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O3MmETH, REFRERROATHEL L -0
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FE~FERI0FED ) ELTARSNEY, #Eizsidic
BAd 2Bt RO—ER L & bz, —HBHEARL RN
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HicBiL THEEEERREZER L, ToRetoF Mm%
*f‘_f? 7z,

AMARBEESBHE EEFELFREEER &
(W aERERLEY v 7 —BHEWER CUT, [E5W)
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BWIE BT 2168t (CER84E3 A 22 H
B{LEE 29 BEFEHEREEN) OV %4
HICBd 2 BENERLEL WDYEIRR
I DA ¥ 54 s L, Sy s 3
WAHEIRRAERER, Fr A =—X 4
§ —EEMEE AV 2 REARERR, < v
A%V B/IMEEHEBRE 1T - /2.

& £
HROFLHERLICRT. BHEOEREEZRLALDOD
WKBALTid, ThFhicoLWTEHRT 2755, BRI

DPVWTRRICHRDA2i0HT 5. BREOIFhin X
NicbDE, TXTHA1FS54 Y TED LN TV BEE T
D&y, HRENHSHAEE LTRBARAETH 2 5
mg/plate (Ames FHER), 5 mg/mL (LBEERERER),
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40| 61 | 219 | ¥R 7 o - - (&5 — (BML) (El#
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BLUEBRY CEESFEES N, £, 59 +FEPE
LU= 2F - [P O_BMESARBKRTE, Yo E-
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T4 VEERS LT ARBOBRTH A,
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YHBERICE > T —SORXE T THNEELHER S
B, +SOETREENRLNITVWI LD, +9BFK
SENEREFRME G, REEZTTE0E®kEES
RNt g, IBHRTRESLEEE T
5 2,000 mg/kg/day X2 THERMUEENBLAhTVWAC
E D, HKICE > TORSHOETIRAEIZ VLD E
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(8) B-7 25—+ (Aspergillus oryzae)
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MBERS L UEE '

INEBLOKREEFHRDOBLTIF-EiE, TXTOD
HBRRCBOWTEEORERER L. —7F, Aspergillus
oryzae X EBE L TEONLBT I s —FiconwTld, &
BARERRBIUV/IERBRTRERECERMSE O
B, Ames WERTIHWEAL G ELL -1, HERES
K UKHRD 2[EORER T, TA-100BEHD —S9BLY
+S9 DEETT, v ro—LD 2 {EREDERERS
o=—ORMBR LN, Ak, 73 /BERNOS L -
PRZBWTH, BOEFSEDONLIELD, KEBD
EXFVUBETNRBINTVAE I EBETEINLD,
EXRFYVVDOERBYEAELTOVRVWOTERIu=-0
EMEEDX > UBHRBH 2 RBMETE T, - 12,

2 {ifi

Aspergillus oryzae HIFED B-7 ¥ 7 —+¥id Ames DR T
FBOERERHARLY, ThiREBRICSENIEXF
VvigE* B EMEL ONT. REARERBRB LU
NGB THEETH L EMD, b T AEEIE
EAEBVWHDLEEESN S,

8, 7I/EMTICLoBEBRIhice xF O s
ENTVBTLEDHBAL, BEYCLIRIETS - 278k
ﬁbfgi e f:. )

6) F i35+~ (Tricoderma koningii)

AEEREAEE, R O/NES T FI10RIRE Tricoderma
koningii Z¥EE L THERK 2 MHE L, BHE-EE581%,
Ta—LVEBRLUCRERZRET 2Lk ilganrid
DTH 5,

ABEESLUEE

REAERERRS L CIRB TR, BiEOEREEE
fo. Ames I HBOHERERRICB VT, —S9T i
WP2uvrA, +S9 Tid TA100, TA1535, TA98 O H gl
HIERE (5,000 ug/plate) T3 ¥ b o — D 2 fEHikDE
RERI o =—EMED b, KRR TIE SOmix R
FETD TALB35 TDA 2 FRED 3 0 = -
Hoioiod, BMEBREERL ER, SOmix BHET
OHREHABOAT2EE2L T IcHI 3RECERER
Iz —HOBNBED SN, BOREKEEEL

fe. L LSS, BREEo=-OHBIEEL S »
o, BRI LABBYEICE X F YV  BEThTun g
HJREEEDIRE X N/,

B i

SEEREER, BLO/MEHBRTREREDEREMES
NTEY, AmesHBROER LB 2 EREDOFVE
BEFEATHD, E MCHTEEBRIEILALHVLD L
EEN 3B,

% H, 73/ BANCLOERYDIc L 2 F Oy iy
FNTVWAZ &HHAF L 7))

() B-Y a4 —+ (Aspergillus niger) & & U

(Tricoderma reesei)

AHER T, 2TEOR I 2Bk (Aspergillus niger) 5 &
U (Tricoderma reesei) 2 B\ THBIE S g2 va v
F—tE, TNTNINOMHRTRBREIT - 1. RERILA
Y TREORBEICEDNTEY, &%, 75K EREROK
EPT VA N—DEMEREE L LS BIEALS 5.

HBRERE L UER

HROELZAEKER W THES2BD IV
V& -, AmesiE, INEHBRE bRETH -0 B-
T3 v 5 — ¥ (Aspergillus niger) 13, SSHTSMED W
NORBREHT TOREARREOFREITDONEh - /-
B, 48 BRALEIC B W T 5 mg/mL T 5.5% OREEHE
Sntcioe, BIMARAEERLE A, 3.75 mg/mL
T 6.0%, 5 mg/mL T 11.5% OFBEERENERIIITH
B L s N EEEMEOERIEDShEL -
7.

B-7" 3 v ¥ — ¥ (Tricoderma reesei) \c D\ T, &
WAL T — S9 T 2.25~2.75 mg/mL D EE&HH T
6.0~9.0% DBEREIBER SN, EHMEHEES 3.0~
5.0% FHaIN/, —H, 24BEAEICBVTS 1.8~
3.1 mg/mL QDBET 55~95% DEERE L, 75~
12.5% DIEE CEMMEMIENER SN/, £, 48R
MEBIBWTD, 1.8~31 mg/mLOEBET 36~77%
DOEEHMRSER I, B8, (hWSORELAHERT
LHIEOMIEETER L, 59% = TERIBIEENEH, - 1.
B-7 3 v ¥ — ¥ (Aspergillus niger) B & U (Trico-
derma reesei) & b, REMEREEFEREL -0, LEE
REOHREE, EFHEL 0B ONBRIWET
LR -, BRIBEHRTHESN-BEEER, The
NEEREUORUZ LD OETNTVEARN OELRE
RBTENEZLNS. ChoDBRIEIRAARLESE
NTORYMETHEZ 0D, FORBEAREFROER
K2WTE, +oGBHOUBELVWEIATH S, i
BE LEBICEEERELERIN TV B T 05, Mla
DHEBREIERT 2 L5 BMEOBS b RIS h 3. Bl
Duy FTIREEORE (1997) bbb, WERTOLERE
THHIEDOBED v MTXDERBEL 2 HREHRNH
5.
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EAs fif

HROEL ZEREAVTRES N 2BDB- /v
vy —¥id, AmesH B, /NMEERE dICEETH . -
—7%, REEAREZRTIBEOERME SN, g7V
VS —¥ZFDbONEEMEANO DNA IT/EHR L v
EEEAECTIEREAICLL, HROEREICERL %
O 2 R ERIC & 2 AEEMH S, BN TOBBEEYO
FEaErBIon, BaFrRELGEOEELE oV
THXORHERTALEDNHELSDEHEASD,

(8) ZW¥ =4 —+t (Bacillus sp.)

IV g 3 — € EEEE (Bacillus subtilis) DB %
HMELTBONLLDT, ST IvhsIEARNTH
BN I VBBERENRT S,

HBERSLUEBE

TA98 BL U TAIB3Z BV TDH, +S9 DEHET,
1,250 ug/plate LI FOBE T, a2V bo—ickhxT?2
EREOERER 0 =~ —DHIMRR S hi, BFEEE
A H R REAEERRE X IR ER
T -» 7=,

B {if

LEARTHRI BOIWEHR TR OBRENE S
TED, Ames HBOBHER OB O 2 FEEDOFHL
bOTHB., Lichi-T, REAETFHERECEL TR
R, BETRAEEHOFBRICOVTSD, & MoXd
BEENPESI I LB BDO TR,

(9) 7 4% —1 (Aspergillus niger)

7 4§ —HiINESTECHREEREAEL BN
BB O L TR ONABRERAEATH 5.

ERERBLUER

WMEZAVAEFEARAZRABK TIE—S9 D TAL00,
TAIR DRICB VT, MBOSEEFOLER 10 =
Ao, MOEKTOEHEREZRLAL. £/, +S90
T3 TA100, TA98, TA1535 THBD 2 LI LOLER
Ju=—DEMAR ., —, REEARERRICBL
TH~SIDEHETT, 016, 0.25 B &0 0.37 mg/mL D
BETENTN 9%, 125% BLU 154% OFBEREE M
RSN Bloy NckB T4 5 —EREDOT 3 BS
P BME, 1994) Icdhid, X+ Y v 1.34% BES
ThTBy, ThEFBOL2F Y UVEET Ames RER
RERTALE, 745 —FEAZEOERETRI 0 =KD
Bins@EdoNcl Ehd, 749 —FioLrERan
T-OFREBERYEICEETNE R F YV LELEHDT
HBbDEEZOND (FME, 1995). F7, Ames R
B E | BRABECTHLEL, Z0®%ERT ST EIck
DERIo=-HHTVEDOBRENS - 12 FLE,
1995).

Es i}

74 5 —EEMEMER O 3FHR ERBERESBRTHE
&L - ks, INERBTRETH -1, 74 4 —FiC
LBERIn=—-DFERIE, TN TVBERF VU

&R EMRBEN, —F, Bl b OBRICE VTS
EEREEFRTREDEROEShTV S, LofiELd
D FME 1995), Hfkic & - THRBEBEL L HOTH
HWsDEEZ B,

(%H, 73/ BT oEBRRIc e 2 F Y v
FNTLEEDERsN, HEEZAVAERERERA
BOBHERIERF Y vtk 2bDTH D AEEENS
i -7z, )

R ER U BEERmMyIc o T

REL743WHED> b, 3IYWERIEORRATYT
NTCEEOEEME SN, HERE, BTER & LTH
WOENTWVWALTIES =R, L-54&/—R, D) F—
R, TSE/ 3057V, 95 vH A, BEREREE €2
N=THL, FEANSY, SAFYHLREOEEET
B ET 2B RTNTRERIETH - . $i, BILBALEA
ELTHVWONTWAE 2BODdy-ra7euo—d d6-b
av7za—-VbREUTH >, TTIRBNLEHIK19TE
OERFIO> b 6 BRRBHE L -0, Boo 13EIE
Hetiot, FEEORMIYE, P, REFLWNE
R E T B & D& Aspergillus orvzae DIEENLELN
723D B-7 35— €IBAL Tid, Aspergillus oryzae %
FERE LTEONI O PIFVEEERER L. L
ML, REFHLIBPEEZFEMETEZIETI5-ETRE
WETH-7cl &b, EEHHBOLXF Y vBEEh
TWEHREH O EZ S hic, —FH, HREHROELS 2
Bopsvayvy—-CERptEkEEsFRLBHE L
feds, a-7Nva v F—EiRTNTo IBORBRAE TR S
Wolellind, BABEEAEST V3V 5—-€Th,
o E BARICE DEYITEMREL AR L, 57
PF MY ENKSET IBRTHLFFF—EP2R
DHFDODEBAERLIOBONLF by F—~E ot
-7,

F & O

PIEoiER LD, SR KRR 43 B0 > 5,
Ames KR TH VAN SBHEL L > o b OB 4 BR1F, 3
BEETRBRCTEELE S 12D 8 KEd - 7. Ames
RERTHGHE L5 - e bOR TN THAEYIER R ROBEE
FTHy, Ames HERICE T 2B IR THI e F I
WMEBRALLADORIGE L THATE 3TN H 5
(ER, BERESE0RMEBIT, 73 /7 BOFICL %R
MRt RF OV URE L SEL TV I EMED SR,
7o, invitro TORBEREEFRECEL TE, +98
HEF Rl L o0 - A BV A/ MEEERDS T ~TRak:
TH - EEEETNE, EiFics - TEHREEELS
BOTEHIBWEEZONS, L LSS, BEERAYT
L7z 129EcBEAL T, £ OEHGOREE, BERREE
ORI & X SR D5 MR NEE N 3.
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Genotoxicity: Is a threshold concept applicable to evaluate the mutagenic
activity of DNA-targeting substances!?
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Summary

. The concept of a “biological threshold” is attracting interest as an evaluation criterion for the mutagenic
activity of DNA-targeting mutagens. In this context, the concept is defined as “a concentration of a chemical
which does not produce any damage through its inability to perform the necessary biochemical reactions,
even though present at the target in finite amount”. To clarify whether this criterion is indeed applicable to
DNA:-targeting mutagens, we re-evaluated the reverse mutation assay data using DNA repair-deficient bacte-
rial strains, such as S. fyphimurium strains lacking the O°-methylguanine DNA methyltransferase genes
(adas; and ogtsp), the nucleotide excision repair gene (uvrB) or the 8-hydroxyguanine DNA glycosylase gene
(mutMsp), and E. coli strains lacking the nucleotide excision repair gene (uvrA). Mutagenic responses of 20
test chemicals including alkylating and non-alkylating agents were compared between the repair-deficient
and their wild-type strains.

All the alkylating agents, such as MNNG, ENNG, EMS, ENU, DMN and DEN, exhibited more sensible
mutagenic responses in strains YG7108 {Aadas, Aogtsy) and YG7113 (same as YG7108 but containing the
plasmid pKM101) than in the parental strains TA1535 and TA100 (same as TA1535 but containing the
pKM101), respectively. Upon applying MNNG, YG7108 showed about 2—100 fold increase in the number of
His* revertants above the spontaneous level over the range of 0.00025-0.25 ug/plate, whereas TA1535 did
not show any significant increase in the number of His" revertants over the same dose range. On TA1535,
an increasing tendency of the number of revertants was observed at 0.5 ug/plate or above. This indicates an
approximate 2,000-fold difference at the mutagenic concentration level between the wild-type and the repair-
deficient strains. Other alkylating agents also showed significant differences in mutagenic responses
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between YG7108 and TA1535, or between YG7113 and TA100 respectively, with some variations among test
chemicals. On the other hand, non-alkylating agents, such as 4NQO, AF-2, 2-.NF and MX, did not show any
differences in the dose-response relationships between YG7113 and TA100. When non-alkylating agents,
such as 4NQO, 2-NF and MX were applied to TA1535 (Auv»B), TA1538 (AuvrB) and WP2uvrA (AuvrA),
clearly different mutagenic responses, i.e. about 30- to 60-fold, were observed between the repair-deficient
and the parental strains (TA1975, TA1978 and WP2, respectively). 4-NQO showed different mutagenic
responses between YG3002 (AmuiMsr) and TA1975 (about 10-fold), though the application of other oxidative
agents such as hydrogen peroxide resulted in less than 10-fold differences. The present results indicate that
the wild-type strains having normal repair capacity show no gene mutation induction at the concentrations at
which gene mutations are clearly induced in the repair-deficient strains through DNA damage. Thus, the
present results suggest the existence of a “biological threshold” below which no mutagenic response is
induced by DNA-targeting mutagenic substances.

Keywords: threshold, biological threshold, DNA-targeting mutagens, DNA repair -deficient strains, alkylat-

ing agents

1

BEEECEBAENIFELLZVE VI EZ TN T
T—BRMIZZITANRS N T &9, 4 DNA # EHIE
W L2WE, flzidfliaR®EEN P DNASKE
E#2 L, DNAUSNOBERAER 2 E~OREBIZL -
THbENLBEERICIIRENEET A0 L)
PEENICH BRBICRIT AR LN T E T 3 (Elhajouji
et al., 1995; 1997). —75, DNA* HEEM L+ 2 HHEIC
GRESFELZVEVIZFZ HIMEKRL LTLELBRE
LTHY, (LFWEORERFMIBATHIDELH
PWEENEREICHEE VWD,

MEL WIESII VL 2POBHE S ITHZ IR T
5 (Kirsch-Volders et al., 2000) 4%, # DR IZEYERN L
1 (biological threshold) &\ X HARB EINTH
5. ChIZDNAZEEENE T2 E A DNA & Ei#EE
BIA%05H ) REL, BROLEE (PIAIEERER)
DREBLEL T HE2TOEYENL 7O APEET
XV ZIEBEA DAL L D) EEERSEET
b, EWHIEZFTHH. HEEHAVIERERRART
& Salmonella typhimurium (T NV EXSHEBE) D
TA1535, TA1537, TAIS38SHWHENAED, Thbidwn
T X7 U F FREGBERER QurB) THYH, £
N OBHEMTSH B TA1975, TA1977, TA1978 12~
EREYEIIHTA2BREREITBO Lid—~RicamsnT
WBHrZETHL, 72, TVENLELDNABE R IBET
% O°methylguanine methyltransferase (MGT) Z/R3BL
ToEBRDMERLE N, FORAEM S O LED b RIBRAE
ERRICERTT7VEF M EFNCEREE L R T 2 A%
H TV 5 (Hakura et al., 1991; Yamada et al., 1995; 1997;
IH, 1999). @ X ) % DNABEBBEREBEREZ B
WETiR, £ OBEEREYEOBBRERD CIEHER
BEICEAZT 6, L7370 dBEOBMEICHE U
FTEHIET2L0TIREho/k. LHL, 2HEIH%

i
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DNABBBERBRLBEKROERZHOENEDOL D
», LBROEVMFHBRECFELERLTWEINDEL
TRZ B & 1% o T &7 (Sofuni et al,, 2000). DNA®D
BALRYHE % 5185 5 8-hydroxyguanine (8-OH-G) DNA
glycosylase # RIBT 2 BMAMER S h, BEKE OB
LR BN T 2 U IRE SN TB Y (Suzuki et al.,
1997; Kim et al,, 2004), Tho5OEBKLEHTHH T
DEBIZOVTRE LK RERET 5. A%k,
BHWE, ERI0-BOF—5y L3I THAL
R ETTEY, MECHERICLERSAICE,
IVERAEI-EBRARIIOVWTHBO LG CENER
ZfToTWwWA. X7 LA F FREBERERIZOVTIE
FHETHEONTH LREBRERERLTVA,
HRMBEB LURE

1) ERIE

MEzZHCAHEBERRERARICH LRk E
Table 1IZRY. FIERTEICIZT V¥ V{LDNARE
15188 % (0%methylguanine DNA methyltransferase :
MGT) & LTC20DBETF ogtsr & adagy DY, Thd
% RIBLIERYGT104 (4ogtsy) & YGT7108 (Aogtsr,
Aadagy) B & P2 OB AR TA1535, I UM TA1535 4k
pKM101 7J A X FE&EA L TAL00 & 2D MGTRiB
B YG7112 (Aogtsy) & YGT113(Aogtey, Aadag) % AT T
VEMEENIOWTRRERFRE 2B L2

FETNFMEBNDVTIE, X7 LT FREBER
EHRE B, YVERSHETIE, TA1535AwerB) & %
DI HERRTA1975, TA1538(AuvrB) & & DB AR TA1978,
W KBRE R TIE WP2uvrA (Auvrd) &+ OE £k
WP2 & O CHBRE L 72,

B DNABBICOWTIE, YVEXASHDS-
hydroxyguanine DNA glycosylase D &= F/RiB#H % Hw
72. YG3001 (AmutMgr) & = OB ERETAL535, YG3002
(AmutMep) & & DB A # TA1975, 3 012 YG3003
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Table 1 Tester strains used in the present study

Reference

Strain Description
Salmonella typhimurium
TA1975 hisG46, rfa
TA1535 as TA1975, but AvvrB
YG7104 as TA1535, but Aogtsr, Km'
YG7108 as TA1535, but Aadagy and Aogts;, Km" and Cm”
YG3001 as TA1535, but AmutMg, Km"
YG3002 as TA1975, but AmutMgy, Km'
TA100 as TA1535, but harboring pKM 101, Ap"
YG7112 as TA100, but Aogtsy, Cm”
YG7113 as TA100, but Aadagr and Aogts, Km" and Cm"
TA102 hisG428, rfa, harboring pKM101, Apf
YG3003- as TA102, but AmutMgr, Km'
TA1978 hisD3052, rfa
TA1538 as TA1978, but AvvrB
Escherichia coli
WP2 rpE65
WP2uvrA as WP2, but AuvrA

Maron and Ames, 1983
Maron and Ames, 1983
Yamada et al., 1995
Yamada et al., 1995
Suzuki et al, 1997
Suzuki et al, 1997
McCann et al., 1975
Yamada et al., 1997
Yamada et al., 1997
Suzuki et al, 1997
Suzuki et al, 1997
Maron and Ames, 1983
Maron and Ames, 1983

Gatehouse et al., 1994
Gatehouse et al., 1994

Km": resistant to kanamycin, Cm": resistant to chloramphenicol, Ap": resistant to ampicillin

Table 2 List of 20 test compounds

Abbreviation Test compound Source Solvent

MNNG N-Methyl-N"nitro-N-nitrosoguanidine ~ Dr. M. Nakadate, NIHS, Tokyo Dimethyl sulfoxide

ENNG N-Ethyl-N"-nitro-N-nitrosoguanidine Dr. M. Nakadate, NIHS, Tokyo, and Sigma-Aldrich Dimethyl sulfoxide

PNNG N-Propyl-N-nitro-N-nitrosoguanidine Dr. M. Nakadate, NIHS, Tokyo Dimethyl sulfoxide

BNNG N-Butyl-N-nitro-N-nitrosoguanidine Dr. M. Nakadate, NIHS, Tokyo Dimethyl sulfoxide

MMS Methyl methanesulfonate Tokyo Kasei Kogyo, Tokyo Dimethyl sulfoxide

EMS Ethyl methanesulfonate Aldrich Chemical, Milwaukee Dimethyl sulfoxide

MNU N-Methyl-N-nitrosourea Sigma Chemical Co., St. Louis Dimethyl sulfoxide

ENU N-Ethyl-N-nitrosourea Sigma Chemical Co., St. Louis Dimethyl sulfoxide

EDB Ethylene dibromide Wako Pure Chemical Industries, Osaka Dimethyl sulfoxide

DMN Dimethylnitrosamine ‘Wako Pure Chemical Industries, Osaka Water

DEN Diethylnitrosamine Wako Pure Chemical Industries, Osaka Water

4-NQO 4-Nitroquinoline 1-oxide Tokyo Kasei Kogyo, Tokyo Dimethyl sulfoxide or ethanol

AF-2 2-@2-Furyl)-3-(5-nitro-2-furyl)acrylamide Wako Pure Chemical Industries, Osaka Dimethyl sulfoxide
(Furylfuramide)

2-NF 2-Nitrofluorene Tokyo Kasei Kogyo, Tokyo, and Wako Pure Chemical Dimethyl sulfoxide or ethanol

Industries, Osaka

MX 3-Chloro-4-(dichloromethyl)-5-hydroxy- Dr. N. Kinae, Shizuoka Prefectural Univ., and Wako  Dimethyl sulfoxide
2(5H)-furanone Pure Chemical Industries, Osaka

NPD p-Nitro-o-phenylenediamine Walko Pure Chemical Industries, Osaka Dimethyl sulfoxide
(1,2-diamino-4-nitrobenzene)

AZ Sodium azide Wako Pure Chemical Industries, Osaka Water

HP Hydrogen peroxide ‘Wako Pure Chemical Industries, Osaka Water

MB (+light) Methylene blue (+visible light) Sigma Chemical Co., St. Louis Water

NR (+light) Neutral red (+visible light) Junsei, Tokyo Water

(AmutMgp) & & DU AR TAL02 % FRENB V2.

2) HBHE

DNAZ BERNE §H2REMLMEL LTELT IV

21TR L7,

3) MR

NoODOEREWEDANFHR LB IEEOEE % Table

FNALHE, T, ZolBHRE L TEEBRERS
Tl—=bV7 P EFRTIEREWHE R HALH DNAR
BeblbFboky, 20/ECOVTHRFLE. £

BRERERZBEIAEO S LA VY FaR—-Va ViE
BH, FIZERBHEHLETIT o225, LEILELT
S 9 FIFSY mix 2 & ARBEEIETITo 2. REH
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Table 3 Number of His" revertants per plate in TA1535, YG7104 and YG7108 treated with MNNG in the absence of S9 mix

Experiment-1

Dose (ug/plate) 0 0.1 0.25
Plate No. #1 #2 Mean #1 #2 Mean #1

#2 Mean #1

0.5 1
#2 Mean #1 #2 Mean

TA1535 12 10 11 11 7 9 4 9 7

YG7104 11 14
YG7108 23 26

21 14 18 361 489 425

13 480 400 440 1344 1120 1232 1752 1920 1836 4000 2568 3284
25 2704 2568 2636 3656 3968 3812 5520 5664 5592 4160 7024 5592

Experiment-2

Dose (ug/plate) 0 0.01
Plate No. #1

0.025

#2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1

0.05 0.1 0.25 0.5
#2 Mean #1 #2 Mean #1 #2 Mean

TA1535 6 8 7 8 6 7 6 2 4

YG7104 10 10 10 78 87
YG7108 37 46

2 4 3 4 4 4 8 2 5 18 34 26

83 162 152 157 342 350 346 620 588 604 1601 1620 1611 5004 5508 5256
42 824 962 893 1432 1346 1389 1230 1492 1361 1808 1846 1827 4008 5706 4857 5927 4888 5405

Dose (ug/plate) 1 2

Plate No. #1 #2 Mean #1 # 2 Mean
TA1535 860 986 923 2116 2126 2121
YG7104 5718 6066 5892 6218 8706 7462
YG7108 6006 6186 6096 7626 7326 7476

Experiment—3

Dose (ug/plate) 0 0.0001 0.00025 0.0005 0.001 0.0025 0.005
Plate No. #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean
TA1535 7 5 6 10 11 11 7 ND 7 8 4 6 5 5 5 10 7 9 9 9 9

YG7104 22 20 21 27 27 21 37 25 31
YG7108 3% 19 27 40 38 39 49 61 55

24 23 24 36 29 33 38 39 39 71 76 74
46 80 63 116 75 96 173 173 173 348 376 362

Dose (ug/plate) — 0.01

Plate No. #1 #2 Mean

TA1535 8 9 9

YG7104 103 122 113

YG7108 452 488 470
(ND: No data)

WEBHEL, 5~6mLO-a— )y 7OX|c5
pPLOBEFEETHEZ, 37CTI5~ 16 IREREEL/-&
WA, HEBRYWESHE 0.1 mLE 0.1 M Na-) VR
R 0.5 mL(F 7213 S9 mix) & 7 A PRMROREERK 0.1
mLZ RBREICAN, LRALIICTT5HMTLA ~

FarR—=Tay L 2mlO by T H—%MAL, B
BIZRA I VA= AERT L — b LIZRIFCED . 7
L= b %37CT48F 72 T2 RS2 U728, His' 372

WTp BRERI0=—-BE2NEL.. SHEFHIC2~
SHOTL— b (WBEZ2~58) % v, FOFEHHE
R 7.

& B

1) MGT RIB¥k (Aogtsy, Aadagy) 1 & 5 Ik

RFEW TNV FVALHITH 5 MNNG D5 % Table 3
R, 22T MGT REB#%TH 5 YGT104 (Aogtsy) &
YG7108 (Aoglsr, Aadasy), BUTFN S OB AEBETAIS351
DWTDIEOEBRFBEREZRL TH 5. TAIS35 DZEHk
BERFHIHNDEYG7104 £ D D YGT108 D FF A+ D

64

EVREVDOT, DBEIIYGTI08 D7 — % % FwvC Hig
T5Z &L, Fig. 112YG7108 & TA1535 22T oD
SEOERERE /57 TRLTH A, 22 TRIEHE
BTORGZ R 3§50, Xk X ooymtic
BTFRRLTH S, YG7108 Tl 0.00025 ug/plate & 0 B
OAPRERITZ—KOBNEALN, FRUBHEK
FRCERIOZ—HOMML Tw5b. —7, TA1535
7 0.00025~ 0.25 ug/plate TIIFEMXEE & RS OE L 5
L, 0.5 ug/plate T ) R ER oo = —KOBINER
H oM, 1.0 pg/plate & ) BEFE LBV A LN TV 5
YG7108 TLRIRAE RNV FR S 5 FEIR(0.00025 ~ 0.25
ug/plate) 123> T, TA1535 Tid ogtsy & adas, D 208
EFVREFCHELTVWAZILILE T, ERERDS
EPEEIHE LN TVWAEIEIFREINTVE
ENNGIZ2oWTH FHOBRPELEN TS (Fig. 2).
YG7108 Tl 0.00025 pg/plate TEE 7 0 = — KO HHIE
AR LN, ZRUBERKENICER IO = — )58
MLTw5. —7%, TA1535% 0.01 ~ 0.5 ug/plate Tid &
XS HR & I—J%@ﬁ%j‘ L, 1.0 ug/plate TERE I =
BoEEmS A S5, 2.5 ug/plate TH & A i hnas
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N-Methyl-V'-nitro-N-nitrosoguanidine (-89}
10000

g TA1535-1

o~ TA1535-3
—-o— YG7108-3

1000

100

Neo. of His™ revertants/plate

0 0.0001 0.001 0.01 0.1 1 i0

Concentratien (ug/plate)

Fig. 1 Comparison of mutagenic responses of MNNG in TA1535
and YG7108 without 9 mix (3 experiment’s data)

N-Ethyl-N'-nitro-V-nitroseguanidine (~89)

—a— TA1535
—o YG7108

10000 -

1600 |

No. of His" revertants/plate

0.001 0.01 0.1 1 10
Concentration (ug/plate)

0 0.0001

Fig. 2 Comparison of mutagenic responses of ENNG in TA1535
and YG7108 without S9 mix

Table 4 Number of His" revertants per plate in TA100, YG7112 and YG7113 treated with EMS in the absence of S9 mix

Experiment—1

Dose (ug/plate) 0 5 10 25 50 100 250
Plate No. #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean
TA100 71 69 70 73 .72..73 71..66 69 79 .69 . 74 76 65 71 61 8 73 89 80 8

YG7112 78 170
YG7113 0 79

74 240 216 228 328
75 216 236 226 448

320 324 800 880 840 1248 1232 1240 2304 1920 2112 2400 3040 2720
456 452 1008 784 896 1280 1360 1320 2368 -2784 2576 3040 3584 3312

Dose (ug/plate) 500 1000
Plate No. #1 #2 Mean #1 #2 Mean
TA100 88 83 83 86 87 87
YG7112 3264 3456 3360 4160 4800 4480
YG7113 4224 3750 3987 4832 5824 5328
Experiment—2
Dose (ug/plate) 0 500 1000 2500 5000
Plate No. #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean
TA100 82 60 71 78 63 71 83 75 79 170 168 169 1360 1120 1240
YG7113 120 129 125 4192 4224 4208 4012 4800 4406 5504 5600 5552 4800 5408 5104
BOOLNTVE, 2ODRKTRARERDFRMIA D A

Lhb AR CHET 5 & TA1535(1.0 ug/plate) i
YG7108(0.00025 pg/plate) Db & % 4,000 H BV A&
Eh. 2B, MNNGTOHIDERIZB X% 200085 T
H5b.

PNNG & BNNG 22w T YG7108 & TA1535 & D
TH LD REWIH LN TV A%, MNNG % ENNG 2
DREGZECTERL, FREROBRETOALNS
HEDZRIBLZ 100 BE LUK N (F—5 %
HRE).

EMS & MMS 122\ TiZ TA100 & 2D MGT RIB#% T
& B YGT7112(dogtsy) & YG7113 (Aogtsy, Aadasr) & TR
L7:. Table 4I2EMSTh 2B OEREREZRY. 11
HOEBRTYGTUSOAMNYGTIZ L W ERIu=—D

FREEFBECEMICHL2OT, 2HEHOEERTIE
TA100 & YG7113 & THE L7, Fig. 3ICHBEKRTO 1H
HE2MHOEREREEZ 757 TRLTHAS. YGT113
T4 5.0 pg/plate THL PG ER v = —HOBINA A
b, FRUBHERFHICEREcu=—HoEmL T
w3, —J, TA100 Tt 2,500 ug/plate 2* B 6 %%
Baono—FoEMBEALNTEY, ZOAROERIT
D7 &b 5005812 5. MMS Tl EMS 8% 728
WiEALNTELY, BIFBEEOHEERIITE
Llpol(F—5 2 EH).

MNU B L FENUIZDWTiZ TA1535 & YG7108 Tlb
BEIT\, ENUTIR 1002 A HEEERH LD
LS (Fig. 4), MNUTH 1008 ISEVAEEDNDH
b0 LRI N (F—F 2 ERK). EDBIZDWTH
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Ethyl methanesulfonate (~S9)
10000

—ae— TAN00-1
—0— YG7i13-1
—— TAIN-2
—r— YGT113-2

1600

No. of His* revertants/plate

160

10 s d
0 10 160 1000 10000
Concentration (ug/plate)

Fig. 3 Comparison of mutagenic responses of EMS in TA100 and
YG7113 without 89 mix (2 experiment’s data)

Ethylene dibromide (-S9)
1000

—O— TAI1535
—&— YGT108

160

10

No. of His" revertants/plate

0 100 1000
Concentration (ug/plate)

Fig. 5 Comparison of mutagenic responses of EDB in TA1535 and
Y7108 without S9 mix

WO 21T o 7285, WMEKRTOHRBEERICIEVY
HLLOD, FOABEZIEUTTHLAZLDT
V& 7% o 72 (Fig. 5).

IhE CRFRERILETOERTH 505, RHE
HALE: (5 v 1+ 89) # Fiv: T DMN & DEN DT TA1535
& YG7108 Tk E L7z, DMN Tid B 6 512 100 K
FBAALAABRENHLLOLHAM S (F—7 %4
B). DEN @ YG7108 T 2.5 ug/plate X Y LRI 7 = —
BOBLpREMEALN, FRUBHEECKELTE
Boo=—HlHEML w5 (Fig. 6). —%, YG1535T
13 50,000 ug/plate & W) BHETER I =—HOHES
PR MAREDOLNTWE, ThaEELERT S &
20,000 L WD TRE BV S,
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N-Ethyl-N-nitrosourea (-59)

- TA1535
—o— YGT108

16000

1000

b
=3
b=1

No. of His" revertants/plate

10

[} 1 10 100 1000
Concentration (ug/plate)

Fig. 4 Comparison of mutagenic responses of ENU in TA1535 and
YG7108 without S9 mix

Dicthylnitrosamine (+59)
10000

—e&— TA1535-1
0w YG7108-1
= TA1535-2
—a— YG7108-2
—o¢-—TA1535-3

10600

160

No. of His* revertants/plate

0 1 10 106 1060 10000 100000
Concentration (zg/plate)

Fig. 6 Comparison of mutagenic responses of DEN in TA1535 and
YG7108 with S9 mix (3 experiment’s data)

FERNEEILEE 2 B Vv T 4-NQO (Table 5), AF-2(Fig.
7), ZNFB I UMXIZDWTTAL00 & YG7113 & TH
LickZh, MEkROER au = —HoBEKREE I
EAERUT, ZALDEVSEALRED 72 (2NF &
MX 2DV TIRF— 7 #4508,

2) A2 Vi F FREBERB (uord 7213 worB) 12
& AR

Ames BRERIZHW 5N T 5 TAIS35 (AuvrB) B X UF
TA1538 (AuvrB) X EBEOREBH/RE LTHONTE
D, TNFNOFARTH S TAIIS & TA1978 L Tlb
Breitol. 8 HICKBREKRWP2uvrA (AuvrA) & % DEF
EHWP2EOHBbITo72. A HEWHEIL,
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Table 5 Number of His" revertants per plate in TA100, YG7112, YG7113, TA1978, TA1538, TA1975 and YG3002 treated with 4NQO in the

absence of S9 mix
Dose (ug/plate) 0 0.01 0.025 0.05 0.1 0.25 0.5
Plate No. #1 #2 Av. #1 #2 Av. #1 #2 Av. #1 #2 Av. #1 #2 Av. #1 #2 Av. #1 #2 Av.
TA100 100 132 116 175 158 167 286 270 278 474 462 468 740 870 805 1338 1188 1263 1238 1194 1216
YG7112 184 154 169 212 226 219 324 284 304 462 454 458 742 684 713 1230 1234 1232 1618 1634 1626
YG7113 180 142 161 114 134 124 236 278 257 370 366 368 600 630 615 1192 1444 1318 1614 1526 1570
Dose (ug/plate) 0 0.0003 0.001 0.003
Plate No. #1 #2 #3 #4 #5 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean
TA1978 11 10 10 11 9 10 10 9 14 11 9 9 10 9 11 12 7 10
TA1538 12 12 8 15 9 11 10 11 11 11 12 12 13 12 8 16 9 1
Dose (ug/plate) 0.01 0.03 0.1 0.3 0.5
Plate No. #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 H#3 Mean #1 #2 #3 Mean #1 #2 #3 Mean
TA1978 12 7 13 11 g 12 10 10 10 112 14 12 13 13 7 11 15 11 10 12
TA1538 13 14 12 13 30 22 23 25 75 72 69 72 169 197 170 179 246 236 243 242
Dose (ug/plate) 1 2
Plate No. - #1 #2 #3 Mean #1 #2 #3 Mean
TA1978 10 12 17 13 21 22 25 238
TA1538 94 120 106 107 (21) (25) (28) (25)
Dose (ug/plate) 0 0.5 1 2.5 5 10
Plate No. #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean #1 #2 Mean
TA1975 1 0 1 2 1 2 3 0 2 3 2 3 21 17 19 32 25 29
YG3002 1 2 2 8 7 8 8 21 15 92 84 88 630 600 615 630 563 597

(Parentheses indicate that apparent antibacterial activity was observed)

Furylfuramide (AF-2) (~89)

16000 -

—@— TALGD
~O— YGTI13

£

B 1000

z

=

a

14

@

@

b

+m

2

S

=)

3 100

Z

10 1

[ 0.001 0.01 0.1
Concentration (ug/plate)

Fig. 7 Comparison of mutagenic responses of AF-2 in TA100 and
YG7113 without S9 mix

TAL00 £ YG7113 L D TELBEVDOA L NG D o 12 4
NQO, MX, 2.NF &, #7-1cNaN3 X NPD & #MM% 725
WETH D, Wi bR s v,
4NQO IZ2wWT TA1978 & TA1538 & T T 5 &,
TA1538 T3 0.03 ug/plate & h BRI 0 =DM
Ao, DBHAEREWIIEMLZ. —%, TAI978 T
22 pg/plate & W ER T 0 = —HOHE S DR EMA AL

4-Nitroquinoline 1-oxide (-89)

—o— TA1978
—o— TA1538

1000

160

16

Ne. of His" revertants/plate

0 0.001 0.01 0.1 1

Concentration (ug/plate)

Fig. 8 Comparison of mutagenic responses of 4-NQO in TA1978
and TA1538 without SS mix

nChBh, 60EBROHEENDH 72 (Table 5, Fig. 8).
D ERDBAEHET2NF & NPDIZDWTHEL
JebZ B, WIETREFOERNL LY, BLZE30
BRETH 720, BETEITWEEROEBEVEKRE (R,
100 fEREDOENHK LN (2-NF & NPDIZDW T F—
YRGS, MXIZDOWTIEIWP2 & WP2uvrd & THE L
7L 2 A, WP2uorA T2 0.03 ug/plate & W B S 272 %
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Table 6 Number of Trp” revertants per plate in WP2 and WP2xvrA treated with MX in the absence of S9 mix

Dose (ug/plate) 0 0.0001 0.001 0.003 0.01
Plate No. #1 #2 #3 #4 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean
WP2 19 23 19 14 19 15 15 14 15 23 13 19 18 20 21 18 20 i7 22 15 18
WP2uvrA 19 17 17 21 19 19 12 22 18 15 19 22 19 24 19 24 22 23 23 24 93
Dose (ug/plate) 0.03 0.1 0.3 1 3
Plate No. #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean
WP2 1 21 20 17 20 23 14 19 22 25 25 24 31 42 44 39 99 102 83 96
WP2uvrA 81 85 81 82 222 202 228 217 852 755 843 817 796 812 836 815 © O O O
Dose (ug/plate) 10 30

Plate No. #1 #2 #3 Mean #1 #2 #3 Mean

WP2 319 286 295 300 427 448 574 483
WP2uvrA ©® © (@© (@© ND ND ND ND

(Parentheses indicate that apparent antibacterial activity was observed, ND: No data)

Table 7 Number of His" revertants per plate in TA1975 and TA1535 treated with AZ in the absence of S9 mix

Dose (ug/plate) 0 0.0001 0.0003 0.001 0.003
Plate No. #1 #2 #3 #4 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean
TA1975 1 1 0 2 1 2 0 1 1 ND ND ND ND 1 0 2 1 ND ND ND ND
TA1535 5 6 8 6 6 6 7 8 7 2 5 8 5 9 5 11 8§ 12 12 15 13
Dose (ug/plate) 0.01 0.03 0.1 0.3 1
Plate No. #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean
TA1975 0 0 2 1 ND ND ND ND 2 1 1 1 1 2 4 2 2 3 3 3
TA1535 12 13 16 14 25 26 27 26 66 83 87 79 247 246 243 245 G607 670 594 624
Dose (ug/plate) 3 10 30 100
Plate No. #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean
TA1975 7 4 4 5 16 19 20 18 37 35 26 33 62 49 56 56

TA1535 1278 1171 1319 1256 ND ND ND ND ND ND ND ND ND ND ND ND
(ND: No data)

3-Chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone (MX) (-89) Sodium azide (~S9)
10000.0

—o— WF2 ——o— TA1975
—O— WP2nurA —o—TA1535

1000.0

16000

160.0

10.0

Ne. of Trp* revertants/plate
No. of His* Tevertants/plate

P . . . . . . 01 L_u
0 0.0001 0.001 0.01 0.1 1 10 100 0 0.0001 0.00%1 0.01 0.1 1 10 100
Concentration (ug/plate) Concentration (#g/plate)

Fig. 9 Comparison of mutagenic responses of MX in WP2 and Fig. 10 Comparison of mutagenic responses of AZ in TA1975 and
WP2uvrA without S9 mix TA1535 without S9 mix
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Hydrogen peroxide (-89)

1000 e TAID2
o YG3003

Ne. of His” revertants/plate

100 iU s
] 100 1000
Concentration (ug/plate)

Fig. 11 Comparison of mutagenic responses of HP in TA102 and
YG3003 without S9 mix

Ran=o—HoBMmAaH S5, WP2 Tt 1.0 ug/plate &
WabNTHEY, ZORABEEBLFIOBEEETH-
7z (Table 6, Fig.9). AZIZ>W T TA1975 & TA1535 &
THET S L, MEKRTORAEZIZNPD & FHAIZ 100
BHETdHh o 72 (Table 7, Fig. 10). %3, ENNGIZD
WTIETAL975 & TA1535 & G il L 7- HEREE»E
bhizZ &, BLUTALIS35 & YG7104 & ClxRER
DFBIKELEN(BLZ3,00088) 0dH 52 L5258
ML TWS (F—5 2 48).

3) BRLRRBEERIBE M) 12X 58

DNABBOEELZLON 12 TH 2E{LMEEIZD
W, YG3001 (AmutMy) & % OF R TAL535, YG3002
(AmutMgp) & & OB ERTALI?5, YG3003 (AmutMyy) &
ZDEERTAL02 2 AW THRET L7z, HPIZDWTIdIE
B L % A v T TAL102 & YG3003 & TRk L 7z
B, TOREHEIGEVEZDL 00, 10EUTTH-
7z(Fig. 11). REEELE L2 B TMB + WH,
NR + @[ #15E1220 T TA1535 & YG3001 38 X UFTA1975
EYG3002 & TERFNLE LA, Wb HP &5
PLAREZR L (F—4 241). —F, 4NQOI
DWTTALI75 & YG3002 2w THELAEEZ A
YG3002 T4 0.5 ug/plate TER a0 = —FOBEMH A S
N2 DX LT, TA1975Tid 5 ug/plate L Y ER T
=—RommEsonTED, 10EROHEENAS
M7z (Table 5, Fig. 12). 2-NFIZ2w T TA1535 &
YG3001 THE L7225, HPI2BIF AR EEMLZZb D
Tholz(F—7 %405,

4-Nitroquinoline I-oxide (~S9)
1000 ¢

—o-— TA1975
=0~ YG3002

No. of His* revertants/plate
- =
=3 =3

0.1 i
0 1 10
Concentration (ug/plate)

Fig. 12 Comparison of mutagenic responses of 4-NQO in TA1975
and YG3002 without S9 mix

Z o

BIEHEROF L% Table 81273, XEMLRT N
FLALF TH H MNNG ® ENNG Tid, MGT XK
YG7108 TRAREBRDVPFRENTVWIHEICBVTYH,
FDFEMTALISS TERREEOFR I ALN
T, MBEKE CRREROFREROALNS HE T
BY5E, WERTRETELSOBCHELLS., 20
CEIRBFARICB W TIZDNABEIC & o TRREREY)S
HLBEBTHICH Y s, ZOBEROEEICL -
TRRERCHESNGFTCOBABLERTEATELVWEERE
B, BbAEYFHNGREIFELTWAZ xR L TW
5.

PNNG & BNNG T REICHS B WS A LN D
7%, MNNG R ENNGIZHR5 &, BAtk: REBHTO
BOOBREIREL 2o TWAHD, ZTHIZHMEIKEL R
BIZOoONTMGTIZL BBEMETT5—HT, ot
BWRBIZIERX 7 VAT FIREBERISES LT AL
ENEZLLND. ENU T MNNG % ENNG & (3iFH
BICE ARk & RIBRR E 1B WSR-S, MNU Tt
PNNG % BNNG & FRBEDEVHFASNT WS, EDB
T, MAKRTORHBERFRICZRISLbOD, O
EBWNMII0OEUTTH Y, ZEREROFRICMGTHHEG
TAHDNABBEOEDZEE&EI LV nEEZLNS.

RAEEACEE H W2 BE I b AROBREPELNT
V5. DMN & DEN (236 BPE 4k & RIBHRCTHIET 5
L100BUEDERNALNT WS, FiZ, DENDW
ST EEMIC BT B & 20,00055 5 OV o T
5. BL, BEKCTERu=—2HL,IENL Ty
ZHEBEIZELLEHET, 20X) hEHETCORYE

69

— 257 —



Table 8 Summary of the results in 20 test compounds compared with different tester strains

Deficient marker  ogfsy and adagr

uyrA or uvrB

mutMgr

Deficient strain =~ YG7108 YG7113 TA1535 TA1538 WP2uvrA YG3001

YG3002 YG3003

Wild strain TA1535 TA100 TA1975 TA1978 WP2  TA1535 TA1975 TA102
MNNG - S9 ©

ENNG. -99 © X

PNNG -59 @)

BNNG -89 O

MMS - 59 O

EMS - 59 ©

MNU - 59 O

ENU -89 ©

EDB -89 FaN

DMN + 59 ©)

DEN + 89 ©

4NQO - 59 X O O
AF-2 -89 X

2-NF - 59 X A

MX - 59 X O

NPD - 59

AZ -89 O

HP - 59 A
MB+light + S9 VAN

NR+light + S9 ZaN

Differences of the lowest effective concentration between two tester strains were, ©: more than 100-fold,
O: about 10- to 100-fold, £:: Jess than 10-fold, X : no difference

POEEPEHABRLEIUDBECHS LIIFELZM/L, £
BOZEREFIb &N SVHD LR EINA.

TA1535 CEREROFENFED LN VPEIZOW
Tid, TA100 (BF44R) & YG7T113 (R3BM¥) & THB L 7:
A, EMSTIX 100400 L, MMS Tt 10452 L&
WAH B, MGTASHE T 2 AWM R MENFET
HbnkEZENSE. —F, 4NQO, AF-2, MXB LU
2-NF T TA100 & YGTII3 D ER au = — O FEKREY
EEVWHALNT, ThbOWETIIMGTES
T5 &) % DNABBYWRREROFRER L k- T
WiwhnkEZ OGNS,

TA100 & YG7T113 T2 BVOA LNk o2 b DD
S, BEBBRERLTFRT HAZ L MXIZoWTI,
Xy VA F FBREBEREH®RD TA1535(AuvrB),
WP2uvrA (AuvrA) & F 5 OB A TA1975, WP2H%
BWT, 7Vb—Aa¥ 7 b&FERET 5 4-NQO, 2-NF,
NPD |22\ Tl TA1538 (AuwrB) ¥k & & OB 4 £k TA1978
BEBOTHELEZA, WThoBE b BHERER
EWARLICIEI0~10EROZERVALNTSED,
IO OEREWE CIIBRFBERPEWENREICF
ELTwahnrELLNS,

BMALWBEICOWTIE, mutM REBHYG3001
(AmutMs), YG3002 (AmutMg), YG3003 (AmutMs) &
Fh o OB AERTAL535, TA1975, TA102 % v Tk
L7z Z A, HP, MB +H#Jt, NR+W#HETiEny

70

NLERIEIDZDOD, FOEREWVZIWWEUTTH-7.
BRALROBIE BRI mutMe IS A T mutYr b 5 LT
Wwh, Fh, EHEBELLICX 5 DNAORLNESIE
BENICBEDTERTH), BOBERIES LTS
CELERLN, B—OBEBRRBHRETFEKREOK
BTIRZDECIHBEICIZICB LIS WITEEEIE L S
N5, —7%, 4NQO TIXYG3002 & TA1975 & DRI 10
U EDERDNH Y, mutMg 2 L 5 EWMEHLRED
FEEZFRELTYS, 4NQO 2w TR
METE8OH-GOERFHENTWEZ Enbd, B
W B ERVES T 5 EWEOREIFEET 5 Tk
BHo SHELVBYLERREMALTLILICLY,
HALBBEISERIC L 2EYFNREOEES X ) 95k
WHERTELLDLEEZLNS.

Fof ==X NARY—IREHFEOHIECHO ®
HikTH5H CHO-9 Tl MGTIEMAIRIBBRUT THh
D, ZOMRIZL POMGT D cDNAB LU RBE®
oda % BA L7207 0—rifeshTvw 5 (Kaina et al.,
1993). ThH5OMBEERWVT1 uM MNNGIZ X %
HPRT RRZER (6-TG M) x A~/ & 25, CHO9
TREREROFENALNTWEY, € FOMGTH
ERLTVWAMIETREREROBRESIZLALALN
Twiw, F#IZ2 mM ENUTOREDEAIE, & b
DOMGTZHEAL TV LM TIIRREROFRIIH S
bDOD, CHO9TOFRNB L Z 1/512ETF L Twiz.

— 258 —



20 uM MNNG I & 5 et R EF ROV T LRAL
<5, CHO-O T 70% ML L DMK Hutn (R RE A H

Ln7eds, & FOMGT2RHEL TSI TId40%5E

QIETL, E5IKBH ade EAMR CIREERE
OHEREVELALT|MEALNRTV2(4%). ZhbDORER
LR EALERERARICBVTS, MR L REOBERED
HEL, TRSBETFRAEROAL OFREGRTEIC
LAEMFNEEE D LOTTERERARTIbNLER
Y OR

EIETIRME O MM BIZFICHSY T2 0L LT
Oggl BHBNTHBY, TOREBTO/ v 77777
ADVERE N, BREBRMBARTHLgpt P TV AV =
Zy TR ETEESET, gpt/Oggl™” v AHER
XNTVE, ZOTTRCERVRAMETH S RRRY
1) (KBrO,)2 g/L& kT L2 AMEE LT 5,
Oggl”/ " "I ADEHEIZBT 5 80H-GOLUNILVIF
Oggl " < ADT0ERE L, gt BIETFORRKRERK
gEd 3HEREE E o TV 72 (Arai et al, 2002). ZOEWET
H1IFABEOALATHAH, SHICEVEAERERKLLL L
Oggl ™I ATRRBRERDOFERVAONLHET,
Oggl V"= A TRBRREROFRNHA DN VEYE
WLBRERENRH SN ATRBEIEZLONS.
BESHRPAWE L LTHLA TS MelQx i
WwWlgptdelta b I YAV 2=y 7wy Rk AWTRRE
BOFRIFBE SN TS (Masumura et al., 2003). 3,
30, 300 ppm @ MelQx % 12 BMRA THRE L2 25,
FHIET 0 gpt D Z28R75 BHABE1Z 30, 300 ppm TH R M
MED HNAAS, 3 ppm TIRHEMNR & FSEORRER
BETHELERZITOON b o7z, S HITERAEI
DOWTHERFI 2B LIz 25, 30, 300 ppm T
MelQx BED GC—TA + 5 v A= 3 ¥ QM A
b7z, 3 ppm TREBUMNEICAOND D LFEFET
Holz. —F, MelQxliZoWTDF v b & AWK
T1320.01 ppm & ) DNAfT RO RINAH b B & DH
&23% B (Fukushima, 1999). Zh b O IZERE Y
Tb, DNABB# b 263 L) hABICBVWTLHEL
DBERICL > TERERICEHRE SRV AERFNZHE
EAEET LI EERBLTNS,
EEREWEOMEOME oW T, R ) URIP 72
V-UERDVHRYBEESNTETWAS, ZOHRTLHAE
REEERFFSNI4EICHBEL-ERY VRV T A
WIEBICMET A (Tazima et al,, 1984; B/, 1984). ZIT
WAETEMI % A L CRIERICHN 2 RIAER LR 53
R (EDEHE vs EBEEAE) PRBEEMLICLZH
BOMBEIIMA T, DNABHEEOHBLRARINT
W5, DNAMHE L Ml ZIc 0w TOX (Kondo et
al,, 1984) T, Y aw ¥Va vy NTOREBERER
(mus201/mus201) & # DEAER & TRIRBIICL 2
REEREEROFRFHBLTBY, RIBRTRAER

DERVBAOLNIBHEDHOFEORBRFRIIBNTY,
BHERTIHLPLZEREROFREAON NI LD
WEINTVE, CORLTRABETOT—FITMR
T, Fe2Dvr MAAMEKD S b 0%methylguanine
DNA methyltransferase K bk (Mer™) & B4 #k (Mer ™)
& TMNNG 2 X 5 fifigk e 0 55 38 # (sister chromatid
exchange: SCE) D&% % i L 7253 (Day et al,, 1980)
%51 L (REKTSCEDSHR SN ARICBVT,
B TIISCENFERMBALNT, £D10HEUEOH
ENSH LR SCEDHFERMFALNT VD), EYHE
£% 3757 DNAEG I BT 2 mihER
BHEEABRIRL TV ASAICIHENRIBOOND D
DLwHLTRS,

OV VRIYLABBOREEL oL EZ LN
Y RV AR ERHICHRES TS (HE,
1982). ZOHLTRHENOTHEIZLONL DL
LT4D0BEZRRL, FO12FDNABBEOTEE
HBEEELTWE, $7:, EREWEOKS L EWN
BENKIT LI TS T EERERIEHLHDIC, L0
BROPORIREVE TICHEOBERIEN TS
CEOMEAREHELTEY, BB ERITEVRR
ZHHrEVEL). S50, HRBELNVOEYRE
ELHFONTERBETCORBEZHBIITE2VE IR
BAImBWTH, [risk-benefit balance % B { # 2 TJ (K
TR HETRET, [29 LEBRNAEL FFERER
LT A LELT LYWL R RXEIA)
EHIBRTHEY, & hADY A7 FMICEIT CHEYE
ATRERY Y RAFRL TS, 20 EHETICEEC
COEIRRBAIRENRTVAZLILHDTEET S L
iz, BEMLETFsN—-ACLES6 0, BAEMICH
AMGEBYETELEGHLHBEIC LTV ZENEET
HHEEZD.

AEPEHEE L ZIERBEOE L THFERBIB TR
FRENTVE(HE, 1980). ZOHmXTIE, EHICY
EAEHEL Twindts b EERESH 256 EOMIE
L, EHIWEFEEL TR WI L0 L B EERE
RN EOBREEERZLCVS. BIHICOVWTIIERE
(VAP NI 2RBREESFROFALIIAL, 5
BELTCEIRERREEOFRENALNLLWE, TOL
S HEBETLSCENHFERENALNTVWEI b, )
EEEMICEEL TR D b RERBEEOFELH DL
nizw, 2F W REERECBVCEORBEOHFEER
FTHE LTHRTWS, 52, BidUOH (methyl-2-
benzimidazoryl carbamate) {2 & % /MEFFF OB S
nThBh, EENEELBORSICLLPMERDOEN
MM EEOFENEE L CTw5, 0% ) BEEAKRST
3 LAV EL IR BEDS EASS T LS/ MEDFH
BV, BO%ES 7o LicmRREds B
DABOFERIEHROENTVE, TRIZENNRESNT
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