69

Bull. Natl. Inst. Health Sci., 116, 69-81 (1998)

Reviews

SRR O MIZM STV L 5B X OB B

/NEIEE

Interindividual differences in efficacy and toxicity induced by therapeutic drugs and
xenobiotics in relation to genetic polymorphisms in xenobiotic metabolizing enzymes

Shogo Ozawa®

Humans incessantly ingest wide-variety of chemicals through the administration of therapeutic
drugs, diets and beverages. Humans are also exposed to environmental mutagens and carcinogens
and substances causing endocrine disruption. Metabolism and disposition have been regarded as
one of the most important determinants of efficacy and toxicity induced by ingested chemicals,
since remarkable individual difference was observed in the plasma concentration and/or urinary
excretion after the administration of wide variety of therapeutic drugs such as isoniazid,
sulfamethazine, debrisoquin, sparteine, mephenytoin and so on. This variability is resulted from
pharmacogenetically regulated difference in the activities of xenobiotic metabolizing enzymes (so
called genetic polymorphisms). Polymorphic appearance of xenobiotic metabolism has also been
observed with various toxic substances such as ethanol, acetaldehyde, benzene, organic
phosphates and environmental mutagens and carcinogens. Enzymes which show genetic
polymorphisms include cytochrome P450s (CYP1A1, CYP1A2, CYP2A6, CYP2C19, CYP2D6 and
CYP2E]) and phase II drug metabolizing enzymes (arylamine N-acetyltransferases, glutathione
S-transferases and UDP-glucuronosyl transferases). A number of mutations on the genes
encoding polymorphic xenobiotic metabolizing enzymes have been associated with the remarkable
individual difference in the metabolism and disposition @ vivo. Individuals with distinct alleles of
genes which encode defective enzymes have been shown to be at higher risk to toxic side effects
by therapeutic drugs and more susceptible to certain malignant diseases. Research has to be
conducted for each human race concerning risk assessment of chemicals, since ethnic differences
in frequency of distinct alleles of genes encoding xenobiotic metabolizing enzymes are reported. In
case of type 1 Crigler-Najjar syndrome causing unconjugated hyperbilirubinemia, complete loss of
bilirubin-detoxifying UDP-glucuronosyl transferase has been attributed to nonsense, missense,
and/or frameshift mutations that occurred at various sites on UGTI gene. Thus, genetic
polymorphisms of xenobiotic metabolizing enzymes are one of the most important factors
influencing efficacy of therapeutic drugs and toxicity by wide-variety of chemicals.

Keywords: drug metabolizing enzyme, bioactivation and detoxification, pharmacogenetics, drug
efficacy, toxicity
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Schematic representation of polymorphic appearance in arylamine acetylation'?
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Fig.2 Results of cross-matings of various hamster acetylators
R, Rapid acetylator; I, Intermediate acetylator; S, Slow acetylator
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Relationship between metabolism of various therapeutic drugs and debrisoquin/spartein oxidation phenotype (CY P2D6)
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a) MODF, meta-O-dealkylated flecainide; MODLF, meta-O-dealkylated lactam of flecainide

b) MR, metabolic ratio
¢) PHM, p-hydroxymexiletine; HM M, hy droxymethylmexiletine



ANE  EHRBEEROBREISENE L EHB L UEROBAE 73

EWERERL, BIEOERICHWLONLFET =D
mEEdEER, 770 v v REoREEE (Z0HG1E
extensive metabolizer, B | T EM & IRIIN5) DEED
HPM O L ) FAEIK Y, F 72, areaunder con-
centration-time curve (AUC, [firifRE — BRI T mHE)
L EM TiZ PM O#1/4Th o/, F72, EogEEL L
T, EHEROLCHBET2EEIIL - EMERZ A
&,PM28.3%,EM13.1% Ta h, ZIZFEZSGEICBVT
PM®OE MIEM oL L) FZIIHCESER LAY,
IR E Fua FUIid CYP2D6 12 & b O-i A F Vit %
ST TIERMAS e POV 7+ V2 &L A, FFA MO
AMNVT 7D O-HEAFIVILICETS PM (FX Xt
AMNVT oy /FXFAMOLT 7 UHEREL LT I,
L NI FYoO-FAFMLIZEAL TS PM Th o7z,
W ERSES 2 2kolthe Foa FroL~uvid,
EM, PMBITIZL A LERI L o775 HHEASL
FOEL 7+ ORBIFEEZ EM 2% 5 fEridh o 7.
QI THOL FIaFYyDAUCLE FHELT 5 /D
AUC D HIE, EM 4.2, PM 2524, 2L A B ENBO LN
727, FFA RO XA MV T 7 20O PM OEAEIZES
% &, EM offfEr 513, S8 EOFE LWERYS
CHE SN, RRBROBEL Lol 8NN, Th
SOFID L S, EMRBEREREEOERZ, £YEtT
B2y (K3 OmPBEICERELAEL, BRI
BhrEgtdboT. HEYORBEELTTIVE
VA-KEELIEE & OBE % MR RO metabolic ratio
(MR, #7U V¥ v 04, 7Y VEv/4-v ok
YFETYVERUR) RIRECLTHENLEES, EHo Lo
) ey ERBHERTH Y, LoEMRBRESTHE
NEORBICEEGTIPPBEETHL. TIMITFI) Y
it Fig. 3 OB cff#tsns. 2V )77
YBEUTIMN)TFY yOW0-KBALR SO A HEER
12 CYP2D6 TH A I ENFHLMIIERTWHYD, 7 3
FY7FY v oKERMEIE, CYP2D6 TSNS Z EH
5, TIFMYTFYIZCYP2D6 LR ATAIE
BHLPTHEA, BOKEHOT I MY FF1) VIEN-
BXFMEEZ, V) TF) R ERTARETE
AL SN, FOBRAFMLZ ) TSI RAETTIVIF
DA-KEALEE L B L 2w, Thbb, N-B X F ik
RIS id CYP2D6 L 3R L2 A BEOHMESHFEETH -
759 EHEMBACYP S FHEEHRREZTHCVT,
CYP3A4 A7 I MY TF1) U N-BiAFMLEZETH L L
K N7z A%08D = ¢ B CYP1A2,2C9,2C19, 2D6, 3A4 @
BHEZ A AWML BRITICLD, 7I N TFY ViBED
5 M A2 T CYP2C19 0, 100 M #2EETId CYP3A4 O
HEPREVWI EFREINSLD, 73 MY TF) U50mg
BOHS%OBEE M P EEIZ{H300-400nM THho7/2Z &

o, TIMYTFYYON-FLAFIVLICES T HEEE
13 CYP2DS THAWHEIZ E b TEL, F7U VRV
4-7KFEEALDO MR E B L e o/ 2 L I3BNUTHL LE
Zbhb,

Mahgoub 512 & % 77V & Y 4-KEL O RIBE O
#1820 Kalow SI25 ) 779 v & V4-KEEILO PM D
HBRPFIPAEREAOHMTHEICRL S, TbbAME
EVRTZDHONDL EOREFRENLD., L OHRIZLS
Mgeic &b, 79V F 4-KEED PM OB BIERIE,
BATH 7%, BERAN FEANBEATIEH1%E, BB
GERENEDH LI EIRENDNO D ERRTELTT
1)V & v 4-KEEED PM O OBIZHIEREIZ DWW TS,
W, ¥/ LDNA Oy Moz, HIREE
FXbal 12 X % restriction fragment length polymorphism
(RFLP) ®11.5kbp D3> FASPM 05 LD —E% i3
TELZEFHELNIZENED, 2%, AAIBVT,
PMOE4LERE 2B ZFORIELLT, A, B, DA
LRAREEN, 1996EFTIZPM OBELEETITS
N7215 LD RG 2EETRISER S, BHEISNL™.
AN, FEA, BEAICE, A, BREERIZIEbLOTH
iz, RENFAFOERFBRESN, Yokd 612X D,
Ly VY QI OHMIENOEA, =7V 5IC 1IREDIEA,
CYP2D6/Ch2 /" EYICEE S h, CYP2D6 OHEEEAS
B b7 LWER CYP2DECh2-Ch2 RV & h
722 D En XY, CYP2DG KEM L EMR B DS
ST O MAFREE, %), SHICHTRIBICES S
TSR, EVIZLAEESFLR TV,

2-3. FhUOLP4SO D> B, CYP2C19 M RIIC &

ZEEEROMAGE

TEBEA T2 M D7 IfE2HESTHE, K
DAY - FaF I A7 2= b4 YOHEEEIZE L WEK
ENPBDOLN, A7 bA Y D40)-KREBILFEEDIRE
& L T mephenytoin hydroxylation index (HI, yzmol S-%
T ARG E/S-12BFORPL() - FOF 47
2= A VEIREL) ZRWE I EAEE IR, 1,
Sk IEBREBROR- AT M YORBEPFEIZIEZKR
X RARENZED SRV, SRR PEILEICITE
LWEGEED s, RPORS 2 AVTR#ED
BEAERTH I EHRBENLD, Meler HiX, 13BD
EM (foshssinit), 240 PM ((REPBVE) 0R
FBIzoE, LIk A T b VIRGHRORBPO AT
= b4 YOHI K0, SHICINLBEL Y B
BUTRABLEZFI Z7ay — 4% AT invitro TD §-,
R-2 7= My ORBEBEREE LRI, ZORE,
2HOPM DA 7 2= b4 4-KEALRIE® Km {HiT,
150.6 «M, 180.6 uM TH o 70X L, 881D EM O
Ko KM OF¥E (+ SD) 1337.8+9.6 uM Tdh o 7.



74 E 7 K % & &

@k BFZE BT M

1165 (1998)

AT N-oxide

N(CHg),

Z-10-OH-AT
(2 enantiomers)
and O- and N-glucuronides

| |
oGP

NHCH,
Nortriptyline (NT)

NHCH,

Z-10-OH-NT
(2 enantiomers)
and O-glucuronides

voodl

.Q _ Q

N(CHy),
Anmnitriptyline (AT)

Didesmethylamitriptyline

AT N-glucuronide

N(CHg),

E-10-OH-AT
(2 enantiomers)
and O- and N-glucuronides

NHCH,

E-10-OH-NT
(2 enantiomers)
and O-glucuronides

L0

[(DM);-AT]
NH, NH,
HO
Z-10-OH-(DM),-AT E-10-OH-(DM),-AT
and O-glucuronides and O-glucuronides
NHCH,

2-OH-NT and conjugates

Fig. 3 Metabolic pathway of amitriptyline and nortriptyline
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Table 2. Relationship between metabolism of various therapeutic drugs and mephenytoin 4’-hydroxylation phenotype
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OENRIIZZESR | EM »>PM
o o8 TIM)FF) U N-FEAF AL MP O MR® &, 73 MY S5 CRPENREE A 42
43T 3Iv-FiAF L MP ® EM, PM BT AUChw/AUCh Hi2ER(EM >PM) 86, 87
731753 UB-AF VAL MP ®EM, PM BT 0375 I vOMiFEFDOTAF VL 88
$REI R (EMye @5 A FVALEE > PMup D7 X FV{LEE
A ST EISLORL A F VAL MP & EM, PM BTY7ENLDF X F VAt 89
B IZE R (EMyp O F 2 FVALEE >PMyp D7 X FI{LEE
Mo 7E runZr7=F(Far7=)V) MP®D4-KE{LOHIIZLD MP ORBERE TS 7= 90
RfEHk oy rovEg REBR(Te s 7=0v/v 2077 V)P
EiRIg R F AT — ) 5-KEL MP ® EM, PMEITH X 75V — D AUC IZEFR(EM <PM) 91-93

5-k FoF I 4ko AUC (2R (EM >PM)

a) MR, metabolic ratio
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W ERZD, TR 2 HidmYmS DT T OR{ETH
#boTWTPMIZhoTWE I EHNEELNE o720,

3. EMVEORBBZEOAGHSEM ESHRROM
fh=

3-1. Pra-nfHEe7Na-NEERR

HARANZIE, Tha—ViIT5ESENEVE b
S REETHEETLHOT, TVa— VESEOREEE
COWTIRERBRZBLTCHAELDLDEVZ A0 LAk
V., —f%l, BARANEFOZH,T, EIZEEL, BEEALE
DIERZFELR TR ML, 7 MTAUFR FRAERD
D KM DKV EEFE (ALDH2) ORETHLEEFEZ LN
TWa®  7ra—nicii, AMLESCERVE LR
WekWno ZHEOAL LGS, T I—LVHhEE WS FENR
ME»HD., COLILREEDIL, TAI—VORENS
REWICHSTABEDOLIE, TNVI— VICHELIHE
LLWERE OBRIZ L CBFFE S8 N TE /2. ALDH2 O
RIBEZBEICRVRT 720D )=ty FF A FH
BRSNS, HRAICEL S ALN S ALDH2 ORIEE X
LRI EDTEY, THI—NVHhFEIIRDAHE
MW EWEEZ 5z, BT, Yoshida Hik, ¥ R 757
E FHAKEREEETF 773 —IZR T 5120 ALDH i
ETOBHREBEBELCRHELALY, Zhondb, b
WBWTTE FTATE FOFBUICEE 2 ZE R/ LT
W33 Mar Y TIRET A ALDH2 ORIBH L, =7
VVI2ZOG—-ADOERLHFL, 2 F 4879 Glu 7% Lys
WEELTE N, ZoZfice b iy, BREOBED
FLLAEbhTwa tHEsns., FEADOTIVI—V
MEREERE IOV TOMIETH, KEREE, T bbb 7
VI —VHhEFITIE, BESKT L/ ALDH2 22— F ¥
%5 ALDHZ2' 2 allele # A FOHEMME®, 4
=Ny FFA IR ERBLTELON TV ERE—
BLTw e,

3-2. XOECORBICAETIBEOSRENC LD

L& 3EMHRBEDORAGZE

Ny T1982F ik #HM, ROAWIEY v/ 5kiEA M
WHEERTLEMEINALD, T2, BE, RVEVE
T AE Vv e M MDS B84 dysplastic syndrome R 3JEsk
VEF ) UBOGRRENEVE SNZ®, XUP UL,
CYP2ELIZ L BRUYEYFF Y FAOELEEETT7 2/
— kY, EHIZCYP2ELIZX D FOXx) o2&l
L R BUFF Y RFOERIRI B, XU¥ VR
ASEEE L C trans-trans- A I Y T IIVFRE RAEAE L B2 L )
Lo, Zof#H I~y EromEsEtRsRIcEE
GIRE AR TIEOREINTVWRIOND F7- 7o
J=NVExhTra—-n~, e FaFxs il 2,4-vBV b
Y —NESLICEbsNS, vFax/ v, A5a—

W, 1,2 4-~XyE¥Y M) F—=nidIrzaopntrFi -+
I EFENFNLANRIR )V, 1,2-R0F v, 2-
L FOFI-1,4- Ry F) 0, IR, XUE
COHURIYTHLLEZLNTVE, F/- HH
@Y, 4-RV %) v, ,2-RY Vv, 2- FaF
31,4-Rv V¥ ) ik, NADPH-¥%/ v 4 F Y FL ¥ ¥
¥y —+¥ (NQO) i2&h, LyHMRIFRVEREFROL N
OF ) VENEBERENRLEEZEZ LN TWANE, Thb
DT Ehs, CYPEL{EEAE L, 2 NQO iGN EW
v M, RINVEVEHFBEABIANEERLL T, X
YEVOMEHEEICH L TEBRZIEERTOTIE 2vwrd
HMELI S, 0L LEZHFT, LBEETNIE VI
P X o THIMEKD 777~ b 453,500/l LT &% o T
LIBESB LRV YV BRBEN L WREESG L ASEITN,
CYPZEL {78, BEREMIEE, BIUNQOI #ZF
ENZ DWW T OEFIM BRI AT b2, CYP2EL {4
® invivo OIgE L LT, CYP2EIKEMRERICE %2
LRTWEZ OV FFY Ve-kBbEEAHIE SNz, §
bbb, 50mg O an U URME, ST T
DR EHED, RPO6-KERLAEPRitE 2 ME L, O3kl
KrRo7, 512, CYPE] #B{ZT 05 LRFERD
Pstl, Rsal %l B XUNQO % 2— F45NQOI #{EF
ED%C— T EHEAPCR-RFLP ECHllE s h/z, 22
T, M TEIP R TELrshnwa ki, CYP2E] #ifn
Fo5- B O Pstl, Rsal £81- 2 a4 6-
KREBLEORE L OMBRBED N E o722 L &Y,
NQO1 ZRIEET (T) Ta—-FEh3 NQO XY >
Q07 /)=y ¥ 7/ —NVeiEE L EDOREE
EHE Ko TWAZEWTHL, Lizdto T, CYPRE]
LT PCR-RFLP @O E, CYPIE] SB{ZTF® Pstl,
Ral ZRIDEEIZ D&, BEANEL XV EVEEICL AN
HHENLRBBE L OMIZERITROONL D o DI R
DZENL LAV FNIZ LT, 700XV &R
H &, R o6-KEEALIEHEE R % & 5 F T CYP2EL
EHEEEE LGS, EEIHve oy ¥y EEICH
T AEREEL2. 615, NQOI BIZTFZEEN D o THEEG
BEPETLTWAE MIEREDG2ABERWZ EPHL»
oz, F/: CYP2EL EigH & ERINQOI HEF
(9T) Dl EdHbedboL hORYEUEHIZIT S
ERREERT.EEDP oD, ZDXIHIZLT, RVEYD
HUHEAHDOLRE, RUBRHRENVEVEUHEIRDY
A 7 DR Sz,

3-3. HEU OREYY ) OBHEOANEE

19954E 3 AIZi2Z o - AEERI A v b [y A EH | 12
LBTHTEY Y Y EHEITHEbNAT) VITERY VRO
MFEHFETH AL, & M5+ F Y+ —+F (paraoxonase)
ENFIEN B ERRY) YRR RET AEEREFFo T b, /35
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FFVF BRI FLIR2FEEPArg THH DD L,
GIn THBHbDD 245 FH (ThbLbLMEWELRE) VEE
L, ) Y OMKGHEEEIZRArg O FEESFEOL b
238UATLA2%VDIZH L, "Gin Ok EFEAKOL
M 355 UA b DOEVIEHREZ R T I AL NS0,
Yamasaki 51383, Argl92GIn OEEIOHIME £326%
DHARNIDWTHN BRA SR L-EZAS, ) v
FRBEE DKV Arg A RO MBSHE X B ARATIZ66
%L H o7 L, KEINTIE31%, 7T Y ANTI224%,
T7A4YT Y FATIR26%TL» o/, Zho 0
Bab, HERAMIIKIEY paraoxonase allele (“%Arg) %
HTBe MIEhorzZ L THTEY) X EHMHS5,000A
DEoRGEZBTIIEEBL S DIZ 2o 2WREENH 5
LEEINRLUD,

4. EYMRBBEFOXBICLB&KER (VDP- s/
DIWRZ 2 RXT7 25 —ERIBIZE B Crigler-Najjar
syndrome)

Crigler-Najjar syndrome (CN)!'® &3 £ 0BT
RIET, Euweywmﬁﬁ%ﬁ%f%57w7uyﬁﬁ
EHELLSRBLTWARDIZ, MFBEYLVEY LR
B ¢, kernicterus & EEE 7&?“4}(’5_’ DEBITERTH
5. ON i¥, ZOBRMEIRIC L ), CON1 £, CN2 #,
Gilbert’s syndrome (2SN 525, T 2Tl d EIER
CN1 Bl O RBERREIZ D 2 BT L ANV OFENE R 2 ol
WCIRRB, EVVE YOIV R R T A
%= F3 5% UGTI f{mF 358 g% b 019
Fig. 4 \ZRT X912, P OBEMADERIZ X 0 3
RUMOBEELERER > TWAEEILNAEE T I—F
THEED LY YV VIAEE S, constant region THh 5
IO V-5 E, BV 1 BMTIIATS AV
FEZFT, TV 251 RE SN mRNA BAEb 5.
CN1DBEEZOREILRAVWHENS, YLV DS
Vou AR EERY vy (KO NVEroEREFEEIL
IV V1Al Ta—Fah3d) ORBEOFERE 2o Tw
5 UGTI BInT LOBREFHIIMATH L., ZhFT
2, 7V 2 1AL N0, 38R HUCHE ) Phe O /R3R, " Cys
— Arg, “OGly — Arg, 7 V2 TR, Ky v v EED

Variable exon 1's of the UGT1 gene complex

R, 13880 RYg:, PAla — Val, 3%Gly — Glu, *GIn
—Stop, L2 V¥ 3 W TS Trp — Stop, **Arg —
Stop, *'Gln — Stop( ¥ 721% Arg), *'GIn — Stop, =7
VY ANTIE®® Ala— Thr, 11E#EFAILLLEZ7L—4Y
7 b, %Ser — Phe, ®!'Ser — Arg, ®"Pro — Arg, ‘"Ala
— Pro, .7 2V » 5 ®%¥7 Lys — Stop, BHIL N TWA. 2 h
COEEZHETHEBEOMFHE Y VY VREEIL340 uM
»Wz,CN1 EDZric % 5. BEFHE,PL D TFHER
5E91, 20V 1Al OEROgE, .7V IA6 T2
— FENBET7/) =NV N0 yEkiaegBEE UGTIAG
I EAYBEEIRAOKZ VY, 27V 2F 350
IVTFROLI VA Ve v AR, BHEEETE
LR IEEPRBETWEEEIE, W 205 FHED
ZEMERIZRIAT S, CN2 TR, 73/ BOBREME
IVBEENIHLBEER > TWEOT, CNLIZHRS
ERMGEREZBET L LEZOLNTWAID,

5. BEMEORHICHS TIXMABBEROERNS
Bt & RS2

BIEFHEEZRTREDHAOS dEERN A BERL
R CRETHESRZRIEL, BEAELSELEERDL
nTwa, £/, BEWEIREERLCOAL LT, BE
R#EDZITTVLHENL . AL TIZHLMISH
Twb b FOEMABREORENS R EETL L,
BEE oRBHERILRILR, BEAHC L M 5%
WREEREEORZHSINEIC X 5 EEEY, Hisok
MIDOWTHEWEIIT T2 ERZEORERFIC2DH H 5
WREMAMEE S NS, 20X ) RBa»S, FYAHESE
DML RIVEDS, T4 ORREEICTT 5 e ML~
DERSWE LOREHREL TWELIZOVTE L DRFRED
LRERTWE, ZOL) RMEEEZLDICIILEDLS
REEME e MEERBOERYE T, #hsiilok
) BRBREBCRB SR 00, T72, E0 &) SRR
PHREZEZLTVEONREZER L 2T 65w, &
L, INTOERRAFEYWEICEETNL XYV [a]
YL vide M2 BB LTWA CYPIAL 5FfEiIz X b,
RBHEHE SN A Z EHMON TV B, b ol
BB TERTA2ATOH A2 v 77 3 VD

Common exons,

Al3 Al2 Al0 A9 A8 AT

A6 A5 A4 A3 A2 Al

Fig. 4 Human UGT! gene structure'®®
Schematic representation of structure of UGTI gene complex
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CYP1A2 TN-KEHMb &R, D2WT, TULT IV TEF
VI AT7 27 —HIlE Y 2EREBOHEELRIE TS
5 O0-7HFMba ST, BRI EIZ, DNA (CH8H
%5259, H50wIE, N-KBILEIIERMEICE TR,
WEBOTINTIVTEFLMITI VA7 -2k
O-TEFNMLEZITHLEZLNTWA, A DIEIRE
OEEIZRD I 2 EBEINLIWEORBEZICOVWTH
LNTVHRENEEMEIZEB LT, %< DREPINERTZR
MWirbhhi. ZOHE CYPIAI BEFO®R Val #l, B
L °CYP2D6 @ EM EJitifg) A7, NAT2 o L IEME,
$#EIGE & ORI, glutathione S-transferase M1(GSTM]1)
R EMREY A7 2 EORMBE LR LGS S,
LL, 089 REfBIEIL, SRk cERSN
B, HEREOWESCHEEGET RN S 5 MWEFEITH LT
YA (fEltEdsEmv) THDHEW IR, &I OMik
TL—HLTHELORTWADITTIZ R, HHROSMDS
VWO (BB DWW TIRESEDEE DR GR L1 2 220
SR,

BbhbUI

INHR SMZ R EDTFTINT I VEWIZIBIFE LR
WEITERD R LR TV R D OIFED T CTIZ1954F 12
Eh, ZOREEFEYORE - PRtO O OHERTH
% N-T7EFIVIERORIBTH D Z & A19604E 1213
LAZENS, FOR, FTUVFRY, AT LY, X
Tz M AL R EORFIE R L TR oy~
DORIZHERIAEL 2, BERORBBROMBEZLIIHET S
HELGEFTHL EOEBHT D, SFHEBRFOHFED
SR LU, EREYICOR[/EENDY, [Ty ] £
—EHEORTLEMPROONDLZ D HAHH, L M
— DD NHED 2T hBIZENMIETH 0, ERIEYD
RHHZEE S T ABERITEFIZUEHT R WL DB W0,
RELET, T4bbLBENSEIEN L MEFIO L PIZHK
2TWADTHA). PCREOHRLE, FFEYFN
MM OMESICE Y, ¢ PLESOME S 2 b0, &
REBREF 2RV T IETOLRYVERI > TE L.
DD, HAHBGTOEERYOXERE, ThbbEHD
RS HATLCTIHROND I EHE L ko TV B, HER
FIOZERDERD S T TRFORMEFIZE Y a—FSh
LEEOREOER*TFRIAZLIETE v, EE, B
TEH LN TWAS CYP2E] §fnT D5~ LR O Pstl,
Rsal ZHITIX o7 0V ¥4 ve-KEEL I EIZ LT
CYP2EI MM HBHTE 2o/, ZhiF [V /94
7 WEEH) L7/ 547 EBRE) | oximso
WTWiwnk ) 2T, EYRHBEOLEOMEICS
WTECEETAMBETHA, Z0L)RBEETrOLY
FHVUIRAKBORTEEEET CYP2El oG 25

VENHD, m vivo KBFOBWHE (To—-7%) O
DUFEHIZVEERIDBEZ TV AR, $72, 728 2P E
ANZRWH SN 728 CYP2D6 $H{ZF CYP2D6/Chl B
L2128V Th, BEHERICEFVEZEL TRV
EEZONDN, BHALEET L3R L 21EHERFS RV
HENRTWAEE, ZnkHicEzbE, RETRY LT
7oBL, AR RESAEE B b S L) (T
FERO [BRMEETRE | BELHALOZLEbIS.
CYP2E1 LAz dh, BEESY v /30 OREREOHEAEERR
MERIDFENIZERD S NLDIZ, FRIOGAEIREEI L L
bhroTWiWCYPIA2R S VI FF VS-S5V A7
F—¥D—4Ff (GSTPL) O X5 2BHFEH 5. 5FHE
Wi o e e ¢, RS RETFEROEED
BIERE & E 2 CHANEFD LD 2oV T b #iE
HZTIEOEEORWANTE 5 0h, TIIEEEEEN
EDLHEDBETH .

HFEDEH

1. allele

G TF. BREREHIC 2o THEEL TV, Y
R LOF CEAICS 5 —OBEFE I BEFEVI.
HBH (NERE) EFTKEEIS O BIET & TR
(x3r) BT, BRI L Bl 21HERGE S - 7@ ETF
2R (L) BETHHVITRE F37) EBEFevd.
FRERL, AR (W) #ETEMDT, FolKEEO—
WO HETF & D oK% R EHE&E (homozygotes)
IS, RADBEGTFVEER, bR FPERERETE
b offfE e T aEs&A (heterozygotes) & 133,

2. ¥¥7ay b

FEORI=HTHDNA KR 2L T 272015
JiEE. DNAWTH % 7 70— A5 VESIKENZ LY, 58
L, #¥IVHTERSE, S0 X207 Ly R EIZERL
TEHZELT 2. COBEEDREE 7uy b EEINL5T
HDNA OIgA, 7y b EEER 5. (Southern &
VOB LDERSWAZLICHD.)

3. wxzr4>78v b

AR Oy 37 % SDS-RYTZUNLT I FFAVER
JkB) (SDS-PAGE) 24 b Hifk, RELRBTHRHT S
ROIHWARE. s 070y FYOBEIIASY
7a vy b (Westernblot) L IEEN D, b7 &2, RNA
o7y FOEMEIZ ) ¥ 70y b (Northern blot) &
Mdha, HEA, LSAREFNFROERETIZLV,
EDIzD,

4 TOIERTSAI 0T

HRMRO T ) LBIETOLNT, ¥ N2 a—F§
HHHERIZ T OMBIRRRT 2D &, 73 VBIZHFR
SNBEREHEN, TI/Hra— FT2EH2 L0
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WILEH] (A2 hOY) Lo THMERTVB LT AAS
Hrohdb, 7/ LBETIR, BOA 0y 2EAKRT T
BEIN, 20%, A barEarhiEsnsl itk
DA MRNA & 7% 5, K& BT TOEERTO ) b, B
#mRNA LEENHEHEH L L7 Vv ¥ LIFU, Bk
MRNA B TE 27200, 42 a5 0KREOBIES
ATTA Ly T LT,

5. CYP2D6/Ch2

19944F Johansson!?® & |z X h L xR EIAIC R W
HENL2ODERCYPID6 ${EF (CYP2D6/Chl B
LW CYP2D6/Ch2) @) 1D —>. Ch iX Chinese ¢ Ch
T#HH, Chl, Ch2 D2 DOERPT|ESI N, Zhbi
CYP2D6 WZTF D5’ - Lt tHI % & o THER & iz L T
BB omERFNOENIRO b b, BRETIEE
52 5¥53EE#E Chl TIX®C— T (**Pro— Ser) Bk
U6 G — C(*¥Ser — Thr) Td » 72. Ch2 TiL, ¥C —
T (*Pro — Ser) Dfh, T2 Vv 9 HBCYP2D7 BIZF DL
7Y VYIERENTEY, NIy, 6 7HOT I/
BRI EEDboTEY, G — C (®Ser — Thr) &
Aby, FF8EDT I/ EROEMIED LN
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