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Objective(s): Production of a recombinant and immunogenic antigen using dengue virus type-3
envelope protein is a key point in dengue vaccine development and diagnostic researches. The
goals of this study were providing a recombinant protein from dengue virus type-3 envelope
protein and evaluation of its immunogenicity in mice.

Materials and Methods: Multiple amino acid sequences of different isolates of dengue virus type-3,
corresponding to the envelope protein domain III, were achieved from GenBank. Clustal V
alignment tool was used to provide a consensus amino acid sequence. Nucleotide sequence of the
coding gene was optimized using “Optimizer”. The origami (DE3) strain of Escherichia coli was
used as the host in order to express the protein. A commercial affinity chromatography method
was used to purify the recombinant protein. Immunogenicity of the recombinant protein was
evaluated in mice using ELISA, MTT and cytokine assays.

Results: A consensus amino acid sequence corresponding to the most important region of dengue
virus type-3 envelope protein (domain III) was provided. A high concentration (= 20 mg/L culture
medium) of soluble recombinant antigen (EDIII3) was achieved. Immunized mice developed
specific antibody responses against EDIII3 protein. The splenocytes from EDIII3-immunized mice
showed a high proliferation rate in comparison with the negative control. In addition, the
concentrations of two measured cytokines (IFN-y and IL-4) were increased markedly in
immunized mice.

Conclusion: The results showed that the expressed recombinant EDIII3 protein is an immunogenic
antigen and can be applied to induce specific immune responses against dengue virus type-3.
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Introduction

Dengue virus is an emerging mosquito-borne
pathogen that causes dengue fever (DF), severe life
threatening illnesses and dengue hemorrhagic
fever/dengue shock syndrome (DHF/DSS). Dengue
infections with high percentage of mortality are
prevalent in tropical and subtropical areas of the
world (1), where their incidence and geographical
spread have greatly increased in recent years (2). In
fact, dengue is the most common vector-borne viral
disease of humans. All dengue viruses (serotypes 1-
4) can infect human. Despite decades of effort, there
is still no specific antiviral drug or approved vaccine
for human use (3). Hence, there is an urgent need for
a dengue vaccine that protects us against virus
infection. The envelope protein (E protein) of
virus is a large and cysteine-rich protein, which is

responsible for a wide range of biological activities,
including binding to host cell receptors, fusion and
entry into host cells. In addition, the E protein also
stimulates host immune system by inducing
protective and neutralizing antibodies (4, 5).
Therefore, the dengue E protein is an important
antigen for vaccine development and is used as a
reagent for diagnostic purposes. Many attempts have
been made to produce a recombinant dengue E
protein in a heterologous expression system (6-11).
The dengue E protein consists of three structurally
distinct domains (I, II, and III) (12). From a vaccine
perspective, the most important properties of E
protein are associated with domain III (EDIII) (13-
15). This domain appears to play a role in host cell
receptor binding for viral entry (13, 16), and in
inducing long lasting protective immunity against
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dengue virus infection (17, 18). Today, most of the
efforts to produce a recombinant dengue vaccine are
focused on utilization of EDIII protein (19-23). Most
often, E. coli-expressed EDIII proteins tend to be
insoluble and need to be purified under denaturing
conditions, followed by renaturation (24, 25). In this
paper, we have presented an efficient system for
soluble expression and one step purification of
EDIII3 protein. Furthermore, we have evaluated the
immunogenicity of this recombinant protein in mice.

Materials and Methods
Design and construction of EDIII3 sequence
GenBank (www.ncbi.nlm.nih.gov/genbank/) was
the main reference for retrieval of the amino acid
sequences of dengue virus type-3 E protein domain III
(amino acid residues 300-400). Briefly, the EDIII amino
acid sequences from different isolates of dengue-3
were obtained from GeneBank. Multiple sequence
alignments were performed in order to identify an
amino acid sequence common to all collected domain
Il sequences using Clustal X method. In order
to increase the purification effectiveness, a 6-HisTag
sequence was added to carboxyl terminus
of recombinant EDIII proteins. In order to achieve
a high level of expression in Escherichia coli,
the DNA sequence encoding EDIII3 was optimized
according to E. coli codon usage and GC content of the
genome, using online  Optimizer  software
(http://genomes.urv.cat/OPTIMIZER/). For cloning
purposes, restriction sites for enzymes Ndel and Xhol
were introduced at the 5' and the 3' sites of the coding
sequence, respectively. The EDIII coding gene was
synthesized by Shine Gene Molecular Biotech Inc.
(Shanghai, China), and sub-cloned into pET21a
expression vector (Novagen, Germany). The expression
vector was transformed into E. coli DH5a (as the
cloning host) and E. coli origami (DE3) (as the
expression host). Resultant transformants were
selected on ampicillin plates and subjected to
preliminary PCR screening using pET universal
primers.

Expression of recombinant EDIII3 protein

The E. coli strain origami (DE3) harboring the
designed expression vector was grown overnight at
37°C in 5 ml LB medium (Luria-Bertani medium)
containing 50 pg/ml ampicillin, 12.5 pg/ml
tetracycline, and 15 pg/ml kanamycin (Sigma, USA).
Overnight grown culture was diluted 100-fold in 10
ml medium containing ampicillin and further
incubated at 37°C. Culture in logarithmic phase (at
ODsoo of 0.6) was induced by addition of isopropyl -
D-1-thiogalactopyranoside (IPTG) to the final
concentration of 1 mM. After 3 hr, cells were
harvested by centrifugation at 5000 g for 10 min,
lysed in sample buffer, and analyzed by
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SDS-PAGE (sodium-dodecylphosphate-polyacryl-
amid gel electrophoresis) technique.

Purification of recombinant EDIII protein

According to manufacturer’s instruction, soluble
EDIII protein that was prepared from origami (DE3)
was purified using Nickel-nitrilotriacetic acid (Ni-NTA)
resin (Qiagen, Germany) under native condition and
monitored on 10% SDS-PAGE. Finally, the purified
protein was dialyzed against PBS (phosphate buffered
saline) and stored at -20°C for further analysis.

Western blot analysis

Ni-NTA Purified EDIII was run on 10% SDS-PAGE,
along with pre-stained protein marker on adjacent lane
and transferred onto nitrocellulose membrane using a
semidry transfer apparatus. The membrane was
incubated in blocking buffer of 5% skimmed milk at 4°C,
overnight. Then, the membrane was incubated in the
blocking buffer containing primary antibody (anti-
HisTag mAb (Abcam)/anti-dengue mAb (Abnova,
Taiwan) at a 1:500 dilution) with gentle shaking for 2
hr at 37°C. The membrane was washed by PBST (PBS
containing 0.1% Tween 20) three times and then
incubated in secondary antibody (a 1:5000 dilution of
HRP-conjugated rabbit anti mouse IgG antibody
(Abcam) in blocking buffer), with gentle shaking for
1 hr at room temperature (22°C). After washing with
PBST for 15 min, detection was performed using DAB
(diaminobenzidine) as a substrate.

Animal immunization

The purified recombinant EDIII protein was
emulsified (20 pg per dose) in complete Freund's
adjuvant (CFA, Sigma, USA) for priming (day 0), and
in incomplete Freund's adjuvant (IFA, Sigma, USA) for
booster immunizations (days 14 and 28). The total
volume of injected mixture that was used per mouse
for each immunization was 200 pl. Groups of six
BALB/c mice (6-8 weeks of age) were immunized
subcutaneously. As the negative control, a group of
mice were injected with PBS and adjuvant only (mock).
Mice were scarified and blood samples were collected
14 days after the last inoculation. The pooled sera were
stored at -70°C for further analyses.

Determination of serum IgG antibody responses to
EDIII protein

Specific antibody responses were determined
using ELISA assay. Polystyrene 96-well plate (Nunc-
Immuno Plate MaxiSorp surface, Nunc, Denmark)
was coated with 0.1 pg/well of EDIII protein at 4°C,
overnight. The plate was washed three times with
PBST (PBS containing 0.05% Tween 20) and the non-
specific sites were blocked with 200 pl of blocking
buffer (5% skimmed milk in PBS) at 37°C for 1 hr.
Mice serum samples were serially diluted in blocking
buffer (1:10 to 1:1000,000) in triplicate wells, and

837



838

Dengue virus type-3 envelope protein domain 111

). MS

Fahimi et al

incubated for 2 hr at 37°C. In parallel, a similar
dilution was made using mouse anti-dengue
monoclonal antibody (Abnova, Taiwan), as the
positive control. The plate was washed three times
with PBST. HRP-conjugated rabbit anti-mouse (IgG)
antibody was diluted (1:8000) in blocking bulffer,
added to wells and incubated for 1 hr at 37°C. The
plate was washed four times in PBST and 100 pl of
TMB was added as chromogen. Then, the plate was
incubated at room temperature for 15 min. Finally,
the reaction was stopped with 100 pl of 2N H,SO.
and the absorbance was measured at 450 nm using a
micro-plate reader.

Lymphocyte proliferation assay

Splenocytes from each group of mice were
collected using a previously described method (26)
with minor modifications. Aliquots (100 pl) of each
splenocyte suspension were dispensed into each well
of a 96-well cell culture plate. Aliquots of the EDIII
antigen were then dispensed into the wells
containing of cell suspension (in triplicate), at a final
concentration of 10 pg/ml of antigen. Wells
containing splenocytes derived from mock-
immunized mice (as the negative control), as well as
ConA (Sigma, USA) stimulated splenocytes derived
from unimmunized mice (as the positive control)
were also included. Cultures were incubated in
incubator (at 37°C; 5% CO;) for 1-3 days. The
proliferation assay was performed using colorimetric
technique 3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyl
tetrazolium bromide (MTT) assay. Briefly, after the
incubation period (24, 48 and 72 hr), 20 ul of MTT (5
mg/ml) was added into each well and plates were
incubated for 4 hr in incubator (at 37°C; 5% CO3).
Then, the supernatant was removed and DMSO
(100 pl) extraction buffer was added to extract and
solubilize formazan crystals. The solution was
vigorously mixed to dissolve the reacted dye and was
incubated for 20 min in incubator (at 37°C; 5% CO3).
Finally, all plates were read at 570 nm wavelength
using a microplate reader.

Cytokine assay

To analyze the phenotype of the specific cellular
immune response induced by the recombinant EDIII,
the splenocyte cultures were prepared in 24-well cell
culture plates (5x10% cells per well). Supernatants from
all wells were collected 72 hr after stimulation with
EDIII3 antigen and frozen at -80°C until the time of
analysis. To examine the level of the Th1-type cytokine,
IFN-y and Th2-type cytokine, IL-4 commercially
available quantitative ELISA assay Kkits (mouse IFN-y
and IL-4 kits, Qiagen, USA) were used according to the
manufacturer's instructions. Cytokine levels were
calculated using standard curves generated with
known concentrations of cytokines. Results were
expressed in picograms per milliliter (pg/ml).

Statistical analysis

The data are expressed as mean # standard
deviation (SD) (from three independent experiments).
P-values of <0.05 were considered statistically
significant.

Results
Sequence selection and vector design

Since each serotype has its own level of variation in
the E region, in order to address the variation between
different isolates of dengue virus type-3, a consensus
EDIII peptide sequence was provided and named as
EDIII3 (Figure 1). Then, the optimized coding gene
sequence was synthesized and cloned in pET21a
expression vector.

The bacterial vector that was designed to express
EDIII3 protein (pETdIII3) is shown in Figure 2A. The
pETdIII3 construct is predicted to encode a ~13 kD
recombinant protein containing a C-terminal 6x-
HisTag, for detection and purification purposes.

Expression and purification of recombinant EDIII3
protein

The pETdIII3 vector was transformed into
origami (DE3) host cells. Previously, it has been
shown that the origami strain of E. coli with
glutathione reductase (gor) and thioredoxin
reductase (trxB) mutations enhances the formation
of disulfide bonds in E. coli cytoplasm (27, 28). Small-
scale cultures of the positive clones (selected by
PCR) were subjected to IPTG induction. A typical
experiment comparing the polypeptide profiles
of un-induced and induced cultures is shown in
Figure 2C. It is evident that IPTG induction results in
the expression of the desired ~13 kD EDIII3 protein.
Plasmid DNA were isolated from the EDIII3
expressing cells and verified to be correct using
restriction analysis (Figure 2B). We optimized the
expression  conditions by testing different
concentrations of IPTG (1, 1.5 and 2 mM) and various
length of induction period (2, 4, 6 and 8 hr). We
found that IPTG was equally effective at all tested
concentrations, and 4 hr expression showed the best
result. Considering the observed results, in all
subsequent experiments, the expression was induced
with 1 mM IPTG for 2 hr.

To devise an appropriate purification strategy, we
proceeded to examine the relative distribution of the
expressed recombinant protein in soluble and
insoluble fractions of expressing cell lysate, using a
previously described method (24). Virtually, all the
expressed recombinant proteins were associated
with the supernatant fraction of bacterial lysate,
demonstrating soluble expression of EDIII3 protein.
Therefore, we attempted to purify the expressed
recombinant protein under native condition, using
standard protocol of Ni-NTA Fast Start purification
kit (Ni-NTA kit, Qiagen, Germany). SDS-PAGE analysis
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EDIII3:

KGMSYAMCTINTFVLKRE VSETQHG TILIKVEYKGEDAPCKIPFSTEDGQ
GEKAHNGRLITANPVVIKKEEPVNIEAEPPFGESNIVIGIGDNALKINWYKK
GSS

Figure 1. The consensus sequence for dengue virus type-3 E protein domain III (EDIII3); two highly conserved cysteine residues (in the
positions of 8 and 39) are depicted in red letters.
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Figure 2. The recombinant EDIII3 expression vector and profile. A Map of pETdIII3 plasmid. In this plasmid the EDIII3 encoding gene is
cloned in-frame with the initiator codon in vector and a C-terminal 6x-His-Tag provided by pET21a (thick green arrow). The Ndel and Xhol
restriction sites used for cloning are indicated. Phage T7 promoter (T7P) directs expression. Other abbreviations are: T7T, transcriptional
terminator; Lac 1, Lac repressor gene; Amp’, Ampicilline marker; Ori, replication origin sequences. The arrows indicate direction of
transcription. B Analysis of constructed expression vector using restriction enzyme digestion on agarose gel electrophoresis. Lane 1 is
undigested vector, lane 2 is digested vector using Xhol restriction enzyme, lane 3 is double digestion of plasmid using Ndel and Xhol
restriction enzymes and lane M is 1kb molecular size marker. The arrow on the right hand side indicates the 330 bp fragment after double
digestion. C SDS-PAGE analysis of EDIII3 expression in Escherichia coli. The protein derived from the soluble phase of Escherichia coli cell
lysates was subjected to 10% SDS-PAGE and stained with Coomassie Brilliant Blue. The profile of Escherichia coli lysates was prepared
before (lane 1) and after IPTG induction (lane 2). Lane M is protein molecular weight marker (175, 130, 95, 70, 62, 51, 42, 29, 22, 14 and 10
kD). The arrow on the right hand side indicates the ~13 kD EDIII3 protein band

of the sample at different stages of the purification is corresponding to the 6x-His-Tagged recombinant
depicted in Figure 3A. A single major protein band of  EDIII3 (Figure 3B). Furthermore, another Western
the expected size (~13 k) was purified to >90%  plotting analysis was carried out to investigate the
homogeneity as can be seen in Figure 3A lane 11. The specific reactivity of the expressed recombinant protein
faint band in lane 11 (~13 k) presumably represents with anti-dengue monoclonal antibody (Figure 3C).

dimmer species, as described by others (24). The Taken together, data in Figure 3 suggests that the
purified protein was subjected to Western blotting  jntended 6x-His-Tagged recombinant domain III of
analysis using anti-HisTag monoclonal antibody, and a dengue virus type-3 envelope protein was expressed
major band was observed in this analysis, and purified, successfully. The soluble recombinant
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Figure 3. Purification and identification of recombinant EDIII3. A SDS-PAGE analysis of purified EDIII3 protein. Different stages of
purification on Ni-NTA affinity column; Lanel: cell lysate, lane 2-5: imidazole elution fractions, lane 6-10: washed fractions, lane 11: the
pure EDIII protein after dialyzing against PBS buffer (before injection), lane M: Protein molecular weight markers (116, 66, 45, 35, 25, 18
and 14 kD). B Western blot analysis of purified EDIII3 which reacted with anti-His-Tag Mab. C Specific reactivity of recombinant EDIII3
with a mouse monoclonal anti-dengue antibody in western blotting analysis. Lane 1 is protein fraction from untransformed bacterial lysate
(as negative control), lane 2 is protein fraction of EDIII3 expressing bacterial lysate, and lane M is protein molecular weight marker (175,
130, 95,70, 62,51, 42, 29, 22, 14 and 10 kD). The arrow indicates the position of the EDIII3 recombinant protein
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Anti-EDIII3 antibody titer assay
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Figure 4. ELISA test. Titer of serum antibody is increased in mice by Escherichia coli -expressed recombinant EDIII3 protein formulated with
Freund's adjuvant sera derived from mice which were immunized with PBS, as negative control group (green triangles), sera derived from mice
which were vaccinated with EDIII3, as test group (red squares) and anti-dengue monoclonal antibody (instead of immune sera), as positive control
(blue rhombus). These data demonstrated the potential of recombinant EDIII3 protein for inducing a high titer of specific antibody

MTT assay ®C
1 - B C+
ED
£08 EEDII3
c
Q -
0 0,6 i [ -
a 1
O 014 7 ++-I-++
c R
© P
[J] e
€ 0,2 -
0 .
24 h 48 h 72 h
Treatments

Figure 5. Lymphocyte proliferation assay. Splenocytes were restimulated with EDIII3 for 24, 48 and 72 hr. This experiment was done
using MTT cell proliferation assay. Splenocytes derived from mice which were immunized with adjuvant in combination with PBS, and
restimulated with EDIII3 antigen in vitro, were considered as negative control. The splenocytes of the EDIII3-immunized mice showed
higher proliferation rate in comparison with the negative control. Splenocytes in negative control did not show comparable proliferation
rate when stimulated with EDIII3. Splenocytes derived from unimmunized group responded to ConA nonspecifically

EDIII3 was subjected to native purification and the
yield of purification was =20 mg/l culture medium,
according to the routine Bradford protein assay
method.

Immunogenicity of recombinant EDIII3 protein

To investigate the immunogenicity of
therecombinant EDIII3, groups of BALB/c mice were
immunized subcutaneously with purified EDIII3
proteins three times (2 week intervals; 0, 2, and 4).
The mice in negative control group were immunized
with PBS in combination with adjuvant using the
same procedure. Two weeks after the last
immunization, sera from immunized mice were

analyzed for anti-EDIII3 antibody using ELISA. In
parallel, an ELISA reaction was performed using a
commercial specific anti-dengue  monoclonal
antibody against the expressed recombinant EDIII3,
as the positive control (Figure 4). In comparison with
the positive control, the results showed that the
immunized mice developed high-titer antibody
responses to recombinant EDIII3 protein. Also, the
identity of recombinant antigen was approved by the
specific reactivity of recombinant EDIII3 with
commercial anti-dengue antibody. These data
demonstrated the immunogenic potential of
recombinant EDIII3 protein expressed in E. coli using
our expression system.
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Cytokine assay
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Figure 6. Cytokine profile of mice which were immunized with EDIII3. Splenocytes derived from immunized mice were restimulated with
antigens thereafter the evaluation of cytokine release was done using commercial quantitative ELISA kits for IFN-y and IL4. Splenocytes
derived from mice which were immunized with adjuvant in combination with PBS and restimulated with EDIII3 antigen in vitro, were
considered as negative control. The splenocytes derived from unimmunized mice were stimulated with ConA in vitro as a positive control

for cytokines assay

Cell proliferation and cytokine profiling of
splenocytes stimulated by recombinant EDIII3
protein

According to the MTT assay, with three day
intervals, splenocytes from the EDIII3-immunized mice
that were restimulated by EDIII3 protein in vitro,
showed high proliferation in comparison to the
negative control. Splenocytes from mice in negative
control group (mock-immunized) did not show
comparable proliferation when stimulated with EDIII3,
demonstrating specificity of the proliferation.
Splenocytes derived from unimmunized mice
responded nonspecifically to stimulation with ConA (as
a positive control for monitoring the stimulation level)
(Figure 5). The comparison between duration of
treatments (24, 48 and 72 hr) did not show any
significant differences; except for the positive control
group, that showed higher cell proliferation activity on
the 3rd day compared to days 1 and 2.

Furthermore, quantitative ELISA assays were used
to detect IFN-y and IL-4 cytokines secreted by
splenocytes of the EDIII3-immunized mice upon
restimulation with EDIII3 recombinant protein (EDIII3
group) and unimmunized mice upon stimulation with
ConA (positive control group). In comparison with the
negative control group, concentration of the measured
cytokines increased markedly in EDIII3-immunized
group and also in ConA-stimulated splenocytes (Figure
6). Since IFN-y is mark of Thl response and IL-4 is
mark of Th2 response, our results indicate that both
Th1l- and Th2 immune responses were induced
following inoculation.

Discussion
Protein subunit vaccines do not have the problem
of bio-hazard which is a major problem in live
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attenuated as well as inactivated viral vaccines.
Furthermore, protein subunit vaccines are safe, easy
to produce and scale up and also can be inexpensive
(29). The dengue E protein is an important antigen
for vaccine development and is used as a reagent for
diagnostic purposes. On one hand, as large proteins
(such as complete dengue E protein) tend to be
expressed at lower levels, we have explored the
feasibility of expressing a small and biologically
critical domain of the E protein (domain III) in E. coli.
On the other hand, to enhance the potential of the
expression system, the protein to be expressed
should be of moderate size (30), and the coding gene
should be optimized and expressed in an appropriate
host (31). Also, we optimized the EDIII3 coding gene
sequence according to E. coli codon usage
preference, and origami (DE3) strain was used as the
host. This expression host provides efficient
expression of soluble proteins containing disulfide
bounds. Our results showed that it is possible to
express domain III of dengue-3 E protein without
any fusion carrier and yet obtain soluble and
functional protein under optimized condition.
Interestingly, the expressed protein could be
extracted and purified under native conditions
without any time consuming denaturation/refolding
process. In a previous study (24), the EDIII protein of
serotype 2 was produced in insoluble fraction of E.
coli and processed with denaturation/refolding. In
another report, the EDIII2/MBP fusion protein was
produced in the soluble form; however the cleavage
of EDIII2 from MBP resulted in complete loss of the
recognition site for 3H5 Mab (32). Here, we showed
the efficiency of the designed expression system in
soluble and high level expression of dengue virus
type-3 envelope domain IIl. The soluble forms of
these proteins are more effective in production of
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antibody responses and this is a key point in
developing a suitable strategy for both vaccine and
diagnostic purposes.

Conclusion

Since the designed expression system uses E. coli as
the heterologous host, the process is amenable to
inexpensive scale-up. Immunization of mice with this
monotypic dengue type-3 protein induced generation
of antigen reactive antibodies and enhanced cellular
immunity according to conventional assays. In
conclusion, the produced recombinant EDIII3 antigen
was immunogenic and can be applied to the
development of protective immunity against serotype-3
of dengue virus through induction of virus neutralizing
antibodies.
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