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ABSTRACT : In order to understand the mechanism of the regulation of drug metabolizing enzyme gene
expression, we have studied the induction of CYP1A1 and GSTq, y, Tt enzymes in Japanese monkey and rhesus
monkey after the treatment with 3-methylcholanthrene (3MC) and di-n- butyl phthalate (DBP) and bisphenol A
(BPA). The levels of mRNA were measured by RT-PCR in brain, intestine and liver. In the case of adult
monkey, treatment with 3MC induced CYP1A1 mRNA in liver by 10-fold. The treatment with DBP induced
CYP1A1 mRNA. Effects of 3MC and DBP on GST mRNA expression was not clear. But GSTy was slightly
inhibited by the treatment with 3MC and DBP. GSTr was not induced by the treatment with 3MC and DBP in
liver. GSTo was slightly induced by the treatment with 3MC and DBP in liver. In the case of fetus monkey, the
basal levels of fetus CYP1A1 mRNA and GSTs mRNA were relatively low compared to adult monkey. As the
age of monkey increased, the basal levels of CYP1A1 mRNA were also increased. 3MC induced the expression
of CYP1A1 mRNA in liver. The levels of GSTp and GSTo. were not changed by the treatment with 3MC and
DBP. GSTr was slightly induced by the treatment with 3MC and DBP.
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&3} glutathiono] EZE7 % e}, 1445} 24 FEHALE

AW Al 713 & AL 3fe e zheln] F2
ZHZE Wel]l st B EAY 2 93 Heeie)
174 A A8k dubHe® cytochrome P450 (CYP)
off ofgh Aksh tiAlRREl] 23] douie ojEldl CYPE
A2} Dzl sl Aglsle] M X715l WIS 71
£ e A HAAE eV E g CcYp)
s A" AHAAL WA= microsomal epoxide
hydrolase (mEH)l| 2Js] wlAd=7] 4% dihydrodiols® i
E3E e = o] A 2 AF AR A el Fedsle o)
FA 9l FEFHALREAQ] glutathione S-transferase (GST)ol|
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A Abolo] 2FRE Ahd del]l AA wusia ghom o]
Zge] A2 YA Aol o3t A sle} 53} Alo)e)
THo| o] FeiXIet, 3t o)A FEe] A Bolxq) BA
¥t ohz} Wi = AR Q) 9L s Yok (Murray
et al, 1988; de Waziers ef al, 1990, Anttila et al, 1992).
ol AR 7HE 717k Fol7) witell Aol A o)
ARl FAE ClSs] 13 A 5B ¥dlE YzEw
AUt 53] dejddsol(cynomolgus monkey = crab-
eating monkey; Macaca fascicularis)® PFRAI$140) (marmoset;
Callithrix jacchusy} Qer¥ o2 gho] AT o}, Akt
I Yo7t Sk AT (A, Primates)s 59 AF
ol el FY5e] oFF, Anthropoidea)e} 3153441
LA RAgel AAI-ASolobE, Prosimii)® VHrol R Fdg
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o]= oA} 5ole) F919 (Man-like Apes)® Vo]t
pololl= 27l7 )95 )oK (Cebidae), WAl 7K Callitrichidea),
71 312] 9940 3K (Cercopithecidae) So] 2T F2loll= AA
o] 3} Pongidae)2h 71141yl batidae), A1} Hominicae)
%°] st mpEAlE mpa Al wER AL (Callithrix)ol] $53H=
Hgolo] 31 Hejmdgole 71 me]dgo] o}k (Cercopithecinae)
o] a4 Macacapl] S8k Agololth & AP A
gt YGgol= Heladss| 9} o] vl &3l sl
¢l dBe]4o|(Japanese monkey == Japanese macaque;
Macaca fascata)®} 3]"Z2}okd 5| (thesus monkey %=+
thesus macaque; Macaca mulatta)°]©t. ] U5l &
o] 83 FETALEA A S AR deja 5ol
7t microsomeel| A} hydroxylation, O-dealkylation, N-
dealkylation 5-2] CYPel] 2]t QJubdel oFEcjapikgo] 3
=g}, Pejwdgeld] CYPIA, CYP2A &= CYP2B,
CYP2C, CYP3A 52| ©wjzle] 2zl &4 Azt
v]:5bs AROD 4R St Al A E9} T u|&s)
v} AROD #4e] Hz14¢]l MEPB profile2 AlgHcl=
PE9} v wlssletn dch(Richard er al., 1994). v}2A
AzololME= CYP2D199} CYP3A21E Hejgd & sldle
d, zt2-e Akl CYP2D6, CYP3A4S} 90% S3tx
3A219] 72 el slgele] 3A8el Wls] FUAe] 3%
vront s ARIFEERE U4l 11-23% 2 AR
Yehydc} aepd mlEalelsels Al v|d AR APSE
Abele} F2t Aol YA A o 4 93l Th(garashi
et al., 1997).

Phthalate= Eek~E9] 7k4A 2 AMHE A2 W]
A ol EAR A= E4-E diethyl hexyl phthalate
(DEHP T+ DOP), di-n-butyl phthalate (DBP), butylbenzyl
phthalate (BBP), di-ethyl phthalate (DEP), adipate A%<
di-ethyl hexyl adipate (DEHA) 52| °F 10 ¢{Fo| 2ot
Bisphenol A= AF# §21¢] FARZ AMEE FePpkE
dlo|E Zajaula) F4A1ES TR d o[ £5E «lF4]
A2 Aol AN X3 2] gl ARSI FE FIA
ol = E3t=lo} gl Wi-2ulA] wehEA |}

F Aol 7o 5ol olate] uppigel £3h= o
B 40| (Japanese monkey 3 Japanese macaque)?} 3]
walolsd 4 o) (thesus monkey =5 rhesus macaque)E A
3lo], ol 717 Aol FEHALELRA] CYPIAL,
GSTa, GSTy, GSTr 9] mRNA W AES 944} o
5 IS (RT-PCR)E F3be] oot gt A=Al
CYPIAL f=A]e] 3-methylcholanthrene} V20]A] aghHsE-
Ze) di-n-butyl phthalate7} o]el] B]x]= 938FS- eolr )},

AE e U
ygsE
Q2 TE el Agole] WF 2AS ok ¥

of AR fpole] FR: YEsd%ol(Japanese monkey
= Japanese macaque; Macaca fascata)st S|delords
o} (thesus monkey 3= rhesus macaque; Macaca mulatta)©)

o

el= o bl

AR FE o] gaF AFANEA FEHXE 5]
o ANZ AlFgkel. A2 ofu] JEYSo|2HE 71
7o) AL AP FAA] ol GRYg], T4
Aol 9B d40]  3-methylchoanthrene MC)YE 2|8t
ojn] dHelgo)e} ol UEL140], di-n-butyl phthalate
(DBPYE AA|3t ofu] JEdgele} glo} YEsd5o], DBP
Z A3 ofu] s|UzloldFol9} vlo} FduElefdgel,
Bisphenol A (BPAYS XA|3t eje} YEAFo]| 2B 7L,
27, ¥ 22 Atk 53] "ol Agold] o XA
E 165¢ F 1459412 elo} Asolel] dsixleh. 3MC=
10mg/Keg®l ¥ X8, DBP: 1gKge ¥EZ, BPA:
500 mg/Kg2] =2 Foi=|gle).

ZE|0flMQ| total RNA £2|

%A 02g9] TRIzol reagent 25mlE 7}3 F o] &
homogenizers- AME3le] BHAI7] F Akl 5E7F nt
7. B Ao CHCLE 0.5ml (TRIzol reagent 2.5 ml
HE 7k F 152 B2t 78l vortexingdhaz, Ak2ell of
Al 3R ARG 4°CeHA 1582 11,000 g2 AAE
g3 F, a3 S FHskdd 3 Y 449
CHCL:E 718t ¥ 7351 vortexingdte] FE31aL A 423
Q AFES FHe 59 439 27FE- isopropyl alcohols
7VSEAL 9] - ol ESo] Aol ok Akeel] 2027} v}
SA)FI 4°CellA 10-87F 11,000 g2 PA1Ee]sle] RNA
pelletE A3le}t. ©}& isopropyl alcohol®} FY3H £-49]
75% ethanol® M3 3 ¥ vortexingd}il 4°Col|lA] 5%-
7,500 g2 YAlEelslet. o] AARAL 23] HkEg
12 RNA pelletS speed vacs o]&3}e] geWtor W=l
= AHvrere] 0.1% DEPC &8¢ 9del. 55~60°Cell
1057 9AA7) 5 260 nme] el M FREZ S35
o) Ao FEE T3 260 nmell Ao Fg=e}
280 nmel| A 2] FF=o| v]-&S A4Sl ODyy/ODyg¢l
1.65 ©]AFal A& RT-PCRoI| AR&-31sict.
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ATAMAYSZHIS(RT-PCR)

F-2]3} total RNA2] 3 pgell swdsl= ol 0.1% DEPC
445 7HiA 105 p7F 7 3 B, 37]el random
primer 0.1 ug& 23 70°CollA] 1087 vFSAI7] ¥ I
oM F<43] YA o17]e] 1mM dNTPs 1ul, 100
mM DTT 2ul, 5x first strand buffer [250 mM Tris-HCI
(PH 8.0), 375mM KCL, 15mM MgCl] 4ul$} M-MLV
(Moloney Murine Leukemia Virus) Reverse Transcriptase
200 units, RNasin 20 unitsZ- v}, 23°CollA 1087 v
AA7)13L 37°CoAA 1 AIZE BEEAIZL F, 95°CellA] 1087F
713t W5 FHAZ . RT product 1plell forward
primer®} rteverse primers 77t 10 pmol® €I 10x
reaction buffer 1pl, 25mM MgClL, 1ul, 25 mM
dNTPs 0.5 pl, Taq polymerase 0.5 units& 7}8} Akz} %
T2 AAFe] 10ue] HAAG Fo HFe] 271ez
Minicyler(MJ researchyell 4] B&-A| 7w}

PCR ¥h$-2] Z3= ethidium bromide®. 9343} 1.5~2%
agarose gelAtollA A7} odFsle] #elstH I image
analyzerS ARE-ste] Al el ok& AwFslold)

Competitive PCR

PCR tubeel RT product 1u¢} YA %¥E9 DNA
competitor 1 W ¥-2 % 10ul PCRY 5] AlekE ¢
I ARl 10wt H2F AR} SR 718kl Wk
Zo}. Ethidium bromide2 ¥ 2% agarose gelitol|A]
7] 9353 F image analyzer2 §-43le] RT product 1
ul (320 pg total RNAyl EFEe] ¢l 54 mRNAS]
copy T2 AA3I%HAH.

4 3

3MCe2} DBP7F ®l=0] Zte] CYPTAT mRNA &
0|xlz At

St wERE kel A3l CYPIAL frxAiel
3-methylcholanthrene (3MC)2} 7}AAIZ Blo] 2ol Ul
¥] Aol EA Zo] 3h]) di-n-butyl phthalate (DBPY} 9
o] 7ke] oFE wA} Bl WX I3RS obRr] 3]
AR d& Yo, IMC-HA] Y& Y], DBP-AA| &
Ege], DBP-AA] 3]detof Y5019 zhef|A9] CYP1AL
mRNA 83 =2 RTLPCRE Ak Rolc), Zzke. oAilsl
Soleh YAl 2 Aol Wl AEE nlmslg] o,
ofu] 5ol 2} Hlo} £ Tol«l HHA T st A
2} CYPIAl primer® %] 7k RT products: 554
Z1 F 1.5% agarose geloll H7|%35A]A 460 bps?] PCR

Akl

product® 4% = UshFig. 1). o[Z& image analyzers
AMSsl AT 153 bps®] actin 22 HAZ F T
A3l Agelel 7S 71E(100%) 02 FabsldvhFig. 1). 3
Ab A3, 9418 U5 0]9] CYPIAlI mRNA A==
68%2. HAEA] & Al Hgolrel WA vehyidh
3MCell sl Palgh Age)e) CYPIAI mRNA &A=
 933%2 A F7F19.2m DBP 2fsiAe d4lsiA|
2 Aol 299%, YAIEE 5ol 788%E A F7)
3lodch. DBPE X235t s|gelef Aol 127%2 8
So|Hope AgARE FA12] Al Aol ioke 25 )
vebstet. glol d5e]2] Aol Al g Al
#el CYPIAl mRNA WA X7} v Jepdra 733
B4 efote} DBP-X2] 3|delodge] o] eofolA]
£ mRNAZ} vFehtA] olke(Fig. 2). 28vh 3MCE A4
g efo} {5l 1023%2. ofv] o] WEe] IS B
%3 DBPE AA|gt YB50]9) 7-foll ofu] Yol
Hlsi A vl9- =R 109%E Vel

3MC2} DBP7} ¥=0| Zte| GST mRNA W&iof| O|x[=
A&

H3H) uEkE SjkEelm Al SFEALEA A
¢l 3-methylcholanthrene 3MC)} 7}AA| 2 wo] %oju]
B Aol EA Fo) shjel di-n-butyl phthalate (DBPy7}
Aol k] oFE WAl Fdel w|A| oJekE dotRy] $
8 A2 dE o], SMCHA| Y& d5o], DBP-AX]
dElzol, DBP-AR| 3|™etel YUgole] 7loMe] GST
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Fig. 1. The relative levels of CYPIAl mRNA in adult mon-
key liver after the treatment of 3MC and DBP: Each data
of CYPIAl mRNA level was normalized with B-actin mRNA
level. Data are means+SD; control Japanses monkey(Mff) mother
(Ctul-M); control Mft adult (Ctrl-A); 3MC treated Mff mother
(BMC-M); DBP treated MIff adult (DBP-A); DBP treated
Mff mother (DBP-M); DBP treated rhesus monkey (Mm)
mother (DBP-Mm); control Mff fetus (Ctl-F); 3MC treated
MIf fetus (B3MC-F); DBP treated Mff fetus (DBP-F); DBP
treated Mm fetus (DBP-Fm)
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Fig. 2. The relative levels of CYPIAl mRNA in fetal mon-
key liver after the treatment of 3MC and DBP: Each data
of CYPIAl mRNA level was normalized with -actin
mRNA level. Data are means+SD; control Japanses mon-
key(Mff) mother (Ctrl-M); control Mff adult (Ctrl-A); 3MC
treated MIff mother (3MC-M); DBP treated Mff adult
(DBP-A); DBP treated Mff mother (DBP-M); DBP treated
rhesus monkey (Mm) mother (DBP-Mm); control Mff fetus
(Ctrl-F); 3MC treated M fetus (3MC-F); DBP treated MIff
fetus (DBP-F); DBP treated Mm fetus (DBP-Fm).

mRNA WEAHEE REPCRZ A EgIch 72k dalgt
Apolob PAIEA] b2 5ol W A=E v w3l
o, o] Hgole} ejo} Aol WHAAERE v}
Aol 719] RT producrE AFEe] GSTa, GSTw, GSTrS]
Z}zte) primer® FEA|713L 1.8% agarose gelol] A1719354]
71 A3} 227bps®] GSTo, 468 bpse] GSTu, 245 bps]
GSTr PCR productZ €& 4 Ut 245 image
analyzer® A3t 8} actin FOF. g F FAHA| A
ol f5ole] e S 7IF(100%)2 SIS (Fig.
3), GSTo2] mRNA % A== FA=| Al dgold
A 86%, 3IMC-H =] 4A1gt dgoldlAl 59%, DBP-A3|
Aol d%o]olAl 1129, DBP-H A P13 A5o]of A
38%, DBP-*%] 9413t 3 delefdsololl M 34%E e}
wie}. olgb 2ol Al f1%e]®] GSTo mRNAS| WA
L alaia] k2 o)z} AR Yol Bl A Vet
o glo} o)) Aol FAHA eo} gl 53%,
3MC-3% glo} <0]i= 70%, DBP-4%] efo} Ygol=
80%, DBP-#%| s|delof 5ol 117%2 3MC} DBP
Z x5t go} U4o]2] GSTo mRNA LA =7} FA ]
glo} dgole] YA R T2 H o= Vel (Fig. 4).
GSTpe] mRNA & HEE FA2] galst dgoldlA
114%, 3MC-X%] dAlg: HgolollA 63%, DBP-AA] A<l
Aol A 125%, DBP-A % 418 dgololA 53%,
DBP-A%] 9JAlgt s]detoldgelo s 60%2 “elsttt.
Yalgt Ygelgks vlwsjRe 3MCH DBP A3l 2|3
GSTu mRNAS] WA 57} F4%] 5o ie} v viehst
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Fig. 3. The relative levels of GST mRNA in adult mon-
key liver after the treatment of 3MC and DBP: Each data
of GST mRNA level was normalized with B-actin mRNA level.
Data are means+SD; control Japanses monkey(Mff) mother (Ctrl-
M); control MIf adult (Ctrl-A); 3MC treated MIf mother
(3MC-M); DBP treated Mff adult (DBP-A); DBP treated
Mff mother (DBP-M); DBP treated rhesus monkey (Mmy)
mother (DBP-Mm); control Mff fetus (Ctrl-F); 3MC treated
Mff fetus (BMC-F); DBP treated Mff fetus (DBP-F); DBP
treated Mm fetus (DBP-Fm)
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Fig. 4. The relative levels of GST mRNA in fetal monkey
liver after the treatment of 3MC and DBP: Each data of
GST mRNA level was normalized with B-actin mRNA level.
Data are means+SD; control Japanses monkey(Mff) mother (Ctrl-
M); control MIff adult (Ctrl-A); 3MC treated MIT mother
(3MC-M); DBP treated Mff adult (DBP-A); DBP treated
Mff mother (DBP-M); DBP treated rhesus monkey (Mm)
mother (DBP-Mm); control Mff fetus (Ctrl-F); 3MC treated
Mff fetus (3MC-F); DBP treated Mff fetus (DBP-F); DBP
treated Mm fetus (DBP-Fm).

o}. glo} U4ol2] GSTu mRNAS] WHAHEE w]ws]Ry
T2 efo} gl 85%, IMC-H X Elo} 5ol
76%, DBP-X*] Efo} f14>0]= 82%, DBP-**| 3]de}of
dgol= 86%2 v]2g WIAEES Wk GSTrno
mRNA L3EA 5= 7315 4A1st Hgelollr 67%, 3MC-
=) Qa8 Qd<ololl A 71%, DBP-3A] Al fgolelA



Ago] 7F AR A 4} d3le]] vlX= 3-methylcholanthrene 33k 77

111%, DBP-A#] g4lst UgolollA 91%, DBP-H| 4l
gk st golol M 112%2 YAlst Usol7eRt =
= dAEA 4 A5ol7Eukg v ES|EH GSTrn
mRNAS| LA =7} i 718 A o2 vepget glo}
Azole] AlE FHA] glo} Ul 91%, IMCHA|
go} 950l 122%, DBP-A A gleo} 5ol 106%,
DBP-*#] 3|delof 50| 125%% 3MCS DBP Aol
oJaA ofzke] F71E Hodth
I #

Aol AREIAY dirle} BAS 53] S8t HAs)
FEEAE AAEA . 5ol F A=Akl A A
ol 713k who] ARSEE Ugel, B Al AR 4B
40| (Japanese monkey)-+ &ldeloFd4o] (thesus monkey)e}
7o) mlz}del| &3 = He]Ud% o] (cynomolgus monkey)
o} D9 150)2) CYPIAL ofu|xeAl Ade Akt 94
% U3, CYPIA29] 79 93% FY3-H(Komori et
al., 1992; Sakuma et al., 1998). Be]AL¥%5o]9] 7+ microsome
|41, B-Naphtho flavone (B-NF) A=]el] 2J5] CYPIA12)
DA FESA e o] AEHE o] FE5TL arylhydro-
carbon hydroxylase (AHH)Z ¥ %l  benzopyrene 3-
hydroxylation?] o] =5 722 CYPIAl &3
Eholalg T B-NFoll caffein®] N3-demethylationo] S7}sl=
7SR CYPIA2Y] =X ElEl. B-NFl ¢ Fe
HAfdgololA= CYPIAIF CYPIAZF 2% BA3] 54
“H= Zlo] MROD$} EROD®| 371 BallM= #aA=gE
g, o]RellE Fol WE zo]E Holth HYEAME
CYPIAle] CYPIA2¢] ®]3] EROD &AJe] =3l E7]oj|A
= CYPIA27} EROD &Ao] & ubdd, ul$2ea]:
CYP1AIF} CYPIAZZ} ¥l5=8E A4S Mol 7oz o4y
A e}, = YEME CYPIALS $41322 ERODY)
2R3l CYP1A2E MRODe)| #4422 =45l wpbd
Abgto|u} mh$-~o)| A= CYP1A27} ERODS} MRODe| 7
2 £57 2ARgdltl= B} 9lglvkBullock er al., 1995).
oubg e 2 MROD$} ERODS] #4-& 3MC-+ TCDDS-2]
o3l BheRE EehEel 9] =A Frketa, PRODSF
BROD= phenobarbital (PBYl] 2] F7}3i22 MROD2}
EROD®] #4& CYP1A° &8 Zv=T PROD2} BROD
o] g4-2 CYP2Bel 8] Ewidckar A= 9lvt. 13
o e e 40 U5olel mlRAlAS oM
2 A Bl Xt Jsivh Algeldt AdXFelA
CYPIA1Y] #Ado)| Ael™ ez Jeh}= AHH’} CYPIAL
o ofsf B R ZwiEA] ¢k3l, PB7} PRODE- 5714

717 ¢kem TCDD7} PROD} BRODS] 48 Z71AZ1
o= Aol 1@} TCDD7} PRODY BRODS] 48
fre=she A2 B-NFE AX)3 BejgdsoldME veptn
A A= CYP1ALS] PROD®] #4& Eijd 4= gl
B3% 9leickThomas et al, 1996; Bullock et al, 1995;
Richard et al., 1994). F-A 2] v}RAA50]9] ZloA =
CYPIAZ= 7%=} CYPIALE 7A&9A] ow TCDD
XAl eME & o =) o7 el 5ol
7l Al CYPIAIZ CYPIAYZ} EA)81A] b= 7}
£ ©=24 TCDDe| =¥+ Zae 2k CYPIALY] 7
+ AFEe] 7} microsomedt| M shiAE HEEA] 9kor}
RT-PCRE AH4-3] mRNAE HAEE 4 v g
(Thomas et al., 1996). 2 Aglel|A dELlso[e} s|Helo}
Agolo| 2 RFPCRE o] &3t EAH<Q CYPIAL
mRNAZ Z&3 $ it FEAAS 8hx) e dBY
Fo|2] ZlellA F%3) total RNA 3/20 ugel RT product=
oF 5x10* copies®] competitorell d|%3h= CYPIAIS £
kAt sz 3MC A Aol 2lsf 109 o) fr=ws A
galgh 4= Qlsich. = Halgt dgole] ZhelMe] CYPIAL
mRNA &A= YAlER] o2 dgelin} 2] vepst e
o, g} 9<e]o] CYPIA1 mRNA A EE Aol U4
oo WHAES 10% °l3tel A2 viedtel. a3y
3MC A" eo} fl5ole] CYPIAI mRNA WA %=
3MC A" ofv|tE 71t DBPT CYPIAL
mRNA®| Wa-& Z7A 70k 2 gAlgh Aol d2sds
ol o] WEfrEr YalehA] b A9l dRUsol Bt
A epom, sdeloldgeldre] feA =t vl 2
stch. eopdSeolol A= DBPe| 93} CYPIAl mRNAZ}
FEERA fred Axs MO o3 fEE AR
10% 235w dlof 3getel fgelolriE= DBP A4
2]s] CYPIAI mRNA #3o] f=57] gste}. o2} o]
Aol AFoldME 3MC Ertehe), 22 A Eelx| gt
DBP]| 2J8IM= CYPIAI mRNAS] *L&o] S7lsl= A2
2 Jehdoh A2 TCDDS} 7Asle] ARRTY ZHgst 4=
bl 738l CYPIAI f7a7ke] HE S B3 7)=
2 =e] HFHT gle], & 4A3AE A5 T
HE X gleh. 1 <&, CYPIAl FrEEA o] w)$ <3t
ARR 27t=e]7 v Aol AhRS 73 4 3le )
2 AR Aol AZEIL 9o RARs A3AE AR
tyrosine kinase ¥4d3fe} 722 & A3AG HZE F
A S Jehd % gloka AzbE a1 9loh(Delescluse er
al., 2000).

Ak, fAgel, el ZHEE 1R wloksle] FEAR
3MC, PB, oltipraz, 1,2-dithiol-3-thione2- X123} ZAI}S
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B PB9} oltipraz |0l 2]sl Al Agolgl A mF
AA, BE AAA WHAEI U1 AL ohAg
GSTor} 73 =g 3MCell Hsirds F2 Al
TR ZEoMEE GSTor} -FEE ekl e}, &, 459} 7l
oAl GSTp mRNA7} Z1&5%121} oltiprazel ofsiAet
=593 GSTn mRNAE 7He] W EollA] Hai=g] ot
3MCY 98l g3k k2] lgkele ¥317) 90sdvhde Souse
et al., 1996; Wang et al., 2000). 3§35 A, 3we}
ofdgro], miRAY o], VFHF ] JEHAEA 84S 1)
s Az} E3] glutathion peroxidase?} GSTS] ¥4
2kl Wi 2 Aol E Edt Foh(Kurata et al,
1993). AES] A¢ GSTo= GSTla, 1b, 2, 8, 10 52
oli}Z TSI GSTUE 3, 4, 6, 9 52| o}E %33}
1w GSTre= GST7, GSTe:= GST 5, 12, 13 52 o4&
E3heich JES o] &3t AAW AdAZ 3MCell 93
GSToell 438F= GSTIb®} GSTrol| £31= GST7 o}#<]
mRNA B&A =7} F7s19) o0 A 9] A A& v]s=st
AZ}Z dgdoial gokDwivedi er al., 1993; Dervel er
al., 1993; Morel et al., 1993; Langouet er al, 1995;
Sippel et al., 1996).
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