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2-AcHQ : 2-acetamidohydroquinone

ABT : 1-aminobenzotriazole

AMAP : N-acetyl-m-aminophenol

ANF : o -naphtoflavone

AOAP : MNacetyl-o-aminophenol

APAP : acetaminophen

APBQ : 2-acetamido-p-benzoquinone

CAR : constitutive androstane receptor

CHIP : C terminus of Hsp70-interacting protein
CHX : cycloheximide

CYP : cytochrome P450

DDEP : 3,5-Dicarboethoxy-2,6-dimethyl-4-ethyl-1,4-dihydropyridine
ERAD : endoplasmic reticulum related degradation
Gp78 : glycoprotein 78

GSH : reduced glutathione

GST : Glutathione Stransferase

LC/ESI-MS : liquid chromatography/electrospray ionization-mass spectrometry
MBI : mechanism-based inhibition

MFNT1 : mitofusin 1

NAC : MN-acetyl-L-cysteine

NAPQI : N-acetyl-p-benzoquinone imine
PAcBA : p-acetamidobenzoic acid

PKA : protein kinase A

PKC : protein kinase C

PXR : pregnane X receptor

ROS : reactive oxygen species

SD rat : sprague-dawley rat

SULT : sulfotransferase

TAO : triacetyloleandomycin

Ub : ubiquitin

UGT : UDP-glucuronosyltransferase

B-2-m : B -2-microglobulin



B1E K

—ODFFNR UKD F TICET HHIMIZ—MKAYIC 10 ~ 20 L EFDLNTEY, TOHE
M EEAC LS 2 EnE, BIRTIEDO Y 227 a5k, KT 5 Z S I3EFICEETH
%o HUE, BIR T IEOTER & L THIEREEIC T 2L AW O@mMENRE SN TEY . 1990
FERITB T D EK TH - 2R ENEE - A RNOARMEC X 2 BI%E F 1k O HFZE B
HDHHOD, RIZIZE—HHERRBRICB T 5P IEORFK E L TENLITEERMEL 5D
TW5 (Kola and Landis, 2004; Waring et al,, 2015) .

B 1L & 72 < SN EEM OB T H2MESE LT, (D WNOE SR
MR OB SIc LY, EEEEEZ R TIEE O o2 FRENME LR N & (2) : 3K
WM AEERIC E Y BREEGOMPRENE LI LB L, BHERET 513 & PR ER
FRTD, b U ITRIEEMZ RS RWVIFIEMPBREME T T2 L2 ENETF LN D,
T LRSI TEYIRH ARECBEE LTS Z e, b Mo 2 EMNRHT
777 A NVEIERICTET S 2 EREELBARBICRO TR Y SOy ERE T HH:
from ERFEBHIEOFER OB ZDOVICKESFFGLTNDEEZEZ LN,

BUfE., B FOEMRH T 7 7 A NZ2TRTLHFELLT, v VA, Ty b A XV
Wi xR Wiy 72 in vitro, in vivo RO B2 5T, FOFEEDBERHEZ D128

t ORI 7 v Y — A7 Ex e In vitro RBR, S 5IZ iv?xﬂﬂlﬂﬂ@#
b MFRIRIC ER S 7- e MTFRIRRBAE S 2 T~ 7 A2 XD In vitro, in vivo FRR )N
ENTWD, LnL, B hoRE7Te 7 74 VO TFRHIZEBWTER DL OREBRIZITFRE S
DR N ONFEET D, BIZIE, & F%ﬂﬁﬂ?%ﬁiﬂ’ﬂ%%b\f:%iﬁ%ﬂi)\ibﬁﬁﬁjf‘&;Z)
HAE AR — AN BTV DD, Z O3 GHTEERIE PRI L RERH O & iz 20s
Kﬁ&bfn<tw\Hﬁ#%@ﬁ%@@%@l&%%zé&\i%ﬁ@%%&ﬁ%mﬁ
IR L TNV WATREMEDY 3 5 (Gémez-Lechén et al, 2010) . £7-. b MAFHIREAL S 2
T~ RIS L DEEKLOENENE T A =X 2B\ T b & BRERMEZRT Z & 03H
HINTWDLN, BET L~V ANFROZEICLY . —#ZOMEZAN LILEWRF
fEL T % (Sanoh etal,2015) . 2D X HIZ, 5EEEICE NOIEMRH T v 7 7 A L% T
THZEITH L, kxR 7 7 —F2HWTEDO RO Z D L 5 LA TWD

AT, BERTEMEA SIZ b 2 ISR T 2R R & LT, Ml ToEic e Sunis
(=W R] BB SN TN D, 2O =ZRITHEFERIIAEENOITIEOIRREIZFE B LT
B0, HMEEEAEET D Z & TERNOMIM I 2= —va v EELE T3>
A REEER] ALV T 7 X =AW TEBRARBRSE S Z LT, #x TR
~HREI RS AT 5 Z L ICE R Y Tl TGRSR R ENBRIN, WEROHE
TAE R L L CRMISRICHEISFEETH D Z EnHE SN TS (Dash et al, 2009;



Meng, 2010) . %#FEETIEX, 7> MIRIFHRO 2 7 =0 4 REERRE AW 1T
STEYF 1AM TH D cytochrome P450 (CYP) 0% I FHEEM LS T H
% UDP-glucuronosyltransferase (UGT), sulfotransferase (SULT) o B2 #iRIZ £ 9
mRNA HHEZ P L TV D, ZOfEH. CYP3A1/23, UGT1AL, 2B1, SULT1A1 (3#FfE
ATORFM D mRNA JEBLE % @\ K HECHERF L TUh7z (Sanoh et al, 2014) . £7-, &
FE S ORBHEMEAITAE 5 BRI W TS BUSHERE A RK CHEEZ R+ 2 &2
55 acetaminophen (APAP) # W CRHIiA[EETH D Z 0PI AX I VHETH D
loratadine 7% CYP (2 &L A {EHTEMAL 251 C desloratadine Z/Epk L, 3 SEAIFHIE
MY VRERELMFEND Y VIEEOREEMAISEZ T2 2RIcHELTVD
(Sanoh et al, 2014; Takagi et al., 2016) ,

CYP 77 IV —FEFELORFIIKRESBALE L TV L EMEHERTHY, £OHFTH
CYP3A 777 I U —|L CYP TR#INDEHEMOPFT TROFGDREND L ARE
EN T3 (Zangar and Schwab, 2013; Cerny, 2016) , =D 7=, Jeilk L= Y BAE
HOBLUED G EIRMEMEAE D CYP3A {EMEIC KT T AL 5 Z LIFHEETH D,
CYP3A OFEBIHIHA =X L& LT, FENZEETH D pregnane X receptor (PXR) <°
constitutive androstane receptor (CAR) 2MEEMIZ X - TR AL & h, 5 2{EE L, B
FHET LN ARICI BN TWS, ZOREHFE LT, SIAEMETH S rifampicin
X PXR L EBFES L. CYP3A4 OEREZTEMALT 5 2 & (Luo et al, 2002) °HTTAD
AHETH % phenobarbital 1% FEEERFZB/ES 720452 & T CAR %[
BERICTEPEL L, CYP3A4 DIRG 2T 2 2 L3l S Tuvd (Mutoh et al, 2013)
F7-. b FNHCATHIGIZ B W TR ) e i R E R 2 RE L & 2 A, CYP3A4 |3 mRNA
B L EERINEIC BRI BERRE AT D Z EBRHL M E /> TS (Richert et al,
2009) , L2rL., ZORMGLRHEEBEEEANIIELED DV ONEFEET D,
1-aminobenzotriazole (ABT) IZfti#i#28 CYP 7 7 2 U —NRNEGA T 5~ LERIT AR A1

WSS L CEERIEEZLET 52— T.CAR DiF(b %/ LT CYP3A4, 2B6 D5 %1
T2 ENRMEINTWD (Yang et al, 2010) . £7-. o -naphtoflavone (ANF) (3 2
7Y —AIBNT CYP3A4 ¥ XU EET AT Y v 7 IZHifi+ 25 2 & T, CYP3A4
DOEEORFERET D 2 EnHESI N TS (Davydov et al,, 2013)

APAP [T~ 7 R {ZHB W T CYP3A1l mRNA ¥ EZET LA SE5HDD, CAR /v
JT U R TRCEBWTIEE LA RHER I &G APAP (X CAR #41 LT
CYP3A ZE£EFHET D aREMARIB SN TV 5 (Zhang et al, 2002) , L2xL., Blo 7 v
— 7 DWFETIE~ T AIZHE W T APAP 1% CYP3A ¥ U/ 7 EREBLEIT LA S50,
CYP3A11 mRNA BHEIEL G20 E W WmELH L (Wolf et al, 20056) , 7=,
7 v MZBWT APAP (3 CYP3A 7 o/ 7 B3, MREENE LR SELWEDRH Y
(Kim et al, 2007) . 2 6DFEREHE 2D L. APAP 13 CYP3A DG A+ 572



TR, FURTEONREHIL, X—r A= "—ER 5D I L TR S LR
SHETWLHREEREZE 2 b D (Fig.1-1) , LivL, CYP3A % > /37 B D5 fRIHNIC L v
EERTEIED ERZFI SR ZTIEAHOREFITIE LA ERL, ZOA I =X LIRERHT
b5,

Rifampicin

Enzyme activity

Control

MRNA expression

Fig. 1-1 Correlation between enzyme activity and mRNA expression of
CYP3A4 under exposure to several chemical compounds

(Conceptional figure)

EERND S RV EOERSRERI T2 X T 77T V=A% LiFA— 77
T=RTHDIENGIOTND, BiIETIE2ERF > (Ub) LHEND 0 7T
YRR El (2 EX T UEMALEER) . B2 (BT UEARER) BX O ES (2b%
F V) A—8) OEFGRREEREICC K VER S X7 BICEEEMSME %, e T
TY—AEEND e OBBELASKRICETN, BRORSMIITOND
(Cohen-Kaplan et al, 2016) , —J. #%&ITHRIER L LT, MRERSZY VY —
L THIRT DD ORI TH 5, A— 77 U—IF 3 I TRy, (D: <7
RA— 77— (A= 77TV = ARHBERE 225 F B OMIRE RS 2 PAVIAZ D
VY=L ERERT DI ETHIET D) Q) v R HEEA— R T V= (U Sm
B R ERERICEE R ) Y Y —MIEE | BRT D) @) ivA /et - T 7 U—

(VY Y—LBHIB G FREONIRMREY NIV EE 0BT 5) PIEFEMET D
(Cohen-Kaplan et al, 2016) , E6H 5O fER BINBN DDA b L A AR RS 25 1
o2 NI EDORRICRELSEELTEY , MlBAOEF M2 IR DOT- DI LR TH
% (Vilchez et al, 2014) .

CYP3A % 1 mIEEBM O/NMafkEE > X7 ETh Y, AR TICEKITS7 v b



CYP3A @ ¥:#iE 10 h #iE TH 2 Z L NP L NI S TV (Shiraki and
Guengerich, 1984; Watkins et al, 1986; Correia, 1991) , F£7-. AFZEHSM T L 0%k
A P L AL DG EZ T TREBOW FIZB N T X T 7 a7 T Y — AR THMRES
s Z & (Faouzi et al, 2007) . D fEICH< E3 biffFftish TETHY (Kim
et al, 2010) . SRR T DAL LD LFOHLMNITR>TE TN D,

BEAF O TlX CYP3A DAL FWEIC L AERTFHEA =X LI LT, BEEHEIC X
HEENKY 2 EDH TS, LivL, APAP 78 CYP3A X VXV EDH — o F—\—%iF
OHETWARREMERH D Z b, FHHIL APAP I3 CYP3A ORIz ¥ X7 BT
ER 2 2 & CHEREED EREZJIERILTWE EWIERMES T, Z O FEY
IR, TNETITHMONTWOIEBERFE L ITRRIBLEANLO®RE L2 BFD
mRNA REHED B LITRR 8 L WBEEOEDRMEEERORH L 20155 2 L 15
Z b5, Lo, HEEZ O T CYP3A & 37 BB BT L ERICHER S
W7z, APAP 3 CYP3A ¥ U X7 I KIFT B EZ N+ 52 L3 Ly, £2 T,
CYP3A1/23 mRNA REEZLEMIHERFT 52 ENAETH L 7 v MIRITFHIIA 7 =
mA N2 APAP #IRE L. # U NV EGRRICERZ S TT, CYP3A # R 58 I
AEBEEZTAD =R 20HEZRE L (Fig.1-2) .

. ATP

Proteasome : APAP

Fig. 1-2 Hypothesized mechanism of CYP3A induction by APAP



B2 E M7 zaA FiZBIiT5 CYP3A REEIAM

b MZiX 4 ffEO CYP3A 777 X U — (CYP3A4, 3A5, 3A7, 3A43) 2%BLL TV
%, ZOHTH CYP3A4 [THFIBICEB N TR B EZSHBELL TWLHFHETH Y | EHELDOR
FHIRE BB LTS Z R & Tuwsd (Martignoni et al., 2006)

7y FOMFBIZH B b ERIERIC 4 FEEOEE/: CYP3A 77 7 X U — (CYP3A1/23,
3A2, 3A9, 3A18) NHILL TWVHA, ZiLHOHIZITHBLEITIEESCH f’éﬁxﬁkb L BEN
NH Dy FRENFET H 2 ENREIN TS (Mahnke et al, 1997) . #lz1X. CYP3A2
IR L 7o R R A ITR B L, ME TR ié:%ut%’véfﬁbm\m\ &> CYP3A18 (3
BOWTEENE W & (Robertson et al, 1998) . & 512 CYP3A9 138 EEPE OHEITIZ L
WZEDORBUT LR L, AW Tl 3 1L Y %%’v‘éfﬁ%éi%w: LR ENET NS,
ZD—J7 T, CYP3A1/23 IIMEAERHEEMEITIKGF LRV FRITH D Z PRI NTEY,
APAP (2T 2 8AMERN B WEETH D Z LD (Patten et al, 1993) . AHFZFE TIX
CYP3A1/23 (2% H LT,

WAFFEE CTIET v MU A 7 = v A RIZBIT D4 72 a2 © mRNA %
HEZFMM L TEX=0, XU X EREEIIRIZICGHEL Ty, F2 T, AETIIAT
MmA 7 x4 RizBiF2d CYP3A 777 U —D mRNA BLXOX U 7 EREE%
S L 7=,



W2 A7 xzuA FICBITS CYP3A1/23 # 1 /=7 B3 & O

A7 xnA KEE#% n[REIC T 5 Elplasia™ (Kuraray Co., Ltd.) EREENDE:% T L —
AT T EESOREMET v R D HEE L 7T 2 RE R L7z, 3538 5 A B IICHlaE 423
BEL TR LIZA7 a4 K% RIPAbuffer (ZXV[EIRL., D% 7 HEE 9 H
HIZEBWTHIRERIZIRN L7=, Western blotting (24 ¥ CYP3A1/23 # >\ E Bl &%
L7 ZA, §538 5 HEMD 9 HBEIZBWTH U R ERBLEITHERF SN TR,
mRNA FHL & & FEROF R G b7z (Fig. 2-1) .

Culture days
5 7 9

A S CYP3A1/23

S - a— GAPDH

1

day 5 day 7 day9

-
- N

o
(]

o
N

Normalized CYP3A1/23 protein
levels (relative to day 5)
o o
N N

Fig. 2-1 CYP3A1/23 protein levels in hepatocyte spheroids during culture. Rat
hepatocyte spheroids were harvested at days 5, 7, and 9. Representative results of
CYP3A1/23 and GAPDH immunoblotting analyses of cell lysates are shown in the top
panel. GAPDH was measured as a loading control. The results of densitometric
quantification of CYP3A1/23 protein levels are shown in the bottom panel. Results are

expressed as means + S.D. (n=3 independent experiments).



% 3 fi CYP3A1/23, 3A2 DXy 7r mRNA, # o /X7 B8 &R

APAP 78 CYP3A BEBRIEVEICHEE KITT Z L 2B EICANLRIC, HEET » O
WCBWTHRHAEDOE W CYP3A1/23 & CYP3A2 OFG5#XKBTHLENH D Enk,
CYP3A2 OREBLEZFHEI L CH MENH D, £ 2T CYP3A1/23, 3A2 mRNA i &
BB L, A 7 204 RiZBiF 5 CYP3A BRI D %S % i
L7z, ZOfERE, CYP3A1/23 mRNA B EIEFE 5 HH £ TLEMITHERF L T\ =Diz
%L C., CYP3A2 mRNA #HE (X5 5 B BT 1/1000 ThH-7= (Fig. 2-24) .
7o, U XY ERBIE S RIRIC CYP3A1/23 TIFHERF ST =dlzkt LT, CYP3A2 T
IFFEAERBL TORNWT AR ENT (Fig. 2-2B) .

(A) (®) Culture days
10

§ ~-CYP3A1/23 0 1 3 5
gi 1 -#CYP3A2 S s wmms s ( CYP3A1/23
23
@
E2 S SEes SRS SR | GAPDH
£ .
©
Eg 0.01 p— CYP3A2
2

o0 + ; . . S — | D

Culture days

Fig. 2-2 Changes in CYP3A1/23 and CYP3A2 mRNA and protein levels during culture.
(A) CYP3A1/23 and CYP3A2 mRNA levels were measured by qRT-PCR analyses.
CYP3A1/23 mRNA and CYP3A2 mRNA levels were normalized to B -2-microglobulin
(B-2-m) mRNA levels. Results are expressed as means + S.D. (n=3 independent
experiments). (B) Results of CYP3A1/23, CYP3A2 and GAPDH immunoblotting

analyses of cell lysates are shown. GAPDH was measured as a loading control. (n=1).



% 4 #i CYP3A9, 3A18 DOfREFHI7: mRNA FEHLE D M

CYP3A9, 3A18 DFBIEIX 7 WEHENEZ v M ORFEIC IS W TEW S DD, CYP3A B
TEEICTFE LTV DN DD Z E0vh . £ mRNA RBHEZFIHE & R ICRRERIC
FEM L 72, EofEFR., CYP3A9 mRNA REL&IIHE 5 HHICIZEB LZ 1/200 TH Y,
CYP3A18 mRNA HHETR LZE 1/60 THoZ b ELLHL AT v A REFRRIC
BWTIEEAERB LTV AW Eranz (Fig. 2-3) &

P 10 ~-CYP3A9
S -=-CYP3A18
Lo 1
I3
Z 5
o (®]
ES  041-
Q2
oy
©
L o0.01-
| S
(]
P4

0.001 . . .

0 1 3 5

Culture days

Fig. 2-3 Changes in CYP3A9 and CYP3A18 mRNA levels during culture. CYP3A9 and
CYP3A18 mRNA levels were measured by qRT-PCR analyses. CYP3A9 mRNA and
CYP3A18 mRNA levels were normalized to 8-2-m mRNA levels. Results are expressed

as means. (n=2 independent experiments).



%05 Hi /T

ARAT zoA FREEFERIZBWT CYP3A1/23 mRNA, # LR 7 BB EITME ST
e, FnLSND 3 FFEO CYP3A 777 I U —0ORBUIT & A EHERI N1z,
HEETHilLZ X 912, CYP3A1/23 & 3A2, 3A9, 3A18 D K& 72iE W TE 3B L

THEEDORBEZ T DINENLEVNI ETHD, TOD, A7z A REERIZBW TR

EHEFFCE CWRWE R E LT, 3 oYV 777 I —Cidfiiafia == —va vk
D HHERVE AN LY < B FRBURET 25217 T Y | in vitro Ml % TIXAEKRNIC

BUIFAWERLVE L DRELZHFHRTE TV NI EREZHNRD,

PEFRLE L OFBEL CYP3A2, 3A9, 3A18 ORBIEIZET 555 L LT, #ighixza (1
ng zinc / g diet) ZHEMET » b wuﬁﬂ;ﬁﬁuiﬂ%ﬁ’\éﬁﬁ& A, BEPZICHECRBLED

E CYP3A2, 3A18 138 L, WZEEEDK CYP3A9 2N EF Lz W oMiENRH 5
Xu et al, 2001) , FEMNIMAAWEI XTNLTHY . S DRVE L DAFE, Uik, W
ICBWTEEREEZH - Tn5, flx i, EEHS X OSEM ORENEZ » MO RZ
BEABNSED & RIREE L R L TP ORRE S LVE L BAEEICE DT 5 Z L% (Root
etal,1979) | HEARZREIZE YD, MBEHOT A N AT o B3P T 52 ERHE ST
% (Xu et al, 2001) , F7-, BB LUTHEMET » b TIIRBREE L ik LT CYP3A2 mRNA
KEENHDLTHY, ERELET Y MIT A MRT oo 285325 L LTV %E
BN EHTEW#E S H 5 (Ribeiro and Lechner, 1992) . 2O OFERA I E 2 5 &
T A RATa O CYP3A2, 3A18 mRNA BELEN D Lz A =X KO ERT &
ZEZbN5b, UL, UMREETHLINOLDmXESR L TAT7 20 REEKTDHET
TANAT O N E L(ﬁEﬂm&WA%ﬁi%ﬁﬁbt# of R & Leie L T2k
R X727~ 7= (data not shown) . W zIZ. in vitro FIIEEG#E R CIIRBEIIEENH
% CYP3A 7773V H%ﬁjﬁ/l/% IETCHRBIEIET 5 Z I3 L < | in vivo 1231
B IV DRI 7 IRENE S LT D aTREMED R ST,

TN RZEICEIVEHTLDIIT A AT r DL TIERL ., RERLECVBEENRT
WHZ ML, EFRVESCER L THEEDSH S CYP3A 77 7 IV —DOFRIIHIEH O
Rt bIThILTWD, TOHT, BT v MIBWTHRERVE 20w 204 FEKE
frE7 2% & CYP3A2, 3A18 mRNA #¥EBl&lL LA 9573, CYP3A9 mRNA HHL &I b
LW Z ERBEMRTOMENET » MCRERLVE 2K 2 BT 5L CYP3A2,
3A18 mRNA OFBEMETT 5 Z ENHLMNI/>THEY (Kawai et al, 2000) | ik
RIVE THECRR R 72 CYP3A2, 3A18 ZHIHIAYICHIE L T\ D Z AR ST 5,
Flo. Ty MIBW TR R IVE OS2 — A IRETIIHEBN TH O . M TIIRiey
ThHoHZ N5 (Waxman et al, 1991) | HEVET » MZBWTHRERLVE %2 1 B G



WNCHEE LIz L 2 A, VT OIS — il S, CYP3A9 mRNA %8 &S |5
+%—7T.CYP3A18 mRNA HELEILHD T 5 Z LA LN EH TS (Robertson et
al,1998) , b MMRIFAIIZIZBI L Tid, BEA/VE VA RHGRIICIREET D &, el TREL
BREWE SN CYP3A4 @ mRNA, X /37 8GRBE, BRIEECEITERD b
MNol-bOO, BEICRZET 2L I NOE2THRARICED TS L5 (Dhir et al,
2005) . 7 v b, b MIBWTRIEEIIHEEN D 2 MW ARBEER X HEAMICREFRLVE O
DWETIT/RL, ZFORWNE =LV AELD VT T VREEZ N L THIEI STV 5 A
‘%ﬁlﬂj%z_%ﬂ%) L7ERo T AR za A REERRIZEBWNTH, ERLVES % invivo
B DM — 2 LRBRICIRET D 2 L THEDO B 5 IR EEERE OB &2 MR
52 EDFRBIZAR DG LRy,

AT THON TS HUE (Anti-CYP3A1 antibody : Merck Millipore) X CYP3A1/23 &
CYP3A2 [Tk C& 2 L STV 523, CYP3A9, 3A18 £ TIEE LI TV, i
FOHEIZEBNT CYP3A2 & CYP3A9 1 C KD X X7 EORFINEI TS Z &
ME . PURNAZZES)GT D ATHEMEDSRIE S TR Y (Aiba et al, 2003) . ARAFFET/RL T
WD RRARYIZ CYP3AL/23 ThDHZ EamndT MERH L, BEHaLFaAf FThod
FTXYV AL T E bRLT v MZBWT CYPSA OEEGEEHET 5 2 LR LTV DA,
RSN v MRIFHIIRICB W Tt CYP3A 71 Y WA LADEEE TR,
CYP3A1/23 DA EAEHET D Z L A S T2 (Hoen et al, 2000) , £ Z T, AA7
A RERRICBWTH T ¥ 2 &V o 2igigE%, [F U CYP3A1/23 #ﬁ%ﬁﬁb\f/%“/
REMER LT Z A, A UALEIZHRV N ROHERR é‘ﬂt (data not shown) ., Wz, A
ZxuA NZETDH CYP3A 777 IV —DfkFF) 7 mRNA B L Z @F%%Mi
25 & ARHFFETHO TV D HIAIT CYP3A1/23 #IE LK B T&ETWAH Z & RENT,

AKELY, KAT7 =4 FEEERIT CYP3A1/23 Z U ™7 EZ2LZERINCHI L TEBY |

B E N B R E ORI R T T BRI T 5 ECHAREERTH D Z L OVURIE
=i,

10



W 3E TENTI/) 7o CYP3A1/23 (ZRIFT &

APAP FEERICE W TR EN TV L FEGREE DO —>Th 575, WmRNCIRAS 2
CIFEEZISE T ZLBMbONTEY . ZOMFEFIIIMHIENTELTND T L
D HNIZINTWD (James et al, 2003) ., APAP I$ARNICEViAEND &, UGT X
SULT (2 kv, 77 v U BBREGRPCHBELER L 720 1T 8 A ERERIMNTHRIE S 5 28,
10 % 28 CYP O\ %217 T MN-acetyl-p-benzoquinone imine (NAPQI) & FEiEiL5
FOGHEGH & ARk 5. NAPQI 1ZAERN O TTA 7 v % F4 > (GSH) 12 & Y & s
BT, BHEOANT Y —ABERVRFEIND, WEZRRMICEY GSH s
TE< 725138 NAPQI DAERENLL b &, kx RAERNGE D T LREE L, TEMER
FH (ROS) DOFEAERH v R BOMREELZ SR T2 L Catba R 2 L@ &
N TCW% (Dahlin et al, 1984; James et al, 2003) .

NAPQI DAERIZE D 5 FEE 23R IL CYP1A2, 2E1, 3A4 TH Y (Patten et
al, 1993; Thummel et al, 1993; Chen et al,, 1998) . * D& 5 XL EHRZ AV 7= R IZ &
0. CYP2E1 BEWZ EDVRBR I TS (Hazai et al, 2002) , LrL, B hDU =z
v b CYP ZHW=5EE Tl NAPQI @ GSH fa& koA k&l CYP3A4 Tkb &
< 7po7=Z &5 (Laine et al, 2009) . CYP3A & EJSHEREHZ N L= APAP #%Mt
NFREEIC B 5 HERHEER TH D L F R D,

Frim ChRta L7z L 912, APAP [JT > HHIZH VT CYP3A 2358 T 2 Z L VRIES
NTWDHEHEDD, DA H=ANIET LA RBRRIIRIZIHE LN THRY, £ZT
ARETIEZ v MIRIFMIEA 7 = 7 14 FERRIZEWT APAP @ CYP3A1/23 1Z&IXT
WRLEETHIZLEHNE LT,
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% 2 fi APAP 7% CYP3A1/23 mRNA, ¥ /37 /E, CYP3A BERIGMEIC KIFT

WEOWEIZL Y, APAP (500 mg/kg) % 7 v MIEPENEEG- L7z Z A, CYP3A ¥~
NRIESEED R E CYP3A BRIEED EEMHER IN-2 05 (Kim et al, 2007)
ARATZ7 zvA RERARICEWT APAP 1255 CYP3A OBEHEFHELFMEL-, A7 =0
A RiZiZ CYP ORHHEMACIC X 2FFEE/HERE SN 10 mM & HERHR SN2 -
72 1 mM % 24 BjffigFE L7 (Sanoh et al, 2014) , APAP %% . mRNA i, #
VR BRI EITV, CYPSA EERTEIMEIL P450-Glo™ CYP3A4 assay % FV CTHOLEOME
P BEMI L7z,

CYP3A1/23 % > /)7 BBl EIT APAP (1, 10 mM) (2L Y EH L, CYP3A EEREIEMED
BRI ER L=, L2vL, CYP3A1/23 mRNA B ED EHITME SN2 ho 7
(Fig. 3-1) , M2 24 FRRILIATIC CYP3A1/23 mRNA R &N L5H L T\ D afRetknd %
L#ZZ2. APAP IZ X% mRNA FEEOMKIEIZ(LZFHM L2, EORFEICHE T |

HiIweER &z o7 (Fig. 3-2)

(A) (B)
APAP (mM)

ctrl 1 10

L e e | CYP3A1/23

b’l GAPDH

3 1 *

w

kK

N
1

N
*
*
*

(relative to ctrl)
a
[3,]

-

0.5 1

Normalized CYP3A activity

ctrl 1 10
APAP (mM)

N
2

(C)

N

01 mM
|10 mM

-
[3,]
-

-
i
o
©
"

g
o
L

Normalized CYP3A1/23 protein
levels(relative to ctrl)
(=]
)

o
o
>

ctrl 1 10
APAP (mM)

levels (relative to ctrl)

Normalized CYP3A1/23 mRNA
o
[N

o

ctrl APAP

Fig. 3-1 Effects of APAP on CYP3A1/23 protein levels and activity and mRNA levels. Rat
hepatocyte spheroids (day 5) were exposed to APAP (1 and 10 mM) for 24 h. (A)
Representative results of CYP3A1/23 and GAPDH immunoblotting analyses of cell
lysates are shown in the top panel. GAPDH was measured as a loading control. The
results of densitometric quantification of CYP3A1/23 protein levels are shown in the

bottom panel. Results are expressed as means + S.D. (n=3 independent experiments, * P
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< 0.05 vs. ctrl, Tukey’s test). (B) CYP3A metabolic activity was measured with
luciferin-TPA. CYP3A metabolic activity was normalized to protein levels. Results are
expressed as means + S.D. (n=3 independent experiments, *** P< 0.001 vs. ctrl, Tukey’s
test). (C) CYP3A1/23 mRNA levels were measured by qRT-PCR analyses. CYP3A1/23
mRNA levels were normalized to 3 -2-m mRNA levels. Results are expressed as means +

S.D. (n=3 independent experiments).

1.6 1 OAPAP 1 mM

1.4 4 @ APAP 10 mM

1.2 4

Normalized CYP3A1/23 mRNA
levels (relative to ctrl)
o
(o]

© o ©°
© N » O

ctrl 2 6 12 18 24

Exposure time (h)

Fig. 3-2 Effects of APAP on CYP3A1/23 mRNA levels over time. Rat hepatocyte
spheroids (day 5) were exposed to APAP (1 and 10 mM) for 2, 6, 12, 18 and 24 h before
harvesting. CYP3A1/23 mRNA levels were measured by gRT-PCR analyses and
normalized to f-2-m mRNA levels. Results are expressed as means + S.D. (n=3

independent experiments).
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¥ 3 fffi APAP 7% CYP3A1/23 % /37 BT R IT 4 2

APAP (X% CYP3A1/23 7 v/ 7 E3EE &D LA mRNA BHEITEF L TV
WZ D, APAP (X CYP3A1/23 X > 7 EO S RZMNIT 2 2 & CEFHELEZ L
TN EAGGR AN Cle, £ 2T, XU _ 7 BRFRERTH S cycloheximide (CHX) % A
7 xuA RIZEEE L, CYP3A1/23 # L X7 D L 25 i+ 2 & & i, APAP %
CHX & {fHIRE#E L. CYP3A1/23 DX — 2 A — "—Z RIETHELZ TN L=,

CYP3A1/23 I3ARA 7 = A FEERRICBWTEREBIZIBLZ 11 h Thv ., APAP (10
mM) (2 XD X AT BRI OEE N BICHR SN2 L APAP 1 CYP3A1/23
BT EDAREHI L TWD Z ENH LN E -7 (Fig. 3-3) &

CHX (10 pg/ml)
CHX (10 pg/ml) with APAP (1 mM)

0 6 12 0 6 12 (h)

T — — — w— s | CYP3A1/23

A S S S — ——  GAPDH

Owithout APAP
e ®with APAP
£ 1.2
8=
» o 1 -
g2
<L 08 -
n- it
>3 0.6
u S
g3 0.4 -
= >
©
£ 0.2
S
o
z 0

6 12
Exposure time (h)
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CHX (10 pg/ml)
CHX (10 pg/ml) with APAP (10 mM)

0 6 12 0 6 12 (h)

R — — — N — CYP3A1/23

AU e . s | GAPDH

Owithout APAP
1.8 1 il ®with APAP
1.6 -
1.4 -
1.2 -
1 -
0.8 -
0.6 -
0.4 -
0.2 -

0 T
6 12

Exposure time (h)

Normalized CYP3A1/23 protein
levels (relative to 0 h)

Fig. 3-3 Effects of APAP on CYP3A1/23 protein degradation. Rat hepatocyte spheroids
(day 5) were exposed to cycloheximide (10 pg/ml) with or without APAP (1 and 10 mM)
for 6 or 12 h before harvesting. Representative results of CYP3A1/23 and GAPDH
immunoblotting analyses of cell lysates are shown in the top panel. GAPDH was
measured as a loading control. The results of densitometric quantification of
CYP3A1/23 protein levels are shown in the bottom panel. Results are expressed as

means + S.D. (n=3 independent experiments, *P< 0.05 vs. without APAP, Tukey’s test).
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arang Paran

¥4 APAP RN XF o rur TV —ARICKITTEE
¥ 1 APAP BN a0 T 7TV — MGV R T A

APAP 78 CYP3A1/23 % L X0 BEONRIMGI I EE 2 LD, TONMHRIZKIFE
TEE LS L=, CYP3AL/23 1Z2 X F o 7 uT 7 V—LARIZLODMREND Z LD
(Faouzi et al, 2007) . 3 APAP 7’077 V—AEHICKITTHEBLZFMEL7Z, 70
TT Y= NEMET 3 FREEOEEEE 2 VT, D AS—BEEENE, - B Y U RN,

N YRR E ENENIE LT, Ry T 47 a2y br— e LT MG132 (10 pM)
Z 6 RFHIIREE L. 2 OFHMliR O S M2 MR LT,

APAP (1 mM) 1Z7' 077 YV — AEVEICHEEZ 52 720 b0 d, APAP (10 mM) T4 A
NR—VEEE AR &7 (Fig. 3-4) , LoL, MG132 & i L TZ 0RO fE
AWEb TN THD Z LG, ZORED A CYP3AL1/23 % 2 /37 B D43 RN 8 % b
ZTCNDDNETNHRY, 22 TTa 77 Y —AEEOREDIEEL L TR 2 eX%F
ALENTZZ R B OER AN LT, £ OfE, MG132 ([C X WEAFICR Y 2 %F
ka2 E@%ﬁé%ﬁ%&éhk%@@\ APAP (1,10 mM) (kW 2D X 5 7@
IR SN2 o 72 (Fig. 3-5) . ¥z 2 APAP (10 mM) (2X % CYP3A1/23 % L /87'&
DRI 7 a7 T — A%&@ﬁw BRI LR Z &R STz,
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1.2 - H caspase-like

m chymotrypsin-like
1 4 [ trypsin-like
. =
H=
:ti:
0 - r

ctrl MG132
APAP (mM)

o
]
L

o
N

Normalized proteasome activity
(relative to ctrl)
o o
N [=}]

Fig. 3-4 Effects of APAP on proteasome activity. Rat hepatocyte spheroids (day 5) were
exposed to either APAP (1 and 10 mM, 24 h) or MG132 (10 uM, 6 h) and harvested.
Proteasome activities were measured with three proteasome substrates and normalized
to protein contents. Results are expressed as means + S.D. (n=3 independent
experiments, *P< 0.05, ***P< (0.001, 1 P<0.001, " P<0.001 vs. ctrl, Tukey’s test).

APAP (mM)
ctrl 1 10 ctrl MG132

IB: Ub
Fig. 3-5 Effects of APAP on polyubiquitinated protein levels. Rat hepatocyte spheroids
(day 5) were exposed to either APAP (1 and 10 mM, 24 h) or MG132 (10 pM, 6 h) before
harvesting. Results of ubiquitin immunoblotting analyses of cell lysates are shown.
(n=1).
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% 2 IH APAP 73 CYP3A1/23 % L /X 7E DRV 2 ©FF AL RIT T 5

APAP 13X v R BEDORREN S T aT TV — AT EE RIES RN LD, Z s
’?’*%a’:’\ﬁ%‘fé B 7T THLRY 28X F UV EHOEKRIHI SN TS &5
. APAP » CYP3A1/23 % > /X7 EDRY 2 &% F AT KT B A F14M L7,
APAP (MmN 4 {ZIWD:LE FFLUOBIIIEEZRITE W00 (Fig. 3-5) .
CYP3A1/23 %ﬁwftﬂﬁl&pbk SRV TIE APAP OREKRFRIZZE DB X F 1Kl
ik sh Tz (Fig. 3-6) . Z APAP 2 k% CYP3A1/23 # o /37 B DAl
Y 2 XF ALOE utlﬁ’é NI,

APAP (mM) X 1.4 3
ctrl 1 10 IgG 2 =121
83 )
I8
[ed
IP: CYP3A1/23 & 2 081 *
IB: Ub g < 0.6 -
o=
N
22 04
IP:CYP3A1/23 £23 2|
==~ | g.cvr3a123 = .
ctrl 1 10
APAP (mM)

Fig. 3-6 Effects of APAP on ubiquitination levels of CYP3A1/23 protein. Rat hepatocyte
spheroids (day 5) were exposed to APAP (1 and 10 mM, 24 h) with MG132 (10 pM, 6 h)
before harvesting. Representative results of ubiquitin and CYP3A1/23 immunoblotting
analyses of CYP3A1/23 immunoprecipitates are shown in the left panel. The results of
densitometric quantification of CYP3A1/23-ubiquitin levels are shown in the right panel.
Results are expressed as means + S.D. (n=3 independent experiments, * P< 0.05, vs. ctrl,

Tukey’s test).
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¥ 3 I APAP 7% CYP3A1/23 @ E3 U H—FIC KIFT %

APAP 78 CYP3A1/23 # VX7 EBORY 28X F UL ZHELTNDZ NG,
CYP3A1/23 |2 XF U 2T 2552 X7 (E3 U —E8) ICRITTHELFEE LT,
Z v MMM 2 A 72 EBRICBS W TR PR TICBIT S CYP3A @ E3 U 7—
B glycoprotein 78 (gp78) & C terminus of Hsp70-interacting protein (CHIP) T® %
ZEMN shRNA 128D/ v 7 X7 OFFEL VLN >TnD Z D (Kim et al,
2010) . APAP #% gp78, CHIP (2 M IE4 584 514 L 7=,

APAP % CHIP ¥ RUERBEBEAZITEALEBLSERNBEDOD, gpT8 2BV T
10 mM [ZEWTHEILHY VN7 B BLE A D STz (Fig. 3-7) . WxIZ APAP |2
XKV 2eXxF AL ET CYP3A1/23 @ E3 UV AH—YThHD gp78 ORBEEDIK
TIZER T 2 TREVEN R STz,

(A) (B)
APAP (mM) APAP (mM)
ctrl 1 10 ctrl 1 10
— emm— gp78 S R e [ CHIP
W — ] GAPDH  |s— G \PDH

=

- N b

A
-—
1]
.

kk

(relative to ctrl)

e © 9 9
o
o
.

o M B o ©
Normalized CHIP proteinlevels

Normalized gp78 protein levels
(relative to ctrl)

ctrl 1 10 ctrl 1 10

APAP (mM) APAP (mM)
Fig. 3-7 Effects of APAP on gp78 and CHIP protein levels. Rat hepatocyte spheroids (day
5) were exposed to APAP (1 and 10 mM) for 24 h before harvesting. (A) Representative
results of gp78 and GAPDH immunoblotting analyses of cell lysates are shown in the
top panel. GAPDH was measured as a loading control. The results of densitometric
quantification of gp78 protein levels are shown in the bottom panel. Results are
expressed as means + S.D. (n=3 independent experiments, **P < 0.01 vs. ctrl, Tukey’s
test). (B) Representative results of CHIP and GAPDH immunoblotting analyses of cell
lysates are shown in the top panel. The results of densitometric quantification of CHIP
protein levels are shown in the bottom panel. Results are expressed as means + S.D.

(n=3 independent experiments).
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% 4 TH APAP 7 gp78 mRNA FEIE(Z KT

AITE T APAP (10 mM) 78 gp78 X U NV ERBEZ LV IELZLE2PALNILEZD
Enn, ZORDIEROEREZRS -0, gp78 mRNA FHLE 2 RBFHIZFHE L=, L2
L. PoOREMIZBWTE APAP (10 mM) (2 X% mRNA HEEOZELIZRD HRhoT-
(Fig. 3-8) .

1.4 -

0 l| T I T I T I T | T I
6 12 18 24

ctrl 2

e o o =
 ®» ® =2 b

Normalized gp78 mRNA levels
(relative to ctrl)
o
N

Exposure time (h)

Fig. 3-8 Effects of APAP on gp78 mRNA levels over time. Rat hepatocyte spheroids (day
5) were exposed to APAP (10 mM) for 2, 6, 12, 18 and 24 h before harvesting. Gp78
mRNA levels were measured by qRT-PCR analyses and normalized to S -2-m mRNA

levels. Results are expressed as means + S.D. (n=3 independent experiments).
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% 5 ffi APAP 2k % CYP3A1/23 % v/ 7 BE O MfilicIs T 2 NAPQI ROS
DL

% 1 T APAP, ABT, N-acetyl-L-cysteine (NAC) BEFEH% OMLAN GSH DOHIE

APAP % CYP 12 LA GENEH L 2= T TRIGHER# TH 5 NAPQIL B L., Hilld
WD GSH #Jid &, ROS #EATH, ZopEA L7 ROS 73 CYP3A1/23 % > /X7
HONMRMHI OB Z& L 72> TWD G AL T, TZTARRATZ zu A REEERRITEWND
T APAP (2 X W L7 GSH %I CYP o rHfLERTHS ABT <° GSH @
AR CH 2 NAC NREDORERBE I EL00 %25 M L7z, M GSH X
Glutathione Cell-Based Detection kit (Blue Fluorescence) % A\ CTHIE L7,

APAP (10 mM) 1 X v #ilaN GSH #REITK 50 % F Tl L7723, ABT (500 pM) &
DOOFRIZ LY ZORITA BICHHl S 7, if;\ NAC (1 mM) & OfFRICIBWT b [AER
\= GSH O 3l Sz (Fig. 39) . W22l FOEBRTIL ABT (500 uM) & NAC
(1 mM) ZHWT APAP 2#h53 25 CYP3AL1/23 ¥ v /30 B OG-t x4 55 8%
FFAm L 72,

3.5 H non-treated

—— =with ABT
‘ ‘ with NAC

N
N O W

-
(3]

(relative to ctrl)

kk

]

Intracellular GSH levels

o
3]

ctri APAP

Fig. 3-9 Effects of APAP, ABT, and NAC on intracellular GSH levels. Rat hepatocyte
spheroids (day 5) were exposed to APAP (10 mM), ABT (500 pM) and NAC (1 mM) for 24
h before harvesting. In the case of NAC treatment, cells were pretreated with NAC (1
mM) for 30 min. Intracellular GSH levels were measured with Glutathione Cell-Based
Detection kit (Blue Fluorescence). Results are expressed as means + S.D. (n=3

independent experiments, *P< 0.05, **P< 0.01, vs. non-treated, t-test).
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% 2 I ABT 7% APAP (2% % CYP3A1/23 % /827 B DA RN K F 4 528

ABT 7% APAP 12X % GSH REOEA ZiMfil L7 Z &< NAPQI @ GSH #&{KT
% % acetaminophen glutathione conjugate DA% &N ABT (2 & 0 GEICHH Sh-Z
& D25 (Sanoh et al, 2014) . NAPQI D04 fk%A ABT Ml 2 Z En&niz, £2 T
APAP (25 % CYP3A1/23 % v )7 DM T % NAPQL D% 45 % ffi4 % 7=
B, ABT & APAP % (ffIRTE L. APAP O fimfilfEMICI 1) 2 84 71 L 7=,

PEROWMEEY (ABT IIAR 7 = v A REFERIZBW TS CYP3A1/23 ¥ /37 E3EL
BF ERHIXEEZ LG (Fig. 3-10) . BHE: CYP3A1/23 ¥ > /37 B2 ]I F 2 % 51l
TLHDITE LW EE 2, CYP3A1/23 OR Y 2 xF 1kizkt4 5 ABT @Eﬁiﬁ%ﬁiﬁﬁbf:
25, APAP (2L % CYP3A1/23 % L /%7 DR ) 2 X% F L ALOLEEMIT ABT & Off
Rzl &g, APAP I W Lz gp78 OFBiE D ABT & OUFFREIC X
Dtﬁéﬁfmsok:&ﬁ% (Fig. 3-11) . NAPQI 7% CYP3A1/23 D4y fif4iil LK L <
WD ATFEMEIZR N 2 EARIB S Tz,

APAP
ctrl ABT APAP ABT

....{ GAPDH

Fig. 3-10 Effects of APAP and ABT on CYP3A1/23 protein levels. Rat hepatocyte
spheroids (day 5) were exposed to APAP (10 mM), ABT (500 uM) for 24 h before
harvesting. Results of CYP3A1/23 and GAPDH immunoblotting analyses of cell lysates

are shown. GAPDH was measured as a loading control. (n=1).

22



(A) APAP
ctrl  ABT  APAP

ABT 1.2 - OwithoutABT
‘ - 2 ®|with ABT
. L ‘?-’ = 17
AR
IP: CYP3A1/23 5% 0.8 1
. o
IB: Ub S% 06
22
No 04
| IP:CYP3A1/23 £~ %21
IB : CYP3A1/23 0
ctrl APAP

B) APAP

ctrl ABT APAP ABT

gp78

R, —
A — | GAPDH

Fig. 3-11 Effects of APAP and ABT on ubiquitination levels of CYP3A1/23 protein and
gp'78 protein levels. (A) Rat hepatocyte spheroids (day 5) were exposed to APAP (10 mM,
24 h) and ABT (500 pM, 24 h) with MG132 (10 pM, 6 h) before harvesting. Results of
ubiquitin and CYP3A1/23 immunoblotting analyses of CYP3A1/23 immunoprecipitates
are shown in the left panel. The results of densitometric quantification of
CYP3A1/23-ubiquitin levels are shown in the right panel. (n=1). (B) Rat hepatocyte
spheroids (day 5) were exposed to APAP (10 mM), ABT (500 uM) for 24 h before
harvesting. Results of gp78 and GAPDH immunoblotting analyses of cell lysates are

shown. GAPDH was measured as a loading control. (n=1).
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% 3 IH NAC 725 APAP 12X % CYP3A1/23 % o /37 ' D4 RN} 1T 3 s

CYP3A1/23 % > /"7 E Dol s BOSHEAREY T 5 NAPQI (ZHEK L 722V Al REME:
MR INTZZ EnD, BOT 7 a—F ToHfFMG 25 ki 2 L TW S JREZ L2 )
L& %27, NAPQI TiE/e<  APAP HEHIZ X - T ROS MBEASN TS WTREMEZE 2 |
HKEAN O ROS 2T 5 Z LML 5 NAC & OOFHIREICRIT 5 847N L7,

MR GSH o R RS- NAC (1 mM) %2 APAP (10 mM) &OFHBEZELTYH
CYP3A1/23 % v /37 B D5 fEEIE RTINS 72 0o 7o, I % FIFC NAC (2.5 mM)
& APAP (1, 10 mM) # OF HIREE L CHRRICEBHR SN2 o722 L2 b ROS A
CYP3A1/23 Doy fiftiifil Z 51 & = L TV 2 AIREME IRV 2 e s vz (Fig. 3-12)

(A) APAP
ctri  NAC APAP NAC

MR s WS s  CYP3A1/23

A S - e ( GAPDH

NAC (2.5 mM)
(B) APAP (mM) APAP (mM)
ctri 1 10 ctrl 1 10

— S . w——  CYP3A1/23

A S S ( GAPDH

Fig. 3-12 Effects of APAP and NAC on CYP3A1/23 protein levels. (A) Rat hepatocyte
spheroids (day 5) were exposed to APAP (10 mM) and NAC (1 mM) for 24 h before
harvesting. Cells were pretreated with NAC (1 mM) for 30 min. Results of CYP3A1/23
and GAPDH immunoblotting analyses of cell lysates are shown. (n=1). (B) Rat
hepatocyte spheroids (day 5) were exposed to APAP (1 and 10 mM) and NAC (2.5 mM)
for 24 h before harvesting. Cells were pretreated with NAC (2.5 mM) for 30 min. Results
of CYP3A1/23 and GAPDH immunoblotting analyses of cell lysates are shown. (n=1).

24



%06 Hi o /NE

HR G OIEPE(LCMIH] Tl 7 < CYP3A % U X7 EHHIT/ERT 2L W E & LTk, M
JERETAITHH U RrE U YUk Cat T R/WlHEE (B . =7 = VB L) OREER
KT&H 5 3,5-Dicarboethoxy-2,6-dimethyl-4-ethyl-1,4-dihydropyridine (DDEP) 7% CYP
DIEEFLTHDHNLINEN T2 2 & TREICHRT 22 L~ v T4 RRFVEME T
& % triacetyloleandomycin (TAO) 7% CYP3A % 7B O+ 25 H 00D,
mechanism-based inhibition MBI) % = L, BERIGHEZLET S Z LRAME SN TWD
(Watkins et al, 1986; Correia et al., 1987; Faouzi et al, 2007) ., Faouzi ©Si% TAO (2 X
D CYP3A Z# U /_RUEDORY 2 FF ADBEESNTND Z b 205 mffEN
IZ CYP3A & TAO DEEKREZKT HZ & THEDEINAEL, =vFXFFfbsinsd Y
DU E3 U — RIS I NI K RS Z LITERT 5 £ EE L T\5, DDEP (I
L% CYP3A ORI L TH, ~AITHEMT 2 2 & T CYP3A & ™I H O
WAL Z Y, 20X F AUBMBES N, DRISNDZLPRBRINTNDZ ENnb,
LS CYP3A Z /37 B Do Z AR, #ifil4 2FHIicks VT, CYP £ b Dizqk
FVENEBEE R ET LN L RDATRRIEREWZ L35, AR TE TAO
\2& % MBI & [FIERIC APAP ORISHEREH TH S NAPQL 75 CYP3A Z# /"7 H LR
AEEIIZHRE S L Tt 2 2 L TW A aREME A B 2 7228, ABT 12XV NAPQI 04
AEBELTYS APAP (285 CYP3A % U /X7 DR Y 28X F ALOAENIH S
IRinoleZ ERXow U A APAP % 51% APAP L5612l o % o7 8 % fl5ED
R L7245 B CYP & OFE A ITsmE S TunaenZ E2v6 (Qiu et al, 1998) APAP (%
MBI & 35870580 6l 25 SEZ L TWD 2 LAVRER S L,

CYP3A # U RV BEIFX/NEKICGHEET 22 37 FTH Y., endoplasmic reticulum
related degradation (ERAD) (12X VW 73fiE X415 (Correia et al, 2003) , + Dt sIx
(1) : protein kinase A or C (PKA, PKC) (2L VW CYP3A O¥EDOEY >, AL A= 5k
WY UMbsns 2 (2 20V VR{LiRiEEZ E2/E3 HAKRNGEH L, CYP3A A=t
FFAENDZE Q) MARICREL TV A2 EXF L fbEN CYPSA N7 aT 7T
V= ANEEIND Z L EME LT 5 (Wang et al, 2009; Kim et al, 2010; Acharya et al,
2011; Wang et al,, 2012) , W12 APAP 255 CYP3A ¥ 7B DORY 2 FF AL
OREICE LT, E3 VH—ETH D gp78 ¥ U IV ERBEEOK TOMIZE CYP3A @
PKA, PKC 128L 25V VB EDOAELELG L TCWAAEERBE L bNDH, LL, w7 A
RIFMIEIC APAP (5 ~ 15 mM) %M L7z & 25 PKC OIEMHEALBEE TV D Z &h
5 (Saberi et al, 2014) | APAP 2MEF LT\ A A % —4 > X PKA, PKC Tt/
<, E3 UH—BThLamitrimneffilansg, LaL, APAP 1 mM) 2B\ Tk
gp78 X LN ERBLEIIB LRV 00 b BT CYP3A & L /37 B ORI 12577
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PR Y 2 X F UALOENHER I NI, 2T APAP 7% gp78 # v /37 EIZEEEE
AL, BHREFIZLSERVS B3 U A —BIHMEERED ST affErEIcEK$ 5 & &
Z6b, HHWIE, gp78 1£ RING 74— RAAL &AL TEY, Aox e XF
ML TTaT7 7 V—LRICE0 5fEEND (Fang et al, 2001; Chen et al, 2006) = &
X APAP (10 mM) (28T gp78 # L X7 ERBEIIWAIT DL DD, =D mRNA %
BRI LW ieho e 2 L &2 E X 2 & APAP ([Z XD IEM LSz 7 uhs gpT8
DHEZEXF L AbZTLEL, Ak gp78 IV 2 X F ML ENHITTIEoTmx R
BDOaEXTF AUDRHEBINIE S, IREERFRIS gpT8 DX LRI E RO |
FERANCZ N BERBEMET LTV D RS B X b,

—J57C, CYP3A IZB\W\WTC E3 U A—F L LT CHIP ¥ 7 EDORBEDEIT
APAP (Z X V@B LN oT2, In vitro DEERIZEBWNT gp78 T XF AMbE iz
Glutathione Stransferase (GST) OR Y 2 X F L 1bEZH I DD, 2 EFF LI T
W72y GST OKR Y 2 X F AbidfThnEt VI HERH H Z L (Morito et al,
2008) . CYP3A # > /327 BB\ T CHIP 3B HDOLEFF L ALEITV, gp78 (TR Y
X FUALETOTNDLENIBLRELH L Z L0 (Kim ef al, 2016) , APAP |3t
XFoTuT T —LARICEDDBIIBNTEHECTHLAR) 2 EXF v 7%k gpT8
BRI EOWD EN L CIHET D Z & TRMREMGIT D 2 ERB ST,

Gp78 X/MEAEE BB O X v X7 TH Y, ERAD ICB W CEE R &EEZH 5
(Christianson and Ye, 2014) , iU E TOHE T, gp78 (2L D2 X F ALITEEEE D
MMEE TR, B DB b3y R TAHEICAET 28 m/NMaiiz B0y TiTbi,
ZO/NERRE O JRTEIL gpT78 ORFED T U VLD Y UEbIic L s nD Z LS
M EN TS (St-Pierre et al, 2012; Li et al,, 2015) . Li 5% gp78 Ok V DT
AT X REBIT L DY bR/ MARICE(ET D gpT8 DORBIELZ D S
HTER gpl8 LV abXFTF o MbENDHI hary R T X NZ'EThH% mitofusin 1
(MFN1) O fERFERROEELLY iz L0 Il ains 2 &, £ BiiEE i CcET 5
Z LT p38 MAP kinase Z{EMA b7 2% & MFN1 O3RN 41, p38 MAP kinase @
PRERITH D SB203580 ZHMEHET 5 & T ONMBIER RSB S D Z L aHE L T
b, T, MG TR L2 CYP3A @ mRNA, ¥ /)7 BB &5 ONIEE
FIEVEZRIE L7 & 2 A, mRNA RBEDO FF L bE X o R EREEN R L, B
FIEME S TRV EH- LTz (data not shown) . B FEMCATRIMIZ VT APAP 1%
p38 MAP kinase Zi&EMAbT 2#E1H 2D Z L5 (Mobasher et al, 2013) . p38 MAP
kinase ZIEMALT 5 X 5 7 b FWE 1L CYP3A O3l 2 Z 3 rfgetEn H 5,

K& LD APAP 13EFIEMALTIEAR < E3 U A—EORHBEORMNIIHKSL Z
B ORI LY CYP3A BEEIEMEE LH IHD 2 LN RIB I,
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BA4E TN 7z UEEEEEN CYP3AL/23 IZKIET
-

APAP MFEMEZ ol S T A=A NFTZHHE SN TEY , Z2OHIZiT APAP &
APAP #i & iz ik O B O b F/ET 5, APAP O ERZ MK TH 5
N-acetyl-m-aminophenol (AMAP) X APAP & [FERICEBGEIRIER 26 L WD 0, <~ v
AWZBWT APAP LHR L CFEMEE RSN &, ZLTCZOHEET m 7 7 A4 VD&
WEBUSHERBI DI b3 U7 X T EA~DFEEEDBEVITER LT\ D Z & 23#%
HEINTWS  (Xie et al, 2015) , F7-. N-acetyl-o-aminophenol (AOAP) % i+ o #
VRTBAFEETHEDOD NEAAX—IZBNT APAP X0 b EMENMRNZ &R S
TW% (Hamilton and Kissinger, 1986; Rottero and Kissinger, 1987) ,

—J T, 7w b, & MFIEA T A 2B T AMAP (3 APAP & [RIBRICIHFRMEZ R 2
&R0, b MMRIFAIIIZ IV T APAP LRBRICS b R T 2 7 B~f5a L. AR
FEDOIFRIEZ R 2 EATERA LM SN TS (Hadi et al, 2013; Xie et al, 2015)
AMAP Z NAPQI O L5 F% ) A I VEFEERLARNEOD, FREO LS h= R
TEUNTEHEEFEELTNDHI EnD, ¥/ 0143 ‘/é:liﬁz?‘@é)iﬁﬁﬁ%ﬁﬁ@%éﬁib\
FH CYP3A ¥ LN J BB % N IF 3 nlHE +rcEZ NS,

Z Z TAETIL APAP #EEZIA (Fig. 4-1) #HWT CYP3A1/23 (2 MIFT 2%
U7, FHili{b a4 & LT AMAP, AOAP LISMTE APAP DIKERILHN T V7R 3 & K C B
ST pracetamidobenzoic acid (PAcBA) %R L, CYP3A1/23 % 1 /X7 &G D45y fi il
AT ZABZDONWTH R DB EIT T2,

APAP AMAP AOAP PAcBA

Beadeadeaont

Fig. 4-1 Chemical structures of APAP analogs
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% 2 fii AMAP 7% CYP3A1/23 |ZKIET %

APAP L [RIERIC CYP3A1/23 # /37 B3¢ Bl WERTEYE, mRNA FE8L & 2 5F 4l L 7=,
ZTORER, 2R ERBEREIT 10mM ICBWCHEIC EA L, —J7, BEREMET 1 mM
WCBWCTHEBERBD RO B, 10 mM (2B W CiEific A 5= 72 A2 R S 72, mRNA
RHEEIIMEEEOEK TARD LN 1mM IZBWTHBRBOBRED SN E DD, #
VR EREE, BERIEIEO EREAHER S 10 mM IZB W TELITRD S o T
(Fig. 4-2) .

(A) (B)
AMAP(mM) 16 ok
2
ctrl 1 10 s 14
B 12
[ —— CYP3At23 25
S S S GAPDH BE 06
52 04
© — 0.
1.8 1 g 0.2
£ * z
% 1.6 1 0
‘5.:_‘_: 14 | ctrl 1 10
Q38 s AMAP(mM)
Se (c)
.2 1 1
& = < 1.4 1
og 081 Z 12
T2 0.6 ET
E [ m ° 1 4
S o 0.4 1 <8
£~ <2 081
5 0.2 52
=z 2 06 -
0 - ge *%
ctrl 1 10 N2 041
—— T >
AMAP(mM) E2 02
2,
ctrl 1 10
AMAP(mM)

Fig. 4-2 Effects of AMAP on CYP3A1/23 protein levels and activity and mRNA levels.
Rat hepatocyte spheroids (day 5) were exposed to AMAP (1 and 10 mM) for 24 h. (A)
Representative results of CYP3A1/23 and GAPDH immunoblotting analyses of cell
lysates are shown in the top panel. GAPDH was measured as a loading control. The
results of densitometric quantification of CYP3A1/23 protein levels are shown in the
bottom panel. Results are expressed as means + S.D. (n=3 independent experiments, *P
< 0.05 vs. ctrl, Tukey’s test). (B) CYP3A metabolic activity was measured with
luciferin-TPA. CYP3A metabolic activity was normalized to protein levels. Results are
expressed as means + S.D. (n=3 independent experiments, **P < 0.01, ***P < 0.001 vs.
ctrl, Tukey’s test). (C) CYP3A1/23 mRNA levels were measured by qRT-PCR analyses.
CYP3A1/23 mRNA levels were normalized to JB-2-m mRNA levels. Results are
expressed as means + S.D. (n=3 independent experiments **P < 0.01 vs. ctrl, Tukey’s

test).
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s

% 3 fii AOAP 78 CYP3A1/23 T KIFJ 5%

AOAP 1T 10 mM IZBWTEEE AT 4 T LI Lo =729, 1 mM O L THH %
1ToT20 ZTDORER, Z o R ERBFEI\IIZUITIRD S o T2 OO BEFETEM . mRNA
FEHLEICB W TR AR S vz (Fig. 4-3) &

(A) (B)
AOAP (mM) 1.2
- >
ctrl 1 2 1 1
O
sm— s | CYP3A1/23 g £ 081
[+ o]
beos
2 kkosk
S GAPDH E
NG 0.4 4
T =
1.6 E o021
§ 14 2
(7} 4 4
o 0 4
E_E 1.2 4 ctrl 1
Q9 AOAP(mM)
SEIRE (C)
1.4
™ .2 <
& s 0.8 1 §A 1.2
og ] ET
B Z 0.6 §§ 1
= 2 04 32 0s
£- > 8
= 0.2 1 02 06
S i
z 0 N3 04
r 5 2
ctrl 1 g_ 0.2
AOAP(mM) 2

ctrl 1
AOAP(mM)

Fig. 4-3 Effects of AOAP on CYP3A1/23 protein levels and activitiy and mRNA levels.
Rat hepatocyte spheroids (day 5) were exposed to AOAP (1 mM) for 24 h. (A)
Representative results of CYP3A1/23 and GAPDH immunoblotting analyses of cell
lysates are shown in the top panel. GAPDH was measured as a loading control. The
results of densitometric quantification of CYP3A1/23 protein levels are shown in the
bottom panel. Results are expressed as means + S.D. (n=3 independent experiments).
(B) CYP3A metabolic activity was measured with luciferin-IPA. CYP3A metabolic
activity was normalized to protein levels. Results are expressed as means + S.D. (n=3
independent experiments, *** P < 0.001 vs. ctrl, t-test). (C) CYP3A1/23 mRNA levels
were measured by qRT-PCR analyses. CYP3A1/23 mRNA levels were normalized to
B-2-m mRNA levels. Results are expressed as means + S.D. (n=3 independent

experiments).
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% 4 i PAcBA 7% CYP3A1/23 12 K%IF 2

PACBA [ZEBEEHE AT 4 U DNTIEMRE LR 12720, DIVERUBEOE 2T R o A
WAL L, AT 4 U ANGRRIE, MEtaiTo7-, TOME, 10 mM IZBWTH V87 B ¥
BLE, WG, mRNA BEHEICBWTHERBY RS- (Fig. 4-4)

(A) (B)
PAcBA (mM) 1.4
_—— >
ctrl 1 10 z 12
8= 1
| s o | CcYP3AU23  £E
-~ a o 0.
52
5z 0.6 *
I—“ GAPDH g3
204
£ o2
c 1.4 - =z
E’ 0
S _ 1.2 1 ctrl 1 10
ax PACBA (mM)
8¢ 17 (C)
<9 ] 1.2 -
EE 0.8 * <
>0 =z
o 061 nE:: 17
T =
§§ 0.4 1 85 08 *
® 3 <o
£~ 0.2 1 £% 06
S 0
= 0 - T% 041
ctrl 1 10 %E
—_— £2 02
PAcBA (mM) s
4
0

ctrl 1 10
PAcBA (mM)

Fig. 4-4 Effects of PAcBA on CYP3A1/23 protein levels and activity and mRNA levels.
Rat hepatocyte spheroids (day 5) were exposed to PAcBA (1 and 10 mM) for 24 h. (A)
Representative results of CYP3A1/23 and GAPDH immunoblotting analyses of cell
lysates are shown in the top panel. GAPDH was measured as a loading control. The
results of densitometric quantification of CYP3A1/23 protein levels are shown in the
bottom panel. Results are expressed as means + S.D. (n=3 independent experiments, * P
< 0.05 vs. ctrl, Tukey’s test). (B) CYP3A metabolic activity was measured with
luciferin-IPA. CYP3A metabolic activity was normalized to protein levels. Results are
expressed as means + S.D. (n=3 independent experiments, **P < 0.01 vs. ctrl, Tukey’s
test). (C) CYP3A1/23 mRNA levels were measured by gqRT-PCR analyses. CYP3A1/23
mRNA levels were normalized to 8 -2-m mRNA levels. Results are expressed as means +

S.D. (n=3 independent experiments, *P< 0.05 vs. ctrl, Tukey’s test).
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5905 fi /NG

APAP OffiE R TH D AOAP, AMAP (1 mM) (2L Y mRNA FHEOWRED MR
ENT=b DO APAP (1 mM) 238\ T mRNA FHEEOTHE LB ITRO bivler ol
b, HEETIE 2 <. AOAP, AMAP (245873 21875 mRNA %ﬁ%@?ﬁ’)%%l%t
ZLTWAEHEIEN S, AOAP, AMAP I~ A[FI7my—bb A FaX— g7
% &L b 2-acetamidohydroquinone (2-AcHQ) #4425 Z &G SN TED
(Hamilton and Kissinger, 1986) . Z @ 2-AcHQ (& & b I IZERILCH 2 =17 T
2-acetamido-p-benzoquinone (APBQ) %4k 3 2% Z L BN LMZ STV D (Streeter et
al, 1984; Streeter and Baillie, 1985) , APBQ [XSUtMEREWR X ) o THDH Z &
5. MR Z LRI~ EFEA L, L EDOH A — RafE T, mRNA BHEZ D S
WD AREMENR S D23, 21 E TIZ AOAP, AMAP 78 CYP3A mRNA FHLEIZKIFTH#
AN L7oimE 1T o), BBED LTS H D A T = XL LTI HE R 2 B 2
Th b,

AOAP, AMAP (1 mM) (T XV & /37 BB EDOEAITHER S8 o To s, BERTENE

DAERERBOBEO T, ZORRKE LT BTl Folt@m#m ch s
APBQ OREHNEEbND, TNETOFREFICB N T R Lzt b CYP2E1 & AMAP %
TrArFaX—ra L, CYP2EL OIETHS chlorzoxazone % FVNTEEATE M A 7
fliL7=& 2 A AMAP DR RIEAFAIIC CYP2EL BERIEMEDOAD DR ST D
F7-. TOEEEEEEERIL NADPH 242 S5, GSH 2345 Q:YBZ%L
b, AMAP HETidZe<, AMAP OfREMICER T2 Z L. 620G
X LC/ESI-MS % HW=fi#ghrnn s APBQ Toh 2 alReltEavRIZ X T2 (Harrelson et
al, 2012) ., £7=. ¥~V A In vivo IZB T, AMAP X APAP &L T h=2 RV
TR RTBETIESR L IMNAROHIIE & RN EAEA LT W ERRIE SN TN D
- &b (Qiu etal, 2001) . CYP3A % 2 80 BICH T bIAEEC APBQ 2854 L. B
FIEHEEZ D SETNDEB LD, — T, AMAP (10 mM) 2k b CYP3A # X

JERELE, BRIEEIIABEICEF L TWD Z LR SNz, 2o fEICE L CIEE
B CEETHZ LT LWV, 10 mM TIEIRAERREN 2V mWnWl &, v U A in
vivo \ZB W T APBQ DOAERiEIL AMAP @ 10 % LLFTHDHZ 25 (Rashed et al,
1990) . 1 mM & i L CTHXRIIC AMAP BB OB 2R 2T TH 2 AR dH 5,

AOAP, AMAP (1, 10 mM) 1285\ T mRNA B & i L Tamn & o7 B BlE%
mbfwt_&#%\M%P&H% 2RI EORRIMEWER AR L TnD EEX BN

o T, KEBEEN VAR F VHEICER S 72 PAcBA Tl mRNA RHEO R
m&/ﬂagﬁﬁi%ﬂwawto_m%®$wi%@m%%L BF5 7/ — 1k
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KBEOHEETHL Z LD, EHIEEMEZET L., (L FHEDE N Z B EIZ AR
LIRFTEAT O Z & TH NI E BRI E T OFEM 722 A T = X L ORI S 7278 % RN
D&%,

AKELVY | APAP [IINA TEOHERZIATH S AMAP & CYP3A Z o /™27 B D55 fiE
NS X0 BERTEMED LR 25| S IR H D T L aVRIR E LT,
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B b5 E BEHERBLORE

SRR I TEIRGOA FEWE 22 & OERRYSONIEEYE ORES, Phillt 25 EE
REEHFETH D, 2006 ~ 2015 F2HT T FDA (ZHEGE SN IKy FEE L o S &
ZAFDEIRIZBNT CYP 772U —i3 50 % %52 L5 (Cerny, 2016) | [E3E
i DL FARE N SRR S 4L, CYP DA Ok~ (R R O TN @ E > TV L BIETH I
YR BN ZZE+ 2 ECHENRLEL ShTW5,

CYP3A 77 7 I U —HMbFWEIZ L HBEFEFHE FIcB 0T mRNA RBLE & ERIE
PEIC R MBI Z AT 2 Z EI3Fm ChHI 720, el K —mkore MFI7a v —
AZHEVWTH, mRNA BEE EBRIEEIIRGRMHBEEZRT I EMRESTND
(Ohtsuki et al, 2011) ., [FFH XTI 3A LIAhd CYP #7772 U — (2B L THEHME L T
BY., TOMBRBII S TR TR Z EbHLMIEIN TS, BlxiX, CYP3A4 I
B HMHBIREITN 0.9 THDDIZK LT, CYP2CY, 2E1 (281 2 MHBRENT 0.5 Kl
Thh, ZO_>0% 777 I U —IZ81F%5 mRNA HBI&E & ¥ X7 ERBLEOHEBER
Hix 0.1 i TH o7, Pz CYP2CY, 2E1 13- ERTE T OREETEME DB T B
T mRNA BEELZIEEL T2 2 L0 L IBEHFECHREREIC X 2% 5057
REWEHERI D, CYP2EL ICBF 25 ClL 256 A FF—Hkoe MFI 7 a Y —
LIZBIT D miR-378 FHLEN CYP2E1 ¥ L /37 B8l BRI & OBICA B 7201
MaZRTZ L0, miR-378 ZBEIEH S E 5 & CYP2EL & v 7 B3¢ HiE, BHEIEMIT
W45 LRSI TEY (Mohri ef al, 2010) . miRNA OB EICEEL KTk
FWEIL mRNA FHEIKFET L2 &2, BREEEZ A b L IIBRET 2 wTRefEn
H D,

mRNA HBl& L ¥ 7 ERBEOHBIREII S FREM TR 2720 FERHEEE )
B LHERIS LD, Z o RO BRI ORI b R D Z ERH LN ESNT
W5, BlzIE, Ty MIFIETICEHE L TS CYP OAEFEASM: TICh T % 0
CYP2B1, 2C11 7 20 KfHLL ETH D DIZxF LT, CYP3A1/23 I% 10 FFfilRi#&Z CTHH Z
&R0 CYP2EL 1% 7 WifElRif: CRMIC/HME SN, 38 KRR CREMMICHM IS
Vo TR AR T Z LN BTV, 2, FEoE LV CYP2B1, 2C11
T4 — b7 7 V—RICK VR END Z ERBEINTWS (Correia et al, 2003) , IT4-
TiE, & MFIEFICEIEL TS CYP Z o0 BDH — o F—_—CET 5 b A
THY ., CYP3A4 1E7 v [ LR, DRkl zn4 2 &, CYP2EL [T %5
27T T = LRI N T VR OMG THREIND ZE BN TS,
—J7C. CYP2B6, 2C9 DL 6, 12 K% TH Y . CYP2B6 | FF 7T

33



7Y —LFKT, CYP2CY X CYP2E1 tfklic2EFF o7 mTr 7y —LbRkeA— 77
U—ROMEFTHEINDSZ LD, LY T 77V —TH Ty hERBARD T LR
ENnTW5 (Kim et al, 2016)

ZOX NIy TN R DR O—>E LT ROS OGRS, i
F£TIZ CYP 77 XU — 3 HBEFEE TR LOIFE FICBWT ROS 2#EAT L &
CYP IZE 26T 5% /7 ETH S cytochrome P450 reductase % RiEMA LT 5 &
7> b CYP2E1l # U R BREEN LA T2 LW LNISN TS (Zhukov and
Ingelman-Sundberg, 1999; Zangar et al, 2004) ., CYP ~DO&EFOf#G1n1EF v ROS @
FEAERINHR SNTZZ ENZ U R ERBEO FRICORND EE 2D L, AFERLET
2B 5 ROS OEABENS Wy FRIFEXY AV ENEEZZIT T, 28xF 7 aTr
TV = BRICK RN IREE N D T EDERYOENE AR LTV D LIS LD,

BRI BEORRICEE LT CYP % v RV BORBEOEIHTaXF o T aT T
V= AHRRA— N T 7 V—RICEGT X VX BITMA T, X o BEoREICED
HF X rOlEL I NETICRBIN TS, #flxiE, #Fr e Thd
Hsp40 & CYP3A4 Z RIGHEICMREIFRH I E5H & CYP3A4 B THREL I E7-5HE & ik
LTCH R ERBLE, BERIGEN EAT 5260, 7 b CYP2EL 1 hsp90 DOFHFEHA
Tdh % radicicol |2 XV REMRAFRNCZ /X7 HRBLE BERTEMER D2 2 & 238 52
IZ&E T3 (Ahn and Yun, 2004; Morishima et al, 2005) . £7-. {tF v <o Th
% dimethyl sulfoxide I 0.1 % (14 mM) (ZBWTZ » ;b CYP3A ZZ2FE{k L. mRNA
W REIKITT 5 2 L2 (BERIEMEZ A ¥ % 2 L5 (Zangar and Novak, 1998) |
BURTEDIELWT =0T 4 TRl 5 2 LT Ny B E, BRIEEE b
FASELARMEN RSN TN D, N—=F LV RRTNAYNA T —{E o YXT LA~
BUNRTER BT I REUNIERENIATZ+— /L FL, BETLZERHRETH
HEBZLNTHEY, ZORFEED—2L LTHEFEY v Xu U BHIRF SN TV D, PRI,
B v Sm AEMEICE B Lz ERMEEMC AT CYP3A BERTEM A LA S, RNE)
BEZZET L L CHEELZET D REENRD D,

BEFR X T BIZRIT HIGERIEEE L LT e AT U v 7 R0 7 4 — RNy 793
ENBLHN, CYP 77 IV —lZBWTHILFWEIC LV T e X7V v Vi 5 2
EDRIZEIN TS, CYP3A4 [ IRHSINICE N TR I =) A A7 AL (TR
725 RBAI 2 R SRR ERZ R THAR S0 . T OARHAIMIIREHSUE0 E 0SB R
ZEONEMLT D TRE Ry 7218, &2 EEORBLISBRIOLEMIT K > THEME
fbsid I~7m be bty 708 12030 bhsd, CYP1A2 OHEAIE LTHMbiLS ANF
lF~T e boty Z7H8RICE Y CYP3A4 OIEEORBAZFEMALESE S Z L RHLNIE
NTW5E, ZDOAH=ALELT CYP3A4 (ZIEMALIREE & RIEMALIRRER 234 ) =<
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— %KL TEBY, 204 dv—lt=7 =7 ¥ —[K+& LT ANF BfEETH5Z TR
TEMEAIRRE D DIEHALIREE~E L L, EEOMRMBEEIND ZEBRREIN TN
(Davydov et al, 2013) , Z U LFEWE D mRNA, Z 37 BB EIEFET S 2 L 72<
BMRIEHEEZ LB ST 2WETHY . KW AEROBLAE» S EBENLEIT 2 2 HH72 L
ERR

APAP (2 LD % X0 DLy ME 2 U TR TR O EFIZ RIS SO —oE LB %
% & APAP Z{UH3 5 CYP1A2, 2E1 IZB W T RIERICERTIGEMED A 25 & Z LT
WD AREMEDS B 5, AEHPIEME FICB W TR b CYP2EL @ E3 U #—Eix CYP3A4
& [FIRIC gp78, CHIP T 5 Z L5 (Wang et al, 2011) | 43Rl 2 I L 7= BRI RO
EABEETWD EHERISND b OO EFFRSEMT & B T TlE CYP2EL # 03
TG DGREA T = KA BNETI D Z L bW E TE /2, CYP2EL (Z=4 /) — L
T R ORBEITD, DOZNOILEMZ L VEEFESIND ZEBMOLNTEY,
FDAN=ZALE LTHE NI EORFENDFENRREEN TS (Gonzalez, 2007) ., [
AL TIZE OARILE LT RS T O CYP2EL OMMICIZ S v 37 A4y
iS4 5 “rapid phase” EAECMNITHFEZILD “slow phase” WD, =& ) — LT
t F ALV “rapid phase” 23%kiL. “slow phase” DI THfiE XD Z & DR Sz
W &2 T 5 (Song et al,1989; Roberts et al, 1995) ., £7=. 7 v MMFI 7Y —14
IZBWWT CYP2E1 OAREZFE#HKT 2L CIIBERIEEZ D SR OD, 2 X F
EENDFFED Y ViR Z BT D2 PURIIBEREE 2D S 2 &b, 28X F
b ENDENL & FEEREAENLIZER > TWVDH I ERREBRINTWVWD (Banerjee et al,
2000) , WxIZ, =& /—) T b2k d CYP2EL # v 7 BEOZEITIEE D FES
TLZETarFFAINILSLKRY | SEPIH Sz 2 LITERT 5 aTREtER 5 2,
ELIC. T FAHETICBIT ST v b CYP2EL % U 0 B ONRRBIZIZA— 7 7
— RO ENRIBEINTWS Z LMD (Ronis et al, 1991) . CYP2E1 # v 7 B3
WZEhavxFofbanieis b, A— "7 7V —RICAAL v TF L, ofEEins &HEH
b, APAP (10 mM) (I~ v A#UAFldIc s W CA— b7 7 U—%2FET 5720 (Ni
etal,2012) . APAP |21V gp78 X U ERIENMET L, CYP3A ¥ /37 & L[tk
2 CYP2E1 ¥ v R 7B 2% 5500, 28X F Lo 7aT 7 Y —ARZMhbA—
N7 7 V=~ AL TP, FEINTA— T 7 PV —RICE D iS5 ATRE
Hnd 5,

CYP1A2 Z# o™ Z7EIZE L TET v MIUTMIIZBWT T 1T 7 Y — AHERITH S
Lactacystin (2L 0 CYP1A2 % U "\ JERBIN LH L2 Enn | EOHRIZITEXF
y7aT T Y —ARNEAG L TWDH I E, FLTH AN EEEMIE 10 KFfERIZ CTH 5
ZENEE SN TS (Roberts, 1997) ., LU, ZOFEMZR R A T = X AT S C
ENTEHT, APAP 28 CYP1A2 IZKIFTHEBIZOW I E R AN ME L 725,
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APAP 1T CYP2E1 (2 L 0 REHEMEAL 22 0 THFFEMEZ R T 2 EAVRIB SN TV DA,
~ A in vivo (2B T CYP3A OiFEHXITH S rifampicin & APAP #0325 L.
APAP Bt b bl U CHgtE s s L= 2 & 225 (Cheng et al, 2009) . CYP3A & fifEtk
WZHFEHELTWD EEX NS, £7-, APAP (500 mg/kg) & vehicle control ##45- L7=7
yh:18%%&*¢&APQMmg@)%&E#ékwﬂﬂP@m¢%Eﬁ%%ﬁTﬁ%

FEAEDRD LRSS D 5T, FANC APAP 245 L7277 v MIBWTHIEN®
<%ﬁbfw5_k\é%mIMMﬂ@(%H@@é#%%%%Kéﬁéné
APAP-Cysteine OAAEN EFH-LCWDHZ &b, APAP 1 CYP ZiGMH b s, #HiEx
IR L CTWA Z EAURBEN TS (Kim ef al, 2009) , Wz (2, AHFFE TR L7- APAP
\2& % CYP3A % /37 E O RN 241 Ltﬁ%é’%@ﬁ@hﬁ I EME O IRITER LT
WAHDE LIV,

CYP3A4 [FHEOMIZ &/ NMEICE N TEWEERZ R L TV, RO LEEGOF)
EEE OB RESEE LTS, BT T 7 4 v 2BV T gpT8 (3B b I T
BENTNDZED (Chen et al, 2014) | IZ/WED CYP3A4 % > 37 & 4 gD
CYP3A4 L REDGEA D = A LEHTHDOTHIUEZ, APAP (2L /MG CYP3A4 %
NGO RIS dv, BERIEEDS BRI L LHERIS D, MHITRORE S ESE
rm OIRBERENFE D bEWEEB 2 LND Z D, APAP 3L Y & LI/ MED
CYP3A4 # 2 X7 EOFRBLE A fRIHIERIC L B &, CYP3A4 CREF S HEHK
fh OWRISGE AR O M A/ 2 5 & Z 3D & 5,

AAFFEIT LV . APAP DNERGIEMAGIZ L DBERFHE Tl Z T EHO 52 Il
952 & T CYP3A BERIEMELE LA SHE DA = AL ZHO THL N LR, BURTIE
FERDIEMZ AT 57 WE & U TERMEATH L AMAP LB 50T > TWZRYY,
Flo, BWRER TOARLZ Z2BRTHDL Z L0 0, BIKHAREICET 2 3EWMFEAEMIX
RS2 neEEZxbnbd, LrL, LEEEICES FAROIERZ 6T 27 mE 0%
TR gpT8 X U RV BEDOWWAEFE T AN = XA LOINT X0 gt 25 & & 2+
BRBH SN ST, BRFEOH LWEE L L TEENLE L 2D | YR A
HEBELIABEZIT) ECHERMALL2VED, £/, ZHLETIZZ VX THE D55 1E
BREEDBHLNZINTNDHDIE CYP OATHY , AEREICEEDP S UGT, SULT &3
S B W CITHFEEEMR SN TV 5 Aldehyde oxidase D% /3T E 3R A 1 = X LT
BT 2IEITIEE A ERY, 2o OEYREEEREICBNTH CYP3A ¥ ™7 E LItk
WAL E D RN & 0 BERTEME A LR S E L eI+l 0 . T OFEMR A T
= ALERIT 5 2 & T, EMREHEERIC T TREL I L, 2723
HAEMOREEE O @O T 2 AR PE CRIRBIC T2 Z & 3 ifF S 5,
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7 v FRIT MR RE

Hanks’ Balanced Salts (without CaClz, MgSO4 and NaHCOs3) : Sigma-Aldrich
EGTA : 774 7 A 7 it

NaHCOs; : BIs bRt

Collagenase : FGHISE T3k A1t

Soybean Trypsin Inhibitor, powder : Thermo Fisher Scientific

1 M HEPES buffer solution : Thermo Fisher Scientific

50 mg/mL Gentamicin : Thermo Fisher Scientific

Bovine serum albumin : 5% 7 A 7 A 7 #kS4k

CaCle : B b RS

NaCl : FotifidE Tp st

KCl: 70747 A7 et

NaeHPOs + 12H20 : T4 T4 7 A 7 Atk

KH:PO4 : 771 7 A 7 2 7 it

VSTV H S - ST REERRG St

40 pm /LA LA J— : BD FALCON

Percoll : Sigma-Aldrich

DMEM/F-12 : Sigma-Aldrich

Fetal bovine serum : Biosera

HEPES : 70 74 7 2 7 x4t

HEHRHAN=VU > GAY 7L 100 THAL : Meiji Seika 7 7 /L~ kA&t
il A R L7 h~A v ESAH 1g: Meiji Seika 7 7 /L~ iEA St
L-glutamine : Sigma-Aldrich

Nicotinamide : Sigma-Aldrich

Dexamethasone : 775 7 A 7 X 7 R34t

2-Mercaptoethanol : 771 7 A 7 X 7 &t

L-Ascorbic acid 2-phosphate sesquimagnesium salt hydrate : Sigma-Aldrich
Insulin, Human, recombinant : FiYtifis T3R0S

Trypan blue solution : Sigma-Aldrich

Poly-L-lysine 0.01 % solution : Sigma-Aldrich

Elplasia™ SQ 200 50 (24 well plate) : Kuraray
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Real-time RT-PCR

AMV Reverse Transcriptase : Promega

AMYV RT 5 x buffer : Promega

RNase inhibitor : TOYOBO

dNTP mixture (25 mM each) : Thermo Fisher Scientific

Dnase I : Promega

Oligo (dT)15 primer : Promega

SV total RNA Isolation system : Promega

1 x TE buffer : Promega

Primer &%Z5t : Sigma-Aldrich

QIAquick® Gel Extraction Kit : QIAGEN

KAPA™ SYBR® FASTqPCRKit : HRKY =37 1 v 7 &
Multiplate® PCR plates 96-well white : Bio-Rad Laboratories
PCR Tube Strips Flat Cap Strips : Bio-Rad Laboratories
TaKaRa Ex Taq : TaKaRa

10 X Ex Taq buffer : TaKaRa

dNTP mixture (2.5 mM each) : TakaRa

MicroApp® : Thermo Fisher Scientific

Nuclease-Free Water : Promega

Western Blotting

30 (w/v ) %-Acrylamide/Bis Mixed Solution (37.5:1) : 4 74 7 2 7 k&4t
Tris (hydroxymethyl) aminomethane : FiJffik T 26pk St

Sodium Lauryl Sulfate (SDS) : + 4 7 A4 7 2 7 ¥4t
N,N,N',N'-Tetramethylethylenediamine (TEMED) : 1 7 A 7 2 7 k&4t
Ammonium Peroxodisulfate : 77 7 A 7 X 7 A4k

Hydrochloric Acid : FnYtffik Tkt

NaCl : FtAfidE TR

Polyoxyethylene Sorbitan Monolaurate (Tween® 20) : 74 7 A 7 A 7 X4t
Bromophenol blue : 77 7 4 7 X 7 {4t

Glycerol : 771 7 A4 7 2 7 izt

2-Mercaptoethanol : 771 7 A 7 X 7 &t

Nonidet® P-40 : 77 7 A 7 A 7 #k A&t

Deoxycholic Acid Sodium Salt : 7 7 14 7 A 7 XSt

Triton™ X-100 : Sigma-Aldrich

EDTA 2Na - 2H20 : 75 7 A 7 A 7 A4t
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Glycine : 77174 7 A 7 RAatt

NaF : 75 74 7 27 patt

NasVO04 : FtfidE T3

Protease Inhibitor Cocktail for General Use (100x) : + % 7 4 7 A2 7 k&4t
N-Ethylmaleimide : #U{bR T 3H R4

PVDF membrane : Bio-Rad Laboratories

Methanol : BAR{bF RS

Skim milk : #RKFLFE

Chromatography Paper : GE Healthcare

Anti-CYP3A1 antibody (AB1253) : Merck Millipore

Anti-CYP3A1 antibody (sc-53246) : Santacruz Biotechnology

Anti-CYP3A2 antibody (AB1276) : Merck Millipore

Anti-GAPDH antibody (G9545) : Sigma-Aldrich

Anti-gp78-2 antibody (sc-33541) : Santacruz Biotechnology

Anti-CHIP antibody (sc-66830) : Santacruz Biotechnology

Anti-ubiquitin antibody (sc-8017) : Santacruz Biotechnology

Anti-Rabbit IgG (whole molecule)-Peroxidase antibody (A9169) : Sigma-Aldrich
Anti-Mouse IgG (whole molecule)-Peroxidase antibody (A9044) : Sigma-Aldrich
Normal rabbit IgG (sc-2027) : Santacruz Biotechnology

Dynabeads® Protein G : Thermo Fisher Scientific

Pierce™ BCA Protein Assay Kit : Thermo Fisher Scientific

Chemi-Lumi One L : 77 7 4 7 2 7 &4k

Chemi-Lumi One Ultra : 77 7 4 7 2 7 &4k

ZFuT 7 —LIEEH

HEPES : 70 74 7 2 7 x4t

NaCl : FtifidE Tms

MgCls « 6H20 : FRoGffi TR U4t

EGTA : 7174 7 2 7 xRttt

Glycerol : 75 7 A 7 A7 A&tk

Triton™ X-100 : Sigma-Aldrich

Dithiothreitol (DTT) : F 4 7 A 7 A 7 X4t

Adenosine 5'-Triphosphate Disodium Salt n-Hydrate (ATP) : Fntifik T sk a4
Bio-Rad Protein Assay Dye Reagent Concentrate : Bio-Rad Laboratories

Proteasome Substrate II, Fluorogenic : Merck Millipore

Proteasome Substrate III, Fluorogenic : Merck Millipore
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Proteasome Substrate VI, Fluorogenic : Merck Millipore

#EEPN GSH JREEHIE

HEPES : 77 74 7 A 7 A tt
NaCl : FotifidE Tmath

MgCls -+ 6H20 : FOGHISE T M
EGTA : 774 7 A 7 Bt
Glycerol : 771 7 A4 7 A 7 R4t
Triton™ X-100 : Sigma-Aldrich

Glutathione Cell-Based Detection Kit (Blue Fluorescence) : Cayman chemical

CYP3A EERTEMEFHM

Tris (hydroxymethyl) aminomethane : ik T 2Epk A4t
Hydrochloric Acid : Frotffish TR

NaCl : FitAligE MRS

Nonidet® P-40 : 771 7 A 7 2 7 A&+t

Deoxycholic Acid Sodium Salt : 4 74 7 A 7 &4k
Sodium Lauryl Sulfate (SDS) : 747 7 A 7 & 7 k4t
DMEM/F-12 (without phenol red) : Sigma-Aldrich
P450-Glo™ CYP3A Assay with Luciferin-IPA : Promega

BREIZHAWALEY
2-Acetamidophenol : Sigma-Aldrich
3-Acetamidophenol : Sigma-Aldrich

Acetaminophen : Sigma-Aldrich

4-Acetamidobenzoic acid : Sigma-Aldrich
1-aminobenzotriazole: Sigma-Aldrich
N-acetyl-L-cysteine : Sigma-Aldrich

Cycloheximide : Fiytflisk T R4t
Z-Leu-Leu-Leu-H aldehyde (MG132) : ~X7"F K#FFEFT
Dimethyl Sulfoxide : FIEAfi%E T 3Rk 4

Na,CO; : Sigma-Aldrich

Z O HFRIEIIFR 7 L — RO b D& LT,
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. ZHrEsas

Real-Time RT-PCR
Bio-Rad CFX Manager : Bio-Rad Laboratories
Nano Drop 1000 Spectrophotometer : Thermo Fisher Scientific

Western Blotting
Image Quant Las 4000 mini : GE Healthcare

Enspire™ : PerkinElmer

Zu T 7V — LIEER

Enspire™ : PerkinElmer

M GSH EERE

Enspire™ : PerkinElmer

CYP3A EgRTHMERTfi

Enspire™ : PerkinElmer

M. EREY

J v b (7 )
CD@D) 7 v MIAARF v —/L A « U=t L 0 6 @A L,

V. 7 v MIRFHROBERE

CD (SD) HtEZ ~ b 7 #is% VT Two-step collagenase #iiii%: (Berry and Friend,
1969) IZHEVy. T v MHICHT AT RENG 2 BBE L 7=,

Ty haY b)) RXUFIVTHEME, =AI—LTRgHEEL, BIE
PRI ES AR L, BTERRIEZ 30 mL/ min T 5 R, BB FRERIRZ Uk
a7 /7 —Bik 200 mL CHEEMEL. TR A L

A B L TR 2 N 7 RIS, AT 2 L AR IR AR G
5.700 rpm, 5 4y %, %A 30 % Percoll #RICHRR#E L. 700 rpm, 10 435E L
6. I NEIldh A MnZERE L, DMEM/F-12 %\ T wash

7.40 pm OE/VA R LA F—Zi L, ML OVEFES%Z Trypan blue VA2 XV I

P

N

v
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8. TTHIEEEE AT 7 AT L., 2.0%X 105 cells / well & 725 X 95 I2#kE
9.37°C,5% CO2 FTH:®E L., 6 4 FFEBICHEMAAH L, Dith., 0 A5H

FEHR DMK

A) BIERK

Ca?* free HBSS Powder 95¢g

NaHCO; 035¢g

EGTA 02¢g

50 mg / mL Gentamycin 200 puL

1 M HEPES 10 mL
D.W.

Total 1000 mL

B) O35 +—t &

Ca?* free HBSS Powder 95¢g
NaHCO;, 035¢g
Collagenase 0.1g
CaCl, 0.12 g
50 mg / mL Gentamycin 40 uL
1 M HEPES 2mL
Trypsin inhibitor 0.01g

D.W.

Total 200 mL
C) N\VORE

Ca?* free HBSS Powder 95¢g
NaHCO; 035¢g
10% 7ILTIViK 50 mL
50 mg / mL Gentamycin 100 pL
1 M HEPES 5 mL
D.W.

Total 500 mL
D) 10 x HBSS

Ca?" free HBSS Powder 95¢g

NaHCO; 035¢g

D.W.

Total 100 mL
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E) 30 % Percoll i&

10 X HBSS 5mL
Percoll 15 mL
D.W.

Total 100 mL

F) FFBRAEEAT A L

DMEM / F-12

FCS (10 %)

L-glutamine (2 mM)

100 units / mL Penicillin
100 pg / mL Streptomycin
Nicotinamide (10 mM)
B-mercaptoethanol (50 uM)
Dexametasone (1.5 uM)
L-ascorbic acid (520 uM)
Insulin (1 pg/ mL)
HEPES (5 mM)

Total 500 mL



V. Real-time RT-PCR

Total RNA DOHhH]
SV total RNA Isolation system Zf#if L7z,

FFRAEIC ERED %~ MIfHED RNA Lysis buffer #01x. USfFOFBHEICHEV, total

RNA ZHfit L7z,

cDNA DfE#

FECHiE L7z total RNA (2 Oligo (dT)15 primer % 1puL ZMNz 72, 70 °C,5 43T
BEMESH, b A Lok, TREUIRTHAT 42 °C, 1 REHWHR SRS 24TV, 75 C,

15 4y DN ER GBS & K6 S H 72,

Reaction mixture

AMV RT 5 X Reaction buffer 8 uL
dNTP mix (25 mM each) 1.6 uL
RNase inhibitor (40 units / puL) 1 uL
AMYV reverse transcriptase (10 units / pL) 1 uL
NF water 27.4 uL
RNA (2 ug / ul) 1 ulL
Total 40 pL

PCR £
TaKaRa Ex Taq™ %M L7z,

FRETCER L7 cDNA B X Primer # MW T, FRElZRTHHE T Thermal cycling

parameters (35 & PCR KIn&{T-7,

Reaction mixture

10 X Ex Taq buffer 2 uL
dNTP mix (10 mM) 1.6 uL
Primers (Forward and Reverse) (20 pM) 0.5 uL.
Ex Taq (5 units / pL) 0.05 uL
cDNA 1 uL
NF water 14.35 uL
Total 20 pLb
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Thermal cycling parameters

1.94°C 20 sec
2.98C 20 sec
3.60 C 30 sec
4.72°C 40 sec
5. go to line 2 for 24 more times
6.72°C 7 min



Real-Time RT-PCR (ZJi\ 5 BB O/ER

% Primer & MW T, HiESH7= PCR EWME., 1.5 % 7 u— A7 )LIZikE L,
QIAquick® Gel Extraction Kit Z M\ T, 7 /v 6 HRIO PCR FEMZ I LT, 728,
FHEEF v MRMTOBAEICIE -T2, 2Ol DNA WO 2 RIE U CIRE 2 R
#%. 0.1~1000 fg/uL. & 7¢% X 512 TE buffer TR L, BREMRE L=,

Real-Time RT-PCR

KAPA™ SYBR® FASTqPCR #flifl L7z, FiLiZ/r T #EkI & O Thermal cycle
parameters |3 X a7 E% Bio-RAD CFX Manager % AV CE&., T L7=,
BRERD & D —EDENREIZET D ETICEST T A 7 1 Bab LIC¥ 7L OBR
THRBEEZRET LT,

Reaction mixture Thermal cycling parameters
KAPA 7.5 uL 1.95°C 3 min
Primer (Forward and Reverse) (5 uM) 0.8 uL 2.95C 15 sec
NF water 8.9uL 3.60°C 30 sec
Template cDNA or standard 2 uL 4.72°C 30 sec
Total 20 puL 5. go to line 2 for 39 more times
6.60 C 30 sec
7.60 C 5 sec
8.95°C 0.5 sec
Primer fd%l

B -2-m forward : 5-CGAGACCGATGTATATGCTTGC-3’

B -2-m reverse : 5-GTCCAGATGATTCAGAGCTCCA-3’
CYP3A1/23 forward : 5-GAAACTGCAGGAGGAGATCG-3’
CYP3A1/23 reverse : 5-TCACAGTATCATAGGTGGGAGGT-3
CYP3A2 forward : 5-CGCTCTCACTAAAGTTCTGCAA-3
CYP3A2 reverse : 5-TGGTTCAAGAATTGCTTGTCTACT-3
CYP3A9 forward : 5-GGACGATTCTTGCTTACAGG-3’
CYP3A9 reverse : 5-ATGCTGGTGGGCTTGCCTTC-3
CYP3A18 forward : 5-TCCTGTCTCCAACCTTCACC-3
CYP3A18 reverse : 5-CACTCGGTTCTTCTGGTTTG-3
gp78 forward : 5-TGGAAGCCAGGTTTGCCGTT-3

gp78 reverse : 5- ATGAACGAAGGCAGGAGTTGTG-3
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VI. Western blotting

SDS-PAGE # v 7/ 3

RIPA buffer

Final
Tris-HCI (pH 7.6) 25 mM
NaCl 150 mM
Nonidet® P-40 1 %
Deoxycholic Acid Sodium Salt 1%
SDS 0.1 %
D.W
Total 50 mL

2 X sample buffer

Final

Tris-HCI (pH 6.8) 100 mM
SDS 4%
Bromophenol blue 0.004 %
Glycerol 20 %
2-Mercaptoethanol 5%
D.W

Total 100 mL

BEL WA AT v LEREL, PBS() T wash (2 [A) L7-2%. RIPA buffer (with 1
mM NaF, 1 mM NasVo4, 1/100 Protease Inhibitor Cocktail) (& CAFHIaA 7 =2 A N%
1 sample / 4 well / 400 pL. CEUY L7z, B EHRLIZITV, 15,000 rpm, 4 C, 20 min @
LT Tl L72tg, @m0 EIGEHEED 2 x sample buffer Z#iER&L, E—h7 v/
ZMWT 95 C,3min MEASHE, 7 e L,

YU INDE NI ER

FFiom L FiEE DW. 2 HWT 5 AR L, Pierce™ BCA Protein Assay Kit OFiH
EZHENRIEY TN AL L 7-% . Enspire™ (2T 562 nm OWHEZBIE L, o
TNFRDOH R EREZEH L., BEfRE LT Kit I2fE L TVW5 bovine serum

albumin standard % H\ 7=,

Western blotting
10 X TBS
Final
Tris-HCI (pH 7.6) 10 mM
NaCl 1.5M
D.W
Total 1L

TBS-T

10 X TBS 100 mL
Tween® 20 1 mL
D.W

Total 1L

1. AR L= 7% 10% 727 VAT 2 RSEEZF NV, 5% 727 VLT 2 RIEHEZ VI

TIIA

2. Mini-PROTEAN® Tetra Cell (Bio-Rad Laboratories) % T 200 V, 40 min D5

Tk (Fv 2 Me472Y)
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VKBV buffer : Running buffer (25 mM Tris, 192 mM Glycine, 1 % SDS)

3. Mini Trans-Blot® Electrophoretic Transfer Cell (Bio-Rad Laboratories) % f\ T
Bk L7z PVDF I 100V, 1.5 h O T Tliz5
25 buffer : Transfer buffer (25 mM Tirs, 192 mM Glycine, 7.5 % MeOH)
Bkt : MeOH 20 sec — D.W. 1 min — Transfer buffer 20 min

4. IrE X 7= PVDF % 5 % skim milk (in TBS-T) T blocking (£iE. 1h)

5. —IRPUAEIET CiRE 9 (4 °C. overnight)

6. TBS-T C wash (38 [{]) L7-t4., HRP £k L7 “KPiRER+F ke 5 (i, 1h)

7.TBS-T T wash (3 [F]) L7-f%. Chemi-Lumi One L. ¥7-{% Chemi-Lumi One Ultra
WX VRO S, 2035t % Image Quant Las 4000 mini CTH

8. Image J AT/ ROJRIE % & &

SRR

Immunoprecipitation buffer

Final

Tris-HCI (pH 7.6) 10 mM
Triton™ X-100 1%
Deoxycholic Acid Sodium Salt 1%
EDTA 1 mM
NaCl 150 mM
Glycerol 20 %
D.W

Total 50 mL

1. Dynabeads® Protein G (50 ul) % 1.5 mltube (2B L. ~7 x> s ETLEELZRE

2. 1XPBS-T (PBS with 0.1 % Tween® 20) T wash (1 [7])

3. 1XPBS-T (200 nl) (Z Anti-CYP3A1 antibody (AB1253) & Normal rabbit IgG
(sc-2027) #ZNFh 2,4 pl &EfEL7-H DL Dynabeads® Protein G %1 >3 =X
— g (R, 30min, n—7—Y3 )

4. ~ 7% v b ETEEEBREL, 1XPBS-T (600 pl) 2 400 pg protein / sample & 72
% X9 EFED buffer THEUX L7z E{EA M L7726 O L Dynabeads® Protein G
A vFaX—var (EiR, 2h, o—7—v3))

5. v/ % v h ETREEREL, 1XPBST T wash (3 [A)

6. ¥7 v F ETLEFZRZEL, 1XPBS-T (100 pl) (CFA##EH,. BT LV 1.5 ml tube
;2N

7. 7%y b ETLEEZRREL, 2Xsample buffer (20 ul) #Mz. 95 °C 3 min JNZL
L. o7l
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AL

fii CYP3A1 #ifk (AB1253)

HURT & bug

7u X7 1 5% skim milk (in TBS-T) # MW <T=iE, 1h

—RHUAE 1 5 % skim milk (in TBS-T) T 5000 £ L. 4 C. overnight #K& 5

T RPUA : Anti-rabbit IgG (whole molecule)-Peroxidase antibody % 5 % skim milk (in
TBS-T) T 10000 &AL, =i, 1h K& D

fiL CYP3A1 #ifk (sc-53246)

#7710 pg

78 y¥ 7 1 5% skim milk (in TBS-T) #fWT=iE, 1h

—KHUE : 5 % skim milk (in TBS-T) T 1000 f&#A L. 4 C. overnight #&& 5

TRPUAK : Anti-mouse IgG (whole molecule)-Peroxidase antibody % 5 % skim milk
(in TBS-T) T 5000 fFAfR L, =&, 1hiKE 5

fil CYP3A2 #ifk (AB1276)

2N & bug

7uy¥ 7 0 5% skim milk (in TBS-T) # MW T=iE, 1h

—KPUA 1 5 % skim milk (in TBS-T) T 5000 {5 L, 4 C. overnight #R& 9

TRPUIA : Anti-rabbit IgG (whole molecule)-Peroxidase antibody % 5 % skim milk
(in TBS-T) T 10000 f&A R L, i, 1h &KL 9

#iL. GAPDH #ifk (G9545)

VINZAVE SRS

7uy¥ 7 1 5% skim milk (in TBS-T) # MW T=iE, 1h

—WPUAK : 5 % skim milk (in TBS-T) T 10000 &L, 4 °C. overnight #E& 9

TRPUA : Anti-rabbit IgG (whole molecule)-Peroxidase antibody % 5 % skim milk
(in TBS-T) T 10000 f&A R L, i, 1h KL 9

Pt gp78-2 Pk (sc-33541)

#7710 pg

71y ¥ 5% skim milk (in TBS-T) ZHWC=iR, 1h

—WPUE : 5 % skim milk (in TBS-T) T 1000 &AM L. 4 C. overnight fE& 9

TRPUA : Anti-rabbit IgG (whole molecule)-Peroxidase antibody % 5 % skim milk
(in TBS-T) T 5000 f&A L, =i, 1h K& 5
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il CHIP #ifk (sc-66830)

#3710 pg

7u X7 0 5% skim milk (in TBS-T) %MW <T=iE, 1h

— YUK : 5 % skim milk (in TBS-T) T 1000 £ L. 4 C. overnight #K& 5

TRPUA : Anti-rabbit IgG (whole molecule)-Peroxidase antibody % 5 % skim milk
(in TBS-T) T 5000 f5AfR L, =&, 1h K& 5

Hi Ubiquitin HfF (sc-8017)

& 37 & 10 ng

7uyX 7 1 5% skim milk (in TBS-T) # MW <T=iE, 1h

—KHUE : 5 % skim milk (in TBS-T) T 1000 f&#A R L. 4 C. overnight #&& 5

T HUA : Anti-mouse IgG (whole molecule)-Peroxidase antibody % 5 % skim milk
(in TBS-T) T 5000 fFAfR L, =&, 1hiKE 5

VI. us 7 Y — LGN

7

Cell lysis buffer EE
Final Proteasome Substrate I (Z-LLE-AMC) :
HEPES 50 mM
NaCl 150 mM caspase-like activity
MgCl, 1.5 mM
EGTA 1 mM Proteasome Substrate I (Suc-LLVY-AMC) :
Glycerol 10 %
Triton™ X-100 1% chymotrypsin-like activity
ATP (IR L) 5mM
DTT (F FEaf 5L 0.5 mM
D.W ! Proteasome Substrate VI (Z-ARR-ANC) :
Total 50 mL trypsin-like activity

1. AL EBgGT%, AT 4 UV L%ZFREL PBS() T wash (2 [A])

2. Lo Cell lysis buffer (Z CH#MEA 7 =1 A % 1sample/3 well /400 pL. T
FNF . 12,000 rpm, 4 ‘C, 10 min DM F Tzl

3. L B (30 pu) % 96 well black plate ~B L. 5 mM I[ZFH# L7-4 20 S
Proteasome Substrate (1.25 nl) 2z T, 37 C. 30 min A > F =2X— 3

4. WL % Enspire™ (21 0 lE (Ex : 355 nm, Em : 460 nm)

5. 70 Ol k% Bio-Rad Protein Assay Dye Reagent Concentrate % FH\\T#
T ER L, HOCRE ZAHIE
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VI #EREPN GSH REEHIE

Cell lysis buffer
Final

HEPES 50 mM
NaCl 150 mM
MgCl, 1.5 mM
EGTA 1 mM
Glycerol 10 %
Triton™ X-100 1%
D.W

Total 50 mL

1. #AbEMERTE%,. AT 4 v L%HREL PBS () T wash (2 [A])

2. FFEo Cell lysis buffer |2 THFMilRA 7 = A R4 1sample/1 well/400 nL. T
FN% . 7,000 rpm, 4 ‘C. 10 min DM T Tzl

3. 0 FiF (90 uD) % 96 well black plate ~f L. Glutathione Cell-Based Detection
Kit (Blue Fluorescence) DFHIFEIZIEVIES > 7 V2R L7=t4, =ik, 1.5h 1
VX a—Tg v ()

4. #OEHRE A Enspire™ (2 XY HIZE (Ex : 380 nm, Em : 460 nm)

IX. CYP3A E&RTEMFEM

1. BALEMEBgGT%, A7 4 UV L%ZFREL PBS() T wash (2 [A])

2. P450-Glo™ CYP3A Assay with Luciferin-IPA (211§ L T\ 5 Luciferin-IPA (3 pM)
% DMEM/F-12 (without phenol red) |Z¥f# L. 300 ul/well THMIEA 7 x a1 K
([CBRFETR 37°C,5% CO2 FTA Y FaN—tay

3. A7 4 v kiE (50 pl) & 96 well white plate ~& L. Kit [ZffE L T\ 5

Detection Reagent (50 pl) # /M2 C=il, 20 min 1 > F=2X—2 3 > ()

4. FBETHE % Enspire™ (2 X 0 HIE

5. O DAT 4 v L%&FREL, PBS() T wash (2 [A]) L72#%. RIPAbuffer T4 > /%

7B &Y, EE LT, BRIEEEHIE

X. PAcBA ®F MV v AL
1. PAcBA # EtOH (2% (Final : 10 mM)
2. ¥EEED NaCOs #Mx T, AX—7—TCi# (|iE. 2h)

3. AMTAHMl L7-th, JBUERHE
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4. 3ok R% EtOH (TR L. FFOHE [
5. fbicithz T & b ICIRE L, RGO PACBA %5k
6. WB| AiEITV, F MU U AEES-%, WIEAIE (EIR. overnight)
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