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Summary

Two sets of useful tester strains (WP3101-WP3106 and WP3101P-WP3106P) derived from E.
coli WP2uvrA were constructed for the detection and classification of mutagens. Six kinds of F
plasmid (acl ", lacZ~, proAB*) in strains WP3101-WP3106 carried a different lacZ ™ allele. Assays
for transitions and transversions are based upon Lac® reversion of a specific mutation located
within the lacZ~ gene on an F’ plasmid in the strains. Plasmid pKM101 was further transferred
to each strain to make a set of strains WP3101P-WP3106P. In any strain the trpE65 (ochre) allele
is available for the Trp* reversion assays which is commonly used for mutagenicity test with the
WP2uvrA strain.

Using the new tester strains, the mutational specificities of 1,2-dibromo-3-chloropropane and
cumene hydroperoxide were investigated. In the presence of S9mix, 1,2-dibromo-3-chloropropane
specifically induced G:C — AT transitions. Cumene hydroperoxide induced two types of trans-
versions, G:C — T:A detected in WP3104 and A:T — T:A detected in WP3105, with G.C—= T A
predominating. In pKM101-carrying strains, all 6 types of base substitutions were induced by
cumene hydroperoxide with different efficiencies. The frequency of predominant G:C— T:A
transversions was not affected by the introduction of pKM101, while that of other types of
transitions and transversions were markedly increased.
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WA, BREERRBRICHC IEERBEKROREIZD
W, hisG46 2= —EFOURDOINLERTH
TA 1535 %, TA 100 #RICHZ, hisG 428 ~— /1 — % ¥
DYNEASHE TAL02#, H B\ trpE 65 7 — 51—
2L OKREE WP 2 word %, WP 2 uorA/pKM 101 ¥k
DA HERS LT S (Wilcox et al., 1990 ; Gate-
house et al., 1994 ; Watanabe et al., 1996). Z# 6D
BAROERFICHT 2 FFEESRZEE, HRET 5=
—A— B A EBARRTRRER Sy - oEHE
BRDFREEIZLI>THRTIIEFELLNS,

hisG BIZFIIERF DV ARED ATP 2k ) K
YNWEFFVRT 2T —XDBERETTH Y, hisG 46
v—A—I369BFBHNT I /Euf L (CTC) »*7'm )
Y(CCO)ICEEEL- IR L 2AERTH 5 (Barnes
etal,1982). 7o) v LD A L L IZRBBANIZ
», £) ATCC), 77 =(GCC), E2F ¥ (CAQ),
AVA = (ACC) ICEALL TLERIRHRET 272

O, WINDBATL Hist DFRBE & % 2 (Miller and
Barnes, 1986 ; Koch et al., 1994). L72%"- T hisG 46
= —EFOBEKIIGC>TIA, GC— AT, G:C
S CIGO3IWHNAKEOWTNI2FRTILIEEE, T
TObGICHEAMIERTIERRORBRMICHED TS
5., —H, hisG 428 =—n—%, KIBED trpE 65 < —
A= (trpE 3 VT V77 BARBOT v bS5 LEE
VS —EOBEEET) TIRIT I/ BO—o0RgEa
FY(TAA) ZERE LTV 5, hisG 428 DA, LD
g Iy (CAA) KRA%AaDI3», Y)Yy (AAA),
o4 > (TTA), £V~ (TCA) &L THEERG
HABlET 5, 2612, Foi o~ tRNA#EET,
tRNA&{Zf, 7% IV (RNAEIZFOT »F 2 F >
WAz E L2 7T r v —%R (F2GTA — TTA,
TTT = TTA, TTG—> TTADEE)IZL > T LEFRIE
P E4E L T His* HFIMANC % 2 (Levin and Ames,
1986). KIS D Trp* DIEIREERDIEAII trpE 65 D
BOMNEBEFEEIN T WS, T 2F4EMOT
DIAFEAHTH LD, HBREROKA Y -3
hisG 428 DIFAERMETH B, Leh - T hisG 128 %
trpE 65 = — 7 — 28 OEKIIGC> C:GLUSAD 5 FE
HORENS— DTN EFRTIEEFHOBRBC
BHTHY, GICHEERIZITTE S AT HEESICEH
THERFLBRUTE B,

DL ) RERENFFRTIRALEOFES LR
PIZT B LI, BRESRBICBII 250 LXEKOMN
R, RALKBERL DNAEED A =X L %555
ATLVEETHEEEZLNS, blbRIIINETK

BEOF RFLED lacZ SETFIELABENROE
MRAKBLZIEZEIILT, REFEORREREZ I b

Ny
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W H L T &7 (Watanabe and Ohta, 1993 ;
Watanabe et al., 1994 a, b ; Watanabe-Akanuma et
al, 1997). AW KIBEHIT K-12 %280 6 Bk,
CC101~CC 106 # (Cupples and Miller, 1989) T,
DNAEEESCEEARICOWTETER TH -2 72
&, AEBEKRICBREEERIBER (urd) ) K E2HEHE
BRKIBERE (rfa) #EA L CRBEKROKRZK - T
& 72 (Watanabe-Akanuma and Ohta, 1994). &Iz
INEREFIIHT 2EkOBRZEIEEL 2D, £0T
LRIGHE B BRBRHD WP 2 uorA #hE F 72 Trpt 1843
EREZBTRESNIF[TOERBFIZOWTHEND BT
PHREELEAPED 72, THIZK-12 8k & B FLEE
HiE D@\ (Nikaido and Vaara, 1987) i & 2%
DNEF—HEF L LN, £ I TEREMHRB TR
KHWHN TS KRIEE WP 2 uvrd RIS LD F' ®
TEHALT, XD Trp {RERABKICMZ, Lact
BRERIZIIRAEEARI PLERNITHZ DT
ELHHZ{EE L7 (Ohtaet al., in press). 4@, =
NODEHICZHIZ7T 523 FpKM 101 238 A L7203
WOy PEERL, FOEREEERER A~
7 P T B pKM 101 DRIz D W T~

REMRE LUSGE

1. BEHROER

BHOBERTR L AXII Table 112RLZ. P17 7
—VEMHCWTCSH268% D d(pro-lac) KREE R %
WP 2 uvrA BRICEZEEA L7 WP 2000 (¢rpE, d{pro
~lac), wuvrA) ¥REEBE L. WP 2000 B 4382 (2
MacConkey X7V — bt FT Lac  BE28IRL, 2o
26 Pro” b T ABEEAEZ V7Y HEETE
ATZ, K-12% R #H D CCL01~CC 106 D F H F
(lacl~, lacZ~, proAB*) % a4 BB D WP 2000 #k
AT LODEYLBIR>—h o720
T, £, CCl01~CC106 5D FP BTF#$FEAICL) K
-12 BkF4K D AB 1157 (hisG, argE, AproA, thr, leuB,
lacY, thi, Sm") #%RICE L7, LB T—KETAP
47\, 100 ug/mli streptomycin &F DFL 72
—ZAEK7 Vv —} (His, Arg, Thr, Leu, V. B, i/
12T, Pro*, Sm" &R %4T-> T AB 101~ AB 106 k&
ForEEL 7. RICABI0I~AB 106 ¥h 6 PP BT %2 %
AfREIC L) WP 2000 #ki2F L 72, LB i T—HH T
b HRERDL NI - ZERTV—F (Trp
iz F w77, Pro*, His*, Arg*, Thr', Leu* #iR%
1T > T WP 3101~WP 3106 ¥ (trpE., d(pro - lac),
uvrA/F’ (lacl”, lacZ", proAB*)) % # L 72,

77 A 3 FpKM101l (Ap") o #E A i3
WP3101~WP3106#% X # /b £ 2 5 B TA 100 #
(hisG, pKM 101) # LB H#T—B#h T &b, 10 ug/

m! ampicillin®EF ORI T —ZAERK L — b
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Table 1 Bacterial strains

Strain Genotype Source Reference

Eschericia coli K-12

CC101-CC106 F’lacl, lacZ, proAB*)/ara, 4{lac-pro)5 J. H. Miller Cupples and Miller (1989)
AB1157 F-, thr-1. leuB6 . hisG4, argE3, 4(gpt-proA)62. T. Kato Bachmann (1972)

thi-1. lacYl, ara-14, rpsL3l
AB101-AB106

F’(lacl, lacZ, proAB*)/thr-1, leuB6, hisG4 . argE3.

CC101-CC106 < AB1157 Ohta et al. (in press)

Algpt-proA)62, thi-1, lacY1l, ara-14 . rpsL3l

CSH26 F-, ara, 4Uac-pro), thi A. Nishimura Miller (1972)
Escherichia coli B

WP2uvrA F-, uvrA155, trpE65. malB15, lon-11, sulAl T. Kada Witkin and George (1973)
WP2000 F-, uvrA155, trpE65, malB15 ., lon-11, sulAl. dlac-pro) WP2uvrA XP1(CSH26)  Ohta et al. (in press}

WP3101-WP3106
fon-11, suldAl, 4(lac-pro)
WP3101P-WP3106P

Salmonella typhimurium LT2
TAI100

F'(lacl, lacZ, proAB* Y/ uvrA155, trpE65, malBI5

F'(lacl, lacZ, proAB* )/ uerAl155, trpE65, malBl5
ton-11, suldl, Allac-pro)/pKMI101 GnucAB, Ap")

hisG46 . A(uprB-bio), rfa/pKMI101 (mucAB, Ap")

ABI01-AB106 X WP2000 Ohta et al. (in press)

WP3101-WP3106 ¥
TAI100

this study

T. Kada Maron and Ames (1983)

(Trp &M 2 F W T His*, Ap" #IR%47-T WP 3101
P~WP23106 P tk%sr@E L 72,

2. 18 b

BO#HITADLEIZTHWALBEROMEKIZII%
tryptone, 0.5 % veast extract, 1% NaCl T, w47
b3 — 2353 Vogel-Bonner E  medium (Maron
and Ames, 1983) i 0.5 % glucose M2 72 L D& FEA
EL, RECWLTT I /8% 50ug/ml, €7 3I%1
rg/mi, agar 2 1.5% O BE TH ML 72,
WP 3101~ WP 3106 #: o B 5% # 12 132 50 ug/m/ (250
uM) tryptophan #2728 70 2 — 2 8EH# (MGT
) AV, 57 =24 o rNinBE3EhTho
TNIA—=22LS>THHIZINENT, HORIEREIZH
5 MGT O 7N 2 —ZBEX0.5%E L. o7
NI —ZBEEIRIKRGEOWEETHINICHAY LN SIRE
TH), HOEBICEI+2%ETH 5. WP3ILP
~WP3106 P bk Ri 35 %1213 & 5 (25 ug/ml D
ampicillin #Mz 72, Lac*t 8HRERHWEIZI, &P
7 b —Z2FERK7 L — b (Vogel-Bonner E medium, 0.5
lactose, 50 ug/mi tryptophan, 1.5% agar) & NB-
by 77 47— (0.5 mg/mi Oxoid nutrient broth No.
2, 0.5% NaCl, 0.6 % agar) 2 {72, —J%, Trp" &
IREROBEEIZIZ, WP301#B LU WP3101 P &%
nutrient broth ¥ (25 mg/m/ Oxoid nutrient broth
No. 2) THi¥E# L 2k, w72 —2ER7V— b
(Vogel-Bonner E medium, 2 % glucose, 1.5 % agar)
¥ TP-b v 7" 74— (10 ug/m! (50 uM) tryptophan,
100 zg/ml proline, 0.5 % NaCl, 0.6 % agar) % f\
AR

3. # X :
3- Amino-1-methyl-5 H-pyrido(4,3-&]indole (Trp

-P-2. CAS No. 72254-58-1), 1,2-dibromo-3-chloro-
propane (DBCP, CAS No. 96-12-8), dimethylsulfox-
ide (DMSO) iz M s TE L DB AL 2. 5
Azacytidine (CAS No. 320-67-2), N-ethyl-N’-nitro-
N-nitrosoguanidine (ENNG, CAS No. 4245-77-6),
2-aminoanthracene (CAS No. 613-13-8), B L ¥
cumene hydroperoxide (80 %, CAS No. 80-15-9) {3
Aldrich Chemical Co. (WI, USA) »HAF L7z F
72, 4-nitroquinoline 1-oxide (4-NQQO, CAS No. 56-
57-5) (FEFALR T LY, N'-aminocytidine (CAS
No. 57294-74-3) i3 7+ 2 > £ W B AL 72, 5-
Azacytidine & N*- aminocytidine (3 B B L 72 #f 7k
(Milli-Q, Ultra-Pure Water system, Millipore Ltd.)
ICHEMET, FOMOERIFIIDMSO #EE L LT
M7z, fUGRIEMA LI, AV o2 BB TELIVE
ALZSOGEET 7778 —AZ 1 9DEAETRS
L72S9mix #HwW7z,

4, BRERANIVNIVOBH . Lac’ ERER

RTEE 2 MGT #5312 4858 L T 37C T —BriR &1 3%
L7z, MGT T3 L2 B 38 LB & 2 ikiE
irhd, 2o IRBCEL HREREICHE0.1
ml, EREEKO0.01-0.1m/, 100mM ) B+ Y
LR (pHT7.4) £72(3S9mix 0.5mi 57 L,
37C T 20 L, BRPIIREL L7V, v X 2 X —
TavEITof BRLTASCIMRE L TE W2 NB-
T H—E2mI M TECIREYRE w77 L
—RERZV — MTF 72, 37°C T 48 R 5%, Lact
AR o ~—%2 K2,

5. Tro' ERERHR
WP 3101 # % 72 {3 WP 3101 P # % nutrient broth
FEHICHERE L C, 37C TR Lol e R L
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Table 2 lacZ reversion events required to restore Lac™ phenotype in tester strains, and base substitutions

detected.
Strain
Reversion event at Glu-461 codon (Amino acid change) Base substitution
uvrA uvrA

pKM101
WP3101 WP3101P  AAT TAG TCA — AAT GAG TCA (Stop—Glu) A:T~C:G transversion
WP3102 WP3102P  AAT GGG TCA — AAT GAG TCA (Gly — Glw) G:C— AT transition
WP3103 WP3103P AAT CAG TCA — AAT GAG TCA (GIn— Giu) G:C—=C' G transversion
WP3104 WP3104P AAT GCG TCA — AAT GAG TCA (Ala— Glu) G:C—=T A transversion
WP3165 WP3105P  AAT GTG TCA — AAT GAG TCA (Val - Glu) A'T—T:A transversion
WP3106 WP3106P AAT AAG TCA — AAT GAG TCA (Lys— Glu) A'T—G: transition

All the strains contain trpE65 (ochre), which is available for a Trp* reversion assay, and are of Trp~, Lac™

phenotype.

72.Lac HIRERDOLAL LRBEDOBRETT LA o ¥ 2N
—areiTw, TP-F v 7' 7TH—2ml 22 THEL
TN —XER7L—MIFE, 37°C T 48 et %1,
Trp* HREE 20 = — %% 2 /2. H#% nutrient broth
BWTHETLLH, FPRIPBEELCHINET 20
T, b 7T o) e MABIEIZESTED
FEERG,

= S

1. BHROHEEERZE

fE8L L 72 WP3101~WP 3106 % 8 & U WP 3101 P
~WP3I0OBP#HICBW IR TE 3 HRERD vy —
> % Table 2 2R L7 P RFLED lacZ @l FOER
fLEIEB—HF7 by —LEADNKELL 461 F
BOZNS I BBICHIET S GAG I N ThHE, o0
MEDING I VBIIL—F57 b F—voBEiGET
IZRETH), OEDT I /BIZEL-> T Likts 4
72 EXH ST S (Cupples and Miller, 1989). L
RH-ST, WTFROBEWL VS I VB0 F Y (GAG)
CEELLADA Lact £ b, COEREE D &2,
Lac* BREEI0 =48I 222121 ->T WP3101
PeE WP3LLPHIZ AT — C:G TR, WP 3102 # &
WP3L02PH X G:C—> A TE £, WP3103 % &
WP3103PH 2 G C>C:GE £, WP3104 ¥ &
WP3l104PH# 3G C—T:AX £, WP3105# &
WP3I5PHII AT > TAXRE, #LT WP3106%
EWPII6PHIZIAT > G CERNERLIFRMIZ
BT hTa5,

B #k % nutrient broth ¥ <> LB ¥4t iz il 4454 L
T—HERTLE, PRFPRELLEOEN SIS %
D B0%LEICZLsZEbH2) RBRICH N BICIIAE
U KBIZ2 5, P ETHPRELLEIZ o) Bk
EXBNDT, 7o) v 2&5F % MGT B THB X ¢
SILTFPRFZHIBFTZIENTE S, REBIZHL
TIIINET, MGT B T—HARAIE®R L2 H% % LB
MU 1/50 ARERE L T3 ~ 4RER#E L, B8R
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Per BRI A D R % B L BEIC L 2k R T - 72
%, BRERICEB L2 L0 RRIZH W TW 22 (Ohta et
al.,in press). L2 L 2D, i L TEFRCBREL
RHREHVWREERT For ik Yo RE T 2 &
XUPFELIBRTT A bbb 722, 40, N-
aminocytidine, ENNG, 4-NQO, 5-azacytidine % H
WTORFOKR, MGT L THRE L B+ i
FIZEDE TR AD, MM RFAEER S 2
2, ZOBA, POV T A N5 b —2F<en
YORBREIHT 52 LB EI N, RBRICH -2
W& 0. I mIic&EEN S MGT b 7 a—x2
DEFRIT, RAXEFHEECTHL P E ) TIF lacZ
BEIEFORBICIIHE L -7, 8, NB-b 77
=DKW M) T b 77 2N BHEILL, &
MU TLRAEERBREE TCOFERIZEEZEZDLN L,

R AN

2. Brum

WP 3101~WP 3106 %D FEtEx BB E L THWAE = &
NTELEERENEEHL HED—F% Table 312k L
7z. ENNG {3 WP 3103 #k L1545 B kkiC Lact {BIR%
Fz#F# L, 4-NQO i3 WP 3102, WP 3103, WP 3104
D IWERIZ Lact HRERZFRT S, £, ¥ T o
7" @ N*- aminocytidine (3 WP 3102 & WP 3106 & 2
B #RIZ, 5-azacytidine (3 WP 3103 #7213 ISR Rt 12
Lac' BBERZFEH T2 (Ohta et al., in press). 7
BABKEH O Lact HREROBA, WX T Fo s
DEERFHET VL v X ax—va L iFELD L7 L—}
EDHEZE G H ), -k r Hue
THRLZEE, 7V - MNETEEEZ v Lact HRER
To=—HIRL —F, SO mix FEF CEEEME
B EN B L LT3, 2-aminoanthracene
(WP 3102 #%) ®° Trp-P-2 (WP3104 k) % &4 3 3
(Table 3). S 9 mix DEEFEIGE 2 FERT 2 2 DS xt
B7ZenT, Enr—EFEHCTHEUT LI EEZ S
13,
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Table 3 Examples of mutagens which could be used as positive controls for tester strains WP3101-WP3106.

Lac® revertants/plate

Trp* revertants/plate

Dose S9
Compound (ug/plate) mix WP3101 WP3102 WP3103 WP3104 WP3105 WP3106 WP3101
(AT CG GC— AT GC~CR (G:C—~T:A (AT—T:A) (AT—GO
N*-Amino- 1} - * 9 * * * 3 24
cytidine 0.01 - * 232 * * * - -
0.1 - * - * * * 116 188
5-Azacytidine 1} - * * 0 * * * *
5 - * * 110 * * * *
4-NQO 0 - * 11 0 7 * * 18
0.2 - * 134 18 317 * * 206
ENNG 0 - 1 9 * 5 2 2 24
0.2 262 * - - - 119
5 - 45 - * 41 48 60 -
2-Amino- 0 + * 11 * 7 * * 42
anthracene 5 + * 333 * 32 * * 138
Trp-P-2 0 + * 9 * 6 * * 47
2 + * 69 * 128 * * 396

* Negative response (less than 3-fold increase over the control)

Table 4 Examples of mutagens which could be used as positive controls for pKM101-carrying tester strains WP3101P-

WP3106P.
D R Lac* revertants/plate Trp* revertants/plate
Compound (pg/:;?:te) r:?x WP3101P WP3102P WP3103P WP3104P WP3105P WP3106P WP3101P
(AT~ CG) G:C~ AT (G:C—-CG (G:C—T:A (AT~ T:A) (AT—-GCO

N*-Amino- 0 - * 11 * * * 3 107
cytidine 0.01 - * 270 * * * - -

0.1 - * - * * * 183 744
5-Azacytidine 0 * * 1 10 * * 93

2 - * * 287 - * * -

5 - * * 1037 106 * * 292
4-NQO 0 - * 8 1 12 5 * 93

0.05 - * - - 403 - * 552

0.2 - * 266 148 > 2000 22 * -
ENNG 0 2 7 1 5 2 4 87

0.2 - - 301 - - - - 285

5 - 138 - 26 184 145 720 -
2-Amino- 0 + * 19 2 16 13 * 165
anthracene 5 + * 146 22 330 199 * 674
Trp-P-2 0 + 2 20 1 17 12 * 140

2 + 46 210 18 1136 252 * 1126

* Negative response (less than 3-fold increase over the controb)

Table 4 12 {3, pKM 101 # & A L 72 WP 3101 P
~WP306 P kDI B L L 2 X RFOMBE L AR
D—FE R L7, pKM 101 £ mucAB BEIE I3 %K
TEFREE 2 5O LFEH»H 55 (McCann et al.,
1975 Walker, 1984), RIRFICZERER A7 b bk
ECERZLI PN T 5 (Watanabe et al., 1994
b), — M EmELTE GCoATERIZ
pKM 101 & Az L 258007 (, WP3102# &
WP PHTERAERERBAF ICKELZ3E Lo
72(Tables 3,4). —h, G.CoT:AXEEL AT~ T:
A ZEIT pKM 101 E AR B (WP 3104 P, WP 3105P)
TRIREROY SR RSB, F72, AT~ C!
GEE£ (WP3L01PH) R G:C~C.GEE (WP 3103
P#) b E N3 < & ~7, 5-Azacytidine i3 Trp*

BIRERTHENDL &, WP %R CIRIEEES BN T
XA pKMI101 28 A L7 WP3I0I PR TIIER
EHEA BB I, THIEpKMIOI 2EALAZ LIC
NG CoCGERUMIGCTAKRLFR
(Table 4) b LH Bz &R e,

3. 1.2-Dibromo -3- chioropropane
(DBCP) ORAEZERANINIL

DBCP (3 WP 2 worA %R TEEBEE RIS H, X8
B O I EEEL IR ELERERTH S
(Moriva et al., 1983). Table 5i2{3 DBCP THFEHI L
LRBRERDARY FNERLZ., SImix DHFETT
IFWP3L2 BTG CoATEE»ZLOTHHEET
BHRINDBZIEDNDbroT, £72, GCTAZXER
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Table 5 Mutation spectra of 1,2-dibromo-3-chloropropane in the presence and absence of the S9 metabolic activation in

tester strains WP3101-WP3106.

Lac™ revertants/plate

Trp* revertants/plate

Compound (ug[;(;?:te) nsl?x WP3101 WP3102 WP3103 WP3104 WP3105 WP3106 WP3101
(A:'T-CGE (GC— AT GC-CG (GC—T:A) (A:T-T:A AT—GOC

DBCP 0 - 2 9 0 3 1 0 23

10 - 0 6 0 2 2 0 30

20 - 2 6 0 1 0 0 31

50 - 2 7 0 2 1 0 27

100 - 0 10 0 9 1 0 20

DBCP 0 + 1 15 0 7 4 0 47
1 + - 49 - - - - -
2 + - 123 - - - -
5 + - 238 - - - - -

10 + 1 886 0 5 6 0 58

20 + 0 > 2000 0 10 3 0 91

50 + 2 - 1 9 0 125

100 + 1 - 0 9 2 223

WP B TEHBETOLTNIERIN TV, 2Dt
NDEATOERIRBEI N -7,

4. Cumene hydroperoxide DRARER AN
IKNILE PKM 101 DER

Cumene hydroperoxide 12 & » THFH, I 1L 5 TBRE
2D A7 % WP3101~WP 3106 % & WP 3101 P
~WP3l06 PHREZRTRIT LR Fig. 1123 &
HTRL, pKM 101 Z2E/272 BT, GIC— T
AZBPBLE{HEHEN, DT AT TALEREY
bYPEREINL, —H, pKM 101 BAEKTIZ 65
HINTOIATOER»FEREN, GCo T ALR
CMZTGIC2ATER, AT>TAERLITIZN
BRENMEMETHEAINL 0o X ERML
Trp HHERTHRDL L, WP2umrA BRI DL WP2
wurA/pKM 101 %R T L VB RA I 2 2 L ARG &
fLTv 55 (Kato et al., 1994), 243 WP 2 worA ¥
CBOWTHEHEZINTWZGIC—> T AZEN pKM 101
AL > THMICHBREI RO TIE L, 20Dy
ATOERVPEHETHERING LI H -2z E
oY (DAR

& =

RARERAN7 PLVEWIRT 27200 F k& LTS,
DNA ¥ —7 2 % —F (2 L ) ERRHEA 2 R
TA2HFEOM, au=—T 0T T L~ 3
2 & B8N (Miller and Barnes, 1986 ; Cebula
and Koch, 1990) »BEIN T35,

INRHDFETIE, EEMNERSTTL HEHOFF
MRPRKIZED 7V —L 7 b LREIBRICHENS LSS
WHL L L, BTTELH 7 VEICEBRN R R Y
Hoz, FHINLRABREDOPTCOFLELY» 1%
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UTFL2Lwl ) 2 REFEDR NI TOERDOY A
I2i3, BRRAEEBCLZLOPERETHERSINL
DPEXE, TRTAILIZHBTHL. I THW
EIRRAREBRLCIBE L T 2B TR, ERNERY
TEBFOMBIZLTL6FHOL v bR EITK 2
W, BRDIATORRELMGNCERTE 2720, BAE
HEIMEN I AT DLDTHHEBHENFT—2 25512
LBHIENTE&S, COHMNDIODEM/R»ZNF TIC
KB (Cupples and Miller, 1989) & L& % 5 # (Gee
etal., 1994) THAEA SN T35, BIEOKBHEKIIF ®
FED lgcZ BIZFOERFIEELLTw 729, FFE
FEHOBERICHMHAESIIBT T2, 4ub
DO BEEFEEXRBRTLCAVWLENT WS WP2
uvrA ¥ 5 £ U WP 2 worA/pKM 101 3R L 72 B #k
Dy PEERLLZ FRLAEKROKRERIVWTRL
Lac- THBUNITLOBREEDL LT, L7245 T Trp*
HRERABR LIk LR U HETHEMSL TV — b o
VEFETICEBTESL. Zokd, Trp' HIRERRE
TERIFE AR S N ERIFICO W T, Lact 18R%
BRRECRIABERANRZ PAEFANDL I L2 X ) EEY
T AR e o 72, K12 BRIk FPIEF 2 B #RiZ
ML, BT 723 FOREELEE 2D,
Tul) SERIOEL 7L 3 — IS TR R A R )
BE T EThL VEELR 70— 252,
BET T 7R T7T I NMEERICOWTIIFHRENL S
AT DORBREENIFEHRIN (Tabled), TNHDEERIZ
K-12 % TH L 727~ (Watanabe et al., 1994 b)
EEC—FLALZEDS, ERLAT X MEMOB TR
HAHDHERFIN, BELTWAIEWHLE -,
WP 3101~ WP 3106 #k & W72 RRER X ~7 b L
DS, BHOBRRBRFCHERINIBRERNGR
i3, DNA AR BT 2 EXRPKRESED
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Fig.1 Base substitutions induced by cumene hydroperoxide and the effect of mucAB
genes in pKM101 on the mutational specificity. Each type of transition and tran-
sversion was assayed in strains WP3101-WP3106 (LD and pKM101-carrying strains

WP3101P-WP3106P (W),

TELMer LS TER, BEBEMRBROEHESRY
HeLTULIFLIFA W 6415 furylfuramide (AF-2) #
Lact 1BIRER TH~NI2 25, WP % TG:C—
T AZEEDAP LY PIZHINMERTH 5 LIMIRKE
BEOFRHIIBESI L » -7 (Ohta et al., in press).
LU, A—BHTIT 72 Trp* HIREERRBR T, 8tk
D WP 2 uvrA # & [RFE 12 AF-2 OBWEERBEMEIR
Wae, AF-2 377 = JEE S mE2ER L EIC
G CoTAZXEREZFZRTEH, LHTL 5-TGC EH)
PDOGCHWAF-2EREREREOR y PRAKy b TH B
2 EFHBE SN TS (Lambert et al., 1991), 24
T, GCoTAXELTRIET 27250 WP 3104 #Ric B
V7% lacZ BIZFDERIEE (GCG) DHIERNES & 4 5
&, 5-AATGCGTCA &% -T2 (Table2). ZOH
I2BWT Lac* RERIFEL 27281213 GCG — GAG
DIGFHIERPUETH B, S-TGCEIFEINT
Wa7eH, GCGREAFDC EN L 5o GOERED
HhraRtwiHiond, ZoEREINTLE
3728, Lact BREESE LI %L, AF20%E
FE WP Sk ThTh LIS (-1 &
HEE S N7z, DNA fFIMERZRLIC 81T 2 E R K
OFREL, HREEAEECL T IRRER I~ b
WORBTRIZE > TIIERICKRELREBL Y2 2ERY
FETHD, BHROBE, WRITHL-> TIHEERICHKE
LTWSHE» S B,

RIREEZ 7 PN pKM 101 77 2 2 F (mucAB

BIET) OBAZEINKESET I EEmESINT
\»% (Watanabe et al.,, 1994 b : Gee et al., 1994 ;
Szekeres et al., 1996). Cumene hydroperoxide O {5
(Fig. DTLHL» L1, pKM101 7223 FiE
AL TRAREEBFEIEZE L LA TE 0L, 3L
AEEDLLLWLDENH DL, DT &S mucAB #1E
FRRDOMRE R FF 270 & SN HHILENMIIBIC B W TE
RFETHEHINIRAEEORENL L, BEDHEIETH
LR L T BT, DKM 101 75 % 3 k23
PR CREMRTOBITAEREZ A3 X @ oy
LLinew, L2L—HTIHE, EEFEOR ) —= 7
FEAME LAEREERBRICE KBEEKLED
pKM 101 77 R 3 FEF WM Z AV 5 2 &7 —#&IN
2~ TETCWDS, SB%BERNERENRIRERZ 7
FLEZ DKM 0l DB LEDHTHLPIZL T Z
T, B85 L Tv 5 DNA IS1EHESCRRERA N EED
BB LIETBEELZ LN, S HLICBEREERRBRICH
HaBlRoMEIC L T2 o L B3 5.

2EXM

Bachmann, B. J. (1972) Pedigree of some mutant strains of
Escherichia coli K-12, Bacteriol. Rev., 36, 525-557.

Barnes, W ., E. Tuley and E. Eisenstadt (1982) Base-sequence
analysis of His™ revertants of the k#isG46 missense mutation
in Salmonella typhimurium, Environ. Mutagen., 4, 297.

Cebula, T. A. and W. H. Koch (1990) Analysis of spontane-
ous and psoralen-induced Salmonella typhimurium hisG46

81

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

revertants by oligo-deoxyribonucleotide colony hybridiza-
tion : Use of psoralens to cross-link probes to target
sequences, Mutation Res., 229, 79-87.

Cupples, C. G. and J. H. Miller (1989) A set of lzcZ mutations
in Escherichia coli that allow rapid detection of each of the
six base substitutions, Proc. Natl. Acad. Sci. USA, 86, 5345
-5349.

Gatehouse, D., S. Haworth, T. Cebula, E. Gocke, L. Kier, T.
Matsushima, C. Melcion, T. Nohmi, T. Ohta, S. Venitt and
E. Zeiger (1994) Recommendations for the performance of
bacterial mutation assays. Mutation Res., 312, 217-233.

Gee, P.,, D. M. Maron and B. N. Ames (1994) Detection
and classification of mutagens : A set of base-specific
Salmonella tester strains, Proc. Natl. Acad. Sci. USA, 91,
11606-11610.

Kato, T., M. Watanabe and T. Ohta (1994) Induction of the
SOS response and mutations by reactive oxygen-generating
compounds in various Escherichia coli mutants defective in
the mutM, mutY, or soxRS loci, Mutagenesis, 9, 245-251.

Koch, W. H., E. N. Henrikson, E. Kupchella and T. A.
Cebula (1994) Salmonella typhimurium strain TA100 differ-
entiates several classes of carcinogens and mutagens by
base substitution specificity, Carcinogenesis, 15, 79-88.

Lambert, 1. B., T. A. Chin, D. W. Bryant, A. J. E. Gordon, B.
W. Glickman and D. R. McCalla (1991) The mutational
specificity of 2-(2-furyl)-3- (5-nitro-2-furyl) -acrylamide
(AF2) in the lacI gene of Escherichia coli, Carcinogenesis,
12, 29-34.

Levin, D. E. and B. N. Ames (1986) Classifying mutagens as
to their specificity in causing the six possible transitions
and transversions, Environ. Mutagen., 8, 9-28.

Maron, D. M. and B. N. Ames (1983) Revised methods for the
Salmonella mutagenicity test, Mutation Res., 113, 173-215.

McCann, J., E. Choi, E. Yamasaki and B. N. Ames (1975)
Detection of carcinogens as mutagens in the Salmonella/
microsome test | Assay of 300 chemicals, Proc. Natl. Acad.
Sci. USA, 72, 5135-5139.

Miller, J. H. (1972) Experiments in Molecular Genetics, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY.

Miller, J. K. and W. M. Barnes (1986) Colony probing as an
alternative to standard sequencing as a means of direct
analysis of chromosomal DNA to determine the spectrum of
single-base changes in regions of known sequence, Proc.
Natl. Acad. Sci. USA, 83, 1026-1030.

Moriya, M., T. Ohta, K. Watanabe, T. Miyazawa, K. Kato
and Y. Shirasu (1983) Further mutagenicity studies on
pesticides in bacterial reversion assay systems, Mutation
Res., 116, 185-216.

Nikaido, H. and M. Vaara (1987) Outer membrane, In : F. C.

82

Neidhardt, J. L. Ingraham, K. B. Low, B. Magasanik, M.
Schaechter, and H. E. Umbarger (Eds), Escherichia coli
and Salmonella typhimurium, Cellular and Molecular Biol-
ogy, Vol. 1, American Society for Microbiology, Washin-
gton DC, pp. 7-22.

Ohta, T., M. Watanabe-Akanuma, S. Tokishita, Y. Shiga
and H. Yamagata, Development of new tester strains de-
rived from E. coli WP2 uwvrA for the determination of
mutational specificity, Mutation Res., (in press).

Szekeres, E. S. Jr., R. Woodgate and C.W. Lawrence (1996)
Substitution of mucAB or rumAB for umuDC alters the
relative frequencies of the two classes of mutations induced
by a site-specific T-T cyclobutane dimer and the efficiency
of translesion DNA synthesis, J. Bacteriol., 178, 2559-2563.

Walker, G. C. (1984) Mutagenesis and inducible responses to
deoxyribonucleic acid damage in Escherichia coli, Mi-
crobiol. Rev., 48, 60-93.

Watanabe, K., K. Sakamoto and T. Sasaki (1996) Compari-
sons on chemically-induced mutagenicity among four bac-
terial strains, Salmonella typhimurium TA102 and TA2638,
and Escherichia coli WP2/pKM101 and WP2 werd/
pKM101 : collaborative study I, Mutation Res., 361, 143-
155.

Watanabe, M. and T. Ohta (1993) Analysis of mutational
specificity induced by heterocyclic amines in the lacZ gene
of Escherichia coli. Carcinogenesis, 14, 1149-1153.

Watanabe, M., T. Nohmi and T. Ohta (1994a) Effects of the
umuDC, mucAB, and samAB operons on the mutational
specificity of chemical mutagenesis in Escherichia coli : 1.
Frameshift mutagenesis. Mutation Res., 314, 27-37.

Watanabe, M., T. Nohmi and T. Ohta (1994b) Effects of the
umuDC, mucAB, and samAB operons on the mutational
specificity of chemical mutagenesis in Escherichia coli  11.
Base-substitutional mutagenesis. Mutation Res., 314, 39-49.

Watanabe-Akanuma, M. and T. Ohta (1994) Effects of DNA
repair deficiency on the mutational specificity in the lacZ
gene of Escherichia coli. Mutation Res., 311, 295-304.

Watanabe-Akanuma, M., R. Woodgate, and T. Ohta (1997)
Enhanced generation of AT — T:A transversions in a
recA730 lexA (Def) mutant of Escherichia coli. Mutation
Res., 373, 61-66.

Wilcox, P., A. Naidoo, D. J. Wedd and D. G. Gatehouse
(1990) Comparison of Salmonella typhimurium TA102 with
Escherichia coli WP2 tester strains, Mutagenesis, 5, 285-291.

Witkin, E. M. and D. L. George (1973) Ultraviolet
mutagenesis in polA and wvrA derivatives of E. coli B/r :
evidence for an inducible error-prone repair system,
Genetics, 73, 91-108.

NI | -El ectronic Library Service



