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WE  FIH RT-PCR fl RACE J7 ¥ i [ #45 JRSE M8 Bactrocera cucurbitae (Coquillett) i < BE 45 & & H
(general odorant binding protein, GOBP) 2 K 1) cDNA &K ¥ .5 % N BeucOBP, ¥ 45 8 FE W, BcucOBP
TR HE 424 447 bp. Sl 149 N EERR . ZFERR T 51 L X S = 4k 4514 [7) I g B3R 0 L 1L )7 51 2 OBPs 1Y
HTVRHAE P 5 A 6 MRSFIIEEETR A 6 A o BHE X, Mg 1 4 Rk 84k pET28a (+)-BeucOBP,
It A K IH AT B BL21(DE3) H', SDS-PAGE J; Western blotting 43 #7 % ¥, 7€ IPTG #4755 S T B & A L
His-Hr 25 il & 2 8 XA 18 B P A3 80 Fe R ik . 99t it PCR 0T & M . BecucOBP mRNA 1 B i U 5
SN A H BN Rk ARl T R IA B IR S . P Sh . BcueOBP mRNA 76 B HUFT 2 AR5 49 b BLA B
B P 1] 22 e 3R R RRAE AU A A B Bl AR R R B B AT RS S TR B R R Is f o AR L 7E R 52 32 o AT
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B HURIRSE & B P — SR T R K AR K
/N3 (15~20 kw BRPEE 1, B 2 0 TR
2R Bz Sk bt 7R R HUSSZ A Sk
AR T R, SRS 5 H 1 (odorant binding pro-
teins, OBPs){E Ny 8K & 1, 254 JIf 1z fi 4 5 i K
P AR AU 73 1 3 3 RS P 28 A 8 8 | B SR A7 A
(B FilE) &AL SR 2 bk, 5 B R AT
BRI I SO A TR R SRS S R
Har R — R {5 B R 45 A 5 H (pheromone
binding protein, PBP), 5 R M Z H{HE B &H
e I — 2 5 R 45 5 8 1 (general odorant
binding protein, GOBP)., B H Rt RE 7B R
THRAF ST 0P ok B b kM A AR S
PRt of B A WL U AT S R AT AT AT AL R B iR
AT,

JREEME Bactrocera cucurbitae (Coquillett) S &
XU B SR 2 B R AE Y R R iz — Ko
FH A EFAIE 81 B xR AMEY I L E KBRS, H
Bl SIS B Y B 16 32 2R FH AL A Biih AH B IR BOR B
ZHO RPN, W RN T E S
BRI F BR M EE TR, BERH RT-
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PCR %54 RACE # R 5 Bk 5 RS2l OBP LA,
FEAT T JEAZ ek L A B 2R FH 26 Ot /2 f PCR H AR 4y
e T iZIE N AE AR 2L i 3k .

1 WS

1.1 iR EE R A

JI S e FR 2 T AE S0 5 = RN T R A 5 AR
FNO L g s B I S L i AL Sk (2% R
yiEDIN TG 2N 1 TN SN (LI 1  R2
AR, FH B i A AR TR S R AT
—70 “CUKH % H .

A2 S 40 M0 BL21(DE3) A Tiangen 2 &) 77 i »
#H Ak pMD20-T il pET28a (+) 435 H TaKaRa
48wl Fl Novagen A A s RNA #2 UK & W H Ome-
ga 2% dl; 3-RACE Ml 5'-RACE ik % & W A
Invitrogen 2\ Al s % 258 .ExTaqg DNA B4 B .
R 4y 1 bR MEL R 43 F BT i bR ME M2 SYBR
Premix ExTaq %6 F W A TaKaRa 2 Al 5
PR Bt g A 45 B2 1] 0503k 1) &5 . Anti-His Antibody .
Hibl IgG-HRP, HRP-DAB JE ¥ i ¢4k 7 & W A
Tiangen 23 A .
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Z I RNA #2857 & (Omega 23 7)) 5 174 B
PRI AR IS g AN [R) 2 206 B S RNA, & BiIR
WHE e L UK 2R A0 43 560 BE A I S 4 BR R B S
ARG UL L Oligo-dT (R 1) A5 Wit 17 5% s 15
#| cDNA I DLt Bl k47 PCR 974,
1.3 Sl¥igit 568K

HR4E GenBank "0 H B iy OBP J¥ 41111
fai 35149 BcuOBP31.454 Oligo-dT, A T4 18 J 52
WA OBP K8, M4 3° RACE #4589 9133 2
ST S5 H BcuOBP51 #1 BeuOBP52, 43 51 5 32t 7
4% GeneRacer 5'Primer 1 GeneRacer 5 Nested
Primer ¥ Wi, JH T 5 RACE 1y 2 & ¥ . ¥
5" RACEMI 3" RACE J@ 4l 9t /5 M B i 2 K
AW T 1 X5 5149 OBPF fil OBPR, HF
Py R S e OBP By 32 HE, LA {4 JiE 3'-RACE #
5'-RACEHR B R IE T [7 — A

FRA ST M S 58 A B R A B A R AR
Sl 1,

®1 RBBFAY

Table 1 Primers used in this study

EIE/ER S EIE7/ 2]

Primer name Primer sequence(5'-3")
Oligo-dT GGCCGGCCTTTTTTTTTTTT
BcuOBP31 AANACGGGNGTNACAGAYGARGC
BcuOBP51 CACACAATACATGTAACACTTC
BcuOBP52 TGAACATCCCCATCGCTGAACTC
GeneRacer (. A CTGGAGCACGAGGACACTGA
5 Primer
GeneRacer

GGACACTGACATGGACTGAAGGAGA

5'NestedPrimer

OBPF ATGCACTCCCGAAAGACTCTCCTG
OBPR TTAGATCAAGAAATAATGCTTCGG
BeoR | CGCGAATTCCAAAAGGAGCTGAGACGT-
€0 GATG

CCGCTCGAG TTAGATCAAGAAATAAT-
Xho I .

GC
BeuQF ACTCTCCTGGGCACATTACTG
BcuQR ACTTCAACAGCTCGTCTTCGT
BactF CGTTTCCGTTGCCCAGAATTCC
BactR TCAGCAATACCTGGGTACATG

1.4 PCR RN K F3IME

VLG 8 cDNA A 84, in A 10 X ExTagq
DNA R A0 % il 5 pL (% Mg "), 1E [\ Al
KE5I ¥4 1 pL (10 mol/L) ,2.5 mmol/LL dNTP
4 pL,ExTag DNA & 0. 25 pL (5 U/pl) L0
KZE 50 pL RSB OJE A PCR ALY 1, PCR X
LR 94 ‘CAEYE 3 mins B AT 35 NG .76

WM HR 94 °C 30 s, 66 °C 45 s, 72 °C 1 min; &
Fogbe)E 72 ‘CAR£IE 10 min,

RACE [ h 2 B K & v . ¥ 3 =9 H
1.0 %6 Byt Jig W 6 e vh Yk A 0, [ e I i) R B, i il
R & 2F 1T DNA B 8 M i) DNA B 5
pMD20-T b B 484K % 45, #E4T TA o B Al D) 4
E o PHME v 6 A il B 08 AR W B R A IR R AT
My
15 ZHLEHEE

i 3 SWISS-MODEL 347 [] A5 2 il SWISS-
PDB Viewer ¥ {F WL 58 H = 4E 45 44, >R H] J5 1 (8]
22501 1 #6E (atomic empirical mean force po-
tential, Anolea) FFH) [F] Y5 A5 45 JLH0
1.6 EFEMERRIEIFE

PEIGE T PCR 2R 25 pl (KR & S L3 1)
T 12.5 pL SYBR IR 10 pmol/L 1y L F
Wl ¥4 0.5 pl, cDNA BiAR 1 pl, K B 4l K
10.5 pL,JBA) B O WA PCR X F 1, PCR I
ZMF: 94 °C WAEYE 30 s, IR BEAMEH K 95 °C
5s, 65 °C 30 s,4t 40 MFH . ZOGE =T G
ok 1, AR E 3 AERE. B4 5 ki
o H A U T HE B RNA L B2 A LUK A BA %) B8
RV AR IF W Cofld, IR R 27 22 ik il AT Bl
A TR
1.7 [RE#% &KL K Western blotting il

JH51% EcoRI(% EcoR T B§YIAL 245 F1 Xho [
(% EcoR 1 B Y17 50 (B FHI WK 1, DL cDNA
KR AT PCR ¥ 3, 973 77 Wy 4di A pET28a(+)
AR LM 2 T4 KGR TR pET28a (+)-BeucOBP,
4 TR AL B2 S 40 BL21 (DE3) J . i Ak
BAGOREAT I K BH M SR AE LB/ Amp Ki R T
37 CHiFE & Doy N 0. 6~1.0 I}, im A IPTG &
I mmol/L # 17 F Rk, iR EKENDE, H
15% SDS-PAGE HLJk &I . K 43 25 J5 1Y 25 H 5% B
PVDF Jii 2 h, &AW E A 4 h, TBST BB G . A
Anti-His Antibody.37 ‘CHEHE 4 h. PEBE. A 3T
Bl IgG-HRP 41,37 CHEE 4 h, i Wik )5, H
HRP-DAB JiE ¥ i (a3 7] &5 i (6 % Rk W) .

2 #RE5HH

ERZEEFT S
DL SE B8 (74 fik /1 cDNA 854k, DL If 51 9
BcuOBP31 5 Oligo-dT Fie % i F , ™ 1 J5 458 ] K /D

2.1
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24 500 bp ZEAT RS A P 45 R R )P 91 5
Z R AR S, A B A B B A U W P
I T 3R A Fr B RS2 OBP X 751, AR s
FEAS 0 e 8045 BT 2 %R R 51 %) (BcuOBP51 I
BeuOBP52) F THHE K 5" ¥ cDNA FH1 ¥ 3, 4%
3'-RACE Hil 5'-RACE i 1% ¥ 3 §f 2 )5 15 51| JR 52 g
OBP % 1) cDNA 2K 751,

FH4F 5 51 9 COBPF #1 OBPR) ¥ 3 Ji5 3k 15
1 45447 bp BYFE S50, T 45 1 5 PHE P 91— 2L,
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G T RS2 OBP cDNA Y58 5 F 41, 1% 3 A fir 44
H BeucOBP , %ifith 149 M2 HWR , 3 F Btk 29 17. 46
ku, N i 23 A2 3R N 8 H A5 5 KX, e ik &
126 MR . FIH] Megalign 4 % JIC 52 i 5 H:
XU H F HL OBP B 4 3 182 17 37 8] 8 1 1 17 L X
(B DL g5 R EF W28 OBP A At B #1 OBP &
F— B 6 A ORSF I 21 DE 2 R 5k 5L F 6 4> o
UBLIE 45 A8 3, IE B 5 B 3K A3 1 BeucOBP S B
OBP & X 1 .

AALB4179+
AAOT3465.
ACBS56577~
BeucOBP
XP_001848926.
XP_001999215
XP_002058580:
XP_002073644¢
AC083215+
BAIS24430

AALB4179+
AAQT3465¢
ACB56577+

B3R 7R OBP 2 H M AT X B2k 808 OBP ZE H (5 5 IKF 55 al-ab 238K 6 4 o BRJE; T HER IR 6 PR SF A9 28 Bt & iR

Conserved regions of OBP proteins were shaded in gray; signal peptide of OBP was marked with broken line; six predicted alpha-heli-

ces were marked with al-a6; the six conserved cysteine residues were marked with the boxes. AAL84179: Xl L W 4% 8 Anopheles
gambiae; AAOT3465 . MK FEL Culex tarsalis; ACB56577 .45 /NS W Bactrocera dorsalis ;s BeucOBP: JRSEM Bactrocera cucurbitae
XP_001848926 : 84 FE UL Culex quinquefasciatus; XP_001999215. 1 ¥ H W Drosophila mojavensis; XP_002058580; M YL Dro-
sophila virilis; XP_002073644 : 7 3¢ $H7 b Drosophila willistoni ;5 ACO83215; B W . Stomoxys calcitrans; BAI82443; 4 i

Delia antiqua.

1
Fig. 1

2.2 BcucOBP = # &yt
FIH SWISS-MODEL # 17 [] #5858 . DL 35
Culex quinquefasciatus B OBP % & R A& , Ik 15
B NSE M BeucOBP Pig = 4e 2549 (B 2) , g5 3 5%
HE A = 45450 6 1 a 12E (al-a6) 41 5%, H 37

BcucOBP &E B 7 5] 5 H it W3 H & B OBP #J [F iF 4 bt xt

Amino acid sequence alignment of BcucOBP with the known OBPs from other dipterans insects

B — AR B R T ARE A HOR S . AT An-
olea Fi i Xof [] AL A ) 4 1 45 K EAT T IF A 45 21
7R < 2R A DX 5 AR DL 1) 2 (R 25 L 20 (1Y
DX 3l Sy 005 e JEE AN 85 1) 2 [ 25 4, T L LA D B
A B8 B R Bk ik 14 =5 [ S5 R UL R AN i (R 3)
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B 2 BcucOBP EEHMBIL =441
Fig.2 Theoretical three dimensional

structure of BcucOBP

10
0
-10

-20

2.3 BcucOBP E R Rk

DL TS e e SR 2 P Y BeucOBP mRNA & &
VEN B U & 2, R HI 9206 E & PCR $L AR X Beu-
cOBP mRNA 75 JIX 52 i AN [5] 2 2 v 1) FH X 36 35 &
479 . BcucOBP mRNA FE JI 52 B8 fik /8 757 19 55
S . M Sk P ) R AR R K 2 I R AR 1
10 000 15, H U2 e H Fi 2 v (Y 36 5K 5 78 B R iy i
ARFEGE T 2 DAFAL T, BcuelOBP mRNA F#
B T 0 S 25 S R GR RRAE . M R R R = 2
Shy ORI Y 120 A 5 B HO AR BT R B SRGA A R
WE AR B Y Y 10 A%, A SRR E T R R T 3
BeucOBP Wik

l l T

T T

48 58 68
RRDETYPPPELLKELRPVHDSCVHKTGVTEEﬁIKEFSDGDVHEDELLKCY

=

l

H8

108
NYCVFEETDVLHEDGEVHLEKILDKLPESNHVIHLHHGKKCLYPKGDNKC

—

BS
ERﬂFNLHRCWKEﬁDPKHYFLI

B3 EFEZEFHNE

BEIE M S AR

Fig.3 Analysis of the atomic empirical mean force potential (anolea)

2.4 [E#FiER Western blotting 4 il

il 5 FE 20 A A JORL B BR B BE L #E 15 % SDS-
PAGE HJk (& 4, 45 R & B H W TE 20 ka A4
A B RS A AR TR AR A B Y 3 R 2
HEAE AR AL B R S BURR  ME 2R . &0 His R 284t
PR B S e BRI o3 A, S5 R R IIAE 20 ku £ A 1 4%
Fes e i i, 5 BAn B 4 F B K/h—
;. KA HBEAL His 28804 18 7 1E

3 i #

B AR ES & 8 FR B A & SRR TR
F HUBSZ SN B O 1 19 5 — 0 AR A RO, X R
AN FEHEATE B A A A B L, AR g A

RT-PCR $ARY #4455 T R 0158 <R &5 & 5 H
BcucOBP ) cDNA R B, M8 P 51 25 48 4
Mre i, IRSC 8 BeucOBP # 2R FIERY
17,46 ku, JFHIHAH 6 NMRSF IR AR A, 5
3 A B AR 5 A B R AE — BT B AR
G54 0 SR RRAE, 3 B AR 3K 5 v B A I S
BeucOBP J& TR 4t OBP WR ., ARE X 36 4
OBPs J3 31 1Y) 25 6 35 53 B 36 B, 3% 28 OBPs 12 i
SR LR ~F 7 B 1 M‘*A C,-X26-C,-X3-C;-X37-
Ci-X8-C;-X8-Cs I F¢ 11 - L 45 R 5 Zhou 55 42 1 Y

SIREE G Eﬂéﬂfﬁ%%%#ﬂﬁﬂﬁﬁzﬁﬁ i (Cr-
X15-39-C,-X3- C;-X21-44- C,-X7-12- C;-X8- C5) —
. R W] OBP 16 A [F] B ] B A w5 B2 DR 5F 19 45 1
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M. & [ 4> T Jfi i Protein molecular standard marker;
1.7 IPTG % 5 F pET28a(+) Y % ik Expression of
pET28a(+) after induction with IPTG; 2.%f IPTG %
S 41 F pET28a(+)-BeucOBP Yy # & Expression of
pET28a(+)-BcucOBP without IPTG; 3:7E IPTG 53 T
pET28a ( +)-BcucOBP 1) 3% i5 Expression of pET28a
(+)-BeucOBP after induction with IPTG; 4,5 #uyi El ik
Western blotting.

BcucOBP Ft & & A iy SDS-PAGE H ik & % & EN itk 43 #7
Fig.4 SDS-PAGE analysis of BcucOBP expressed

in Escherichia coli and Western blotting

B, HAIE B R OBP FR5F Y 6 A4 20 bk 20 8 2 1 X 2R
PR S5/ R T RE R 45 2 G 2R/ 1) 2
FH XM & BLEE I OBP 2 FH (30GN) 5 K 32 i
BeucOBP & 10 & 5L A IR M 68. 6 %0, AL DA
i OBP f5e B 8 1 [ P58 4 R S5 Beuc OBP 48
FB =i b 253y, i X RS BeucOBP
B S R I A g AR R SE L 5 R
Ir OBP 8 H = 4E 258 LT 52 M [F . #7266 1> a
BB S I B — > BRARZE 4 .

Reyes & F 58 R B . 6 41 & MR 1) His #7528
TEAE BRAE AT AN LA, A AN 5 ) 8 1 1Y 25 0 K
Uige. B AR R KRN H T7 B3 78
Bl AR A R R pET28a (+) ¥ BeucOBP
WrERES] pET28a (+) M8 T N w5 6 412
R bR % 1Y B 41 3 38 kL, OF A K AT I BL21
(DE3) th 4715 R 1k, H 1Y J2 J5 22 0] Rl H iz br 4
R glifb izl A & . Wil His 41 515 2 &
HAE Western-blot 73 #7 , 45 4 & FH %, % B fr 1%

F 88 His #7455 BeucOBP WA EH .

. OBPs AN fig 75 fil /1 vh 2235, 1 H 76 B
& TR SR MR AR AR AT 2RIk . B A
St & PCR 5% iE 3 BeucOBP mRNA £ %
TR IS ) fi ffy b, LM I fh o 3K A Y,

BeucOBP mRNA T A58 15 v A 58 m 1) R 3k
20 R ME R 10 fE L X R RIS Aae-
gOBP22 1y + 4r AH I, #E W BeucOBP H f
AaegOBP22 LI YIfE . P BES 5 TR E R Wiz
IR AR NS AS BLAT v R FEE AR Y . Beu-
cOBP JERURAAE JIN 52 06 fke £ 45 WELBE 4 20 P A 5 57
FEIk T HLAE M R AR B T A R IR 4 2 P g
Fik, mULHEDN  RSZ4E BeucOBP ] g A 5 1R
WA 8 T RE B AT HoAB I AR L X 5 T AR B 5T 45
gﬁttz/ﬂ .
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Cloning and prokaryotic expression of cDNA encoding general odorant

binding protein from Bactrocera cucurbitae (Coquillett)

SHEN Jian-mei HU Li-ming BIN Shu-ying LIAO Hong-zhi LIN Jin-tian

Department of Plant Protection , Zhongkai University of Agriculture and Engineering ,
Guangzhou 510225,China

Abstract In this study, OBP from Bactrocera cucurbitae was cloned and named as BcucOBP. The
full-length of open reading frame (ORF)is 447 bp, encoding 149 amino acid residues. Amino acid se-
quence alignment and 3D-Homology Modeling analysis showed that BcucOBP shared the typical struc-
tural feature of OBP with other insects, including 6 conservative Cys residues and 6a-helixes in the se-
quence. A recombinant plasmid pET28a (+ )-BcucOBP was constructed and transformed into Esche-
richia coli BL21 (DE3). Western blotting indicated that the His-tagged BcucOBP stably expressed in
DE3 induced by IPTG. Real-time PCR analysis shows that BcucOBP mRNA is expressed nearly in all
tissues except for female visceral segment. The relative concentration of BcucOBP mRNA is the highest
in antenna of B. cucurbitae compared with other tissues. BcucOBP mRNA shows clear gender-differenti-
al expression pattern in general section and the foreleg. The special expression pattern suggested that
BcucOBP not only acted as a general odor protein but also was involved in the transport of pheromone in
the mating behavior of B. cucurbitae.

Key words Bactrocera cucurbitae (Coquillett) ; general odorant binding protein; gene clone; tissue

expression pattern; prokaryotic expression

(AL heeh)



