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I dentification and expression patter ns of the pheromone binding
protein genesAglaPBP1 and AglaPBP2 in Anoplophora glabripennis
(Coleoptera: Cerambycidae)
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(Beijing Key Laboratory for Forest Pest Control, Beijing Forestry University, Beijing 100083, China)

Abstract [Objectives] To identify pheromone binding protein (PBP) genes in Anoplophora glabripennis (Motsch.) and

detect their differential expression in different organs in males and females of this species. [Methods] Two PBP gene
fragments were obtained by blast based on a previously established antennal transcriptome. Complete sequences were obtained
by cloning and sequencing, after which bioinformatic methods were employed. Real-time PCR was used to detect the
expression patterns of PBP genes in different sexes. [Results] Two PBP genes were obtained from A. glabripennis;
AglaPBP1 (GenBank accession no. KX272639) and AglaPBP2 (GenBank accession n0.KX272640). The open reading frame
of AglaPBP1 is 411 bp, encoding 136 amino acid residues with a predicted molecular weight and isoelectric point of 15.02 ku
and 4.22, respectively. The open reading frame of AglaPBP2 is 408 bp, encoding 135 amino acid residues with a predicted
molecular weight and isoelectric point of 15.007 ku and 5.16, respectively. AglaPBP1 and AglaPBP2 both have signal peptides

at 1-21 and 1-19. Both AglaPBP1 and AglaPBP2 are characterized by six conservative cysteine (Cys) residues. The two genes
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have about 74% and 49% similarity with the PBP genes of Batocera horsfieldi (Hope). qPCR analysis indicated that AglaPBP1

was expressed in the antennae, maxillary palps and legs, and that expression in female antennae was higher than in male

antennae. AglaPBP2 was almost specifically expressed in male antennae. [Conclusion] Clarifying AglaPBP1 and AglaPBP2

expression in different organs lays a foundation for further study of the function of these genes and the molecular mechanisms

underlying insect olfaction in general.
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Tablel Theprimersfor AglaPBPs genesamplication

Name Forward primer Reverse primer
AglaPBP1 TGGTGGACATGCTTCACAAT ATGGTCGCCTCCACATCTAC
AglaPBP2 GCTTAGCCAGCACTGGAGTC CAGGCGGTGTCACATACATC
Actin ACATCAAGGAGAAACTCTGCTACG CTTCATGATGGAGTTGTAGGTGGT

%<2 AglaPBPsHIFFIN iR
Table2 Sequence analysis of AglaPBPs

Blast
Name AAlenth MW (ku) PI Accession number Score E-value Identity (%)
AglaPBP1 136 15.02 4.22 AIV43008.1 200 8e-60 74
AglaPBP2 135 15.00 5.16 AIV43009.1 109 2e-27 49
w Molecular weight PI Isoelectric point.
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Fig. 1 Nucleotide and deduced amino acid sequences of AglaPBPs
AglaPBPs AglaPBP1 1-21
AglaPBP2 1-19

The underlines represent the predicted result of signal peptide of AglaPBPs,
AglaPBPland AglaPBP2 all have signal peptide in 1-21and 1-19.
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Consensus c c c
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AglaFBP2 VHEYLGLMAEDGTIMDYEKLIVNIPEEFR..IKYAS....RIRMSGTIYGS... CTAWLTIHYGENIFXLFHP 135
BhorFBP1 VMIGQMACICEDGIADVOATIAVIFEEYQ. .KEAAP....IIRKEDIQKGS. .. YYDGNEEVYFL 135
BhorFBP2 IKQKIGVICCEGTACIEKIIELMPEKRK. .AMFEG. .. . KIRIWGTIYGS. .. YGEGSTTEFHG 135
AschFBP LMTEMAIVGCDGIVECVEAAVGVLPLEYK. .AKAEPF. .. .VMRKEGVEEGA. . . YYCTCEQSYMI 115
BpraFBP LMTEMAVVGCDEVIDVEAAVGILPLCIK. .CKAEF. .. . VMRKEGARVGA. . . YYCTCPETYMI 115
BhorOBP1 IMNTYKLLTRENTFCWESGVEALAANAF. .FSIGCEGIVSIKNSKDAVKITS . CHe W IYNCNESNYFL 141
BhorOBP2 LMLEANWMCRDETIQYAWIEENLHQDVR. .DIVIT. .. . ALSHERNINEG. . ANL MYEACRENWEL 136
BhorOBE3 IMEERGMLLCADENVRPETVDSSQLHIFG. .CKVED..... VEQSLKNAGE. .VEHSECIAKLVERSMEGEA...... 125
MaltOBP3 IFCEIGLFGCDGCICIDGMIAMLEDEIR. .EFFSF. ... TVRK®GGLLSG. . . SHeQQSFMLYHECFCEAEGYYFL 134
MaltOBP4 LMNIYHLLTKENIFOWEGGIKALEANAF. . ASVAGPGTISLENSKLAVEIGS.CHs @ IYCCNESNYFF 141
TmolOBP1 IFCSSKIME .NERFSKSGMIEGFRPLVGELGERGERLNGLASTWENE IGDGLSLHeCTAKLLVE IIKNGETHGEE 151
TmolOBFE FYKELHMMKEDGSFLKEATVESFCEIRCLCAELHGKILKVICHSEARMGVED . CHOESASSMATIVVTEMARVELT 144
TmolOBPS IGRNENVMEEDGCINRAGAMVALKFLGRACFGLYCRVLEIFVIWGMRVEEVA. CTATALTASGRTEREAMGLD 143
HparOBP2 VLKLFGGQUSNERINKHARIGKIEELKFILTLVYERFSSVRK S SERTSCIN., SLAGEVLCRHEIS 143
HparOBPS IHEKFGMONSDERTNRAGTLIFLEPLRE .CLAYYSRTXOHFMERLLDTVSNED. L5SIGGMREGII 140
HparOBP20  YHRKYGIQCKDGRLDREASIEAMSCLRIACFELYCKAVKLEDIRINGVENGE. NTAAIFMYWFNINGGMMGLE 141
HparOBP21  EFQQELGVCNANGIMNHKEGIFTFIESLEF.CSS.YNQIKCVLIGELTTGASVE. GSHYYEAINIGERKGIL 139
AcorOBPé IFTNGNVME . NGELLVGGTLGVLLTALSKNFCARKKITAVLQIMEREVGAGGANGRETAKLIAERFRREARR 143
DponOBP16  VINYYKLQLFLCNSFLWETGLKVVESQAF..FSMAGFIMETIKSWKCAVEIGL.LH LYCGNFERYFL 140
PdivOBP2 VNKKFGLQKA:EILNKEYRYSEHENVRAIEEEIYNKMNSVWE VINGALCGT . CE@CTGMEVVIEMEEESEKLGLS 124
TcasOBP16  FYKHYKMMKEDGTFOKCARVKAFDEIKAQCAEIHAKILKVICAMDARKQMSE . CHEVSAASMAGSVETEAIANGLT 145
Consensus c

E 5 AglaPBPs 5HE 13 R R PBPs ®ERRFIIRIFE ML
Fig. 5 Alignment of amino acid sequences of AglaPBPs with those of other insect

C GenBank
accession and numbers. AschPBP: Anomala schonfel dti

Origin species of proteins and their GenBank
(BAF79599.1); BpraPBP: Brachysternus prasinus

Batocera horsfieldi (BhorOBP1, AHA33382.1; BhorOBP2, AHA33380.1; BhorOBP3,

(AGG37860.1);

AHA33381.1; BhoPBP1, AIV43008.1; BhoPBP2, AIV43009.1);
AHA39268.1; MaltOBP4, AHA39269.1);

TmolOBPS, AIM71482.1);

Monochamus alter natus(MaltOBP3,
Tenebrio molitor (Tmol OBP1, AIM71475.1; Tmol OBP6, AIM71480.1;
Holotrichia parallela (HparOBP2, AKI84360.1; HparOBP8, AKI84366.1;

HparOBP20, AKI84378.1; HparOBP21, AKI84379.1);
Phyllopertha diversa (PdivOBP2, BAA88062);
AKK25140.1);

Anomala corpulenta (AcorOBP6, AKC58527.1);
Dendroctonus ponderosae (Dpon OBP16,

Tribolium castaneum (TcasOBP16, EFA02853.1; TcasOBP28a, XP_008200270.1).
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Fig. 6 Phylogenetic tree of the family of insect OBPs and related proteins
(A.glabripennis)AglaPBP1, AglaPBP2 OBP GenBank
Asterisk is the PBP1 and PBP2 of A.glabripennis, the accession numbers of other insect OBP sequences are as
follows MsexGOBP2 ( Manduca sexta, GOBP2) AAA29316.1; MvitGOBP2 ( Maruca vitrata, GOBP2)
AIN41151.1; SlitGOBP2 ( Spodoptera litura, GOBP2) A1S72932.1; ScerGOBP2 ( Stotroga cerealella,
GOBP2) All15785.1; MsexGOBP1 ( Manduca sexta, GOBP1) AAA29315.1; ScerGOBPI1 ( Stotroga
cerealella, GOBP1) AIl15787.1; PdivGOBP2 ( Phyllopertha diversa, GOBP2) BAC66784.1; HvirABP (
Heliothis virescens, ABP) CAC33574.1; HvirABP ( Heliothis virescens, ABP) ACX53810.1; SexiABP (
Spodoptera exigua, ABP) ADY17881.1; DpleABP ( Danaus plexippus, ABP) EHJ66992.1; BmorABP (
Bombyx mori, ABP) ABD36353.1; PxylABP ( Plutella xylostella, ABP) BAD52263.1; BhorPBP2 ( Batocera
horsfieldi, PBP2) ATV43009.1; BhorPBP1 ( Batocera horsfieldi, PBP1) AIV43008.1; HelePBP (Hylamorpha
elegans, PBP) AGM37951.1; BpraPBP (Brachysternus prasinus, PBP) AGG37860.1; EoriPBP ( Exomala
orientalis, PBP) BAB70711.1; EoriPBP ( Exomala orientalis, PBP) BAB70713.1; Pdiv PBP1(
Phyllopertha diversa, PBP) BAC66783.1; PjapPBP ( Popillia japonica, PBP) AAC63436.1; HparPBP1 (

Holotrichia parallela, PBP1) ADF87392.1; HparPBP1 ( Holotrichia parallela, PBP1) ADF87391.1.
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