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Abstract Bombyx mori nucleopolyhedrovirus (BmNPV)
ORF 51 (Bm51) is a gene present in many lepidopteran
NPVs, but its function is unknown. In this study, Bm51
was characterized. Transcripts of Bm51 were detected from
4.5 through 72 hour post infection (h p.i.) by RT-PCR. The
corresponding protein was detected from 6 to 72 h p.i. in
BmNPV-infected BmN cells by western blot analysis using
a polyclonal antibody against Bm51. Western blot assay of
occlusion-derived virus and budded virus (BV) prepara-
tions revealed that Bm51 encodes a 23-kDa structural
protein that is associated with BV and is located in the
envelope fraction of budded virions. The protein was
temporarily called BV-E23. In addition immunofluores-
cence microscopy demonstrated that the protein was
present within the cytoplasm and nuclei in virus-infected
cells. In conclusion, the available data suggest that Bm51 is
a functional ORF of BmNPV and encodes a protein
expressed in the early stage of the infection cycle that is
associated with the BV envelope.
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Introduction

The Baculoviridae is a family of enveloped, double-
stranded DNA (81.7-178.7 kb) viruses [1] that infect
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invertebrates, particularly insects of the order Lepidoptera.
Baculoviruses typically produce two virion phenotypes
of progeny virus: occlusion-derived virus (ODV) and
budded virus (BV). The ODV transmits infection from
insect to insect by infecting midgut columnar epithelial
cells, whereas the BV is responsible for causing systemic
infection within the host [2].

Baculoviruses have been extensively studied. The dev-
astating effects on natural populations of insects have made
them an obvious choice for use as biological agents to
control pests [3]. They are also exploited as expression and
gene therapy vectors [4-7].

Because the genome of Bombyx mori nucleopolyhe-
drovirus (BmNPV) (T3 strain) was completely sequenced
[8], numerous genes from BmNPV have been character-
ized, including Bm79 [9], Bm67 [10, 11], Bm122 [12],
Bm60 [13], DBP [14], and Bm68 [15]. However, the
function of many genes in BmNPV genome remains
unknown. The ORF 51 of BmNPV (Bm51) and its ortho-
logues exist in several baculovirus genomes; however, no
function has been reported so far. The transcription,
expression, and localization of Bm51 were characterized in
this study.

Materials and methods
Cells and viruses

BmNPV (T3 strain) virus was propagated in BmN (BmN-
4) cells, which were maintained at 27°C in TC-100 media
supplemented with 10% (v/v) fetal bovine serum (Gibco-
BRL). The titration of virus and other routine manipula-
tions were performed according to the standard protocol
[16]. Escherichia coli strain BmDHI10Bac, containing
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BmNPV bacmid (BmBac) DNA, was provided by
Dr. Enoch Y. Park (Shizuoka University, Japan).

Computer-assisted sequence analysis and sequencing

The Bm51 gene and its deduced amino acid sequence were
analyzed using Genetyx-Win (Version 5) (Software
Development Co., Tokyo, Japan). The protein sequence was
analyzed using the ExPASy server (www.expasy.ch) [17].
Conceptually translated BmS51 protein was compared with
homologous proteins from BLAST searches of GenBank/
EMBL and SWISS-PROT databases [18, 19]. Alignments
of multiple sequences were carried out with ClustalW [20]
and edited with Genedoc software [9]. All clones were
sequenced by Shanghai Invitrogen Biotech Co. Ltd.

Transcription analysis

Monolayers of BmN cells were infected with BmNPV at a
multiplicity of infection (m.o.i.) of ten, and virus was
absorbed for 1 h in serum-free culture media, which was
then replaced with TC-100 medium. Total RNA was
extracted at 0, 1, 3, 4.5, 6, 12, 24, 48, and 72 h p.i. using
the Trizol RNA extraction kit (Invitrogen) according to the
manufacturer’s protocol. The extracted total RNA was
treated with RNase-free Dnase I (Takara) to remove con-
taminating genomic DNA.

For cDNA synthesis and PCR, total RNA was extracted
at each time point and transcribed by AMV reverse trans-
criptase (Takara) and an oligo-p(dT)18 primer for first
strand cDNA synthesis. The coding region of the Bm51
gene was amplified by PCR with two primers: P1, 5’-atgtac
aataaatttctg-3'(nt 45935-45953); P2, 5'-ttacatattatatttagca
ag-3'(nt 46381-46402). The product of RT-PCR of beta-
actin with two primers (ActinF, 5-AATGGCTCCGG
TATGTGC-3'; ActinR, 5'-TTGCTCTGTGCCTCGTCT-3')
was set as the positive control.

Production of anti-Bm51 antiserum

The Bm51 coding region was amplified from the BmNPV
genomic DNA by PCR wusing an upstream primer
(5'-GGATCCATGTACAATAAATTTCTG-3) with a BamHI
site (underlined) and a downstream primer (5-CTCG
AGTTACATATTATATTTAGCAAG-3') with an Xhol
site (underlined). The amplified fragment was inserted into
the pTA2 (Toyoba Co. LTD, Japan) vector and further
sequenced. The correct Bm51 coding region was then
inserted into the expression vector pGEX-4t-2 (Pharmacia,
USA) with a glutathione S-transferase sequence (GST) at
the N-terminus. The recombinant plasmid was transformed
into Escherichia coli BL21 cells for expression under the
induction conditions of 3.2 mM IPTG at 37°C for 8 h. The
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fusion protein GST-BmS51 was separated by 12% SDS-
PAGE gel and then retrieved from the gel. The polyclonal
antibody against GST-BmS51 was prepared using stan-
dard techniques [9]. In brief purified protein (about 2 mg)
in complete Freund’s adjuvant was injected subcutane-
ously to immunize New Zealand white rabbits (Sigma,
USA), which was followed by two booster injections in
incomplete Freund’s adjuvant 3 weeks later before exsan-
guinations. The prepared polyclonal rabbit antibody against
GST-BmS51 was used for immunoassays.

Temporal expression of Bm51 in infected BmN cells

Monolayers of BmN cells, infected with BmNPV T3 strain
BVs (m.o.i. of 10) at the designated times (mock 1, 3, 4.5,
6, 12, 24, 48, and 72 h p. i.), were washed three times with
cold PBS (0.14M NaCl, 2.7 mMKCl, 10.1 mM
Na2HPO4, 1.8 mM KH2PO4, pH 7.4). The protein con-
centration of the cell extracts was determined by
Bradford’s method [21]. Cell lysates (20 mg) were ana-
lyzed by SDS-PAGE (12% gel) and subsequently subjected
to Western blot assay.

ODV, BV, BV-E, and BV-NC preparation

Fifth-instar larvae of B. mori were injected with 5 pl
(TCIDso/ml = 10°) of BmNPV T3 budded viruses. The
infected larvae were fed at 25°C for 5 days, and the
polyhedra were purified and verified by ordinary micros-
copy and electron microscopy [22]. ODV was purified
from polyhedra as described by Braunagel and Summers
[23] and Caballero et al. [24].

BV was purified from the cell culture supernatant of
infected cells as described by Braunagel and Summers
[23]. In brief BmN cells were infected with BmNPV at an
m.o.i. of 10. After 3 days, the cell culture supernatant was
centrifuged (4,000g, 5 min, 4°C) to remove cell debris. The
supernatant was then filtered (0.45 pum filter, Millipore) to
further purify the suspension, and the filtrate was pelleted,
resuspended, and then overlaid onto a 36-ml, 25-56%
continuous sucrose gradient in 0.1 x TE and centrifuged at
150,000 for 90 min at 4°C. The BV band was collected
and diluted in 0.1 x TE, which was followed by centri-
fugation at 150,000g for 90 min. The pellet of BV was
resuspended in 0.1 x TE. Separation of BV envelope
(BV-E) and nucleocapsid fractions (BV-NC) after treat-
ment with NP-40 was done as described previously [25].

Sub-cellular localization analysis of Bm51 proteins
in infected cells

Monolayers of BmN cells infected with BmNPV (m.o.i. of
10) at 48 h p.i. were washed three times with cold PBS, and
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then cells were fixed in a 1:1 methanol to acetone solution
for 15 min, followed by three washes in cold PBS. Cells
were incubated with GST-BmS51 polyclonal antiserum
(diluted with PBS, 1:100) for 1 h at room temperature.
Cells were washed three times with cold PBS and then
incubated with protein G fused to enhanced green fluo-
rescent protein (EGFP), and DAPI (Sigma, USA) for
1 h. Cells were directly observed and photographed using
a Leica TCS-SP5(Germany) confocal laser scanning
microscope.

Results
Sequence analysis of Bm51

The Bm51 ORF contains 468 nucleotides and encodes a 155
amino acid peptide with a predicted molecular mass of
18.5 kDa  (http://www.expasy.ch/tools/pi_tool.html). A
baculovirus early consensus transcriptional start motif
(CAGT) is 26 nt upstream of the start codon (Fig. 1, shown
in box), and a TATA box is 31 nt upstream of the CAGT
motif (shown in box), suggesting that Bm51 might be an
early transcriptional gene. In additional, a typical polyade-
nylation signal (AATAAA) is 454 nt downstream of the
translation stop codon TAA (Fig. 1, shown in box), and no
signal peptide sequence, transmembrane region, nuclear
localization signal, or membrane retention signal is predicted
in the deduced amino acid sequence using EXPASY tools.
Blast search results show that Bm51 homologues exist
in four completely sequenced Group I NPV genomes
(AcMNPV, BmNPV, RoMNPV, and PlxyMNPV) and

Fig. 1 Schematic diagram of
the genomic region with Bm51

and the transcripts of adjacent \
genes. The location of the early
initiation motif (CAGT), TATA
box, and a typical P1
polyadenylation signals
(AATAAA) are denoted in

>

eight Group II NPV genomes (TnSNPV, ChChNPV,
HearNPV, HearNPV-G4, HzSNPV, MarvMNPV, Eco-
bNPV, and LAMNPV). Its homologue is also found in
Thysanoplusia orichalcea NPV, whose genome is partially
sequenced. Sequence comparison of the amino acid (aa)
sequences shows that Bm51 has its highest identity (93%)
with AcMNPV ORF63 and its lowest identity (22%) with
LdMNPV ORF117 Fig. 2. No homologue was found in GV
that have sequenced genomes, or baculoviruses isolated
from non-lepidopteran invertebrates. Thus, the Bm51
homologue is specific to some lepidopteran NPVs.

Transcriptional analysis of Bm51

To determine the initial time of Bm51 transcription, RT-
PCR analysis was performed using total RNA isolated from
BmNPV-infected host cells. A band with an expected size of
468 bp was amplified at 4.5 h p.i., which remained detect-
able up to 72 h p.i. (Fig. 3). The result suggests that Bm51
might be an early gene, which is consistent with the presence
of the early gene motif in the putative promoter region.

Temporal expression of Bm51 in infected BmN cells

To study the expression of Bm51, a time course of
BmNPV-infected BmN cells was analyzed by western blot
using anti-GST-BmS5lantiserum. A specific immunoreac-
tive band was first observed at 6 h p.i. and remained
detectable up to 72 h p.i. (Fig. 4). These data are consistent
with the results of transcriptional analysis; however, the
protein was detectable 1.5 h later than the gene transcript
(Fig. 4), which is probably due to the low amount of
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Fig. 2 Amino acid sequence alignment of baculovirus Bm51 homo- ThorMNPV  (GenBank, AF169480), TnSNPV  (GenBank,

logues. The alignment was edited with GeneDoc software. Black
shading: 100% similarity. Grey shading: 80% similarity. The sources
of the sequences are: BmNPV (GenBank, NC_001962), AcMNPV
(GenBank, NC_001623), PIxyMNPV (GenBank, NC_008349), RoM-
NPV (GenBank, NC_004323), MarvMNPV (GenBank, NC_008725),
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5000
2500

1000
—468bp

250

Fig. 3 RT-PCR analysis of Bm51 transcription in BmNPV-infected
BmN cells. Total RNA was isolated from BmNPV-infected cells at 0,
1,3,4.5,6, 12,24, 48, and 72 h p.i. Nested PCR was conducted with
the BmS51-specific primers P1 and P2. Size of the transcript is
indicated in bp on the right side of the panel. The f-actin RT-PCR
product was used as the control. The products were separated on a
1.0% agarose gel

protein produced shortly after transcription. No immuno-
reactive band was detected in the mock-infected control.
The detection of the Bm51 protein at 6 h p.i. indicated that
it was synthesized early in infection. The size of the
immunoreactive protein was about 23 kDa, larger than the
predicted molecular weight of 18.5 kDa, suggesting that
there may be post-translational modification events.
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NC_007383), EcobNPV (GenBank, NC_008586), ChChNPV (Gen-
Bank, NC_007151), HearNPV (GenBank, NC_003094), HearNPV-
G4 (GenBank, NC_002654), HzSNPV (GenBank, NC_003349),
LdMNPYV (GenBank, NC_001973)

Immunodetection of the Bm51 protein in BVs

To investigate whether Bm51 was a structural component
of BmNPV, western blot analyses of purified BV, BV
envelope (BV-E), BV nucleocapsid (BV-NC), and ODV
were carried out. The BV fraction and BV envelope (BV-
E) showed a reactive band (Fig. 5), and the size was in
agreement with that detected in lysates from infected cells.
In contrast, no band was detected in the ODV fraction
(Fig. 5). The efficacy of the fractionation was examined by
immunoassay with antibodies against VP80 (a BV-NC and
ODV-NC component) [26], GP64 (a component of BV-E)
[27], and Bm56 (a component of ODV-NC) [28]. The
positive bands at 80 kDa were detected as expected in the
BV-NC fraction, and BV or ODV preparations with anti-
body against VP80. The bands of 64 kDa were detected as
expected in the BV-E and BV sample using anti-GP64
antiserum, and the band of 42 kDa was only detected in
ODV using anti-Bm56 antiserum (Fig. 5). Hence, the
separation of BV-N, BV-E, and ODV was considered to be
pure. Thus, the above results suggest that the Bm51 gene
encodes a structural protein associated with the BV-E.

Subcellular location in infected BmN cells

The intracellular localization of the Bm51 protein was
determined by immunofluorescence using anti-GST-Bm51
polyclonal antiserum and cells infected with BmNPV
Fig. 6. The results revealed that Bm51 was clearly visible
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Fig. 4 Western blot analysis of Bm51 in BmNPV-infected BmN
cells. The cells were collected for the mock infection control and at 1,
3,45, 6, 12, 24, 48, and 72 h p.i., and 20 pg cell lysate at each
interval was subjected to western blot analysis using anti-GST-Bm51

BV BV-E BV-NC ODV

Bmb51 F S ok ved

VP80 ‘ ‘*

GP64

R ]
Bm56 A ;

Fig. 5 Structural localization of Bm51. Preparations of BmNPV BV,
BV envelope (BV-E), BV nucleocapsid (BV-NC), and purified ODV
were subjected to western blot analysis using anti-Bm51, anti-VP80,
anti-GP64, or serum anti-Bm56. The primary antibodies used in the
experiments are indicated to the left of each panel

in the cytoplasm and nucleus of infected cells. In the
control, no obvious fluorescence signal was observed in
virus-infected cells exposed to pre-immune serum and the
EGFP-conjugated protein G (Fig. 6).

Discussion

In this study, the preliminary characteristics of Bm51 were
studied. The search for homologues of Bm51 revealed that
homologous genes were present in 12 completely
sequenced members of lepidopteran NPVs, suggesting that
Bm51 and its homologues are specific to some lepidopteran
NPVs and might play an important role in the virus life
cycle for infection of these lepidopteran hosts.

NPV genes have been classified into at least three
groups: immediate-early, early, and late genes, and the
expression of viral genes upon infection is temporally
regulated [29, 30]. RT-PCR results showed transcripts of
Bm51 were detectable at 4.5 h p.i. Transcripts of the Bm51

12 24 48 72 h p.i.

serum. The binding was developed with diaminobenzidine (DAB) as
a chromogenic substrate. Protein markers are indicated on the left and
mock-infected cell lysate is indicated (m)

neighboring gene, lef-9, whose transcript signals were
detected at 12 h p.i., did not overlap with Bm51 [31]. The
transcription of the another Bm51 adjacent gene gp37 ini-
tiated 24 h p.i. [32], which was quite different from the
early transcription initiation of Bm51. To determine the
possible 5 end of the Bm51 transcript, total RNA was
extracted from BmN cells infected with BmNPV after 24 h
p-i. RT-PCR showed that a band of about 210 bp as
expected could be amplified when using the pair primers
P5 (5'-cagtgttttattaattttaaagc-3') (Fig. 1) and P3 (5'-
ctacgctgtctacgageg-3'), while no band could be detected by
using the pair primers P3 and P4(5'-gcgtatttaattagatgcaat-
3"y (Fig. 1). When control genomic DNA was used as a
template, normal products could by amplified by using
either of the about two pair primers. The result suggested
that the transcriptional initiation site for Bm51 is near the
early transcriptional start motif (CAGT). Our results indi-
cate that Bm51 is a gene expressed early in the viral
infection cycle and the early transcriptional start motif
(CAGT) may be used.

Western blot analysis showed that the size of Bm5l1
protein was about 23 kDa, which is larger than the pre-
dicted molecular weight of 18.5 kDa, suggesting that there
may be post-translational modification events. Though an
N-glycosylation site (aa 124—127) and three casein kinase
II phosphorylation sites (aa 26-29, 62-65, and 95-98) were
predicted; if the protein is actually N-glycosylated, -phos-
phorylated, -lapidated, or otherwise modified, remains to
be determined.

BV is broadly specialized to infect many internal tissues
of the host including tracheoblasts, hemocytes, and fat
bodies. BV entry occurs by receptor-mediated, absorptive
endocytosis [33]. In this study, structural location showed
the Bm51 protein was associated with the BV but not with
the ODV, suggesting that the Bm51 protein may either play
arole in the assembly of BV or be related to BV infection of
cells. Previous studies revealed that the BV-specific protein
GP64 plays important roles in attachment and budding from
cells [27, 34-36]. However, GP64 is only present in group I
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Fig. 6 Intracellular localization
of Bm51 in BmNPV-infected
BmN cells. The cells were
collected at 48 h p.i., washed
with 1 x PBS and reacted with
anti-GST-Bm51 serum.
Fluorescence was developed by
incubation with protein G fused
to EGFP. As a control, pre-
immune serum was used as the
primary antibody. The nuclei
were stained with DAPI (blue).
The samples were observed
under a confocal laser scanning
fluorescence microscope

48h p.i.

Control

NPV. Bm68 was also found to be a structural protein
associated with only BV, and fractionation of virions
revealed that Bm68 was present in the envelope fraction,
but not the capsid fraction of BV. Immunohistochemical
analysis showed that the Bm68 protein was localized
mainly in the nucleus of infected cells [15], which is similar
to Bm51. Subcellular localization of Bm51 showed that it
was present both in the cytoplasm and in the nucleus of
infected cells, suggesting that transport of Bm51 from the
cytoplasm into the nucleus may happen during the infec-
tion. Similar transport was found for many other
baculovirus proteins, such as ODV-E66 [37] and P74 [38],
with their transportation from cytoplasm to nucleus medi-
ated by FP25 K [39]. Several other BV-specific proteins
were also identified, such as Ha33 (BV-e31) [40], Ha39
[41], Ld130 [42], and Ac23 [43].

In summary, Bm51 is transcribed delayed early post
infection. The virion structural location showed that Bm51
encodes a structural protein of the BV envelope.

Acknowledgments This project was supported by the National
Program of High-tech Research and Development (863 High-Tech
Program, No. 2006AA10A119) and the National Natural Science
Foundation of China (Project No. 30570074).

References

1. C.X. Zhang, X.C. Ma, Z.J. Guo, Virology 333, 190-199 (2005).
doi:10.1016/j.virol.2004.12.028

2. B.A. Keddie, G.W. Aponte, L.E. Volkman, Science 243, 1728—
1730 (1989). doi:10.1126/science.2648574

3. L.K. Miller, J. Invertebr. Pathol. 65, 211-216 (1995). doi:
10.1006/jipa.1995.1032

4. C.L. Merrington, M.J. Bailey, R.D. Possee, Mol. Biotechnol. 8,
283-297 (1997). doi:10.1007/BF02760782

@ Springer

Anti-Bm51

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

DAPI

Overlay

. R.M. Patterson, J.K. Selkirk, B.A. Merrick, Environ. Health

Perspect 103, 756-759 (1995). doi:10.2307/3432869

. A. Huser, C. Hofmann, Am. J. Pharmacogenomics 3, 53-63

(2003). doi:10.2165/00129785-200303010-00007

. H. Tani, C.K. Limn, C.C. Yap et al., J. Virol. 77, 9799-9808

(2003). doi:10.1128/JV1.77.18.9799-9808.2003

. S. Gomi, K. Majima, S. Maeda, J. Gen. Virol. 80(Pt 5), 1323—

1337 (1999)

. HJ. Xu, ZN. Yang, F. Wang, C.X. Zhang, Arch. Virol. 151,

681-695 (2006). doi:10.1007/s00705-005-0664-0

H.Q. Chen, K.P. Chen, Q. Yao, Z.J. Guo, L.L. Wang, FEBS Lett.
581, 5836-5842 (2007). doi:10.1016/j.febslet.2007.11.059

J.Q. Ge, Z.N. Yang, X.D. Tang, H.J. Xu, J. Hong, J.G. Chen
et al., J. Gen. Virol. 89, 766-774 (2008). doi:10.1099/vir.0.83
398-0

. 1.Q. Ge, J.F. Zhao, Y .M. Shao, C.H. Tian, C.X. Zhang, Mol. Biol.

Rep. (2008). doi:10.1007/s11033-008-9212-9

M.F. Du, X.M. Yin, Z.J. Guo, L.J. Zhu, J. Biochem. Mol. Biol.
39, 737-742 (2006)

K. Okano, V.S. Mikhailov, S. Maeda, J. Virol. 73, 110-119
(1999)

M. Iwanaga, M. Kurihara, M. Kobayashi, W. Kang, Virology
297, 39-47 (2002). doi:10.1006/viro.2002.1443

D.R. O’Reilly, L.K. Miller, V.A. Luckow, Baculovirus Expres-
sion Vectors (W.H. Freeman and Company, New York, 1992)
R.D. Appel, A. Bairoch, D.F. Hochstrasser, Trends Biochem. Sci.
19, 258-260 (1994). doi:10.1016/0968-0004(94)90153-8

S.F. Altschul, T.L. Madden, A.A. Schaffer, J. Zhang, Z. Zhang,
W. Miller et al., Nucleic Acids Res. 25, 3389-3402 (1997). doi:
10.1093/nar/25.17.3389

W.R. Pearson, Methods Enzymol. 3, 63-98 (1990). doi:10.1016/
0076-6879(90)83007-V

J.D. Thompson, D.G. Higgins, T.J. Gibson, Nucleic Acids Res.
22, 4673-4680 (1994). doi:10.1093/nar/22.22.4673

M.M. Bradford, Anal. Biochem. 72, 248-254 (1976). doi:10.1016/
0003-2697(76)90527-3

M. Iwanaga, W.K. Kang, M. Kobayashi, S. Maeda, Arch. Virol.
145, 1763-1773 (2000). doi:10.1007/s007050070054

S.C. Braunagel, M.D. Summers, Virology 202, 315-328 (1994).
doi:10.1006/viro.1994.1348

P. Caballero, D. Zuidema, C. Santiago Alvarez, J.M. Vlak, Bio-
control. Sci. Technol. 2, 145-157 (1992)


http://dx.doi.org/10.1016/j.virol.2004.12.028
http://dx.doi.org/10.1126/science.2648574
http://dx.doi.org/10.1006/jipa.1995.1032
http://dx.doi.org/10.1007/BF02760782
http://dx.doi.org/10.2307/3432869
http://dx.doi.org/10.2165/00129785-200303010-00007
http://dx.doi.org/10.1128/JVI.77.18.9799-9808.2003
http://dx.doi.org/10.1007/s00705-005-0664-0
http://dx.doi.org/10.1016/j.febslet.2007.11.059
http://dx.doi.org/10.1099/vir.0.83398-0
http://dx.doi.org/10.1099/vir.0.83398-0
http://dx.doi.org/10.1007/s11033-008-9212-9
http://dx.doi.org/10.1006/viro.2002.1443
http://dx.doi.org/10.1016/0968-0004(94)90153-8
http://dx.doi.org/10.1093/nar/25.17.3389
http://dx.doi.org/10.1016/0076-6879(90)83007-V
http://dx.doi.org/10.1016/0076-6879(90)83007-V
http://dx.doi.org/10.1093/nar/22.22.4673
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1007/s007050070054
http://dx.doi.org/10.1006/viro.1994.1348

Virus Genes (2009) 38:171-177

177

25.

26.

217.

28.

29.

30.
31.

32.

33.
34.

W.E.J. Ijkel, D. Westenberg, M.R.W. Goldbach, G.W. Blissard,
J.M. Vlak, D. Zuidema, Virology 275, 30-41 (2000). doi:10.1006/
viro.2000.0483

A. Lu, E.B. Carstens, Virology 190, 201-209 (1992)
L.E. Volkman, P.A. Goldsmith, Virology 143(1),
(1985). doi:10.1016/0042-6822(85)90107-2

H.J. Xu, Z.N. Yang, J.F. Zhao, C.H. Tian, J.Q. Ge, X.D. Tang
et al.,, J. Gen. Virol. 89, 1212-1219 (2008). doi:10.1099/vir.
0.83633-0

W.C. Rice, L.K. Miller, Virus. Res. 6, 155-172 (1986). doi:
10.1016/0168-1702(86)90047-X

D.Z. Rohel, P. Faulkner, J. Virol. 50, 739-747 (1984)

A. Acharya, P.K. Gopinathan, J. Gen. Virol. 83, 2015-2023
(2002)

JJ. Liu, E.B. Carstens, Virology 223, 396400 (1996). doi:
10.1006/viro.1996.0494

A.M. Crawford, L.K. Miller, J. Virol. 62, 2773-2781 (1988)
K.L. Hefferon, A.G. Oomens, S.A. Monsma, C.M. Finnerty,
G.W. Blissard, Virology 258, 455-468 (1999). doi:10.1006/
viro.1999.9758

185-195

35.

36.

37.

38.

39.

40.

41.

42.

43.

S.A. Monsma, A.G.P. Oomens, G.W. Blissard, J. Virol. 70,
4607-4616 (1996)

M.M. Rahman, K.P. Gopinathan, Virus. Res. 94, 45-57 (2003).
doi:10.1016/S0168-1702(03)00123-0

S.C. Braunagel, S.T. Williamson, S. Saksena, Z. Zhong, W.K.
Russell, D.H. Russell et al., Proc. Natl. Acad. Sci. USA 101,
8372-8377 (2004). doi:10.1073/pnas.0402727101

J.M. Slack, S.D. Lawrence, J. Gen. Virol. 86, 1637-1643 (2005).
doi:10.1099/vir.0.80832-0

S.C. Braunagel, J.K. Burks, G. Rosas-Acosta, R.L. Harrison, H.
Ma, M.D. Summers, J. Virol. 73, 8559-8570 (1999)

D. Wang, S.H. An, Z.J. Guo, H.J. Xu, C.X. Zhang, Arch. Virol.
150, 1505-1515 (2005). doi:10.1007/s00705-005-0534-9

H.J. Xu, Y.H. Liu, Z.N. Yang, C.X. Zhang, JBMB 39, 263-269
(2006)

M.N. Pearson, C. Groten, G.F. Rohrmann, J. Virol. 74, 6126-6131
(2000). doi:10.1128/JV1.74.13.6126-6131.2000

0.Y. Lung, M. Cruz-Alvarez, G.W. Blissard, J. Virol. 77, 328-339
(2003). doi:10.1128/JV1.77.1.328-339.2003

@ Springer


http://dx.doi.org/10.1006/viro.2000.0483
http://dx.doi.org/10.1006/viro.2000.0483
http://dx.doi.org/10.1016/0042-6822(85)90107-2
http://dx.doi.org/10.1099/vir.0.83633-0
http://dx.doi.org/10.1099/vir.0.83633-0
http://dx.doi.org/10.1016/0168-1702(86)90047-X
http://dx.doi.org/10.1006/viro.1996.0494
http://dx.doi.org/10.1006/viro.1999.9758
http://dx.doi.org/10.1006/viro.1999.9758
http://dx.doi.org/10.1016/S0168-1702(03)00123-0
http://dx.doi.org/10.1073/pnas.0402727101
http://dx.doi.org/10.1099/vir.0.80832-0
http://dx.doi.org/10.1007/s00705-005-0534-9
http://dx.doi.org/10.1128/JVI.74.13.6126-6131.2000
http://dx.doi.org/10.1128/JVI.77.1.328-339.2003

	Bombyx mori nucleopolyhedrovirus ORF51 encodes a budded virus envelope associated protein
	Abstract
	Introduction
	Materials and methods
	Cells and viruses
	Computer-assisted sequence analysis and sequencing
	Transcription analysis
	Production of anti-Bm51 antiserum
	Temporal expression of Bm51 in infected BmN cells
	ODV, BV, BV-E, and BV-NC preparation
	Sub-cellular localization analysis of Bm51 proteins �in infected cells

	Results
	Sequence analysis of Bm51
	Transcriptional analysis of Bm51
	Temporal expression of Bm51 in infected BmN cells
	Immunodetection of the Bm51 protein in BVs
	Subcellular location in infected BmN cells

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


