE—=% —E&GTF 2 Tin vitro & in vivo
TILEPEOBEHEREIRBET LI L REBEEHLDDLE
x, KBW ept@ET 2 BERERRBOVA— ¥ —&IE
FELTHwWAZEE LT,
EERFEDOEE % Fig. 6 /R Y. RRETRELL<Y

6-Thioguanin BIREE AV -RmRATR

Chemical

gptdelta mouse DNA

=@ — Hl -
colonies|

E. coliCre*

s @) — W

E. coliP2 lysogen

Fig. 6. A protocol of gpt delta transgenic mouse mutagenicity assay.
After treatment with a chemical, genomic DNAs are extracted
from various organs and the transgene AEG10 is rescued as

phage particles by in virro packaging reactions. For 6-thiogua-’

nine (6-TG) selection, E. coli YG6020 expressing Cre recombi-
nase is infected with the rescued AEG10. The phage DNA is
converted to plasmid DNA by cre-loxP site specific recombina-
tion. The E. coli cells harboring the plasmids carrying the
mutant gpt gene can be identified as colonies on plates contain-
ing chloramphenicol and 6-TG. For Spi~ selection, P2 lysogen
is infected with the rescued phages and the deficient in red and
gam can be identified as Spi~ plaques.

ADLHBDNAZHIHL, A 77— TinvitoNNy r—7
VR E 2T I VAV -V AEGIOR T T — VHF
FLTENT S, BLA7 77—V % Ce AR BERT

BHLTWDKIEHE YC6020 R ICES €2 &, A EGIO
DD loxPEFNCH T R EEA Cre Ml AB A BFRIZ &
>TYWHIER, YSIAIFRERT A, BgEHZO
YG6020 i #X % 6-TG & chloramphenicol (Cm) # & ¢ M9 %
KEMIZTWTIICTERETLLE, 7I3AIFLEDgpiE
BFPPELL TV L EREKDAN6-TG ¢ & ORI
ECauo—%#EETA. 4, CmEELMIERERIC
FVTHELZan=—Ehd, BE77—VHENTS 2
I FIC X A REERGRIROONDS. o, ERaD
S-HEREER IO TR L TEREREHELE
¥ 5.

<y ADFHBEBRELTUVB (03,05, 1.0, 1.5, 2.0 kJ/m2)
*REL, 4BEMBIERLT, RELEKIZDWT gt
BIEFENEREEE (MF) 2HIE L2114, UVBREAHE
03kI/m2 B L 705 kKIm? THET 5 &, REOMFHPIER
SEOIBULIGELZDINL, EFOMFIX2-3/ET
By, BREFERLIDSUVBOERMERBIIHL, B
ZUERTIEPREINTS., REBRRO g ZEEEIZDON
THH V- /72— 2 HWTERBREOREEIT) &,
EBRND% {135-TC-3, 5-CC-3'% £ O dipyrimidine FL T2
X7-GCH 5 ATAD ransitionERTH o7, CCHHTT
O tandem transition 255 b Bl%E E N7z, Dipyrimidine EfiL
{24, UVBIRSTIZ X b cyclobutane pyrimidine dimer (CPD)
% pyrimidine-(6,4)-pyrimidone photoproducts (6,4-PP) %%7%
RENBIEFHMORTWS ), 2O EhbAEHRE
ENFERIZIE, CPDR64-PPHEE L TWEZ LAVRIE
& 7. Dipyrimidine i TP G:C 2* & A:T -~ transition
LR 2 CCHh b TT ? tandem transitionZ £ X, non-
melanoma skin cancer D p5S3EZF IR E LR L LTHH
EEShTwa e, —F SAEREIBVWTRGCH,D
T:A -\ transversion %>, CpGESfLTD G:CAH AT~D
transition ZZEATE (BB S, 53 DNADEELHIA
#% % 5-methylcytosine DL 7 I bW g BIET TR ONS
HRAZERERIFELTVWAZELZRLTWS 120, Kig
HTBI 2 gprliZTFORRRRERTHEARICALNRD
ISI DA, SEERE <Y A SR L 72 g BERET
BELBEENTELY, T LidgpnBfnF Lok
BEFTYAEFEATEAEER TS I EZREL T
5.

10. 2 Spi-selection | & 2 RARREREDIRY

NI UAT 2oy T Agptdeltald Spirk L7 v a v
PHOWTREZERZRETE 200 5HMO—2TH5. T
5 VAP —®D A EGI0I212 red/gam BAZT B & U chi BLY
PHEET S, BEROA 77— VP KRBHEICEET L,
A7 7—VRABHEOMBEATHELTF 77—V 2fE
D, BRI KBELBHSEEER (F9—-7) &
5., s LRBEOSEEEIZP27 7 — Y DDNA
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MEASNLEPRBRETIR, FEMOL 77— IS
LT 75— 2% LEw. COFERMAT77—JDOP2
BB 5 2BIRI % Spit (sensitive to P2 interference)
LIRS, —F, redgamTRHLFHEESTELL TV L
RE77—TJEREBEREHIZHLTH 77— 2 RKT S
CEMNTED (Spi). Spi#BLANUI red/gam MR T 1R AE
DORFELIZE D b s &b 0, SpirERkiEFICRE
BOEREFOLEZOLND. red gamBETFIZFNER
TR U7 R R A LA HRRIER BV EE
RoNBIDTHD. SpirtL s a il ta o Rk
EROKE ST invitro’Sy =T FERELLZVIEH
(#710kb) PFLREEZEZSNDDS, A EGION<TIRY )
AEIZY U FLIFAZRTWEZ LSS, o=y

MIE oA ole KERREER S FHMICIIBRMTEER
bha,

Spi~k L7 ¥ a Y OEEFEOHEE R Fig. 617K L7, in
Vitro X9 =T v Il o TAEGIOZ BT A &P T
X6 TGV > a bl Thsd, BIERIT77—Y
¥ PEHEICR S, 3T CT—BRISIEL, Spirkst
77— 2155, I/, FERBICERSEIEET T
—UHFBHLTTI— 7 2EHDT, 77— I DEIFE
BROLNE. foT, BRTI—I¥ERIN7 7%
T LU CRAERBHEN M E NS,

AEGIORHALAL M VAT 22y 2T A2y #5,
10, 50 Gy # FB&T L, 3HBICHES T HRL-EZ 5, IS
12315 SpirZBRESUARE IR T h £ 0.7 X 105,12 X 1075,
20X105Thbh, HoHHhk EAIRD SN2 gt
7 AHRO Spi BRI OV T REMZFHT LA E S
5, BEATHIKDIZRIABEA L ARE SOREERIEE S
Nz, UVBRELZZTYRADERICOWTS Spirkl 7Y
arFHOTREEROBITE{To/oE IS, UVBF—X
0.5kI/m2iZ BT SpitMFid, JEBRGEEL 0 L FAFICEHL,
Ikb A E DK & 2 RIIIFEHGTERICH <1065 B AL
7o,y BREBHREIERIC L VBRI KRELRESE
FURo% i, BEESAI 18N OEWHEE 2R 2
FoTwah, oo HEIMLRILWVEFIRTHtSEL
TWBIENEDol. SODSHERNELIE, —&
HOr 22 2 L DNAKGE LA NMERZ 12D

WL TELAELDEEZORD,
0. 3 SRV z=y 7 BEENRBOSHE

PSIUEF-RAPCHIET D X H IZRMFABRRIZEEMD
AMEFOLERZEAETHI LR, BEAOEELEZ
ECHELRHREPIEMT A, FAEQERIZIIEy BUE
DEMEEL, BOEAUBOERR TpS3 R APCOER T
BT ERELDEAAMTHL. VSR 2w
BHEGHERB TR, HALLLE— 7 —RET 2 RIS
EUR LR - BT 42700, JWEREMICER

FEMMICEN T A LA HETH L. Lo bRt
WOMEEL LTWATYD, BROEMMEL EIEREBALRE
DOWIHNEHETH o> WMBETHLERFMBLSFLALT
BT T A ENEE 2otz

4RI LI gpr deta~ 7 AL, Fl—OEHFICOVWT2
DO & ) HPERER GREESR, 7V—4T 7 })
ERFERZHFERBIT S, 2oy AT,
Ehmmat, o SRS, mRRERBIcETIh AT
a4 #1) v 77 I R, ethylnitrosourea, mitomycin C %
LW FERINIEHBEROFERIED SR TY
3 W.12.123) | F 722 vy 27 8-0x0G DNA glycosylase % 27—
F92MmhOggl / v 277 b= RLDRERIZLY, &
BATET 2 NEEOR LM EI (BRI - 7
FIZLHVWLR TS 123,
SZIIDNABBHEEEREFERBLLE 2 v T b7
AR MUBBREARITLE IS VATV v TR
LORBEAEL T, LEMROMEHERID 5V I12i0E
WEDL ) LRRTFFERLZZHERI LT 2Dh % in
vivo CHOPIZT AAVEL E TSNS, FIZSpit
Vo7 vavid, FERIRRMMR A ST RIER LT
DAL= R THY, DNAHIOUIET & HHE0A
BPEEOLHIIELDOP T invivo 2BV TR T BERICF
$HThb. T, PFrAVzZ v s RAEFVTRA
ARBRETI S EICE ), BYFALEROMEY L H
T T A2 EHMETHE. BVARELZILHENR
BIZBWTIZZ v ML WIEREIMEDILTWwS, 25 L7
EroTrE, A—OLE—%—METEHRALIFS >~
ATxzZv sy VORRIMETHS. 21, KEHTO
LFWE I L B ESHER BT T 2 L vy TETIR, + 5
YAV 2= v ¥ Zebra fish'?® OEITIIEED B BREATH
5.

5 H )

Lk, BERIS VSV ATV 229 9 RET, fiE
BLZE MR 72REHERBN 7 A ¥ —OHE L FOIGH
PlHZDoWTHA L, RiZELA L) IR{EHEREBOR
Ho—oit, LFEYFADOL MUETIITI2ReHET
W -T2 5. RAOWELRETFHT S &) Tk
T, KIUDOKIRRLHBEEDOTH, FAFATHELEE LD
THLIBHHEHE Lkw, AL EOT AN,
TG E LD e MIEBEHY L ERE ) REMICRY—
THh, Hrs AOBEMTRHEDEVL, SHIEEFHRL
HEECL > TEFZRZITVWAI EATHING, T/
MRS EO L IR G SN Mo EE LTS
h, TOHETLHTIBEFTLERRL>TWE, LT
TAZ—E LTHRVORSEBIIZIIHEE, REE0H
SILAHONTEY, RO FETIEL YT

s
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BT EEFEREBIZLTWS, Lk oT, 4%, #@EH
WHRERZ R L TITCBIZIIO P 0EKERORIERE -
HERBLZLEDLI L TTFHORICRYRALNEED Z
ENRETHH)., T A8—LLTHVAQOEYOHE
=, FREZEOLHIICLTHEHRT 2N EVI RS, 4%
DEEFETHS.

AFETHY BT T v F VEBBEERETF (NATL,
NAT2) ®hOGGIEZF TR ONDIBIZFZRIL, {LFEY
I35 FORKRELER L ETCERELRZRTTH S,
NAT2 2B L T AFEZ & 12 rapid acetylator D HLRATE L 5
ZEFMmonNTEY, FEEELTTREANEE - BRik:
WOBENSRREELTWwEd Lkwnie, 72
NAT X CYP 2 EEMA BB HERIZTOLEITIE~X, DNA
BEERGETRPRESA () BETFICHET 24O
FIRFIZoWED Y THELEEL BN, 44, #FEM
% single nucleotide polymorphism (SNP) EFEDiEE h L3k
2, EYHBEEDAOREFIIOWTD SNPEHRAER
sh, HEURDLIVERBPABRZUHLOBEFHL RS
ZENEIND, KEREREZA (National Institute of
Environmental Health Sciences) Tl¥, T 9 L7 EH 6
Environmental genome project
(http://www.niehs.nih.gov/envgenom/) D& D TIZELH %
B &L ORBRERBEBICHTLI)IELTVS, F
X ATul ey bR AGTRIGHEOERIZEY,
EBRIYOEE, REEOBRFHRIRITT LV TH
LI END LIRSS, 29 LmAR. 1R
BICH L CHY 2R (H5VIRM) 2RIRT 254
R, RERGTEZEALZHBER N VATV 22v o<y
ATy FERHVIEEMRBRICHFEMRLERHETS 2
YiardH., T v TN URALRRLERER
BRI~ Y 23, ZREOBEOMEICH L vilittz i
b Lz,

BRI, SREBEICR2L LBEDMAREEERIFONE
v 7 A% —DBAT S, {LEYHRPBEINHETEZ 52ER%
Ro% i, DNAIKHIMEYERShA Z LIl L o T
HHNBN, RfafkDEHEIT) DNAKY 27 —-ED%
i, DNALOfHIMkZED R 2 5 2 AT E T, i
M CHEEELT S, 25, —RoBEI ey
BATEAR, FOBRICHRLY — (EERFIZL) 25
5. BHEITI— 2L )4 U/DNARHIE, ROBHORE
R L LT E, [ELV] EEMEsRo L ZEH
DNAHES N, B E LTI —IEESNERER
MR L., ZOEEIRL 2 2 T DNA#HEI transle-
sion DNA synthesis (TLS) &IE:iEh, RALRFREICBY
THELZBEHER-LTWBEELILATWVD, £,
TLSIZED A2 FELDNAKRY AT —¥D, NrFUTHh
L b TR EWETR WA S22, FERREN
ki, RKBHEIC2HEBEFET S TLSEODNAFY A 5

—+ (DNA polymerase IV, V) B84 {3 v hTCRWAZ
N7z 4 FH D TLS &I DNA polymerase!35-149) L dtii¢ 2 #hk
IR (FALY) #HLTWwA, & FDTLSE DNA poly-
merase ® 1 D3, AR ERVAK T RS HEWH
Xeroderma pigmentosum variant (XP-V) QR REBEFTH
AIENHLNIZENRT VS04  Z 1 50 DNA poly-
merase 1T BRERDBEMADOA L LT, BRRLEIFAD
EEREPMNELEZ S LTERLZRTFE LA EITHE
Ehb. TLS #10D DNA polymerase 25 b DZESRIERERIC
BOTRETHEIOWTE, 4R ESIKRETHLED
Hr9,

e &

ZITBALLHENE 3, BEVEESESGHEME
FIEEBZERIIBVW T30 TH Y, GEIETTE,
HRRBEMHEL I LORAMELE o 2 H 4 ICBiLH
LEW2., £72¢ } hOGGI RIZFIZT AHF%EIE, EL
WALV Y —HEFTEYER FEHEBR) L oXRHRE
Thh, FPIUVvAVLZy Ty AOREE, RS
HH B EIE, POHRERRESE L, 7 KEMELER
M2 LS BOMEE L DHEAMETHL. PF A
Vrzovw ey AOUVBEREICET ARFEIE, HKkFE
B2 N R, Mt & OEHETH 3.
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BREPICTFET 2 F T2 EoREHEE LRI L
(ML, 20v MO T AEREZFMET S 72012H L
WHIZEUHRBRELHE L. TEF NV Co-AO-TEFNV
ERERO L) REYRBBREGTFeR>T7AINE
F A L 7z Salmonella typhimurium %2, O%-A F V77 =
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