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Abstract: The odor-binding protein ( OBP) gene AcerOBP19 sequence of Apis cerana cerana ( abbreviated
as Chinese bee) was cloned and its protein structure was predicted then the expression level of the gene
in various tissues at different developmental stages was clarified. The open reading frame ( ORF) sequence
of AcerOBP19 gene was amplified by PCR with specific primers. The physicochemical properties

structural characteristics and phylogenetic tree of AcerOBP19 were analyzed by bioinformatics software;

The mRNA expression of AcerOBP19 in various tissues ( antennae legs mouthparts poison gland and

midgut) of A. cerana cerana at different developmental stages (1 5 10 15 20 25 d) was analyzed by
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qRT-PCR. The ORF sequence of AcerOBP19 was successfully obtained with a total length of 420 bp

encoding 139 amino acids; There was a signal peptide containing 16 amino acids at the N-terminal without
transmembrane structure; It contained four conserved cysteine sites and belongs to the Mins-C OBP
subfamily. The protein contained 6 a-helices and two disulfide bonds. The phylogenetic tree showed that
AcerOBP19 had high amino acid sequence consistency with the Apis dorsata OBPs Apis florea OBPs and
Apis melifera OBPs suggesting a more homology in their evolutionary relationship and that AcerOBP19 had
a conserved domain of the PBP-GOBP superfamily it was a secretory protein. Real-time PCR revealed that
AcerOBP19 was expressed in all tissues of different developmental stages of A. cerana cerana. The
expression level of AcerOBP19 in antennae of 15 days old was significantly higher than other tissues ( P <
0.01) and the expression level of AcerOBPI9 in legs was significantly higher than other tissues in other
stages ( P <0.01) . In other tissues the expression level of mouthparts and poison glands was relatively
high and the expression level of midgut was low. The results of tissue expression profile suggested that
AcerOBPI9 participates in olfactory recognition but in gustatory function.

Key words: Apis cerana cerana; AcerOBPI9; gene cloning; bioinformatics analysis; spatiotemporal
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1

Table 1 Primers used in this study

(5 -39 (C)
Gene name Primers sequences (bp) Annealing Use of
Product size temperature primers
F: ATGAAAACTATCGTGGTTATTTTTGC
R: TTAGAAATTTAATATTCCTTTCATTGTTTTATATTTCTCAA 420 Gene cloning
Acer OBPI9
F: CAGGAAGCTTGCAAGGCAGA PCR
85 58
R: CATCTTCTACATCAAAGTCGACTTCAC Realime
F: TGCTGCACTCGTAGTTGACAATGG quantitative
! R: ACCCTGGTGGCGTGGTCTTC i PER
1.2.4 OBPI9
ORF Finder ( http: //www. 2
nchi. nlm. nih. gov/gorf/gorf. html)
EditSeq o 2.1
NCBI Protein BLAST cDNA
( http: //blast. nebi. nlm. nih. gov/Blast. cgi) AcerOBP19 PCR
; GenBank (420 bp)
OBPs MEGA-X ( Do
NeighborJoining ( Bootrap
1000 ).
(2016) .
1.2.5 PCR
cDNA ( 200 ng/
L) SYBR® Premix Ex TaqTM I
( Tli RNaseH Plus) PCR
3 o 10 wlL:
SYBR® Premix Ex TaqTM II 5 plL
0.4 pL 0.4 wuL. ¢DNA 1 pL ddH, O
3.2 uL; : 95C 30 s
45 L 95C 30 s 60°C 34 s. I AcerOBPI9 - PCR
0.5 60C  95%C. Fig. 1  Electrophoresis of the PCR products of AcerOBPI19 gene
L26 : M DNA Marker; 1 PCR - Note: M
s DNA Marker; 1 PCR product.
Ct g-A b 2.2
SPSS 22. 0 NCBI Blastn
( ANOVA) . + ( Mean + SE) AmelOBPI9 ( GenBank
GraphPad Prism 9.0 NM _001040209)
3 83.58% . AcerOBPI9 ORF
420 bp 139 ( 2)

4 Mins-C o
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2 AcerOBPI9 ¢cDNA
Fig. 2 Nucleotide and deduced amino acid sequences of AcerOBP19 cDNA

ORF;
o Note: ORF was described by uppercase letters; Initiation codon was indicated by italic sequence of signal
peptide was underlined conserved cysteine sites were labeled by black box.
2.3 ; pl  4.47 :
2.3.1 23.02 ( <40) ;
ProtParam AcerOBP19 -0.375 : 82. 66
( 2)o 16. 11 kDa ( <90) 0

2 AcerOBP19
Table 2 Physical and chemcial properties of characteristics for AcerOBP19

Protein characteristics AcerOBP19

C707 H 1110 N 176 0 232 S 10

Molecular formula

Total number of atoms 2235
Molecular weight 16108. 23
4.47

Isoelectric point

Glu 11.5% ( 16)

Maximum

Amino acid constitute

Arg 1.4% (2)

Minimum
Total number of positively charged residues 27
Total number of negatively charged residues 16
Total mean hydrophilicity - 0.375
Half-ife period 30 h
Instability index 23.02
82. 66

Aliphatic index
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3 AcerOBP19
Table 3 Subcellular localization prediction of AcerOBP19

Predicted location AcerOBP19
Extracellular  including cell wall 55.6%
Vacuolar 11. 1%

Endoplasmic reticulum 11.1%

Golgi -
Mitochondrial -
Cytoplasmic 22.2%

Nuclear -

2.3.7
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( PDB : 350g. 1. A) AcerOBP19
3D ( 7 7 AcerOBPI9 3D
AmelOBP14 49.58% 6 a Fig. 7 Three—~dimensional prediction structure of AcerOBP19
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( 8) Neighborjoining 1 000
Cys105-Cys126.
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o Apis dorsata OBPs. Api OBP
NCBI pis ors.a a . s pis florea s
Apis melifera OBPs
Blastp AcerOBP19
OBPs MEGA-X )
8 OBPs  AcerOBP19 ( )
Fig. 8 Phylogenetic tree of the amino acid sequences of insect OBPs and AcerOBP19 based on amino
acid sequence with Neighbor§oining method
2.4  AcerOBPI9 mRNA N N
15 AcerOBPI9 ( 9.
qRT-PCR AcerOBPI9 AcerOBPI9 1. 5. 10. 20 25
mRNA (P<0.01)
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(P <0.01),

10 15 5 15 20

15 20 25 25 o

9 AcerOBPI19
Fig. 9 Expression of AcerOBPI9 in different developmental stages and tissues of Apis cerana cerana
© An P . Mo . L o Mi o 1d~254d: o
(P <0.01) o Note: An Antenna; P Poison gland; Mo Mouthparts; L Legs; Mi
Midgut; 1 d ~25 d: Days-old of adult worker bees. Different uppercase letters showed extremely significant differences in the

expression in different tissues of the same stage ( P <0.01) .
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