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Japanese encephalitis ( JE) is one of the most important viral encephalitis, caused by the Japanese encephalitis
virus ( JEV). The function of non-structural protein 2B (NS2B) mostly remains unclear. In our study, NS2B of
Japanese encephalitis virus ( JEV) was expressed in Escherichia coli and purified by dialysis. After fusing
mouse myeloma cell line SP2/0 with spleen lymphocytes from NS2B protein immunized mice, three clones of
monoclonal antibodies (MAbs), named 1B9, 3E12, and 4E6, were generated. The specificity and sensitivity of
MAbs were demonstrated by ELISA, indirect immunofluorescence assay, and Western blot. These MAbs will
be useful in further exploration of the functions of NS2B and the pathogenesis of Japanese encephalitis virus.

Introduction

J apanese encephalitis virus ( JEV) is a mosquito-borne
flavivirus, and one of the most common agents of viral

encephalitis.(1) It causes severe central nerve system diseases
such as poliomyelitis-like acute flaccid paralysis, aseptic
meningitis, and encephalitis. There is still no efficient treat-
ment for Japanese encephalitis ( JE); approximately 50,000
JE cases with 10,000 deaths are reported annually in Asian
countries.(2,3) JEV has a single-stranded positive-sense RNA
genome of approximately 11kb, encoding three structural
proteins—capsid (C), premembrane (PrM), and envelope
(E)—and seven nonstructural proteins (NS1, NS2A, NS2B,
NS3, NS4A, NS4B, NS5).(4,5)

NS2B is the co-factor of the viral serine protease, which is
utilized in stabilization and substrate recognition of NS3
protease. The NS2B-NS3 protease of flaviviruses mediates
several cleavages on the flavivirus polyprotein and plays a
critical role in the flavivirus replication. Therefore it is be-
lieved to be a target for antiviral therapy.(6–8) Substitutions of
NS2B-T102M altered JEV replication. JEV NS2B residues
Ser46 to Ile60, particularly in Trp53, Glu55, and Arg56,
could play an important role in the configuration required
for the activity of the flavivirus NS3 protease.(6) JEV infec-
tion and the co-expression of JEV NS3 protease with NS2B
co-factor induced caspase 3 activation and mitochondria-
mediated apoptosis in human medulloblastoma cells.(8) In
this study, we used prokaryotic expressed recombinant NS2B
as antigen to immunize mice and produced three clones of
JEV NS2B-specific monoclonal antibody—1B9, 3E12, and
4E6. The excellent specificity of all the MAbs was demon-
strated by indirect immunofluorescent assay (IFA) and
Western blotting.

Materials and Methods

Expression and purification of recombinant proteins
and mutant proteins

The NS2B gene fragments were amplified from JEV P3
strain (GenBank: U47032) cDNA, which was reverse tran-
scripted from total RNA extraction of JEV-infected BHK
cells, using the indicated oligonucleotide primers listed in
Table 1. The target fragments were then cloned into the
BamHI-XhoI sites of bacterial expression vector pGEX-KG.
A full-length glutathione-s-transferase (GST)-NS2B fusion
protein expression vector was transformed into Escherichia
coli BL21(DE3) and then induced with 1 mmol/L isopropyl-
b-thio-galactopyranoside (IPTG) at 37�C for 4 h. Induced
expression, bacteria lysis, and purification process of the
fusion protein were performed as previously described.(9,10)

The NS2B gene fragments were divided into two parts,
including NS2B-1(1-201bp) and NS2B-2(190-393bp). The
divided fragments were then cloned into the BamHI-XhoI
sites of bacterial expression vector pGEX-KG, respectively.
We then performed the mutant proteins using the same
method, named GST-NS2B-1 and GST-NS2B-2, with four
overlapped amino acids.

Production of mouse monoclonal antibody

Five 4-week-old female BALB/c mice were injected with
GST-NS2B protein and Quickantibody adjuvant (Kang Bi
Quan Biotech, Beijing, China) into the leg muscle on days 1,
14, and 28, respectively. Three days before fusion, the mice
were boosted by intraperitoneal injection with 40 mg of GST-
NS2B protein. Splenocytes from immunized mice were
harvested and fused to the myeloma cell line SP2/0 with
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polyethylene glycol 50% (w/v) PEG 4000 (Sigma, St. Louis,
MO) at a splenocyte-myeloma cell ratio of 5:1. The fused
cells were cultured in HAT medium. Seven days later, the
aminopterin was omitted and cells were cultured in HT me-
dium. Hybridoma culture supernatants were screened by
ELISA. After subcloning and screening three times, stable
antibody-producing clones were left by limiting dilution
method and injected intraperitoneally into 8-week-old
BALB/c mice. Subsequently, the MAbs were harvested and
purified from the seroperitoneum with an antibody purifica-
tion kit, according to the manufacturer’s instructions
(NAbTM Protein A/G Spin Kit, Thermo Scientific, Fremont,
CA). Their activity was characterized by Western blot anal-
ysis and immunofluorescence assay (IFA).

Western blot analysis

The specificity and sensitivity of MAbs were determined
by Western blot assay. JEV-infected BHK-21 cell were col-
lected and cell lysate was separated by SDS-PAGE, then
transferred overnight at 11 V to nitrocellulose membranes.
The membrane was blocked for 1 h with 1% bovine serum
albumin (BSA) in TBST buffer (0.01 M Tris-HCl [pH 8.0],
150 mM NaCl, and 0.05% Tween-20), incubated with a
1:1000 dilution of MAbs respectively at room temperature
for 2 h. The membranes were reacted with horseradish per-
oxidase (HRP)-conjugated goat anti-mouse IgG (Southern

Biotechnology, Birmingham, AL) for 40 min at room tem-
perature after washing with TBST buffer three times. After
repeating the washing step three times, the immune com-
plexes were developed using an enhanced chemilumines-
cence system.

Identification of MAb subtype

The subtype of the MAbs was identified by a subtype
identification kit (Pierce Rapid ELISA Mouse MAb Isotyp-
ing Kit, Thermo Scientific, Boston, MA), used according to
the manufacturer’s instructions.

Indirect enzyme-linked immunosorbent assay

ELISA plates were coated with 0.1 mg/100 mL purified
NS2B protein diluted in bicarbonate coating buffer (pH 9.6)
at 4�C overnight, blocked with 5% bovine serum albumin
(BSA) in PBS for 1 h at 37�C. The wells were drained and
incubated with 100mL/well 2-fold MAb dilutions in PBSA
(from 1:2000 to 1:256,000) for 30 min at 37�C. After three
washes with PBS containing 0.05% Tween-20 (PBST),
100mL horseradish peroxidase (HRP)-conjugated goat anti-
mouse IgG was incubated for 30 min at 37�C. After washing,
50mL/well substrate solution A (0.1 M citrate/phosphate
buffer [pH 5.0]) and 50 mL/well substrate solution B (0.04%
OPD; 0.14% H2O2) were applied for 10 min at room tem-
perature away from light. Reactions were terminated by the
addition of 50 mL/well 2 M H2SO4, and optical densities (OD)
were measured at 630 nm using a microplate reader. Absor-
bance values two times higher than the background level
reactivity were considered to be positive.

Immunofluorescence assay

BHK-21 cells were cultured in 24-well tissue culture plate
and infected with JEV P3 strain. After 36 h post-infection, the
cells were fixed with absolute methanol. The MAbs were
added in as primary antibody at room temperate for 2 h. After
washing three times, cells were overlaid with a 1:500 dilution
of fluorescein isocyanate-conjugated goat anti-mouse IgG
(Sigma). After 1 h incubation at room temperature, fluores-
cent images were examined under a fluorescent microscope.

Table 1. Primer Sequences

Gene Primer orientation Primer sequence (5’-3’)

NS2B Forward GAAGGATCCATGGGGTGGCCAGCTACTG
Reverse GCGCTCGAGTTATCTTTTTGTTGTT

NS2B-1 Forward GAAGGATCCATGGGGTGGCCAGCTACTG
Reverse GAACTCGAGTTATGCAGCATCCATCTCC

NS2B-2 Forward CAAGGATCCATGGATGCTGCAATCA
Reverse GCGCTCGAGTTATCTTTTTGTTGTT

FIG. 1. SDS-PAGE analysis of GST-NS2B protein. Lane
1, protein marker; lane 2, bacilli precipitation of GST-
NS2B; lane 3, bacilli precipitation of GST.

Table 2. MAb Subtype

1B9 3E12 4E6

MAb subclass IgG2b IgG1 IgG1
Light chain kappa kappa kappa
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Results and Discussion

Expression of NS2B protein

The recombinant plasmids were transformed into E. coli
BL21(DE3) cells and induced with 1 mmol/L IPTG at 37�C
for 4 h to express the recombinant protein. As visualized, by
SDS-PAGE, the molecular weight of GST-NS2B recombi-
nant protein was 40.4 kDa, consisting of NS2B protein of
14.4 kDa and GST-tag of 26 kDa (Fig. 1).

NS2B-specific monoclonal antibodies

After fusing mouse myeloma cell line SP2/0 with spleen
lymphocytes from NS2B protein immunized mice, three

NS2B-specific hybridoma clones (MAbs 1B9, 3E12,
and 4E6) were generated and isolated. The stable anti-
body-producing clones were injected intraperitoneally,
and seroperitoneum was harvested for further character-
ization.

Indirect ELISA and subtype identification

The ELISA titers of 1B9, 3E12, and 4E6 were the
same—that is, 1:256,000. The subtype identification re-
sult showed that two MAbs of NS2B (3E12 and 4E6) be-
longed to subtype IgG1 while the other belonged to
subtype IgG2b; the light chains of these MAbs were kappa
(Table 2).

FIG. 2. Immunofluorescence staining of JEV P3 strain-infected BHK-21 cells with different MAbs. Fluorescent images
were examined with a fluorescence microscope.

FIG. 3. Western blot analysis of monoclonal antibodies against NS2B proteins. JEV P3-infected cells were lysed and
separated by SDS-PAGE and transferred to nitrocellulose membranes. The membranes were blocked 1 h with blocking
buffer, then reacted with a 1:1000 dilution of NS2B-specific MAbs, followed by incubation with HRP-conjugated goat anti-
mouse IgG secondary antibody with a 1:3000 dilution. The immune complexes were finally developed by an enhanced
chemiluminescence system. The NS2B protein is indicated by arrows on the left side, and its molecular weight is labeled as
kilodaltons (kDa). Lanes 1, 3, 5, JEV-infected BHK cell lysate; lanes 2, 4, and 6, BHK cell lysate; lanes 1, 2, incubated with
MAb 1B9; lanes 3, 4, incubated with MAb 3E12; lanes 5, 6, incubated with MAb 4E6.
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MAbs specifically recognize NS2B of Japanese
encephalitis virus

We used two methods to confirm the specificity of the
MAbs. On one hand, BHK-21 cells were infected with JEV
P3 strain and then analyzed by immunofluorescence assay.
Specific fluorescence signals were observed with MAbs 1B9,
3E12, and 4E6 against NS2B protein. In contrast, the nega-
tive control cells were not detected in any fluorescence
staining (Fig. 2). On the other hand, Western blot analysis
also showed that MAbs 1B9, 3E12, and 4E6 specifically re-
acted with the protein NS2B of JEV, while no reaction was
observed with non-treatment cells (Fig. 3). In conclusion,
those clones of MAbs possess high specificity to JEV.

Epitope characterization of MAbs against NS2B

To further narrow the binding region of monoclonal anti-
body, two mutant proteins with four overlapped amino acids

to each other NS2B-1 (1-201bp) and NS2B-2 (190-393bp)
were generated. Primer sequences of the expected genes are
listed in Table 1. SDS-PAGE results showed that the mo-
lecular weight of both mutant proteins were about 33.4 kDa
(Fig. 4A), corresponding with the expected molecular weight
of fusion mutant proteins GST-NS2B-1 and GST-NS2B-2.

FIG. 4. Epitope characterization of MAbs against NS2B. (A) SDS-PAGE analysis of recombinant protein GST-NS2B and
recombinant mutant proteins GST-NS2B-1 and GST-NS2B-2. Lane 1, protein marker; lane 2, bacilli precipitation of GST-
NS2B; lane 3, bacilli precipitation of GST-NS2B-1; lane 4, bacilli precipitation of GST-NS2B-2; lane 5, bacilli precipitation
of GST. (B) Western blot analysis. Epitope characterization of MAbs against NS2B. Lanes 1–3, 0.5 mg of recombinant
mutant proteins GST-NS2B-1 and GST-NS2B-2, and recombinant protein GST-NS2B, respectively. The positions and
molecular weights of recombinant mutant proteins GST-NS2B-1 and GST-NS2B-2 are indicated by arrows on the left side,
and that of recombinant protein GST-NS2B is at right.

Table 3. Epitope Mapping of MAbs Against

JEV NS2B Protein by ELISA

Value of
OD630

Value of
OD630

Value of
OD630Mutant

proteins 1B9 3E12 4E6

GST-NS2B-1 0.0783 0.0924 0.0895
GST-NS2B-2 1.9154 1.9357 1.8424
Negative 0.1384 0.1383 0.1267
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ELISA and Western blot results indicated that all clones of
MAbs reacted with amino acids from 68 to 131 of NS2B
(Table 3 and Fig. 4B). These results may lay the foundation
for revealing the structure and functions of NS2B protein.

Conclusion

Three NS2B-specific monoclonal antibodies were pro-
duced and characterized in this study. These MAbs may be
used as powerful tools for investigating protein-protein in-
teraction, studying replication mechanism of JEV, and may
lay the foundation for future research of cellular and mo-
lecular levels of JEV pathogenesis.
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