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ABSTRACT. The modification of CYP2E1 activity is of considerable interest because of its role in
the metabolic activation of a variety of toxic chemicals. In the present studies, the time-course of
changes in human CYP2E1 activities was determined after treatment with ethanol, glycerol, 4-meth-
ylpyrazole or isoniazid using intact HepG2 cells transfected by human CYP2E1. Hydroxylation of
chlorzoxazone was chosen for the measurement of CYP2E1 activity. CYP2E1 protein levels were
increased upon cultivation of cells in the presence of ethanol, glycerol, 4-methylpyrazole or iso-
niazid for 24 hr. After 24 hr cultivation, ethanol or glycerol increased CYP2E1 activities, whereas 4-
methylpyrazole or isoniazid inhibited. This different effect of the chemical inducers on CYP2E1 activi-
ties persisted to subsequent 24 hr. Competitive inhibition study suggested that 4-methylpyrazole or
isoniazid has stronger binding affinity to CYP2E1 than ethanol or glycerol. These results demon-
strate that different binding affinity of the chemical inducers to the active site of CYP2E1 plays
important role in determining real CYP2E1 activity in intact cells after treatment with the chemical
inducers. Present study would be helpful in precise understanding of human CYP2E1-mediated tox-
icity.
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of718HA] FEr) B2 AR} st FEA47F CYP2ET
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olgfgt AwAt 38 FEAlel g CYP2ET Tk
< o8] =M AR YAl Sl BuET QR
CYP2ET 89| Wigl= 43 e Z2HE 2o 4 ¥
st zhzte] dgzze wet Sv1ek 84(Song 5.
1986; Wu 5, 1990; Yang &, 1997b)2- ¥+ 74l
CYP2E1 #X(Carroccio %, 19948 JeRGITH oz st
Zpol= 719 Aofia] CYP2ET 4 23X e Hald 1)
o|AREE Al ] 7] wEels AR
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g 34 vhilEoke ZUE AN A4 E4Le 03)H
e AAE U ¢ Utk ek nelagE i
HGoM A=A AW 88 FA 7 Bl DR
o A n vivell e 88 feAeke] Al os)
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Polyclonal human anti-CYP2E1 antibodiess Cal-
biochemdl]A] FY43I¥tt. Minimal essential medium
(MEM) ¥z Life Technologies®llAl 6-hydroxy! chlor-
zoxazone(OH-CHZYe: GentestellX 748l = ¢
EE Aok Sigma ChemicalsollA 78kt

M Zoj ¥t Zojx 2]

CYP2E1S- 2¥H3l= HepG2 ME(E47 A ER= Dr. Al
Cederbaum(Mount Sinai school of Medicine, NY)i
AX AF Wt Chent Cederbaum, 1998). E47 A)
Z = AHE CYP2E1 cDNAZE A4 pCl-neo expression
vectorg, C34 AZ(ZF HepG2 AE)= pClneo
vectoritg 7R3 v} C34 M|ES}F E47 AEE 10%
fetal calf serum, 100 units/ml penicillin, 100 ug/ml strep-
tomycindg 2 mM glutamineg X3838l= MEM BiX]2
5% CO,, 37°ColA ujgslHt}t. A EEo] platesel 7<)
A = zzhe] sweo] AR} 58 FrAE sk
AAgE wiR] oA 24X 7F Bt vl gt 1 5 Al
A e A9 MEE wiAE AofE F o] g8 F=A
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plated] F&=o} e AdejelA ¥iAE AASISL incu-
bation phosphate buffered saling(PBS)&.2 wlfolE
ohe- CYP2ET &4< 24319t ©] incubation PBSell
500 uMe} CHZ & ®olFaL 37°CollA 60%%F incuba-
tion)\]Zl & ME7}F incubation PBSE F&A17] tAH]

1 OH-CHZE &3sitt. OH-CHZ Chitture} Tracy
(19974 o 2 high-performance liquid chromato-
graphy(HPLC}E AMg-ste] Ak s19ich HPLC Al2He)
Al o] ZAke. 22% acetonitrile?t 0.5% acetic acidZ
AEIRL 5L 1.2 mi/mie]iTt. Column Spherisorb
ODS column(128X4 mm, 5um)}E ARSI OH-
CHZ= UV detectors ARE8}] 287 nmellA] 331
3 internal standard®} standard curve® AREsie A
i A ALl DAL Lowry 5(1951)2] W
Mo 22U intact celle] CYP2E1 &4 pmol/
min/mg protein®. & FA|3}5 )

|3 z2E 245 222t CYP2E1 THYE QF ws =X
AEE PBS| FHst sonicationdt 3 10,000 gollA
1687 d4Eesls O 459e 608 <t 100,000 g
oA ZYAEY s vlo|ARZE £8& AU CYP2ET
T o] Hsle E47 MR upolazEs o] 835ty
sodium dodecyl sulfate-polyacrylamide gel-electropho-
resis(SDS-PAGEYE 433+ & polyclonal human anti-
CYP2E1 antibodies ©]&3}l4 Western blot(Towbin &,
197912 Faste] £A3Ich. Blot2 Biomax 1D soft-
ware(Kodak)}E- z+& densitometry® A3l 7 3}
3FATH

SAIXz2|

o8 AT 7] §94E oneway analysis of
variance(ANOVA)E. A3 & Newman-keuls multiple
range test(p<0.05)% 733U}

2
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CYP2E1 CHYZE kol W5}

 A¥zAsM AR S8 fFmA Azl o
CYP2ET ©iz<ke] HstE dobrr] 93], E47 AX l
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© isoniazid(2 mM}E ZHzt M2l3tal 2477 F<t wiek
5t 3 CYP2E1 &2 7FA| 22 Western blotS 380514
o} Fig. 1614 B ule} o] A Ake] 54 kDaollA AME
CYP2ET band& €<l & = At wiRlll zhzte] )8t

66 kDa

45 KDa s
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Fig. 1. Western blot analysis of microsomal CYP2E1 con-
tent from E47 cells pretreated with ethanol (100 mM), glyc-
erol (100 mM), 4-methylpyrazole (4-MP) (2 mM) or isoniazid
(2 mM) for 24 hr. Microsomes from pretreated cells were
separated and CYP2E1 proteins were analyzed using anti-
CYP2E1 antibody as described under experimental proce-
dures (C : Control; E : Ethanol; G : Glycerol, M : 4-MP; | :
Isoniazid).

EAE 2407 Bk A FEolM B CYP2ET &
Ae] F717F debgrhFig. 1). 88t FEAE X%Els}
A g& T BastS uf, 2447 F<t ethanol,
glycerol, 4MP £ isoniazid7} vjR]ol]l &3} ol A
Z¥z} oF 240%, 230%, 340%, 350% <} CYP2E1 wh¥
A & Z7He g

_1% :10

Intact E47 MZE 0|88t CYP2E1 &4 &3
A2 gek G Helo 93 CYP2E1 €4 Wsts
dolr 7] Heofl o] intact E47 A E o] &3+ CYP2E1 &
A S FaA4L Folsudr}. CHZE incubation
PBSel olFa 37°CollAl 6087t incubationAlz]l
incubation PBSSF M ¥e] OH-CHZE F&3ked HPLC
2 8438 A3} incubation PBSE2] OH-CHZY a7t
incubation AJZtat Aol Blg|ste] AR sHAl 7181
AL AlEe] OH-CHZ A& %71 AlZddol] E8ls|al o
o)t Z713kA] %UtHdata not shown). mheta] 2 Ag
o4l= incubation PBSZ #2lE= OH-CHZE ol&3}
o AL FPA
Incubation PBSell 5 uMe] diphenyleneiodonium(DPI;
cytochrome P450 reductase$} by reductase®] &AA))
(McGuire &, 1998)7} CHzZs} &4 EA316S we
CHZ2] hydroxylationo] 23] A FHAcHE4AT A,
26.4 pmol/min/mg; E47 MAXZ+DPI, 1.9 pmol/min/mg).
Cytochrome P450 reductase$} by reductase’t HepG2
AEANA FES] dsT 9o F(Patten &, 1992;
Yang . 1997b), DPI7} cytochrome P4560 reductase
9} by reductaseE AEk] 2 J3Fo = CYP2E1 cat-
alytic cyclee] Z&EstA AU ALEHT FE3E
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transfections|A] & RE HepG2 MEx CYP2E1S
WEER] gtoog CHZE C34 HX9 incubation PBS
of ¥ol& ¥ HPLCE 43 & d= OH-CHZ'F 344
2} eFstrt.

Ethanol, glycerol, 4-MP &= isoniazid X{2[0f 2|8t X}
HXol CYP2E1EA Hst

z}zko}l AR 33 F=Al Ayt E47 HEY
CYP2E1 &40l mlX= F&Fe Lotir] $18f, viA]e] z¢
Z} ethanol(100 mM), glycerol{100 mM), 4-MP(2 mM)
EE jsoniazid(2 mM}E ¥l 24A7F E9F wjokst &
CYP2E1 €4g 4319t &, 44 35 f=A] &
A stollA EA7 MEE 24X 7 1 viFg & Al by
A2 MEE HojFo] Holgle st fF=AE AAT F
CYP2E1 ¥4& =3I} Ethanol B& glycerole
2477 B9 A 3 Foll= CYP2E1 4] Z+Hzt 86%,
71% Z7F sFHtHFig. 2). whd 4-MP HE= isoniazidS
2477 B Al ¢ Foll= 1 4ol 7 52%, 48%
743t

ALstad A7) A3l W& CYP2E1 849 M3} R4
£ BEIHTH AZE 919 Zo] A7) 38 frA &
Al stollA] 24X B wiFS F AT v E o5
o] YolRl= 818 FEAE AAS & AL 3g f
TAZE EOUA B2 AMT wiRE wigsieA] Zhzt
36, 48, 72, 96A17kl CYP2E1 AL 27531 thFig.
3). Ethanol =X glycerolXzlol] €3] Z713k CYP2ET
AL 4B Fo4 e SV Ve 724
WA F7Febe A8e JeREAIT fo4dL gl
9Nl 318 AEAE A e dEzad fAk
3 2 YeRAIATE wHH4A-MP T isoniazid Aol <]
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Fig. 2. Modification of CYP2E1 activity (chlorzoxazone (CHZ)
hydroxylation) after 24 hr treatment of E£47 cells with etha-
nol, glycerol, 4-methylpyrazole (4-MP) or isoniazid in the MEM
medium. Cells are treated with ethanol (100 mM), glycerol
(100 mM), 4-MP (2 mM) or isoniazid (2mM) for a 24 hr
period. CYP2E1 activity was then measured in the incuba-
tion PBS. Values are the meantSD of 3 individual determi-
nations. Number sign #) indicates a significant difference
from the control at p<0.05.
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Fig. 3. Time course of CYP2E1 activity after 24 hr treat-
ment with ethanol, glycerol, 4-methylpyrazole (4-MP) or iso-
niazid in the MEM medium. Cells are treated with ethanol
(100 mM), glycerol (100 mM), 4-MP (2 mM) or isoniazid
(2 mM) for a 24 hr period. Then cells were washed with
fresh medium and the cell culture continued with fresh me-
dium without ethanol, glycerol, 4-MP or isoniazid. CYP2E1
activity was measured at the indicated time points (24, 36,
48, 72, 96 hr) in incubation PBS. Values are the meantSD
of 3 individual determinations. Number sign (#) indicates a
significant difference from the contro! value at p<0.05.

3 gt AL 48MTHAE Ald JAE T 72417k
o= 1 fejAdo] ARt olelst 318t f=A] 24717
Xglel|l 23 CYP2E1 E/3wish= 2477HHE 4877
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v
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PBSOl ZXA[2] CHZ hydroxylation

Ago] AMSEE 38 =49 CYP2E19] it 2lsi=
£ dwsl] 98, zrzbe] 38 fEA7} incubation
PBSol| &A3}h= AlelollA CHZ® hydroxylations &73
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Fig. 4. Inhibition of chlorzoxazone (CHZ) hydroxylation by eth-
anol, glycerol, 4-methylpyrazole (4-MP) or isoniazid. Chior-
zoxazone hydroxylation was measured in the presence of
ethano! (10 mM), glycerol (10 mM), 4-MP (0.2 mM) or iso-
niazid (0.2 mM) in incubation PBS. Values are the meanz
SD of 3 individual determinations. Number sign (#) indi-
cates a significant difference from the control at p<0.05.
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3 A2 AAES HAFA Yk oldd JAl= 4z
9] 318 f=A7} CYP2E19] &4 F9lo tis CHZzt
ZAAsEE fErts Azbdoh CHZS hydroxylation
£ ethanol(10 mM) = glycerol{(10 mMW}T incubation
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39 WFA4-MP(0.2 mM) EE  isoniazid(0.2 mM)7}
EZA W= Ztzt 92%, 86%7}F ZAENT 4MP e
isoniazid7} ethanolelv} glycerol Bt} 7323 oA & 1}
BT SH8F fmAl 24A7F MJAlo] ARE R
o] A¥< +83Pd CHZ hydroxylation 9|7} 2% 7+
Al JehA 818t Al o3 A AEE HlaLe)
7} olH 9B 2 o] AfolME ¥ W FEE AT

i

CYP2E1el j3)] tirle] 54L& fdshks o= 7
setEze] =54 f271del ek olsidle CYP2E1 &
A W3t e A3 ARE 39T} ulEb HEE
ol ofsk CYP2E1 &4 S o] Fa3ith & dTolA
= Aolle AlEE olgste Ay sEEE A F A
7+ Aol W& CYP2E1 84 HsE S48kt CHZ
£ incubation PBSe YoiFo] A Zo &) thalEA g+
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AEsh o] We AR gle AHE EE F e vt
olaRE il IS WY & 4 slo} CYP2E1 84 =
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A2E B 33 Fol CYP2E1# Af=o] AW shgt
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= AEE A3E97] d&ol AEHS cofactorgolt
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A %o ethanol glycerol B} 7l JAlE Vel
t} Hargreaves $(1994)2 o7} 3IS2AE Fo FAh
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