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Abstract The NS3 protein is a multifunctional non-

structural protein of flaviviruses implicated in the poly-

protein processing. The predominance of cytotoxic T cell

lymphocytes epitopes on the NS3 protein suggests a pro-

tective role of this protein in limiting virus replication. In

this work, we studied the antigenicity and immunogenicity

of a recombinant NS3 protein of the Dengue virus 2. The

full-length NS3 gene was cloned and expressed as a His-

tagged fusion protein in Escherichia coli. The pNS3 pro-

tein was purified by two chromatography steps. The

recombinant NS3 protein was recognized by anti-protease

NS3 polyclonal antibody and anti-DENV2 HMAF by

Western Blot. This purified protein was able to stimulate

the secretion of high levels of gamma interferon and low

levels of interleukin-10 and tumor necrosis factor-a in mice

splenocytes, suggesting a predominantly Th-1-type T cell

response. Immunized BALB/c mice with the purified NS3

protein showed a strong induction of anti-NS3 IgG anti-

bodies, essentially IgG2b, as determined by ELISA.

Immunized mice sera with recombinant NS3 protein

showed specific recognition of native dengue protein by

Western blotting and immunofluorescence techniques. The

successfully purified recombinant protein was able to

preserv the structural and antigenic determinants of the

native dengue protein. The antigenicity shown by the

recombinant NS3 protein suggests its possible inclusion

into future DENV vaccine preparations.
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Introduction

Dengue virus (DENV) infection has become a growing

threat to public health in the tropical regions of the world

during the last decades. Annually, an estimated of 50–100

million cases of dengue fever (DF) and several hundred

thousand cases of dengue hemorrhagic fever (DHF) occur,

depending on epidemic activity [1]. Four antigenically

distinct serotypes (dengue 1–4), members of the family

Flaviviridae, are transmitted to humans by the bite of a

domestic mosquito, Aedes aegypti [2]. They are responsi-

ble for a spectrum of dengue diseases ranging from

asymptomatic infection, passing through mild fever illness,

DF, to more severe forms DHF and dengue shock syn-

drome (DSS) [3–5]. Although primary infection with

dengue viruses is thought to induce lifelong protective

immunity to the infecting serotype, it does not confer long-

term cross protective immunity against the other viruses.

Hence, an ideal dengue vaccine must be tetravalent,

capable of conferring protection against infection by all

four serotypes, or should prevent disease due to dengue

infection [6]. Several studies have found a positive corre-

lation between the presence of virus-neutralizing antibody

and protection [7–10]. However, other factors more than

neutralizing antibody play a crucial role in protection. The

activation of T cells as a cellular immune response could
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protect against DENV in the absence of neutralizing anti-

body [11–15]. In this sense, a vaccine approach based on

inducing DENV-specific cytotoxic T lymphocytes (CTL)

and an appropriate humoral immunity should provide the

best balance of protective dengue immune response [16].

Some DENV proteins stimulate immunity mediated by

CTL among them the NS3 protein have been identified as

the major source of serotype-specific and serotype-cross-

reactive CD4? and CD8? CTL epitopes [17–21]. These

CTL may play a protective role in limiting virus replication

[22, 23]. The NS3 protein, the second largest DENV non-

structural protein, mediates the activities associated with

virus replication, including protease, NTPase, helicase, and

RNA binding and also capping of the viral genomic RNA

[24–27]. In spite of the structure and function of the NS3

protein has been extensively studied, few reports have been

undertaken in order to evaluate the antigenicity and

immunogenicity of the NS3 protein from DENV, as well

as, other Flavivirus.

In the present work, the immunogenicity of the full-

length DENV2-NS3 protein (DENV2-NS3) produced in

Escherichia coli (E. coli) and highly purified was evaluated

in BALB/c mice. The antigenic reactivity of the recombi-

nant NS3 protein against a panel of murine antibodies from

all four serotypes was determined, as well as, by estimating

the cytokine secretion profile from DENV2-infected mouse

splenocytes stimulated in vitro by the recombinant NS3.

We demonstrated that the purified NS3 protein preserved

the antigenic integrity of the viral native protein and elic-

ited high anti-recombinant antibody titers.

Materials and methods

Bacterial strains, cells, antibodies, and viral antigens

Escherichia coli XL1-blue strain was used for the propa-

gation of plasmids and protein expression.

An anti-Histidine monoclonal antibody, MAb, (Qiagen,

USA,), anti-NS3 protease polyclonal antibody, and dengue

2- specific mouse monoclonal antibody 3H5-1-21 were

used for immunodetection assay.

Aedes albopictus cell line (C6/36 HT) [28] was kindly

provided by Dr. Javier Diaz from laboratory of Medellı́n

department, Colombia. C636 cells were grown at 33 �C in

Eagle’s minimal essential medium supplemented with 10 %

heat-inactivated fetal bovine serum (HFBS), 1 % non-

essential amino acids, and 1 % glutamine solution

(200 mM). African green monkey kidney (Vero) cells

(ATCC, CCL-81) were grown in 199 medium (Gibco, USA)

supplemented with 10 % HFBS (SIGMA, USA). These cells

were maintained in the same medium with 2 % of HFBS.

Pools of polyclonal hyperimmune mouse ascitic fluids

(HMAFs) to the four DENV, used for the antigenic char-

acterization of the recombinant protein were obtained from

reference strains as described Brandt et al. 1967 [29].

Briefly, mice were immunized by four intraperitoneal

injections per week of 10 % crude suspensions of infected

suckling mouse brain in phosphate-buffered saline (PBS)

mixed with Freund’s adjuvant. To induce ascites forma-

tion, sarcoma 180 cells were given intraperitoneally with

the final injection. The ascites fluids were obtained by

peritonea puncture, and then centrifuged at 1,0009g for

30 min at 4 �C. The supernatant was collected and stored

at -80 �C.

A preparation from suckling mice brain infected with

DENV2, A-15 strain, Cuba [30] was used as antigen (106

p.f.u.) for antibody detection and mice immunization [31].

A similar preparation obtained from brain of non-inocu-

lated mice was used as negative control (Mock).

A concentrated preparation of DENV2 antigen was used

for Western blotting (WB), indirect immunofluorescence

assay (IFA), and in vitro stimulation of mouse splenocytes.

Briefly, supernatant from Vero cells infected with 106 p.f.u/

mL of DENV2 SB8553 strain, kindly provided by M.J.

Cardosa, University Sarawak, Malaysia was concentrated

by centrifugation at 80,0009g, 4 h at 4 �C. The pellet

containing the virus was resuspended in PBS (Gibco, UK).

A mock preparation was similarly prepared from the

supernatant of non-infected Vero cells.

Construction of 6His-NS3 expression plasmid

The full-length DENV2 NS3 gene (1.8 Kb) was obtained

by reverse transcriptase-polymerase chain reaction (RT-

PCR) amplification of the RNA extracted from a culture

supernatant of DENV2 58/97 2 passages in C6/36 HT

(strain from Cuban patient with DHF during a 1997 out-

break in Santiago de Cuba). Primers used for the RT-PCR

were: forward 50-ctgcagCGGGCTGGAGTA-30 and reverse

50-aagcttTTATTTTCTTCCAGCTGCAAATTCC-30 con-

taining PstI and HindIII restriction sites, respectively.

Briefly, this technique was performed under the following

conditions: 30 cycles of 95 �C for 1 min, 55 �C for 1 min,

and 72 �C for 2 min using GoTaq DNA polymerase (Pro-

mega, USA), at last 10 min at 72 �C to complete the PCR

reaction. The resulting PCR product (DENV2-NS3) was

directly cloned into a pGEM-T Easy vector (Promega) for

sequence verification and further procedures. The DENV2-

NS3 gene fragment was then subcloned into an expression

vector pQE-30 (Qiagen) at the PstI and HindIII sites

downstream of N-terminal 6 9 His tag, generating the

recombinant plasmid, pQE30NS3.
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NS3 expression and purification

To express the recombinant NS3 protein, the E. coli strain

XL1-blue was electrotransformed with pQE30NS3 plas-

mids following instructions from QiaExpressionist manual

(Qiagen). A single transformed colony harboring

pQE30NS3 was grown overnight at 37 �C in Luria-Berta-

nia (LB) medium containing 50 lg/mL of ampicillin.

Overnight cultures were 100-fold diluted in the LB med-

ium with antibiotics and further incubated at 37 �C until

the optical density at 600 nm reached 0.5. DENV2-NS3

expression was then induced by the addition of 1 mM of

isopropylthiogalactoside (IPTG) (Sigma-Aldrich, USA) for

4 h at 37 �C. To analyze the expression of NS3 protein,

samples were centrifuged at 10,0009g for 10 min at 4 �C.

The bacterial pellet was then analyzed by electrophoresis.

Similar expression procedure was made to XL1-blue cells

transformed with the pQE-30 plasmid (E. coli negative

preparation).

For the purification process, cells were harvested and

resuspended in buffer A (50 mM Tris–HCl, pH 8, 5 mM b-

mercaptoethanol (bMeOH), 500 mM NaCl, and 1 mM

PMSF). The cellular suspension was immediately disrupted

by freezing and defrosting cycles in liquid N2 and then

centrifuged at 15,0009g for 20 min at 4 �C to separate the

soluble protein fraction and pellet (insoluble protein frac-

tion) for further analysis. The pellet fraction containing

inclusion bodies was resuspended in buffer B (8 M urea,

50 mM Tris–HCl, pH 8, 5 mM bMeOH, 200 mM NaCl,

and 1 mM PMSF) and incubated overnight at 4 �C; the

lysate was then clarified by centrifugation at 15,0009g for

1 h at 4 �C. The solubilized protein fraction was loaded

onto a HisTrapTM affinity column (GE Healthcare Life

Sciences, USA) previously equilibrated with buffer B,

using HPLC- AKTA purifier system (Amersham Biosci-

ences, USA). The bound proteins were washed with buffer

C (buffer B pH 6.3). Proteins were eluted with a linear

gradient using buffer D (8 M urea, 50 mM Tris–HCl, pH 8,

5 mM bMeOH, 200 mM NaCl, 1 mM PMSF, and 500 mM

imidazole). Peak fractions (3 mL) were pooled and diluted

until an absorbance at 280 nm between 0.8 and 1.0.

Denatured NS3 protein was refolded by dialysis in buffer E

(50 mM Tris–HCl, pH 8, 500 mM NaCl, 10 % glycerol,

5 mM bMeOH, and 0.05 % CHAPS) containing urea at

different concentrations, decreasing in a stepwise manner

(6, 4, 2, 1, and 0.01 M urea every 1 h, and no urea over-

night) at 4 �C. The dialysate product was concentrated by

ultrafiltration using YM-30 membrane (Amicon, USA),

and then applied to a HiPrep 26/60 Sephacryl S-100 HR gel

filtration column (GE Healthcare Life Sciences) using a

flow of 1.0 mL/min. The peak fractions were pooled and

concentrated to 5 mg/mL. All protein samples were ana-

lyzed by electrophoresis. A protein preparation from

disrupted XL1-blue/pQE30 cells was purified by affinity

chromatography and it was considered as a purified E. coli

negative preparation for all purposes.

Protein analysis

Protein samples were subjected to 12 % sodium dodecyl

sulfate–polyacrylamide gel electrophoresis (SDS-PAGE)

as described earlier [32]. Protein bands were visualized by

staining with Coomassie brilliant blue R-250 (Sigma). The

protein concentration was measured using Bradford assay

kit (Bio-Rad Laboratories, USA) [33].

Immunoassays for recombinant NS3 protein detection

WB

Protein samples were electrotransferred from the poly-

acrylamide gel to a nitrocellulose membrane as described

by [34]. The membrane was blocked overnight by incu-

bation with 4 % skimmed milk in PBS-T (0.8 % NaCl,

0.02 % KCl, 0.014 % KH2PO4, 0.009 % Na2HPO4, pH

7.4, and 0.05 % Tween-20) at 4 �C, washed three times

with PBS-T, and then incubated 2 h at room temperature

(RT) with the primary antibody anti-DENV2 HMAF at

1:100 dilution in 4 % skimmed milk in PBS-T. Once

washed, the membrane was reacted with goat anti-mouse

IgG peroxidase conjugate (GE Healthcare Life Sciences) at

1:2,000 dilution in PBS-Tween for 1 h at RT. Afterwards,

the membrane was washed again and the bands were

detected by incubation, using a diaminobenzidine (DAB)

chromogenic substrate solution until the color development

was completed. NS3 detection was also evaluated with

anti-NS3 protease polyclonal antibody (dilution 1:1,000)

and anti-His MAb (dilution 1:1,000) using ECL plus WB

detection system (GE Healthcare Life Sciences).

ELISA

To measure the reactivity of the recombinant protein

DENV2-NS3 protein against HMAFs corresponding to the

four DENV serotypes, an indirect ELISA system was

performed. Polystyrene plates of 96 wells (Greiner bio-one,

Germany) were coated for 2 h at 37 �C with 5 lg/mL NS3

recombinant protein and as positive control, 100 lL of

DENV2 antigen diluted in coating buffer (0.16 % Na2CO3,

0.29 % NaHCO3, and pH 9.5). As negative control plates

were coated with 5 lg/mL of the purified E. coli negative

preparation and 100 lL of Mock. Subsequently, plates

were blocked with 2 % bovine serum albumin (BSA) for

1 h at 37 �C in the same buffer solution. Three washes with

PBS-T were completed after each step of ELISA. Once

washed, HMAFs of each viral serotype were serially
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diluted and incubated for 1 h at 37 �C. Goat anti-mouse

IgG peroxidase conjugate at 1:2,500 dilution was added

and plates were again incubated for 1 h at 37 �C. After

washing, the reaction was developed with 100 lL of

500 lg/mL ortho-phenylenediamine dihydrochloride

(OPD) as chromogen and 0.015 % hydrogen peroxide as

substrate in 0.1 M citrate buffer (2 % Na2HPO4, 1 % citric

acid, pH 5.0). Plates were kept for 30 min at 25 �C and the

reaction was stopped with 12.5 % H2SO4. The absorbance

was measured at 490 nm using an ELISA plate reader

(Bio-Rad Laboratories). Mean values and standard errors

of the mean for each group were calculated. The positive

cut-off value was taken as twice the absorbance value of

the negative control.

Cell culture and viral stimulation

Spleen cells of mice immunized with DENV2 were

obtained in aseptic conditions, and erythrocytes were lysed

by adding 0.83 % NH4Cl solution. Cells from each animal

were washed twice with PBS and 2 % HFBS (PAA Lab-

oratories, Ontario, Canada) and resuspended at 2 9 106

cells/mL in RPMI-1640 medium supplemented with

100 U/mL penicillin, 100 g/mL streptomycin (Gibco,

USA), 2 mM glutamine (Gibco), 5 9 105 M bMeOH

(Sigma), and 5 % HFBS. Finally, 2 9 105 cells per well

were cultured in 96-well round bottom plates with the

antigens (moi 1 of DENV2 antigen or Mock preparation

and 10 lg/mL purified NS3 protein). ConA (Sigma) was

used as a positive control. After 4 days of 5 % CO2 incu-

bation at 37 �C, culture supernatants were collected and

stored at -20 �C. All assays were run in triplicate.

Cytokine detection

The culture supernatants of splenocytes stimulated with the

recombinant NS3 protein and DENV2 antigen were ana-

lyzed in duplicate to determine the gamma interferon

(IFN-c), interleukin-10 (IL-10), and tumor necrosis factor

(TNF-a) concentration by ELISA using MAbs pairs (BD

Biosciences Pharmingen, USA). ELISA protocol recom-

mended by manufacturers was used with slight modifica-

tions and the values were expressed as mean ± standard

deviation (SD). The lower limit of detection of cytokine was

4 pg/mL.

Mice immunization

Three groups of 7 female 3-week-old BALB/c mice

(CENPALAB, Cuba) were immunized by intraperitoneal

(i.p) route on days 0, 14, and 28 with 20 lg of the purified

recombinant NS3 protein per dose, emulsified (v/v) with

0.05 mL of Freund adjuvant (complete for the first dose

and incomplete for the others). Similarly, a group of mice

received 20 lg of the purified E. coli negative preparation,

negative control. As a positive control, a mice group was

inoculated by i.p route with one dose of 106 p.f.u of

DENV2 without adjuvant. Mice were bled 15 days after

the last dose and sera were collected for further immuno-

logical analysis. The protocols for the maintenance and

care of experimental animals were approved by the IPK-

Ethics Committee.

Antibody titer against recombinant protein

The anti-NS3 antibody level in the serum of immunized

mice was determined by an indirect ELISA. Briefly,

polystyrene plates of 96 wells were coated with 100 lL of

the recombinant protein in coating buffer and incubated 2 h

at 37 �C. Plates were blocked with 100 lL of 1 % BSA in

coating buffer for 2 h at 37 �C and then washed three times

in PBS-T. Mice sera serially diluted twofold in PBS-T

starting with 1:100 were incubated in triplicate wells

(100 lL/well) overnight at 4 �C. Goat anti-mouse IgG

peroxidase conjugate diluted 1:25,000 was added, and

plates were incubated for 1 h at 37 �C. Finally, the reaction

signal was revealed with OPD. 100 lL of the purified

E. coli negative preparation was used as negative control.

Dilutions of sera at which the absorbance value is twice the

value of the negative control were considered to be the

ELISA end point titers.

Antibody isotyping

Polystyrene plates were coated overnight at 4 �C with

DENV2-NS3 (5 lg/mL) in coating buffer. Plates were

washed with PBS-T and blocked with 5 % BSA (100 lL/

well) for 2 h at 37 �C. After blocking, the plates were

washed with PBS-T and sera were added at dilutions of

1:1,000 to 1:32,000 in PBS-T and incubated for 1 h, then

the plates were washed and incubated with goat anti-mouse

IgG isotype-specific antibodies IgG1, IgG2a, IgG2b, and

IgG3 (Sigma) diluted 1:1,000 for 30 min at 37 �C. After

washing, plates were incubated with anti-goat HRP-con-

jugated antibody diluted 1:5,000 for 15 min at 37 �C and

washed as mentioned above. The color was developed with

100 lL of OPD and hydrogen peroxide. The reaction was

stopped by adding 12.5 % sulfuric acid. Absorbance was

measured on an ELISA reader at 490 nm.

Immunodetection of native NS3 protein

WB

supernatants from C6/36 HT cells infected with DENV-2

were mixed with the sample buffer (without bMeOH) for
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SDS-PAGE and heated for 5 min at 80 �C as previously

described [31]. The mixture was loaded onto a 10 %

polyacrylamide gel; electrophoresis and blotting were

assessed [32, 34]. After blocking with 5 % skim milk for

1 h at room temperature, the nitrocellulose membrane was

cut into strips and incubated overnight at 4 �C with 1:30-

diluted mice sera. As positive control, DENV proteins were

identified by incubating one strip with DENV2 HMAF at

1:100. A pool of mice sera from negative control group and

NS3-immunized group were individually tested. Finally,

the strips were incubated with a 1:1,000 dilution of goat

anti-mouse IgG peroxidase conjugate for 1 h at 37 �C. The

reaction was detected by using DAB solution until the

color development.

IFA

C6/36 HT cells maintained at 37 �C in CO2 incubator in

Dulbeco’s modified eagle’s medium (DMEM) were

infected with DENV2. After 48-h infection, cells were

collected and evaluated by IFA [35]. Mice sera of NS3-

inoculated and negative control groups at a dilution 1:30

were used to detect the presence of viral antigen in inoc-

ulated cells. In this assay, non-inoculated cells (negative

control) were run in parallel as DENV2-inoculated C6/36

cells (positive control) and evaluated using dengue 2-

specific mouse monoclonal antibody 3H5-1-21 (Pan-

American Health Organization). The antigen–antibody

interaction was detected by an anti-mouse IgG FITC con-

jugate (Sigma-Aldrich, USA). The intensity of the FITC

fluorochrome dyes was observed by microscopy (Leika

409) at Ex/Em = 490/520 nm.

Statistical analysis

Data from the ELISA were processed by the GraphPad

Prism program (Version 4, 2003), using a parametric sta-

tistical analysis of multiple comparison (Newman–Keuls)

or Kruskal–Wallis non-parametric test with Dunn’s cor-

rections in relation to the analysis of normality and vari-

ance homogeneity.

Results

Cloning, expression, and purification

of the recombinant DENV2-NS3 protein

An amplified fragment of the viral genome corresponding

to full-length of DENV2NS3 protein was successfully

cloned into the pQE-30 expression vector containing the

6xHis-tag. The cloned sequence was 99 % identity to

DENV2 New Guinea ‘‘C’’ strain retrieved from GenBank

AF038403. XL1-blue cells transformed with the plasmid

pQE30NS3 expressed a major band of *70 kDa detected

by SDS-PAGE (Fig. 1a). After cell disruption, the super-

natant did not show any band corresponding to the

recombinant protein, indicating that NS3 was predomi-

nantly associated with the insoluble fraction, as E. coli

inclusion bodies. The recombinant DENV2-NS3 protein

was immunoidentified by WB with an anti-DENV2 HMAF

(Fig. 1b). To avoid aggregation of the NS3 protein, the

purification process was carried out under denaturing

conditions, so that the insoluble fraction was completely

dissolved in 8 M urea before chromatographic steps. After

affinity chromatography, the recombinant protein reached

60 % purity and the purified fraction was associated with

detectable amounts of low-size contaminants (Fig. 2;

Table 1). SDS-PAGE analysis (Fig. 2a) from affinity

purification step showed a main band with estimated

molecular weight of *70 kDa and minor bands below it,

present in the fraction corresponding to the major elution

peak. Subsequent refolding was performed by stepwise

dialysis to remove urea from protein sample. Taking into

account, the protein impurities eluted after HisTrap col-

umn, a second chromatography with Sephacryl S-100 HR

column was also performed. As a result, the final purity of

the NS3 protein preparation obtained was 92 % of the total

protein with a *44 % of final recovery (Table 1). The

70-kDa band detected by SDS-PAGE was identified as the

recombinant DENV2-NS3 protein by WB using anti-His6x

monoclonal antibody (Fig. 2b) and anti-NS3 protease

polyclonal antibody (Fig. 2c).

Antigenic characterization

The antigenic properties of the purified recombinant pro-

tein were evaluated by an indirect ELISA using HMAFs

against the four serotypes of DENV (Fig. 3). As a result,

the recombinant NS3 protein exhibited a high recognition

against the four HMAFs with an antibody titer

*1:100,000. On the other hand, the splenocytes obtained

from DENV2 immunized mice were stimulated in vitro

with the recombinant NS3 protein to evaluate its antigenic

capacity by cytokine secretion. The highest levels of

cytokines detected corresponded to IFN-c secretion. Upon

NS3 stimulation, IFN-c levels (10,137 ± 4,781 pg/mL)

were slightly higher than those observed to the DENV2

antigen positive control (4,806 ± 1,432 pg/mL). Also, IL-

10 and TNF-a levels (71 and 32 respectively) detected

upon stimulation with the recombinant protein were fold

lower than IFN-c levels. However, upon DENV2 stimula-

tion, the secretion of TNF-a and IL-10 decreased 10- and

27-fold, respectively. The relation between IL-10 and

TNF-a level was similar in both stimulations (Fig. 4).
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Antibody response in mice

Fifteen days after the last dose, mice sera from both test

and control groups were analyzed for the presence of anti-

NS3 antibodies by ELISA. Table 2 shows the anti-NS3

antibody titer in NS3 group sera. Sera of immunized mice

with NS3 display high ELISA reactivity. Anti-NS3 anti-

body titers between 1:16,000 and 1:64,000 showed sera

from NS3 group, whereas antibody titers in sera from

control group could not be detected. Isotype distribution

determined by ELISA showed that IgG2b was the pre-

dominant subclass (Fig. 5).

Sera of mice immunized with the recombinant NS3

protein were able to react with native NS3 protein by WB

Fig. 1 Expression analysis of

DENV2NS3 protein in

Escherichia coli XL1-Blue

cells: a 12 % SDS-PAGE, and

b WB using anti-DENV2

HMAF. Lane 1 protein

molecular weight marker (PM),

prestained SDS-PAGE

standards Bio-Rad, lane 2

E. coli culture containing

recombinant plasmid after 4 h

IPTG induction, lane 3 and 4,

soluble and insoluble fractions

of induced cell lysate, lane 5,

protein sample in urea buffer

before affinity chromatography

Fig. 2 Purification and

immunodetection of the

recombinant NS3 protein:

a 12 % SDS-PAGE, b WB

using anti-His MAb, and c WB

using anti-protease polyclonal

antibody. Lane 1 Protein

Marker, lane 2 protein sample

in urea buffer protein before

affinity chromatography, lane 3

pool of eluted fractions from

HisTrap affinity column, lane 4

protein sample after refolding

process, lane 5 pool of eluted

fractions from Sephacryl S-100

HR column

Table 1 Summary of recombinant NS3 protein purification

Purification step Total protein

(mg)a
NS3

(mg)b
Purity

(%)c
Recovery

(%)d

Crude lysate 107.0 8 7.47 100

Affinity chromatography 8.5 5.1 60 64

Sephacryl S-100 3.8 3.5 92 44

a Protein content was determined by the Bradford method, using BSA

as standard
b Purity was determined by densitometry from Coomassie stained

gels by SDS-PAGE analysis
c The amount of recombinant NS3 protein in the crude lysate was

estimated by densitometric analysis of 8 mg and designated as 100 %
d The purification was done from 500-mL culture
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showing the specificity of the response. Sera of negative

control mice did not reacted with native NS3 protein.

Characteristic bands corresponding to NS3, NS1, and E

non-structural proteins were detected in the positive control

strip with DENV2 HMAF.

The immunoblotting data were corroborated by IFA

(Fig. 6b). Mice sera of NS3-immunized group, which

yielded the highest anti-NS3 titers, were able to recognize

the native NS3 protein in cells infected with DENV2. This

result was indistinguishable from that observed in positive

control cells using dengue 2- monoclonal antibody. Similar

to non-inoculated cells, whose did not show immunofluo-

rescence using dengue 2- monoclonal antibody, mice sera

of negative control group failed to react with DENV2-

inoculated cells.

Discussion

The need for a tetravalent dengue vaccine that confers

protective immunity against the four serotypes and avoids

the immune-enhancement mechanism has stimulated the

use of some DENV proteins capable of inducing a cell-

mediated immune response [14]. The multifunctional NS3

protein has been identified as the dominant target for

CD8 ? T cells. However, few studies have evaluated the

immunogenicity of the NS3 protein for its use in a dengue

vaccine formulation. In the present work, the antigenic and

immunogenic properties of the recombinant DENV2-NS3

protein were evaluated. As a result, the NS3 protein was

expressed in E. coli as inclusion bodies that were bio-

chemically purified, and then refolded through a dena-

turation/renaturation procedure. Several authors have

successfully expressed the NS3 protein in a soluble state

[25, 36]. We obtained the recombinant NS3 protein

Fig. 3 Serotype antigen specificity of the recombinant DENV2-NS3

protein with HMAFs corresponding to the four DENV serotypes by

ELISA. The Y axis shows the geometric mean titer (GMT) ? stan-

dard deviation

Fig. 4 Cytokine levels secreted upon DENV2-NS3 stimulation of

mice splenocytes previously immunized with DENV2. Upon NS3

stimulation, the highest levels among the detected cytokines corre-

sponded to IFN-c secretion

Table 2 Antibody titer by

ELISA in sera of mice

immunized with the

recombinant NS3 protein

* Geometric mean titer

Mouse Anti-NS3 antibody

titer

1 1: 64,000

2 1: 64,000

3 1: 64,000

4 1: 32,000

5 1: 32,000

6 1: 16,000

7 1: 32,000

GMT* 1: 43,428

Fig. 5 Profile of IgG subclass in sera from mice immunized with

DENV2-NS3 protein. Sera were collected from mice 15 days after the

last immunization
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associated with the insoluble fraction after cellular dis-

ruption, similar to results previously reported [37, 38].

Attempts to obtain the DENV2-NS3 protein soluble were

carried out by our group using the pQE-30 vector. How-

ever, these were not successful even though some expres-

sion conditions such as IPTG concentration, temperature of

culture, time of culture induction,and the presence of

additives, were evaluated (submitted manuscript). Gener-

ally, overexpressed heterologous proteins are produced in

E. coli as inclusion bodies. Most of dengue non-structural

proteins expressed in bacterial cells have been found after

cellular disruption in the insoluble fraction therefore

leading to costly denaturation and refolding processes

required to recover biologically active proteins [39, 40].

The strategy of two-step purification employed here

allowed eliminating protein contaminants of low-molecular

weight generated from either proteolytic degradation or

internal initiation of the mRNA translation, co-purified

with the desired NS3 protein. The refolding strategy was

carried out by dialysis in the presence of CHAPS, which

can suppress misfolding and the resultant aggregation

reactions that occur during refolding. The reactivity of the

purified protein with the four dengue HMAFs shown by

ELISA, as well as from the native viral NS3 protein with

sera from NS3-immunized mice by IFA demonstrated the

specific recognizing and proper folding of the recombinant

NS3 protein after the purification process. Additionally, the

structural integrity of the purified DENV-2NS3 protein was

also demonstrated by Western Blot. The presence in NS3

protein of epitopes conserved for all dengue viruses would

be a desirable attribute for DENV diagnosis.

There are not many studies evaluating the use of the

NS3 protein as an immunogenic antigen. In a previous

report, the immunogenicity and antigenicity of a recom-

binant hepatitis C virus (HCV) NS3 protein was charac-

terized. The authors found a high prevalence in immunized

mice of anti-NS3 antibodies, which was explained by the

large size of the NS3 protein together with the presence of

Fig. 6 Recognition of native NS3 protein from DENV2 by anti-

recombinant NS3 antibodies elicited in mice using Western Blot

(a) and indirect immunofluorescence assay, IFA, (b). a Strip blotting

shows the native viral NS3 protein recognized by pool of NS3-

immunized mice sera (line 2), but it was not recognized by pool of

mice sera from negative control group (line 1). The control strip (line 3)

shows the recognition of DENV proteins (NS3, NS1, and E) by anti-

DENV2 HMAF. b Images in the upper panel, b1 and b2, correspond to

negative and positive cellular controls, respectively, for IFA using

dengue 2- specific mouse monoclonal antibody 3H5-1-21 and anti-

mouse IgG conjugated to FITC. Non-inoculated C6/36 cells (b1) did

not show immunofluorescence (in red), while positive immunofluo-

rescence (in green) (b2) was detected in DENV2-inoculated C6/36

cells. (b3) Immunofluorescence was not observed in DENV2-inoculated

C6/36 cells with a pool of mice sera from negative control group.

However, green fluorescence was detected on DENV2-inoculated C6/

36 cells using anti-recombinant NS3 antibodies elicited in mice (b4).

Photomicrographs were taken at 9400 (Color figure online)
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multiple class II binding motifs. A similar explanation was

suggested to the high frequency observed of NS3-specific

antibodies in HCV-infected humans [41]. Taking into

account that HCV and DENV belong to the Flavivirus

family, we can suggest that the elevated reactivity and the

high titers of anti-NS3 antibodies for DENV found in this

work should be similarly explained. Recently, Alvarez-

Rodriguez et al. [42] have expressed in E. coli the NS3

protease domain from all DENV serotypes. These proteins

were immunogenic, inducing antibodies able of recogniz-

ing antigens up to a 1:3,200 dilution. In our study, the

recombinant NS3 protein obtained induced even higher

anti-NS3 antibody titers, a threefold more higher, than

those shown by aforementioned authors [42]. Immuno-

globulin isotype analysis of sera from mice immunized

with the purified NS3 protein revealed the predominance of

IgG2b, followed by IgG2a antibodies, which is signature of

Th1 response. IgG2a and IgG2b are generally considered

the most potent for activating effectors response and

dominate antiviral immunity [43, 44]. Although the puri-

fied DENV2-NS3 protein was able to induce a strong IgG

antibody response in mice and known literature report that

anti-NS3 antibodies have been detected in sera of patients

with primary and secondary DENV infections [42, 45],

certainly these are not neutralizing antibodies.

The generation of neutralizing antibodies is a pre-

requisite for attaining adequate protection against DENV

[46, 47]. Nevertheless, the cellular immune response is the

principal arm of the adaptive immune system against non-

cytopathic viruses such as dengue, as once the virus enters

into the cell it is necessary to destroy it. Some character-

istics of cellular response involved in protection versus

severe disease have been proposed, which would be: the

kinetics of the response; its magnitude; the balance of the

Th response (Th1/Th2); and the specificity and avidity of

the CTL response [48–50]. DENV-specific T cells recog-

nized virus-infected cells and produced high levels of

cytokines. These T cells produced IFNc, TNFa, IL-2, and

CC-chemokine ligand 4 (CCL4; also known as MIP1b)

following a Th1 profile, whereas the production of Th2-type

cytokines, such as IL-4, was less common [51]. Several

authors have reported the CTL response role, specifically

the contribution of CD8? T cells, in limiting DENV

infection. Yauch et al. [52] demonstrated using a novel

mouse model that depletion of CD8? T cells resulted in a

lost of DENV infection clearance with significantly higher

viral loads in the serum, spleen, and brain, suggesting that

CD8 ? T cells contribute to protection during primary

DENV infection by reducing viral load. On the other hand,

Williams et al. [53] showed the relevant role of the cellular

immune response in protection against a secondary het-

erotypic DENV infection after treating mice with cyclo-

phosphamide. The NS3 protein has been identified as the

main target for T cell response, where epitopes present in its

structure were recognized by murine and human

CD8?CTLs [19, 54–56]. A recent study using overlapping

peptides covering the whole DENV2 polyprotein found that

the highest ex vivo T cell response were directed to the NS3

region [57]. Similarly, Rivino et al. [58] showed that during

a DENV infection, the main targets of CD8 ? T cells are

the non-structural proteins (NS3 and NS5), while to

CD4 ? T cells the preferential targets are proteins recog-

nized by B cells (E, C, and NS1). Furthermore, It has been

demonstrated that DENV-specific and cross-reactive CTLs

were induced upon mice immunization with NS3 peptides

[59]. In particular, the induction of a protective response

with the production of INF-c by CD8 ? T cells was

detected in mice inoculated with NS3 DNA vaccines [60].

Our T cell data showed that there was a T cell response

to recombinant antigen in vitro stimulation in splenocytes

obtained from DENV2-immunized mice. A Th1 response

was induced with an IFN-c/TNF-a ratio in favor of IFN-c.

We also detected low levels of IL-10 (Th2 cytokine) pro-

duced by these T cells upon NS3 stimulation. The Th1

response is considered favorable to protection whereas a

Th2 response has been suggested to be linked to more

severe outcomes after natural infection [61]. It has been

shown that pretreatment with IFNa and IFNc or with IFNb
and IFNc inhibits DENV replication in cells by preventing

translation of viral RNA [62]. In contrast, TNFa may be

directly associated with specific disease symptoms as

suggested by the correlation between soluble TNF receptor

concentrations and thrombocytopenia [63], as well as

plasma leakage [64]. IL-10, a major anti-inflammatory

cytokine, has been associated to a secondary infection and

the severity of dengue infection [65–67]. Several studies

have suggested the DHF may result from T cell-mediated

immunopathology. The exacerbated production of inflam-

matory cytokines by memory T cells and the magnitude of

T cell response have been associated with dengue disease

severity [57, 68, 69]. However, Simmons et al. [70] in a

study of Vietnamese adults with secondary DENV infec-

tion showed that neither the breadth nor magnitudes of the

recorded peptide-specific T cell response, specifically NS3

peptides, were significantly associated with severity grade

or the serotype of DENV mediating the current infection.

On the other hand, the T cells involved in the pathogenesis

show a cross-reactive recognition [71–73]. Consequently,

our results emphasized the importance of NS3 as a T cell

target, but these are not enough to conclude if the role of T

cell response induced by the purified NS3 protein could

determine the disease outcome during a natural infection.

In conclusion, we suggest that the recombinant NS3

protein expressed in E. coli acquired a correct conforma-

tion that was recognized by polyclonal antibodies against

the four DENV serotypes. We also demonstrated that the
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purified NS3 protein conserve its antigenic determinants.

Likewise, the recombinant NS3 protein induced high anti-

recombinant antibody titers, preferentially IgG2b. In

addition, this purified protein induced a cytokines profile

dominated by IFN-c over TNF-a upon NS3 stimulation of

spleen cells from DENV2 immune mice. In general, these

results suggest that a Th1 response could be elicited in

mice by the recombinant NS3 protein. Hence, a vaccination

strategy combining the induction of CD8 ? T cell response

to serotype-specific NS3 epitopes with a DENV structural

protein target for neutralizing antibodies, for example the

envelope Dom III fragment [74] should be considered an

effective dengue vaccine to protect against all four sero-

types. Further experiments are in progress by our group to

evaluate the nature of cellular immune response and pro-

tective capacity of the recombinant DENV2-NS3 protein in

mice upon DENV challenge.
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