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Abstract : Cadmium is one of the well-known environmental toxicants and induces cancer in
rodents and human, but its carcinogenic mechanism has not been well demonstrated until now.
Genotoxic effects of cadmium in Salmonella typhimurium TA98, TA100 and TA1535/pSK1002
or in WB-F344 rat liver epithelial cells were investigated to elucidate the tumor initiating effects
of cadmium. TA98, TA100 and TA1535/pSK1002 tester strains were used to detect frameshift
mutation, base-pair mutation and SOS repair response, respectively, in Sa/monella mutation test.
Reverse mutations from histidine’ to histidine® of Salmonella typhimurium TA98 and TA100 by
CdCl, were not significantly different from control up to the maximum doses (100uM and
200uM in TA98 and TA100, respectively) at which non-cytotoxicity was observed. DNA SOS
repair responses(f-galactosidase activity) generally did not show significant increases compared
to control in both of the conditions with or without metabolic activation in Salmonella
typhimurium TA1535/pSK1002 by CdClL,. But the activities of p-galactosidase by 400pM of
CdCl, in metabolic activation condition and by 130 and 400pM of CdCl, in non-metabolic
activation condition were more decreased than those of control. DNA single strand breaks for
4hrs were observed only in WB-F344 rat liver epithelial cells treated with 200pM of CdCl,. As a
conclusion, CdCl, did not induce gene mutation in microbials but induce DNA single strand
breaks in rat liver epithelial cells.
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FAEHZAEL A =& HAY FLd I35
oh 718, BAEA 9 28 5& it A
o 221 DNA § §HAR S w744 3L & 2
Ao RGA FHAe)7) E] FEAY Ty E
714 g9 - Agss) A& AN L AEI F
AEQAYo] dFsA i 2 Ak o] F AW F
AENNGL B8, AL I8 2 A4 5 A4e87HA &
oM EAEE 23 o] ol T EAHE AE - B
317] 913te] ojeisbA AgHW FASAH AF7IH)
A 453 gith o] F Dr. Amese] o3 A€
Salmonella Y o) FF & o] &8 B EA W] Aol
744 9 ol 451 glom, o] AlgelA Ho]dA o] 2l
A 53EAZF 85% o] o] WA A Gl A wetE
2 #9so] duAs} WoldA & YAEE B
AT o)9ld] eEAd oF HF DNA 44 9
o]t} SOS HHg-9] FE(SOS gened) WS TAlE o
S AEAL AArEHE SOS chromotests A7 Eo 1o
o, o] Algy& HEEH] 2 B gz F4
AL A 5 9 FUE 23 Yo 28a X4
F M FHEE o] &3t BEEA o DNAY 72
A HE A RAEYE FAte AEELR
DNA strand9] etei¥-2 2 fa3E Wy, vF714
DNA &4 283 % DNA adduct H4A8Y Fo| 47
o] &5 Y. Fte g A AU EAEA
DNA 5 A ¥W £219 A &3t tiAd & 7154
Bl g FEdta ARG AXF BFoA A3, A-A,
2874 5 o8 F7)o ¢4& Fdste Aog vuy
of loy 1 AAAQ UL o A7A F WA
QA %3 tigk DNAS) g & A4 £& A 28
o¢ DNA &£420.2 <o ¢o] g Holge 7ts
Aol A=l 9% Bt} Denizeaus} Marion'S A
E9 o] FF=F 9 target organelleZA A EE 5.5pg/ml
9] Ft=F o 20A]7H5¢ =2 A]7] v} DNA g3 0.98+0.
23nge] 7= Fo] ZEH AL E Bud vk Jen, vt

=

ZE& Chinese hamster HHEZ 5 EFFY HEESY
DNA 34 2 £5& dAs=d" ol& 7A=F 93

AZYol A MAHE free radical HEQ RO2 HIE
o] QT2 AY AFL o8 d APINE =5

Hol9A e A YgaF 4 NYEA et A2 ukd
277} xu¥ol Jd =, De Flora et al ° ¥ Marzing}
Phi**= Salmonella typhimurium TA1535, TA1538 2 Escher-
ichia coli 59 FFo|A =g WoldA o] A9 AA
A getin 5909, Paganost Zeiger= Salmonella
typhimurium TA97 #5:o| A frame shift Ho]7} AU
0a s

E AdAds gy $gdE THE f%
YUY AFPo2M =R FHEAE Lotrr Y3
o FHE4 AEHF MR B Hol Jon FAHA
FE A9 DNA £42 44 dot 4 Y& B7 24
yo] AdY & o] &3} frameshift Ho]E AH4E + 9
£ 052l Salmonella typhimurium TA983} base pair 0]
A 5 Y F7 Salmonella typhimurium TA100
o] 83tal Ft=F o WoldAE ZAER o o}
wol o o EAW|] ARAHE /M BHEA 4
HE 4 9 SOS S E B Y- o] 43 SOS chromotests A
Salmonella typhimurium TA1535/pSK1002 #5304 Jt=&
of 9% SOS FEFuh-& RASIG L E3 EEA 9
3 DNA &4 %8 714 3P4 ez & 4 & DNA
strand damage A ¥ & o] 43t WBF344 R= 14 &
T A X o)A Ft=Fol] 93 DNA single strand breaksZ %A}
3o A= EY FAEH S FHE A AT

w102
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Salmonella typhimurium WOl FE 0|88 &
OIAIY : 7=k 5 271 F&o|2EL AT S o &3le
B0 EFH Ames test®c] o] P&
T8 H$ AHEEE WA 9 citrate, phosphated F 3
Hhg-ate] FAPES FA s ATl g A &
£33 RO Ames testE 7| B0 Z 3o 27} o] L&
o HoldAg & Ao HFE 2HOR ofget 2
o] Wy st Faatgnt’.

TA[RE, IR A A2 - FAFFTEE Bruce Ames I
T dex el dgw)z Ry Y gL Sal-
monella typhimurium TA98 I TA100 & +& AL&3t49).
Cadmium chloride(CdCL)E Sigmartol A 7418 &E 100
% A& AREgon ANETY FHF(IML AF
Ayl o] QA F Ty dFY HFFEI) 312
6.25, 12.5, 25, 50, 100 & 200pMeo} Hx & 34t A g

L

=
o

- 607 -



of AHEE HiAE 71 ZuAS F3uA HA 2 A 7%
W} x| 24 & Bacto-Difco agarE 1.5%, glucoseE 0.5% 1
2] 2 D-biotin-g 12.5pM T3t VB medium(Vogel and
Bonner salts, MgSO, - 7H,0, 0.02% ; citric acid monohydrate
0.2%; K,HPO,, 1% ; NaNHHPQ, - 4H,0, 0.35%)% 30ml
A FHEHUA EFaAeH, FEMAZAE 0.6%
agar®] 100mlol| 508 ‘s 2% VB salts 2.0ml, 20% glucose
o 2.5ml ¥ 0.5mM L-histidine-0.5mM D-biotin®} 10mIZ
A7t A E AT 2mly #F3kgth

AEYEH : Salmonella typhimurium TA98 % TA100&
Oxoid broth No. 2 ¥ ] (2.5%)ol] HZ38ted 370 &5
Zol A 120pmo.2 FFM4NTY A Fael A7
gelE Axd F APBA F/HF 5501, CdCl, &
Sopl R Al HFY 100p1E o] F g oR 3
37CAA 3083 A e dez Agd F
2mle] F& A& Hrtstd EFE F 7|FwMA 9
Ae HEHU Fo] YHF&A HA 24 & F37C
oA 4812 Wi gF & FAHE B ¥o(His—His) I
H5E AUt o] Bl background lawns FF3ted Al
XA 4R By

Salmonella typhimurium #5& 0|&% SOS Chro-
motest : & A3 o] A= Miller'" Oda et al *¢] W0l
F3to] o3 2ol P3¢t

SAITE, Al RO HHA] - FAFFEE Oda dHAK(Y
£ Prefectural Institute of Public Health)Z R-& 2|3 R
W2 Salmonella typhimurium TA1535/pSK1002 &£ A}
£3t5ith CdCLe ¢ B A EH FY7 A& A}
£ on A ggd FF5d 549 qR3IFF Tk
Azol HFEL7} 2,5 15,40, 130 E 400pMo] HEE
AT Aol ALER iR 38 FAA7] 9
2y Au)%E ujx] Q) Luria-Bertani(L-B) brothe} H 3
£ 74 AZE 4 TGA w4 o) wiR o} A=E
&1} o] d4 . £, LB brotht= bactotrypton 10g, &
DE R 5g % NaCl 5g& FF50) 5o IN NaOHE pH
£ 70082 2A3%9 1,000mz= & F ¢S/ d 73 ot
& WA mig 20pg9) ampicilling H7isted Al&E Qo
o}, TGA 8} A& Bactotrypton 10g¥} NaCl 5g& 54 1,
000mldl| =o] nGF7|B A F HTE 20% glucose &
o 10mlE 7}8l 2 thA] iA] mi 20pge) ampicilling 3
7tete] ALEE Tt f-galactosidase AT SH & A<}
o] Z-9h% 94 & No;HPO, 12H,0 21.49g, Na,H,PO, H,0 5.5g,

KCl 0.75g 2 MgSO,.7H,0 0.246g2 ZF4¢) =9 1,000
mliZ 8o YR ASHA AP 2 A 2-p-mercaptoetha-
nol 2.7miE A 7}she] ALE-3H et 28 2 2-nitrophenyl-
B-D-galactopyranoside(ONPG)E 0.1IM phosphate buffer(pH
7.0l mlg 4mg A Hof &2713 402 FHct
A 2 A FHAZEDZE WA mig 10pge]
2-methoxy-6-chloro-9-(3-(2-chlorethyl) aminopropylamino) acri-
dine - 2HCI (ICR)E AME3FR1 T DAL B SA ol = o)
mlg 3pg2] 2-aminoanthracene(2-AA)S A}-&38% T

89 MIZ : Fh=F 9 tAtEd3d] 2 DNAY 9] 9
& 2 A3t7] 98 Maron 2 Ames' o] 93] $9 £
& Azstd AN AgsA &, AR o 439
RE(FA, AF oF 200g) HAIEA: FEEZZA Aro-
clor 12548 A% kg3 500mgo 2 13 7 FA3 &
59% s A TS F 9,000g00 4 1087
AHE st FH A& HHAg S EFoz ALY
o o] £3 ImlE FF< 10mlo] =< Cofactor(Y L5
%3 B A}, MgCl, - 6H,0, 8uM; KCl, 33uM; D-glucose 6-
phosphate, 5uM; NADPH, 4uM; NADH, 4pM; Na,HPO,,
100pM; NaH,PO, - 2H,0, 100pM)}E @715t 9 mixE
Az A

A - Salmonella typhimurium TA1535/pSK1002&
L-B broth(20pg/ml ampicillin 3-f)oll A 37T, 120pmo &
2 Audd NG T A(1x10° A EF/m)S TCA ¥
Aol 1/50 §F L2 7hshed 37TAA th5F 4 7](A600 =
025~03)7HA] Aeruitstdtt 7l €9 0.1mlE 2
FE Ao o FA& 29ml 7}sked 37T A 2413
A Fatsdch. 89 mixd] o AL E AP A o=
Y 2.4mle) S9 mix 0.5ml £ o]e] EEZA 0.1M ¢l
A g% o(pH 7.4) 0.5mlE 7}Ee 29mlE &3 o)
o 7l 49 0.1mlE Yo & EFsta 2/ 2 w43}
ATk vkl 5,000pmo 2 1087 WA AA &)
AL AAG F FFHEE 0.85% NaCl 3mlZ F-FA]
A FHredog . ¢ urgd 02mlE p-galac-
tosidase A= SAo| ALE3HT, YrixE gubgdo]
A5 E(A600) ZH o AR5 Y T} -galactosidase B4
5 24L& g9 02miE 1.8mle Z-gE o] 5o
AE ABHo Y1 o9 0.1% sodium dodecyl sulfate
50p12} chloroform 50plS H7bsted 1022y 748tA 2wt
dto] M Eete] JRE F% F 28T B oA 5~
1087 AAstd 228 GAAI R YA galactosidase
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9] 7149 ONPG 49 02mlE 7}t &3t mutste
EAWEE AT whgo] £o g Hol FE3 3
A2 =g o IM¢] Na,CO; ImlE 7}8be] ¥h&-& AR A]F)
I RYREAE o] 85t whgo] oY 420 ¥ 550nm
A9 FFEE 24540 97]4 ASS00.2 7o B
o) 93 A4209) A& BAESI T f-galactosidase
A 5= Millers] A4l o3 &3 Z,
1000(Agz0 — 1.75 X Assg)

t X v X Ago

B-galactosidase activity(U/l) =

t: ghAIZH25 %)
v mig ALEE 7 vhE o 2H0.1m))

DNA single strand break AH :

BAME : WB-F344 = 203 oA Z(7 5 A2
FHY T Trosko AT ZHEH EFEHE AHEH L
o}, ALEE MEY AdFe 159 2 letelith AEw
fetal bovine serum®] 10% 1] 1 getamicin sulfate’} SOpg/
ml 4 7}9 Dulbeco's modified Eagle's medium(Gibco, USA)
& AMg-3ted 37T Y 5% B RO A e e KTt

CdCl, BWHZE : CdCLE YoM 28 AL AHE3)
Aom AFFY 0.05% HNOo| xof of 3pd fate] Hf
FE =7} 74,222, 666 L 200pMo] H =2 3¢ Th.

Al : CdCLol ¢ % DNA single strand breakE &
A 8+7] $13te] Kohn et al® 2 Brambilla et al 0] 7] &%
a7 FEHE o MY FYFYT F, AR
2 g Edd4@5mme )] 1x10°7)/ml2 BF8te 244
7 wiok3 wjokel mlg 0.1pCie] [methyl-H] thymidine-&
48X 7H- o A3 Atk CACLE A 2}8}7] 2A)E- o] Wf
ok A Fo 20M9 H ¢t thymidineS 1A]7+5<H A
& § CdCl(7.4pM~200pM)ol} 4AZHEL HEE A
Zth. o] PBSZ 33] A& & F 0.05% trypsin & 4-& A
g3t AEZE 1ml9] wjFedo] A0 F A Ee3t
o 27} Merchant € 94(0.14M NaCl, 2.7mM KCl, 1.47
mM KH,PO,, 8.1mM Na,HPO,, 0.53mM Na,EDTA, pH 7.6)
02 AXE $£A%Y mig HEALS 5x10°77} 5
L8 g 3 A7 25mm, poresize S5pme] mixed esters of
cellulose filter(Millipore, USA)$] ol A E S8 £ 24
% Merchant 90 2 33 Al&s o} o] F pH 10.09] &
-8 9(0.2% sodium lauroyl sarcosinate, 2.0M NaCl, 20
mM Na,EDTA)C. 2 A H 3 ¥ 60mM tetra ethylammonium
hydroxide$} 20mM Na2EDTA7} &4-8 §5-&(pH 123)
& ¥u GYANA A% H Z(Manostat, USA)E A3}

o £% 0132ml8] £52 FEA71UAM 108 17402
0E7HA B8 AU 4 28 £ AF filter T
HRALE-L 330 9] cocktail solution(NEN, USA)T} acetic acid
EAEFE, 03%)F A7ty £ F liquid scintillation
counter(Packard, USA)Z ZA & T}. DNA single strand
break®] HE& §24 9 fillerd o] & DNAGA 2 &
A0 HHAE £35S DNAYS WM 2 A)7bef
filterd] Folgle DNAYE 18 7 o &4wa) g2
DNA%E & DNAYC digh H¥g 2 $443tgnh.

g o

CdCl,oll 2|8t Salmonelia typhimurium TA 98 %
TA1000IAM 2l 57 Ho|F=ts ¥l : CICLE 3.12pM~
200pM7HA B IR Fojste] TA9BY A HHWo] A

TE ZAS A RE $F TN E2HEFEFT A
2)el B3 fof xfol7t BaFHA st 2la CdC,
200iM Fo el A Bl HHdFd = Zolrt fld
O} background lawno] gFolx]= A0 Z Hol HEEA
o] Q1A ic). TALI009] A % TA983} o] CACLE B
3 HE ST 2T Aol 7k fl A th(Table 1).

Table 1. Mutagenicity of CdCl; in Salmonella tester strains
TA98 and TA100

b
No. of revertants

Treatment

(uM) TA 98 TA 100
Control(DW) 293472 174.3+10.6
cd 312 42368 1647459
cd 625 317481 16474127
cd 125 4374127 156.0+15.6
cd 25 39.32142 155.749.6
cd 50 417499 18174153
cd 100 4034738 17174129
Cd 200 263+65(CT)  1590+128
Positive control* 661.3+27.8 108434122

* 2-nitrofluorene 1pg/504 of DMSO/plate and sodium azide 1.5pg/50p1 of
DW/plate were used as positive control in TA98 and TA100, respectively.
CT, cyrotoxidty; background lawns were seen thinner than those of control.
Mean+SD of revertants/plate from 3 replica. Spontaneous revertants
were not substracted.
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CdCl,ofl o3t SOS 8He f & : CdCLE 2~400pM 77|
L3392 B3l Salmonella typhimurium TA1535/pSK
1002 FF A CdCLoh 9§ SOS WHg FEF p-galac-
tosidased] YA TS A E 2 3t 2AG AT, AL v &
A 3HA] CdCL, SpM Bz o X & dzTel v& fost
Al p-galactosidaser} Z 735 2 UH(p<0.05), CdCL, 130 2
400pM Bl Fol M e 288 dxTo W ZadAn
(p<0.05; p(001). HA} EA3}A] p-galactosidase A
Z(SOS ¥Hg-& %)= CdClL, 2pMel| A 130pM 71 o) &2
ZAAME 2T} & Zolrt YUY 400pM & FT
e 2ol vlal A3  0.05; Table 2).

Table 2. Effect of CdCl, on the expression of SOS gene
(umuC'-'facZ gene) in Salmonella typhimurium

TA1535/pSK1002

Treatment Activity of -galactosidase(unit)
(M) 59~ 59+
Control 101.28+3.70 136.78+0.88
Cd 2 104.42+3.84 133.33+13.21
Cd 5 114.00+10.08" 130.34+6.95
Cd 15 106.74+2.81 145.54+15.18
Cd 40 90.86+12.55 127.25+8.86
Cd 130 88.97+221° 129.30+11.13
Cd 400 82. 72+028 114.09+14.76"
Positive control; 51997 +37.17 526.06+30.81

*ICR 10pg/ml of medium and 2-amincanthracene 3pg;/ml of medium were

used as positive control in without $9 mix(S9 ) and with §9 rmx(S9 ), re-
spectively. The results are represented as mean+SD(n = 3) and basal level
was not subtracted.

.«ww

: significantly different from control at p ( 0.05 and p { 0.01,

CdCl,of 2Ist DNA single strand break : WB-F344
Pz 714 A A X CdCl, 7.4~200iMS £ FHE 44]
HEG AT F gge 2 I8 4TI DNA &
ALE 108 H o2 &8 2 FEAI7HER filtero)
gdobgle DNAE %DNAoil g HEE2 B 49
CdCl, 200pM-& g Fol A BE FEAIZA o
Z3) vl v«la}?ﬂ Z28 A02 Hol YA
IS ¢ & AU gE LFTAIME gx2E
2 Aol7t A h(Fig 1).

100
80
1
L3
=
&
o 60
(=]
“ i
U
3
g 40 { O 0.005% HNO3
133 ® CdCly 7.4 uM
« v CdCly 22.2 uM
=z 1 ¥ CdClz 66.6 uM
a O CdCiz 200.0 uM
20
0 ; . ——

0 10 20 30 40 50 60 70 80 90

Elution time (min)

Fig 1. DNA single strand damage in WB-F344 rat liver ep-
ithelial cells treated with CdCl, for 4 hrs. Results presented
are mean%=+ SD of DNA retained on filter to total DNA con-
tent at O time(n=5). 0.005% HNO; is vehicle control for
CdCl,.

i]% oL *}a""ﬂ’ﬂ ZE3 W ;QE %_Hﬁ
“éli"i 2 EEIIHE AEYAA FL=Ee o3
/}EH% free radicalo] DNASY 2}-&3te] w7hg 3 &g
oz g FIAAE AR 25T Y
Ag7A gEZel o3 DNA &4& A3 9
sty A|ghf 2 AAW Alggol vhakatA AdEo
Aed® o] & §8F g o5t gene mutation A E el =
&3 FAA} 27o] £olg AFo] o] &5 3 gl o
Z histidine 8 74 F27} WA TA O HolHE AL
224 point mutation® FHAY 4 glE EdHo] A
ol 714 de o] &5 3tk Amesel| 9dte] Aug
Salmonella typhimurium R o} 7 F5£ uvrB geneo] A&
sof glo} Mol B o8 £4¢ DNAE AA, &
Eate 750l 4AEe] i AlE%e| lipopolysaccharride
7t o] ol B i@ Pede] woH =@
plasmid PKM1010] Z¥3 o] glo] DNA &40 9@
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SOS $%0] Yolur] HE FFEOIYS & AP
A4 F3% Salmonella typhimurium TA98L- frame shift
Bolg AAgY ¢ e TFo], TAI00L gened] tran-
sition & transversion % base-pair Ho|E FH A 9]
= FFojth B A4 CdCLAl <3 TA8 2 TA100
R A EAMo] Jegrt FIHHA Gl Hol 4yl
oA 5% & A3 Mortelmans er al *0] CdO(cadmium
oxide) TA98, TA100, TA1535 2 TA1537 @ Fof A A}
4A 3 L uj@AsiA] Hold o] AAHA ke B
29 gxFh gy AEe ol &ste EAWIAEY
A Fl=g& Wold o] JAHNTE Buvt vt 3t
B A Fg e 43H HuES B o JE
Fo] ol AgFFe Agxdd o M- o
E AL ¢ F Utk F, o]FA Autd AFHE Arlauskas
et al ®, Marzin#} Phil* ¥ Mortelmans et al 2& M F& o
43 EAdo| FEAFYLE Cdo] oYL A
A 7}o|% T Paganod} Zeiger = EEAIHOl 27t 34
o Hol9A Aolx FAFFE AN BEAEH
£ 27t 259 Wl S A3y AFaA WY
o CdCL} WoldA & A AAHG] HEolth
Edygio] YAAA thg AHF SOS F+ERZLL 7}
4 #3A wolEd A o8¢ SOS £5& DNA
o] B0 22 Syl WA 02 A Oda et al *L umu
C SAAE 747 FF 9 p-galactosidase] FEE FAME
S ZH SOS FAAY S FEL T A= MESE A
YA Agsn o] AP I woldy 23
Ames A FY L AW B AGolAMY Zahst 4A
£0] 528 BAFUT o] AEYY U= Hol¥H
2R 93 SOS wrgo] FZHH umuC FAHZLS pro-
motord] 98] ZAFE umuC-lacZ §FFAA7 TR
gtz o] FAzk o3 BAHE UnuC-LacZ FFEY
AL ppalactosidase FA L 7HABE 1 B4 A
08N umuC FAA BHY FEY(S0S ¥4 ZE)
& ZABE oIt ok g9 o] ABYE AXSH &
& Bdd dHME FHASHS A4 F e FHE
23 QP B AgoME CdCl, 5ol p-galactosidase
BHEE A EZ 849 SOS WHEHEE TAIE ol
A ANE 23 Al v)8ASHA) Cd 5pM £ FAAM
Z o) u| 8] p-galactosidases] EF =7} ot F7HHAUL
U 400pM FoFolME o318 #ad A& AYdtn
= QA4 s 2 g3 BRE 2dd A 2T &

o7} QiNEd o] 2HZE Hol Fl=F WYL U
A & dled £F o] AYE CdSO,0 B SOS
chromotest Z 3} Ho| 4 A o] QA== gtrh= Oliviers}
Marzin™9] Bagt A9 dxgoh a2l £ Agdd4A
CdCl, L &F o F(130 2 400uM)ol| A p-galactosidase
o YA BE AL WA EH CdCL9 e 28 g &
d AeR gidrt F, £ AgA g WA g%
1} CdCl, 500pM o] AHe] FT ol M= TGA wlx]d)) 247
ol ¥ Foll B A go] BEEH & AYXE H
A AHEY PAo] Setxos #AAHA G AL
F¢] CdCL, 400iME H D EFOo 2 AHE3goY o] &
FAME SAA s BHHA o WA % FHE
2 YAstn a8l Ao A4 FlEE %ol #a
317) HEY Aoz FH P gekA CdCL9 SOS /F
SHES AN e A - Cd” et 249 B
d2g 457 279 A28 B Cerutti™= 2
dede o3 HAHE gHMLEFE EE 239
free radical £& HT & o] 88 FHEA APolA= |
ol Aol v wsAY QB HA Gt Budtgl
el 2 AN s AEYNA free radical & FA e
CACLE 9A] Aol g FASAHL v o= A
E¥ch DNAY th3 1344 £4& 27 93 Agd
o &) A3y 5 DNA strand breakage= DNA adducts, 8]
Z714 DNA &4 (unscheduled DNA synthesis, UDS) 2
Rpuf A M E A 3 F(sister chromatid exchange, SCE) &3}
22 DNA &4 g 34 7+ & ANSdE 3
Wite gda ¢ AdFHe|n Y JRE AFYT
T gEA got HEE YP= HAMEF(TRL-
1215 =& Alg 2 945019 AFAEF M DNA
polymerase®] &4 =& & A7 DNA strand breakageE
ftela 23402 DNA §A4o] Atdvn ¥ A
ek E AYJA & CdCl, 200pME 4A]7HE3 HeE T
A Mg 4 X Eo3ste] A XU el DNA single strand break-
age® 2AG 3 AE A& dH ARLeY &
Aubz] o0& DNA o] 2o vz} dA¢ 4o
Ho g Hol 7t=Fo] &3] DNA single strand breakage”}
ZMg AL & oleH o AR A9 Hugd:
A9 A T{HT

B}o
=2
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=g wobrlie TR/ 90 YU Yoz
1\1 Salmonella typhimurium TA98 % TA100 4+ & o| &
F A2 WolAd L Salmonella typhimurium TA1535/
pSK1002 TTZE o] 43 SOS chromotest$} = 7+3 A
S A X E o] &% DNA single strand breaks A =2 4

At Ft=Fo] & FEANA AR &4 Fol 1
A FEE A g 28 FES A HU

1. St =8-& Salmonella typhimurium TA98 2 TA100 ¥#
Foll 3.12uMoA A BH HEZA0] YEYA ¥ A4
ZF(TA98; 100pM, TA100; 200pM7}A & R o3 & 74
TR histidine 8 74 T E°] histidine 5] 874 #2
2 BEAMOEE #9 JSFE A vt TR 25
BRoA BAdo] Fgrt 2T v st £93)
A wgkatA] @it

2. A= F& Salmonella typhimurium TA1535/pSK1002
T5Fo] 2~400pM8] F=2 Fo % ¥ pgalactosidase &
HAEE ARE 3o SOS ¥ FEE A A A}
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