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ABSTRACT

Cytochrome P450 monooxygenases have been shown to confer insecticide resistance in
insects. In Anopheles minimus malaria mosquito vector, CYP6AA3 was isolated and previously
reported to mediate pyrethroid degradation. Further characterization of metabolic activities and kinetics
of CYP6AA3 against various insecticides have been reported. Therefore knowledge of binding
interactions between insecticides and CYP6AA3 enzyme would allow insight into CYP6AA3 structure
that renders the enzyme suitable for binding of pyrethroid insecticides. In this study homology
modeling was employed to construct a three-dimensional structure of CYP6AA3 using multiple
template alignment. To better assess structural features of CYP6AA3 model, homology modeling of]
CYP6P7 was built. CYP6AA3 model was compared with CYP6P7 to better differentiate whether the
differences in topologies of both enzymes account for the differences in their metabolic activities
toward pyrethroids. The resulting CYP6AA3 and CYP6P7 models were docked with various
insecticides including pyrethroids. The model structures comprise common P450 folds but the
differences in geometry of their active-site cavities and substrate access channels are prominent.
CYP6AA3 model has large predicted active site rendering it to accommodate multitple conformations
of pyrethroids (permethrin, cypermethrin, deltamethrin, and A-cyhalothrin), while predicted CYP6P7
active site is more constraint resulting in less accessible to binding of pyrethroids. Moreover
hydrophobic interface in active-site cavities of CYP6AA3 and CYP6P7 could contribute to their
substrate selectivity, as illustrated by their lack of enzymatic activities against bioallethrin, chloryrifos,
and propoxur, in congruence with their absence of detectable activities in vitro. These predicted
insecticide binding modes are corresponded to insecticide metabolic activities of CYP6AA3, either
substrate or non-substrate compounds. In addition, in vitro study demonstrated a role of pyrethroid as a
competitive inhibitor of CYP6AA3-mediated BROD activity. The results reported herein could thus be
applicable to the understanding of insecticide metabolisms mediated by P450 enzymes.

KEY WORDS: CYTOCHROME P450 / PYRETHROID INSECTICIDE /
HOMOLOGY MODELING / MOLECULAR DOCKING /
PROTEIN STRUCTURE

64 pages




Fac. of Grad. Studies, Mahidol Univ. Thesis / v

9
msanasaeaulumsinlfnsorvessTalasy 4 450 6AA3 Taeld Tsunsuanuiianes
uazmsane luoslians

STUDY OF CYP6AA3 SUBSTRATES USING IN VITRO METABOLISM AND IN SILICO

HOMOLOGY MODELING
WA @ANITANIAA 5137068 SCBC/M
L RINCRIGI)

AMENTIUMINUTIBINGTNUS ©  WIAVA TIAUNSAT, Ph.D., 9145 auay, M.D. Ph.D.,

1PN%e 193DV, Ph.D.

UNAnYe
= 1 ~ Aan a 1 o w ]
namsany1 nud leslalasy f450 TuTueengdmaiaiurielunmssidaeaimwas
A
@ 1 a [} 4 1
poNIINALLAY dma IiinansAvetaiwnas Taoou el CYP6AA3  vosganulaos dnopheles
minimus 813150808AABIBNNAI¥HA 1N N508'ld iTeadremsdny lusa laseadaenuinves
< 1 o 1 a 1 [ =
Bu lmICYP6AA3RRMITUBLNAIFTIAA1 28 1T IA g1 19D 9nNua T 0Uea CYP6AAS
nfanusunzae Innses duiulaseadwawiidves CYP6AA3 Tagnaseiu Tagldimaila
Homology modeling tazsinmsi/souiienInseasiaves CYP6AA3NY CYP6P7 iiofiny1ay
' 9 Aaa A 1 Y3 b = ' ~ 9|
uanalanelaseadeauia Adawaldou lsinaes Ianvawsalumsdesaats lnsnsesld
HANAAY Ny vuiavesusnunlslumsinalfnserves CYP6AA3 iulivuialvaini
2

CYP6P7 310 48NN MTANYINIGINIAIVE 983N HAA199 11 TAT 985 19U09 CYP6AA3
Iraaeanasenuanuausalumsdesaarsesiuuasluiemaassnnenunseunthil Tag
vinuilFiuues cYPeaA3 Tvualugunnansaldeaiwadlninesdndldvatednums

% ] ! a @ ~ = a A a A o o a aaa I
g lildasndadasinnulivatoria luvazi CyPep7 azlivsnadmsuinalgisenan
T o B o a o w Y a 2 A A dqu v W ~
n11 i ldmsnedvesninsesgniina ldifieanuni@en uenvindl Aurnlglunmsiunulng

4

nseededeanaonuanuiiivedlninesd msdnu ludestfiansnui Insnsesdeannsai

aan 1

Y A g v o 3 a Aaaa o A Yy Y
winndluddudalfnserves CYP6AA3 aemsinalgnsennuaisFoasldonaie

64 NN






