
American Journal of Molecular Biology, 2012, 2, 224-231                                                    AJMB 
http://dx.doi.org/10.4236/ajmb.2012.23023 Published Online July 2012 (http://www.SciRP.org/journal/ajmb/) 

Expression and subcellular localization of a novel gene 
Bm-X of the silkworm, Bombyx mori 

Zhengbing Lv, Yunlong Liu, Ying Chen, Bo Li, Lili Liu, Jian Chen, Zuoming Nie, Qing Sheng,  
Wei Yu, Yaozhou Zhang* 

 

Institute of Biochemistry, Zhejiang Sci-Tech University, Hangzhou, China 
Email: *yaozhou@chinagene.com  
 
Received 7 March 2012; revised 6 April 2012; accepted 19 April 2012 

ABSTRACT 

Based on the large-scale sequencing of cDNA library 
from silkworm pupae, the cDNA of a previously un- 
known novel gene with blank research background 
was identified and temporarily named Bm-X. The 
length of this cDNA is 778 bp. We obtained its ORF 
for further study by bioinformatics analysis. It is 444 
bp and encodes a protein of 147 amino acid residues, 
with a predicted molecular weight (MW) of 16.4 kD 
and an isoelectric point (pI) of 3.69. In this study, we 
successfully constructed a recombinant plasmid pET- 
28a(+)-Bm-X and expressed it in Escherichia coli. We 
expressed the fusion protein rBm-X which purified by 
Ni-affinity chromatography and used it to produce 
polyclonal antibodies against Bm-X for Western blot 
analysis. Our analysis revealed that Bm-X was ex- 
pressed in the larval midgut, the epidermis and the 
silk gland. In addition, the subcellular localization 
analysis of silkworm ovary epithelial cells (BmN cells) 
showed that Bm-X protein was located both in cyto- 
plasm and nucleus, with higher localization signal in 
the cytoplasm than in nucleus. Our findings indicate 
that Bm-X gene is a novel species-specificity gene and 
its expression product can be detected in tissues of the 
fifth silkworm instar larvae and BmN cells. 
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1. INTRODUCTION  

Silkworm (Bombyx mori) is a holometabolic insect which 
has complete biology background and is a model orga- 
nism of lepidoptera insects. Researchers study the silk- 
worm intensively to excavate its potential economic 
value and explore the molecular mechanism of the phy- 
siological development in lepidoptera insects [1]. 

The silkworm genome consists of 28 pairs of chro- 

mosomes containing about 4.8 billion base pairs. After 
complete sequence determination and analysis of silk- 
worm genome, more than 160,000 complete genes and 
7000 gene fragments were obtained. Silkworm has more 
than 20,000 genes and over 25% of them are novel genes 
[2,3]. Recently, we have constructed a silkworm pupae 
cDNA library from which isolated 2400 cDNA sequences 
were isolated. Our library contains many novel genes of 
unknown function [4]. In our efforts to clarify these 
unknown genes, we have previously reported the selec- 
tive expression of the silkworm troponin C gene during 
silkworm development [5]. Wang demonstrated that the 
expression of BmCRABP (silkworm Cellular retinoic 
acid binding protein) gene had effect on the physio- 
logical function of atRA [6]. 

We have previously characterized novel genes in the 
silkworm using sequence homology comparison and re- 
combinant expression studies. We have demonstrated suc- 
cessful studies, such as the cloning, expression and loca- 
lization study of a novel Sulfotransferase gene from 
Bombyx mori [7], the determination of a novel lebocin- 
like gene from eri-silkworm [8], a novel cuticle protein 
gene BmCPG1 in the silkworm with Ecdysteroid-depen- 
dent expression [9], and a Bombyx mori gene Bmchi-h 
encoding a protein was found which is homologous to 
bacterial and baculovirus chitinases [10,11]. So far, there 
have been few studies of the silkworm novel genes 
which lack previous understanding and have low ho- 
mology with any known genes. Thus, there is a need to 
find an appropriate method to identify the localization, 
expression and function of these unknown genes in 
Bombyx mori. This is the main objective of this study.  

In this study, we cloned a novel gene Bm-X of silk- 
worm from a silkworm pupae cDNA library constructed. 
We successfully constructed a recombinant plasmid pET- 
28a(+)-Bm-X and expressed it in Escherichia coli (E. 
coli). The recombinant rBm-X protein was purified Ni- 
affinity chromatography. Immunization of rabbit with 
the recombinant protein generated high titer (1:8000) 
polyclonal antibodies, measured by ELISA. Western *Corresponding author. 
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blotting analysis showed that the antibody could bind 
rBm-X specifically. Subsequently, subcellular localiza- 
tion analysis of Bm-X gene expression in the fifth instar 
larvae of silkworm was performed by using these poly- 
clonal antibodies. Our work laid a good foundation for 
further functional study of the novel gene Bm-X.  

2. MATERIALS AND METHODS 

2.1. Bacterial Strain 

E. coli strains TG1 and Rosseta (DE3) were grown at 
37˚C in LB medium, pH 7.5, containing 5 g yeast ex- 
tract, 10 g tryptone peptone, and 10 g NaCl per liter. 
Recombinant E. coli strains were grown in LB me- 
dium with kanamycin (50 μg/mL) and chloromycin (34 
μg/mL). 

2.2. Insects and Tissues Preparation 

The Qingsong × Haoyue strain of Bombyx mori were 
reared on fresh mulberry leaves under standard conditions. 
We isolated the silk gland, head, midgut, epidermis, 
genital, malpighian tubule, stigma, and fatty body from 
day 4 and day 5 larvae of the 5th instar. These tissues 
were washed several times with ice-cold phosphate-buf- 
fered saline (PBS, pH 7.4), weighed, and then homoge- 
nized in 5 volumes of protein extraction buffer (50 mM 
Tris-HCl pH 8.0, 150 mM NaCl, 5 mM EDTA, 1 mM 
dithiothreitole, 0.5% NP-40, 0.5% sodium deoxycholate) 
containing protease inhibitor (100 μg/mL phenylmethane 
sulfonyl-fluoride, 5 μg/mL Aprotinin). Homogenates were 
centrifuged at 15,000 g for 15 min, and the supernatant 
was collected for Western blot analysis. Protein concen- 
trations were determined by the Bradford method; bovine 
serum albumin (BSA; Sigma) was used as a standard 
[12]. 

2.3. Cloning of Bm-X and Construction of the 
Recombinant Plasmid 

Using our in-house plasmid, TG1-pHelix-Bm-X, as a 
template, we performed the polymerase chain reaction 
(PCR) to amplify the Bm-X open reading frame (ORF). 
We designed a primer pair based on the Bm-X cDNA 
sequence and introduced restriction endonuclease recog- 
nition sites for BamH I and Xho I at the 5’-ends of the 
primers for subcloning purpose. The sense primer was 
5’-CCCGGATCCATGCCGCTGAACAAAACAAC-3’,  
and the antisense primer was 5’-CCGCTCGAGTCAT 
GACTCGGTTTTATTGTC-3’. The PCR program con- 
sisted of a preliminary denaturation step at 94˚C for 5 
min, followed by 30 cycles of amplification (denatura- 
tion at 94˚C for 30 s, annealing at 55˚C for 30 s, and ex- 
tension at 72˚C for 1 min), and a final extension at 72˚C 
for 10 min. PCR products were digested with BamH I and 

Xho I (Promega), separated by electrophoresis on a 1% 
agarose gel, and purified by the PCR Rapid Purification 
Kit (BioDev-Tech). Purified PCR products were sub- 
cloned into the expression vector pET-28a (Amersham 
Biosciences) by T4 DNA ligase (Promega). The expres- 
sion plasmids containing the PCR products inserted were 
transformed into competent E. coli (TG1 strain), then 
picked white colonies. We identified positive colonies 
that contained the recombinant plasmid among white 
colonies. Then recombinant plasmids were extracted and 
digested with BamH I and Xho I, followed by separation 
and analysis on 1% agarose gel electrophoresis. 

2.4. Sequence Analysis 

Using the BLAST search of Genbank [13]  
(http://www.ncbi.nlm.nih.gov/BLAST/), we did not find 
any sequence similarities with the Bm-X sequence. We 
determined the theoretical molecular weight and iso- 
electric point by Peptide Mass [14]  
(http://us.expasy.org/tools/peptide-mass.html). We also 
performed secondary structure prediction  
(http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=n
psa_gor4.html), hydrophobicity prediction  
(http://www.expasy.org/cgi-bin/protscale.pl), and signal 
peptide prediction  
(http://www.cbs.dtu.dk/services/SignalP/) by on-line bio- 
logical information tools. 

2.5. Expression and Purification of rBm-X 

The recombinant plasmid pET-28a-Bm-X was trans- 
formed into competent E. coli cells [Rosseta (DE3) strain] 
and the expression of the His-tagged fusion protein with 
His-tag was induced with 1 mM isopropyl thiogalacto- 
side for 4 h [15]. Recombinant Bm-X (rBm-X) was puri-
fied by HiTrap Chelating HP (Amersham), according to 
the manufacturer’s instructions. The eluted rBm-X was 
freeze-dried in an alpha 2 - 4 Freeze Dryer (Christ) and 
then stored at –20˚C.  

2.6. Preparation and Purification of Anti-Bm-X 
Serum 

We injected intraperitoneally a New Zealand White rab- 
bit with a mixture of 1mg purified recombinant Bm-X 
and Freund’s complete adjuvant (Dingguo). The rabbit 
was boosted three times with 0.5 mg recombinant Bm-X 
in Freund’s incomplete adjuvant in one week intervals. 
Serum was derived from blood collected 10 days after 
the third injection and purified by HiTrap Protein A HP 
(Amersham) according to the manufacture’s instructions. 
After the IgG was filtered through Ultracel PLCHK (Mil- 
lipore), the purified anti-Bm-X IgG was dissolved in 
50% glycerol and stored at –80˚C.    
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(a) 

 

(b) 

Figure 1. (a) ORF sequence and deduced amino acid sequence of Bm-X; (b) Gene sequence 
analysis of Bm-X ORF. The BLAST analysis of the ORF of Bm-X, each ORF from other three 
ATGs to terminator (underlined in Figure 1(a)) has no similarity to other species.    
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2.7. SDS-PAGE and Immunoblot Analysis 

Equal quantities of proteins from various silkworm tis- 
sues were separated by SDS-PAGE under reducing con- 
ditions, as described by Laemmli (1970). The proteins 
separated by electrophoresis were then transferred elec- 
trophoretically onto polyvinylidene difluoride membranes. 
Following incubation with purified anti-Bm-X IgG, 
membranes were washed and incubated with goat anti- 
rabbit IgG antibody conjugated to Alexa Fluor 680 (Mo- 
lecular probe). Finally, membranes were washed three 
times with Tris-buffered saline plus Triton X-100, twice 
with double-distilled H2O, and subsequently scanned by 
the Odyssey Infrared Imaging System (LI-COR) at 700 
nm.  

2.8. Subcellular Localization 

BmN cells were seeded arbitrarily in the dish (Bio-line 
Instruments) which was used specially for Confocal Mi- 
croscope. After 12 h, culture medium was removed, and 
cells were rinsed twice with 1 mL phosphate-buffered sa- 
line (PBS), fixed in 3.7% formaldehyde at 25˚C for 10 
min. Then the cells were blocked with 3% BSA at 37˚C 
for 2 h. After that, the cells were incubated with anti-Bm- 
X IgG (dilution 1/200) at 4˚C for 12 h (the cells incu- 
bated with serum as negative control). After washing 
three times in PBST (PBS + 0.05% Tween-20, 10 min 
each), cells were incubated with goat anti-rabbit anti- 
body (dilution, 1/2000, Cy3 labeled, Promega) and 4’-6- 
Diamidino-2-phenylindole (dilution, 1/2000) at 37˚C for 
2 h. Following three times washing with PBST (10 min 
each), cells were analyzed by Nikon ECLIPSE TE2000- 
E Confocal Microscope with image analysis software 
EZ-C1. 

3. RESULTS  

3.1. Cloning and Bioinformatics Analysis of 
Bm-X 

Using specific PCR primers on our in-house plasmid 
TG1-pHelix-Bm-X, we amplified the cDNA of the B. 
mori-X gene (Bm-X). We have sequenced the Bm-X 
cDNA and submitted the sequence to GenBank (data on 
accessing). Sequence analysis revealed that the ORF of 
Bm-X is 444 bp, and encoded a putative protein con- 
taining 147 amino acids. We predicted that the molecular 
mass of the putative protein was 16.4 kDa (Figure 1(a)). 
The nucleotide sequence of Bm-X and the deduced amino 
acid sequence of the protein are shown in Figure 1(a). 
We also used BLAST to analyse the full ORF of Bm-X 
and each of the three shorter ORFs starting from three 
other ATG codons. The result showed that there was no 
similarity to other species (Figure 1(b)). This indicated 
that the Bm-X gene is a species-specific gene of Bombyx 

mori without any previously known homologues. 

3.2. Characteristics of Deduced Bm-X Protein by 
Bioinformatics Analysis 

BLASTX analysis of the translation product deduced 
from the ORF showed that Bm-X has no significant ho- 
mology with other proteins in the GenBank database. We 
conclude that Bm-X is likely a novel species-specific 
gene and Bm-X protein is important to silkworm. Bioin- 
formatics prediction showed that Bm-X protein contains 
12 functional sites (Figure 2), carried with no signal 
peptide, and has a seconddary structure chiefly consist- 
ing of alpha helix and random coil (Figure 3). 

3.3. Expression and Purification of Recombinant 
Bm-X 

The Bm-X was inserted into the expression vector pET-28a 
with a BamH I site to construct a recombinant plasmid 
named pET-28a-Bm-X. The recombinant plasmid pET- 
28a-Bm-X was then transformed into competent E. coli 
cells. We confirmed the expression of recombinant Bm-X 
in E. coli by SDS-PAGE (Figure 4). We estimated that 
the molecular weight of recombinant Bm-X was 19.96 
kDa, which included a 3.56 kDa His-tag. We immunized 
New Zealand White rabbits with the purified recombi- 
nant protein to obtain anti-Bm-X rabbit serum. Using the 
anti-Bm-X rabbit serum, we detected a strong signal of 
19.96 kDa corresponding to recombinant Bm-X in in- 
duced E. coli lysate, whereas no signal was detected in 
the non-induced E. coli lysate (Figure 5). 
 

 

Figure 2. The prediction of Bm-X functional sites. 
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(a) 

 

(b) 

 

(c) 

Figure 3. Characteristics of deduced Bm-X protein by bioinformatics analysis. (a) Signal peptide prediction of silkworm Bm-X pro- 
ein; (b) Hydrophobicity prediction of silkworm Bm-X protein; (c) Secondary structure prediction of silkworm Bm-X protein. t 
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3.4. Tissue Distribution of Bm-X Protein 

In order to detect the expression level of Bm-X protein in 
each tissue, we extracted proteins from the head, midgut, 
genital, silk gland, epidermis, fatty body, stigma, and 
Malpighian tubule of the fifth instar larva, and used 
Western blot analysis to determine the level of Bm-X in 
each tissue. Immunoblots of these protein extracts re- 
 

 

Figure 4. Purification of protein fractions obtained 
from E. coli Rosseta (DE3) expressing the recom- 
binant Bm-X. Samples were resolved by 12% SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) 
under reducing conditions (lane 1: lysate from E. 
coli without induction; lane 2: lysate from E. coli 
after induction; lane 3: lysate from purified recom- 
binant Bm-X; lane M: size markers).  

 

 

Figure 5. Western blot analysis of recombinant Bm-X 
induction. Samples were resolved by 12% SDS-PAGE 
under reducing conditions (lane 1: lysate from purified 
recombinant Bm-X; lane 2: lysate from E. coli without 
induction; lane M: size markers; lane 3: Western blot re- 
sult of purified rBm-X; lane 4: Western blot result of 
Rosseta (DE3)-pET-28a-Bm-X without induction).  

vealed that anti-Bm-X serum reacted with a protein over 
20.1 kDa in extracts isolated from the midgut, epidermis 
and silk gland, but did not react with any protein in ex- 
tracts isolated from other tissues (Figure 6). The amount 
of the Bm-X protein was the highest in extracts from the 
epidermis and lower in extracts from the midgut and silk 
gland. 

3.5. Subcellular Localization of Bm-X Protein 

We used the BmN cells to observe the subcellular lo- 
calization of endogenous Bm-X protein. Immunostaining  
showed that Bm-X protein localized in both the cyto- 
plasm and nucleus. But the fluorescence localization 
signals were stronger in cytoplasm than in nucleus, even 
in the dividing cells (Figure 7). 

4. DISCUSSION 

We described the cloning, expression, and subcellular 
localization of a novel gene Bm-X in the study. We have 
also obtained and purified an anti-Bm-X serum for fur- 
ther studies. As far as we know, our laboratory is the first 
to report tissue-specific expression and subcellular lo- 
calization of this species-specific gene in Bombyx mori. 

By bioinformatics tools, we confirmed a novel gene 
Bm-X of Bombyx mori from our silkworm pupae cDNA 
library. Bm-X gene belongs to silkworm genome, but 
lacks any significant homology with other species. It is a 
species-specific gene of Bombyx mori without any pre- 
vious knowledge. We predicted the molecular charac- 
teristics of Bm-X protein by bioinformatics. Bioinfor- 
matics analysis can be informative for the design of ex- 
periments to study unknown genes, for example the pre- 
dicted hydrophilicity was beneficial to protein purifica- 
tion and predicted functional sites were useful for func- 
tional studies. 

In this study, we obtained polyclonal antibodies spe- 
cific for the Bm-X protein. In order to purify the natural 
Bm-X from the fifth instar larvae, we extracted total pro- 
teins of this larval instar and salted out with 100% satu- 
rated ammonium sulfate. These proteins were then used 
in the Western blot analysis. The results showed that the 
antibody has high degree of specificity with Bm-X pro- 
tein. The Western blot analysis revealed that a protein 
band over 19.96-kDa appeared in the silkworm protein 
extracts (Figure 4), indicating that the molecular weight 
of endogenous Bm-X was approximate 20 kDa. However, 
there was a significant difference between the molecular 
weight of the endogenous Bm-X protein and that ex- 
pressed from bacteria. We believe that the reason for 
such a difference lies in post-translational modification 
of natural Bm-X protein. This modification may be re- 
lated to the two predicted gl cosylation sites of natural  y  
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Figure 6. Expression level of Bm-X in different tissues of 5th instar larva of 
Bombyx mori by Western blot analysis. Protein extracts from the head (H), 
midgut (Md), Genital (G), silk gland (S), epidermis (E), fatty body (F), stigma 
(T), and Malpighian tubule (M) of 5th instar larva were subjected to im- 
munoblot analysis. Here we use rBm-X as a positive control.  
 

 

Figure 7. The subcellular localization of Bm-X protein. 1: Visible light images; 2: Cy3 fluo- 
rescence images; 3: DAPI fluorescence images; 4: Mix images control. Negative control; A: 
Positive result by 40× amplified; B: Positive result by 40 × 2.5 amplified. 

 
Bm-X protein.  

During the fifth instar larva, the expression of Bm-X is 
distributed broadly in some tissues, including the silk 
gland, midgut and epidermis as confirmed by our West-
ern blot analysis. The tissue distributions differed greatly 
during pupation of Bombyx mori. In addition, we did not 
detect obvious signals of Bm-X protein in the pupae, 
suggesting that Bm-X may play a role in molecular 
mechanisms in Bombyx mori larvae pupation. Our results 
were reproducible in repeated experiments, and we ob-
served that the sensitivity of detection from fluorescence 
western blot was 20 times higher than western blot with 
DAB dried, suggesting that the expression level of Bm-X 
in these three tissues may be low. 

The subcellular localization analysis of Bm-X protein 
showed that Bm-X protein localizes in both the cyto- 
plasm and nucleus. The fluorescence localization signals 
were stronger in cytoplasm than in nucleus, even there is 

no change in the dividing cells. The scanning laser tomo- 
graphy also showed that Bm-X protein is uniformly dis- 
tributed in BmN cells.  

We have identified a novel Bm-X gene which is is 
specific to Bombyx mori. We immunized New Zealand 
rabbits with the recombinant Bm-X to obtain the anti- 
Bm-X polyclonal antibodies which showed high degree 
of specificity against rBm-X. We have found that Bm-X 
is expressed in the epidermis, silk gland, and midgut of 
the silkworm. However, the specific function of Bm-X in 
various periods of development in silkworm requires 
further research. One possible approach to determine 
these functions would be RNA interference with dsRNA 
designed to inhibit the expression of Bm-X. 
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