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N RN FBZ EH AipsCSP8 By R i
Bk & SIS T

R, RAEL, K OB, B B, Aot

(1. bl AR A 2B, T AEfE 0710005 2. LR =B Y B4 B 5T T
TG R FE R YA R G SRR, et 1001935 3. AL ER S EYIA T A MRk 2A 0 e gl
TLERYT 0650005 4. R el K2R R4 %, Jbat 100193)

. [ B wg) KRR G AN W E JE Agrotis ipsilon 105 B % & & AipsCSP8 & % ik % & F Ak 45
Ltk tE, [ k) A A qRT-PCR 7 sk M 2 T AipsCSP8 £ /) ¥ % & & % 3k i M. % 38 MR (W
B ik A A T e R A B R AR S Ak A P 8 FGA KR, RSN E KA AipsCSP8 & &, id
W$ R FE LS SN E FHE G AipsCSPS 224 Frl4s B4 22 FrHLMHIER M 10 Frik 3 R 2

g2E o gk, [ 252 ) qRT-PCR #2527, AipsCSP8 {2 /) ¥ JE A i,k 49 Ao F B/ P 2 ik %
R, EWRAe kA TR R TR AR RO BATEAR TR, EL BR.TEM P £
FRZ ., B M MR Ak AP AipsCSP8 Kk B0 A 2R & WALHT | d Fe WAL S Rk B %, 50
FHELEHEREN, TAK G AipsCSP8 AT HMEAWARE VIR — TE (B FH K =14.6
pmol/L) (3K L8 (K, =17.2 pmol/L) A B R B 48 % (K, =12.9 Hmol/L)i’Jﬁw&éﬁegg
At 2 1L F B L& G AipsCSPS 7T 4 A k5 /s d % B 7R 0 AT A Bk iR A, FF T Ae 2 D s
ﬁ@i%%ﬁ%% TP KA
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Expression and ligand binding characteristics of chemosensory protein

AipsCSP8 of Agrotis ipsilon ( Lepidoptera; Noctuidae)
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Protection, Agricultural University of Hebei, Baoding, Hebei 071000, China; 2. State Key Laboratory
for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
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Agricultural University, Beijing 100193, China)

Abstract; [ Aim] The aim of this study is to explore the gene expression profiles and ligand binding
characteristics of the chemosensory protein AipsCSP8 of Agrotis ipsilon. [ Methods] The expression levels
of AipsCSP8 in the head, thorax, abdomen, leg, wing, pheromone gland (accessory gland), antenna,
proboscis and labial palp of adults of A. ipsilon and the antennae of adults before and after emergence
were determined by qRT-PCR. The recombinant protein AipsCSP8 was harvested by in vitro prokaryotic
expression system, and its binding characteristics to 24 sex pheromones, 22 plant volatiles and 10

chemical pesticides were determined by fluorescence binding assay. [ Results] The qRT-PCR results
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indicated that the expression level of AipsCSP8 was the highest in the leg and labial palp of male adults,

followed by in the accessory gland and the antenna of male adults. While in female adults, the expression

level of AipsCSP8 was the highest in the antenna, followed by in the leg, pheromone gland and labial

palp. In addition, the expression levels of AipsCSP8 in the antennae of males and females reached the

peak on the Ist day before emergence and on the day of emergence, respectively. The results of

fluorescence competitive binding assay showed that AipsCSP8 had strong binding capabilities with dibutyl

phthalate,, phenylacetaldehyde and avermectin, with the dissociation constant K, values of 14. 6, 17.2

and 12.9 pmol/L, respectively. [ Conclusion] AipsCSP8 may be involved in the olfactory behavior and

taste recognition of A. ipsilon and play a role in the perception of chemical pesticides.

Key words: Agrotis ipsilon; chemosensory protein; spatio-temporal expression profile; prokaryotic

expression ; odor binding characteristics ; chemoreception

INHLFZ R Agrotis ipsilon J& 853 H ( Lepidoptera)
I RE (Noctuidae ) , 51 44 4= 4 PIAR 45 (5K A7 [
&5, 2017) 2 —Fh Tz o0 A R T T
(T HO, 1992 HAE B AZE vk, 2017) , ZE U
AR B At 5 AR 58 U0 L SRR RS 34 4 A
(Clement et al., 1982) , A & Z R RAEY) A9 4 Fl
WRAR (ZAR7KAE, 1964 ; [R5, 2019) X RAEY) ™
U E U LK, BIA /b ] LA
Biiva A 3 (/N PRI OERE T 0, HU2h Ik & e i i
P, TEFRE B o F R H O™ 8 (e £ 5 A R,
2008 ; [a] EFEEE, 2010, {a] A HAREE, 2018) .

B HUMEE R Gk | R B e 2 58 PUNI A R ER
B A5, LoE 0 5 S i U se e
XFG W RFE e R o 7 R RS AL
S SRR, fb 27 B5% 2 11 ( chemosensory proteins,
CSPs) Szt 19 (odorant binding proteins, OBPs) |
B MRAZ AR (odorant receptors, ORs)ZEMR S8 AH & E 1 &
ERCHEBEMIEN ., B #EREZE 1 PR 0S-
D #2211 (olfactory specific-D-like proteins ) By J&%
W fftJ& 25 19 ( sensory appendage proteins, SAPs) , J&
—FNr TR AENEN, R R A 10 ~ 15 kD
(Picimbon et al., 2000) , B 5 fb2# 57 85 (1 Y B
FRIEZ & 4 DRSF IR IR , RREETE L 2 X —
TSNS (Wanner et al., 2004) . S HE 7R B R
(02 IR d B 2 Th A Rk, JF H R A A1 5t
I A2 BB D Re (SR R4, 2011)

WL SR AL Y B2 A AR 8 L Helicoverpa
armigera filtfA TP E T 12 4~ CSP £ [A (Liu et al.,
2012) , 7E H 5% &k Mamestra brassicae fihfAHKE T
19 4~ CSP #t: ( Grosse-Wilde et al., 2011 ),
Jacquin-Joly 45 (2001 ) i B H % 7% i 127 8652 2 1
CSPMbraA Fll CSPMbraB GEfS 15 H A A5 B 3K 4173 45

Eo TR HE R H TS B ¥ Adelphocoris lineolatus
fil f FP 2 5E T 8 A4S CSP JEH (Gu et al., 2010) , [l
RIETE E Wby CSP1, CSP2 #il CSP3 HA 5
GOBP 2RI DI RE , REUE [ 2F 45 A W I-3- LI BE |
[ -2- AT B LS (Gu et al., 2012) o AR S5
TR /N PR fil M T % T 12 > CSP A,
o & RT-PCRFI 2¢Ot & & qRT-PCR & B
AipsCSP8 J [K 7F M | fil /1 2235 1 B B2 o5 T 5
RSk M B8 EREARGY) R ks E (R
48, 2013)  HEMH AT GEFE /N2 FRAL 22 RS2 A7 Ry
REEEIIRE,

RN SfERT AipsCSP8 145 & etk K U Be , A
FEXF AipsCSP8 &M HE4T T % &, #|H qRT-PCR 4
ARMZE T % FE D B 25 Rk i, IR A% e ik I alifb 4k
3 AipsCSP8 T4 7R [, il 1 58 3 G B S 0
FHE MG 24 FEAE B2 22 Fa Y4 ¥ 10
Fpfb g 25 0 4 G R e R AT T 012588 5%, LA N i)
W1/ INH 2 PR AL 2R B2 R A S 5 Rz LT S i 2
WAL,

1 #MREFE

1.1 KRR

/N PR R B AR R ER S VR A A R
PN S B8, S 2 N T FRRE, 5 U N ) 5
AR 24 0. 5°C  HXIREE R 75% +5% , i
i 16L: 8D, /MR R4l A fif N T o ebAm) 5%, ket
FER I R /INE I AR I RERE A . PRS0 L
H R 20% 1 /K ARl o
1.2 AipsCSP8 EFE 555 #7

AR S5 25 A /N 3 5 i Si A B T R R 3R
15 AipsCSP8 Jt [ 4= K J¥ 31| ( GenBank %% 5% 5.
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JX863703.1) . 3K H 70 1 fif S 2 AL 1 JUI il ]
ExPASy ¥ & 1 ) Compute pl/Mw F& ¥ (http: /
expasy. org/tools/pi _tool. html) , {5 5 bk 1 I {i
ExPASy -4 1 f) SignalP 3. 0 Serve &% (http: //
www. cbs. dtu. dk/services/SignalP/) ( Bendtsen et
al., 2004) ,
1.3 S RNAiZEUE cDNA £ 1 %6

W /N o P P IS 26 4 R ME e s R Y Sk
g R P R R A R LA A L T R
LA, DASCPIfERT S, 3 F0 1 d(CIEH) F1Rfe)s 0,
1,2,3,4,5 76 d s fil f 2 2UE T 6 RNA il
1.5 mL g0 T WAL REG - 80°CIRIF, B
R R B 30 Sl Hu MK, FH Trizol 1257 5 L&
YU R RNA, Gl 1. 0% 355 18 3 1 A bk Al
NanoPhotometer N60 Touch ( £ [F ) #5:10] £. RNA [ it
o SRH] FastQuant ¢DNA 55 1 4% 5 i) & (KRR
AEAFHEATBR A A, b 5T) DI B S RNA g BEA
S 543 3] cDNA 25 1 B
1.4 AipsCSP8 H F R XL E

FIHT qRT-PCR 0 7 /1N 1 3 52 Ak 2% J% 2 2 1 5k
AipsCSP8 TE/NHE FEME e R LA [R] ZH 2L K2 )
AT e A s i f v AR Gk i, DANLBh R 1 5
B-actin ( GenBank % 55, JQ822245) fE NS

EF (404, 2013) (51975 W3 1) . qRT-PCR
1+ ABI 7500 Fast Real-Time PCR System( 3&[H ) i}
TTo MAKZ (20 pL): 2 x SuperReal PreMix Plus
10 wL, IEZ M54 (10 pmol/L) 4% 0.6 wL, cDNA
P (200 ng/wl) 1 pL, 50 x ROX Reference Dye
0.4 pL, ddH,0 #MEZE 20 pL, SRJH W5 2 i
JFHEATY 8 95°C WAL PE 15 ming 95C A5 10 s,
60°C iR K IFAEAf 30 s, M 40 DNIFER, 45 ik ith Ze il
SE: 95C 15 5,412 60°C 1 min, 95C 30 s, %%
F 60°C 15 s, BERFEMIBL 3 MY = E R, A
HEME 3 K,

FFH 272 S CrRR X S o ok R AT B Ak R
H A3 R AE AN [ 2 2L [A] 1) 36 3k & 22 5% (Livak and
Schmittgen, 2001 ), H Ar. AC, = Ave. H iy 3
Cr—Ave. WS Cp; AAC, = Ave. AC; — Ave.
AC, y, Ave FoR-FIMH, X AARARRMHA, Y %R
L NFIRIE b 10 L I ARl s kg v i P LS
4 d gy flsn o H AP TR A Y 2 21 2 TR Y 22
Sl 2 R A3 B R R B R O 22 43 AT (Cone-way
analysis of variance, ANOVA), %X J5 % A Tukey’ s
Honestly Significance Difference (HSD) {517 £ &
Fbas, P 538 24 % A SPSS Statistics 18. 0 ( £ [H)
AL 5347 o

x1 XHRATASY

Table 1 Primers used in this study

HEH SIFFI(S" -3") ElE7)ibes
Gene Primer sequences Primer use
csPs F: GTcatatgGAAACTTACACAGATAGGTACGACCAC LR Ta
i R: CTgaattcTTAATCATCAGCGGCCAGG Gene cloning
csPs F: AAGATGTACTCCTGAAGG
R: TGATGTGCTTGACTACTT
qRT-PCR
F: GATGTTGACATTCGTAAG
B-actin
R: ATCTTGATCTTCATTGTG

TR BR FIE R FR N VI EEDIA 45 . The restriction enzyme sites are underlined.

1.5 AipsCSP8 EHEARIES 41k
MG AipsCSP8 J&[H J7 9 B i+ HE 51 9 (%
1), I/NH 2 PR Al f cDNA SASEAR , 37 1 58 2 G i
F¥%), PCR JZ WK & (25 pL): 1 x Taq MasterMix
20 pL, ER B (10 pmol/L) % 0.5 uL, ¢cDNA
Bt 2 wl, ddH,0 2 pL, PI4FEF: 95°C st 2
min; 94°C AR 30 s, 55°CiR K 30 s, 72°CHEMI 45 s,
36 MEIF; e 72°C LEM 10 min, T 1.0% 3
EWEEERE LUK AT PCR P4 3F- DI R 47 [ml e, s b

% pEASY-T3 X & I, % A TRANSI-T1 &2 &5 40
JiL, 0 AR A5 TE B Y 0 BORL OB IE 6 51 Bk A
pET-30a( + ) 25 g A [a) i A7 0RO, AL H] 1. 0% 3

FOM BRE A T A DU - D R AT [, (5 ) T4 % 4 il
e H 8792 HE 5 pET-30a( + ) FIAEE L, Fefe
BI21(DE3) , 550 B bR RN T84 100 mg/mL
FIRE R AR SR AL, T 37°C 200 v/min £ K 52
U7 2 OD {24 0.6 ~0.8 A IPTG =LKL Ny
1 mmol/L,F 37°C 200 r/min FERFEF 10 h, B
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OWCEEE T U T A B P R IS A W e i
FALRIE F 15% SDS-PAGE Hi JK A, R HI 4
R L R DR RN U =1 S = | D
0.2% Triton X-100 [ 50 mmol/L Tris-HCl 2% #p ¥
(pH 6. 8) ML ALIRA , 5 J5 K £ T 1475 A 7E 6 mol/
L R BRI rh (Prestwich, 1993) o F HI B & 752 it
o s XS H 08 F 3T a4k, 53 Ak 4

ROFR P IR S B AR S 1 2 i I 4G (Gu et all,
2013) .
1.6 WHAZEHESZIW

Ve 24 FVERE ELR (22 FEY) 4R L YA 10 Ff
A AR i LR (3 2) , Hov 10 T 2455 114 &
PRk A T/ & 1 2N A EAEY) ) 25
it P8 245 30) LA S HIR Bt/ N2 FR Y 2557] . 903%
FroEE I IAE F-380 2600 BT (R ) i
17, B BRI 337 nm, FH & SHE K LR 370 ~
550 nm, f#i A N-ZE& #:-1-Z%F B¢ ( N-phenyl-1-
naphthylamine, 1-NPN) {5 CHREIFE T (0 1% 9
R ff W 8 1 mmol/L, T 50 mmol/L [
Tris-HCl Z20f (pH 7. 4) Hin A AipsCSP8 i 21
FI AR R 2 mol/L, #A 1-NPN, #5851

FNEX

RipsCSPE RNFLVLSMVIAIHGEVAMNITIT DEF@RHTINID
EmorCS5P1 BECLTIZALLFVEGLSTMAEMTDEF@SNIDOVD
HarmC5P18 EELLVVAIVVTIIEAFAVARTHTORESSNINID
HarmCSP2€ BESLLILCLVIANVWARFA IO TRF@SDFORE
S51itC5P3 BENFLVLSIVVIMEAFVARNDTHT DRFSSHINID
S51itcC5Pe BESILVLCLLVARVSCRER M DTRENEFOIVE
S51itCsSPE REFVLVLCLMTIEVILAEJEMESEF@SNIDLD
Consensus m a ey yd
RipsCSPE ] I RKGAREVVEHIRAEECE
EmorCSP1 T{eid] IEVSARKINEHIRCHERD
HarmC5P18 IFA L I RKASREVVEHIRANELD
HarmCSP2e D IRHLIRVWNWOGFRSETFD
S1itcCsP3 o] IEKGARKVVRHIRAKECE
S51itC5Pé AL I RHLIRVMVCGEQNETFA
S1itCsSPs8 IR T IEKGAYRNMIEHLIQNELD
Consensus d
&1
Fig. 1

BEM 2 wmol/L #3842 20 wmol/L, T 3 ¥k, | E 2%
SR AR I E TR AipsCSP8 5REF 45 &
RE T M AN i 259 8. K5 AipsCSP8 fil A 50 mmol/
L 4 Tris-HCl Z2 il (pH 7. 4) rpr, {fi HLZ R 0 2
pwmol/L, Il A 1-NPN i FLZ & J&F K 2 wmol/L, JilT A
Vs T g B b A AR BC A, MR EE A 2 umol /L FF
LRIBHE 2 30 wmol/L, ic s % enm AR fb, A 3
Wo THEAT 200 B I — = i 1 e AR Uk B2
BIICs, fHo I T 802 3t 58 me 44 ff 25 % 4L
(K;): K, =[ICs ]/(1 + [1-NPN ] /K, \py) -
NPN | R AR 4541 1-NPN ¥ 35 K, o~ AipsCSP8 5

1-NPN ffi 2 %50 (Gu et al., 2011)

2 H#R
2.1 AipsCSP8 FF543 4

AipsCSP8 F R FF i %] 132 HE ( open reading frame,
ORF) K 2y 372 bp, 4ifith 123 S FERR R AL, Horh
FE N R A7 18 A5 B R 41 W 147 5 K, T0im) i 224
AipsCSP8 & [ 4y T K/N N 12. 4 kD, ZE i /5 h
7.07, 7504 4 DMMRSFREBE R AL (B 1) o

EITH RERIVER T REIBAHIK €5
EILE REJMIVER T KELRAHIK €5
EITE] REIRIVER T RELBAHIK &5
TLVEN VERRIE 2 G SDERKTIP €5
ETTE REIRIVER T RELBBHIK €5
LLVE] VRS TARGE SRERETIP &5
EILMYKEpRI TRV sFEXELREHLY 65
n 11 ¥y glelp g kK
EENQYSENYERNFLAADD. ... 123
EXDEFKEIYEGELAGQCN. . . . 123
EDSIYVENYESELAALDD. ... 123
ENGQYREVETRELNGSD. . . . 123
FEDQYRENYETELARED. ... 123
ENGQYREIFTRELNGRD. ... 123
SSGEWRETYELDRARANGIVIP 127

/NHBRE R AipsCSP8 5 JLA S L Hy CSPs FP581 X

Multiple alignment of AipsCSP8 from Agrotis ipsilon and CSPs from other insect species

CSP 5 H K V5 ¥ B Sz GenBank % 55 Origin species of CSP proteins and their GenBank accession numbers; AipsCSP8: /Nl % g Agrotis ipsilon
(JX863703.1) ; BmorCSP1; ZZ#x Bombyx mori (NM_001043600. 1) ; HarmCSP18 ; #4% i Helicoverpa armigera (KM236060. 1) ; HarmCSP26 ; #i4%
WU Helicoverpa armigera ( KY815027.1); SlitCSP3: 4} 8L % W& Spodoptera litura ( KT261674.1); SIitCSP6. #} £ 7% Wk Spodoptera litura
(KT261677. 1) ; SlitCSP8 ; £HA& K Spodoptera litura (KT261679.1). kR R T HEFRTE . Cysteine is boxed.

2.2 AipsCSP8 HIRH 2R ikt

AipsCSP8 F:PH 5 N 2 BE A B-actin W94 1 305
HTE 90% ~ 100% Z[8], § BRI L, AipsCSP8
FEPTE/NHL & PR R S AP R A A 22 5
X S HUOR S, AipsCSP8 1 & F R R AT h Rk it
B s TR A R R 2 A H A AR L R Gk

B, R A R SR 3, AipsCSP8 TE fith £ Fp 3 1k i
freey , 2 PERRRR IR A h Rk Rz, HoAb AL
RIBHBR(E2),

AipsCSP8 & [KITE/INHb 2 [ ME L Afl 1 fih £ o AN [
R B BSR4 TR W, AipsCSP8 e /N 3 17 F)
AT fih A 24 b B K A 22 5, 0 T e HUOR
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AipsCSP8 TE LR (3 H]) FEk A2 hin, PRt ZERTEPERT RN RSN, 2P Rk R
U d Faakf sy, PE)E W8 T B 0 THEROCRUE, i, ZJRIHA R (AR R 225 (181 3) o

2000 -
m MRS L Male adult
m I %t Female adult
—. 1500
v
Z
i g
&5 1000
£
=
o~

500

441

N

Tissue

12 AipsCSP8 TE/INH A FEMEME N AR [R) 2 2L p i 33k 7
Fig. 2 Expression level of AipsCSP8 in different tissues of female and male adults of Agrotis ipsilon
1: 3k Head; 2; ifj Thorax; 3; § Abdomen; 4 J& Leg; 5: # Wing; 6: MR ([t ) Pheromone gland ( Accessory gland) ; 7 filiffj Antenna; 8. B
Proboscis; 9: 8% Labial palp. R B-actin FEAER NS EEH o EARING FIRE 5843500 287 ME R HORIEE AR TR) ZHL 4RI 1 AipsCSP8
FAXT R R EEF B (P <0.05, Tukey [C HSD ) . B-actin gene was used as the reference gene. Different lowercase and capital letters above bars

indicate significant difference in relative expression level of AipsCSP8 in different tissues of female and male adults, respectively (P <0.05, Tukey’s HSD

tcst).
6 T sl fih £y
Male antennae
Sl A e
Female antennae
e
Z 4r
g § ABC
X & T AB
®a 3
fogRs
£y
3t BC
T - N ~
o BC BC BC BC
F BC
1 BC b a
al
ab ab ab ab ab =
0 1 1 1 1 1 1 1 1 ]
A N R S A o
& W e
P 1]

Emergence time

3 AipsCSP8 TE/NHb A2 PP IS AN [ b 39 fih £ v 0 25
Fig. 3 Expression level of AipsCSP8 in the antenna of different stages of Agrotis ipsilon before and after emergence
Day-5, day-3, day-1: 235 A P4LEG S5, 3 F1 1 d (5, 3 and 1 d before emergence, respectively) ; day 0: JJ{L 24K The day of emergence; day 1 —6:
S F IR FIMLIE S 1 -6 K 1st - 6th day after emergence, respectively. & B-actin JEFAE Ry NS IR . AS[E])/ING RIS 2043 5 38 7 e o e
R [R] A fik g P AN R A T 2 R B (P <0. 05, Tukey [& HSD %), B-actin gene was used as the reference gene. Different lowercase and
capital letters indicate significant difference in relative expression level of AipsCSP8 in the antenna of different stages of females and males, respectively

(P <0.05, Tukey’s HSD test).

2.3 AipsCSP8 HyE 4R IX TEALIRR rh IR, Al AR A 2 W e BT AL RS
SDS-PAGE 45 R3EW], A AipsCSP8 T8 fE3%iL 15 kD Ab /s th 8 — 2848, 5 H B3 3 R/
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#ﬁ( rgl 4) . M 1 2 3 4 5
2.4 E4 AipsCSP8 SBRER {45 & HFAE o =

PNTEFLE AT IR LS R0, AipsCSP8 H 4 % Zg: -
(45 1-NPN 69 % B 3 50 (K) 4 3. 03 wmol/IL, 1- 10— =
NPN (#4854 26 M Scatchard J7RE JLE 5., AipsCSP8 35—
TR (1 SR R YA TR — T R RIE L G
DU R A2z AR 25 B e o A BRI &S AR 1. s a 15— — ——

10 — —

2k (1 6) sk s # K (35 2) Al LAFE i}, AipsCSP8
HA AR 1 A B 2R 4 RE ) A, R RS RO
12.9 pmol/L; 5 417K — HI R — T R AY 45 5 fig 1Kk
2, HSRE RO 14,6 pmol/L; 5K LML A 1E
Jrds, Hf B 800 17.2 pmol/ L

K4 AipsCSP8 4 5 11 SDS-PAGE 4347
Fig. 4 SDS-PAGE analysis of the recombinant protein AipsCSP8
M. BB hriE Protein molecular weight marker; 1 K IPTG
1755 Induced without IPTG; 2; Jil A IPTG 5% Induced with IPTG; 3.
%W Supernatant; 4; f4JH{A Inclusion body; 5: AipsCSP8 4k
4 Purified AipsCSP8.

3000
6000 | . e e °
E :
g 0.6
g .‘é E é 0.5 - L)
[
;’EEALOOO- _'t0.4-
> T T O
= B J
== 02}
b 3 @t 2
2000 | SR
0 1 1 1 1
0 04 08 12 16 20
2545 F 1-NPN JE (umol/L)
Bound 1-NPN
0 1 1 1
0 5 10 15 20
1-NPN# % (umol/L)

1-NPN concelration

&5 AipsCSP8 TEZH 7[5 1-NPN (%454 14k & Scatchard J5 72
Fig. 5 Binding curve and Scatchard plot of the recombinant AipsCSP8 to 1-NPN

A g00f B

o 300 —— 77-12:Ac
S —a— 79-14:Ac
% g — Z11-16:Ac
nE
:5 e 200 —v— 75-10:Ac
EZ —+— 78-12:Ac

a1

100
O L L L

12 18 24
Fe A< (nmol/L)

Ligand concentration

30

100

80

60

40

20

o SR HIRR TR
Dibutyl phthalate
Pheny hwelaldehyde

ok
Hexadecanol

e
B-Caryophyllen
P 2%
Avermectins

— RZH,

Methomyl

. WEgE

Thiamethoxam

0 6

218 24
PR A (mol/L)

Ligand concentration

30

K6 HEAE I AipsCSP8 S L9454 il 2k
Fig. 6 Binding curves of the recombinant AipsCSP8 to candidate ligands
A M{5 B Sex pheromones; B: fl#4% & ¥ A1k 274 24 Plant volatile components and chemical pesticides.
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*2 HEAERA AipsCSP8 5RIABRKNLESEEN
Table 2 Binding capabilities of the recombinant AipsCSP8 with candidate ligands

[CWRES IG5 K; CAS 5 e ff 1G5, K; CAS &
Ligands (pmol/L)  (umol/L) CAS no. Ligands (pmol/L) (jumol/L) CAS no.
jiifi jilﬁffhemmones HEERF Tebufenozide - ~ 112410238
-7 -+ 5k 2. R Z7-12: Ac - - 14959-86-5 I B Acetamiprid - - 135410-20-7
Ni-9-+ DUtk 2, TR g Z9-14 : Ac - - 16725-534 19E H1 %8 Thiamethoxam >30 - 153719-234
MF-11 755 2, FRHE Z11-16 ; Ac - - 34010214 W Chlorfenapyr >30 - 122453730
-5+ 2, Ba i Z5-10; Ac - - 67446-07-5 || TEFEAES Bifenthrin - - 83322-02-5
JIF-8 -+ -k 2R Z8-12: Ac - - 28079-04-1 RS A1 B-Cypermethrin - - 65731-84-2
i%j:ﬁf ‘i‘ihm_omones L4 Deltamethrin - - 52918635
-1+ SR Z11-16. Ald - - 53939289 || K %@ Methomyl >30 - 16752775
Ni-9-+ DUt TE 29-14 . Ald - - 53939-27-8 || tHHF%E K& W) Plant volatiles
JR-11 -+ PO B Z11-14; Ald >30 - 35237-640 || Ji-3-CL S cis-3-Hexen-1-ol - - 928-96-1
-7 7S B Z27-16: Ald >30 - 5679740-1 ma-adﬁﬁa - - 3681-71-8
cis-3-Hexenyl acetate
-9 -+ 7S TEE 29-16: Ald - - 56219-04-6 || {ifiR Oleic acid - - 112-80-1
+oNEE 16 Ald - - 629-80-1 K H ¥ Benzaldehyde - - 100-52-7
ﬁfﬁ{i‘?‘immms KABERF G Methyl salicylate >30 - 8024-54-2
-1 75412 Z11-16 . OH - - 56683-54-6 || 1 Bifi Heptanal >30 - 111717
+ DUk fE Tetradecanol - - 103-20-8 K % Phenylacetaldehyde 24.7 17.2 122-78-1
IG5 - % 451 -BE Z5-10 , OH >30 - stesaa72 || 2 TAERCH - - 583-60-8

2-Methylcycloheanone
AR T IR

W7 -+ —H5-1-fi Z7-12 . OH - - 20056-92-2 ) 21.0 14.6 84-74-2
Dibutyl phthalate
+ 75 4ERE Hexadecanol >30 - 36653-824 A ¥4 Myrcene >30 - 123353
2 -5-Z845-1 - E5-10 . OH - - 56578-18-8 + Ui =54 Tetradecanal - - 124254
FRMEEE .
BREMEE B R B-i 1 # B-Caryophyllen - - 8744-5

Ester sex pheromones

Wi 9, 52 11-+ DUk —H 2 R s

- - 30562-09-5 -2-2 E)-2-H al - - 6728-26-3
(Z9,E11) -Tetradecadienyl acetate Wl (E) exena
i 9, 12 PUtR — 4 2 BR R .
& 12+ ﬁ B - - 31654-77-0 || HEHIEE Benzyl alcohol >30 - 100-51-6
(Z9,E12) -Tetradecadienyl acetate
ML 5 -~ e i -1 - £ BR i
015+ g1 - L R - - 35153-130 1E B#iZ Heptanoic acid >30 - 111-14-8
Z5-Dodecenyl acetate
I O~ — k-1 - 2 W i
01O+ g1 B L TR - - 16974-11-1 T & Eugenol - - 97-53-0
7Z9-Dodecenyl acetate
LR (Z) 51 T
- - 16676-96-3 JK#iE Salicylic acid - - 69-72-7
Z75-Dodecen-1-yl acetate KA Salicylic aci
iR (E)-11-1 DU
RRRLCE) 11+ VB - - 33189729 || iF CVf# Hexanol - - 111273
E11-Tetradecenyl acetate
05 ( ) 11 DR i
BERR(Z)-11-+ DU - - 20711-10-8 || %%%% Decane - - 124185
E11-Tetradecenyl acetate
Ak 24 2% B3 Chemical pesticides + ¢ Dodecane - - 11240-3
Bl 4k 2% Avermectins 18.5 12.9 71751412 1E+ PU4E Tetradecane - - 629-594
N H ik Imidacloprid >30 - 138261-41-3 1E+75%¢ Hexadecane - - 544-76-3

ICyy : FLHFE T AipsCSP8 254 50% 1-NPN B (L Ak F Concentration of ligand when the recombinant AipsCSP8 combines with 50% 1-NPN; K
i B Hy 8L Dissociation constant. 24 I1Cs, >30 wmol/L B, A @ HLHE H AipsCSP8 S EARG &, MR H K, 6. SEHAEH AipsCSP8 Jo4h
A HIBCARIY 1Cs (B K, {HX LIS /R . When the ICy, value is over 30 pmol/L, the recombinant AipsCSP8 can not bind with the tested ligand,

and the K; value will not to be calculated. The ICs, and K; values of the ligand not binding to the recombinant AipsCSP8 are represented by minuses.
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3 e

AW TEARAT T /N T AipsCSP8 J PR B I 5
FARFRYE  RIR SN A% 38 MO T8 4 456 S
I T AipsCSPS T 412 16 K ) 2K B 1025 4
Firio qRT-PCR 45 R0, AipsCSP8 JE [N e /N 2%
[ MEIE i L 25 1 2 vh M R (H R R B BT 22
Tt o IR ME A ER ) P (R IBR ) R fi £ > v
KA AR B e ik i, 4 AipsCSP8 ] 8 5 MRt
JSZATRA Ko 1 DR A M i H 1) 2 DA RO |l g
BT IBAh A E B m Rk &, ERZE N TES
B M52 I TRl 36 7T B 5 1R 1) 7 2% 45 R i 1) e
#H2% ( Tsuchihara et al., 2005; Harada et al., 2008 ;
Yasukawa et al., 2010) , AipsCSP8 7 M i 1 fih £y
1 e ) s ) A5 0 8 1 PR P I Rk 1A 3
OO0 | 573 AT R 5 L0E 3R 48 A UAH G, 2 5 P
b JE FHAF A O AR A PS5

PG TR 45 SR A 7R AipsCSP8 B K 7E 4k
PR B AR b A B i Rk e, I )
RES 50 B A2 5 B BT MR B R A IR
Sl [R)IS B /N1 2 PR 40 245 1 1 1 AL, LM B B4k
ST ZR G0 A AT B P b TR e 2K R B A
DA IS e 45 24 R IE(R B R 22 M5 &) |
10 Fip ooy A 25 S5 A Ry f BE L 44, PFH AipsCSPS8
HEHREASG SR X LS. FREY,
AipsCSP8 H A I 5K IR — Tl K LM
RGBT AE N R BB 245 5 o

SRR IR T BR 2 B Populus nigra M 4%
KW A gy, HoRl LL g gr OB S & Clostera
anastomosis 1] EAG i, FLA /N3 FRAA B850 1Y) 155
R TE (PR 45, 20015 BB, 2014) o A iH
18 W 25 N W Ectropis obliqua 1) "] 4% 45 & & M
EoblGOBP2 54828 — IR — T e A BRI 45 GRS
(BXFEE, 2014; Zhang et al., 2018) , M 4), Huang
452018 ) WY B 5% % B0 /N Hi 3 78 AipsGOBP1 Al
AipsGOBP2 H 41 H 54K — H IR — T lf A A [F] 2
FEMEEGRETT o T UL, /NHb 32 B A A [) R 2 ) AT i
PR IR G 12 8 RS R 08 R 1 [R] — Fh 25 A 15 &
Y—F XM T HE. R AipsCSP8 41 2K
HIR AT Z55 ) —Fh 3 EYERY—R OB, %
R YN B o0 1 Spodoptera litura F1/)N#b 3 Y
EA AT A, X RSO OIRAE B 8 515
VERT, TRl ish o8 R 5 375 008 T, mT DA s A5 R

FX RS 1 5B ROR (T4, 2009) . 55
Hb R CEERT LA /N & JRABGIR Y EAG U H XF
HASIAEM (41, 2013) , AipsCSP8 H 4 i
FIXF LA PR ) 45 W) B e e 4 4, R W AT e
T/ N3 PR A8 - 2F AR A vh 5 AL 2 B2
.

ITAER YRR B, — 2625 HOR X CSP IR Yy
FBAPEHESINHIVER] (Liv et al., 2016) BT
R 5 G F RS SRR IR E R . AT
R, AipsCSP8 55 7% H 7 BT 4t T/ 3R A 45 5 e ik, HL
SERE IR T 5 H A PIFpar FAEY I R YI S5 & hE
J1o B BC6CHE b 2 b R KA SlituCSPe6,
SlituCSP8, SlituCSP9 FI SlituCSP18 24k, 24 2 & [
O35 5 EE AR | 2 R DA K ST A R R Y 4
AHES(Lin et al., 2018) , T & Apis cerana Fl
A5 U SE B U OBPs i CSPs AT LI H751 nf He
Wby A SR N A T, EL R H WK BE 2 i OBPs 1 CSPs
5 RRECARMLE S (Li et al., 2015, 2017a, 2017b)
i, FRATIN R AipsCSP8 1T BE2: 5/ N 3 R XL
P25, AipsCSP8 RE % [a] i) U5l 48 1 4% & 1
LA AR R B, T AL 27 B R /N b 2 1R
SRR b, /N PR B Ak 2 B SZ A RT RS T X
P2 A A 25 SR A, T AS AU R X 1 £ R K
TR Ky AR, 2 T A R T Ho ke i,
ARG . XTI R — 2 TR
IR AT

25 b RBETER /N PR AipsCSP8 [ Y 35
FEPESERT T AT, ] 5t AR A b D RE BT 5T 1Y O vk
UERH AipsCSP8 TJ 22 5 /N b 2 12 X0 A8 1 45 & ) il
RGP MR % T AipsCSP8 1Y TR (A Bk
it A A R DR 0 i R I g B o — 2D IS, AT
B LA/ N 3 PR AL 3 TROA Bl 79 T LB I6R oR
WAL LR AR
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