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[ ZE] [B®)Y FFERNE O M (Grapholita molesta) 3B W 454 M 2 (GmolGOBP2) 14 K ¢DNA J¥ 4
FHATIEAZ R L, AR IZE AR DR LR RZ RE T i 5 E Bl . [ 35] #IH RT-PCR 1 RACE #;
A 5E B GmolGOBP2 4z K ¢cDNA J¥ 51, - fifi i Ji A% =ik 2k ik pET-32a £ KM #F i BL21(DE3) il 47 % ik . H SDS-
PAGE Fll Western blot £ ] H 2 515 M. [45 R Y GmolGOBP2 ) ¢cDNA 4= K F %) & 637 bp(GenBank % 5% 5 .
JN857940) , FF il P bl L HE K BE Oy 483 bp. Hifih 161 2 LR Gk A . (AR H /0 F & 2 15. 98 ku, S5 L iy 4. 85,
GmolGOBP2 Hiill # F 1) N K H 20 A2 R IR FE A 55 T 51, IF HE R 75 BA 6 MR amRr
WAV R G E ARG E . B GmolGOBP2 it J3 81 T 4 3| ik ik pET-32a i, 5 A KA H BL21(DE3) #E47
JR 4% 3 ik . SDS-PAGE il Western blot £ I 45 2R 1 7 , B4/ 0 B3 58 SR S5 A 8 1 5 KR R I AT T A 2 it 3% 3k
SrF AR 32 ku (RGE B, IO A MS E AT R E AN (48] kIR EZRIK T GmolGOBP2 E’J
cDNA FF 31, o] H] T AP % A 4 T 2450 KR AEAL A 2 R G YI6E .

[xEiR] FNELE WK GHEE 2;00 T 50 b8 R IL

[FhE4SZES] S433.4;Q966 [XEkFRER] A [xEHS] 1671-9387(2016)06-0111-05

Cloning and prokaryotic expression of general odorant binding protein 2
cDNA from oriental fruit moth, Grapholita molesta
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Abstract: [Objective] Cloning and prokaryotic expression of a novel cDNA encoding the general odor-
ant binding protein 2 (GOBP2) from the oriental fruit moth Grapholita molesta was conducted. [Method]
The full-length ¢cDNA encoding GOBP2 isolated from Grapholita molesta by reverse transcription-polymer-
ase chain reaction (RT-PCR) and rapid amplification of ¢cDNA ends-PCR (RACE-PCR) was named as
GmolGOBP2. It was then constructed into the expression vector pET-32a and expressed in Escherichia coli
BL21 (DE3). [Result] The full length ¢cDNA of GmolGOBP2 was 637 bp (GenBank accession no.
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JN857940) ,containing a 483 bp open reading frame with 161 amino acids. The deduced molecular weight

(MW) was 15. 98 ku and the PI was 4. 85. Protein signature analysis indicated that the deduced Gmol-

GOBP2 contained an N-terminal signal sequence of 20 amino acids. The GmolGOBP2 was then constructed

into the expression vector pET-32a and expressed in Escherichia coli BLL21 (DE3) after induction with
IPTG. SDS-PAGE and Western blot analysis showed the molecular weight of the recombinant GmolGOBP2

was about 32 ku,in consistence with the predicted result. [Conclusion] GmolGOBP2 was cloned and ex-

pressed in prokaryotic expression system, which was helpful for further studies on its molecular structure

and function in the olfactory system.
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& B HUE SR R A% Bl A E AR e G ARl
ELYR 7 Y S M 45 4 2B 1 (odorant binding proteins,
OBPs) , Bk Hy J2: 1% 128 Ah S A0 A5 B R I Hod i
TR B Y % B R R B 22 e, T 5 R IR e i 4 v Bl Y
FEEAY . R A E DRI 2 R ik
frptY L HETC A Z R R b R A RS &
MAEES ™, S HR P ARG SGEA DN 2
2, {E B £ 454 % 1 (pheromone-binding pro-
teins, PBPs) Fil 3 18 < Bk 45 & & 4 (general odorant
binding proteins, GOBPs)*" | (A ELEAHEHZL
TEME fil fl TP R R RGN S E R R A XL H
SIEIRT 5 FE AR ) B BRp IR RSP R A 220, R
TR 455 8 140 AR A S R 1 R R A
FHEE 2 WS A B R A b ek B R
AR TR], H 2 B TR 7 91 A6 AN (6] B 1 R ] O <7 M 3
B H BT kRS A R B R A [ A
Bavhmpe ik . Bl T A ke A E A
R 45 & AF FAE Y ™ A2 B9 R 43 T sk Sy HE
LRGN B R . AR S F 5 TE L, 2 Fp 5
JEFA M R AR & A MU S & 3 £
Ry M B B R H BV B R A R AR
SRS ARES . Wk, WaE RS A EA R
BfEfE LR EEDREA.

BUNE L R — Bl e AR BLAE 2 R OR B
R T B 1 o T, R TR A 1 22 R oK B X
TR A A X B A P i T R e . BT AR
SR /@ P I E e o0 = I (E T G
i, ELFE 55 2l 3 A 00 bk © I il ™ R Y kA5 Ak 2
B 3 ) PRI 2 M gl e A s R e i T AR ORI B 2%

KBTI R AT SR NE ORI R AT
A A 7 R A A ) 1), AR SE A RT-PCR
1 RACE # A 7 ¢ GmolGOBP2 1) 4> K ¢DNA J¥
G, I il R A% 3R 8 iR pET-32a 78 K W #F 1
BL21(DE3) H it 17 235 - LU R BR AWE 98 B4 /N0
Hu gl R 2R G GOBP2 (9 3 fig DL K I & Al
AINED U BT AT SR U Y R B A

LR ik

L1 #itEH

ZLNE U B (Grapholita molesta) /7Y db 4 K
FBHE R 2 A W AP 2 B R0l 3 U G iR BRI 9T %8 42
k4l O MR AR AT gt A R 10 06 06
Ko GRFRAME R (2410, 5) C MR (70 £
10) % JEJE N 15 h(98) /9 h(E) .
.2/ i
1.2.1 b ik A & RNA #9432 R & cDNA
Ay Ak IARL/INE O OB H il A 50 AR VR AT
Jii 35 18 RNApure Reagent (It 5T 81 i3 B 5 42 Bt
B RNA, % I PrimeScript RT Reagent Kit (TaKa-
Ra) UL 43 f B 3145 5 — 85 cDNA,
1.2.2 #.) A< & GOBP2 cDNA 5 7] 89 & &
I3 GenBank f 2 ik i) B Bt GOBP ) cDNA ¥
G, ity 5 GOBP2 [R5 A B i ] I 51 4 GOBP-
cl Al GOBP-c2 (£ 1), PCR [ I 4 f:94 C 3
min; 94 C 30 s,50 C 30 5,72 C 60 s,35 MFH;
5 72 ‘CHEAf 10 min, PCR =4 28 Bl b8 &E 1 101
Wk A & (b m RARD glifb f5 . # A pGEM-T Easy
B (Promega) , FF [H 4 52 B 3% 28 7 5% 4 30 B A )
FHEABR A R . 48RS R BN RO R
WRES A 2 S R Bk it 5 R 37 RACE 519
GOBP2-3' outer, GOBP2-3" inner #l GOBP2-5' out-
er, GOBP2-5" inner (% 1), % M RACE i # &
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T EE 4 BN Bl A R 45 S 1 2(GmolGOBP2) cDNA (1) v 5 JF A% 3% 15 113

(TaKaRa) Ut WA 134 3% 5" F1 335 19 cDNA, #R 5 #%
5" 3"3 1 RCR 7= 4 FE mlWie 4G4k  i% A pGEM-T
Easy #2608 I 7 L 8% 3845 09 v Bo ik 47 DR 44815
GOBP2 4 cDNA JF31,

TR 5T 3 YT A BRI — R

T 1 XS MR IES ) GOBP2-fulll Al GOBP2-
full2 (3% 1), PCR 97" 1§ 7= 1y 28 Byt I 058 2 v ok A
R 5P GOBP2 4 K cDNA FF 31| 17
.
L2.3 Falgd [@H7EL TH BLAST (http://
www. ncbi. nlm. nih. gov/BLAST) 43 ¥t /¥ %] 45 {b1
e HFE L3 SingalP Chttp://www. cbs. dtu. dk/
services/SignalP/) #EA7 15 5 I B 5 ff FH 7 £ B £
Expasy Chttp://www. expasy. ch/cgi-bin/pi_tool)
AT AR AR IR S e .

1.2.4 R&xE#4homzE WIEZL/NEOHR GOBP2
1) ORF J¥ 5 & it 1 X 255 5 IRy 5 7519
GOBP2-ex1 1 GOBP2-ex2(£ 1), THETH H W
F P o B B 63k K b 7R S i T R I
ML TR L FRR, HhEIE s Wit T
BamH T BUIAL A SO m 51 ¥ cit 7 Hind 1§ )
figi . PCR =¥ylnlfi itk J5 i%E A pGEM-T Easy #;
A T P B 2 BH PR A AL F UG U 45 T TE B Y 5
TR FED R . K5I 1 B A B 4 OB 2 BamH 1
A Hind I B4, WSCH R /N B Be o i
DNA J B 5 28 5] ¥ XUE§ U) 1 2% 35 G KL pET-32a
(IR Aty g 8 21 3R 3k 84k pET/GomlGOBP2,
SR 5 e Ak 5 I B Ak DHOS o, 32 BUSORL 28 PCR 4G I A1
XU U) %0 J Y . I IE A 09 23k R F e 2k

x1 HRAFAASIMEERFT

Table 1 Primers and their sequences used in this study
Pji[m#?rﬁ?r;e I F 5 (5'—>3") Primer sequence 514 H #%& Primer use
GOBP-cl GTBATGAARGAYGTCAC DNA F B i e
GOBP-c2 AGVAYHKCRCCRTTNGG Cloning of ¢cDNA fragments

GOBP2-3'outer
GOBP2-3'inner
GOBP2-5'outer
GOBP2-5'inner

CGAAGTCTTGGACGAGTTCCACA
CATATGCATGTCCAACAAGTTCTCG
TATCACCATTGGGGAAGCTCAG
TCGTCCTGCAGCAGCGAGAACTTG

35 g
3" and 5' ¢cDNA end isolation(RACE)

GOBP2-fulll GTAATCAAGATGGCGTTGTAC HEH 4 K T
GOBP2-full2 CGTTTGGTCTTAGTATTTCTCC Full-length confirmation
GOBP2-ex1 CGCGGATCCACTGCTGAGGTTATGAGTC Ok ik

GOBP2-ex2

CCC AAGCTITTTAGTATTTCTCCAGTACAGC

Prokaryotic expression

1.2.5 AR & GOBP2 f5 7 4 fm e F 89 & ik
A F OE B 0 R Gk UK Ak K AT R BL21
(DE3) 8% 32 25 40 iy 356 OB 1) %5 7 1F ) 19 BH P 5
JefET 4 mL LB #5325 (% 100 pg/ml &K H %
FOME ARG R IG AR B 10 R R A
37 CRURELEE R IR G R 2 ODg 155 0.6 2247,
I IPTG B4 FEH 0.5 mmol/L,28 °C ,200 r/min
LB S 5 h, WAERW .12 000 r/min B.0> 5 min,
LB B, A 100 pl 1 X SDS ¥ e 22 wh i 5
V5 BV ER W 10 min J5 HLUK /00T Ik 1K M .
1.2.6 mA&Ea THEREEN FiES)EwRE~H
PEWERE, 4 °C .12 000 r/min B.0> 10 min, 23 51 ik 4
I AUIRE 1T SDS-PAGE £l .
1.2.7 Western blot # 0 1% & A M SDS-
PAGE g I % #% %] PVDF J& I, #& J5 H & M W
(TBST5% B RE W4 k) 3t A 5 1% s 8 6 5 BT 6 X
His 402 W 1 he Fl TBST 2R 5 ¥ i A i
FH TBST Hi B 1 8RR ik 40 Ak ) i A i 19 3 Bt Bl =

o2 s 1 ohe AT TBST #e B 5 0 & Ja
PVDF [ & T i €00 Hh . (0 28 2% 47 0 B 5 B IR A
E il Ok R TR R (S

2 GRS

2.1 FUNEOHE GOBP2 EES K544t

DAL /NGO B fi f cDNA S5 — 55 Ry 54K . F )
IG5 iE1T PCR &3, 4k 4% 240 bp GOBP2 v B,
RS 2 i B B R R T, R H RACE
HARKMEZL N0 B GOBP2 4K cDNA J¥71,
Jr G 5 45 R R %7 5 4K R 636 bp, FF T B
BHE K 483 bp, 4wfi 161 MM AR (- D,
I Y N AR E 20 A 5 5 R 4% 4 L1 15
FF N, WA 0 4 B A 15. 98 ku, S
MR AL 85, R A RS A R (R AL RRAE
NIy FEA . HRERF IR &H 6 ESF
e R AR AL (B 1), TS 51R 3 3G 1 R
B ATHEH—-ZEH, &It T 1 XN RESY
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(GOBP2-fulll , GOBP2-full2) il LA 3&31F » £ B g A 5t
Jig HL kA 2] 1 R e S PR A (IR 20, I ) e B

5 P05 — B0, IITIESE 5" R 39 8 ) BV T
—FE .

I GAAAATTGTAATCAAGATGGCGTTGTACTGGATGGTGACCGTTCTGCTGGTAGTTGGTGGCCGGATGGTAGATGG
I M ALYWMVTVLLVYGGRMVDG
76 ACTGCTGAGGTTATGAGTCTTGTCACTGCGCATTTTGGGAAGGCGTTGGAGCAGTGTCGGGAGGAGTCCCAGCTG
21 T AEVMSLVTAHTFGEKATLE® QICRETESQL
151 TCCCCCGAAGTCTTGGACGAGTTCCACAACTTCTGGCGCGAAGACTTCGAGGTGGTGCACCGCGAGCTCGGCTGC
46 SPEVLDETFHNTPFWREDTFEVVHRETLGI/
226 GCCATCATATGCATGTCCAACAAGTTCTCGCTGCTGCAGGACGACGCCCGCATGCACCACGACAACATGCACGAC
7 AT I[C/MSNKTFSLLQDDARMHIEHEDNMEID
301 TACATCCTGAGCTTCCCCAAAGGTGATGTCCTATCCGCTAAGATGGTAGAACTGATCCACAACTGTGAAAAACAA
9% Y ITLSFPEKGDVLSAKMVYETLTIHNIIETKNQ
376 TACGACGATATCTCTGACGACTGCAGCCGCGTGGTGAAGGTGGCAGCTTGCTTCAAGGTCGGCGCTACGCAAGCT
121 Y DDISDD[C]SRVV KV AA[CIFKVGAT® QA
451 GGCATCGCTCCAGAAGTCGCCATGATTGAGGCTGTACTGGAGAAATACTAAGACCAAACGGCACAACATTGAATT
146 G I APEVAMTIEAVTLTETK.]VY *
526 CGAAATGATATTGGTAGATTATGAAAGTAGTCTTTTGTATATTTTCTGGTATTGCAATTATGCATAAAAAAATAT
601 AAAATATGTAGAACAATTACTAAAAAAAAAAAAAAA

Bl 1 BN H GOBP2 cDNA J I 5 (9 2 2 R ) 51
o PRIRZAE T R IR R R E A IE S IRT I I HE S 6 AR S 2R IR R
Fig. 1

The stop codon is shown with “ % ”;Signal peptide of GmolGOBP2 is underlined; Conservative Cys sites are indicated by boxes

cDNA sequence and deduced amino acid sequence of GmolGOBP2

Kl 2 BNELH GOBP2 () PCR §7 1
M. #5 i 4> F & DL2000;1,2. HFR3EH GmolGOBP2
Fig. 2 PCR amplification of GmolGOBP2 gene
M. Molecular weight Marker DL.2000;1,2. GmolGOBP2

2.2 FUNADOH GOBP2 EXBHFERHRIE

WA 2 % T 9 GmolGOBP2 5 i 4 36 J5 & 14
(thioredoxin, Trx) & 7N B 40 & iR (6 X His) iy gl &
ik Ak pET/GomlGOBP2 # fk T 2 1 BL21
(ED3), 2 IPTG i% % J5 ., SDS-PAGE H 3k 43 #7 i
RGP T 1 4032 ku A4 MBS R A A,
IPTG S & F2 ik Ak pET-32a(+) 1y BL21 B§
PR AE M R A7 8 T 45t = AL & = AR T 22 ku A4
g 4671 (3D,

M 1 2 3 4

97.2ku
66.4 ku

44 3ku

29.0ku

20.1ku

14.3ku

K 3 pET/GmolGOBP2 #ikr=##y SDS-PAGE
1. IPTG 551 pET/GmolGOBP2 ik =4 ;2. K4 IPTG
#5089 pET/GmolGOBP2 Fiki= ¥y ;3. IPTG S 1)
PET-32a(+) RIKF=W s 4. K2 IPTG i3 [ pET-32a(+) ik~
Fig. 3 SDS-PAGE analysis of pET/GmolGOBP2
expressed in E. coli BL21
1. Expression product of pET/GmolGOBP2 induced with IPTG;
2. Expression product of pET/GmolGOBP2 without induction
with IPTG;3. Expression product of pET-32a(+) induced with IPTG;
4. Expression product of pET-32a(+) without induction with IPTG
il & 2 AT 9 SDS-PAGE H 3k K6 2 1]
FLAY 1 27 A TR A b 38 (8T 400 AR 6 X
His H40 o — Bt BRI 4010 9 B b i 89 -0 UK
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T EE 4 BN Bl A R 45 S 1 2(GmolGOBP2) cDNA (1) v 5 JF A% 3% 15 115

YA Western blot 430871, 25 R R, & IPTG i
TR 32 ku I A &S 6 X His ik kAR
R A8 SO . RS A B R A (D),

M1 2
97.2ku -
664ku -
443ku .
290ku - -
3 4
20.1ku’ -
14.3 ku |

A B
4 pET/GmolGOBP2 fl & & 1 1y AT i HE AT M CAD K
Western blot 43+ #7 (B)
ML AR e S T4k s 1. B R BRE R b 5 2. B0 30 5
3.4, R A LA A Western blot 43#T1
Fig.4 Solubility analysis and Western blot analysis of
expressed pET/GmolGOBP2
M. Molecular weight; 1. Supernatant solution after
ultra-sonication; 2. Inclusion body;3,4. Western blot of the

different loading amount of protein sample
3 v o’

ABESE TR T g AL /N O Rl IR A A R
H 2 B9 cDNA 2K 75, B} GmolGOBP2 , it #E 1
() LA 1 R R TR 7 91 L 2 L I ARUR &G B B K
) MRV BR A - (1) B TR 45 L s /N o =K i
B (OBAES R WER (DR EER T 5 h
EH 6 MESEE AR . BN L B
ARG R R 0 v R O i B R SRS S
ARSI TR0 B 3 5 2e 58 iz B Rl
SURES G MR OC R LS D Re st TR =
AR

AUNETO B E SRS G 2 IS
2y 51 AT LA B R 28R 1 AR BT g BRI — s 1Y
BB AR+ B A AR 5 %o 2 BE 1R 7 9 114 43 17+ t AR
T s Re., EAY TRAETE AR D, KNS
U822 35 AR I K 43 B 55 1A ) e 09 — 30 5 itk 0F 9
PRI S 22 7 i B/ B0 3 3 AOUR 45 6 2 R 27
B H R WA BT RE L S A B H AT S
ik,

[ Hu BB SZ PR BT b I UK AR B R IR IR AR
ST L R R R A B OR IR L R R
AR AR ES A E A SRR LA G

s B W — PRI AP B AR AT B BT B — A A Ak
B TR ASAA BT EE LR EEE
X, RS AEAMMRCEZHR R Z
R s {2 XGHES A R E e
S A R E R E Y S, R U T
FUNE 0 1 GmolGOBP2, 3% GmolGOBP2 5 i
.38 % M (thioredoxin, Trx) @l 4 . 7E K % FF&E BL21
(DE3) 33k T4 6 X His 4ifbFR%E B, Trx
HIAFTEHEE T GmolGOBP2 [ 35 ik & Fl AT ¥ 1 » 31X
2 GmolGOBP2 ) K £ ik LA K W92 1% FE A 4 i 2
B 25 (] G546 R A= BRI BE2S 28 1 R 4F i FE A
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