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Abstract Stably transformed Drosophila melanogaster S2 cells
producing recombinant VP7 were obtained, and recombinant
VP7 expression was confirmed by Western blot analysis. The
molecular weight of recombinant VP7 expressed in S2 cells
was approximately 35.5 kDa, and 75% of the total VP7
produced was present in the medium. Recombinant VP7
contained N-linked glycosylated oligosaccharides. Aprotinin,
leupeptin, and polyvinylpyrrolidone did not have any noticeable
effect on recombinant VP7 production; however, DMSO and
sodium butyrate increased its production by 120% and 60%,
respectively.
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Rotavirus is a member of the Reoviridae family and causes
acute gastroenteritis in young children and animals [14]. The
outer layer of rotavirus is composed of the glycoprotein
VP7, and it induces neutralizing antibodies that specify G
serotype [21]. The VP7 gene contains an open reading
frame of 326 amino acids which codes for two N-terminal
hydrophobic sequences, H1 (residues 1-29) and H2
(residues 38-50), each of which can function as a signal
peptide to direct the protein into the membrane of the
endoplasmic reticulum [25]. The nascent VP7 is known as
a 34-kDa glycoprotein that contains N-linked high-mannose
oligosaccharide residues with one or more potential
glycosylation sites [19].
VP7 genes of simian, bovine, and human rotavirus strains
have been expressed in several systems to develop subunit
or recombinant vaccines [7, 8, 10]. VP7 expressed in E.
coli was found to be toxic to the cell [17], while a β*Corresponding author
Phone: 82-31-201-2436; Fax: 82-31-202-9885;
E-mail: ischung@khu.ac.kr

galactosidase-VP7 fusion protein induced a weak formation
of neutralizing antibodies in mice [2]. Similarly, vaccinia
virus constructs of the wild-type VP7 gene and a modified
construct resulted in a partial secretion of VP7 [1], and
induced only a small increase in neutralizing antibody when
intradermally injected into rabbits. Rotavirus proteins expressed
in a baculovirus-insect cell system have produced mixed
results [5, 18].
In this study, the expression of cDNA coding human
rotavirus VP7 and its glycosylation pattern from stably
transformed Drosophila melanogaster S2 cells are described.
The effects of aprotinin, leupeptin, polyvinylpyrrolidone
(PVP), dimethyl sulfoxide (DMSO), and sodium butyrate
on cell growth along with recombinant VP7 production
were also investigated.

MATERIALS AND METHODS
Cell Line, Plasmids, and Enzymes
Drosophila melanogaster Schneider 2 (S2) cells were grown
at 27oC in T-25 (Nunc, Denmark) flasks in M3 medium
(Shields and Sang M3 insect medium; Sigma, St. Louis,
MI, U.S.A.) containing 10% IMS (insect medium supplement;
Sigma). The plasmid pMT/BiP/V5-His (3.6 kb; Invitrogen,
Carlsbad, CA, U.S.A.) contains a metallothionein promoter,
a BiP signal sequence, a V5 epitope tag, and a polyhistidine
region. The selection plasmid pCoHygro (Invitrogen), which
contains the bacterial hygromycin B phosphotransferase
gene under the control of the constitutive Drosophila
Copia 5' LTR promoter, was used for stable transformation.
The plasmid, pMBVP7, which contains human rotavirus
VP7 encoding cDNA, was used. E. coli JM109 was used as
the primary host for constructing and propagating plasmids.
E. coli cells were routinely grown and maintained in LB
medium (1% tryptone, 0.5% yeast extract, and 0.5% NaCl,
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pH 7.3) containing 50 mg/ml of ampicillin with agitation
at 37oC. DNA restriction enzymes from Promega (Madison,
WI, U.S.A.) or Takara (Shiga, Japan) were used according
to the manufacturer’s instructions.
Construction of Expression Plasmids
The human rotavirus VP7 (coding 51-326 amino acids)
sequence was amplified from plasmid DNA, pMBVP7
[13], by PCR using oligonucleotide primers. The sense
primer was 5'-AAAGATCTCAGAACTATGGAC-3' and the
antisense primer was 5'- CTCGAGTACTCTATAATAAAAC-3'. The amplified VP7 sequence was then inserted into
the pGEM-T vector (Promega) to yield pGEM-T-VP7 and
was confirmed by using a process of restriction enzyme
mapping. PCR steps were performed in a Thermal Cycler
(PE Biosystems, Foster City, CA, U.S.A.) by using PCR
mix (Takara) in a 50 µl volume. pMT/BiP/VP7-V5-His (Fig.
1) was constructed by inserting a BglII-XhoI fragment of
pGEM-T-VP7 between the BglII and XhoI sites of pMT/
BiP/V5-His. The proper orientation and reading frame of
the gene which were inserted in the recombinant plasmids
of pMT/BiP/VP7-V5-His were confirmed by both restriction
enzyme mapping and DNA sequencing.
Stable Transformation
Exponentially growing S2 cells were cotransfected with
plasmids pMT/BiP/VP7-V5-His and pCoHygro (a ratio of
19:1) by using the lipofectin method as described elsewhere
[20]. To prepare the transfection medium, plasmid DNA
and lipofectin reagent (Gibco BRL, Grand Island, NY,
U.S.A.) were separately diluted with IMS-free M3 medium,
and then mixed together in a ratio of 1:5. The transfection
medium was incubated at room temperature for 15 min
and transferred into 6-well plates which were pre-seeded
2 h earlier with S2 cells in IMS-free M3 medium. After
24 h of incubation, the medium was changed to remove the

Fig. 1. Schematic representation of VP7 expression plasmid,
pMT/BiP/VP7-V5-His.

lipofectin and the cells were incubated for 3 more days in
M3 medium containing 10% IMS without hygromycin B
selection. The cells were then centrifuged and resuspended
in a selective M3 medium containing 10% IMS and 300
µg/ml hygromycin B. The selective medium was replaced
every 5 days. Stably transformed polyclonal cell populations
were isolated after being selected for 4 weeks of the
selection process with hygromycin B. Hygromycin B was
maintained routinely in the media at all times after selection.
Cell Culture and Analysis of Gene Expression
Stably transformed S2 cells expressing VP7 were grown at
27oC in T-25 flasks in 2- 3 ml of M3 medium containing
10% IMS and 300 µg/ml hygromycin B. Unless otherwise
specified, stably transformed S2 cells were cultured for 6
days in multiple T-25 flasks in order to analyze cell growth
and VP7 expression. VP7 expression was induced by 0.5
mM CuSO4 after the start of the run. To analyze the effects
of protease inhibitors on gene expression, aprotinin (04 µg/ml), leupeptin (0- 5 µg/ml) and PVP (0- 1%) were
added at the beginning of incubation. For determining
what effects DMSO and sodium butyrate have on gene
expression, DMSO and a concentrated sodium butyrate
solution were added to the cultures immediately after CuSO4
induction to obtain the desired concentrations, unless otherwise
specified.
Cultures were centrifuged at 3,000 rpm for 5 min to
separate the cells. The supernatant was used to identify
extracellular recombinant proteins. The cell fraction was
rocked for 1 h in a lysis buffer [50 mM Tris-Cl (pH 8.0),
150 mM NaCl, 0.02% sodium azide, 100 µg/ml of
phenylmethylsulfonyl fluoride, 1 µg/ml of aprotinin, and
1% Triton X-100] and subjected to three freeze-thaw
cycles between 10 min of - 70oC freezer and 2 min of 37oC
waterbath. After centrifuging the cell extracts at 14,000
rpm for 15 min to remove the cell debris, the supernatant
was used to identify intracellular recombinant proteins.
VP7 expression was determined by densitometric scanning
after SDS-PAGE and Western blot analyses. Protein
concentrations were measured by Bradford protein assay
kit (Bio-Rad, Hercules, CA, U.S.A.).
Treatment with Glycosidases
The recombinant VP7 was separated by SDS-PAGE and
eluted from gel slices by incubating the slices in 2 ml of
phosphate-buffered saline (PBS, pH 7.4) overnight at 4oC.
After removing the gel slices from the PBS, the supernatant
was centrifuged by using Centricon spin columns (Millipore,
Bedford, MA, U.S.A). The VP7 fraction was incubated in
PBS buffer with N-glycosidase F or O-glycosidase (Boehringer
Mannheim, Mannheim, Germany) for 48 h at 37oC. Parallel
incubation was performed under equivalent conditions in
the absence of N-glycosidase F and O-glycosidase. These
samples were analyzed by Western blot analysis.
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Western Blot Analysis
Protein samples were analyzed by SDS-PAGE according
to the Laemmlis method [16]. The electrophoresed proteins
on the gel were transferred onto nitrocellulose, blocked
with 3% BSA (bovine serum albumin), and incubated with
a mouse anti-VP7 monoclonal antibody (1:50 v/v), and
probed with a rabbit anti-mouse IgG alkaline phosphatase
conjugate (1:1000 v/v). After washing, BM purple AP
substrate solution (Boehringer Mannheim) was added and
the reaction was quenched with distilled water.

RESULTS AND DISCUSSION
Recombinant VP7 Expression
Stably transformed S2 cells were obtained by using
cotransfection of pMT/BiP/VP7-V5-His containing VP7
gene and pCoHygro. Recombinant VP7 expression at a 5
day post-induction with 0.5 mM CuSO4 was analyzed by
both SDS-PAGE and Western blot analyses (Fig. 2).
Recombinant VP7 band was not clearly marked in SDSPAGE, because the expression level was low. However,
Western blot analysis with mouse anti-VP7 monoclonal
antibodies showed that transformed S2 cell expressed a
new protein with MW of about 35.5 kDa. Its molecular
size was approximated with the predicted molecular
weight of fused VP7 containing the C-terminal tag of V5
and His6. The molecular weight of nascent VP7 protein
is 34.6 kDa [9]. Recombinant VP7 was present in the
intracellular and extracellular (medium) fractions of the
transformed S2 cells. Densitometric scanning showed that
secreted VP7 (VP7 present in the medium fraction) accounted
for approximately 75% of the total VP7 production.
Recombinant VP7 was not detected in either the cellular or
the medium fractions of non-transfected S2 cells. This

Fig. 2. SDS-PAGE (A) and Western blot (B) analyses of nontransformed and stably transformed S2 cells.
M) Molecular weight markers, 1) cellular fraction of non-transformed
cells, 2) medium fraction of non-transformed cells, 3) cellular fraction of
stably transformed S2 cells, and 4) medium fraction of stably transformed
S2 cells. The arrow indicates the recombinant VP7 protein.

Fig. 3. Western blot analysis of recombinant VP7 fraction
treated with glycosidases.
1, control; 2, VP7 treated with N-glycosidase F; 3, VP7 treated with Oglycosidase; 4, VP7 treated with N-glycosidase F and O-glycosidase.

clearly indicates that the expression of VP7 was due to the
integration of pMT/BiP/VP7-V5-His.
Glycosidase Treatment
Recombinant VP7 protein was partially separated by using the
gel-elution method [4]. The medium fraction of transformed
S2 cells was separated by SDS-PAGE and eluted from gel
slices by incubating the slices overnight at 4oC in 2 ml of
PBS buffer. The supernatant was centrifuged by Centricon
spin columns to concentrate the recombinant protein. In
order to investigate whether the recombinant VP7 protein
that was expressed in transformed S2 cells was glycosylated,
partially purified VP7 was incubated with N-glycosidase F
or O-glycosidase and analyzed by Western blot analysis
(Fig. 3). VP7 treated with N-glycosidase F migrated as a
band with MW 33 kDa. The 2.5 kDa difference between
the molecular mass of the non-treated VP7 35.5 kDa and
the treated 33 kDa was apparently due to glycosylation. In
the case of O-glycosidase treatment, treated VP7 migrated
as a band with the same molecular size as the untreated
VP7. These results suggest that recombinant VP7 expressed
in stably transformed S2 cells contained oligosaccharides
that was formed by N-linked glycosylation.
Time-Course Changes During Cell Growth and
Recombinant VP7 Expression
Stably transformed S2 cells were cultured for 7 days at an
initial cell density of 5×106 and 10×106 cells/ml. Recombinant
VP7 expression was induced through the addition of 0.5
mM CuSO4 at day 0. The maximum cell density was
36×106 cells/ml at 3 days of incubation in the initial cell
density of 10×106 cells/ml (Fig. 4). VP7 accumulation in
the medium fraction reached the maximum level (~0.5 mg/
l) at a 6-day post-induction.
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stabilize proteins against denaturation by forming hydrogen
bonds with proton-donor groups on protein molecules [11].
The effect of DMSO on cell growth and VP7 production
was examined. Transformed S2 cells were cultured for
6 days at an initial cell density of 10×106 cells/ml and
induced by 0.5 mM CuSO4 at day 0, and DMSO (2- 8%)
was added to the cultures at the beginning of incubation.
After 6 days of incubation, the final cell densities and VP7
production were determined (Fig. 5). The addition of
DMSO inhibited cell growth and increased the VP7
content in both cell extract and medium fractions. In 4%
DMSO, the amounts of VP7 produced in cellular and
medium fractions were maximal and they were 30% and
80% higher than the control, respectively.
Table 1 shows the effect of DMSO on cell growth and
VP7 production as a function of time. A supplementation
of DMSO at 2 or 4 days post-inoculation actually improved
the final cell density and VP7 production, compared with a
supplementation of DMSO at day 0. Maximal recombinant

Fig. 4. Time-course of changes in cell growth and recombinant
VP7 expression in T-flask cultures of stably transformed S2
cells.
In (A), the cell densities were plotted against the incubation time. In (B)
and (C), recombinant VP7 expression in the medium fraction was
confirmed by Western blot analysis. (B: 5×106 cells/ml; C: 10×106 cells/ml
initial cell density). Lanes 1- 6 represent the incubation period of 2- 7
days, respectively. Error bars indicate standard deviation of the mean from
three independent runs.

Effects of Medium Supplements on Recombinant VP7
Production
Aprotinin, leupeptin, and PVP have been used as protease
inhibitors to increase the stability of expressed proteins in
both baculovirus-insect and plant systems [6, 12, 15, 22].
Therefore, the effect of aprotinin, leupeptin, and PVP on
recombinant VP7 production was examined. Transformed
S2 cells were cultured for 6 days and recombinant VP7
expression was induced with 0.5 mM CuSO4. Aprotinin,
leupeptin, and PVP did not have any noticeable effect on
cell growth and VP7 production (data not shown).
Dimethyl sulfoxide (DMSO) has been shown to be an
effective permeabilizing agent which helps in the release
of intracellular products from plant cells [23]. It is also
known as a stabilizing agent for proteins [24] and can

Fig. 5. Cell growth and recombinant VP7 production in DMSO
supplemented culture of stably transformed S2 cells.
In (A), final cell densities are shown at different supplement levels of
DMSO. In (B), recombinant VP7 expression was confirmed by Western
blot analysis. Lanes 1- 5 represent 0, 2, 4, 6, and 8% DMSO, respectively.
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Table 1. Effect of the addition time of DMSO on cell growth
and recombinant VP7 productiona.
Addition DMSO
time (day)
(%)

2 days

4 days

a

0
2
4
6
8
0
2
4
6
8

Final cell density
(×10 6 cells/ml)
33
28
22
19
16
34
28
26
23
21

Relative VP7 content
Cellular
fraction

Medium
fraction

100
124
151
146
113
100
135
175
190
150

100
168
199
207
115
100
165
224
219
103

All data represent the average of duplicate experiments.

VP7 production was obtained at 4 days of 4- 6% DMSO
supplement. Recombinant VP7 produced in cellular and
medium fractions were 90% and 120% higher than the
control, respectively. These results showed that the
supplementation of DMSO decreased the final cell density
but increased the recombinant VP7 production in both
cellular and medium fractions. The permeabilizing function
of DMSO does not provide any explanation to the increased
VP7 production in both cellular and medium fractions. The
function of DMSO in recombinant VP7 production is still
not fully understood, but it could be associated with
the stabilization of the produced recombinant VP7 or the
improvement of recombinant VP7 production by an unknown
mechanism.
Stably transformed S2 cells were cultured for 6 days
with and without sodium butyrate supplements. Sodium
butyrate (2.5- 30 mM) was added to the cultures at an
initial cell density of 10×106 cells/ml. VP7 expression was
induced with 0.5 mM CuSO4 at the start of initial runs.
After 6 days of incubation, the final cell densities and
recombinant VP7 production were determined (Fig. 6).
The supplementation of sodium butyrate decreased the final
cell density: at 10 mM, the final cell density was decreased
by 47%. Recombinant VP7 production reached to a maximum
level with a supplementation of 5 mM sodium butyrate, and
at this level of sodium butyrate, recombinant VP7 production
was increased by 60% as compared to the control. At
higher level of sodium butyrate than 5 mM, VP7 production
was noticeably decreased, and this might be due to the
decrease of cell growth. However, the addition of sodium
butyrate did not affect the recombinant VP7 content in
intracellular fraction (data not shown). The supplementation
of sodium butyrate at 2 and 4 days post-inoculation
increased the VP7 production by 36% and 21%, respectively,
in the medium fraction, as compared to the supplementation
of sodium butyrate at day 0. For other mammalian cells,
sodium butyrate produces changes in the chromatin structure
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as a result of histones hyperacetylation which can be
correlated with a modulation of gene expression [3].
The combined effect of DMSO and sodium butyrate on
the recombinant VP7 production was investigated (data
not shown). Sodium butyrate (5 mM) and DMSO (6%)
were added to the culture at an initial cell density of
10×106 cells/ml. Recombinant VP7 production was determined
after 6 days of incubation. The supplementations of
both sodium butyrate and DMSO produced lower VP7
production, compared to the one which was supplemented
with DMSO only.
In summary, the stable expression of the human rotavirus
VP7 in D. melanogaster S2 cells was used to evaluate the
Drosophila cell expression system. When expressed in
Drosophila S2 cells under the influence of the Drosophila
BiP protein signal sequence, the recombinant VP7 was
found primarily in the medium fraction. The optimal
production of recombinant VP7 was obtained from stably
transformed S2 cells at 6 days after induction with 0.5 mM
CuSO4. The supplementations of DMSO and sodium
butyrate increased the VP7 production up to ~1.1 mg/l,
although the mechanism involved is unknown.

Fig. 6. Cell growth and recombinant VP7 production in sodium
butyrate-supplemented culture of stably transformed S2 cells.
In (A), final cell densities are shown for different supplement levels of
sodium butyrate. In (B), recombinant VP7 expressed in medium fraction
was confirmed by Western blot analysis. Lanes 1- 6 represent 0, 2.5, 5, 10,
20, and 30 mM sodium butyrate, respectively.
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