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Cloning and Sequence Analysis of a cDNA Encoding Chemosensory
Protein in Helicoverpa armigera

WANG Gui-rong, WU Kong-ming, GUO Yu-yuan

(Sate Key Laboratory for Biology of Plant Disease and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural
Sciences, Beijing 100094)

Abstract: A full-length cDNA, CSPHarm, was cloned from antennae of Helicoverpa armigera. The open reading-fragment of
CSPHarm was 381bp, encoding 127 amino acid residues. This deduced amino acid sequence shared some common structural
features with chemosensory proteins in insects. It also shared high identity with chemosensory proteins from other insects. Therefore,
CSPHarm was a ¢cDNA encoding chemosensory protein of H.armigera. CSPHarm displayed a strong hydrophilicity all along the
molecular, except for the hydrophobic domain between residues 20-30, which was likely binding domain of hydrophobic compounds.
Semi-quantitative RT-PCR analysis showed that CSPHarm was highly expressed in head, thorax, abdomen, leg, wing and antenna of
H. armigera. No obrious difference at expressed level of CSPHarm among these tissues. CSPHarm was also expressed in egg, larva,
pupae and adult and relatively low expressed in egg and highly expressed in adult.
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odorant proteins, GOBPs), PEAMNEZE LG &S5
BRI L — VeI G, T Ukl & 8 S
R IR O, IX R A7 B il b &
— PRIk,

JESZ AR R o — K AR R OS-D
FKE AP, R IEZ E H (chemosensory
proteins, CSPs) ", JX K8 (5 k45 & 8 A IR T
i%, A A 4 MRSE e iRk ks, e Mm%
P2 A B SR, HEN R e AR IS Ak 25 B
JEAZ AR P A RN, H AT AL CSPs )2
FAAE T J U g F USOL S 5 P02 Ay
qUE USRS R AR T
BN FE —— A H i — A CSP BEA, 4% A
AR B AR R CSP R Rk AT T #F

2y
FHo

1 #RIERZE
1.1 SKIEHHFNIR 7

W O AR S 86 = N TR g%, AR AT 5%
T BN [ & I AFIAS [ AL G A i R s, SR
BAETR A AR, RIGE-T0CIRAE4H « T-easy 244K
4 | Promega A ], PRGN VIES. ExTag DNA R&
fifg F1 3'-RACE 71 &04 1 TaKaRa A7, 5-RACE ik
& H GIBCO BRL A .
1.2 B HATRELZRNA DS

HRAE Wang 27 7510, T Trizol TR BURR 4 H
AFZHZLE RNA(Life Techniques 23 & 7= i)
1.3 SI¥gitFE K

JH DNASIS # P He A 08 1) B di b2 sz 2
E LR 5, MRPEAESF X YTDKYDN 454 PCR 5|
Wt B T 4% 0E 17 5 IR 5 195 (CSPS), H T
3-RACE ¥4, Fi¥E 3'-RACE [I45 R w9 4 7+
PES9)(CSPal FI CSPrt)/Hl T 5-RACE ¥4, ¥
5-RACE #13'-RACE Ml 745 R evt 17— R k514
T SRR B B2 B T 1 A K D A, O T i
TR RN e b B R IR F A B TRIL, RS9k
43 515INT BamH I #1 EcoR 1 B§YI67 . 517E Lt
A ARA R AR G 5IFFIWT:

CSPS: 5-TAYACNGAYAARTAY GAYAA-3'

CSPA1: 5-AGCTCATTCTTGATCAGGTG-3'

CSPRT: 5-CTTGGCAGCCAGCTC-3'

CSPF:5'-CGOGGATCOGATGACAAGTACACGG
ACAA-3' BamH 1

CSPR:5'-CGOGAATTCTTATTCGGGGATCTGGA
TGC-3' EcoR I
1.4 RACE [

RACE Jx 2 Wang Z5PRE 5. 3'-RACE
RN EAMR: 15, 94°CAE 3 min; 3 FT
¥% PCR HEAT 19 MEFE, TEIRSAT R 94°C 305, 55°C
30s, 72°C 1 min, ®MEHFRFFE0.5C; RGFELLT
FAF N EILIAT 19 M, JEIR5AT A 94°C 30 s,
45°C 30 s, 72°C 1 min; fJq 72°CRiE 10 min,
5-RACE N 45Ah: 94°CAEPE 3 min; 94°C 30 s,
52°C 30s, 72°C 30s; 72°CAf¥ 10 min. 38474 ]
1.2% 3 IR e e rLvk R 2, (=i H I e B
1.5 RACE F=#JHy5ebg. LERFIINE

RACE ;=2 fuik pIeaifb 5, 1E8:3 T-easy #
A b (F% Kit BT, SRJEHAL KT DH5a, #k
WHEAER, 55955 30D 5 FOR(FUR 3 IS ]
Sambrook 22§ J792)/H EcoR1 1)) % 5 # 40 FH 4 7
W o Bhik S H I Be B e, N & Amp100
ug-ul! (1) LB B RM0E % 0, Bk PR lUskL, R H]
ABI377 4= H &l H AT
1.6 2 7FE= RT-PCR

s RT-PCR % R4S, DL 1 ul cDNA
B, I 10X ExTag 260l 5 wl(F Mg™), 1E ]
ARSI 1 ul(10 umol- L™y, PIFRHEEK 18S RNA
FI3 345 14 1 ul (18SS: 5-TTAGTGAGGTCTTCGG
ACCG-3'F1 18SR: 5'-CTTCCGCAGGTTCCCCTACG-
3"),2.5 mmol-L"" dNTP 4 ul, ExTag DNA 24/ 0.25 pl
(5U-uL™Y, /K% 50 pL. M4 A: 94°C 3 min;
94°C 30s, 55°C 1min, 72°C 3 min, 30 MEH; 72
‘C 10 min. PCR F=H ] 1.2% 1) Bt bt e v kG I

2 HRSN

DLFR % o il f A ) RNA W BEH, CSPS Hl
3SITE A543t 3'-RACE ¥ 8, Hiik[=I 500~700
bp I B, 5 T-easy B ARER:, 4 KT DH5a,
AR W B PH % 2.4 7, ] EcoRI B Y)EAT %€
e\ T EAH B, RIGHATIE, WP
JAE NCBI _EAIH] BLAST HEATIRIJEIE S, S5 %0
—4% 600 bp Ze A3 IR B B CSP iy B AR o AR 40
WSE XS A Bt TR e 3T 5'-RACE [z
N, EESRARE T —4 300 bp 2o A7 R PESCAT, [HIRE
FiX AN B BOES T-easy 28 EIE T

P42 3'-RACE Il 5-RACE Je Wil 745 8, 195 7
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i ARSI CSP ) cDNA FRAI(E 1), &N
CSPHarm, #fE5E ISR T VI TR R HI LT

PR R Rz P A 4K 722 bp, B EAEK: 381
bp, 4l 127 NMEIERRIRHE, 1T 16 MR ZF T IK
5 %)(http://www.cbs.dtu.dk/services/SignalP), THil i 2

T|HSTEN 1296 kD, SFHLACA 5.15. J THEH]
3-RACE #l 5'-RACE Jv B Kl T [ — AR, il
PHER PRt T — xR %5 %) (CSPF #1 CSPR),
PCR ¥ 33| T — 44 b4 (B 2), Wpaiiy
PHEF S — 3.

ATG
Met
AAG
Lys
CGA
Arg
GAG
Glu
AAA
Lys
AAG

AAA
Lys
TAC
Tyr
CTG
Leu
GGC
Gly
TGC
Cys
AAT

-49

5'-TCATTCGCTTTCTTGCGATTACTGTTAACTAGACGAGCAAACGTGCATC
GTC CTG CTA GTA CTG TGC CTA TTC GCC GCG GCG GCC CTA GCT GAT GAC
Val Leu Leu Val Leu Cys Leu Phe Ala Ala Ala Ala Leu Ala Asp Asp
ACG GAC AAA TAT GAC AAT ATC AAC TTG GAC GAA ATC CTG GAA AAC AAA
Thr Asp Lys Tyr Asp Asn Ile Asn Leu Asp Glu Ile Leu Glu Asn Lys
CTG CTT GCG TAC GTC AAC TGT GTT ATG GAA AGG GGA AAG TGC AGT CCT
Leu Leu Ala Tyr Val Asn Cys Val Met Glu Arg Gly Lys Cys Ser Pro
AAG GAG CTT AAA GAA CAT CTA CAA GAC GCG ATC GAG ACC GGC TGC TCA
Lys Glu Leu Lys Glu His Leu Gln Asp Ala Ile Glu Thr Gly Cys Ser
ACA GAA GCT CAA GAG AAA GGC GCA TAC AAG GTC ATT GAG CAC CTG ATC
Thr Glu Ala Gln Glu Lys Gly Ala Tyr Lys Val Ile Glu His Leu Ile
GAG CTG GAC ATC TGG CGC GAG CTG GCT GCC AAG TAC GAC CCC AAG GGA

0
54

108

162

216

270

324

Lys Asn Glu Leu Asp Ile Trp Arg Glu Leu Ala Ala Lys Tyr Asp Pro Lys Gly
GAC TGG AGG AAG AAG TAC GAA GAC CGC GCG AGA GCC AAC GGC ATC CAG ATC CCC 378
Asp Trp Arg Lys Lys Tyr Glu Asp Arg Ala Arg Ala Asn Gly Ile Gln Ile Pro

GAA TAA ACCCACCAAATTAAACATAAGCTAGCTGAGATAGATTTTGATCACGCGATCGTCATTTGATGT 447

Glu -

CATACGATCAACTTGATCGTTTAGCCAGTCTGTCTGAGCTATCTCAAATTGCTCAATTTATCCTACTACTTT 519

TACTCATTATTTTTATTCGTTGTTATTCTTCTTTTATTGTACTGTGCTGAAAATTGTGATATACTTTGTAAT 591
TATTTTGTCATGAACTTTATTTGTCTTATTTGTTTATTGTTTAATAAACCAAAGAAATCCGCAAAAAAAAAA 663

AAAAAAAAAA-3]

673

Z 1 CSPHarm BEEBIZEHERIFFI RIESHEEERFT

Fig.1 Nucleotide and deduced amino acid sequences of CSPHarm gene

1. ARUES> T8 DL2000; 2. filiffi cDNA /5 4tk 3. & cDNA ff: Jyhi
B 4. Z5MKICE cDNA {1 R

1. Molecular weight marker DL2000; 2. cDNA from antennae as template; 3.

cDNA from leg as template; 4. No template

2 CSPHarm B[ #Y PCR # 1
Fig.2 PCR amplication of CSPHarm gene

FIH] Kyte Fll Doolittle 2] J7yL %} CSPHarm [
TR IT AT KB, #EAS CSPHarm A7
HIEATHRF SR KM, (HEAE SR 20~30 1711 2 LR 41
L ASRRE I AR, X — XS AT B dL CSPs (R
P45 R --RLL--Y--C- (] 3), XL 45 AR IR tEA ik
YT DI 4-A) o G 5 0 T 45 SRR,
CSPHarm 5 & B HU CSP —FF 32 BE o 18iE
I H CSPHarm 5 K24 . 1t CSPs —#F, N JigAH A7
B A 5F X ("P-EIL-N-RLL--Y--C----**) J& 1 W] & 1 ot-
BENE(E 4-B), X XI5 DL B SR AR I X
%, R CSPs (X4 H Al CSPs REAEIEFEM: 45 400
PSR T, SCRENIAR 25 ok 7K 1 K 2 2 b B v
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CSPHarm MKVLLVLCLF........... ARAAALA . &ttt et et e e DDK. . .YTDK 23
CSP1Hvir MA . .. e LA . e e RPDGAAYTDK 14
CSP2Hvir MKFIVAVALLC......... LVAESWA. & it ittt it e et et e e eeeenn AST...YTDK 25
(@020 = 2 s ol TDK 3
(@S =115 = EDK. . .YTDK 7
CSP1Bmor  MKVLIVLSCV...........LVAVLA. . ittt ettt i tieeeennnn DDK YTDK 23
CSP1Msex  MKYLLVLCCV........oo.VAAVVC. ¢ttt ittt ettt tieeeeennn DDK YTDK 23
CSPAgam MKLEFV..........VVALSLVAAVAA. . ittt ittt ettt eeeeeeenn QDK. . .YTSK 24
CSPCcac  MMKTSLVLLCC..........LAAVLA. . . ittt et ettt eeeeennn RPSDT.YTDK 26
(@8] = 1 e EEK YTTK 7
P10 = MKCVAVFVIVA....VVALAEAARFRR. . ittt it ettt eeeeeennn DDK YTTK 30
0S-DDmel MGQPGFRRAIGHVSLVVALMCTTCFQVEGLPHPPATSPSPMMERMVEQAYDDK.F. . ... 54
CSPHarm K. . DATETCESI 81
CSP1Hvir K. . i 72
CSP2HvVir R. . A 83
CSP3Hvir K. . 1EHLQ]ZAIET 61
CSP1Mbra K. . A 65
CSP1Bmor K. . i 81
CSP1Msex K. . A 81
CSPAgam R.. A 82
CSPCcac K. . i 84
CSPLmig 1) A 67
P10 K. . ALQNSD [ORA 88
0S-DDmel p.. A 111

* %
CSPHarm AAKYIDEKGDWRKKMEDRARANGIQIPE 127
CSP1Hvir TAKFIBIEEKKYVQKMEKELKEVKA 114
CSP2Hvir SAKYIENNIYQD DKIEAVKGQ 126
CSP3Hvir TAKYBIFKGDWR EDRARANGIQIPE 106
CSP1Mbra TAKYIBIFTGNWRKKMEDRAKAAGIVIPEE 112
CSP1Bmor TAHFIBIRDGKWRKKMEDRAKAKGIVIPE 127
CSP1Msex AKFBEEGKWRKKMEDRARANGIVIPE 127
CSPAgam ENKYLE. GQOAQKEGIKLD 127
CSPCcac ADKFIDEERKYRKKMEDRARAKGIEIPE 130
CSPLmig KAKYBIZDGTYSKKMEDREKELHQ 109
P10 OKKYIBIEENTYVT! DRLKELHD 130
0S-DDhmel EKTYBIZEGTYRTIKMOEMKSKANEEP 155

RGHTR 4 D ORT DA RS A

The four characteristic cysteines are indicated by asterisks

Heliothis virescens CSPs (CSP1Hvir. CSP2Hvir. CSP3Hvir) "), Mamestra brassicae CSP (CSP1Mbra) ®*), B.mori (CSP1Bmor) !, Maduca sexta CSP
(CSP1Msex) !, Anopheles gambiae CSP (CSPAgam) 7', Cactoblastis cactorum (CSPCcac) ", Locusta migratoria (CSPLmig) **!, Pamericana p10©%,

Drosophila 0S-D"!

3 1R$%H CSPHarm REELF TS CSP RIFHEEAREERRFIIRIRIE LR
Fig. 3 Alignment of amino acid sequences of CSPHarm with other proteins of the CSP family

T WIHf CSPHarm {ERR#E A N Iy 7 3Rk,
FH2F- %€ 7 RT-PCR (Semi-quantitative RT-PCR) X %
BRI HLRIAE K EG N CSPHarm 1)k AT
TN, IR, CSPHarm fEME dsk. M. 8.
A BRI A A L IR E AR S, AN AR
I R W] R X ) (] 5-A), 7EOE. ghdi, BiAn
R AR N WA RIS, AP IR A AUIC, 7R
AN REER 5 (E 5-B).

3 Wit

AT 5 0 I POk DRI 3 (1 2 R R e 31 BAT B Hufl
ISR A IR, RIS A 4 SRS I
HIRIHE(K 3), 2IRYE, 27 HAE 13kD ify, JFH
CSPHarm 4 CRIE e B IR LA IR 2 A
LR PP AT AR e (K TR PR () o

CSPHarm 7EA % HUAA A K I 25 3R 5 B0 5 i 4%
HUTIRES B AE A TP MERIA AR, X fiEy
EATRIZhREA 5, DA RS i 32 20W o fd £ J 2 b 5
(R AR 7 A2 R YU B T A
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A
CSPHarm CSPI1Hvir
5 5
4 4 F
3 ir
2 [~ — 2 - —
‘ \ L/\ L L /\
0 fy W 0 A o ach A
S AVIAAWAY : W
2+ 2t
aF 3 F
4 | 4
-5 1 -5 !
1 101 127 1 101 114
CSP2Hvir 0S-Ddmel
5 5
4 r 47
3 3L
2 F Zﬁ\
L — 1 F —
[I} Al A 0 "uﬂ\"\u\;—ﬂrrll
4 F w W T W MUW
2t 2 r
3k S3r
4 F 4 F
-5 I -5 L
1 101 126 1 101 145
B
CSPHarm: ------------ HHHHHHhhhhhhhhhhhhHh-------- hHHHHHHHHHHh------ hHHHHHhhhhHHHHHHHHHHHHHHHHHHH--------=- e e e
CSP2Hvir: -- --hhhHHHHHHHHHHHHHHH hHHHHHhhhhHH hh----hHHHhh------------] hhHHHHHHhhh------------- hHHHHHHH
CSP3Hvir: ------------ HHHHHHhhhhhhhhhhhhHh-------- hHHHHHHHHHHh------] hHHHHHhhhhHHHHHH HHHHHHHHHHHH----------- oo e
CSP1Msex: ------------ hhhHHHHHHhhhhhhhhhHh-------- hHHHHHHHHHHh-- ---- hhhHHHHHHHHHHHHHHHHHHHHHHHHHHH----------=em e eeeeeeem
CSP1Bmor: -------- hHhhhhhhHHhhhhHHHhhh------------ hHHHHHHHHHHhh- ----HHHHHHHHHHhhhhHHHHHHHHHHHHHHHH--------=-=emem e e
0S-Ddmel: =--nnmnv HHHHHHHHHH -------===--| hhhHHHHHHhhhhhh----hhhH------eeeeememeev hHHHHHH------h hhhhhhHHHHHH---

AN

ASEREHETHRE Kyte and Doolittle®* 773k, 7 1Ak /Nwindow size)ih 10, IFAL K75 R NG IE(H k%R CSPs HPH R SFHISENG IS & 1X), iR =K

%k; B.H DNASIS A4t — &5 #1ll, 3% H Chou and Fasman [ 777
A. Hydropathy profiles were predicted according to Kyte and Doolittle (window size=10 amino acids) **). Hydropathy plots indicate hydrophobicity by positive
values (Arrowhead shows hydrophobic binding region) and hydrophilicity by negative values; B. These secondary structures were predicted by DNASIS

software according to the representation of Chou and Fasman

4 1R$QH CSPHarm B —ZREEHGFN R K M TN
Fig.4 Predicted secondary structures and hydropathy profiles of CSPHarm

A M1 2 3 4 56 7 8 9 B M1 2 3 4 5 67 8 9 10 11

A M brHESy T4 DL2 0005 1~7 2350003k i B 2. . skl sn . Mk f; 8. 5 DNA MG 9. AR ) Foe)

B. M AhRifi4rF ik DL2 000; 1~9 430400, 1#4hde, 3 54hm. 5 @eghde, Ao, wirhyl. Wifs 0. NPRLS HURME 5 Rgde; 10, & DNA
DR 11, AR ) xR

A. M: standard molecular weight, DL2000; 1-7: Head, thorax, abdomen, leg, wing, female antenna and male antenna; 8. Total DNA as template; 9. Without
template. B. M: standard molecular weights, DL2 000; 1-9. Egg, larva of first instar, larva of third instar, larva of fifth instar, prophase pupae, metaphase pupae,
anaphase pupae, new eclosion imago and fifth imago after eclosion; 10. Total DNA as template; 11. Without template

B 5 CSPHarm7EFR$E HARILALINARE L B BT R FRIX
Fig.5 Expression of CSPHarmin different tissues and developmental phases of H.armigera
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Table The homology of CSP from insects (%)
CSP CSP1 CSP2 CSP3 CSP1 CSP1 CSP1 CSpP CSP CSP
Harm Hvir Hvir Hvir Mbra Bmor Msex Agam Ccac Lmig P10
CSPHarm -
CSP1Hvir 55 -
CSP2Hvir 51 51 -
CSP3Hvir 98 56 54 -
CSP1Mbra 86 56 49 86 -
CSP1Bmor 72 54 43 73 72 -
CSP1Msex 75 51 48 76 75 70 -
CSPAgam 48 47 53 47 46 48 51 -
CSPCcac 72 58 47 77 76 71 64 49 -
CSPLmig 51 51 50 49 52 46 52 49 45 -
P10 46 48 44 46 50 42 48 56 40 58 -
0OS-Ddmel 43 43 38 46 45 38 43 49 37 46 48

ab, e g e fing s, Kk, CSPHarm fk T 4E
fili Ak A, R EMAR A RIL.

A0k, OB TR A S AN H R 10 Fp R dut
1140 24> CSPs 214, IR 2 B AU fe7E 24~ CSP K&K,
XF T CSPs HEPRI I Ly fie 3 2 et i i 35 DA (1 45 K 43 AT
HEATHOTIIN, 1 e BRI CSPs ZhREMITFFTIR D,
Pl SO T3 e B A i s AR Eof v
B AR H CSPHarm JE R v e B R A 2 fk BT
TRIE, FWFIOEIE R G R R 1) 2% 8] 45 1) S 2B R )
REBLT T Al

4 g

AWM B Ay P PO T gL B tR AL
PR ARFEN, BRZIEDE S R H A 5
SIS AR AR 2R 20~30 7 R IR AL il — A58
JE PR 4t A Sl 2R R ORI T X R A A
Peduky M. fE. A2, Al A Zrh RIA B AR
i AEANFHZU I RIE R AT W R X, (EEN
g, WHAT R A A K, AR N IR AT
B, AL AR RIS
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