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BTN & IEFEWE SO DNA SRR GEROBEICE(LE b2 b HE
TdH V. DNA . PEERE R ORIEFERERD 3 SO RARA M
KBIE D, F oA T2 3803 AERRER & O LLBIFZE 0 D | 185 1 28R 5
AIEME T M S DM 2 O TR ISR ZE BB (Ames 3RBR) & FE3 AT
B ARBIMES LI STV D, —RIT, BAR 2R AR R I T RIE A 2 &
ZEZONTWHEO EHETHEDPADOEEN Y AT 2 BETE R0, LA
> T, Ames RGN Th - 725 E1E, BEARICEE MBI O IE SR &1
Do LML, Ames ilBRIGMHEMEICH & NEIEM L L THAREEMNZL & F
NTWDEEZ LN, BEMREMFRREN SR OME DA TE MO 2E
L DR BFFMAPRET H Z L ITITRENH D, 2D, b b ~DHF
PO @ W LN ML & FN T in vitro 229828 BEEBR OB ITEE il & X
nTn5s,

FEIRMBARIC 1 D Ames URIGHEM IO L A X 2 —(iE, BHERIG D A 7 =
X APHIERSEROTH Y ARN, Vb TR VRN & &2 EIET
DULERDD, LNLRBE, invivo BRI A NOHETRERAMERD Z
ELHBEAS T a—VDORIBRBIENEL D Z L ROEWEAED 3Rs
(Replacement, Reduction, Refinement) JFEHNZWATT 2 Z L, B b ~DIF
PED B ILEBM ML 2 72 in vitro BRICE W T, AFRBEOfER 2 X5 =
EMIR RO BTV D, ITHE, B MU 7 3FEGHlI TK6 13 DNA E1ERER S
p53 Z NI ENIEHE TH LMD | BSREABRIET A BT A TR HELRE S
NTW5b, £ZT, A TIX Ames BRIGIEME D L A % 2 — b /E BT ##
W& TEMEME L7- TK6 Miflaa F 7o in vitro RBRIC K KR 7 40 —T v 7

AX— LD HIIE L, LIRS 3 2O 21T 72,



WFFE 1 Tl BRFRHALERE (REE ML FE T R OFEFE T T 4 IR K&
OV LEE (REHEME(LIEAFAE FC 24 RERIRER) (R 5 TK6 flilaz v iz
WL T ERERRER (TK6 7 v EA) ICL D | FHRE= haXlHEHFRT Ik e
? DNA #5157 7 — M35 Ames iRERIGME/T - gD AMERERFZMED 10
WED LV AX 2 —%k kT, ZOREF, 2,5-Diaminotoluene K O lodoform @ 2 #)
BIXW T OWMEE T R A2 R LIz 2 &b AREFZEIC V2 Ames 3
BRISPEMEIZ )T D TK6 7 v A DL AF 2 —#H[T 20%ThH Y . Mo 8 {LEW
X TK6 7 vt A TH Ames RBRFEMEICEmEMEZ R T ERHLMNE RS T2,
BIRRNZ LT, BitEz R LT 8 fb&EW D 5 B HC Blue No2 KU 4-
Nitroanthranilic acid [JEREALIE D Z CEHMEROG 2R LTz, —fRIC, invitro Bix

HIERBR T, BRI B LB DR RIRICIS T D pH, ATHI L OSMEIPE D mE{b A
N LRI ESNEEIC LD LB DERR) 72 DNA ~OIETId7Za <. R
RERC LD BEHERERR L0 END 2B D, ZORRNERES BT, K
FEI E T2RZE BAAE (Mutant Frequency : MF) 723 Bfie 72l BARTEME 2R L 72
4-Nitroanthranilic acid (0, 400 &Y 800 ug/mL) @ hF a7 w743 7 AN
AT T, SAFRECHHEICRE L TWOZERIIEBL Y > )7 'E  (differentially
expressed proteins, DEPs) D= U »F X MEHTIZ IV | FERFFOEE O
TEMALIEAAE T &30 . e BE IR F L RANEICEE T2 &
METS TV 5 PDKI, SOD2 & U DIABLO O % /37 A BLE NI 2 ERHT
HZEMHBIMNE o Tz, — 5, EHHALERED 800 pg/mL (Z351F 5 Specifis DEPs
TIE, FERFRHAERE O RENEHALIEAATE T TITEBL L T2 X b L AR,
HIIISE K O DNA EEISEICET 5 8O # Ry BRBEE NI T L
TV e, 25 OFERIT, EFALETE TIIRME A b L AITx 2 BEREAME T L
TWeZ &AL, FFERibERE L Tmond ¥ 7 —BRNT



WEFF o VE Y 2 —E (GSR) &K ORER A L THIML TWnWD 2
ERHLNE RS T, 2 DORER) S, 4-Nitroanthranilic acid o FrIRETE 5
ECIE, BR{E A b L AOEEINA Ik 7e DNA 852555 L TV 5 AlREMED 88 <
AR E NI, ARSI LD | 7R TK6 7 v BA DA TV AF 2 —TE 7
VN Ames SEREGIEME THL T 0T A I 7 AR O X 9 i A AT 5 2 L

BAGTREVEED A 7 = X LW ERE A b L A7 &0 ZIRHIERIC X 2 )
ZXRINTEDLZ EZALMNI LT,

WU, TK6 7 & A TRt Z R L7z Ames sBRIGHEME A, ASHEE ORI 4%
(AR L7 T o To FIRetE 2 B E T D 726 WFSE 2 Tl DNA [E1E & D
A= RALBIICERL, FELABREEEER 2 —HEXHEIEE
XRCCI/XPA- M % VT @I ER TK6 7 v B A OB &R AT, FERRR
FIEERERED “H/RHEIT, TK6 7 v & A O DNA SSMEWE 9 2 R E % -
SHLOHRLT, ML b MBI 5 DNA EEEEE OFEIEIC IS 72 R 5k
IZOWTHaHliZ AERICT D b D & B2, AFFFEICE Y, R TK6 7 v
TANCBEFRBHEECHAEDED Z LT, Ames BPERE R 2 DNA ST TH
B OE0E BT X DRIR AR Lo, FEAEDD O EEAY E THEICR
1 S 72 DNA (B T b 5 BREEERE OBRETE R, (b WE OBIZ M
FBIRREDHEL T 20H70 6 BFEHHICBW T AMTHL Z L &2
M LT,

BT, BIERER TK6 7 v B A IZB W T E R LIZGE O A 1 = X A
OfEIAZ BRI E LTfHliR 25T 5720, X7 AT REREMEE (nucleotide
excision repair: NER) #RE&ICBIT LV TRETHLET /) LX T VA F RREE
1 (global genomic NER: GG-NER) M OAHIE X 7 L A F FEREEHE

(transcription-coupled NER: TC-NER) O £ E 8 (n T2 TN EN KB S E - B



TK6 #ifid (XPCHifla e Y CSB#lfd) ZBAFE LTc, FNAA N =X LNRIRD
REW BB BT 2 2 e B TK6 Ml & TK6 Ml & Dz 4 kb
WEBREIT 5T, BBAA D =R LORIL DBREARIF (bW, v . %4
#) 1Zxd D NER KABHIIE O A I IX KIS FOMETAEN RO, &R
ARBCRIZIT 5 FERRRE R I, REZA RO DNA (IATER., DNA EEH 2\
T7 AR b= A A SR LI AER L 720 | TK6 7 v A BEME D A =X
LEHIZER T D EE 2 bz, Ko T, REA TK6 Mz Fv 7o sz Mk
BRI, Ames iR E N E M DNA HBIEEZFRT 2 0G0 E A =X A
—ATHBICE LN 7 40 —T v Y= GD EE X,
EROFERENS | FEYER Y TK6 7 v A TIE L AF 22— T R0 E A
fbEmTH 7T a7 47 ATzl aa ot D 2 & T, DNA SUGHEIZ L B
TR R PEBR T X B RRRMENRIBE X 7o, S HIZ, DNA BEEE 4 &
KB ST @R XRCCI/XPA I TR 2 R L7 RS L E % . &
B TK6 fila T 5 XPC#la & O CSB- Mz 0FH L CREi4 2 2 & T, &M
ANMEDFEED B 70 53 VEHBEFIZBET 2 BARRY 0508 & CHEE T & 2 WiietE
PRI STz, ARRFFEOMRIT, Ames SRERIGIEIC X 0 Al X A7 = K5 AL
EMOFERI LT ORI DT, BINTEMT D in viveo BIRFMRERZ § Bk
TEDAREMED DV | R L L TR~ OEBKIZEN 2 2 L IR TE 5,



Fr i

BAREENE & IMEFE S UV RO & O BRRIRF 723, DNA Py afk
HOHWEITENG ERET L X T EIER L, Zlbz b7 6T EE 277, &
R tEN M AE TG B3N A0 Y X7 L o AT A U256
TBEMERBOIRR & 725, BIsAIZAE (= R4 1) 13 DNA #5, d«t
(RS o OB AR F- 2R RTINS v, TSI/ AiiE & 2V 3B 4 v
TeE s K-> TR s (Fig. 1),

BESMRERE

T RBRAS M E DNAJE(S }E&ew&%}{ f@@; }

Ames. MLA
In vitro QEEENE=ERAN TK67vtA
yH2AX, sce | MtA. IEEER HPRT

EEREEE) R ERERR

In vivo

Fig. 1 Genetic endopoints and genotoxicity tests.

UDS: unscheduled DNA synthesis assay, MLA: mouse lymphoma TK assay, and
HPRT assay: hypoxanthine-guanine phosphoribosyltransferase gene mutation

assay

EH SO ERFMET A KT A T % International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use (ICH S2(R1)) Tix, [E
FEA DGR FE IV Tl & IV 218 IR JESR L SR (Ames 3UR) D R3
BEHETH D Z L Z2AROATME L LTV D[], —#&IT, Ames iRBRIG4EYE 1L DNA

CEBEINCHERT 5 2 & TR ERZFRE L, OVWTIEPAZGEEZ T L
BEZALNTND, £, ZOMUSITIIBEN 2VWE SN TEY | 140 F THIHE
THEZENRDABIGTIZERER LGS EZ T2, Motz bizb



TVRINHDHEEZLNTWS ICHMT A K74, Fig. 2) [2]. T72b
b, EIHELOEGEHFEICIBN T, Ames AR GIEWE 1L DNA SUSEME & A7
SNDTeD, FEARNZIIBHFE T IEDSHET S5, Motoyama O IZ/MEFHFHEE L &
HREOIHIFITEOHERH D Z 2 RH L TR0 . FEHIEMEO = O ER
mlE ERRWVBIREE A T 2 S A WmE LTS (Fig. 3) [3]. Ames iBREGMEIC
L0 BFR Rl s  EE S EMAE S ORI FEEER OMRWA e R
EPFET DRSSO &b, 29 LIRELFIZRW T, Ehm
OARALEMOBRR 2/t 256, €07 +m—7 v 73 R & L TR
R HERSNDRBRN, N T ATV o=y 78 E AW DB 12828 K
BR (Transgenic Rodent Mutation Assays: TGR #&5%) [4]T®H 5, LA L. TGR iRBR
[T A FOAMEMNIEEIZKRE < (M5l & LT Ames iERD 20~30 £5) | 75
HENRKEZ W END ERAT V2 — VO RIEREBIENSESR S S, HiZ
3% < O BIER T2 Z L bBEALICIIT D 3Rs RO KD b H#E
IR, Ames RO GMERE R A L A ¥ 2 — L, R Ek ST 2121%, £
DGR D A J1 = X AP HIERFRATH 0 | KRN, Frlce FTIIEZ VER
WL EANZRER—=ATIEET HUERH D, KT, Ames il & (T > H
FEDOHREN ANERBRIC BT D AEROFEEIL. DNA BEMHE, LA ML AL O
BHAERERE K O RS 72 EOREOEWVIZERNT S EEZE 2N TWVD
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Fig. 2 Models for dose-response curves of non-genotoxic and genotoxic carcinogens.

* |15 y=04168x-0.8496
R?=0.7186

-2
EIBEMICS50, -log(pM)

BRX/MZEBRMEDIRE, —log(pM)

Fig. 3 Relationship between micronucleus induction and pharmacological efficacy.

The vertical axis represents the potency of micronucleus induction, defined as the negative
log of the dose that provided the maximum frequency of micronuclei. The horizontal axis
shows the pharmacological efficacy, defined as the negative log of the 50% inhibitory
concentration (ICso) on target enzyme activity.

(Motoyama et al [3])

11



ZIVETIZ, Ames REROFERNIGIEIC L 00D BT, iR 250 EH AT
WS OPEIBILTWD, 722X, 77U FU R Y —~iE (BEIRWE) ORI
WTHDH72xF =LY =T inviro (& U 2 BKE AW/ MERBR) KO
invivo BIRFMERER (7 > FTO exvivo R EH DNA A GRER, ~ 7 A TOE#
IR TR N TRMEZ R L7223, Ames ikBROD B3 51 Tdh o 72, Tweats
DIk, 7= X o=V — VSRE R R = N 2 BB UG X o TREHE
MALESND Z LB FEFELT[S5], 2D X D1T, Ames aRBRIGEAE FL AN B RE 2L A0 70
FIGTHY, b MIHTDIEBAMEY 27 MR T & 2 AERBE T2 D E FEY
TEIL, AR THRBMHERIL L 720 55 Z L RRESNLTND

TERBEF OfEh, EIRSOREMEFMBW T, Bz L WikBr ok
SEAZHLZR B 72, RR ) B Ss%HE  (Organisation for Economic Co-operation and
Development: OECD) 1%, insilico & invitro DIEH A M-SR THEESRRKR
#% (Adverse outcome pathway: AOP) | & [#ER LRI O EH T 71 —F

(Integrated approaches to testing and assessment: IATA) | Z k5 /JHIIZBHTE LT\ 5
[6]. AOP & IATA 1%, #E{x#t% & Te WoE (Weight of Evidence) (233 < IERf
7R IR B/ L[6][7]. Bl Eofiima BE T 2 L2 mies LTWn5,
{EHESL RS D22 MR Tl invitro FBRICIHE-S < WoE 7 7' v —F DO ffi FH 23 i
A TWB[8], T2 & 2T ALVEM D ~T 71 —Hl & LT &4 TV 5 Basic Brown

7%, Ames REBROFERIZGIETH 505, ~ T AD Y 3\l ZE VT2 225828 BEA
B (TK & HPRT O 2 SOEfnFHE) CHFLIEMIE 2 T in vitro /IMEZRABR T
FEETH D, 51T, 3Tk E FEEMRE AW Ay v T vEAT
et T H B[9][10], L7223 > T, WoE (253 & | Basic Brown 17 1% in vivo &5
FMEDOFTREME IR O TIRWH O L PRI N1, B b 7+ —7 v 7alBRigsE
S o72[9], EHIZ, hTFUAZ VT b= st —AL7gl0A4
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> 7 AFARIE, WoE 77 n—F 525 FCEEAEEZR-LTEY ., #
(B HEBLCREHHR IS D W TR L B 7 R 2 BT 2 15 A 4R ik
HHOEMBEEND, TDOLHIZ, WoE 77 r—F1E Ames i[5 HED 7 4 1
=T v T E L THAHATHY . BWER~OERFEL RS ER135E b
U AT DB 2R A S~ L B RITBAT LTV D, 9 LI EEEE)A 2
5. in vitro FER CIXIER 72 RN TOMRE L FREL LG5 & MR OBS FHIERT
M~OFANHELE S LD, = 2T, DNA BEREFE, ps3 ¥ v 7 B RO
HEERORBNEF Thd e MU 3Bkl TK6 OBIREMERER~DIS AL,
b h~OSMFEEEBET S LA TIERWNEE 2T, TK6 Ml 17 FYet
REW LI ET 2 F I VX —8 (1K) BiafFa~7 1icff> (TK7), L
1235 T EMEZHFO TK BIET13 1 2 B — LR 220 72 O SRFIME 2 451 &
L7~ Bt 8L T-29RE H% (TKY — TK™7) & LCERAMICAWD Z &R T
&, FEBFEIZ OECD TG490 (213 TK6 flifiaa v /o i s 228 Bk (TK6 7 v
TA) L LTI STV D[12], IEPIEEAIE LT TK oG RAI TH 5 h
U7t rF Y (tiflurothymidine: TFT) % W5, TK6 7 vt A TlX, 4
KOERXH L FURARYI RN NT AT =T —8 (HPRT) s %%
M LT BAR IR AR B & Ja 70 0 | SRR B OO LR/ S 70 iR A 28 B
DHIEHT | PR L X E TRSRERRIKEOBBIE(LE bR T
HOVEHE T D, MA T, ZD XD I RE B R A b DZEIRE BAR & M
BN EWE RIS (Slow Growing Mutant: SG ZRAK) L LTEBHRDHZENT
X5, AR CIIARBRIEZ VD Z & T, Ames RBRIBHEME O 7 + 0 —7 v
TN £ TR LSRR 7 0 —T v T AT — LAORESL %
HiJE L. TRL3 2OWEEZZ(TT 52 LIk, REMOZERNEZ AL,
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WFIE 1 0 BEYERYZR invitro JESRZE SRR (TK6 7 v £ ) 12X 2 Ames BRI
YEME DT v —7 > TIEDMESL (KL OH; 1 FIZFLHE)

W22 : DNA BEEETICE SV mEER TK6 7 v A2k 7+ —T
» FIEDRESL (AFw LD 2 FITFLH)

WF5E 3« S BAY TK6 Ml &2 I 2 B AnEtE A 0 = X L0 (KfaSC D% 3
EANETE )

WFZE 1 TIE Ames RERIGME/T - EETE DS AMERRERIEMED 10 'E (Table 1 &
W8 2) (23N T, A R LB L fe OVEGRALER A 1 D TK6 7 v A 24T\, Ames
R EIS T 27+ m—T v 7R R e L CORMMEEZREEL 72,

RIT, TK6 7 v B AI1231F 5 Ames SRR E O T2 5 R 25 MR DR
ZMC KD BRRETIE RS B PRIC RS R R CTH L0 2R T 2720
WFSE 2 TIZEZE7: DNA FREEE#REZ —HRHE S 72 XRCCI7/XPA™ il 2
W TKE 7 v B A ORAR 2R AT, BinF ~EREMIO TK6 7 > &
A ~OFAIRIAIA DNA SN T 2 ORI 2 U8 LIS 5 0 & 1
AEL 72,

BT, BIRER TK6 7 v A 2BV T Ames REBRGIEWE DS TEHPE 2R
L7-FFD DNA EEMMEOMIHEZ B E L iR 287 5729, NER £

2B 53 7K T D GG-NER L TC-NER O EE#E{E & Z N EHKE S
- B TK6 M (XPCHIfa K O CSB#lifw) % A% L7,

AL T, B LI ERRIEOREIC OV TR L, BICRIGEZR RS,
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F1E EENZR invitro BRERERR (TK6 7 v&A) 1TL5
Ames REREHEED 7 + 0 —7T v FIEOHEST

ARET TSN TNET,

Manabu Yasui, Takayuki Fukuda, Akiko Ukai, Jiro Maniwa, Tadashi Imamura, Tsuneo

Hashizume, Haruna Yamamoto, Kaori Shibuya, Kazunori Narumi, Yohei Fujiishi,
Emiko Okada, Saori Fujishima, Mika Yamamoto, Naoko Otani, Maki Nakamura,
Ryoichi Nishimura, Maya Ueda, Masayuki Mishima, Kaori Matsuzaki, Akira Takeiri,
Kenji Tanaka, Yuki Okada, Munehiro Nakagawa, Shuichi Hamada, Akihiko Kajikawa,
Hiroshi Honda, Jun Adachi, Kentaro Misaki, Kumiko Ogawa, Masamitsu Honma.
Weight of evidence approach using a TK gene mutation assay with human TK6 cells
for follow-up of positive results in Ames tests: a collaborative study by MMS/JEMS.
Genes and Environment. 2020:;43:7.
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F1HI S

FIVrFF—8 (IK) BloT2ERERRR (TK6 7 v EA) 1%, & FJ X
FFERAHARRE TK6 123\ T, TK 5 T HEIZFE T ST 2 2L O 28 B % i
32 2 &N TE HRMEZRE AR & LT, 2015 4£1Z OECD test guidline No.
490 (OECD TG490) |ZUX#E Sz, TK6 Mifidix O°-A F /77 = -DNA A F /L
FZ7 27 27—F (MGMT) Z3EL L T\ a2, S RABIEH R & sk
[T 2 2 &£ AT E BH[13], TK6 ML TK O~T m#A5ETH Y | TK OiHE
% RIEMEAC T DA E R, RO, SEATHRRARL 2 70 & OB A E &I RS 5
DIZHNWDZ ENTEH[14], 29 LIEURIERICIEDS E |, EH X Ames i ER
PWWVE D7 v —7 v THRGIZ BV CTiE, BIFE ICH S2(R1)%Z H0M Wi FLAE A
WS BIR T ERERRBR E L TAS A LTV DI - iEMRE v~
DAY 7 g —~ TK Bk (mouse lymphoma TK assay: MLA) £ ¥ & & Ffifa%
W= TK6 7 vt A OFNAHTIERW N EE X T2, Ames RER & T > D
TN AAMERRER & DRI E LTt (B vs BBt L) RNb b S EK &
LT, MG, 7 2, 1E MR SR AR & O DNA B 72 & o
N Hivd, TK6 ML, M & xR e s e hORBBERLZHKELL, V7 n~vTF
UNEIEE AT D, S HIC AT pS3 & 2 X B OFEREN IEH TH H[15].
L7285 T, Ames R D GRS R A KA T 272D D WoE 7 7' 'm —F 12BN T,
TK6 Ml DB mE R R A~DISMITAEM TH D L E X2, L, Ames il
MBI KT D7+ —T v 7R ERE LTO TK6 7 A OFRAMITZNET
Pl ATV, T CTARMIZETIE, Ames BRER[GM: & 72 > 72 10 FEEOIESR
S ARSI (Ames sRBRBGME DD - BFEFE DS AR IEMEME) 12OV T
TK6 7 vt A ZHNT Ames BER DO 7 +ru—7 » 7l 47 572, TK6 7

vl A1, ERFEAEE GEE T v T S9 mix fF1E Fd D WITIELFIE T T 4 B
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[FIRRER) M ONEfpeALERL (SO mix FRAF(E T C 24 BpHBREE) DS T CTHEM L7z

(Fig. 4 }¢ (* Table 3), AHFFETIZE HiC, RBRKE R OMIK 2 BT, WoE OF
ME@EmOHD, h¥arard Iy AEiie TK6 7 vk A LEaT 52 &
ZfEt L7z,

28 BRI U7 A
HRaDEE

ARG TIEL, & bV RZEERHIERE TK6 1X. Japanese Collection of Research
Bioresources cell bank } Y American Type Culture Collection 7> HEA L72, #ifaid
10%FEELEIME (JRH /A A A = 24E) | 200 pg/mL L E RS U ¥
L (17 A v AFeMiE T30S 45, Thermo Fisher (Gibco)) . 100 U/mL
=Y 100pugmL A MLV h~A v (FhHTATAITKKS, BT A
Jb BFSEHEEE T 2Rk US4 & OF Thermo Fisher (Gibeo)) % il L 7= RPMI-1640 5%

BIK (FTHITA4 T AR EHE) 2HWT, 37°C, 5%C0, THE#E L=,

WER B L

AT N2 10 FEOYPEERME TN T30 Ames sERIGMED D FE DN AR
ErEoWE Th D (Table1), &1 7 A L AFDCHESEMR S, B LRR T 3EkE
A& L O Sigma-Aldrich (St.Louis, USA) M HEEA L7z, WHE LT 1-
Nitronaphthalene (24 / — /L&A H L7 LIS, ¥ A F /L AL F T K (DMSO)
(2t fig L7 (Table 2), #¢BR¥E LD 728 (DMSO £7213=% / —/v) T8

fRf% ., R E T ITBRPERIICATIR L TR DA IRk 2 il L7z,
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Table 1 Test substances for the positive results in Ames test and the Negative Results in
carcinogenicity studies?®

The Positive Results in Bacterial Reverse Mutation Assay

No. Chemical Name - - Carcinogenicity Studies
Without S9 With S9 The Highest Specific Activity” and the Strain

1 4-(Chloroacetyl)-acetanilide Neg Pos 600 revertants/mg in TA1538 with S9 Neg

2  2-(Chloromethyl)pyridine HCI Pos Pos  98.6 revertants/mg in TA100 with S9 Neg

3  2,6-Diaminotoluene Neg Pos 1,703 revertants/mg in TA100 with S9 Neg

4  2,5-Diaminotoluene Neg Pos 8,060 revertants/mg in TA98 and 3,840 Neg
revertants/mg in TA100 with S9

5 HC Blue No.2 Pos Pos  153.6 revertants/mg in TA98 with S9 Neg

6  8-Hydroxyquinoline Neg Pos 21,400 revertants/mg in TA97 and 16,000 Neg
revertants/mg in TA100 with S9

7  lodoform Pos Pos 465 revertants/mg in TA98 and 450 Neg
revertants/mg in TA100 with S9

8  4-Nitroanthranilic acid Pos Pos 3,600 revertants/mg in TA1535 and 2,830 Neg
revertants/mg in TA100 with S9

9  1-Nitronaphthalene Pos Pos 14,700 revertants/mg in TA100 without S9 Neg
and 12,500 revertants/mg in TA100 with S9

10 4-Nitro-o-phenylenediamine Pos Pos 41,400 revertants/mg in TA100 without S9 Neg

a Pos Positive, Neg Negative

b Specific activity value indicating that strong mutagenicity is observed in the Ames test is
approximately 1000 (revertants / mg) or more, and to be calculated as below
Specific activity (revertants / mg) = {(Number of colonies per plate at the dose value) - (Number
of colonies per plate in negative control test)}/The dose value (ug) x 1000

Table 2 Test substances and solvents used in this study.

No. Test Substances CAS No. Manufacturer, Lot# Solvent
1 4-(Chloroacetyl)acetanilide 140-49-8 FUJIFILM Wako Pure Chemical
Corporation, Lot#KPJ1678 DMSO
2 2-(Chloromethyl)pyridine HCI 6959-47-3 Tokyo Chemical Industry Co., Ltd.,
Lot#7B0OQIC DMSO
3 2,6-Diaminotoluene 823-40-5 Tokyo Chemical Industry Co., Ltd.,
Lot#IUL6B DMSO
4  2,5-Diaminotoluene 95-70-5 Tokyo Chemical Industry Co., Ltd.,
Lot#QFIJE DMSO
5 HC Blue No.2 33229-34-4 SIGMA-ALDRICH, Lot#STBF9635V DMSO
6 8-Hydroxyquinoline 148-24-3 Tokyo Chemical Industry Co., Ltd.,
Lot#5PDSI-RB DMSO
7 lodoform 75-47-8 FUJIFILM Wako Pure Chemical
Corporation, Lot#PDH1055 DMSO
8 4-Nitroanthranilic acid 619-17-0 Tokyo Chemical Industry Co., Ltd.,
Lot#AGMO1-AGMQ DMSO
9 1-Nitronaphthalene 86-57-7 Tokyo Chemical Industry Co., Ltd.,
Lot#BGF8A-MD Ethanol
10 4-Nitro-o-phenylenediamine 99-56-9 Tokyo Chemical Industry Co., Ltd.,
Lot¥NMEDH DMSO
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FHE T v MF SO IEA Y = ZOVEER T MRS R OF HE SRS
BEA L7-, REHEMLFE TICZy 7 a ks 277 3 F (CP. BE7A VA58
MISE T3S & AETEMLIEELE FIZIEA Z 0 ALK U A F /L (MMS,
R bRk T 2Rk 04, Sigma Aldrich [St. Louis, MO]) [t BB#E & L CT%
AVZEFUVEEF U 72 GERERALELE Tl 3~5 ug/mL, B AL ERYE Tk 1~2.5 ug/mL) .

KBRS % Table 3 (7RI LA CTHIIIZALERE U, FElRfFETALERVE I OV foe AL B

ETENENIRE K OFHE TR E L 21T > 72,

Table 3 Composition of cell culture for each treatment.

g JELIRF AT ALER VA | R LEE VA
’ REHEVELIEFAE T RENEMALFET REHEEACIEFAE T
AR i 10 mL 10 mL 10 mL
(%7 2x107 cells)
S9 mix — 3 mL —

150 mM KCl 3 mL — —
RPMI-10 — — 39.5 mL
RPMI-0 6.8 mL 6.8 mL —

TR, PRERIK
B %\ I B B 0.2mL 0.2 mL 0.5mL

TK6 Ml ZAW:=F IO ox+—+H (TK) BEFEREERR (TK6 7vtv)
AHFFETIL, OECD TG490 #5E L LT, 7= /7L EX — L KDNS, 6
V7T RUEET v MF S9 AW ENE LA TR OFEFE T
4 WP HIRREE &> 5 VM T 24 B HIBREE DM T CTLTK6 7 v & 23 L 7= (Fig. 4),
WTIOBRYE ISV T Bn F2ERERRE (B 126, AR
DR EZRET D72 O & E ek 2 i L7z, 7ok, FRFRLEEEIC
ARBRRE RDE A R LT A

BT,

BT
BT AL PR IR I T SN L 72 o T,
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1 i i A
R CEO¥&fE

AZEa SRR

BAEE (3ER) CE3 - MFi&iE gz e MFHE

Fig. 4 Schematic of TK6 assay.

BRBR L ALER . MR 2 O 0B (1000 ipm. 5 0fE) L. RiEEFBREL T,

MiERE RPMI £578 % (RPMI-0) & 7= 1% Hank's Balanced Salt Solution “Cififid & ¥
L7z, 0578k (1000 rpm, 5 43fH) LT EIGZRER. 10%55 15 % & e RPMI
2% (RPMI-10) (ZHEf (2107 ff) Zoric s, e E 2 flE Lz, et
L7zifaid, 37°C, 5%CO2, miEDRMAF T THEEL, TK6 7 v AL
72o 2D & X cloningefficiency (CE) #H T 5720, 96 VD<A 7/
L— R TR 1.6 cells/well OFBIEIEE T 14 ARG Lz, CEIXART Y o ofi=
IZHESS K TICEVEH Lz, emptywell (EW) (Fan=—%2&FR2\ T /)LD
#. (totalwell (TW) 17 = /Uigd#i a7~ 7, NIt 1 U =/vdHic ) OFEHas %
7T (N=1.6),

CE=—In (EW / TW) J TN+ e e et [:Tit 1]

. PR B AL O EE OB A RS E 5720, 212KV CE

AAHIE L7c, ALPRRE T RF OMIISEN L, BB B ALERRE T IO O BE L TR B

Tl DE L Ui, 7o88. ALERBHAAREF O MR EE 23107 cells TH - 7=,

Adjusted CE=CEx LB T IRF Ol / LEEBAGIR: OABIREL -eee e [+02]
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faErEOfERE & U CH - relative survival (RS) 0 1%, &Mt FERE M OMILER
#ED CE0 OfERICE S X, X3 KVEH L7, 728, BB IREED RSO % 100%
L7,

RSO (%) = ALEREED adjusted CEO / Pt HEHED adjusted CE0x100----- [3]

M EBERBRIZISUN T RS 28 20%LL T 2~ 35l tE s sd o b 256 . RSO
R 10~20%% 7~ HELA RmHEE Uiz, BERICEER A b, Ml
tH F 2RO LR WERITHBRYE O 10mM & 5\ )ME 2 mg/mL OV TFUME
ML U, MRS & LT3 RSO & L7223, RS Offi AN REE & |t
SN DB E (BTN A R 3B TlE, %3R35 relative suspension growth
(RSG) & %\ relative total growth (RTG) ([ZRS&HkmAEEZRE L U

5),

W E A MF L TH o 3 B EEE LA . 0HE2D 1 HEETO
R (1 B H OMIERE /0 H HOMARRE) z2BEmiaiEiE=s 1 (SG1) &L
7o BREMMAEESELE 2 (SG2) X, 1 HEX G 2 HH £ ToOMEE (2 H HOHil
TS /1 BB OMBRERE) L L7, RSGALEREEIZE TS 3 HIFO SG Ofti% ., &
PEXTRAREO[R 3 HR D SG OFEChRrT 5 Z & TR L7z (X 4), RTG 1L RSG &
RS3OfEE LTHEHLE 5 ke),

B3 HHEIZ, CE3 7'L— b & ZEARZE5H M O mutant frequency (MF) 7
L—hFEHELE,CE3 7L — M. 96 V= VD~ A 7 a7 L— MK 1.6 cells/
U LOWEE TR LZ, MF 7L — M, 3 pg/mL @ TFT (Sigma Aldrich) @

1F7E FC. 40,000 cells/ 7V =)L T96 Uz )b~A 7 a7 L— MR LT,
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RSG =[SG1 (WLEERE)xSG2 (MLERRE)xSG3 (MLELRE)]
/ [SG1 (F& Mt FEE)xSG2 (Bt HaHE)<SG3 (Mt FREE)] -+ [2U 4]

RTG (%) ZRSG X RS 3 cceeeeeeemmmt it [:Tit 5]

RS3 (%) = AFHEIZIIT 5 CE3/ [2MEXTIREEICISIT D CE3%x100 -+ [ 6]

MF 7L — MZBIF AR an=—Z, A7V ooz HnzX 71k Rl
L7, EWidar=—2a 2\ y =8 TWIEY = /L OB, NiZ1l v =/b
1= 0 OFLIHNAE (N=40,000) Z7~7,

T AR OFEIL, REFRDDITEIZ K VAT o 72[16][17] KFARD DL TIE, ALE
UE T LT EMEXT B & BRI E S8 (RS 2% 10%2L & 5 8f) & DT Dunnett
BIDOLEIRME (BEARYE  0.05, A 2170, WTho & TMF ICf
B R EINAERD B2 A 1%, Simpson-Margolin @ J5£12 K ¥V Down-turn 23 7. 5
NIEHEZREN ORI Ui, IRICHEIKFELZ MR T 5720, KHEO MF & H
BIZOWTHIBEIR T (A EKYE  0.05, A1) Z1T-o7, et Tk (K
BODOHE) \TEY | YR EAERN R T D MF OB HR A BT RR
D LIV, D OXOHIMIHEEAEDRRO SN a, BIEEHE L, 2B,
AR DO RN EEEITRHMI T RE R &Y 4 IRIEELL EH D 2 & RIS 5
MF 23 [AIREREME S FRAE D MF & bels U CREGHFEMICA BT 5 2 L & Lz,

MF = [_ln (EW / TW) / N] / CE3 ........................................................ [:T:t 7]
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TOTF = RE
1) Y7o

4-Nitroanthranilic acid DBFHERIGED A T = X W 2 FEMNZf#NT T 5 72 FERER]
LERYE e OV LB B I oW T e T4 I 7 Atz FElE L=, 4-
Nitroanthranilic acid OWERFEIX TK6 7 v & A (235 1F D R ALERE O RBHEMHAL
FEAFAE T K ONELEALERYE & RIRRICAT o 72, A EIME B39 2 ARG %
PAREICRHI S 2 2 & 2558 LT, Mlumiios thiiyss\ & (00 400 K& TF 800
pug/mL) (ZFRE L7z, Mfa~DWuER%, =058 (1000 rpm, 5 43f#) 12X0 |
1B & FRE LT Mlarid (6x10° cells) % 7k # L 7= Phosphate Buffered Saline (PBS)
10mL THEB L, =008 (1000 rpm, 5 0[) #1T7-o72 CKET2E#EVIEL
) T 7T —EA e =277/ (Roche) # & ¢ PBS 3 mL,
ethylenediaminetetraacetic acid (EDTA) 7 U — (Roche) (ZFH# L. 2x10° cells
TORTOMAILIZ 20 mL F2—7 3 KRIZHEL, OB, FBFORE%
BREL, MilgRLy P 2G0T 2 — 7 ZREERITR LTI L v b 25
S, -80°C TRAF L7,

HRE U 7= &Rk A % phase transfer surfactant (PTS) B & 1A L. 95°C T
5 5rED L72[18], & 51T 7 A &— K % Bioruptor sonicator (Cosmo Bio, Tokyo,
Japan) Z AT 3 [0 (1 Y1 71 15 53[H) BE L L7z, £ D%, 10 mM TCEP

(tris(2-carboxyethyl) phosphine) Ti# T L , 20 mM iodoacetamide T 7 /L F/LAL 1%
NU oy (2RI 1/50) KON Lys-C (¥ > /378 & :1/50) CTEK 37°C
T 16 KETE{L L7z, ~7F FidE.OsBE (20,000 g 10 7)) L. C18-SCX

StageTips Tt L 72[19],
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2) LC-MS/MS Z3#t

UltiMate 3000 Nano LC 3 A7 4 (Thermo Scientific, Bremen, Germany) & HTC-
PAL #— ¥ 77— (CTC Analytics, Zwingen, Switzerland) % Q Exactive />A1
7V FUEMR-A— b7 v 7HESHEE (Thermo Scientific) (i L Tt
L7z X7 F RiIo#rH 7 2 (75 pm x 30 cm, ReproSil-Pur C18-AQ. 1.9 pm resin,
Dr. Maisch, Ammerbuch,, Germany) (ZFH L. & B % 5%5 5 35%F T 45 4y
23T T 7 Vxmr Med 2 2 LTk Y 280 nL/min OYEHE ToHEEL 72 (B
A.0.1%Formic Acid & 2% acetonitrile; 4% B. 0.1% Formic Acid & 90% acetonitrile) .
Q Exactive DIEE X, 7 — X {KIFE— FTHAIEL 7=, Survey full-scan MS spectra
(m/z 350-1800) (&, 3x10° DHF —7 v MEE TA A z2ERE, fHEE 70,000
O Orbitrap 73 Hr#s TH72, 12 O HIRWZMA A4 (2>2) AR 1x10° & —
Ty MEETEREL, 2 Va3 N TET VX —E2EMHEE (HCD) (21D
77 7 EmIT o=, BEESHSMIL, spray voltage ; 2 kV. heated capillary
temperature ; 250°C, normalized HCD collision energy ; 25% C& > 72, MS/MS ion
selection threshold X 2.5x10* 71 7 > k& L7z, ZpBlEIX2.0Da & L7=,

MS 7 —# (% Andromeda search engine CH 74— K ST\ % MaxQuant (ver.
1.633) TREL, =7 ML ERZIT>7, MS/MS A~7 kL% UniProt
human database |Zxf L C, WRD/XT A — & Thigk L7z, full tryptic specificity, #x
K2 EOEESINIZGIWERAL, VNI RAF IV RAT A OEMIIZEEL, N
K2 o RIEDOT B F M E AT AH = VEBALOEMITRIA Uiz, BRI,
4% 737 '8 J OF Peptide Spectrum Match (PSM) L~/ C FDR (false discovery rate)

=0.01 (272 D EWHE TXTF RZ2 2R L7,
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3) BEEORRD X X7 H O

log2 LFQ (label-free quantitation) R notanumber (NaN) fE (X9 =T, AHf
FeCHIER S Te LFQ TRE O Fy/ MEITAE AR Y § 5 -7 IS8 B L 7=, Wi, FIRERH
RLPRVE D ARENEMALIEAAAE T M ONEREALER L D E N E N DRBRREIZ I 1T 5 LFQ
SR (log2 LFQ MEDwi%) %, JEMPREE (2> hu—/L) OMETERL T,
fold change {5t L 7=, = D%, log2 fold change % % L 7=, &2, log2 fold
change >2 ([THADWWT, AALBRE CTHEITHBL L TWEZRFEEZ X7 'H
(differentially expressed proteins, DEPs) % [FlE L 72, KIT, fmHETOMED K
LALEZ 31T D R0 R 2 oM 5 7= 012 g ALERYE 2 BT 5 800 pg/mL
#£D DEPs Z O ALEERE & @ log2 fold change >1 IZHESNWTE HIZA T J—=
7 Uiz, ZHUC XD, 24 K5 800 pg/mL #E DR A 72 DEPs W FFE &7z, LFQ
5 O log2 fold change I, R /Xv 77— (heatmap3) # Tk — b~ v 7 &1E

L7,

4) =Y v F AL MEHT

DEPs DAY FH) 7 vt A Loy T #ERE 2 R4~ % 72 812, DAVID bioinformatics
ver. 6.8 (https://david.ncifcrf.gov/) 2 VT, DEPs & B3~ % GO (Gene Ontology)
RNRAT A BT )T —arT5b0n ) v F AL M EITo72, B
A #J 12 1% . Gene Ontology (GOTERM_BP DIRECT, GOTERM CC_DIRECT,
GOTERM_MF DIRECT) & Protein Domains (INTERPRO, PIR_SUPERFMILY,
SMART)Z 7541 L7z, & B2, DNA 5 L {2 b b R ITE R EMERER O 65
Z R %5 L THEZ Mode of Action (MoA) & &z bziz®, GO:0006974
(DNA HEHRITI T 2 MaSE) = GO:0006979 (FE{bA L AIZxd D i

B) REOW ODOREGEO= Y v F A M A3 (Expression Analysis
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Systematic Explorer: EASE, p fif) 1%, #GEHFAICAHRE TR THENE AN L
T2 MEHFAOAEMEIL, —log (EASE D p i) TEL., O OIIHES 77T

X~ L7z,

o3 HN FEBRAE R

AL TR L 72 Ames iR G DD FE 8 AMEREMED 10 MEIZH1T 5 TK6 7
v A DFER% Fig. 5 (No.1~10) &L Table 4 LT85 IR Lz, £7-. &5
WEIZ BT D KRR D DIFIEIZ L L MG O 2 4 Table 5 (278 LTz,

TK6 7y EAICBITH5T—3DRE

(A P2 VE T R D MF OGP (e IME ~ s R AED (3R e AL BRYE D AREHTE VAL
FE T T 1.7x10°~16.8x10° (CE¥IMHE 6.78x10°) {AHNEMEALIEFLE FC 2.5%10°
~16.9x10° (CEHHE 6.36x10°) K OEKEALHE T 2.3x10°~15.5x10° (CEEJfE
9.09x10°) Th o7, —J7. WKMo RERIZ ST 5 MF O#FHIL, FIRFHALEE
HEOMRBHEMEALTFEIE T TlE 10.4x10°~57.8x10° CEHIME 28.6x10°) . AF#THEMEAL
FEAFAE T TIE 9.4x10°~71.7x10° (FEEJME 30.1x107°) | K OV AL #E %L T
18.2x106~120x10° (EHJHE 61.6x10°) Th o7z, [RIRFRGMEXT LD MF 1%, [F
IRFR et FRAE & HEie LT WL b RGEHERIICE B2 A R L7z (p <0.05)
ZEDND, F a2 ORBRITNL LT D b D & Bdp Lz, [FIREREMExHREED MF O
#iPHI% OECD TG490 23 HERE 2 et RS s 7 — # i L 0 . T m a2 R
L7=b 00, EREFIEUNC M S TR Y | FRFEMEHRE L 0 A B8
MLUTWD Z LD, HBRMEOIRERFREZ T T 5 ECREE 22 b

DOTIE N EE 2T,
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HHERMED TK6 7 vt 1 DFER

Table 4 Summary of results of TK6 assay for the 10 chemicals

TK mutation assay’’

Bacterial reverse mutation assay”

MLA (TK gene locus)

No. Chemical Name CAS No. - - 2 - - -
Without S9 With S9 Long term Without S9 With S9 Without S9  With S9

1 4-(Chloroacetyl)-acetanilide 140-49-8 Pos Neg Pos Neg Pos No data

2 2-(Chloromethyl)pyridine HCI 6959-47-3 Pos Pos NP Pos Pos Pos Pos

3 2,6-Diaminotoluene 823-40-5 Neg Pos Pos Neg Pos Pos No data

4  2,5-Diaminotoluene 95-70-5 Neg Neg Neg Neg Pos Inconclusive™

5 HC Blue No.2 33229-34-4 Neg Neg Pos Pos Pos Pos Pos

6  8-Hydroxyquinoline 148-24-3 Neg Pos NP Neg Pos Pos No data

7  lodoform 75-47-8 Neg Neg Neg Pos Pos No data

8  4-Nitroanthranilic acid 619-17-0 Neg Neg Pos Pos Pos Equivocal™® Pos

9  1-Nitronaphthalene 86-57-7 Pos Pos NP Pos Pos No data

10 4-Nitro-o-phenylenediamine 99-56-9 Pos Neg Pos Pos Pos Pos Pos

1 Performed in this study. NP: Not applicated

Taken from Table 1

3 Examined as toluene-2, 5-diamine sulfate. The required toxicity (10 to 20% survival compared

to the concurrent negative controls) was not reached in the experiments with S9 mix

4 Significant difference only at the highest dose of 1200 pg/mL

Table 5 Summary of statistics analysis in each test substance

Test statistic / Critical value / Significance

No Test Substances Statistics Short-term treatment Long-term treatment
without metabolic activation with metabolic activation without metabolic activation
1 4~(chloroacetyl)acetanilide Dunnett type test 6.203/2.160/ p<0.05 0.404/2.160/ p>0.05 2.522/2.160/ p<0.05
Trend test 1.433/1.645/p>0.05 N.A. 0.842/1.645 /p>0.05
2 2-(Chloromethyl)pyridine HCI ~ Dunnett type test 5.268/2.292/p<0.05 5.868/2.160/ p<0.05 NA
Trend test 3.417/1.645/p <0.05 3.912/1.645/p<0.05 o
3 2,6-Diaminotoluene Dunnett type test 2.776/2.160 / p < 0.05 3.487/2.160/p <0.05 6.743/2.234 /p <0.05
Trend test 0.944/1.645 /p>0.05 1.707/1.645 / p <0.05 4.039/1.645/p<0.05
4 2,5-Diaminotoluene Dunnett type test 3.189/2.448 / p<0.05 1.587/2.160/p>0.05 2.209/2.340/p>0.05
Trend test 1.571/1.645/p>0.05 N.A. N.A.
5 HCblue no.2 Dunnett type test 1.199/2.292/p>0.05 1.018/2.292/p>0.05 5.476/2.292/p <0.05
Trend test N.A. N.A. 2.719/1.645/ p<0.05
6  8-Hydroxyquinoline Dunnett type test 0.423/2.292/p>0.05 3.518/2.448 /p<0.05 NA
Trend test N.A. 4.896/1.645 / p <0.05 o
7 Todoform Dunnett type test 1.007/2.292/p>0.05 1.936/2.292/p>0.05 2.224/2.160/p <0.05
Trend test N.A. N.A. N.A.
8  4-nitroanthranilic acid Dunnett type test 0.791/2.292/p>0.05 0.732/2.292/p>0.05 2.990/2.292 /p<0.05
Trend test N.A. N.A. 4.178 /1.645/p <0.05
9 1-Nitronaphthalene Dunnett type test 3.038/2.381/p<0.05 4.071/2.234/p<0.05 5.750/2.292 / p<0.05
Trend test 2.296/1.645/p <0.05 3.173/1.645/p <0.05 1.709/1.645 / p < 0.05
10 4-Nitro-o-phenylenediamine Dunnett type test 2.435/2.234/p<0.05 3.458/2.234/p<0.05 3.866/2.340/p<0.05
Trend test 2.615/1.645/p <0.05 1.593/1.645 /p>0.05 2.800/1.645 / p <0.05

N.A.: not applicable

LUTIZE 2 OBERMEIZ R T D6 RAFLHT 5.

4-(Chloroacetyl) acetanilide

H

B.Zu

EpX

EBR ORI IS & | 4-(Chloroacetyl) acetanilide ¢ F {3 48 i ] LR

EORBHEMACGFIE FCIE 5, 100 14, 16 KON 17 pg/mL, CHENEMALIEGFIE T
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TIX 05, 1, 1.5 X2 pg/mL } OVEfeALEE A TIE 0.5, 1.0, 1.2 XT8N 1.4 pg/mL
& U7e, FRpMLERE D RHENEMALIEFLE FITI T D AEERED MF (ZR2 M IR
BE L i U CHEGHERICH B RN 2 7R L2 A, Wt 203 A & 72 A Bk fr ik
RO bR o 72 (Fig.5(1) K Table4, 5), Z D=8, REHEHEALIEIFAE
TORMTH 58 FALBIEIC B W TARRISOBERMEZ MR Lo & 2 A, LB
D MF X2t BEE & bl U TR ERIICA EREMAZ R L, et 5Filzidf
B REIEERD b e s o7 (Fig.5(1) KU Table 4, 5), LR
DRBNEMEACIEAAAE T R O ALER LTI, ST PRI EIR AT b
o Teb DD, MF OEINEREMIREED 2 f5LL EARm LTz 2 & REHE
PEALIEAAAE T CIIFEAROHEIME M 2R L TR Y | 2 DO FERM CTHEWENR D &
NTe Z LD | ARERITHED 2GR L T 4-(Chloroacetyl) acetanilide (35
P& HIE LT,

28



[No.1] 4-(chloroacetyl)acetanilide

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
120 120 120
g 100 100 100
Ec 80 80 80
% 60 60 60
2 40
-2 20
0 . . T \ ol . . . o
0 05 1 15 2 0 5 10 15 20 o 0:5 1 1:5

4-(chloroacetyl)acetanilide (ug/mL) 4-(chloroacetyl)acetanilide (pug/mL) 4-(chloroacetyl)acetanilide (png/mL)

Mutation assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
60 -
- 20 - . -
o Positive Negative 40 Positive
o 50 4
-
15 4
k) 40 | 30 4
>
1%
§ 30 10 | 20 |
]
=3 (a)
o 20
o 5 10 |
E 10
N T
0 0.5 1 1.5 2 0 5 10 15 20 0 0.5 1 1.5
4-(chloroacetyl)acetanilide (pg/mL) 4-(chloroacetyl)acetanilide (pg/mL) 4-(chloroacetyl)acetanilide (pg/mL)

Fig. 5 (1) Relative survival and mutant frequency in TK6 assay for the 10 chemicals.
According to the OECD guidelines (TG490), dose finding tests were conducted before the main
TK6 assays. The short- and long-term treatments were conducted for 4 h (+/—S9 mix) and 24 h
(—S9 mix), respectively. The main tests were conducted so that the highest concentration was set
at a concentration where the RS was from 10 to 20%. Experiments and statistical analysis were
onducted as described in Materials and Methods. (a) indicates the data of MF excluded from the
statistical judgment because RS was below 10%.

2-(Chloromethyl) pyridine HCI

AGABR OGS, IR ] ALERE O RENEME(LAA/E T Tl 100 pg/mL T, AREHTEME
{LIEFAE T Tl 60 pg/mL THY 80% DAl E 27O H vz (Fig.5(2)), OECD
TG490 XA FENE 2 R < F8BLT 2 H & CIIIERr R R B E OS2 35389 2 FlHE
PE & D728 RS A 10%A 2 7~ HBRITHAT 0 S BRI 5 Z & 2R L Tu
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Do Lo T, RSH10%L Lz md HEEAFHlicg s LT, KEbDOHEZE-
THRERZ AT L7 R, RENEM L O A IS X O FRABERED MF (XRaMo R
O U CREF IS B AN Z R L, 2y 0 A EIRAFI e I8 H iz
7o, FRFFAAEREIZ W TEME S fE L7 (Fig. 5 (2) &t Table 4, 5), 7¢
Fo. B AERYE CHE IR L7272 BUHAL BRI T FEH U 7e b o 7o, ANEBR

DFERH D . 2-(Chloromethyl) pyridine HC1 (X5 & )& L7z,

[No.2] 2-(Chloromethyl)pyridine HCI

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9)
120 120
(=}
& 100 100
S 80 - 80
£ 60
3 60
2 40 40
el
[+
g 20 - 20
0 - 0
0 25 50 75 100 0 50 100 150

2-(Chloromethyl)pyridine HCI (pg/mL)

Mutation assay

2-(Chloromethyl)pyridine HCI (pg/mL)

4h treatment (-S9) 4h treatment (+S9)
120 - . (a) 100 -
Positive Positive
100 80 | (a)
80
60
40 |

20

Mutant Frequency (x10-6)

0 25 50 75 100 0 50 100 150

2-(Chloromethyl)pyridine HCI (png/mL) 2-(Chloromethyl)pyridine HCI (ug/mL)

Fig. 5(2) Relative survival and mutant frequency in TK6 assay for the 10 chemicals
(continued).
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2, 6-Diaminotoluene

G ALERYE TIX 2000 pg/mL T 80% LA L DML N TR Haviz, FERERALE
EDORBHETECATAE T M O AL EEVE O RENE AL IEAAAE T IR 1T 2 B
MF [ ZatExr BRAE & bble U CHEGHFEMICA BRI 2R L, D of/ B H &R
PR L7z (Fig.5(3) KU Table4, 5), L7zhi> T, KRBROMERIND, 2,6-
Diaminotoluene I F5 1 & HIE L 7=,

[No.3] 2,6-Diaminotoluene

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)

100 100 100
;\3 80 80 80
"2“ 60 60 - 60
g
2 40 40 4 40
$
S 20 20 - 20
©
]
€ 0 T T T ] 0 T T T ] 04 T T T ]
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000

2,6-Diaminotoluene (pg/mL)

Mutation assay

4h treatment (-S9)

W
o
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N
o
N
o

o

0

2,6-Diaminotoluene (pg/mL)

4h treatment (+S9)

Positive

foo e’

500 1000 1500 2000
2,6-Diaminotoluene (pug/mL)

0

Fig. 5(3) Relative survival

chemicals (continued).

Mutant Frequency (x10-6)
o
= w
[S) o

0 500 1000 1500 2000
2,6-Diaminotoluene (pg/mL)
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and mutant frequency in TK6 assay for the 10



2, 5-Diaminotoluene

ARABROFER ., IR EALERE O RBNEME(LAAAE Tl 200 pg/mL, AREHEMEAL
FEFAE T TlE 20.0 pg/mL HfEALEEEE TIE 10.0 pg/mL THI 80% D HIIER M 2358 6
b7z (Fig. 5 (4)), R EDRHENEIEALAEIE T TIX RS 23 10%LL E& 7R
THEZFHIRSR & LT, KD OHEIZ L > THRERZ T LT, 220828 Bl
D T W IVD PSRN TN T ALEIE D MF [t R &t LT
FRH AN B RN E R S 720572 (Fig. 5 (4) X' Table 4, 5), L7zdi»o

T, ARRBROFEER DS | 2, 5-Diaminotoluene X2 & HE L 7=,

[No.4] 2,5-Diaminotoluene

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
100 100 100
9
< 80 | 80 80 .
g
2 60 - 60 60 |
a
g 40 ; 40 40 |
g 20 - 20 20 |
-3
0 . r r . 0 4 T T . 0 . . .
0 10 20 30 40 0 100 200 300 400 0 a 8 12
2,5-Diaminotoluene (pg/mL) 2,5-Diaminotoluene (pg/mL) 2,5-Diaminotoluene (pg/mL)
Mutation assay
4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
40 - 40 . - .
Negative Negative 40 Negative

30 - 30 30

~dee o0
0 o 4 T T T 0 : T '
o 10 20 30 40 O 100 200 300 400 0 4 8 12
2,5-Diaminotoluene (pg/mL) 2,5-Diaminotoluene (pg/mL) 2,5-Diaminotoluene (Hg/mL)

20 | 20

Mutant Frequency (x10-6)

Fig. 5 (4) Relative survival and mutant frequency in TK6 assay for the 10
chemicals (continued).
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HC Blue No.2.
ARFERIZ I T AR RALEE O RENEMEALIFAAE T CIdMila#EE IR b
o l2b OO REHEMELAEE T Tl 2000 pg/mL THI 40%., EHALEE T
220 ug/mL TH) 80% DN N E iR S v (Fig. 5 (5). KL DK
EIZR W T, R E T RENE L O A I L o TR O MF 1R
KRR & bhig U C L, #ERH R A BRI Z R S 727> 72 (Fig. 5 (5) &1\ Table
4, 5), —J5. HFHALEE TITAEREED MF [XFRPERTREE & el U CRERFMIIC
ERWMER L, pofRERHEKRFELZ R L. (Fig. 5 (5) XU Table 4,

5. L7=no T, ARRBROFE RIS, HC Blue No.2 X5 & @ LT,
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[No.5] HC blue no.2

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
120 120 130
120
~ 100 110
€ 100 100
g 90
T 80 80 80
2 60 60 &
=
) 50
g 40 40 20
= 30
% 20 20 20
2 10
0 T T T T 1 o L] L] L) T 1 o Ll L] L] L] L) L]
0 500 1000 1500 2000 0 500 1000 1500 2000 0 50 100 150 200 250
HC blue no.2 (pg/mL) HC blue no.2 (pg/mL) HC blue no.2 (pg/mL)
Mutation assay
4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
o 10 ) 10 ) 20 -
8 Negative Negative Positive
x 8 8 15 |
9
c 6 6
g 10 |
g 4 a
('
L 5 i
g 2 2
=]
= 04 . r r » 04 r T T s 0 ——
0 500 1000 1500 2000 0 500 1000 1500 2000 0 50 100 150 200 250
HC blue no.2 (pg/mL) HC blue no.2 (pg/mL) HC blue no.2 (pg/mL)

Fig. 5(5) Relative survival and mutant frequency in TK6 assay for the 10
chemicals (continued).

8-Hydroxyquinoline

ARARBROFER, RS 238 10~20% Z /=3 H &I JRE R R ALBE O RENEMELAFE T
K OREHEMALIEFAE F TENZEH 10.0 pg/mL KT 100 pg/mL TH Y . T DOHE
? RS 1% 19.3%M Y 18.9% CTdH - 7= (Fig. 5(6)) . HHHF R ALEL 1L D AHEHEMELAEIE
T CITALERHED MF (VIR & Fhie LT, SRR A BRI 2 7R S 72
ooy, ARENEMALAEE T CIREEM IREE & g U CHEEHFRIC A B 2R 80
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AR L. Dol BRI A T LT (Fig.5(6) KOt Table4, 5), L7255
T, ARBROFER NS, 8-Hydroxyquinoline [FF5ME & HIE Lz, 7235, AL
BYECHMEDHEE LT 7o 0, BB AT T Lo 7o,

[No.6] 8-Hydroxyquinoline

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9)
120 120
2\0,100 100
g 80 4 80
2 60 |
a 60
2 40
'% 40
g %0 20
0 . . o
0 50 100 (') 5 1.0
8-Hydroxyquinoline (pg/mL) 8-Hydroxyquinoline (ug/mL)
Mutation assay
4h treatment (-S9) 4h treatment (+S9)
~107 20 -
g s . Negative Positive
z 15
g 6
g 10
g 4%
(]
o
g 2 5
8
2o : .o . .
o 50 100 0 5 0
8-Hydroxyquinoline (pg/mL) 8-Hydroxyquinoline (pg/mL)

Fig. 5 (6) Relative survival and mutant frequency in TK6 assay for the 10
chemicals (continued).

ITodoform
HGEALERYE Tl 40.0 pg/mL TV EMEZ R L7z (RS 1 10.9%), —F. &

HRF P AL BRYE TIIARENE ML O A HEIC K 53 80% LA L oMM T78 D b 7g s
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STy, TWERBHIF MmO #aEtE 2R L7272, RS 28 10~20%0 &
TIIMF ZiHli T& 2o 7c, £ 2T, BB o0 B R o il i 74 &
ZR LT, mEEES RTG AT L GEIMRBR AT 72, T ORGSR, HEREH
SLFRE DORHHEMAVIELE T TlE 200 pg/mL, AHENEMEACIELELE T TlE 100 pg/mL
TENEIMIaFEEE R L, £0OL &0 RTG TZFNEI20.1% K% TN 19.1%Th
o7z (Fig. 5 (7)), ZHRZEFRABRORE R, HHHLIED = AR (50~70
pug/mL) TlX, MF OHEEIFHZRBEMABE SN, WL RS A 10%AT0H
Tholeloth, KFELOFIEIZ X DHGEHENT Ox5s & Lz (Fig. 5 (7) KDY
Table 4, 5), FHflirlRE72 &IV T, FERFRTALELE K ONEREAL YL & B IR
RO DIEIZ L DT ClIMEOYESEEZ R LIcTo, AKRBROFE RIS |

Todoform [T & HE L7,
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[No.7] Iodoform

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
120 120
. 120
g 100 100
< 100
T 80 4 i
% 80 80
3 60 - 60 60
[]
% 40 40 40
g 20 - 20 20
0 T T T ] 0 4 : : : . 0 4
0 50 100 150 200 0 50 100 150 200 0 20 40 60 80
Iodoform (pg/mL) Iodoform (pg/mL) Iodoform (pg/mL)
Mutation assay
4h treatment (-S9) 4h treatment (+59) 24h treatment (-S9)
10
g0 7 Negati
5 ; i egative
3 s Negative 8 Negative 25 g
>
g © 1 6 7 (@)
g a
15
g 4 a (a)
; 10
] 2 2
E 5 a)
(] r T T , 04 T T T ] o 4 r T T ]
0 50 100 150 200 0 50 100 150 200 0 20 40 60 80
Iodoform (pg/mL) Iodoform (pg/mL) Iodoform (pg/mL)

Fig. 5 (7) Relative survival and mutant frequency in TK6 assay for the 10
chemicals.(continued).

4-Nitroanthranilic acid

FE R ALERE OGNS PEILAFAE F Tl 1821 pg/mL TFI 100%., R#ENEMELIE
{F1E F CIE 1138 J2 OV 1821 pg/mL T 50%LL_EOfaEER Z L ENiRd bz,
BGEALERTE Tl 1821 pg/mL T 80%LL EOMIIREIEA GRS HiLTz, FERFRH LS
DORFNEMALAFAE T TIL RS 25 10%LL B2 T HEEZFHEiRISRE LT, KEbD
THEIZ Ko THRER AT UTc, 29588 ek ool | FLRF [ AL BRYE CIRAENETE
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fLOF
MERE 2o T2, — 07, EEAFRE TITAFREE D MF

X OTUEEED MF 132

Table4. 5).

E LT,

[No.8] 4-nitroanthranilic acid

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9)

PRSI & Fefe L C

LMo T, KRBRORE RIS . 4-Nitroanthranilic acid (X514 & 2]

24h treatment (-S9)

200 120 140 -
9 120 |
%150 1o 100
% 80 4
80
3100 60
@ 60 4
8 50 | 40 1 40 |
& 20 - 20 |
0 T r : ' 0 T r : 0 T r : ]
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
4-nitroanthranilic acid (pg/mL) 4-nitroanthranilic acid (pg/mL) 4-nitroanthranilic acid (pg/mL)
Mutation assay
4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
20 - 20 20 -
Negative Negative Positive
15 15 15
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o
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o
L
E
=
o

Mutant Frequency (x10-6)

5 5 5
0 r r r d 0 r r r v 0 T r r "
0 500 1000 1500 2000 0 500 1000 1500 2000 1] 500 1000 1500 2000
4-nitroanthranilic acid (ug/mL) 4-nitroanthranilic acid (pg/mL) 4-nitroanthranilic acid (pg/mL)
Fig. 5(8) Relative survival and mutant frequency in TK6 assay for the 10

chemicals (continued).
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1-Nitronaphthalene
AR ORGSR, 80% DA T 2 7R U 7= i &I 3R ALE R E OB ML AFTE
T TCIX 17.5~20 pg/mL, REHEMHEACIEFALE T Tl 120~125 pg/mL T - 7= (Fig.
5(9) . FRFRHILIVEDRBNEMALIEFE T TIL RS 28 10%EL B & ~d &4 5
filixtge & LT, R&RO DOHIEIZ L > TRERZ T LTz, 8RB RABROR R,
IRF AT ALBRYE TIIAREE ML O A HEIZ K 590 MF (XM FREE & el L CHeat 7
PICHBREMEZR L, hoBAERHEKGEEZ R L7 (Fig. 5 (9) XU Table
4. 5), L7=»->T, KBRS, 1-Nitronaphthalene 1XBHPE & CHIE LT, 7235,

RIS TR ALERYE TGP D e E L 7o 72D, e ALBRE L E R L e o 72,
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[No.9] 1-Nitronaphthalene

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9)
120 200 -
180 |
100 160 |
140 |

@
o
M

120 |
100
80 |
60 |
40 .
20 |

H
o

Relative survival (%)
N <)
o =}

0 T T T ] 0 T T T
0 35 70 105 140 0 5 10 15 20 25
1-Nitronaphthalene (pg/mL) 1-Nitronaphthalene (pg/mL)
Mutation assay
4h treatment (-S9) 4h treatment (+S9)
10 - 30 -
‘? g
S 8. Positive 25 4 Positive
X
g 20 -
;_:>; 6
g 15 4
g 4
= a) 10
-
2
E 5
S
=0 T T T ] 0 4 r T T r ]
0 35 70 105 140 0 5 10 15 20 25
1-Nitronaphthalene (pg/mL) 1-Nitronaphthalene (pg/mL)

Fig. 5(9) Relative survival and mutant frequency in TK6 assay for the 10
chemicals (continued).

4-Nitro-o-phenylenediamine

W ILOIILGME TS I RKAFA 72 RS O 23580 H L, 80%LA_EOHifid 7
PEITEREALER VA D 144 pg/mL LA E TR L7z, EFALETE TIL RS 23 10%L4 1
o ABEEZFHEixRE LT, KD OFIEIC L o TERE M LT, 225828 7
ARER DA R, R T ALERTE J OV g AL BIE C MF (M BRRE & beige U Catat
FHNCHBE RN Z R L, oA ERHEKRFEZ R L7 (Table 4, 5), L7

235 T, RBRDRE B0 5 | 4-Nitro-o-phenylenediamine 135 & HIE L7z, 728,
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FERERVALVELIEZ 3T 5 770 LN 1540 pg/mL TIEAMAREEIEICEIK LT MF 7 L

— hDO#EIER MTERhololod, ZivbOHEITFHMnL L Y R L7: (Fig. 5
(10) K% Table 4, 5),

[No.10] 4-Nitro-o-phenylenediamine

Cytotoxicity assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
120 120 120
g100 100 100
.‘2“ 80 80 80
% 60 60 60
g 40 40 40
&
o
0 0 4 T T T \ o4 . . . L_
400 800 1200 1600 0 400 800 1200 1600 0 100 200 300 400

4'N'tr° -o-phenylenediamine (ug/mL) 4-Nitro-o-phenylenediamine (ug/mL) 4-Nitro-o-phenylenediamine (pg/mL)

Mutation assay

4h treatment (-S9) 4h treatment (+S9) 24h treatment (-S9)
o 30 - 80 50 -
9 iti Negative iti
X Positive g 40 | Positive
60
§2o .
5 30
g 40
C 10 20
-
& 20 10 |
L
=]
=0 T T T ] 04 T T T ] 0 : : :
0] 400 800 1200 1600 0 400 800 1200 1600 0 100 200 300 400

4-Nitro-o-phenylenediamine (ng/mL) 4-Nitro-o-phenylenediamine (ng/mL) 4-Nitro-o-phenylenediamine (ug/mL)

Fig. 5 (10) Relative survival and mutant frequency in TK6 assay for the 10
chemicals (continued).

EEE TOHEM E R L 1= 4-Nitroanthranilic acid ® 7O 574 = - R fZ#7

TK6 7 v A28\ TC, LB TO ARG % 7~k L 72 4-Nitroanthranilic acid
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K OVHC Blue No.2 Tl Win bfifazttz i< 334 5 HETMF 0f &%
BEINARD Hiviz, —MKIT, in vitro BISEMERER CIX. SR EILPI% DR
RIZH T2 pH, ATH R OSNRPEDRR LA b L A7 EARIREIZ L0 | (AGTERE
RPRBTHEND T ENRH D, £ T, RANEMACIELE T R OIEFE FROREERS
I X &3 [FAEEOMaFEERBLOIREZ R L, AR & E TREKAFRIZ MF O
BN AR & 7172 4-Nitroanthranilic acid D& T-2HRE D A 71 = X 1 Fffhr+
LT, RENEMHLIEA R TIZI 1T 2 FRF AL BRTE K OV ALV EIZ DWW T
0T A R U AT & Eh L7=, 4-Nitroanthranilic acid (O 7" 12 7 4 2 7 AfiRHF Dk
B, log2 fold change of >2 M HEHEIZ LV | DEP [ LR ALBRE O S AL IEAF
TE T (4 BRRALEE) T 400 pg/mL & Of 800 pg/mL TFZF4 359 ff K2 O 506 A,
G ALERYE (24 FRRETALER) Tl 400 pg/mL & TN 800 pg/mL TFALZE U 358 i &
N 420 fEDOF 1078 fAFEIE 7= (Fig. 6 LN 7), &5, Bl ED 800
pg/mL & Z OOLERRE L D log2 fold change=1 (ZH-3V\ T, 168 fHD specific
DEPs #[A& L7= (Fig. 6 V7)., DEPs D=V wF A MENTIZ L 0, HHEE
FALERE DORFHEMALIEFLE F Tk 800 pg/mL THRE., MM A b L A K O
ENCBET 24 R BORBL LV RBEFIC EF LTV 2 E R LT
7otz (72 & 21X, GO:0034244 : RNA KU A T —F I 7' rE—%— 5 DIRE
EOADHIE, GO:0008631 : FR{LA F L AIZISET HNEMET R h— A
7T IREREE . GO:0051301 : Mgy, GO:2000145 : i & Eh o il il 72 &)
(Table 6), S HIZ, FENME N L2 X o T BEfIT LT & 2 A, rTRNA O
RV SO RICEEST X RN ERRE SN (B 2 0F
GO:0000462: 'V 2 A & rRNA #5254 (SSU-RNA, 5.8S rRNA, LSU-rRNA)
735 D SSU-IRNA DR, GO:0051301 : MifasyZdie &), 7ed. TK6 Mz

T D et RREE O SR D & T BRBEHT LV . O-7 B F K
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B9 5 N-acetyltransferase DFEBLIIMER S 72 H DD, P450, Amine N-oxidase &
O'FMO D & 237 BREBUIRIIRRLL T TH o712 2 L 6| TK6 Ml O FA A
HHEMEIZFER BN DO TH D Z L DR ST,

FEE D GO term ZPREEH TH — 7 > Mt L7 & 2 A (Fig. 7) . GO:0006974

(DNA HEMEIZ 6T D MIZISE) . GO:0006979 (Ffb A b L 254 2 |
GO:0006281 (DNA &) @ P ffI 0.05 LA T T, AEAEITRDO Dol i
(2. GO:0008631 : intrinsic apoptotic signaling pathway in response to oxidative stress
DTV v F A R AaT (log(p-value) (%, HEFALEED 800 pg/mL (23317
% DEP & specific DEP TRMMICHEML TH Y, BEA ML R L DR RE X
Mz, HFALERLED 800 pg/mL Tlik, 3 DD X /X7 'E ([Pyruvate dehydrogenase
(acetyl-transferring)] kinase isozyme 1, mitochondrial phosphoinositide-dependent
kinase 1: PDKI1, superoxide dismutase 2, mitochondrial: SOD2, direct IAP-binding
protein with low PI: DIABLO) @ 9 &, GO:0008631 : intrinsic apoptotic signaling
pathway in response to oxidative stress (BT 2 b DN E ENTW= (Fig. 6 X
7)o ZNHDZ LRI BEOFBL~UIE, 24 FEHI O ERZIZ DS EH LTV 5D,
E 512, SOD2 DOIHEITH EMAFAIIC LF- L, PDK1 & DIABLO /& 800 pg/mL

TORHFEHEN LA LT,
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Prateins

24h 400 pg/ml

24n 800 ug/mL
4h 400 ugiml_
4h BOO ugimL

Proteins

pgimb

24h 800 pg/mL
4h 400 pgiml
4h 800 pgiml

24h 400

Fig. 6 Differentially expressed proteins (DEP) identified in TK6 cells exposed to
4-nitroanthranilic acid.
(A) A total of 1078 DEPs that differentially expressed compared to control groups were identified
based on a log2 fold change of >2. Effects of treatment time are greater than that of dose.
(B) A total of 168 specific DEPs that differentially expressed compared to other groups were
further extracted from the 420 DEPs in 24 h 800 pg/mL group based on a log2 fold change of

>1Relative survival and mutant frequency in TK6 assay for the 10 chemicals.
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5 mmmm GO:0008631~intrinsic apoptotic signaling pathway
in response to oxidative stress p=0.05

-log (p-value)
=

mmm GO:0006979~response to oxidative stress
1-5 p:005

-log (p-value)

0 | . || -

I GO:0006974~cellular response to DNA damage stimulus 0=0.05

-log (p-value)

0.5

2.5

N

N GO:0006281~DNA repair
p=0.05

L P11 . _ 11

up down up down up down up down up down

1.5

Y

-log (p-value)

o
@]

o

Specific DEPs inDEPs in 24h 800 DEPs in 4h 800 DEPs in 24h 400 DEPs in 4h 400
24h 800 pg/mL  pg/mL (420)  pg/mL(506) pg/mL(358) pg/mlL (359)
(168)

Fig. 7 Target gene ontology analysis for TK6 cells exposed to 4-nitroanthranilic acid for

24 h.

Whereas no significance was found in GO:0006974 (cellular response to DNA damage stimulus),
GO:0006281 (DNA repair), and GO:0006979 (response to oxidative stress), statistically
significance was found in GO:0008631 ~ intrinsic apoptotic signaling pathway in response to
oxidative stress among DEPs in 24 h 800 pg/mL group and specific DEPs in 24 h 800 ug/mL
group, indicating involvement with oxidative stress. A total of 1078 DEPs (4 h 400 pg/mL group:
359 proteins, 4 h 800 pg/mL group: 506 proteins, 24 h 400 pg/mL group: 358 proteins, and 24 h
800 pg/mL group: 420 proteins) were shown as parentheses.
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OPDK1 mSOD2 mDIABLO

log, LFQ intensity fold change
S =, N W b 0O

4h 400 pg/mL  24h 400 pg/mL  4h 800 pg/mL  24h 800 pg/mL

Fig. 8 Protein expression levels of the intrinsic apoptotic signaling pathway in response
to oxidative stress by the 24 h treatment of 4-nitroanthranilic acid.

PDK1, SOD2, DIABLO that belong to GO:0008631 ~ intrinsic apoptotic signaling pathway

in response to oxidative stress were drastically elevated only at the 24 h treatment of 4-

nitroanthranilic acid, especially in the 800 pg/mL group
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(A)

0.7
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0 Ll SR
4h 400 pg/mL  24h 400 pg/mL 4h 800 pg/mL  24h 800 pg/mL
(B) 7
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@ 5
S
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£ 3
=
w 2
=
21
£
g O
u—‘; -1 4h 400 pg/mlL 24h 400 pg/mL 4h 800 pg/mL 24h 800 pg/mL
g2
-3

Fig. 9 Protein expression levels of the major antioxidant enzymes in response to
oxidative stress by the 24 h treatment of 4-nitroanthranilic acid.
(A) CAT and GSR are all involved in response to oxidative stress. A dose- and time-dependent
increasing tendency of major antioxidant enzymes was confirmed in the proteomics analysis.
(B) The prominent decrease of several antioxidant enzymes (GPX4, MGST3, TXN2, TXNRDI,

etc.) at 24 h in contrast to 4 h in the proteomics analysis may reflect such depletion.

FHA4H B
Ames RERBEMED 7+ O0—F7 v TELTDTK6 7 vt/ DERMK

Kirkland %13, EURL European Centre for the Validation of Alternative Methods
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(ECVAM) @ Ames RERIGIHEE DT — 2 RX— R % F T, Ames iR IGHEDE
K5 7+ u—7 v FICERERRROMAE DY 2 BEt LZ[20][21], AT —
B AR—2Z R | BB TSR R L Y RREE T (B D VIR EE) o=
RARA > N2 EHRHT 2% 2 FEO in vitro F58 MIAFER TR K13 15 5
AL, in vivo TERIRFEMSCR D AMEZ R TWED 2.3% &b TRV 2 & A3
HMZ E472[20][21], EURLECVAM (%, EFCFAEAERICEDE ., Ames iBRES
MWWEOT7 +u—7 v FHlEE LT, 2 F O RARA » MT KD in vitro £
FHIIERERIZ . in vitro A T = X DRNTIRER & AL DW T RN A % — A A 424
L CW5[20][21], FFaf Cos L7z Basic Brown 17 & £72 ECVAM O 7 3 1 —7 v
TR DN T in vitro BRI FE M S v, HEBEZ AR ERS (SCCS) kY
Ames RBRGHEME TH Y e 6, FFRFW 22T TWD, Liei- T, EFILE
BRENIE 2 M T, AR FERERRBRO N T Y — & LT > iz i
% MLA X° HPRT s8R Tld72 < . pS3 HEEN IEH ThH H & ML TH 5 TK6 #ifw
AW ZBRE AR OFAMELZEL Z LI RVWRERERLE L OO EB X,
Ames RER[GME-FE DS AVERZMED 10 EIZOWT TKE 7 v B A 21T o7,

AW DOFER . Ames RBRGME 10 WE D S5 B TK6 7 v & A TIL 2,5-
Diaminotoluene } U} lodoform @ 2 #E AR K%~ L7z (Fig.5(4). (7) kW
Table 5, 6), —#%IZ, Ames kR & (F > g FHOEEE M A V7o B AR 128 AR

T R L FRBRORE RS BT D REESAmVEEXL BN TN D, Lo T,

s

Ames RERGHEME DO 7 + v —7 v 7L LTI, > WEEEMIERER T L B
EARTARBEERE W D, IHORBRITED TIER VW EEBE L LN TV
[22][23], F5E. A T2 R LI E C 6 1 - A O R = Ml sl 2
72 MLA CHIEDAFESE (Equivoval, Inconclusive) 72 2,5-Diaminotoluene X°

4-Nitroanthranilic acid & dr 8 ME T X CTHB1EZ R L7- (Table3), MLA |2
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W5 L5178Y AfadiX, pS3 R TH L Z ERMBNTWAH D, HfEERT = v 7
A BT R b= AFHEICMIERHADND LEZX DD, 2D,
AHRRE TILT AR b — > AFFEIC L0 BF A 0% & < PR T & 37102 B
FaRFERE L. S HIZ DNA UG & 1XBR 7 < SEEARILEANIC R L TR0 mis
PWaRTZ e, BEBENERET L Z ERNMBITVWD[24], Z 9 LIzFHRIC
FS% | Whitwell B3, in vitro BRBIEIZI T D ABMEOIEF ORI A X%
ToOIiE, o HkO L5178Y Mifd L v & & M HSkO TK6 Mlfa D FH % #E
WL TWD[24], T b0 XD | IFFEREEMEZ V2 8 s 7220828 Jak
BrE LTiE. MLA LV L TK6 7 v A OFBNFHTH D EE2 LD, RIS
TEEH LI E DL <% DNA &7 7 —hE LT I R = b kx
BOZBEFRILAEM THY . ME TIZDNA RS EE 2 5N D720, p53 2
IEFICHERET 5 TK6 Mz W B FRERERARICLY, 2 WEEZ LA F
2—TELIEITFERLDY , FHMEOEWRREEZEZ DD,

AMFFETIL, 2,5-Diaminotoluene D R ANAMER 2 AR LI Z &2 Ames
RBROGIGIERERE 7+ —T v 7T 5FEEL LT TK6 7 v EA X MLA £V
bENTWDAREMNH 5 Z & &2 A H L7z, 2, 6-Diaminotoluene & % 2, 5-
Diaminotoluene IZFFHILAEW TH YV | WT IV HIEFREBAMEWE Lt SN TN D
M. ARBFFRIZIS T D TK6 7 v & A TITAE RITHHIEN RS Hiviz (Fig.5(3) &Y
(4), —MERIFI 7 vy —20N@E FET > FIF S9 mix 72 &) TiE, P450
IZ X ¥ arylamines 7% hydroxylamines (ZF&{t S 41, acetyltransferase (2L Y O-7 &
F /AL S 4L acetoxyarylamines ([CAHE I D, S DI I BHRICHM ST
arylnitreniumions & 72 ¥ | DNA A Z AT 5[25][26], < 2% T, arylamines
X amine N-oxidase M UV flavin-containing monooxygenase (FMO) (2 X ¥

hydroxylamines (ZfU#f S 41 5[27], TK6 MifdiL P450 & > /X7 B % T DI HEL
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T5 2 LBHE SN TOD[28]25, AWFZEICEWTIE, BIHERIECRT S 70
T AT AT ORI, O-7 B FIAKIZEE S % N-acetyltransferase D FEHL I
RINT=b DD, P450, amine N-oxidase & TN FMO D & > /37 B3 B3 HH PR SR
LFChotz, ZNHOMRIX, TK6 MlE CIXMRHNEME(CIFAE T OB LEE
BT, arylamines DE&{l. % /1 L 7= arylnitrenium ions (2 & % DNA AR D
RIREMED R S H[26], S BT, IEMEEFR A & L7z DNA BIEOFHF R HE
Z HIVDH[26][29][30][31]. L7243 T, 2,6-Diaminotoluene ® TK6 7 v & A 1233
iF B BB, Arylnitrenium ions {2 & 5 DNA IR AN BE5- L T2 AT HE
PERB 2 Bz, Zh & [FERIC, 2,5-Diaminotoluene 7% DNA SUSTHEWIE 72 51X,
ADME HEREZ A S 720 TK6 Mifld T b [FAERICEHER R 2R~ Tb D LB b,
LarL, FEBRIZIX TK6 7 v A TRIEJREA TR L THY . Ames RBRIZHIT 5
2,5-Diaminotoluene D IE{x{ 2SR EFFHFEMEITEMBNMELAAFT 2 DO TR <
2,5-Diaminotoluene @ DNA fHIIMAIZK 2 EEEMESHIE & 8 N TRAD Z &
ERETHHEDTH D, EBE. Ames BBR TIX, RETEMELAAE FITHVT 2,6-
Diaminotoluene &% U} 2,5- Diaminotoluene 351 [5G % 753773, 2,5- Diaminotoluene
DZESRIZ FEFHFEMEIL 2,6- Diaminotoluene & ¥ HAKWZ & AHE SN TV 5[32],
ZOZEND, ARMFRIZIST DR EE O RETEPELAFLE T K O Lt
{51238 T, 2,6- Diaminotoluene (328984 #5564 7R L7278 2,5- Diaminotoluene
et & Ae o 72 FE R & LT, Arylnitrenium ions (2 X % DNA fHIMATE R D &),
2,6- Diaminotoluene & ¥ % 2,5- Diaminotoluene M J5 23D 7272912, K FRA LA
TICESTZDOTIEHRWNEER T, SHIZ, TK6 7 v THHEZR LT 6 ¥
'H (4-(Chloroacetyl)acetanilide, 2-(chloromethyl) pyridine HCI, 2,6-Diaminotoluene,

8-Hydroxyquinoline, 1-Nitronaphthalene, 4-Nitro-o-phenylenediamine) 1%, in vivo &

(el (RO ERERBR, MRS 5 WL TGR R L) Tidattzrs

50



T2 & A TV B[32][34][351[361[371[381[39]. = DEEHIZ in vitro TEEH
ST BARFEMET, A TIE ADME (BRI, A, A& ORIt 12 &> THEBR
SINDHZENBITONTEY, ZUNEERTRERNAMEEL RIRVED L FH S
T B [32][341[351[361[371[381[391,

IRAERTIEIZ L D TKE 7 v A 1%, ARV 2 Ames sBR O R 23 itk
DI0WEIZH LT 2WE 20%) L AF¥a—Llz, ZOZ L%, BFFEAHE
LTW% Ames BRI OB BEAIL A O BRI S Mkt o 2 & R 2 k5 R
ThbE%EZ5, LIL.TK6 7 v A28 BRI, & b &l O DNA
IEAE AR O A S L7 SO Z R T b 00, BIUZ TK6 Mo sz MK
W DITHARRIEZ R L T ONDRIE LTIEZ LWH D TH D, £ T, %
FlLZhaHR4 5FiEE LT, DNA EEENEZ KB S W7 &AM AL 4
W TK6 7 v A DA TH D LB X T2, 52 ETILEEER TK6 7 v A D

PAFEICSOWTRER T 5,
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Table 6
4-nitroanthranilic acid (24-h 800 ug/mL group)

A) Up-regulated proteins

Enrichment analysis of 168 specific DEPs in the treatment of

Category Term Count P-Value
INTERPRO IPR016239:Ribosomal protein S6 kinase Il 4 5.7377E-06
GOTERM_MF_DIRECT G0:0005515~protein binding 88 1.7420E-05
PIR_SUPERFAMLLY PIRSF000606:ribosomal protein S6 kinase Il 4 3.2222E-05
GOTERM_MF_DIRECT G0:0016301~kinase activity 10 6.7995E-05
GOTERM_CC_DIRECT G0:0005739~mitochondrion 22 2.1570E-04
SMART SM00133:S_TK_X 5 3.2906E-04
GOTERM_CC_DIRECT G0:0005829~cytosol 39 4.3120E-04
INTERPRO IPR0O00961:AGC-kinase, C-terminal 5 5.3307E-04
GOTERM_CC_DIRECT G0:0005654~nucleoplasm 34 6.5767E-04
INTERPRO IPR017892:Protein kinase, C-terminal 4 1.0360E-03
GOTERM_CC_DIRECT G0:0005759~mitochondrial matrix 9 1.7035E-03
GOTERM_BP_DIRECT G0:0034244~negative regulation of transcription elongation from RNA polymerase Il promoter 3 2.7144E-03
GOTERM_CC_DIRECT G0:0005737~cytoplasm 51 2.7796E-03
GOTERM_BP_DIRECT G0:0008631~intrinsic apoptotic signaling pathway in response to oxidative stress 3 5.0854E-03
GOTERM_CC_DIRECT G0:0005840~ribosome 5.3823E-03
GOTERM_MF_DIRECT G0:0044822~poly(A) RNA binding 17 7.8807E-03
GOTERM_CC_DIRECT G0:0005743~mitochondrial inner membrane 9 1.0130E-02
GOTERM_CC_DIRECT G0:0005793~endoplasmic reticulum-Golgi intermediate compartment 4 1.0932E-02
GOTERM_BP_DIRECT G0:0001701~in utero embryonic development 6 1.1424E-02
GOTERM_CC_DIRECT G0:0016020~membrane 25 1.1522E-02
GOTERM_MF_DIRECT G0:0005524~ATP binding 20 1.1781E-02
GOTERM_BP_DIRECT G0:0010628~positive regulation of gene expression 7 1.1794E-02
GOTERM_BP_DIRECT G0:0051301~cell division 8 1.3434E-02
GOTERM_BP_DIRECT G0:0043555~regulation of translation in response to stress 2 1.4360E-02
INTERPRO IPR027417:P-loop containing nucleoside triphosphate hydrolase 13 1.4642E-02
GOTERM_MF_DIRECT G0:0004672~protein kinase activity 8 1.6128E-02
GOTERM_MF_DIRECT G0:0000287~magnesium ion binding 6 1.6834E-02
GOTERM _BP_DIRECT G0:2000145~regulation of cell motility 3 1.7225E-02
INTERPRO IPR018199:Ribosomal protein S4e, N-terminal, conserved site 2 1.9912E-02
INTERPRO IPR013845:Ribosomal protein S4e, central region 2 1.9912E-02
INTERPRO IPR013843:Ribosomal protein S4e, N-terminal 2 1.9912E-02
INTERPRO IPR000876:Ribosomal protein S4e 2 1.9912E-02
INTERPRO IPR000633:Vinculin, conserved site 2 1.9912E-02
GOTERM _BP_DIRECT G0:0006368~transcription elongation from RNA polymerase Il promoter 4 2.4228E-02
INTERPRO IPR001033:Alpha-catenin 2 2.6461E-02
INTERPRO IPR023321:PINIT domain 2 2.6461E-02
GOTERM_CC_DIRECT G0:0032021~NELF complex 2 2.6727E-02
GOTERM_MF_DIRECT G0:0048487~beta-tubulin binding 3 2.8233E-02
GOTERM_BP_DIRECT G0:0019673~GDP-mannose metabolic process 2 2.8516E-02
SMART SM00220:S_TKc 7 3.1873E-02
GOTERM_BP_DIRECT G0:0030521~androgen receptor signaling pathway 3 3.5175E-02
GOTERM_MF_DIRECT G0:0061665~SUMO ligase activity 2 3.5909E-02
PIR_SUPERFAMLLY PIRSF002116:ribosomal protein S4a/S4e 2 3.6795E-02
INTERPRO IPR002942:RNA-binding S4 domain 2 3.9430E-02
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Table 6

B) Down-regulated proteins

Enrichment analysis of 168 specific DEPs in the treatment of
4-nitroanthranilic acid (24-h 800 pg/mL group) (continued)

Category Term Count P-Value
GOTERM_CC_DIRECT GO:0022627~cytosolic small ribosomal subunit 3 4.1660E-02
GOTERM_BP_DIRECT GO:0043620~reguiation of DNA-templated transcription in response to stress 2 4.24T0E-02
GOTERM_BP_DIRECT GO:0046939~nuclectide phosphorylation 2 4.24T0E-02
INTERPRO IPRO17441:Protein kinase, ATP binding site 7 4.2799E-02
GOTERM_BP_DIRECT GO:0007507~heart development 5 4.34NE02
GOTERM_MF_DIRECT GO:0016887~ATPase activity 5 44923602
INTERPRO IPRO00719:Protein kinase, catalytic domain 8 4.5081E-02
INTERPRO IPRO0GO77-Vinculin/alpha-catenin 2 4 5850E-02
INTERPRO IPRO04181:Zinc finger, MZ-fype 2 4 5850E-02
GOTERM_MF_DIRECT GO:0003723~RNA binding 9 4 67THE-02
GOTERM_BP_DIRECT GO:0030521~androgen receptor signaling pathway 3 35175602
GOTERM_MF_DIRECT GO:0061665~SUMO ligase activity 2 3.5909E-02
PIR_SUPERFAMLY PIRSF0O02116:ribosomal protein S4a/S4e 2 3.6795E-02
INTERPRO IPRO02942:-RNA-binding S4 domain 2 3.9430E-02
GOTERM_CC_DIRECT GO:0022627~cytosolic small ribosomal subunit 3 4.1660E-02
GOTERM_BP_DIRECT GO:0043620~reguiation of DNA-templated transcription in response to stress 2 4.24T0E-02
GOTERM_BP_DIRECT GO:0046939~nuclectide phosphorylation 2 4.24T0E-02
INTERPRO IPRO17441:Protein kinase, ATP binding site 7 4.2799E-02
GOTERM_BP_DIRECT GO:0007507~heart development 5 4.34NE02
GOTERM_MF_DIRECT GO:0016887~ATPase activity 5 4.4923E-02
INTERPRO IPRO00719:Protein kinase, catalytic domain 8 4.5081E-02
INTERPRO IPRO0GO77-Vinculin/alpha-catenin 2 4 5850E-02
INTERPRO IPRO04181:Zinc finger, MZ-fype 2 4 5850E-02
GOTERM_MF_DIRECT GO:0003723~RNA binding 9 4 67THE-02
GOTERM_CC_DIRECT GO:0005730~nucleolus 13 5.6756E-07
GOTERM_MF_DIRECT GO:0044822~poly(A) RNA binding 15 7.7589E-07
GOTERM_BP_DIRECT GO:0006364~rRNA processing 7 1.2377E-05
GOTERM_CC_DIRECT GO:0005634~nucleus 7 4.8117E-05
GOTERM_CC_DIRECT GO:0032040~small-subunit processome 4 8.1428E-05
GOTERM_CC_DIRECT GO:0005737~cytoplasm 25 27500E-04
GOTERM_CC_DIRECT GO:0005654~nucleoplasm 17 4.8730E-04
GOTERM_BP_DIRECT GO:0000462~maturation of SSU-RNA from fricistronic rRNA transcript (SSUHRNA, 5.85 rRNA, LSURNA) 3 27542603
GOTERM_MF_DIRECT GO:0005515~protein binding M 28755603
INTERPRO IPRO06709:Smalk-subunit processome, Utp14 2 49512603
GOTERM_CC_DIRECT GO:0005815~microtubule organizing center 4 5.9735E-03
GOTERM_BP_DIRECT GO:0051301~cell division 5 1.0237E-02
GOTERM_CC_DIRECT GO:0034388~Pwp2p-containing subcomplex of 90S preribosome 2 1.6782E-02
GOTERM_BP_DIRECT GO:0002726~positive regulation of T cell cytokine production 2 24156E-02
GOTERM_CC_DIRECT GO:0070062~extracellular exosome 13 3.0865E-02
GOTERM_BP_DIRECT GO:0030490~maturation of SSUHRNA 2 3.3659E-02
INTERPRO IPRO17986:WD40-repeat-containing domain 4 4.0034E-02
GOTERM_BP_DIRECT GO:0022904~respiratory electron transport chain 2 47743602
INTERPRO IPRO15943:WD40/YVTN repeat-like-containing domain 4 4.8605E-02

TOTH 29 RBIIZEL B MoA 47 : BRIERX b L XMDAZER
TK6 7 v A 2B W CHEf AL E D A TRtk 2 7~ L 7= 4-nitroanthranilic acid (Z

OWT, ZORRZEL DT T4 I 7 ATz EM L7-, DEPs D=V v
F A MEHTIZ XV . 4-nitroanthranilic acid DERFEIRENFER T HMEMNEL

WBEFEARAEROEIMIZ, BBEA FVAREELTWAZ ED
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(Fig. 8) . FEIFHALHE O MR HEALIEAFIE T & 1T 72 0 | @Rt AL BRYE T (b
A N VRAREIZEEG S5 Z ERM 5 TWA PDKI, SOD2 & T DIABLO @ # >
NIERBENEEICEFTD LA NE o, —T5, HHLEEED 800
ng/mL (2315 % Specifics DEPs Tl FRFHEALHE O RBHEME(LIELFAE T TIE%E
BLL TR b L RIRE, MG & O DNA [EEIREICBE T 5 —@# 0 & >
NI EFRBEPBEEIET LTV, 2D Ofs I3, LB E TIZER{E A k
L 2ZRET HBEHEENME T L CWe Z & 2R3 5 (Fig.9), £7-. FERGEE
fbEER E L CELNDA N EZ T—BR ORI NE T A L E 7 % —F (GSR) =
FOBRBHFEIEL TML CWA Z ERH BN E -7 (Fig.9), ZDZ L
R, BERFRAEE TIE 7V 2 F A o 0mile b SR (2 X 5 iR 25 i L Tu
T B3 GRS CIXTE YRR SR & UL RE DB S A2 72 B A b LR
SDOISERFROTIA LB R D8 L A& 3RR kR DNA G184 L2 b 0
EWRT D, RIS, TrT A I AMIITB N T, WL O OHR{LEEFE

(GPX4, MGST3, TXN2 O TXNRDI 72 &) 238 e ALBRYEIC 38U TRAE 12l
LTV ENERINTZ LD, R OHERLEEREA B IR o RKF 4
IFRTLHDEE XD (Fig.9), Ll ARTIERESEME LV bELT- iR
WA AT 5LE2ONDT-D, BBEA ML AL 5 DNA 851X in vitro &5
BRI RN R A D=L EEZZX LN T VWD, EHBREOEAZ L THE
BEMEEFHRET DIFWEIIBEENFET 2L EZXHNTVD 2D, MoA 2
O ERNIXY 27 53 T 5[40], AMFFEE D | EHER TK6 7 v &
AT aTH I AR EMETHZ LT, TK6 7 vtEA DA TITRF X7
WEIEFIZR LTS, MoA 77 e —F BT 25 Z & T, RIS IR
BCHOTNERAET 5 LN TED, ZHICKD, TK6 7 v AL D%
PEDFAEBE 7 S LIRS 5 2 ENATREL 72 5, 7272 L. X 0 SIS BIEROR
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IIEMERER I LD IR CTH H 2 L 2 RAET 2720121, ZhbDF N

77 'EX° Reactive oxygen species (ROS) DERALITAHE R D &2 5,

INE

ARG L0 | AEAER TTIEIZ L D TK6 7 v 41X, Ames RERIGHEE I 1)
2740 —=7 v 7R E LT10{LEHT 2/EM 20%) 2L AF2—L, fA
AThHHEEZLN, &5IT, AL TORERIBIER S E R LT 4-
Nitroanthranilic acid TiX, 7' v 7 4 I 7 AT & MAE DO CHHMET 2 2 L iIc &
D, FAEKOMREREFEICE > TERE A b L AIREICET 2 % v 7 s
HZEERLMNI LI, 2D DORERN G, 4-Nitroanthranilic acid Tl R[5
BEBREA N LR Z MRS 5 2 & TEEEAZL DNA 5 Cidk < kA h L
A& LTz ZIRAY 72 DNA B H T 2B B2 R L7z, Lie-> T &
Iy 7 AL TK6 7L ZHET 5 & T, MoA IZESWT TK6 7 vt
A DG DT AEBE AR TE D2 A L7z, KFEETILF22T Y
—HP A = RZBNTIE, HA RT A AATAE ST AR ER FIEITINZ T, 8
LW DM EDE LT 5 Z & T, 1ERITMHI T 2o 7oA OREIL 2
T 2 LT THAHTH L Z L2 RmET 2,

LLEMNS REFFELY TK6 7 A 1X Ames sBRIGME 2 B 2 BRIE 23 T <
NTWBHERLD D B 20%0 EE L AF 2 —CTE 5 REMEZ RHE L, L L,
TK6 7 > & A OIH TITHRBRIEMEEE Th 5 72 DI Z R LT 5 ATRENE
EBETE W), REEHEIELY ERICKE LICEER THREmRE Az
TK6 7 v A XV @EENOEFF ML A = X LARXR— A THRAETE 5 FED

FADMETHDHZ LB LI,

55



#2E DNABHEEFCESW-ERER TKe T vEAICk3 7
F B —7 v FIEOHEL
HEEBREEER X 7 U AF RREEE _EXEKEZH
W BIREERL TK6 7 v & A DB%)

AREIL TR TSN TVWET,

Akira Sassal, Takayuki Fukuda®, Akiko Ukai, Maki Nakamura, Ryosuke Sato, Sho
Fujiwara, Kouji Hirota, Shunichi Takeda, Kei-Ichi Sugiyama, Masamitsu Honma,
Manabu Yasui. Follow-up genotoxicity assessment of Ames-positive/equivocal
chemicals using the improved thymidine kinase gene mutation assay in DNA repair-
deficient human TK6 cells. Mutagenesis. 2021; 36(5):331-338.

T A.S. and T.F. contributed equally to this work.
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F1E fEE
LI & 5 DNA BIEICIE, RIS, L% —DNA I,

DNA SO 70 Lk 4 72T O AHEMI N 8 5, DNA 5D KEH531L, DNA &
EHREIC X > TR L BB SN D720 MlaIC 1) 5 DNASIERERE DRI,
R i D22 A MEREAR DI & R RIS R & BT 5[41), L7ehi» T, kD
TEHERY 72 in vitro RIEZ LR 95 Z & T, DNA B1HHE & (LW E OB R EIET
TP L OREMEZ T 5 Z S I3FERICEHEE TH S, Ames iMBRICH W D ERKIT
DNA B3R %2 BEINCARIEL L TV D7, RIZ Ames iRER CHMEZ R0
WE TS, WYL Z N invitro 3 5 WX in vivo RBR TILEEEMECIE N AN
ARSI LD D, 20X 9 TRRBRE THRERDVAH T 256 . Rl FLE
FEIZ BV TSI K > TR S 172 DNA 2E23H BN O DNA B S
ICkoTEEESND Z LICED | RBIEDRKENE L KT LTV D ARtk
H Y | invivo CIXEEEMEZ R T ATREME D GEILTE 20, REEND | HEHER
PR TEAR TR RABR CII AR 20 i e 2 7R S 2 W MBI IZ 4 LT, DNA B8O
FRIIC IS CIHRE R AE R 215D 2 E N TE D EIRER in vitro BAx TR ERER
VETHDH, S5, WAIEMIEE AV D in vitro B{5EMERER TIX, HHFED
FIRERIZ B WD TR ESTEDRE R DS m W TAE L 5 Z L 2IBRHICEB T DfE RO
A= EZ T TV D, BT, R Th 5 ps53 # /37 EiX, {bF
WET K % 28R A FE D BB IR FHER - Tdh D 72w, p53 AR LM Tl
TR M=V AREREMET L, —BLERIC L D ERERFRN/ERIND 2
EDRFHBNTWNWD[42], LAarL, p53 KEEMIEZ AW ARER 2B m e ©
%, BGHESEBE TR LN MENEE SN TND[43][44], ZD X 91T p53
DRI E OBARTNE TR DR FMEAR T S22 235729 DNA UGS
KT ORI T D Z &7 < ., invitro BIrEERBROBEZ R LXE 5
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ZEBRETHD,

s, TK6 flife (BpAR) & HIEFRE(ETE (base excision repair, BER) #%iH&
& X7 LAF RREEE (nucleotide excision repair, NER) #&EE I Z N F 54
% XRCC1 & XPA Z# R S®725 7 Ltk TK6 Al (XRCCI7/XPA™”) & DKL
PH, RRORBEEEDE 2 R E IR TE 2 2 &3 HE Sh7-[45][46],
BER #&#&1d, FIHIDOT v F b, b, BT </ (k7e & O/ 72 DNA H
BEHEGZEET LR TH S (Fig. 10), DNA —AREHUIBHERICBD 2 28 % v
NI7E T D XRCC1 1T BER REEICIHBWTEHERZ LV RXITETHDZ ENHD
LTV % (Fig. 10) [47]. —J7. NER BRITEANRIC L > THFREINLH 7 n T
Foe ) IV TEER, RO MERERMIC L o TER S A
FEAPED DNA AR £, #Ex 72731 % —DNA HIHEDBREICEEL TV 5

(Fig. 10) [48], XPA IZ NER 7 & X CRERAHTESS Th Y .+ ORkkE
bbb & NERTEMENTELRIZHKDIN H[48], XPA MFLE LR WA, XRCCL 1
AN w7 AZWIES L L% —DNA MIMADBREICEHERT 5[49]. 26 ME
5 2 AEE U 7 2 VN2 TK6 7 v & A Tl HERDIEHER 72 TK6 7 v A
([ZHART, TAFIANC K DA RBERFEICES 2~8 %) Mmiish
72[45], T D X 912, XRCCI/XPA ki, I~&aH DL FWE OB inEEE LD
R VVEE & R M TRl CE 5272 TR, ZDOA I = A L% L0 RS BT
HTeDITHLHHTE D,
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IERIREEEHIBICEHS T S XRCCLDIHIE

U J L\imsRiil

Ligase lll

RO L AF FRREBEEECHIT DI XPADIEE

Transcription-coupled repair (TCR)  Global genome repair (GGR)

!ADZBB

Fig. 10 Schematic of base-paire excision repair sub-pathway
and nucleotide excision repair sub-pathways.

Z 2T, ARWFZETIE Ames ilBRIGIEWE TH 525, ORBRAER & R —Bh A2

5415 N-(1-naphthyl)ethylenediamine dihydrochloride (NEDA) . p-phenylenediamine

(PPD). Auramine X (® malachite green (MG) @ 4 ¥'EIZ%EH L7z (Fig. 11),

NEDA 1T Ames 352 TlI/ A A X —TF S9 ORHTEEALSA: T Tl B2 R

T2 EDHE SNTODR[S0], Ty A =—ANLAS — IR Tl A T4

HO/NEFHEITRO o 72[51], REBHNILEHEIN TV HE#EILEY
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T& % PPD &, Ames iBRIZE VT T v T S9 OFFAE T T TA1538 FRAFFEAYIZ
BV VB 2 R 97[52], PPD (X MLA T4 B2 R4 2353], F344 7~ ~&H
W2 in vivo D7 v —7 v TR CILBEEEMEE R S 72 5 72[54], Auramine
I¥ MLA TiIRMETH 505, Ames RERIGVEWE TH 5[55][561[57]. L2~L. in
vivo TR Y A (R ZZHAGRER | in vivo /MERRBR, invivo 2 A > N T v A TIEWTH
&5 A R L72[58][59], BEAITH S MG 13, MBCHEEOIRRIE L LT
HAEN T HEHEAERREETH 5, MG 1E Ames 35k TIEHHEME LI BV CFE
LFEMEZE R T[60], MG OiEfaim X in vivo TIEEHEi S LTV 220 [61], Zhuh
OHEFRYE D 5 B Auramine 1 L858 T) 725803 VBT P S LTV D A3[62], & D
fhOWBRME LT~ 7 AICB T RN AMETHER S TV (Table 7)
[63][64][65], 2D &L D2, Hie pBIEEERBRIEOR RN HEK T 5 Z &%, b5
W O EMER R MR Z#H L < LTWnWD, &2 CTEREN TK6 7 v &A1
XRCCI/XPA MM A AR AT Z EIZE 0 . TR O OHBRMEN E MIBWTHE
GRMEE BT 5008 9 A REE LT,

28 EEROBEN L O 51E
MRatEE
B R U U oR3EERCR TK6 MlEREIX. 10%IEBMLFEAEMIE (=F LA A A4
A = ZRRAEH) . 200 pg/mL EALE S R U A 100 UmL =32 >
100 pg/mL A R L7 h~A U ZRMM LT RPMI-1640 854 (0 74 7 A7 1%
X&) #HWT, 37°C, 5%CO0; THi#E L7, XRCCI™/ XPA” #ElEIXBEH[45]D
DATHISE LT,
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WERY E A1

AWFFEIZ VT2 Auramine, NEDAP & U8 PD |Z Sigma-Aldrich (St. Louis, MO)
NSEEA L7 (Fig. 11), Malachite green (MG) 1375 + 7 A /L ARG RS A S
o (AA, KBR) 226 A L7 (Fig. 1), Auramine, NEDA 2 U* PPD (X DMSO
(2, MG ITHERAK (AARIEFT, RS RERIETY) (S Lz, 5y
BTG 72 B R R . BB E T IR RS AT IR U T R i BE oD A BRIK % 7
L7,

| I
iN‘i il“x
HN,AVNH; NH -
NH,
0 = LT c Q
H,N |

2

N{1- p-Phenylenediamine Auramine Malachite green
naphthyljethylenedia (PFD) (MG)
mine dihydrochloride

(NEDA)

Fig. 11 Chemical structures of Ames-positive compounds.

WBRMVE I\ X D MBAER X, S0 mL O 7T AT v 7 LI 5%10° cells/mL @
HARE S FEC 20 mL ORIk 2 TR L, RENEM LD T2 9DIZ 4.5% DR E TH
Z oy MIF S9 mix (AU = HOVEERF T3S L O SR Y U —F
TS =) OFAE N EIIFAE T T, BRDBREOHRME LWL LT, £ 0D
%, AR LE EFRODITIER L7223 5 37°C T 4 REALER: . RPMI-1640 55H1C
2 [EPEH L, RS ZFHARAH 72D, AIHTHERZLIIZ9%6 v/ /LT L—
MIHERE L7,

EREERTKe 7 v tA

HER Y ALERSS O TK6 HIRE K O XRCCI7- /I XPA”-HIRIZ 3517 A Al RSy s %
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WT, B 1E FB28H FEBROMEIEOFEIBITS [TKe #l@ERAL-F =
DoFxF—+F (TK) BEEFERZEHER (TK6 7vyt4) | O LFEERFIET
TK6 7 vt A ZFE LT-, 22 Tlx. XRCCI” /XPA#ila % 7= TK6 7 v & A

 [EEERTKe 7 vt A ) Laffidi,

%3 HT FEBROMR
4 WERE 2 BT B R ER TK6 7 v A Of % Fig. 12 ~ 15 }¢ (X Table 7

(2 L7z,

NEDA

REHEMEALTEAE T R OFETRAE P2 W T, 872 2 @ NEDA (50~200 pg/mL)
Z TK6 i} OY XRCCI7/XPA” FBRICALER U 7=, FEYER) TK6 7 v & A & [Flkk (B
12 1 HZR) (2, Mgt R ERFERIEOIREIZZ LTI RS LT
MF % iz, £ ORER, W oflifak T & RETEEoF EIC X 6 i
PEDOREIIRFE ThH o7 (Fig. 12), FHRERABROKE R, W hoMlakick
WTHRHHEMAL ORI L O FHABEEO MF (32X B L ik L CHE

Ie¥NZE R & 72072 (Fig. 12),
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Fig. 12 Cytotoxic and genotoxic responses of wild-type and XRCC17/XPA™ TK6 cells
exposed to NEDA.

Cytotoxicity and genotoxicity were expressed as relative survival (%) and mutant frequency
(x107°) after treatment with NEDA without metabolic activation (A and B) or in the presence of
S9 mix (C and D).

Representative result from at least two independent experiments was shown.

PPD
AR ORE R, AHENEMELAE T Tiddm @A =D 2000 pg/mL T RS 28

20%LL TR LIz Z & (Fig. 13) . 28RZ8 Bkl Tld 2000 pg/mL £ THEET L
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7o =07 AREHEMALIFAE T TR L D sV EE 2 R L2 & n | RkE i

% 1000 pg/mL & U CHRERFBR 2 I LT, JREREBORE, W

ORI I T b REHEE(LOFHEIZ L 5 FALBHED MF |3 e &

i L CHERINZ RS ehro 7 (Fig. 13),

A fkasrEstiR GFAHNEIEL)

—@— TK6
—&— XRCC1// XPA'-

100

80 |

60

40 |

Relative survival (%)

20 |

400 600 800 1000

PPD (pg/mL)

0 200

HrasrEatiR (RBEHETE(E)
100
80 |
60 |

40 |

Relative survival (%)

20

1000 1500

0 500
PPD (pg/mL)

2000

B - :
ZEARTRMER GEAHHENE(L)

50

2 a0}

x

>

2 30 }

S

o

£ 2 |

E

5 10

s
0 L L L L J

0 200 400 600 800 1000

Mutant frequency (x10-6)

PPD (pg/mL)

RATEMER (NBENEME(E)
50 [
a0 |
30 |
20

10 |

1000 1500 2000

PPD (pg/mL)

0 500

Fig. 13 Cytotoxic and genotoxic responses of wild-type and XRCC 17 /XPA™" TK6 cells

exposed to PPD.

Cytotoxicity and genotoxicity were expressed as relative survival (%) and mutant frequency
(x107°) after treatment with PPD without metabolic activation (A and B) or in the presence of S9
mix (C and D). Representative result from at least two independent experiments was shown.
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Auramine

Auramine [TV 7 = VA X UREFETHY . B h~DFBAMEO FTRENED S
S TWnb, 22T, EEER TK6 7 v & A Z M T Auramine D 22582 B35
M A RET L7z, TK6 fliE K O XRCCI7-/XPA”-Filfa % Ml gt 235 < 3 B14 5 H
ENOEEN RO VHEE TRBE L7 (R AAEE O RBHEELAAIE T
TiX 10~70 pg/mL, RENEMELIEAAE T CiX 20~80 pg/mL), W 7LD fakk
IZBWTH, FAEKFIIIC RS OB RFEO iz (Fig. 14), ARBROAER,
W OMIKIZB O T HRENEE L OF I L O FKLBRED MF [ XpatExt
FRRE & bl U CHEARBMZ R L, 2D A BIRTFIEN RO Hiviz, RaiE s
FE R Tl TK6 M2 695 XRCCI7/XPA#I> MF 1% 70 pg/mL &% X 80 pg/mL
TENEN2EL 2.5 FIZHEM L7 (Fig. 14), FRFFELEE ORBNE LA
FE R Tl TK6 M2 695 XRCCI7/XPA#I0> MF 1% 10 pg/mL & T 20 pg/mL
TENZEN 3 FELO 4 5L, K VIRRE CHERMMAZR Lz, 2 b OfR
I%. DNA BREMEEREZ 522K LT XRCCI/XPA /il % TK6 7~ & A IZH
W5 Z & T, Auramine DZERERFIHM AL BRETORENEF LM ETL L

Z AR IR LTV D,

65



A amsmatr GersiEme) B

100 —0— TK6 50

AT RMER GFASHETEL)

—&— XRCC1'/ XPA"'- =
S 80t S a0
= =
©
2 60 |} E 30 |
z &
® =
_g 40 £ 20
5 £
g 20} £ 10
=
0 L L 0 I 1 1 N
0 20 40 60 80 0 20 40 60 80
Auramine (ug/mL) Auramine (ug/mL)
C = = D = =
HliaSatER (UEHEIEE) AL HAER (RBEEME)
100
< 80r S
S %
® >
S eo0f o
g S
@ &
o 40 | 2
2 -
5 8
& 20 | g
o L L L L L J
0 20 40 60 80 0 20 40 60 80
Auramine (pg/mL) Auramine (ug/mL)

Fig. 14 Cytotoxic and genotoxic responses of wild-type and XRCC 17 /XPA™" TK6 cells

exposed to Auramine.
Cytotoxicity and genotoxicity were expressed as relative survival (%) and mutant frequency
(x107°) after treatment with auramine without metabolic activation (A and B) or in the presence
of S9 mix (C and D). The data on mutant frequencies were statistically analysed using the Omori’s
method. Representative result from at least two independent experiments is shown.

MG
MG DERFEMEA T = X LTIEWERFEDOEAZ T L ClllREEZ2 BT 5 2
& T, ZIRIIICDNABEEZFHERT I DL EZ LN TV BH[65][67], MG DiElx

TN O AAMEIZES U CUE. in vitro X OV in vivo DFRBRIEDEWZ LY . FHK
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T HRERDBEOIN TV D, MG I Ames iR Tl TH - 7203[60], ~ 7 AT
IXBR RS AR ST TWRV[63][68], LvL., 7 v FOIEMR AN
B IS O AERN DO TN L6912 Evb . MG OFEBAMEE T
FbE MISMET D Z LT TH D, £ 2T, MG OIEMERESE 2 L7228
I HLGHAENME D T RENE & MRRET 5 72 8, TK6 Al K Y XRCC I/ XPA” HEFE D TK6 7
v A 2iT o7,

FLRF IR AL PR O RENE ML AFAE T Cl, TK6 Mifid 2 N XRCCI/XPA"HARE D
TN THHARRIFED D 25Ol EE A2 8Bl L7 (Fig. 15), & 512, TK6 7
B AT HERBMM TIX, MEiEAE L HES 2o, (R

(0.2 pg/mL X Tr 0.4 pg/mL) DI TIINEHABRDWEETH -7 (Fig. 15), %
IRE[ETALBRE DO RETEMEACAFEAE T CIIHIIREEME D R L 72 728D | 2248 SRR IT 2
~8 pg/mL OEEICBW TR L7z (Fig. 15), Z28RZ8 ik ClaREm Lo
A L 5F TK6 Ml & N XRCCI/XPAHIIEIZ 35\ T, A ALHEEED MF (XM
SHREE L W L CHB RN Z RS IehoTz, L7ad> T REERM D, MG 1%
b MAEIZ BV TIZIE DNA BRUCHEE ThH 5 LB X Hiv, ZIVE T invivo T
ORBRAE R & —F L7z[61],
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Fig. 15 Cytotoxic and genotoxic responses of wild-type and XRCC 17" /XPA™" TK6 cells
exposed to MG.
Cytotoxicity and genotoxicity were expressed as relative survival (%) and mutant frequency
(x107°) after treatment with MG without metabolic activation (A and B) or in the presence of S9
mix (C and D). Representative result from at least two independent experiments is shown.
Table 7 Overview of results in genotoxicity and carcinogenicity studies
. a TK6 assay . -
Chemical name CAS No. Ames MLA / HPRT Wild type Mutant Carcinogenicity
NEDA 1465-25-4 +° —d — — —
PPD 106-50-3 + + - - -
Auramine 2465-27-2 + - + +f +
MG 569-64-2 + ND° - - -

a MLA / HPRT: in vitro mammalian gene mutation assay using mouse lymphoma TK assay or HPRT
study in chinese hamster ovary cells. b TK (XRCCI”"/XPA™): TK6 assay using XRCCI""/XPA”" cells
in this study. ¢ +: Positive. d —: Negative. e ND: not determined. F High sensitive
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ARG TIE, Ames SRERGEME Td 5 NEDA, PPD, Auramine & O MG (2D
WT, RURER TK6 7 > A % L7z, ZORi%. NEDA, PPD XU MG i
TK6 #ifd & XRCCI7/XPAHild & & IZfaM 275 L7225, Auramine (352 7R L
7o NEDA KO PPD I3 in vitro /PEZRERSS MLA TldMliaaf2Mfi R ST
5T &G, TK6 Ml & XRCCI/XPA Ml TRt AR L7 Z &1, b MllaT
XN BNIEDNA JUSEME THH Z L 2R L TEY, T > #HEE V-
R ANERBROFERDIEETH D Z L5 Ames RBR O BHIERE B I3 £ 21
72 DNA BUGTEIC X D b D EHEZR STz, —TJ7, Auramine |3 Ames BRIV E
TH DD in vivo IR EAMRAZHATAER  in vivo /IMEFR K WY in vivo 22 A » b7
A TIIWT N OB EZ R L, SOICT oW Z AW TR R AMERBRTH
PEZRLTWDZ EmD, BRERITKE 7 v A OBMEEREEXGDED &
Auramine DFEN A T = X LTBIGHEIEFIC LD b O LRI D,

35

HAH B

AWFFETILY 7 DRERIFIZ L D DNA BERER T2 KB L7 TK6 Eis 1
KRR Z VT, Ames RERIGHEWE & L CTHI 5415 NEDA, PPD, Auramine X
O'MG D 4 WEIZHOWTHEEER TK6 7 v & A & 94k L7,

TK6 #ife 2 OY XRCCI/XPA-HIIZ BT AR (L FIE F R OFE(FAE T
WFILOEE T TH NEDA XM ZREMR R 2R Lic, ZO#RIL. NEDA 23
b Ml TIIIFLRFETHL Z L2 RET 56D TH Y, BEROFEN AMER
BRIZPEDRER L —E L. NEDA NHEBILEHMEENAMETHL Z &2 BT 5
[65]. NEDA 1% Ames iBRFFEME L L TH DN D S DD/ LA X —]F S9 mix 17
TEFTOREMEEZRLTEY, 7> MIF S9 mix TIIME Shies-72[50]12 &
@S5 & Ames FRER D GRS BT SEM IR OFEEIRAFE LB Th
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LHAREMEDR D EE X BND,

PPD O EEERL TK6 7 v A Tidk, WTHOMIREEIZ B W T HETEE LD
FIZ L O TRMMBFED MF (XM IREE &l L CRE RN EZ R S 720>
7272 (Fig.13)., ik L@ &z, Lo T, AFEIZPPD 28 MRS
FBUWTIE DNA M TH D Z L 2med 5, & FDOTT7F ) HA MTBWT,
PPD &R /KR 2 LALBR3 2 & | My OVEMERE T (ROS) DFEAZ T LT
DNA HEMEHE S D Z ERHE SN TVD[65], D &b, NRMDOTE
PERRFEIC X » THIE SN EEEMET PPD OALTIE R+ Thd LR ENT,
XRCCI/XPA BRI, £k~ 72BE{LAY DNA 5 DOEEIZEE 53 % BER X NER
R O 5 2 KA LTV B [70][71][72][73][741[75]. ZALHiREx 522 RHE L
TWNDITH D) 5T XRCCI/XPAHIfA TIXIERE R DOIEE T 2 MF 1330
L7eno7-Z &% (Fig. 13). PPD AAFIAISME T Tk DNA G/ F
—DNA P2 #EHE LN 2 L amed 5, ST, T b ORERITIETERE
FPNEEIEE LR VIRBE S CIIMABICBEHEEEFR LRV eV IR
EHIET Db D TH D, 728, MLA Tid PPD O GaIEFH R IEILBERE R 2 7R
TZENHME SN TWDD, T~ AT N E/R (L5178Y #Mifd) 725 p53
B R BaRFEE L T D Z & T, B{LA) DNA 5338 S - filian 7
A=V AFEISNPICERME LCTAEFLEZEICL D EEZBNRD, K
e 6, TK6 AAEIZI T, BER & NER OWTHLOBEEEN KDL TN TS,
1IEH p53 fFAE FTIZ PPD et Th o712 Lid. Z OfE R4 AFAICHA LE
LbDEEZD,

Auramine O EEER TK6 7~ £ A TIXW oMK BT HABNEE(L
DA L O FTHALERFED MF (RN IREE & ik L TR Bz xL, 7
SHBRFENRD bz, KERIL, DNA BREEEEZE2ICKEBLE
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XRCCI/XPA il % TK6 7 v A IZHV 5 Z & T, Auramine 225K Bk bk
ERHTAENE LM ET5Z L E2HBIORET 20D THD, FilLiz
EBY TK6 7 v A & FRRIC TK B FREDIRER A2 LR—2— &35 MLA
Tl Auramine DZEFRABFFFEMEIIM L STV Z AU RERHLEE
REHEMHACIFE TOAEmB SN TV Z LI > TWD D0 B HN R [55],
Auramine OBREME L, Ames FRERIZ B W TIHHEMEALGFTE T COAER I
TWAB[56][57], — 5T, LI B ML Z H\ Tz invitro & n e MR B CHtE L
R LTz i BRIE TR ENE AL O MBI — BN R S TinZavyy, L, TK6
T oA TIERMIEE I COFBICL D TICEBEEZRLEZ L. &H1C
XRCCI/XPA#HiMTlZ MF OHIIMABEEFICHBI N Z L2 8H D &,
Auramine TIXT DREAMENZRERFRMEZA L THDLBDLEZ DI,
TK6 7 v A TIHINE LRI TE DR R S 7o, ARRIZ, B M
JlZ 3V T, Auramine 3 BER X° NER (Z & o TIEME X5 AIREME O & 5 BR{LAY
DNA /L% —DNA 7 £ D DNA BEE2FRT 5 2 L2 R8T 5,
ERER TK6 7 A OFERIL, Auramine O in vivo 575 AVEDFEFRE ANIKITE
DNA B15 T A7 A TER /e -7 DNA B0 BIFMEICRIR§ 5 ArRetE
ERBT D HDOTHH[62],

MG DEARENE A I = X L%, ERAY R BRIFVER I X & PG MRS oA
AL CHREEZ BTS2 6T, RMICDNABEEZFET I LD EEX
BTV B[65][67]. MG DB a7 & OFE DS AAMEIZBE LTI, invitro X WY invivo
DFRBRIEDE NI LY | IR T 2/ RPFHN TV D, MG (3 Ames #RE5R TIXE5
PEToH - 723[60]. ~ U A TITEEFMESE N AMEIIMRE STV 63], L
L. T v b OFED ANMERER TS DAL DT ITHIM LI2[69] 2 &b,
MG DR AMEZE T v Finb e MUMET L Z LITEMTH S, &EER TK6
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Ty A OFER, JERE B TITRETE L O R EIZ L 57 TKe Mifla & O
XRCCI/XPAHINEIZ I\ T, FAERRED MF [ XFEMERTIRRE & el U CH B 721
MERSIgnole, LIeh > T ARG, MG T e M2V TiddE DNA
SO E TH D EEZ BV, ZHE TO in vivo TORBRFER & —E L72[61],
MG I3FERBEREME TH D Z EHRIBE SN TN D 2, MG O EE 28 HY
TERHOEV A a<vT b4 FZ =2 (LMG) (X, in vivo CilEfcmttar
FTZENMBNTWBI61][76], MEFLE TIX. MG IZIBNME I X > T LMG 128
TLIND T EMRESNLTWD[TT], T v M THLNEEHEEOEINEL, MG
PFEE DBREE T C LMG IZE e S 2 SICRERT 2 b B 2 bivd, BN
FE & Ames 3RBR F A% O S (LR OFIEIC DWW IR CTH 2 43, Ml IC
R B0 7208 e EsR O RIS H@ M 2 B9 2 L 2N TE T, Ames i8R & TK6 7
A L OEROHEZ GHICHATE SRR & 5,

IME

AHFZEIZIBNT, TK6 7 > A OfERBEMEZ R L7 NEDA, PPD &KUY MG
X XRCCI"/XPA I C b [RIERICIRMEZ R LT, 2 OFERIT Ames FRERBG RS 5
PRI R RO ERTIC LD 2 s 2 mm L, BAAMRBROBREEXEGD
¥5E, b Ml TIHIEDNA KISHETH D EE 2 HRD, WTNOMIEKETH
TK6 7 &AW THMEZ R L7z Auramine [, Ames sUER-CFE DS Al &

DR EBGET D2 &5, DNA SUSTEFR DS AVWE Th 2 WS mv,
Auramine |2 X 5 DNA B 325 & b F THiBEO DNA BERICE D EES
N5 LR TE D,

BEYERI 72 in vitro BARFEMERRBR T, A R O MR O FECHERIE D
AR SN2 EOBHMNORAND 5, [FEAMDEEAEY E THE IR S
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7= DNA 1514 T & 5 BER #£# & NER #2#I1%, #i4 72 DNA EEOBREIC

BEL TWAHZ ERMBLNTWVATZD[78]. AFFEIZE N T IO 2 DOREKEICE
i D EE AR T AR LR 2 TK6 7 v B A ISHlAATe 2 L i, (bW
B OBIBFMEF ML TMT D D47 53, DNA EEHEME OMEIC IS T
FRENCFF RAMEE TD D Z N TEDH T EZH LN LT[45], AFEORREL D |
FRER TK6 7 v v A2 K D EHE O MR, BRSO 8 s
PERB I 2 B RAICEI S 2 E TR THRATH D L E 2 b,

LLENG, @R TK6 7 v A 13ME & & MIBIT 2D DNA BEEA =X
LOMEIZESE | TK6 7 v A ORMEMERICFNEEEL 525 b0 e
Z 7o, F£72 DNA BUSHEE BEEICRIITE 2 2 &0 b, BEEOIRIRIC b F 5
THLDEEZD,
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EI3IE wBRAE TKe Mz W@l A b = X A DEHA
(X 7 VA F RBREEERERE AR nm e AsE
ADZY

AREEIL FRam U EE SN TV ET,

Akira Sassa, Takayuki Fukuda, Akiko Ukai, Maki Nakamura, Michihito Takabe,
Takeji Takamura-Enya, Masamitsu Honma, Manabu Yasui. Follow-up genotoxicity
assessment of Ames-positive/equivocal chemicals using the improved thymidine
kinase gene mutation assay in DNA repair-deficient human TK6 cells. Genes and
Environment. 2019; 41:15.
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F1HI S

MK D DNA 1&, KBGO O, BRESTH. BN, BRMICEEND
LFE ., WIREDOERMEA ML A2 & SESEFRBER Iz 7853 T
W5, ZOX 57 DNABEOERIZL, 7/ LOTRZEREERSE D120,
FaDAELFIT R L RIF L, OWTITMaOZE IS (L2 5] & 4 2 3 Al gefk
WD, 77 DOTEEMEEMERT D 72010, WFLEAIIRII R E OFEE O DNA 8
BIZXIT 2 BEBODNABEREZH L TVD I, X7 LA T REREERE (NER)
1T, DNA BEIT3T 25 & L CidR b EERBEERK L E2bN5,

NER [ TR E I L - THEF S5 7L % —DNA (MAIEDOBREIZBE 59
5[79], Z DimFET NER 1%, %40 (ultraviolet: UV) ICL > TR Ehb L7
n72re) IV g&K ~TaY A 27 Y w77 X2 (Heterocyclic amine: HCA)
LB EERILKFE (Polycyclic Aromatic Hydrocarbons: PAHs) 72 & DFEMN AW
B2 Lo TR S5 LA #EA DNA (0K, DNA 2845, IR MRS RFEIC
K 2 ki) DNA #5572 £ IZITEEOFEE D DNA (A Z RS2 Z &8 T
X%, L7235 T, NER BHEOBEERRITMIESY ) A~DERE N2 &
RN EFFET D FIRO Y 7T ARBEIRET 5 2 LT, BEHEEYE O
R DNA GO B LM S5 Z LN TRIND,

NER (387 /) LX 7 VAT FIREEE (GG-NER) LEREHE X 7 AT Nk
FEHE (TC-NER) D2 SOV 7RI HpIE SN S (Fig. 16) [80], GG-NER X
HR Bk & IR BRI A B e 7/ AR5 DNA IMAZFERE L ThRET 5,
—J, TC-NER [ IERICEIE S ND 7 ) A EOEA1E TG % LET % DNA
IR E FRET HEEZHH 5, WELIEDO GG-NER TR LGE 7 /V—7 C

(Xeroderma pigmentosum group C: XPC) WA DGR AT v 7B 5 LT

V5[81], XPC &2 — T LB FIZERNAETDHE, GG-NER DRIBIZLEY
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WAL LG WRBIA L 705 Z L3 EI BTV 5([82], —JF7. TC-NER | DNA f
NERAL T RNA AR Y 2 T —8 T OMEMEIET 52 & TIHME b b, TDk,
o A HEERESX X7 ' A (Cockayne syndrome protein A: CSA) & =27 A U JiE
Rt % > 737 '8 B (Cockayne syndrome protein B: CSB) 7% TC-NER % Bi#h9 %,
GG-NER & TC-NER (3#2%5[K - IIH (Cockayne syndrome protein B: TFIIH) #%
KDBEEALA~D Y 7 )b— MTHEW T, @D Z /37 B Rl 5y % AV T DNA ff
IEERL DX 7 VA F ROEIREZITV, TO®RT Yy v T 74 V7 LT 47—
varEToOTCKIGEETT 5 (Fig. 16), ZiL5H 0 NER H 7R O&E| LR
725 72% . GG-NER % 7213 TC-NER ZRFSAICHIE T 5 2 & T, DNA A
AifuEEE & DNA EEREDO 7 v X =0 OIEEL 0 D A =X L ZMAT 5
ZENHIRFTE D,
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GG-NER TC-NER

RNA

Fig. 16 Schematic of nucleotide excision repair sub-pathways.

In GG-NER, XPC and RAD23B complex with UV-damaged DNA-binding protein (UV-DDB)
participate in the primary DNA damage recognition and recruitment of TFIIH complex. TC-NER
is initiated by the stalling of RNA polymerase II (Polll) at the site of the DNA adduct. CSA and
CSB are required for the removal of the stalled Polll and the assembly of the NER factors.
Following the recruitment of the TFIIH complex to the DNA adduct site, both GG-NER and TC-
NER share the same core NER factors, including ERCC1/XPF, XPG, and replication machinery
[PCNA and DNA polymerase (DNA pol)], as depicted

XPC & CSB (LMK 1 CTd 2 p53 OERERIEIZRIH-9 2 Z L AM BT
%o Bl Z X, CSB 1L p53 EAREAEA L. p53 DX F AL &4 5[83], CSB
NRABTDH L, p53 NERESH., VAT TF T 5O RZMENEE D

[83], CSB ™ ATPase KA A L, FIMRUZ L > THERINDH T A b —T A L&
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(CEFEpE & JL 7= LT\ 5 [85], XPC [ mouse double minute 2 homolog (MDM2)
& DFBEAEMZE LT, p53 D7 vt 22 HEE LTV 5[86], & HIZ, XPC
IEHANR—=B 2D TR M=V 2T A V7 5 —LDOADHIEZEZI LT, DNA
BIZL DT AR b=V RISEEMRET H 2 ERMOINLTWVDH[87], ZiLDHDEIRIC
RS5%, NER OFERFFThH5H CSB KV XPC I&, HEICHEE LcHifaobrZs
LBl ATRE 2 AR DIEE & ORI OB OFENE G L T D Z 3R s T
W5, L7eA-> T, NER ¥ 7R EEOMRETE R ITEREE T OB R B MW E ~OIREE
WX DA EFEREELGTEZTARELRH D . OV TTMARIS T D s M
RESHBLRKITTHLOLEZ,

% Z T, NER ¥ 7RO FHERKFThH D XPC £7-1% CSB Oiffex RIS H
7ok b U o EEEGH TK6 Ml (2 B TKe6) A B L. £4£41L GG-NER %
721X TC-NER OREREZ FFRMICIHE L=, T offilaz AvC, BEICHiiaD
N IALD A T = R BHFERNC T STV B ERAR (UVC) . RV a]E L v

(B(a)P) 72 & ™ PAH ¥, 2-7 3 / -3, 8-dimethylimidazo [4,5-f] quinoxaline (MeIQx),
2-amino- 1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP), DNA $HUIW; #3533 %
y #R. 2-acetylaminofluorene (2-AAF)® 6 Fli¥H D BRBEZ8 HL IR kb3~ 2 il o sz
ZAL & FEIZEIC, DNA BIEFHHE A B = X LOFHIE A FRENEMREE LTZ, £ O
fE%. GG-NER KUY TC-NER K18 TK6 #Hifai%, SFEEREEARFII LT, ¥k
IR R A B D TR 2 DFMERBLA B = X K% KB Lo iiRs & &R Lz 2
LB, TK6 7 vt A THhtta R LIZEREMIZIIT 5 DNA 5, OV TIEFENR
AT = RLD—Via H SN T DI RARY =V ThD I ENREINT=,
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B2 EBROMEL L O A
MRS

ARWFFETIL, TK6 Ml & BT RN FETH L MU 7 3F B
TSCER122 #lim 2 {5# F L 7=[88], #fIX RPMI-1640 (FH 7 A 7 A 7 #£8)) |2 10%
BiE (=F AN A = 248D [ 100 U/mL <=2V > 100 pg/mL A
U7 h=A3T, 200 pg/mL ELE S NY 7 A%EIZ, 37°C. 5% COa,

100%{5E D SAF T CTHs#E L7,

XPC KU\ CSB#RRa D &L
AMFRIZENTHEM L7 XPC /il L CSBMifimix, HFEMEHEICLY
CRISPR/Cas9 7/ AfmEE it 2 W CERE S 72 [ 78],

ERIRREERNE

1) SRIMERHEST
AfZERL, 7=/ — Ly REEE720 RPMI-1640 CTHERE L7-, iy
(2.5X10%cells) & 5SmL OEFEIKIIFRE S, 10cm ¥ v — LIZAFLT UVC (0,

0.5, 1.0, 1.5, 2.0J/m?) ZHRHF L7,

2) BRERE B

ARG 2 MelQx K& Y PhIP 138 & 7 A L A FEHiSpk St (AR, K
B) 7 BHHEA L7-, B(a)P IX Sigma-Aldrich (St. Louis, MO) 7>5 A L7z, 2-AAF
AR bR LR A (A AR 1) 225 AF LT, T X TOHBRYE X DMSO
(CHSHR U Too BRI O 20 VS L S AR | B T 1T B P RIS IR L Tl
B O 7 B A AR L7,
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PERE T X D HINALERE, 50mL DT A F v ZiELEIT 5X 100 cells/mL @
AR BT 10 mL OMIfRREIR 2 T8 L, RENEME(L D72 012 4.5% DR E T
WZ o MF S9 mix (AU = Z VEERF T3S R OB SR Y U —F
TS —) ODFET T, BARDBEOWRME LWL LT, D%, KELE %
FEROMITIRE 9 L3 b 37°C T 3 WpfHLEE%, RPMI-1640 5T 2 [BIVEH L
77

3) vy ARERS
Gammacell 40 Exactor (MDS Nordion, Canada) % H\C. #lifid%z vy (0. 0.25.

0.75 ¥ 1 Gy) (ZHRE L7z,

96 7 T LT L— h~DMFEIETE

F BRI BFULER, . MlaA 96 v A 7 1 7 =L L — NI 8cells /mL (1.6 #f
fial/ 7 = V) OXBRRFEEECRERE L, TR 37°C, IR K& OV 5% CO, DT T 14 H
& L, &% £V =VilB T oan=—OF B2 EEICEHIIL, 561 &=
ERIBRICA 1~3 2 W TRl AR (RS) ZHIE L7z,

WAt

Tukey's 2 8 AR E 2 FHW T, [F URRE S 2 WITIRE T WT, XPCHfiflad %

VNME CSBHII O Z-FMIEE C RS 2 ME L7 (A EKUE 1% M T 5%, il E)

HI3HT FEEBROFER

TR R BE 2R BRI e 2 A A R ik D s EERBR D SR & Fig. 17 12 L7z,
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KoM REEST

SRIMRIBEIZ 81T 5 GG-NER & Y TC-NER KABIC X 2 Mdsz i o 88 % fife
BT D72, WT, XPC e} O CSB MDA HIfaRIZ 351 5 UVC HREHT KT
T DR MR I U7z, Fig. 17 1IR3 L 912 XPC & CSBOififaIL, TK6 #
i U CREse A2 R LT, FRIS, XPC I CSB iz bk LT UVC
Z X DM EERICR L CHRERRIMZ R LT,

B(a)P
B(@)P (XEEIZH E N5 L R ITHEKALKFE (Polycyclic Aromatic
Hydrocarbons: PAHs) DFENAME T, AEMORTERIREEZ L > TER SN D
[89], B(a)P L/ TH % benzo [a] pyrene-7,8-dihydrodiol-9,10-epoxide
(BPDE) (2R &AL, M T/ 3L % —DNA M % B A%+ 5[90], NER 7
PO KIBICEIT D B(a)P BEOKELMRT D720, ALFWEIZREE L2k
ORI AFREZRE Lz, & OREE., Ba)P 123 2 Mz X, CSBHMac
BOCEIIZHER & 72 [3 pg/mL &Y 6 ug/mL @ B(a)P THE (p<0.01) ] (Fig.
17), — 7. XPC B DO MIFREASZ T WT L0 H o3 MIE < | 6 ug/mL @ B(a)P
WMERETOHLTHE TH-o7Z (p<0.05), ZNHDOFEEMNS . XPCHINEIX
CSB il JlZ He~ T B(a)P (23T 2PN @ 2 E BB T e o 72,

MelQx

MelQx [FTNMBVLEL S 7z AU E £ D HCA ThH D, MelQx BRFEIC &
GG-NER % 721% TC-NER KAE~DOB L it L1z, CSB#ilid Tl% 250 ug/mL T
BEREZEZ R L (p<0.01) (Fig.17), —Ji. XPCHIC I 1) 5 &z M1

To L ABAR L g L THRVERPICH D . X TOHE (150, 250 XY 250
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ug/mL) THERBSMEREINTIR e noT-,

PhIP

MelQx [A#£IZ PhIP & HCA ThH Y . L < H BN BIMFEDAWE CTh 5, PhIP
I, BT T =0 D C8LITHER L, 2L —72 NA MIEZFRT 5 2 & 34
HILTVD[91], MOBIEFEEDE & I1Ix R, XPC#lfaiX PhIP JLELIZ % L
T 3 SOMEkOHF Tl b WS E R Lz [2 KO 3ug/mL @ PhIP THE

(p<0.05)] (Fig. 17), CSB-fifidiZ, WT & XPC™ ORI O MEE R LT,

y #%
Csb a1 ZiE L 7o~ o AR IRRHEZEAAE (Mouse Embryonic Fibroblast: MEF)
I, BRSO U TRt 2R3 2 L Al STV 5[105], £ Z T XPC
KON CSB O RAED TK6 MMEIZI51T 2 y BIRE O Mz B G- L T 2 & 7F
i L7z W OMIIZ BN TS v BROBEMFAIIZ RS ME T L7 (Fig. 17),
CSBHINAD y BRI T DIEZ B AR LD SO TNHITED 2 T2B, WTio
AR & A RICA BRI O b o Tz,

2-AAF

2-AAF [ ZT7NVF L OERIFHEFEARTH Y | 73LF —DNA (IR Z A
HZENMBITUVND[92], XPC F£721% CSB D KAEMN 2-AAF (2 X DM
EDOXHTHET L0 EMRT LTz, (Fig.17) 2R3 L 912, 2-AAF (3.3, 11 &
N33 pg/mL) ([ZBEFE L TH. XPC KON CSB#llin DO MIIERSZ PRI BT A B i
2o Tz, BT 2-AAF OMALBRRE QNN L RIS A U,
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uvc B(a)P MelQx
120

Survival (%)
Survival (%)
Survival (%)

0 0.5 1 1.5 2 0 100 200 300

[J/im?] [ug/mL] [ug/mL]
D E F
PhIP y-Ray 2-AAF

120
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100

XPC
80 CsB

Survival (%)
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csB

*
XPC

0 10 20 30
[pg/mL]

[ng/mL]

Fig. 17  Cytotoxicity of genotoxic agents in XPC- and CSB-deficient human TK6 cells.
Survival of WT (circles), XPC " (triangles), and CSB~/~ (squares) cells was shown
after exposure to UVC (A), B(a)P (B), MelQx (C), PhIP (D), y-ray (E), and 2-AAF (F). Values
presented are means = SEM of 2—4 independent experiments. Experiments were performed as
described in Materials and Methods. Significant differences are indicated by asterisks (**p <0.01,
*p <0.05).

5

b

=

%5 4
SN IB DIFZE T, Xpe” & Csb” D~ 7 AR Z ORI L - T
RO X T DI MRS 72 2 Z L R STV D, Csb”~ U7 A RPERRHEDE
Ml (MEF) KOV 75 %4 NI Xpe MIIIZ B~ CTERIMRIT )~ 2 sz RS
B, Xpe IRVERSHIRE L Csb HEREIZ bb A~ TERAMRIT 37 D S PE DY i/
[931[94]. A& DA SRAMRIRIHI KT T2 Cob” M DS EN L H7-3 2 FRH X
Csb” HIfAD T AR N — L RSB EFH LTS 72H LB X 5 H[89][94],

DA Csb DRAEIE Xpe DRIB LD HEEIFRIZ L D LR TR N5 < 720 [93].
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Z Oifii B, DNA #8154 2 T Tl 2388583 5, 20 & 912, & MLk H kD TK6
HIME Tl NER V7 RREDOFTH, CSB OREDOAHTIE/AR< . XPC DKL *
TSR MR IR R S VT BR O MR A A I B RTT 2 e LN E o T,
ALY UVC I BUGT 2 D1E, B FTIHI 6O NER (ZBES 5 BT
RTIR N = ARE &S UC s BT E U 7 SR R & B IR A9 HEBR 9 2 % &

HHOTNDLMNDLTHDH EBZZHIDH[86],
AN T/ —DNA % K3 5 benzo[a]pyrene-7,8-dihydrodiol-9,10-
epoxide (BPDE) % bt hMlifi@lZig#E 3 5 &, XPC, XPF, XPG & UFDDB2 72 &
NER 57 DOFBIN pS3 KA EF-T 5 Z L RHES TV A[94], LavL,
CSB O%HllX BPDE |ZIREZE SN THEM LW ENME SN TWDH[94], =
NOOAEFx DRRZEEHE D L, XPC (X TC-NER 23 FE/#/E T Tldk, DNA
BEBICL TR =Y ASEEN L TCEERBEZZ T MRz s+ 5 £ T
FERERERZ L TWD RIS, ZETO®RETIX, DNA BN
ML RAEKIELT, Ch Ml TIET AR F =T RIEZED L XN
EH T2 Xpc <7 AR TIZ ER L7 2 L 23VRIEB S 30TV 5[89][94],
MelQx (23T, CSB i TIx 250 pg/mL THE =M 2~ Li=—J7 T,
XPC IR TRz Eide L ABFAR & bl L CHIRWEMICH o 72, Z OfER
1%, MelQx 12 X > THH SN2 {br) DNA HIEOBEIZ L > TR T& %, 7 v
2B 1T HIEHAED MelQx TIlE MelQx-DNA HIIMADIZ R 3 iR STV 5
[96], L2~L . s Tl MelQx O G- DN L, MHfkPNIZ IV TRefk
1) DNA R ETH D 78-Vk Ru-8-4F V77 =2 (8-0x0G) DENAEIZ
ERT D EPRINTVBD[96], BE{LH) DNA HEOEEIC CSB 235 L Tk
D 1971[981[99]. CSB & HI kDAL, BE{LH) DNA HE I3 L TR LR
T LENRNRESINTVAH[104], X 5T CSBTH LD MelQx DA MEHE NI
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f2{t. DNA HIEDOEEROXRINZ LD bDEE PHRIND, LR ->T, CSB”
AR Tl MelQx (Zxf 7 DS MER M L5 — 5T, XPCHifa ISz MK
T3 2% Z L%, CSBIZ KL HEE{LH) DNA HIEDEERE E XPCIZLDT R F—v R
FHHEO 2 OOFERIERTHELEZ LD, LLELY, TC-NER OREREIERD,
b MfEIZ T D MelQx Ozt Z Mo 2 & F 4 KT 2 &L BRIz,

PhIP Ti%. CSB#lliL WT & XPCDHEDEZMEE /R L=, Xpe / v 7
T vy AL EARIOM T PhIP BRI k3 2 S RIZ 223 700 &3 5 ST AN
T L IIXIIRI T H[100], & OAREIT, ENCHE Shiz X d i, FolfE s Ik
LTk FTlE GG-NER 2NVEMRIEHPEHERHC LV HETH D Z LITERT D &
Z X HIL5H[102], TK6 Ml % PhIP (ZHRS & p53 OIEMEALDFHEEI NS, Th
1303 —72 DNA A Z TR 2 OB EEYE TH FRERTH 5[103],
PhIP D35E . XPC 1%, p53 Dofi% 4t L CRIBASE Z Bl 3 2 %5 4 57 LT
5HEEZBND[85], LIzai-> T, SO FIL. GG-NER OFEAETN LAY, PhIP-
DNA (AR ERT 2 2 L IC K MmO RBUCEE TH L Z L 2R LT
%, PhIP X, 7L % —72 DNA A7 C72 <. DNA AR (DSB) b
FHET D ENHAE SN TR V[104], NER KIBMALIZISIT S PhIP O
/%, PhIP ALEEREIZ DSB 3 EE S 415 Z L IZER T 2 REME S H 5, F Z TIKIC,
DSB %537 % v % FRE L 72 1% O &Mk Ol A= 178 2 R~ 7=,

AR TIE, CSBHED v FRIZ T DI MEIT AR L 0 L oI @i -
T2 WD OMIRIRR NS & AfFRICH BRI b /e - 72, CSB & XPC
1% DSB 1B I —E D& EFI &2 572 L T2 ATREMEDM i STV 2 23[105], 24
5@ NER K1 DKL TK6 MIIZIZHIT 5 v MOMnEIEIC K& gz 5 2
A NN

PLEDOFERNG  ALFEWEIZ LD DNA BEOEBEICKLESTHEEZLN
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% NER £ OARNEMALIL, REOLRBRELZRFTI L DA =ALEKM LTS
DTHDHZENHLNE RS T2, AEFE MRS PEOFED b s E
A= RALD iz R UG8 7Yy — il b &2 5,

INGE

AMFFETIL S F—DNA IR ZTEAT 2V < DD BREEA BRIFIZ K-> TH]
T Z SN D MaEMEIC kT % GG-NER & U TC-NER O ARJEHEAL O 28 % Al
L7z, NER KAEMII T3, BRI E ~DOgEE I 2SI D R o i,
ZDOEITEH IS ND DNA IR L ZNITH K BEST R = ADA =X
DAEAF L TV e, 2D DGR B AWFJETHISZ L 72 GG-NER & OF TC-NER
SRABRINE T, EEHER 7 B An B R & A DT IR ORI R A3 A5 B s
BT AN AL/ RLDIAMTHDLEBZLND, Bl A1, CS/XP &
FOMRREMER EOREIR & B EATEIC BREALF TG Y E ~ D IEMER) 72
BREE & OFBEBRITIVWELZAHATH D, LR -> T, 2 b DML NER K48
(Z BT 5 FHIALFEE~ORETED ) A Y 3T 572Dy — el =
LEBHRLTWARZD, TK6 7 v A ICBWTHEEZ R LIZBAD AT =X 4
FRIACAH I CTH D ATREMEN B 2 bz, 2D OJikimix. EamttmE x4
% NER [KF- OFEHI 72 BHEBERR IO A 2 T AL FME D U A 7 34T O S 2 Bk
T5HZENWFEIND,
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e TE

AKI7+4A—FyITRX—LOFRY

ARFFE T, Ames iRERIGVEME D 7 4 10— T v 70 bAE S FE iR £ TR
LICERR 7 0 —T v T AFZ— LDt 2 B L. #5172 TK6 7 v & A
2 XD Ames RERBGEDE O 7 + 0 —T v TVEORENL, DNA EEEFFIZEES )
TeERETITKO 7 v B AL D 7+ 1 —7 v FIEOMENL 72 b N B TK6 #f
ez T B AREEE A T = X DDA G725 3 DOMME 2 i L7z,

£ AWFZEITHZ Ames ARERIGIE DR D AUMERBRIEVERE (10 ) O
95, TK6 7 v AL 2WE 20%) DL AF2—IZRE L= &b, AHA
3K LA L A D FE BRI 2R C & 2 ATREME D RIE Sz, LA D 24
e LR T O 2T MF DS EARAFRICHIN L. 3T ORLER SR C R
(R S EENE 2358 & AL7- 4-Nitroanthranilic acid (2OW T, 715 4 3 7 A fif
WradTolz, ZORFR, 24 LB O AL A N L AITISET 2NEET A &
— VAV T F RO E R ERBLARANREEIC LR LI b, B
[HIMEEE ClX ROS & L7 FEFERAY7: DNA ISR STV 5 ATREME DS /R
ST, ZhUCT BT A7 AR X - T MoA M FERE R HE T & - 72 @i AL R
HEICB W T IRINICMEROG 2 LTz 2 B &tk & e+ 2 LR TENIL,
AWFFET AT Ames FRERIGIEME KT 2 L A% 2 —3RI% 40% (10 WEH 4
W) 12 5L, TK6 7 > & A 1% Ames RIGMEME O 7 + 0 —7 v TRl L L
TIFAFHTHL Z LR IND,

% U2, Ames RBRIGVEME BV T TK6 7 v A TRMEZ2 /R T HE 2 B2
ICZYREMRER TH 0 2R T D20, FEAKREEEEREEZ “ERES
W7 MR 2 W T2 BRI TK6 7 v A OB & A 7-, TK6 7 vt A Tt

%7~k L72 NEDA., PPD KO MG I —EXREMITHRERICERETH-TZ, 2D
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it B 1L Ames FRERIGPERE AR FFERA R FOGIZ K D b D EB 2 B, HRAME
RBROFREBZEDEDL L 2R ODOEWIZTIEIT D Ames sRBRIGMERS RIT b
N TIEIE DNA Ut & A5 LB 2 b, —FH, WTNOMaTHBEEE
7~ L7z Auramine (3 Ames ABRIGPEDFER LB 25D S & DNA OGHEFED A
WEDOFREMENRE W EE X DLz, DLEND, EEER TK6 7~ & 1 1% DNA &
WAN=ALOMEICIESE, TK6 7 vt A OREMEERICRHZAEEEE 5 2
HbDEEZ T, £7- DNA FUSMEE BRI TE D2 2 &0 6, BEEMED(R
BICbFHFGETHHDEEZ T,

BT, mIEER TKe 7 vt A THtEZ R L7cGa, IO BRI ELIR
HMTHLN, KVFFMCA D= A LEERD Z L3, SR OEBICAM R EHE 5
% %A RetEn’ & 5, GG-NER Tl XPC %, TC-NER T/% CSB & ZhZh /K X
72 XPCT KO CSB Az JVY . BEICAE IR 238 & 2 7o AR B 70 BRET 28 S5
2R, FHliR DY EERE LTc, EORE. CSBMEIX UVC, Ba)P KT
MelQx (2%} L TRV MEZ R Lic, XPCHaiX B ARk & iz L, UVC 128
WA R L2278, B(@)P & MelQx ICITRZ A RS o T2, oBREEZ
L &V RIS PhIP (2% 3% XPC IR DS MEIX CSB /IR L v A R
Fnolze, KM TEIX 7 v A TF FEREEEXRBHERE T DR ER
TK6 fifd (XPC J OY CSB#ifa) % WV CTREM 2R BREA BFR &ML 1=
TR MEDOENWEZIRIE L T2 2 L T, B THRBAMED A I =X 5% TR
DT —H PO LD EMRE Uiz, AL TIIREMRBRREARFTICHE N T,
DNA A, DNA 18 5 5V T R b— 3 ABREIC RO L7 fE R 2 AR A
TLATHBTELEEZ D, LN T, AFERENDL, WEA TK6 ML, &
JREER TK6 7 vt A OEPERERICIIT D MoA ZFHRDT-DIZITAHATHD &
EZbNhD,
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B g
BRENTKeZ YA | DNARGIEDFIHEIEHYELY | SEORE
peis TRl FO5 A= R8BF TK67 v A (451 3 RERMRIE
XRCC1/-/XPA-/-4itn  (RPRIEDIER bz, BEEFRIEHERAL
_ J=MultiFlow7 vt [C& Dz
\ E FTIEIEDNARIETE ‘ EREFULEB/SA—F%IR
SEOBROREDIC RI3.

s GG-NER/TC-NER7Z v tzA1 MultiFlow7Z vt A1
PR | 7yt |
MuItiFI{%wT‘?ﬁt*f: —
= 85, PRb—3>X, #HiRaiE5E,
‘ il MEEHIBDOREIR ‘ 5??3;5%:54?@:{&5@&@;\"3;—
HEIBR

Fig. 18 Proposed schematic based on the mode of action for Ames-positive
compounds

AWFFEL D . OECD TG490 (ZULHE AV FEHERL TK6 7 v & A L BREIEEREN
KA LT85 7 RABEE (XRCCI IXPA/IRE) % R\ Tz @& TR 7 > & A %
MAGHED Z LT, DNA UGHEWE % B E» SR RINICRIITE 2 2 2 %
O L, AFZEORER G Ames iERIGHEME O 7 + 0 —7T v 7 BAE
TR E T2 LI RR 7 e —7 v 7 A% — L %227 5 (Fig.
18), ARAF—LIZHEXIT, EFEMLOBLEFHEMIICIHBWV T, Ames FERODHE R
D% 7R L7236, TK6 Miid & OY XRCCI™- /IXPA™#lild % A& o8 C TK6 7
v A ZITH T & T, DNA BEBEOMHEICHESE Ames BRGHEME N E T
% LT DNA BUGHEZ RG22 i i 92 2 & A ATRE & 7 o 7o, AL OF
TR M 2 B D 7o O I DT BRI E 1L WS Ames iR IGHEDE T
57, Auramine OB o WEFE S AR CHMEE R T, RBROMERE,
Auramine |FEEYER] TK6 7 v &A1 THMEEZR L, 2 omEER TK6 7 v & A T

1T LV IRWIEIREBF R A R~ Le, ARERIT, BOBAMYWE TH D Auramine
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ISEARTEMEIE S AU DBEFF I AW T, MR M O e M2 U TR Sk F8
AR LIl L. ELICHREEERETRICKE LCEE T RIEMRIC BN T X
DR 7RBEEE AR L2 LICEERNH D, T ORRIE Auramine 75 DNA X
JCHEE CTHH T L 2R T 50O TH Y, Auramine 23 EFES THIVLFHFEH

DFERNVFZUBTHA D, ZOHA. Fig. 18 D7y —7 v 7 AX—A|ZEBN

Tk, kD AT v 7 & LT Auramine OEIRENESCIHENANEA B = X L EFHRD
e, X7 VAT RREEEREZ KB L BA TK6 Ml (XPC” & Ot CSB7Hf
) % T B MR BR & T 5, (R EB R DS AWE & AV T it
T HBAUA T =R LE KB LTERDZ O TND 2 Enb | mIEER TK6
T v BANCBWTHEEZ R TEIEG O A 7 = X AFIHICES TE D, BRIk
ISAIEE & 1370 o T RIS OV T, Ames iR, mEER TK6 7 v &4 KO E
B TK6 A2 e BR OFE XA B OBRICH l7emB a2 52 5 5 O & HifF S
N5,

—J7. NEDA, PPD ;. TX MG DWW TIE, FEER TK6 7 vt A 2B TH
AR L2 &0 FEDNARISIEE 72T 2 LN TE D B X 5, EREIC
FEPAMERRE —HLICHRBBGONTEBY . 2 b BERES T H VI Tk
BPMA ENDZ E LA TH D EEZ D, ABIFRIZE Y. Ames REREGMEIC X
D il SNz EEMEME S OB AT OL R LT BINTEET D in
vivo EARFEMERER A b EIE T X D AMREMEN & 5, FER L L Tt~ D E ik

]

N D Z EAWIFCTE D, BUE, Ames RO 7 1 —7 v TRBR & L CHELE
S5 TGR ARBRITEIT D Ames IRERIGHEME (56 WH) & O—H=(IT 86% TH
5[106], —7F. TK6 7 v EA I TIE, A TIE Ames RERGIEME 14 %
B (E1EI0OWHE, F2HEA4AWE) (S LTCIOWHEDBEEEZ R LD, —3K
HIL 64% L FHR STz, Fio. WEER TK6 7 v A ORMNAMERER & D—
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RIT, AWFFED 4 WEIZ Tbrahim b O (BIomMHERNSAMEWE 4 WE) =6
DY 8 WEITHT 5 —BRIL 8 WE (100%) [45]TH -7, TK6 7 v &AL D
Ames RERGIEME 3T 2 —BORIZE L TR T 720y, BIRNFlr s 7z E
iz LV AFX 2 —TEDLARENRENTETENWI L 2RET 56D TH D,
K. OARWFE CIIEER TK6 7 vt A 27 a7 4 I 7 A e A tbd s L E
CEMIEEDAMEI0MED I L AWE L L AF 2 —TE L2 ERHLNER
olzlz, ERLD Ames ABRIGYEMEIZKTT 5 —BERN 64% ThHh o722 &13%
HBThHhHEERD,

IS OFERD G Ames RGN EIZ KI5 TK6 7 v & A DR L& < 1%
RNHLOO, BEER TK6 7 v A EOMAEDbRICIV 7 ru—T v

AR E LT D Z DB ER SN EE R D,

AXI7+A—7 v TRAEX—LORBR
AWFFEIZ LD | BEHEEIZ LD TK6 7 v A LU DNA EEES T KB E H
W IR TKE 7 v 2 A 128\ T, Ames skBRIGTEME 322 7R LIZ35A .
BRI E )N DNA SOSTEE (Direct mutagen) DRT > v ¥ L AEH S 7202
EDRESIL, Fle T 0T A I AR A MBS D 2 & T in vitro (2R
(ICF DD RERERICEK L k7 DNA ERg&bnz6 b Eh
ZFRINTE D AREMEDN B D 72D BRI E I RER R BIE 2R E TE | EHK
pn BRI TE D & WO FAENR R SNz, L LR 6 RTINS A DFr
IR RN ST DD 2 e b AR T 28H R MRS
& U 7Z3HIICIE, in vivo SRBRIC X DR B ARAESCEYEIED T — 2 In b &
AWTHRAERNHIET 2 Z LR M b EETH D EEZ D, FrT, FrE DOfiEeofl
REAAT B D FEMEILE 2 R TR B D& . DNA G L D R2WEEFZ T L
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TALFRD AN EL DR B ETE R, —FH T, vV A& Mz TGR R
BRCIIH bW DM OMNIZI T DR E OB ~L LN TE L6
PERDH Y, RAX—LDRAZHMIET LD THD,

AHFZETIER, FDAMERLTEN A T = X LNH SR ETT AWM E AV T,
TK6 #ffdz e v —7 v HEOFRAMEICOWTEHE L2 b D TH Y, &
NEERBCHH 7 2 —7T v 7l & L CRARPFERORBRE L TEAT LT
DIZIX, BT 2L E OFESE A O LT, invivo 7 — % & OB EFT
RIND, SHRDLT—HOERBEITI) ZENMETH D, ZHUTLHOMED—
DThHD,

RE¥

TK6 7 v & A X in vitro B MERER CIXEHRBRICE L, T O FEBRIMIT 2
MAIZ S KST2H, L0 EICIERE R Z TR 5 FIEORRE N A HOMRET
HbH, SHDODIBRDLEFR L LTE AEBAF LB n - RiEKE vz~ v
FxT o RARA 2 F® MultiFlow 7 A (MultiFlow 7 v &1 (X DNA 86, 7
R R— A MRAEEGE, p53 OFRBURIE R & OO /T A — 5 ZHE) 124 H
PEREEE X H[107], S BEA TKG6 Mifd 2 H v 7= Mg #rEaE & MultiFlow 7
yEAEBRMAETDHI LT, BRERIIEDLOIH LV — I —DORBIISHOE

HRETH D LEZEZ TN D,
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B

ARG a A DI A AR b ONIR RIS ZHRE, JHifE2 R £ L H
ARRFERFGEEFZHIER REB/EFIIEE FEE IR BRI < E#T5
Eeblz, ELBILH L ETFET,

Fo, KX OERIZHTZ 0 | BIE L LTIHRE, ZHfE25 0 £ L2 AAKR
FRIPGEIPHTER (R AR E REE Bfl 2d%. REMAEFIITEE N
e F— BRI D NAALENIZESR /IR fRse ZURITD KL VIR L B E

el

o

AWFFEIC RN T, ENZEE SRR BT A Ef 4480
(2, FAZERERHR I £ il FEREES 2Rk 2 % Lo,
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