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Vitellogenin receptor plays a key role in the embryonic development of oviparous animals. A 
vitellogenin receptor (VgR) gene was cloned from Actias selene using reverse transcriptase-polymerase 
chain reaction and rapid amplification of cDNA end PCR. Sequence analysis revealed that this gene was 
5848 bp and encoded a protein of 1812 amino acids peptide with high similarity to Bombyx mori VgR. 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis and western blotting analysis demonstrated 
that a 24 and 40 KD recombinant proteins corresponding to the ligand-binding domains of A. selene 
VgR was successfully expressed in Escherichia coli cells.   
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INTRODUCTION 
 
In insects, vitellogenin receptor (VgR) plays an important 
role in ovary maturation by mediating the uptake of 
vitellogenin (Wileman et al., 1985; Raikhel and Dhadialla, 
1992; Tufail and Takeda, 2009). Up to now, the VgRs 
have been identified from many insect species such as 
Aedes aegypti (Sappington and Kokoza,1996), Blattella 
germanica (Ciudad et al., 2006), Bombyx mori (Lin et al., 
2005), Drosophila melanogaster (Schonbaum et al., 
1995), Solenopsis invicta (Chen et al., 2004), Periplaneta 
Americana (Tufail and Takeda, 2005), Leucophaea 
maderae (Tufail and Takeda, 2007), American dog tick 
(Mitchell et al., 2007), Spodoptera litura (Krishnan et al., 
2008) and Antheraea pernyi (Liu et al., 2011). All these 
VgRs belong to the low-density lipoprotein receptor 
(LDLR) super family (Willnow, 1999) and have common 
structural elements like the transmembrane domain, 
ligand-binding domain, the epidermal growth factor 
precursor domain and cytoplasmic tail (Goldstein et al., 
1985; Schneider et al., 1999). However, there is a 
difference in their physiological roles (Schneider et al., 
1999; Nykjaer and Willnow, 2002; Strickland et al., 2002; 
Herz and Bock, 2002).   

Actias selene (Lepidoptera, Saturniidae) is an important 
wild silk-spinning  insect  located  in  China,  Japan,  India 
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and Southeast Asian countries. Although the vitellogenin 
was identified from this insect (Qian et al., 2011), the 
exact biological functions of VgR in A. selene remain 
unknown. In this study, we reported the sequence of Ash-
VgR, the prokaryotic expression and protein purification 
of ligand-binding domains of Ash-VgR. 
 
 
MATERIALS AND METHODS  

 
The experimental insect A. selene Hubner was collected from the 
willows in Dangtu, Anhui Province, China. 

 
 
Total RNA extraction and cDNA synthesis 

 
Total RNA was extracted from the fat body of larvae with TRIzolTM 
Reagent (Invitrogen) according to the manufacture’s instructions. 
The RevertAid™ H Minus First Strand cDNA Synthesis Kit was 
used to synthesize cDNAs for reverse transcriptase-polymerase 
chain reaction (RT-PCR). For rapid amplification of cDNA end 
(RACE-PCR), the cDNA was synthesized using SMART™ RACE 
cDNA Amplification Kit (Clontech) according to the manufacturer’s 
instructions. 

 
 
Cloning and sequencing of VgR 

 
Oligonucleotide primers (Table 1) were designed by Primer premier 
5.0 software according to VgR sequences from B. mori and A. 
pernyi. RT-PCR was performed at 94°C for 5  min,  followed  by  30  
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Table 1. The primers used for PCR. 
 

Primer No. Primer sequence (5’--3’) 

F1(564-585) TTGCCTCCCGAGTGAAATGATG  

R1(2321-2341) TCCGGGGACCTCTGATGTTGA 

F2(1708-1730) CACCCGTGCTCCCATTTCTGTCT 

R2(3301-3320) CGGTCGCGGCATTGATAGTA 

F3(2955-2978) CGGGCTCTGCGTGGCTAAGGATTC 

R3(4491-4513) AGGCGGACCAGACCACGGACTCG 

F4(4454-4474) CGTCACGGCGCATGTTCTACT 

R4(5163-5182) CTTCGTCGGAGCTGTTCTGG 

LBD1ClassAF GGCGGATCCGAATGCCTGGGCGAG 

LBD1ClassAR CGCCTCGAGGTTGGCACAGAAGGA 

LBD2ClassAF CAGAAGCTTTGAGATGCAGCGAAAGCG 

LBD2ClassAR CGCCTCGAGCGAGAAGCAGTGGATGC 

 
 
 
cycles of 94°C for 30 s, 55°C for 40 s, 72°C for 1 min and a final 
step of 72°C for 10 min. The PCR products were analyzed on 1% 
agarose gels, then subcloned into the pMD19-T easy cloning vector 
(Takara) and sequenced at Invitrogen, Shanghai. 

 
 
Construction of recombinant plasmids and protein expression 

 
Total RNA from the fat body was reverse transcribed into cDNA by 
a First-Strand System Kit (MBI) according to the protocol. The 
primers (Table 1) were designed to amplify the cDNA encoding 
ligand-binding domains (LBD1Class A = 85~642 and LBD2ClassA 
= 2788~3827) of Ash-VgR protein and PCR products vector were 
ligated with pET-28a after digesting with corresponding restriction 
enzymes (Bam HI and XhoI for LBD1, Hind III and XhoI for LBD2). 
The recombinant plasmids pET-28a-Ash-LBD1 and pET-28a-Ash-
LBD2 were confirmed by PCR and sequencing, then transformed 
into E. coli BL21 (DE3) for protein expression induced by 0 to 1.0 
mM IPTG. 
 
 
Protein purification and antibody preparation 
 
Ni–NTA (nickel–nitrilotriacetic acid) affinity chromatography 
(Qiagen) was used to purify the recombinant Ash-LBD1 and Ash-
LBD2 proteins according to the instructions. The New Zealand 
White rabbits were immunized with 100 μg of purified proteins thrice 
at 2-week intervals and a boost injection was given for another 
week with purified proteins. Antiserum was collected seven days 
after the last immunization (Harlow and Lane, 1999) 
 
 
Western blotting 
 
The recombinant proteins from E. coli BL21 (DE3) were subjected 
to 12% SDS-PAGE and then transferred onto a polyvinylidene 
difluoride membrane by an electrophoretic transfer system (Bio-
Rad). Membranes were blocked with 5% non-fat milk powder 
(diluted with phosphate-buffered saline containing 0.1% Tween 20 
(PBST) for 1 h at room temperature. Membranes were washed with 
PBST and subsequently incubated with primary antibodies (diluted 
1:2000 with PBST) for 2 h at room temperature. After washing, 
membranes were incubated with horseradish peroxidase (HRP)-
conjugated sheep anti-rabbit IgG antibody for 1 h at room 
temperature  (Zhu  and  Wu,  2008),  and  the  final   detection   was 

performed with a HRP-DAB Detection Kit (Tiangen). 

 
 
RESULTS 
 
Cloning and sequence analysis of Ash-VgR gene 
 
A cDNA fragment of 5848 bp was obtained by RT-PCR 
and RACE–PCR. The sequence had been deposited in 
the GenBank database with accession number 
JQ809472. Nucleotide sequence analysis revealed that 
VgR cDNA contained a 138 bp 5’-untranslated sequence, 
a putative ORF of 5439 bp and a 271 bp 3′-untranslated 
region (3′UTR). Based on the deduced amino acid 
sequences, the LDL-receptor class A domains (residues 
29 to 213 and residues 930 to 1278), EGF-like domains 
(residues 260 to 296 and residues 1316 to 1354), and 
LDL-receptor class B repeats (residues 344 to 854 and 
residues 1530 to 1574) were found using the ExPASy 
Proteomics tools (Figure 1). Phylogenetic analysis 
indicated that A. selene VgR gene was highly 
homologous to B. mori VgR (Figure 2).  
 
 
Protein expression and western blotting  
 
To investigate the function of Ash-VgR, two ligand-
binding domains (LBD1 and LBD2) were selected for 
protein expression. Two recombinant proteins with a 
molecular weight of about 24 and 40 kDa were detected 
by SDS-PAGE and their expression was not influenced 
by different IPTG concentrations (Figure 3a and b). The 
result of western blotting showed that two consensus 24 
and 40 kDa protein bands were detected using anti-His 
antibodies (Figure 4a and b) or Ash-LBD1 and Ash-LBD2 
antibodies (Figure 5a and b), while there was none in the 
control group. All these indicated the recombinant VgR 
proteins were successfully expressed in E. coli BL21 
(DE3) cells.  
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Figure 1 

 

-138                                                                                                                                GGGGTACTTTTCCCAAAG 

- 1 2 0  G G G TA A A A AT T TA A AT T T T TA A AT T TA A A C C C T T T T T T T T T T G TA ATA C AT C A AT C AT T T 

  - 6 0  TA AT T C ATAT T TA C C T T C A C A AT C G T C G AT G A AG A AT C G C C C T C A A C AC A ATA G AT C A G A 

       1  AT G A A G G TA G T T T T G T TA G C A ATA G T T C TAT G C G C A A C C T C G T G C G C G G G G C A G T T C G T 

       1  M   K   V   V   L   L   A   I   V   L   C   A   T   S   C   A   G   Q   F   V  

signal peptide 

    6 1  G AC G A A AT G C A AG T C TAC G AG A A G G A AT G C C T G G G C G AG G AT G T G T T T C C G T G C AT G T C C 

      2 1  D   E   M   Q   V   Y   E   K   E   C   L   G   E   D   V   F   P   C   M   S   

  1 2 1  G G GG G AT G C ATAC AG C AG T C C C AG TAC T GC G AC G G G AAG G T GG AC T GC G AC G AT G G AAC C 

  4 1  G   G   C   I   Q   Q   S   Q   Y   C   D   G   K   V   D   C   D   D   G   T  

1 8 1  G AC G AG A AC TAT T G T C T T G AT C AC A AG C C AG AC G C T C AG T T C T G TA AC G AG AC C C AC C AG  

      6 1  D   E   N   Y   C   L   D   H   K   P   D   A   Q   F   C   N   E   T   H   Q  

  2 4 1  T T C AT G T G T C G G G ATA G C A A G A A G T G C AT C C C G A A C C AT T G G AT C T G TA ATA A C G A C AT C  

   8 1  F   M   C   R   D   S   K   K   C   I   P   N   H   W   I   C   N   N   D   I    

 3 0 1  G AT T G C G AC G AC G G A AG T G AT G A G C TA A AT T G C AC T T T G G T T C C T G T G G C TAC T G G TA A A 

    1 0 1  D   C   D   D   G   S   D   E   L   N   C   T   L   V   P   V   A   T   G   K   

   3 6 1  T G C A A A G G T T T T C T G T G C G G C G AT G G A A A AT G TAT C T C C A G T C T T T G G T TAT G T G AT G G A 

  1 2 1  C   K   G   F   L   C   G   D   G   K   C   I   S   S   L   W   L   C   D   G 

   4 2 1  AG CTAC G AC T GC AAG G ATAAG AG C G AT G AG A AT T C AC C G G AAA AC T G C C GT C AC AG C CT C 

1 4 1  S   Y   D   C   K   D   K   S   D   E   N   S   P   E   N   C   R   H   S   L 

   4 8 1  C T GT C C C AC T C G AT GC TAAG C G G AT C G G AT T G C C AG G AT T G G CTAG G AG G G AG G C G C C A A 

1 6 1  L   S   H   S   M   L   S   G   S   D   C   Q   D   W   L   G   G   R   R   Q   

   5 4 1  TAC A A AT G C A C G G AC T C C T C G T T T T G C C T C C C G AG T G A A AT G AT G T G T G AT G G C AT G C AG 

1 8 1  Y   K   C   T   D   S   S   F   C   L   P   S   E   M   M   C   D   G   M   Q   

   6 0 1  G ACT G C AAG G ACG G C AGT G ACG AG AG AT CCT T C T G T G CC AAC T GG C AC AC G AT G TG CG CG  

2 0 1  D   C   K   D   G   S   D   E   R   S   F   C   A   N   W   H   T   M   C   A 

   6 6 1  AACC AC AC GT GC CT CG GTG AC A AG GC CT CGT GT GT GC CG G ACC GC GC C G GG CC C ACG TGC 

2 2 1  N   H   T   C   L   G   D   K   A   S   C   V   P   D   R   A   G   P   T   C  

   7 2 1  G AG T G TC T C AAC C AC C T C AAC C T G C G T CG G TAC AATAC C T C G AC C G G G GC C T GC G AC G AC 

2 4 1  E   C   L   N   H   L   N   L   R   R   Y   N   T   S   T   G   A   C   D   D   

   7 8 1  AT C G AC G AG T GC G C GC T GG C CC G C CC TCAG T G C T CC C AC TAC T G CG T C AAC G C G G AC G G C 

2 6 1  I   D   E   C   A   L   A   R   P   Q   C   S   H   Y   C   V   N   A   D   G   

   8 4 1  C AT T T C A C T T G T G A AT G C G C C G A C G G C TAC T T C A A G G A C G A AC T TA A G TAC T T G T G C TAC  

2 8 1  H   F   T   C   E   C   A   D   G   Y   F   K   D   E   L   K   Y   L   C   Y   

   9 0 1  G C TAC C G G T C C C G A AC C C C T G T T G T T C TA C AG TA C AC G A A AC G A A AT TA A ATAT C T G A A A 

3 0 1  A   T   G   P   E   P   L   L   F   Y   S   T   R   N   E   I   K   Y   L   K  

   9 6 1 GTG AAGT CG AAGG AAGT GGTC AC ACTGG CG ACT GG AATAAAAA AGGC T C AC GGG GT C AC A 

3 2 1  V   K   S   K   E   V   V   T   L   A   T   G   I   K   K   A   H   G   V   T   

  1 0 2 1  T C G AAC G G AATATAC G T T TAC T GG GT G GAA AC AG C T G AAG G T C AT C A AG C C AT C G T C AAA 

3 4 1  S   N   G   I   Y   V   Y   W   V   E   T   A   E   G   H   Q   A   I   V   K   

  1 0 8 1  GC TC AC ATAG AC G AC G TAG AA A AC AC T C G AC AG G TA ATAG T C G G TC TAG GT C TAG AG G AT 
 

 

Figure 1. Nucleotide sequence and amino acid sequence of VgR from Actias selene Hubner. Start codon (ATG) and 
termination codon (TAA) are boxed. Signal peptide is underlined, EGF-precursor domain is indicated by wave lines, 
cytopiasmic domain is indicated by broken lines, ligand-binding domain is Coarse underlined. O-Linked sugar domain is 
indicated by point line. Transmembrane domain is indicated by long dash point. 
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3 6 1  A   H   I   D   D   V   E   N   T   R   Q   V   I   V   G   L   G   L   E   D   

  1 1 4 1  C C AG G C G ATATAG C C AT T G AT T T C AT G G C C C G C C AC AT T TAC T T C G G C G AT G C T G A A A G G 

3 8 1  P   G   D   I   A   I   D   F   M   A   R   H   I   Y   F   G   D   A   E   R  

  1 2 0 1  G G C C T G AT C T T C G TAT G C TAC G ATA G C G G C T T C A A AT G T T T TAC T T T G A A AG C T G AC AC C  

4 0 1  G   L   I   F   V   C   Y   D   S   G   F   K   C   F   T   L   K   A   D   T   

  1 2 6 1  AA AC AT C C C AAG T TC AT C AC T C TG G AC CC G GT G C ACG G G AAG AT G TAC T G GG C CG AT T G G 

4 2 1  K   H   P   K   F   I   T   L   D   P   V   H   G   K   M   Y   W   A   D   W   

  1 3 2 1 CAC AG CCG GCC GGT G ATAAT G AG GG CC AAG AT GG ACG GGT CG AGCT CTG AG GTG CTG GTA 

4 4 1  H   S   R   P   V   I   M   R   A   K   M   D   G   S   S   S   E   V   L   V   

  1 3 8 1  GAGT CG AT G ACGT C ATT CG CC AG TG GC C TGG C GCT GG AC GT GC CC A AC G AC AG ACT CTAC 

 4 6 1  E   S   M   T   S   F   A   S   G   L   A   L   D   V   P   N   D   R   L   Y   

  1 4 4 1  T T T G T T G ATA A G A C C AT C A A A G T T G T T C T T C TA AG C AC TA A A G TAG T T TAC T C G T T G T T C 

4 8 1  F   V   D   K   T   I   K   V   V   L   L   S   T   K   V   V   Y   S   L   F   

  1 5 0 1  AAAG AG G C C C AC C ACC AT C C T TACG C G ATAT C G G TG T T C G AG AAC AC G G TG TAC TG G AG C 

5 0 1  K   E   A   H   H   H   P   Y   A   I   S   V   F   E   N   T   V   Y   W   S   

  1 5 6 1  G AT T G G ATAT C AG AC T C C AT C C AG AC TA C AG ATA AG AT T C AC AG C T C T T C G C AG AG AC AG  

5 2 1  D   W   I   S   D   S   I   Q   T   T   D   K   I   H   S   S   S   Q   R   Q  

  1 6 2 1  G T G C T G C T C A AG AT G G AC AC T T C G G TAT T T G G T C T C C ATAT G TAC C AC C C AG C G T T G AT G  

 5 4 1  V   L   L   K   M   D   T   S   V   F   G   L   H   M   Y   H   P   A   L   M   

  1 6 8 1  AAG A AG AT T C C T C AT C C G T G C G AC G AG C AC C C G T G C T C C C AT T T C T G TC T G G T C AC AT C A 

5 6 1  K   K   I   P   H   P   C   D   E   H   P   C   S   H   F   C   L   V   T   S   

   1 7 4 1  ATCG AC AC CTACTC GTG TGC TTGT CC AG ACG AAAT GG AAA AC AAG AAC GG C AG ATG C ATC  

5 8 1  I   D   T   Y   S   C   A   C   P   D   E   M   E   N   K   N   G   R   C   I   

   1 8 0 1  C CC AA AG AT G AC TAT C G C C CT CT G C AT CT G ATAG T C G G C AG C G GTAG AC T G TT C AC C AAG  

6 0 1  P   K   D   D   Y   R   P   L   H   L   I   V   G   S   G   R   L   F   T   K   

   1 8 6 1  T TCC GG TT GG AC GC C ATG GG C AAT CC GC AC AG TC AC GTC AC C AAC TT CT CC TTG G G ACGC  

6 2 1  F   R   L   D   A   M   G   N   P   H   S   H   V   T   N   F   S   L   G   R   

   1 9 2 1  G T G C AAG C TAT G AC C TAT G AC T C T GT TCG AG ATAG G C T G TAT G T G TAC G AC G G TC G AG AG  

 6 4 1  V   Q   A   M   T   Y   D   S   V   R   D   R   L   Y   V   Y   D   G   R   E   

   1 9 8 1  C AC TC G AT C AG C TATAC G A AC AT G AG C G AT T T C AC T C AC G G C AA AG T G T T C GC C CT G AT C 

6 6 1  H   S   I   S   Y   T   N   M   S   D   F   T   H   G   K   V   F   A   L   I   

   2 0 4 1  AAG T T C GG AC C C G AG AAC G T T G T G G ATAT G G AC TAC G AT TAC G T CT C G G AC T CT CT G TAC 

6 8 1  K   F   G   P   E   N   V   V   D   M   D   Y   D   Y   V   S   D   S   L   Y   

   2 1 0 1  AT G CT G G AC T C T GG C AG C G G C TAC AT T GAG G T G T T G TC C T T G C G TAC G CTAC AT C G C G C C 

7 0 1  M   L   D   S   G   S   G   Y   I   E   V   L   S   L   R   T   L   H   R   A   

2 1 6 1  GTCGTCTACCGCT TC ACC G ACC GGG AG AC TCCCGTC AGCTTC T GCGT G CTGC CGC ATTAC 

7 2 1  V   V   Y   R   F   T   D   R   E   T   P   V   S   F   C   V   L   P   H   Y 

   2 2 2 1  GGG AAAAT GTTG GTAGC GG TG ATGC AG A CGG ATAACG AC AAC CG G AT T TAT GTG G AC AGC 

7 4 1  G   K   M   L   V   A   V   M   Q   T   D   N   D   N   R   I   Y   V   D   S   

   2 2 8 1 ATCGG CTTGG ATGG AG AC GGG AGGC GGC AC ATCGT C AC C GT C AAC ATC AG AG GTCC CCGG 

7 6 1  I   G   L   D   G   D   G   R   R   H   I   V   T   V   N   I   R   G   P   R   

   2 3 4 1  ATAATCC TG AGG TTC TTG C ACG GC ATGG AC AAT G T GTAC CT G GC GG ACG AG GG AAAC G GC  

7 8 1  I   I   L   R   F   L   H   G   M   D   N   V   Y   L   A   D   E   G   N   G   

   2 4 0 1  AT C ATAG AT TAC C T G C AC C C TG AAG G TAC C G GTAG G G AG AAC T T C C G GG AG C TAT C G AC T 
 

 

Figure 1. Contd. 
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8 0 1  I   I   D   Y   L   H   P   E   G   T   G   R   E   N   F   R   E   L   S   T   

   2 4 6 1  T C AATAT C C AG TAT G G C C G T C AC C G A A A AC TATATAT T C T G G AC AG ATAG A AG A AC C C C G 

8 2 1  S   I   S   S   M   A   V   T   E   N   Y   I   F   W   T   D   R   R   T   P   

   2 5 2 1  AAG C TATAC T G G G C TAATATAC AC G A A A C C T C TC ATA AA AT C AG A AG G AT C G A AC T TAG G 

8 4 1  K   L   Y   W   A   N   I   H   E   T   S   H   K   I   R   R   I   E   L   R   

   2 5 8 1  GC AT T CT C AA AC T C C T CT C AG C T CC T G CT G C AG AC C AC G TAC C C C C C AC C G TC T CC T C AC 

8 6 1  A   F   S   N   S   S   Q   L   L   L   Q   T   T   Y   P   P   P   S   P   H   

   2 6 4 1  GACCCG CTC ACCC AGC ATCC GTG CC AC A G AG AC AACCC GT GC TCC C AG GTCT GCGT CCCG  

8 8 1  D   P   L   T   Q   H   P   C   H   R   D   N   P   C   S   Q   V   C   V   P 

   2 7 0 1  AC C TAT T C C C C C A C C A AC C C C TAC AG C TATA A AT G C C TAT G C T C T C C G G G T C T C G T G T T C 

9 0 1  T   Y   S   P   T   N   P   Y   S   Y   K   C   L   C   S   P   G   L   V   F   

   2 7 6 1 AGTAACGG G AG ATG C ACGG AGGT G GCC AGAT GC AGC G AAAG CG AAATT TATT GTC AC AAA  

9 2 1  S   N   G   R   C   T   E   V   A   R   C   S   E   S   E   I   Y   C   H   K 

   2 8 2 1  AGC AATATATGC GT GG AG AAAT T C AAG A GGT GCT GT G G AGT CGT GG AT T G CT CG AGG GGG  

9 4 1  S   N   I   C   V   E   K   F   K   R   C   C   G   V   V   D   C   S   R   G   

   2 8 81  GAGGACG AAG AAGG ATGTAC AC ATATTACAAAG AAGC C AG AAAGCC AGT GC G ACCCC AAT  

9 6 1  E   D   E   E   G   C   T   H   I   T   K   K   P   E   S   Q   C   D   P   N   

   2 9 4 1  G AG ATAC T C T G C TAC G G G C T C T G C GT G GC TAAG G AT T C C C C T T C CC C T T GT T C G CC T G G G 

9 8 1  E   I   L   C   Y   G   L   C   V   A   K   D   S   P   S   P   C   S   P   G   

   3 0 0 1  AAAC AT TC AGC TGT TGC AG AC CT G AC G ACCCT T CC CC CT C TG AAAT GC G ACTG G AAC C AG  

1 0 0 1  K   H   S   A   V   A   D   L   T   T   L   P   P   L   K   C   D   W   N   Q 

   3 0 6 1 TTCACGTG C AAGG AG AGC CCG GTCT GC AT CTCGC GGTC GCT GCTCT GT G ACGG AGC C AAG  

1 0 2 1   F   T   C   K   E   S   P   V   C   I   S   R   S   L   L   C   D   G   A   K   

3 12 1  GACTGT CCGGACGGCAGCGACGAGGGCCCCGACAACTGTGACACCT T GGCTTGCTT T GAC 

1 0 4 1   D   C   P   D   G   S   D   E   G   P   D   N   C   D   T   L   A   C   F   D   

   3 1 8 1  ACGG AGTT C ATGT GC GCGT CCG GTT C GT GTAT CT T G AAA ACGT GG AAG TGC G AC GG AG AC  

1 0 6 1  T   E   F   M   C   A   S   G   S   C   I   L   K   T   W   K   C   D   G   D   

   3 2 4 1  CAGG ACTG C AACG ACGC TTCC G AT G AAAT CG ACTGT G AG AGC GTAT C AT GC AAGC CCG GG  

1 0 8 1  Q   D   C   N   D   A   S   D   E   I   D   C   E   S   V   S   C   K   P   G   

3 3 01  TACTATCAATGCCGCGACCGGG AGT GTATAGAGCT GAAG AAGCGCT GCGACGGAC ACC AG  

1 1 0 1  Y   Y   Q   C   R   D   R   E   C   I   E   L   K   K   R   C   D   G   H   Q   

3 36 1  GACTGCTTTGATTACTCCGACGAGGAAGAG TGTGAT GAGCCAGT GGCCGT GGAGGAGCCG 

1 1 2 1  D   C   F   D   Y   S   D   E   E   E   C   D   E   P   V   A   V   E   E   P   

   3 4 2 1  AA A ATAC AT C G T T G T GC C G AAT G G G AG TAC AG T T G C G AG C GTAAC AG AAG TAT C T G T T TA 

1 1 4 1  K   I   H   R   C   A   E   W   E   Y   S   C   E   R   N   R   S   I   C   L   

   3 4 8 1 CCGATTACGG C AAG GTGC AAC AT G AAAA CCG ACT GCCCT GGTG G AAC GG AT G AG ATAGGC  

1 1 6 1  P   I   T   A   R   C   N   M   K   T   D   C   P   G   G   T   D   E   I   G   

   3 5 4 1  TGC G ACTAC CG GT GC AC TC CT C ACG GC ATGT T C GG TT GC AAG C A G C AG AT CC GG T G CT T G 

 1 1 8 1  C   D   Y   R   C   T   P   H   G   M   F   G   C   K   Q   Q   I   R   C   L   

   3 6 0 1 GCCATG AACCGG GTTTGCG ACGG AAAC AAG G AGTGC G ACG ATGG ATCT G ATG AG ACGCCC  

1 2 0 1  A   M   N   R   V   C   D   G   N   K   E   C   D   D   G   S   D   E   T   P   

3 6 6 1  GACGCTTGC GCTCTC GTC AAC AG AACCTC CC A CCTGTACCCG GT G ATGCT GTAT CCG GC A 

1 2 2 1  D   A   C   A   L   V   N   R   T   S   H   L   Y   P   V   M   L   Y   P   A   

   3 7 2 1 GCAG AGTG CCGCG ACGG ATT CCTCTGC G GC AACGG TC AATGC ATCG AGT GGGCG G AAGT G 
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1 2 4 1  A   E   C   R   D   G   F   L   C   G   N   G   Q   C   I   E   W   A   E   V   

   3 7 8 1  TGCG ACC GC ACC CCC AAC TG CTTC G ACG G ATC GG ACG AG AGC ATC C AC TGC TTCT CG GCG 

1 2 6 1  C   D   R   T   P   N   C   F   D   G   S   D   E   S   I   H   C   F   S   A   

   3 84 1 TGCGAC AAC AAC ACGTGCGCCC ACGCGT GCCAGGCC ACGCCGCTGGGGCCGCGCTG CCTG 

 1 2 8 1  C   D   N   N   T   C   A   H   A   C   Q   A   T   P   L   G   P   R   C   L   

   3 90 1 TGT CCGGCCGGGTACAGCGCCGCGCCGG ACCGCCGG ACGTGCGCCG ACGTGG ACG AGTGC  

1 3 0 1  C   P   A   G   Y   S   A   A   P   D   R   R   T   C   A   D   V   D   E   C   

   3 9 6 1  CGCG CG GG AC TGT GC TC GC AG GC CT GC G TC AAC AC CC CC GG CTC CTT CC TC TGC TC GT GC 

1 3 2 1  R   A   G   L   C   S   Q   A   C   V   N   T   P   G   S   F   L   C   S   C   

   4 0 2 1 CATC AC GGGTACGC GCTTAGGTC CG AC A G ACGGT CGTG C AAG GCC GTC AC CGGG AAC AT G 

1 3 4 1  H   H   G   Y   A   L   R   S   D   R   R   S   C   K   A   V   T   G   N   M   

   4 0 8 1  TC C ATAC T G TAC GT GT CT G GC AAC AC C G T G CG G TC CG TC T CG GC T G AC GG CTAC G GC G C T 

 1 3 6 1  S   I   L   Y   V   S   G   N   T   V   R   S   V   S   A   D   G   Y   G   A 

   4 1 4 1  ATAG AG TATAG C G AC C C G G AC C T T G G C GATAT C AC AG AT T T G G AC T T TAAT G T C AG A AC G  

1 3 8 1  I   E   Y   S   D   P   D   L   G   D   I   T   D   L   D   F   N   V   R   T   

   4 2 0 1  AAG CG TT TGTAT GT G ACG TC TACG G AGT CG GG G AAG CT G ATAG AAT TG AAC G TG AC GC AT  

1 4 0 1  K   R   L   Y   V   T   S   T   E   S   G   K   L   I   E   L   N   V   T   H   

   42 61  GACGTGGTCGCCGTGACGAACGTCGGAC GGCCGACCAGGGTGGCAGTGGACTGGGTGACG  

1 4 2 1  D   V   V   A   V   T   N   V   G   R   P   T   R   V   A   V   D   W   V   T   

   4 3 2 1 GGCAACGT GTACT T CGCG G AC AGC AC GC CGGGTG CTAG CTGC GTG AGGGTC TGTG ACGTC  

1 4 4 1  G   N   V   Y   F   A   D   S   T   P   G   A   S   C   V   R   V   C   D   V   

   4 3 81 ACC AGG AGG AG ATGCGCC AGGCTGC AG A AG ATAC CGTCTG ACGC AACGGTC AAG GC ATTG 

1 4 6 1  T   R   R   R   C   A   R   L   Q   K   I   P   S   D   A   T   V   K   A   L   

   4 4 4 1  ATAG T G G AGCC GG CGT C ACGG CG C AT GT TCTACTG CG TCC AG CGC GG CC ACG AG TCC GTG  

1 4 8 1  I   V   E   P   A   S   R   R   M   F   Y   C   V   Q   R   G   H   E   S   V   

   4 5 0 1  GTCTGG TCC GC CTC GCT CTC AG GC CGG A GCG CCC TG G AC CT CCT CC ACG TG ACC C AG TGC  

1 5 0 1  V   W   S   A   S   L   S   G   R   S   A   L   D   L   L   H   V   T   Q   C   

   4 5 6 1  T CG GG T T TAGC TG CC G AT T CG TT C ACG AG G AG GC TG TAT G TG GC AG AG AC T GC GC CC CC C 

1 5 2 1  S   G   L   A   A   D   S   F   T   R   R   L   Y   V   A   E   T   A   P   P   

   4 6 2 1  CAC AT C AT GG TCG TC G ACTT CG ATG GC A AG AAT CCC AAG A AG ATC CT G AC GG AAC G TCC A 

1 5 4 1  H   I   M   V   V   D   F   D   G   K   N   P   K   K   I   L   T   E   R   P   

   4 6 8 1  C AG C TG C AAG C G C C CC AC G C CT T GG C GCT C TT C G AAG AC C A C ATATAC TAT T T G G TG G G C 

1 5 6 1  Q   L   Q   A   P   H   A   L   A   L   F   E   D   H   I   Y   Y   L   V   G   

   4 7 4 1  GACT CG TACC GC CT C GG GC GC TG CC TG C TCC AC GG CC CTAAG A AC TG CG AG AC CTAC ATC 

1 5 8 1  D   S   Y   R   L   G   R   C   L   L   H   G   P   K   N   C   E   T   Y   I   

   4 8 0 1 TAC AGGGT GTTCG AAGCG AAC AC CTTC G TCAT C AG AC ACG AG AGC AT CC AGC GCG AC G AC 

1 6 0 1  Y   R   V   F   E   A   N   T   F   V   I   R   H   E   S   I   Q   R   D   D   

   4 8 6 1 CTGGTC AAC G AGT GCGC CGGC C ACG ACT GCTCC AATGTGT GCGT GCTC G AG AAGG CTCCG  

1 6 2 1  L   V   N   E   C   A   G   H   D   C   S   N   V   C   V   L   E   K   A   P   

   4 92 1 GTGTGTGTCTGCG ACGACGGGC ACGTCC GTGACG ACGGG AACTGTG ACCCC AGC AGC AAA 

1 6 4 1  V   C   V   C   D   D   G   H   V   R   D   D   G   N   C   D   P   S   S   K   

   4 9 8 1  AACG AGCT CCC CCT GTTC AAC GG CTG G ACGTACC AGG ACTAT C AGCG CGG TC ACCG CGCC  

   1 6 6 1  N   E   L   P   L   F   N   G   W   T   Y   Q   D   Y   Q   R   G   H   R   A   

   5 0 4 1  AG C AT C AC C G T C G T C AT C G C G G T C C T C G T G C T G T T C C T C G T G TAC ATAG C AC T G T T T G TA 
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1 6 8 1  S   I   T   V   V   I   A   V   L   V   L   F   L   V   Y   I   A   L   F   V   

   5 1 0 1  TAT TAT C AC T T C GT C TATAA AC C AA AG AG G AAG AG G T C C AC GG C T TATAC AG AG G T G AG G 

1 7 0 1  Y   Y   H   F   V   Y   K   P   K   R   K   R   S   T   A   Y   T   E   V   R   

   5 1 6 1 TTCC AG AAC AG CTCC G AC G AAGC AG CGC AGTTGT CT TG C AGC CCG GC AGTCC AAAT G AAT  

1 7 2 1  F   Q   N   S   S   D   E   A   A   Q   L   S   C   S   P   A   V   Q   M   N   

   5 2 2 1  GG AA AT C AAC T TAT C A AT G G TAAC G A AT T C GT G AAC C CG CT CC AG TAC GT G CG C AAC G T G 

1 7 4 1  G   N   Q   L   I   N   G   N   E   F   V   N   P   L   Q   Y   V   R   N   V   

   5 2 8 1  T G GC AAC A AT C TAT C AG A AG G AAG C C AC G T CC TG TT TG TAC AG CT GG C CT GT C AATAG C A 

1 7 6 1  W   Q   Q   S   I   R   R   K   P   R   P   V   C   T   A   G   L   S   I   A   

   5 3 4 1  GTG CCTA ACT CT CC AC AG C AAG AC T TCT CC G ATAC AG AG T C AG AT CTAG AC G ATC G AG AA  

1 7 8 1  V   P   N   S   P   Q   Q   D   F   S   D   T   E   S   D   L   D   D   R   E   

   5 4 0 1  AC AA AG AG G T T TAT C C T C AAA AATA AG T T T C TC AAT TA A C T TAAG T TAC AG G A AAT G T C G 

   1 8 01    T       K       R        F       I        L        K       N       K       F       L        N       

   5 4 6 1  T TA A AT T T T T T T G C T G A G C A A A A A AT G G AT G G C ATAT T C C G A AT T T TATAT T T TA AT C C T 

   5 5 2 1  A C TAT T TA A G AT T TA G AT TA G G T TAT G ATATA G C ATA A C TA A C T T C TA G C T T G T TA A AT T  

   5 5 8 1  AT T T TAT T G T T T G A AT G T TAT C A A A ATA G T T T T TAT T T G C TA A AT T T TATA C ATA A A AT G 

   5 6 4 1  TAT C G ATAT T G TAT T G AT T G A AT T T T G A A A ATA A A A C AT T G AT T TATAT G A G A A A A A A A A  

   5 7 01   AAAAAAAAAA 
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Figure 2. Phylogenetic analysis was performed by MEGA (version 4.0) program based on the VgRs from various insects. The 
phylogenetic tree was constructed using the neighbor joining algorithm method and bootstrap values (1000 repetitions) of the 
branches are indicated. The VgR proteins are from: Bombyx mori (HM172611), Drosophila melanogaster (U13637), Aedes 
aegypti (L77800), Anopheles gambiae (EAA06264), Solenopsis invicta (AY262832), Nasonia vitripennis (XM-001602904), Apis 
mellifera (XM-001121707), Periplaneta americana(AB077047), Blattella germanica (AM050637), Rhyparobia maderae 
(AB255883), Dermacentor variabilis (DQ103506.4), Haemaphysalis longicornis (AB299015). 
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Figure 3. Analysis of recombinant pET-LBD1 (a) and pET-LBD2 (b) proteins on 12% SDS-PAGE gels. The gels were 
revealed by Coomassie blue R-250 staining. M, protein marker; lane 1, pET-28a; lane 2, without induction; lanes 3 to 
6, after induction by 0.3, 0.6, 1.0 mM IPTG, respectively. 
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Figure 4. Western blot analysis of recombinant proteins with anti His-tag antibody. A 24 kDa (a) and a 40 kDa 
(b) protein band were detected by western blotting. No immunoreactive band was found in the control group. 
M, protein marker. Lanes1-2, after induction by 0.3, 0.6 mM IPTG, respectively; Lane 3, No IPTG induction.  

 
 
 

DISCUSSION 
 
In this study, a full-length cDNA encoding VgR gene was 
identified from A. selene and the predicted protein 
consists of 1812 amino acids with a calculated molecular 
mass of 203.9 kDa, which is similar to other insect VgRs 
(Sappington and Kokoza, 1996; Liu et al., 2011). 
Sequence analysis shows Ash-VgR is highly homologous 
to B. mori and has the conserved structures  as  found  in 

other insects (Tufail and Takeda, 2009).There are eleven 
cysteine-rich repeats in Ash-VgR like Ap-VgR reported in 
our previous study (Liu et al., 2011), however, this 
structure is different from vertebrate VgRs (Tufail and 
Takeda, 2009). In addition, the prokaryotic expression 
and purification of Ash-VgR were successfully performed 
in this experiment, and the interaction between Ap-Vg 
and Ap-VgR will be further carried out to investigate the 
biological functions of Ash –VgR.   
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Figure 5. Western blot analysis of recombinant proteins using antigen specific antibodies. (a) 
Western blotting of pET-LBD1, (b) western blotting of pET-LBD2. Lane 1, without induction; lane 
2, after induction. 
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