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Abstract: [ Objective ] Agrilus planipennis is a borer of ash tree (Emerald ash borer). In this paper we studied the
expression of the odorant binding protein AplaOBP2 in the antenna of Agrilus planipennis, and investigate the ligand
binding characteristics and ligand activity of the AplaOBP2. The purpose of this study is to use AplaOBP2 as target to
discover new semiochemicals for A. planipennis.[ Method ] The recombinant AplaOBP2 of A. planipennis was expressed in
the prokaryotic expression system. The localization of expression of AplaOBP2 in the antenna of A. planipennis was studied
using immunocytochemistry assay. The binding characteristics of the recombinant AplaOBP2 protein with 58 candidate
ligands were analyzed by fluorescence competitive binding assay.The electrophysiological and behavioral responses of A.
planipennis to AplaOBP2 ligands were studied by electroantennography ( EAG) and a Y-tube olfactometer. [ Result ] The

recombinant AplaOBP2 protein was successfully expressed in the prokaryotic expression system. The result of
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immunofluorescence localization showed that AplaOBP2 protein was expressed in the lymph of olfactory sensilla S.

basiconica I. The results of fluorescence competitive binding assay showed that in witro, the recombinant AplaOBP2

exhibited high binding affinities with 6 kinds of ligands, including trans-2-hexenal, irans-2-heptenal, benzaldehyde, 4'-

ethylacetophenone ,3", 4'-dimethoxyacetophenone, B-ionone, and their dissociation constants K, were 4. 44 4.17, 5.20,

2.91, 3.45 and 0. 63 pmol - L™, respectively. All AplaOBP2 ligands could trigger antennal responses of both males and

females at the dosage of 10 mg-mL™". The behavioral test showed that 10 mg - mL™" trans-2-hexenal had significant

attraction to female adults, and 10 mg-mL™" B-ionone had a significant evading effect on the female adults.[ Conclusion ]

AplaOBP2 is expressed in olfactory sensilla and can selectively bind affinities with aldehydes and ketones, suggesting that

AplaOBP2 might play a role in olfactory perception. This study supports the role of OBPs as targets to discover new

semiochemicals that could act as either attractants or repellents for A. planipennis.
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WL 7 B SR AT 32 AR 7 BR 37 F E R T
AT N R & ¥ #OE I B8 ( Bruce et al., 2005;
Takken, 1991; Vet et al., 1992; Visser, 1986 ). fi
FAVE B L B Mo A% B, HR WA Z2 P &
AR o % e o ML JER e S P I IR A2 1R il 8 0T
(olfactory receptor neurons, ORNs) 5 | REAS 4T 57 Hb
TRz A B 19 4L 2% 15 5 ( Binyameen et al., 2012;
Steinbrecht, 1997; Zacharuk, 1980) , SWR4>FH IR
AR TR ARSI 2 BRI L, B
ik ORNs BI58, UG 5% ERYZ AR, 45 E
WA TR 4T 4 52 W ( Hansson et al., 2011; Pelosi,
1996 ; Krieger et al., 1999 ; Wilson et al., 2006) , #f
HENZHIBEEE NS 55X 2, Hh AR5
#H H (odorant binding proteins, OBPs) f& F % 1 4M A
Mue 2 7R B R S8 R G0 Kk B IHE (Leal
2013; Pelletier et al., 2010; Vogt et al., 1981; Xu
et al., 2005; Ye et al., 2017)

EL OBPs J&2—28/Nr T RAKIEIEE A, &
HLJE N ] B R fil b B 45 E , HRTIACY OBPs
JURTE A W) B B P 33 2638 ( Hekmat-Scafe et al.,
2002; Pelosi et al., 2014; Vieira et al., 2011; Vogt
et al., 1981) , TER QUi rh  OBP & 1 th o7 T2
5 R B AN, BE S R B WA B R I 1Y
WE W ( Laue et al., 1994; Steinbrecht et al.,
1995; Vogt et al., 1981) , J&4 OBPs fEMLGEIER AT
(R LR B T 0 AN 58 2 5 4 (H AT 830 A D &
eSS G s Fg K P R E i 7oA P b 2 TR 3] ik
ORNs #4 5¢ | 9 W5t 32 A v i 35 3 224 ( Leal
2013; Pelosi et al., 2014) , FfiF OBPs 78R M2
R R M AR R I OBPs 1Y I8 70 ATk B
AR OBP Jk PR 5 S IR TE AL 7 B 4% B, OBP
FERTEHAR AR B de B A Rk T RES 5 2

Agrilus planipennis; odorant binding proteins; sensilla basiconica; fluorescence binding assay; EAG

A BRII6E ( Dippel et al., 2014; Forét et al., 2006;
Mckenzie et al., 2014 ; Pelosi et al., 2017; &5,
2017) , fili 22351 OBPs BEF: 1 M 26 3k 76 A [ 2%
RIS, 2 5 AR B WS &z, 2
FHEATE P A ML SR AR R T 2 OBP A 2 H iz i<
> B R 5EZ AR (Huang et al., 2018; Jiang et al.,
2018; Larter et al., 2016; Pikielny et al., 1994;
Wang et al., 2018 )

FHIE2E &5 T (Agrilus planipennis ) , & VT 42k K&
A G T ™ Y [ PR P A L, R
JER}( Oleaceae ) H W & ( Fraxinus) B AR, 1% H 2
KA HLIX A+ B oy, 2002 4E (5 AL, 124
1AL 55 M X B E 7 R AE TS (Herms et al.,
2014 ; Morin et al., 2017) Iﬁjﬁﬁﬁﬁ,ﬂgﬁ, A iz
T TSRS AN [F] 26 A5 AR R SR
LLSGE A F AR, FEAMITSEE X HZ R Ak
AT RERDIIE . BIF T AT TH 30
SRRCHIE B G T 22 B0 T 2 5 M d g
BRI PEAS B R A, IHZ 40 T 12 4> OBPs [ il 47
AFIRAZARIEA (odorant receptors, ORs) %2 Fhnl HE
Z 5058 PR 9 % A (Andersson et al., 2019; Crook
et al., 2008a; de Groot et al., 2008; Mamidala et al.,
2013; Rodriguez-Saona et al., 2006; Silk et al., 2009) ,
SRR 5E KL PR () D RE 1 A R TT AT 5E . AL 2
ST 0 78 5 T R 2 B A 7 00 i, 480 T 11
MRS S E I (AplaOBP1-11) J551) , LKA 1G24
KA 3 4> OBP A ( AplaOBP1-3) 7 Ml 1 i £ 4
Sheik, Forh AplaOBP1 T LT EERS FPEEks 6
RS Z M 27 £ A Y (Wang et al., 2020) , #E
HoAthfih £ 47 5+ 23K 1 OBPs 78 525 35 T L& 51
Rl A E EIIRE,

H i, Ao B E K T AplaOBP2 & H , R H
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1.1 K5

L1.1 Xk 2007 2018 4FF1 2019 4F 4 J
thd), TR (RE R P4 B M ATE ) SR
MRHL K 32 3 3 E 445 (F. pennsylvanica ) ¥ A% (10
R, FETHLZ 50 em PR B, 4 [ A6 50 T A Rt
e, BEAREBLE T AN BIAL, H 100 H )2 e M
AR RS AT T RUR AR, 5 A ERIIEE
SRR Bl e B 2 R L o R AR
A TR

11,2 2&XA RBFEZEIHE BL21 (DE3)
e s £ 1 e BE R I B OR AR AR AR BN (A a) A
FRA ] HEECRY B AL st (E i SR E Y ARG BR 2
Ay EAH M Ecombinant Entherokinase W H 2245
R dbmt) EYRH A R A H . 4 2UE H A4 )
£ Western Blot Kit fll eECL. Western Blot 27| &5
H Bt E R A IR A B 2O N-oR -
1-Z% % ( N-phenyl-1-naphthylamine , 1-NPN) F15 b
FREEST I H 22 [ Sigma 23 Al H AR AL R Tl
MR 2stt (TCY) | i 22 sk A= AR A PR w AN
b5 B At W A w SR AL R RN 22 8 A
P USSR P B OR A BR 2 F] SR AT A
M55 .

1.2 REAH*E

1.2.1  AplaOBP2 ¥ 41 % ik |90 % %
AplaOBP2 F£H ( GenBank % 55 . KU342581) ¥ %
MBS T R H B kAR, AES KA
AplaOBP2 B ¥4 H e % 4 Wi B i AT 6 LT v B
FIFRIB AR pET30a (+) . 4 ORI Y 1E 8 /5 5%
fb.% BL21(DE3) &2 S 41l h ik 17k &b, B
TEREREARTE A 100 mg- mL™ RARE Z B #7236 h
37 CHiFE 15 OD o fH 1 0. 6~0. 8 i, [y 55 32 5 im
A TPTG ELWSE N 1 mmol - L7 £ 18 C FHEATiH
F3RIE 16 h, ARG, B ORI, H T &
Halifl, ERRARAHEEIRIT . HEW 1 (50 mmol
-1 Tris, 0.2%Triton X-100, pH6. 8) VAT
PE, B JE B DT T 10 mL 6 mol - L™ SRR AR, i
A 10 mL %7 T (10 mmol - L™ DTT, 200 mmol-L™"'

Tris, pHS.0) , % & 100 r-min ' FFH 60 min; HIA 4
mL W I ( 0.5 mol - L' NaOH, 5 mmol - L™
Cystine) , Z R IF F 10 min; JIA 10 A5 W BUHY
IV(5 mmol - ™" Cysteine, 100 mmol + L™" Tris, pH
8.0), %k 100 r-min™' WEF LA ; B OME LIEIF
HENT A TE PBS S H & vp Wl haEs %, A
HisTrap 2R AVZHTHX M B #EA7alik , alifb 8 A ] =
ZH i 30 C I E 12 h, FFRJH HisTrap 3 Hl)2
Pk i fb, 2 & 98 Wk 47 )5 15 2 & His-tag 1Y
AplaOBP2 A HEH . K Bradford 5%} AplaOBP2
A v B UE AT I %E ( Bradford, 1976) , it 4% ~
20% SDS-PAGE HLyKAGIN 4% Bir BE H 198 FH 1 2151
. 4tk JC His br%5 AplaOBP2 H 418 ik db 5T
TET R E Y HAA BRA W ] 45 2 se BEpiA
1.2.2  Western blot #&#  HCPI{E 1~3 RIYHIEZE
T TR 30 X, 2 MR ZUE PR S U A i
W MR 1, BRI BRANT - R4 B0 &
TUK BB 2~3 min, 7 IR 1:99 1 LGN A R F il
TR, B I AR, [ 1.5 mL BL A HOIA
400 WL AR, B BB fik A &, BT UK PR 20
min,f)\iET:E4 °C .12 000 r*min~' FE.L 15 min,i{%_t
B B R OB D RS Rl A HE VR, -80
CIRAESEH,

AplaOBP2 H 4 2 11 1 il #f1 #2511 38 3 4% ~
20% SDS-PAGE HLIK 715, K FIHR e 145 8 R
TR T P 5 S e 7% 22 SR A — 9L & 4 (PVDF) i |
Z: I Western Blot Kit 56 45347 Western blot $524E
Z 8 eECL Western Blot 1857 &5 15 B - | K5 48 5 74U &
SRS E AR FIR &, FC A2 & A6 T e
AR, Al I AL 27 KOt AR 0 #7 1X (AT680, GE,
USA) #EATAI
1.2.3  SRagiusienl R AT T
qfh MR AT 4% 2 RPN 2% TR
0.1 mol-L™" PBS(pH7. 4)iF W 4 CHENR; +
mh e CBERRRE LK IS, BT LR H A i (Taab,
Aldermaston, Berks, UK) ¥ 60 «C ¥ &, i /]
Reichert Ultracut # ## Y] J #l ( Reichert Company,
Vienna, Austria) #1780, JEEE 4 60 ~80 nm, Y K
FHHR POSCEE o 25 U0 9 4 ) P Rz K it )
BT 20 wL PBSG(PBS &4 50 mmol - L™ H 2R )
WEE 5 min, FIZAPR 1R 4 HTEE 28K Pt 6
W RS R 20 Wl PBST(PBS & 0. 01% HY B % 1%
£E ML 8 AT 0. 02% Tween-20) ¥ 'S min, #5&
PR TR BFR U, B E T 20 pl —3i
(PBST #ii B, 1:5000), FWHEH 1 h J5,4 Cid
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s
W, MR MPESE 4440 X A% 22 g A 4 TR A 36K 1)
FPi YU (PBST Fi B, 1:20) EIRBEOLIFF 90
min; £ PBST PBSG HIXZE K IE VNG , b 2R ikt
J6 20 min FEATERIG K KKK VR, FH 2% Bt R
WAL 2 10 ming B XCGEKWE R, T H
Hitachi H-7500 TEM ( Hitachi Ltd., Tokyo, Japan) i
SPHBEIEA TSRS s F e nn i e i s A — B R
PV X B RORT M AT R DD AR A 45 3 A
HiK,

1.2.4 £ RFEEARE UL 5SS P N
ERLIR , Horp A 45 27 Fh a7 ERYIE LY (£ 1), F]
FH F-380 25653600 BETH (R HERS AR R & T I 1y
FRRAT], RHE) 475658 G A 50, % & 41
BAAEH 370 ~ 550 nm, #& B 337 nm, fHH @
T2 W i 96 G R BT 1-NPN, B 3 A ok B
1 mmol-L™", 7EM5E AplaOBP2 5# 4 145 4 fE N
s, e EM M #AE pHT. 4 1 PBS 22 il
o) 4 FE 1 AplaOBP2 W MR, & Wk E N
2 wmol - L™", 7£ 337 nm MY & U T, In ABRE By ik
JEM2 wmol - L7 B BEIBIE 212 pmol - L7, it sk 5 &
FIMESEE, B 3 K, TRk BT, i A RCAA ry vk
JEM 2 wmol - L™ A6 £ 8 1 & 20 pumol - L7, i 1o
Scatchard J5 1138 it B WU K, : K, = [ 1C,, ]/
(1 +[ 1-NPN /K, ypy) o 2, 1C 2 FLAR & 4 50%
YREF 1-NPN WFAGHEE , [ 1-NPN ] 2 R 4545 1 1-NPN
FIYE B | K, \pox 9 AplaOBP2 5 1-NPN 4 ff# 25 %k
(Guet al., 2011)

1.2.5 EAG RE KRRk & Wi T 6 i il
A% 10 mg - mL™" B, B 20 pl W INFaE 44
(5 emx1 em) BT 1 mL B L NIE A 251,
FHTT K 2575 T e s o ok IR DD, 2
R J5 4 A 2 % Al (B A4 PR3 mol - L7 1Y
KCl W) , 4% EAG HRAIE S, il M 50 —omdfi A
O, EAG {X#%E T IDAC-2 {55 REMS 51T
MU, AR ARIESE 1 em, KL30s 1Y
(BB = A 0.5 s I, 16 € Ji i 10 mL-s™ fiil
A=A IS5 EAG Pro #X{F (Syntech) iE 5%, VA
LRI -3 - C R R A A 2 HE R0 45 IR
(AR SRS 7 HEA TR AR I B IEA TR it S iy
FEHEAT 1 YO R (CF ) AR 2 RO, SR ) B
BLIRFEIARE & | BRI 7 BERRR o 2 BE ORI, B AR
fil R 1 AME IR, X RS REIARE S 43000 SR
ORI HOR[RIANA ) 8 AR fil M FLA SN, o 2 TR 28
I RIARES IR L Y EAG SERI{H 82 2 AR 1Y)
XTI EAG SEXEAE bR ES: BUE, AR 5

() EAG (B8 255 TR AY EAG “FIME 5 B LR ES:
FRAEA A TAR AL IE

1.2.6 "&£t 47 AR Y7 RIS NIE 2.5 cm,
FEK 25 cm, OVE K 20 em, I KA N
60°, BAH KA KRFEMEA, MEHEN1.0L-
min”", 25 G TG M R DA A OB SR EA Y
RV AR 2 [0 R i e, Y A5 T iy
WS EE 20wl AR & (R 10 mg - mL™",
FHAT U ok 5 R ) AT G BT O S 30 A 4% B R O
B, CINEZES TOME R AL 24 h JE I
TR 5 7F TR BRI 10:30—15:30 #647, ¥t
HOCTE RN T A S S 1) PR | W ok L Y
VBRI N . 2k U ZES min NI SR E AT —
PRI 2 om, I3 430 s b, TR A AT B4 5 515
BAAE R WA A T, BRI 5 Sk il Bp sc 4 2
AL FFE R UE AR, MK 10 Sk 5 T

YR, R R 2 A0 T 30 AT
FE
1.3 BUESHR

FIHH SPSS %44 (SPSS 7.0, SPSS Inc., USA),
K H Tukey’s HSD Z 5 FL 3y i 0 IS 25 55 T 0k |
MR AR R YR EAG N HEAT 22 5 i 3
30T e R RN [ — A W 1 EAG RN R
1= GG I 22 S Wb 2 5 WRUSEAT Sy S g )RR R
ROk BT 25 5 R

2 SRS

2.1 SKR&ESEH AplaOBP2 HEHRKIE

AplaOBP2 4 8 17 L IE iR IR | I A6 AL T
R KR (1), BB R 47 8 4l
b, FHEHE AL EZET Ak K b ) J5 15 3
Sy B2 14 kDa 19 H B8 B (IR0 1Y 73 &
13.8 kDa) , MUE/FFRNHE N 1 mg- mL ™" 4ifbEE
F1, TR & Jse e 25 45
2.2 Western blot #il

AplaOBP2 41 2K [ Fl fish 1 AL 2 11 40 ) B 15 5
AplaOBP2 HiiRFEFPELE & (8 2) 4 B — &R
PR, B AplaOBP2 HLIA 19 4 53 M RE A8 6 2 J5
SR G 2l U2 E R
2.3 SKZ&SEBQ AplaOBP2 il fa h IR &
E AL

B 25 21 03K B0 25 R 3R B, 2R 6 B0R AR I8 1)
AplaOBP2 £ /3 M EHE I AR 25 1 iy Jakai s o
TEETIRER IS T | 20 T AN B fL AL 2 S B 1
Ji v 357 A ARG T B R S ) A AR e ks (BT 3)
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Fig. 1 SDS-PAGE analysis of the recombinant AplaOBP2 of A. planipennis
M. A BT B AR UHE Protein molecular weight marker; 1:
RS K HFF 5 H AR Non-induced Escherichia coliy 2: BT
I KB FFHH K Induced E. coliy 3: FIEW Supernatant ; 4 [
AR ZE H Inclusion body protein; 5: 4% His #7% AplaOBP2 &

4 Recombinant AplaOBP2 with His-tag; 6: J& His #r &

AplaOBP2 # H Recombinant AplaOBP2 without His-tag.

AplaOBP2 2 FIAEHEI AR 4215 HEW AT i £ 152

U T A RE

15 kDa—

2 AplaOBP2 ZE 4 Western blot Kl
Fig. 2 Western blot analysis of AplaOBP2
1: AplaOBP2 T4 H Recombinant AplaOBP2; 2. $##£H(H H
BEAE S T R il ML H Crude protein extracted from antennae of

A. planipennis.

2.4 AplaOBP2 EAHFEABKL S4HHIT

LA 1-NPN Ry 9 CHRE , F 58 4 P45 G e D)
ET 58 P LAY S AplaOBP2 4 & 11435
Ry Hodr 27 PR )E T SRR Y, B, T

K3 AplaOBP2 £ FI 7 FI A 3 T i A ) i 5 or
Immunocytochemical localization of AplaOBP2 protein in the antenna of A. planipennis
A BAFRARICH AplaOBP2 FE [ /0 A FEHE T IR AR 28 1 AYJEER I ' Black spots labeled AplaOBP2 proteins were distributed in the hair
lumen of the sensilla basiconica type I; B 4] (B) FIZAYI (C) f.78 AplaOBP2 & [ ZE 4 JE &% 1 JLFB R IKk A cross section ( B) and
longitudinal section( C) showed the expression of AplaOBP2 proteins at the base of s. basiconica type I; #EJEEES T (D) AEEEES I (E) A1
PAFLAL A IR AR (F) AY AR B K #4710 The hair lumen of s. basiconica type II (D), s. basiconica type Il (E) and uniporous
chemoreceptors (F) was never labeled ; ffif Sk 28 MUAEIEAY - FIBEFL Arrows indicate wall pores on the sensillum.

Fig. 3

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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KL AU TR S AplaOBP2 (9 1 LIRS, G ek S e v 135

FE T AplaOBP2 X 1-NPN [ 3% Fl1 71 # %4, AplaOBP2
55 1-NPN A5 6 ff B840 K, 4 1.26 pmol - L7,
FH 1-NPN 22— Ad O HRE (B 4) . 2%5%
SEEGRI A KRR, 6 LG4 5 AplaOBP2 H 4
HAARORMZS GRS FE. R-2-CHEE R -2-
BT RKHEE 3,4 - AR O 4" -2 3K 2
FR A B—2% WA (8] 5) . AplaOBP2 EZHIE 5 B~
KH LSS AR ST ek, i BB K, M 0. 63 pumol -
L'(F& 1),
2.5 BEFEFT R A AplaOBP2 fi K #) EAG
KRz

I AplaOBP2 454 e A4kt (1 88 75 35 T AR
B HATEYE, B T AT T MRS 6
FRECAARTE 10 mg - mL™ ¥ B 1) fil iy AT RN (36 2)
EIRI A BRI RE S | S RN AE L EAG RN,
JEHMEE R Z I 2ESARE, hR 2 TUERH, A
IR 2 3 | RS P P 2 o T Ml oy S AR ] e iz -
2— LT TN 5 — 2 — R 18 7 M I f ) v BRI 5 | S 3¢
K EAG SR, 1T B—582% 22 i 5 | X6 Py o e foh 73 2 17
5,
2.6 BHEFEETFT R HX AplaOBP2 FRikHy“Y” B
IR 5217 4 =2 Rz

HE— 20 R FH Y™ RS8R I 7 e e R e e %k
AplaOBP2 BCLIRRIAT R S, 7E 10 mg - mL™" il vk
FET -2 - M EERT A S T M B B
SIAEEHI(P<0.05) , X e i i 51175 1 i 2 1 X B
{EARIRE B K B0 2L X 8545 75 T el
ELAT W 35 AR B REVE FH (P<0. 05) , Xof e okt 30K 3k ) oA
IRE K FIAHY 4 FhRRE S X A 0 A T
WfE HORIE R A B A 5 A R R AR
(K6),

g 20

1.0

L5410 1-NPNHK BE

Concentration of Bound [-NPN/(umol -1

1-NPN#EJiE

Concentration of 1-NPN/{pmol- By |

4 1-NPN FIEEZE AplaOBP2 454 ih £k
Fig. 4 Binding curve of 1-NPN to recombinant AplaOBP2

100

f=ad o
= =

X BEHA
&

Relative fluorescence (%)

g
=

0 2 4 6 8 10 12
MO
Ligand concentration/(umol-L™")
R-2-EMR R-2-PEfRE -7 HEZ M
frans-2-hexenal frans-2-heptenal 4'-ethylacetophenone

| - REEXZE

~ 3'4-dimethoxyacetophenone

L BEPEE _ XTE

P-ionone Benzaldehyde

K5 AplaOBP2 5 6 FHECIRAYSE 44, 5 2k

Fig. 5 Competitive binding curves of 6 kinds of ligands to AplaOBP2

3 he

PRS2 T b 2L 0 A A 4 Pk sz iRz 4, 1
FRHEIR 2R T I A I B B AL 2 SR g i
JERAZ A TR AT BEFL 1) B AL Ak 27 32 2 DU F I i ek
ZA MR T RS 5N R B E S
P ( Crook et al., 2008b) , ABFE Sz 2H AL R K
B SRES 4 7 1 AplaOBP2 7E [ I 75 75 T 4 JF Jk
a1 Rk R e T BB IR PR SS G s R e
FEHI RS T, LA FE 1% 28 TR WU SR 28 1) A BRIy
i, 2eETe o Al R AplaOBP2 4 11 1%
BEPESE G IEZS RN AL & 1, I R0 3 ) 45 4 ik
71,3 AplaOBP2 e S 5 & 78 35 T A9 IR 38 11
BIAT Sy, 3k 5 AR R R R Y Rk B — 8otk
AplaOBP2 5 AplaOBP1 2 8H N [R] i) 2 38 I i A&
GEAHRAE, R4E AplaOBP1 [6]FE7E 4 K & f5 h
I8 HIELAEEA T AR Fh 3 3k, 9F H R 51
Yyt BN W 25 W) T ( Wang et al., 2020), 5
AplaOBP2 255 LR AL G, i -2 - & 4 [ Al
4= FF L JE T 3 F AU L W4 5 (Rigsby
et al., 2017) , N G — S HED AplaOBP2 7] EFE
WA T A BN TP R YRR

A BIWESE & B, G2 T R e e 46 -
2- O IEFE I 2 B aF Gk &) | PRs AAT 2
PRSI b SV ( Crook et al., 2008a; de Groot
et al., 2008 ; Rodriguez-Saona et al., 2006) , TEAHF
FEH R -2 - CU S UM HAt 5 R At fE S|
T e P RTIHE H 0% fi SR, T © AT ] TR AR s P s A
WG B G Y. ARG Y EAG
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%1 =4 AplaOBP2 BEES5BEEKESREH"
Tab.1 Binding capabilities of the recombinant AplaOBP2 to candidate ligands

[LZN P31 CAS 5 4l ICsy/ K,/
Ligand Source CAS No. Purity (%) ( pwmol-L71) ( pmol-L7")
2% Alcohols
1-CF 1-hexanol * TCI 111-27-3 >98.0 — —
JX—-2-C 55— 1 - trans-2-hexen-1-ol TCI 928-95-0 >95.0 — —
Jji—2— 24— 1 - cis-2-hexen-1-ol TCI 928-94-9 >93.0 — —
2 -3-C. 45— 1-EE trans-3-hexen-1-o0l Sigma 928-97-2 97.0 — —
M5 —3— 45 — 1 - cis-3-hexen-1-ol * TCI 928-96-1 >97.0 — —
X 4- B M- 1-B% trans-4-hexen-1-ol Sigma 928-92-7 =96.0 — —
1= 1-octanol TCI 111-87-5 >99.0 — —
2K Z, % 2-phenylethyl alcohol TCI 60-12-8 >98.0 — —
fi£25 Aldehydes
T Butyraldehyde TCI 123-72-8 >98.0 — —
JXEE Valeraldehyde TCI 110-62-3 >95.0 — —
O\ ¥ Hexanal * TCI 66-25-1 >98.0 — —
JX—-2-C 5T trans-2-hexenal * TCI 6728-26-3 >97.0 7.41+0.20 4.44+0.12
R —2- B trans-2-heptenal TCI 18829-55-5 >95.0 6.95+0. 10 4.17+0. 06
1EF B n-octanal TCI 124-13-0 >98.0 — —
T Nonanal * TCI 124-19-6 >95.0 — —
7K Benzaldehyde TCI 100-52-7 >98.0 8. 66x0. 31 5.20+0. 18
%EJs Alkanes
IESF%E Octane TCI 111-65-9 >97.0 — —
& J5E Decane ™ TCI 124-18-5 >99.0 — —
+—4%i Undecane TCI 1120-21-4 >99.0 — —
|+ —%¢ Dodecane * TCI 112-40-3 >99.0 — —
+ =% Tridecane TCI 629-50-5 >99.0 — —
iEZS Esters
K TR R Methyl phenylacetate TCI 101-41-7 >99.0 — —
K18 T Methyl salicylate * TCI 119-36-8 >99.0 — —
THRINEN-3-CV TR cis-3-hexenyl butyrate * Sigma 16491-36-4 =98.0 — —
2 R R Methyl benzoate TCI 93-58-3 >99.0 — —
TR T I8 Isobutyl acrylate TCI 106-63-8 >99.0 — —
THERC. Mg Hexyl butyrate TCI 2639-63-6 >98.0 — —
LIRIL—2-C JfiTig trans-2-hexenyl acetate TCI 2497-18-9 >97.0 — —
TR -2-C M5 2EHE trans-2-hexenyl butyrate TCI 53398-83-7 >93.0 — —
LR Mg Hexyl acetate * TCI 142-92-7 >99.0 — —
ZIR-3-C T cis-3-hexenyl acetate * TCI 3681-71-8 >97.0 — —
198 BR 5 T T Tsobutyl tiglate TCI 61692-84-0 >96.0 — —
fii2% Ketones
2— B 2-heptanone TCI 110-43-0 >98.0 — —
2—3FM 2-octanone TCI 111-13-7 >98.0 — —
4/ - HHK T 4'-ethylacetophenone * TCI 937-30-4 >97.0 4.85+0. 14 2.91+0.09
;: :44;’_—griix%y::eiﬁﬁenone TCI 1131-62-0 >98.0 5.76+0.17 3.45+0. 10
B—4% £ B-ionone TCI 14901-07-6 >95.0 1. 05+0. 05 0.63+0.03
M52 Terpenes
B-JE M B-pinene * Z 7K Maclin 127-91-3 =95 — —
(1R)—(+) —a—TEHs (1R)-( +) -a-pinene * TCI 7785-70-8 >97.0 - —
A EEM Myrcene * 2 AR Maclin 123-35-3 =90.0 — —
3-¥ M 3-carene * # M Maclin+~ 13466-78-9 90.0 — —
(+) #7504 (+) -limonene * TCI 5989-27-5 >95.0 — —
FATHEE Terpineol Sigma 8000-41-7 =96 — —
a—FATH M a-terpinene TCI 99-86-5 >90.0 — —
REAEALEE Nerolidol * TCI 7212-44-4 >97.0 — —
o~ B4 o-humulene * TCI 6753-98-6 >93.0 — —

a—T] EL% a-copaene * fb22 2 Chemhui  3856-25-5 >90.0 — —
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£E3% 1 Continued
[LRES P3| CAS &5 afifig IC5y/ K,/
Ligand Source CAS No. Purity (%) ( pwmol-L71) ( pmol-L7")
I Geraniol TCI 106-24-1 >96.0 — —
4 A 3K Farnesene * Sigma 502-61-4 >90.0 — —
B #4 Ocimene * Sigma 13877-91-3 =90.0 — —
B—A{i 11} B-caryophyllene * TCI 87-44-5 >90.0 — —
(=) -5 LA 714 (-) -caryophyllene oxide * Sigma 1139-30-6 95.0 — —
F5 BB Linalool * TCI 78-70-6 >96.0 — —
1,8— B 1,8-cineole * TCI 470-82-6 >99.0 — —
FFEERE Citral TCI 5392-40-5 >96. 0 — —
(=) -/ (-) -citronellal TCI 5949-05-3 >96.0 — —
HoAth Others
PO MEE Pyrrolidine TCI 123-75-1 >98.0 — —
m5]1% Indole * TCI 120-72-9 >99.0 — —

DICyy : FAARE R 50%IR4ET 1-NPN B HR B Concentration of ligand displacing 50% 1-NPN; Ky« fi#25 % %X Dissociation constant; —: Al
F| Not detected. * ; 7§ EAHYIFE K Host plant volatiles( Rigsby et al., 2017).

EAE MR ] 2 S AN B 2 IR (I 1 e 45 8
HARA R EAG FE, PRI ANHERR i TAEA B i /b |
FRAEIRZERT [REH EAG {25 5 A 3, HHEA A 75
DA, R-2-CMRIE i WL SR )
REHIACEHGE Tzl aPnt A S T i fi
FEAIETE (Rodriguez-Saona et al., 2006) ,{HXf HAT N
TEHAR WARGE, Ao Y ” BIRLAUH5E 2B, L
=2 UGRS3 T e A B S e [
Wz AT LAVE A AR 35 P 4 3 FH T 1l o g e
BOAAR, B-EEN 2L AR T M B D b B
WERA , AR SR & B B—42 2 2 %S Bk H ( Phyllotreta
cruciferae) FIFG AL M M5 ( Cnaphalocrocis medinalis ) 55
Y i 2 9K EEE FH ( Caceres et al., 2016; Sun et al.,

X Control  4RE Treatment
- 3
trams-2-hexenal Q
R-2-PEAR e s é
trans-2-heptenal 23 ns 2@
- 8
Benzaldehyde 9
¢z ARZM g
4'-ethylacetophenone @
VAR 2 3
3" A'-dimethoxyacetophenone Q
PR 2N 14 ns 3
100 8 60 40 20 0 20 40 60 80 100

L % RE Adult choice (%)

Bl 6 2 T HEME X AplaOBP2
BCAR (10 mg-mL™") FO4T g
Fig. 6 Behavioral responses of male and female A. planipennis

to the ligands( 10 mg-mL™") of the AplaOBP2
BARGRAR IR, RS FRIRAE 0. 05 7KF- N ARSHANXS B (4 1) 1)
FERE RS ns FORMFAIEREMES( P>0.05),
The Chi-square test was used for data analysis. The asterisk indicate
significant difference between the treatment and the control ( paraffin oil) at

the 0. 05 level, while ns indicates no significant difference( P>0.05).

2016) , SAMFREERAHSAL,
F2 BHEESTEMER R AplaOBP2
BLfR (10 mg-mL™) 9 EAG k&
Tab.2 EAG responses of male and female A. planipennis
to the ligands(10 mg-mL™") of the AplaOBP2

FrfEfL EAG
A
fen % Normalized EAG
Chemical . _
M . Female M Male
B-2-CME 0.441£0.045 abA  0.533£0. 116 aA
trans-2-hexenal
B-2-PesiE 0.613+0. 097 aA 0.509+0. 074 aA
trans-2-heptenal
o
Benzaldehyde 0.270+0. 064 bcA 0.192+0. 074 bA
4' = LR LT

0. 182+0. 093 bcA 0. 130+0. 046 bA

4'-ethylacetophenone
37,4/ - IR IR L
3",4’'-dimethylacetophenone
B-5 i
-ionone
DOEAG FWAEH 10 mg-mL™" Z -3~ 2 4 B O 1 S 7k
FRES BRAEEA TR AR B T 24 22 AR i, MEAE 2 T A 8 Sk, )
G /INE TR IR A — W BEAN R & ) 18] 22 57 8.3 (Tukey” s HSD, P<
0.05) , [FfTREFRFRE — LGP PITER 225 B35 (-1, P<

0.05). EAG response values were corrected with the responses elicited by

0.091+0. 037 cA 0. 146+0. 032 bA

0.027+0. 031 cA 0. 049+0. 025 bA

10 mg+mL™" ¢is-3-hexenyl acetate as the standard reference values. The
data are mean = SE, n =8 for each sex. Small letters following the data in
a column indicate significant differences among different chemical at the
same concentration ( Tukey HSD, P < 0.05), while capital letters
following the data in a row indicate significant difference between sexes (

t-test, P<0.05).

T, 2F F 2% M35 R W0 - 3 — O 95 BEAE by 11
AW TIHMHNEEHA S, O 2T A T
Hu g I FH (]35S AR A WY I — 3 — 2 s P o) e
HY 75 26 SR L T M HL ( Grant et al., 20105 2011),
ARMFFE R IR —2— O M T B A8 5 T e e 3
B AR Pk, PR AT DL R O 50 -3 - O 0
PSR (T, 3 5iR IA 5 PH 0T 0 7 9 T Y i
SRR R HAF B I P id 7 F — 2D i 1 a6
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