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A B S T R A C T

Dengue fever is a mosquito-borne viral disease with dramatically increasing morbidity rate worldwide in dec-
ades. Since there is no specific treatment to date, early diagnosis is important for providing proper timely
medical care to minimize mortality, and for the prompt initiation of public health control measures. NS5 is a
potential biomarker for dengue virus infection due to its highly conserved and immunogenic properties. In this
study, the DENV 2 NS5 full-length and the DENV 2 NS5 C-terminus RNA-dependent RNA polymerase domain
fragment (NS5-C70) expression plasmids were constructed, and the 104 kDa full-length NS5 and the 70 kDa NS5-
C70 were respectively expressed in Escherichia coli. These two purified recombinant products were found to react
with the sera of patients infected with dengue virus when analyzed by an enzyme-linked immunosorbent assay
(ELISA), which resulted in significantly higher absorption values than those of control sera. The recombinant
DENV 2 NS5 exhibited strong reactivity to each of the four types of sera, whereas the NS5-C70 showed strong
reactivity only to DENV 2 and 4. In comparison, the positive agreement value of recombinant NS5-based assay
with either MyBioSource or Panbio assay was higher than that of the two commercially available IgG indirect
ELISA kits. These results suggest that the recombinant DENV 2 NS5 be an effective antigen for detection of
dengue virus infection. The recombinant NS5-C70 may also be used as an auxiliary antigen for diagnostic
purposes.

1. Introduction

1.1. Dengue fever and dengue virus

Dengue fever (DF) is one of the most common arthropod borne viral
diseases in humans, endemically in tropical and subtropical regions,
designated as a major international public health concern by the World
Health Organization (WHO). There are nearly 390 million dengue virus
(DENV) infections annually, 20–25% with clinically apparent symp-
toms (Ayukekbong et al., 2017). For the past decades, DF has spread
from less than 9 to currently about 128 countries (Brady et al., 2012;
Ebi and Nealon, 2016). DENV belongs to the Flaviviridae family, and is
generally classified into four immunologically distinct serotypes, DENV
1 to 4. All four serotypes can be transmitted from human to human by
mosquitoes, mainly Aedes aegypti and Aedes albopictus (Rosen and
Gubler, 1974), and cause diseases ranging from non-specific febrile

illness to classic DF, dengue haemorrhagic fever (DHF) and dengue
shock syndrome (DSS), with the latter two manifestations leading to
possible mortality (Bhatt et al., 2013). DENV 2 cause highest infection
and mortality rates among all the four serotypes (Balasubramanian
et al., 2017) Individuals infected by any one serotype will have life-long
immunity against reinfection of the same serotype, but only partially
protected from other serotypes. Infections with a different serotype are
associated with a higher risk of severe complications as DHF and/or
DSS due to antibody-dependent enhancement (ADE) (Stephenson,
2005).

DENV is a single-stranded positive sense RNA virus with its 96%
genome forming a large open reading framework (ORF) (Kuhn et al.,
2002), encoding a polyprotein of about 3400 amino acids with a mo-
lecular weight of about 380 kDa (Halstead, 2007; Vicente et al., 2016).
The polyprotein is later processed by viral and host proteases gen-
erating ten mature viral proteins: three structural proteins (capsid [C],
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membrane [M], and envelope [E]) and seven nonstructural proteins
(NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) (Mackenzie, 2010; Paul
and Bartenschlager, 2015). DENV is also a prototype of other flavi-
viruses, for example the West Nile virus (WNV) and the Zika virus
(Sahili and Lescar, 2017). Their homologies raise the risk of cross-re-
active immune responses and subsequent occurrence of ADE in cases of
secondary infections or in vaccinated individuals (Singh et al., 2017).

Some dengue endemic countries attempted to eradicate Aedes ae-
gypti, but have not gained success (Shu and Huang, 2004). The effective
control of DF would require an efficacious vaccine and antiviral
therapies to all serotypes, strong public health education and control
measures supported by diagnostic methods with comprehensive vali-
dations (Scott, 2016).

Around early 2016, the first dengue vaccine, Dengvaxia (CYD-TDV),
was marketed in several countries (Halstead and Russell, 2016). How-
ever, accumulating reports suggest that this vaccine has not achieved
the desired effect. The reports indicate increased risk of hospitalization
and severe cases among young children during the follow-up in years
3–6 (Halstead and Russell, 2016; Sabchareon, 2015; Sophia et al., 2016;
Wichmann et al., 2017). The report of the emergence of a new viral
type, DENV 5, in Malaysia may increase ADE and present additional
challenge for vaccine development (Normile, 2013). To date, there is no
effective anti-DENV drugs, but only symptomatic treatments. Early
virus identification and timely treatment are the keys to reducing this
disease and associated mortality.

1.2. Dengue diagnosis

The laboratory diagnostic methods for DENV infection include: i)
Virus culture. Sera or plasma from patients with suspected dengue are
inoculated into mosquito or mammalian cell lines (Shu and Huang,
2004). After virus isolation, serotype is identified by immuno-
fluorescence using serotype-specific monoclonal antibodies (Bäck and
Lundkvist, 2013). Although this method is considered as the gold
standard of laboratory diagnosis of acute DENV infection (Kumarasamy
et al., 2007), at least 6–10 days are required (Shu and Huang, 2004),
and routine use is limited in endemic countries by the need for BSL-2
(or higher) laboratories and appropriately trained personnel. ii) Viral
RNA detection. DENV RNA can be detected by polymerase chain re-
action (PCR) from sera of patients during the acute phase (Johnson
et al., 2005). Common genomic regions for PCR include E, NS1, E/NS1,
prM/E. Viral load can be quantified by RT-PCR and strain typing can be
carried out by nucleotide sequencing and phylogenetic analysis (Chow
et al., 1998). However, this method is only applicable in the short
viraemic phase (≤ 5 days after onset of symptoms) (Wu et al., 2001).
PCR also requires molecular laboratory setup which may not be feasible
in some remote endemic area. iii) Antigen detection. NS1 is the main
antigen target. The NS1 antigen can be detected by enzyme-linked
immunosorbent assay (ELISA) in primary and secondary infected pa-
tients up to 9 days after onset of illness (Dussart et al., 2006; Peeling
et al., 2010). iv) IgG or IgM antibody detection. NS1 is also the main
viral antigen used to detect IgG or IgM antibodies in human sera or
plasma (Blacksell et al., 2011). Some diagnostic tests by NS1 antigen or
NS1-specific antibody detection are now commercially available (Pal
et al., 2014), but most NS1-based assays have limited sensitivity,
especially to DENV 4 serotype (Gelanew and Hunsperger, 2018;
Hermann et al., 2014), and serological cross-reactivity among the fla-
vivirus groups is common at the level of IgG (Makino et al., 1994). It is
reported that the WNV NS5-based assay reliably discriminates between
WNV infections and DENV or St. Louis encephalitis virus infections
(Wong et al., 2003). NS1-specific antibody test requires the use of NS1
from all four serotypes. Although DENV 5 is assumed of a very low
transmission rate, future new outbreaks cannot be ruled out (Mustafa
et al., 2015). There are no reports on diagnosis of DENV 5 infection yet,
which poses a challenge to the diagnosis of DENV infection (Taylor-
Robinson, 2016).

1.3. DENV NS5 and NS5 RdRp domain

DENV NS5 are highly conserved among all of the Flavivirus that have
not been found to participate in the ADE phenomenon (Beltramello
et al., 2010; Dejnirattisai et al., 2010). NS5 is the largest protein of
DENV with a molecular weight of about 104 kDa containing 900 amino
acids, and is the most conserved protein encoded by the DENV genome,
and its conservation is also reflected in the conformational architecture
(Sahili and Lescar, 2017). The DENV NS5 is highly immunogenic (Lim
et al., 2015), consisting of two major functional/structural domains, the
N-terminal RNA methyltransferase (MTase) domain, residues 1–263,
30 kDa (Koonin, 1993), and the C-terminal RNA-dependent RNA poly-
merase (RdRp) domain, residues 272–900, 70 kDa (Koonin, 1991). The
two domains are connected via a flexible linker (Lu and Gong, 2013).

DENV NS5 RdRp domain plays a vital role in viral RNA replication.
Following viral entry and protein translation from the viral genome,
NS5 RdRp domain is subjected to de novo RNA synthesis to firstly
generate negative polarity RNA from the positive-stranded genomic
RNA template (Ferrari and Huang, 2013; Selisko et al., 2006). The latter
then serves as a template for synthesis of more RNA strands of positive
polarity which are used for further protein translation or packaged to
form infectious virions (Selisko et al., 2014). Like other polymerases,
DENV RdRp possesses an architecture that is conserved across different
classes and families of polymerases. This structure mimics a half-closed
right hand with three sub-domains termed, “fingers”, “palm” and
“thumb” (Sahili and Lescar, 2017; Zhao et al., 2015).

In this study, we explored the application of recombinant DENV2
NS5 antigen. Firstly, we constructed the DENV 2 NS5 RdRp domain and
the full-length NS5 expression vectors, expressed and purified the re-
combinant NS5 (rNS5) C terminus 70 kDa (NS5-C70) and the full-length
NS5 (104 kDa). Although the prokaryotic expression system is suitable
for the expression of proteins with the molecular weight of 30–70 kDa,
much smaller than that of NS5 (104 kDa), we successfully expressed the
rNS5 after optimizing the codons of its full-length. By ELISA tests, we
found that the two purified recombinant products reacted with patients’
sera of all the four serotypes. Next, we compared the DENV 2 rNS5-
based indirect ELISA for IgG detection with two commercially available
dengue IgG indirect ELISA kits, Mybiosource and Panbio. The results
suggest that DENV 2 rNS5 might be an effective antigen for the de-
tection of DENV infection. Moreover, the rNS5-C70 can react with
DENV 2 and 4 and may also be used as auxiliary antigen in diagnostics.

2. Materials and methods

2.1. Construction and expression of plasmid vector NS5-C70

The sequence of DENV 2 NS5 RdRp domain, approximately 2/3 of
NS5 from C-terminal (residues 272–900, 70 kDa), was searched from
GenBank accession number AF038403.1. DNA fragment of the NS5
RdRp domain was synthesized by Detai Biologics Company (Nanjing,
China) with BamH I site (5′-GGATCC-3′) added at the 5′ end, and Hind
III site (5′-AAGCTT-3′) added at the 3′ end. Then it was inserted into
pQE30 plasmid between restriction sites of BamH I and Hind III after
amplification with PCR kit (Takara, Beijing China) and restriction en-
donuclease (NEB, USA) digestion. The recombinant plasmid pQE30/
NS5-70 was transformed into the chemically competent E. coli DH5α to
be amplified. After sequence confirmation, pQE30/NS5-70 was trans-
formed into the E. coli M15 (Dingguo, Beijing, China). The transformed
cells were first grown in 5mL LB culture, containing 50 μg/mL of
Kanamycin (Kan) and 35 μg/mL of Ampicillin (Amp), at 37 °C overnight
at 180 rpm, to test the expression and solubility of NS5 C-terminal
70 kDa (NS5-C70). Then one mL of cultured medium was transferred
into 1 L LB culture containing 50 μg/mL of Kan and 35 μg/mL of Amp.
The culture was incubated at 37 °C and rotated at 180 rpm. IPTG was
added at a final concentration of 1mM when the culture reached an
absorbance at 600 nm (A600) of 0.6-1.0. The induced culture was then
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rotated at 180 rpm for 4 h at 25 °C. After induction, the cells were
harvested by centrifugation at 10,000 rpm for 15min at 4 °C, then re-
suspended in 60mL lysis buffer containing 20mM HEPES (pH 7.4), 1M
NaCl, 20mM β-mercaptoethanol, 1.0 mg/mL lysozyme, and 1% PMSF,
followed by sonication (Sonics, Connecticut, USA) on ice for 20–30min
(pulse on 15 s /off 15 s, 40% amplitude), and fractionated by cen-
trifugation at 7800 × g for 1 h at 4 °C. The supernatants were kept for
protein purification later.

2.2. Construction and expression of plasmid vector full-length NS5

The sequence of full-length DENV 2 NS5, about 900 amino acid
residue with a molecular weight of 104 kDa, was searched from
GenBank accession number AF038403.1. NS5 sequence was codon
optimized using the MaxCodon™ Optimization Program for expression
in E. coli. The full-length optimized DNA fragment was synthesized by
Detai Biologics Company (Nanjing, China) with Nde I site (5′-CATATG
-3′) added at the 5′ end and Hind III site (5′-AAGCTT-3′) added at the 3′
end. Then it was ligated into vector pET30a between restriction sites of
Nde I and Hind III after amplification with PCR and digestion, and the
recombinant plasmid pET30a/NS5 was transformed into the chemically
competent E. coli Top 10. After sequence confirmation, pET30a/NS5
was transformed into E. coli BL21(DE3) and expressed as described
previously, except that 50 μg/mL of Kanamycin was added and induced
culture was grown at 15 °C overnight. After induction, cells were har-
vested by centrifugation at 10,000 × g for 15min at 4 °C, and re-
suspended in 60mL lysis buffer containing 20mM PB (pH 7.2), 150mM
NaCl with 1% triton X-100, 1 ug/mL pepstatin A, and 1 ug/mL leu-
peptin followed by sonication (Sonics, Connecticut USA) on ice for
20–30min (pulse on 15 s /off 15 s, 40% amplitude), and fractionated by
centrifugation at 12,000 × g for 1 h at 4 °C. The sediments were kept
and washed with washing buffer containing 50mM tris (pH 8.0),
150mM NaCl with 1% triton X-100, 5mM EDTA, and 2mM DTT, then
the inclusion bodies were dissolved in binding buffer containing 20mM
tris (pH 8.0), 150mM NaCl, 8M urea, 20 mM imidazole.

2.3. Western blot analysis

The rNS5 and rNS5-C70 were respectively separated on 10% SDS-
PAGE and electrophoretically transferred onto nitrocellulose filter (NC)
membranes (Merck Millipore, Darmstadt, Germany). The membranes
were then incubated in blocking buffer, 5% (w/v) skim milk in PBST,
overnight at 4 °C. Mouse anti-His antibody (EarthOx, San Francisco, CA
USA) and rabbit anti-NS5 antibody (Sigma-Aldrich), which were pro-
duced by immunization with synthetic peptides corresponding to amino
acids 879–892 of NS5 in rabbits were used at a dilution of 1/5,000 and
1/1000 respectively in blocking buffer and incubated with the mem-
branes for 3 h at room temperature. After washing with PBST 5 times
over five minutes, the membranes were respectively incubated with
goat anti-mouse and goat anti-rabbit secondary antibodies with DyLight
800 labeled (KPL, Maryland, USA) at a dilution of 1/10,000 for 1 h at
room temperature in cassettes, and washed 5 times. Then the expressed
rNS5 and rNS5-C70 were visualized by Odyssey Infrared Imaging (LI-
COR, Lincoln, NE USA).

2.4. Purification of the rNS5 RdRp domain fragment

The NS5-C70 with a hexahistidine tag modifications was expressed
in soluble form. The supernatants as previously described were filtered
through a 0.45 μm filter and subjected to affinity chromatography using
His Trap Ni-IDA agarose beads column (Detai, Nanjing, China) pre-
viously equilibrated with 20mL basic buffer (0.5M NaCl and 10%
HEPES) of pH 7.4. The protein solution was added to the column and
flowed down at a rate of 0.5–1mL/min by controlling the sample
quantity. After loading the expressed proteins, the column was washed
gradually with increasing concentrations of imidazole (10, 20, and

40mM in basic buffer). The target protein was then eluted with
250mM imidazole in basic buffer and the eluted fractions were col-
lected at various stages during the purification step, then analyzed on a
10% SDS-PAGE gel and visualized by Coomassie blue staining.
Fractions containing the purified recombinant proteins were pooled and
the proteins were concentrated using a 50 kD viva spin concentrator
(Merck Millipore, Darmstadt, Germany) at 4000 × g for 15min at 4 °C,
and protein storage solution (PBS with 40–50% glycerol) was added 1:
1 to the concentrated protein solution. Purified products were quanti-
fied using the Bradford protein assay kit (Tiangen, Beijing, China).

2.5. Purification of the full-length rNS5

The full-length NS5 was expressed as inclusion body which was
verified by Ni-IDA affinity chromatography. The inclusion bodies were
washed with washing buffer containing 50mM tris (pH 8.0), 150mM
NaCl with 1% Triton X-100, 5mM EDTA, and 2mM DTT, and the in-
clusion bodies were dissolved in binding buffer containing 20mM Tris
(pH 8.0), 500mM NaCl, 8M Urea, and 10mM imidazole. At the same
time, the Ni-IDA column was equilibrated with 20mL binding buffer.
The dissolved protein solution was added to the column and flowed
down at a rate of 0.5–1mL/min by controlling the sample quantity.
After loading the expressed proteins, the column was washed gradually
with increased concentrations of imidazole (10, 50, and 100mM in
binding buffer). Then the target protein was eluted with 500mM imi-
dazole in binding buffer. Each eluted fraction was collected for SDS-
PAGE analysis. Samples containing the target protein were then pooled.
The eluant containing target protein was then transferred into a 15 cm
length dialysis bag after the bag was boiled in 500mL 1mM EDTA and
2% NaHCO3 solution for 5min, and in 500mL 1mM EDTA solution for
another 5min. The renatured NS5 was dialyzed in the buffer containing
PBS (pH 7.4), 2 mM EDTA, 4mM GSH, 0.4 mM GSSG, 2mM EDTA,
0.4 M L-arginine, and 2M urea overnight, and a further dialysis with
PBS (pH 7.4) with 10% glycerol for about 6–8 h. Then the supernatant
was filtered with a 0.45 μm filter, and stored −20 °C.

2.6. Reactivity analyses of recombinant products with sera of patients
infected with DENV 1–4

Reactivity assay was conducted based on indirect ELISA to detect
dengue-specific IgG in human sera using DENV 2 rNS5 and rNS5-C70
antigens. The rNS5 and rNS5-C70 were previously diluted with a
coating solution (50mM Na2CO3, pH 9.6) to a concentration of 1 μg/
mL. Two 96-microwell plates were separately coated with rNS5 and
rNS5-C70 at a volume of 100 μL (100 ng) per well and kept at 4 °C
overnight. After the coating solution was poured, the plates were
completely washed with PBS five times and pat dried using paper to-
wels to remove residual liquid. The plates were filled with blocking
buffer (5% skim milk in PBS) and incubated at 37℃ for 2 h. Sera were
obtained from patients with laboratory-confirmed DENV 1, 2, 3, or 4
infections (The Prince of Wales Hospital, Hong Kong). Sera from
healthy volunteers who took occupational medical examinations at the
physical examination center in Chaoyang Hospital, Beijing, were used
as controls. Volunteers with a history of visiting tropical areas were
excluded from the study. Sera from patients and controls were diluted
in two-fold falling dilutions from 1: 500 to 1: 16,000. Each sample was
added at a volume of 100 μL/well to the coated plates and incubated at
37 °C for 2 h. After the solution was poured, the plates were washed
with PBST and were pat dried using paper towels. Next, secondary
antibody, namely, HRP-conjugated mouse anti-human IgG antibody
(ZSGB-BIO, Beijing, China), which was diluted 1:1000 in blocking
buffer, were added at a volume of 100 μL/well and incubated at 37 °C
for 2 h. After washing the plates five times with PBST, tetra-
methylbenzidine (TMB) substrate (100 μL) was added to each well.
Finally, the plates were incubated in the dark at 37℃ for 10min for
color development, and 100 μL of termination solution (2M H2SO4) was
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added to stop the reaction. Color intensity was measured at 450 nm
using a microplate reader (PerkinElmer, Massachusetts USA). Statistical
significance analyses were performed by one-way ANOVA analysis with
GraphPad 6.0. Samples with A450 higher than 2.1 fold of the average of
the control group were defined positive.

2.7. Comparison of the rNS5-based IgG indirect ELISA with two
commercially available IgG ELISA kit

Serum samples (NO.1–50) were collected from patients at The
Prince of Wales Hospital, who were not suspected with DF or related
symptoms, these serum samples were the same as (Lee et al., 2018). The
samples included 30 seropositive samples (No.1–30) and 20 ser-
onegative samples (NO. 31–50) determined by a commercially avail-
able non-type-specific MyBioSource Dengue Virus IgG ELISA kit (My-
BioSource, USA) (https://www.mybiosource.com) with the sera diluted
at 1:21. Serum samples (NO.51–60) were collected from 10 dengue
patients with laboratory-confirmed (Panbio Dengue IgM Capture ELISA
kit) dengue infection clinical symptoms at The Prince of Wales Hospital.
The aforementioned rNS5-based IgG indirect ELISA was performed for
all 60 serum samples, which were diluted at 1:100 and 1:500. Another
commercially available kit, namely, Panbio Dengue IgG Indirect ELISA
kit (Panbio, Australia), was used for 45 serum samples (NO.6–50),
which were diluted at 1:100 according to the manufacturer’s instruc-
tions. The ELISA results from commercially available kits were used as
reference to determine the efficacy of the rNS5-based ELISA.

3. Results

3.1. Expression and purification of the NS5-C70

The NS5 RdRp domain coding sequence was inserted in the ex-
pression vector pQE30, with a hexahistidine tagged at N-terminus. We
obtained the 70 kDa rNS5-C70 in soluble form (Fig. 1A). Purification
was conducted with His-Trap Ni-IDA column. The target protein was
eluted in 250mM imidazole solution as observed from the SDS-PAGE
(Fig. 1A). After concentration with a 50 kDa Viva Spin Concentrator
(Fig. 1B), we obtained 3.04mg of purified fragment per liter of culture.
Western blot analyses further confirmed that the NS5-C70 was reactive
with anti-His antibody (Fig. 3A) and anti-NS5 antibody (Fig. 3C).

3.2. Expression and purification of the full-length NS5

DENV 2 NS 5 coding sequence was inserted in the expression vector
pET30a. Unlike NS5-C70, the hexahistidine was the C-terminally
tagged. It was found that the NS5 was expressed in inclusion bodies by
His-Trap Ni-IDA affinity chromatography (Fig. 2A). Ni-IDA columns
were used for protein purification after the inclusion bodies were dis-
solved, and the target protein was eluted in 500mM imidazole solution
as observed from the SDS-PAGE (Fig. 2B). The 104 kDa purified rNS5
was renatured by dialysis. The rNS5 was reactive with anti-His antibody
(Fig. 3B) and anti-NS5 antibody (Fig. 3D) as shown by Western blot.
The purified protein yield was 5.66mg per liter of culture.

3.3. Reactivity of recombinant products using sera of patients with DENV
1–4 infection

The results of DENV 2 rNS5- and rNS5-C70- based ELISA are shown
in Fig. 4. All of the absorption values of DENV 2 rNS5 and rNS5-C70
reacting to sera from patients with dengue serotype 1–4 infection at
different dilutions (1:500–1:16,000) were higher than those of reactions
to the control group. However, rNS5-C70 reacted only with serotypes 2
and 4, with significantly higher absorption values than the control
group. Meanwhile, rNS5 detected all of the four serotypes in each di-
lution (1: 500–1: 16,000), with significantly higher absorption values
than the controls. The ratios of sample absorption values to the average
OD of the control were ≥ 2.1 (Table 1).

3.4. Comparison of the rNS5-based IgG ELISA with two commercially
available IgG ELISA Kits

We compared the developed rNS5-based IgG ELISA with two com-
mercially available IgG indirect ELISA kits using 50 serum samples
(Table 2). The positive agreement values of rNS5 assay with MyBio-
Source IgG and Panbio IgG assay were 83% (25/30) and 70% (14/20),
respectively, and the positive agreement value of Panbio IgG with
Mybiosource IgG was 56% (14/25). The Panbio IgG assay test results of
the negative sera (NO. 31–50) determined by MyBioSource IgG assay,
were all negative. The negative agreement values of rNS5 assay with
MyBiosource IgG or Panbio IgG assay were 50% (10/20) and 48.4%
(15/31), respectively (Table 3). In the 10 serum samples from dengue
patients, who had been laboratory and clinically confirmed, the results
of the rNS5 assay were positive for all (Table 4).

4. Discussion

Previous studies on DENV NS5 have mainly focused on its potential
as a vaccine antigen or an anti-viral target, because it is the main
aiming site of anti-DENV T cell-based immune response in human
(Alves et al., 2016; Mladinich et al., 2012), and its RdRp activity plays a
central role in viral genome replication (Steffens et al., 1999). However
researches on NS5 in infection diagnosis are rarely reported, except that
DENV 2 NS5 can be used to distinguish between DENV infection and
other flaviviruses infections by ELISA, but in Narayan's study, NS5 was
obtained by isolating viral proteins after culturing DENV 2 in Vero cells
(Narayan et al., 2016), which was difficult to obtain with high ex-
perimental safety requirements and low yield. So far, there are few
reports about DENV NS5 expression. In this study, full-length NS5 was

Fig. 1. SDS-PAGE analyses of recombinant
NS5-C70. A: M, molecular weight. 1, super-
natant from un-induced bacterial lysate. 2–3,
supernatant from induced bacterial lysate. 4–9,
elutions of 10mM, 20mM, 40mM, 250mM,
250mM, and 250mM imidazole solution after
supernatant incubation with Ni-IDA. B: 1, bac-
terial proteins of pQE30 empty plasmid. 2, the
supernatant from un-induced bacterial lysate.

3, supernatant from induced bacterial lysate. 4, protein purified by His Trap Ni-IDA. 5, purified proteins further concentrated by 50 kD Viva Spin Concentrator.

Fig. 2. SDS-PAGE analyses of recombinant NS5. A: 1, precipitate from induced
bacterial lysate. 2, supernatant from induced bacterial lysate. 3, effluent after
supernatant incubation with Ni-IDA. 4–7, elutions of 50mM, 100mM, 100mM,
and 500mM imidazole solution. B: 1, effluent after disolved inclusion bodies
incubation with Ni-IDA. 2–5, elutions of 50mM, 100mM, 500mM and 500mM
imidazole solution.
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successfully expressed through codon optimization and selection of host
strains E. coli BL21(DE3), which will greatly reduce the cost and the
cumbersome procedures.

Here we developed an rNS5-based ELISA for the detection of DENV
IgG. DENV 2 rNS5 can react with the sera of patients who were positive
for DENV 1, 2, 3 or 4, thereby suggesting that anti-NS5 antibodies come
into being in the sera of patients with DENV infection, which is con-
sistent with a recent report about the promising usage of NS5 as vaccine
antigen on the basis of its reactivity with sera from patients with DENV
1–4 infection (Alves et al., 2016). Compared with the full-length DENV
2 rNS5, DENV 2 rNS5-C70 exhibited considerably decreased diagnostic
efficacy and was only positively reacted with sera of type 2 and 4,
probably because the DENV 4 NS5 RdRp domain shares higher se-
quence identity to DENV 2 than DENV 1 and 3 (Teramoto et al., 2017).
Nevertheless, DENV 2 rNS5-C70 can also be used as an auxiliary di-
agnostic antigen.

Compared to the rNS5-based ELISA reported in this study, the an-
tigens of the MyBioSource and Panbio kits were respectively a mix of E-
proteins and NS1 of all four DENV serotypes. The positive agreement
value of rNS5-based assay with either MyBioSource or Panbio assay was
higher than that of the two commercial assays. The rNS5 assay had a
lower negative agreement value with both commercially available kits.
However, according to the performance characteristics of the Panbio

IgG Indirect ELISA kit, its sensitivity to the detection of primary in-
fection was only 33% (28/84) (Figure S1), indicating false negative
results may have occurred with the commercial available kits. The rNS5
assay of the ten positive serum samples determined by Panbio Dengue
IgM kit, were all positive. There are some published studies describing
the cross-reactions of Panbio Dengue IgM with other flaviviruses

Fig. 3. Western blot analyses of recombinant
NS5-C70 (A, C) and NS5 (B, D). A, B: anti-His as
the primary antibody. C, D: anti-NS5 as the
primary antibody. A: 1, bacterial proteins of
pQE30 empty plasmid. 2, supernatant from un-
induced bacterial lysate. 3, supernatant from
induced bacterial lysate. B: 1, supernatant from
bacterial lysate. 2, precipitate from bacterial
lysate. 3, supernatant from dissolved inclusion
bodies. C: 1, bacterial proteins of pQE30 empty
plasmid. 2, supernatant from induced bacterial
lysate. 3, supernatant from un-induced bac-
terial lysate. D: 1, dissolved inclusion bodies. 2,
precipitate from bacterial lysate. 3, bacterial
proteins of pET30a empty plasmid.

Fig. 4. Reactivity of serially diluted sera from
four patients with confirmed dengue 1–4 in-
fection against 100 ng of purified recombinant
NS5-C70 (A) and NS5 (B) by ELISA. The control
group was provided by healthy people and ex-
cludes those who have been to dengue epi-
demic regions. Statistical analyses were per-
formed by one-way ANOVA tests, **,
P < 0.01, *, P<0.05.

Table 1
ELISA results of rNS5-C70 and rNS5 reactions with dengue patients’ sera (absorption ratio of patients to average controls).

Sera dilution rNS5-C70 rNS5

DENV 1 DENV 2 DENV 3 DENV4 DENV 1 DENV 2 DENV 3 DENV4

1:500 1.3 2.1+ 1.1 1.8 4.9+ 4.6+ 2.9+ 3.6+

1:1000 1.3 2.1+ 1.4 2.2+ 6.6+ 5.5+ 3.4+ 3.9+

1:2000 1.3 2.4+ 1.3 2.5+ 8.7+ 7.2+ 5.1+ 5.5+

1:4000 — — — — 9.8+ 8.2+ 7.0+ 6.2+

1:8000 — — — — 16.4+ 12.3+ 11.5+ 11.4+

— : Absorption values< 0.2, data did not have a reference value.
+ Absorption value ratio of patients to average controls ≥ 2.1.

Table 2
Results of the 50 serum samples tested by rNS5-based IgG ELISA and two
commercially available IgG ELISA kits. (MyBioSource Dengue Virus IgG ELISA
kit and Panbio Dengue IgG Indirect ELISA).

MyBioSource IgG Panbio IgG rNS5 Numbers

+ + + 14
+ NT + 5
+ + – 0
+ – + 6
+ – – 5
– + + 0
– – + 10
– + – 0
– – – 10
Total 50

NT: Not tested.
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(Ayukekbong et al., 2017; Blacksell et al., 2011; Hunsperger et al.,
2014). Possible cross-reactions with antibodies to other flaviviruses
would need to be more extensively tested with rNS5 in further studies.

The number of specific dengue positive sera tested may be limiting
in this study. However, initial studies suggest that the rNS5-based
ELISA can be used for preliminary screening of non-type-specific DENV
infection, and can also be used to estimate the prevalence of DENV
infection in a region and then determine whether to support im-
plementation of the immunization program (Lee et al., 2018). More
extensive studies with larger sample size from patients with each of the
four DENV serotypes, as well as negative controls, and different geo-
graphical dengue endemic regions would be necessary to fully validate
the rNS5-based ELISA.
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