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This is the first identification of a gene encoding Bm-LOC778477 protein (a “hypothetical protein”) from
silkworm pupal cDNA library. The full-length Bm-LOC778477 cDNA contained a 546-bp ORF encoding
187 amino acids. Using bioinformatics, the Bm-LOC778477 gene was predicted on the W chromosome
and 4 exons and 3 introns were determined when compared to the silkworm genome. The consensus
splice sites of exon/intron junctions were consistent with Chambon’s rule. In addition, TATA box and
initiator (Inr) were also predicated in the promoter region of the gene. To elucidate whether
Bm-LOC778477 gene encoded a functional protein in silkworm, pGEX-4T-1-Bm-LOC778477 expression
plasmid was constructed to express GST-LOC778477 fusion protein in Escherichia coli Rosetta.
rBm-LOC778477 was used to generate anti- Bm-LOC778477 polyclonal antibody, which were used to
determine the subcellular localization of Bm-LOC778477. Inmunostaining indicated that Bm-LOC778477
protein could be found in both the cytoplasm and nucleus. Western blot analysis indicated that
Bm-LOC778477 was specific expression during the pupa stage and there was seldom expression during
the larvae stage. Therefore, we propose that Bm-LOC778477 may play an important role during pupa
stage development. These results may lay an important foundation of further function studies of
Bm-LOC778477 protein.
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INTRODUCTION

Until June 2007, 1218 genomes including bacteria, arc-

haea, viral and eukarya have been sequenced completely.

Gene annotation indicates that ‘conserved hypothetical
proteins’ often represent more than half of the potential
protein-coding regions of a genome (Galperin and Koonin
2004; Roberts, 2004; Sivashankari, 2006). A 3x coverage
draft sequence (Mita et al., 2004) and a draft sequence
with 5.9x coverage of the silkkworm genome (Xia et al.,
2004) were published in 2004. The size of the genome is
428.7 Mb and the gene numbers are 21302. As a
bioreactor for protein drugs, pupa is also a specific stage
of holometabolic insects. In order to elucidate how many
genes are expressed in this stage and what function of
those genes are involved in  silkworm metamorphosis,
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1659 cDNAs were screened from the cDNA library of silk-
worm pupa constructed by our library (Zhang et al., 2007),
of which 837 them were entered into Unigene database
(NCBI). Due to the fact that many bioinformatics methods
to predicate the function of genes in any given genome
have difficulties, which shows more than 70% prediction
accuracy (Bork, 2000), Roberts (2004) proposed to esta-
blish a database for those conserved hypothetical and
hypothetical genes, and then to offer those proteins to the
biochemical community as potential targets for their func-
tion research.

Bm-LOC778477 gene is a novel gene which firstly iden-
tified from silkworm pupal cDNA library and is referred to
‘hypothetical gene’ in the NCBI database. Based on the
facts that no protein(s) encoded by this ‘gene’ has been
reported yet and the deduced amino acids was referred to
‘hypothetical protein LOC778477’ in the NCBI RefSeq
database, thus the gene was named Bm-LOC778477.
However, three cDNA clones for this gene are obtained



from three different silkworm cDNA libraries, respectively,
such as blood (GenBank Accession: CK527993), silk-
gland (GenBank Accession: CN373876) and pupal (Gen-
Bank Accession: DN236950), suggesting that it is most
likely a protein-encoding gene. It will be very helpful to
determine whether the ORFs of the Bm-LOC778477
encode a functional protein and what the normal function
of the encoded protein is in the silkworm. However, no
proteins known by far have significant homology with it
brings difficulty to find and determine the possible native
Bm-LOC778477 protein as well as the normal function of
this protein that may be identified in the nature.

In this study, we identified a silkworm LOC778477
complementary DNA (cDNA; Bm-LOC778477) from a
pupal cDNA library (GenBank Accession: DQ813504).
Using bioinformatics analysis, characteration of Bm-LOC-
778477 gene was predicted. Immunocytochemistry and
Western blot analysis were also used to determine the
subcellular localization, expression levels and tissue
distribution of Bm-LOC778477 in various developmental
stages of silkworm. Our results provide an important foun-
dation for further studies on the functional roles played by
Bm-LOC778477 in the silkworm.

MATERIALS AND METHODS
Animals and materials

The Bombyx mori strain used in this study is the progeny of
JingsongxHaoyue. Silkworms were reared on mulberry leaves
under standard conditions. Pupae, fifth instar larvae were dissected,
frozen immediately in liquid nitrogen, and stored at -80°C. 4’-6-
Diamidino-2-phenylindole (DAPI) was purchased from Sigma.
Cy3-labeled goat anti-rabbit IgG was purchased from Proteintech
Group Inc. Bm5 cells (a gift from Prof. ZF Zhang) were cultured in
TC-100 medium (Sigma) supplemented with 10% fetal calf serum
(FCS, Gibco BRL) at 27°C.

Bioinformatics analysis

The Bm-LOC778477 gene was identified in the process of analyzing
the cDNA sequences from the B. mori pupa cDNA library con-
structed by our laboratory. The analysis of nucleotide and protein
sequences was performed using the BLAST algorithm form NCBI
(http://www.ncbi.nim.nih.gov/). The characteristics of this gene were
analyzed using DNAstar software.

Expression, purification of Bm-LOC778477 and antibody
preparation

The Bm-LOC778477 cDNA (Accession No. DQ813504) was sub-
cloned into prokaryotic expression vector pGEX-4T-1 (Amersham
Biosciences, USA) which encodes a N-terminal GST-tag. The
recombinant plasmid was named as pGEX-4T-1-Bm-LOC778477.
Escherichia coli Rosetta (DE3) (Novagen, Germany) were trans-
formed with the recombinant plasmid, the transformed E. coli were
grown in LB medium, and recombinant protein expression was
induced with IPTG. One liter LB media supplemented with ampicillin
(100 pg/ml) and chloramphenicol (34 pg/ml) was used to inoculate
10 ml of fresh LB medium under the same condition until ODgg rea-
ched 0.6. Then IPTG was added to a final concentration of 0.5 mM
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to induce the expression of GST-Bm-LOC778477. Then the cul- ture
was grown at 37°C for additional 4 h. The cell pellet was har- vested
by centrifuging at 6,000 g for 10 min at 4°C and resuspended in 50
ml lysis buffer (5 mM EDTA, 20 mM Tris, and 100 mM NaCl, pH 9.0).
The bacteria were lysed by ScientzlJUltrasonic homo- genizer
(Ningbo Scientz Biotechnology Co.Ltd., China) for 30 min on ice.
The lysates were centrifuged at 10,000 g for 20 min at 4°C to re-
move supernatant. The precipitation was inclusion bodies and was
frozen at -70°C.

In order to obtain the bioactive conformation of GST-Bm-LOC7
78477 fusion protein from the inclusion body, purification of the
inclusion body was firstly solubilized with 8 M Urea and followed by
refolding by dialysis. The inclusion bodies were washed by wash
buffer | (5 mM EDTA, 20 mM Tris and 1%Trion X-100 (v/ v), pH 9.0)
and wash buffer [1(5 mM EDTA, 20 mM Tris, and 4 mol/l Urea, pH
9.0), respectively, and then denatured in 30 ml of denaturation buffer
(20 mM Tris,5 mM EDTA, 8 mol/l Urea, 0.3 mM DTT, and 50 uyM
ZnCl,, pH 9.0) and allowed to stir for 5 h at 25°C. The suspension
was centrifuged at 10,000 g for 20 min at 4°C. Then, protein concen-
tration was determined by the Bradford method and BSA (sigma,
USA) was used as the standard (Bradford, 1976). The solubilized
inclusion bodies were diluted by denaturation buffer to a final
concentration of 100 pug/ml. Refolding proteins were dialyzed exten-
sively by refolding buffer (20 mM Tris, 5 mM EDTA, 0.1mM GSH, 1
mM GSSG, 50 uM ZnCl,, the Urea concentration of refolding buffer
I-00: 6, 4, 1 and 0 mol/L, respectively, pH 9.0) at 25°C (Ryu et
al.,2006; Guise and West 1996; Tsumoto et al., 2003; Singh and
Panda 2005). After that, the refolded proteins were centrifuged for
20 min at 10,000, and then the suspension was dialyzed against
PBS (pH 7.4).

The refolded proteins were filtered through a 0.45 um filter (Milli-
pore, USA) and then purified by GST-TrapFF column (Amersham,
USA). The eluted GST-Bm-LOC778477 protein was dialyzed
against thrombin cleavage buffer (PBS, pH 8.0). Then, the GST-Bm-
LOC778477 protein solution was subsequently ultrafiltrated (Micro-
con YM-10, Millipore Corp) to concentrate and incubated with
thrombin (Calbiochem®, USA) for 16 h at 22°C. After digestion, the
protein solution was loaded again on the GST-TrapFF column, pre-
equilibrated with cleavage buffer, to purify Bm-LOC778477 by
removing GST tag and undigested fusion protein. The molecular
weight of Bm-LOC778477 protein was weighted by Q Trap LC/MS/
MS system.

Polyclonal antibody preparation

Three milligram of rBm-LOC778477 protein was injected into a New
Zealand rabbit. After 12 weeks, serum was collected at 4°C, 10,000
g for 20 min and the antiserum was passed through a Protein A HP
chromatography column to obtain purifed rabbit IgG. An ELISA was
used to determine the polyclonal antibody titer, and the specificity of
the polyclonal antibody was determined by Western blot analysis.

Expression analysis of Bm-LOC778477 by Western blot

For Western blot analysis, silkworm stages or tissues were frozen in
liquid nitrogen, ground to a fine powder, and treated with protein
extraction lysate buffer (100 mmol/I Tris-Cl, 100 mg/| PMSF, 5 pg/ml
Aprotin, 0.15 mol/l NaCl, 5 mol/l EDTA, 0.5 %NP-40(v/v), 1 mol/l
DTT, 12 mmol/l Deoxycholate sodium, pH 7.4). After 30 min on ice,
homogenates were centrifuged at 12,000 g for 15 min at 4°C.
Protein concentrations were determined using the Bradford method.
Equal amounts of proteins were separated by SDS-PAGE with 10%
polyacrylamide gel and electrotransferred onto PVDF membranes
(Millipore). Membranes were blocked overnight at 4°C in 3%
BSA/PBS and simultaneously incubated with anti Bm-LOC778477
polyclonal antibody (1:750 dilutions) for2 h at room temperature
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Figure 1. Complete nucleotide and deduced amino acid sequence of Bm-LOC778477 gene. The
nucleotides and amino acids are numbered along the left margin and the exon/intron consensus
splice sites are consistent with Chambon rules of GU-AG; The asterisk (*) indicates the stop codon
TAA; the classical polyadenylation signal is marked by box; the underline stands for the initiator

(Inr);.(x )stands for splice sites of 4 exons of Bm-LOC778477 gene.

with gentle shaking. Then horseradish peroxidase-conjugated anti-
rabbit total IgG from goat (Sigma-Aldrich, USA) secondary anti-
bodies were added and allowed to incubate for 2 h at room tempe-
rature. Immunoblotting bands were detected with DAB.

Immunocytochemistry of Bm-LOC778477 protein

Bmb5 cells were cultured overnight on glass cover slips, washed for
10 min three times in PBS, and fixed (PBS, 4% poly-formaldehyde,
0.1% Triton X-100, pH 7.4) at room temperature for 10 min. The
fixed cells were blocked in 3% BSA/PBST at room temperature for 2
h followed by three 10-min washes in PBST (0.05% Tween-20 in
PBS). Cells were then incubated with antiserum containing anti-Bm-
LOC778477 polyclonal antibody (diluted 1:100 in blocking buffer) at
4°C overnight. The negative serum was obtained from the rabbit
immunizing with the antigen. After three times 10-min washes in
PBST, cells were incubated with Cy3-labeled goat anti-rabbit 1gG
(Proteintech Group Inc., USA) (diluted 1:1,000) at 37°C for 2 h and
were then washed twice for 10 min in PBST. Cells were then incu-
bated with 4’-6-diamidino-2-phenylindole (1 g/ml in PBS) at room
temperature for 10 min. After washing once with PBST, cells were
examined under a Nikon Confocal laser scanning microscopy
(Eclipse TE2000-E, Japan); images were analyzed using EZ-C1
software.

RESULTS
Characteristics of Bm-LOC778477

An open reading frame (ORF) of 546 bp encodes a poly-
peptide of 187 amino acids with a predicted molecular
weight of 21.26 kDa and a theoretical isoelectric point of
8.94 (Figure 1). The complete cDNA of Bm-LOC778477
has a 27bp 5 untranslated region (UTR), a canonical
polyadenylation signal sequence (AATAAA) which over-
laps the terminal codon TAA and a 21poly (A) tail down-
stream of the TAA (Zarudnaya et al., 2003). The ACATTT
sequence in the 5-UTR of Bm-LOC778477 gene was
considered as initiator (Inr), which was identical to the Inr
consensus sequences (T-C-A,-G/T-T-C/T) of Drosop-
hila melanogaster (Kadonaga, 2002).

Bm-LOC778477 gene was in the Scaffold001541 of silk
worm genome, including 4 exons and 3 introns, where the
exon/intron splice sites consensuses was consistent with
Chambon rules (Mount, 1982). Besides, the Bmb007964
gene encoding reverse transcripatase located in the W
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Figure 2. Expression and purification of fusion protein
GST-Bm-LOC778477. Lane 1, low molecular weight
protein marker; lane 2, protein from uninduced E. coli
Rosetta (DE3)-pGEX-4T-1-Bm-LOC778477; lane 3,
protein from Rosetta (DE3)-pGEX-4T-1-Bm-LOC778477
after inducing with IPTG; lane 4, soluble protein fraction
from the sonic extract of induced E. coli Rosetta
(DE3)-pGEX-4T-1-Bm-LOC778477; lane 5, insoluble
protein fraction from the sonic extract of induced E. coli
Rosetta (DE3)-pGEX-4T-1-Bm-LOC778477; lane 6,
protein of inclusion body solubilized in 8 M Urea; Lane 7,
purified fusion protein GST-Bm-LOC778477; lane 8,
cleavage of GST fusion tag with thrombin; lane 9, purified
fusion protein Bm-LOC778477.

chromosome was also on the Scaffold001541 (Abe et al.,
2005). Based on these facts Bm-LOC778477 gene was
predicted on the W chromosome.

Prokaryotic expression of Bm-LOC778477 and
preparation of polyclonal antibody

The Bm-LOC778477 was subcloned into pGEX-4T-1
expression vector and then induced by IPTG in E. coli
Rosetta (DE3). The molecular weight of the expressed
fusion protein GST-Bm-LOC778477, as determined by
electrophoresis, was 48 kDa, which was consistent with
the calculated value (26 kDa of GST plus 21.26 kDa of
Bm-LOC778477). The fusion protein existed mainly in the
form of inclusion body (Figure 2). The Bm-LOC778477
protein after separation from the cleaved GST peptide is
shown in Figure 2. The molecular weight of Bm-LOC778
477 protein was approximately 21.363 kDa, approaching
to the theoretical MW of 21.407 kDa, due to two additional
N-terminal amino acids (G and S) (Figure 3).

Using digested and purified fusion protein rBm-LOC778
477, anti- Bm-LOC778477 polyclonal antibody was gene-
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rated in an immunized New Zealand rabbit and was puri-
fed by Protein A HP column chromatography (Amersham).
The anti-Bm-LOC778477 polyclonal antibody titer, as de-
termined by ELISA, was 1:32,000, and western blot analy-
sis indicated that the antibody reached specifically with
Bm-LOC778477 (Figure 2).

Expression analysis of Bm-LOC778477

In order to understand whether Bm-LOC778477 gene en-
code a hypothetical protein, ELISA and Western blot ana-
lyses were used to determine Bm-LOC778477 protein
levels in total protein extracts form hemecyte, silk gland
and pupae. The result of indirect ELISA indicated that
Bm-LOC778477 protein maybe express in the hemecyte,
silk gland and pupae. The Western blot results showed
that Bm-LOC778477 expression was difficult to detect in
the hemecyte and silk gland but increased significantly in
pupa (Figure 4).

Subcellular localization of Bm-LOC778477

Subcellular localization of Bm-LOC778477 will offer a clue
for biological function analysis of Bm-LOC778477 protein.
Using software analysis tools (PSORTI[], http:/psort.
nibb.ac.jp/), Bm-LOC778477 protein was located in the
nucleus (P: 89%). The treated cells were examined under
a Nikon ECLIPSE TE2000-E Confocal Microscope, and
images were analyzed using EZ-C1 software. Cy3-labeled
goat anti-rabbit 1IgG emit red fluorescence when stimula-
ted with light having a wavelength of 550 nm, and
DAPI-stained nuclei emit red fluorescence when stimu-
lated with light having a wavelength of 353 nm. Our re-
sults indicate that Bm-LOC778477 is located in both the
cytoplasm and nucleus of Bm5 cells (Figure 5).

DISCUSSION

Bm-LOC778477 gene was a novel gene screened out
from the silkworm pupal cDNA library. There was only
experimental evidence for mRNA level but no protein(s)
level up to now. Therefore, Bm-LOC778477 protein re-
mained to refer as a “hypothetical protein”. Protein simi-
larity alignment with the protein from others species
published in databases including NCBI, EBI, DDBJ, PDB
etc. indicated there were only 5 proteins from other spe-
cies including Aedes aegypti (Accession No.EAT36792
and EAT36794), Tribolium castaneum (Accession No.XP_
967083) and D. melanogaster (Accession No.AAN09597)
which have similarity with Bm-LOC77847777 (Accession
No.ABG67690). So we speculated that Bm-LOC778477
77 gene was insect-specific gene.

Silkworm was holometabolism insect, and the transfor-
mation of pupae into adult need 8-13 days. Two other
cDNA clones of Bm-LOC778477 gene (Accession No.
CK527993 and CN373876, respectively) were also ob-
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Figure 3. Mass spectrometry analysis of the Bm-LOC778477 protein. The MW of Bm-LOC778477 protein was 21.363 kDa.
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Figure 4. Western blot analysis of the expression of
Bm-LOC778477 in different silkworm tissues. The protein
samples used to detect in this assay were hemecyte, silk
gland and pupae of 144 h after pupation. Equal amounts
of protein were separated by 10% SDS-PAGE. There was
a specific band on the PVDF membrane in the sample of
pupae. The dilution of primary antibody and second
antibody is 1:750 and 1:1, 000, respectively.

tained from blood and silk gland cDNA library, however,
Bm-LOC778477 protein was only detected in the pupae
by immunoblot. Thus, we inferred that Bm-LOC778477
may play an important role in metaphase of metamorpho-
sis. Using SignalP 3.0 Server, there was no signal peptide
sequence in the Bm-LOC778477 protein; however, Bm-
LOC778477 protein distributed in the cytoplasm and nu-
cleus of Bm5 cells by immunocytochemistry, thus, the
mechanism of how the Bm-LOC778477 protein entered
into nucleus was unclear. Therefore, the task to under-
stand the mechanism of the Bm-LOC778477 protein of
how to enter into nucleus will be helpful to further study or
character the function of Bm-LOC778477 protein.
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Figure 5. Subcellular localization of Bm-LOC778477 with Cy3-labled goat anti-rabbit IgG and DAPI. A-D and E-H: negative
control group, using negative rabbit serum; I-R: Experimental group, using anti-Bm-LOC778477 polyclonal antibody; A, E
and |: Bmb5 cells at the transmission light; B, F and O: Bm-LOC778477 subcellular localization as indicated by Cy3-labeled
second antibody ; C, G and P: DAPI staining; D, H, R, S and T: merged image; D: merged image of B and C; H: merged
image of F and G; R, S and T: merged image of O and P; the magnification of Ato R are 400x, S and T are 1,600x; The

scale bar for both panels is 10 pm.
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