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Abstract [Objectives] To clone the cDNA sequence of OBP12 from Apis cerana cerana and Apis mellifera ligustica,

predict their protein structures and compare differences in gene expression in different tissues and developmental stages

between these two species. [Methods] The full-length cDNA sequence of OBP12 was amplified and cloned from antennae of
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A. ¢. cerana and 4. m. ligustica using RT-PCR. Its physiochemical properties and structural characteristics are described and a
phylogenetic tree of the deduced amino acids constructed using bioinformatics software. The expression profiles of
AcerOBP12 and AmelOBP12 mRNA in different tissues (antenna, head, thorax, abdomen, legs and wings) at different
developmental stages (1, 5, 10, 15, 20, 25 and 30 d) were detected with real-time PCR and compared. [Results] The entire
ORF sequence of AcerOBP12 and AmelOBP12 containing 453 bp was successfully obtained. Both genes encoded a putative
protein of 150 amino acids with estimated molecular weights of 17.76 ku and 17.42 ku, respectively. Both deduced proteins
had a signal peptide of 22 amino acids at the N-terminal region, no transmembrane structure and contained six conserved
cysteine sites, suggesting that they belong to the Classical OBP subfamily. Both genes had 6 a-helices linked by three disulfide
bonds. The phylogenetic tree indicates that AcerOBP12 and AmelOBP12 belong to the same group, clustering together with
the Hymenopteran genes HlabPBPGp-9-like, HsalPBPGp-9-like, LhumPBPGp-9-like and WaurPBPGp-9-like. Real-time PCR
revealed that OBP12 was expressed in various tissues at different developmental stages of 4. ¢. cerana and 4. m. ligustica, and
that expression profiles in antennae were significantly higher than in other tissues (P<0.01). In other tissues, OBP12 was
primarily expressed in the legs and wings and only weakly expressed in the head, thorax and abdomen. Expression levels of
OBP12 in different tissues and developmental stages of A. m. ligustica were higher than in the corresponding tissues and
developmental stages of A. c. cerana. [Conclusion] AcerOBP12 and AmelOBP12 belong to the classical OBP subfamily and
may be pheromone binding proteins (PBPs). Tissue expression profiles suggest that OBP12 may have a gustatory function, and
play a role in olfaction.

Key words Apis cerana cerana; Apis mellifera ligustica; OBP12; gene cloning; bioinformatics analysis; temporal-spatial
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Table 1 Primers used in this study
5.3/ bp
Gene name Primers sequences Product size Annealing temperature ~ Use of primers
AcerOBP12 F: GACACTGCACGAAGGAACAA 736 54
R: GTCTCGCGTTGAAAGAAAGC Gene cloning
AmelOBP12 F: ATGTTATATAATAACTTAACTT 453 52
R: TCAGGGATAATTACGCATAGCT
AcerOBP12 F: ATGAATGGCTCCGAATTGAG 161 PCR
R: GCGACGTCACACTTGTCATT qﬁ;ﬁil;‘:‘fe
AmelOBP12 F: TGGCTGTTTCCTAGCTTGCA 163 PCR
R: GTGAACGTCATCTTCGCACG o2
Arpl F: ACTACGGCCGAACGTGAAAT 185
R: GGAAAAGAGCCTCGGGACAA
1.3.3 OBP12 EFAM =
cDNA 1 pMD™19-T DH5a
PCR PCR 20 pL Amp
2xEs Taq MasterMix 10 uL. ¢cDNA 2 uL 1:1000 LB
10 pmol'L™ 0.8 pL RNase-Free PCR
Water 6.4 uL. 94 4 min
94 30s 54 30s 72 30's 134 HYMERESR ORF Finder
35 72 8 min DNA Marker http://www.ncbi.nlm.nih.gov/gorf/gorf.html
DL 1 000 PCR 1.0% Lasergene
EditSeq NCBI
DNA DNA Protein BLAST http://blast.ncbi.
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Table 2 Physical and chemcial properties of characteristics for AcerOBP12 and AmelOBP12
Protein characteristics AcerOBP12 AmelOBP12
Molecular formula Cr97H1231N20902278 12 Cr66H1204N21002288 13
Total number of atoms 2476 2421
Molecular weight 17.76 ku 17.42 ku
Isoelectric point 6.19 5.49
Maximum Ile 10.7% 16 Leu 10.0% 15
Amino acid constitute Minimum Lys 12.9% 1 Pro Trp0.7% 1
Nonentity Pyl  Sec Pyl  Sec
Argt+Lys 18 16
Total number of positively charged residues
Total number of negatively chlzrsgrj;c}rillsidues 20 2l
Absorptivity 1.312 0.765
Grand average of hydropathicity - 0.175 -0.151
Half-life period 30h 30h
Instability index 56.19 45.31
Aliphatic index 91.73 93.60
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Fig.3  Three-dimensional prediction structure of OBP12 from Apis cerana cerana and Apis mellifera linnaeus
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Fig. 5 Ralative expression of OBP12 in different developmental stages and different
tissues of Apis cerana cerana and Apis mellifera linnaeus
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Acer: Apis cerana cerana; Amel: Apis mellifera linnaeus; An: Antenna; H: Head without antenna; T: Thorax without wings
and legs; Ab: Abdomen; L: Legs; W: Wings; 1 d-30 d: Days-old of adult worker bees. Histograms with different uppercase
letters indicate extremely significant differences in the expression profiles in different tissues of the same day-old (P<0.01).
** * and NS indicate that the expression profiles of OBP12 mRNA in the antenna at the same day between
Apis cerana cerana and Apis mellifera linnaeus had significant difference at the 0.01 level, significant
difference at the 0.05 level and no difference at the 0.05 level , respectively.
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