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Twdeon vilmAnmsiandayniluiign annsAnunouvthinuin weules] CYP2A6 Sarumannnane
yafugnsTudsdssaiewgAnssumsguuvd negguynaninmsihauveseulsl CYP2A6 Heuazdes
aaneilafutuazgquynitosas uansliiiuinaudAveseulusl CYP2A6 oraifenfuasdinisdon
aaeilafiu Mewmilunsinveddidnvimuanifveseulssd CYP2A6 fifianumannvansmg
fiugnssu lnsidendnuraindadadnuluvszainsineliun wild-type CYP2A6, CYP2AG*S,
CYP2A6*7, CYP2A6*8 way CYP2A6*10 %Qiﬂﬂ’]i‘ﬂﬂa?Nblﬂ‘l/l’]ﬂ’ﬁﬂa’]EJWUﬁEJu Wlld -type CYP2A6
Tlfdusadaiiaulafinu thuuanseanlussuuuuedite shuiavioules sufwmataiansau
n15vueseuleyl eudu CYP2A6*1 (Ky 1.54 + 0.49 UM WaE Vi 1.02 + 0.06 uM. s™) wa
ATSANWINUIT Laulszjﬁﬁﬁwmiﬂawﬁuﬁ:nﬂﬁa Tawn CYP2A6*5, CYP2A6*7, CYP2A6*8 W@y
CYP2A6*10 ﬁﬂiza‘w‘ﬁmwmiv‘hmu%mﬂ%ﬂﬁamm Tng CYP2A6*5 finsiasuutasen Km gefian
(13.24 + 351 uM) Tuve Nl CYP2A6¥10 n158AAIUDIAT Vinax mm’?iam (0.14 + 0.02 pM. )
uennigmuinmnaeiusues CYP2A6 aammamaﬂavammwmsmaummamiauEN CYP2A6
UMIFIU (8-MOP) Iaey CYP2A6*5 fnsuiuturesen ICs qwq@ (3.24 + 0.51 pM) WewSeuiieudy
CYP2A6*1 (0.20 + 0.09 M)



Abstract

Project Title Effect of polymorphic CYP2A6 enzyme variants on inhibitory activity of plant

constituents from Rhinacanthus nasutus and Venonia cinerea

Investigators
Songklod Sarapusit, Ph.D, Department of Biochemistry, Faculty of Science, Burapha University
Pornpimol Rongnoparut, Ph.D, Department of Biochemistry, Faculty of Science, Mahidol University

Ekaruth Srisook, Ph.D, Department of Chemistry, Faculty of Science, Burapha University

Cytochrome P450 2A6 (CYP2A6) is an important enzyme responsible for nicotine
clearance and tobacco addiction. Metabolism of nicotine, however, could reduce blood
nicotine levels and subsequently leads to continue smoking to maintain blood nicotine level.
Previous studies have been shown that the CYP2A6 polymorphisms associated with smoking
behavior. Smokers with less CYP2A6 enzymes activity showed low nicotine clearance rate and
resulted in smoke fewer cigarettes per day. Thus, enzymatic properties of allelic variants of
CYP2A6 enzyme could affects nicotine metabolism. Therefore, this study aims to investigate
the properties of allelic variants of CYP2A6 enzyme that had been found in Thai population,
including CYP2A6*1 (wild-type), CYP2A6%*5, CYP2A6*7, CYP2A6*8 and CYP2A6*10. Upon
site-direct mutagenesis, all mutated CYP2A6 enzymes were construct and subsequently
expressed, purified and the coumarin 7-hydroxylation assay was performed. The results
showed that CYP2A6*5, CYP2A6*7, CYP2A6*8 and CYP2A6*10 exhibited low enzymatic
efficiency comparing with CYP2A6*1 enzyme (Ky, 1.54 + 0.49 uM and Vipax 1.02 + 0.06 uM. )
The mutation in CYP2A6*5 enzyme caused lowest substrate binding affinity (K, 13.24 + 3.51
M) while mutation in CYP2A6*10 enzyme results in lowest catalytic efficiency (Viax 0.14 +
0.02 uM. s ™). Subsequently, these mutations effect the inhibitory activity of standard CYP2A6
inhibitor, 8-MOP, especically the CYP2A6*5 enzyme with an ICsq value of 3.24 + 0.51 uM (0.20
+ 0.09 uM for CYP2A6*1).
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Tuligtulszansialansufsussnsing SunliufiestisuandedinanlsaEesadg
i Ay Tsaueise lsamduladings lsalauazvasnidentazlsasaqduilownainnis
guyrainnty dadudgmissniiensidsunsutluwasdostunsedoadoalddglunsdnumgs
Tagansilafu (Nicotine) Mifludinusznoundnvesyn’i senquiiiszuuuszamarunatsiinayils]
quurETngRnssuRnnsguyns (andaynd) ildsaneldfuasiviasdmalfianlsnmeg il
derirgireniedladudinlvgjazgndesaaeseioulusi cYp2as Tudulsiluarsusznouladity
(cotinine) flaggneasaassoluiaugnidneanainumenmatiaans uenainiinisdesaasdlafu
Tneiaulusl CYP2A6 annsaifinndndamidrafedldifuansnousis nitrosamine uulvisidsuals
Anlsauzideld annsfnwinuinluauiiidsadaves ap2as fintsvieuvedeulsd CYP2A6 anas
wszinnmadsuulasduiueulss CYP2A6 ansunufinnesily wiensiwdsuuuaindudiu
vsonsvamelesdu axfinsdesaaeilafiutesas  dwalianusunumsguyns awnsavegn
nsguyvildietunazansanailsausnison dmunsannsinnuresoulesl CYP2A6 Fedh
fudsumz  avdmaliinisdesaneilafutiosas fnwisedudlafulunszsuaienliliasegly
nssuadenuIuiy dwaliguynianas fadumsanlenaiisumeasldduiaiuansusenouuiiv
serlusngy  Fvasmaieseiandstutuismeluidauyiasyeaalnddeld

nnuansAnydesiuresnguiideiimdsdnuansoanguinniivayulnslnelunisengys
Fudanrsineuvssoulesd CvP2A6 desanisiilafulufuvssuyuslunasannass (n vitro
reconstitution system) wudnansafaainfivayulnsuarewineengnitudsnisieuvasoulsd
CYP2A6 910 cyp2a6 daaaund (cyp2a6*1) Tunasanaassla LLﬁ%lﬁﬁ’liﬁ’]ﬁ@,ﬁaaﬂQW§gU§G%7ﬂ
aagulwwaaﬁu%’qLLazmﬁmaﬂﬁunﬁﬁﬂmiﬁﬂm i'gmﬁamwﬂalﬂiumaﬁungwaqaﬁﬁﬁﬁymdﬁfﬂu
n1sfudanisviiauveneulesl cyp2aceedlsfnnuilesiieduy cp2as fnnunainvateni
ftugnssuuazdsmaseilulndlunisianfnymdiuandietu udnisdnudiusnngatiuluiinisiuds
woulesl CYP2A6 Indadauniviniu fewniiifedajmisiAnvgnilunsdudnisinuees
wulesl CYP2A6 TiinTuandu qp2as Sadamieneiisnsauimuluaulnsvesaisdfyan
NI U Az N 1A DNV lneyIdeainn1snaneiusiu cyp2a6 dadaunilunasnanaasslile
Husadarmaqfireissnuimulutssnnsine andurinniswanseenuasyiuiquiioules CYP2A6
INTAAAR s'imﬁ’uv?m'%qw%waaﬁmnmmaaﬁu%ﬁLLawajmaﬂmnﬁaaﬂqwéé’u§QCYP2A6 IGE
Anwinalnnissudinisyauveseulesl CYP2as Sadarsnlunasannass ieidunsiudy
Uizﬁw%ma’l,umiﬂwmiﬁﬁzgmﬂﬁwaqﬁu%’qLLasmﬂmaﬂmaﬁﬁqw%’UE“j’quwmmﬁuauaulsaﬁ
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1.2 Tnguszasavaiaseniside (ludusn)
v A v a ad [ a aa Y & v a ! a
1. NaeWusiu cyp2a6 dadaunineglunarainfduielunasanaass Wiludadasiiegi
wellsenululsenalne
2. uandeonuazinusansieuleyl CYP2A6 andadasiee wasfnwantfioulesl CYP2A6
UDIDAAAAN U
3. husansansdfyannnasiutanignsdudinisvitauvaeulas CYP2A6

1.3 HUNRAFIUVIINITNARDS
ansdfyanayulnsesngradudaeuled CYP2A6 ndadasineiuimieyssdnsaimiisiaiu

1.4 Yszlerunianadnazlasuainnisaass
1. letoulwal CYP2A6 dadansgiitnesisauimululszimalng
2. nvauURnsynnuveseuled CYP2A6 dadansgitresenuimmululssmnelne
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2.1 vouiituguiiieates

wulws] Cytochrome PA50 (CYPs %30 Pa50s) Wunguoulesifivimihiiddalunszuiunis
mMaumvedfuvesansiaiiioansiifleglusneniewty sesluuuagnsaluiiusine wavarsiisrenislddy
1nnBusnity suazdauidsuluduindeusien iosarneulesd Pasos nuifusiuauuinly
fameuarludai@iavarnuaneyia fadueulsd Paso Jagnuengesuaziueandunguamudiu
AuAd1eadwesditunsneziluveBuiue Imaﬁuﬁagiumzqa (Family) tAgaAufosdA21u
AReATIvaInIReEilunINnIFeray 40 uavdulunsenatey (Subfamily) Wedfiusesdanruaaignis
furesnsmogiiluninninfesay 55 weiliilosan Pasos luildgndnduunaunguussatsisiuiivi
UfATewteriavesufjiseniintu  Fefuoules Pasos lunseauarasegadesifeatuniaise
Uiz ATmauansavietanumiteusuflduagioulus Pas0s nilaeulwiSianunsaviiufizertu
asiaduldunnnin 1 #18néne (Bernhardt R, 2006; Mansuy D, 1998; Nelson et al, 1996; Ortiz,
2005)

FlOH Fe3* HH®
e N

3+ 5 8
Fe®* ROH | Fe®* RH NADF’H-F’A‘.SOreducIase’Ed

. 1e
/ . H 0 or H'OOH \ — NADPH-P450 reductase®™

FeOH®* R-

@ Fe? RH
Fe-:}3+ aH~" /
\ e *©

Fe"-OOH\ Fe*-O; RH

RH —

‘HJ'\ 24 0,
Fe®*-0,” RH

&)

1€ ™ NADPH-P450 reductase™

NADPH-P450 reductase®*

Mwi 2-1 UAseveeulel P450s Ineutseanidudunaunisnssiuliianavetoandiau (Tuneud
1-6) N15LAnUAT90NTATY (TunouN 7 wag 8) wazni1sUdeendniue (Tunauil 9) N1
Guengerich FG, 2001



TunainufAsenveaoulesd Pas0s Su (nmil 2-1) teulwsl Pas0s awdasldsudidnnseud
dawuanan ol NADPH-cytochrome P450 reductase (CPR) Tnefididnnsausiausnazsmgiman
(Fe** 1Hu Fe?") Milludruusenouniweaeulesl P4s0s wisliewlysl P450s anunsaduiveendiay
1§ dauddidnnseudiiasaznszduliiinnisudsuutadduluanaveseondiaulianiy
arsusznauleseulansenda (iron-hydroxy complex) LLazLi'qmsl,ﬁmﬂﬁﬁ‘%m&ialﬂimEJLaulﬁziﬁﬁy’aam
3g911971u392u 1 uly Endoplasmic reticulum va stgaatun15is9U§ATE 1A% U Squalene
monooxygenase, Heme oxygenase LLazT,mJLawwa&hﬁuaui%ﬂumjm Cytochrome P450 17{
Ao unszulIun1suunuaddufid1dy 199 (Bernhardt R, 2006; Emre M et al, 2007;
Guengerich FG, 2001; Ortiz, 2005) imﬁqﬁ’a%’uﬁlﬁﬂmsaugumﬂiu cytochrome c Wag ferricyanide
AT UNY

wuleyl PR 1Jutoulesififidruduiuiderumamusunazusznoudieluianaves FAD uay
FMN siwthildulaeulesidielunsvudididnaseu Tnedidnnseuazgnuudsatn NADPH suluiana
483 FAD uaz FMN s sudidnnseudsiinaludewy iewe wuled cPR Wuoulesdfivh
wihiidaylunsyanuveseules Pasos fiflauddyegiunnsentsmsidisvesdd®in fadus
I@iinsAnweules CPR TudsiTinvansvdaiy CPR vesmy, nylaziuasiy 981903199319 (Shen
et al, 1989; Dohr et al., 2001; Murataliev et al, 1999) lagainn1sAnwilasasisauiifives CPR
lunynudin CPR Usgnouniy 4 laluu A9 NHy-terminal, FMN-binding domain, FAD-binding
domain, kagNADPH-binding domain (Wang et al., 1997) lagdau FMN domain agianaanunlu
iuaudn luveusdidin FAD-binding domain wag NADPH-binding domain wagTIUMU (AW 2-2)

NADPH-binding domain

FAD-binding domain

FMN-binding domain

AT 2-2 LUUSIaeIves Cytochrome P450s (418) ey P450s Oxoidoreductase (U37) Fageu



fuaglu Endoplasmic reticulum

2.2 yideiieados

Tsnszuumaiumelaannsguyss nelamylsauzifeenuazlsagsauvanltmes daidu
Haymdrdlunaneyssmaidlansiudsemelve  nnsaianisaivesesdnseuntelan (WHO)
Aadtul wa. 2573 AwifideTinaiglsnnind1ide 8 aruau (WHO, 2008) dmsuuseinalnglul
2549 fimsuszanumyilsassuumaiumelannnsinyvidviliifansgydenaasugiofa 9.86
&uum (Bundhamcharoen,2012) @1gnannuan1sd1saalud w.e. 2554 wuinfiaulneguyms
1171 11 Sunundownnndt 21 % vesUssrnsielsema  Taefianynidiulngjogluievau
Tnefidnnisguyndifistulunduensuy naudlireSounddouasorduaguanunmauia s
figurlussduiiunasiily Tasfidandinandnafindusgdaiiosduideananmnivaes
§3AagURTunedelawan MsUulgesUdnualaeusnvesiiuroussquaznisusuanlignas
sufsmsguengulugluuudugau snduiinagnlunguiiiseldtes uasuisglumyiosunasie
yhandasemglufosududs  9nnsAnwmuiiiidies 1.77 Susuviduiinouasweneudnyu’
wilidusalasfidadoveantsidnynilddeunduuguande 1144 Wou lnsanmmianainnis
manin/quiden/Inssdne fedesay 38.61 wasnszananaTondosay 27.42 uazwuidausidnyms
luwdds 20 URansonduanguynilddn uandidiuinnisanfayrifiemisadedenalifosando
yminazanunsadnmsianynilaonn (afusinazamy 2551; A32950 wazAMy 2552; 2554; 2555)

NNsANBIMUIIYMIUsENaUlUMeasUTENBUAINUINUIENdT 4,000 vl lagfisinndd
a g a ' 2 = A a P v 1% v
40 yiaduarsiivuararsneusieadliafianisindvunaglasunsgadlvluden  delulse
a ! < 1 = « a 1Y 4:1' ya
madumglaiy lsauziSwenuarlsageaudanldanes Judulsamnuinnlungugauyvsuazyinade
- S Ao @ oA A - o = 9 P D
wenninguiavynsdadunduisanaziionnisvedsailaviaiden lsailane waglsafeades
1 aa va a 1 ' A a X = a a A &
11499 (A313500 wagAme 2555) lagguinisnisiialsadiepuailiintuiiesainiiladuiniy
a1susznaunantuyminiinavinli sladustuseziiuaiudulaiin (Benowitz, 2008) uonni
Tlafudadinaliianiinnisguynslaelueeng nsnseauseuunNIsnoUALDWaAUNEUA H1uN15IUiY
Y v aT a A a ] o § ¥ a o = =
ifuiilafunusndatgyssamvesauesdiu VIA illiianisvdsansdeuszamlauidueenin
nndu - dwaviligguyniianuidnarlaauiglanazanainunlensiieg  dauynsdeguyvsiiions
seaviiladulunsruaidenuazluanasliifnanuidndanugudely dwalvdavynsuazynna
Indifelasuansiivenag Tuynsluaae (Hukkanen et al, 2005) v19HUseu0s 80-90% voslllafud
W1gseMERIUINSeeTuTLlaaAavaInUIN seuumaaumeglalagssuunIiuems  asgn

govaanglaenalnnanmeieulul CYP2A6 Tusuiiaduansuszneu nicotine A™- iminium #swazgn
wWaswdulaidulneioulesl aldehyde oxidase (Hukkanen et al, 2005) wdaanntiulafiduiiindy
az1inU AT hydroxylation latduansuszneusee vy trans-3’-hydroxycotinine, 5’-

hydroxycotinine waz nornicotine (N7 1) Fagavinevialafidunazaisusenaunlainlaitdusieg



H H
H,
O}O 4 (\:ﬁ(_) (‘D}Qo [‘j’{:)“o
CH, A “eHy CH, CHy

.N

A GIN“""“;Q Nicotine Ni-oxide munm Gﬁ:znm
“0L, Isormihonnum lon Meéthonium lon 0.8,
OH
o e g
(j/ Ny — b "1 N
N N G N CHy CNa o CH;

3-Pyridylacetic NICOTINE Nicotina-a ' / COTININE -0 .
A Iminium Ign Cotining N-oxide

! NG 0;& \
[+]
' HO, :'"20" \ My g1
HO, H,
oy e \(P Q’D - ”::m“,.x“" (j’& v
N N CHy H N CHy N CHy

a-(s-mmmm;c icotir E-Hydroxycotinine Trans-3-

(;j:ﬁ Hyuluxyuolinine

£Hy

4- :Mmmlamno] 1- tOm-d (&wnﬁrl‘ 4-Oxo-4-(3-pyridyl)- Trans 3 -Hydroxycotinine
{3-pyricyl)-1 N-methylbutanamice Glucuronide
Ly Of T (‘z’“ =
4-(3-Pyridyl)-3- 4-Hydroxy-4-(3-pyridyl}- 4-Ono-4-(3-pyridyl)-
butenoic Acid butanoic aci butangic ackd

Oy o™

N
5+{3-Pyridyl)-teiahydro-
furan-2-ong

wgniANNYUINIa (glucoronation) wazdusennialaate (Benowitz, 2008; Flammang et al,
1992)

A 2-1 nalnlunnsidadlafiu (Hukkanen et al, 2005)

lupunudndioulay P450 f9 18 nquuay 43 nguegos (http//dmelson.
utren.edu/Cytochrome P450.html) Tnenaulesi CYP2A6 lusufiaunsadesaasdlafuldfsan
AuaansalunsSURUaSH IR (K Giaﬁiﬂauﬁﬁmazé’m'lmit,i'wﬁﬁ%a’l (Vinax) ﬁqa (Patten et
al, 1996)  CYP2A13 finuluszuumaiumela CYP2B6 finuluauess S1ldEnuasln CYP2D6 finy
Tuaweuay CYP2E1 finvlulanuazaues anyenudasagesgateiilaiuluay (Hukkanen et al,
2002; Miksys et al, 2002; Su et al, 2000) ogslsAauunumvsseuled CYP2A13 Tussuumadiu
yelasionisgesaanedladudslidaau mszluflanyvaninsiuves CYP2A13 ey Sanil
lonmaiauzisslussuumaiunielags Uiang et al, 2004)  dwsuteulasl CYP2B6 way CYP2D6
Lilgdueulesindnlunisdesaarsdlafiu nsizauiiiinisvinuseseulsddestios (poor
metabolizer, PM) Wag@unn (extensive metabolizer, EM) d8nsinisaanafiladunaslafiulinieiuy

(Benowitz et al, 1996) Tuwmzoulesl CYP2EL WAgavaanun1shasuLaanasaasu1nnindlafy
Y @ 1 1 a a Y I3 I3 [ 1

WaARIALILIY NsPpsaatevasilanufsulaatouled CYP2A6 LWunsyuIunsuanuees1en1elunig

Mdndlafuwaznisnsgiunmsauyns Sdwaieaiuiunmaielsaussainelussuumadumelaly



v

Hauuns  uenwdisluannanuaiunsatunisdesaansillafiuudy wuled CYP2A6 degnuudinananse
gosaalvaIsusznoudugld wuars coumarin T undnsiuel 7-hydroxycoumarin (UfA3e1
coumarin-7-hydroxylase) Nflgstirunlddudnsiaaeunsinanuveaeuled CYP2A6 lunasnnnass

(Miles et al, 1990)



INNSANLUUTENINTNUIBY cyp2a6 TANUNANNAENIIRUENSTY (polymorphism) 4
38 Sadafiunnanat (http//www.immokise/cypalleles uay Koudsi et al, 2009) Fsiivesadanviem
AaundvieliaunsadesilafulfuasfiannsadesdlauldfiAuly (Kamataki et al, 2005) lagi
aumannvanglunsyiheeseuled CYP2A6 dwmasenstasaaeilafuuasiiunumiiddglunis
fvuangAnTINNTEUYNI Wl guyringesameilafutesazguyvidetulesnitnuildesaans
flafuldfuagdamdsdunsiandailafutdos  lunansadudugguyniainiafsduiudy
cyp2a6 vreiimsgesamedladuldfnnaziinsguyvdinnniaudniuazilonadifusziaiesan
ﬂ’]igqu%‘mr}ﬂ’jﬁﬂﬂa (Schoedel et al, 2004; Sellers et al 2000; Tyndale & Sellers 2002) ﬁ
thaulafuenanndelufguyvidninisunemeluvestu op2as  siidnmdsdunsduuzifaen

TaeuIn asmlsﬁm:ulajﬁmmé’uﬁuﬂuﬂiaﬁi{lajquuﬁ (Kamatiki et al, 2005; Miyamoto et al,
1999)

fadansouvadunguldded 1) nduaudiidadaves op2as Unduinnitaesyn
(cyp2a6*1X2A w30 cyp2a6*1X2B) fifin1svinsuveseulesl CYP2A6 #nd1 Unfiuan (Ultrarapid
Metabolizer; UM) 2) ﬂfjmuﬁﬁé’aﬁamm cyp2a6 Unfiaesyn (cyp2a6*1A/*1A 38 cyp2a6*1A/*1B
W8 cyp2a6*1B/*1B) Tiinsvhauweneulasl CYP2A6 Uni (Extensive Metabolizer; EM) Gemuluiis
aaamdmﬁwudwazﬂaaaawaﬁiﬂauléjﬁaLLazqqu§u1ﬂﬂdﬁﬂuUﬂa 3) Auiilidadaves cyp2a6 Undndla
yauazdadaduq Adn15vinaruvesioulesl CYP2A6 anasnilsyn (p2a6*1A/*AC w3e
cyp2a6*1B/*4C B30 cyp2a6*1A/*T 39 cypla6*1A/*8 N30 cyp2a6*1A/*9 %38 cyp2a6*1A/*10
w38 oyp2a6*1B/*T W38 cyp2a6*1B/*8 w38 cyp2a6*1B/*9 w3e cyp2a6*1B/*10) Feazdinsvineu
vaaoulasl CYP2A6 fiouninund (intermediate Metabolizer; IM) wag 4) nguaufifinguauiisad
av04 cyp2a6 Bue Afinsieuveneules CYP2A6 amaqaaﬂﬁqw%wﬁaﬁqmiwﬁ’uﬁaﬁa cyp2a6*aC
fiBuv09 cyp2a6 MU (cyp2a6*7/%9 Wi cyp2a6*7/*10 N30 cyp2a6*9/*10 3o cyp2a6*ac/*9)
videilsada cyp2a6*aC Mduves cyp2a6 meluansun (cyp2a6*aC/*aC) lsinsvinuvoseules]
CYP2A6 G?Wﬂ’j’lﬂﬂammw%hiﬁmﬂ (Poor Metabolizer; PM) (Di et al ., 2009; Lynch & Price., 2007)
Tnsaungu PM dnuinagdesameilafuih fnsnisguynivetu anudeddunisandnilefuuas
nsdunziedentonindguyvanaly swdadnguyvidlainenindguundaiinisihaues toules
CYP2A6 Un@nsenninund (Miyamoto et al., 1999; Tyndale & Sellers., 2001, 2002)

31NNITANIAIIUNAINNANENINUGNTTUV0IBUCYP2A6 TudssinalnanuinyUssimalned
Uszwnsiifinnsvieuveseules CYP2A6 Und (EM) fosnitund (M) uagdindnunduin (PM) $oe
ar 45.4 Yeway 47.9 uavdewar 6.7 Anud iy WeAnwiarudlunisnszanefvessadalungy
UsggnsnuinUszrnsinedaiudlunisnszatedivesdadauni (op2a6¥1A wag cyp2a6*1B)
sfuiefevay 69.3 warfiaudlunisnszanedives op2as*ac Mdunisuamellvesdu cyp2as
Wg9Saeay 9.3 Li/iﬁ‘ijju (Mahavorasirikul et al., 2009; Peamkrasatam et al., 2006) Iu%mz‘ﬁl%aas
21.4 # cyp2a6 Safedu wenanilfmuindauyvitesas 37.5 wiidadafiinsinuveseulys
CYP2A6 Uni (EM) LLazﬂuﬂdmﬁﬁlsguw%ia’j’umWﬂﬂdmzjmuﬁﬁﬂﬁv‘hmwmLaulenﬂ CYP2A6 Yoy


http://www.imm.ki.se/cypalleles

(M) wagsninund (PM) (Apinanet al., 2010; Mahavorasirikul et al., 2009) é’wmaﬁﬂizmﬂsmu
Tngjvestszansineduauiiinisvhauveneulss] CYP2A6 wuuund@ (EM) uagtosnitund (M) vin
Tguyndaulneiuunliuazaniayvdliiomnzszdviladuluidenanategiennia Jedesgu
yidiutuionsseduilafuludenly vlvdmaderoguamiedguyriuasdlndda  wiiiasdeios
ﬁmiﬁﬂmLﬁuLamﬁqmmLﬁ'm%’aqﬁawmmaammwa’mmmamw"v’uqmimaa cyp2a6 dananIe
fummannsolumsgesameilafuuaznginssunisiandayrslugguyniuaghiguymilulssme
Inesely winsannisguynilasmsdudanisinuveseulsl CYP2A6 ionsseduvasiladuly
Fon ihitesiudnmilanalniidfoyiinagtheannisguyvisludguunsle (sanan a1sn@n 2554)

iesshenmsiandnyvdandladududdisududoddiunssnvneslsruzisaondiinangu
yvindulsadunmeoussiinuisludguyviuaslndde lutligiulsdenfiduilafunauwny (NRT)
Y ﬁgﬂugmaqﬁiﬂaummw%‘wﬁmL??m Hladvraunuinafmisfiiiussansamgeanldsutunis
Urianginssuvesguynd etieliguyvdianannsguyniuinstitadeBdslalatuaanu
fouiiosananuldazainlunsly lﬁﬁﬂszﬁw%mwﬁiam%aLLasﬁwaSﬁNLﬁmmm (Sellers et al,
2003) Bnudadsldlunistrdnfenisidendiluannisinuvesiifuiladuluanesdazdmalian
o1 siawdnillafiuas 1wy srlungs bupropion HCL uag vareniclinedadug lunguitléiou (first-
line drug) Wage nortriptylinekas clonidine %ﬁLﬁUEJﬂUﬂEj@Jﬁ@lU (second-line drug) AR
méwﬁiﬁma%mﬁmﬁwﬂ%’m Tng bupropion HCWHAREINTsWRLliNdY Unu doduuazUin
A3z (Carrozzi et al, 2008) luvaiedi varenicline vhliAne1n1se3euuazlin (Gonzalez et al,
2006; Jorenhy et al, 2006) @uen second-line drug A ALANBINITIIUDU BOUNEY HUI AW
aulaiings a1ns vihila flodu (Carrozzi et al, 2008) uaziflesannioulesd CYP2AG mwmmmﬁm
‘Lumﬁaaaamauhmﬂum Faimuaaduiuslugifinnsunmevesdu CYP2A6 Fefuniséiud
nsviuTeseulyl CYP2A6 aNLﬂuaﬂwumﬁmuaaﬂiumimsmmmmmmawmqmlﬂ (Sellers et
al, 2003)

Tutligtuilansvaneifiannsodudansviaureseulss] CYP2A6 Tdiduats methoxsalen
(8-methoxypsoralen) ﬁLﬂum'ﬂumjm pyranocoumarin ﬁawmiaé’ué’j’jﬂmséaaamaﬁiﬂauuazé’uéﬁ
n1snsfunIsiausslunyls (Damaj et al, 2007; Miyazaki et al, 2005) dield cournarin uda
A5I9d0UNUTT 8-MOP finalnnisfudenisincuveeuled CYP2A6 Mauuuwtsfuiifunduld
(competitive inhibition) waznnsdudanalnnisgesaanswuy mechanism-based inhibition (MBI-&"9
fudagneesanslasioulesiuindnfasiviesnaiiietuduuiuiueulesd vlfeulsdvaunanin
Tun15%1914) (Siu and Tyndale, 2007; von Weymarn et al, 2005) waziilesannnalnnsdiuduuu
MBI i nsadeiustlmnauitusswinasdudstunsnesiiluudnaisactive site) ¥ildiAnnis
Fudsnsviauveseuleiednas (enzyme inactive) uazinlvdesinisadnoulsflvadusnunui
wulwifigaydenisienuly Fatuen tranylcypromine wazen tryptamine daiinalnnnsdiudanis
¥RV competitive inhibition 3eiUseansannsvhauiidesnit 8-MOP flesnuszavsaimlu
nstfudaoulesl CYP2A6 weeen tranylcypromine wazen tryptaminessanaiialdSuansaguia



coumarinuazflafudin  uenanimsanwndosduluauwuin 8-MOP anseanmstosaaediafiu
LATNUINAINTaanNIsIantlaRuaanaInseniela (Sellers et al, 2000, 2003a) Im@quwéﬁlﬁ%’u
8-MOP 138 tranylcypromine $aufun1sidsudladuasiimsiiuseiuvesilofulunszuadonuazan
nsguynias Tneifiusseznanoufiazguyviinusolulieuiutiu (Sellers et al, 2000) usilufign
9zNUI9a 8-MOP 138 tranylcypromine a'qmanszmusﬁhaLﬁawia;:ﬂ%’ﬁﬂﬁéfmisﬁ’umﬂ%’awsﬁ'&amﬁaﬁ
winamsAnweauaadliiuinansiidgssudaeuley crp2as lunstesaaneiinfuausaani
Iﬂnwawmawmuaaaﬂm (Sellerset al, 2003; Siu and Tyndale, 2007) FsladnsAnulngldaseens
FUATRA19TU (synthetic compounds) ietunldlunsudenmsvinuveeulesl CYP2A6 Wi
ans7illAseadns 3-heteroaromatic wae 3-aliphatic pyridine L‘Uuimqai’m‘mam/lwmflam'ﬁaaumﬂ’ﬁ
auveeulad CYP2A6 1hag19311m18131834 (Yano et al, 2006) #39a1s selegiline ﬁgﬂé’mswﬁ
Fuiilodudainsiauvesoulesl monoamine oxidase finuitausadudenisiauaeseule]
CYP2A6 lamae (Siu and Tyndale, 2008) waza1sd9tAs1E9% N1-(d-fluorophenyl) cyclopropane-1-
caboxamide Aia1u1508USInN15¥19uvoseulesl CYP2A6 #2819 ufu (Rahnasto et al, 2008)
wuderiunmsdnuilsaFesinne uuiliilunmsdnuvnisaninmsguydfniniasanessni
(natural products) ¥ldifieananuifufivuazradiufoatu n1sld menthol Faduansuranduly
9113 wavasluynIuaznuitannsafinaiedinvesansiafidulunssuadonlugianynigud s
(Ahijevych et al, 2002) tw31w menthol fgvilunistiudanisvauveseules crp2as laluszdu
ile (MacDougall et al, 2003)  wenaniundale (erapefruitiuice) fanunsadudenisvinsuves
wulesl CvP2a6 Tunisdosaatsans coumarinldiuisafuudlilfivinfunissudneulesl cypaag
Turausfiansain nootkatoneu3gvafiatnanduloanunsndudanisviureseulus CYP2A6 THRus
Lsiflsreuiennusumglunisduds (Merket et al, 1994; Runkel et al, 1997; Tassaneeyakul et
al, 2000) luveuzfiansainan Kava wazalslungy kavalactoneanunsadudanisyinauesioulss]
CYP3A4 wag CYP2C9 fiinfunisdesaatsatsulantasunisuendusldfininouled CYP2A6
(Mathews et al, 2002) @15Useneau isothiocyannateﬁluﬂfjmﬁﬂﬂ81/15’1ﬁﬁﬂizaw‘ﬁmwﬁﬁmumiﬁuE‘i‘l
nssinauvenoulesl CYP2A6 wag CYP2AL3 uazfegndnudadlunasnnnassneutiioiis
Usgansanlunisdudaldiuiy (von Weymarn et al, 2007) flewSeuifisufuans
decursinolangelate %ﬂLﬂumﬂumjm pyrano-coumarin fafnldainsinves Angellica gigas (il
Tnssadandeiu coumarin Miluansieturasoulesl CYP2A6) Aanunsadufimsymnuvssouls]
CYP2A6 l@wuy mechanism-based inhibition (Yoo et al, 2007) wansliiudnarsainayulns
sysuAfitauTRlunstudinisieaueeulsl CYP2A6 166 dhezdwaliannisdevaansilafiv
Snwnsziuilafulunszuadenliliasedlunszuaiesuuiudmaliguynianadiaglifnadiafss
wazlsiifufivinssenie Sadunidunmadeniiddylunisdesfunsianfioyns siufsansedu
nafuiSelenisludguyviuasdlinddnldvely (nssnan a1sgn 2554)
otalsfmunisinugnidudaeules cvp2as emuatrefugaduluiinnssudaoules
CYP2A6 A Sadaundviitu lldAnuimaduidewnananuunndrmisiugnssuvesdu



(%

cyp2a6 Tenvdwareianssuveneulesd CYP2A6 fionaazuandsiululd Meilnanisduniiaian
wuineulesd CYP2A6 fildandadaiunniaiuilaudRveseulsifiunndiatiu uazdamuin 8-MOP &
Lﬂuéf'gé‘J’Uégammgmsuauaulsuﬁ CYP2A6 BangnaEusan1sinauyes CYP2A6 andadaniegls
uanAsanoules CYP2A6 9ndadiaund (Tiong et al, 2014) dewnin1sidoaseiTajndunis
asrnoulasl CYP2A6 Sadariagnesieruimululszwmalne edufinsvgeunisviauves
wulasd CYP2A6 Aidhdaylunsinunnstiudaseioules CYP2A6 sioly
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A5, KAZATN1SNNABY

3.1 @15:A

A e e

10.
11.
12.
13.

14.

15.
16.

17.
18.
19.
20.

21.
22.

Acetic acid glacial (CH;COOH) MW 60.053 U536 Carlo erba Useineanigaiaisni
Acrylamide (CsHsNO) MW 71.80 U3¥n ACROS ORANIC Useinaanigawsisnn

Agar U3¥w Criterion UseimnAanigaisn,

Ammonium persulfate USE Carlo erba Useinens

Albumin U3¥n ACROS ORANIC Useineianigaiaisnd

5-Aminolevulinic acid hydrochloride (0-ALA) MW 167.59 US¥W SIGMA-ALDRICH,CO
Ussineaniiusansnsnsgeasudl

Ammonium persulfate (APS) ((NHg) S,05) MW 228.20 YS¥7 Bio Basic INC
UTELALALINN

Ampicilin (C1sH18N3sNaO4S) MW.371.39 US%W Bio Basic INC UsetnauauIng
Bisacrylamide MW 154.20 U3¥% Promega Corporation Usgnanigeiaisnn

Bardford §%e Bio-rad US¥W Bio-rad Laboratories, Inc UsemnAanigasni
Coomassie Brilliant Blue G-250

Coumarin (CoHsO2) MW 146.15 US¥W Fluka Analytical UsznanSaea

Dipotassium hydrogen phosphate (K;HPO4) MW 174.16 U3#% Carlo erba analytical
USENAENIFoLUSN

Disodium hydrogen phosphate (Na,HPOg) MW 141.96 US®W Fisher scientific analytical
grade UseimnAoangy

Ethyl alcohol absolute (C;HsOH) MW 46.070 U3¥% Carlo erba Useimneanigatusnn
Glycerol (CH,OHCHOHCH,OH) MW 92.095 ?jﬁa Carlo erba US®% Bio Basic INC. Uszinea
LAWY

Glycine MW 75.10 %8 UPS Grade U3 RESEARCH ORGANICS Usinman3gaisini
Hydrochloric acid (HCD) MW 36.46 U3Ew Carlo erba Useineanigaiisni

Imidazole MW 68.08 US¥% Bio Basic INC UssinawALIaN
Isopropyl—R-D-thiogalactopyranoside (IPTG) MW 238.31 U3 Promega Useine
An3galsn

LB agar, Difcotm, U3% Dickinson company Usginmanigaisn,

N, N, N’, N-Tetramethylethylenediamine (TEMED) MW 116.20 U3% RESEARCH
ORGANICS UseinAan3gaisisn



23. Nicotinamide adenine dinucleotide phosphate TusU3aad (NADPH) uS¥w Fluka HPLC
grade UseimnAansgowsn

24. Phenylmethylsulfonyl fluoride (PMSF) (C4HsCH,SO,F) U3 Bio Basic INC
UsemALAUINN

25. Potassium dihydrogen phosphate (KH,POz) MW 136.09 US¥W Carlo erba
USENAANIFaITN

26. Sodium chloride (NaCl) MW 58.443 U3¥w Carlo erba Useineianigaiisnd

27. Sodium dodecyl sulfate (SDS) (C1,H,50505Na) MW 288.83 UTEn BIO BASIC INC. Usyine
LbAUUTINT

28. Sodium hydroxide (NaOH) MW 39.997 US4¥% Carlo erba Usgimnaanigaisn,

29. Trytone Power ?l'ﬁa Biotech US®% Bio Basic INC UszinAuAuInl

30. Tris-Hydrochloride Qe Promega UT¥% Promega Corporation Uizmﬁavﬁgamﬁm

31. Tris(Hydroxymethyl) - aminomethane(NH,C(CH,OH)s) MW 121.14 U3¥w USB Corporation
UsEINAanIgoLsn

32. Triton X-100

33. Yeast extract UT¥% Bio Basic INC. UsgtnallAuian

34. 1,2-dilauryl-sn-glycero-3-phosphatidylcholine (DLPC) MW 621.83 USw Bio Basic INC
UTELALALINN

35. Yndu

3.3 F9N15NAR09
3.3.1 asananatalinfduieananunaiitse Escherichia coli #newug XL1-Blue #il@5unis

darituwanaiia DNA flussadu pETA-23-2A6

Aeadouuaiise E.coli aneiug XL-1 Blue ﬁﬁwmaﬁmﬁﬁumﬁﬁ@u Cytochrome P450 2A6
(cyp2a6) (pET-A-23-2A6) fiddunrzituimivandsed dasnouwadildllatawanadafisue
mﬂuuuwwmammmamawlmmuiamamwnu 4 93ANTEALTE UNI18UINIA
nsnaasrely

3.3.2 N1 UTUI DNA wazni1snatewugwataiia DNA lunasannass alewmaiia
site-directed mutagenesis

¥nswseuansazanelumass PCR Inoflansazanslunasnsisivasidonselud asavany
Uvlivles, @a1savaty dNTPs, @15azate DNA template, Taq Polymerase, 13'mé"m71'mumﬁauﬁq
gii%0 uaz forward-reward primer #iin1sasuulasdduianalomafisunisiidesnissaulas
(allele5 (1436G>T), allele7(1412T>0), allele8(1454G>T), allele10(1412T>C; 1454G>T)) awaﬁuﬁw
mstlusiesiirnuidditelfansazaronaudntiu thvesn PCR ldadludesvanadas PCR 910ty



1} PCR product Plguwanfuansazanetnies, dnduituniseuissnige wazioulusidnsiny
Dpnl 1ie1i1 DNA template @ngiinaen Imaﬁﬁlﬂﬂﬂuﬁﬁm%@ 37 psraidod Wuan 1 9alus
15 wrdt MnssivdeuNaniIsinUTuIaiBuledie asarose gel wazifiuiduodiuiimdolid
gaunnll -20 e wadyaIunINavinuihneaessialy

M15299 3-1 Sequence vaslnsoslglunsiuasuwlasanuiindlolne

cypZa6 | sundsindlelng Sequence
cyp2a6*5 1436G>T Forward 5’-CCCAAACACGTGGICTTTGCCACGATCC-3’
Reward 5’-GATCGTGGCAAAGACCACGTGTTTGGG-3’
cyp2a6*7 1412T7>C Forward 5’-CACCTAAGGACACTGACGTGTCCCC-3’
Reward 5’-GGGGACACGTCAGTGTCCTTAGGTG-3’
cyp2a6*8 1454G>T Forward 5’-CTTTGCCACGATCCCACTAAACTACACCATGAGC-3’
Reward 5’ -GCTCATGGTGTAGTTTAGTGGGATCGTGGCAAAG-3’
cypZa6*10 1412T>C Forward 5’-CACCTAAGGACACTGACGTGTCCCC-3’
Reward 5’-GGGGACACGTCAGTGTCCTTAGGTG-3’
1454G>T Forward 5’-CTTTGCCACGATCCCACTAAACTACACCATGAGC-3’
Reward 5’ -GCTCATGGTGTAGTTTAGTGGGATCGTGGCAAAG-3’

3.3.3 N1568961U DNA ﬁUisqﬁu PET-A-23-2A6 N9%1a wild-type Wag mutant fi1e 9 rgiwas
ARNNLNUA Escherichia coli snewug XL1-Blue

Aeadeuuniise £.coli anewus XL-1 Blue Tuownsidsade LB media filifio1ufdaug v
nsdesluguudefigungd 37 ssaueaidoa Wunan 16 $21us 9nduriinismIen competent
cells Ineldasavany CaCl, 901w transform watadafiduievieuia wild-type wag mutant
(alleles, allele7, alleles, allele10) #1873 heat shock Lwad# 42 ssrwalfoa uazdnidonlalad
mee1UfTIur ampicillin

3.3.4 nswdignainisuanseanvaaeuleyd Cytochrome P450 Reductase (CPR)
AeadenuaiiFe £.coli aeviug Ca1 (DE3) AldSunsdsinunataiia DNA #ifliu Cytochrome

P450 Reductase (CPR) (pINII-fl rat CPR) Tuem151dsade LB media Hang1U¥aug ampicillin

Mndumilgiinisuanseanlusiudae 0.6 mM IPTG dioasuiuuanaisuiunzneumaadlafivly

d' a IS ! o o 1
NYEUNHU -20 peAalyaaunINaziInsaasaaly




3.3.5 nswligatinisuanseanvaeubus Cytochrome P450 2A6 (CYP2A6) 7199l wild-type
ILag mutant f19 9

AoadeuuadiSe £ coli aneus XL-1 Blue fifinanafin DNA fifliu cytochrome P450 2A6
Wewdin wild-type uaz mutant 619 9 Tuemisidsade LB media Afe1UFTug ampicillin Nty
witleinsuanseaniusiu #2e 0.5 mM IPTG, 0.005 me/ml 5-aminolevulinic acid hydrochloride (8-
ALA) wae 5 mM imidazole ilopsurnuanandafiunznausadlinenistumissuasinnenausadils
AuliTigamgii-20 earmwaldea auninazthansihnsvaasssely

3.3.6 n1sviuSgusteulesl NADPH-Cytochrome P450 Reductase (CPR)

Uingnaulgaa NADPH-cytochrome P450 reductase (CPR) ﬁLﬁUi’ﬂuquQﬁﬁ -20 946
Wwalea urazaelu bracking buffer A (50 mM Tris-HCl pH 7.5, 0.1% Triton X-100 kag 0.2 mM
PMSF, 20 mM NaCl, 10% Glycerol) 9nsusilsieadunnlngs ultra-sonication wagvinudgvalnesiiu
AnAareduiivfuanmeeduifisatsazaty buffer A (50 mM Tris-HCL pH 7.5, 50 mM NaCl, 0.2 mM
PMSF, 0.1% Triton-X, 10% glycerol, 3 mM imidazole) ﬁﬂﬂiﬁuﬁLLEJﬂlﬁlﬂmmaaummﬁqwémaa
TUsiuses SDS-PAGE waiiuliigamailiil -80 esmwaieaauninaviuvaass

3.3.7 msv‘iw%qméwul%ﬁ Cytochrome P450 2A6 (CYP2A6) Ne¥Hia wild-type wasz
mutant #14 9

nznauwad Cytochrome PA50 2A6 (CYP2A6) Wawiln wild-type tag mutant #199) ity
lﬂuqmwgﬁﬁ 20 ssAngaLdsau1azaiulu bracking buffer B (100 mM Kpi pH 7.4, 0.1% Triton
X-100, 200 MM NaCl, 10% glycerol uag 0.2 mM PMSF) 91nturinliieadunnlagds ultra-sonication
mﬂﬁ?uﬁw%qmé‘[masimﬁﬂLﬁaﬂaé’uﬁﬁﬂ%’uaﬂwwmé’mﬂé’wmiazma buffer B (100 mM Kpi pH 7.4,
200 mM NaCl, 3 mM Imidazole, 0.1% Triton-X, 10% slycerol, 0.2 mM PMSF) wnTusfuiilaldlulnas
finllaedl 20% glycerol  Fuduansiitiodnwanmuvedusiufulifigungiif -80 ssmivaldea

AUNINRLUILTINNITNAADS

3.3.8 NMsasavdauianssuvaoulyd

3.3.8.1 N13M39980URINTINVRBULY NADPH-Cytochrome P450 Reductase (CPR)

yinnsmsraseuAanssunIsiuveseuled CPR uiavdlasvueuluisufuaisazate
cytochrome ¢ (50 pM) wa3aiua15azas NADPH (50 pM) aﬁmﬁ'aﬁmﬂﬁﬁ%m ARMIUNANTT
yhauveseulesflunisdsdidnmsoulst cytochrome ¢ Wasudugusind @Euusy Aansganduuas
550 wiluas WIA8RIINIsAnU AT A wInmARInssueulsddinglul §isen (specific
activity) veneulmllagyinnisvaass 2 sriidudaszsoiy



3.3.8.2 N15As29dauURanssutaulusl Cytochrome P450 2A6 (CYP2A6) Heudin wild-
type Hag mutant #1499

Anwriseniseendinduveouled CYP2A6 lun1sissansusenauisesas Coumarin U
Ju 7-hydroxycoumarin lunasnnaaes (in vitro reconstitution assay system) Tnguuoulay
CYP2A6 U%@Wéﬁ'ﬂ%ﬁm wild-type wag mutant #1199 sauduteulssl CPR Tuaisazany buffer 50 mM
Tris-HCL pH 7.5 i dilaurolphatidylcholine (DLPC) tfutaan 10 uritfigamgiivies inaisaedy
Coumarin  flagamudindu U 2 wiitfigamgiivios anduindlididnaseu 50 uM NADPH Lile
Léuﬂ(ﬁﬁ%m FAnSIRUT U0 INE R a9l (7 -hydroxycoumarin) Tael4 134 fluorescence
spectroscopy fifAueTAduUanUdes (emission wavelength) 460 WA mmmmﬁumzéjw
(excitation wavelength) 355 wlumns Wunan 3 undl Imﬁﬂmimaaa%ﬂ 2 ﬂ%ﬂ

3.3.9 NSHIPUAITENAIINNY

(%
=1 o w

lun153deATelgIdusainuSansansdnfsy Rhinacanthin-A, -B kag -C 31nN8aR Uy

I (%
[

(Rhinacanthus nasutus) finan1sAinwnineangnsdudueules CYP2A6 lan laavinnisadinuazeudu
PNAaNYAIYDIET MILATALASINININTII WaLATIEUAMUUTFNSHarlATIaT1vvesasdfAyme
WAdA High Perfomance Liquid Chromatography (HPLC) Nuclear Megnetic Resonance (NMR)

ke Liquid Chromatography-Mass spectrometry (LC-MS) Fafisneanuly Pouyfung et al., 2014



unil 4
NAN1ISNAADILALDAUIIINANITNAADY

4.1 nMSANUSHIU DNA waznisnatenugnatalinfduielunasanaassvesdu Cytochrome

P450 2A6 (cyp2a6)

¥nsiaeade £.coli a1eWug XL-1 Blue Flesunisdssing cONA 7ifidu cyp2as (wild type)
ntuhnsadananadnfiduie waginsnanewusliliiuiu op2a6+s (14366>T), cyp2a6*T
(1412T>0), cyp2a6*8 (1454G>T) wag cyp2a6*10 (1412T>C; 1454G>T) (W190 3.5.2) 0521980V
Taeld agarose gel electrophoresis (n Wi 4-1) Mnthnsdamaduaiiornstutiunisnans
Wug

2.32
2.03

wiinlaana (kbp)

mwm a4-1 mimiwaaumiaﬂmwmammLauLawumsﬂmawuﬁ 5 1ne agarose get eLectrophore5|s 1y
fiM = Lmumamammmu waudl 1 = wanadefSuiedy Cy,o206*5 wau? 2 = nanadanduledu
cyp2a6*7, waufl 3 = nanafafduedy Cyp2a6*8 wazhaui 4 = nanadamowedy cyp2a6*10



4.2 mawdleaihnisuansesnuaznisvinuiguiioulesi Cytochrome P450 Reductase (CPR)

yhmsdsadenuniile Ecoli aneiiug Ca1 (DE3) AlFSumsdwsiunanafinfiSuefidsu Crr
Mndwihmamilsninisuanseeniagyituians Tasioules CPR azgnaveaniiarundudu 50 mm
imidazole wagu3avisfinmundadiu 100 mM imidazole (Al 4-2)

250 P T
= | CEL
55 -
-

35 -
25 . -

e —
5 . i'
10

TUsfiunmsgu (kDa)
M 1 2 3 4 5 6

Al 4-2 n3nsaaeuauUignsvetoulusl CPR lny SDS-PAGE lngdl M = uaulusiusnsgiu,
waudl 1 = cell lysate (@sazatvaula), waufl 2 = flow through (@sazatvdrulafinauneduil),
LLOUﬁI 3 = wash 1 (10 mM imidazole), LLﬂ‘U‘ﬁ 4 = wash2 (20 mM imidazole), LLa‘U‘ﬁI 5 = wash 3
(50 mM imidazole), wnufl 6 = elute 1 (100 mM imidazole)



4.3 nawilsaninsudaseanuaznisinudansioules Cytochrome P450 2A6 (CYP2A6) seviin
wild-type wag mutant 614

¥anisuansesnvateulysl CYP2A6 Heuiln wild-type wag mutant #1199 luide E.coli
aneWug XL1-Blue fignungdl 30 ssawaifoa 1unan 48 $alus luomsideade LB media Tny
nawdlentihdae IPTG shlfldnenoueaduuaiids anduinznouwad £coli aeiiug XL1-Blue
fifnsuanioenves CYP2A6 fawdla wild-type uay mutant #nq 9 %gnﬁﬂiﬂﬁﬂﬁmaéwﬂLﬁaimé’
crude extract wagilumisaiionnaznouwadliild cell lysate (asazansandla) uazviilviuiavsiag
Kuiinianeduliiviuanmeeduifisaisavane buffer B vmswzioulesl CYP2a6 vawila wild-
type Way mutant #1949 daeasazate buffer B iflamdudusiigeg Imaﬁw%qw‘éwﬂ%ﬂ CYP2A6 s
in wild-type Wag mutant #19°) finnududu 50 mM imidazole Lﬁ'ammaaummﬁqwémm
ouleifila@ae 129% (w/v) SDS-PAGE (nwit 4-3) nudeulas] CYP2A6 wawlia wild-type waz
mutant 99 dauuIansuisdru wasdivuinmaluanalszana 56.99 kDa
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A 4-3 n1snsadouANUIaNSveaeuleyl CYP2A6 1ny SDS-PAGE Taedl M = uaulusiu
UIATFIULAUN 1 = CYP2A6 (wild-type), WUl 2 = CYP2A6*5, wau#l 3 = CYP2A6*7, waufl 4 =
CYP2A6*8, hauhl 5 = CYP2A6*10



4.4 n1snsradaunanssuvaaaulesl Cytochrome P450 2A6 (CYP2A6) Nevliawild-type wuag
mutant #14 9

wn1sasvdeufansIun1sRiinuveseulel CYP2A6 (Anwivaudians) waavuin Tu
nsiseUFATeNTadasuandnel 7-hydroxycoumarin TagldansiFosuas Coumnarin fiaandudu
sinaifu Tneveules] CPR, CYP2A6 vewdin wild-type uay mutant se q wazansazanetmiled Tris-
HCL Yaisauifu DLPC uaan 10 wiit 91nifuldansdadiu Coumarin Unsedn 2 Wil waziBuuiasen
Tn8n15,fa15 50 pM NADPH #539Rnm1usiewm3ed fluorescence spectroscopy ¥n1s@nInien
Ko W8T Vi V09 CYP2A6 aila Wild-type waz mutant sing 9 fidiseansnadu Coumarin wuin
msnanewusdemasenanssuveeuled CYP2A6 fidnetu Tnenuinnisnaneiusiinulu CYP2A6*s
daWansENUAnsTUANRdY coumarin Tnefinen K, 8¢ 8.8 w1 lusasiinisnanewusinuly
CYP2A6*7 CYP2A6*8 waz CYP2A6*10 dnanadnsnseUfise lnsandnsiivesufisendu 0.8
0.5 war 0.1 Wihed CYP2A6 $adaund WeSeuflsuuseansnmnsiauveseulasinuii eulesd
CYP2A6*10 fuszAvEnmnsvianuiinian sosasunfio CYP2A6*5 uay CYP2A6*8 (31471 4-1)

defnwinissudmasioulusl CYP2A6 Sadasineqdarsdudannsgiu 8-MOP wud1 nns
naneusawaliRenfinUSnaasiudunntu lnesada CYP2A6*5 fiinsidsuudasdn Km 1an
flan azanUszAvsnmvasnsdudannitan (119l 4-3) Bnean1naesiildidessuuandliiifiudn
A N uaTeviugnsTudsaliieledfiantalunisisal Ao wasgniudsldunnsinaiy
Wudsaiuiieeisenuin wuled CrP2a6 Aldandadafivanssfuiaudfiveseuluifiuandietu
wagdanuln 8-MOP 6'?5&m“flwﬁhé’ug’ammgmmamﬂ%ﬁ CYP2A6 aaﬂqméé’ug’qmsﬁwmﬁum CYP2A6
Mndaaan1e lauansnsainieules CYP2A6 anndadaunf (Tiong et al., 2014)

A15997 6-1 Araauransoulesl (<, M) Ve (M. s B8% ket (UM, s Wpg/ul) wATAT ICso VO
toulwsl CYP2A6 M3utin Wild-type Waz mutant §119 9|

varansioulel
o K (M) Vo (M. 57) et /o SMOP
ICs0 (UM)
Wild-type 154 + 0.49 1.02 + 0.06 0.66 0.20 + 0.09
CYP2AGS 13.24 + 3.51 1.40 + 0.13 0.11 3.24 + 0.51
CYP2A6*T 231 +1.19 0.85 + 0.09 0.37 0.31 + 0.08
CYP2A6*8 3.42 +1.42 0.49 + 0.05 0.14 0.62 + 0.04
CYP2A6*10 269+ 1.17 0.14 = 0.02 0.05 0.95 + 0.17
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4.5 nsafnaNsIINNasUTLazqnssudinsTheueteulyl MAO-A uay MAO-B

yhmsafnivayulnamesiudeiemsavansieniuen Mntunsnansaauuidudin i
anaLantgu (Hexane) Laiansdienn (Ethyl acetate) waziin (Water) afauazduduiondnvalvesans
fremadalasulnsns# wagnsrdeunnuuiansuaslassaiieuesarsdrfydaomaia High
Perfomance Liquid Chromatography (HPLC) Nuclear Megnetic Resonance (NMR) W@ ¢ Liquid
Chromatography-Mass spectrometry (LC-MS) Faftsreauly Pouyfung et al,, 2014 laasd Ay
Rhinacanthin-A, -B gy —C (mwﬁl 4-4)
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Ha31NN15ANYINUIT HIFuaruisavinnisnateusieulasl CYP2A6 andadaunalv
nanewdudada *5, *7%8 uay *10 Mmeilseauimuludsemdlngly waznisnateiusinandeua
feUszAnsnmniinisvirauveaeuleilunisissujAen coumarin 7-hydroxylation fiansniy
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fFudanntu LLam’LﬁLﬁudwm’mLLmﬂﬁmmqﬁuqﬂﬁumadqma&iaﬂizﬁm%mwsluﬂﬁﬁwmié’us“?mulmi
cyp2a6 Tl

4.7 UalauaLuL
gadaarinnisfnwiiiaindanalnluni1sgudan1sinauedansiudwngIukasasa Ay
ayulnsiresenuiteangraduguoulsd CYP2A6 lasiateulasl CYP2A6 dadacieg



UITUIUNIY

Ahijevych KL, Tyndale RF, Dhatt RK, Weed HG, and Browning KK (2002) Factors influencing cotinine
half-life during smoking abstinence in African American and Caucasian women. Nicotine Tob Res 4:423-431.

Benowitz,NL (2008) Clinical pharmacology of nicotine: implications for understanding, preventing
and treating tobacco addiction. Clin Pharmacol Ther 83:531-541.

Bernhardt R. (2006). Cytochrome P450 as versatile biocatalysts. Biotechnology. 124: 28-145.

Brown, PJ., Bedard, LL., Reid, KR., Petsikas, D., Massey TE. (2007) Analysis of CYP2A contributions to
metabolism of 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone in human peripheral lung microsomes. Drug
Metabolism Disposition, 35, 2086-2094.

Bundhamcharoen K (2012). Economic Burden from Smoking Related Diseases in Thailand in 2009.
National burden of disease program, International Health Policy Program.

Carrozzi L, Pistelli F, Viegi G. (2008). Pharmacotherapy for smoking cessation. Therapeutic Advances
inRespiratory Disease. 2 : 301-317.
Chiang, H., Wang, C., Lee, H., Tsou, T. (2011) Metabolic effects of CYP2A6 and CYP2A13 on 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)-induced gene mutation--a mammalian cell-based
mutagenesis approach. Toxicological and Apply Pharmacology. 253, 145-152.

Damaj MI, Siu ECK, Sellers EM, Tyndale RF and Martin BR (2007) Inhibition of nicotine metabolism
by methoxysalen: pharmacokinetic and pharmacological studies in mice. J. Pharmacol Exp Ther 320: 250-
257.

Di YM, Chow VDW, Yang LP, Zhou SF. (2009). Structure, function, regulation and polymorphism of
Human Cytochrome P450 2A6. Current Drug Metabolism, 10, 754-780.

Flammang AM, Gelboin HV, Aoyama T, Gonzalez FJ & McCoy GD (1992) Nicotine metabolism by
cDNA-expressed human cytochrome P-450s. Biochem Arch 8: 1-8.

Fowler S and Zhang H. (2008) In Vitro Evaluation of Reversible and Irreversible Cytochrome P450
Inhibition: Current Status on Methodologies and their Utility for Predicting Drug-Drug Interactions. The AAPS
Journal. 10 (2): 410-424

Gonzales D, Rennard SI, Nides M, Oncken C, Azoulay S, Billing CB (2006) Varenicline, an alphadbeta2
nicotinic acetylcholine receptor partial agonist, vs sustained-release bupropion and placebo for smoking
cessation: a randomized controlled trial. JAMA 296: 47-55.

Grime KH, Bird J, Ferguson D, and Riley RJ. (2009) Mechanism-based inhibition of cytochrome P450
enzymes: An evaluation of early decision making in vitro approaches and drug-drug interaction prediction
methods. European journal of pharmaceutical sciences. 36: 175-191

Guengerich FP. (2001). Common and Uncommon Cytochrome P450 Reactions Related to
Metabolism and Chemical Toxicity. Chemical Research in Toxicology. 14(6): 611-650.

Hecht SS (1998) Biochemistry, biology, and carcinogenicity of tobaccospecific N-nitrosamines. Chem
Res Toxicol 11: 559-603.

Hecht SS (1999a) DNA adduct formation from tobacco-specific N-nitrosamines. Mutat. Res. 424:



127-142.

Hecht SS (1999b) Tobacco smoke carcinogens and lung cancer. J Natl Cancer Inst 91: 1194-1210.

Hoffmann D, Riverson A, and Hecht SS (1996) The biological significance of tobacco-specific N-
nitrosamine: smoking and adenocarcinoma of the lung. Critical Review in Toxicology, 26, 199-211.

Hukkanen JP, and Benowitz NL (2005) Metabolism and disposition kinetics of Nicotine. Pharmacol
Rev 57:79-115.

Hukkanen J, Pelkonen O, Hakkola J, and Raunio H (2002) Expression and regulation of xenobiotic-
metabolizing cytochrome P450 (CYP) enzymes in human lung. Crit Rev Toxicol 32:391-411.

Insee, A., Rongnoparut, P., Duangkaew, P., & Sarapusit, S. (2014). Inhibition of the tobacco-specific
nitrosamine metabolizing cytochrome P450 2A13 by some plants from Eastern Thailand. Proceedings of the
5" International Conference on Natural Products for Health and Beauty (NATPRO5) (pp. 338-342). Phuket:
Natural Product Research Center of Excellence, Prince of Songkla University.

Jiang, JH., Jia, WH., Chen, HK, Feng, BJ., Qin, HD., Pan, ZG., Shen, GP., Huang, LX., Feng, QS., Chen,
LZ., Lin, DX., Zeng, YX. (2004) Genetic polymorphisms of CYP2A13 and its relationship to nasopharyngeal
carcinoma in the Cantonese population Journal of Translational Medicine, 2, 24-32.

Jorenby DE, Hays JT, Rigotti NA, Azoulay S, Watsky EJ, Williams K (2006) Efficacy of varenicline, an
alphadbeta2 nicotinic acetylcholine receptor partial agonist, vs placebo or sustained-release bupropion for
smoking cessation: a randomized controlled trial. JAMA 296: 56-63.

Kamataki T, Fujieda M, Kiyotani K, Iwano S and Kunitoh H (2005) Genetic polymorphism of CYP2A6
as one of the potential determinants of tobacco-related cancer risk. Biochem Biophys Res Comm 338: 306-
310.

Koudsi NA, Jasjit SA, Lin S-K, Sellers EM and Tyndale RF (2009) A novel CYP2A6 allele (CYP2A6*35)
resulting in an amino-acid substitution (Asnd38Tyr) is associated with lower CYP2A6 activity in vivo.
Pharmacogenomics J. 1: 1-9

Kwon J, Nakajima M, Chai S et al (2001) Nicotine metabolism and CYP2A6 allele frequencies in
Koreans. Pharmacogenetics 11:317-323

Kramlinger VM, von Weymarn LB, Murphy SE (2012) Inhibition and inactivation of cytochrome P450
2A6 and cytochrome P450 2A13 by menthofuran, -nicotyrine and menthol. Chemical Biological Interactions,
197, 87-92

MacDougall JM, Fandrick K, Zhang X, Serafin SV, and Cashman JR (2003) Inhibition of human liver
microsomal (S)-nicotine oxidation by menthol and analogues. Chem Res Toxicol 16:988-993.

Mahavorasirikul W, Tassaneeyakul W, Satarug S, Reungweerayut R, Na-Bangchang C, and Na-
Bangchang K. (2009) CYP2A6 genotypes and coumarin-oxidation phenotypes in a Thai population and their
relationship to tobacco smoking. Eur J Clin Pharmacol 65:377-384

Mansuy D. (1998). The great diversity of reactions catalyzed by cytochrome P450.Comparative
Biochemistry and Physiology Part C. 121: 5-14.

Mathews JM, Etheridge AS, and Black SR (2002) Inhibition of human cytochrome P450 activities by
kava extract and kavalactones. Drug Metab Dispos 30: 1153-1157.

Merkel U, Sigusch H, and Hoffmann A (1994) Grapefruit juice inhibits 7-hydroxylation of coumarin in
healthy volunteers. Fur J Clin Pharmacol 46:175-177.



Miles JS, McLaren AW, Forrester LM, Glancey MJ, Lang MA and Wolf CR (1990) Identification of the
human liver cytochrome P-450 responsible for coumarin 7-hydroxylase activity. Biochem J 267:365-371.

Miyamoto M, Umetsu Y, Dosaka-Akita H, Sawamura Y, Yokota J, Kunitoh H, Nemoto N, Sato K,
Ariyoshi N, Kamataki T (1999) CYP2A6 gene deletion reduces susceptibility to lung cancer, Biochem Biophys
Res Commun 261 658-660.

Miyazaki M, Yamazaki H, Takeuchi H, Saco K, Yokohira M, Masumura K-I, Nohmi T, Funae Y, Imaida K

and Kamataki T. (2005) Mechanisms of chemopreventive effects of 8-methoxypsoralen against 4-
(methylnitrodamino)-1-(3-pyridyl)-1-butanone-induced mouse lung carcinomas. Carcinogenesis 26: 1947-
1955.

Ortiz  de Montellano, PR. (Ed.), (2005). Cytochrome P450:  Structure, Mechanism and
Biochemistry, third edition. New York : Kluwer Academic/Plenum Publishers.

Patten CJ, Smith TJ, Murphy SE, Wang MH, Lee J, Tynes RE, Koch P, and Yang CS (1996) Kinetic
analysis of the activation of 4-(methylnitrosamino)-1<(3-pyridyl)-1-butanone by heterologously expressed
human P450 enzymes and the effect of P450-specific chemical inhibitors on this activation in human liver
microsomes. Arch Biochem Biophys 333: 127-138.

Peterson, LA., Carmella, SG., Hecht, SS. (1990) Investigations of metabolic precursors to hemoglobin
and DNA adducts of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. Carcinogenesis, 11, 1329-33.

Peamkrasatam S, Sriwatanakul K, Kiyotani K, Fujieda M, Yamazaki H, Kamataki T, Yoovathaworn K
(2006) In vivo evaluation of coumarin and nicotine as probe drugs to predict he metabolic capacity of
CYP2A6 due to genetic polymorphism in Thais. Drug Met Pharmacokinet 21:475-484.

Pouyfung, P., Sarapusit, S., Rongnoparut P. (2013) Time- and NADPH-dependent inactivation of
human CYP2A6 by Averrhoa carambola fruit. In Proceeding of the 6" Thailand-Japan International
Academic Conference 2013. Ozaka, Japan.

Pouyfung, P., Prasopthum, A., Sarapusit, S., Srisook, E., & Rongnoparut, P. (2014). Mechanism-based-
Inactivation of Cytochrome P450 2A6 and 2A13 by Rhinacanthus nasutus Constituents. Drug Metabolisms
and Pharmacokinetics, 29(1), 75-82.

Prasopthum, A., Sarapusit, S., Rongnoparut, P (2013) Carthamus tinctorius as a source of potent
inhibitors of Human Cytochrome P450 2A13. In Proceeding of the 6" Thailand-Japan International
Academic Conference 2013. Ozaka, Japan.

Prasopthum, A., Pouyfung, P., Sarapusit, S., Srisook, E., & Rongnoparut, P. (2015). Inhibition effects of
Vernonia cinerea active compounds against cytochrome P4502A6 and human monoamine oxidases,
possible targets for reduction of tobacco dependence. Drug Metabolisms and Pharmacokinetics, 30, 174-
181.

Runkel M, Bourian M, Tegtmeier M, and Legrum W (1997) The character of inhibition of the
metabolism of 1,2-benzopyrone (coumarin) by grapefruit juice in human. Eur J Clin Pharmacol 53:265-269.

Schoedel KA, Hoffmann EB, Rao Y, Sellers EM, Tyndale RF. 2004. Ethnic variation in CYP2A6 and
association of genetically slow nicotine metabolism and smoking in adult Caucasians. Pharmacogenetics
14:615-626.

Sellers EM, Kaplan HL, and Tyndale RF (2000) Inhibition of cytochrome P450 2A6 increases

nicotine’s oral bioavailability and decreases smoking. Clin PharmacolTher 68:35-43.



Sellers EM, Ramamoorthy Y, Zeman MV, Djordjevic MV, and Tyndale RF (2003a) The effect of
methoxsalen on nicotine and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) metabolism in vivo.
Nicotine Tob Res 5:891-899.

Sellers EM, Tyndale RF and Fernandes LC (2003b) Decreasing smoking behaviour and risk through
CYP2A6 inhibition Drug Discov Today 8:487-493.

Siu ECK and Tyndale RF (2007) Non-nicotinic therapies for smoking cessation. Annu Rev Pharmacol
Toxicol. 47:541-64

Siu ECK and Tyndale RF (2008) Selegiline is a mechanism-based inactivator of CYP2A6 inhibiting
nicotine metabolism in humans and mice. J Pharmacol Exp Ther 324: 992-999.

Smith TJ, Guo ZY, Gonzalez FJ, Guengerich FP, Stoner GD and Yang CS (1992). Metabolism of 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone in human lung and livermicrosomes and cytochromesP-450
expressed in hepatoma cells. Cancer Research. 52: 1757-1763.

Smith GBJ, Bend JR, Bedard LL, Reid KR, Petsikas D and Massey TE. (2003). Biotransformation of 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in peripheral human lung microsomes. Drug Metabolism
and Disposition. 31: 1134-1141.

Su T, Bao Z, Zhang Q-Y, Smith T J, Hong J-Y, and Ding X (2000) Human cytochrome P450 CYP2A13:

predominant expression in the respiratory tract and its high efficiency metabolic activation of a tobacco-
specific carcinogen, 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone. Cancer Res 60: 5074-5079

Tassaneeyakul W, Guo LO, Fukuda K, Ohta T, Yamazoe Y. (2000) Inhibition selectivity of grapefruit
juice components on human cytochromes P450. Arch Biochem Biophys. 378:356-63.

Tiong KH., Mohammed Yunas NA., Yiap BC., Tan EL., Isamail R., Ong CE (2014) Inhibitory potency of
8-methoxypsoralen on cytochrome P450 2A6 (CYP2A6) allelic variants CYP2A6 15, CYP2A6 16, CYP2A6 21
and CYP2A6 22: differential susceptibility due to different sequence locations of the mutations. PLos One.
27;9(1):e86230. doi: 10.1371/journal.pone.0086230. eCollection 2014.

Thongjam, S., Rongnoparut, P., & Sarapusit, S. (2013). Inhibition of The Human Cytochrome P450
2A6, The Nicotine Metabolising Enzyme by Pluchea indica Extract. In Proceedings of the 5" Science
Research Conference. (pp.BI0214-217) Payao: University of Payao March 45" 2013 at, Payao, Thailand.

Tyndale RF, Sellers EM (2002) Genetic variation in CYP2A6émedicated nicotine metabolism alters
smoking behavior. Ther Drug Monit 24:163-171

Ujiin P, Satarug S, Vanavanitkun Y et al (2002) Variation in coumarin 7-hydroxylase activity
associated with genetic polymorphism of cytochrome P450 2A6 and the body status of iron stores in adult
Thai males and females. Pharmacogenetics 12:241-249

von Weymarn LB, Chun JA, Knudsen GA, and Hollenberg PF (2007) Effects of eleven isothiocyanates
on P450 2A6- and 2A13-catalyzed coumarin 7-hydroxylation. Carcinogenesis 27: 782-790

von Weymarn LB, Zhang QY, Ding X, Hollenberg PF. (2005) Effects of 8-methoxypsoralen on
cytochrome P450 2A13. Carcinogenesis 26: 621-629.

Wang M, Roberts DL, Paschke R, Shea TM, Masters BSS, Kim JJ. (1997). Three-dimentional structure
of NADPH-cytochrome P450 reductase: Prototype for FMN- and FAD-containing enzymes. Proceedings of the
National Academy of Sciences of the United States of America. 94: 8411-8416.



Wang, H., Tan, W., Hao, B., Miao, X., Zhou, G., He, F., Lin, D. (2003) Substantial reduction in risk of
lung adenocarcinoma associated with genetic polymorphism in cyp2al3, the most active cytochrome p450
for the metabolic activation of tobacco-specific carcinogen NNK. Cancer Research, 63, 8057-8061.

Wang, SL., He, XY., Shen, J., Wang, JS., Hong, JY. (2006) The Missense Genetic Polymorphisms of
Human CYP2A13: Functional Significance in Carcinogen Activation and Identification of A Null Allelic Variant.
Toxicological sciences, 94, 38-45.

WHO Report on the Global Tobacco Epidemic, 2008: The MPOWER package. Geneva, World Health
Organization.

Wongsri, T., Thongjam, S., Rongnoparut, P., Duangkaew, P., & Sarapusit, S. (2014). Inhibition studies
of Cytochrome P450 2A6 by Vernonia cinerea Less. and Carthamas tinctorius L. extracts. Proceedings of the
5" International Conference on Natural Products for Health and Beauty (NATPRO5) (pp. 343-347). Phuket:
Natural Product Research Center of Excellence, Prince of Songkla University.

Xi Z, Spiller K, Gardner EL. (2009) Mechanism-based medication development for the treatment
of nicotine dependence. Acta Pharmacologica Sinica, 30: 723-739.

Yano JK, Denton TT, Cemy MA, Zhang X, Johnson EF, and Cashman JR (2006). Synthetic inhibitors of
cytochrome P450 2A6: Inhibitory activity, difference spectra, mechanism of inhibition, and protein
cocrystallization. J Med Chem 49: 6987-7001.

Yoshida R, Nakajima M, Watanabe Y, Kwon JT, Yokoi T (2002) Genetic polymorphisms in human
CYP2A6 gene causing impaired nicotine metabolism. Br J Clin Pharmacol 54:511-517

Yoo HH, Lee MW, Kim YC, Yun C-H, and Kim D-H (2007) Mechanism-based inactivation of
cytochrome p450 2a6 by decursinol angelate isolated from Angelica gigas. Drug Metab Dispos 35:1759-1765

Zhang, X., Su, T., Zhang, QY., Gu, J., Caggana, M., Li, H., Ding, X. (2002) Genetic polymorphisms of
the human CYP2A13 gene: Identification of single-nucleotide polymorphisms and functional characterization
of an Arg257Cys variant. Journal of Pharmacological Experiment Therapy, 302, 416-423.

Zhou S, Chan SY, Goh BC, Chan E, Duan W, Huang M, and MclLeod HL (2005) Mechanism-Based
Inhibition of Cytochrome P450 3A4 byTherapeutic Drugs. Clin Pharmacokinet. 44 (3): 279-304

yinan @B (2550) madudaoules CYP2A6iidasanedlafuluau: naderlalumsannisguys.
unemATINg NsaFInemans u. ysw U 16 atuil 2

yisinan ansnBauasnsfine ssfundi (2554) nsAnwinsAnwgvslumssusaoules CYP2A6 figosaany
ledulummonhailnsuazinalilne  seamdfoatuauysel quiidouasdnmsenudifiomsmunuegu

3930 inesanug uazUsznmssa Bewetiud (2555). agUaniunsalinsauaunsuilanenguves
Uszanslneg w.e. 2555 ngann @ué’ié‘fﬁjLLazfﬁﬂmimmiLﬁamsm‘uqmmq‘u

$oun Bunsiyunsal (2550) MsnsIvdeULaznsaiauenalsd1fyanayulng funinsf 2 euzndumans
WU INENGuIReaNnsTAgIA 215 Y

ASyen lwaana  wazamy (2551) anumsainisuslamenguuasssannsing we. 2534 - 2550 Augie
uazdansnsifiensmuALIgU AMESIAIAUANARS I AneTdeuTing 228 Wi

AT AneSiaguiuazany (2552) @iUaniunisalnismununsuslanenguresUsynsing w.e. 2552
AugITBLardnNIIAUSNENTAIUANEIGU AMEAISITUAYMANT ININETRELTRG 66 YT

A3vssa AineSsaguiuazamy (2554) a§UEGWUﬂWi§ﬁﬂﬂﬁﬂ3UQuﬂ’liU%IﬂﬂEJ’lQUﬂ@xﬁUi%’]ﬂﬂwEJ W.A. 2552
AUYIIYLAZANNITAIINIINDNITAIUANYIFU AREAITITUGVANENT NYINYRYUNAR



	Title
	Acknowledgement
	Abstract
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Reference



