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The effect of DMSO and sodium butyrate on the production of recombinant hepatitis A virus (HAV) capsid protein 
VP1 was evaluated and optimized in the culture of stably transfected Drosophila melanogaster S2 cells using culture 

plates and spinner flasks. The effect of DMSO and sodium butyrate was also evaluated to improve the recombinant VP1 

production in stably transfected Drosophila S2 cells. A production level of 0.88 mg of recombinant VP1/liter was obtained 
in the culture-plate culture of stably transfected S2 cells at 6 days after induction with 0.5 mM CuSO4. The supplements 

of 2% DMSO and 10 mM sodium butyrate at 4 days post-inoculation increased recombinant VP1 accumulation by 141 

and 104%, respectively, resulting in 2.17 and 1.7 mg/liter of recombinant VP1 production. In spinner flasks, recombinant 
VP1 production reached maximum level at 9 days after induction with 0.5 mM CuSO4, with approximately 4.96 mg/liter 

of recombinant VP1 production level. When 2% DMSO or 10 mM sodium butyrate was added at 5 days post-inoculation, 

the recombinant VP1 production was increased to 8.35 and 5.85 mg/liter, respectively. However, the synergistic effects 
of DMSO and sodium butyrate were not observed. These results indicate that DMSO and/or sodium butyrate can be 

successfully used to improve the recombinant HAV VP1 production in culture plates and spinner flasks. 
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INTRODUCTION 

 

Hepatitis A virus (HAV) causes one of the most acute 

viral hepatitis diseases in human and is classified as a 

picornavirus with a single-stranded, positive-sense RNA 

genome coding a single polyprotein that is subsequently 

processed into structural and nonstructural proteins. The 

structural proteins of HAV are divided into the capsid 

polypeptides VP1, VP2, VP3, and VP4. VP1 appears to be 

the dominant structural protein among the capsid proteins, 

containing a major immunodominant epitope of HAV from 

studies of the reaction of HAV with monoclonal antibodies 

and the use of isolated structural proteins or synthetic 

peptides for induction of neutralizing antibodies (1~4). In 

comparison with formalin-inactivated HAV vaccines, 

recombinant subunit vaccines comprised of antigenic 

peptides (epitopes) is a particularly attractive strategy for 

wide-scale immunization. Recombinant subunit vaccines are 

much safer and often more easily produced while offering 
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potentially equivalent efficacy (5). Therefore, the production 

of large quantities of soluble HAV VP1 protein is necessary 

for immunological and biological studies directed towards 

vaccine development. Recombinant VP1 proteins were 

expressed in Escherichia coli solely and in fusion with the 

TrpE protein (anthranilate synthetase component I) or 

β-galactosidase (6~8). However, the presence of insoluble 

antigenic materials reduced the antigenicity of recombinant 

VP1 or the fused VP1 protein in an ELISA (6). HAV VP1 

was also expressed in baculovirus-infected Spodoptera 

frugiperda (fall armyworm) cells as a fusion protein 

composed of VP1 and portions of VP3 and P2 (9). Although 

recombinant proteins retained antigenicity on immunoblots 

both to human HAV convalescent sera and to sera of rabbits 

immunized with HAV, recombinant proteins existed as an 

insoluble aggregate in the cytoplasm of infected insect 

cells. In our previous work, we generated stably transfected 

Drosophila melanogaster (fruitfly) S2 (Schneider 2) cells 

expressing recombinant VP1 (10). Recombinant VP1 was 

successfully secreted into a culture medium and the 

production of specific IgA in the small intestine was elicited 

by oral immunization and production of specific IgG in the 

serum by intraperitoneal immunization. It was suggested 

that recombinant VP1 from transfected Drosophila S2 cells 

could be used as an effective experimental immunogen in 

vaccine development research. However, recombinant VP1 

production from Drosophila S2 cell systems has not yet 

been fully optimized. In this study, to improve recombinant 

VP1 production from stably transfected Drosophila S2 

cells, we optimized the production of recombinant VP1 in 

culture plates and spinner flasks and investigated the effect 

of dimethylsulfoxide (DMSO) and sodium butyrate on 

recombinant VP1 production. 

 

MATERIALS AND METHODS 

Cell culture in T-flasks and culture plates 

Stably transfected Drosophila melanogaster Schneider 

2 (S2) cells expressing recombinant VP1 (10) were grown 

at 27℃ in T-25 flasks (Nunc, Denmark) in HyClone SFX-

Insect medium (Thermo Scientific, Waltham, MA, USA) 

containing 300 μg/ml hygromycin B. Cells of 3 × 106 

were inoculated into 6-well culture plates (culture plates) 

containing 1 ml of culture medium (an initial cell density: 

3 × 106 cells/ml) and cultured for 6 days to analyze cell 

growth and recombinant VP1 expression. The expression 

of recombinant VP1 was induced by addition of 0.5 mM 

CuSO4 after the start of the run. In an experiment to 

determine the effects of DMSO and sodium butyrate on the 

expression of recombinant VP1, DMSO and a concentrated 

sodium butyrate solution were added to the cultures at 0, 2 

and 4 days after CuSO4 induction. The cultures were 

centrifuged at 1,000 × g for 5 min and the supernatants 

were used to identify extracellular recombinant VP1 proteins. 

Protein concentrations were determined using an RC Bio-

Rad assay kit (Bio-Rad, Hercules, CA, USA) according to 

the manufacturer's protocol. 

Cell culture in spinner flasks 

Stably transfected Drosophila S2 cells expressing 

recombinant VP1 were cultured in spinner flasks (100 ml 

vol.; Bellco, Vineland, NJ) at an agitation rate of 40 rpm. 

Cells of 1.5 × 108 were inoculated in 50 ml of culture 

medium containing 25 μg/ml hygromycin B (an initial cell 

density: 3 × 106 cells/ml) and cultured for 10 days. In an 

experiment to determine the effects of DMSO and sodium 

butyrate on the expression of recombinant VP1, DMSO 

and a concentrated sodium butyrate solution were added to 

the cultures at 5 days after CuSO4 induction. The culture 

samples were centrifuged at 1,000 × g for 5 min and the 

supernatants were used to identify extracellular recombinant 

VP1 proteins. 

SDS-PAGE and Western blot analysis 

Protein samples were separated by electrophoresis on 8% 

polyacrylamide-SDS gels (11), and analyzed using Western 

blot analysis. The electrophoresed proteins on the gel were 

transferred onto nitrocellulose membrane (Amersham 

Pharmacia, Piscataway, NJ, USA), blocked with blocking 

solution [3% (w/v) non-fat dried skim milk powder in TBS 

(Tris-buffered saline; 20 mM Tris-HCl, 500 mM NaCl, pH 

7.9)], incubated with mouse anti-V5 (1:2,000 dilution in 
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blocking solution), and probed with alkaline phosphatase-

conjugated goat anti-mouse IgG (1:1,000 dilution in 

blocking solution). The membranes were washed and BCIP 

(5-bromo-4-chloroindol-3-yl phosphate/NBT (nitro blue 

tetrazolium) solution (Amresco, Solon, OH, USA) was 

added. The reaction was quenched with distilled water. VP1 

band intensities were quantitated by densitometry analysis 

using the imaging TINA 2.0 software. 

Statistical analysis 

All data are presented as mean ± standard deviation 

(S.D.). Student's t test was used to compare different groups 

of data (*p < 0.05, **p < 0.01, ***p < 0.001). 

 

RESULTS AND DISCUSSION 

 

In our previous work, we generated stably transfected 

Drosophila S2 cells expressing recombinant HAV VP1 

protein (10). Recombinant VP1 was secreted into a medium 

with a molecular size of 42~49 kDa, due to glycosylation. 

The secreted recombinant VP1 (VP1 in medium fraction) 

was approximately 90% of the total VP1 production. 

Dimethylsulfoxide (DMSO) has been known to be an 

effective permeabilizing agent that helps the release of 

intracellular products from plant cells (12) as well as a 

stabilizing agent for proteins (13). DMSO treatment can 

have a stimulatory effect on protein expression in animal 

cells (14, 15) while sodium butyrate has been known to 

increase recombinant protein expression in animal cells 

(16, 17). Although the mechanism of DMSO and sodium 

butyrate-mediated induction of protein expression is not 

clearly defined, DMSO is suggested to improve recombinant 

protein production by increasing the stability of the 

recombinant protein or by increasing transcription efficiency 

(18) whereas sodium butyrate is suggested to cause changes 

in the chromatin structure by histone hyper-acetylation in 

animal cells, which seems to be correlated with a modulation 

of gene expression (19, 20). DMSO and sodium butyrate 

have been reported to increase recombinant proteins such 

as rotavirus VP7 and cyclooxygenase 2 in T-flask cultures 

of stably transfected Drosophila S2 cells (18, 21). These 

findings suggest that DMSO or sodium butyrate treatment 

may improve the production of recombinant hepatitis A 

virus capsid protein VP1 in stably transfected insect cells. 

To improve the production of recombinant VP1 from 

stably transfected S2 cells, the effects of DMSO and sodium 

butyrate on cell growth and recombinant VP1 production 

were investigated in culture plates. Stably transfected S2 

cells were cultured for six days at an initial density of 3 × 

106 cells/ml and the expression of recombinant VP1 was 

induced by addition of 0.5 mM CuSO4 after the start of the 

run. DMSO (0.5, 1, 1.5, 2, 2.5 or 3%) or sodium butyrate 

(2.5, 5, 10, 15 or 20 mM) was added to the cultures at zero, 

Table 1. Effect of DMSO addition time cell growth and recom
binant VP1 production. 

Addition 
time (days) DMSO (%) Final cell density 

(× 106 cells/ml) 
Relative VP1

contenta 

0  91 100 

0.5  90 127 

1  82  32 

1.5  34   1 

2  26   1 

2.5  20   1 

0 

3  20 NDb 

0 126 100 

0.5 121 180 

1  88 182 

1.5  64 140 

2  50 157 

2.5  32 126 

2 

3  25  81 

0  98 100 

0.5 100 123 

1  99 167 

1.5  60 203 

2  58 241 

2.5  47 197 

4 

3  38 164 

a The content of recombinant VP1 obtained from medium fraction
of non-treated cultures was represented as 100. The other runs 
were expressed as relative contents with respect to this value. 

b ND: non-detected 
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two and four days post-inoculation so that the stably 

transfected S2 cells were incubated with DMSO or sodium 

butyrate for six, four and two days, respectively. The DMSO 

supplement inhibited cell growth but increased recombinant 

VP1 production in medium fractions (Table 1). Recombinant 

VP1 accumulation reached maximum level with a 

supplement of 2% DMSO at four days post-inoculation. At 

this peak, recombinant VP1 production was 141% higher 

than control, which is between the 80% increase reported 

for recombinant rotavirus VP7 production in stably 

transfected D. melanogaster S2 cells (21) and the 170% 

increase for recombinant cyclooxygenase 2 (18). The 

sodium butyrate supplement also inhibited cell growth but 

increased VP1 production (Table 2). Maximum VP1 

production of 104% higher as compared to the control, 

which is higher than the 60 and 86% increase reported for 

recombinant rotavirus VP7 and cyclooxygenase 2 production 

in stably transfected S2 cells (18, 21), was reached at four 

days post-inoculation with the 10 mM sodium butyrate 

supplement. 

The synergy of DMSO and sodium butyrate on 

recombinant VP1 production was also investigated (Fig. 1). 

Both DMSO (2%) and sodium butyrate (10 mM) were 

added to the cultures at four days post-inoculation at an 

initial cell density of 3 × 106 cells/ml. As a control, either 

DMSO (2%) or sodium butyrate (10 mM) was added at four 

days post-inoculation to cultures under the same condition. 

Table 2. Effect of sodium butyrate addition time on cell growth
and recombinant VP1 production. 

Addition 
time (day) 

Sodium butyrate 
(mM) 

Final cell density 
(× 106 cells/ml) 

Relative VP1
contenta 

0  91 100 

2.5  28   0 

50  24   1 

10  24   5 

15  23   9 

0 

20  20  20 

0 126 100 

2.5 113  56 

5  53  11 

10  31  16 

15  27  18 

2 

20  26  20 

0  98 100 

2.5  94 142 

5  59 186 

10  48 204 

15  44 183 

4 

20  33 179 

a The content of recombinant VP1 obtained from medium fraction
of non-treated cultures was represented as 100. The other runs
were expressed as relative contents with respect to this value. 

Figure 1. Recombinant VP1 production in DMSO and/or 
sodium butyrate-supplemented culture of stably transfected S2 
cells using culture plates. (A) DMSO (2%) and sodium butyrate 
(10 mM) were added to the cultures at 4 days post-inoculation. 
After 2 days incubation, recombinant VP1 expressions in medium
fractions were confirmed by Western blot analysis. M: molecular 
weight marker, Lane 1: the medium fraction of non-treated S2 
cells, Lane 2: the medium fraction of 2% DMSO-treated S2 cells, 
Lane 3: the medium fraction of 10 mM sodium butyrate-treated 
S2 cells, Lane 4: the medium fraction of 2% DMSO and 10 mM 
sodium butyrate-treated S2 cells, Lane 5~8: 50, 100, 250, 500 ng 
of purified recombinant VP1 control from S2 cells. (B) The 
contents of recombinant VP1 from (A) experiment were estimated
and are plotted as a bar diagram. Data are reported as mean ± S.D.
Statistically significant differences between treatment and control 
groups were determined using Student's t test (** p < 0.01). 

A 

B 
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The recombinant VP1 productions were determined after 

six days after incubations. A production level of 0.88 mg of 

recombinant VP1/liter was obtained in culture-plate culture 

of stably transfected S2 cells six days after induction with 

0.5 mM CuSO4, based on Western blot analysis using 

recombinant VP1 purified from stably transfected S2 cells 

(Fig. 1A and B), which is less than the maximum production 

level of 6.24 mg of recombinant VP1/liter obtained in 

T-flask culture (10). In our previous T-flask culture, stably 

transfected S2 cells of an initial density of 5 × 106 cells/ml  

that were cultured in Shields and Sang M3 insect medium 

containing 10% (v/v) insect medium supplement (IMS), 

resulted in the maximum production level of 6.24 mg of 

recombinant VP1/liter obtained in a T-flask culture of 

Drosophila S2 cells five days after induction with 0.5 mM 

CuSO4. Therefore, decrease in recombinant VP1 production 

in culture plates was probably due to the differences in 

culture medium and initial cell density. DMSO and sodium 

butyrate increased the recombinant VP1 production to 2.17 

and 1.7 mg/liter, respectively (Fig. 1A and B). In comparisons 

Table 3. Effect of DMSO and sodium butyrate on recombinant
VP1 production in suspension cultures of stably transfected S2 
cells using spinner flasks 

Relative VP1 contenta 

Days 
Control DMSO 

(2%) 

Sodium 
butyrate 
(10 mM) 

DMSO (2%) &
Sodium butyrate

(10 mM) 

5 100 100 100 100 

6 211 308 224 230 

7 304 333 252 466 

8 390 413 289 530 

9 463 756 524 676 

10 417 681 472 609 

a The content of recombinant VP1 obtained from medium fraction
of non-treated cultures 5 day after post-inoculation was represented
as 100. The other runs were expressed as relative contents with
respect to this value. 

Figure 2. Cell growth in DMSO and/or sodium butyrate-
supplemented culture of stably transfected S2 cells using spinner
flasks. Data are reported as mean ± S.D. Statistically significant
differences between treatment and control groups were determined
using Student's t test (* p < 0.05, *** p < 0.001). 

Figure 3. Recombinant VP1 production in DMSO and/or 
sodium butyrate-supplemented culture of stably transfected S2 
cells using spinner flasks. (A) DMSO (2%) and sodium butyrate 
(10 mM) were added to the cultures at 5 days post-inoculation. 
Recombinant VP1 expressions in medium fractions at 9 days 
post-inoculation were confirmed by Western blot analysis. Lane 1:
the medium fraction of non-treated S2 cells, Lane 2: the medium 
fraction of 2% DMSO-treated S2 cells, Lane 3: the medium fraction
of 10 mM sodium butyrate-treated S2 cells, Lane 4: the medium 
fraction of 2% DMSO and 10 mM sodium butyrate-treated S2 
cells, Lane 5-8: 50, 100, 250, 500 ng of purified recombinant VP1 
control from S2 cells. (B) The contents of recombinant VP1 from 
(A) experiment were estimated and are plotted as a bar diagram. 
Data are reported as mean ± S.D. Statistically significant differences
between treatment and control groups were determined using 
Student's t test (* p < 0.05). 

A 

B 
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to DMSO only, supplementation with both DMSO and 

sodium butyrate resulted in lower recombinant VP1 

production; there was no synergistic interaction between 

DMSO and sodium butyrate. 

The stably transfected S2 cells were also cultured in 

spinner flasks to increase the recombinant VP1 production. 

The S2 cells of initial density of 3 × 106 cells/ml were 

inoculated in 100 ml spinner flasks containing 50 ml culture 

medium and recombinant VP1 production was induced by 

the addition of 0.5 mM CuSO4 at zero day. DMSO or 

sodium butyrate was added at five days after CuSO4 

induction; the addition of DMSO and sodium butyrate 

resulted in slight inhibition of cell growth (Fig. 2), whereas 

recombinant VP1 production was increased by DMSO and 

sodium butyrate (Table 3), reaching the maximum at nine 

days after CuSO4 induction. The presence of 2% DMSO 

and 10 mM sodium butyrate separately increased the 

recombinant VP1 production by 63.3 and 13.2%, respectively. 

Moreover, recombinant VP1 production was lower when 

supplemented with both 2% DMSO and 10 mM sodium 

butyrate than with 2% DMSO only, suggesting no synergistic 

interaction between DMSO and sodium butyrate. The 

production level of recombinant VP1 in spinner flasks was 

about 4.96 mg/liter at 9 days after CuSO4 induction, based 

on Western blot analysis using recombinant VP1 purified 

from stably transfected S2 cells (Fig. 3). The DMSO and 

sodium butyrate treatments increased the recombinant VP1 

production levels to 8.35 and 5.85 mg/liter, respectively. 

These levels are much higher than obtained in culture plates. 

A level of 8.35 mg/liter is also better than our previously 

reported expression level (6.24 mg/liter) for Drosophila S2 

cells (10). 

In conclusion, the effect of DMSO and sodium butyrate 

was evaluated to improve the recombinant VP1 production 

in stably transfected Drosophila S2 cells. The supplemen- 

tation of DMSO and sodium butyrate dramatically increased 

the recombinant VP1 production in culture plates and 

spinner flasks. 
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