J. Toxicol. Pub. Health
Vol. 18, No. 4, pp. 385-391, 2002

ME& Anthracyclinefl &M Hyrubicin ID61050f &t RESMoAT

H5% - QS - ol B HAF - AWG - AE - FET

Fodga Sojae, UFAREF) FHATA

Genotoxicity Tests on Hyrubicin ID6105, a Novel Anthracycline
Anticancer Agent

Hu-Song Zhang, Mei-Shu Zheng, Hong Sub Lee’, Jung Su Ryu', Tae Yong Kim',
Yun-Bae Kim and Jong-Koo Kang*

College of Veterinary Medicine, Chungbuk National University, Cheongju 361-763, Korea
'Research Laboratories, ILDONG PHARMACEUTICAL CO., LTD. Yongin 449-910, Korea
{Received Novermber 5, 2002)

(Accepted November 21, 2002)

ABSTRACT : The genotoxic potential of Hyrubicin ID6105, a novel anthracycline anticancer agent, was
examined on bacterial mutagenicity, mammalian cell chromosome aberration and mouse micronucleus
tests. In mutagenicity (Ames’) test, Salmonella typhimurium strain TA98, TA100, TA1535 and TA1537, and
Escherichia coli WP2uvrA™ were treated with ID6105 at doses of 312.5, 625, 1,250, 2,500 and 5,000 ug/
plate with or without a metabolic activation system (S9 mix). Interestingly, ID6105 significantly enhanced
the number of revertant colonies of TA98 strain at all dose levels used, in the presence or absence of S9
mix, without affecting other strains of S. typhimurium and E. coli. In chromosome aberration test using cul-
tured chinese hamster lung fibroblasts, ID6105 (1.25, 2.5 and 5 pg/ml) did not increase the number of aber-
rant cells, compared with vehicle control, in the presence or absence of S9 mix. In addition, ID6105
treatment (2.5, 5 and 10 mg/kg) did not induce micronucleated polychromatic erythrocytes in mice. Taken
together, it is suggested that ID6105 might not affect chromosome integrity in mammalian systems in vitro
and in vivo, although it may induce _frame shift mutation of specific bacterial strain such as S. typhimu-

rium TA98.
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List of abbreviations: ID6105(Hyrubicin), [1R-(10,2B,4)]-2-ethyl-
1,2,3,4,6,11-hexahydro-2,5,7,12-tetrahydroxy-6,11-dioxo-4-{[2,3,6-
trideoxy-4-0-[2,6-dideoxy-4-O-[(2R-trans)-5,6-dihydro-6-methyl-5-
oxo-3-amino-2H-pyran-2-yl]-o.-L-lyxo-hexopyranosyl}-(dimethyl-
amino)-o-L-lyxo-hexopyranosylJoxy]-1-naphthacenecarboxylic acid-
methyl ester; Hyrubicin DA-125, (88, 10S)-8-(3-Aminopropanoyloxy-
acetyl)-10-[(2,6-dideoxy-2-fluoro-o-L-talopyranosyl)  oxy]-7,8,9,10-
tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12-naphthacene-dione
hydrochloride; CHL, Chinese hamster lung fibroblasts; SD, Sprague-
Dawley; Bla]P, benzo[ajpyrene; MMC, mitomycin C; DMSO, di-
methyl sulfoxide; SA, sodium azide; 2-AA, 2-aminoanthracene; 2-AF,
2-aminofluorene; 9-AA, 9-aminoacridine; PCE, polychromatic ery-
throcyte; MNPCE, micronucleated polychromatic erythrocyte
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ARE T 9l e e A shtojdl. e, ol
A WA A7] Fobr] FFodgel| vidEste] e}
e v7Ed A As AREA s Alge] At
o] gvH(Donehower 5, 1979; Fantel 5, 1985). w}e}r],
Ak TAREo] 7182 ¥ S-S AT BY
£ Fol7] $13 -2 anthracyclined] F=A4E FAIs}
9d=4d]|, 2Z<l|l A epirubicin, esorubicin, idarubicin ~28] 31
Hyrubicin DA-125 o] -3 daste}l AHujgt A4
EAL 7= A E A = gleH(Chabner?} Myers, 1989;

"Calabresi®} Chabner, 1991; ¥} &, 1993). B3] A3}

GriA 7" ID6105= E5A PN 3 3ty
S By v}, in vitro A8 ol A=t Z2eFE<4] doxorubicin
He} 10~1009] o), vR-2E o]-8-38k in vivo A=
5 o] Fok AAEIe} AEE ASEAE Vel
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t]£-0], doxorubicin 5 ¥ AMEEL 9 AL J}
A 2 TAAA S 94 8A3] FolE HAE HYle
o, oFEo]] YA 712 P388(leukemia) A EFOIE &
old Eapr} ol o2 veldel(d 5, 2002). WERA,
2 AT 1D6105) Tist AL AT $)
sled AldE ol-§3t BFSdH A E, ZRRHEE o] &
gt JAA oA | gl el P EE o] 83 AFA
& E 9 FAANEEAFIFEAA A
A11999-613., 1999yl Falo] 3)3}sicy.

IL ME 3 Y
MEEE ¥ M

Hyrubicin ID6105% Y54 2FG) St Aol A3
A 2% anthracycline FEAZA F2A1L IR-(1a2B.4))-
2-ethyl-1,2,3,4,6,11-hexahydro-2,5,7,12-tetrahydroxy-6.11-
dioxo-4-{(2,3,6-trideoxy-4-0O-[2,6-dideoxy-4-O-[(2R-
trans)-5,6-dihydro-6-methyl-5-ox0-3-amino-2H-pyran-2-
yl]-o-L-lyxo-hexopyranosyl]-(dimethyl-amino)-a-L-lyxo-
hexopyranosylloxy]-1 -naphthacenecarboxylic acid-methyl
ester(C,,H,,N,0,¢)°™, Fig. 13} 72 25 7R3 9le}.
1D6105= HAET=, LH-47]d ﬁo} iaﬂrzs}rcw ol
A FAE HFSFN S35l AME-EsiT

SFAI-EAel 2-aminofluorene(2-AF), sodium azide(SA),
9-aminoacridine hydrochloride(9-AA), 2-aminoanthracene
(2-AA), mitomycin CIMMC) 52 Sigma Chemical Co.
(St. Louis, MO, USAPIA, benzo[a]pyrene(B[a]P)= Aldrich
Co.(Milwaukee, WI, USA)lA F418}e] ApEslgdv). =
3}, Aol A3} fetal bovine serum(FBS), modified Eagle’s
medium(MEM), trypsin-EDTA, colcemid % antibiotic-

OH CO,CH,
CHCH,
O O‘ o
o
CH;,
o)
O] NicH,),
3
o)
O\ oH
o= CH,
NH,

Fig. 1. Chemical structure of Hyrubicin ID6105.

antimycotic -8-9-2 Gibco Co.(Grand Island, NY, USA)ZE
FE '?‘Qd?i‘:}.

HALEAEA S9 mixture= Aroclor 1254% o]-&3|A &
2f-%5 Sprague-Dawley =2 ZHFAN 02 HE] f<f
B Moltox™ post mitochondrial supernatant(Molecular
Toxicology Inc. USAYE AR&-3laict. BAEAH AR S
215t S9 mix®] FAL rat liver $9 Y 5.0 mi(10%),
0.4 M MgCl-1.65M KCI 1.0m/, 1 M glucose-6-phosphate
0.25 ml, 0.1 M NADP 2.0 ml, 0.2 M phosphate buffer(pH
7.4) 25.0 ml, sterile distilled water 16.75 mie]™], d44
o] AAI e M S9 FAN] FEE 592 sl

2. Mg 0|88 SHSAUHOAIH

1) AT

Ao AM88F nistidine 93 2744 Salmonella typhi-
murium LT25 5=12] TA98, TA100, TA1535, TA1537 &
tryptophan °3%F 2-7Ad Escherichia coli WP2uvrA™®] 5

FFE g TUIA Ropo} AU FAY AL AF
%5};51‘;}.

2) AEEEe =M ¢ s

AHEALE AlFY gaSHgel dAHE FAs
o] ZAslgv}. FHNZEAZ AFE3) sodium azide:= 3
TE550Y, 2-aminofluorene, 9-aminoacridine ¥ 2-amino-
anthracene dimethyl sulfoxide(DMSO)ol] -8-3] 8} A
slgdch. AN EARE: fuljol AFZR{GTE AMEElS]
o} 2 Al A TAI00 #FE ©]83)4 *ﬂii** f
ol T3t duAES e Ao ek B=[E S9
A& A 9] EAAeF FAHA] 5,000 pg/plate(0.1 miy7HA]
FAF] A7l AR dgrene o] F=E HAF
T2 AAske] dAFH(X0.5)2 A 571(312.5, 625,
1,250, 2,500, 5,000 ug/plate)®] S-S A3t}

3) A|64|:|H:H

Ames?) U (Ames S, 19752 W3 s FASAIL) A
Azt=7) ¥4 2 preincubation 22 33t}
(Maron?} Ames, 1983). &=} 0.1 mell AA5%2] A
HEd 489 0.1 m/ W X159 (0.1 M phosphate buf-
fer, pH 7.4) 0.5 miZ 378k 37°CollA] 30%-7F prein-
cubation 31T}, Wb, A sl o) FASAE
el 7ol onis) <lAakekEo thAl S9 mixture(10%,
viv) 0.5 miE A7 o F ﬂ}i 45°Col| A B33t
top agar 2 miE- H7F5le] A E31E F we|dA] N4
w7} (Vogel-Bonner minimal medium E) $jol} ’1?‘5}0%
37°ColA] 227k wiekel o8-, B9]Ed o] colonyTE Al



zaj9ic). #) AgAe 0 AQEA P, ¥ B
e 43102 ARSI

4 Aoy

7+ 83F o 339 plates ©] €3] plate F EHE
o] colonys9] HAAE HrlAFL R slgdvt AlHEA
223 ZE Foll glo] EHEQHA 7} SN
2] 2u) oAtelr, S ukE-AA 7} JAE T, AHA ] 9l
= A7 2718 95 A BAEA o dE e
] o] AFEAL EFEAH] FEV Aol e
Aoz fAsisich. BAEdHe] e vt dis)
Dunnett’s t-test S o]-43le] SATH FAHE& AEs

sict.
3. ZRF HHYMEZE 0|88 HMFO|AAIH

) ZFSE HIY MEF

. Algo)) A3} Chinese hamster lung fibroblasts Al
X5 FYHSAATAESE EoF vhel AluloFate] AL
23193 v}, o] M E2] model chromosome number:= 25
oln, MZF7|= 15817k

2) M=ZHie

AR AL JFEIAF HNEE F3td 7 oA
ekl & Eyu|AoR vELPATE s
Abestedet. wlX]= 10% fetal bovine serum¥t 1%
antibiotic-antimycotic 8212 -8t minimal essential
mediums ARSI} wiFERA] 2 E3FE SlelM 5%
COZ Fa3h= 37°C wif7]elM wiekelal, 2~3%
o} 0.05% trypsin-EDTA -84 02 X2]sled Ald|njofs]
e

3) MEEEe s

AlgEAS] FEAAE $18le] AMIAIFESEA S9 mix-
ture EA|AIL} FajA] 112A9] F=E o]-83le] 3-(4.5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT) cytotoxicity assay(Mosmann, 1983)Y5 33}
g, 5pug/melr AESG] HAFA odgle}h. mlhepA],
5 ug/miE FHIFERE ko] ATV (X0.5)F 5 3542
FE(1.25, 2.5, 5ugmhE AR SANEZELRE
E AP EAL] NS, FINEEAZE S9 mixture T
A= benzofalpyrene -2, S9 mixture F-2HAlE= mitomycin
CE AH83ldet.
EE =

j=1]

Al
6A17F 2 244] S Y= 2x10*

oL
>,
javil
wid
e,

St
KN
=
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cells/m!®] CHL cells & 217 60 mm petri dishe]]
smi 2 25sidv). 397t wicksl ¥ ID6105E 3%
%7} 125, 2.5 9 5 pg/mio] A AlZucrle] 7t}
Gt AR S HeiAe AIRERT 7 S9 mixture
Z Hskar 6X7t Foll At wiA 2 waksloict. AH
W (Evans 5, 1964; Ishidate®} Odashima, 1977) & WA}
gAspe) 7ol 2 AFHEAAE AAIRE 2247
#o]| petri dishell colcemid®- 0.25 pg/mid] F=2. 223}
32X 7HEeE o wieksle] F FA A |Zhe] 24A]7Fe]
HEE 319t 0.05% trypsin-EDTAZ *]2]3le] 15 ml
AET AEE mow 37°Ce AN 0.075M
KCD 5mpl 2F JgA]A 37°C 3ol 2087 W51
AN (methanol : acetic acid = 3 : V22 33 ZAAA &
ghol= FES AL F7|FelA FE3] AERAIZ]
%, 5% Giemsa®] 22 1587 M3l Hujox #3
3kt

5) 2N

T ZAA 2 10008 AEED F7)98AE sl
A A FZo| T X o} -8 ARSI A A
o2 FZo|A -5 chromatid gap(ctg), chromatid break
(ctb), chromatid exchange(cte), chromosome gap(csg),
chromosome break(csb), chromosome exchange(cse), 52
o|A} 5= wl<A| (polyploidy) ==t ¥ 3}H(endored-
uplicationy® #<l&lsich. CHL A2 7%, B4 244
ZFol A FGAA oS 7HAl MES] EHEE 3%E 2T
3= Aol A YoM AldAIAE= HE &0 5%
Tkl A= SO, 5% °1F 10% Pk 2R (1)
2, 10% oS JFo2 sAslde. @Al o)A ul=e
Wt BAR S gaps T 7o) XA e A
9] FRAFE 7 N ES 2 Wil 845 A2
stk 2F 79 100719 7] EGAFAAN el
A o)A}t ulTE W EB-8-(%)E FAISIIL Chi-square 73
A& AAERIE Fo) o] el 794 Fisher’s exact-
tests A8l SA U ET XS AR v asigid.

4. OFRA BEHES 0|8 284

oe

Specific pathogen-free(SPF) ICR % »F-2% tgha}
oleFAGE 544 T 159 ol +3-A
S 71ZE AR F, 8FEe] HE o o] Aol
7783 S2hs ARl ARSI, Schmid(1975)]
el o8 Al§E st

19

) ARERS s
93T 54 uA|E A 1D6105 FAHIE v
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Fo] 7h53 Ho4-al 10 mekgS BT T Abdel
7} BRFA] gpo} o] FEES Hadwpoz AL o] &
Fe 7)1FECR AdHIN|(X0.5F AEE e L7
(2.5, 5, 10 mg/kgys AABHAE

2) STMZES MFAIZE BH

@]H]/‘]"’M]H #8310 mg/ked 13 FA4T F 16/
Zh, 24717 9 4gX 7kl A2 AFHE A3, Y
A MY T TG SV} A 7L vepA] kel B4
Ao R go] oG5 24A47E AF AL BAF .

3) STM =L = ¥ =2HH S ME

AuIAHAM AR 24412 AH F EHIFE HES)
o AzZ FHAL AR AAG o, 1 °§ﬂu}“ 7}
92 Axdsled fetal bovine serume] 2 mi FZ1E FAL
715 o]fsle] FPAEE YAEES Frol £
29 FFAEE 1,000 pmel A oF 1087 YAEeiEt
of AZHE AAsk, & HAFAA slide glassell =2
%3499}, Methanolell 587F AT 20% Giemsa®y
(phosphate buffer, pH 6.8 3A)22 3087+ GAslxch
GAA g 52 E2 o]l 0.004% citric acid £ o]l
A7z gl AW F A E2 o] F7IFelA A
3] AFAIZ &, cover glassZ BUste] FFsIPH. &
M| ze] A A AF2EA GdA AGRIE T3zt

Looole) $HRF 5 Ty HITRE AvaiRe

zZF A 2 2,000009) ©FdA A& (polychromatic erthro-
cyte, PCE) & A3ot9A A8 (micronucleated poly-
chromatic erythrocyte, MNPCE)®] 8181 =& A|4=315v}.

4) doHEH

Hayashi 5-(1989)2] ®iwlel] wie} Aacidxd 232
Z£3M == Chi-square testol] 2J3te], HgA] A2 &
Ul == Student’s r-testol] &]3led AU 273} SA 8}
= 48 AAsch =3k, AFe] M3 one-way
analysis of variance(ANOVA) tests AlA|sle] FA|8H4
A& Assisd

m. d o}

1. OJYES 0|88 SHSY

1810| A|E(Table 1)
EAESAH] A @A ID6105 FAH 71 = 3125,
625, 1,250, 2,500 2 5,000 ug/plate(0.1 mhel 3le], base-
pair substitution®Q) S. typhimurium TA100, TA1535
9 E coli WP2uvrA™ T30l X |ALERAI 3o} Abakglo]
colonyF=ll loiA BE oA A 2T s A
3R] ot S E FYHUH. =3} frame shiftH <
TA15379M = djAbEAd 3ol A ¢lo] colony ] W7}

Table 1. Mutational reversion by Hyrubicin ID6105 of Salmonella typhimurium TA98, TA100, TA1535 and TA1537 and Escherichia coli

WP2uyrA~ with or without S9 mixture

No. of revertants/plate (mean+S.D.)

dose

S9 mix (ug/plate) base replacement type frame shift type
TA 100 TA1535 WP2 uvrA™ TA 98 TA 1537
0 (vehicle) 126.3+9.3 13.0+3.6 5.7+0.6 87.7%9.5 10.0+3.6
3125 129.0+3.6 15.0£1.0 5.0x1.0 534.7+£16.7%* 6.0+2.0
625 127.0+7.0 16.744.9 6.7£2.3 652.0+80.3%* 11.3+3.1
- 1,250 124.7+8.1 18.0+5.0 5729 554.7+42 .4** 9.0+1.0
2,500 129.7+4.0 14.3x2.1 6.7£2.3 526.0+67.7%* 12.0+1.0
5,000 122.0+2.7 19.3x2.1 53«15 485.0+27.8%* 10.3£2.1
0 (vehicle) 135.7£3.1 15.7+2.1 5.0+0.0 86.0x14.2 11.3+4.0
3125 133.0+4.4 14.0£3.6 6.0£1.0 576.0+£12.2%* 10.7+£2.9
625 139.3+9.7 15.334.2 6.3+1.5 516.3+46.7*+* 11.3+£2.5
+ 1,250 134.0+3.6 18.0+5.0 6.3£1.5 535.7+31.4%* 9.7+3.1
2,500 139.7+5.1 16.7+4.2 5.7x1.2 616.0+57.2%* 9.7+2.1
5,000 130.7+1.2 18.0+4.0 6.3+£2.5 514.0£22.5%* 10.3£3.1
Positive Compound 2-AF SA 2-AF 2-AF 9-AA
control S9 Dose (ug/plate) 0.01 1 0.01 0.1 80
Mix(-) No. of colonies/plate 593.3+62.8** 372.0+£38.2%* 443.3£20.0%* 690.3+82.0%* 449.0%32.1%*
Positive Compound 2-AA 2-AA 2-AA 2-AA 2-AA
control S9 Dose (lg/plate) 1.0 2.0 10 0.5 2.0
Mix(+) No. of colonies/plate 576.7+£25.2%* 353.3£32.6%* 4453432 3%* 645.3+73.0*+* 438.0+19.1%*

Values are meanzS.D.;
aminoanthracene: 2-AF. 2-aminofluorene; vehicle, D.W.

*Significantly different from vehicle control at P<0.01;

SA, sodium azide; 9-AA, 9-aminoacridine; 2-AA, 2-
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Table 2. Chromosome aberration by Hyrubicin ID6105 of Chinese hamster lung fibroblasts

No. of aberrant cells’

, No.of  Time No. of aberration type’
Compound* )
cellsscored (hrs)  ¢tg  csg  ctb csb cte cse pol end TA(+g) TA(-g)
. 0 0 0 0 1 0 0 0 1 1
. 18

Vehicle (D.W) 100 6+ 0 o0 0 i 0 0 0 ! !

1 0 0 0 0 1 0 0 2 1

1.25 100 6+18 0 0 0 0 0 0 0 0 o 0

S-9 0 0 0 0 1 0 0 0 1 1
mix(+) ID6105 (ug/mi) 25 100 6+18 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 2 1

5 100 6+18 PO . 0 : 0 ‘ 2 !
11 2 0 0 8 8 0 0 29 16
B[a]P(20 pg/ml) 100 6+18 4 ) X ) ; p 0 o o e

. 0 0 0 0 1 0 0 0 1 1

Ve . 100 24+0

ehicle (D.W) 0 + 0 0 o 0 0 0 o o . :

1 0 0 0 0 0 0 0 1 0

1.25 100 2440 0 0 0 0 ) 0 0 0 | ;

S-9 0 0 0 0 1 0 0 0 1 1
min(y  ID610S (ugiml) 2.5 00 24+0 o 0 0 o o o o o o o
1 0 0 0 0 0 0 0 1 0

5 100 24+0 0 0 0 0 0 0 0 0 0 o
4 10 2 1 1 7 6 0 0 27 15
MMC (0.05 pg/mi) 100 24+0 o | ) ) o s o o > "

‘MMC : mitomycin C, B[a]P : benzo[a]pyrene.
®Time : treatment time~expression time.

‘ctg : chromatid gap, csg : chromosome gap, ctb : chromatid break, csb : chromosome break, cte : chromatid exchange, cse : Chromosome exchange,

ol : polyploid, end : endoreduplicate.
TA(+g) : total structural aberration including gap.
TA(—g) : total structural aberration excluding gap.

Q1A= =] ekttt 2 frame shiftd 2] TA98H| A=
AP IA S vt SR TIA] sk WY ERyY
7} BE 4857 794 Al Il deE 9
A=t

3, FAANZEAZ AM-E 2-AF, SA, 9-AA T 2-AA
E FoA% 4 A3k T SAAWETl sk
E9 o] colony7} 24l ©]A} F7tsle] F213k S
vebdc} webA ID6105%= S. nyphimurium TA98 5 <
B-o] frame shiftdy] oA S| E 23 7154 o]
Pe AE FY=HAH

Table 3. Micronucleus induction by Hyrubicin ID6105 in mice

2. ZRF HAMEE 0|28 M 0| AAIE(Table 2)

CHL fibroblastsE ©]-&3} in virro R A |48 A}
AR 3HA), ID6105 1.25, 2.5 2 5ug/mie] BE Lak
ANA o] FAAAE Ad MEY ZHNETL 2% ©)F=2A
2 HES) SN ET Blste] FTI8A] dgken, WA
R E=EZ benzo[alpyrene> 16% olAFe] MI=Z Hehl
o} AAHAM = ID6105E 6+16 2 24 + X7 2%
oA o] AGNAE Ad MEL FHHET} 2% °]FA
on] o FAYZEZQ] mitomycin C= 15% o|Ake] HIEE

Compound dose route sampling time No. of animal PCE/(PCE + NCE)* MNPCE'/PCE
(mg/kg) (hr) ’ (%. meanxS.D.) (%, mean=S.D.)
Vehicle (D.W) 0 ip. 24 6 43.5£2.9 0.080.05
ID6105 2 ip. 24 6 50.3x1.6 0.10+0.06
1D6105 5 ip. 24 6 48.8+2.1 0.13x0.09
1D6105 10 ip. 24 6 50.4+3.4 0.10£0.06
MMC 2 i.p. 24 6 50.0£1.5 9.83+0.93%*

MMC, mitomycin C.
PCE, polychromatic erythrocyte; NCE, normochromatic erythrocyte.
MNPCE : micronucleated polychromatic erythrocyte.

“The percentage of PCE was calculated from 1,000 erythrocytes per animal.

*The number of micronucleated polychromatic erythrocytes was calculated from 2,000 PCEs per animal.

*Significantly different from vehicle control at P < 0.01.
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veldel. hebA ID6105E £ AldER7EIA At
7 9] #-god o)l FA%le) CHL fibroblastsel] w3l G4 A)
o] F2A FL oM oA Sl F7HE e
A o2 GAA oS A e Ao oy
=i+t

3. OIRAE 0|88t 28 A& (Table 3)

SAN RS J9A HETF 1,000 3 oI A
HF Sl = 08700l 2, ID6105 2.5, 5 2 10 mg/
kg Tl 27 10, 1.3 % LORE A9 us
o] oA Qe St vElA] st

a2y A EEe] MMC 5ol ollAMe tga =g
T 1,000 % &350 wlEr}F 98.30 R Sl M)
sl ZA 718l wEkA] ID6105E 2 A 8EA 3
M= FHo T 7F53F 10 mgkgZHA wReA FPAE
oA AMPAPS FEdHA g AR WPHNC

IV. 1Y EE

AEA GG PIA /WL ID6105 D3k AU ESE
RS ] d5koF Ho|UAA R 71 e o8
= S nyphimurium®} E. coliz ©]-83F BEo|A]
3, TAEE i ES o83 A1 IAE F kg
2 ZFAES o] 43 AFAHE AAIEKE vdES
o] 43t EHEdH A3l A= histidine %% 2742
S. ryphimurium 1T25F 2] TA98, TA100, TA1535,
TA1537 @ tryptophan %3¢ 874 E. coli WP2uvrA™|
JFFE olgslsich. AW 2 A EFelA
ID6105% Ael3e o} S. ryphimurium TA100, TA1535,
TA1537 2 E. coli WP2uvrA®lME WeldAde] FiH
A ekoror} Fu|FAE TA9RA WL chALEA Ehel Abt
glol BE Tl Ho|rt deltel. TA100°]
histidine G 877322 base-pair substitutionl] ]3] #He]
7} dojuf=d] B8}, TA98 F5== histidine D 8743 2%
frame shift #®lo]S dolvl= A3}, 22 frame shift
o]Fe} £ TA1537%= 22| R factor(PKM 101)l] &
A E Wol7} dold 4= 9lvl= HollM ID61057F FolH
22 TA98 haAgt WelE doile] FIFH
CHL fibroblastsE |83t G4 o] A 3lellA ID6105
2w 9 gAY BFeA Aol M ] ¥
Sl FoA s Wbl Jep A ggoZ2 FA-5A
FME FAEAS YehlA] g HleE IEEHA.
22 o]83) 28436 glelM = ID6105E Tl 7}
53 WL EbRddd o S99 A8
o] Wl gol S ux)A] Y02 THFE AHEF

in vivo AN HA| FASAEE iR ddol 4%
H

o|Abe] AP AANERE] A2 anthracyclined] A
ol ID6105: MaellAl EAF-AA ] gt Sdwlo] 7bs
Aol Al7)1Elot 55EQ EfFAME in vitro %
in vivo ZFoA gAY A o] Akelt A8 e 2k R
548 do7|A] o= A= AdEgi

#Atel 2

2 A7 QEAGGE) @AY BRSNS
Apghel Aflel olsje] SAHHom olo] FHALEI.

1

02

il
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