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LTRKFERE SRS & BRI FF JUHHE
RAESYIES T

WALR, RS, B, B A, SRET
CHEFE K S BE A A PR A 5 3 3 G D P ST S 2, TGS 5 571700 o))

W OE: RASE R GRS IR SSECRE O AT R h R DG, b k45 & 2 1 (odorant-binding
proteins, OBPs ) 7£ M5 S AE A RR P REE SR . AW X LL KR ( Tirathaba mﬁvena)%/l\/‘jh%%%
[ TrufOBP1 1 TrufOBPS #H47 T /P FIHRFIE & 5 BCARES A etk a0, 338 8 WU 52 50 50 nF L AE A 7o s o
HVER .. FF9153 2, TrufOBP1 BA 4 AMASFEIEERR, J& T Minus-C %Y OBP; TrufOBP5 HA 10 MR5F
LIRER, JET Plus-C % OBP, ZOGTeFas AL s, R KM, TrufOBP1 AR &A%, 5 11 MRk
A, For g o FEERIERE R WFD 2 RS .2 TrufOBP5 458 SR, (V5 2 2—4— T 48 5L I RER S g
A 22 REE A, W] AR 27 BRI UGS B R R B R . KU SE0 R B 25 EHEEY, g~ AR
S 2 —4— PP A 35 A R S T A L TR P G v 5 15 4T KR p o . M B R 4L 2,2,6— = 1 -6 2 M
DU SR —2H- WK —3— 5 AU I, LA, B 2 E MRS AW . ARFFTIE/R T TrufOBPs 7R4T kIR 27
TN B Z B PR, 0 E AT SR T BOARE, 8 2L T IR A S (0 B 45 SRS Tk B 4t

2026, 17 (3): 474—486.

Open Access

Hfo

KRR LLBKAEIE; RS & E 5 JOUTERAE G5 WIRTT s R 595 TR B R,

hESES: S433.4  XEEREERSE: A

cnki.rdswxb.20250041

21 K FE W [Tirathaba rufivena (Walker)] J& %
# H (Lepidoptera) & ik & (Pyralidae ), & #E 6 )
B M2 —, FEEF MY AR RS, 1 ™
WP ARTE R . e M TR b A A R 7 B, &)
HOBEAL S Bl AR I I e A N BUEE, B AL 22,
ol RS FE R A AR, 1 B S (e, =
B i T R, SRR LRI () 7 v LA
A2 Ry o BB ATk 10 m, AT H, T
Rk o AR AR AR 4 i 4 A, 21 kR A 8 1)
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WS R o AR B VR i —FF o A AR e 2 7 3
Biveh ) — 285 KRB, Hn g & 30 m /N g
[Elasmus punctulatus (VermaHayat)], #5r £ g 55
W [Bracon adoxophyesi (Mimanikawa)]., 77 i 2 &%
1 (Habrobracon hebetor)55 Xt 1. Jk F 16 #R8 45 2F
RO, FEAF A Z A, BT (Metarhizium) |
BB [Chelisoches morio (Fabricius)] 55445 AJ B
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Hamsug PN & 0 HAG 515 B KGRE 1R F 9 24741
% W B, FE A8 YN B I8 (Cnaphalocrocis
i TR
(Meyrick) ", AV NELHU( Grapholita molesta)™ %
FIPIE TS ENH o XEF EA AR
SRR N REEYE S T ANDC B2 MR (RS i s
FRAR A B Pt . (H A T 20 DR A ns v 11 )
BLH I e L5 |75 Bl 0K 3kt 590 1) AR DG T 35 /D, i
BRI
21 Jok A 3 o) Lo RO A R A5 R ) B AR B
RAE B, W E A0 aF EAEY, IR 58 AL
e . 7 O A O B AR A 3 B P, MRGE TR R
A EAYPUN . SCEC . 7 B AR R B A AT
RAEE RERAE Y, B RmRs R G0 K& 2
WA OGRS 5, RS A M (odorant-
binding protein, OBPs). fk 2% J& 3¢ &H H
(chemosensory protein, CSPs) . <, ¥ 3% {4 (odorant
receptor, ORs) . 557 {A(ionotropic receptor, IRs)
18 B F £2 JC B H (sensory neuron membrane
protein, SNMP)!"'81 - S BR 454 5 H OBPs 7E M5
G5t St Bl & CHAE T, LB th 215
IK PR IE WU € A5 G AOLRL, P45 & —FhEl
PP RIRST U, TP B IR 2 R M2 IO 5 T
AYMSLRESZ AR, SR (55 Il WL AR 5 By 640, T
PR TG s — 2 h X . OBPs &2 —2K
NG VEBRIREE A, 38 H B 150 M2 AR
FERRZH A, H N AR 5 29 20 2 LR 55 Ak
JP31) o MRS b ez iR £ o] LUK OBP )
FALLTF 2R 1)Classic OBP, & 6 MRS E IR
BRAE, T4 C1-Xas30-Co-X3-C3-X36.42-C4-Xg_14-Cs-
Xg-Co” 1520 ; 2) Atypical OBP, 7 6 1> & 57 2 it
R ARH, (A AL B AFF A IR 3)Plus-C
OBP, TR~ Pt 2 iR ik 5405 £ T 6 15 4)Minus-
C OBP: 57 2 It 2 I 4% Jk R 2% 1~ 240021,
TEf 0 H B Hd, OBPs if M AR P8 2 3L 1R 7 51| 1)
W] 5 PR R 43 R M A5 B &K 45 A & 1 (pheromone
binding protein, PBP)., ¥ il KK 45 & & 1 1
(generalodorant-binding protein 1, GOBP1) Fl3% i <,
bk 45 & %5 11 11 (general odorant-binding protein 2,
GOBP2)™, HT, ## H E 1 OBP #5824
RN, WE 57 Wk (Spodoptera frugiperda)™ .
Z2/NE L U (Grapholita funebrana)® ., € [E [

medinalis) ", [Tuta absoluta

(Hyphantria cunea)™, Z& W & M\ 85 (Orthaga
achatina)™, . 5 22 %1 (Athetis lepigone)™", Ht
1% XU (Papilio xuthus)®, #k i 1 (Conogethes
pinicolalis)?" %5

H B OC T 2L kAR SR 245 5 3 L i F R b,
RO S 2 PP B R AR LT DR AR 111 4>
WEL 5 AH OC JR 1 R P 4, AR H b 2 3 11 A4
OBP JEH o JEFEAECY X 76 M b R 38 A0S
1 TrufOBP4 #1471 s 545G H 0, R T
TrufOBP4 7535 F G S TE DI . ABFFTEXT
WIS 7 filh £ v 2R 3K A X 8RR B TrufOBPI il
TrufOBP5 47 P50 7 Bir B A% 33k, i i 9658
LG LRI 5T MY LY XAG B RN
255 R, I 38 A XU 30 50 31 0 326 1) ) v AE
PR L R AR AR A A7 SR I 45 4 T, 290 200 i) ) 20 ok Al
IR 2T FEAEY B 5 FHL, IR BT AT
P LT KRR 2 £ B 42 BOR S AL TR S A

1 HREEE

1.1 BEHE  ZORAEIE 4 HORAE TR R A 1S M
IR RS AL X AR AR (19.51° N, 109.49° E),
WA 52 FAR AR A6 AT (] 52 46 25 I PR IBCK: 4 1
TSR G P T N SR, R R o (28+
1) C, W5 2H (80+10)%, JGJH #1 (L:D) 14 h:10 h.
Ay HUEIR T ARDRL, R R 10% YRR

12 RNA 5 cDNA E—FKHEHEM WEPL
JeMERHL, ffH] Trizol VAFRERZT PRFHIE S RNA, i
Nanodrop 2000 # f#{ & 43 )6 B 11 (ThermoFisher,
Massachusetts, 58 [ )&l 1 5& RNA (% 2 B J ik
JE, RNA FE A7 T80 °C IR 820, LA
B9 RNA A #H, #] I PrimeScript RT reagent
Kit i 7 & (Takara, Jb 57, o E)#1T ¢cDNA G 5L,
A T—20 C.

1.3 FIaWERREZFRESENHAE FIH
NCBI ORF Finder(https://www.ncbi.nlm.nih.gov/
orffinder) T TrufOBP &R 4 FF il 15 152 HE (Open-
reading frame, ORF ) ; fifiFH] SignalP v4.1(https://servic
es.healthtech.dtu.dk/services/SignalP-4.1/) Fiill| Truf-
OBP A5 5 Jik; i Expasy ProtParam(https://web.
expasy.org/protparam) il TrufOBP 435 s FIEEH,
455 A SOPMA (http:/npsapbil.ibep.fi/cgi-bin/npsa
automat.pl?page=npsa_so pma.html)*] TrufOBP %
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https://services.healthtech.dtu.dk/services/SignalP-4.1/
https://services.healthtech.dtu.dk/services/SignalP-4.1/
https://web.expasy.org/protparam
https://web.expasy.org/protparam
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SRR Y — R ZERIEATENCY . FIFH NCBI BLAST
B4 T R &R, 5 508 1 i B R
B OBP 5l 122 &8 Huxt, I AU MEGA vi1

MR G A B WEY, 4K Snapgene iR
PRSI A IR A% R Ik UK, 51 W R E YA
AT AR (R 1),

*1 FAREESY
Tab. 1 Primers in this study

5|9 Primer %1 (5'—3") Sequence (5'—3") MRS Endonuclease
TrufOBPI1-F CGCCATATGTTAACAGATGAGCAGAAAGAG Nde 1
TrufOBPI-R AAATATGCGGCCGCCAGGAAGATGGCGTGCTT Not 1
TrufOBPS5-F CCGGAATTCGAAATTGAACAACTACAACC EcoR 1
TrufOBP5-R AAATATGCGGCCGCGCATATCCATTCCGCAGC Not |

T BV T T RIZF0R .
Note: The cleavage sites are indicated by underscores.

1.4 TrufOBPsEETE LI4 8 cDNA Ml
M, A8 FRE SRS 1%t B R SE R 51T PCR 9734, 4
87 ) 25 T AR W B s H Uk T 2liAb IS, S R 2%
PR FEAT XUBEYT (37 °C 15 min, 65 °C 20 min), #5753
W RRMEAR Y H (LR B, B, {7 T4 DNA
ligase 7F 24 °C i%4% 3 h, IP¥EE Wb 2 K
FF A DHSo 832 240 CRAR, b5, " ED . #kHL
PP B TR i 2R T SR
1.5 TrufOBPs EHAERRIERGEHL K7 IE
R BRI AL E BL21 B2 25 A CRAR, b,
B K AL TR Y BL21 RZ SR T
FFRAREZR (100 pg-mL™) {) LB JRIARTFRIEN, FEIR
(37 °C, 220 rmin™") 85 FF 12 h A =W B Y T
W TEEE TAES P E L 1:100 #2 A ZCH
LB AR5 55 55 F2 0, #E 37 °C, 220 r'min”!
KPR RZE - WRE, ﬁﬂ%é}ﬁ‘t;“cﬁ?#f 600
nm J KR E G B, ODgg 75 0.6~0.8, 75 52
ik, 7 TrufOBP1 B H A 0.5 mmol-L™
IPTG, 16 °C Fi%F 9 h, £ TrufOBPS5 ¥ A
1 mmol-L™" IPTG, 20 C T 5% 12 h, ¥4

B UV EE . TrufOBPL i JH] NTA-0 2% vh ik
(pH7.9) T & 4 ; TrufOBP5 i Jl & 8 mol- L' Ji
Y PBS 2% M (pH7.4) B B B TR Y, M5 B e,
PO S R0 S5 . R R I R DL UE 21T
SDS-PAGE Z& [ 2 Uk & o (5 82— Fn )2 Mr
FE4i Ak TrufOBP, X 45 ¥ i Pk I 9 422 B 31 45 21 73
47 SDS-PAGE HLyk kil , BH #ff 2 (1 4B 4k 17 O
it FH 325 7 JE %o 2K 11 i 47 4l Ak OF 47 SDS-PAGE

FE, K ez
B
1.6 WHAEHEEIW (HHEZTIREERGETT
WNTEREER S, W B IO I 337 nm, &
B 380 nm, 2K 1E K 530 nm, [A]FE 5 nm®Y,
PEFE 1-NPN VE NS, DL H B Ry i 590 5 it
1-NPN(400 pmol'L™"). [1] 200 pL & 1 # W
(2 pmol-L™) WM A 1 pL 1-NPN #41, {354
LR FE Ny 2 ~ 24 pmol- L™, N1k &4 H W B
i, Be B 400 umol- L™ AY TAEW o 200 pL &
F1 (2 pmol-L ™) 5 1 pL 1-NPN % ¥ (400 pmol-L’l)
TR HE 2 min J5 & 2EGIE, MR AW &
A1 uL FFOAL &, LG AW EE S 2 ~
24 umol-L™', ERRIRA)HHE 2 min J5 I & 9¢ YG58
B, 0RO E BRI IO K 59EO0E, ER
3R, fif R AR BITA I-NPN 54 5
TrufOBPs [ 45 & H40(Kd) o #RIEECIAR M 1C5 (5%
FEAA T B3 —2f= B B AR 9 v 5 ) A Kd L, 153
&5 TrufOBPs %5 & 19 fift 25 # 20 (Ki), 1A A
Ki=[ICs,]/(1+[1-NPN}/Kd), H: ¥ [1-NPN] 4 i &5
POEEREN 1-NPN U . Ki<20 Fn i A 5K
G RE ST, 20<Ki<50 FnE I SHCIAA 5545
HRETT, Ki=50 Rn i H 5 RARARE A0, 2
YA HEE ] Graphpad v8.0.8 A T S51EK .
17 AREEBERBROXBITARNE 7
150 cm x 60 cm x 60 cm f% XU H i 52 1 Fk R e
B AS RSP 04T R BORE (B 1) o SE5eTT
50 mL B0 A 2 H A 38 BC 21 Fik R S5 fE 1l H

e 8 25 B s i 2



3 ]

HSALAR A : LIRSS A J 1 O PP RRAIE B 45 A R M

477

A Flow straightener

219647 Red light source

4 JE 2P Wire mesh

R P
Airflow | lJ;]
S !
—_— :
R :
] -
PR |
10cem | 110 cm i
HERLT B4R BOE
Airinlet  Filter paper Centrifuge tube
E1 RiEEETEE

Fig. 1 Diagram of wind tunnel installation

AT 1 h MREAL 3 . DLECBEREN, &G
PLE A 1 g L7 SR R, o 50 ul FF IR
VARG TAR IS 0, JF B TRk X T e 8
i Ak S A L DB TR XUE, KGR 0.5 mes ™,
IE5% 5 min P ELIRBEIE (947 S JF T H R 4T I
7, #% DL FR e EA T 57 i ik i B kA 3 PR
3l 3 B Bl B E R BT B0 AR T il R
H B AEH S R IRAI KRR BS>90 cm; 330X K AT
90 cm =< HL 5 A R Y A9 7K I 25 <10 em; 122 fil
I3 i S SRIE AP IR <10 em P, 51T
TR LT KRR SR B 24T R B9 S B, T SPSS v26 £k
P T RO ZE A TS, {1 Graphpad v8.0.8
BAFEATERL TR AT
Vo= P AT o B S R ED) x100%

2 FHRE5HM

cDNA 7 51 4= £ 922 bp, H:rp 5¢ 2 JF i el 352 #E
ORF Jy 402 bp, 4 tid 133 NEFEEMR . T HA>
TR 14.8 kDa, RIS 5 HL S (pD) A 9.00, A%
PEE M. FAHTER, mEAEAH 4 MRS
Cys {7 15, J& T Minus-C % OBP, 1555 Bk il ] %
BHH 16 NEIEFR IR AL N . RO siK R
~0.528, F B TrufOBP1 HA EKM:. R4
Bri 7R, %8 45 EEALEE o 1R E (56.03%)
BHEF(9.48% ) . ToMAEN(30.17% ) FAEKEE(4.31%)
(K 2).

TrufOBPS 3K cDNA J¥%1 4= K4 686 bp, JF
A EEHE 4K Ry 444 bp, it 147 NEEER, 77T
4 21.0 kDa, FIRSFHL SR 8.3, HERIEE . ¥
HIrhA 10 AMESFE Cys 37 5, 4 Plus-C %! OBP,
10 AP BRI i TR R s (K 3) o 15 S5 k5
M 17 AAIEMIE I . BT 5K N

2.1 TrufOBPsF 5 9 #f  TrufOBP1 % K 1

—0.481, #EME A 2K EEH . RS R T

al o2 a3
TrufOBP1 QQ00000000000Q0000Q0 QQ0QQOQQ Q000000000000 T
1 10 20 30 40 50
TrufOBP1 LIDIMOKIHK LESK HK TEMLAMNKPDE QLNIMLKITEDYKTE|. .[NEPIRAKMA LML ITKSE LiuEK
DabiOBP2  MDEIYMA|HLAJAMV HDN[MGEIRYGADL S VYDAV N|GEJANLADF PDGKIWACP{ I K[§I ME T AGMIkY .
CmedOBP20 [LTDIHOK|HK LISKHK|GE[ELIS)RIK VEEALYNIMLRTED YK TE|. . |[NDAPSAKP4A LIMM I K S E LIJEIK
CsupOBP10 [LTDIHOXIHK LMK HK|SE[ETAJRYKVDE QLWYNINT KA[ED YK SD|. . NEAPSAKPAT[HMT T K SE LITEYK
1 1

o4 nl os ab n2

TrufOBP1 T 200000 Q0000000000000 LOQQQANOQAQRRARNAA0R 000

60 70 (o] 90 100 110

8
TrufOBP1 DIEKFEKKDVALIKVIPNAAEKIFAVIHK LE TMLANKENNP HO TEAWNY VK[MY HEKDP
DabiOBP2 DEEVDVEAVLEMLIPDEMHSIHDNIAANRGEGT OREADHCDNEAF LTHV[SMW QKANK|
CmedOBP20 D[EKFKXKDVAMRNKVANPADKIHFOVINKLED T[MILANK[ENSPHQO TENWNY VK[8Y HEKDP

CsupOBP10 E[EKFKKDVALEKVANPADKIFOVIHKIMD T[T ANK[ENTPHQO TEAWNY VK[YHEKDP

HAIFL
HAIFL
HATFI

2 2

RIAHBENE Dioryctria abietella (Dabi); FEEMAE Cnaphalocrocis medinalis (Cmed); — LI Chilo suppressalis (Csup)o

B 2 TrufOBP1 5E IR E R OBP K% 75 EEXE
Fig.2 Alignment of TrufOBP1 with OBP genes from other insect species of Pyraloidae
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ol nl n2 a2
TrufOBP5 QQQQ00Q QQ0Q QQ0Q00Q QQ
1 10 20 30 40
TrufOBP5 [.|.[.]. .. .. AN R AR e e K G AL K PHSECCRAIPE LGEP KL C SNE K@P G P
GmelOBP1 NKLYFTLILII|SVIVKADVIEVQARKE(FT R4 T A (el ish=RhNelS)=3qdPpA T E (oI p=dd 1. j=Feh
HarmOBP35 LK|ISIVFCRLIIVRASHADVILKKRD .|Si4eFNSiHE11Ev[ele]D =35 &e D)3 dN A E K (o) 38841 )Xep=3
HassOBP16 FRISIVFCRALVIVASHADVLKKRD . |SkdelNs B4z 1. viele D=3 B He| D) DANAE K [ofshifzddM)Jep)
12 3
o3 B1 B2 o4 n3 o5
TrufOBP5 00QQQ000QQ  =—TT=» Q0000000000000 000QQ0000QQ00QQ0
50 60 70 80 90 100
TrufOBP5  [EIN[B]VIeYE I Fx EXEEE? v HE TR K(E AF{R NEFA L O] A D|KERAE R 2ESYUD KE¥i s D[EVID K D 1 [EIsR4 A
GmelOBP1l  [oIR[s]V[efelv F|HK[HeRBA T sl Q1 K WY K|E V4K Niz8A L Q[ AD|K 84D |7 S SESUN KEWAE D&V D K D T jz{oh4 A}
HarmOBP35 [ofD|s] 1ol T F){ A ehabdl T o] RIN TIANAID AR4K NERAM K QE(E|i#:4P 13 K VESYD RESAE Efe|A N N Q Tiz{oRd#s)
HassOBP16 [¢]D|=] 1 [oYel I S| ehalbd 1 [s]R)S THAY VD AF{K AR T KN E EEEEYS 1K VESYD REGAE E[s]A NN Q TizXeRg#s]
4 3 5
ab n4
TrufOBP5 000000000000000 200
110 120 130
peatte): - INE CKAYDVFTCTGIAMLKKCPEARWHC
GmelOBP1 I PCKAYDVFTCTGIAMLKKCPNARWINC
:ERS (o) P CKAYDVETCTGIAMLKKCPRIAMW|IC
EETYTe) NP CKAYDVETCTGIAMLKKCPRIAIWIAC

4 5 2 1

KAEWL Galleria mellonella (Gmel); #7145 . Helicoverpa armigera (Harm); {87 B Helicoverpa assulta (Hass).
B3 TrufOBP5 5EfE3 E E & OBP B /75 b Xt
Fig. 3 Alignment of TrufOBPS with OBP genes from other insect species of Lepidoptera.

7~ TrufOBPS 2 [ 3£ 24544 S TE 4 itf (50.0%),
HYOR o121 (36.92%) . f5411(6.15%) . LEK5E
(6.92%) (& 3),

%+ %f TrufOBP1. TrufOBP5 H1HAth 4 Fh fif 31
HELHL) OBPs % T R4 A B W, 45 R WEHH H
21 GOBP 5 PBP 7 HIE AR SRS, Hofth OBP
A0 . TrufOBP1 5 TrufOBPS
S3-HCT OBP 43 3, ANJ& T GOBP &Y PBP 254,
TrufOBP1 5 CsupOBP10 3 h— 37, KR &I, 1M
TrufOBP5 5 DabiOBP16 R Ah— (E 4),

2.2 TrufOBP1 #1 TrufOBP5 B /R ¥ Kk 541k
¥y # pET-30a(+)-TrufOBPI, pET-30a(+)-
TrufOBPS B4 Bk, # HAE% A BL21(DE3) /&322
9 M ) 5§ % ik . SDS-PAGE H ¥k &5 5 /R
TrufOBP1 F1 TrufOBPS 7 X hj 43 o o7 ' 43K
15T I AT, R ()R8, TrufOBP1 %2
1E Fi T, AR AS . TrufOBPS MM 7E 1T
VEH, AR, B EAAifkss R, TrufOBP1 1]
B 100 mmol- L™ BRI 5 i Bl Dy v i 4R A5 5 — B
B (E 5), TrufOBPS5 7E 200 mmol-L™" BR sk
TR R B (& 6)
2.3 TrufOBP1, TrufOBP5 5B {k 45 & 4514
S B SEIE TrufOBP1, TrufOBP5 576 615

Bt 1-NPN W 45 & % 0, 78 337 nm MR LR,
TrufOBP1 ., TrufOBP5 5 1-NPN f4 & 5P GIE(EIE(E
1 F 415 nm. i [l Scatchard 75 #5048 vE AT 40
4, 1S H TrufOBP1 Y Kd {4 8.00 pmol-L ™,
TrufOBP5 A9 Kd {H & 10.68 pmol-L™', 1-NPN
PN E A B HAAELMCR, WH T RS R4
G (7).

%} TrufOBP1., TrufOBP5 5 18 Ffi {447 75¢
e S a5 G oM, 25 7KW, TrufOBP1 X 11 FhC
R L RES ARSI (R 2), i 226~
L —6— 2, s L VU 48 —2 H— 1ok W —3— Tt 245 45 Rk ) I
5. [R5 5 FRECOR 2 BLES 45 A RE T, S5 A
3-EEALE S (] 8); TrufOBPS5 5 Jz 2 —4—H 4 ik
R EETR 5 oF R A S Y 45 A RE 1 [Ki = (5.16%
1.05) pmol'L'"], H kK K & = &R [Ki =(19.12+
0.66) umol-L']. It4h, TrufOBPS 5 12 Fhc {4 &
MEsssAne I 8).

2.4 ZIRKFEMEMERY X 7 FL S WRYIT A R R
B ETIOLEPLaLma R, ik r 7M5

TrufOBP1, TrufOBPS HAEMREE & BE I b &9
PEATET kAR e B R B KGR A 7o 525G . SEEG 45 SR
FH S A -4 AR R SR TR AN 2,2,6— — HI -
6~ Wi Jk DU S —2H 1 MR —3— B Xof 21 ik el e % R o
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T ALME Chilo suppressalis (Csup); T2\ MIE Cnaphalocrocis medinalis (Cmed); #1445 . Helicoverpa armigera (Harm); ¥ A2 R§BEME Dioryctria
abietella (Dabi) .

4 TrufOBP1 # TrufOBP5 KRG L B R
Fig. 4 Phylogenetic tree of TrufOBP1 and TrufOBPS

1 2 3 4 M M 5 6 7 8 9 10 11 12

R T4 w130 kDa 180 kDa ., -
g w100 kDa 130 kDaw

- oo G
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Fig. 5 Expression and purification of TrufOBP1

TE: M, 11 Marker; 1 ~ 2, RIS 3 ~ 4, WSS LIRAIUUEE; 5 ~ 6, V5 RIS ISR 7 ~ 12, 0, 20, 40, 60,
100, 200 mmol L™ BRMESEBLE . H A B HERRIC .

Note: M, Protein molecular weight standard; 1-2, Protein sample without induction and protein sample with induction; 3—4, The supernatant of protein
sample with induction after ultrasonic crushing and precipitation; 5—6, The supernatant of protein sample with induction after ultrasonic crushing, Protein
sample without induction; 7—12, The protein was eluted with imidazole at several concentrations to give the protein samples (0, 20, 40, 60, 100 and 200
mmol-L ™). Label the target protein with a rectangle.
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Fig. 6 Expression and purification of TrufOBPS

E: M, 8- Marker; 1 ~ 2, RIEFHIE PR 3 ~ 4, FREDEEG LIFRATIE; 5 ~ 6, V5 BIRAAE S L FHRRIR S 7~ 11,0, 20, 40, 100,
200 mmol-L™ BRMEEE . HAYE AR HERRIC

Note: M, Protein molecular weight standard; 1-2, Protein sample without induction and protein sample with induction; 3—4, The supernatant of protein
sample with induction after ultrasonic crushing and precipitation; 5—6, The supernatant of protein sample with induction after ultrasonic crushing, and
protein sample without induction; 7—11, The protein was eluted with imidazole at several concentrations to give the protein samples (0, 20, 40, 100 and 200
mmol-L™). Label the target protein with a rectangle.
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Fig. 7 The binding parameters of 1-NPN to TrufOBP1/TrufOBPS and the Scatchard plots
T ARERMERLA Y TrufOBP 5 1-NPN $REF 2 & Mk, Lot G iR &84T,
Note: The curve fitting in the figure is the combination curve of TrufOBP and 1-NPN probe, and the linear fitting is Scatchard analysis.

&2 TrufOBP 5 18 FERHIR K TS FM N
Tab. 2 Fluorescence competitive affinity of TrufOBP with 18 ligands

i i/(umol L !
T .J oy Ki/(pumol-L™")
Serial C d CAS

Number ompouty TrufOBP1 TrufOBPS
1 UL n—tetradecane 629-59-4 11.34+1.10 >50
2 75%¢ n—hexadecane 544-76-3 14.58 £1.22 >50
3 Lk n—heptadecane 629-78-7 28.74 +1.51 >50
4 o~ kM5 a—pinene 80-56-8 23.46+1.43 29.36+0.33

5 p—IR4 p—pinene 127-91-3 29.90 £1.53 27.07+1.77
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%3 2 Tab. 2 Continued

5

Ki/(umol-L™")

A\
Serial fea?) CAS
Number Compound TrufOBP1 TrufOBPS
6 N p-myrcene 123-35-3 8.83+1.35 41.34+3.79
7 3~ 3—carene 13466-78-9 >50 25.95+0.94
S -4 E R R R R
8 2-ethylhexyl trans-4-methoxycinnamate 83834-59-7 18.66£1.32 >-16+1.05
9 Z% B benzyl alcohol 100-51-6 13.79 +1.14 27.05+1.60
10 RS linalool 78-70-6 29.52 +1.52 26.61£0.76
11 KB cineole 470-82-6 47.88 +1.73 28.24+1.49
12 LRSI g isopentyl acetate 123-92-2 8.34 +0.97 28.52+1.23
2—- T I3 AL T g
13 3-methylbutyl-2-methyl butanoate 27625-35-0 10.14 £1.06 21.75+0.94
14 TR CE hexyl acetate 142-92-7 17.40 £1.30 35.26+2.11
15 LR cis—3—hexenyl acetate 3681-71-8 17.75%1.3 32.59+1.09
16 2% % vanillin 121-33-5 8.65 £0.99 19.12+0.66
2,2,6— = H H—6— 2 i FE DU S —2H—- W Mg —3 0
17 2,2,6—trimethyl—6—vinyltetrahydro-2H—pyran—3—-OL 14049-11-7 7.66 0.94 28.83£1.79
18 FER 6,10,14—trimethyl—2—pentadecanone 502-69-2 >50 >50

BORGIAEA, 708 AR ATRAT b dm THMe A Y. Ho 2,2,6- = 3E-6-2 )R %%

MHAU S YA 25 . HARAIRA T k%
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Fig. 8 Fluorescence competitive binding curve of TrufOBP
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Eis 2 LY
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Fig. 9 Wind tunnel behavioral responses of female adults to 7 compounds
TE: RRVING FREFORTER 47 0, AR A YRR AT A SO 28 5 B

Note: Different lowercase letters indicate significant differences in behavioral response rates among different compound treatments within the same

behavioral type.
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52 (Carpomya vesuviana)™ ., 3K 4 (Batocera
horsfieldi)*", V4 77 % 1% (Apis mellifera)™ M A
W 2B U A 6 F Minus-C OBP 95T, Aff
FF W], Minus-C % OBP 75480 J5 1 1) B He rh g
JF 6, 1M Plus-C % OBP 7£ i Ak A2 5 4 v i R At
A A %8 )T, Plus-C % Fil Classic % #9 OBP 7] fE
J& Minus-C £ OBP myiE LT A= >4, 75— fLis
[Chilo suppressalis (Walker)] H1 %% %] 1 /> Minus-
C #f#) CsupOBP1, W55 & XS 2F R &Y B-5
%2 WA BORAS B RE ™), AYVEG I GmolOBP14
% 5 A Minus-C % OBP, X 2f 3 % & W AL g F1
T T RER I R LRSS TR, S HAEF R R
AR RS G149, DL EBF5E 3R B3X 28 Minus-
C #1 OBP 7EAF FAEY AN A 5 BE R e 4G
HRIMEH. MIELZ R, TrufOBPS HA 10 MAESFHY
b S R AR I, PR AL 5 % A, JE T Plus-C 7Y
OBP, X2 OBP F 2704 T i AL 7% B A v 1
W, MG A XS B L o WG BRI 4 f6, (Holotrichia
parallela) i) HparOBP14 1§ & Plus-C OBP, fiEfg 4%
GAE I R A HLIEHE KB, 176 R HU™ B Hb
PEEErh LR BRI,

PRI PLER LR, TrufOBP1 5 11 FiL
RRIESRES AR, 4% 9 Fh A KM
2 FpfE B R 5, BRI TE LS G, 5 HAL—
Sl H R R E 25 . TrufOBPS (U S FiFp kG
YR A Grae s, Hoh 5 X -4-H L R
MR S 2F Fi 1Y Ki {4 (5.16£1.05)umol-L™, 454 fE
Ty T HAA Y . X PR ESE G RE TPl Re
5HAEMA K, Plus-C B OBP H T4 — fi b
AT BEIE I R A LA 25 5 I, AT v 17 X A
AW ER T, TrufOBP1 % 5z 2 —4—H1 4 5k
PIAEIR 7~ e R I Hh B 25 & g ), Rz b
B YA LL KA AR 27 S THO00 ok 72 v i) e A H A
. EIEPY &I TrufOBP4 M 1E(E B Z A0 iy
FETR AN A 22 3R HA SR As 5 RE ), ARFE TS pIFSE
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Sequence characterization and ligand binding analysis of two

odorant-binding proteins in Tirathaba rufivena (Walker)

Deng Linan®, Yuan Hongchao, Zhou Yunlin, Zhou Xiang, Guo Jixing’
(Ministry of Education Key Laboratory of Green Prevention and Control of Tropical Plant Diseases and Pests /School of Tropical
Agriculture and Forestry, Hainan University, Danzhou, Hainan 571700, China)

Abstract: The insect olfactory system plays a pivotal role in host recognition, mating, and oviposition, with odorant-binding
proteins (OBPs) serving critical functions in olfactory signal transduction. An attempt was made to analyze the sequence
characteristics and ligand-binding properties of two OBPs (TrufOBP1 and TrufOBPS) in Tirathaba rufivena, a major pest
infesting inflorescences and fruit of arecanut (4Areca catechu), and to validate their behavioral regulatory roles through wind
tunnel experiments. Sequence analysis revealed that TrufOBP1 contains four conserved cysteines and is classified as a Minus-C
OBP, whereas TrufOBP5 possesses ten conserved cysteines and is categorized as a Plus-C OBP. Fluorescence competitive
binding assays demonstrated that TrufOBP1 exhibited broad ligand specificity and was bound to 11 compounds, including nine
volatiles from areca nut (4reca catechu) inflorescences and two sex pheromones. In contrast, TrufOBPS5 displayed high binding
specificity, and interacted exclusively with octyl p-methoxycinnamate and vanillin, suggesting its potential role in host plant
recognition. Wind tunnel experiments identified -myrcene, octyl p-methoxycinnamate, and 3-hexenyl acetate as attractants for
female adults from host volatiles. Among sex pheromone components, 2,2,6-trimethyl-6-vinyltetrahydro-2H-pyran-3-OL
exhibited the highest attraction activity, while vanillin also demonstrated significant attractant effects. This study elucidates the
functional roles of TrufOBP1 and TrufOBPS5 in host recognition and sex pheromone perception in 7. rufivena, providing a
theoretical foundation for pest behavior regulation and supporting the development of olfaction-based green control strategies.

Keywords: Tirathaba rufivena (Walker); odorant-binding protein; fluorescent competitive binding; wind tunnel behavior; plant

volatiles; sex pheromones.
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