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Abstract The Herpes simplex virus type 1 (HSV-1)
glycoprotein B (gB) gene in the pHLA-21 plasmid was inserted
into a baculovirus (Hyphantria cunea nuclear polyhedrosis virus)
expression vector (lacZ-HcNPV) to construct a recombinant
virus gB-HcNPV expressing gB. Spodoptera frugiperda cells
infected with this recombinant virus synthesized and processed
gB of approximately 120 kDa, which cross-reacted with the
monoclonal antibody to gB. The recombinant gB was identified
on the membrane of the insect cells using an immunofluorescence
assay. Antibodies to this recombinant raised in mice recognized
the viral gB and neutralized the infectivity of the HSV-1 in
vitro. These results show that the gB gene has the potential to
be expressed in insect cells. They also demonstrate that it is
possible to produce a mature protein by gene transfer in
eukaryotic cells, and indicate the utility of the lacZ-HcNPV-
insect cell system for producing and characterizing eukaryotic

proteins. Furthermore, the neutralizing antibodies would appear -

to protect mice against HSV. Accordingly, this particular
recombinant protein may be useful in the development of a
subunit vaccine.
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The glycoproteins produced by Herpes simplex virus type 1
(HSV-1) are the major viral proteins embedded in the virion
envelopes and cell membranes of infected cells [49, 50].
There are at least 11 known antigenically and functionally
distinct species (gB- gE, gG- gM) of glycoproteins in an
HSV virion [1, 41, 43, 50]. The HSV-1 glycoproteins appear

to be the primary inducers and targets of humoral and cell- -

mediated immune responses to an HSV-1 infection [16,
38, 501.

The nucleotide sequences of the gB gene of the HSV-1
strain KOS [7, 14] and strain F [42] have already been
determined. Based on the DNA sequence analysis, the gB
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gene encodes a polypeptide of 904 amino acids with an
estimated molecular weight of 100 kDa [7, 14]. In HSV-1
infected cells, a gB precursor is synthesized as a high mannose
protein of approximately 110 kDa and then processed into
a mature gB with a molecular weight of up to 120 kDa
[12, 13, 53]. gB plays an important role in the penetration,
cell fusion, and interaction of the virus with the immune
system of the host (8, 14, 21, 37, 50].

gB is an important target for both humoral and cell-
mediated immune responses to an HSV-1 infection [3, 4,
9, 16, 35, 38]. The prophylactic immunization of naive animals
with gB provides protection against primary infection and
reduced latency [4, 9, 10, 18, 25, 38, 40]. Several expression
systems have been used to express gB, and gB is a
principal candidate for an HSV subunit vaccine [9, 25, 40].
However, a number of different expression vectors and cell
lines expressing HSV-1 gB have been described [17, 22].
Baculovirus expression vectors have proved useful in
achieving a high-level expression of a variety of foreign
genes in insect cells [20, 39, 47, 51]. The current authors
have constructed a baculovirus transfer and expressions
vectors using the Hyphantria cunea nuclear polyhedrosis
virus (HeNPV) [26, 28], which have proven to be useful in
achieving a high-level expression of a variety of foreign
genes in Spodoptera frugiperda cells [27, 29]. Therefore,
the current study is focused on the expression and properties
of the gB of HSV-1 strain F [15] as a subunit vaccine.
Accordingly, using these systems, the gB coding sequence
of HSV-1 strain F was recombinated into an expression
vector and the resulting gB proteins were characterized. It
was then demonstrated that the immunization of mice with
this recombinant induced an immune response.

MATERIALS AND METHODS

Viruses, Cells, and Media
Herpes simplex virus type 1 (HSV-1) strain F (ATCC VR-

'733) was obtained from the Korean AIDS (Acquired

Immune Deficiency Syndrome) Center, Seoul, Korea and
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HSV-1 KOS strain from Korean National Institute of Health,
Seoul, Korea. Vero cell (ATCC-CCL 81) was obtained from
the Korean Type Culture Collection (KTCC). The HSV-1
strains were grown at 37°C in the Vero cells using Eagles
minimum essential medium (Gibco, Detroit, MI, U.S.A.)
with 10% fetal bovine serum (Gibco), as previously described
by Kang et al. [23]. The lacZ-Hyphantria cunea nuclear
polyhedrosis virus (lacZ-HcNPV) containing a deletion in
the polyhedrin gene [27] was propagated in the Spodoptera
frugiperda cells (IPLB-SF-21) [52] obtained from L. K.
Miller, University of Georgia, U.S.A., as previously described
[27, 29]. The cells were routinely maintained in a TC-100
medium (Gibco) supplemented with 0.2% tryptose broth
powder and 10% fetal bovine serum, and passaged every
5 days at 27°C.

Bacterial Strains and Plasmids

The pBacPAK9 plasmid (Clontech Laboratories, Palo Alto,
CA, U.S.A)) and pBluescript SK(+) plasmid (Stratagene,
LaJolla, CA, U.S.A.) were used for cloning or sequencing.
The pBACgus4x-1 plasmid (Novagen, Madison, W1, U.S.A.)
was used as the transfer vector. The E. coli XL1-Blue
bearing the pHLLA-21 clone containing the HSV-1 gB gene
[23] was used as the HSV-1 gB gene source and
maintained in an LB broth (Gibco, Gaithersburg, MD,
U.S.A).

Preparation of DNAs

E. coli containing the recombinant plasmids was cultured
in LB broth (Difco Laboratories, Detroit, MI, U.S.A.) at
37°C. The plasmid DNA was purified according to the
procedure described by Birnboim and Doly [2]. The lacZ-
HcNPV DNAs were purified based on the procedure
described by Lee et al. [27].

Oligonucleotides, Probe, and Antibody

The oligonucleotide primers (B-1, 5:5'-AGATCTCGTAG-
TCCCGCCATGCGCCAG-3" and B-2, 3" 5'-TTTGAAT-
TCACAACAAACCCCCCGTCACAG-3") and probe (B-3,
5'-AGGTCGATGAAGGTGCTGA CGGTGGTGA-3') were
deduced from the terminal sequences of the published
sequences of the gB gene of HSV-1 strain F [42] and used
for the PCR and colony hybridization, respectively. The
primers (He-1, 5:5-TGTTAACCTTCTCCC-3'; and He-2,
3" 5-CACGTCGAG TCA ATTGTAC-3") were deduced from
the terminal sequence of the published sequence of the
polyhedrin gene of HcNPV [27] and used for the partial
sequencing of the gene inserted in the HCNPV transfer
vector. The oligonucleotides were synthesized by Korea Biotec
Inc., Taejon, Korea. The HSV-1 gB-specific monoclonal
antibody 528 was purchased from Medi-lab Korea (Seoul,
Korea) and fluorescein isothiocyanate-conjugated sheep
anti-mouse IgG was purchased from Boehringer Mannheim
Biochemicals (Indianapolis, IN, U.S.A.).

Colony and Southern Blot Hybridizations

The colony hybridization for the detection of colonies
containing gB gene fragments of the HSV-1 BamHI genome
library [23] was carried out according to the procedure
described by Grunstein and Hogness [19] using probe B-3.
The gB locus in the selected recombinant plasmids was
confirmed by a Southern blot analysis [33, 48].

Restriction Enzyme Digestions and Agarose Gel
Electrophoresis

All restriction endonuclease digestions were performed
according to the manufacturer’s instructions. The DNA

~ genome and vector DNAs were digested and electrophoresed

on a 1.0% agarose gel. The molecular size of each DNA
fragment was determined by comparing their mobility with
BstEIl or HindIll-digested phage A DNA fragments. The
reactions were terminated by the addition of 1/10 volume
of a stop solution [45]. The details of gel electrophoresis
and visualization of the DNA fragments were previously
described by Lee et al. [30] and Lee and Miller [32]. The
DNA fragments were fractionated and purified in 1.0%
low-melting-temperature agarose gels containing Tris-borate
and ethidium bromide [29, 30].

Cloning and Transformation

The HSV-1 gB gene was cloned using standard protocols
[29, 30, 45] as detailed in Fig. 1. The gB gene (3.1 kb) in the
plasmid pHLA-21 was cleaved into two Apal fragments,
1.25 kb and 1.85 kb, and the two fragments were combined
to create a 3.1 kb gB gene sequence which was named
pBac-gB3.1. This pBac-gB3.1 was doubly digested with
Xbal and EcoRI to create the 3.1 kb gB gene. This gene
was then inserted into the Xbal and EcoRI sites of the
baculovirus transfer vector pPBACgus4X-1 bearing the gus
gene encoding 3-glucuronidase, which serves as a reporter
for verifying recombinant viruses by staining with X-Gluc
(Novagen). The resulting recombinant was named the
pGus-gB3.1 plasmid (Fig. 1). Competent E. coli cells were
prepared and transformed with the recombinant plasmids
by the procedure described by Mandel and Higa [34].

Construction and Selection of HcNPV Recombinant
Baculoviruses

S. frugiperda cells were seeded in 60-mm petri dishes with
2x10°cells per dish and then cotransfected with 2 pl
(1.0 ug of DNA) of the linearized lacZ-HcNPV DNA with
Bsu361 enzyme and 10 ul (10 pug) of pGus-gB3.1 plasmid
DNA in a TE buffer (10 mM Tris-HCl, 1.0 mM EDTA,
pH7.5) in 40 ul H,0O to construct recombinant viruses
using lipofectin-transfection, as previously described by Lee
etal. [27, 29]. The recombinant viruses in the supernatants
were selected by a 1.5% low-melting-point agarose plaque
assay [27] containing X-Gluc and then incubated at 27°C
for 5days. Eight blue occlusion-negative plaques were
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Fig. 1. Construction scheme for the pGus-gB3.1 plasmid
containing the gB gene and the upstream sequence of gB.

(A) The 3.1 kb gB gene sequence in the plasmid pHLA-21 was cleaved
into two Apal fragments, 1.85kb (a) and 125kb (b), which were
separately cloned into pBluescript SK(+) and then transferred into pBac-
PAKD vectors, which were combined together and then transferred into the
Xbal and EcoRlI sites of the pBACgus4x-1 transfer vector to construct the
pGus-gB3.1 recombinant plasmid.

(B) Partial nucleotide sequence of the cloning site downstream of the
polyhedrin promoter region. The translation start codon, ATG, transcription
initiation motif, TAAG, and the ligated Xbal site were apparent.

selected and added to a serum-free medium. The insertion
of the gB gene in the recombinant virus was analyzed by
a PCR using primers B-1 and B-2 [11] and a Southemn
blot [48].

Nucleotide Sequencing

The dideoxy chain termination sequencing [46] was performed
on a polyacrylamide sequencing gel using approximately
8 ug/ml of double-stranded DNA templates and 100 pmol/
ul of a limiting primer. The DNA fragments were labeled
with *S-ATP and sequenced with a 7-deaza-dGTP
sequencing kit with a Sequenase version 2.0 T7 DNA
polymerase (United State Biochemical, Cleaveland, OH,

U.S.A)) using the pBluescript T3 primer, T7 DNA primer,
and M13 reverse primer.

Radioimmunoprecipitation Assay for Detection of gB
Protein

The radioimmunoprecipitation assay was carried out using
a modification of the procedures described by Kessler
[24]. S. frugiperda cells (1x10° cells per dish) were seeded
on 35-mm petri dishes and allowed to attach in a monolayer
overnight at 27°C. The cells were all infected with the
recombinant virus. After 1h of adsorption at 27°C, the
monolayers were washed with PBS (pH 6.2) [32], and the
cells were incubated with 2 ml of a TC-100 medium for
48 h at 27°C. After incubation, the monolayers were washed
twice in a prewarmed leucine-deficient TC-100 basal medium
(Sigma Chemicals Co., St. Louis, MO, U.S.A) and
incubated in 0.5 ml of a leucine-deficient basal medium
(Sigma) for 1h at 27°C. The medium was removed and
replaced with 0.5 ml of a leucine-deficient basal medium
containing 20 uCi L-[’H]-leucine (Amersham-Pharmacia
Biotech Korea, Seoul, Korea). The cells were incubated
for 1 h at 27°C with gentle rocking. The cells were washed
twice with 2 ml PBS and cooled on ice for 5 min. The cells
were then incubated in 0.5 ml of an ice-cold cell lysis
buffer consisting of 500 mM Tris-HCI, pH 7.4, 150 mM
NaCl, 1% NP40, 0.1% SDS, 0.5 Na-deoxycholate, and 1.0
mM phenylmethylsulfonyl fluoride (PMSF) for 30 min on
ice with gentle rocking. The lysate was transferred to a
chilled eppendorf tube and centrifuged at 10,000 xg for
5min at 4°C [24]. The supernatant was transferred to a
fresh chilled eppendorf tube. The lysate was collected and
500 ul aliquots were reacted for 1h at 4°C on a rock
platform with gB and 52S monoclonal antibodies, separately,
at a final dilution of 1:2. Twenty microliters of a protein A-
agarose (10 mg/ml) (Boehringer Mannheim Biochemicals)
were added to the mixture and rotated at 4°C for 3 h. The
agarose was pelleted for 1 min, washed twice in washing
solution I (50 mM Tris-HC], pH 7.4, 150 mM NaCl, 1%
NP40, 0.5% Na-deoxycholate, 1 mM PMSF, 1 mM EDTA),
washed once in washing solution II (50 mM Tris-HCI, pH
7.5, 500 mM NaCl, 0.1% NP40, 0.05% Na-deoxycholate)
and then washed once in washing solution III (50 mM
Tris-HCI, pH 7.5, 0.1% NP40, 0.05% Na-deoxycholate)
for 20 min at 4°C on a rock plate [24]. The agarose pellet
was then resuspended in a 2x SDS gel loading Tris buffer
with 4% SDS, 125 mM Tris-Cl, pH 6.7, 30% (v/v) glycerol,
0.002% bromphenol blue, boiled for 5 min, and then
centrifuged in a microcentrifuge (Han-il Instruments, Seoul,
Korea). The supernatants were collected and loaded onto a
7.5% SDS-polyacrylamide gel (Sigma) [S]. At the completion
of the electrophoresis, the gels were transferred into several
volumes of Coomassie brilliant blue solution in a fresh flat
dish and incubated for 1h at room temperature. After
destaining, for fluorography, the gels were equilibrated with
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dimethylsulfoxide (DMSO), thereafter impregnated with 2,5-
diphenyoxazole (PPO) (Sigma) by immersion in 4 volumes
of 22.5 w/w PPO in DMSO, soaked in water, dried, and
exposed to HyperfilmTM-MP (Amersham) film at - 70°C
for 48 h [6]. The exposed films were developed for 3 min
at 20°C in a developer.

Immunofluorescence Assay

An immunofluorescence assay (IFA) for detecting the
proteins in the cells was carried out using a modification of
the procedures described by Ghiasi et al. [17] and Lee et
al. [31]. S. frugiperda cells (2x10°cells per dish) were
seeded on a glass cover slip (18x18 mm) in 60-mm dishes,
infected with recombinant baculoviruses expressing gB at
a multiplicity of infection of 10 pfu/cell, and incubated for
72 h. The infected cells grown on the glass cover slip were
fixed with acetone for 15 min. The fixed cells were then
washed in PBS (pH 6.2) for 10 min and incubated for 1 h
at room temperature with the gB specific monoclonal
antibody 525 (Medilab Korea) diluted in a 0.5% BSA
solution in PBS at 1:500 and 1:2, respectively. The cells
were rinsed three times for 5 min with PBS and then
incubated for 1 h with anti-mouse immunoglobulin fluorescein
(Boehringer Mannheim) diluted 1:50 with a 0.5% BSA
solution. The cells were washed twice for 5 min with PBS,
mounted in a mounting buffer (1 glycerol: 5 PBS), and
then examined at a 100-1,000x magnification through a
fluorescent microscope (AO Fluoro-star 20, U.S.A.).

Preparation of Cell Lysates for Immunization

S. frugiperda cells (1x10° cells per flask) were seeded in
eight flasks (60 mm), allowed to attach in a monolayer
overnight at 27°C, infected with the recombinant baculoviruses
expressing gB at a multiplicity of infection of 0.1 pfu/cell,
and incubated with 4 ml of a TC-100 medium for 96 h at
27°C. The infected cells and media at 96 h postinfection
were freeze-thawed, lyophilized and resuspended in 2 ml
of PBS buffer (pH6.2) at a final concentration of
8x10° cells. S. frugiperda cells infected with the wild-type
lacZ-HcNPV were treated in the same manner with the
infected cells as control.

Immunization of Mice

Immunization to mice was carried out using a modification
of the procedures described by Ghiasi ef al. [17, 38]. Ten
mice (Balb/c strain, 6- 8 weeks old) (Daehan Laboratory
Animal Research Center, Chungnam, Korea) were vaccinated
three times at 3-week intervals both subcutaneously and
intraperitoneally with freeze-thawed whole cell lysates of
S. frugiperda cells infected with the recombinant baculovirus
expressing gB. Two-hundred-and fifty microliters (10° cells)
of cell lysates was injected subcutaneously with Freund's
complete adjuvant at 1:1 ratio on Day 0 and an identical
preparation with Freund's incomplete adjuvant on Days 21

and 42, and intraperitoneal (ip) injections were given
concurrently with 250 pl (10° cells) of the lysates in PBS. Ten
mock-vaccinated mice were inoculated with the S. frugiperda
cells lysates infected with the wild-type baculovirus using
the same regimen. A positive control group of 10 mice was
immunized three times ip with 2x10° pfu of the nonvirulent
HSV-1 strain KOS. The sera were collected at 3 weeks
after the final vaccination and pooled for each group.

Serum Neutralization Assay

A virus neutralization assay was performed using a
modification of the procedure described by Martin and
Rouse [36]. Briefly, 100 pl of heat-inactivated serum was
added in serial dilution on a 96-well flat-bottom microtiter
plate (Falcon, Lincoln Park, NJ). One-hundred microliter
of 200x TCID;, of live HSV-1 strain F was added to the
plate, sealed, and incubated for 18 h at 4°C. Then, 100 pl
of 5x10’viable vero cells were added to the plates, which
were incubated at 37°C for 5 days. The serum dilution
factor that neutralized 50% of the virus was determined as
the titer. The TCID,, was 0.69 pfu as determined by the
procedure described by Reed and Muench [44].

RESULTS AND DISCUSSION
Construction of Recombinant Virus gB-HcNPV
Expressing gB
From the BamHI fragment library of the HSV-1 DNA
genome [23] a colony containing the HSV-1 gB gene was
detected by colony hybridization with the probe B-3. One
colony, which strongly hybridized with the probe, was
isolated. The purified DNAs were digested with BamHI and
separated on an agarose gel. Then, the inserted fragment
was confirmed by Southemn hybridization (Fig. 2). This result
showed that the recombinant plasmid, pHLA-21, contained
the 7.82 kb BamHI DNA fragment harboring the gB gene.
For cloning the HSV-1 gB gene coding the 120 kDa
polypeptide [12, 13, 53] into the baculovirus transfer vectors
and constructing a recombinant baculovirus, the gB gene
(3.1 kb) in the plasmid pHLA-21 was cleaved into two
Apal fragments, 1.25 kb and 1.85 kb, which were separately
cloned into pBluescript SK(+) and pBac-PAK9 vectors,
and then combined to create a 3.1 kb of the gB gene
sequence which was named pBac-gB3.1. Thereafter, the
gB gene was transferred into the Xbal and EcoRlI sites of
the pBACgus4x-1 transfer vector to construct the pGus-
gB3.1 recombinant plasmid (Fig. 1A). The insertions of
the gB fragments were confirmed by Southern blot analysis
(Fig. 2, lane 3). These results indicate that each clone
contained the gB gene fragment. For the partial sequencing
of the gB gene insertion area in the pGus-gB3.1 plasmid, a
1.3 kb fragment was digested out with Smal, recloned into
the Smal site of pBluescript SK(+), and named as the pB-
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Fig. 2. Agarose gel analysis of gB gene fragments (A) and identification of gB_gene fragments in the recombinant plasmids by

Southern blot analysis (B).

The digested DNAs were electrophoresed for 17 h on a 1.0% agarose gel. Lanes 1 and 9, phage DNAs digested with Bs¢EIl; lane 2, HSV-1 genomic DNAs
digested with BamHI; lane 3, pHLA-21 plasmid DNAs digested with BamHI; lane 4, pB-gB1.25 plasmid DNAs digested with Apal; lane 5, pBac-gB1.25
plasmid DNA digested with Xbal; lane 6, pBac-gB3.1 plasmid DNAs digested with Kpnl; lane 7, pGus-gB3.1 plasmid DNAs double-digested with Xbal and

EcoRlI; 1ane 8, pB-1.3 plasmid DNA digested with Smal.

1.3 plasmid. An analysis of the pB-1.3 plasmid using three
restriction enzymes (Apal, Sacll, and Smal) showed that
the 1.3kb was inserted in the correct direction. The
nucleotide sequence in Fig. 1B demonstrates that the gB
gene was cloned correctly. An analysis of the pGus-gB3.1
recombinant using four restriction enzymes showed that
the gB gene was inserted in the correct direction between
the polyhedrin promoter and the gus gene. The 3.1 kb gB
gene fragment was mapped using restriction enzymes.

The strategy for the construction of a recombinant
baculovirus shown by Lee et al. [27, 29, 31] was used for
the gB gene cloning. The pGus-gB3.1 transfer vector DNA
containing the gB gene and the linearized lacZ-HcNPV
DNA with the Bsu361 enzyme were cotransfected into S.
frugiperda cells according to the protocol described in
Materials and Methods. The recombinant viruses were isolated
by a plaque assay containing X-Gluc. No polyhedral inclusion
bodies were formed in the infected cells. White-colored
plaque means no insertion of the gB gene, whereas a blue-
color plaque indicates a recombinant virus. Eight plaque clones
of the recombinant viruses were isolated and characterized.
The individual clones were named as gB-HcNPV-1 to 8 on
the basis of their selected order. The size of plaques ranged
from 2 to 4 mm in diameter (data not shown). The gB-
HcNPV-1 clone that exhibited the largest plaque size
(4 mm) was used for further studies. The plaques were
plaque-purified twice. The presence of the HSV-1 gB gene
DNA in the recombinant baculovirus was verified by PCR
(data not shown) and Southern blot hybridization on the
Bglll fragments of the recombinant gB-HcNPV-1 (Fig. 3).
The PCR results indicated that the gB gene was correctly
inserted in the recombinant virus genome. The gB gene was
located in the 12.3 kb Bg/ll fragment of the recombinant
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Fig. 3. Confirmation of gB gene insertion in the recombinant
virus gB-HcNPV-1 DNAs by Southern blot analysis.

The Bglll-digested DNAs were electrophoresed on a 1.0% agarose gel for
20 h. Panel A lane 1, phage DNAs digested with BstEll; lane 2, gB-
HcNPV-1 DNAs digested with BglIl. Panel B shows the results of the
Southern blot analysis of panel A. The arrow indicates the 12.3 kb
fragment which contains the gB gene.

virus, which newly appeared. Four clones (1, 3, 4, and 8)
out of the eight clones contained the gB gene sequence in
their genomes. The recombinant virus was multiplied normally
in S. frugiperda cells and produced a high level of HSV-1
gB in insect cells. One abundant gB-specific polypeptide of
120 kDa was readily detected by radioimmunoprecipitation
analysis (Fig. 4). These results indicate that the baculovirus
expression system (lacZ-HcNPV) is a useful vehicle for
the production of glycoprotein gene products. Similar
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Fig. 4. Immunoprecipitation of gB protein produced from insect
cells infected with recombinant virus, gB-HcNPV-1.

Forty-eight hours after infection with the recombinant viruses, the insect
cells were labeled with L-[’H]-leucine for 1 h and lysated. The soluble fractions
of the lysates were mixed with gB Mab and the antigen-antibody complexes
were precipitated with protein A-Sepharose. The immunoprecipitates were
resolved by electrophoresis on a 7.5% SDS-PAGE, and the labeled protein
was detected by PPO fluorography. The left side lane (M) of the figure
shows standard molecular weight markers of myosin (200kDa), B-
galactosidase (116.2 kDa), phospholylase B (97.4 kDa), and bovine serum
albumin (68 kDa). Lane 1 indicates the position of gB.

results were reported by Ghiasi ef al. [17], who constructed
a recombinant baculovirus that contained a BamHI fragment
with a HSV-1 gB gene using the Autographa californica
NPV expression vector, which expressed the gB protein in
the insect cell. The above two groups of investigators used
different vector systems and restriction fragments with the
gB gene.

Production and Characteristics of gB in S. frugiperda
cells

The production of HSV-1 gB in S. frugiperda cells
infected with gB-HcNPV-1 was also detected by
radioimmunoprecipitation analysis. Figure 4 shows that the
gB protein band appeared on the fluorogram. This result
indicates that the gB protein was produced in the cells and
was approximately 120 kDa. This means that the recombinant
virus gB-HcNPV-1 expressed a glycosylated mature gB in
the insect cells. In the HSV-1 infected cells, the gB precursor
is synthesized by a protein of approximately 110 kDa,
which is then processed into a mature gB with a molecular
weight of up to 120 kDa [12, 13, 40]. The production of
HSV-1gB in S. frugiperda cells infected with gB-HcNPV-1
was detected by an indirect immunofluorescence analysis
using a fluorescein-conjugated gB monoclonal antibody
prior to fixation. No greenish immunofluorescence was
seen in the cells infected with the wild-type baculovirus
lacZ-HcNPV, however, the gB-HcNPV-1-infected cells
exhibited high surface fluorescence with green color (Fig. 5).

Fig. 5. Immunofluorescence analysis of HSV-1 gB protein
produced in S. frugiperda cells infected with gB-HcNPV-1
recombinant virus.

The virus-infected cells were fixed in acetone and treated with an anti-gB
monoclonal antibody followed by a fluorescein isothiocyanate-conjugated
sheep anti-mouse antibody IgG. The fluorescent cells infected with
recombinant virus were observed with a fluorescent microscope (x100).
The arrowed cells exhibit high surface fluorescence with a green color.

This fluorescent green color indicates that the gB protein
was transported to the cell surface, in consistence with the
report of Ghiasi ef al. [17].

The immunogenicity of the recombinant gB was studied
by immunizing mice with lysates from whole insect cells
infected with gB-HcNPV-1, as described in Materials and
Methods. Three weeks after the final vaccination, mice
were bled and their sera were tested for HSV-1-neutralizing
activity. The pooled sera were heat-inactivated and then
incubated with a guinea pig complement. The sera from
the immunized mice exhibited a high HSV-1-neutralizing
activity in vitro (Table 1). Accordingly, it would appear
that the baculovirus-expressed gB can induce an immune
response in mice that is directed against authentic gB.
Cantin et al. [9] and Ghiasi et al. [17] obtained a similar
result, where antibodies raised in mice to recombinants
recognized viral gB and neutralized the infectivity of
HSV-1 in vitro.

In conclusion, our results demonstrate that the gB gene
in the gB-HcNPV recombinant virus produces a mature
protein in eukaryotic insect cells and indicate the utility of the
HcNPV-insect cell system for producing and characterizing

Table 1. Neutralizing antibody titers in mice vaccinated with
gB-HcNPV-1.

Immunogens No. of mice 50% neutralization
g tested titer of antisera
gB-HcNPV-1 10 <1:64
HSV-1 KOS 10 <1:1024
Mock(HcNPV) 10 <1:8
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eukaryotic proteins. In this study the level of viral latency
was not measured However, a high level of neutralizing
antibody production may protect mice from HSV, therefore,
this particular recombinant protein may be useful in the
development of a subunit vaccine.

Acknowledgments

This work was supported by grant No. KOSEF 96-0401-11-
01-3 from the Korea Science and Engineering Foundation.

REFERENCES

1.

10.

11.

12.

Bains, J. D. and B. Roizman. 1993. The UL10 gene of
herpes simplex virus 1 encodes a novel viral glycoprotein,
gM, which is present in the virion and in the plasma
membrane of infected cells. J. Virol. 67: 1441- 1452.

. Bimboim, H. C. and J. Doly. 1979. A rapid alkaline extraction

procedure for screening recombinant plasmid DNA. Nucl.
Acids Res. 7: 1513-1523.

. Blacklaws, B. A., A. A. Nash, and G. Darby. 1987. Specificity

of the immune response of mice to herpes simplex virus
glycoprotein D and B constitutively expressed on L cell
lines. J. Gen. Virol. 68: 1103- 1114,

. Blacklaws, B. A. and A. A. Nash. 1990. Immunological

memory to herpes simplex virus type 1 glycoprotein B and D
in mice. J. Gen. Virol. 71: 863- 871.

. Bollag, D. M., M. D. Rozycki, and S. J. Edelstein. 1996.

Protein Methods, (2nd ed.). pp. 96- 130. Wiley-Liss, New
York, U.S.A.

. Bonner, W. and R. Laskey. 1974. A film detection method

for tritium labeled proteins and nucleic acids in polyacrylamide
gels. Eur. J. Biochem. 46: 83- 88.

. Bzik, D. J., B. A. Fox, N. A. DeLuca, and S. Person. 1984.

Nucleotide sequence specifying the glycoprotein gene, gB,
of herpes simplex virus type 1. Virol. 133: 301-314.

. Cai, W,, B. Gu, and S. Person. 1988. Role of glycoprotein B

of herpes simplex virus type 1 in viral entry and cell fusion,
J. Virol. 62: 2596-2604.

. Cantin, E. M, R. Eberal, J. L. Baldick, B. Moss, D. E. Willy,

A. L. Notkins, and H. Openshaw. 1987. Expression of herpes
simplex virus 1 glycoprotein B by a recombinant vaccinia
virus and protection of mice against lethal kerpes simplex
virus 1 infection. Proc. Natl. Acad. Sci. USA 84: 5900-
5912.

Chan, W. L. 1983. Protective immunization of mice with
specific HSV-1 glycoproteins. Immunol. 49: 343-- 352,
Chung, H. K., S. H. Lee, S. Y. Kim, and H. H. Lee. 1994.
Nucleotide sequence analysis of the RNA-dependent RNA
polymerase gene of infectious pancreatic necrosis virus DRT
strain. J. Microbiol. Biotechnol. 4: 264-269.
Claesson-Welsh, L. and P. G. Spear. 1987. Amino-terminal
sequence synthesis, and membrane insertion of glycoprotein
B of herpes simplex virus type 1. J. Virol. 61: 1-7.

13.

14.

1.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

361

Compton, T. and R. J. Courtney. 1984. Evidence for post
translational glycosylation of a nonglycosylated precursor
protein of herpes simplex virus type 1. J. Virol. 52: 630-637.
DeLuca, N, D. J. Bzik, V. C. Bond, S. Person, and W. Snipes.
1982. Nucleotide sequences of herpes simplex virus type 1
(HSV-1) affecting virus entry, cell fusion, and production of
glycoprotein gB (VP7). Virol. 122: 411-423.

Ejercito, P. M., E. D. Kieff, and B. Roizman. 1968.
Characterization of herpes simplex strains differing in their
effects on social behavior of infected cell. J. Gen. Virol. 2:
357-364.

Ghiasi, H., A. B. Nesburn, and S. L. Wechsler. 1996.
Vaccination with a cocktail of seven recombinantly expressed
HSV-1 glycoproteins protects against ocular HSV-1 challenge
more efficiently than vaccination with any individual
glycoprotein. Vaccine 14: 107-112.

. Ghiasi, H., R. Kaiwar, A. B. Nesburn, and S. L. Wechsler.

1992. Expression of glycoprotein B of herpes simplex virus
type 1 in insect cells: Initial analysis of its biochemical and
immunological properties. Virus Res. 22: 25-39.

Ghiasi, H., S. Slanina, A. B. Nesburn, and S. L. Wechsler.
1994. Characterization of Baculovirus-expressed Herpes
simplex virus type 1 glycoprotein K. J. Virol. 68: 2347-
2354,

Grunstein, M. and D. Hogness. 1975. Colony hybridization:
A method for the isolation of cloned DNAs that contain a
specific gene. Proc. Natl. Acad. Sci. USA 72: 3961- 3965.
Han, B. K., B. Lee, M. K. Min, and K. H. Jung. 1998.
Expression and characterization of recombinant E2 protein
of Hepatitis C virus by insect cell/Baculovirus expression
system. J. Microbiol. Biotechnol. 8: 361-368.

Highlander, S. L., W. Cai, S. Person, M. Levine, and J. C.
Glorioso. 1988. Monoclonal antibodies define a domain on
herpes simplex virus glycoprotein B involved in virus
penetration. J. Virol. 62: 1881- 1888.

Johnson, D. C., G. Ghosh-Choudhury, J. R. Smiley, L. L.
Fallis, and R. L. Graham. 1988. Abundant expression of
Herpes simplex virus glycoprotein gB using an adenovirus
vector. Virol. 164: 1- 14.

Kang, H., K. J. Park, S. C. Cha, S. Y. Kim, K. S. Yang, N. J.
Kim, and H. H. Lee. 1996. Cloning of thymidine kinase gene
of Herpes simplex virus type-1. J. Kor. Soc. Virol. 26: 121~
129.

Kessler, S. 1975. Rapid isolation of antigens from cells with
a staphylococcal protein A-antibody adsorbent preparations
of the interaction of antibody-antigen complexes with
protein A. J. Immunol. 115: 1617- 1623.

Kino, Y., C. Nozaki, H. Nakatake, K. Mizuno, and R. Mori.
1989. Immunogenicity of herpes simplex virus glycoprotein
gB-1 related protein produced in yeast. Vaccine 7: 155- 160.
Lee, H. H. 1987. Replication and cloning of Hyphantria
cunea nuclear polyhedrosis virus in Spodoptera frugiperda
cell line. Hanguk J. Genet. Engin. 2: 3- 6.

Lee, H. H., B. J. Kang, and K. J. Park. 1998. Construction of
a Baculovirus expression system using H. cunea nuclear
polyhedrosis virus for eukaryotic cell. J. Microbiol. Biotechnol.
8: 676- 684.



362

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

CHA et al.

Lee, H. H. and K. W. Lee. 1988. Isolation, complementation
and partial characterization of temperature-sensitive mutants
of the Baculovirus Hyphantria cunea nuclear polyhedrosis
virus. J. Gen. Virol. 69: 1299- 1306.

Lee, H. H, E. S. Moon, S. T. Lee, S. H. Hwang, S. C. Cha,
and K. H. Yoo. 1998. Construction of a Baculovirus
Hyphantria cunea NPV insecticide containing the insecticidal
protein gene of Bacillus thuringiensis subsp. kurstaki HD1.
J. Microbiol. Biotechnol. 8: 685- 691.

Lee, H. H, H. J. Lee, and K. H. Yoo. 1990. Restriction
mapping of the DNA genome of Hyphantria cunea nuclear
polyhedrosis virus. J. Kor. Soc. Virol. 20: 145-152.

Lee, H. H., H. Kang, J. W. Jung, B. J. Kang, and J. Y. Song.
1999. Construction of a transfer vector containing gX signal
sequence of Pseudorabies virus and a recombinant baculovirus.
J. Microbiol. Biotechnol. 9: 541-547.

Lee, H. H. and L. K. Miller. 1978. Isolation of genotypic
variants of Autographa californica nuclear polyhedrosis
virus. J. Virol. 27: 754-767.

Lee, W. K., D. S. Park, and G. S. Tae. 1999. Cloning and
characterization of the psbEF gene encoding cytochrome b-
559 of the Panax ginseng photosystem II reaction center. J.
Biochem. Mol. Biol. 32: 189-195.

Mandel, M. and A. Higa. 1970. Calcium dependent
bacteriophage DNA phage infection. J. Mol. Biol. 53: 154-
162.

Manservigi, R., P. R. Grossi, M. Gualandri, P. G. Balboni,
A. Marchini, P. Rimessi, D. DeLuca, E. Cassai, and
G. Barbanti-Brodano. 1990. Protection from herpes simplex
virus type 1 lethal and latent infections by secreted recombinant
glycoprotein B constitutively expressed in human cells with
a BK virus episomal vector. J. Virol. 64: 431- 436.

Martin, S. and B. T. Rouse. 1987. The mechanism of
antiviral immunity induced by a vaccinia virus recombinant
expressing herpes simplex virus type 1 glycoprotein D:
Clearance of local infection. J. Immunol.138: 3431- 3440.
Navarro, D., P. Paz, and L. Pereira. 1992. Domains of
Herpes simplex virus type 1 glycoprotein B that function in
virus penetration, cell-to-cell spread and cell fusion. Virol.
186: 99-112.

Nesburn, A. B., R. L. Burke, H. Ghiasi, S. Slanina, S. Bahri,
and S. L. Wechsler. 1994. Vaccine therapy for ocular Herpes
simplex virus (HSV) infection; Periocular vaccination reduces
spontaneous ocular HSV type 1 shedding in latently infected
rabbits. J. Virol. 68: 5084-5092.

OReilly, D. R, L. K. Miller, and V. A. Luckow. 1994,
Baculovirus Expression Vectors, A Laboratory Manual.
Oxford University Press, Oxford, U.K.

Pachl, C., R. L. Burke, L. L. Stuve, L. Sanchez-Pescador,
G. Van Nest, D. Masiarz, and D. Dina. 1987. Expression of

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

cell associated and secreted forms of herpes simplex virus
type 1 glycoprotein gB in mammalian cells. J. Virol. 61:
315-325.

Para, M. F, R. B. Baucke, and P. G. Spear. 1982.
Glycoprotein gE of herpes simplex virus type 1: Effects of
anti-gE on virion infectivity and on virus induced Fc-binding
receptors. J. Virol. 41: 129- 136.

Pellett, P. E., K. G. Kousoulas, L. Pereira, and B. Roizman.
1985. Anatomy of the herpes simplex virus 1 strain F
glycoprotein B gene: Primary sequence and predicted
protein structure of the wild type and monoclonal antibody-
resistant mutants. J. Virol. 53: 243-253.

Ramaswamy, R. and T. C. Holland. 1992. In vitro
characterization of the HSV-1 UL53 gene product. Virol.
186: 579-589.

. Reed, L. J. and H. Munch. 1938. A simple method of

estimating fifty per cent endpoints. Amer. J. Hygiene 27:
493-497.

Sambrook, L., E. E Fritsch, and T. Maniatis. 1989. Molecular
Cloning; A Laboratory Manual. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, U.S.A.
Sanger, F, S. Nicklen, and A. R. Coulson. 1977. DNA
sequencing with chain-terminating inhibitors. Proc. Natl. Acad.
Sci. USA 74: 5463- 5467.

Smith, G. E., M. J. Fraser, and M. D. Summers. 1983.
Molecular engineering of the Autographa californica nuclear
polyhedrosis virus genome: Deletion mutations within the
polyhedrin gene. J. Virol. 46: 584-593.

Southern, E. M. 1975. Detection of specific sequences
among DNA fragments separated by gel electrophoresis. J.
Mol. Biol. 69: 503-517.

Spear, P. G. 1976. Membrane proteins specified by herpes
simplex virus type 1. 1. Identification of four glycoprotein
precursors and their products in type 1 infected cells. J.
Virol. 17: 991- 1008.

Spear, P. G. 1985. Glycoproteins specified by herpes simplex
viruses, pp. 315-356. In Roizman, B. (ed.), The Herpesviruses.
Vol. 3, New York and London, Plenum Press.

Summers, M. D. and G. E. Smith. 1988. A Manual of
Methods for Baculovirus Vectors and Insect Cell Culture
Procedures. Texas Agricultural Experimentation Station,
US.A.

Vaughan, J. L., R. H. Goodwin, G. J. Tomkins, and P.
McCarvely. 1977. The establishment of two cell lines from
insect Spodoptera frugiperda (Lepidoptera: Noctuidae). In
Vitro 13: 213-217.

Wenske, E. A., M. W. Bratton, and R. J. Courtney. 1982.
Endo-B-n-acetyl-glucosaminidase H sensitivity of precursors
to herpes simplex virus type 1 glycoproteins gB and gC. J.
Virol. 44: 241-248.



