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ZENUFRAZER BmCSP4 RiXERESHFESH

W, FEW, FAR, B2, FEAT, Haa™”

(1. WPl R AR A2 BE , INPERAY 0308015 2. 1 PRI Be v g PH % R B s AR WA IR 5 SE B 2, Y/ RI R FH 473061 )

FE : L= RS2 H (chemosensory proteins, CSPs) Jf& B H{A P FFAE I — 28 FEZ YU FZ BAR# K M SR 43 F Fifk
ERBR TR . APF5iE A g i RT-PCR 4T T BnCSP4 [RS8 R RKWE . Z55KY: BnCSP4
TEFZZR Bombyx mori £ KB M BRI, HRIEEN 4 B2 EZEHR D>, HAEMESCR LR, MRk 25
A F3 1-NPN AERFOEHREE, WE T 15 FHMNERCES BmCSP4 HHMS S FeME, B BN (U5 FREIFHEIR
HAEYAEWRE 10 pmol/L fEHF 1-NPN A BmCSP4 Fhigdft 50% , 7% HI MBS H 4 3. 20 wmol/L, Xif F 4R A% HY B A
BIHECN 2.24 pmol/L, 2-8 -3 -FK PN - A B RO 2. 88 pmol/L, 1-Z83E-1-T A B % BOCh 2. 04 pmol/L, K
ZTERS RN 2.52 pmol/L, $EILHEN , BmCSP4 ZEARF MR H Br B AT AR A B0 8, FFrTRES S 5.
TR ERRPUNL R

KR & W¥FBZEH; FER RT-PCR; 1-NPN; 5645G
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Expression pattern and binding specificity of chemosensory protein

BmCSP4 in the silkworm, Bombyx mori
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Abstract: Chemosensory proteins ( CSPs) are a class of small soluble proteins in insects, which are
supposed to recognize and transport non-volatility odour molecules and chemical stimuli. In this study, we
investigated the expression pattern of BmCSP4 using semi-quantitative RT-PCR. The results showed that
Bm(CSP4 was expressed across various developmental stages, with gradual decrease from 4th larva to pupa.
The tissue expression profile in males and females at adult stage was further studied, and the results showed
that the expression level of BmCSP4 was lower in female head ( with antennae removed), throax and
abdomen than in other female tissues. The binding specificity of BmCSP4 to 15 compounds was tested using
N-phenyl-1-naphthylamine (1-NPN) as fluorescent probe, and the results showed that only benzaldehyde,
p-methoxy benzaldehy, 2-pentyl-3-phenylpropenoic, 1-phenyl-1-butanol and acetophenone at the
concentration of 10 umol/L replaced 1-NPN from BmCSP4 by 50% , with the dissociation constants of
3.20, 2.24,2.88, 2.04 and 2.52 pumol/L, respectively. These results suggest that BmCSP4 may have
diverse physiological function in different developmental stages, and may be involved in the process of
discriminating aromatic aldehyde and aromatic ketone compounds.
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FH, HR7ZERRBRZAMERPELRLKIAMAE
IKIETEEE H BB AR SR 20 AL 22 B i 3
R, —2 RS %456 % H (odorant binding proteins ,
OBPs) , 5 —REMAFRZEH, ARG ESEEFE
B MIB BT LR IRDF RSB, 1L
FIRZEH EFRLE G MBBIEE RN IKR S F
T4k H1  4 ( Pikielny et al., 1994 ; Steinbrecht et
al., 1995; Ban et al., 2002) ,

CSPs 43rF#% 13 kD, 100 ~ 115 N HER 7
B4 MR RER AR A ER 2 S
(Angeli et al., 1999) ; CSPs pyfR5F Mo, A AP B
IR CSP LA K AR H . B H 6] # A 8 i R 95
PE; CSPs AMUTEMbA . TR, T, M55k
SHIRZ B PR, WA IRRZ A E .
M Bk, @, R SkARSFE AR LA K5 (Nagnan-Le
Meillour et al., 2000 ; Picimbon et al., 2000a; Kim et
al., 2003 ; Gong et al., 2007) ; Gong % (2007 ) i i
microarray /028 & Bombyx mori 5 ¥4} M N [6] B
B (3h-9d) CSPs WRIXZEFM, KAAFEK
BmCSP 7£ 5 {8 & B IR IBW EZ R KB K; BRAE
1 Apis mellifera 8] AmelCSP B R1E RN R E W Bt
AL A AR HRIEHE, W AmelCSP3 Fefihfa L k.
JB L BIERFNG R 4 85 5 18 K ui e A ER A AR R R
ikHR, {H AmelCSP4 {UAE fill f h R 3R, 7RSI H
A0 W@ B A 35 (Forét et al., 2007 ); Zhou 5§
(2006 ) & ¥ BmorEST3, BmorEST5, BmorEST6,
BmorEST7 F1 BmorEST8 #e X & Z R A Fik, I
M3X 5 AFER BA BRIRSE Z S HAl A= BTN BB, &
CH BmCSP4 5 BmorEST6 2 [R]—3E R, ELAG 4[]
fj CDS X JF¥5

CSPs 5175 B R S H M SR AL 2= W) B i 456 55
BRMREAEMIGBNEERR, ZERITEEH
BEHPR ORI TOCREER S & 74 5t
AR FHIRHE , (HiZBERDA THEE
LG EN , BASERS T 1 AHEAE R H 5t
AL, SEE R HE A NGRS SN B
BhEH BT 6 B B K 308 A T 2 1 %o A [) AR
SFEER . FAHWIIBER AR ER 1-
( I-AMA ), N-phenyl-1-naphthy
lamine (1-NPN), DA B F#J{&K 2-aminoanthracene (2-
AMA) # N-phenyl-2-naphthylamine (2-NPN) ( Pelosi
et al., 2006) , 1-NPN 2 CSPs % FZ¢EHEE 3, LIk
R E B T CSPIm-1-10, recCSP-sg4,
SereCSP-TI %5 2 #h CSP 1) 45 & 457 1 (Ban et al.,

aminoanthracene

2002, 2003 ; Jin et al., 2005), {HK L%} % %& CSP
S AR RIRRSY

EBEEREEEMNATTR A, W2 ERSHE
HEEAEERBHHE R RAELS S TR
HEEAM TR ALY, A5 iE Y e & RT-
PCR il T BmCSP4 FERAZEAR R E]) (1 -5 #% . 1
B RCRE), ARIAS (B, k. 2. 3. .
J) DA B B AR TR ) (O ) P RIAIE L. %6
FCSPEERHE A FREMEZHNE, 28 L F
(2008) WF 5% OBP By ¥k, A SCIS LL# 0L 2 A
(Bp. Bk, BE. BR. BR. %) LG9 (315 #) HAME
FTECEE, DL 1-NPN HAMEEERC R, R gifh i
#HZ BmCSP4 FEH 5 15 R SR F S G Rk,
AR MR H IR SR F RS, bR &
55NRIABRE BB R AR, FF &I FH 35 R iR F
HFRAR A E TSR,

1 #HETEZ*

1.1 B H

REBTHM R R R A RE Py, BIVHTY
MRFEE, RIFE4C, HWBE 75%~85%,
HAOCH AT, WLE 4R EEIR 25°C, B4
SRS, LA R 5
1.2 FEXWOHH. KFFNEE

Trizol $2£BURF &M B Gibco A F], cDNA %
KR & B Promega A H, FREIMEN YA H
NEB /3 ®], pfu DNA R & Ef. T4 ligase [ FlI
PageRular Prestained Protein Ladder i H Ferments /3
A}, 1-NPN FISMES RS> Fhn 5 W B Sigma 22
A, RIXHF K pET-30b ( + ). W #k DHIOB, itk
BL21(DE3) AL ZELRTF, 5825 RAEFIFASE
23 RAE KW B Thermo 24 &), BH B F 32 e i B
DE-52 #£#1 8} 5 Whatman 7=}, Superose-12 Fi%H:
M AKTA FEHAMLRGE R GE A F =i, Pt
JEEE i+ Jasco FP-750, Ho i # i 50 ¥ 1 A
TaKaRa A7,
1.3 3 F= RT-PCR
1.3.1 3¥MEit 58 8: M GenBank R I T
KA BmCSP4( GenBank %55 . NM_001043587 )
F:H CDS X 73, 18 FTEL4K4: hitp ://www. cbs.
dtu. dk/services/SignalP/ Tl HAZ S5, IKIE

EHBARBXBT514), LI E Actin3 ZFHAN
%

Zo
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Bm(CSP4-Forward ;
5'-CGCATATGGATGATAAGTACACTGACA-3’
BmCSP4-Reverse ;
5'-GCGAATTCTTATTCAGGGATGACGATGC-3’
BmorActin3-Forward ;
5'-ATGTGCGACGAAGAAGTTGCC-3’
BmorActin3-Reverse ;
5’'-AGTGAGCAGGACGGGGTGTT-3’

S19F 50 T R L 53 R B U0 7 5 (Nde T F1
EcoR 1), BEUINL s BT A PRI RS, 514 db st
P BV AR RAFE o
1.3.2 5 RNA 2B S8 —45%% cDNA &5 4
BB 1 -5 % (f#5))5 F DEPC 7K bk i 18 ) 0 35
52 REBRPMEEH 2 KM, bR AR HHA
(ffa, k. 2.3, M, 1) &2 10 mg, Trizol 3%
PEHC & RNA, DNase I JH Ak [k 2258 B W 2L R4
DNA, #% Sigma cDNA Jz#% 3150 & Ui B -6
S—44E cDNA,

1.3.3 EH RT-PCR ¥4 BmCSP4 B} 25 K 20
LRIKGG: LL1.3.2 PG cDNA( 280 ng) Jk
#2, A 10 x PCR Buffer 2 pL, 1E. H 54 (10
pmol/L) % 1 pL, 1.6 pL dNTP (2 mmol/L), rtaq
DNA 4§ 1.5 U(TaKaRa), ddH,0 %+ % 20 pL,
J ;S s 94 CHAS M 4 min, 94°C 754 30 s, 58°C
Bk 30 s, 72°CHEM 30 s, $k25 MEFR, 72°CKIE
f# 10 min, LI ddH,0 #4L cDNA Bz H X .
BAEMER 3 Ko

1.4 BmCSP4 EFEKRESRIE

DA e fi f cDNA SHREAR Y34 BmCSP4 22 [A,
PCR P=¥)4lifkJ5 ] Nde 1 /EcoR T WLEGY, %% ]
W5 5 2 R A XU U ) R 35 84K pET-30b ( + ) 3%
B, B Y DHIOB &2 541, PREmEvs
B3R5 W PCR K WU VIS I 5 3% b 5t B 5
SR ) BRAT BR A R P BAE 5 K6 56 TE AE A 7Y
0 F kK pET/30b-BnCSP4 %4k, BL21 (DE3)
RSN, PREATERET 5 mL LB B3R B (RIRE
R : 10 pg/mL) B HEFR, WH LA 1:100(v:v)
IMAFTEFRHE (RIFERWE: 10 pg/mL) H1 37C
B3R, ODgofHZ9 0.6 BN IPTG( £k 0. 4
mmol/L) % F 3 h, SDS-PAGE Hi, Jk # Il 25 & )
ik,

1.5 =28 BmCSP4 FEH 44

1000 mL LB ¥ 5r KR RIXEWEH, BT

FE.OWEREA, A 15 mL 50 mmol/L Tris-HCI1

(pH7.4) &%, @FHEEEEOR LR, RED
UE, SDS-PAGE skl H i HRIBTE R,

SAHEA R WEB R RS A E TSR
DE-52[ 0 ~ 0. 5 mol/L NaCl + 50 mmol/L Tris-HCI1
(pH 7.4) ] 11 Superose-12 W4l .
1.6 Western %% E[li75 46 i)
1.6.1 Z IS KraifbiE 4 BmCSP4
HH (2300 pg) 5 RELERE 121 WER KL
M, BRE T2 R ENTH 2 RER, Z
JEat T d A3 RN S8 AR IS8 2450 s
BRE 1R, 4 R, RGP G — A EH AR # KU,
SrEIMNE, 0.02% NaN,, - 70°C{_-FE,
1.6.2 Western Sz RGN : 45 58 A ik B A ik £
HAH 4R B M\ SDS-PAGE Ji T H BRI AT 4 &
B, I PBST + 5% Wifg 4 45&f i 1 h; mA
BmCSP4 Hi1MiEME 1 h(FBE 1:1 000), PBST
VERE 3 WK A AP (BMEBERRES) AR i M FE BT R
IgGC (B 1:2500), ZEIEIFHE 1.5 h, PBST %
3 EJa B E T BCIP/NBT B A& E &4 B
tIEMT, ddH,0 &1k B 6,
1.7 EHAEH BmCSP4 {5 L4FHE

1E 25°C ] Jasco FP-750 %3466 B THE %ok
ek G 61, SR G TE B 1-NPN ¥ F H B
(1 mmol/L) , 295 nm & i & 4 pmol/L 4
FEH, 3% 300 ~ 400 nm 1% 4b 4 &R M5Ok iR
BE, 7 4 pmol/L EHHEHH fm A 1-NPN, i 5%
1-NPNYKJEH 0 ~ 20 pumol/L i (7, 2 iR % Yt F) V4E K
TE; A 337 nm # & % 2 wmol/L 1-NPN H i
VW, 105 350 ~ 500 nm 3K 2 8] 19556 & it 6
1%, 762 pmol/L 1-NPN HIEEEBMAEHEHE
WeE N 4 pmol/L, 5% 350 ~500 nm i K 2 [B] & {E
WIS B s BE AR AL, JFiC 3% 1-NPN Ykl 4,6,10
115 pmol/L B IEAR ) W5 A6 Sk BE AR AL, ISR
WE(E A A bR, B B 1-NPN ¥R BE g 1 AL AR AR I
Schatchard Plot £k AL iZ M1 2k, 31118 BmCSP4/
I-NPN ZE5 WA B R E Ko o WA BRI EF 1S
B R 3 WEE KFHHE,
1.8 BHEATR

F 1-NPN /RO G F, LUK K SHEIE b 52
JEREFSMNE R B EEAE R, LIE 15 FAMES
PRAF (R 1) LM G R, SMNERCEERMRE N
0 ~10 pmol/L, FEHWE N 4 wmol/L,1-NPN ¥ &
4 pmol/L, FEIGIREEEYN 3 WHEE HFIHME,
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1.9 HEGtESHR
DATEBADRAS T B E G 10 100% , (AR
AR LRSS & LB 101 iR, @ 5L
FER AL THRESE B SRR o TR R . AR
5 1Cs, (B TH5 38 G AMIR SR 20 7 P B0 A B R 2
A K, = [1C5 ]/ (1 + [ 1-NPN] )/K[I-NPN] , Hr
ICso RN 7 F FL I BE B 42 50% 1-NPN I ¥
B, [I-NPN] g R 458 L-NPN ¥ B, Ky N
BmCSP4/1-NPN & 5 YI IR EHRE

x1 XWRMAL MEELEY
Table 1 15 ligand compounds used in this study

5 Code Fg % Ligands
C1 K Benzaldehyde
Cc2 £ Octanal
C3 Sof B 48 55K P p-Methoxy benzaldehyde
C4 2R HEE-3-K PN H-BEEE 2-Pentyl-3-phenylpropenoic aldehyde
(03] ¥t B £ L) p-Hydroxytoluene
Ccé6 1-2K%-1-THd 1-Phenyl-1-butanol
c7 4-15 T HE-2-F S F LB 2-Methoxy4-allyl phenol
C8 2 Z,f Acetophenone
Cc9 2-F Z AR 2.1 Ethyl-2-methylpropanoate
C10 X B 2 B p-Methyl anisole
C11 41 F-5- 1% N TiE 4-Pentyl-3-valerolactone
€12 7514 g Methyl palmitate
C13 3-ZK B 3-Phenylpropanol
C14 X Fi 5B p-Formylphenol
C15 5-F 3+ — 4 EE 5-Methylhendecanol

2 HBRES55MH

2.1 BmCSP4 EEKIRIEES

iz ¥ it RT-PCR AR 5347 BmCSP4 B F 7E
AFEBH . BRAFHAREIEZRE, FRMAE
1 F/E 2 fii7~, BmCSP4 %5 [F7E 5 78 4l MU&A % 1
WA RN, 3 08 )5 Bl 1S hn 2% 58 & 2 v e 2> (B
1) ; ZEME AL FFRE, (BRSO FnE 8
RIZEBAK, il B APREIERE(E2: A);
TEMfE AL ARE, HEABEZRME(E2: B),
2.2 BmCSP4 ERHIRE. BVILERE

DAHE BY A fil ) 28 — 45 %% cDNA iy A5 A e B
BmCSP4 3, #%k pET/30b-BnCSP4 41 3515
&, Wik PCR ¥ 3 4+ K/NS B R E K /h—
2, WEFTIYIH R B/ 5 B AR — 3G Wl
FEERFY 14 1 BmCSP4 2R 7515 GenBank
AR —3, HS pET-30b( + ) IEBHER,

54 %
1 2 3 4 5 6

K1 Z&EARKE B BmCSP4 FF 3Rk 3%
Fig. 1 Expression pattern of BmCSP4 gene in different
developmental stages of Bombyx mori
1: 1 #¥4%)H8 1st instar larva; 2; 2 §84%) 31 2nd instar larva; 3 3 ¥4 4t
31d instar larva; 4: 4 4% 4th instar larva; 5: 5 ¥4 41 5th instar

larva; 6 Hf# Pupa.

A 1 2 3 4 5 6
UCH S was D NS WS
B 1 2 3 4 5 6

B2 ZFREMEE(A) AN (B) B L
BmCSP4 F:F F#iki%
Fig. 2 Expression pattern of BmCSP4 gene in female (A)

and male (B) adult tissues of Bombyx mori
1: fibff Antennae; 2; SL¥B( il ff) Head (with antennae removed) ;
3. ¥ Wings; 4: /& Legs; 5: MIFF Thorax; 6 JfHHE Abdomen.

2.3 BmCSP4 EERZEBRFZFR4

44 pET/30b-BmCSP4 ) BL21 ( DE3) B #k 2
IPTG )5/ —4% 13 kD EA R R HER &
W, MAREFEFH pET/30b-BmCSP4 FZ [RIHE 554
B53H pET-30b( + ) MITEH & (B 3) o

kD M 1 2 3

94— “ e
. [aid
66.4— -
43— o ‘
)
. =3
29.0— g |
-

Y
143— .

K3 EH BmCSP4 FiRF=¥H) SDS-PAGE 431
Fig. 3 SDS-PAGE analysis of expressed recombinant BmCSP4
M: ZFEHSFREIRUE Protein molecular weight marker; 1: %% 5 pET-
30b( + ) [ Induced pET-30b( +)]; 2: % %5 pET/30b-BmCSP4
(Non-induced pET/30b-BmCSP4); 3: i% % J5 i) pET/30b-BmCSP4
(Induced pET/30b-BmCSP4).
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W H KRR 5 A B0, SDS-PAGE
FEL YIRS HE TRV AN DO, S5 RN 4 FT7n -

kD M 1 2 3
99.4— :—- o
66.4—1 o 4
I e
43— S - el

g
29.0— | S ’

20.1 — [N

< =4 a8 —
C -

K4 T2 BmCSP4 2 HRATBA K 4ifb™¥) SDS-PAGE 7347t
Fig. 4 SDS-PAGE analysis of the expressed form and
purified protein of the recombined BmCSP4
M: FEH5 T EFrE Protein molecular weight marker; 1. #EABIHEfE
B0 B WK Supernatant after sonication; 2 75 B A JE BS 0 T IE
Pellet after sonication; 3: Ziifk 5 ) BmCSP4 % |5 Purified BmCSP4

protein.

HWEHFET LERS, TIEPLEMNE
H, ATRLEARHAAIENEH ., REWEHAR
% DE-52 #1 Superose-12 #fi {1k J5 15 2| & 4 &
BmCSP4 2 H
2.4 BmCSP4 ) Western E[1375#6 il

DA 25 ) BmCSP4 L IVE A —Hi, WPt BERR G
PRI HFEPioR TG S —ht, XOHLPRARE R il fh BR
H CBRIE KX BR) #4T Western EIE43HT, 45 R &
5 FR: 7E2) 13 kD kb BmCSP4 414 5 42 fr i 5%
M R H R AERSR IR XU, 187K X B TG ER
RN

kb M 1 2 3

35.0—

15.0— ‘

5 BmCSP4 () Western E[J3l5 4347
Fig. 5 Western blotting analysis of BmCSP4
M: EH % T B FrUE PageRular Prestained Protein Ladder; 1: ¥§/K
H,0; 2. it W foh /1 & 25 A Total protein from male antenna; 3. ¥
7k H,0.

2.5 E% BmCSP4 F H 5 HHFE

T4 BmCSP4 T & A AR, 7F 295 nm
PRI T 7E 340 nm Lby=AE NIRZESE, U B H A
R TR ES A H4EMZ.O X BT B4 F—1 4
XTEKRFREE s BiE 1-NPN 2380, A7
5 B 7 W B AR, 24 1-NPN Y& B 20 pmol/L B
BmCSP4 £ |5 A (8, 22 iR 2¢ Y 1E [ M 90 4R 1B 1 60%
(B 6), RIFZEHE 1-NPN F1 BmCSP4 2 H 7EHi
KEE HRATRE S
2.6 BELEXE

FH 337nm K 8k e & 1-NPN, H 45 290 ~
380 nm P, {LFE 475 nm Ab 7= A 55 11
B BmCSP4 & H J57E 410 nm &b 7= A5 37 i 258 St i
i, ZRAEBEBNS, HigEHm s,

100 ¢

[=) *®
(=] (=]

BRBIOGRIE %)
&

Tryptophan fluorescence intensity

[
(=]

(=]

4 8 12 16 20
1-NPN ¥R (pmol/L)
1-NPN concentration

6 BmCSP4 & HNIRFOLIIA K HhZk

Fig. 6 The quenching curve of BmCSP4 intrinsic fluorescence

(=}

W7E 4 pwmol/L BmCSP4 HE M A 0 ~ 15
umol/L 1-NPN i, 1-NPN % Y58 B 2 i3 fin ( 1| 7
A) ; @ T Scatchard 77 #2118 4 BmCSP4/1-NPN &
EVFE L 4.8 pmol/L(& 7: B), @I TIETE
GEEEERME T 15 FOMNEILE Y (4 FhEE. 3 F
Wy 2 AR 3 AR, 2 AR, 1 FhEE) 5 BmCSP4 7R
HEERE), SR BRI S EREEMIT EWRA
BIrshGae1(E 7. CHI D), HAfL& Y BRfE Mk
FEIRF] 15 wmol/L, 1-NPN Z&5E5R BEEA FORFEAR,
BT s TR HEN 3.20 pmol/L, X}
SR T R B BOCH 2. 24 pmol/L, 2R EE-3-0R
- AR B 80 2. 88 wmol/L, 1-ZR2E-1-T
fRES BN 2. 04 pmol/L, K Z A 2. 52 pmol/L
(%£2),
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A B
500 0.8
y =-0.1647x+0.7118
2 3 Z )
'z 400 E & 061 R*=0.9907
g L HORNO
s 0 &3 .l
g Fg 04
RE 200 R
£ | Ta o o02r
=
0 0
0 5 10 15 0 1 2 3 4
H H1-NPN ¥ (pmol/L) L5411 1-NPNIREE (umol/L)
Freel-NPN concentration Bound 1-NPN concentration
C D
100 100

*®
[=}
T

60

40

20

ARRFFELEREE (% )
Relative fluorescence intensity

(=}

0 2 4 6 8
FeFEIRAE (pmol/L )

Ligand concentration

X PEIREE (%)
Relative fluorescence intensity
'y
IS

(=]

*®
[=}
T

k=)
(=}
T

N
(=}
T

(=}

2

4 6 8 10

FR MR (pmol/L)

Ligand concentration

7 1-NPN 5 BmCSP4 (%54 N 454 1-NPN ff) BmCSP4 5K mH 44
Fig. 7 Binding of 1-NPN to BmCSP4 and competitive binding of 1-NPN in BmCSP4 with ligands
A: 1-NPN 5 BmCSP4 % H 454 1 2% Binding curve of 1-NPN to BmCSP4; B: 1-NPN &5 BmCSP4 75 454 i) Scathard 757#2 Scathard plot of 1-NPN
binding to BmCSP4; C, D; #MEECHE 5 BmCSP4 25 H ()35 4+ 45 & 1 £k Competitive binding curve of 1-NPN in BmCSP4 with external ligands. Eg%E{L

A4 C1 ~C9 Wk 1 7R, Ligand compounds C1 — C9 as shown in Table 1.

®2 TEBEEX BmCSP4 EHM IC,, EMBEEL(K,)
Table 2 IC,, and dissociation constants of ligands to BmCSP4

SMETRSE Ligands ICyo ( pmol/L) Kp ( pmol/L)
HEF @ Benzaldehyde 4.00 3.20
i I 4 3% FY B p-Methoxy benzaldehyde 2.80 2.24
2-j3k-3-F K -5 2-Pentyl 3-phenylpropenoic aldehyde 3.60 2.88
1-%3#-1- T 1-Phenyl-1-butanol 2.55 2.04
3£ Z, 7 Acetophenone 3.15 2.52

2-FE AR 2 Ethyl-2-methylpropanoate

- SNRECEWRE N 10 wmol/L i}, AR EER #: 50% 1-NPN, ICs il Ky #1158 . 10 pmol/L external ligands
could not replace 50% 1-NPN from BmCSP4, so it is impossible to calculate IC5, and Ky,.

3 itig

OBP R —MRAE SRR, PRI A&
B, WnEEFM, Lymantria dispar 1Y) PBPs Fil GOBPs ¥
B AR T2 PIAGHET 3 d(Krieger e al., 1996) . TK3E
(2008 ) iz i % & RT-PCR Jikkaill T K %& 7 4~

OBP 7egh d i (4 W HRI . 5 WEE . &) W
FKikig, KM HAA ABP fl ABPX Wjff OBP ik,
HARS F OBP fy mRNA %% 587KV 3 16 T B3R5k 5
Picimbon 4§ (2001 ) F§ Northern EJ i 3£ £ Ml F|
HvirCSP1 7EPALHT 3 d FRiBE A BN HRL A B Bl 24
H7K 5 Jin 55 (2005 ) & B K48 Locusta migratoria
CSPI#E 1 -5 ¥4 M HAH KK ; Wanner 25 (2005)
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RO, Chroistoneura fumiferana f{) CSP
B CfumAY426538 1£ 1 -5 #& %)y U R S 1 30K
ALE R I BnCSP4 [ Y2 43 15 TR &\ G AN
WBfERE L, 2, 3, 4 IS BULIED, BRAEAR
Z5, BN 4 #BIF1h, BmCSP4 F R 31k & B B )5
A, WEHR A AR TR R R 54 R R B AL
Wi, T UL CSPs L OBPs IR EL, ANy
Iz, FILThREtL AT RE H OBPs &8 4 ML kE1L,

CSPs EFR M EMUEBREFTREERS,
Picimbon %5 (2000a, 2000b) iz [ Northern blot 3% 43
# BmCSP1, BmCSP2 F1 LmisOS-Ds 7E & 2HZH 1)
RikEF, BGRENEMAFEPRERER, H
WERER 22 BN B3 M ZETR MK Heliothis virescens ]
HvirCSP1, HvirCSP2, HvirCSP3 7E M. 7 B 2 3
AiE HFiAE (Picimbon et al., 2001) ; ASS2I6 %
PE BmCSP4 7EifE h B AR B (s . R FN#) thak
KRR TIEEMAESRE G WRE) , B R
HEM TR E 25 XM B R R E R
PRI, TERUR BB, BRAE RIS 7= A 1 — A B
4y, BmCSP4 A REZEHI B H S SRE T K&
R AR R B EIT I ER, HREENZ,
5K & BmCSP4 [A] J5 ¥E 1R & B9 B KA & ¥ 1
AmelCSP4 FE4)) B FIMFIA AR R R ik, H FELEMR %
E A PR, EHMARRIBBEEE R
ik (Forét et al., 2007 ), B] Ul CSP4 B 7EF 6] & A4
5, [BHERIXEZEFER, B DN AR F Y
T RE L] BEAFEE—E 5o

BmCSP4 t5E A A ER P AW A AR
(Trp81, Trp94) , 7& 340 nm Ab#Y P PRZE G K ]
R ARILFRERSR, TR AR
BRVEFZE 5, Bette 45 (2002) %f 22 5 K& Antheraea
polyphemus PBP1 PN {8, & B8 ( Trp37, Trpl27) it
AR KRR T Trp37 (i BAARSE E6, Z11-Ald
X} PBP1 25 H R 28 Y6 I A VR K RLNL, AT
Trpl27 (N BRBR )G E6, Z11-Ald Xt PBP1 N IR
RNE AT — A W BB, Trp37 &%
PRTE SRS B A RSP PESR , B DA 7 fb 27 sk
A H AR PRSF Trp81 iz 53 7] BB T BmCSP4 i
KHEMZEEEN, B Trp9d BES55MNERC RN 45
B A R A 57 S T S N TR S AR TR 2E o

CSPs o] 43 & 3 2K W %Y. CSPls, CSP2s HlI
CSP3s, HRh R AVEL A REA H 45 G4 ; CSPLs %
e KGRI, 10 CSPMbraA6 ( Lartigue e
al., 2002) ,CSP2s FELEGHFEHHEAEY, 10 CSP-

sgd(Ban et al., 2002) ; Ban ££(2003) BF5X & ¥ 12,
14, 18 PMRIEE RN H O ERTE B R BE SR 18R N B
#4 1-NPN B 1-NPN/recCSP-sg4 |4 3BT 3k
A SLIGWE ST & B HE I BR 2R AR 4 2-H LA R
LB 4-TEE-S- A TR TSR R, S-F B+ —
FelE i A5 BmCSP4 4SS, (A5 BRI &
fi25 5 BmCSP4 454 BB J1 5058, HH L T BmCSP4
FJRE#R)E T CSP2s WLBY; SEREAEFF A IHAT M
PR —EEM, BBW 5 ¥R E MR Cydia
pomonella (L. ) {35 4 ¥ Hyssopus pallidus ( Rott et
al., 2005), HAlggR—FMERFELEER, FFUAS
CSPs &4 (3KINSE, 2009) ; BmCSP4 RE55 W2 m]
REE T IR 2B R T R BOR K PSR, LR R
AGEN RN EEBESE; Jang 45 (2009) A K
Bl C IR F 85 H SR E H W4 -& /e 24
R, (HASL & PECE BT #5410 E AE M %y
GEEFRIER R B R R EE . X R AR
2-JGEE-3 ORI | 1-OREE-1-T R 2R SR 45
W SRR FEERZ BB, (BAFE #8272 A
K, AIRERH TX K& 5 BmCSP4 25 H HAH
HAERBERRMAR; FEBLEAAGEREFTRS
bR, AL BA R E WA & IRIE, B DUED
BmCSP4 7] §8 5 B B Ry FIfE R SLRF RI WA
FAHRX, HFEESHECEM BN AR —2
BiE

3 3o S B IE BRI BmCSP4 255 BB 1R 58 2% F
BE . N EER R 23RN R L 1R
F-1-THR R ZHR, BAREYEN BmCSP4 2 H A 3
THREEHEUESE , {H % T CSPs 5 H ZERR ] M LR <71,
18 3 R S 56 FAH O B AT A SE B 9T JE AT AE O B A
NLEIGEREA RS
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