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PRI SKE S E B AsinOBP1 5
&% iy % ( DEET ) M 48 & 4517 th

BEe, AL, RES, kB, HRX, R R, MER

(BEPIERER G5 TLEY AU, B B R E I R 5%, B 401331)

HWE. [ B o) 5% P 4483 Anopheles sinensis 2.7k 4547 @ 1 (AsinOBP1) 5 i# 3z (N, N-diethyl-
m-toluamide, DEET ) %9 £ & 4% 1, 3+ 5 32 &R 47 B Aedes aegypti AaegOBP1 . % 1% B & Culex
quinquefasciatus CquiOBP1 #47pbds | 5H#rY DEET ARt 24 a ik mak ik, [Fx 1A REEZL
HBARIAT B 69 % G AsinOBP1 89 B kA B A, v N-3EH-1-2p( N-phenyl-1-naphthylamine, 1-
NPN) 4k 4 38 o384t , i@ 18 38 56 5% 425 & 2 35 34 AsinOBP1 5 DEET 84 25 & 45 B 34T 547, F 1L 4%
AsinOBP1, AaegOBP1 #= CquiOBP1 15 DEET #4525 &4 /4 , i@ id 4 F sH 3 % 2 £ 15 DEET Z Ak 69 &
Hhwisi k. [ 4R ] AsinOBPl #t 5 DEET % &, ## & % 44 29.55 pmol/L, fEABF %% &4 F,
CquiOBP1 #= AaegOBP1 #f 4t 45 & DEET, #2 & &% 2 4#) 4 17. 15 #212. 81 pumol/L, 5 AaegOBP1 #=
CquiOBP1 #4836, AsinOBP1 % 4~ DEET #4 4% /1 3% 33, AaegOBP1 % 3% . 4 F #3277, DEET 4 F 4
A FE AsinOBPl —B R ERE X R @IS0 RN % 24508 d ab, oS 7 ab Loy R L8R K A
Leu92, Leu95, His-96, Leu99, Ala-107, Met-108, Met-110, Gly-110, Cys-114, Leu-115, Trp-
133, Met-108", Lys-112"Fe Leu-115"48/%, . 45 HT A3 ANk G ¥ 5 DEET W 33K ) x5 K M
YR ey RABR AL 5 DEET A A s A4 09 BIL B 5% A R AR 69,125 DEET = Z 3 ) 4% 7% mk,
FKMAE R R AR ALY A — N2 E A £ 5, AaegOBP1 2 Leu, @ AsinOBP1 #= CquiOBP1 ;%
Met 5% 3, Leu #9 %K% T Met, 7T 4252 AaegOBP1 35 DEET #9444k A4 e M2 —, [ 4
#£ ] AsinOBP1 #£4%5 44 DEET, REIS R Ak 6% 1| 5 DEET ¥ Ffh AEZF, St —F K E
ik 2 F R e R BT T I Ak 6% G5 DEET AR X A & 20y K2 E ME,
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Binding characteristics of the odorant binding protein AsinOBP1 of
Anopheles sinensis ( Diptera; Culicidae ) with the mosiquito repellent

DEET
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Abstract: [ Aim] To study the binding characteristics of the odorant binding protein AsinOBP1 from
Anopheles sinensis with the mosiquito repellent N, N-diethyl-m-toluamide ( DEET) in comparison with
Aedes aegypti OBP1 ( AaegOBP1) and Culex quinquefasciatus OBP1 ( CquiOBP1), and to identify the
key residues responsible for the binding to DEET by OBP1s from different mosquito species. [ Methods]
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The recombinant protein AsinOBP1 was expressed using a prokaryotic expression system and then
purified. The DEET binding properties of AsinOBP1 were evaluated by fluorescence competitive binding
assays using N-phenyl-1-naphthylamine ( 1-NPN) as the fluorescence probe. The binding affinities of
AsinOBP1, AaegOBP1 and CquiOBP1 to DEET were compared, and the key residues responsible for this
binding were identified using molecular docking. [ Results] AsinOBP1 was able to bind to DEET, with a
dissociation constant of 29. 55 pmol/L. Under the same experimental conditions, CquiOBP1 and
AaegOBP1 were also able to bind to DEET, with their dissociation constants of 17. 15 and 12. 81 wmol/
L, respectively. It was shown that AaegOBP1 had the strongest binding affinity to DEET, followed by
CquiOBP1 and AsinOBP1. The molecular docking of AsinOBP1 revealed that one DEET molecule is
bound to each subunit at a site located near the interface between the two monomers of AsinOBP1. The
DEET binding pocket is formed by residues belonging to helices a4, a5 and a6 (Leu-92, Leu-95, His-
96, Leu99, Ala-107, Met-108, Met-110, Gly-110, Cys-114, Leu-115, Trp-133, Met-108", Lys-112’
and Leu-115"). The residues interacting with the tolyl group and ketonic oxygen of DEET are identical in
the three recombinant proteins. However, among the five key residues interacting with the diethyl group
of DEET, one residue is different; in AaegOBP1 the residue is Leu, whereas in CquiOBP1 and
AsinOBP1 it is Met. Given that the residue Leu is more hydrophobic than Met, it was speculated that this
might contribute to a higher affinity of AaegOBP1 to DEET. [ Conclusion] AsinOBP1, AaegOBP1 and
CquiOBP1 are all able to bind to DEET, but differ in affinity. Further study should be focused on the
causes of their difference in affinity so as to better understand the mechanisms by which OBP1s bind to
DEET.
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IR — X NI e R Y A B o, AR
NIRRT, T HAL 3 2 Fh A% G PR , fa A
AR, AESR IR R ORI R P e X
BRI 22 U A, HC T AR O B SRR N AR
A B M e K, 4 T 2 A 2 BN A T AR R
ARG R, 1 2015 AR50 2. 12 A2 N FERGIE YR
FE42.9 BT, Hp AW S 2L st b
70.63% (WHO, 2016) . i T @k = A7 R A IE I
B, DU IR F2 AR T 4% 7R R HIRE ), a2 i
5N £ Z )0 2 i, DL B R AR R iR R
(WHO, 2005) , AR HA§ TR 38 A% s PR OH s 24 AR
BEAYRE AL, J2 WHO St i 17 i e 25 T A 35 Ui
i 5 A e 1 — 28K 25 (WHO, 2005) 1] i
FHE:) 17 H K388 7] 2 1946 AT 25 8 4\ 38 TF & 1) bk
Ie e (N N-Z 2 8 ] SR Bt , DEET) . DEET
X ise o AN ELA BIR A R, 30 B — 2 B A R
P (Xue et al., 2003 ; DeGennaro, 2015)

HIRESE & B, DEET B4 il dr de Xf 2L AR 127
95-3 - WA N ARTT I 32 2800 e H A B2 07, 448 5 B
F P M B L 5E 2 45 ( Dogan et al., 1999 ; Ditzen et
al., 2008) . {HJ5 K #E5E & 8L DEET B HEAEH T

WSC L Y MRSE AP 2 TG, 7 A JKGEEVE T, ST A S0 ] A 0k
FLIR \CO, Il 12 J5-3 -5 55 Al 27 W) S5t 114 S 1 ( Syed
and Leal, 2008 ) , B¢ Y IRGE 22 G040 & 22 7 5 WL
SR DIREER 1, Q1R 455 22 19 (odorant binding
proteins, OBPs) . fk % & 52 ¥ 1 ( chemosensory
proteins, CSPs) . MR 5% 5% /& ( olfactory receptors,
ORs) ZE B F 321K (ionotropic receptors, IRs) \JE
22 JC IR 2 19 ( sensory neuron membrane proteins,
SNMPs ) Fl =, Bk 43 F F% f# B ( odorant degrading
enzymes, ODEs) %5 (Liu et al., 2012; Leal, 2013)
OBP 5L 73 ¥ By 45 5 7 B AL & — PR A
FAL P B S — 2 A A U (Vogt and Riddiford
1981; Engsontia et al., 2014) , Bt 25 G510 % 5
5, 1B IR G SRR PRI U, A% 3 25 PR R 22 T |
(1 OR, 5| OR #7424k, k1M 5 | 2 25 38 18 I i
& 5% 3h /E i v/ ( Carey et al., 2010; Wang et al.,
2010; Leal, 2013) . X 3% 8L Anopheles gambiae
OBP1 ( AgamOBP1 ) F1 3% K APt i Aedes aegypti OBP1
(AaegOBP1 ) fE % 45 4 DEET ( Tsitsanou et al.,
2012; Leal and Leal, 2014) ., i i3 f##r AgamOBP1
5 DEET &2 &K fh iR 254, & BLE5 & DEET iy
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KPEFASHI 5SS 4, 5 A1 6 A o BRE B 1Y Leu73,
Leu76, His77, Leu80, Ala88, Met89, Met9l,
Gly92, Gly93, Are94, Leu96 F Trpll14 5551 Hhiz vk
320 Bl ( Tsitsanou et al., 2012), 5 It 2 4b,
AgamOBP1 A fE 5 6-F £-5-5 47 -2-1 ( 6-methyl-5-
hepten-2-one, 6-MH ) #1 Icaridin [ butan-2-yl 2-(2-
hydroxyethyl) piperidine-1-carboxylate ] 2 BiX ¥ 7] 2%
4 (Murphy et al., 2013 ; Drakou et al., 2017) , #f—
ST kB, W AR S 9 OR Rl OR 4L 57 f& (OR
co-receptor, Orco) 1Y 7R — Bk 2 DEET /EH
B4R (Ditzen et al., 2008 ; Pellegrino et al., 2011;
DeGennaro et al., 2013; Xu et al., 2014)

A f B e o R EOE W A HOE R R
Plasmodium vivax W15 #& 4 ( Ree, 2005; Zhou et
al., 2010; Zhu et al., 2013) . i 1o 5t K 20 i 16 %
E , A5 64 AR IUIRES 5 H H A (He e
al., 2016) , Hrh, AsinOBP1 £ M5 6% B v R 7
Fik, HAEMCE MRS 23k 7K-F- 2 25 T B, il H AR
A i IR G R gE b R AR (% A,
2014), AsinOBP1, AaegOBP1 Fil AgamOBP1 21 &
[l PRI, 1M H AsinOBP1 il AgamOBP1 (¥ = 4454
WOAARL (ZE W5 45, 2014) , #EW AsinOBP1 3 BE4S
& DEET {H ¥ 75 52 90 3 Ff o ASAIF S0 3 I A% R 5k
MEEGFFPES BT, 098 T AsinOBP1 5 DEET 1454
B 7 5 JT38 i 25 5 e i T oy xH2 , LU T T
AsinOBP1, AaegOBP1 Fi % % FE hr OBP1
(CquiOBP1) 5568 7 1 25 5 Je Ho2s e = AR 43 F
Beili, WSS RA B TR A B DEET £ J i AL
il , L OBP 2545 kg B (1) 57 784 1K sk 551 5 1 2 (1 24
WA

1 HR5H%

1.1 FEiKH

Gel Extraction Kit (100) ) - F OMEGA , Ex Taq
fiff ,pMD-19T Vector i35 &, WYIEF BamH T Fl Hind
M0 T K% 5 A4, pET28a-SUMO £ 14 AR S 46 %
TR A7, 7¢Ot K BF N-A& J-1-Z% i ( N-phenyl-1-
naphthylamine, 1-NPN) | ¥ i % ( N, N-diethyl-m-
toluamide, DEET) ) F Sigma-Aldrich 2\ &] , HAih 15
S NES R e i 8
1.2 FEiZRiEHEEE

HiAE i B BR 45 & & A AsinOBPL ¥ %)
(GenBank %5585 . ATR09579 ) Sy 7 526 28 M5 o

(Z&Wg 5%, 2014; He er al., 2016) . 45 HEH 1Y 5
G, KBRS IR gn 05 77 B J5 L 78 57 dig A1 37 v A 0
BamH 1 F1 Hind T FR 1 N DB A8 o B T4 Y 3
BT ZHE 05 M 48 O AR MR R A BR S w4 T 4k A
B o BB R I R TR F] pMD-19T 844, #44LK
KT 1% DH5 o, I FEBGIE

FEMEEA AsinOBP1 JE[H (1% )ik, Fl BamH 1
A Hind W AUREDI I YIRS IR, ¥ B U0 v Be 5 0k
[ RE AU D) I 1) R I8 201K pET28a-SUMO 4%, ¥
BT Y AL B K AT B DHS o JRZ S 4N , 2
TR R4 T V) 5 5 P T B o BE I e B e AL 3]
Rosetta JEAZ 4, 05 3540E o K5 80 IE 8 1) =%
KRR T -80C

¥ N B AaegOBP1  ( GenBank & 3 5.
AY189223) FI & #& J%E i CquiOBP1 ( GenBank % 5%
2. XP _ 001848926 ) ¥t [H J¥ %1 A NCBI F #%,
AaegOBP1 Fl CquiOBP1 5% 32 35 B AR i 1) 2 5 vk
[7] AsinOBP1 H:[A .
1.3 HHEAWMFSREMANK

4 AsinOBP1 R HEA A R ERN
3mL LB £ 3, 37°C 200 r/min 3 5575, HL
30 pL ARG SR RBOIMA R A RH &R 5 mL
LB R34 37°C 200 r/min $5 35307, Ik H 3% 1:
100 (v/v) (1) F A5 5 42 3 3 A WA LB 5 77 3
37°C 200 r/min 535 % OD {4 0.6, fil A IPTG &
L FE 0.5 mmol/L,37°C 200 r/min $55% 3 h,

WRRETE, BIFEWE, T 6 000 g &0
10 minlTEE R, FH 60 mL TR NTA-0 2% ik 5
ERTRAR 6 75 U W AR TR, 2 31 Dy 2R 300 W, i
4 5,854 s, #5799 R, 20 000 g 4°C &[> 30 min,
Ay B IS FITTEE , B 40 pL 1 x SDS-PAGE |4
Gz P A L WK YA S min J5 B 10 pL AT ER
VKA A B AR I FRBIE R A LA X
FEIR AT AR AR 0 e AR M T S AL 3

¥ Ni-NTA Bg2e AZHTAE, B 10 F5 A R IR
() NTA-0 Buffer #iy, H4 L& WO 2 Mk, i
0.5 mL/min WA ZFFERS 4o JZHTAE A 10 £ A
RAKFRAY NTA-0 Buffer #9E, 7 1 mL/min, %
J& 10 fERERIAELRY NTA-20, NTA-60, NTA-200
1 NTA-500 Buffer P, 738 1 mL/min, EE &3k
Jii g, SDS-PAGE H Kk Ao . AR 4l flL Dk 25 2R, 4%
NTA-200 1 NTA-500 &5 iR G, 4% e g in SUMO
fitAE SNEEDD , PBS & BT 5, OB AT, SR AW ED S H
()RR 1, B ER A 5 P A U A vk 4 , vk 4 J DN e vk
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H4H AaegOBP1 HI CquiOBP1 4§ [ i 4l £k J7 ¥
A ko
1.4 1-NPN MK R =

1-NPN % L4 (WL ¢ 2 B 4 /D A2 45 (2010)
JrEEIERE e . B 1 em (0 VU T8 A S B L (9 I
£ F-2500 56 0T HA HAL) FikfT, pledk
YL 10 nm,, A UIERAE AR #Y 4L kR
1 mg/mL, ZGHRER 1-NPN i T~ H s, 200k )
A 1 mmol/L, FEAFERFHIA 50 mmol/L Tris 28w
W (pH 7.4) , k%I~ 337 nm, F 390 ~ 530
nm AL SR VIR EE A A 1-NPN, fii H 2%
WHER S wmol/L, 94 I 5% 1-NPN = Az (5 0
JEAE SR IGAE ER AR 2648 T A AsinOBP1L, fdi H;
LUSEW Ny S pmol/L, FEUAT il 10 5% 59 6 58
B R MEAHIA] 09772553900 7€ 1-NPN 5 AaegOBP1
1 CquiOBP1 I IER A
1.5 WIRSERREHIRESES NN E

i+ AsinOBP1, AaegOBP1 £l CquiOBP1 &
BAHMNORER, 27 ENTOL, SEER 1.4
o B HA AP A 50 mmol/L Tris 2% v ViR
(pH 7.4) , M A4k 1) AsinOBP1 & [ 2 44k i
%52 pmol/L, % B K 4 H 295 nm, 75 310 ~ 455
nm Kbid sk AsinOBP1 & 7 AE I NDE. T8 Bk S
TETF A ZSIECHRER 1-NPN 2L 4 10, 20, 30,
50 F170 pmol/ L, 43551 55 1 B 2 1 PN 2 D' B A3 2K
KSR RE R BB L o 2 R W] 1) 5 1593
HIME AaegOBP1 I CquiOBP1 H H B9 N 52t K H:
PR AE AL R
1.6 EHAZEHLE DEET WESXHW

RO 45 A i 9¢ OBPL 5 DEET 11
LEERES . SEBCER 1.4 5, I T-NPN /£
OBP1 Z5- BRI 1952 P9I . T H
H4 1-NPN P il 2 B2 R 1 mmol/L (¥ o
1-NPN 1 H 198 1456 0 8O, 78l rpom A
50 mmol/L Tris ZZ vhif (pH 7.4) , SRS HIA H By i
I AR 2 wmol/ L, UR Gy 337 nm,
FE AR J5, T 390 ~ 590 nm &b 94 I i 5¢
1-NPNJ" A (e KAPEGHR B . AR5 DU ) B 2, 1L
Hom AR T 0 SO £ 1-NPN, fdm ARy
I-NPNYEFEM 2 wmol/L #4455 16 wmol/L, XN
A 1-NPN Ji5 IR 2 min, T390 ~590 nm b33+
JFidsk 1-NPN PR e KOO, B 3 K,

i %2 AsinOBP1, AaegOBP1 FlI CquiOBP1 Y

DEET 145G 58 JJ I, B8 98673 006 BE TH R
Ky 337 nm, TR GHEAK N 390 ~ 530 nm, 5
Feta mAin A 50 mmol/L Tris 2% whifi (pH 7.4) ,
S 1-NPN FI H (8, AW 2 pmol/LL, #
B 2min {F SRS RN, DN DGR B SR R R T
FIEER DEET K (1 mmol/L) B U A B 526 L
I, BEEN S (100 pmol/L i3 , 1 % 5 B
ARG . A 3 IR,

fieise H 8 F A9 P 100% H M FIR A,
AR TS A R 11 RS 1C, (B (h3E 4 i
FERE R 50% (1) 1-NPN Ak B ) |, THE e 5L <R
STHMHRNEAMRESHE AXWTF:K =
[1Cs ]/ (1 + [ 1-NPN]/K, ) , HeF [ 1-NPN ] Ay e %
T H L-NPN B Koy 0 H B9 SR F1/1-NPN 2 &
W45
1.7 EiREESERSHT

AsinOBP1 5 AgamOBP1 [ & 3% r 51 — B ik
7 93% ,AR4 AgamOBP1 (PDB: 3N7H) £ =4
S5 AE 26 [A] I R A5 55 4% Swiss-Model (hitp ;
// swissmodel. expasy. org/ ) %f AsinOBP1 47 [A] 5
5 Biasini et al., 2014) , WEFTAER S Hfl b
Jii i) & B ) Procheck 2 % ( Laskowski et al.,
1993 ) s X PP 0 45 1 v A BE 1R P 91 AR 2R TP A
H Verify-3D # J¥; = 48t 2 09 2 7= A1 3 A H
PDBview £, AaegOBP1(PDB: 3K1E) FI CquiOBP1
(PDB: 30GN) 8 =4E25445 M\ Protein Data Bank (http;
//www. resh. org/pdb/home/home. do) 215331,

1.8 ZoFxt#

#] | ChemBioDraw Ultra 12. 0 £ #l 1k & W)
DEET By45#y , 4R )5 ] ChemBio3D Ulira 12.0 4k
= HELER  IFE ] MMEFO4 J 37 47 Ak . &R F A
DEET #J{#i F§ AutodockTools 1. 5. 6 #5 1k -5 PDBQT
#% 20 (Sanner, 1999; Trott and Olson, 2010) , %
Autodock vina 1. 1.2 3474 7 % 24735 ( Morris et
al., 2009) , AsinOBP1, AaegOBP1 #1 CquiOBP1 & H
B 1A B9 AR BR 1% B R : center_x = 16. 055, center_y =
33.976,center_z =20. 859 ;size_x = 8 ,size_y =8, size
_z=8;2A I Y AR BRI B N center_x = 11.459
center_y =43. 825, center_z =22. 465 ;size_x =8 ,size_
y =8,size_z = 8; 1B v j5 AL BR 1% & K : center_x =
20. 179, center_y =25. 813, center_z = 18. 422 ; size_x
=8,size_y =8, size_z = 8;2B Vi }5 WAL AR I B N
center_x = 25. 234  center _y = 16. 859, center _z =
14. 237 ;size_x =8 ,size_y = 8,size_z =8, J T
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HE R T, 5 540 exhaustiveness T E H 20, (&
TR, HASE R ATONE . 5, B
{E f = IR % ] PyMoL. 1. 7. 6 (http: // www. pymol.
org/ ) HATEERATHT o

2 #R

2.1 AsinOBP1 EAWREE&L

FH PTG 55 3R 3K J5 , WA TR A 47 8 75 I8 e
T, SDS-PAGE HLIK 5 #7235 74, K U 21 e S 1 4%
W5 I3 AR S W IR LR AR N B R
ik, TiH SDS-PAGE ik 7R B 4] AsinOBP1 # 1
FEAE B RIA(E 1) o ik, ffiH Ni-NTA £
JEAE il g b i 4 & 1, JF ) SUMO g d] R
FAE 5461 6 x His FREEF SUMO Fr2s, Midh
Ik 45 J , I o H 41 AsinOBPL 25 (A Wk B2, H
50 mmol/L Tris 2% #p i (pH7. 4 ) ¥ ¥ J& I/ 45 hy
1.0 mg/mL, 732 J5 I IR O/ A7 T 745 & 4 1R 52 5
AaegOBP1 Fl CquiOBP1 ) J5 4% Fe ik 2R H 1 15 5
FEARFMHATNZEA LS AsinOBP1 —4¢, HLJKAG I it
7~ AaegOBP1 F1 CquiOBP1 b =2 7F Fi§h #£ ik,
LA UIBRAR S Ja 15 B 5 — 1 25 (B R 4L .

1 2 3 4 5 6 7 M

kD

116.0
66.2

45.0
35.0

25.0

18.0
14.4

1 HZH AsinOBP1 & (5 Rk faifl
Fig. 1 Induced expression and purification

of the recombinant AsinOBP1

M: &5 F &5 Protein molecular weight marker; 1. 5
K FE 40 AsinOBP1 7K [ Recombinant protein of AsinOBP1 in
supernatant; 2 £ /& 1 1) & 240 AsinOBP1 4K |1 Recombinant
protein of AsinOBP1 in inclusion body; 3: %F 4% ¥ Flow-through
fraction; 4: J§ NTA-60 2% w75 W Uk Bt 49 B 240 AsinOBP1 & [
Recombinant AsinOBP1 eluted by NTA-60 buffer; 5; A NTA-200 2%
TR WE I 1Y B 4H AsinOBP1 4 4 Recombinant AsinOBP1 eluted
by NTA-200 buffer; 6 H] NTA-500 £ #hi 56 B A9 B 20 AsinOBP1
% H Recombinant AsinOBP1 eluted by NTA-500 buffer; 7. F SUMO
B B SUMO 45 45 Ji5 %) AsinOBP1 [ #5 25 1 The target protein
AsinOBP1 with the SUMO tag removed. i3k~ H #5  [1 Arrow

indicates the target protein.

2.2 AsinOBP1, AaegOBP1 1 CquiOBP1 85 5
1-NPN M &5 & 451

Tris 2% wi W AE 337 nm Ab R I, TE9EO6
Az, 7 1-NPN 7 464 nm fh 7 A4 G55 B9 5EOGAE, 2 m
A AsinOBP1, AaegOBP1 #l1 CquiOBPl % H /5,
1-NPN 7 412 nm fh 7 A e KOG, DG 3R
BEAF I N T 4.25, 7.82 F17.21 fF (& 2. A -
C), IF 2£ 1-NPN 5 AsinOBP1, AaegOBP1 A
CquiOBP1 H 45 K TR IA
2.3 WITGEMER RN HIRESHB U ~E

AsinOBP1 2K B4 6 4~ o 18 A 2 MR
g, 755 128 il 133 fii, 7EJC 1-NPN A9f5 4L T,
AsinOBP1 ZE [17E 295 nm A& B, T 338 nm Aby=
HERRNZOCMHE (K 2: D), A 1-NPN 5,338 nm
AN DN A VK AHAE 410 nm AMTE Jl— 147 i
RSP PR T SO R AR R R RN ; Bl 1-NPN
W BESE TN, NS00 BE U 55, 410 nm A 1) & S I (E
AWrEaE . BEH] AsinOBP1 25 1 H A% 30 4> 10 2R
s — AN T A5G AR O X

AaegOBP1 FlI CquiOBP1 ZE FHAYE 6 | o 1R
WA 2 AR, BT 127 132 £ ke
55 133 1138 fif, EAHFINE 2515 T , AaegOBP1 Fl
CquiOBP1 F 1T 338 nm 47" A e RN 9EOGME (K
2. E,F), 5 AsinOBP1 &[4 —%F, il A 1-NPN )5,
AaegOBP1 F1 CquiOBP1 7K [ i) PN 2¢ 6k 55 , 78 410
nm R0 I 18— AN B 09 & S0, U U] AaegOBP1 Al
CquiOBP1 FEF iy & Z R WA T 456 H 4RI 0
X 35
2.4 AsinOBP1, AaegOBP1 #1 CquiOBP1 &85 5
DEET {44

AsinOBP1 ZE 9 5 1-NPN m 45 & i 2 0L & 3
(A), HEW UL, BEE 1-NPN ¥ B (38 A, 2205
FEZ BN, 25 1-NPN B9k BE iR 5] 14 ~ 16 umol/L
I, ZOGIEA R, K] 1-NPN FIH W E AL S
KB, AsinOBPL £ 115 1-NPN 454 1A OC &
Bk 0.9940 3 1 Scatchard J5 2313 ) AsinOBP1/
I-NPN & &Y 00 5 5 80k 2. 124 pmol/L, K H
FNTEPLE G LM E T AsinOBP1 5 DEET {45
GHed1. 45K Won, DEET figds H & 11 5 1-NPN
BOAEXT R G (E 5 4 2 50% DA, Ui B AsinOBP1 7§
FIRES 45 & DEET,, B4 DEET V& R34 fn , 2tuk
JE B , 2 DEET (¥R 2T 40 wmol/L i, %¢
JCETF IR T RS2, KU H M F A DEET 454 &
Wik 2 A (& 3: D), AsinOBP/DEET Ffiff 258 45
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A _ B _ G _
400 11 _NPN+AsinOBP1 600 |_NPN+AnegOBP1 800 | NPN+CquiOBP1
2 350 2 500 5 700}
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Fig. 2 Binding characteristics of 1-NPN with recombinant AsinOBP1, AaegOBP1 and CquiOBPI proteins
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A: 1-NPN

AsinOBP1 Ji5 W B B %2 N 52 5658 B 19484 /i Blue shift occurred and fluorescence intensity increased after the binding of 1-NPN with

AsinOBP1 protein; B: 1-NPN 454 AaegOBP1 J5 W58 FL5 S 5% i B B 38 il Blue shift occurred and fluorescence intensity increased after the binding
of 1-NPN with AaegOBP1 protein; C; 1-NPN 254 CquiOBP1 J5 W B P4 K¢ Yok B i34 il Blue shift occurred and fluorescence intensity increased
after the binding of 1-NPN with CquiOBP1 protein; D: AsinOBP1 PN %¢ ¢ i) ] % B ¥ K Measurement and quenching of intrinsic fluorescence of
AsinOBP1; E; AaegOBP1 ) ill] 22 J2 7% K Measurement and quenching of intrinsic fluorescence of AaegOBPl; F. CquiOBP1 {j il E M OVE R
Measurement and quenching of intrinsic fluorescence of CquiOBP1.
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Fig. 3 Binding curves of 1-NPN with AsinOBP1, AaegOBP1 and CquiOBP1 proteins
A 1-NPN F1 AsinOBP1 #& [ (1) 4% & i £k & Scatchard J5 7 The binding curve of 1-NPN with AsinOBP1 and the Scatchard plot of 1-NPN with
AsinOBP1; B; 1-NPN Fll AaegOBP1 25 [ i) 45 & 12k & Scatchard J57% The binding curve of 1-NPN with AaegOBP1 and the Scatchard plot of 1-NPN

with AaegOBP1; C: 1-NPN £l CquiOBP1 % H (45 &
NPN with CquiOBP1; D: DEET 5 & 4] AsinOBP1, AaegOBP1 Fl CquiOBP1 ZE [ (1) 3¢ 4+

£k & Scatchard J7#¢ The binding curve of

45

complex of 1-NPN and AsinOBP1, AaegOBP1 and CquiOBP1 proteins.

1-NPN with CquiOBP1 and the Scatchard plot of 1-

4 H £k Competitive binding curves of DEET with the
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429.55 pmol/L,

AaegOBP1 F1 CquiOBP1 & 45 1-NPN 114 45
ALK 3(B,C) ., AaegOBP1 #1 CquiOBP1 5 1-
NPN 254 B9 4H ¢ 22 5047 51 & 0. 9855 F11 0. 9927,
AaegOBP1/1-NPN Fi1 CquiOBP1/1-NPN & & ¥ 1) fi#
BB 0,948 Fil 1. 423 pwmol/L, i i 75 4 4k
AL E S AacgOBPL Al CquiOBP1 78 135
DEET 254 (18 3: D), fif &5 % 500 5l oy 12. 81 Fil
17. 15pmol/L, 5 AaegOBP1 FI CquiOBP1 #{ Lt,
AsinOBP1 454 DEET BYfE f1 555 ,AaegOBP1 i,
2.5 AsinOBP1 5 DEET #y4 F3F#&

AsinOBP1 5  AgamOBPl, AaegOBPI Al
CquiOBP1 [ 2 318 )3 51 — 3 M43 51 8 93% , 80%
H186% , Ay B i e TR 45 5 £ 1 AY S R 45 Fy
FALEE 6 > o BRTEAN 6 ANRSFIEBEE IR, MR
AgamOBP1 - DEET & £ {4 ) = 4 45 ¥4 (PDB:
3N7H) , %} AsinOBP1 #£47[R] 5 2245, 53] AsinOBP1
A RAR =4S AR (18] 4. A) o B DEET X4

MET-110

vs-114
< Ly-111
vs112
N\ o LEv-115,
7
—N ET-1
Lev-as 5 a7 wevion

£ AsinOBP1,DEET DUE AR i B2 B AN Jr X456 78
SRR RIS R A G P AR &, RIK A
S50 (1A F11B) EHLUH AR 45 SR (& 4.
B) . DEET BYZ55 H4SH a4, oS Fll ab FHIZEILIR
R Leu92, Leu95, His-96, Leu99, Ala-107,
Met-108, Met-110, Gly-110, Cys-114, Leu-115, Trp-
133, Met-108', Lys-112"F1 Leu-115"2H i ( L #=+5
LSRR AR Fok A ZRAK T 1 5 — AR (K
4: A,B), 78 LA fi 5, DEET fy H 2R 3% [T 4k T iy
ad, o5 Fl ab b A% 3 1R 5% & Leu92, Leu-95,
Leu-99, Ala-107, Met-110 Fl Trp-133 Fr4H A 1Y) 5 7K
PEX fk i, DEET ) — 2 FE U5 ) 5 1) — 2R A4 19 532
B, 5 & F5FR Leu-115, Met-108, Met-108', Lys-
112"F1 Leu-115"JE A2 & BB 7K A0 B.AE H] s DEET
(B 5 — M RSF I S5 H 7K 53 T8 LU, Ik
— 55 &R Gly-111, Cys-114 il Trp-133 % =
ML (K 4. B), DEET 5 AsinOBP1 7EHi/K
YE AU S A EAE T NI SR E M E 51

MET-113

:
(

Kl 4 AsinOBP1, AaegOBP1 £ CquiOBP1 75 [ 5 DEET {43 X 45 il
Fig. 4 Molecular docking of AsinOBP1, AaegOBP1 and CquiOBP1 dimers with DEET
A: DEET %14 % AsinOBP1 ({454 [14% DEET was docked into the binding pocket of AsinOBP1; B: DEET %} AsinOBPI [¥J 1A {3 &5 DEET was
docked into the 1A binding pocket of AsinOBP1; C: DEET X}4% % AaegOBP1 #9754 1148 DEET was docked into the binding pocket of AaegOBP1; D,
DEET X§4% % AaegOBPI [{J 1A i 25 DEET was docked into the 1A binding pocket of AaegOBP1; E: DEET %% % CquiOBP1 [#3 ¥ [14% DEET was
docked into the binding pocket of CquiOBP1; F: DEET X}4% % CquiOBP1 fi) 1A {i 5 DEET was docked into the 1A binding pocket of CquiOBP1; G
DEET fy1k2#25#) The chemical structure of N, N-diethyl-m-toluamide ( DEET) ; H; DEET 7£ AsinOBP1 (¥ {5,) . AaegOBP1 ( £¢{%,) A1 CquiOBP1 (4L
10,) 1A v 5. /)& & [&] The overlay map of DEET docked into the 1A binding pocket of AaegOBP1 (green) , CquiOBP1(red) and AsinOBP1 (blue). 4T
IRF R T, LR EHE Red ball represents the water moleculer, and hydrogen bonds are shown as dashed lines.

2.6 AsinOBP1, AaegOBP1 #1 CquiOBP1 ZH 5
DEET &I LLB 17

KR Y AgamOBPL - DEET &2 5 1A 1) = 4 25 #y
(PDB: 3N7H) , %} AaegOBP1 1 CquiOBP1 #£47[R] A
A5, 155 AaegOBP1 il CquiOBP1 i — & = 4k 4%
BRI (& 4. C, E), % DEET X} 4% %] AaegOBP1

Al CquiOBP1 [ty 45 & 1148, 45 3 % 1, DEET 5
AaegOBP1 #l CquiOBPI f{4t &5 AsinOBP1 —
Feo 3 MM E R R A1 451 )2 5 DEET 455 ki 2
P R RO SFME (4. H) o B & B,
DEET [ FH 2R L A1 3 FE 45 AsinOBP1, AaegOBP1
Fl CquiOBP1 HAER Z EL iR 5% A 5¢ 2 AH ], {H DEET
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B — 2, F3EM4E 5 AsinOBP1, AaegOBP1 #1 CquiOBP1
HAFRY R LR R 2 2% 7, AaegOBP1 454 DEET
T EE 0 B K H S 0E H Leu96, Leu-89,
Met-91", Lys-93' Fl Leu-96"4H i, 1fij & 1 CquiOBP1
FEXT B B9 457 5 0 24 Leu-120, Met-113, Met-113,
Lys-117" Fil Leu-120", AsinOBP1 & Leu-115, Met-
108, Met-108', Lys-112' fl Leu-115" (& 4: B, D,
F) . 5 DEET 2, 4% % hl s 7K P AR FH ) &
R S, A — A B AFFE 2 57, AaegOBP1 & Leu-
89,1 AsinOBP1 X Jij {37 & J& Met-108 , CquiOBP1 &
Met-113, i & 25 B & /5, DEET 5 AaegOBPIL,
CquiOBP1 F1 AsinOBP1 & W55 RES BN - 6.5,
-6.1 Fll -5.8 keal/mol, 5#e35 4 PE4s A AE
D7 25 R —3,

3 e

FRABFRZ I f/ N Anopheles minimus , B ERR
W Anopheles lesteri F1 K 45 ¥ B Anopheles dirus J2&3%
FEE AL 1) E A, Horh A R O AR TR
PR, S0 1 e 1 8] H O ) L P vivax 1G5
A4 (Ree, 2005; Zhou et al., 2010; Zhu et al.,
2013; Zhou et al., 2014) ., DEET 2 i N 17 /)
U SRS , REAS AR T 0 e A IR BT 2R T A K
#E AR (Syed and Leal, 2008 ). [X] Lt E %
AgamOBP1 F13% J% f ir AaegOBP1 G5 45 4 DEET
(Tsitsanou et al., 2012; Leal and Leal, 2014) , 34
DEET 1% 25 T #i# 55 5 1) OR/Orco 55 — R 4K, i
5| ] g [z B ( Ditzen et al., 2008; Xu et al.,
2014 ), 1 A& # B AsinOBP1 1 AgamOBPI .
AaegOBP1 Z5 R [R] H (%) OBP1 LL# A3 AT, AN A
B 1Y [ ORI, 3 B ALY = e S5 1 (50 45,
2014) £ AsinOBP1 5845 & DEET, {138 i
A% 2% 35 Al A T 9% O 38 G 45 G S8 B, Uk 5K
AsinOBP1 fff 55 g 1% 45 &5 DEET (& 3: D), 3t 9]
DEET W e T b AR e 1y M58 R 58 . FEAH A 1Y
SIS R, FRATE M E T AaegOBP1 Al CquiOBP1
5 DEET Ay 45 G451k, & I AaegOBP1 Fil CquiOBP1
#hRERS L5 A DEET (181 3. D), 3 W] DEET fEHl TA
[ri] g e ML 2% 258 B ATL i 2 AR ] )

M E ) 3 4~ H H, AsinOBP1 1 CquiOBP1
B R E SRR SE RE 8 4 & DEET, 3 N Y 5
BB I P TE P45 5 L i A5 58 2 —HE,
A R 2 A AT k. AsinOBPL, AaegOBP1

1 CquiOBP1 5 DEET #9 i B % 800 ik 29. 55,
12.81 Fi117.15 wmol/L, B4 AsinOBP1, CquiOBP1
F1 AaegOBP1 5 DEET B 3E fl J A —#f, AaegOBP1
%5 4 BE 71 B o5&, AsinOBP1 £ 55, AgamOBP1 5
DEET f)f# &5 %k 31.3 wmol/L ( Tsitsanou et al.,
2012) , 5 AsinOBP1 A4 fif 25 o KAk o 4200, Ul B
# 5 DEET f9Z5 5L . Leal i1 Leal (2014 ) 1]
E T 1.5 ~10 pmol/L DEET X} AaegOBP1/1-NPN &
BRI KAE A, % Bl DEET X% 5t 5 Ji (1) [
RAE A B, I AaegOBP1 fEfE 4G DEET, {H
4 Re I KRR DL 2 TN BEHERR I 2 oA 2 4. TR
i1 5 T 5 ~ 100 pmol/L DEET %f AaegOBP1/1-
NPN & 55 KAERT, &3 20 wmol/L DEET
R AR5 5 3 3 [ 2] 50% LR, UESE AaegOBP1
REA R4 & DEET, f#t 2% %0k 12. 81 wmol/L,
LI H AT 2 AaegOBP1, CquiOBP1
I AsinOBP1 5 DEET 454 fE43 4 - 6.5, -6.1
1 =5.8 kcal/mol, #E—FHESE 3 NE 5 DEET [
R NA—HE, GO0 TE P 455 S B 5E 1 45 R —
o SRR E] S e T g HE R 2H AN A (B 25 A4 1Y
Ze5r KRR X Z R LU EA X E A S
DEET B AR AR IR EA S B ME, @+
X4, & DEET (1) 283 ] 405 AsinOBPI,
AaegOBP1 I CquiOBP1 B4 %) 5§ 4 H iR 7k 5t 5
L — 4 (K 4. B, D, F), {H &, AsinOBPI,
AaegOBP1 Fll CquiOBP1 75 [ 5 DEET — 2 J:fl4% 5.
VER S DNE LR IR, A — A & B A E 25 7,
AaegOBP1 J& Leu, 1M AsinOBP1 Fl CquiOBP1 FH AL
EJE Met([K4: B, D, E), Leu FH/KMESRT Met,
Al REJE AaegOBP1 &5 DEET (1) 45 & 8 J) fi o 1 J5
RS LI E RS R AR R IR NG B S
Mrifb—EWFSEFIAfAIE . SR 1T, DEET [ AL AT Bk
B Z B EE 5 AsinOBP1 Il CquiOBP1 454
() HE R 5% A 58 4 A TA] , {H AsinOBP1 il CquiOBP1
Y5 DEET 454 (i 25 5 B AH 22 88K, AT 4R 77
TESS 5 B 22 AP, A Frdt— 2B 5T
OERRTERE PR FRER DO, B
% AlinOBP3 | %% &% BmorGOBP2 fl Bi #h B8 Lsti-
GOBP1 bR 45 & A 1 2R 75 h & A — 1
A5 R , 7F 16 ~ 20 pmol/L fi¥ 1-NPN 2y B~ B AJ
N DO R AEAR S P KGO, B R 6 T
SIRES A H 4 A A0 0 X (Zhou et al.,
2009; 4 /b4 AE, 20105 P L1 AE, 2011),
AsinOBP1, CquiOBP1 Fl1 AaegOBP1 & 43514 2 4~
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BRI, YO TH 6 D o BIE F, 50 wmol/L 1)
1-NPN A BEfd P9 286 38 JE K 3 50% LA, 3
AsinOBP1, CquiOBP1 F1 AaegOBP1 &5 [ ' A% 3 )~
AR H DL TEE T RO X, 75T
X% 43 BT L AIE 52 AsinOBPL 1 Trp-133, AaegOBPI
A4 Trp-114 F1 CquiOBP1 ) Trp-138 ¥4 T DEET %%
G H4%h, 5 DEET (% EREE DR i K AR, OF:
5 DEET [t 808 a5 (K 4) o [HEAMIES
S5 T4 B A AgamOBP1 - DEET fh {45 4
il ( Tsitsanou et al., 2012 ) HRARBEUE ST 5 Fh—4~ 4
RS DEET 47 HAE,

B IR BESS A DU B SOOR B B R i s Ok T OBP
(A, PRI A OBP BEAS R 5 M i U] — 2 454
AR SRS, 50 e 8 X 40 B ARl Ak 454
mfk {5 5 25 ( Tsitsanou et al., 2012) , AgamOBP1
AMUFELS 5 DEET, if B4 & 6-MH A1l Iearidin 454K
#EF ( Tsitsanou et al., 2012; Murphy et al., 2013;
Drakou et al., 2017) , AaegOBP1 8454 DEET Flig
B F2E{E B Z MOP(mosquito oviposition pheromone )
(Leal and Leal, 2014), CquiOBP1 [&fiE45 4 DEET
1 MOP 8, 38 BE 45 & A A SR 5 T 12 | BIK 3k 57
picardin (Xu et al., 2009; Mao et al., 2010; Yin et
al., 2015) , AsinOBP1 5 AgamOBP1, AaegOBP1 #l
CquiOBP1 HA7 %5 151 12 5 AHALL 1 A = 4 25 44y, 40
AsinOBP1 1.4 1] fig 45 & 6-MH, Icaridin 1 MOP 4§
R I, it — 25 U] OBPL 2 fifi 1 7 74 5K
) Y FRARRE AR
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