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B—E Frim: ABIEOERLBR

1.1. BEICR T 2RECFEWERE L BRZHEOEE
111 RECFEWEIC K SEEEG

LA F )b« 1— W 1962 4512 [Silent Spring (GLERDFE) ] Z AL, B X585
Bihge L BRI X D B AR~ DB HOWTEIE LT B0 FER Y 2D, DM
2, BRx 2RI, & D WX A T K 5 B A B~ O EN R Tl LT &
oo BEIHELZGZATEALFWEIIESZ . ARERZROKRF TH 5 DDT
(Dichloro-diphenyl-trichloroethane) CHi ke [E K% LAl 7e & D3, 27 v 7 = F 7 (Diclofenac)
72 EOERG . SEREEER ALK Polycyclic aromatic hydrocarbons, PAHS)° H 4 & 72 & D
ANBNEEORIEY) 72 EDBRFIITAEBE L AT 2B 2 52 TET,

AL LT < HVH TV = DDT X° DDE (Dichloro-diphenyl-dichloroethylene) i, 1950
FERPD 70 FRITHT TR TRE~ODZENHEE 2> T WD, I Ik AY
(Phalacrocorax auritus)<°7 v 3 @ 7 XU 71 > (Pelecanus occidentalis), <& %> 4 KU (Morus
bassanus). >~ ¥ (Falco peregrines), />~ k7 U i (Haliaeetus leucocephalus)7s & @ £
SRR SE TN OIEHL L RO . SRS D 2l s Lic, 7
AV 1 TiE 70 FREEDIC DDT OFEHNEE L ST b DD (HYDEAN T - 7= IR
TUE 1990 FARIZA - T B E S DS R DI #d S 417 (Bowerman et al.,
1995), Z OftiZH, DDT [Fhk % 2 MUl CRIIMIAE L. BASMICHEL G X TSR,
ZiE, DDT B L OZE R Th 5 DDE ORREMEN & < . B o B CAEWENE N E
ZHZEITERLTWD,

I )v7 7 U > (Warfarin)<° % 1 7 7 3/ /(Diphacinone) & W\ 5 72, % A X 72 E DS > RS
SORAEBRERIZ A B4 D B E AR AN, 1960 FARLIRE, BIEIZE D £ TR
S—nm N AT =T E R TREO R EHEGIOFAICR > TV D, FFIZ,
70 LRI, e~ 4 e (Bromadiolone) X°7 v~ 7 7 A (Brodifacum), 7 =
F7 v (Difethialone) 72 &, RN TORETED @, Wi 2 55 AR BAI 2B -
RSN D & 912 TLSk, BETOHMF LI L TW% (Erickson and Urban, 2004)
T O PULIRERE R BA TIE, *XI2WRT 577 0 v L Of i & THER
ZVDONRFHUTH 5, BUETS B4 S TORRAIRE P EFF IOV TE 10—20
FREEANVGMSC & LTy S 4L, HlliRBEER A BANT K 2 ki ag s SRl L O
KE DL OEE 22— [NIZ/2 > T D (Lovett, 2012; Borrell, 2011).,

¥ 7 v 7 =7 7 (Diclofenac)i%. 2000 FARLARE, A > R, F/3—/b NFRZ DA
v REE TR LN TWDAT T DR OJRIAIZ 72 - T 5 (Oaks et al., 2004;
Shultz et al., 2004), Z i 6 OHUKIZIZ, X2 AL NT U 2 (Gyps bengalensis), 1 > KU
2(Gyps indicus), /AR Y NTT 2 (Gyps tenuirostris) D 3 FEEAD NT T UEER L TWDH 2
ENFBITN DA 1990 405 DFY 10 F RIS EE AL D 95%LL L3R L, Zih 3
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I, EERARREES(UCN)D Ly F7—2 7 7 \THaat T A fil L CRial S
LTV 5 (IUCN 2012), Z o DA /D SFERE O A REEB L, Z DR L 72 5 0 v ~OfiFEEE
JEIOWMPIREE G- N5 & 2 L7z b O T, B3R5 OBREE M PPCPs (Pharmaceutical and Personal
Care Products) 23EFAENMIZ A KIE LT-RE 2B TH 5,

FEAIC IR L DT A T, PAHS (2L 2 BH~ORELREI LTS, PAHs (X
BRBEIC Ko TRAEL, £z, BFUHFEICOEEN TV HILFWE TH D —EBD PAHS 1348 #5
PERPFED AN STV D, 1989 421X, 77 A J7 7T Exxon-Valdez 523 A L, #J
26 TNV DJFMN T 2T ¢ U7 MBI T D R R ISR O JFE H s 384 L
Too WiH U72JRIC & o TEA TP OWS,. BT O AMILIES FiE 1 4 HLINIZHE
T L7 & S CTu 5 (Loughlin et al., 1996; Piatt et al.,1990), = 9 L 7= AR/ 2 87215 T
72 < FRE LTCOIC & £ 5 PAHS 23 HEECIE K. HIEA ST U CRBRICAE B0 70 B 4
ZRIE L. >/ U A (Histrionicus histrionicus) 7z & OEEEIRA 272208 > TV D & ) R
H4 d % (Albers et al., 2002), UG H SE4213 Exxon-Valdez = 0 il #% 1 & AT BT L
THY ., ARG RZGZEZ LTS,

FREOMIZ S, < DILFWE - BFHALE YD NEIEENZ K - TERE I S 1.
PAEBREICHKELZ B2 TS, LrL, Bidoi@y | BEOMAELZRE LI(LFWE D
PERRBRC T HIN BRI/ Th Tz, EEICE A IS ENH 5 £ TERELIC
B A HEHASCHM 2 REE TRV ORTIRTH D,

112, (EEWEREM L EE

HEFOR EWbILD /3T 7 /LA A (1493-1541 4F) 12 The dose makes the poison (& A7
WEHLETIIHEICRD)E VI FHEEZE L, ZOSEOWMY , WARBRREEZZDT
HoDHEMIE, BETIEEELZRL Y 5, £—FH T, BROBEMTIL, (LFWED
BHEIEFHWEOREIZMA T, TOMFWEEBRT 2AM OB L > TRED &
525,

EMRDORF & LT, ALFWEBRZMEIIRE R T 7 7 82 —LigoTEY | LFEWEOK
WEhRE L AR & X B ORS M (Bl &) TIRED LB LN, KNEIE & IX,
WU, 43 AT  AE, HETE & W 9 Wb D ADME (Absorption., Distribution, Metabolism, Excretion)
THY, EHX R BORBZIEE L, X EMEEWEIC L DB T DRE L
EDE NI EOEKRTOREREMEZ KRS 5,

RNENRESCIERY & > X7 B ORI, R TRE B s, B2, BHRAE S
EREEN DR HRANL, B RICEA OLRE/ SIS LB APRERE ISR RIER T 5, Zh
M FLEICIIATE L2 WAEBEE CH D720 WFABE TIRT L A EEFEREZ R E 220, FT2,
AU EBFTHLE LA A FOFEHY AL, BB - WILBEO W 7 IT/AET 28R
WAERT 225, b N TIAREIRER OBEREIZ L 0 000 nfSn b 7on, Bl T
BHENFEBLLIC W, HABEMTH, MBARITHLTE N T I ) 7203 FTEAIEL L

11



THOWHIRTWA A, F2Zx LTI L0 b FEBR DR SRTWD, Zh
(= *ZTiTﬁFT‘/717Kﬁ¢57W7HV@@%@@%KELTV%R@K@
PEDFRDTPEAGHIC L DB 22 T T W ehTh S,

—Ji. RETIX *7%)%?X7ﬁk®%%@_owfiﬁrﬁ%ﬂﬁbnf%tﬂ
A BRI B LTI b P I IZ EIC DD TUE & A ERFZER 72 STV R, thikos@ b |
S, I K> TRESHAENE, Bt Sty BN, Hkx RBERRELZRDL, £
BRI ARE RN 2 505 Z 0D, BEBCTOUILFEWERZ I RE AN H L Z LN
FHREND,

113,  REEORMRK

JSHECBIFT 58 1 FHEIX, K& <, Paleognathae & Neognathae (24348 = 41, Neognathae
1L 5T, Galloanserae & Neoaves (2573 =45 (Figure 1-1), £ EHUCET HFEEIT
Paleognathae T50ff (¥ F 3 v, =3I =72 &), Galloanserae T500ff (=7 FV ., 7 X7,
FOREDVWDPLFIHEATHY ., RFEOFEFEN ZHUTET 5H) . Neoaves 75 9500 i
PR (5¥ED 95%LL 7% Neoaves TH Y, BAERHEOKLE2 ED D) THhD,

P OZHBRIZOWN TR, & <ITBRBFHZR2BITIEE V| 1988 1L E R4
LI TODNADNA NS 7Y B AP — g &R L= 0%E03 563 & 7= (Sibley et al.,
1988), Z @ Sibley-Ahlquist /71T BIE & 7R BRI R 0FH E SNVTWH A, — T, I
[T DNA 72 ED 7 I Z eI LT3 1 R RIS ﬁ#ﬁﬁ%hf%é ESYIN kA ke
DWTIEWEEZ 5 % 7= 1%, Hackett et al. (2008)IZ L 50 TH D, M 513 E%H 169 fiEIC
waﬁ/ADNAL®1&Mﬁ3Nm_ﬁbgh%@ﬁﬂ%%%#ﬁb\%h%ﬁﬁ%%
fRIT 24T o 7o, FER. NPTV Z D E SIFINTEENIZA YV LAETHL Z &R0, AU
LAEHNAZXABIZER CHDLZ LR ENRRA LN Y | SFEREO SO L5 o HH S
BT o T,

FSHERE D Sy 4% & L Cld. Paleognathae-Neognathae [, 5 J UF Galloanserae-Neoaves [

DIHEARIE, 66-85.8 MYA (Million years ago) ORICHRFE L TR Z»7-bDEEZ BN T
V% (Benton and Donoghue, 2007; Feduccia, 2003), 7235, L%E@,%iﬁ@%ﬂ&@ﬁﬁ?&i:ﬂﬁﬁiﬁ
TREEZ0E LTI, A X-7~ (62.3-71.2 MYA), B h-=7 A (61.5-100.5 MYA) .

-7 (95.3-113 MYA) R ENFT b5, 7eds. WFLIH- SR D% wﬁﬁimzwowm
LfEESh TS,

114, BUHEPHRICHAWVWON S BEE

NFRICKT T DAL E OB MEFERINIZE T, EIC=U NIRRT XTI RERE & LTH
WHNTE, BEHOFEERR I, MRS LS LT~ 7 E(Anas platyrhynchos)° = U > 7
A7 (Colinus virginianus), K~N K (Columba livia), 7 X7 (Coturnix japonica), == 7 A ¥
(Phasianus colchicus), 74 7 A 7 i ¥ = (Alectoris rufa) B3 H#ESE S TR0, 2010450 |

12



AMEFME OB INEER 12 > 7 F 3 v (Taeniopygia guttata) & & 2t 1 - > = (Melopsittacus
undulatus) 23 B 01 & FU7-(OECD, 2010), _ERED BHEREDZ% < 1% Galloanserae f (£ H)
TH Y, Neoaves flijZ KNk (NFEH), EXEA A2 (AVLH), ¥ hFay (AX
AH) BEENTWD, ZHIVET, w2 T, EREMW & L THRWSF0 Galloanserae
2 W TIE & A EDORBRPTOITE 23, KAFEOBFA ¥ Neoaves FE TH D A KT
A 2T STV, EEIC, Galloanserae FECHElE 2N il B L7 7o 72 B IR03E K 72
EDAFE D B TIIE ARSI HERREELZEZ L TWDORERTH D, 1> T,
LW E D ERER A~ DB A HERT 2 %121%. Galloanserae 2 HU IZFRER 21T 5 2241 &
Z DGR D Neoaves Fli~DIMFMEIZ AT D BETORMDFE > TV D L F R D,

o, BRI OREREL 70 D 7 ) AEWRIZOVTIE, 2013 4F 12 ABFSC, Ensembl
database (http://asia.ensembl.org/)iZC, =7 K U (Gallus gallus), ~ 77 <& (Anas platyrhynchos),
% 1 =2 7 (Taeniopygia guttata), I F A > F a 7 (Meleagris gallopavo), m=x U & &%
(Ficedula albicollis) &9 5FEDSHE 7 7 ADVAB & T 5, £ 72, UCSC Genome Browser
(http://genome.ucsc.edu/index.html) TiE A Z /X2 A 7 ¢ > F(Geospiza fortis), X1 1 =2
(Melospittacus undulates) iZ > W T HFIHATETH D, E HIT, 2013 4F 9 HLIREIC
Groundpecker (Parus humilis)<>/~-¥ ~7" % (Falco peregrinus), =— % —~~ 7% (Falco cherrug).
717 Z 73 h(Columba livia)iZ DWW T b7 AMEGEDN 2 STz L W O |EDH TV D, Zofth

IZHBIEZ < @ Neoaves FEIZOWTH / AMiFgi 7oy =7 NBREITLTEY, 20X 5 721F
WMEFBEFHRICOIERT 52 3RO LTV,

1.1.5. m#%ﬁ@ﬂ@%mww%é:ﬁgfﬁféﬂ%ﬁw

fﬂfiﬁlj (FEERR I WK 2B DAL F I E DR T Do BlZIE, Z/NaDfER D6 1 XRE

Z 4000 FRE O LW E RSB, FESh TR, KA, )\I%‘:F’ﬂb‘fkf"ﬁ/ﬁ%ﬁ £V ¥itis
L’Cb\éﬂ:%% SOHIT 5 HEBZ5HEFHTW% (Rodgman, Alan and Thomas Albert
Perfetti, 2013) ,

I DALFWEIZENENTENR R 0 | AREEL RS, £ ORI TYH,
2 E%ﬁ*ﬁ%ﬂ“@& PN B ERD, ALTWE I LR DR - BRI B D, 1Eo

CBUFET S 1 THEO RIS L, BT B S e FEE IOV TREBIOFEIZ- DWW T

fa:‘f AR EZ1THO Z L IXNEETH D,

2T, AWFE TR, RO & OFWEM DS OFMHETRITIEZR < Al
DALY ERSZ MEREER & LTy 7 1 AP450(CYP)ICEH LT, B REERE CYPIX
BTOEWRICILE L CTHEIET DMEMEETH D 2035 | AL FWERE M ﬁi%’ﬁ:iif
H T FERIKNZ & 72 > TV % (Lauer et al., 2009; Hengstler et al., 1999; Lewis et al., 1998; Kato and
Yamazoe, 1992) ,
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*EFR OfRIL, M
fefiiz X 5 (http://biosciencedbc.jp/taxonomy_icon/taxonomy_icon.cgi)

- HFay
ét?& I=za
B
— A SF A TFAT
k& THE
=
— 4"’ £ hFay
AP
% ITAR
<
— '?7 A HEA
t [NFAY
T‘} AVTARUXY
>3
lf\ TESURIEY
)

Figure 1-1. Phylogeny of birds.
Hackett et al. (2008) D 7312 W THERK,  AAFZEIZ ]
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12. EYRHEERD + 7 v b P450

12.1. ¥ b7 A P450 OREEE L 3E

NUB R TE T DY b v PASO(CYP)IL, MAEW I HREY), B E TR TOAEMIC
fET 2 —HEDOHRA—N"—T7 7 IV —Thd, TDIFZEALEMEAEM~D BRI
i S D 2 E R BTV D

B TIL57 4 %@@CW%%ﬁw/:vxvu—»%xvm4% [N =V QP )
{EEMDEERLT 7 F Rl EONRNIEOMGH, ZREe Sfkx iS22 5
(Lewis , 2004), ZDOHTH, B RO CYP1-3 77 2 U —|ZET D 23 /0 FHEITEYSCBREETS
Yl 7o & DRSS B D35 (Xenobiotic metabolism) (238 W CHLMIRFIETH D
ZENHBNTND, £, Z DM CYP D%  ITHEMERBNIE Z L mbn T

tbuﬂfﬁﬂ%wﬂﬁ_i&4%%V/ﬁﬁ&@ﬁﬁ@%_ibmwAﬁk®CW
SFFEPFEIND ZEBWAGNTRY, BER EL < QR AR Clgtr 13T,
BAECTlIX, BREGYEWME 2 EELEE O Arylhydrocarbon receptor (AhR)<> Constitutive
androstane receptor (CAR), Pregnane X receptor (PXR)72 EDEENZFRD Y 7 R &R |
Xenobiotic responsive element (XRE)72 &% 4 L C CYP &3 FFEAFHET 5 Z L BRF LT
2,

122.  CYP: ZHFEM, (LEWEHRBRZME. TOEE, A=

BN 5 CYP 13k~ b FE OB A A U, ARG S b P mE 0% <%
KEEREE D Z TRt SN < e, Eo, RN L 0 ABEEZ RS (RIS
PAL) MEHH Y, XY B L (Benzo[a]pyrene) DZE RIFMEL T 1 BT 7 O SKPRAE %
BUZHEE5 LTS

FRHNBI D CYP ITERPUEDMR L ZAR 2P E AT 2 2 L THbATW
% (Fotietal., 2011), CYP W93 g HHEA TWAH DT R THDHN, B M TEOT N5 1
FEFEFEE D CYP BB O K2, — T, thodhfF chiut, HE FHETho
THAEEPWEIEMEICR S REENFAET 22 BB LR, 20 CYP OfEZEN, 1k
FWEONRH L EANBREOREZE, OV UMb FWE IR EOREEZ AL L L TWLDOTH
Do

123. CYPOfEEZAAH LIl

CYP OREJFIZE L TV L DO EFA R SN TE Y Z ORI NI/ > T2
2. CYP1-3 77 X U —&IZT O RMIEHEREIL, EEOBBETH L EEINbDLE
Z BTV 5 (Sezutsu and Feyerelsen, 2013), CYP 1-3 [ZAOARVERFENZ D % 0 FHi & T
NTC, EEOWBECHEICERFEEERREZREI L, o FENTOLEEZES L T
72 Z EDRAL M2 - TS (Thomas, 2007), D F 0 . JoRIIHNAMEHCHRE O L 10
RN T E 725 CYP oD 5 B BYRBNFHL LI BE P EIEFEHE 2
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(2t < Bk rEE #5 (Neofunctionalization)<°¥& 7E BB HE 43/t (Subfunctionalization) . {4 i& s 1k
(Pseudogenization) Z# VX L, BED CYP1-3 77 2 U —E a2k L Tnb &2 bR
LDTH D,

ZDZEND 2 ODOHELEN R END, FH—IZ, FEOEE ONIKMEDAL T E I
b5 CYP BN A CRARIREET THoTDITK L, SMAEHHCEP S CYP1-3 7
7 IV —BIEFIIAEMIZE S TRAIR E WD DT Tide <. HrEAEIKI O nfiTH B
WL L CEZ &, F T, B CYP 3521 T & 7 HEREAUHII IR BE IR FRO 722 b D
ol &EThD,

IS D CYP HALOHEL L, BMRH CYP ICHZENKRESIHET HZ LR LTS
T TR, FOAEYOBERIER /M I L - T CYP ORERCRME R LN H Y 272
ZEEIRIBL TS, FEEE. Rainio et al. (2012)X° Fossi et al. (1995)1 XMt EVIE E T L
KU >R ALIEMESS EROD (Ethoxyresorufin O-deethylase)ii& 23 v ME A 23 7 B 5 =
EEREL WD, ZOXIICELOBE TAE TN TE = BYNHREOREEME 2 E K
ZHEOREICERE L TRY ., #o T, BHEO CYP 0o b2 S BT 58T, Atk
EOITERRR S F O BEHEORHEREZBE L TR 20ERH D25 9,

1.24.  EBEJEICBIT B CYPHFEDOIHIR

AI @Y, ZNETHAEICKITS CYP SFEOREIE, =V MNIRUXT R E
Galloanserae JEfli A W CITON T 72, 2O ORI, FEICHIEI 7 vy —2% i
B E DAL BT D IEHREREITC. BED CYP o THiA 7 n—=" 7 L, % OFSRERE
WaiTolebDTh D, o, WERBTIE, FRRNDOE=2Y 72 AL LT CYPLIA
B u—= 7B LUOGEICET AR T TE T,

1.2.4.1. REVGRYEIZL S CYP &

CYP [TEREEIGYICEET DA A~ — I —IZ72 5 & Zhu, 1980 D Lk~ 7@ fE ¢
CYP FHEDM N /2 ENTE T, SHEICBWTIX, DDT X°PCB 72 ED{BYIZ LY CYP D
MRNA 0K X7 ENFHFEIND Z & WL S 7 (B Fujitaetal,, 2001), L22L, Z4h
DOWFRIZEICBREBRCESEZ LT bDE o2, 2T, BEBEREEZHWEZY = 2 ¥
71y b TCIEPUER D ARG AR LT [CYP1A-like protein) ORI EAE®E L, HME
I T n—T L R 5 & = TCYP1A-like activity] & L CHIEL T, HELZER
BIGROEEE L TH>TWe, Ll FEBRIZEOZ X ERFREINLD Z & I13H# T,
S CYP OfiER, I L OmEiER & L COEREMNR EITITFEE A LER I L)

-7,

1.2.4.2. S 2 70— 307 CHEE
JSFED CYP {EPEIZ DU\ TIL, EROD (Ethoxyresorufin O-deethylase)i& A 4D & LT, W
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< ONDIEN, BNV T RFEM T ORI 72 4TV 5 (Murcia et al., 2011; Cortright et
al., 2006; Liukkonen-Anttila et al., 2003; Tanhuanpa'a et al., 1999; Gupta et al., 1998; Walker et al.,
1998), S LHIADOHK 723N TR | WAL T=U M TIX CYP ZEN1 D7
NI ER, B OB THFIALL T OIEME L2722 L v hy> T4 (Khalil et al.,
2001),

Fl U BHERO T TOMEZEDFK E LTix, HELFEREIC OV THRESR TS,
Blevins et al. (2011)/%, =7 U T, 4-8 WEFEE D B4R % (2 CYP3A-like 72 TEMENME T L T
W< ZE AR LT, — 5T, Hu (2013)1% CYP2C-like ZR7EMIZ DWW CIIH LB % Tl b IEME
3rE < | 1-4 B8 TIHE < L & D% 7-8 B £ TIEMED B30 Feir 2 & V0o Z LT 5,
PEZEIZ OV T, CYP & &Y b7 1 A P450 iZ %55 (NADPH-cytochrome P450 reductase,
CPR)IZOWT=U FUDFARTAALY b, IHIT, Z0fMDZ% < DILEWITH LT
b A A DT BREHEIED FV & W D JAE 2 22 ST % (Pampori et al., 1993)

1.2.4.3. ¥ CYP #E{x7F

— T, RS> T, =T b YO CYP s BE9 D HRRERENT O RMMRAT 2 B AT 7
SNDHLEITIoTE T, T ETIZ, CYPLA4/1A5 X° CYP2D49, CYP3A37 (2B 5 iEx
Frm—= 7 LRRRERIT . RARHT Y 2 4TV % (Shang, 2013; Yang et al, 2013; Yuan et
al., 2013; Cai et al., 2012; Jonsson et al., 2011; Kubota et al., 2010; Goldstone et al., 2006; Ourlin et
al., 2000), £72.CYP ~DE xR & L TEE/R CPRIZOWT HHFEA T TV 5 (Zhou
etal., 2011),

=U b U LSO SHE T HBAIEENIC R CYP DT 72 SN TV LDV U TH
Do AU TUTIX, PCB T K 2{5Y% L B L T CYPLA X° CYP2C |2 BT 2 #REMFAT. FE8L
BT A3 72 & TU 5 (Kubota et al, 2009; Kubota et al., 2005), & F A > F a 7 Ti, Turkey X
disease & OBIHN S CYP3A37 ([22W\W T u—=17 - $EEMAT M T 7= (Rawal et al.,
2011; Rawal etal., 2010), £7-, #F a v TIIRIARL —7 ¥ —Z2 T CYP Bin D7
0—= 7 %17, I TO mRNA FEBLED M Tl ST g (Kawai et al.,
2013), L L7edib, ZHETICREMEO T T CYP I3 B OB LM ShZZ
17 < W CYP OF AL L L THFER RSN TE T,

1.24.4. B CYPWIFEIZFE L TS 4154
EiRko@v | SFEO CYP MFEICIZEWELERH S, LoLEtF kbt bllEE 2D
_ﬁ“LEOD%DﬁO)%’K 2vinvivo EORIFT LN TE LT, EERIZ CYP ML FWE DN
@J ’?DF‘Z”“T CEDRERE L TCHWDDONHLMNIR>TWRNWZ ETHD, £, invitro
DIEPEIZONWT & JAHR SR 2 W 72 AEE PO i o b 2 B E L T T U 2D
NI SR CORBMRE A 2SN TE 6T, BENTORBMEOFEEN+2IZH 600
ENTVRNIELREE > TND, XDIT, BN OREE L 725 CYP #ia 11
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DNThH, 7 AEFENRENTWAE =T U TTH2TO CYP HFMNEE. DS
TELT., FOLIBRGFENMEETDONHLMNIR > TR, 207D, B¥EET
OEGHIZRTEZE G SR> TR WOREIRTH 5,
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13. ABFFED B

BHE T, 2 E CIUEEWERZ I OWTIEEMERFE TN 2SN T, Fan
BREHRIC LD BETOTFRIOHED—K & 72> T\ D, mETRIZERIZR ST
RWVRERNE, AL FE DN ERIAAE L, 220, BEEFED 5 5 Galloanserae |[ZJ& T 5 HZ &4
ANWTE 2 LIZH Y ZORE, RF-OEBA SR E T % Neoaves DLW B RS A
SN TCo otz 2t b b,

Z 2T RWETIIER % A b E T D ARG S & L CEE S/ CYPIZAER L.
SEMCcoORBEOHEE L ZORNMAEZ BN E Lz, S5, BEOEFWEY 2 75
il LB 2 B D in vitro TOALFE RS MERZE DR AN FJRENGE MRGET 5 2 & &
HEOE L7z,

14. AFRILDOHERL

RSO CYP LALSEWERS MEIC W TR L2 R (S — 3 Iche s, B =D
BINEILEROTICHT= D,

BT, WILEICH LTI RE TR E A SN 2 ST 2 b o 12 BEO Bk
#f CYP B FIZOWT, Z DRI F DRI & B CYP DR, I L OIEREH CTOBIsHY
FAZHALNC LIz, S5, CYP @40 FEZH LMLz BT, BRH Lok
FNWEEBEZ LN THEERE L,

FoETIE REMAFWEICLDFE LR XTIV EE X bt CYP2C23 Eis I
FH L7, CYP2C23 G137 DOFEMREIC SOWTIZEEMRIIZEN 2 SN T WA, HERE
TRHMDOEETH D, 2T, LRSI TO CYP2C23 i\ fn 1 DEESN 7 v —=2 7 %AT
W, BEMREEEBBEEOFEAZIALMNI LI, 512, =V MU D CYP2C # /37 EIZ
DN, IEMEER AT 72,

HNE T, EBRICEETHENMRE SR TWE LT 7 U v 2T MEAME LT,
CYP 35 L UMERIEERIZBA L Tinvitro 7 » & A RIC & 0 S OFEZE S H S 4025 DMRGEE L
oo UNT77 Va3 57~ o RERANL, MEEAHO LT A DSET
WEEEZR - L, SEEERBD OFRRICR>TnWD, —HT, ILZ77 U i3=U K
TIRFEAEBIMEEA BB L 2N ERMBN TR Y, BIEMEM CORSZ O AN K E
WHDLEFRESNDILAEMTH D, AETIZIALT 7 ) ARBHCR OIS BB ToOMAE
DREXER, =U U Tinvitro & invivo TORE N Z —o DIl 82177,

IHRLOFERTELNMAICESE HHETILEEO BRMNHEHERE L o200 b
D HFICBET 2B ESHORBEIZ OV TR,
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B_E
S8 CYP BE T OMEREMNIFE L 5358,
REOEPRFTBNTEEL CYP 40 FREDOKE

21, TE
211, TIEO CYP BT LREE

t MZiX, 57 3 FFED CYP A3FAE L TU % (Nebert and Russel, 2002),

b h T, EREO 5% LA CYP Mo Tnb & Ebhh, TOHOLnEZMAH£2HE
5 CYP1-3 77 2 U— 23 51T % (Williams et al, 2004), CYP |2 & %Rt ot T
I%. CYP3A4 3 Z?D 50%ir< #fH->TkV | b hORYRB TR\ LRy FHLEFZD

(Figure 2-1), CYP O B3 D% 5-CiL, & h TiX CYP2C9, CYP2C19, CYP2D6, CYP1A2
MZAUTHEE . CYP3AL BT D 5 4 FHET, CYP IZ X DFEMAED 90%AT o
TW5,

R CYP RO - B2 RETE H201%, 2O REREMEOKEIZL 5, CYP
B R B OFEERHEENLL, o EOBEDN R D8 E (L& % % AL UG %
fRIET 2 DICH R RE S Z2FH, 20K, B2 FHETHR C{LEM DR Tt
JEERET D X9 I — =T v TRELDHDOTH D,

L L722D o, 5 FfE WD DHD CYP 43T, CYPIKRIFEL Wb 23D 90% %
RETELDEFREIEA D Iy ZHUIZ DB TO CYP BEEDL IIT LD, EER.
Temesvari et al. (2012)<° Ohtsuki et al.(2011)i% & K& To CYP 2y FFEZ & D & /R 7 B35
BEZPALNIL, D THEIEORIENKRELS B, ZOFTHZ YR~ L0
K EUNCYP3A4 =L CYP2CY, CYPIA2 D & L /3 BFEH BN K E W L 2R LTV %, mRNA
FEEIZOWT S, ¥ U7 BREE L FRROBEMA LN TS, DF Y, FIR%HRE
Z% % CYP2EL 2 foh & LT, £ OO FFETIE—MKIZ mRNA B &N REWTE,
L Ry ERELE L BRSO FE N REL LD MNH 5 (Figure 2-2, Bieche et al.,
2007; Anderson et al., 1998), & 512, CYP3A4 « CYP2C9 (fth D45y FFEIZ Eb A~ TIEMHEBAL D
X¥ BT 4 DAL MOSFREICHRTE L DILEmER#T& 5 (Gayetal., 2011), ik
BRIEEERH L, o7 BELTORBELZ W -DIZ, EYRB#~OFERRENE
Exzbid,

212, RECYPLoTRICETIMmA

ZNET, =V NI REDFFHIZHONT, I 7 v Y —2% Mz invitro TD CYP
TEPEIC B3 2 BF5E13 % < 17441 T & 7=(Gupta and Abou-Donia, 1998; Walker et al., 1998), (2.
WA TRV SIS CYP 4 FRERFRAY 7 7 1 — 7 HE (e.g. CYPLA IEMED 7= EROD 73
E) #HWT, Imammalian-CYP1A-like activity | & \>o 7218 TOIEMEFZEN % < BRI
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B CHEZR S FREIMUGHF L TWD0h, o FE—RE OB BRIED DR L 72 6ilE
FEAERNA23B), [k, o X7 BRI L TH, REMGZFIALTY =
2Ty NefTole Bl 5, REINTWD X X7 ENEEICEE « R
AES BT, DFEY | FREDOKEEZ KRBT D CYP S, FEEOHE TR I
DL REBIM 70 Y —AHICFEET D 2 ERHRTEThH, ZONTENFRESNLS
Z R,

ZOXORBIROFERE LT, BEIFO CYP @A F23H LT <, HELE
EFRIBREBFPFET HTHA D LWV I RHRDOIL TN TONTND LWV T ENdD
Do DT, TEME L~V TOBFREM MBI RN, FBEDRK L 72> T\ D5y i
DA EE o7, I, BHEORFFT 5 CYP 0 F O EFNH LN TRWI Enb,
@Bl CYP syFHE3 EOREEMAHMIIEFLE L TWDLO0FHMETE T, & MIBITD
CYP3A4 [ZAHY T 5 L 9 e BFED B AR LEE R 5 FREDVFE TE TR,

213. HH®

FEETIIE hO X9, FFEDOEEOMRFHIZR T 2B CYP T HOFHITEEINT
WY, 252G, BEICBWTUIED LD R0 FRDBIFET 5 ORI BH L Mo
TELT| BENRFAED FZHOEMNITR>THRN,

Z I TARETIE., BEOEMNH CYP BB AM@ENICEE L, Z0fE, FrlcEER
Bfd - ZEFE & L CHZE /e Galloanserae &, JSFHD 95%LL -4 56 % Neoaves TOE(LT- L
SOLTOFEZHLNITHZEEHNE Lz, &6, =7 MY OFRIZI VT CYP 4
TFEM T mRNA BBt L, =7 MY ORYAH FEER Y FREEFFETHZ L&
& L,
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Figure 2-1. Clearance mechanisms for the top 200 human-drugs prescribed in the United States in

2002. (Williams et al., 2004)
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Figure 2-2. mRNA expression levels in human liver and the contribution to the drug metabolism.

(Modified from Bieche et al., 2007; Williams et al., 2004)
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2.2. ¥E - HiE

221,  BECYPEETOMBNFEEL IE
2211 CYPEFDOIRESEL CYP 1-3 3 FFREDIAE

ZU N, R AFavRBIOVTF AT a vIilBlT A7 7 AR (GenBank,
Ensembl) % H\W\N T 21T -7, WS ) 23— 3 0%, 24 Build 3.1, Build 1.1
BXOBUldL17Zo7-, F7-, s E Lzt M2 oW TIE Build 37.1 T, Wi b fiEdT
WS TR O L DA LT,

GenBank & BLAST f#% % H\ C CYP #in T OEETT 1=, Y OELE > T
1% CYP 1-3 LISt CYP BI5F23E £ T =72, Neighbor-joining 7512 & 5 RN IZ X
Y CYP 1-3 #{n1 DA% fhH LAFHTIZ v 72 (Saitou and Nei, 1987),

2.2.1.2. ZHHEYT

CYP13 D% 77 I U —IZJBT ABETFITHONT, HARSIN LTRSS T X/ BEES
Z W CRNT 21T o 7=, HHEECS1X. MEGAS (Molecular Evolutionary Genetics Analysis,
Tamura et al., 2011) (ZT7 X /RSN EHL L, MUSCLE Z I CEZEHT 714 A b &
1T-7 (Edgar, 2004), Z D7 74 A2 N EILIZRMBHERD 7 DF T /VRINE LU
A% (Maximam likelihood ¥5) 12 K 2 RABHER AT o 72, TR D HEHERS
72 BESONTIE AT HIZITHEZRREB RGO TNV Z L n | AN CiE
7 X BRI A Wz, 5%LL EDORISITRIE L TWD T I BEEALIT RGN RS L
7z, £12, TNThO 7 L— ROE#EMEEZ 7 — A b7 v 7RHEE (100 KE) (kv EE
L7,

22138 2T =—HEHr

Yetfk Loy o7 =— il & ER 3 % 72 % NCBI 0 MapViewer % F V7=, FlfE CLE#g L,
KL TWDEE T 23® 5556 72 £1Zi%. Ensembl databease & UCSC BLAT (Z & 0 ffi /& /91
REZRAAT o 12, FAEMHTIS L TR o = —MRHTIC X 0 752, S S TS FIo o0 T
Cytochrome P450 Nomenclature Committee (& Ci& s D4 2517 7= (Nelson et al., 2004) .

22.2. =U NUFFBTOHOEE CYP o FREDOREEMIT
2221 B

JeimE e fER Yy (bihE. & 9RER) XK VMRS 8 Po=U rY (AL 7 Ry) &
ALTe, =V NVEFI7AF v 7 r—YThilE L, @ OfE(Nihon Nosan Kogyo Co.,
Kanagawa, Japan) & 7k % ad libitum T5-z . 12 FrEEIRE COMKFE N & 25£2°C O E CE
L7z,

=0 UL, AEBEEARERE (arhe—Af) LT e X —L (PB) &5
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D 2K 4 PTDIT3 1T 7, PBEECIZ CYP FEOERTHMA IS 71 a2 TPB#
H&2ITW, > he—VBEHZIE PB O D ICABEREKEHR S Lz, T74bb, PB #5
BRI, AEFRAEKICERME L= PB % 80mg/kg body weight © 3 H [l CHEMENIER G L.

AREEKE G CIIEEOAMEBEKELRE L, 3EIBORE NG 24 FFE#IC,
BIRFE 2 N ZHFR ATV, BRI Z BRI L 72, IR E RIS TR L, EiR
R E T-80CTIRAF LTc, ZCHFLTEREA T, =Y ML 8 @lnZ o7z, Liio@hh3z
BT A R B R B 2 OKGR Z 15, € OFUEIZIE > TT - 72 UKFRFE 75 10-0067) .

2.2.2.2. mRNA #/t/ & cDNA 5%

ARG B X OPB &G 2% 7= U OffE’ & . RNeasy Mini Kit (Qiagen, CA,
USA)Z v Total RNA Ofifit 217 - 72, filiH S 472 RNA 1L, SERVKENC L% RNA quality
DfEF 217V >, NanoDrop ND-1000 (Thermo Scientific, DE, USA) (2 XV E& L7=, ZDFE,
A260/280 & A260/230 IZ DWW TETHOH TN TL8 U LEDEE/RT Z & 2R Lz, i
472 RNA 2 ug % JtiZ . ReverTraAce (Toyobo, Tokyo, Japan) % VT Final Volume 40 pl (2T
cDNA Gk E1T - 72,

22238 EAHIV 75145 PCR

StepOnePlus U 7 /L% A 2 PCR 27 4 (Applied Biosystems, CA, USA) Z W\ T, #Eis
THRPERAER Y TZ A L PCR Z{To7c, L7 T A ~—% Table 2-1 IZ/”7, X
JinZIX. Fast SYBR Green Master Mix (Applied Biosystems) &, B AT T A4 ~—, T F
YU AT T A ~—%4 200 nM, total RNA 10 ng ¥84 @ cDNA % & #, 10 pl D Jiis% TIT -
7z Mg cDNA B2 73 KO ERMER DT O DA Z v B — RY 7L Ol 53k
Duplicate THEHT L 7=, HIED 1 2 Lk, 95°C20 #od#4iz, 95°C3 £, 60°C30 7% 40 A 7
JL' L. PCR run ®#4&3> Y 12 60-95°C T?D PCR W D A )V | T3 — T it 247 - 72, PCR EEM 1T,
BERKIBLOF A LY hy—T R AV NI —TIRMICL D E—DHBET% PCR
PEMID B ede 2 L 2R L=, VU BAT AT R3 U U EiKEESE (GAPDH) EisT
ARz br— L E LTHWe, 2, X AT 47 ay bua— e LT, HiRERER
ZEETITONAGRLIZ T I ATIIWTh s CtE 35 LL RIZ b 2 & s LTz,

FEEFOAC—HEZENTODOMBIMRA Y ¥ — NIZiE, HIE T 5E5% 5T
7Z7AI REMWE, 77 A3 Kix, TOPO TA Cloning Kit (Invitrogen, CA, USA) % H\»
pCR2.1-TOPO X7 % —|Z PCR FEW) & A A A TIERRL LT b D & W=,
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Table 2-1. Primers for gRT-PCR in chicken liver

Gene Sequence (5' — 3) Amplicon (bp) Reference Accession Gene name in NCBI

1A4 Forward TAAGGACGTCAATGCTCGTTTC 89 Head et al. (2006) NM_205147.1 Gallus gallus cytochrome P450 1A4 (CYP1A4), mMRNA
Reverse CGTCCCGAATGTGCTCCTTAT

1A5 Forward ACAGCTGTGGAAGAGCACTACCA 85 Head et al. (2006) NM_205146.1 Gallus gallus cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1AL), mMRNA
Reverse TCTCCACGCACTGCTCGAT

1B1 Forward CATCTTCCTCATCAGGTATCCAAAAGT 130 Johnsson et al. (2011) XM_419515.3 PREDICTED: Gallus gallus cytochrome P450, family 1, subfamily B, polypeptide 1 (CYP1B1), mMRNA
Reverse  GTACAGGAAAGCCACGATGTAG

1C1 Forward TGTGCCCATCACCATTCCACAT 99 Johnsson et al. (2011) XM_001233594.1 PREDICTED: Gallus gallus cytochrome P450, family 1, subfamily B, polypeptide 1 (CYP1B1), mMRNA
Reverse  ACTGACCACTGGTTGACAAAGAC

2D49 Forward TCCGATGGGCGTTCCTGTTCATGCT 100 original NM_001195557.1 Gallus gallus cytochrome P450, family 2, subfamily D, polypeptide 6 (CYP2D6), mMRNA
Reverse  ATGGTGGGCGGTCGGTTTCTTCCA

2C23a  Forward GTGACCAGCAATGGGGAGAC 188 original NM_001001616.1  Gallus gallus cytochrome P450 2H1 (CYP2H1), mMRNA
Reverse ~ GCAACAGCATGGATTAAGAACTTCC

2C23b  Forward GTGACCAGCAATGGGGAGAG 190 original NM_001001757.1 Gallus gallus cytochrome P450, family 2, subfamily C, polypeptide 18 (CYP2C18), mRNA
Reverse  TGGAAACAGCATGCATTAAAAACACAG

2C45 Forward ATCCAGCGCTTCATCACTCT 151 original NM_001001752.1 Gallus gallus cytochrome P-450 2C45 (CYP2C45), mMRNA
Reverse  TTGGGTTTGGAAACTCCTTG

3A37 Forward AGCCTGCGGTTGTTGTCATG 132 original NM_001001751.1 Gallus gallus cytochrome P450 A 37 (CYP3A7), mMRNA
Reverse CTTCAGCTAATGAGACAGCGTTTC

3A80 Forward ACCACCAGCTCCACCCTCAGCTACA 171 original XM_414782.3 PREDICTED: Gallus gallus cytochrome P450, family 3, subfamily A, polypeptide 4 (CYP3A4), mMRNA
Reverse CCGCAGGGATTCATTCACCACCATGTC

GAPDH Forward CTCTGTTGTTGACCTGACCT 125 original NM_204305.1 Gallus gallus glyceraldehyde-3-phosphate dehydrogenase (GAPDH), mRNA
Reverse CAACCTGGTCCTCTGTGTAT
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23. MR

23.1. EHECYP1-3EfzFOME

AWFZEClE, FIC CDS (Coding DNA sequence) &% &4, #&ik 2 R & & £ 7220 iEHE
IR T A0 e LTI 21T o 7c, BT O v 7 =—fffr & clc s hio#
- Exti s LTHW=E F CYP L35 FO—E a8k A-D TR LTz,

K SFRFEDN RO CYP Bln T 0¥ ax 7 7 2 U —JjillZ3 Table 2-2 (2779, CYP1-3 7 73V
—HEE T ORI CIIBEME b MoRET oz, o, 77 U — T L& BHEEREN
FFOBB T EIC R E BT A LR > 7243, CYP2 7 7 2 U —IZIXH 522 CYPL, CYP3
77 IV =KL OBEBETHHFEL TN,

Table 2-2. CYP 1-3 gene numbers in each species

Family Chicken Finch Turkey Human

1 4 3 3 3
2 21 16 18 16
3 2 2 2 4
Total 27 21 23 23
232. CYP1

CYPL 7 7 2 U —®Z AL ITT (Jones, Taylor, and Thornton) &5 /112 & 0 1ERE L 7= (Jones
etal., 1992), fiEATICE ENT=T 2 /BT 243 772~ 7=, AMEE LT RCYPL 77 3V
—|ZiT#% 72 e b CYP2A13 % v /= (Figure 2-3),

B4 CYP1A4, CYPIAS |[Zxt L. E F CYP1ALl, CYP1A2 MHREI /B LT TdHh 5 Z &350
57TV 5% (Goldstone et al.,2006), 4 EIDOfENTS . CYP1A4, CYP1A5, CYP1B1 (Z-DU»
TIE, SO B CREABIIV Y T =—PMRESNTE Y, BEH COBE T OMIFBIRH
Hn7Eo7z (Figure2-3), — 5 C, CYPICLIFZF v AW Fav, vFAVFav, & hTIEA

Ny 7 a R aegE@ia b LTz, =Y h U Tik CYPICL (ZIZA by 7a RUng
FNTEEDMFE SNIBENELB O ERFINTVD LD EEZ BT,
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Figure 2-3. Phylogenetic tree and synteny of CYP1 family genes

(A) Phylogeny of CYP1 amino acid sequences from chicken, zebra finch, turkey, and human. The
maximum likelihood tree was created using MEGAS software. The numbers on the branches
indicate the number of times per 100 bootstrap replicates that the branch appeared in the trees,
estimated by a random resampling of the data. The scale bar represents 20 substitutions per 100
residues.

(B) Synteny of CYP1A4 and CYP1AS5 genes (orthologues of human CYP1A1 and CYP1A2).

(C) Synteny of CYP1B1 genes.



2.33. CYP2

CYP2 Atk ix, JTT EFT/VIC LV 441 F A AW CTERLL 72 (Figure 2-4 ’%7“77 2
Y —Z &2 Compress L 7o Rfits, fHEk E (SRMBIREREZRT), SMEIC ~ CYP1AL %
MWz, JBFETIL. CYP2), CYP2AB, CYP2AC, CYP2W %77 7 I U — %’E%z@ BRT
WEENDZENRHLNCRoT2, ZHHEDY T 77 IV —Z20 T, & FTIEHE D&
5o, b L IMEBBETFOAPEENTND, £z, 7/ MERO RO RTHENEDN & 5 73,
CYP2B X° CYP2E &\ o =W LD YL e D CYP2ABFGST 7 7 A X — T & F N D&l 1
TRONB o T,

2.3.3.1. CYP2D,, CYP2R, CYP2U

CYP2D, 2R, 2U #7772 U —(TiZ, BHEO 3FETH@E L TH—DOBIE T HFEEL TV
72o CYP2R1, CYP2Ul 2>\ TiX, bt M B TH—OBEIZFRT /) L ETORIEET
LA TREIIRGT ST (Figure 2-5), CYP2D (IZoW T HHEIERIC, B b CTlAER
F2Oo08ROLENT-LOD, VT =—iIt b-BEBTIREREIRE STV,

2.33.2 CYP2ABFGST 2 5 X 4 —

b b, ¥ RIZBWTIEL, CYP2ABFGST B {7 7 A ¥ —INENENYEARD 19 FH
ETASIZFELTWVD Z ENHBILTWS (Nelsonetal., 2004), Kirischian et al. (2011)(% =
I E TIZ CYP2A, CYP2B, CYP2F, CYP2G, CYP2S MWLM A Dilfnf Tdh D &R LT
X7z, SBSET CYP2ABFGST 7 7 A X —#BI FE#HEBE LN, BEOT / A EIZ
CYP2ABFGST 7 7 A X —NFEET, £/, WTHOBLE T HFEERRBO bR ho Tz,
—7J77C, Kawai et al. (2013)1%, &AL —7 2 22KV #F 3 712 CYP2G @I FEEL
TWDZEERLTEY, £727 /=L F B FIZEBNTH CYP2G BN FEHET D 2 LR BN
TWb,E72. =7 b Y EST 7 —# X—ZXDFEN 5 CYP2G-like 72l FI 3 fERR S LTV D
CYP2G IZF L TIE/BIHETHAET DR m W & b 528, BIED CYPZA%CYPZB

B U QIR ERHER TE TV W2 &b, CYP2ABFGST 7 7 A & — BHRIL SEIC A7 1E
9. CYP2G BIE - DHNFE - TV D ATREMED RIE S 4172,

2.3.8.3. CYP2C/2E

JSFHD CYP2C23 HEinFiE., b &b & BENAOEIRTFLE X B, CYP2HL, CYP2H2

Lfg STz, JT4E, Kubota et al. (2010)1C & 2 RfHT IS L OV o 7 =—fi#fTic
ZIB OBIETHHAIAD CYP2C BT T 2MRIELETTh L Z LR aivie, 4F
B 3 FROE G T2 & O AT CIE. B k CYP2C « CYP2E #1748, &% CYP2C23
BAR T3 KON CYP2CA5 Bn T L ITAMIC R R D2 H—D 7 L— F& B L7 (M E), =2
YAV U —TlE, & k CYP2C/CYP2E, 541 CYP2C23, 5H CYP2C45 8 =43l & 72 ) |
FRIR 72 R BER 358 8 B ie o 7o,

Yufh T, BHE CYP2C23 a1 & CYP2CA5 &/ 1IE[F—Yefafk 2 IMb FREEEEN
TAIFAE L T /= (Figure 2-6), &¥A-t b CTCYP2C fElk 2 Lbi#cd 5 & ¥ CYP2C45 it
I CYP2Cs |[ZAH R 72 (Z B IS FR D B AL, J5¥E CYP2C23 (2% L Cixt b CYP2C62p 23%fit L T
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W2,

CYP2C23 it fx 1-HEIIC BT, SFED CYP2C23a i fs1-1% BLOC1S2 & ALOX5 DREIZTF
fELTWe, 72, =Y U O CYP2C23a LISk CYP2C23 Einf. 2 £ Y CYP2C23b i&
fr¥ & CYP2C23b-like 7243815 1% PAX2 & HIFIAN ORJIZH - Tz, B MZBWTH,
PAX2, HIFLIAN, BLOC1S2, CPN1 OYetafk EALEIIIRAT STV 223, CYP2C62 4B
TF1X CPNL 1T L CTIFE L T e, v F A F 3 7Tk, CYP2C23-like 72E4r BN
ALOX5 & CPN1 OIT/E(E L TWes, BAIICiFIEa R 23, ERR TR W AE
Gl Tz, -, B E & hOETCIE, B TBLOCLIS2 & CPN1 oicznE
T0 LU EOBEEFRE T2, B F Tk BLOCLS2 & CPNL &5 1Dz CYP2C62
BBIEFZ2ET 6 DOBEGETFLIRD LT, £72. CYP2C62 {4iEix 73 5%H CYP2C23
BIRFICHFEEBZ 6N DD, ZDOEEFOME THER > Tz, LLEX Y BLOCLS2
& CPN1 Mo CYP2C fn - AEIEAY, MiFlE L BEM TR (L2 H S TE /2 LURE
i,

CYP2C45 &In1 D7 7 NFEBITHER] TELIZE A TWz, =V KU T, CYP2C45 Eis 1
&, CYP2C45 Bs1-IZBE3 % CYP2C21-like {A41E s 11X CYP2C23 iE{x 1 fEIH D) 0.8Mb
ERRICAFEL T e, B¥E CYP2C45 5113 SORBS1-PDLIM-HELLS-ZP4 77 5 A X — L
TLL2-TMOSF3 7 7 A X —DORICIFAEL Tz, —H T, B FTZHAUSHIEG LTV 5 ik T
I%. 4 >0 CYP2C i#fs¥ (CYP2C8, CYP2C9, CYP2C18, CYP2C19) /% SORBS1-C100rf129
7 7 AH—& HELLS &5+ OMICFELTEY, TMISF3-TLL2 7 T A X — T BHH & b~
TRAMANZAFAE L CWe, B b CYP2EL SB{E - IX YAk 10 % 135Mb #Elk > ORTM1P &
SYCELl Bz FOMIZHFEL TWie—F T, 4 DO CYP2C #Efs LA LY EaikD
96.4-101.9Mb FEIRICIFEE L TV 2, b k CYP2EL a2 d 2 fEd L ONEIn BT
BT N1,

2.3.34. CYP2J

b N CliE CYP2) G728 — D LOER STV W DK L, BHE TSRO CYP2) &
5T DMFAE LT, GenBank Oz, Ensembl, UCSC BLAT % f#if L C CYP2) i#f{s 1%
R LUTRER, =V N U TIE 1 »OWOESZETe 6 Bis 1. ¥ hF a v Cidtk b
Iy B IR T RN 2 BT 28T 4 BinT. T A F a 7 TlE 1 DO ELS]
xoite 3 B RO, REAEKEOBEBRERFEEICEAL X, Wb
MYSM1-FGGY-HOOK1 7 5 % % — & NFIA-TM2D1-INADL 27 5 2 Z —DRIZAFEL TEY |
ZEOBIB T DI DT > Tuiz (Figure 2-6), BT 725 1%, Galloanserae ™ 3@ fH 5
il ClEnFEMESEE AR R S (R E),

2.3.8.5. CYP2AB

CYP2AB #5 F1Z 2\ T, B TIFE L C5 20 CYP2AB Ein -3 s S viz—
T, B FTIL CYP2ABlp &\ 9 H—DAESFOAHNRD biviz (Figure 2-6), F7z, F
> H1F a 7 Tlx CYP2ABL {577\ CDS il = R 2 &bz kL Tk, vF
A>T a7 CYP2AB3 #fns 1% GenBank (ZIF/FTEHR T, Ensembl 7 —# X— X ECHA I

72. CYP2AB &in D 7 =—I%, BFHETVTiLLH CHRND-CHRNG-EIF4E2 7 T A % —
32



& CAPN10-RNPEPL1-ABCC5 7 7 2 # — D THIEICRFE SN Tz, — T, & FTiX
% 3 Yt ik PARL-MIR4448-RPSAP31 7 7 A % — & ABCCS5-EEF1AL6-HTR3D 7 T A % —
WZAFE L, ABCCS LIAMZIZBH L LB T 2 8B F0RO N R oTc, 7B, B M T
CHRND-CHRNG-EIF4E2 7 5 A % — & CAPN10-RNPEPL1 7 T A % — 3T NEHH 2 Yefalk
7 233.4Mb, 2415Mb I[ZTFELTEY . ZOILFITIT CYP BIR T FEL TV eho T,
BEBIE T2 BRI LT RF T Cix. &%8 CYP2AB |X., CYP2ABL, CYP2AB4, CYP2ABS,
&, CYP2AB2, CYP2AB3 L9 2 2D 7 L—RIIHIE L7, ZoZ b, BEO
Neognathae fHJ:HE CREIZ 5 /0 FREICEBENE Z > T e b B2 b,

2.3.3.6. CYP2AC1/2

CYP2AC B TFIZOWNWT, WTNORETH 2 H DE{s 15 CRISP2-RHAG 7 7 AKX —
& CENPQ-MUT 7 7 2 & —RIZAF-AE L ABIFIBAFR & SRMEsH & 0 Bl & 2~72 - 72 (Figure 2-5)
bt R TiX CYP2ACLp L W OB FOAPFEELTEBY, =T MY ¥ F A Fa TR
2 SDDEIEF. CYP2ACL, CYP2AC2, ¥ H1F a7 Tl CYP2AC2 DAMNIFLE L T iz,
F7o, ¥ W F a UTIE CYP2ACL AT DR RO bR oTz, 2D b L
e BEo Mm% TIZ 1 o771 CYP2AC B FNFEMEL., ZOBEKETFRBEED
Galloanserae-Neoaves M 43I5:#% 1 Galloanserae TOAEIFEHEE LI EZ BN D,

2.8.8.7. CYP2AC7/2W

CYP2AC7, CYP2W i#f& 71, & F TIL CYP2WL a1 D&, BETIE, =V RV - &~
F A F a7 TCYP2ACT £ 250D CYP2W 51, ¥ HF 3 7 TIXCYP2ACT & 12D
CYP2W Bin 3580 billz, 2 b DB I, W T O TH PRKAR1IB-ADAP1-COX19
7 Z AKX —& GPR146-PSMG3 7 7 A Z —[IICALE L. Rkt b2 OMEREGE G 5072
ST, AT a UTIHCYP2W2 BN -T2 &b, 77 AMEHROXKE, HL<
IL. Galloanserae TPHO A CYP2W BEm FOEENEREX/T-LEZ X 5D,

7o, R TIL CYP2ACT BT & CYP2W #Efn 1237 L— K&JEk L. CYP2ACL,
CYP2AC2 #fn 17 L — K L I3liskBfR 7=~ 7=, 2D Z L6, CYP2AC1—CYP2AC2 i&fx
THEL . CYP2ACT-CYP2W E{n -HEIL. AR DYREMRIHFET HH00 (=7 ~ U TIEH]
B 14 Yot BEDE 3k RITiE T 2) H—oMeRE 0 bBEE FEEIC X
DEFNELRTTHY, ZOHFTE FTiE CYP2WL OANHERF S, BT 3-5 i#Efx
TR ISR TWDHbDEE X LN,
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Figure 2-4. Compressed phylogeny of CYP2 genes

00— 2W's/2AC7s

——=mmm avian 2AC1/2
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. ———mm human 2As/others

2C45s

98 —=m avian 2C23s
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Phylogeny of CYP2 amino acid sequences from chicken, zebra finch, turkey, and human. The

maximum likelihood tree was created using MEGAS software. The numbers on the branches

indicate the number of times per 100 bootstrap replicates that the branch appeared in the trees,

estimated by a random resampling of the data. The scale bar represents 20 substitutions per 100

residues. The triangles indicate genes in the same subfamily. The size of the triangles indicates the

number of genes included in the branch. Blue triangle and red triangle indicate avian specific branch

and human specific branch, respectively. The detailed phylogeny is shown in Appendix B.
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Figure 2-5. Typical fully shared synteny of CYP2D, 2R and CYP2U

Synteny was well conserved for the following genes (A) CYP2D genes. (B) CYP2R1, (C) CYP2UL.
CYP2R1 and CYP2U1 are known to metabolize endogenous compounds in mammal, while chicken

CYP2D49 has been reported to metabolize bufuralol, a beta blocker drug.
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Figure 2-6. Synteny of CYP2 family genes

(A) Synteny of CYP2C23 genes. Only chicken had two CYP2C23 genes, whereas the other two
birds possessed only one CYP2C23a gene. Avian CYP2C23 genes have been reported to be
orthologous to human CYP2C62P, rat CYP2C23 and mouse CYP2C44.

(B) Synteny of CYP2C45 genes. CYP2C45 genes were generally conserved among bird species.
Although both avian CYP2C45 genes and human CYP2C genes located nearby SORBS1-PDLIM1
cluster, phylogeny did not suggest that avian CYP2C45 genes are related to human CYP2C genes.
These results implied that the avian and human CYP2C genes having gone through independent
duplication events in each lineage.

(C) Synteny of CYP2J genes. Two of the zebra finch CYP2J genes were not localized to the

chromosome and are not shown in this figure.
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Figure 2-6. Synteny of CYP2 family genes, continued

(D) Synteny of CYP2AB genes. Five avian CYP2AB genes were fully conserved among bird
species, while human have only one pseudogene.

(E) Synteny of CYP2AC1 and CYP2AC2 genes. While avian species possessed one or two intact
CYP2AC genes, human possessed only one pseudogene. The synteny was generally shared among
bird species and human.

(F) Synteny of CYP2AC7 and CYP2W genes. The gene orders around CYP2AC7 and CYP2W
genes were generally conserved among species, although bird species possessed another CYP2W
gene and CYP2AC7 gene in addition to CYP2W1. CYP2AC7 genes were thought to have diverged
from CYP2W genes, and became a parent gene for CYP2AC1 and CYP2AC?2.



2.34. CYP3

CYP3 & T DRZMBHL, & ~ CYPABL ZAMEL LTITT £7 /M LV 315 &K% VT
YERE L7= (Figure 2-7), CYP3 EInFIE K& < “oDBMIT/H ., — DI EHHD CYP3A37
{51 & CYP3A80 i1 &4, fhFlZide RS20 CYP3A BIZFBNT X THE
Nic, 77— FA M7 v 75, CYP3A IZEHH CYP3A37 7 L — K & F¥H CYP3A80 7 L —

R, B FCYP3A L9 SHEICHIE L TWDH Z ENHHBRERLB LEZOND,

CYP3A 1 D47 /7 & EALEIL, BHEETIX TRRA &5 1D 34-44 Ein 1B <
CYP3A80-CYP3A37-PDAPL-ATPAF2 7 7 A X —MFIEL, Bin{ OEENFTERITHRGT SN
TW/= (Figure 2-7), —J T, b hTiL2 >?D CYP3A #4&(n+% &1 CYP3A &nt7 7
A 42 —7% TRRA-PDAPL (ZBEEE L Tz, JSJE CYP3A37 & CYP3AB0 1%, Wi bHfifH] To
FIFEEE R B TE S 72, BFE—t METIE 3A Bis ORI HMICITRED b v
o iz,

Qiu et al. (2008)i%. CYP3A HEinT DZMIZHOWT BE—IHYLEO @M Tl 2 >0
BIGFNFELTEY, & FTIEZEO—FOREMEEEF L L TWAZ Lt ERLE, &
AUzt L, McArthuretal. (2003) 1%, /L H &3 XX H OMJEHECIEHE —0 CYP3A #Eis 1
DFEL TR Y, FobE, TNENO RGN TN L CEBIE FEEICEL D CYP3A Ba 1
OHEMNEZ 272 b D ERL TV D,

AR D FFAT I3 B FLE DAL S5 FE T CYP3A BHE T A2 BT 5104 7o fl - ST
ZHAWTWRWD, B CYP3A &t k CYP3A NENENHAMMNLIRE L CHAFAT 5
REcECHEE L, BE—t MU TITHRESEF2FE LRV (Paralogue Tlidd 5 723,
Orthologue TIEZ72\Y) LW O A TIEWT RS & S FE LR,
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Figure 2-7. Phylogenetic tree and synteny of CYP3A genes

(A) Phylogeny of CYP3 amino acid sequences from chicken, zebra finch, turkey, and human. The
maximum likelihood tree was created using MEGAS software. The numbers on the branches
indicate the number of times per 100 bootstrap replicates that the branch appeared in the trees,
estimated by a random resampling of the data. The scale bar represents 50 substitutions per 100
residues.

(B) Avian species possessed two CYP3A genes, whereas humans possessed six genes including two
pseudogenes. Although the loci of CYP3A genes were almost conserved between avian species and
human, none of the avian CYP3A genes showed clear correspondence to any of the human CYP3A

genes.
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235. =V MY B TOEE CYP S TREDKEEEMAT
2.3.6.1. AEFEHIFELE T TO mRNA 75 i

HFLEA O B CHILA 72 5 FREICAFEI 72 =D R U CYP @ 10 43 FFEIZ DUV T i T
® mRNA B EOMNT %1772 (CYPLA4, CYPLA5, CYP1B1l, CYP1Cl, CYP2C23a,
CYP2C23b, CYP2C45, CYP2D49, CYP3A37, CYP3A80), NPz ke —/LiEfnf & L
T TiaBR© GAPDH & beta-actin (22 CHIE L72FT, PBIZX Y beta-actin 2335E S 41T
W27, GAPDH % i#&iR L7-,

TEMIALE CONTIIC IS D CYP DIEFHZREBETIZ. =V FIOF R A AL BT
CYP2C45 73 b FEE A % < . T CYPLAS5 > CYP2C23a > CYP3A37 > CYP3A80 @JIIE
Z < FBLL Tz, B CYPIZOWTH T 7 7 2 U —%illi 2 TH 7HEE T mRNA Lbig %
ToTeMEFIXZNETIZZRL, =U M OEMAEHIZIIT 5 CYP2C45 DO EHEWNE) G S L
LiERIZoT=, £, CYP3A X, b FTIRA UV ERABOL S L, Y ET 4 BNKRE
W IR DB REDIRS N, B POy - BWREHIZI TS CYP3A4 OEHEMEZ 5

HDTNHHEDEZEZBNDM, =7 ~ U Tk CYP3A |% CYP1A5, CYP2C23a, CYP2D49 (C
OSHBEBE MR LN ST,

2.3.5.2. PB #4410 mRNA 35

PB %, M¥L¥H Constitutive Androstane Receptor (CAR) ZiEMAL L TENEITZ 5 Xl
Z L.CYP2B EIn 1= CYP3A BInF DG ZFHES 5 Z LA bN TS, CAR 1L AR
PXR 2O, PFLFAIC W TR ARH CYP Bin - OMEIC b ik b BERZTHIKDO—D
Thd, —H T, BETIIWLBEICEET S CYP2B BEEFAFEET. £/, WILED
CAR * PXR (ZFH ﬂﬁ“éiﬁ{ﬁ%& L T Chicken Xenobiotic Receptor (CXR) DA% >, CXR
HIEFLEED CAR & [AARIZPBIC X ATEMHAL 2% 1F 5 Z E B 62037 5 T b (Moore et al.,
2002),

INETIZ=U M) OER=U M HRMIEHE T PB IC XL 5 CYP BIF-OFENIES
NTELN, —HT=U FURIKRTO CYP Bl FAEICET 2 MmE XIT LA LR, 22
T, AlENE. Ty b ETHOWORD CYP FEAIOR G RICADLET=U VI PB ##
5L, CYP #E T OS2 822 L7 (80mg/kg, MEFENE G-, 3 HIE), Z D55, CYP2C23b
25 10 fEFEEE & e bR < 758 S 4L, CYP2C23a, CYP2C45 3 E4LICHEE, CYP3A37 1% 4 & H
W FFE I N TV,
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Figure 2-8. Comparison of basal mMRNA expression levels and induction by PB of CYP genes in

chicken liver

gRT-PCR was performed with cDNAs derived from chicken liver for following genes: CYP1A4,
CYP1A5, CYP1B1, CYP1Cl, CYP2C23a, CYP2C23b, CYP2C45, CYP2D49, CYP3A37, and
CYP3A80. The transcripts of each gene were calculated using plasmid standards. The values
represent the expression levels normalized with GAPDH gene transcripts.

(A) basal expression levels in non-treated chicken liver. Data are expressed as an average + SD

(B) fold induction levels by PB are indicated by the ratio of the mRNA expression levels of
PB-treated chicken liver and saline-treated chicken liver for each gene. The fold induction level is
shown by an average, and the significant induction of genes in PB-treated chicken compared to

saline-treated chicken is indicated by an asterisk. N=4 for each group.
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24, EH

241, BEBEFORTENE L HE

Thomas (2007)i%, CYP &{s T DA B 7o RAFIEIZ DWW THIFIEZ ATV, IRPERET 245
9 CYP 3 FREDMRF STV D DITK L, BN AT 9 40 FH Tl s+ EESCRER
FAEREZ o TWDHZ L Z/R L, £ILZE 1% stable gene & unstable gene & 4451372,

ARIOFERHIX, CYP2RL & CYP2UL, CYP2D49 28 Z%H-t M Tl b B RIS T
WDy RETC, B 72 stable gene Tdh 5 Z LR E N7z, CYP2RL, CYPUL X <Eh
bR TEX IV D MREET 7% RUBRMREH &V NREREHICED BB THH Z &n
REFTV S (Cheng et al., 2004; Chuang et al., 2003), F7z, t k CYP2D6 i3 9 DA~
n77 ) a— g EONRERBHIC b BEEREEZH S TVWDER, Ern h=r2&Fe R
nXY N T EIVEREONRERB OIS Z M5 TS (Ingelman-Sundberg,
2004), TR TLRNARYE EZE X b ST, CYP2R1, CYP2UL, CYP2D49 %
EETHE b ERBEONRMEABHCEDbTWE b0t EZ R,

Unstable gene & L Ci, CYP2C 5 7321 Hiviz, WiFLEE CYP2C IZEMHT2 1) C7z
<, A7 A RGEHRT Z7F% FUBRHENCEE T2 2 EnmbinTng, SO CYP2C23
mfnf-. CYP2C45 & 11X, £ Eht hd CYP2C62p & CYP2Cs IZxHitd Db D L& %
Hiviens, MIFERERIIIAM IR o7, o, =7 MU TOAH CYP2C23 iBI5 73 EME L
TWb Y, Z{LUICEDBE T THhA Z ERPH LMo, THiX CYP2C Bin 7135
B CITNRMERE &V O M2 2 CUAERER TIER <, D LARDREHTZR STk L T
WHZEERBL TS, 4%, CYP2C DOIEEDRE 7 ¥ O 21T\, BETO
CYP2C DRECTEME, BRI ~DOFHIZONWTHLNIZ L TV BEDLRH D,

CYP2J X° CYP2AB, CYP2AC /L, bt MZIX 1@ TDAH, b L IEE#EE LTV 5,
—HT, BEATREINLDOFROIFEAEDNEELEZEERAFSINA TN, 202k
MDD DS FREITMILE TIIMA TIZ AR WA, BN TRIFE SN - WHDOHERE 2 H
STVDAREEREVLDOEE X LI,

CYP2) IINFIELIS Dlifids T2 nd 0 FREE L THBA TS, filziX, & F CYP2)2
X MBI, R, IR & O T REIC % < mRNA 2AFELL TRV | Il
TrX by 72 (Bieche et al., 2007), EE & LTIET 7% RUBoE X I D e EORNK
PEME DM, FTie A FZ I VI AT BRI T LR 2 — L EORGHC B D S
(Askari et al., 2013; Wu et al., 2013; Hashizume et al., 2002), /JMNi5 COH)EL@E D 72 & THRY)
RANZBHH L TWDED, DRSCBERDG 2 ETHEIRIL TND Z 0B ARITITN
RMERHICE G LW B2 6D, ARFAEL TH W, BEICBWTHAT
I8 B2 s LB Ol CHRMEREHTBE S L T D AR mNEA 9,

CYP2AB, CYP2AC ICBAL T~ U AR T v h CTHRIR T OAFTERNH DAL, SBHFRNT 72 &
72 STV 5 (Kirischian et al., 2011), L72» L., FHFLEE T & AECHEEEIC DWW TIEMIZE S 1T
BH3, ME— v U A TOlE#] mRNA BB EICBEHT2HRENRLRINTNWLIDORTHD
(Renaud et al., 2011), CYP2AB, CYP2AC |FMiFLJHIZ 1 Tid Unstable gene O X 5 (& IxF
BICHEAENR O, BENTIHIEEHFAOBE FBMMRESL TV, 202 Enb,
CYP2AB, CYP2AC [TMiFLIH & 135872V BAAEAT O NRIMECHEERE 2 FF O I REME S B . b

2.
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242. b b—REECOBRCHLREE

A BRI TIE, CYP ORBLECHAEIC DWW TE TR ISHMEINLTWNDEZ LD,
PRI e ERWE, ZORR, BBEEBETEEDLECYP YT 77 I U —LULTO
BEETOAREICITE FERBETEVWYRRL, Y777 IV —NTOBERBFHIZIZZL 0F
WL B LT,

B TIE CYP2) X° 2AB, CYP2AC - CYP2W 77 7 2 U —NT 3-5 i1 L HED AL D
L. o607 77 I Y —Tldk FTIEHHE—OEMLE T LIIBER T LR T,
NS DOBIEFITEEB CIZIBRBAICBREES TV 2 225, Galloanserae-Neoaves ¢ i
METBICEELTBY, TOFEHREETHRIINA WL bDOEE 2N, Fi-,
CYP2AB, CYP2AC IXMiFLEE T HASREREIT 23 72 ST ey, BB CIREFES T D 2
EDD, BHEBAORAIEZHE L CVDZ EBRTRINS,

ZOMIZ, CYP3A X° CYP2C &\ 9 MFLIAD EMH CEE 2o FREIC OV T HEE T
BOENNR LN, CYP3A, CYP2C Oifi#r & L EDFATEHFX Y ET 4 A ANKE
SHERRMEIIENEDEEZ ONDTD, BETHLZORAEICL Y BHRH#~DFS
PREINDLDOEEZ LD,

243. CYP BT REMHEE

J5¥AIT K % < Paleognathae, Galloanserae, Neoaves (27571 5415, Galloanserae |% 500 &
R LREIID NS, =T NY, URXT VF AT a v, WEREOBELRFEM, &
PEEBRFE 2 & e, — 7. Neoaves [ 55HD 95%LL 1% & 2, B34 BEFRIZIE & A &3 Neoaves
T b, T, Galloanserae & Neoaves [H] COBIGM LA MG T 5720, ZHENO
Fili % b U CigdT L 7=,

ZORfER, CYP2C23 (DWW T =D kU721 T 28 (CYP2C23a, CYP2C23b) 723AL5
L. Z#UE Galloanserae-Neoaves D7yl LIRRICHE Z > 7R FHEME & B X Hivlz, iz,
CYP2W X° CYP2AB 73 BTG FEDIEWA L LU=, ZhidT ) AERORNEESITX
LAREME L H Y . FTEELHOL TR T RN LD, B fEEL L CTEHER
HOLIFFRD bRD T,

ASBEIOWIZEIX, =V M), YFACFa vy FrhFavbnd 3 FOLE Wi
TiX& %23, Galloanserae—Neoaves [H] CRAF SN TV O FRENKRETHY . Zhbidse
FMOBHETHRFEINTWD EEZLND (7272 L, BEEMEE T OMEE S -0 3 E BN
ROEMEENR® D),

244, FREIIBI 5% CYP oy FREOEEM

HALE =T ) TOsFFEM O mRNA FEBLEEIZ LV | CYP2C45 23 =1 kU iTliE Tl
BRHELFERLTWD I ERHELMNT R T2,

t k7> FTiE, mRNA FBL&E &L FEMRB~DOF L. H 2DV I mRNA FBEL&E L # 3
JERBEBEORICH HREMBENRALND Z EBNMbNTWDE, 4% I OMREERE 2T
% CYP Gy THED & R B ELE, BRI~ FEEZHONICL TV LERD DH, I
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512, A RIOBFFEIIFA 7 Galloanserae FETH D =7 kU TOREHRZ 7~k L7225, Neoaves
T HRERIC CYP2C4E mdeBla m L, BRI LEERSFHTh 5 TN &V, 72
B, FIFEEB35)TiE, =7 b O 7 v YV —ALT CYP2C45 73 CYP2C23 LY H @&\
B R BB R TR LT Y . AFEO mRNA RHLE & 58 L T\,

BN BIT 5% CYP FREOFHEORE IIX, @05 FREOLERFRIEDILE &
BN ERBEBEORESITRED LEXDND, BERIZBIT 2 EERFREMEDIRESIZON
T, “Promiscuity (GEE A EIT72VEREE) " WO FREAE W R 2 S TR D AMAINE
REHHZBII 5 CYP 437 CTlx”Promiscuity” 23 i < NIKME CYP Ty (Foti et al., 2011) ,
F72, CYP Tl EICF Y ET 4 A X2k, R TE2{LAMDOY A X« 53BN R
ESNDEP DD, F¥ET 1 VA XTHE L ORFEIRIE TOSLIRE T2 DR S H,
b N TIE CYP3A4 B b v BT 4 A A3k &< (500-2700 AP FE) . Zhic CYP2C8
(950-1600 A® F2E) <> CYP2C9 (700-1500 A’ FLJE) 73 < (Dong et al., 2011; Gay et al., 2011),
F7-.CYP1A X° CYP2D TIEHHRIF ¥ ©F o4 A XD/ E W (% 375-410 A®, 510-800 A%),

4[] CYP2C45 {22 T CYP1AS 23l < FEEL L T/, & ~ CYP1A2 Tl Promiscuity 73
CYP3A4 - CYP2CO &[RRI S, ¥ ¥ BT 4 ¥4 KT 408 RETHY, a7 57 -7
HEZ ISR 5 2 ERNE STV 5 (Brown etal., 2008),

FFERE Y. BB CYP2CAS OB EHIL., # oV ERRBEDOE ST TR, RERRME
DIRRS b PRINDTD, =T MU OEBPRFHIRELSFELTWLETFRTE S, %
72  CYPLIAS IZ DWW T BBLEIT SR O b MRS B R EME DI Z & 26 PAHS
IRENZRSTARBIIR RIS ERL TV D D L FHRIND,

A (Al ERE 2 IO THEZE O BT £4T > 7248, CYP 4570 F-FE 0O mRNA 38 Bl £\ B e 7 ek =
LR B ho 7=, Pampori et al. (1993)i%, =7 ~ U @ CYP {EM:OMEREZ=IZ55 H L, ECOD
(Ethoxycoumarin-O-deethylase)<°> EROD (Ethoxyresorufin-O-deethylase) , HXOH (Hexobarbital
hydroxylase), COH (Coumarin-7-hydroxylase)i& <>, 7 > N v 7 L KB{EIETEIZ DWW T, —
RIZAADIZ ) DA RAD 2-4 EFRRERmWIEEEFFSZ L, 612, CYP FEICH 2 (5RE
DENHDZEEZHALNILTND, ZDOZ LMD, CYP O mRNA B LU TN
BN DD, BRI E~OERR, 2o EREMR LIS L 0iEEoEEREEN
TWHHDEEZ LI,

245. =U MJRETHPBIZX B CYP AT ROFHE

PB 2k 5% CYP #FHEIZOWT, BETIEL, =7 MY FEbk LMH #ifd(Leghorn male
hepatoma) 7 & DAE-CHIN 2 V72 invitro, in ovo D% TREMIZHIIE e 24T %, LMH
TlE. PB (2 X 555E1% CYP2C23a A3 CYP3A37 O 4-5 fHFLE 58\ (Ourlin et al., 2002), £ 7=,
CYP2C23 %> CYP2C23b, CYP2C45 |Z->\ Tl CXR-binding site <> HNF-3 binding site 73 /£1E
L. CXR < LXR (Liver X receptor) Z/F L CPBICLVFEIND Z ENHLMNTHR > T
% (Baader et al., 2002; Handschin et al., 2001; Handschin et al., 2000a; Handschin et al., 2000b;
Dogra et al., 1999; Hahn et al., 1991), A [FID 3RS, 25 invitro X inovo TH L7
IR invivo TEBIZ Sz, — 5T, ZHE T STV CYP3ABD (2D T h
FI<HFEINTND Z LRI NI,

PB IZ L A#FE=IZ O\, CYP2C23b T 10-12 f%, CYP2C23a T 4-8 {5, CYP2C45 C 3
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. CYP3A37 Tl 1-2 (fRE- o 7=, FfEDO 7 1 k21T CYP @ mRNA F& Bl & 4 fdr L
TV D% % < .~ 7 A Tld 100mg/kg Hi[a[#: 5T CYP2B 73 22 i, CYP3A 73 17 £%(Corcos
etal., 1998). 7 » k Tix80mg/kg.4 H il T CYP2B 73 71 #%. CYP3A /3 15 % (Hartley et al., 2000)
60mg/kg. 3 HI#T CYP2B 7% 3,000 fi#, CYP3A 73 4-8 fi%#(Kishida et al., 2008), 7% ¥ T/
80mg/kg. 4 HI[H T CYP2B 7% 20,000 {5 F2EEIZFHE X 412 (Mariri et al., 2007) 7 & O#HAED
b, TNOWAIEORR LT DL, ABI=U h U ® in vivo TH HI7Z 58 IX ERY
FTNHDEEZEZLND,

246. =7 MU ORYNRH

ARFED MRNA BHEEICL D, =7 M) TREENSKE < BHNAHHCES LT\ D0
TFEOMEA & LT CYP2C45 X° CYP1AS5, CYP2C23a., CYP2D49 3% B 7z,

I FLEA TIZ CYP3A <° CYP2D, CYPIA 72 E W OOy TN S HFEEEN X V78
FEREAFOZ L TELLOEEEANH L, BRELTIFHI 7 2y —2Hh0 CYP & &L=
U kU D 2 {EFEEE DOl A 7~ (Ohtsuki et al., 2011), —F5. =7 ~ U IEELIE & B THFNE 2
Jna Y —AhZ LRI EHRO CYP G ENEGREE TH DH(Hu, 2013), F7-, £< DHEEIZHON
THFLIA & TR D TRWREHEME RS A O B Dloxt L, WALE LT HIEFITH N
REHEEZ R T EENFEET S Z & bbho Tuhd(Khalil etal, 2001), ZDZ &b, =U
~ U Tid, CYP2C45 X° CYPLAS 72 & T DR D FREDH P EFEI L TRV | T D51l
OB THIVIIEFICEANMEENEEZ R L, 29 TRTZERWMGENEEZ R~ T, v )
R ThrZ PR IND,
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25. /NE

AREOMFEL D | 91 C M CE/ET D CYP 1-3 B S HEEANICFE Sz, Ela 1
fRHTIC X 2B Z2FEZEORET CIE, WLE—REHTY 7 773U —LULTORIRF
DAAEDAIETITIZ E A EFEN 2N S DD, CYP2AB X° CYP2AC, CYP2J 7 & TRBHHIC
B2 8 s T O EEARD Dz, ZHIHITESE CYP ISR ORBER (RFF L T\ 2 AlhE
PHERH Y | SRSEIEOERDO—DIZm Db DA,

FHERTIX, 4IRS L7z Galloanserae-Neoaves D HERIZ L W | #£FF4 5 CYP Eis
FIZOVWTZOMBEZBEBLTY 777 3 U =LV TR E A CHREIRELG THR S
TR, FENRWZ ERNRESNTE, BEFENRBLS 5L, Galloanserae & Neoaves @
CYP DEIGFHERIC E@ ) 72221370 < IEMEOREZIX, R CYP OREREMECR Bl
HDHNTAEBBRREICRERNT 2FE R CICHETHEEZL20RRYTHA ),

E5HI2, =7 b U EHAVZ CYP 4 FFEE T mRNA B 2170, B He
HliEss CHHIFIR CEREILL TV Ay 7B L LT CYP2C4S Zf5ETHZ ENTEX, Th
EFTHEENTE =T F U TOinvitro fRHIEMEIZ DWW T CYP2C45 3 R E S o> TE 2
AREMEZ R THEELRHMATH S, NEHEX, 5% IDIC=U ) TOREBIOS D
B ~D T H, o BEFETO CYP 2 D mRNA FBL&fRIT 72 ENREEN D,
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B=E
S CYP2C V77 7 I U —BinF DEERET & BT

31 HEERLAW

311, tE FNTOCYP2C DEEMH

b MZIE CYP 1-3 4y FFlANal 23 oy FFifAfE L. CYP2C 77 7 I U—<& LT CYP2C8,
CYP2C9. CYP2C18, CYP2C19 &9 4 3 ¥fizfTLTW\5H, ZDOW, CYP2CI BL W
CYP2C19 75t F DR FEH S 2 FEM DK 3 RIOMRFHCFL- L, b FOFEYRH LHE
7245y FFE T & D (Williams et al., 2004, Table 3-1), bt k CYP2C &{xF1%. #HEIfENELIC CAR
(Constitutive androstane receptor) <> PXR (Pregnane X receptor) . GR (Glucocorticoid receptor) .
HNF4o (Hepatocyte nuclear factor 4a) 72 & DISER 12 FH, ZHUWVOENZERDOY TR
\Z X 2R E M 45T % (Chen and Goldstein, 2009), 4%\ CAR activator T % 7 = / /)L E
X2 —/L(PB).PXRU T RTHDHI 77 BV O LD EHEN LML T 5D,

Table 3-1. Typical substrates of human CYP2C isoforms

R WG - H) (R
CYP2C8 /X7 U X FE/L(ZFV—)) R
U NRRETF B L AT a—/UIE
MVT &R BE R Ip
CYP2CO Y/ urxF7 fiRt SRR K (NSAIDs)
AT FaT fiRt A EE IR K (NSAIDs)
Trz= kA PLCAMAEE (e X A V)
FhIb RahrFrv/—b AR 3E
h7 &R B PRI
O s i ft 9 A (SSRI)
ANE VN E X — )L MEARER (L B — LER)
SRV Vg 5 L
SSULTF7 Y v [ A2 ZEFRSE (FUEERE A1)
CYP2C18 S-A7x=hAV MTANAE (e F o A V)
T A PIARLIE, BFRIE( Ry U7 EREY)
CYP2C19 S-A7x=hAV PLCADAE (e HZ A V)
TNV TFU ZERRPLD D
ruaI S50 ZERRPLD D
FAT T — SN ZEAHES

D TAWN
rurZ ) a—)v
ANE VN )LE X — )

IR, B (R TP V)
I, MrE B 71 v 1 —)
BEARSE (L B Y — LER)

SSRI: #IRFyE e k=Y AALHZESE (Selective Serotonin Reuptake Inhibitor)
MR TFEE 2 ) &0 S,
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312, B CYP2C IZEET 2R DBUR

JHED CYP2C BIE T2 oW TIE, EIC=U M UR=U b U P AR (LMH) 72 & %
MAWTHFE SN TE =,

1986 412 1% Hobbs et al. (1986)72%, PBIZL VW =7 h U ORI CHE S D CYP 4y F-HE &
L C. I TCYP2C2aEla &7 n—=17 L7, i\ T 1989 4{Z Hansen and May (1989)
IZX 0 CYP2C23b In 1M [AIE &7z, Z4H CYP2C23a, CYP2C23b 13X 44 SHakRs A D&
B EEZ2 b, CYP2HL, CYP2H2 &4 SHL7=iy, 7/ Mifsese T#IC, WiFLIE CYP2C
BIRT-(+ 7 A& 2C44, & | 2C62p) & DOFIFEIRIFR R 41, CYP2C BTt S 4172 (Kubota
etal., 2010),

2000 F121%, CYP2C23 iE{n 1 D FFEEICE b HHRF[K 1 & L T, Chicken Xenobiotic Receptor
(CXR)2N 7 i — =2 7" & 7= (Handschin et al., 2000), CXR i, CYP2C23a i&{s+ D _LifiicfF
7£73 % Phenobarbital responsive unit (PBRU)IZHEE L. CYP2C23 s+ DI AFHET 5 =
ERH LM SN, —J7 T, CXRITHFLIED CAR, PXR OMFEIEIL T Th 543, gL
T2 FEENFET DENZFRIZ LT, =V Y TIECXR £ ) LD A LT
FELRNWZ EDVRIB EN72,20024FE(21%. =Y b U T3-2H D CYP2C i#Efs+ & L CCYP2C45
BTN v —=2 7 X4, CYP2C23 & [FERIC CXRIC XL 2ifi&#521F 2 Z L BRI BT 72
- 7-(Baader etal., 2002), Z D L 9 REATHER HDH DD, CYP2C ¥ /X7 HDFEIZHS
WTIE, ME—. CYP2C45 N A/ AGHZITH LW ) ZEDRHMBENTWNLDHATHY |
FHAD CYP2C23 |[ZDOW T Z AV E THFED T TY /2L (Baader et al., 2002),

=U MU LSANO B TIE, BREHEREOMENSEHARBETH, CYP2C Br TR
CYP2C-like 724 /R EOFHEIZEAL T, RERKINIL D V=22 7wy M E&FIH
L T L D DFZE3 T3 T & 72 (Kubota et al., 2005), L72>L. B4 BXEfED CYP2C &Eix
FEINZONWTIHIFE A EHREENTE LT, EBRICRESTRIBL CE xRV ]E
2% CYP2C23,CYP2C45, & % WM I D CYP 5 FFE7Z - 7= DB B MM STV, £z,
FERER TD CYP2C # /X 7 DB B & DI OV TIFRHDOEE TH D,

313. H®

FHRIZH VT, CYP2C 3 FREOFHEMIE IOV TIE =T b U TREMICHNT ST E 7223,
Z DR BN 2R A~D %L BEEM TOBEICOVWTRIZLE A EHEINT IR
Mol BB TIE, =7 b Ui TO mRNA B EMATIC L0 | AFAIREETIX CYP2C45
Db EWREBRZ/R L, CXRIEMHALAITH D PBALEIZL W, CYP2C23a, CYP2C23b H35¢
LI HEIND ZEERLT,

Z 2T, ARETIX, CYP2C23 Ein & DTN 7 v —=12 L, Paleognathae,
Galloanserae, Neoaves &\ 9 BHEA(AT CYP2C23 DRMEREZ AL /NI L, X /08
BEsfEMcHKTosZ &, £, =V NI TRRIZZ m—= 27X TS CYP2C 77
7 IV —D 3 FHICOWTHREMT 21T 5 Z L 2 H L LT,
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32. HiE
321 E%
AR EE D LRI SRR & B ARE A L Table3-2 (2”3, ZhHOREEKITFE KT
Ul A BRER U, RIS X 2 S0l R, FEBRICH VWS £ T-80°CIZ THRAF L7,

322. CYP2C2 EETFDI u—=278 X O
3.2.2.1. CYP2023 #{n7?D PCR 2 7—=22"

Darwish et al. (2010)D 5L L v . AFlEY > 7L X v total RNA it ¢cDNA &%, PCR
BLOXA VI by —7 Y A%fTV, CYP2C2B Ein a7 u—=7 17, PCRELUOV
— 7 AR HWT2 7T A ~—% Table 3-3 (2779, PCR (%, 94°C30 ), 53-62°C30 b,
72°C60 B % 35 ¥ A 7 WAT - 78, 12°CICT 1 R ERIGZ T > T2 YA Z NV —lr A
i iE, 96°C30 £, 50°C30 #, 60°C4 73l % 25 WA 7 WATV, Hf&IZ 60°CIZ T 3 47l
R&W7, 0%, BB > T2 ¥ 7 — /LRI K DR 2170 JREZ#% . Hi-Di Formamide
(Applied Biosystems, CA, USA) (ZF-Af# L 7=t % ABI Prism 310 Genetic Analyzer (Applied
Biosystems, CA, USA)IZ X ¥ 43#71 L 7=,
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Table 3-2. Animals

s Eed ¥4 53 H Fln MR R
XFay Ostrich Struthio camelus P X¥FavH 2F FA A—ABNV yvFTyr—Lr L (GFER)
TAIIXY Blue-eared pheasant Crossoptilon auritum G FVH 1% A MuEhE GLIRT)
A RT~ Bar-headed goose Anser indicus G W=EH 1¥ A2 HuBWE LR
~ E Mallard Anas platyrhynchos G #»¥EH 9Nk A A AvE[E (MRIETT)
VA= /A=y Snowy owl Bubo scandiacus N 77/ruvH A A [ LEE LR
A A2 [ LB FLIR )
T AT IZIRY Great-horned owl Bubo virginianus N 77rvH A A [ LEE LR
FV—773I4 Chilean flamingo Phoenicopterus chilensis N 7Z7I03H  RB A2 M@l L)
Ny T Falcon Falco peregrinus N ~¥7H¥H 8F AR HuEh¥E FLIRH)
TR bR Humboldt penguin Spheniscus humboldti N ¥ H 8 F A& MiLEhmE GLIRT)
A X Black-crowned night heron  Nycticorax nycticorax N =v/LFJH A ORB F LB R RLIR )

D P, G, NIZFINFI., Paleognathae, Galloanserae, Neoaves % 2%
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Table 3-3. Primers for cloning of avian CYP2C23 genes

Number  Sequence (5’-3°) ™
Forward 232 GTGGTGCTGTATGGCTA 47
Forward 337 ACAGGCATTGTGACCAGCAATGG 52
Forward 559 TTTGGGGATCGGTTTGACTA 50
Forward 817 AAAATGGAACAGGAGAAAG 45
Forward 1004 TYGGCCGAGACCGAAGCCC 57
Forward 1220 ATCCAGAAAAATTTGACCCAGG 51
Reverse 358 TGCTGGTCACAATRCCTGTGCC 56
Reverse 809 AAAGCATCAATAAAATCTCGAGG 50
Reverse 1295 AATGGCATGAAGTAGTCACTC 50
Reverse 1380 AAAGTTCTGCAGGATGGATGTTAA 52
Reverse 1425 TAATGGGGAAATGTCAATGTCC 51
Reverse 1453 GTCGGGGCATATTTGCCAGA 54
Reverse 1496 CTGTCTTCACTTGGCTAACG 52

* Number of the primer indicate the position of chicken CYP2C23 genes.
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3.2.22. T T4 AP, RN L AT 7 AR

PCR 7 n—=" 72 L 015G L= EHIC GenBank 7> 5 I U 7= HELFC 51 % 0 2 . MEGAS
(Molecular Evolutionary Genetics Analysis, Tamuraetal., 2011) =AW CEZET 74 A k&
RFRHER, 7 X BRRS~DEMZ T 5T, ZHT 74 A 2 ME MUSCLE (Edgar, 2004)
EHERAL, 7RI L0 BENT ITT+G T TV L D RFHER EZ1To 72, AEBY
—fEHT 121X EMBOSS pairwise alignment algorithms (2 & ¥ | Identity ([F]—4)35 X O Similarity
(FHFEME) DR A21T > 7=, (http://www.ebi.ac.uk/Tools/emboss/align/; A7~ kU v 7 A%
Blosum62 % f# ), NCBI GenBank 7 — % ~X— Z /55 (% F it DECHI & BuS LT I W=
=7 KU CYP2C23a (AF236668), CYP2C23b (NP _001001757.1), * > % F =2 v CYP2C23
(Taeniopygia guttata, predicted protein, XP_002198228.1), 7 A< CYP2C23b (Cortunix japonica,
AB359053),

3.23.  B¥E CYP2C23 ¥ v/ BRHED BIEREM B
3.2.8.1. J# CYP2C23 % >o32 HIZXI9 5 Universal Z2ti-~7"F FHilkO(FER

8 FHD SN BAF B AV 2C23 BT DRI & . GenBank 7> 545 b7 BEAIBLSI DL E T
TA LAY FEITV, =U N CYP2C23a 3 L O CYP2C23b # > /X7 'E D 400-414 7RIEIC
Y442 157 2/ i (KEFPNPEKFDPGHFL) 2N K- BHERE CIR1E STV D Z E R B
W7oz, ZO/IDO N KRGl AT A 24 MLET I BT L,
N-succinnidylbromoacetate 227 v AU 1 —& L CTHx v U7 & /37 E Keyhole limpet
hemocyanine (KLH)% = > = 7" — h L, Hiufil & Lz, U F o0k L OMERLUT Sigma
Aldrich Japan GK (Hokkaido, Japan)iZ CT{T>72, 10 it A A, =2 —Y—F 2 RARTA K
fli A VY, SR MEER (4.5 ml)& 1T 5721, Freund’s complete 7 ¥ = /3 k% WL
Ji 200 pg D FZ FH 52470, 2 B Z & 12 Freund’s incomplete 7 3 = 232k & HWHTE 100
pg TZ—A LML, Iz 5EfTol, oG 2 AR ICHUERRZITV., V=X F
7y MIHWE,

3.2.8.2. RIS 2 m  — A EFEH =D Y 20 5 N2 ZH e 2 XK Tk

ST 7 v Y — 2525 pg £721%, BEREHL=T Y CYP2C % /X7 & 0.5 pmol %,
SDS-PAGE (SDS-polyaclylamidegel electrophoresis) #:1Z & 0 438 L7-, —W&kHifk & LT 2,000
BRI L7280 CYP2C23 Hifk, kPR L LT 4,000 fFAR L7z WaPE 7 4 oLt o 47—
¥ (Horseradish peroxidase, HRP)ZZ:kHT 7 ¥ ¥ IgG ik Z W\ v = A2 Z T v N &1To72,
B I B8 e 75 (Pierce ECL Western Blotting Substrate, Thermo Scientific, 1L, USA) % iy
7o, FJE% ImageJ ¥ 7 kw7 = 7 (National Institute of Health, MD, USA)IZ X 0 iEf L 7=, fill
D EHEREONNE S 7 1 Y — 4 25 ug 12OV T b [FREICHENT L 7=,
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3.24.  =U MY CYP2C ¥ /30 B DORREREIT
3241 =U FY CYP2C 5 > N7 HIEBPERFS 2 17 2 — L DGR

Ikushiro et al. (2004) DOFIEIEEZMZ, =7 VU CYP2C23a, CYP2C23b, CYP2C45,
BEOL 7 v FCYP2CL ZiERBEHSELBROI /7 v Y — Lzl LTz, ThEh ok
fav%a— NI 252EE5% PCRIZX VEEME L, In-Fusion HD Cloning Kit (Takara, Tokyo,
Japan) % A\ C Saccharomyces cerevisiae Fi 2K P450 i Jtlf & & & Lo R B & —(pGYRL)IZ
Tra—= 7 Uiz, BiiR Y U LEIZ XV BB 2 —T S. cerevisiae (AH22 1K) DTEE A
WakiT-7-, WHEERHE, oA LV BERIEICE Y an=—%8k L, 20mg/l © AF T,
2% D-7' /L 1— A 0.67% Yeast nitrogen base without amino acids % & T i /DB Il THE#E L7z,
K% LT-BEREDN D, Oedaetal. (1985)DHEIC kY S 70y — A4y 2l L-, BERES 2
1 Y — LSO CYP & &ElX Omura and Sato (1964)D HiEIZ LV ERE LT, £z, # X
7 '8 & 13 BCA protein assay reagent (Nakalai Chemical Co., Kyoto, Japan)% i\ >, Bovine serum
albumin Z 2 % X — & L TER LT,

5.2.4.2. P450-Glo Assay Kit & /70 7= (CH#FHEDME & H#E

=7 KU CYP2C23a, CYP2C23b, CYP2C45, L7 v k CYP2C11 ZF8EL L 7= FEEE
7 a— LD\ T, P450-Glo CYP2C8 assay (Promega Corporation, WI, USA)& CYP2C9
assay & FHWCEERTEMEAE Lic, €, & |k CYP2C8 & CYP2CO (22172 Luciferin
6> methyl ether (luciferin-ME, 100 uM)®D il 2 F /1At & 6’deoxyluciferin (luciferin-H, 100 puM)
DKBALIEHEZET 2D TH D,

TEVERIE OBROBIEA LI FICR T A Y AF LU BOAEARER 96 U = /L7 L— FHIT,
FNENOFEIT CYP 1.0 pmol, 50mM Y Uk 2 Nz . 37°CT 10 D7 LA %
2 _X—3 3 U E{To7-, 212 NADPH regenerating system (#% £ NADPH 1.3 mM, G6PDH
0.4 1U/ml, G6P 3.3 mM, MgCl, 3.3 mM)Z iz, 30 4rfi)s S H7z, R, Reconstituted
luciferin reagent 50pl Z %, & HICHIRIZT30 0RA ¥ 2_X— kLo, ZORJSERDFE
& AZME L7z, £7-. NADPH regenerating system O 0 (2 U VU ERFEER 2 N2 726 D %
7Z >k Uiz, KOG Triplicate (2 X V17572,
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33. fER
331  RH/bhizBEEE CYP2C23 Bi5 T DMAES

PCRZ/B—=U 2k 0 TAHIIFTTOATR2bp Mo 7 FEFED FHEREN 13 738 bp
DR HEIERLHN DG DT, 2 2D ENE I 24455 246 FRIL DT X/ RS D35 B AL,
ZET T4 A MTED=U FY CYP2C23a 35 KLU CYP2C23b # /X7 B D 200-443 %%
YT 5 LB boiolz, =V h U CYP2C23a/CYP2C23b ™ 200-443 7&ILIZ 1L, TEMEF
D& TR DA LFEGREIR & 4 O TG FRFRET (Substrate recognition site, SRS, CYP2C Tl 6
D@ SRS WFE)REENTWVD EF 2 55D (Gotoh, 1992), 45 & A 7= Hi K fid 511%
Cytochrome P450 Nomenclature Committee |Z#2H L, CYP2C23a & fin4: < #17-(Nelson et al.,
2004), Z A5 D CYP2C23a OHHLALHIIL GenBank (28 Gk =17z ; AB795985 (v v 77 1
7), AB795986 (/Y 7 ), AB795987 (% F = ), AB795988 (7 > AR /L kL F L),
AB795989 (7 A U AU X I X)), AB795990 (F VU 7 F X > =), AB795991 (7 4 3 I F ),
AB795992 (= A # ),

Figure3-1 12, B¥E CYP2C23 ¥ > XIV'EDSET 7 A » A M%7~ T, SRS-3 & SRS-4 O
T, 74IIFY, =T M) TOR, 2 FEDOKREN R BTz, SRS-4, SRS-5 TidffH
T RAFICRAF T 253 SRS-2, SRS-3 TIHFEH] TDiE A3 % < L 5 47z, Paleognathae
& Neoaves TIXZ D 2 FIENHFAEL TNDH Z LD, Galloanserae FEDRFL TOIH, D 2
BRENMKRKLIEbDOEEZOND, £To. CYP DEF—T7HEL L TL CYP o FREIC @
L T K helix EIZfFET D EXXR EF—7R0, —BRFEMINSIE 225 CYP 4y izt
92 1 helix 10> conserved Thr 1342 COEH CrRERITRIT I TV,
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DEKEFENEERFDPGHFLNANGTERKSDYFMEF S GKRICAGEGLAREEE 1]
D KEFPNFERFDPGHFLNANGTERKKSDYFMEF S 445
D KEFPNFERFDPGHFLNANGSERKKSDYFMEF 5 445
D KEFENPERFDPGHFLNANGTERKSDYFMEF S 445

D¢KEFPNFERFDPGHFLNANGTERRSDYFMEF 5 443
D¢ KEF FNPERFDPGHF LNANGTERKSNYFMEF 5:'GKRICAGEGLAREEEE-X]

Heme-binding region

Figure 3-1. Multiple alignment of CYP2C23 proteins

Mulitiple alignment of the deduced amino acid sequences from the cloned CYP2C23 genes are

shown. The obtained peptide sequences contained four of totally six SRS regions, and heme-binding

region as indicated by the box and boroken line (Gotoh, 1992).
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332. CYP2C23 BT DHE R T—fT

EMBOSS NEEDLE THRERY—ETAITo7-& 2 A, 5647 CYP2C23 B4 CTDIF]
— IR/ N T 72.0% (=7 KU CYP2C23b— P 7). K T98.0% (T AV BT I
Ry —vn 77 nyH)iE o -(Table3-3), Paleognathae, Galloanserae, Neoaves M 4%A#tMH]
TlL, 75.6-77.6% (Paleognathae-Galloanserae [#). 76.4-83.3% (Paleognathae-Neoaves [).
72.0-78.9% (Galloanserae-Neoaves [#]). 89.3-93.4% (Galloanserae ), 78.5-98.0% (Neoaves )
7Eotz, BFEfE L LTIL, Paleognathae 23 EAIHINZ 43I L, # D% Galloanserae & Neoaves
D33 LCuv5 A3, Galloanserae-Neoaves [E] CO A€ 17 2 —7% Paleognathae-Neoaves L ¥ /s
SWEWIRHEN R 6T,

3.3.3. CYP2C23 #iaFDRMMIT

BONHIERSIZ TIc, =7 b Y CYP2C45 Z4MEL LC ITT+G £ 7 /L& AWk
% (Maximum likelihood ¥£)I1Z L 0 Bkt & VERK L 7= (Figure3-2), & D%, CYP2C23 #in 1
D % BEFRIL Paleognathae, Galloanserae, Neoaves &\ ) XD RMERE KM L= H DT
b, BEFEREEZZ BN, =7 F U CYP2C23a, CYP2C23b (XH—D 7 L— K% JE
R L. R EEE D CYP2C23 G T-1XF DAMINIE Lz, 2D Z &b, CYP2C23 s 71
=U M) = XT D%, b L <I1E Galloanserae-Neoaves D3Ik I1C, =0 MU 25T %
MCOLBLFEEZEI LD EZ X bV, ZOREIT, F—H TR Oz CYP2C23
B TOY T =—TRERE b~ L TRV, £72. CYP2C23a-CYP2C23b M THOIEH I
B EE, HEES e R s b 057,
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Table 3-4. Identity and similarity between avian CYP2C23 proteins

Ost 2C23a 2C23b BP CF HP BNH GH SO PF ZF
Paleognathae Ostrich 77.6 75.6 76.4 78.5 79.9 81.3 82.5 83.3 78.0 76.4
Galloanserae Chicken 2C23a 88.2 93.4 91.0 75.6 77.6 77.6 78.0 78.9 73.2 74.8
Chicken 2C23b 88.6 971 89.3 74.4 75.2 76.0 75.6 76.4 72.0 73.2
Blue-eared pheasant 87.8 94.7 95.1 75.6 76.8 77.2 77.6 78.5 75.2 74.0
Neoaves Chilean flamingo 89.0 87.8 87.7 87.8 86.2 87.8 88.6 89.4 81.7 80.1
Humboldt penguin 89.0 88.2 88.2 88.6 94.7 91.1 90.7 91.1 84.6 80.9
Black-crowned night heron  89.0 88.6 88.2 88.2 93.9 97.2 93.1 93.5 83.3 82.5
Great horned owl 89.4 89.0 88.6 89.0 94.7 95.9 96.7 98.0 854 83.3
Snowy owl 89.4 89.0 88.6 89.0 94.7 95.9 96.7 99.2 85.0 83.7
Peregrine falcon 87.0 84.1 85.0 854 91.1 90.2 90.2 91.5 90.7 78.5

Zebra finch 88.2 86.2 86.6 87.8 91.5 90.7 90.2 91.5 91.9 89.8

similarity (below the diagonal line)

identity (above the diagonal line)

Deduced amino acid sequences from the obtained partial sequences were analyzed for the percentage identity and similarity, by using EMBOSS pairwise

alignment algorithms. Deduced amino acid sequences corresponded to 200-443 amino acid residues of chicken CYP2C23a and CYP2C23b. Percentage

similarity were determined based on BLOSUMG62 score matrix.
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Chicken CYP2C45

Ostrich
s4 [— Chicken CYP2C23a
as[  L_ chicken CYP2C23b

. 100 Japanese quail CYP2C23b

0.1
Blue-eared pheasant
56 Zebra finch 2C23
Peregrine falcon
—— Black-crowned night heron
Ostrich Paleognathae i .
—— Blue-eared pheasant Humboldt penguin
Chicken Chilean flamingo
_E Japanese quail Galloanserae
Chilean flamingo 70 Snowy owl
Humboldt penguin |
100 L Great homed owl
Black-crowned night heron
Zebra finch

Peregrine falcon
Great-horned owl
Snowy owl Neoaves

Figure 3-2. Maximum likelihood tree of CYP2C23 genes

The maximum likelihood tree was created using MEGAS software. The numbers on the branches
indicate the number of times per 100 bootstrap replicates that the branch appeared in the trees,
estimated by a random resampling of the data. The scale bar represents 10 substitutions per 100

residues. The tree in the box shows the speciation history of avian species.
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3.3.4.  Galloanserae f&iZ & H L7z CYP2C23 EinT DFK

Galloanserae > CYP2C23 i fx 1 Tl FRIZHAR 3 DOREN Ao, T72b b, 1)
=7 N TORMER I TS CYP2C23 Ein D EME, 2) Galloanserae fi(=7 ~VU., 7
FIIFY, UXT)THR LN SRS-3 & SRS-4 [MToH 2 73 /&K, 3) Paleognathae
& b~ Neoaves FEIZ %9 AR FE —: - #HFEIMETH 5, SFEN Tl Paleognathae 738 b i <
I LTS3, CYP2C DR 1. & /37 BICB L CIXRHEN TS Galloanserae 23 F##
H7Zo7z, TOZ LM 6, Galloanserae ? Rt Tlidk CYP2C23 H3MA] & 7 D R FE A 7258 4R
JEIZ & & S 41 Paleognathae fii, Neoaves fifi & b~ 7x Db 2 2T CTE 72 2 L BVRB S T,

335 HLEEHCYP2C23 Z U R7BOUHXRY 7 u—F ViR

SFONTEIINEHRET 74 A L FL, FEAEDBHETHRIEINTWD T T RS
(KEFPNPEKFDPGHFL . 15 &I %92 7 ¥ F kil 2 (8 L 72 (Figure 3-3.A), 2O
Bisl % 2 BLAST MR OfER, =7 U Tid CYP2C23a, CYP2C23b A5EAIC—F L7z
DIZIKNT, CYP2C45 T 12 F&JL, CYP2J2-like, CYP2J6-like T 9 D —E AN AL b7z,
oL LRI ETIEING L0 EWE—EEZRT LD hro T,

ERLL 720 iR Z W T=U FURFBS 7 0 Y — A (X 237 25 pg) TV = AX Ty
K2 L7-& A, 45kDa & 70kDa DO~ — 1 —DFIZ 2 KON RBFERICHE Sz
(Figure 3-3.B), X 5|2, BERFCHRMIL L= CYP2C ¥ > /X7 & (% 0.5 pmol/lane) T,
CYP2C23a, CYP2C23b Dili i3, I 7 1V —ATHIENIZ ALY F2ADS b, HFED
NSV RIZEENTWD Z EnbhoTe, CYP2CAS & XV BTy FREBRKE VA
RIZFHYS T HA@E TR S, # o "7EHe— F&IIFE U226 6 CYP2C23a, CYP2C23b
[ZHRY T F RN EDNNESInoTe, 2D 2 ARG HUAR, =7 b U D CYP2C23
ZRPRAICHI L, CYP2C45 (2 L TH 95 < AT 2 b D Effamfhid bivic, £z,
JiF2 7 1 Y — A Tlk CYP2C23a/2C23b D /3 K & AZZEME DK\ CYP2CA5 I3 [FIFLE D7)
IVIREE &R LT 2 & Dy CYP2CA5 MIEBLEN CYP2C23 L W b T REVWHLD EEZ B
77

3.36. HLEE CYP2C23 Hifk%E V= CYP2C ¥ U 7 B DORBE I

/Boniikz v, BEOSERONER /vy —A(FFa v, A KHv, vaz
7ag TAYVRUYIIRAT  TATE, HF N THE25u)TY = AL 70y MaAT
ST, B2 CORFERT=" U CYP2C23a, CYP2C23b L IFIXFRIFRE Dy T ED X /N7
BN R S v (Figure 3-3.C), A > KA Y TA HEIZOWTUET 2/ FEECSI A A
M5 T2V, ZTHIE2TCYP2C23a X VNV EThDH EEZ LT,

B &N RO Y7 UIE % Imaged (2 &V ER L7554 Figure 3-3.C 12”7,
=T F VU TIZCYP2C23a, CYP2C23b i i & &io/ N REE L TER LT, £ORE, =
I RN THRROYTFIVEE £, 4> RT U TRAOY 7 FIVRERG LI, £D7%E
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XA ERRETE 57, ARAWEHURIL, BB NI > TWD 12 FOSED H 6 9 fl
TREIRFSNTODEINEHIRE LTERLED, ATy FOLDITH I ED
BRIDBFL b B2 4Fay, TAVHIIYIIRY TAHAETHV T L
DFENZ O A{EDOWROFITILE > TWIZEFIR DA > KT b5 L), & RO E A%
W7 S BB BEORAIZOWTRIE TE R 7203, BHEEIT CYP2C23 % v /37 ' D35
BICRERMEENRNWT L2 RBT R -7,

3.3.7.  P450-glo assay kit ZFH\\/z=T h Y CYP2C ¥ /37 B DRSREMENT

t K CYP2C8 B L ONCYP2C9 D7 —7 & L CIEMERIEIZH VB4 % P450-Glo assay kit
(Luciferin H, Luciferin-ME) 12XV | ¥ CYP2C &% "7 E DGV 21T > T2, 7238,
v RCYP2ClL Z L7 7 Ly AP FLé LTHW,

TEMERE OFRER, WTHOREIZ DWW T, 1EMEIX CYP2C23a > 2C23b > 2C45 DJIAIZ &
Moz, F72,CYP2C23a & CYP2C45 D71% 10 (5FEE Th ~ 7=, Z DFERMN S | ¥ CYP2C
D 345 FHENE  CYP2C8 B LN CYP2CO D7 —7 & e A B Z#38ak LIV 2 2 &,
Flo, ZOWEHITIIREREND D Z LR ENT, R, CYP2C23a, CYP2C23b (17 2
J BRELE T [F—PEAS 93.4% & FEF BRI L 7ZBSTH D 28 b IHFIER K E < Brp 5 s
BLERR IS L2 - 7,
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A B

Ostrich
Chicken 2C23a
Chicken 2C23b

Quail 2C23b
Blue-eared pheasant
Chilean flamingo
Humboldt penguin
BCN heron

Zebra finch 2C23
Pelegrine falcon

Great-horned owl
Snowy owl

C -

Figure 3-3. Immunoblot using the synthesized anti-CYP2C23 antibody

A) Alignments of the deduced CYP2C23 proteins corresponding to antigen peptide sequence
(400-414 aa). The antigen peptide sequence was completely conserved in 8 bird species out of 12
species examined.

B) Immunoblotting of chicken microsome and recombinant CYP2C23 proteins. Specific recognition
of CYP2C23a and CYP2C23b was confirmed. Lane 1, chicken microsome (25 pg of protein); lane 2,
recombinant chicken CYP2C23a (0.5 pmol); lane 3, recombinant chicken CYP2C23b (0.5 pmol);
lane 4, recombinant chicken CYP2C45 (0.5 pmol)

C) Immunoblotting with liver microsomes (25 g of protein) of several avian species using the
synthesized antibody. Specific cross-reactions to the putative CYP2C23 proteins of all the species
were confirmed. The light intensities were quantitated relative to chicken CYP2C23a and
CYP2C23b using ImageJ software.
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Figure 3-4. Activity of CYP2C proteins measured with P450-Glo assay

Activity of CYP2C23a, CYP2C23b and CYP2C45 proteins were examined with P450-Glo assay Kit.
A) Luciferin H is a substrate for CYP2C8 assay kit, and B) Luciferin ME is for CYP2C9 assay Kkit.
The assays were performed in triplicate. Data are expressed as an average + SE, with a unit of
relative luminescent unit. Different characters indicate significant differences (Tukey’s HSD test, p <
0.05).
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34, EBR
341 B¥ECYP2C23 BT Dk L Galloanserae BDRFRIE

SEOFERS, =V hU . b LL<IE=Y b U 251 Galloanserae JEfi D CYP2C23 #{x
FIZONWT I3 ODRENR AN, T72b5H, 1) =V U DOAH) CYP2C23 #lnF % 2 >
REFLTWVWAH Z &, 2) Galloanserae fli(=7 FU, 7AIIFV)TOAR LN SRS-3 &
SRS-4 DD 2 FEFER K, % LT, 3) Neoaves, Paleognathae {Z%}9 2K 7 2 7 AR TRIE,
F—tEThH s, ZnbiIEWTht Galloanserae ™ CYP2C23 i 51D A 23N 5 2 iIKIE D ot
T Z BT CE A2 R T 5D TH D, WIKEOER & L TiE, BERi ek
R ZAZEL, IR OITEE e ERE X BN D,

Z OFERIL, Galloanserae CYP2C23 i#fn1 DRk ML 7210 T2 < BIED SHER O ff
. DFE Y CYP2C23 A= 7% Neoaves f[H] TIXILEKMRFE SN TWD —F T,
Galloanserae-Neoaves [E] COFEZENRKENWZ L EZ LR LTS, ZDZ &b, Dl &
%, CYP2C23 BRI 2 T iX, Galloanserae (2 J& 7 2 Z B 2 BRI H W5 L D $ Neoaves
HMChLX LT avplals FRBETOY A7 FHliO ETEY IERRIMEICRD 2
ENTRHRIND,

ARIEITER BRI 2 TS LTt 7225, 4 50 SRS & & e B MEN TH O NI TH
L1280, RE T D — IO RIS I OWT HARREDO LN H D EEZBND,

342. =URNUTOHOCYPC ¥ RI7EREE

VrxAZ Ty MKV 5T CYP2C23 HifkiZ, =7 kU D CYP2C45 (Zx L TH R
R ZER L, D 2ZF OBIFINEIX CYP2C23 ([ZHER VIO FRETH D Z LR Shiz, —FH T,
=Y NI 7 v Y — 2% HWZEZIE CYP2C45 X CYP2C23a - CYP2C23b CTH. 517z
VRERBEOY I AMEER LIz, 2OZ NG, BAE=D kU (2B T, CYP2C45
1% CYP2C23 IZLb % /8 BRBLENIEF TRV E B X bz, ORI, H—EIR
L7 mRNA BB EO ) FREMZOR R LM LA IR ThH - 72,

343. CYP2C23 # U 7 BRBEOEE

CYP2C23 (%, 7 v FCIIBNED 7 7 & R BRE 72 EICE532 Z LMo TV DA,
B2 ETRLEZEBY, B FTIE CYP2C62p & L CHIF AR InFAMaEa L Tn5
(Imaoka et al., 1993), B¥HCix, CXR &/ L=z G758 450 < 521 5 7= B R4 f sk B ic
PSS 20 FREL LTEELEZ DNDN, FBIHCYP2C23 DEEIT A D0 Ty,

BT 2, FAETIE, =V M) =770 UlITUALT 7 U ARERETEIC 50 (5 FEE
DOFEANBD BN, =7 FY CYP2C23 4 VL7 7 U U RREHCHG T2 Z L AL Lz,

AREET CYP2C23 4 /X7 R BRSO\ C SRR CO i 21T - 72 fr, B TR E
AR ON o 72, — 5T, Luciferin ME Z W72 iEHRIE ClE=Y F U D
CYP2C23a-CYP2C23b [H] T 8 (R D ENFRO L= Z L b, SHFEM T CYP2C23 D

67



BRI ERBRENFARE CTH-oTh., IEM - HETREREENDH D Z LN TREINT,
SRS Z o R ERBEOMBZ gL LT, £ B ToO CYP2C23 DFFE I N
T X OREAEHRE, REICOWTHRADBNLETH S,

3.4.4. HUEHE CYP2C23 Hiifkd Universal CYP2C Hiifk & L COH Atk

AEIFUR & L= 7F FESI(KEFPNPEKFDPGHFL)IZ > W THFLEIC W T 8 BLAST
MR EIToT2E 2 A, ZHOWEIIET CYP2C &4~ v F Liz(Table 3-5), FTIAIICAT
ST AT ay NTlk, Uy, U~ BV U T X ETCYP2C L EZD
DN EPRERINICRHTE 2, — T, BB T 77 4 v, AXH)ROmARHE
(T 7V AT )TN R &7 7> 72 (Data not shown), & 72, Table 3-6 {27~
TV, MFLEE, WA, R, AEHOWTTHAREIFUR E LB TIX CYP2C ¥ v
WNIEBEALZe vy B LTz, ZOZ 8D, AEMAWIZELSIA CYP2C THEZ BN X TIA< fk
FENTWDLRRNRESTHY . BON7-PikY CYP2C (2x3 25 Universal 725K TH
HEFEZOBNT,
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Table 3-5. BLAST search result: Matched CYP2C proteins from mammals and birds.

4 4 Definition in GenBank
W LA TV Loxodonta africana 2C23-like
N Balaenoptera -
acutorostrata
[N SN Rattus norvegicus 2C11
2C70
2C79(predicted)
VA Equus caballus 2C23-like
a4 Bos taurus 2C
<A Mus musculus 2C44
2C70
2C50 isoform 1-precursor
2C54
2C65 (93%)
74 Sus scrofa 2C33
AA Oryctolagus cuniculus 2C30-like
2C3
F ¥ f == ANDAL— Cricetulus griseus 2C29-like isoforml
2C29-like isoform?2
2C5
2C70-like isoform1 (93%)
A NTFxTo—H Pongo abelii 2C21-like isoforml
2C21-like isoform?2
VA% Macaca mulatta 2C76 pre
2C3-like
=74 Yn Macaca fascicularis 2C76
TUVIRARR Cavia porcellus 2C23-like
JoE =7 kY Gallus gallus 2H1
2H2
XA Favy Taeniopygia guttata 2H1
AT Cortunix japonica 2C18
VFATFay Meleagris gallopavo 2H2-like (93%)

BLASTp searched with the antigen peptide sequence, KEFPNPEKFDPGHFL. 100 % matched
sequences are listed in the table, other than mouse CYP2C65, Chinese hamster CYP2C70-like, and
turkey CYP2H2-like.
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Table 3-6. BLAST search result: typical mammal, amphibians, reptile, and fish.

Species Identity (%)  Identical # Definition in GenBank
(=N 93 14 2C18
Homo sapiens 87 13 2C8
2C19
2C9
73 11 2E1
60 9 1B1
53 8 2A7
2A6
2A4
4Vv2
4A11
4A22
2W1
TSNV 80 12 2A13-like
Ornithorhynchus 60 9 2C39-like
anatinus 53 8 2B2-like
XA A AH T )L 67 10 PREDICTED: cytochrome P450 2H2-like
Xenopus tropicalis 60 9 PREDICTED: cytochrome P450 2G1-like

PREDICTED: cytochrome P450 2F2-like
Cyp2f2 protein

53 8 cyp2c37
2C18
47 7 2C8
2C20
T VI AT v 67 10 2C8
Xenopus laevis 53 8 2A13
7= AF 93 14 PREDICTED: cytochrome P450 2C21-
Anolis carolinensis 87 13 PREDICTED: cytochrome P450 2C29-

PREDICTED: cytochrome P450 2C18-
PREDICTED: cytochrome P450 2H2-like

80 12 PREDICTED: cytochrome P450 2C29-
PREDICTED: cytochrome P450 2C20-
73 11 PREDICTED: cytochrome P450 2G1-like
67 9 PREDICTED: cytochrome P450 2J2-like
53 8 PREDICTED: cytochrome P450 2F3-like
77974000 73 11 17A1
Danio rerio 2AD?2
2AD3

CYP isoforms in typical genome-sequenced species, hit by BLASTp search with antigen peptide
sequence, are listed. Identical # indicate the number of identical residues. Red characters show

CYP2C subfamily isoforms and black characters show other than CYP2C proteins.
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3.5. /&

ARETIX, S CYP2C23 BB T OIS v —= 0 T E2AT, BB T L TOME
B L OME(LIRFRIC DOV TRRE L7z, EOFREE, CYP2C23 BinFICBL Tk, =7 MU B L
< IZ Galloanserae TOAF R 2L E L TE B b, ZDZ b, CYP2C23 12
DONTIE=T MU 2RENEER E L CHEERBRICHV, oS4 BEmIC/MET 5 2 &
DEBPEIZERIFF RO WR D, o, AR Sz T=7 U CYP2C23 IZHF5E
BO7RTIKE ] 1. o BT CYP 4 FREDHE(LIZ & [REE D 8 % K IF LT & 7= nl REPEA
bbb, . CYP2C45 R EBE CTRYNMELEELZZXON LS FHEICHOWVT
Galloanserae-Neoaves ] COFEZEA MFT 25 2 L3, WA SR ICAMET 2 120 L 7= S JEFE
BBRETDHIEIWORDBDHTEAI,

EHIC, BECRHICERT SN T X BERZRBERT 2R 2R L2 & T,
CYP2C23 % v /X0 G ORBL BN BFREF CRERFEAEN NI LB LN oz, 4%
CYP2C23 OF&REM COREZAEZfRITT 5 2 & ¢, BN TH O 2 BRRBNEEOMAED
JFRREZH DN T D2 LICORBDEAD, T, ARIOX S RT Fun—F2Hnsr 2 &
T, CYP2C45 72 B2 HOWT b FIRRIC SR T X o NV BB A TH 2 N TED
EEZLND,
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wmUE ULT77 ) L WREEFVIEEYE LT-
EERECTORSHREEL . /v F i iRicET 58

41 BERLEH

411 REICRT HEERZREANC L 5 KT HEFH

AXVARL =2 =V =T K "UA BRRQRETIE, BV ROEIEM 7 & T - HiH
DILRPBA OGN TEY | ZEAZ DR M TOR TS, TOEIZ, UvT7 7 U v
(Warfarin, WF) ZiaH &35 7~ U RERAL, BLXO, 24773 Ualgo 3540
Ko DH U FBEBAIPEA SN TWA A, 2D OPULKEEE F O BAN SEICH K
By 724 E A 5] &2 Z L TV 5 (Erickson and Urban, 2004), %0 &<, F o WA & T 50k
BETZHWENROLNTEY | APREEREORD LR EH Z ERERIN TN
(Lovett, 2012; Borrell, 2011), Z ORIREITEEHEOBEEEIR D OFIK & L THETFONL%E, 4
FIICHEAME L TR Y, R CRERANC X2 B TORRCFFHITH YRGB LTl
D3 7% Z LTV (Hughes et al., 2013; Sanchez-Barbudo et al., 2012; Albert et al., 2009; Walker et
al., 2008; Johnston et al., 2005; Dowding et al., 1999; Howald et al., 1999; Stone et al., 1999),

412. BEIBTH7~Y UREBAIOBRZEEZE

SETIE, WFERZmu 77 ) i EORBREANTOWT, EICHEBTO LDs NHE M S
LTV % (Table 4-1), WF @ LDsg %, =V K~ U TiE 942mg/kg, =2 U > 7 X Z Tld>2150mg/kg
ET o WEICH L TSIV DIREED K E <, WHABICHAA BB TIEHEENMEN S O
LEZONTERE, L L, BARBERICBO CEPULEEER OZRANC L2 0 L H#HE
EINDHEFEFDZFHRNTND, ZOZ NG, FULREBEOZRANIZH L T=T b
U 72 EOFEITREANS ML < | B AR RIERE TIZRS R SV, &0 ) REERER T
MR ENFET D2 RTINS,

Table 4-1. LDs, of warfarin and typical SGAR on birds and mammals.

LDso (mgrkg) Warfarin Bromadiolone  Brodifacoum
Rat (norway, roof) 1.65 0.56-0.84 0.39,0.56
Mouse (laboratory, house) 4.35,11.0 1.75 04
Cat 2.5-20 >25 <25
Dog 20-50, 200-300 81 0.25-1.0
Chicken 942 - 45
Mallard 620 - 0.26,4.6
Canada goose - - <0.75
Ring-necked pheasant - - 10
Northern bobwhite >2150 138,170

Modified from Erickson and Urban (2004).
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413 WF OIEREF & B MR ERR

7=V URBREA. BROA o F DA URBREATE DI, EX I K ZRF Y FE
Jul%F (Vitamin K epoxide reductase, VKOR) % 53 % (Figure 4-1), i&Eof 4 I > KILMiK
BEEKFeE o2 I KK 7 B 2iEMHE T 5 ETARAIRTH Y, Friik ke
FAARANL, VKOR #PET 5 Z & Tl o el e 4 I v K #4578 &8, Wil &z
K okmtinl &4,

R~V URERATHD WF X, b hCIEZEEER e EORIRIEE LTHHW
bivd, BEGUEEOEIRZENRIEFIZRENT L2006 WF [ TIHRNOEHELWEE S Tn5
W, BIETHZHINTEY . b FT WF EMREZER & 2 O AT OWTORFZEN
HERITITTOIL TV D,

WF SRR E TR & L TIRRO S DOIE, B FOBRGVNEEOEAZED 9 B, 30-50%F2
Ziti9 % & Editd VKORCL (Vitamin K epoxide reductase complex subunit 1) & CYP2C9 @
— %7 (Single nucleotide polymorphism, SNP)C & % (Schwartz, 2008; Wadelius, 2007; Zhu,
2007; Rieder, 2005; Sconce, 2005), —#5 VKOR @ SNPs i%, B4 X > KETLIEMEDK T %
< (Rost et al., 2004), V77 U X SHKRE REDOTEIRELTHNWONDA, B |
VKOR (2% S 73 3 {5 A5 < {EM ¥ %, CYP2C9 X S-WF @ 9 % 80-85% % X35 7=,
SNPs |2 & D 1EMEAR T 25 WF OIRNENREIZ K & < 52289 % (Lane et al., 2012; Kaminsky, 1997),

VKOR & CYP2C9 LIS DIBIRAIER & L Tix, CYP4F2 (1-2%f2/% ., Takeuchi, 2009)<°,
CYP2C i&fn 1 il o> SNPs (5%FLE . Pereraetal., 2013)2N G STV 5, Z DAk
Z2D% X, BEMERETIEAR S, WA E, BERE, BEZERZRSICEI2b0L
ExbiTn5,

Figure 4-1. Warfarin: mode of action and the detoxification

Coagulation

T
Vitamin K

Warfarin I
Phase I (P450 etc.)

v
Warfarin -OH \

Phase II (conjugation) Excretion
v

/'

Conjugated warfarin
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414,  DEEERRBEA OEE

BHETHE SRS SNDEABANL, 7~V U RE—M:WF, 7~7 FZ7 UL, it
R:VTeF I A, TOTTr I A TaeDFny), LA L IF L REE— Y s o
a7y )y, XA T 7y ) ) EX D % (Figure 4-2),

WF 72 E O — AR EANL, #0202 CYP 12X 0 U 22 T RN ORIV 2 &
MH . o WHEBERO - DIIIERERVETH D, O, HEAL LTI, Fo
BN E U RIS BN 2 B AFIN T2 2 & TR G2 EB L TW5D, 2Tk
L. 3 AR EANR, B—HREREA 2GRS LT, @Ol ME L Ff o T\ D,
ZOREFR, BER G TH MPRENEMICE > THEFRF S, +oRBBEEZ 72630 T
& % (Vandenbrouk et al., 2008; Fisher et al., 2003), Z 4L 5 AERTOFERE MO @ R R
FOBIGIT LY | BABH TOFEELHEML TWD,

B AITH, SRFEHEIE L TV D/ NS JREE B (RORET) Tl 2007 FI2& A 7 73/
CIME S, BT Y <% X 2 (Rattus rattus) OFRAEICEKLH L TV D HEA. 2009), *
72, R 7% X 2 (Rattus norvegicus) Z5E (2 L 0 #5500 0 B~OERENRL SN TS 2L
U -2 BEAEE)TE 2009 FFELARRIC X A 7 7 & ) VHAT D THOILTN D,

Figure 4-2. Typical anticoagulant rodenticides

(A) warfarin, (B) coumachlor, (C) coumatetralyl, (D) Bromadiolone, (E) difenacoum, (F)

Brodifacoum, (G) diphacinone, (H) chlorophaconone
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415  HM

SRR Tl WF ORSPEICRERFEENH D Z EPEEINDSH, THE T VKOR X
CYP IZBAT BRI RN 2T T I oTe, I T, WENSRE SN ES
HE ., FERBRAITON TWDFEEM A VT, VKOR & CYP 29 2 SOBLE) D BHE
M cofEZHLMNITHZE2HNE L,
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4.2. ¥PEE - ik

421. B

AREOEBRICH -8 % Table 4-2 |Z~9, =V R VUL, JtiffiE - o fE #5455 (Hokkaido,
Japan) LW HELV IR E AL, =V NVIET T AF v 7 r—TRE L, @E O
(Nihon Nosan Kogyo Co., Kanagawa, Japan) & 7Kk % ad libitum C45- %, 12 Rg[H] & T O B & 1)
& 25x2°COIRE THIH L7z, 4-5 ks T R iR 2 VI LR 2TV B TP £
U7, WFRBIRIRIREE R CHlthE L. EBREEMRs £ CT-80°C CTRfFE L7z, BRI, Jbifi
ERTFEMEREZESOEKREZS, £ OHEINE > TIT > 2 (KB 5 10-0067),

Table 4-2. Animals

4 A {[ERE~ G é 1 AF i &
=U K Gallus gallus 3 7 A 4-5 35 N/ 8=0V8 N
XFay Struthio camelus 3 7 A 2-6 & I aY—Ah
TAHE Anas platyrhynchos 3 I A 9 iy I Y—5h
varzrsuy Bubo scandiacus 2 7 A 3F. 12F I my—A
T AY AU IIAZ  Bubo virginianus 1 7 A 2 ey —2Ah
Z > b (Wistar) Rattus norvegicus 3 A 10 JH fin I/ Y—2A
=7 kY Gallus gallus 4 7 A 6 At WF B fEfE T
4 A A 6 3 i WF Bl e AR AT

422. =T U TOWF RYairefiT
4221 KRG~V TIIREF

=0 kU3 12 BREET) B S DW (Distilled waten) IZEfE L7 U V7 7 ) ) b
U U LK (3 mg/ml) 1.5 mg/kg Z#8 A5G- L7z, £D#%, 05, 1, 2, 3, 6, 9, 12, 24, 72
f#%IC, £ EI 200 wl DIz =R OEIR L, ~~U »2ul ZINx 7z, Hifi 30 43
LINIZ 30 43 1,000 g TO@ELAEEZITV., RIEOMIEZ BT » X RV T F 2 —7|
9oL, -20C TIRTFE L T2,

4.2.2.2. [I4ETIRIEDHT

MmAEH & D WF HliHH i3 Jones et al. (2011) D HEICHES T, MAE 50 pl ICHEEHES LT 7
NKERIE 7 ~ U > (10 pliml) 10 pl 200z 72, 4°CIi2C 12 Bl 21T > 724, 0.2 %R
ZEte DW190 pl, 0.2% XA Gte 7 h=rU v iml 2Nz, BT v 7 AIFH—|2T
BA LTz, 4°CI2TC 30 /& L=k, 12,000 g 12T 15 /3l OB 21T - 70, w0y B
%, BEIm 2=y X R T7F a—7ZFIR L, =R L —F—(Z LY FE[E L7z, DW 100
pl, A% 7 —/1 100 pl 2002 CTHEEME L, 50 ul 29k 7 v~ ~ 72 7 ¢ —(High performance
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liquid chromatography, HPLC)\Z & 2 23l fit L 7=,

ST, EEIZIX HPLC-UV % 7=, 3#ri 13 308 nm & L, TSKgel ODS-120T (TOSOH,
Tokyo, Japan) 1 7 L& W TR ZAT > 70, BEMBIZIZ, 15mM U B IJKk3ED U 7 A(pH
3): A/ —)b: 7T b= kKU /N=5530:15 &, EEINZIMFETRENS, )
REM#AT > 7 I WinNonLin (Pharsight, CA, USA) ZfEf L, HWEEE T A —X DEH AT
STz, NI, MR EEHER I A b K <GB L Tz 1 compartment &7 /L(No lag time,
input and elimination rate was 1% order) % J 7=,

4.2.2.3. LM CHB D30T

PEtti %, 2B G% 9 REF OREA T 20ml D A % 7 —/LHizElf L, fhit « o4 E T
—20CIZTIRIEL T2,

Yo TNEREDFTA P —ICL D REDT A X LI, BEREFZRIZT 25°C10 /i@
T AT -7, ZHZ 2,000 g, 5CICT 20 4fEEL L, F0 EiEZ2EIL Lz, Z 02
Ly MIREAZ ) — 2 INZ, RSB SR & im0% O RIEEIREIT 72, 20
> 7V % Figure 4-3 [ZR T H1EIZ KU Sulfatase 10 1U/ml & B -glucuronidase 4,000 1U/ml %
WT T o RS R L BB AR IZ O W T B S LB 24TV, LC-MS/MS  (Liquid
Chromatography with Tandem Mass Spectrometry Detection) TO3ATIZfit L7z, LC-MS/MS T
DN SN % Table 4-3 127k L7z,
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Figure 4-3. Extraction procedure for fecal samples
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Table 4-3. LC/MS-MS analysis condition
HPLC condition

Device . Prominence UFLC (Shimadzu, Kyoto, Japan)
Column . ODS-120T (TOSOH, Tokyo, Japan)
Flow rate : 0.3 ml/min
Column temp. : 50°C
Inj. Volume 10wl
Mobile phase . A:DW (0.1% acetic acid)

B : Methanol (0.1% acetic acid)
Gradient profile : Time(min) 0 2 27

B (%) 10 10 90
MS/MS condition
Device : LCMS-8030 (Shimadzu, Kyoto, Japan)
lonization ESI (+)
lonization mode : MRM

SRM trace (m/z)
4-,6-,7-,8-0H : 323.1>265.2
10-OH : 323.1>251.2
Warfarin 307.1>161.25

423. I v Y —AESOFHR
4.2.3.1. S 2 72— A B D H

ZEFEDONTHE) 5. Omura and Sato (1964)D FEIZ L 0 AT S 7 v v — A4y 2 R L
720 59 OFFEIZ 15ml DV R/ 7 7 —(KPB, 0.1 M., pH7.4) %%, K EICTHRED S
A R LTz, ZH& 4 “CIlzT 9,000 g, 20 4y L, Z D B 2| tc, & 512 4°CIz2T 105,000
g. 60 MEL L7z, o=~ L v MIZ KPB Z 1% CHE 105,000 g, 60 4y LT3
sa Y —LEFER L, BOESEONTZI 78 Y —AES Oy MI#EEO KPB 211
THREDTA XL, ZNEES 7 0 Y — 2845 L L THRBROMRBHEMEREICH W, #
BRI D T IRIRERICTHRE%. -80°CTRIF LT,

4232 I —AfDs NI EHGEE CYP ZHDER

Lowry JEIZE W IFIK 7 v Y — LB O X R EEBEDEEZIT > 7= (Lowry et al.,
1951), HEMAZ & — & LT BSA 2V, EEOOBRERRTIT R*=0.999 UL EofE
BEHI T2, F72. Omura and Sato (1964)IZ L% CO =AY RMUVEIZ L VR 7 n
Y — LH SO CYP & RERIE LT,
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424. VKOR : {EMHIEE WFIZ L BE, 73 BES| ik
4.24.1 EXI2>KITHRF O

Tishler et al. (1940)D EEZHWTE X I > K &/ (VKD ZFMELE LTE X I 2 Ky,
2-3 TR ¥ K(VKO) & &k L7,

100mg DEX IV K Z5mlOTX ) —/VZEML, ZnE50 mlo=f7 7 AafpT
75 C. 207 v A v Fa~— bk L7, ZHIZ NayCO; 100 mg (DW 250 pl [Z¥AfR) & ik
KFEMH0) I ml ZNNz, 75 CT 10 M L 4R L7z, 2Dk, =iRIZT 5 /5 MmAEE,
DW 10 ml ZhNz 72112, 50 ml Dz LF = —7I\2HEL, £ 20ml Oy =F Lo —7
JLETINU.5 4 M L < 5 #R L72, 1,000 g (2T 10 43 f#iE 0 L. VKO Z & e EiEZEIN L,
WOT AR —Z T FERR ZITOEZE S0, Zivd DW - X % ) —/LEA(100:3)
\CTHIBM L., B0 7 5% AV 7- HPLC-UV & 27 A THEL FERL7-, 2z HEgE
S, 995% T X ) — VIR LT b O EIETHERIEOIEE E LTHW, £/, A ¥ —
RET 2 VKRR, B E T2 VKO IR 4°Clo TEDE L CTRIE LT,

728, VKO I J — /L CIfiRts. HPLC-UV ([Z XD HIEDREZITV. S HIT, T
SEHERH(266nm)IC T D AT LS 7 6 & /LW AR %4(30,800 M™ em™) % FHVN T VKO ) %
HE L 7= (Wallin and Martin, 1987),

4.2.4.2. VKOR o Kinetics f£Hr

VKOR JEMRIE AN S 7 7 v — 2% AT Lasseur et al. (2005)0D 55 IZMEE % Iz TLT
Of:o

BOSEIE, #RETI 7 e Y —A1.0mg/ml, HEPES Ny 77— 01M & 5&de, FE L L
T, VKO Z#&JREE 12,5, 25, 50, 100, 200, 300, 400 uM & 725 X 51Tz 7=, 7eE, W
FTHOKSHRBRE TH VKO ZIFR L CTWDHTH ) — VREN—E L 2D L ) IR L,
SORE BT 500 pl & U7z, SOS 24T 5 tHIRFE T KB FEOKIEEZEE L, 7 ~ b TIX37C,
X F a7 ClE38C,. =7 bV TIL42C L3 E L7z (Richards, 1971; Schmidt-Nielsen et al., 1969),
55D T LA Fa—a D%, 2mM  DTT (Dithiothreitol) 2 1 2 5O % BRAE L 7=, 5
SEORIGHE., WEEREL LCEX IV E(VE) 2 MZKGE Ly 7 na 22 2 1 ml RN
T2 L ThRIGZIFIE L7z, £D1%, 05%MElT MY U ARIR0Sml LYy mm X & 37
ml Z3I L., 5 MR T v 7 A X — I TRI L, D% 1,0009, 10 4oL %
TV, BEZT7 AL —FZ —IZTRY Wz, TRE3 ml Z30F 2 —7ICEIN Lz, o
NZ&E LT /NR L — X S CHAE &, 3% DW 25T A ¥ /) —/L 10wl IS CHEMLTZ, =
NuaY7nE LT, HPLC-UV IZ X W i 21T -7,

HPLC-UV (%, #%J 270nm & L. VKO, VK;. VE IZOWTERZIT-T-, WHED T LI
I% TSKgel ODS-120T (250%4.6 mm, ki 5 um, TOSOH)% vy, BEIHIZIZIDW : 2 & /) —
JL3:100 & V7o, TIRRBRIC K W . SOSERRE., & o8 BB EICOW T, B AR
DIRWHHTHD Z &R LT,
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4.24.3. WFIZJ 3 VKOR JZ1HIZEE | HZEEHDOEH

VKOR @ Kinetics it & AR D EEBRRIZ WF Z2 2 TiEME 22 L. Dixon plot $512 & 0
PR Ki OHEEZEFT -T2,

TAHFRER TlL, DMSO TR L7z WF 2, #&EE 05, 1, 3, 5, 10 puM &725 K52
2 CEBREI T2, ZOME, 7y b, XT3 U TIHERWEETHEEEIC VKOR IEMENR
FEIN, =7 M) CHERECTHLRVIEELZ T eholc, ZOMREHE X, AERT
O WFHEEA Fieo@mv & Li=; 7 v 50.05-0.5 uM), =7 kU (1-10 pM), ¥ F = 7(0.1-1.0
uM), 7o, HE L7225 VKO (50 uM & 100 pM @ 2 52 Wz, 2 OFERE S ik
7226, Dixon (1953)DFEIZ LV Ki 2#EE L7z,

4.2.4.4. VKOR % >52 HDOHISNIEEE
VKOR # > 737 B OFEHI| 1, GenBank X v Bufg L 7= FRLofds % v 7=, Clustalw
ICCEET T AV MEERILT,
- NP_996530 Chicken VKORC1
- NP_001001328 Chicken VKORC1L1
+ NP_976080 Rattus norvegicus, VKORC1
+ NP_976083 Rattus norvegicus, VKORCI1L1

425  WF {3
4.2.5.1. IS 2 72— & /0= Kinetics ARPT

Kaminsky et al. (1979)(Z & 2 WF fRENEMRIE R ITMEIE AN 2 T WF AEHHENE 2 ]IE L,
FOSRIE, HEifb~ 7 %20 A(FKIEE 3 mM), G6P (Glucose-6-phosphate, 5 mM), 2 & 95
ONT7 7 ) U oA, g 7 e Y —A0.0mg/m)EIZT500ul & L, Z O
W% 37 CIZT5 M7 VA > F =~X— K L, G6PDH (Glucose-6-phosphate dehydrogenase , 2
IU/ml), B-NAPDH (beta-nicotinamide adenine dinucleotide phosphate, 0.5 mM) % Jill 2. C 5 Jiis % B
I U7z, 10 pfIESt. 60% D3RI 20 ul 2 0% ThUS 215 1k L7z,

Z ORISR %E 4 CI2TC 3,000 9. 10 syffiE. O Lz BiE &I L, HPLC (2 X v R o4y
Bt - M &4T-72, HPLC # 7 & & LT TSKgel-120T % ffiv >, HPLC-UV (308 nm), L <
X, LC-MS/MS (2 & W ERZEIT-> 7=, BEMHIZ 15mM KH,PO, (pH3) : A% /—/L . 7 |k
= kU =b5:30:15 Z W27 A Y 7T T 4 v 7 8. b LAL AR Z J —/L(0.1%HEFEE) |
B:DW (0.1%Kkf&) % = /7 Y= "yl &4T > 72,

FEE L LTVKO % 125, 25, 50, 100, 200, 400 uM {2 CTHW, fR#EmE L TAER S
7o WF KEEALARD AT O RBNEM OB 21T - 7, REIL, 4-OH, 6-OH, 7-OH,
8-OH, 10-OH », 5FHHIC >V TEREIT- T,
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4.2.5.2. ¥FH CYP2C % > 232 3 /)= Kinetics #7HT

=Y LU ® CYP2C # > /37 E(CYP2C23a, CYP2C23b, CYP2C45)& ., % & LTT v b
CYP2C1L {2 DWW T, 324IZH W=t @D &[] UCBEREEL Y X7 B & W T, RSO
TE&AT o Tz, AR E IR S 7 1 — 4 & RERIC, S E 300 pl, 3881 CYP 10 pmol
RWTHIEE T2 72,

426. HLEHLE

WF RNEIRE DEREA DR EIZIT Student t #E Z AV 72, VKOR # LUV WF RETEMED
Kinetics fi##T Ci%. GraphPad Prism (GraphPad Software, Inc, CA, USA)%Z T Vyaxs Kme
Vil K DHEE ZAT o 12, £72 15 HNT2/3T A — X OFEZEDKRIEIZIX.IMP (SAS Institute, NC,
USA)IZ X ¥ Tukey’s HSD (Honestly significant difference) test #1757z,
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43. FER
431. =T MU TO WF EYBREMENT
4.3.1.1. (KNEIEE : WF & (CEY)

=T~V (MERESS 4 P]) TO WF OIS RREHER & 15 DLW BB T A — 2 2%
AU Figure 4-4, Table 4-4 (2779,

HERE T OB T, Crax DABFEIZA A TE Mo T2, Flo, AE TR -T2bOD, &
ey T 5E R B B TR ] (i) 28 A A /NS L U =0 (Ta) o I P SR B B R T
[Hif (Area under the curve, AUC)IZA A T/ EWMHB A R b7, ZDZ &b, WIIEA A
THEL, R - PRI A A TRWEEZ BT,

Table 4-5 |2, A[EIf572=7 kU TORERE L AMOEY) THE S 40T D M R0 O fE
T, JNFETIX WF OIEWEIREIZRET 27 — 2 B3Mluc/e <, WFEE R L& 2 A,
HYLE TR b TR FEENE < (34.0—42.0 ), =7 MU IxZNEIRER%OR &7
ST (F A 27.4 FEfiE], A A 34.0 Wffi),

Fo, MFEFTIE. WF OREID S5 6, SAKERILIR@ -OH) DO B3 i, EETX 72
(Figure 4-6), 4-OH (X WF & 720 | BITESR & B 2 g TREHER LR L, 202
Eb, A-OHITBULAEW & 16 FRE DT ENRKEIWVORTEN, Zvra s Wi Eofls s
ZF IR S, IBIFEER L CWA b0 EE X b, £2. 4-0H ORERICHE
THRMIZIWE L0 s RWMEHRINH -T2,

Figure 4-4. Plasma concentration of warfarin
The plasma concentration after the oral administration of WF (1.5 mg/kg) are shown as the average

+SD for male and female (N=3 for each).
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Table 4-4. Pharmacokinetic parameters of warfarin in chicken

Chicken AUC K01 HL K10_HL CL_F T max C max
(ug hour/ml) (hour) (hour)  ml/min/kg BW (hour) (ng/ml)
Female 1 249 0.851 345 0.008 4.7 4.55
2 166 0.134 25.0 0.012 1.0 4.47
3 282 0.157 42.6 0.007 1.3 4.50
Male 1 175 0.887 30.5 0.011 4.7 3.57
2 173 1.003 30.4 0.012 5.1 3.51
3 142 6.085 21.4 0.014 15.4 2.79

Average (SD)  Female 232 (60)  0.38 (0.41) 34.0(8.8) 0.009(0.003) 23(2.0) 451 (0.04)*
Male 163(19)  2.66(2.97) 27.4(5.3) 0.012(0.002) 8.4 (6.1)  3.29 (0.44)

Pharmacokinetic parameters are shown for each individual of male and female chickens, and for the
average of male and female. KO1_HL, K10_HL and CL_F represent absorption half-life, elimination
half-life (Ty,) and apparent clearance, respectively. Sex difference was observed only in Ciax
(student t test, p < 0.05).

Table 4-5. Comparison of plasma half-life.

N Half-life (hour) Reference
Chicken 3 (male) 27.4 Present study
3 (female) 34.0
Rat 10 11.6 Yacobi and Levy (1974)
13 7.1 Sawada et al. (1985)
Man 10 42.0 O'Reilly (1974)
12 36.3 Vessel and Shively (1974)
10 34.0 Sawada et al. (1985)
Dog 4 18.4 Bachmann et al. (1975)
Monkey 4 10.9 Scott et al. (1984)
Possum 8 11.9 Eason et al. (1999)
Cat 10 26.2 Smith et al. (2000)
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Figure 4-5. Plasma concentration of 4’-OH warfarin.
Typical individuals are shown for each one male and female. 4’-OH was the only metabolite
observed and quantitated in plasma. The shape of the curve suggested the enterohepatic circulation

of this metabolite.
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43.1.2. HMBH D1CHY

P 5-4% 9 IREE] D BEFE C A&l R D HEMEY % [B1I L | P h OGP/ % 53 8T L 7=, Figure
4-7 \ITHRIEIZ B EN TV WE SR EZ ", A, A XL HIZ 8-0H, 10-OH
IR SN hoTe, £, AATORT-OHBRA LN, A A, A ADEH TEICFEL
TUWz 4-0H, 6-OH, WF (ZOW T, tHREIC LD AEARMALLOMEZEN R &7z,

70 -

® Male ™ Female

Composition (%)
8

20 A

10 -
N B e

40H 60H 70H 8OH 100H WF

Figure 4-6. Metabolites and warfarin in fecal samples

Samples were collected at 9 hours after the oral administration of warfarin. After the extraction and
deconjugation procedures, each metabolites were quantitated by LC-MS/MS. The values are shown
asaverage £ SD.
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43.2. VKOR:Kinetics f##T & WF IZ X D%, 7 I/ BEFIHE
4.3.2.1. Kinetics f##r

TR S, 7 v MTOWTIEREEE 150 uM TR L 72 Lasseur et al. (2005) & [FlF2
ED Kn i fgbhic, £2 T, AFERTIIALEREDORKZ 400 M & LT, =V LY -« &
F a7« 7 v h®OVKOR EHD Kinetics fifT 217 - 72 (Figure 4-7, Table 4-6),

Vinax {22V T, Fe/ME =7 b U (71.7 £ 6.5 pmol/min/mg protein) T, ¥z 7 « 7 v K TiX
HEITE D> 72(157.6 £ 20.0 pmol/min/mg protein, 514.5 + 31.5pmol/min/mg protein) , Ky, (22
WTITABERZTRDO bR o72(=Y h U :165.8+41.3 uM, ¥ F = 7 : 187.5+ 14.6 uM,
rat:176.1 + 14.2 uM)o Viau/ K THEIH SN DBERLIHRIL, Vipax COFZEN KM S 4L, 7 v F>
FFav>=U M DIRICHEEN RO,

4.5.2.2. Dixon plot 512 J 5 [ ZEEDHEE

TR E Y WRIZEDHEOZITLT ST, Ty b >FFauv>=U NIZRhbZ &
MRS AL, FERNCPHERRE 2R E L CREREZIT o7, RERTH O AVIEMHE S
Dixon plot {£(2 & v FHEES Ki OHEEZ1T -T2,

=Y F U X WF 10 uM £ DO A7 F T VKOR IEMEN YT 2 Dlcxi L, #Fa v - T
FTIE WF 23 1 uM Kifi T8 VKOR TEMED T D Z & A3 578278 > 72, Dixon plot {£(Z
LV, KilZ=7 FUIL3+£25uM). #F 3 7(0.64 £0.39 uM). 7 > 1 (0.28 = 0.09 uM) & #E
ESH, =7 Mo 2 FEL v FEICEWVILEEETE - 72,

4.3.2.3. 73/ BAISIEEE

Z7y he=T R UIZONWT, VKORIEHED AR TH D & B X HiLDH VKORCLIZDOWTT
T BEASNPHAGINNI R TERY . £, WREREEM LS TRISA TS, £2TC, v b
&E=U FU® VKORCL (ZDOWTT X /iSO Z1T> 72, £7-. VKOR &Ml
Vitamin K epoxide reductase complex subunit 1-like 1 (VKORCIL1) b %F5- L TWAH Z ENH B

\ZEN7=72, VKORCILL IZ2oW T kil L7z,

Z DOFfE R VKORCL & 737 O WF 5B EALICDOWT, 7w M TIET 2/ BELAIH TYA
ThHOIZX L, =V MU TE TYV &—7 2 BRITEWD RS L= (Figure 4-9), F7=,
VKOR IEHEHNI DN T, Z < OfFFHTRAFESNL TS CIVCEF—7 08 =7 U TiZ
CLVC LiEWAA LN, ZORRLT I/ BRESIOEFT—7 5, VKOR IEHEDE N
AL TWD AR E 2 b,
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Figure 4-7. Kinetic analysis of VKOR activity with liver microsomes.

-#= Rat

== Ostrich

== Chicken

Vitamin K epoxide reductase (VKOR) activity versus various concentrations of vitamin K epoxide

in rats, ostriches and chickens. Data were fitted to nonlinear regression curves with the

Michaelis—Menten equation. The plots show the mean + SE. n = 3 for each species.

Table 4-6. Kinetic parameters of VKOR activity

Vmax (pmol/min/mg protein) Km (uM) Vmaxi Km
Chicken 71.70 X 65 * 1658+ 41.3 047X 009 *
Ostrich 1576 £ 200 * 1875 X 146 087018 *
Rat 5145 * 315 176.1 * 14.2 29+ 010

Kinetic parameters of VKOR-dependent activities were estimated in chicken, ostrich and rat liver

microsomes. The values are given as means = SE in each animal (n = 3).
“Significant difference from rats (p < 0.05).
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Figure 4-8. Dixon plot to determine K.
The K; for VKOR toward warfarin was estimated in chicken, ostrich and rat liver microsomes. The
X-axis shows the warfarin concentration (uM), and the y-axis is the reciprocal of activities. The

X-coordinates of intersection points show the — K.

Table 4-7. inhibitor constants, Ki, in rats and birds.

Ki (uM)
Chicken 113 + 25
Ostrich  0.64 + 0.39
Rat 028 + 0.09

Inhibitor constants, K;, are shown in the table. Values are mean + SE.

"indicates significant difference from ostriches and rats (p < 0.05).

Figure 4-9. Alignment of VKORC1 and VKORC1L1 proteins of chicken and rat.

MG-——-—--—- T TWRSPGRLRL ALCLAGLALS LYALHVKAAR ARNEDYRA WGRGF GLVEHVLGAD SILNQSNSIF
777777777777777 MAA.A ...AV....A G.....ER.H E.DPT...H. .....L ..L.AFV.R. .AL.VP..VI
» AAPVLLRVS VP.WERVA.Y .V.A..IL.. I..Y..EREK E.DPEH....| .L.PWVK.LA ALA.l...... ..LGSTIF.K. GV...P..V.
#Chicken_Ll LAAPVLLRVS VP.WERVA.S .V.A..IL.. ...C.LEREK G.DLH.Q...| .LSERVR.LA AIT.}...... ..LGSIF.K. .AIL..... v
VKOR active  Warfarin binding

GCMFYTIQLL LGCLRGRWAS ILLILSSLVS VAGSLY] LFFVLYDHCTI VO TNA GLMLLSFQKV P-——--—--- E HKVKKP*-

.IA..5L.HC SAQC.A.AS5. AA.LVT.VT. .LA..... LV .A.G.H.O.L .. . A.LF.NWRRW RRCG----- Q TA.R.RE*

LI..IL... ..MTASAV.A LV.MT..I.. .V...... Y. .Y...KEJ.. I. .F L.LTINYKRL VYLNEAWKRQ LQP.ED.-

Lv..IL.M. ..MTASAV.A LI.MT..I.. .V...... Y. .¥Y...KEJ.. LF I.FIINYKRL VYLNEAWKRQ LOP.QE.-

C1: VKOR complex subunit 1
L1: VKOR complex subunit 1 like 1
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433.  WF i
4.3.8.1. JFEES 2 7> —21410D CYP &4

CYP & &% Figure 4-10 |27~ ¥, FHE CTIX FREDIAIZ /e o 72 71 F A (0.78 £ 0.04 nmol/mg
protein)> 7 v b (0.75+0.07)> #F =27 (042+0.08)> =7V VU (0.39+0.03)> 7 A /&
(020+0.01)> 727 17 (015+0.04), 7T ANKKT, /D77 1 72k L TEET
X525 DFEEN A LN, =7 MY TORERBRIZINE TICHE SN TV DRE LT
A% Cd - 7=(Hu, 2013), BEEDO > BT ADHZNT v b ERFEED CYP G REEZFiH, o
FECIX L0 b7rnoiz,
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Figure 4-10. CYP contents in liver microsomes.

Values are shown as mean + SD.
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4332, JHES 2 72— TOHREDFEE

WF fREHEPEIC DWW T, B FE R E % F W Kinetics fffT 21T-7-, 7272L, 77w
TITARFHEMEAME < . FE IR 1 5400 uM) TO il 217 - 7= (Figure 4-11), 7 7 o 7 (3
HRBNEMENMELS . HRbmW="T FUIT46 15, 7 v M TH 10 FREDIEMEN b7,

Figure 4-12 12 5 SORHEMIZ T DR (VinedKe) OFIHAHE, Table 4-9 (2R &
U7= Kinetic parameter %/~ L7=, BEEIRITTRROIRICEH N >72 ; T A(36.6 + 3.9
pl/min/nmol CYP) > =7 K U (24.5 £ 2.3 pl/min/nmol CYP) > %5 = 7(10.3 + 0.5 ul/min/nmol
CYP)> 7 v (4.2 £ 0.4 ul/min/nmol CYP) > 7 1 77&(3.3 £ 0.8 pl/min/nmol CYP), Zi15H®D
IR 7 v Y — L2 X7 o CYP B & THIE L7c b D723 FEERITIZ CYP & &I
BRI UANZ — OMERBIN R B TWD Z LD invivo DFEETIE 2L EOTEHEORE 2N
AENDHHLOLETEIND,

WF R O & L TiE, AR L7 SFECIdtim L T 4-0H 28 EZE 2R AEED 72 -
72, BERNRIC LD DEIA T, /b D~ TETH 66.7%, Fx KD B 7 A TiX 94.0%7% 4’-OH
Eotz, £, #-OH XM AT, Ky 2MEL< | Vi 3@ WA B B 72,

1600 -
g0 | =10-0H
> m8-0H
S100 |

2 = 7-0H
£ 1000 -

< M 6-OH
£ |

2 Al l =4'-0H
£ 600 - man

>
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g

<<

==
200 - |
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Figure 4-11. WF metabolic activity at the substrate concentration of 400 pM.

The activity were measured with 400 uM of warfarin as a substrate. The values are shown as average
+SD.
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Figure 4-12. Cumulative enzymatic efficiency of warfarin metabolism in liver microsomes.

Enzymatic efficiency for each metabolites were summed and shown as average + SD.
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Table 4-8. Kinetic parameters of warfarin metabolism in four avian species and rat.

Metabolite Chicken Crow Ostrich Mallard Rat
4'-OH Vinax 9178 + 873 @ 1162 + 1892 ¢ 530 + 908 ° 2252 + 566 °© 1394 + 153 °©
Ko 484 + 39 332 + 44 ° 64 + 121 ° 1048 + 79 ° 1102 + 191 °
Viax ! K 9 =+ 17 ° 35 + 35 @ 83 + 09 ° 22 + 06 ¢ 13 + 01 ¢
6-OH Vinax 3996 + 1667 @ 501 + 214 ° 1065 + 356 ° 63.1 + 348 ° 978 + 94 °
Ko 947 + 384 3462 + 3247 1395 + 4 1611 + 1298 949 + 256
Viax ! K 42 + 04 ° 02 + 01 ° 08 =+ 03 ™ 04 =+ 01 ™ 11 + 02 °
7-OH Vimax 2177 + 918 ¢ 134 + 43 ° 495 + 275 P 526 + 185 ° 64 + 108 °
Ko 2774 + 236 ¢ 859 + 106 “ 1594 + 443 ° 1228 + 106 ™ 423 + 58 ¢
Vinax ! K 08 + 03 ° 02 + 01 ¢ 03 + 01 ° 04 =+ 01 ™ 15 + 01 °@
8-OH Vimax 1279 + 485 * 112 + 36 ° 799 + 354 ® 506 + 311 ® 388 + 311 ®
Ko 350.2 + 100.1 1823 + 507 150.8 + 288 606.5 + 441.4 1817 + 1324
Vinax ! K 04 + 004 ® 01 =+ 004 ¢ 05 =+ 01 ° 01 =+ 004 ¢ 02 =+ 004 ™
10-OH Vinax 308 + 6.2 26 + 14 269 + 79 267 + 88 389 + 46
Ko 2326 + 32 @ 235 + 85 ¢ 68.1 + 213 ™ 1865 + 744 ® 2211 + 603 °@
Viax ! K 01 + 005 ° 12 + 03 °@ 04 =+ 02 ° 01 + 003 ° 02 + 003 °

Vmax: pmol/min/nmol CYP
Km: uM
Vimax! K pul/min/nmol CYP

Different characters indicate the significant differences among the species (Tukey’s HSD test, p < 0.05).



4.3.8.8. JERIEH =1 N Y CYP2C 4 > N2 HZ L5 WEF 0I5 1EF

JFIg S 7 v Y — 2% Fve WEAREHEYERIEIZ L D . BB CIIWILBE L B2 0 | 4K
FRALAR DS PR R T H D Z E B ST 72, B T v FTIX 4-0H X CYP2C
SRR KV ARk X4 D (Kaminsky et al., 1997 ; Guengerich et al., 1982), £7-. & & X 0 |
=U MU TlE CYP2C HFENEMNRH LOFENREWE FHEENZZD, AETIE=
7 ~U @ CYP2C 7y FHEIZHH L, BERIEEL X 37 E & VT WE AREREYERIE 21T >
7=

Kinetics fiffT 24T > 7. 245D CYP2C # L /7 G Tid 4-OH, 6-OH, 7-OH t\»
2 3 OO R B, 8-OH, 10-OH &M H S #1727 - 7= (Figure 4-13, Table 4-10), %
7. =7 K~ VU CYP2C45 TIE 6-OH HAM 41T, 4-0H & 7-OH DAL S L7z,

B B C DIE MR & 75 T B E 2R (Vinad Km) I DWW T, CYP2C23a > CYP2C23b > > T
' CYP2C11 > CYP2C45 &\ 9 JIETEA»- 7= (Figure 4-14), *7-. TOWRE L CTix
CYP2C23a, CYP2C23b TiZ 4’-OH 73 7 HILL £ % 5@ T\ =Dk L, CYP2C45 Tl 4’-OH
& 7-OH PNIFFFRREDEIGTZ - 72,
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Figure 4-13. Kinetic analysis of warfarin metabolism by CYP2C proteins
Warfarin metabolism activity versus various concentrations of warfarin in CYP2C proteins. Data
were fitted to nonlinear regression curves with the Michaelis—Menten equation. The plots show the

mean + SE. The experiments were run in triplicate. .
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Table 4-9. Kinetic parameters of CYP2C proteins in warfarin metabolism

4'-OH 6-OH 7-OH
Vmax Km Vmax/Km Vmax Km Vmax/Km Vmax Km Vmax/Km
2C23a 63.8 239.9 265.7 4.6 508.0 9.0 14.5 814.1 17.8
2C23b 52.7 607.5 86.7 23.3 1042.0 22.4 15.7 1224.0 12.9
2C45 3.0 215.6 13.8 ND ND ND 4.6 312.8 14.6
rat 2C11 13.0 292.0 44.4 1.7 852.9 2.0 11.8 249.9 47.3
400 -
7-OH
o
S 300 - " 6-OH
> - 1
5 g H4'-OH
s
% E 200 -
L2 >
g T
s E
23 100 -
©
£
. | =
2C23a 2C23b 2C45 rat 2C11

Figure 4-14. Cumulative enzymatic efficiency of CYP2C proteins in warfarin metabolism
Only 4’-, 6- and 7-OH were produced by CYP2C proteins, and neither 8-OH nor 10-OH were
observed. The estimated V. /Kn for the produced metabolites by each CYP2C isofoems were

summed and indicated in the graph.
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4.4, #E5
441  BXETO WF OENEIRE & B —in vitro 2> 5 in vivo ~—

AlEl, =T b Y Tl WR REEERIERFICE <. E72. VKOR IEMD WF I X HE %
ZAFICK W EEALMZ LT, INBHIE=7 F U TWF O LDsy 23 <, BEEIZED 12
WZ EDFHRIZZR > TWD EBZX B, —FH T, #Fa v TiE7y b ERREIZ WF IZ
Lo TVKORIEENHEFEENRT <, 7700 TIE=Y U D 1/60 F2HEE D WF {UGHTEME L
MDRONIRDoTz, ZOXIRERNER > TWAFETIE=T b U & H_THRENIZ WF &
ZHERBELI LD EEZOND, TNFETILZ <) URHEBANC L DHENEZ S HE SN
TV DIEEHETIE, VKOR OFHHE S & & CYPIZ X D REHETEDIR X 235 5 3 2% Al HE
PENRENEB 2 BT,

EHIZ, =Y M UAKRERAWZEYERERBRICE Y, =T U TO WF g s
40 FFRREEE L T > RO 4 SRR, WFHBOT THHEREHORWE M EFERBETH L Z LM
BT o7, WRIZRERGICE D T o WICESEM 2 b 72 6325, ZAuUd s
W=D TH %D, BETIE, WF REIEEREW=T R U T 5 40 B &R EL . &
LI, MOBETIEL VRN ENZ ENTFRIND, 202 b, BEHTO WF O
RNENREIE, HEHERCH @EENEMICO > THERF SN D 2 2 BB 2 bz,

SHEIZB VT, WF OENEIFES VKOR (ZBT 2 M FLIIARGR XA YD T TH Y, Ak
B LUV WIEEFED VKOR <0, thod JS¥EFE T WF RENEMEICEIT 2 8 fidZe v, 514,
=7 NV 7 EOFEFLS OB AR, R EmEOWME N L WVEEETO WF {KNE)
REX°, VKOR OALEFEINRT I WML TV RERH 5,

442. WFHENBRBIZEBITS=0 Y otz

(RNENRERRHT > & | MERER] Tl Coax CHEZD A HILTZAMIZ, A A DI 5 IR |
PEEDS B & S A 23 /L S 407=, Pampori etal (1993) 1X, =7 kU DA ZAD SN A A
T CYP HENE L kA 2 BT T 2 RETEER BV E VI REREZHE L TWDHT20,
AEOFER T in vivo TZOMEENRBNTZ LD LB L, KREREL WS BLEHIT=
U MU DOFADIT D BEZHEPMENS D EHERI SN D,

¥, AEIOERTITRAEROL THRNEBRBZ T L7, & FTIXIAT7 7 U Uik
GO 98%FREE L IEFITE NI ENH BN TWVDEA, =TV U TOWRINERIX
RATH Y, SRR SN EYERE T A — % OMEREFE DRI OVEZEE R T2 "] felk
Z S ETE 220N (Zhao et al., 2002), Z D pUZ DWW TIXE AR 512 X 2 522 (RPN B REMRAT
ML TH D,

443. BEETWF ZRET 5 CYP &7 L RHEY
ZU N EERERE S BOEI 7 v Yy —2%2 W WE (REREBRICE Y, BETIX
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A-OH NEERRBED THD Z ERHESNNTR -T2, ZORRIT, BECITEAEL TF
19 272 CYP 73 FFiDS - AKBEAIEMEZH > TWnWDH Z L 2R LT,

b FRT7 » F T, 6-OH X° 7-OH 2N EZERHEY TH Y | 4-OH T2 SIUHEE
W<THhd, BTy hOLOHFTWTNE CYP2C - FREICLVARSNDZ &, Fi2,
BOEED, =T FUTIECYP2CAS e ENHFIM TR HELL CW =2 &b, =V R D
CYP2C # > /R 7B & 5 WF REFRBR 24T - 72, & Dt F. CYP2C23a, CYP2C23b, CYP2C45
L) 34 fAEATT 4-0H, 7-OH 34 4, 2C23a, 2C23b Tl 6-OH b#IZE STz,
WTNOSFRETE 4-0H BHLHRRHEY THY . B 7 e Y —22HAnTiEoi
TofE R (R & « 4-OH > 6-OH > 7-OH > 8-OH) & & 3 12TV MUETEMRL R NS B T,

ZOREREXY, =T MU TIX CYP2C ¥ > RN WE ROy FRETH D EH
Z BT, £i2, MO B THRERIZ CYP2C # /87 RN 4-0H A2 #H-> TnWH 2 L %
RETHFERTH T,

444, FRBED CYPRFEMNBRELILEME) X7

77 u AT, CYPEE&MEL ., 72, WFRETEM LD TRWZ E 3 60T -
Teo O EZMEBEDEIT OWNTIT, WP E O R ZEET 572 DIHEM T VT v
A R EOFEMEMEEZER L, BIWITZnICxS L THERELELIEZ LW
9 ”Plant-Animal warfare” & V™ 5 (R 23 $2ME & 41TV % (Gonzalez and Nebert, 1990), ¥
CYP VEMEIZDOWT, Fossi et al. (1995)I3AE 08, Bl EA2BRNDMEEM ORI & 7L
KU mARFy FMEEIZOWTHERAOND Z L AMELTEY, ZOEHE T 5
eSS T,

AEBESNTZ@Y | BEFE T EZEBR LW L12 X5 CYP #FED5 & Lk |
DARFNEEL WD WE N D, RO EITKRTT 2 BAGHESEF RN E ETH
LAHEMEA B D, CYP (2K DAREIDNE T A AL E D IRNRE M A EL 7220, b
FEEMKTH I AT @b 5 BRICR D, Sk, BEFIZOW TS HIZFEEM 72 M
ABNETH D,

445  B¥EVKOR IZ2WT

AR, WFLEEO VKOR &1L VKORCL 721 T72 < . AEB /' ThHD VKORCILL b %5
LCTW5Z ENHELIZE 7= (Hammed et al., 2013), =7 ~ U THIAEEIZ VKORCL &
VKORCIL1 Dilj Jf DAL 3FE L TH Y . 4la] Eadie-Hofstee plot LV, =7 ~ U O
7 a Y — A2} 5 VKOR IEPED Biphasic TH 5 Z ERERTETWH I &N, =TV b
U TIXZ NS O GTBNIEEICE S LTV D b o & & % Hi7-(Data not shown),

7w hEBHEOMEI 7 0 —ATHO VKOR i&FMiX, 7 v b THbmEL<, =V Y, &
Fa U&7z, Willetal. (1992)i1%, =V hU & Z v hTHHO VK, VKO BB % Lt
L, 7y FTIHIZEAENEIILEINT VK THDHIOIZK L, =V FY TIEE LI T
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720 VKO HRIFEEFEL CWD Z &R LT, AR LN & TO VKOR BEREZhHED
KSEINEAGHELTBY, =T N X FavTOEX IV K UHA 7 AEROFLEIN
Ao, ZOZEnD, BEARTYH VKORIEMEMEL B4 2 v K U A 7 LR HNME
W EW D ATREMEA R S Tz,
FIZX 5 VKOR fRE#HTEMETIE, #F a3 UNT v b ERBEICHESNSLT VDI

KL, =V MY TEK AT avo 20 Fa<, EFITHESAUS W ERBH LIRS
o ZORERIZ=U R D WF MM & E AL TWAD K, o BFEETILT
v b ERIFREEIZ WF IZK L TREZ DO E W VKOR Z 8> TWW D RENFET D Z &8 50
27857,

b hT v M WF BLEEH O VKOR £ Tld, VKOR B4 LD WF & H
MIZTYA THDHZ EIREN TV S (Rostetal., 2009) , 41l VKORC1 & VKORCIL1 B8l o
TIA AL MIEY, =V MU T WF S —T 2V BOEBRN RO, TYV 2
STz, WA TITIFZE A ER LN WESIZN, Z OB WF HEHIEDFIKIZ 72 > T
LHbDEEZ BN, £To. VKORCILL BIZ 2OV T, < OEM)T TYV OB A £
STW5, 5%, ZOT 2 ) BEBNERIZ K ZEO THD0MNE ) DRFET 5 LERH
Lo Flo, FEEEIZ TYV B Ki 2@E0O50ThiVE, SBBEEHOY A7 TEARX L b k|
VKORC1 B{& 1 LD Z OBRSINEBEIZRHTEA D,

4.46. ALEHERBRZMEL invitro 7 v A R TOERETH

IEFWEDNA VA7 TR E LatE THEZ T2 LTk, MAEkid 22 & TEzto

BV, KWFEZ KB 20 ERH 5, 4E, VKOR O WF fHFEIZOWTIE, K 7 =
V= LEAWET vEA R TH DI WF EEZ O EZBRIETE D L0 B2 BT,

WF ARBHZRB LT H AT S 7 v Y — 22 W IEMRIEIC L v | SR BmNT X7,
SHIC, I 7 v Y —LFD CYP GRICHHEEN R L, CYP ZE&MEWITE, kL
LCORBELIRS D B2 N, 2 biE="7 bV 72 E o Galloanserae f THiss X4
TWVDHE LDsg &, SR CHBICHENRE SN TV LBUREZ+2ICHAT 2 b 02 -
7o F72. =T R TR, I 72 Y —LATRONAARH 2 — b HEtrh TR
ENTARHH DO RF — U RIEFICELSPUTWZ, 22 ED5, in vitro OfCHNENERIE D
5. invivo TOREH & ZDOFEERRIFICTHTE LD EEZ BN,

LLEE D CYPRAEMERENEIED RS ISR D 26 EICB LTk, 5—1C CYP K17
PERBNEMEDFEEIZOWTHF L, FEZ L DY X7 2SI TZX 2D EEZ B
7zo —H T, =U MU TTy MIHANTIHEFITENENEMEZ RO DT L, M 25
HIZZ7 v FLVENSTZ 26, WF I2OWT=U MY EAOPEIEDIE S R ST,
LB ClE WF 2 5T b P E A O PRI B 2 55 11 F RS (A BUS) . 25 1N FE SO (i
EIRIZED BT U AR—= MIZOWTEEMICAFFE S TV D2, BB TIE WFIZRSTEH 1
FHEO &35 I MBS ORFFE T & A L7 STy, SEIBIE S 7= F U O WF HE
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MO X1T WF UAOALFEEIC G U5 BEOFS TH L AREMEN H D, = OHEIEH A
MN=T K U Galloanserae fEIZ[EH Dt DA, Neoaves &5 7= BHEDOE 2O, Fi-.
WF DA OALEE T 6 AR R FLE- SRR OFEZEN H 5 D0, S%H LI T D0 ERN
H5,
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45. /NG

ARETIE, BEMCEZMEREANRKENE PHESND WF Z v, BEziEREER & LT
HHE72 VKOR & CYP (22T invitro TOREADM M & FAI 21T > 72, £ DGR, WF 125K
SZHEORN=T MY EEZERE O EBE SN IEEEOMEN, iR 7 n Y —2%H
WTHRHTE b0 ELEZ NS, 72, =7 R U TORNENREAZMRGEE L7 Z & T, invivo
T invitro & FEERORHBI S Z =V BREOND Z LR TE, invitro TOHETHRDH
ThHDH ENEMT LN,

CYPIZEDZWFHRHHZBAL T, =V MU & 77 1 DT 50 i MREHEME DR 27
B, TAULSERER T CYP (KIFMEAREHE MR D TR & AN TEE L, B MR E
R ELTEETHD Z L ERTHMRE L THEHETH S,

WFIZFR & 3 A E 2 D CYPARAEMERENE M & B M SFEM CREZENFE LTS 5.
L% S BT OALFWEITE LT CYP ARG MEIC FES U C BHARER] T OAHRE
JEZMEOFEEZ SN L TS ER B D, R SERE &AL P DWW TRETHRED
HAEZ TR LAV A EEREST D ETIE, BEREORKBERCRME, BRI &%
LR L CRBPEAZHET H 2 L0, M TO CYP 43 FHEICBET 2l (77 2/ BRfLAI0 & v
INTEEBLE, 7 BEECSI A SCIZ L7z in silico fEMTR £, FEECHIEIZ IS WAL
BONEREDTRPBEE S,

EBIC, =V MU Ty FOERNEREIRIC L0 | XA TIXEAA O BRI EE O3 X 23 5
bivie, AL FWEOPEINCB L CSJEFER, #FIC Galloanserae-Neoaves [ C OFE 72 4 fat 7
52 LR BERETOMTFYERZMEREZD LY BRIFRTHIC SRR 5 LB 2 b b,
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BRE m

5.1. ¥

BETIE, BAEICE DD BEO CYP1-3 7 7 2 U —EEFAMEREOICEE L, BE
FifH] COBISHIZRTEAZZ B 2N Lz, FBIETIZ, CYP3A X° CYP2C, CYP1A Lo 7z
HHECTEEL NIV 777 2 U —@EIa+122oV T Galloanserae & Neoaves Tl AU M ZAHIAE
B 2R L, B FERIZIEE A EHENRNZ &2/ R LT, £z, Galloanserae,
Neoaves % i>7= - T, S TIL CYP2AB X° CYP2AC &\ o 7= FLIH TA < WFFEAS ST
RN TRICONWTHEHEDBEFPRESN TSI LR LT, Ebic, =7 kUK
TO5rFHE5 mRNA BEHELE S, REOEMNH TIL CYP2C45 NHEELR /S FETH
D . CXRactivator T 2% PBIZ LV CYP2C23 a1 Ml< FFEINDH Z L &R LT,

F=FTII, CYP2C23 B FIZOWT, BHEMARAMMES 2 X O ICRATZEE D B
2 B EAESN OEFEITV, T OB E L BB EOF AL LN LTz, £ Ok
F. BECH A T LT Clddh 2208, =7 KU 72 £ D Galloanserae > CYP2C23 i&fn
TN HFED 95%LL % (56> D Neoaves flt & (3872 HE(LifE 2R CE 7o 2 L AR ST,
ZDZ LN, Galloanserae iz S ERONRER L L CatEllpfi s 45 2 L 024 M
SEMIDFF o7z,

BT T, WA SRR O—KIZe > T\ b 7 < U R Pl iRk E 2% B A WF %€
TLEW E LT, BEREM O FEEZ M OFEZEZ in vitro SR TREET 5 2 & IZHY A
A2, ZTOREFR, =7 b U O WFHIHEIEL, CYPIZ X2 @ W REEE & . WF OIEEER Th
% VKOR @ WF it & WO Wb SN2 b D Th o7z, Flo, EERICHEENZL <
WE SN AMEEFETIE WF RETRED RO TR S R & L CoRSMEZ D 5 ERICR -
TWAHZ ENHERI ST, AETIZ WF 2857 UM E LT, BEREM LW E R
PEDOFEFEIZDMRNY 5 5 THEMPRBEORE 0l E) REDZLEWOTEIELL, &6
(2. WF DX 512 CYP RAFMEREHNT L VIR MEDRRE ST DA EIC OV T, ATFlE S
7 a Y —hOIH%E N in vitro 7w A T H S OFE 22 A R FEM C & 5 ATREMEDS
RS,

52. D CYPKIFHERMINHRE L HE
521. =Y RrJIZONT
=7 b U T CYP ZEAMENAS, —J5 T CYP2CA5 22 ENERBLL TRV, bR
HEND LOFEBDFCRB I, 25 TRVHORIF LA LRBEZT 20 E VI KK
PO LR 2T, =T R U CYP2CA5 (RS DAEMATIZ 22 STV s FLE T
CYP2C % /37 BT —fRICHEEF v ©F 4 BNIRS | Bea M LFMEEZRHT 5 2 LT
Do, =V hUTH, CYPIA X 2D 7 EEBEMBIRE S5 73 TR~ CYP2C 73 - Fi73 &
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FHL TS 2 L CHRMNARRIRIBERSNTE LD LELLNG, 5#, ST
IG5 28y BRI, b LTI 3515 5 CYP2CAS D% 5 % 25 LB
B,

5.2.2. Neoaves fE(Z D>\ T

Neoaves i O B CHIREIC OV TIE, 2N ETIEE A EHENTON T Z 2o 7=, A
LTI, BEORERIZOW TR 7 7 Y —AH O CYP F &S WF UHTEEIZ OV TR
MEIToT, ZORE, WY TN ThLTOREGWEFEICLLDFHEEEZZITT0D
AREMENEETERWD, ATADE T v FEFRFRED CYP GELZ /TN H 5 DI
®L, Z< OBFEETIICYP Z&ILT v IV K o7-, ZO/RRIE, BETIE—MHICR
WREHRE MR N T & 2RI LTz,

WF RV TIE, TR TORIET 4-0H DN EERMHED /- TRBY, 2o h
O, HEZ iz THFEZR D FREDEMARZH > TW\D Z R asinic, —5 T, REE
PEIZITREZEDN R E < MEEFETIE CYP &4 720 OREHEEMEW 1T Tl CYPE&E
Ko iz, BREHEOIL I X, AR E L CoOFEWE IS BN D IR & 725728, CYP
IRIFPEREHEME DR WL E ANA U AT FRLE B ENDHXE Th D, Frlo, BHEIC
BOTITEENEICEX TEEEERREIVWLEDEEZOND D, SRITEEE R L
DOAEYIEFETFED BRI OV TN RSN RE LD LEE X LD,

SO, LB, RELEOHREA H =X L2k 2ABRE VN, A=
U YO WF RANENREZ 3R L7RE RO B CIIMIFLIR & iE > TRNEREE IR 23 & <
RHATZRLDFAET D T ENRBENT, TR WFR=U b VIZIREI N2 DD,
{EFHERFREIZ L O T HBEHORETH 2 D0, BEENPLETH D,

53. A®%ORE
KHFFEIC X0 B¥ED CYP @it v b &FDOMEZEICET BN AN SN, F

ML OALZEEIZ OV T HERRICEE TR O 7 Ve —F L LTHWD Z LR TE 5 AR
PEZR LT, (EFHEICE D BEA~OWELZH ST ETHEETHIZEZETH Y | I 7
Y —AhL&xHWzinvitro 7 v A R TORETHIEE A SEEICBWCITFEHATHL L E
bbb,

SEOCFYERE M L BADOBREET 5 LT, CYP 3% < Db wERHNCE S
T 5 EE L FWEIEZ R EER TH D, S HIZ, CYP OFEEIZ OV THRET 25 ETiE,
B2 EHALD ETRIKEIZ 2> TERERLHHORMEARR & REOEE 2 Z &
L nidZe b2, AEEE SN SEER L EZ 60D CYP P, =U MY TO
PR DR S 72 & BHE I EMEREZ M OWTE RS RMOFEE N L, 5% DS
IR L RENEEND,
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(BES
A. CYP 1-3 genes of chicken

Definition in Genbank (Chicken, Build 3.1)

Gallus_gallus_cytochrome_P450_1A4 (CYP1A4) _mRNA.
Gallus_gallus_cytochrome_P450_family_1_subfamily_A_polypeptide_1_(CYP1A1) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450 family 1 subfamily_B_polypeptide_1 (CYP1B1) mRNA.
PREDICTED: Gallus gallus cytochrome P450, family 1, subfamily B, polypeptide 1 (CYP1B1), mMRNA
Gallus_gallus_cytochrome_P450 2H1_(CYP2H1) mRNA._NM_001001616
Gallus_gallus_cytochrome_P450_family_2_subfamily C_polypeptide_18 (CYP2C18) mRNA.
Gallus_gallus_cytochrome_P-450 2C45 (CYP2C45) mRNA.
Gallus_gallus_cytochrome_P450_family_2_subfamily_D_polypeptide_6_(CYP2D6) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_2J2-like_(LOC424729) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_family_2_subfamily_J_polypeptide_2_(CYP2J2)_mRNA.
Gallus gallus mRNA for hypothetical protein clone 33b23
Gallus_gallus_cytochrome_P450_2J2-like_(LOC424677) mRNA.
Gallus_gallus_cytochrome_P450_2J2-like_(LOC424676) mRNA.

PREDICTED: Gallus gallus cytochrome P450 family 2 subfamily R polypeptide 1 (CYP2R1) mRNA
PREDICTED:_Gallus_gallus_cytochrome_P450_2U1-like_(LOC422528) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_family 2 subfamily_ W _polypeptide_1 (CYP2W1) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_family_2_subfamily_W_polypeptide_1_(CYP2W1)_mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_2J2-like_(LOC424944) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_2J2-like_(LOC770119) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_2J6-like_(LOC424943) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_2J6-like_(LOC429153) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_2J6-like_(LOC429152) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_2K1-like_(LOC422046) mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_family_2_subfamily_B_polypeptide_7_pseudogene_1_(CYP2B7P1)_mRNA.
PREDICTED:_Gallus_gallus_cytochrome_P450_family 2 subfamily_A_polypeptide_13 (CYP2A13) mRNA.
Gallus_gallus_cytochrome_P450_A_37_(CYP3A7)_mRNA._NM_001001751

PREDICTED:_ Gallus_gallus_cytochrome_P450 family 3 subfamily A_polypeptide_4 (CYP3A4)_mRNA.

Accession number Isoform Ensembl genome browser

NM_205147
NM_205146
XM_419515

XM_001233594.1

NM_001001616.1

NM_001001757
NM_001001752
NM_001195557
XM_422553
XM_422511
emb|AJ721037.1
XM_422510
XM_422509
XM_420996.3
XM_420491
XM_003642141
XM_414762
XM_422751
XM_001233444
XM_422750
XM_426708
XM_426707
XM_420052
XM_003641058
XM_425230

NM_001001751.1

XM_414782

1A4
1A5
1B1
1C1
2C23a
2C23b
2C45
2D49
2J19
2J20
221
2J22
2J23
2R1
2U1
2W1
2W2
2AB1
2AB2
2AB3
2AB4
2AB5
2AC1
2AC2
2ACT7
3A37
3A80

ENSGALT00000017750
ENSGAL00000017750

ENSGALP00000006227
ENSGALP00000006436
ENSGALP00000013465
ENSGALP00000013290
ENSGALP00000013284
ENSGALP00000013145
ENSGALP00000013083

ENSGALP00000006228
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B. CYP 1-3 genes of zebra finch

Definition in Genbank (Zebra finch, Build 1.1)
Taeniopygia_guttata_chromosome_10_reference_assembly_(based_on_Taeniopygia_guttata-3.2.4)_whole_genome_shotgun_sequence
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_1A5 (LOC100230890) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_1B1_(LOC100230258) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450 2H1 (LOC100224142) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P-450_2C45_(LOC100228872) _mRNA.

PREDICTED: Taeniopygia guttata similar to Cytochrome P450 2D14 (LOC100222415), partial MRNA
PREDICTED:_Taeniopygia_guttata_hypothetical_protein_LOC100224220 (LOC100224220) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450 2J2_(LOC100230439) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_2J2_(LOC100217987)_mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_2J2_(LOC100224206) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_family _2_subfamily_R_polypeptide_1 (LOC100229624) mRNA.
PREDICTED:_Taeniopygia_guttata_hypothetical_protein_LOC100229295 (LOC100229295) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_family_2_subfamily_W_polypeptide_1 (LOC100224214) mRNA.

PREDICTED:_Taeniopygia_guttata_hypothetical_protein_LOC100218227_(LOC100218227) mRNA.
PREDICTED:_Taeniopygia_guttata_hypothetical_protein_LOC100221075_ (LOC100221075) mRNA.
PREDICTED:_Taeniopygia_guttata_hypothetical_protein_LOC100224002_(LOC100224002)_mRNA.
PREDICTED:_Taeniopygia_guttata_hypothetical_protein_LOC100226896_(LOC100226896) mRNA.
PREDICTED:_Taeniopygia_guttata_hypothetical_protein_LOC100224630_(LOC100224630) mRNA.
PREDICTED:_Taeniopygia_guttata_hypothetical protein_LOC100221290 (LOC100221290) mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_family_2_subfamily_C_polypeptide_8 (LOC100219254) mRNA._
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450_A_37_(LOC100226034) _mRNA.
PREDICTED:_Taeniopygia_guttata_similar_to_cytochrome_P450 3A80 (LOC100223162) mRNA.

NC_011474
XM_002195752
XM_002191289
XM_002198192
XM_002197658

XM_002192485.1

XM_002198481
XM_002187970
XM_002190498
XM_002194707
XM_002197639
XM_002194701
XM_002191305

XM_002191599
XM_002191565
XM_002191540
XM_002191509
XM_002189914
XM_002191338
XM_002195283
XM_002190672
XM_002190700

1A4
1AS5
1B1
2C23
2C45
2D49
2J40
2J19aP
2J19%
2J19cP
2R1
2U1
2W1
2AB1
2AB2
2AB3
2AB4
2AB5
2AC2
2ACT7
2AF1
3A37
3A80

Accession number Isoform Ensembl genome browser

ENSTGUP00000010335

ENSTGUG00000005088
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C. CYP 1-3 genes of turkey

Definition in Genbank (Turkey, Build 1.1)
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_1A4-like_(LOC100542486) mRNA.

PREDICTED:_Meleagris_gallopavo_cytochrome_P450_family_1_subfamily_A_polypeptide_5 (CYP1A5)_mRNA.

PREDICTED:_Meleagris_gallopavo_cytochrome_P450_1B1-like_(LOC100542888) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2H2-like_(LOC100545683) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2C29-like_(LOC100544448) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2D3-like_(LOC100548322) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2J2-like_transcript_variant_1 (LOC100547794) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2J2-like_transcript_variant_2_(LOC100547794) _mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2J2-like_(LOC100549121) mRNA.
PREDICTED:_Meleagris_gallopavo_vitamin_D_25-hydroxylase-like_(LOC100547524) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2U1-like_(LOC100543147)_mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450 2W1-like_(LOC100546874) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2W1-like_(LOC100547030) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2J2-like_(LOC100541927) _mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2J2-like_(LOC100541770) mRNA.

PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2J6-like_(LOC100541617) _mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2J2-like_(LOC100541465) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2K1-like_(LOC100548279) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450 2K1-like_(LOC100548433) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_2K1-like_(LOC100546724) mRNA.
PREDICTED:_Meleagris_gallopavo_cytochrome_P450_3A37_(CYP3A37)_mRNA.

PREDICTED:_Meleagris_gallopavo_cytochrome P450 3A80 (CYP3A80) mRNA.

XM_003209325
XM_003209324
XM_003203963
XM_003207992
XM_003207984
XM_003202322
XM_003208883
XM_003208884
XM_003208892
XM_003206243
XM_003205492
XM_003210555
XM_003210556
XM_003209165
XM_003209164

XM_003209163
XM_003209162
XM_003204643
XM_003204644
XM_003210554
XM_003210582
XM_003210584

1A4
1AS5
1B1
2C23
2C45
2D49
2J20v1
2J20v2
2J19
2R1
2U1
2W1
2W2
2AB1
2AB2
2AB3
2AB4
2AB5
2AC1
2AC2
2ACT7
3A37
3A80

Accession number Isoform Ensembl genome browser

ENSMGATO00000009610
ENSMGATO00000009605
ENSMGAT00000020369
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D. CYP 1-3 genes of human

Definition in Genbank (Human, Build 37.3)

Homo_sapiens_cytochrome_P450 family_1_subfamily_A_polypeptide_1 (CYP1A1) mRNA
Homo_sapiens_cytochrome_P450_family_1_subfamily_A_polypeptide_2_(CYP1A2) mRNA
Homo_sapiens_cytochrome_P450 family_1 subfamily_B_polypeptide_1 (CYP1B1) mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_A_polypeptide_13_(CYP2A13)_mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_A_polypeptide_6_(CYP2A6) mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_A_polypeptide_7_(CYP2A7)_transcript_variant_1_mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily _B_polypeptide_6_(CYP2B6) mRNA
Homo_sapiens_cytochrome_P450 family 2 subfamily _C_polypeptide_8 (CYP2C8) transcript_variant 1 mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_C_polypeptide_9 (CYP2C9)_mRNA
Homo_sapiens_cytochrome_P450_family_2_subfamily_C_polypeptide_18 (CYP2C18) transcript_variant_1 mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily _C_polypeptide_19 (CYP2C19) mRNA
Homo_sapiens_cytochrome_P450 family 2 subfamily_D_polypeptide_ 6 (CYP2D6)_transcript_variant_ 1 mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_E_polypeptide_1 (CYP2E1) mRNA
Homo_sapiens_cytochrome_P450_family_2_subfamily_F_polypeptide_1 (CYP2F1) _mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_J_polypeptide_2 (CYP2J2) mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_R_polypeptide_1 (CYP2R1)_mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_S_polypeptide_1_(CYP2S1)_mRNA
Homo_sapiens_cytochrome_P450 family_2_subfamily_U_polypeptide_1 (CYP2U1)_mRNA
Homo_sapiens_cytochrome_P450 family 2 subfamily W _polypeptide_1 (CYP2W1) mRNA
Homo_sapiens_cytochrome_P450 family 3 subfamily_A_polypeptide_4 (CYP3A4) mRNA_complete_cds
Homo_sapiens_cytochrome_P450 family 3 subfamily A _polypeptide 43 (CYP3A43)_transcript variant_ 1 mRNA
Homo_sapiens_cytochrome_P450 family_3_subfamily_A_polypeptide_5 (CYP3ADL)_transcript_variant_1 mRNA
Homo_sapiens_cytochrome_P450 family 3 subfamily A polypeptide 7 (CYP3A7) mRNA

Accession number

NM_000499
NM_000761
NM_000104
NM_000766
NM_000762
NM_000764
NM_000767
NM_000770
NM_000771
NM_000772
NM_000769
NM_000106
NM_000773
NM_000774
NM_000775
NM_024514
NM_030622
NM_183075
NM_017781
DQ924960
NM_022820
NM_000777
NM_000765

Isoform
1A1
1A2
1B1

2A13
2A6
2A7
2B6
2C8
2C9
2C18
2C19
2D6
2E1
2F1
2J2
2R1
2S1
2U1
2wW1
3A4
3A43
3A5
3A7
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E. Bootstrap majority-rule consensus tree by maximum likelihood method of CYP2 genes.

The evolutionary history was inferred using the Maximum Parsimony method. The bootstrap
consensus tree inferred from 100 replicates is taken to represent the evolutionary history of the taxa
analyzed. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are
collapsed. The analysis involved 72 amino acid sequences. There were a total of 441 positions in the

final dataset. Evolutionary analyses were conducted in MEGAS.
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