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ABSTRACT
In this study, the full-length VP2 gene of canine parvovirus type 2 (CPV-2) was cloned into the pBacSC vector which
possesses baculovirus transmembrane domain (gp64 TM) gene, baculovirus cytoplasmic domain (gp64 CTD) gene, and
green florescence protein (GFP) gene. Baculovirus gp64 TM and gp64 CTD in the pBacSC vector were designed to
display heterologous proteins on the baculovirus envelope. After cloning the VP2 gene of CPV-2 into pBacSC vector,
the recombinant plasmid pBacSC-VP2 was transformed into E. coli DH10Bac competent cells to form recombinant
bacmid DNA. One recombinant baculovirus BacSC-VP2 that expresses the VP2 protein of CPV-2 was obtained. Confocal microscopy and immunogold electron microscopy were used to verify whether VP2 expressing on baculovirus
envelope or cell membrane. Immunization of BALB/c mice with recombinant baculovirus BacSC-VP2, demonstrated
that serum from the BacSC-VP2 treated models had higher levels of virus neutralization titers than the control groups.
The results show that the recombinant baculovirus BacSC-VP2 can induce a strong immune response in a mouse model,
suggesting that the pseudotyped baculovirus BacSC-VP2 can serve as a potential vaccine against CPV infections.
Keywords: Canine Parvovirus Type 2; VP2 Protein; Baculovirus gp64 TM and CTD; Subunit Vaccine

1. Introduction
Among carnivore parvoviruses, feline pan leukopenia
virus (FPLV) has been known since the 1920s, whereas
canine parvovirus (CPV) only emerged as a dog pathogen in the late 1970s [1]. CPV emerged in 1978 worldwide and was termed CPV-2 to distinguish it from
CPV-1 (minute virus of canines [2]. CPV-2 is the etiological agent of an epizootic severe gastroenteritis of
dogs characterized by depression, loss of appetite, vomiting, diarrhea and leucopenia [3-5]. CPV-2 contains a
single-stranded and negative-sense DNA genome of
about 5.2 kb that encodes two structural proteins (VP1
and VP2) and two nonstructural proteins (NS1 and NS2).
The major capsid protein VP2 was reported to play an
important role in virus pathogenicity and the host immune response [6]. Since there are reports that only a few
amino acid substitutions in VP2 are responsible for its
antigenic properties [7], its gene sequence has been re*
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garded as the most useful marker for revealing the genetic relationships of CPV-2, as well as serving as an
important target for antigenic and epidemiologic studies
of the virus [8,9]. The original CPV-2 evolved continuously and was completely replaced by three new types,
CPV-2a, CPV-2b, and CPV-2C [10].
In this study, we have succeeded in constructing a
novel baculovirus-based system to display VP2 protein
of CPV-2 154 strain on the baculovirus envelope or cell
membrane. Our results show that the new development
of pseudotyped baculovirus BacSC-VP2 can induce robust immune response in a mouse model, indicating that
the pseudotyped baculovirus BacSC-VP2 can serve as a
potential vaccine against CPV infections.

2. Materials and Methods
2.1. Cells and Viruses
The Spodoptera frugiperda (Sf-9) cell lines were grown
as monolayers in TNM-FH medium (Sigma, St. Louis,
OJVM
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MO, USA) supplemented with 10% heat-inactivated fetal
bovine serum (Invitrogen Co., Carlsbad, USA), 100 U/ml
of penicillin and 100 µg/ml of streptomycin. Recombinant viruses were propagated and tittered in Sf-9 cells.
Proteins were also expressed in Sf-9 cells.
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Western blot. The secondary antibody was goat antimouse IgG conjugated to HRP (1:5000 dilution; KPL,
Gaithersburg, Maryland, USA). The protein bands were
visualized by the ECL chemiluminescence system on
Hyper-Max films, as recommended by the manufacturer
(Amersham Pharmacia Biotech, Hong Kong).

2.2. Preparation of Recombinant Bacmid DNA
The VP2-encoding gene of CPV-2 154 strain was amplified by using primers CPV-VP2-1 and CPV-VP2-2.
CPV-2 VP2-targeted primers for amplification of extracted DNA were designed. The primers used to amplify the VP2-encoding gene were shown in Table 1.
The amplified product was cloned into the corresponding sites in the plasmid pBacSC vector developed by our
laboratory [11]. The resultant construct pBacSC-VP2
was verified by enzyme digestion and DNA sequencing.
Competent DH10Bac E. coli cells were then transformed
with the recombinant plasmid pBacSC-VP2 and the vector (pBacSC) alone. The vector transformats were used
as a negative control. After selecting colonies through
two rounds of blue/white selection, recombinant bacmids
were isolated from white colonies using the procedure
provided by Invitrogen Co. The recombinant clones were
then checked for the presence of the insert by PCR using
primers CPV-VP2-1 and CPV-VP2-2. The positive colonies were cultured to isolate the bacmid DNA. The recombinant baculoviral DNA was named as pBacSC-VP2.

2.3. Transfection and Construction of
Recombinant Baculoviruses
All procedures for the production of viral particles were
performed according to the manufacturer’s manual (Invitrogen). Briefly Sf-9 was allowed to attach for 1 h. After
attachment, four micrograms of recombinant bacmid
DNA BacSC-VP2 in 10 µl lipofectaine 2000 (Invitrogen)
were transfected into 80% confluent Sf-9 cells in 6-well
plates. Transfected cells were incubated for 5 h at 27˚C
and the transfection medium was replaced with fresh
medium. After incubation for 72 h at 27˚C, the recombinant viruses were chosen based on GFP expression and
purified by three rounds of plaque isolations. Individual
recombinant viruses were tittered by plaque assay and
high titer stocks were used for infecting the cells. The
recombinant baculovirus was named as BacSC-VP2.

2.4. Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) and Western
Blot Analysis
The infected cell lysates were subjected to 10% SDSPAGE and transferred to nitrocellulose membranes. Two
primary antibodies (anti-His6 monoclonal antibody 1:
3000 dilution and anti-CPV-2 polyclonal antibody 1:1000
dilution) were used to detect CPV VP2 protein in the
Copyright © 2012 SciRes.

2.5. Confocal Microscopy
The Sf-9 cells were cultured on sterile cover slips (placed
in six-well plates) and infected at an MOI of 10. Two
days after infection, the cells were fixed by methanol/acetone (1:1) for 5 minutes at –20˚C, rinsed with
PBS, and blocked with 2% bovine serum albumin for 30
minutes at 37˚C. The cells were then incubated with
the primary antibody (anti-CPV-2 polyclonal antibody,
1:1000 dilution and anti-His6 monoclonal antibody
1:3000 dilution) for 1 hour at 37˚C, followed by three
PBS washes. The cells were then incubated with the
secondary antibody (FITC-conjugated goat anti-mouse
monoclonal antibody 1:200 dilution; KPL) for 1 h at
37˚C, followed by three PBS washes. The negative controls were treated the same way. Protein localization was
visualized using a confocal microscope (LSM 510, Zeiss,
Thornwood, USA).

2.6. Immunogold Electron Microscopy
To prepare the purified virus particles for immunogold electron microscopy, the recombinant baculovirus
BacSC-VP2 was produced by infecting Sf-9 cells at an
MOI of 0.1 and harvested 4 days after infection. The
virus supernatant was purified by two rounds of sucrose
gradient ultracentrifugation following standard protocols.
The immunogold electron microscopy was performed as
described previously [11-13] with some modifications.
The carbon-coated grids were floated on 10 μl purified
baculovirus solution for 30 minutes, blocked, washed
with PBS three times for 5 minutes, and then exposed to
anti-His6 monoclonal antibody as the primary antibody
(1:100 dilutions) for 30 minutes. After two PBS washes,
the grids were exposed to anti-mouse IgG conjugated
with 5-nm gold particles (1:50 dilution) (Sigma, St.
Louis, USA) for 30 minutes. After three more PBS
washes, the grids were stained with 2% phosphotungstic
acid (Sigma) and examined under a transmission electron
microscope (H-7500, Hitachi, Tokyo, Japan).

2.7. Immunization and Measurement of CPV-2
Titer
Four groups of mice, five females in each group, were
immunized intraperitioneally with 3 × 108 pfu of purified
BacSC-VP2. As negative controls, five mice were injected with purified BacSC (3 × 108 pfu) or phosphate
OJVM
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buffered saline (PBS) and five mice were injected with
CPV-2 vaccine (1 dose) as a positive control. Each
mouse received one booster shot 2 weeks following initial injection. The blood samples for ELISA were collected 6 weeks after initial injection. The ELISA kit used
in this study was from Ingenasa Co. (Madrid, Spain).
ELISA titers were converted into serum neutralization
(SN) titers by using the formula provided by manufacture.

2.8. Statistical Analysis
All data were analyzed using independent sample t-test
and are expressed as averages of three independent experiments. P value of less than 0.05 was considered significant.

3. Results
3.1. Construction of the Recombinant Bacmid
Recombinant baculoviral DNA harboring the VP2-encoding gene of CPV-2 154 strain was prepared using the
pBacSC vector containing baculovirus gp64 SS, His6,
multiple cloning sites localized between His6 and baculovirus gp64 CTD, baculovirus gp64 CTD, baculovirus
gp64 TM, and enhanced green fluorescent protein
(EGFP). Figure 1 shows the strategy for cloning of the
VP2-encoding gene of CPV-2 in the pBacSC vector.

3.2. Confirmation of VP2 of CPV-2 Expression
in Insect Cells
To verify the expression of His6-tagged VP2 protein in
insect cells, Sf-9 cells were infected by BacSC-VP2 recombinant baculovirus at a multiplicity of infection
(MOI) of 10, and harvested 3 days after infection. There
was no target protein expression detected by anti-His6 or
anti-CPV-2 antibodies in the negative controls (BacSC &

Figure 2. Confirmation of the expression of CPV-2 VP2
protein in Sf-9 cells by Western blot assay. The cells were
infected with BacSC-VP2 baculovirus at an MOI of 10,
harvested 3 days post-infection. The harvested proteins
were subjected to Western blotting assay using anti-His
monoclonal and anti-CPV-2 polyclonal antibodies. Blots are
representative for three experiments.

Sf-9 cells) (Figure 2). In contrast, the VP2 protein (74
kDa) expressed by BacSC-VP2 was detected by antiCPV-2 polyclonal antibodies (Figure 2).
We attempted to further examine whether the His6tagged VP2 protein was properly translocated to the cell
surface, the cells were cultured on sterile cover slips,
infected with baculovirus at an MOI of 10, and subjected
to immunofluorescence labeling/ confocal microscopy 2
days after infection. There were no proteins detectable by
anti-His6 or anti-CPV-2 antibodies in the negative controls (BacSC) (Figure 3). In contrast, our confocal microscopy results revealed that VP2 was directed to the
plasma membrane of the infected Sf-9 cells (Figure 3).

3.3. Sodium Dodecylsufate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) and Western
Blot of Purified Recombinant Baculovirus
BacSC-VP2
The incorporation of His6-tagged VP2 into baculoviruses
was probed using the anti-His6 and anti-CPV-2 antibodies, respectively. In the present study, there was no target
protein expression in the negative control BacSC (Figure
4). In contrast, the VP2 protein expressed by BacSC-VP2
was detected by above antibodies.
Figure 1. Illustration of the constructed recombinant baculovirus vector. Using CPV 154 genome as a template, the
VP2-encoging gene of CPV was amplified by primers
CPV-VP2-1 and CPV-VP2-2. The VP2 gene of CPV was
cloned into the pBacSC vector. The construct was named as
pBacSC-VP2.
Copyright © 2012 SciRes.

3.4. Evaluation of Display of CPV-2 VP2 Protein
on the Baculoviral Envelope
To provide more concrete evidence for VP2 displayed on
the baculoviral envelope, recombinant baculoviruses
BacSC-VP2 was concentrated by sucrose cushion gradient
OJVM
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Figure 3. The CPV-2 VP2 protein expression in concentrated recombinant baculoviruses confirmed by Western
blot assay. The cells were infected with BacSC-VP2 baculovirus at an MOI of 10, and harvested 3 days postinfection
and subjected to Western blot assay using anti-His monoclonal and anti-CPV-2 polyclonal antibodies.

Figure 4. Confirmation of expression of VP2 protein by
confocal microscopy. The cells were cultured on sterile
cover slips, infected with BacSC-VP2 baculovirus at a MOI
of 10, subjected to immunofluorescence staining and observed with confocal microscopy 2 days postinfection. The
figure shows the detection of the BacSC-VP2 recombinant
baculovirus expressed VP2 protein by anti-His monoclonal
and anti-CPV-2 polyclonal antibodies. The protein localized
to the plasma membrane, thus demonstrating the anchoring
of VP2 on the surface of Sf-9 cells.

ultracentrifugation and subjected to immunogold electron
microscopy with anti-His6 monoclonal antibody as a primary antibody and anti-mouse IgG secondary antibody
conjugated with 5-nm gold particles. As expected, we observed the distribution of gold particles only on the surface of BacSC-VP2 which confirms the incorporation of
His6-tagged VP2 on the baculovirus envelope (Figure 5).
Whether the choice of baculovirus gp64 CTD influCopyright © 2012 SciRes.
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Figure 5. Immunogold electron micrographs of purified
recombinant baculovirus. Using anti-His6 monoclonal antibody as the primary antibody and anti-mouse IgG conjugated with 5-nm gold particles as the secondary antibody.
Arrows indicate the VP2 protein of CPV-2 displayed on the
viral envelope.

enced the amount of CPV-2 VP2 incorporated into
baculovirus, SDS-PAGE and Western blot assay as well
as quantified by scanning densitometry were used to
examine the expression level of gp64 and CPV-2 VP2
(Figure 6). The amounts of incorporated His6-tagged
VP2 and gp64 were normalized on the basis of equal
amounts of the major capsid protein VP39 of baculovirus.
In this study, the negative control (BacSC) has similar
efficiency of incorporation of gp64, as compared to
BacSC-VP2 (P > 0.05) (Figure 6). Furthermore, compared with our previous constructed recombinant baculovirus BacHA64 [12], the incorporation of VP2 of
CPV-2 and HA of avian influenza virus (AIV) and their
display on the baculoviral envelope exhibited no difference (P > 0.05) (Figure 7), suggesting that protein structure did not affect the efficiency of incorporation and
virus morphology.

3.5. Immune Response of CPV-2
VP2-Pseudotyped Baculoviruses
To further investigate whether CPV-2 VP2 protein displayed on the baculoviral envelope could serve as an
immunogen in vivo, one group of five female BALB/c
mice were immunized intraperitoneally with 3 × 108 pfu
of purified BacSC-VP2. Ten mice were injected with
purified BacSC (3 × 108 pfu) and PBS, respectively. As
shown in Figure 8. The OD450 value was about 0.2 in the
mice immunized with the BacSC or PBS. Intriguingly,
OD450 value went up to 3.3 in mice immunized with
OJVM
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Figure 6. SDS-PAGE and Western blot of purified recombinant baculoviruses BacSC-VP2. The amount of virus was
calibrated to the amount of vp39. The band intensities for
VP2 and gp64 on the Western blot, as well as the band intensities for vp39 on the SDS-PAGE, were scanned and
analyzed using Scion Image Shareware. The data represent
the mean ± SD of three independent experiments.

BacSC-VP2 and to about 1.8 in mice immunized with
CPV vaccine. The results suggest that the pseudotyped
baculoviruses BacSC-VP2 successfully elicits immune
response. Antibodies against the VP2 protein of CPV-2
expressed on the baculoviral virus particles, showed
higher levels of virus neutralization activities. Compared
to negative controls (BacSC and PBS), there were significant differences (P < 0.05). As shown in Table 2, no
detectable virus neutralization titers of VP2 were present
in the mice immunized with the negative controls
(BacSC and PBS). The virus neutralization titers of the
displayed BacSC-VP2 were much higher than those of
the positive control (CPV vaccine) (P < 0.05) (Table 2).

4. Discussion
CPV-2 is responsible for acute hemorrhagic enteritis and
fatal myocarditis in domestic dogs as well as some wild
carnivore species. At present, the original CPV-2 is not
circulating in dog populations, although it is still present
in vaccine formulations [14,15], whereas the variants
Copyright © 2012 SciRes.

Figure 7. SDS-PAGE and Western blot of purified recombinant baculoviruses (BacSC-VP2 and BacSC-HA64). The
amount of virus was calibrated to the amount of vp39. The
band intensities for VP2, HA and gp64 on the Western blot,
as well as the band intensities for vp39 on the SDS-PAGE,
were scanned and analyzed using Scion Image Shareware.
The data represent the mean ± SD of three independent
experiments.
Table 1. CPV primers used in this study.
CPV-VP2-1

5’-CAATCTCGAGccaatgagtgatggagcagttcaacc-3’
(2783 - 2808)

CPV-VP2-2

5’-AAGTGAATTCatataattttctaggtgctagttgag-3’
(4512 - 4537)

Forward primer restriction enzyme: Xho I, Reverse primer restriction
enzyme: EcoR I.

Table 2. Virus neutralization (VN) titers in BALB/c mice
immunized with various immunogens.
Property

Virus neutralization titer

Antibodies raised against
BacSC-VP2

3980

BacSC

0

CPV

391

PBS

0

OJVM
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Figure 8. ELISA using serum from BALB/c mice immunized with infected recombinant baculoviruses. Four groups
of mice, five female mice in each group, were immunized
intraperitioneally with 3 × 108 pfu of purified BacSC-VP2.
As negative controls, five mice were injected with purified
BacSC (3 × 108 pfu) or phosphate buffered saline (PBS) and
five mice were injected with CPV-2 vaccine (1 dose) as a
positive control. Each mouse received one booster shot 2
weeks following initial injection. The blood samples for
ELISA were collected 6 weeks after initial injection. The
values were mean of three independent experiments. Error
bar indicates standard deviation. Comparison with negative
controls (BacSC and PBS) were shown to have significant
differences (P < 0.05).

CPV-2a and 2b are distributed worldwide [1,10,16-20].
The new CPV-2c has been detected in many countries
[15,21-23]. Several studies demonstrated that VP2-based
vaccines can protect or at least increased the survival rate
of CPV-2 challenged dogs, as compared to unvaccinated
dogs. More recently, Spibey and his colleagues demonstrate that although only a few amino acid substitutions
in VP2 that is responsible for its antigenic properties
between the original type 2 virus and the CPV 2a, 2b and
2c [7,10], dogs vaccinated with a CPV-2 live attenuated
vaccine can mount a strong immune response and are
protected against challenge with the current CPV2c isolates [24].
The recombinant baculoviruses also have a good biosafety profiles, therefore vaccination using recombinant
baculoviruses to generate a subunit vaccine should be a
safe method. The baculovirus surface display system has
become increasingly common as an alternative to the
traditional expression systems during the past decade.
Recombinant baculoviruses, utilizing the baculovirus
gp64 TM and CTD, have been commonly exploited to
display various foreign proteins, and have long been used
as vaccines in animal models against several viral diseases [12,13,25-30]. These proteins can be expressed in
insect cell membranes and incorporated into the bacuCopyright © 2012 SciRes.

183

lovirus envelope. The expression of the proteins through
the baculovirus display system allows rapid production
of antigens without the need for purification process.
However, none of these studies has looked at the VP2 of
CPV-2. The major capsid protein VP2 of CPV-2 plays an
important role in the host immune response and virus
pathogenicity [6]. In this study, the baculovirus display
system has been successfully applied in the production of
subunit vaccines for CPV-2 VP2 protein. The recombinant baculovirus BacSC-VP2 expressing histidine-tagged
VP2 with the baculovirus gp64 CTD and TM was successfully constructed. After infection, CPV-2 VP2 was
expressed and anchored on the plasma membrane of Sf-9
cells and displayed on the viral envelope surface, as
demonstrated by confocal microscopy and immunogold
electron microscopy. We uncover that the VP2 protein of
CPV-2 is translocated to the cell surface. It is worth noting that baculovirus gp64 envelop protein attains it’s
envelop association only at the time of virion binding and
exists as a homotrimer on the viral capsid surface [31].
Although VP2 of CPV-2 and HA of AIV [12] were reported to exist as monomer and homotrimer, respectively,
the efficiency of their display on the baculoviral envelope showed no difference (P > 0.05) (Figure 7), suggesting that the protein structure and the presence of the
baculovirus gp64 CTD and TM fusions do not alter the
growth of the recombinant viruses, efficiency of incorporation, and morphology (BacSC-VP2 and BacSCHA64) and that high titer stocks of these viruses could be
achieved.
Animal vaccine tests showed pseudotyped baculovirus
BacSC-VP2 elicits significantly higher CPV-2 VP2 antibody titers in mouse models than the negative controls.
This demonstrates the feasibility of VP2-pseudotyped
baculovirus as a CPV vaccine. Although in this study we
used the VP2 protein from the CPV-2 strain, rather than
from the recent highly pathogenic CPV-2c. However,
dogs vaccinated with a live attenuated CPV-2 vaccine
(containing CPV-2 154 strain) can resist challenge with
the current CPV2c types [24]. Therefore, the baculovirus/CPV-2 VP2-based vaccine developed in this study
holds great promise as a novel platform to prevent the
CPV-2 infections. This study opens the way to the development of a recombinant baculovirus vaccine for
CPV-2, in which protection is based on the immunogenic
properties of the capsid protein.
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