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HBNDOBFIFE NS T—H 2 ER-TH L2 HNE LT T2, EYYEOREE 2B BRT
HEFRVEAA LT, X BATABLOE AV~ ZERMEE U, 5% hAHRE g
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TR A AT HB IR v XA 2~ akH % permethrin T 8 USRI L2/ H, Kt
S E N4 378 1%, 1099 fi5 &, Z 4L E TR B> B XA FI 23 220 LUV OPIMEIZ = LTz,
Piperonyl butoxide (PBO) % F\ 7=3L773 BRI, permethrin BN K& < EFH L2 &0
5, ZE DOBOEHNEIZ TS b7 v A P450 B LEE R RS B L TV D Z EAVURE S 7.
Iz MC-permethrin 2L & L7z in vitro (AR 21T o728 25, Zh O OBPIERFK T
permethrin % %53 X < 4’HO-permethrin (ZfEBRH L T\ 5D Z &, S HIZZORENENEIT P450
DS NADPH IZIEIFHITH D 7D PBOIC L o CHESND Z L NI LI R o7, ZDfk
WEMHS T Dy THENRREREEOmWENFIOZY -7y hE L THEEThHHEEZ DN
7. VU= EE NATD I HITONWTE L ZaA REIOF U 7 AF v X VBLETFEY
T ) BEAC LT LT A, EIBAERD T 2=V T TNV AT A TER LT A AN
EHE TR 7. ZOERIIR XA ~DD ) v Xy @i (kdr) & LCTH
HITNDN, TNETE NAV U IDLITRMER TH 72, A%, HET U7 #ililkz H.0
& LTeAFED kdr B5 7048 L OERZER L WS WER B 5 & BLE Iz,

R AL OBEEE (330) : In order to seek novel target sites of insecticides or synergists, | studied on the
mechanisms of insecticide resistance in vector mosquitoes, especially on the functional analysis of their
cytochrome P450 monooxygenases. First of all, adult mosquitoes were selected in the laboratory with
permethrin which is a class of pyrethroid insecticides. After the selections for 8 generations, the
resistance level of mosquitoes (SPS8 strain) reached more than 1000-fold compared to an insecticide
susceptible strain. Since permethrin susceptibility largely increased with pre-treatment of mosquitoes
with piperonyl butoxide, it was suggested that cytochrome P450 monooxygenases have the major role in
the resistance. In vitro metabolism study revealed that microsomal protein prepared from resistant
mosquitoes catalyzed metabolism of **C-permethrin more rapidly to 4’HO-permethrin than that of a
susceptible strain. Furthremore, permethrin hydroxylation activity was NADPH dependent and was
strongly inhibited by piperonyl butoxide strongly suggested that cytochrome P450 monooxygenases are
involved in permethrin resistance in SPS8 strain. The P450 isofoms which are associated with
permethrin resistance are promising candidates as novel target sites of insecticides or synergists. Sodium
channel gene was genotyped for 26 adult Aedes albopictus collected from Singapre in 2009. Surprisingly,
more than 70% of mosquitoes possessed the knockdown resistance (kdr) gene. This is the first evidence
for the presence of the kdr gene in Aedes albopictus and suggests the need to study the global
distribution of this allele in this important vector insect.
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v 7y NTEEICHEEY L CREER-E
7oth, 25CITEW . FIEICONWT 2 H
7L (A0 fER) ZALBEL, 8D 1L RE A
SLPR L 7o, AUBE 24 IR 2 IS AE RS &
ML, Finney D FEICESEHEE—T oy
NERRZ R L7=1%, LD50 fE3Fs X OF Slope
ZRH L. TA ALy 7OEE TS BN
D E MUk VMER A FECEAR L LTh
v > bk L7=. Piperonyl butoxide >4t 71%h 5 %
TR BB TIL, 7T b L
piperonyl butoxide 5 pg % % HIZ & 57> U DAl
L, &0 1FEM# (2 permethrin 2 4LEE L 7=,
24 FEM#Z DOIE T HFEZEHI L, piperonyl
butoxide ®#: J1Zh Rz i L7-.
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(4)in vitro 13t
DI 7 vy —r0FHH
R HL A FEBRIECRTI2-20°C C 30 4y IRAFE L

WL, Bty hCTEEOAEZEYHL,

K EDOREEIRICRE LT, FEERIZ01M U
VEkEENR (pH7.5, 1 mMEDTA, 1mM
p-APMSF, 0.1 mM dithiothreitol (DTT)). J&#6
PREER L cT T a Ly — T AREY S
A P —TEML, 4C, 10,000g T 15 4y iz
DoBELTZ. EE% & 5124°C, 100,000g T
60 4y TR = D0 Bl U 7=, R Dy Bt D vh
W (R 7vy—25) ZF0) CEREIRICE
fiEL, K EEER, GHRBRICHWZ.
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10 ml 7T ZFRERAE |\ Y o WeiR T, R
i’ (20 IEERAEY), MC TR S iz
trans-[cyclopropyl-1-"*C]permethrin (100,000
dpm, 0.341 pg) % B, 25°C C 5 7y FERIE,
0.2ml @ 10 mM B-NADPH /1% % = & T

S Z b7, Permethrin {8 %45 N7
7 L P450 FR(LEESE OB 52 25 72D Dk
BrIX & LT EREROSIKIT 0.1 M @ piperonyl
butoxide (=% / —/L#RiK) % RISHID 5
SEOEFIC 10 Nz 7z, IBE 5 MIG%E
Blh LT 30401 & 60431412 1N @ HCI % 0.2
mlinz 5 Z & CRIGZIED . KISHKIZ 1.0 g
OWBET =0 L&z, ERRE%IC 4ml
DYEFNT—TNVEMZ, YVarITALT
¥eZ L% AT v 7 28T 30 BoRHhH L
7. HIE, 30009 T 1 %Mokl
7-t%, FiFE/RR2Y =)Ly hT/RRAY —
IVERBRE IR LT, ZOEMEEZ S 5T 2 [F4T
Sltk, VTN —FT)NE KT T M,
30°CCHEFEMIZ L=, B L= RI{LAYE
100 pul DA Z ) —)VICHEEMRL, 9510w
WZ DWW THURTEMEZJIE L7=. 10000 dpm +H
WMENTA~A 7%y ET Y —%HNT
WEsa~ 777 40— (HPTLC, A7 %t
@l 10ecmx10cm) FIZETFL, ko
HElE = F/1=3:1 O EETASE CRE L7, R
%, E/u~ NI T T 4 —%WEL, A
FA A=V T TS T4 % — (BAS-2500, &
7 A 2R Z AV CEBG R X O
DEBEIT- T,

(B)F F U U AF ¥ RO EARTFRAT
D% 7 2 DNA Offit
77 25 DNA (308 %< Dk &Y
RDEXxtract-N-Amp Tissue PCR Kit (7'~ —7
N »F) ZHWCHItH L7z, 7 RY DA
FryFZNDHH, B L ATA FEHUEE fH
MBIEL Boino T D LI014F ([2nz,
PED R v XA v~ ImbHESN TS5
SODOT I/ W& (S989P, 11011M F 7213 V.
V1016G F 7213 I, F1534C, D1763Y) % ¥ —
7y ML T o7 (Fig. 1, 2). 2607
T BREALOEA 2 BT D DI, T
YD AF X RADRAAL LI, L IV O3
ODMER A PCRICE > THEIE L 7. =T
DFEEDOEMEIZ V277 A ~— (aegSCF20
& aegSCR21 (KA A > 1I), aegSCF7 &
aegSCR7 (KA1 1), albSCF6 & albSCR8
(RAALIV)) TROBY THD.
aegSCF20 (gacaatgtggatcgcttcec)
aegSCR21 (gcaatctggcttgttaacttg)
aegSCF7 (gagaactcgccgatgaactt)
aegSCRY7 (gacgacgaaatcgaacaggt)
albSCF6 (tcgagaagtacttcgtgtcg)
albSCR8 (aacagcaggatcatgctctg)
PCR J£%)1% MonoFas DNA purification kit 1 (GL
YA 2 R) ZHNTHREZE, UTFO7I4
~— MW TERE Y — 7 o At L7,
aegSCF3 (gtggaacttcaccgacttca) (domain 11 F)
aegSCR22 (ttcacgaacttgagegegttg) (domain 11 A)
aegSCR8 (tagctttcageggcttettc) (domain 11 H)
albSCF7 (aggtatccgaacgttgctgt) (domain 1V H)
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Fig. 1. Diagram of the locations of possible kdr mutations found from
Aedes agegypti. Point mutations in the voltage-gated sodium channel
protein so far reported from pyrethroid-resistant Ae. aegypti are
indicated. Positions are numbered according to the amino acid
sequence of the most abundant splice variant of the house fly
sodium channel (GenBank accession nos. AAB47605 and AAB47604).
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Fig. 2. Strategies for genotyping the kdr mutations. The partial
genomic DNA encoding voltage-gated sodium channel (VGSC) in
Ae. albopictus and primer positions are indicated. The open boxes

and black lines indicate exons and introns, respectively. The black

boxes indicate 6 loci of possible kdr mutations. Primers a
(aegSCF20), b (aegSCR21), e (aegSCF7), f (aegSCR7), h (albSCF6)
and i (albSCR8) were used to amplify VGSC gene and primers ¢
(aegSCF3), d (aegSCR22), g (aegSCR8) and j (albSCF7) were used
for sequencing. The sequence of each primer is described in
Materials and Methods. The lengths of amplified DNA were
approximately 480 bp, 740 bp and 280 bp for domain Il, lll and IV,
respectively.
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IR L CWD T EBHLNI RS2, 20D
FSIEA#ESE NADPH IR CTH D Z &,

F 7= 47351 piperonyl butoxide (= & - CTFHLE &
NDZEMND, ¥ b7 m i PAS0 MfLEEHIC
LDLDTHDLZ ENHLMNT 2T,

K BA =Ty T R—1% (aegSP #)
IXBREERF O HRPIME LUV 35 1% Tdh o 72743,
X B A A T HFERIZA R Z permethrin Tl
K& BERIAER, WIKATO LD50 623 20 ng/
T o7 DA 8 AR I 1648 ng/ific
L. ZHUSEOERBTELE S 1009 f5~&
L5 L7 (Table1). WIZ, REHO in vitro 1%
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TR T DHE NN TN D Z E RIS M
272 o Tz,

Table 1 Level of permethrin resistance in permethrin selected strains of Aedes
aegypti and Culex quinguefasciatus

Species Insecticide
ns/ 2)

Aedes aegypti Permethrin Sumika 354 7.0%0.64 1
Permethrin aegSPS8G1® 360 4.7+0.46 1648 1099
Permethrin+PBO  Sumika 300 6.0+0.55 0.89 1
Permethrin+PBO  aegSPS7G2° 200 12.4%+1.62 335 376

Cx. quinquefascaitus  Permethrin Ogasawara 360 5.0%046 6.9 1
Permethrin CqSPS8G2° 360 5.4%0.52 2606 378

aegSPSBG1: The 1st generation of aegSP strain selected with permehrin for 8 generations.
aegSPS7G2: The 2nd generation of aegSP strain selected with permethrin for 7 generations.
CSPS8G2: The 2nd generation of CqSP strain selected with permethrin for 8 generations.
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ARIZ EYD D F1534C OEIES X 73.1%I2DIF
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UHEPIHERIRT) SRR S A, B A s
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Table 2 Genotypes of the voltage-gated sodium channel gene in Aedes
albopictus collected from Singapore

Loci of amino acids®
Number of mosquitoes 989 1011 1014 1016 1534 1763
2 s/s If L/L 7 F/F D/D
10 /s I /L N F/c D/D
14 /s I/1 LL NV c/c D/D

°Positions are numbered according to the amino acid sequence of the voltage-
gated sodium channel from house fly (Musca domestica, accession nos.

AAB47605 and AAB47604).
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