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Abstract: Dengue is an infectious disease affecting 390 millions people in 

tropical and subtropical region annually. Dengue virus NS1 protein plays 

an important role in viral replication in the host cell and it is detected in 

high level in the infected patient serum. A synthetic gene of untagged 

DENV-2 NS1 with codons optimization for expression in Escherichia coli 

has been generated and then inserted into an expression vector pET16b. As 

a hydrophobic protein with aliphatic index of 71.21%, DENV-2 NS1 was 

produced as inclusion bodies in E. coli BL21(DE3). The DENV-2 NS1 

aggregate was unfolded in 8 M urea and then refolded by reverse dilution 

method. The refolded DENV-2 NS1 has immunologically active structure 

as it is capable to interact with anti-NS1 antibody, hence making it as a 

potential vaccine candidate. 
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Introduction 

Disease caused by the Dengue Virus (DENV) 

varies from asymptomatic, non-specific fever, Dengue 

Fever (DF) to a deadly form of Dengue Hemorrhagic 

Fever (DHF) and Dengue Shock Syndrome (DSS) 

(Guzman et al., 2013). A recent study estimated that 

390 million people are infected with dengue virus each 

year, with 96 million patients exhibiting various disease 

symptoms (Lim et al., 2013). Therefore, WHO and many 

epidemic countries undertake strong actions to prevent 

and reduce the infection and mortality rate caused by 

dengue virus. One recommended method is through a 

rapid and accurate dengue diagnostic test in early stage 

of infection (WHO, 2012). It allows identification and 

confirmation of dengue infection thus enabling the best 

treatment before the disease develops into more severe 

and life-threatening conditions. 

Dengue virus belongs to the flavivirus family 

(Flaviviridae), which includes three genera, namely 

Flavivirus, Pestivirus and Hepacivirus (Lim et al., 

2013). DENV has a spherical shape with a diameter of 

50 nm. The structures of mature and immature DENV 

particles have been solved by cryo-electron microscopy 

(Mukhopadhyay et al., 2005; Lim et al., 2013). The virus 

has a single-stranded positive-sense RNA genome 

approximately 11,000 nucleotides encoding for three 

structural proteins and seven non-structural proteins
 

(Muller and Young, 2013). The three structural proteins 

are Capsid (C), Envelope (E) and membrane protein 

(prM). All structural proteins of DENV (C, E and prM) 

have been determined by X-ray crystallography or 

Nuclear Magnetic Resonance (Perera and Kuhn, 2008). 

The seven non-structural proteins of DENV are NS1, 

NS2A, NS2B, NS3, NS4A, NS4B and NS5 (Muller and 

Young, 2013). The nonstructural proteins are essential 

for virus replication, virion assembly, evasion of host 

immune response (Bollati et al., 2010). 

The non-structural protein NS1, plays an important 

role in the human immune invasion and evasion 

mechanisms (Rastogi et al., 2016), RNA replication in 

the host cell (Sampath and Padmanabhan, 2009;       

Fan et al., 2014), production of infectious viral particles 

(Scaturo et al., 2015), autoimmune damage of the host 

tissue (Amorim et al., 2014) and is a potential protein for 

vaccine candidate (Amorim et al., 2014; Liu et al., 
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2016). The NS1 protein is generally composed of 352 

amino acids with highly variable size, i.e., 46-55 kDa 

depending on glycosylation degree
 
(Muller and Young, 

2013). NS1 is secreted into blood circulation in a few 

days after infection and can achieve high circulating 

level (≥600 ng/mL) within 72 h of illness (Libraty et al., 

2002), making this protein a potential biomarker for 

early dengue infection detection. Among all four dengue 

serotypes (DENV-1, DENV-2, DENV-3 and DENV-4), 

DENV-2 was frequently associated with most severe 

cases and epidemics (Soo et al., 2016; Yung et al., 2015; 

Vicente et al., 2016) 

Expression of DENV-2 NS1 from different origins 

has been reported in various host cells ranging from 

prokaryotic cells, such as E. coli BL21 (DE3)   

(Yohan et al., 2017) and E. coli Rosetta (DE3)    

(Lemos et al., 2013), to eukaryotic cells, such as Pichia 

pastoris X-33 (Zhou et al., 2006), P. pastoris KM71 

(Puspasari et al., 2017) and insect cells (Rozen-Gagnon 

et al., 2012). All of the recombinant proteins, however, 

had a different solubility depends on the host cells in 

which it was expressed. Those expressed in higher 

complex systems like eukaryotic cells and viruses were 

found as a soluble protein while those expressed in E. 

coli were found as an aggregate in a form of inclusion 

bodies. Nevertheless, the use of E. coli results in high 

expression level and it requires simple fermentation 

process. 

Most attempts to produce recombinant NS1 used a 

tag or fusion system, such as His tag or thioredoxin, 

which requires removal of the tag or fusion partner, 

especially when the NS1 is designated for a vaccine 

candidate. In this studies, we reported the expression of 

untagged DENV-2 NS1 in E. coli BL21(DE3). The 

refolding process to obtain an immunological active 

DENV-2 NS1 recognized by NS1 antibody is described.  

Materials and Methods 

Microorganisms and Maintenance 

E. coli strain TOP10F’ (Invitrogen) was used for 

routine recombinant plasmid multiplication while E. coli 

strain BL21(DE3) (Novagen) was used for gene 

expression. Recombinant E. coli cells were subcultured 

in Luria-Bertani medium (LB) [0.5% (w/v) yeast extract, 

1% (w/v) tryptone, 1% (w/v) NaCl] at 37°C, 

supplemented with 100 µg/mL ampicillin. 

Design of Indonesian DENV-2 NS1 Synthetic Gene  

DENV-2 NS1 amino acid sequence was derived from 

NCBI database of Indonesian dengue virus (GenBank 

ADK37478). The nucleotide sequence was optimized 

according to expression codon in E. coli and synthesized 

comercially by GenScript (USA).  

Construction of Recombinant Expression Vector 

The DENV-2 NS1 synthetic gene was inserted into 

pET16b expression vector (Novagen) between NcoI and 

BamHI restriction sites. The resulted recombinant 

plasmid was designated as pET16b-DENV-2 NS1.  

Preparation of E. coli Competent Cell and 

Transformation 

Single colony of E. coli BL21(DE3) was grown in 5 

mL LB medium at 37°C with shaking of 150 rpm for 18 

h. A total of 250 µL overnight culture was inoculated 

into 25 mL LB medium and incubated at 37°C with 

shaking of 150 rpm until OD600 of 0.2-0.4 was reached. 

The culture was transferred into a 50 mL centrifuge tube, 

incubated in ice for 10 min, then centrifuged at 2,700 × g 

for 10 min. Pellet was resuspended with 5 mL of 0.1 M 

iced-cold CaCl2. After settling for 10 min on ice, the 

mixture was centrifuged at 2,700 × g for 10 min. Pellet 

was resuspended with 800 µL of 0.1 M iced-cold CaCl2 

and aliquoted into microtubes at 100 µL. Competent cells 

were ready to use after being stored at 4°C for 2-24 h. 

E. coli was transformed by recombinant plasmid 

pET16b-NS1-DENV2 using modified heat-shock 

method (Sambrook et al., 1989). Recombinant plasmid 

(1 ng) was added to a microtube containing 100 µL 

competent cells. The mixture was incubated for 30 min 

at 4°C, then heat-shocked at 42°C for 90 sec and cooled 

on ice for 2 min. After cooling the mixture, 900 µL LB 

medium was added and the mixture was incubated at 

37°C for 1 h with shaking of 150 rpm. A total of 100-

200 µL cell were spread on LB agar plate containing 100 

µg/mL ampicillin and incubated at 37°C for 16-18 h. 

Production of DENV-2 NS1 in E. coli BL21(DE3)  

E. coli BL21(DE3) transformants were inoculated 
into 25 mL LB medium supplemented with 100 µg/mL 
ampicillin and then incubated for 18 h at 37°C with 
shaking of 150 rpm. A total of 2.5 mL overnight culture 
was inoculated into 250 mL LB medium and incubated 
at 37°C with shaking of 150 rpm until OD600 of 0.6-0.8 
was reached. Cell was induced by adding 0.1 mM IPTG 
(isopropyl β-D-1-thiogalactopyranoside) for 4 h. Culture 
was centrifuged at 9,800×g. Pellet was analyzed or 
stored at -80°C. 

Isolation and Refolding of DENV-2 NS1 Protein 

DENV-2 NS1 protein was isolated according to the 
method described previously by Athmaram et al. 
(2013) with some modifications. Cell pellet (2-3 g) 
was resuspended with 1:4 lysis buffer (50 mM Tris-Cl 
pH 8, 10 mM EDTA pH 8, 100 mM NaCl, 0.1 mM 
PMSF) and the suspension was sonicated with 
frequency of 10,000 Hz for 15 min in ice (30 s on and 
30 s off). Pellet was collected by centrifugation at 
17,400 × g for 30 min at 4°C. 
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Pellet obtained, in a form of inclusion bodies, was 

washed by combining the method described previously 

by Athmaram et al. (2013) and Williamson et al. 

(1996) with some modifications. Pellet was 

resuspended with 1:7 wash buffer 1 [50 mM Tris-Cl pH 

8, 10 mM EDTA pH 8, 100 mM NaCl, 0.5% (v/v) 

Triton X-100] and the suspension was stirred for 1 h at 

room temperature. Pellet was collected by 

centrifugation at 17,400 × g for 30 min at 12°C. The 

washing step was conducted three times where at the 

second time, the inclusion bodies were resuspended with 

1:7 Milli-Q and at the third time, the inclusion bodies 

were resuspended with 1:7 wash buffer 3 (10 mM Tris-Cl 

pH 8, 5 mM EDTA pH 8, 200 mM NaCl, 1 M urea). 

Inclusion bodies were solubilized by combining the 

method described previously by Athmaram et al. (2013) 

and Yohan et al. (2017) with some modifications. 

Washed inclusion bodies were added with 1:7 unfold 

buffer (50 mM Tris-Cl pH 8, 100 mM NaCl, 11 mM 

dithiothreitol, 8 M urea) and suspension was sonicated with 

frequency of 4,000 Hz for 5 min on (15 s on and 45 s off). 

Suspension was stirred for 20 min at room temperature and 

supernatant was collected by centrifugation at 17,400 × g 

for 30 min at 12°C. Supernatant (unfolded protein) was 

stored at room temperature. 

The unfolded DENV-2 NS1 was refolded by reverse 

dilution according to the method described previously 

by Allonso et al. (2011) with some modifications. The 

unfolded protein was diluted with 1:20 refolding buffer 

(50 mM Tris-Cl pH 8, 100 mM NaCl, 0.2 M L-arginine, 1 

mM reduced-glutathione, 0.1 mM oxidized-glutathione) 

with constant stirring at 4°C and the refolding buffer 

dropped-rate was set to 1 drop per 3 s. The mixture was 

then incubated with constant stirring for 30 min at 4°C. 

Protein aggregate during refolding step was separated by 

centrifugation at 17,400 × g for 30 min at 4°C.  

The refolded DENV2-NS1 protein was then 

concentrated by 5-fold using centrifugal filters 

(Millipore) with 10 kDa molecular cut-off. The 

concentrated protein was centrifuged at 17,400 × g for 

30 minutes at 4°C to remove protein aggregates and 

frozen at -20°C for 4 h prior to freeze-drying for 18 h.  

Dengue NS1 Antigen Diagnostic Kit Test 

Antigenic evaluation of the refolded DENV2-NS1 

was performed by a commercial dengue diagnostic kit 

(SD Bioline). In addition, sera from patient with positive 

and negative dengue infection were also included. 

ELISA 

The refolded DENV2-NS1 protein was examined 

by commercial ELISA kit, Platelia Dengue NS1 

Antigen (Bio-Rad). ELISA was performed using 25 

µg of purified protein and 50 µL of ELISA positive 

and negative controls. The negative and positive 

controls were provided by the kit manufacturer. All 

sample and controls were analysed in triplicate. 

ELISA interpretation of results was based on the value 

of sample ratio and calculated according to the 

instruction of the kit manufacturer. 

Results and Discussion 

Construction of an Untagged DENV-2 NS1 

Recombinant Plasmid 

Indonesian originated sequence of DENV-2 NS1 

(GenBank ADK37478) was chosen in order to obtain 

a recombinant DENV-2 NS1 protein with the highest 

similarity to the most dengue virus endemic in 

Indonesia. DENV-2 NS1 gene was synthesized with 

codon optimization for E. coli in order to achieve the 

best protein expression. Furthermore, codon usage 

bias adjustment which was represented by the high 

value of Codon Adaptation Index (CAI) and GC 

content in an ideal percentage range of 30-70% were 

considered as adequate requirements for successful 

heterologous gene expression (Sharp and Li, 1987). 

The synthetic gene used in this experiment had a high 

CAI value of 0.84 with GC content of 42.61%. The 

full length of the DENV-2 NS1 synthetic gene was 

1,079 bp with NcoI and BamHI restriction sites 

attached to 5’- and 3’-end of the gene for its insertion 

into pET16b expression vector. The expression of 

DENV-2 NS1 without additional taq sequence was 

regulated by T7 promoter (Fig. 1).  

Expression and Refolding of Untagged DENV-2 

NS1 

E. coli BL21(DE3), used in this study, expressed a 

high level of DENV-2 NS1 protein but, as expected, 

almost all of the protein aggregated and formed an 

inclusion bodies. The molecular weight of the expressed 

DENV-2 NS1 is about ~40 kDa based on SDS-PAGE 

analysis (Fig. 2). 

The inclusion bodies, however, were advantageous as 

it allowed a pre-purification of protein hence increasing 

the purity of DENV-2 NS1 protein for the later process. 

To change these inactive inclusion bodies into bioactive 

molecules, solubilization of the inclusion bodies 

followed by renaturation were required. During the 

unfolding of DENV-2 NS1 inclusion bodies, the 

recovery yield could reach just up to 60%. The low 

recovery yield might be due to the high content of 

hydrophobic amino acid which was indicated by the high 

value of aliphatic index (71.21%) of this protein, thus 

affecting the solubility of DENV-2 NS1 protein even in 

mild denaturing conditions.  
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Fig. 1: Map of recombinant expression plasmid pET16b-NS1-DENV2. Illustrated by SnapGene viewer (from GSL Biotech; 

available at www.snapgene.com). Synthetic gene was inserted between NcoI and BamHI restriction sites 
 

 
 
Fig. 2: SDS-PAGE of recombinant DENV-2 NS1 protein; 

Lane 1, protein marker; lane 2, supernatant; lane 3, 
inclusion bodies; lane 4, refolded DENV-2 NS1 

 
In the next process, the urea concentration was 

lowered which allowed the refolding process to occur. 

Refolding process tried to return the structure of 

DENV2-NS1 back to its native state. This process will 

allow the sequence-specific structure that is crucial to the 

antigenic behaviour of the protein to be present on the 

surface of the protein and this structure could be 

identified using several antigenic test, such as dengue 

rapid diagnostic kit test and ELISA. 

The Refolded Untagged DENV-2 NS1 Interacts 

with Anti NS1 Antibody 

The antigenicity of the refolded DENV-2 NS1 

protein was evaluated using commercial dengue rapid 

diagnostic kit and ELISA. Interaction between the 

refolded DENV-2 NS1 with anti-NS1 monoclonal 

antibody on a commercial diagnostic kit was indicated 

by appearance of a red color on a test line (Fig. 3). 

Similar result was observed when blood serum sample of 

patient infected by dengue virus, verified by PCR, was 

spotted. However, the same red line was absence from a 

negative control containing proteins expressed by E. coli 

BL21(DE3) without DENV-2 NS1 gene.  
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Fig. 3: Dengue NS1 antigen diagnostic kit test. (A) Negative control (crude supernatant of pET-16b transformant), (B) positive 

control (blood serum sample of patient infected by dengue virus), (C) refolded DENV-2 NS1 protein 
 

 
 
Fig. 4: ELISA graphic of purified DENV2-NS1 protein. All ELISA value bar represent an average value of three repeated assays. ELISA 

Sample Ratio (SR) was interpreted as followed: Reactive (SR ≥ 1.0), equivocal (0.50 ≤ SR < 1.0), non-reactive (SR ≤ 0.50) 
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Fig. 5: Sequence alignment of recombinant DENV2-NS1 proteins from different countries with its conformational epitopes. The 

accession number of each amino acid sequences used in the alignment are as followed: this study (ADK37478), Indonesia 
(AHK09923), Malaysia (CAZ72152), Singapore (ABW82013), New Guinea (AAC59275) and Thailand (P29990). The 
conformational epitopes are based on DENV2-NS1 epitope study conducted by Rocha et al. (2017) 

 

Further analysis of antigenicity of refolded DENV2-

NS1 protein was conducted using ELISA. The DENV-2 

NS1 protein gave a high value of A450 which was 

interpreted as a reactive protein to anti-NS1 monoclonal 

antibody (Fig. 4). The commercial rapid diagnostic kit and 

ELISA result suggested that the interaction between epitope 

presence in the surface of the DENV-2 NS1 protein with 

paratope of anti-NS1 monoclonal antibody on a commercial 

diagnostic kit and the complex antibody-antigen-antibody 

interaction on ELISA were occurred. The presence of these 

interactions proved that the refolded DENV-2 NS1 protein 

has immunologically active structure.  
The result of these antigenic tests corroborated that 

sequence-specific structures or the conformational epitopes 

which contributed to the antigenicity of DENV-2 NS1 

protein were present on the surface of the protein. These 

conformational epitopes are 
25
VHTWTEQYKFQPES

38
, 

127
ELHNQTFLIDGPETAEC

143
, 

193
AVHADMGYWIESALNDT

209
 and located in three 

different regions of protein 3D structure (PDB ID: 

4O6B) (Rocha et al., 2017). The first epitope is located in 

an external loop, the second one is located in beta-sheets 

in an external region and the third one is located in beta-

sheets in an internal region (Rocha et al., 2017). Sequence 

alignment between recombinant DENV2-NS1 protein in 

this study and several other recombinant DENV2-NS1 

proteins from different countries with the conformational 

epitopes showed 99% identity score and revealed the 

conservation of NS1 sequence and its epitopes within the 

proteins (Fig. 5). Though some differences were observed 

on the second and third epitopes (127-143, 193-209), the 

recombinant proteins were all immunogenic (Yohan et al., 
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2017; Lemos et al., 2013; Rozen-Gagnon et al., 2012; 

Zhou et al., 2006). Out of the 3 conformational epitopes, 

the second epitope, 
127
ELHNQTFLIDGPETAEC

143
, was 

reported as an immunodominant B cell epitopes in 

DENV2-NS1 protein (Jiang et al., 2010). 

Conclusion 

This study demonstrated that recombinant DENV-2 

NS1 without additional tag sequence simplifies the 

procedure to produce DENV-2 NS1 as a vaccine 

candidate. Although the NS1 protein presented in this 

study is only one of the four dengue serotypes, the result 

shows that there is a great chance to further develop 

untagged NS1 recombinant proteins from other serotypes. 
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