3D 5 FREICHEARFEESN TV AE REEE T
D ¥ 1 % v (http://www.imm ki.se/CYPalleles/
cyp2c19.htm), CYP2C19%2A J T} CYP2C19*3 i
REATEHEICHALTEY, S-AT7 == My 0
REFEESBD TIERWZ ERHES L TRY, SU Al
DORBLED -BIMEAFHITH CYP2CL9 DER
FERBMOIDEEL 5 ZHZLNEZLND,

Fukushima-Uesaka H[ 111X, 134 & OFERFEE
RO 119 & D ART LT 4T O, Fi
T IJEBBEBREMNED CYP2CI9*I8 RV
CYP2C19%19 #ZFNTH 02%DHEHEE CTRH
LC5 (Table 1), AHFFE T SU AlOZESh - BIfE
RAFRBL CYP2C19*18 R} CYP2C19*19 &inT
SR OBIEMEEBAREICL, SU FlOBEIEREES
WL T AL BREL T, REMIBRER R TER
U7-BF AR R O BA CYP2C19 BER DA% S-
A7 2= b AV 4 FKBER A AT T — 57Kk
{ERIGE T a—T I AW TRIT L,

B. #F3EHE
A
FERICAWERELLU TR TSHENOZENE
NAFLT=, KOD-plus DNA polymerase: Toyobo;
Hindlll : Takara Bio ; BigDye terminator cycle
sequencing reaction kit v3.1:Applied Biosystems;
pcDNA3.1(+) vector : Invitrogen ; QuikChange site-
directed mutagenesis kit: Stratagene ; Yeast nitrogen
base:BD Diagnostics; Zymolyase 100T: 4L ;S-
A7 z=bA:Toronto Research Chemicals;4'-tF
0¥ A7 ==hA 2 : Ultrafine Chemicals ;3 A7
S U I T SRR AT T —
JU : AstraZeneca ; 7> Y 7 5 Y — /L : Sigma ;
NADPH, glucose 6-phosphate (G-6-P), glucose 6~
phosphate dehydrogenase (G-6-PDH) :AJx ¥
JVE#RE;PVDF [ :Bio-Rad; 7 9¥#Hith CYP2C19
Hi{k:BD Bioscience; ~/LA ¥ X —BREHYX
LU ¥ ¥ IgG: Zymed Laboratories ; ECL plus

reagent : GE Healthcare Bioscience , pBluescript-
SK()/CYP2CI9*IA 7 5 R I K X Joyce A
Goldstein & CKEELRERENFERT) D04t
HEahiz, pGYR | BERHIIREHE~NI7F— KK
Saccharomyces cerevisiae AH22 BRITMNT BE#H
£ (KBRATI RFEREBREEF R ot 5
iz, £ DMRAFEIIHA. Fik & O HPLC AR
KEMEALL,

BF AT R VS B CYP2C19 PS5 AR DfESL
CYP2C19*1A c¢DNA % pBluescript/CYP2C19
*1A ZEEANTLT, Table 2 I RT7I94~—%
VT PCR IETHEIBL7-, pGYR I ~DH¥ 7 7m—
=V T EARBICT BBV AR T v F R RS
TA=—D 5-FKImIZENEN Hindlll RKES
(F&ER) 2Lz, 2, BV AT~ —2iZ
BERMBOBRNEL EFBEDIC, arvkry
RERFI (P HRER) Z AL 7=, PCR PE¥% Hindlll
TYH{L#% . DNA ligation kit v2.1 ZFVWT 16°CT
16 B¢l pcDNA3.1(H)EFA 7 —av Kb ETTo7-
(pcDNA3.1/CYP2C19*1A) , pcDNA3.1/CYP2C19
LA X =T 7T PCR 55— 357202
LEFESR LIz, CYP2C19*1C, CYP2C19*18 R T}
CYP2C19*19 ¢DNA it pcDNA3.1/CYP2C19*1A
ZHFIICUCHAL R R RE A EIZ LY Table 3
VORI~ AV TERL, CYP2C19*1C
(991A>G) DZS Rt pcDNA3.1/CYP2C19%1A %85
Bz L T#E AL R, CYP2CI19%18 ( 991A>G
986G>A) B U} CYP2C19.19(991A>G, 151A>G)
ZE BT pcDNA3.1/CYP2C19*1C Z#RIZLT%
NENEALE, BB ~DOEROEADKET
I BigDye terminator cycle sequencing reaction kit
v3.1 ZHWTY—ro I L oRER L,
pcDNA3.1/CYP2C19s % HlIfREEFR Hindlll T5E
21k 37C, 24 B &, =¥ /) — L LEETT-
T DNA ZFERIL, AV —F DNA BIKEZHRRL
72o 72, pGYR I ~7%—% Hindlll T5E2HL
L, RIE—DENT AT —a B, 7



NHVT A7 74— (CIAP) Z AV T 37°CT 4
REFI RIS S/, 5 -RRVVBEAREL, RIZ,
BFAR R OV R CYP2C19 ¢cDNA % pGYR I @
HindIMEIErERALIZ, 16°CT 16 BReffiZA 7 — g
U, b T MEZ XY Echerichia coli DHSa,
EREEREL, BR cDNA OB A KR pGYR 1
R F—DFEHR T 0T —F— I+ BB AT I
Ul PSR LT,

CYP2C19 BER DFEH

BERMIAOR BB, Ito bDHIER]ICHE-
TITo7z, T/, YPD E5#1[1% Bacto yeast
extract, 2% Tryptone peptone, 2% D-(+)-Glucose]2
mL T Saccharomyces cerevisiae AH22 k% 30°CT
LS L, YPD 553 5 mL (I, Mo
] (ODgso=0.6-1.0) ETIREBIER LI, £ DEEREAM
Jai& 1 mL % 4°C. 2,000xg T 2 43O L CEH
L. 0.1 MEIF UL | mL TREBLZ%, RE&H
TIELL, AbNIEEEZ 1 M EE)F UL 20
pL CRBLZARE L, ZOZARBICTTAIN
DNA (pGYR I /CYP2C19s) BT} 70% Y =FL o

VI — VKR 30 pL IR0 BB, |

30CT 1 BFFHFFE L2, IRV TIRERRIK 140
uL ZInx CHIRL. SDH EXKEZH1[0.67% Yeast
nitrogen base w/o amino acids, 8% D-(+)-Glucose,
0.02% L-Histidine, 1.5% AgarliZiX, 30°CT 72
REFIREEE Uiz, 538t Wan HOD 1R [B31IZHEV &
bhzan=—% SDH K& H[54% Yeast
nitogen base w/o amino acids, 8% D-(+)-Glucose,
0.02% Histidine] iZAEE L, 30°CC 60 BFRIIRE 1Z
#UT, TOBRRERIR 1| mL % SDH JR{AREH
10 mL iICHEE L, RIS T 24 RERIREIT R LT,
RUNT, EOBFREERRIK 5 mL % SDH kA
200 mL (ZHEEEL ., RS T 24 ReRIREBEIEL
7o EBIZZEDEES 1.8 L @ SDH &A1 HE
EL. pH 5.5, iFKHISHF T C 24 BB & L=,

BRI oY — AE S OFRR

Hichiya HD G E[4]ICHEC TTo7, LitEER
BERWR%E 2,000xg T 20 HfhEOL, B -FEE
oK LT BHK CREBE ., BERSEG TREOLL
7o EVWEZBREL. EifE% Solvent A[10 mM Tris-
HCI, 2 M D-Glucitol, 0.1 mM DTT, 0.2 mM EDTA
(pH 7.4)] TREER. RISHETROLLE, EEZER
L. #@#&% 50 U/mL zymolyase & 4 SolventA T
BRI BREL 35CT 90 MERL-%.
2,000xg T 10 SRR OLE, EEERREL, Bk
27nu77—EHEAI (1 mM EDTA. 1 mM
PMSF, 0.1 yM 77 uF= 0.1 pM aAfX7F
>)%ETe Solvent B[10 mM Tris-HCI, 0.65 M D-
Glucitol, 0.1 mM EDTA (pH 7.4)] TEEReH>Z 8
%, EEE M FER (B SOREBRUERD 20
T 30 #/. 5 LR T 10 BEMREEEZ{T-7-,
BoN=T1—b% 9,000xg T 30 ZHhE LB
L. k&% 105,000xg T 60 fhE LU=, 5
BNZIEEEIZ 1 mM EDTA, 1 mM DTT, 20%2°Y
Eo—/LEFH 100 mM NaH,PO,(pH 7.4) Zh0 %
EVFTARL, 70— AESERELE, BN
wrny —LEGIIERT5ET-80°CTREFL
7o BBERREL T pGYR 1 DAREIT VAT =0y
g LIEbOZFRRIZERIL 7= (mock) , 71— A
By DF 7B EIT Lowry 5D ESTICHE-
CTHEMBET AT L EEEYEE L CR B,

B CO ZARIMVORIE

I/nu)— Al 5% Buffer D[100 mM phosphate
buffer (pH 7.4)-0.4% Emulgen911-20% glycerol]iZ
L (10 mg/ml) . Omura & Sato D F #6121
STRINARIIZRE LT, FRUZE 1 ml
T OBz RO BEAIZA, 400~500
nm DN —RAFA U ERIELE, RO TREHE L
DR —FALIRBEZEC, MEAIZK 1 mg O
AREY VT 7 AT RITLEMZIECH)NCIRFIL
721, 400~500 nm DRIV ETRELI, B
Bz 450 KX 490 nm DY R 2= IV ELR
¥l mM'em' ZAWVWTCYP EEBEZE ML,



ATy My

BEREI /0y — 0% Laemmli 5D HE[7HZHEL T
10% SDS-RUT7Z7YNTIRF LV ERIKENZAIL
2o UKENE: ., Towbin HDHE[8IICHENT L _IE
% PVDF JEIZERBE 7=, PVDF [RiZ—kFifELl
THieh CYP2C19 HufF%d, ZkfufkL T~ULA
X — BRI VX 1gG 2%, KR TF
a2 —hUT, ek, kL aLIzs I B%E
LR IBEICIVRH L, TNOD U RIRE L
ScionImage v4.0 (Scion Co.) Z AW CEERLTZ,

S-AT7 x=bAY 4 -KBRLTEVE ORI E

S-AT7x=bAY 4 KEELTEHEIL, Hanioka 5D
FiE[9)IZHEL TR LT, S-AT == A 4'-/KBE
{LIS% Fig. 1 12",

Final concentration

Kpi buffer (pH 7.4) 50 mM
MgCl, 10 mM
G-6-P 10 mM
G-6-PDH 0.5 U/mL
EDTA 0.2 mM
S-Mephenytoin 10-1000 uM
Microsomes 2000 pg protein/mL
NADPH 1 mM
Total volume 500 uL

CYP2C19 REERI/0Y) —b2BR ERDOK
SEEIRE.31CT 1| SMTHEISLEE.
CYP2C19 BEERII/0Y —ADFIMIE>TK
B LT, 37CT 20 HRIRIGLZ#
dichloromethane % 4 mL #IL CRIGZEIEL
oo NERIZHEHELL CT = /R EZ— )L (5
nmol) 212 T 2 HEBLERLZE. 2,500xg
T 10 LR OHBELT, T ORFBIAEAEZ 5 I
L. BRITAKH T (35°C) TEELZ, X 200
pL @ 50% methanol IZHEAREL . £DMND 20 puL %
HPLC 2L, 4-eR a3 AT == U AR B
PNEMRIEEIC TR LT, 72388, S-AT7 == UiT
DMSO : methanol (50:50, v/v) IZIEREL . ZORG
B OFEEILREIT 1% L7,

HPLC £FITTFROIIICERELE,

HPLC conditions
Column: Inertsil ODS 80A (4.6 mm i.d. x 150 mm)
Column temperature: 46°C
Elution: 20 mM KH,PO, (pH 4.0)-methanol-
acetonitrile (77:6:17, v/v/v)
Flow rate: 1.0 mL/min
Detection: UV 204 nm

AT T — v S-KBALTEE DR E

FATSTY — v 5-KEE{LIEME X, Yamazaki
LOHFENONCECTRIE L, AT FY —
v 5-KBE (LS Fig. 2 IZ7R T,

Final concentration

Kpi buffer (pH 7.4) 50 mM
MgCl, 10 mM
G-6-P 10 mM
G-6-PDH 0.5 U/mL
EDTA 0.2 mM
Omeprazole 0.5-50 uM
Microsomes 500 pg protein/mL
NADPH 1 mM
Total volume 500 puL

CYP2C19 REERI/0Y — L% LTROK
JSIRAKEZ.37TCT 1 ETFHEISLEZE,
CYP2C19 HEEERI/ 0 —bDHEMIE>TR
JeEBRIA LTz, 37°CT 10 SRS LZ#. 05 M
Na,HPO, % 0.1 mL % T dichloromethane:
acetonitrile (90:10, v/v) K% 4 mL HIL TR
EAFIEL, REREMBELL SV TFY— L
(25 nmol)%:%}ml, 2 SEBLERLEE,
2,500xg T 10 7y hE OO BELU T2, £ OIS
ZoWL, EFTAKRM T 35C) mEL7=, ik
£ 200 pL @ 20 mM Na,HPO,/methanol (50:50,
VIV) IZESFRL . DA D 20 pL % HPLC I2fFL. 5-
R aX U F AT T — VAR B ENERE RIS T
BHLE, B, A AFFY —1iE DMSO :
methanol (50:50, v/v) IZIBREL . ZORISK T D
BRBEEREX 1%L,

HPLC &I FRROIICERELE,

HPLC conditions

Column: Inertsil ODS 80A (4.6 mm i.d. x 150 mm)
Column temperature: 40°C
Elution: 20 mM Phosphate buffer (pH 6.8)-
acetonitrile (72:28, v/v)

Flow rate: 1.0 mL/min

Detection: UV 302 nm



7 —H RN

S AT 2= h AV 4-RUOAATT—N 5-KEE1E
IR0t 33 FE G B9 AR HT 1X | Prism v4.0 (GraphPad
Software) % V> C Michaelis-Menten 7Ry bR
Eadie-Hofstee 7Ry MEAERL . Ky BT Vo HZ
B, In vitro 797 7 AMEIX Vool K ELTZ,
WENOED 3 BIORROFEEME + SD.ELT,

B ZRE L Dunnett’s post-hoc test 1T\, HE

ZDH EIIERPE 5% BELLZ,

C. FEkER
EERLHIRIC 3017 DB AR R OV A CYP2C19 #
VRTBDFE,

B CRASTEHFAEARROERA
CYP2C19 BERF UV AVEOMKII 0y — LE 53
KBITARBELZY=AZ T oy Mz LR
LTz, TORER% Fig. 3177, BYEXTBRERE
AR R OEBRENT IO CYP2C19 BRI S
BIra/ — IRV Thiikh CYP2C19 HifkEa

ETHIAUCERBREENE, CYP2C19.18 KT |

CYP2C19.19 DMV RBEIXBFARDOZEN
2171 RO 57% CThH Tz, Fi=, CYP2C19 R
MR/ e — 22 AVWGETLE CO EAY
MMAZED CYP EEBORIEEZIT -T2, TDRERE
Fig. 4 IT°7, BAR R OERR CYP2C19 O
FHAZEVTH 450 nm IZRIEB R Z R T RA27h
R DBIL, AR CYP2C19 DOBEEtE CYP

5 B X

15.6 pmol/mg protein T &H - 7=,
CYP2C19.18 ® CYP &I, BFARIVK 2 £/
MoT=DIZ*L., CYP2C19.19 @ CYP & EIXH4

D 65%THY, WITINHLEBEENPRDLNT,

BPAER R OVE B CYP2C19 BER DOMBBEMRT
BPAETR R OVEE RAY CYP2C19 DM BER LS

BIEZ B LN T 572012, CYP2C19 REEER

Ml sny — LEBRFIZLT S ATy

4B F AT T — )b 57K BV B 0D 338 BE e
BT 21T o7z, S-AT == b AV 4-KEBELRIGD
Michaelis-Menten 7"0 b Jx UG D 3172 3 FE F e
INTA—F—% Fig. 5 K Table 4 [ZENE IR
9, BAER CYP2CI9 @ K, 1% 33.5 uM Thotz,
CYP2C19.19 @ K, fEIXE4AER CYP2C19 LEEfL
TH 3 A EICE DT85, CYP2C19.18 TidE
AR CYP2C19 EDORICEBARZET R o1, B
AT CYP2C19 DIy —bF _IE BN
D Vipax B VouolKn X, THEF N 730
pmol/min/mg protein & T* 2.19 pL/min/mg protein
ThHotz, BAER CYP2C19 D Vi BT Vo K
% CYP SETHETDIE, TNEh 464
pmol/min/pmol CYP &% T} 138 nL/min/pmol CYP
Thotz, I7u)/—bFZIEER R CYP &8
H7-HD CYP2C19.19 D V., fEIZ. BFARLDO/M
WCHBRZRX R OTED, VadKn THIXEF AR
CYP2C19 (2t~ 7my/ —AFZ L RIBRBY VT
IX 29%. CYP ZE Y7V TIT 47%LHRITED -
=, —75, CYP2C19.18 D Vo BB Voo Ko I
WFNOBEMIZBWOTHEAR CYP2C19 DR
IZHEBERZTIRDON2) T,

B, AATFT—NEREEICAWTHARK
VCERE CYP2CI9 OBEFEHBEIZOWVT
CYP2C19 RIEERMAII vy — % FV TR
LTz, AT T — v 5- KBRS Michaelis-
Menten 7"y bR OGS TR EEGRRY/ ST A—F—
% Fig. 6 KU Table 5 IZZNEIRT, HARD
Ko Vinox BN Vo K X ZENZE L 1.50 M, 131
pmol/min/mg protein &% TF 85.4 uL/min/mg protein
Th-ol-, CYP2C19.19 D K, EIXHARDZNL
L THY 1.4 (A BICED o745, CYP2C19.18
TIXEAR CYP2C19 LORICAEERZTFRDL
Nipipote, 70 —LFURIEEBTEVD Vi
B &k O VadKs fE iX CYP2C19.18 K O
CYP2C19.19 Wi HLDZERA CYP2C19 128\ T
HLEFAER CYP2C19 LORMIICHBARZEIRDLN
2hotz, CYP SE ¥V T, CYP2C19.19 @



Viax TEIZEFAT CYP2C19 D 1.8 {EHEITEL,
CYP2C19.18 D Vi K 1 66%FE Tl LT,

D. B2
AETIIARNTHZICRBSNETIBER
D 2 EEOEREA CYP2C19(CYP2C19.18 &
T CYP2C19.19) ¥R ORSREMENT %, BRI T
EBELUBREAVTT oM, VxRF T ayhsy
RN T, AR R OERR CYP2C19 REEE
B#EIsey —2nWFhicsBnwThbiieh
CYP2C19 HifkLpBRZTH/URBRDLN,
% O # FE X CYP2C19.18>CYP2C19.1B>
CYP2C19.19 DETH-oT=, Fiz, CYP2C19 R,
BRI /o) —ADBIER CO ERA~ UM E
RIEL., BPAER K OERE CP2C19 Wiz
Th 450 nm [ZRIBKRE R TZEETHRBLE, £
noDBEME CYP & &ix. CYP2C19.18>
CYP2C19.1B>CYP2C19.19 DIETHY, J=RF
Tay My ORERLHZE—FHL TV, 2D X3
AR TREFTU-BFAR KR OERR CYP2CI19 @
BRI I BT DR R BIIBERB TREBAo
Tz, ZOBRBMBMTEERL THBONFRHTH
L0, BERE COBRI LV RIEREAOBREIC
BIID2ENENDOEE/FRIE, DT
CYP2D6*10 <2 CYP2D6*36 TRDHLNTVALS
REBRI L RIB DOl EDLZEMEDE
WIZEAFTREMENZ 2 b B [11,12], S HELICEE
FEE I Z 31 B EP AT R O 2B CYP2C19 D in
vitro ER B DUV TREIEITOZEB L ETH D,
CYP2C19 BEROMEBEICEX I HHELERR
CYP2C19 IZBITBHTI/BBEROKEELZRAL)IC
T57-H1Z, CYP2C19 Ik RIS b
S- AT 2=V 4T O AT T —)L 5-KEE{LK
JIREHERICL T, AR R OERR CYP2C19 B
RILODWTORERMWMBITEIT - =,
Ser51Gly/lle331Val E#% {5 CYP2C19.19 @ §-
AT z=b Ay 4 KBORKIED K, EIZE4ER

CYP2C19 I[ZHENFEIZEL, I/ —AF 3y
BEEW CYP EBHEVD VioolK, BEITHEIC
D30Tz, ZHUTHE L., Arg329His/Ile331Val B4
#9 CYP2C19.18 D Ky Vi BT Vool Ko fBILEF
A CYP2C19 LIZIZRIBETHY, Ser51Gly &
L S AT ==K T AR MR R T &,
ZORBMEELE TSV BILENRRENT, FATF
V) —V 5 KBV RS 38V T CYP2C19.19 @
K, fEIXEAR CYP2C19 B EIZE o7
N, CYP EBYUEVD Voo /K, HILE4ER
CYP2C19 LIZIZRIEBE TH -7, CYP2CI9 D
Ser51Gly BH#ITIA AT T — /TR L ThE fute
PR TS®EN, SSAT7 == MU LIIERR R
T, ZNHDRERMNE, CYP2CI9*%19 H5| &k
YT BERIC LB REMRET LIT R (EEK
) I Lo TRARBIENHESNT,
INETVLODDOHLEY CYP HFED X
FRIE SRE ERAT E RB;E Sh T3 [13-17],
Lewis 5[18,19]iX, 7% CYP2C5 Z#HLLT
CYP2C19 DIIEHEEREEL, TNIZESNT6
20 SRS ZRIFEL T3, CYP2CI9 & CYP2C9
XTI BECSIT 91%DMRMEE R T A RERRE
TR ES R B[20-22], Tsao H[22] KTt Oda &
[23]4X CYP2C19 & CYP2C9 D AT UNERAT 45
REMERBRIZAVERIIBRICESX,
CYP2C19 D 1 ~UyZAK TR SRS-4 T3
Asp286. Ala292. Asp293 B TF Leu295 i% S-A7 =
=My 4 KB E RS ICE BRI ZES T
BETHIERELTWS, AFFETcERALE
Ser51 BTN Arg329 lZENEN A RO ~Uoy 7R
WABELTWAR, 2607 I BRI
CYP2C19 DWW D SRS (T S-AT ==k (v D
BEAEALITHAEL TV, LA, AFETHE
B3 CYP2C19.19 D S-AT ==k AV 4-F VA A
TN SIKBAURIS D K fBIXBF AR e~
THEEIZED T, ThbDZEb, CYP2CI9 I
FB1T5 Ser51Gly E#ix CYP2C19 DEEIZxT
DEMMEER KR TSR RRENT,



E. f&a

AT, BAANTHICRHINE 2 B
DTI/VBEBRZMEIELRE CYP2CI9
(CYP2C19.18 KUt CYP2C19.19) BE 32 2 B4 REA I
WRBASE, TNODOBELY S AT == R
FATGS =N EEBIZHWTHETLE,
CYP2C19.18 ® S-AT7x==bv 4-R A ATZY
— /b 5 KL RGO R EE R/ 3T A—F —{EIL B
AR CYP2C19 OENSELIEFLL TV,
CYP2C19.19 iTWTFNOKIRIZB W TH AR
CYP2C19 JVHFEIZE W K, [EERLIZ, ZhbD
ERIX, CYP2C19.19 128175 Ser51Gly E#S
CYP2C19 B D S AT 2=V R A AT T —
MR TR IMEZLERTIEDZLE2RERL TR
D, CYP2C19*]19 1 ZEE LD R URBIVERARER
WO EY RIETERUELTF CTHHRIRE
HENEZ BN,
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Table 1. Characterization of CYP2C19 alleles examined

Allele Protein Nucleic acid change Amino acid substitution
CYP2Cl9*I1C* CYP2C19.1B* 991A>G Ile331Val

CYP2C19*18 CYP2C19.18 99C>T/986G>A/991A>G/IVS7-106T>C  Arg329His/lle331Val
CYP2C19*19 CYP2C19.19 99C>T/151A>G/991A>G/IVS7-106T>C Ser51Gly/1le331Val
*Wild-type.

Table 2. Primers used for cDNA subcloning

Primer Sequence
CYP2C19-F 5'-CCCAAGCTTAAAAAAATGGATCCTTTTGTGGTCC-3"
CYP2C19-R 5-GGAAAGCTTAGGAGCAGCCAGACCATCTGT-3'

Hind 111 sites marked with the solid lines. Yeast consensus sequence marked the
wave lines.

Table 3. Primers used for site-directed mutagenesis

Mutation Primer Sequence Position
991A>G* I331V-F 5"-GATTGAACGTGTCGTTGGCAGAAACCGGAGCC-3’ 978-1009
I331V-R 5'-GGCTCCGGTTTCTGCCAACGACACGTTCAATC-3’
986G>A/(991A>G)" R329H/(I1331V)-F 5'-CCAGGAAGAGATTGAACATGTCGTTGGCAGAAACCGG-3’ 969-1005
R329H/(I331V)-R  5-CCGGTTTCTGCCAACGACATGTTCAATCTCTTCCTGG-3'
151A>G* S51G-F 5'-CCTACAGATAGATATTAAGGATGTCGGCAAATCCTTAACC-3’ 126-165
SS1G-R 5-GGTTAAGGATTTGCCGACATCCTTAATATCTATCTGTAGG-3"
Bold and underlined letters indicate the mutation sites introduced by PCR-based mutagenesis.
aner for CYP2C19*1C, CYP2C19*18 and CYP2C19*19.
®Primer for CYP2C19*18.
Primer for CYP2C19*19.
HO.
CYP2C18
o N—CH; e N—CH
H3CH,C" 3 >
e HN—@ 2 HN—&
O 0]
S-Mephenytoin S-4'-Hydroxymephenytoin
Fig. 1. S-Mephenytoin 4'-hydroxylation by CYP2C19.
CH H
3 CYP2C19 CHzOH
\ />
H3CO OH3C OCH3 H3CO OH3C OCH3

Omeprazole

Fig. 2. Omeprazole 5-hydroxy1ation by CYP2C19.

5-Hydroxyomeprazole
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Fig. 3. Western blot analysis of microsomes from yeast cells expressing wild-type and variant
CYP2C19s. (A) Representative results of pooled microsomes from three independent preparations.
The microsomal protein level applied was 10 pg/lane. (B) Expression level of CYP2C19 holo- and
apoprotein. The results are expressed as percentage of the level of wild-type CYP2C19.19. Each bar
represents the mean + S.D. of three separate experiments derived from independent preparations.
*Significantly different from CYP2C19.1B (p<0.05). **Significantly different from CYP2C19.1B
(p<0.01).
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Fig. 4. Reduced CO-difference spectra of microsomes from yeast cells expressing wild-type and
variant CYP2C19s. (A) Representative results of pooled microsomes from three independent
preparations. The microsomal protein concentration used was 10 mg/mL. Solid line, CYP2C19.1B;
broken line, CYP2C19.18; dotted line, CYP2C19.19. (B) Expression level of CYP2C19
holoprotein. The results are expressed as pmol/mg protein. Each bar represents the mean + S.D. of
three separate experiments derived from independent preparations. *Significantly different from
CYP2C19.1B (p<0.05). **Significantly different from CYP2C19.1B (p<0.01).
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Fig. 5. Representative Michaelis-Menten kinetics for S-mephenytoin 4'-hydroxylation by
microsomes from yeast cells expressing wild-type and variant CYP2C19s. (A) Results on the basis
of microsomal protein level. (B) Results on the basis of CYP protein level. The substrate
concentrations used were 2-500 uM. ®, CYP2C19.1B; [J, CYP2C19.18; B, CYP2C19.19.

Table 4. Kinetic parameters for S-mephenytoin 4’-hydroxylation by microsomes from yeast
cells expressing wild-type and variant CYP2C19s

Variant K2 Venax Venax/ K

Protein® CYP¢ Protein® CYP®
CYP2C19.1B 33.5+2.5 73.0+£25.2 4.64+1.63 2.19+0.77 138+47
CYP2C19.18 42.6+1.6 118+28 3.87+£092 2.80+0.71 91.24+236

CYP2C19.19 99.7+6.6%* 62.9+£9.3 6.35+1.10 0.63£0.12* 64.3+14.7*

Each value represents the mean + S.D. of three separate experiments derived from independent
?reparations.
uM.
®pmol/min/mg protein.
‘pmol/min/pmol CYP.
pl/min/mg protein.
°nl/min/pmol CYP.
*Significantly different from CYP2C19.1B (p<0.05).
**Significantly different from CYP2C19.1B (»p<0.01).
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Fig. 6. Representative Michaelis-Menten kinetics for omeprazole 5-hydroxylation by microsomes
from yeast cells expressing wild-type and variant CYP2C19s. (A) Results on the basis of
microsomal protein level. (B) Results on the basis of CYP protein level. The substrate
concentrations used were 2—-50 uM. @, CYP2C19.1B; [1, CYP2C19.18; &, CYP2C19.19.

Table 5. Kinetic parameters for omeprazole 5-hydroxylation by microsomes from yeast cells
expressing wild-type and variant CYP2C19s

Variant Kt Venax Vinax/ K

Protein® CYP* Protein® CYP*
CYP2C19.1B 1.50+0.26 131+48 8.17+2.41 85.4+18.9 5.37+0.83
CYP2C19.18 1.72+0.18 188+32 6.15+1.11 109+8 3.56+0.28*

CYP2C19.19 2.14+0.32* 144+21 14.6+3.47* 67.5+7.3 6.75+0.69

Each value represents the mean + S.D. of three separate experiments derived from
independent preparations.
a

®pmol/min/mg protein.
zpmollmin/pmol CYP.
pl/min/mg protein.
“nl/min/pmol CYP.
*Significantly different from CYP2C19.1B (p<0.05).
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Four novel defective alleles and comprehensive haplotype
analysis of CYP2C9 in Japanese

Keiko Maekawa®®, Hiromi Fukushima-Uesaka?, Masahiro Tohkin®®,

Ryuichi Hasegawa®, Hiroshi Kajio®, Nobuaki Kuzuya®, Kazuki Yasuda®,
Manabu Kawamoto', Naoyuki Kamatani’, Kazuko Suzuki®, Tatsuo Yanagawa®,

Yoshiro Saito®® and Jun-ichi Sawada®®

Genetic variations in cytochrome P450 2C9 (CYP2C9)

are known to contribute to interindividual and interethnic
variability in response to clinical drugs such as warfarin.
In the present study, CYP2C9 from 263 Japanese subjects
was resequenced, resulting in the discovery of 62
variations including 32 novel ones. In addition to the two
known non-synonymous single nucleotide polymorphisms
(SNPs), lle359Leu (*3; allele frequency=0.030) and
Leu90Pro (*13; 0.002), seven novel non-synonymous
SNPs, Leu17lle (0.002), Lys118ArgfsX9 (*25; 0.002),
Thr130Arg (*26; 0.002), Arg150Leu (*27; 0.004), GIn214Leu
(*28; 0.002), Pro279Thr (*29; 0.002) and Ala477Thr (*30;
0.002), were found. Functional characterization of novel
alleles using a mammalian cell expression system in vitro
revealed that *25 was a null allele and that *26, *28 and
*30 were defective alleles. The *26 product showed a
90% decrease in the V., value but little change in the
K., value towards diclofenac. Both *28 and *30 products
showed two-fold higher K, values and three-fold lower
Vinax values than the *1 allele, suggesting the importance
of Gin214 and Ala477 for substrate recognition. Linkage
disequilibrium and haplotype analyses were performed
using the detected variations. Only five haplotypes
(frequency >0.02) accounted for most (>87%) of the
inferred haplotypes, and they were closely associated
with the haplotypes of CYP2C79 in Japanese. Although
the haplotype structure of CYP2C9 was rather simple

in Japanese, the haplotype distribution was quite

Introduction

Cytochrome P450 2C9 (CYP2C9) is said to metabolize
approximately 15% of the drugs that undergo Phase I
metabolism. This enzyme belongs to the human CYP2C
subfamily (including CYP2C8, CYP2C9, CYP2Ci8
and CYP2C19) and hydroxylates weakly acidic or neutral
drugs of diverse therapeutic categories, including the
hypoglycemic agents tolbutamide and glimepiride,
the anticonvulsant phenytoin, the anticoagulant warfarin,
the non-steroidal anti-inflammatory drugs flurbiprofen
and diclofenac, the antihypertensive losartan, and the
diuretic torsemide [1]. Several genetic polymorphisms in
CYP2C9 are already known to affect the metabolism of
many of these drugs [2]. However, highly variable
interindividual and ethnic differences in the metabolisms

1744-6872 © 2006 Lippincott Williams & Wilkins

different from those previously reported in Caucasians
and Africans. Taken together, novel defective alleles

and detailed haplotype structures would be useful for
determining metabolic phenotypes of CYP2C9 substrate
drugs in Japanese and probably Asians. Pharmacogenetics
and Genomics 16:497-514 © 2006 Lippincott Williams &
Wilkins.
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of these CYP2C9 substrate drugs [3,4] suggest that the
unidentified genetic, dietary, or ethnic-specific environ-
mental factors might account for these differences.

To date, at least 24 non-synonymous CYP2C9 alleles have
been identified and published on the Human CYP Allele
Nomenclature Committee homepage (http://www.imm.
ki.se/CYPalleles/). The *2 (Argl44Cys) and *3 (fle359Leu)
alleles of CYP2(C9 are found in Caucasians at frequencies of
10-15% and 5-10%, respectively, but are less prevalent in
African-American and Asian populations, and exhibit
reduced activities towards a number of substrates such as
warfarin, phenytoin and losartan both # vitre and i vive [S].
In particular, the subjects bearing the diplotype, *2/*3 or
*3/%3, showed lowered daily warfarin or phenytoin dose
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requirements and appeared to be more susceptible to their
adverse effects during initiation of therapy [6]. On the
other hand, a number of reported alleles (*4 to *24), some
of which exhibit catalytic defects, are mostly ethnic-
specific and relatively rare [7-13].

It is possible that the single nucleotide polymorphisms
(SNPs) in the promoter region of CYP2(9 are responsible for
altering metabolic activities, which may result in adverse
reactions or therapeutic failures. These SNPs might influ-
ence not only the basal transcriptional activity, but also the
induction of CYP2CY by various drugs such as rifampicin and
phenobarbital [14]. A previous study in a Japanese population
indicated that promoter SNPs of CYP2(9 were associated
with reduced intrinsic clearance of phenytoin, but these
findings might be due largely to the linkage between the
*3 allele and promoter SNPs (-1911T > C, ~1885C > G,
~1537G>A and -981G>A) [15]. Other studies on
Caucasian, Asians and Japanese did not find any associations
between the promoter SNPs and warfarin  sensitivity
[12,13,16,17] or acenocoumarol pharmacodynamics [18].

Collectively, the known genetic variations in CYP2C9 can
only partially explain the interindividual or ethnic
differences in CYP2C9 activity iz vivo. A recent extensive
review on allelic variants of 11 Phase I enzyme genes has
pointed out that members of the CYPZ subfamily have
the highest level of genetic diversity [19]. Very recently,
Ahmadi er 4/ [20] illustrated differences in long-range
linkage disequilibrium (LD) profiles of the CYP2C
cluster covering the four CYP2C genes (2C18, 2G19, 2C8
and 2C9) between Europeans and Japanese. These

reports have prompted us to resequence CYP2CY in

Japanese and to identify detailed Japanese-specific
genetic variations and haplotype structures.

In the present study, we sequenced the coding exons,
their flanking introns and the upstream putative promo-
ter regions in CYP2CY from 263 Japanese subjects. Seven
novel alleles with non-synonymous SNPs were function-
ally assessed by using diclofenac as a substrate in a
mammalian cell expression system. In addition, the
haplotype structures with high-density SNPs were
analysed and compared with those in previous reports
to provide a plausible explanation for the variability in the
in-vivo metabolic activity of CYP2C9 in different ethnic
groups. Furthermore, the associations between CYP2(9
and CYP2C19 haplotypes in Japanese were analysed.

Materials and methods

Human genomic DNA samples

Two hundred and sixty-three Japanese subjects analysed
in this study consisted of 134 diabetic patients and 129
healthy volunteers. The diabetic patients were adminis-
tered an antidiabetic drug, glimepiride, at the Interna-
tional Medical Center of Japan or Nerima General
Hospital. Healthy volunteers were recruited at Tokyo

Women’s Medical University. Genomic DNA was ex-
tracted from blood leukocytes of diabetic patients and
from Epstein-Barr virus-transformed lymphoblastoid cells
derived from healthy volunteers. Written informed
consent was obtained from all participating subjects.
The ethical review boards of the International Medical
Center of Japan, the Nerima General Hospital, the Tokyo
Women’s Medical University, and the National Institute
of Health Sciences approved this study.

Polymerase chain reaction (PCR) conditions for DNA
sequencing

First, multiplex PCR was performed to amplify the 5'-
flanking region or all nine exons of CYP2CY by using the
two sets of mixed primers (Mix 1 and Mix 2 in ‘first PCR’,
respectively, as listed in Table 1). Namely, the four (5'-
flanking, exons 2-3, 6 and 7) or three (5'-flanking to exon
1, exons 4-5 and 8-9) genomic DNA fragments were
amplified simultaneously from 50ng of genomic DNA
using 1.25U of Ex‘Taq (Takara Bio. Inc., Shiga, Japan)
with 0.60 pM mixed primers. The first PCR conditions
were 94°C for 5 min, followed by 30 cycles of 94°C for
30s, 55°C for 1 min and 72°C for 2 min; and then a final
extension for 7 min at 72°C. Next, the 5'-flanking region
and each exon were amplified separately (second PCR)
using the first PCR products as template with Ex-Tag
(1.25U) and the primer sets (0.4um); listed in the
‘second PCR’ of Table 1. To cover approximately 3 kb
from the transcriptional initiation site, three discontin-
uous fragments of the 5-flanking region (-3377 to
-2590, —2093 to —-1506 and -1283 to —106) were
amplified by second PCR. The regions —2589 to —2094
and -1505 to -1284 were omitted from the present
analysis. For the amplification of each exon, the flanking
intronic sites were included to analyse the sequences of
exon~intron splice junctions. The second PCR conditions
were the same as the first PCR. The PCR products were
then treated with a PCR Product Pre-Sequencing Kit
(USB Co., Cleveland, Ohio, USA) and sequenced directly
on both strands using an ABI BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, Cali-
fornia, USA) with the primers listed in ‘sequencing’ of
Table 1. The excess dye was removed by a DyeEx96 kit
(Qiagen, Hilden, Germany). The eluates were analysed
on an ABI Prism 3730XL. DNA Analyser (Applied
Biosystems). All the novel SNPs were confirmed by
repeated sequencing of the PCR products generated by
new genomic DNA amplifications. The genomic and
¢DNA sequences of CYP2C9 obtained from GenBank
(NT_030059.12 and NM_000771.2, respectively) were
used as the reference sequences. Description of SNPs
was based on the cDNA sequence, and adenine of the
translational initiation site in exon 1 was numbered + 1.

Cloning and site-directed mutagenesis of CYP2C9 cDNA
Construction of the wild-type CYP2C9 expression
plasmid (pcDNA3.1D/CYP2C9/wild-type) was performed



499

Novel defective alleles and haplotypes of CYP2C9 Maekawa et al.

uoioRal URyd 8seIRWAIDd YOd ‘21650080 LN uo sewnd yoes jo pus g eyl jo uonisod spiiosjonu ay],

‘Z1'6G00E0 LN UO Paseq ‘| S1 UOPOO LElS [SUOHEISURI BU} JO Y,

828L6¥S1 DOVIYVYYVOOOVOLOVOVVLOLO 8VELBYSL 01001LID1010DVODLD 6 uoxg
-GGhL6YSL OVOLLOLYOVIOVOLLDIVYDD 95696461 OIVOLIVOLIVOOLYOOLYOLD 6 uoxgy
S69v6¥GL OLOLHIODVOLLIVIVIOOVYDD L90v6¥SL DOVYVYOOLVIDOVVYOOLIVODLLD 8 uoxg
08868161 DVLOVOVOVYOODIOVOVOVOVY Lgle8vst OLLVUDILIO0D0DIVOD B L uoxg
L1808¥G1 ODOLLIVDDHDIVOVYOVLIOY L8108YG1 DOVLOVODODVYVLYVOOLIVID 9 uoxg
[314:7A1 411 OLODBOIDIOLLIVIVIIIDVIDD 0BLLSYGH SLOI00IYDLIVYOVLIIDDIO G uoxg
PLEQGYGL OLIVIVOVYIDOLLIDIDOOD L0LSSPSL LIDODIDVOLOLYOOLLLOD ¥ uoxg
$S60SYS 1 OLOVVLLIDIODIOVOVYYVYYDD [Agqucigel] DOVOYVODIOLIDYDDY € uoxg
8LE0GYS| 19L3101DVVIDIOIODYDD 18L6¥vG1 191100VD1L00L0VVYOLIOL g uoxg
8EELYPSL LOVIOLOIIOIYVYYOOOVD yylovval DIYVOVODIOVDVOVIDIVYYOD o1 UOXe 01 gZ —) | uoxg
6289PvG1 LYOLOVOOOVDLLIOVYDDYY LOg9rYSL YOODVOLLOODIOOLIVYD o481~ 01 659 -) Bupjuey-,g
¥SEIPYS] O0300YVVYLIYOOVLLLOOVY £89GV1G1L 0HVYOLOVIDVOLOVYVOLOOLY o619~ o1 g8 1 ~) Bunjuey. g
09vGPvG1 10101YVOLLLIODO1DIVOLD eL8yvYSl DOVVOOVIOIDOVYYYDLIOVVVL «(90G1 ~ 01 €605 ~) Bunjuey-,g
9LEVYYSI OVIVOLDIVODOLVOVILDLVYO £65evySi VIODLLIOIODIDIIBVIDD (0662 - 01 gL8€ ~) Bunjuey- g Burousnbag
€48 8C8L6YGL DDVIVYYYOOOVILOVOVVIOLD 9569651 SIVOLIVOLIVOOIVOOLVYOLO 6 uoxgy
629 S69V6YSL OLOLLLODVOLLIVIVIOOVYDO L90V6VSL DYVYOOLVIDYVYOOIVODLLD 8 uox3
Sid 8686861 ODIOYOVOVOVYYOVDDLIOLY 168461 B11103309DIv300VLLIOVD £ uoxg
jetete] L1808¥GL 0DBDLLLVODDIVOVOVLOY L5108¥G1 1YVODIVYDILYDIO0DVOVY 9 uox3
bv9 €08LGYS] OLODOOIDIOLLIVIVIIIOVIDD 08L46YG1 DLO0L001VYDLIVYOVLIDDIO G uoxgy
£y8 POy9GHGl OVDOOYDILYOLIVOVYVYYYYDOVOD [44:e 141 OLLDDLIOVIOIDIOOLIDDLIL ¥ uoxg
vzl 6G606YG1 10D10VOYYYVYVYDDDIVYIDD 9vLeYYGL OLLOOVOIVIDDIDOVOVDVLD €-¢g suox3
PE9 ySeELYYSI DO0VOVYVYIODIVOVYYLOLYYD 18L9¥vG1 YVOLOVYOVLIDYYOOVYVYOOLO oL Uoxe 0} gpg~) 1 uoxz
8411t 0889V ¥G1 ODIVIVIOVODLODVIOOVOLY £899Y¥S1 DOVOLDIVIOVOLOVYYOLOOLY (901 ~ 01 £8% L —) Bupjuey-g
886 09¥ShpSt 1010LVVOLLLIDO01DIVOLD eL8YYYSL DDYVHOVIOIDOHVYYYOIOVYYL (380G 1 ~ 01 £60T -) Bunjuey-g
884 9LEVPYS1 OVIVO1O1IVOOOIVOVOLDIVO 68SeYyS1 DOLOLODIDLIBDVIDDIOLNY {0662 - 01 4L8€-) Bunjuey- g H0Od puoodeg
9LE 8C8L6YSG1 OOVYLYYYYOOOVOLOVOVYIOLO L90v6¥S| DVYVOOLVIOVYVYOOLVODLLD 6-8 suoxg
[Avad €T8LEYGL OL0DDDIDIOILIVIVILIBVIDD [4421¢11 4% OLLDDIOVIOLIOIOOUDDLL G-t suoxgy .
1602 YSELYYGL OO0VOVYYVODIVOVYIOIVYD [ £ 14414418 ODLLIDIVYDIOVYOILIOVVYID o(l UOX® 0} 5OLL~) | UOXd 0} Bupuel-6 7 WN
172 86868151 ODIOVOVOVOVVYOVDDLOLY py168vG1 911100009LvOD0VLIOVD 4 uoxg
[efele] L1808VG1 ODDLLIVOHDIVOVOVLIOY L5108Y¥G1 LYYDDIYYOLIYDI00DYOVY 9 uoxgy
vict 6GB0GYG1 LOD10OVOVYYVYVYDDDIVYLDD el A 4411 DLIDOVOLVIDDIDOVOVOVLID €-¢ suoxy
e6le 09¥Gh Gl 1OLOIVYDLLLIDOOLDIVOLD 80eTYv¥SL ODI1DIOVIOVOYVIIVYIODYYDLVIO +(90G1 - 01 8G9v ~) Bunjuey-g L XN ¥Od sil4
(dq) 1onpoid yYod QUONISO (,€ o1 ,G) @douenbag quonIsod (,€ 01 ,G) @ousnbsg uotBai paouanbas pue paidwy

sswud asianay

tsuind premiog

suab 22440 uewny ay) jo sisAjeue ayj Joj pasn saouanbes Jawld | Biqel



500 Pharmacogenetics and Genomics 2006, Vol 16 No 7

using pcDNA3.1 Directional TOPO Expression kit
(Invitrogen, Carlsbad, California, USA). Briefly, the
wild-type CYP2C9 c¢DNA was amplified by PCR from
human adult normal liver Quick-Clone ¢cDNA (Clontech,
Palo Alto, California, USA) with the forward primer,
5'-CACCAGAAGGCTTCAATGGATTCTC-3, and the
reverse primer, 5'-GAGAAAAGGCATTACAGATAGTG-3.
The sequence in italics was introduced for the directional
TOPO cloning system. The PCR products were
cloned directly into the pcDNA3.1D/TOPO vector
according to the manufacturer’s instructions. Seven
single CYP2C9  variations, 49C>A (Leul7lle),
353 362del AGAAATGGAA (Lys118ArgfsX9, which
denotes a frame shift starting with Lys118Arg and ending
with a stop codon at the 9th residue), 389C>G
(Thr130Arg), 449G>T  (Argl50Leu), 641A>T
(GIn214Leu), 835C>A (Pro279Thr) and 1429G>A
(Ala477Thr), were introduced into the wild-type plasmid
(pcDNA3.1D/CYP2C9/Wild-type) using a QuickChange
Site-Directed Mutagenesis Kit (Stratagene, La Jolla,
California, USA). The primer sequences used for the
construction of variant plasmids were: 5-GTCTCTCAT
GTTTGCTTCTCATTTCACTCTGGAGACAGAGC-3
(sense) and 5'-GCTCTGTCTCCAGAGTGAAATGAGA
AGCAAACATGAGAGAC-3 (antisense) for pcDNA3.1D/
CYP2C9/Leul7lle, 5'- GAATTGTTTTCAGCAATGGA
A”™ GGAGATCCGGCGTTTCT-3 (sense) and 5'-AGAA
ACGCCGGATCTCC ™~ TTCCATTGCTGAAAACAATT
C-3' (antisense) for pcDNA3.1D/CYP2C9/Lys118ArgfsX9,
5-CGTTTCTCCCTCATGAGGCTGCGGAATTTTGG
G-3 (sense) and 5'-CCCAAAATTCCGCAGCCTCATGA
GGGAGAAACG-3' (antisense) for pcDNA3.1D/CYP2C9/

Thr130Arg, 5-TCAAGAGGAAGCCCTCTGCCTTGTG

GAGG-3' (sense) and §'-CCTCCACAAGGCAGAGGGC
TTCCTCTTGA-3' (antisense) for pcDNA3.1D/CYP2C9/
Arg150Leu, 5'-GCAGCCCCTGGATCCTGATCTGCAA
TAATTTTTCT-3' (sense) and S-AGAAAAATTATTG
CAGATCAGGATCCAGGGGCTGC-3  (antisense) for
pcDNA3.1D/CYP2C9/GIn214Leu, 5'-GAGAAGGAAAAG
CACAACCAAACATCTGAATTTACTATTGAAAGCT T-3
(sense) and 5-AAGCTTTCAATAGTAAATTCAGATGTT
TGGTTGTGCTTTTCCTTCTC-3  (antisense)  for
pcDNA3.1D/CYP2C9/Pro279Thr, 5-CAGTTGTCAATG
GATTTACCTCTGTGCCGCCCT-3 (sense) and 5'-AGG
GCGGCACAGAGGTAAATCCATTGACAACTG-3  (anti-
sense) for pcDNA3.1D/CYP2C9/Ala477Thr. The positions
where the nucleotides are exchanged or deleted are in
italic and bold or indicated with the mark *, respectively.
To ensure that no errors had been introduced during
amplification, the entire cDNA regions were confirmed by
sequencing all plasmid constructs.

Transient transfection in COS-1 cells and preparation of
microsomal fractions

COS-1 cells, an African green monkey kidney cell line,
were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) with 100 U/ml penicillin, 0.1 mg/ml streptomy-

cin and 10% fetal bovine serum under 5% CO;, at 37°C.
The cells (2.4 x 10°%) were seeded in a 10-cm culture dish
one day before transfection. After 24h of culture, the
cells were rinsed with serum-free DMEM. Fourteen pg of
the wild-type or variant CYP2C9 or empty pcDINA3.1
plasmid was transfected using the LIPOFECTAMINE
2000 reagent (Invitrogen) according to the manufac-
turer’s instructions. After 28 h after transfection, the cells
were rinsed with ice-cold 10mm phosphate buffered
saline (pH 7.4) and scraped in 50mM potassium
phosphate buffer (pH 7.4) containing 0.25M sucrose,
25 mm KCI and 0.5 mM ethylenediamine tetraacetic acid.
Microsomes from transfected COS-1 cells were prepared
by sequential centrifugation according to a standard
procedure described by Ekins ez &/ [21]. After centrifuga-
tion, the microsomes were suspended in 100 mMm potas-
sium phosphate buffer (pH 7.4) and stored at -90°C
until used. The protein concentration of the microsomes
was assayed with the Protein Assay Kit (BioRad Lab.,
Hercules, California, USA) using bovine v globulin as a
standard.

Determination of CYP2C9 mRNA expression levels by
TaghMan real-time reverse transcription (RT)-PCR

Total cellular RNA was isolated from the transfected
COS-1 cells using the RNAeasy Mini kit (Qiagen), and
then treated with RNase-free DNase (Invitrogen) to
avoid plasmid DNA contamination in the samples.
DNase-treated total RNA (500 ng) was used to prepare
first-strand ¢cDNA with a High-Capacity ¢cDNA Archive
kit (Applied Biosystems) using random primers. Real-
time PCR assays were performed by an ABI PRISM 7700
Sequence Detection System using TagMan Gene Ex-
pression Assay for CYP2C9 (Assay ID: Hs01682803_mH,
Applied Biosystems) according to the manufacturer’s
recommendations. The TagMan probe used for this assay
was designed to bind to the junction between exons 1 and
2 of human CYP2C9 ¢DNA.For internal controls, $-actin
mRNA levels were quantified using TagMan f-actin
control reagents (Applied Biosystems). Standard curves
of CYP2C9 and p-actin were obtained from a serial
dilution of cDNAs from COS-1 cells expressing wild-type
CYP2C9. For each sample, the relative amount of mRNA
of the target (CYP2C9) and the control (B-actin) were
determined, and the CYP2C9 mRNA expression level
was normalized against P-actin mRNA levels and
expressed as a ratio to the wild-type (100%). Expression
levels were shown as mean * SD of four to six separate
transfection experiments.

Determination of protein expression levels by
immunoblotting

Western blotting was performed to determine the protein
expression levels of CYP2C9 and calnexin, an endo-
plasmic reticulum-resident protein, as a control. Thirty
ug protein of the microsomal fractions from COS-1 cells
were dissolved in sodium dodecyl sulfate (SDS)-sample
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