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Generation and epitope mapping of a monoclonal antibody
against nucleoprotein of Ebola virus
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Abstract: Ebola virus (EBOV) causes highly lethal hemorrhagic fever in humans and nonhuman primates and has a
significant impact on public health. The nucleoprotein (NP) of EBOV (EBOV-NP) plays a central role in virus replication
and has been used as a target molecule for disease diagnosis. In this study, we generated a monoclonal antibody (MADb)
against EBOV-NP and mapped the epitope motif required for recognition by the MAb. The MADb generated via
immunization of mice with prokaryotically expressed recombinant NP of the Zaire Ebola virus (ZEBOV-NP) was specific
to ZEBOV-NP and able to recognize ZEBOV-NP expressed in prokaryotic and eukaryotic cells. The MAb cross-reacted
with the NP of the Reston Ebola virus (REBOV), the Cote-d’Ivoire Ebola virus (CIEBOV) and the Bundibugyo Ebola virus
(BEBOV) but not with the NP of the Sudan Ebola virus (SEBOV) or the Marburg virus (MARV). The minimal epitope
sequence required for recognition by the MAb was the motif PPLESD, which is located between amino acid residues 583
and 588 at the C-terminus of ZEBOV-NP and well conserved among all 16 strains of ZEBOV, CIEBOV and BEBOV

deposited in GenBank. The epitope motif is conserved in four out of five strains of REBOV.

Keywords: Ebola virus, epitope mapping, monoclonal antibody, nucleoprotein

60%-90% case fatality, followed by SEBOV
(40%-60%) and BEBOV (25%)"*!. CIEBOV infects
humans but no fatal case has been reported”. REBOV
is deemed pathogenic in nonhuman primates but not

Introduction

Ebola virus (EBOV) causes highly lethal
hemorrhagic fever in humans and nonhuman
primates and has emerged repeatedly in central in humans”®. EBOV is thought to be a zoonotic
Africa . EBOV was first identified in equatorial

Africa in 1976 and >10 pandemic outbreaks have

pathogen. Humans and nonhuman primates are

1] and bats have long been

61

regarded as end hosts
been reported worldwide since then (http:/www. thought to be potential natural reservoirs
who.int/mediacentre/factsheets/fs103/en/index.html).

EBOV belongs to the family Filoviridae, which

EBOV is an enveloped, non-segmented,
negative-stranded RNA virus. The genome of EBOV

includes the genera Marburg virus (MARV) and
EBOV. The genus EBOV is a geographically diverse
group of viruses containing four species, Zaire Ebola
virus (ZEBOV), Sudan Ebola virus (SEBOV),
Cote-d’Ivoire Ebola virus (CIEBOV) and Reston
Ebola virus (REBOV) and, tentatively, Bundibugyo
Ebola virus (BEBOV)?*’!. ZEBOV is the most
virulent

family member with approximately

http://journals.im.ac.cn/cjben

encodes seven viral proteins, including four virion
structural proteins (VP30, VP35, nucleoprotein (NP)
and RNA-dependent RNA polymerase) and three
membrane-associated proteins (VP40, glycoprotein
and VP24)"?. The viral NP is an essential
component of the viral nucleocapsid and plays a
central role in virus replication. The NP has 739
amino acid residues (ZEBOV species) and migrates
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aberrantly in sodium dodecyl sulfate/polyacrylamide
gel electrophoresis (SDS-PAGE), with an apparent
molecular mass of 115 kDa, although its predicted
molecular mass is about 85 kDa!'”. The region of
the first 450 amino acid residues of NP plays a role
in NP-NP interactions and viral assembly. The
region between amino acid residues 451 and 600, as
well as the first 450 amino acid residues required for
NP-NP interaction, are required for formation of
nucleocapsid-like structures and for viral genome
replication!'""'%. In addition, the NP is the abundant
protein in EBOV particles and a well-conserved
protein among EBOV species, and has been used as
a target molecule for disease diagnosis and
surveillance!'?!.

EBOV is classified as a biosafety level 4
(BSL-4) agent. Therefore, manipulation of EBOV
requires BSL-4 standard laboratories. Although it
was first identified in equatorial Africa in 1976, the
mechanisms underlying the viral pathogenesis and
immune responses are not clearly delineated ' and
against the EBOV
infection have not been developed!"”. This is, in

effective countermeasures

part, because of the requirement for BSL-4 standard
facilities, which are not available in most research
institutes and the difficulty of obtaining infected
clinical samples. The heterologously expressed viral
protein and monoclonal antibody (MAb) have
partially circumvented such bottlenecks and
facilitated our understanding of the mechanisms
underlying EBOV pathogenesis and immune
responses ' In this study, we generated a MAb
against the NP of ZEBOV (ZEBOV-NP) via
immunization of mice with prokaryotically
expressed recombinant ZEBOV-NP and mapped the
epitope motif required for recognition by the

generated MAD.

1 Materials and methods

11 Gene synthesis and construction of
recombinant expression plasmids
Genes encoding the full-length NPs of ZEBOV

(GenBank Accession No. NC_002549), SEBOV
(GenBank Accession No. EU338380), CIEBOV
(GenBank Accession No. FJ217162), REBOV
(GenBank Accession No. AB050936), BEBOV
(GenBank Accession No. FJ217161) and MARV
(GenBank GQ433352) were
chemically synthesized according to their sequence

Accession  No.

information deposited in GenBank. The synthesized
genes were inserted into the prokaryotic expression
vector pET-28a (Novagen, Madison, WI, USA) or
the eukaryotic expression vector p3xFLAG-CMV-7.1
(Sigma, St. Louis, MO, USA) in order to express a
histidine (HIS)-tagged NP in Escherichia coli or a
Flag-tagged NP in Vero cells, respectively. For
eukaryotic expression, the constructed plasmids
expressing Flag-tagged NP were transiently
transfected into Vero cells using Lipofectamine™
2000 according to the manufacturer’s protocol
(Invitrogen, Carlsbad, CA, USA) and incubated at
37 °C for 24 h.
1.2 Expression and purification of recombinant
NP

The recombinant proteins HIS-tagged NP are
usually expressed in the E. coli cells strain BL21
(DE3) transfected with pET-28(a)-ZEBOV-NP
plasmid. The resulting transformations were grown
aerobically at 37°C until mid-log phase
(A00=0.7-0.8). Expression was induced by treatment
with 1 mmol/L isopropyl-f-D-thiogalactopyranoside
(IPTG) at 37 °C for 4 h. After induction, the
bacterial cells were harvested by centrifugation and
assessed by 10% SDS-PAGE followed by staining
with Coomassie brilliant blue R250. For purification
of the HIS-tagged NP of ZEBOV (HIS-ZEBOV-rNP),
the IPTG-induced bacterial cells were harvested by
centrifugation and sonication in an ice-water bath.
The HIS-ZEBOV-rNP, which was expressed as
insoluble inclusion bodies in E. coli, was separated
by centrifugation and the insoluble pellet was then
resuspended in 6 mol/L urea buffer (6 mol/L urea,
500 mmol/L NaCl, 20 mmol/L Tris-HCIl, 5 mmol/L

cjb@im.ac.cn
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imidazole, pH 7.9). The urea-soluble HIS-ZEBOV-rNP
was purified under denaturing conditions using a His
Band kit (Novagen), according to the manufacturer’s
instructions. The purity of the preparation was
assessed by SDS-PAGE and the protein content was
determined with a BCA protein assay kit (Pierce
Biotechnology, Rockford, IL, USA).
1.3 Generation of MAb

BALB/c mice were immunized with 50 pg of
the purified HIS-ZEBOV-rNP emulsified in Freund’s
complete adjuvant (Sigma) via hypodermic
injection. Subsequent booster immunizations of
50 pg of the purified HIS-ZEBOV-rNP emulsified in
Freund’s incomplete adjuvant (Sigma) were given
three times at 14-day intervals. The mice were
further injected intraperitoneally (i.p.) with 50 pg of
the purified His-ZEBOV-rNP in phosphate-buffered
saline three days pre-fusion. Hybridomas were
produced routinely by fusing myeloma Sp2/0 cells
with spleen cells from the immunized BALB/c mice
that were euthanized according to the Guidelines on
the Humane Treatment of Laboratory Animals
(Ministry of Science and Technology of the People’s
Republic of China, Policy No. 2006 398).
Hybridomas were screened by an indirect
enzyme-linked immunosorbent assay (ELISA) using
the purified HIS-ZEBOV-rNP as a coated antigen.
The positive clones were injected into the peritoneal
cavity of mice for production of ascitic fluids
containing MAb.
1.4 Western blotting

Western blotting analysis was done as
described!"”). The commercial antibodies employed in
Western blotting were an anti-Flag MAb (M2, Sigma),
an anti-HIS MADb (HIS-1, Sigma), an anti-f-actin
MADb (AC-15, Sigma) and an anti-glutathione-
S-transferase (GST) polyclonal antibody (Santa Cruz

Biotechnology, Santa Cruz, CA, USA).

http://journals.im.ac.cn/cjben

1.5 Epitope mapping

ZEBOV-NP was artificially divided into three
truncated fragments (amino acid residues 1-267,
268-533 and 534-739) according to the potential
epitopes predicted with software (data not shown).
The three truncated fragments of ZEBOV-NP were
expressed in E. coli as HIS-tagged proteins and their
reactivity with the MAb generated in this study was
analyzed by Western blotting. The fragment between
amino acid residues 534-739, which showed
positive to the MAD, was further divided into five
shorter fragments (amino acid residues 675-739,
567-660, 575-597, 575-590 and 582-597). The five
shorter fragments were expressed in E. coli as
glutathione-S-transferase (GST)-tagged proteins and
their reactivity with the MAb was determined by
Western blotting analysis. The gene segments
encoding the truncated NP mutants mentioned above
were prepared by polymerase chain reaction (PCR)
using ZEBOV-NP as template and inserted into
prokaryotic pET-28a or
pGEX-6p-1 (Amersham Pharmacia Biotech, Tokyo,
Japan) for heterologous expression as His- or

expression  vector

GST-tagged proteins, respectively. To map the
minimal motif of epitope recognized by the MAD,
five of the 8-mer NP peptides (amino acid residues
580-587, 581-588, 582589, 583-590 and 584-591)
were expressed in E. coli as GST-tagged proteins
and incubated with the MAb for determination of
their reactivity in Western blotting analysis. The
synthetic DNA fragments of five 8-mer NP peptides
were annealed in pairs and subcloned into
expression vector pGEX-6p-1 as described 2*2!,
Each gene segment inserted into the expression
vectors was sequenced to make sure that it was
identical with the original sequence. The primers
used for amplification of the gene segments of
ZEBOV-NP were given in Table 1.
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Table 1 Sequences of primers used for generation of truncated NP mutants

NP mutant Primer sequence (5'—3") Size (bp)

NP 1267 F: CGGAATTCATGGATTCTCGTCCTC s01

NI R: CGCAAGCTTCTAAAGAGGATGGAGA
F: CGGAATTCATGGCAAGGACCGCCAAG

[ B A SR R: CGCAAGCTTCTCAGTGAGGGCCTGGGAC 5
F: GCGGAATTCATGAGAACAATCCACC

SNIPSR SED R: CGCAAGCTTTCACTGATGATGTTGC 6l
F: GCGGAATTCATGGAGGCAGACCCACT

TE SE0 R: CGCGTCGACTCACCCCTGTGATCTT Sz
F: GCGGAATTCATGGTAGTTTTCAGTAC

N B OSER) R: CGCGTCGACTCACTGATGATGTTGC 125

NP 575507 F: GCGGAATTCATGGCCCGACGACGAGAC 6

: - R: CGCGTCGACTCAAGTTCCGTCCCTGT

NP 575.590 F: GCGGAATTCATGGCCCGACGACGAGAC "
R: CGCGTCGACTCATTCATCATCTGACT

NP 582597 F: GCGGAATTCATGCTTCCGCCCTTGGAG "
R: CGCGTCGACTCAAGTTCCGTCCCTGT

NP 580.587 F: ATTCTCTAGCCTTCCGCCCTTGGAGTCAG o

- R: TCGACTGACTCCAAGGGCGGAAGGCTAGAG

NP 581588 F: AATTCAGCCTTCCGCCCTTGGAGTCAGATG o
R: TCGACATCTGACTCCAAGGGCGGAAGGCTG

NP 58258 F: AATTCCTTCCGCCCTTGGAGTCAGATGATG ot
R: TCGACATCATCTGACTCCAAGGGCGGAAGG

NP 583.590 F: AATTCCCGCCCTTGGAGTCAGATGATGAAG o
R: TCGACTTCATCATCTGACTCCAAGGGCGGG

NP 584.501 F: AATTCCCCTTGGAGTCAGATGATGAAGAGG o

i - R: TCGACCTCTTCATCATCTGACTCCAAGGGG

2 Results HIS-ZEBOV-rNP  corresponded to that of

2.1 Expression and purification of recombinant
NP of ZEBOV (HIS-ZEBOV-rNP)

To obtain HIS-ZEBOV-rNP, plasmid expressing
the full-length ZEBOV-NP was transformed into
E. coli and the expression was induced by treatment
with IPTG. A protein band of about 120 kDa
molecular mass corresponding to HIS-ZEBOV-rNP
was detected in the lysate from IPTG-treated
transformants (Fig. 1, lane 2). The HIS-ZEBOV-rNP
that was expressed as insoluble inclusion bodies
(Fig. 1, lane 4) was purified under denaturing
conditions (6 mol/L urea) by Ni*" affinity
chromatography using His Bind Resin. Peak Aygg
fractions eluted from the column were pooled and
showed a  predominant single band of
HIS-ZEBOV-rNP (Fig. 1, lane 5). Because we did
not have an antibody specific to ZEBOV-NP, the
purified HIS-ZEBOV-rNP was determined by
MALDI-TOF-TOF analysis. The results indicated
that the amino acid sequence of the purified

ZEBOV-NP (GenBank Accession No. NP 066243)
(data not shown).

kDa M 1 2

HIS-ZEBOV-rNP

Fig. 1  Analysis of the expression and purification of
recombinant NP of ZEBOV (HIS-ZEBOV-rNP). Bacterial
lysates and purified HIS-ZEBOV-rNP were separated by
electrophoresis in SDS-PAGE gel and stained with Coomassie
brilliant blue R250. M: protein marker; 1: uninduced bacterial
cells; 2: bacterial cells induced with IPTG; 3: supernatant from
the sonicated IPTG-induced bacterial cells; 4: pellet from the
sonicated IPTG-induced bacterial cells; 5: HIS-ZEBOV-rNP
eluted from the His Bind Resin column.

cjb@im.ac.cn
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2.2 Generation of MADb against ZEBOV-NP

To generate a MAb specific to ZEBOV-NP,
BALB/c mice were immunized with the purified
HIS-ZEBOV-rNP and the hybridomas generated by
fusing myeloma cells with spleen cells from the
immunized BALB/c mice were screened by ELISA.
A positive clone of hybridomas was selected for
production of mouse ascitic fluids. The MAD
produced as mouse ascitic fluids was temporarily
designated anti-NP antibody and used for subsequent
experiments. To test its antigen-antibody recognition
specificity, the anti-NP antibody was incubated with
the HIS-ZEBOV-rNP and a HIS-tagged NS3
fragment (HIS-NS3c) of Japanese encephalitis
virus??, both of which were expressed and purified
under the same condition. Western blotting analysis
revealed the specific reactivity with HIS-ZEBOV-rNP,
and no reactivity with HIS-NS3c¢ (Fig. 2A),
indicating that the anti-NP antibody reacts with the
ZEBOV-NP rather than the HIS tag. To test whether
the anti-NP ZEBOV-NP
expressed in eukaryotic cells, Vero cells were

antibody recognizes

transfected with plasmid for expression of
Flag-tagged ZEBOV-NP (Flag-ZEBOV-NP). A
plasmid expressing Flag-tagged NS3 of Japanese

&

4/
Qo Q
S R
S SN
A kDa ‘2} ‘2/} @ ‘3\
HIS-
ZEBOV-INP
HIS-NS3c

anti-NP anti-HIS

3 o

encephalitis virus (Flag-NS3) " was transfected as
a parallel control. The transfectants were then
subjected to western blot analysis using the anti-NP
antibody as a probe. Western blotting analysis
revealed that the anti-NP antibody reacted
specifically with the Flag-ZEBOV-NP expressed in
Vero cells (Fig. 2B). Taken together, these results
indicated that the anti-NP antibody is highly specific
and can recognize the ZEBOV-NP expressed both in
prokaryotic and eukaryotic cells.
2.3 Cross-reactivity of the anti-NP antibody
with the members of the family Filoviridae

The family Filoviridae contains ZEBOV,
SEBOV, CIEBOV, REBOV, BEBOV and MARV
(23). To test the cross-reactivity of the anti-NP
antibody specific to ZEBOV-NP, the NP genes of
SEBOV (SEBOV-NP), CIEBOV (CIEBOV-NP),
REBOV (REBOV-NP), BEBOV (BEBOV-NP) and
MARV (MARV-NP) were chemically synthesized
and inserted into expression vectors for prokaryotic
and eukaryotic expression. As shown in Fig. 3A, the
prokaryotic expression of the HIS-tagged NP of
EBOV and MARV was determined by SDS-PAGE
(upper panel) and by Western blotting analysis using
anti-HIS antibody as a probe (middle panel). In

4/
(S)
& &
Q\:ﬁo Q\q’%
Flag-

ZEBOV-NP
Flag-NS3

anti-Flag

anti-Flag

Fig. 2 Western blotting analysis of the specificity of the anti-NP antibody. (A) The purified HIS-tagged ZEBOV-rNP

(HIS-ZEBOV-rNP) and NS3 fragment of Japanese encephalitis virus (HIS-NS3c) were probed with the anti-NP antibody (left-hand
panel) and then re-probed with anti-HIS antibody (right-hand panel). (B) Cell lysates (20 pg) from Vero cells transfected with plasmid
expressing Flag-tagged ZEBOV-NP (Flag-ZEBOV) or NS3 protein of Japanese encephalitis virus (Flag-NS3) were probed with the
anti-NP antibody (left-hand panel) and then re-probed with anti-Flag antibody (right-hand panel).

http://journals.im.ac.cn/cjben
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addition to HIS-ZEBOV-rNP, the anti-NP antibody
reacted with HIS-CIEBOV-rNP, HIS-REBOV-rNP
and HIS-BEBOV-rNP but not with HIS-SEBOV-rNP
or HIS-MARV-rNP (lower panel). As an independent
test to analyze the cross-reactivity of the anti-NP
antibody, Flag-tagged NPs of EBOV (Flag-
ZEBOV-NP, Flag-REBOV-NP, Flag-CIEBOV-NP,
Flag-SEBOV-NP and Flag-BEBOV-NP) and MARV
(Flag-MARV-NP) were expressed in Vero cells, as

confirmed by Western blotting analysis using
anti-Flag antibody (Fig. 3B, middle panel). The
anti-NP antibody recognized Flag-ZEBOV-NP, Flag-
REBOV-NP, Flag-CIEBOV-NP and Flag-BEBOV-NP
but not Flag-SEBOV-NP or Flag-MARV-NP (Fig.
3B, upper panel). Taken together, these results
indicated that the anti-NP antibody specific to
ZEBOV-NP cross-reacts with the NPs of REBOV,
CIEBOV and BEBOV but not SEBOV or MARV.

A ZEBOV CIEBOV SEBOV REBOV BEBOV MARV

IPTG -

200—
150—

100 — . ==
7sa-|i i i

—HIS-EBOV-INP
(SDS-PAGE)

anti-HIS(WB)

FE T U T oni-Ne(wB)

S @,@4@

& «z&
B <¢\"’¢° o

Q\‘b‘% Q\‘T’% Q]\‘z’%

& cg&
\“f"

Q

Q
%

S o

o

s =
I ——

e

Fig. 3 Western blotting analysis of the cross-reactivity of the anti-NP antibody with the members of the family Filoviridae. (A) The
lysates from bacteria expressing the HIS-tagged NP of Zaire Ebola virus (ZEBOV), Cote-d’Ivoire Ebola virus (CIEBOV), Sudan
Ebola virus (SEBOV), Reston Ebola virus (REBOV), Bundibugyo Ebola virus (BEBOV) or Marburg virus (MARV) were separated
by electrophoresis in SDS-PAGE gel and stained with Coomassie brilliant blue R250 (upper panel). The lysates were probed with
anti-HIS antibody (middle panel) and then re-probed with the anti-NP antibody (lower panel). (B) The lysates from Vero cells
transfected with plasmids encoding the Flag-tagged NP of ZEBOV (Flag-ZEBOV-NP), REBOV (Flag-REBOV-NP), CIEBOV
(Flag-CIEBOV-NP), SEBOV (Flag-SEBOV-NP), BEBOV (Flag-BEBOV-NP), MARV (Flag-MARV-NP) or Flag-vector were probed
with the anti-NP antibody (upper panel) and then re-probed with anti-Flag antibody (middle panel). B-Actin was stained with

anti-B-actin antibody as an internal control (lower panel).

2.4 Epitope mapping of the anti-NP antibody
The data mentioned above indicated that the
anti-NP  antibody  specific to = ZEBOV-NP
cross-reacted with REBOV-NP, CIEBOV-NP and
BEBOV-NP. It was interesting to identify the
conserved epitope recognized by the anti-NP
antibody. Antigenic index analysis with webserver
ABCpred (www.imtech.res.in/raghava/abcpred/)
suggested that there is a multitude of potential

epitopes in ZEBOV-NP (data not shown). To map
the epitope recognized by the anti-NP antibody,
ZEBOV-NP was prokaryotically expressed in E. coli
as truncated proteins with different lengths
according to the predicted potential epitopes (Fig.
4A) and their reactivity with the anti-NP antibody
was determined by Western blotting analysis (image
data not shown). The recognition site of the anti-NP
antibody was finally narrowed down to the region

cjb@im.ac.cn
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from amino acid residues 582-597 (Fig. 4A). To
map the minimal motif of the epitope, five of the
8-mer NP peptides with an overlap of six amino acid
residues (Fig. 4B) were expressed in E. coli as
GST-tagged proteins (GST-rNP peptides) (Fig. 4C,
upper and lower panels) and their reactivity with the
anti-NP antibody was determined by Western
blotting analysis. Among the five GST-rNP peptides,

those corresponding to the regions between amino
acid residues 581 and 588 (rNP 581-588), 582 and
589 (rNP 582-589) and 583 and 590 (rNP 583-590)
were reacted with the anti-NP antibody (Fig. 4C,
middle panel), suggesting that the motif PPLESD
located between amino acid residues 583 and 588 is
the minimal sequence of the epitope required for
recognition by the anti-NP antibody (Fig. 4B).

Reactivity with
. anti-NP antibody

1 73
A NP WT +

rNP1-267
NP 268-533[HIS}-----------

NP 534-739[HIS} - -------------
NP 675-739[HIS}---------------
NP 567-660[HIS}---------------
NP 575-597 [HIS}---------------
NP 575-590 [HIS}---------------
NP 582-597 [HIS}---------------

B Name of
NP peptides

Sequences

of tNP peptides

W
~
N
O
[«
+ o+ o+ +

Reactivity with

Position in NP anti-NP antibody

NP 580-587 [GST]-SSLPPLES

NP 581-588 [GST|-SLPPLESD

NP 582-589 [GST|—LPPLESDD
NP 583-590 [GSTI—PPLESDDE  583-590
NP 584-591 — PLESDDEE 584-591

580-587
581-588
582-589

I+ + + |

;gb 5%% 5@ 509 qu\
& &P S

é““é“é‘é‘

C kDa

30
28

GST-rNP peptides
(SDS-PAGE)

anti-NP
(WB)

anti-GST
(WB)

Fig. 4 Mapping of the epitope recognized by the anti-NP antibody. (A) Schematic representation of HIS-tagged wild type NS (NP
WT) and HIS/GST-tagged deletion mutants (rNP). The numbers indicate amino acid positions. (B) Representation of amino acid
sequences of 8-mer NP peptides fused with GST for mapping of the epitope recognized by the anti-NP antibody. The epitope motif
PPLESD required for recognition by the anti-NP antibody is underlined. (C) The lysates from bacteria expressing GST-tagged 8-mer
NP peptides were separated on a SDS-PAGE gel and stained with Coomassie brilliant blue R250 (upper panel). The lysates were
probed with the anti-NP antibody (middle panel) and then re-probed with the anti-GST antibody (lower panel). (+), Recombinant
protein reacts with the anti-NP antibody in Western blotting analysis; (—), recombinant protein does not react with the anti-NP

antibody in Western blotting analysis.

http://journals.im.ac.cn/cjben
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2.5 Alignment of the epitope motif recognized
by anti-NP antibody among the members of the
family Filoviridae

The anti-NP antibody reacted with ZEBOV-NP,
REBOV-NP, CIEBOV-NP and BEBOV-NP but not
SEBOV-NP or MARV-NP (Fig. 3). To interpret this
observation, we used a multiple alignment of the
amino acid sequences of ZEBOV-NP, SEBOV-NP,
CIEBOV-NP, REBOV-NP, BEBOV-NP and
MARV-NP and found that the epitope motif
PPLESD is well conserved among ZEBOV-NP,
CIEBOV-NP, REBOV-NP, BEBOV-NP but not
SEBOV-NP or MARV-NP (Fig. 5). These data

supported the results described above (Fig. 3) and
allowed us to interpret the different cross-reactivity
of the anti-NP antibody with the members of the
family Filoviridae. We additionally blasted the
epitope motif PPLESD against all NP sequences of
Ebola viruses deposited in GenBank. The epitope
motif was found to be conserved in ZEBOV (16
strains), CIEBOV (one strain) and BEBOV (one
strain); however, four of the five strains of REBOV
contain the conserved epitope motif. No SEBOV
strain was found to harbor the conserved epitope
motif among the four strains deposited in GenBank
(data not shown).

Reactivity with
anti-NP antibody

Epitope motif
ZEBOV-NP 570 DPLDDADD ETSSLPPLESDDEEQDRDGTSNR 600
CIEBOV-NP 570 GSNGHNE* DI D *I|* * * * * * Ef NNTETTIT T T 600
REBOV-NP 569 T L M*QG* *DP*GH * * * * * * xDDASSSQQDPD 599
BEBOV-NP 570 * * S *HN *GDNE*]* * * * * * * ¥ GSTDT TAAET 600
SEBOV-NP 570 E * D *QK *NDDE** TS *D*E GD *DGESISEEN 600
MARV-NP 513 N * 1K KQFLRYQE** * VQE* * * SEHTTDSQES 543

+ o+ 4+ o+

Fig. 5 Alignment of the epitope motif recognized by anti-NP antibody among the members of the family Filoviridae. The partial
amino acid sequence (residues 570-600) of NP of ZEBOV (ZEBOV-NP, GenBank Accession No. NP_066243) was aligned with that
of CIEBOV (CIEBOV-NP, GenBank Accession No. ACI28629), REBOV (REBOV-NP, GenBank Accession No. BAB69003),
BEBOV (BEBOV-NP, GenBank Accession No. ACI28620), SEBOV (SEBOV-NP, GenBank Accession No. ABY75321) and MARV
(MARV-NP, GenBank Accession No. ADM72988). The epitope motif PPLESD required for recognition by the anti-NP antibody is
boxed. Asterisks indicate residues identical with those of ZEBOV-NP. The numbers indicate amino acid positions. +: NP reacts with
the anti-NP antibody in western blot analysis; —: NP does not react with the anti-NP antibody in Western blotting analysis.

3 Discussion The NP of EBOV, an essential component of

the viral nucleocapsid, plays a central role in virus

EBOV causes hemorrhagic fevers in humans replication!'"! and serves as a target molecule for

and nonhuman primates with high fatality rates and disease diagnosis and surveillance!'¥. A MAb

thus it is a serious threat to public health®. The
magnitude of international trade and travel is
continuously increasing and there is a significant
risk of introduction of EBOV to a virus-free country
or to a new host’®!. Therefore, new tools, such as
monoclonal antibodies specific to EBOV, are needed
for understanding EBOV pathogenesis and immune
effective

responses in order to develop

countermeasures against transmission and infection.

specific to EBOV-NP would be a useful tool for
studies of the biological functions of EBOV-NP and
for development of diagnostic methods. The
manipulation of EBOV requires BSL-4 standard
laboratories, which are not yet available in China. To
obviate the need for BSL-4 standard laboratories, we
took advantage of the sequence information
deposited in GenBank to synthesize EBOV-NP genes
for production of the recombinant protein as well as

cjb@im.ac.cn
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the subsequent MAb.

The gene encoding full-length ZEBOV-NP was
synthesized and expressed prokaryotically in E. coli
as a HIS-tagged protein (Fig. 1). Because of the lack
of a ZEBOV-NP-specific antibody, we sequenced the
purified HIS-ZEBOV-rNP to avoid any mutational
artifact (data not shown). The confirmed
HIS-ZEBOV-rNP was used for generation of a MAb
(anti-NP antibody) specific to ZEBOV-NP and able
to recognize ZEBOV-NP expressed in prokaryotic
and eukaryotic cells (Fig. 2). The anti-NP antibody
cross-reacted with REBOV-NP, CIEBOV-NP and
BEBOV-NP but not with SEBOV-NP or MARV-NP
(Fig. 3). The minimal epitope sequence required for
recognition by the anti-NP antibody was the motif
PPLESD, which is located between amino acid
residues 583 and 588 at the C-terminus of
ZEBOV-NP (Fig. 4). The epitope motif PPLESD is
well conserved among all strains of ZEBOV (16
strains), CIEBOV (one strain) and BEBOV (one
strain), whose sequence information is available in
GenBank. In REBOV, however, the epitope motif is
conserved in four out of five strains.

EBOV-NP is 739 amino acids long (ZEBOV
species) and can be divided into a hydrophobic
N-terminal half (about 350 amino acids) and a
hydrophilic C-terminal half. The N-terminal half of
NP is well conserved with 86%—92% of amino acid
identity, whereas the C-terminal half of NP shows
only 46%—67% of amino acid identity, among the
five EBOV species. We immunized the mice with
the full-length recombinant NP intending to generate
a MAD that recognizes an epitope located within the
well-conserved N-terminal half and cross-reacts with
five species of EBOV. However, the generated
anti-NP antibody cross-reacted with four species of
EBOV (ZEBOV, REBOV, CIEBOV and BEBOV)
but not with the SEBOV species (Fig. 3). Epitope
mapping showed that the epitope motif PPLESD
recognized by the generated anti-NP antibody was
located between amino acid residues 583 and 588 in
the C-terminal half of NP (Fig. 4). These results
implied that the antigenicity of the C-terminal half is

http://journals.im.ac.cn/cjben

greater than that of the N-terminal half. Our data
further support the suggestion that the antigenic
region of NP is located in the C-terminal half as
described™. The epiptope motif PPLESD is
strongly acidic antigens(P1:3.367), the mouse IgG
reacted strongly to acidic antigens'®.

The NP, an abundant and well-conserved
protein, has been used as a target molecule for
diagnosis and surveillance of EBOV infection!'),
Although the anti-NP antibody does not react with
SEBOV species, it still could be used as a tool for
detection of EBOV infection as well as for
differential diagnosis of SEBOV infection. In
addition, the epitope motif (amino acid residues
583-588) recognized by the anti-NP antibody is
located in a region (amino acid residues 451-600)
required for the formation of nucleocapsid-like
structures of EBOV!'!?*?7l " Thys, the anti-NP
antibody would be useful for studies of the function
of NP in viral replication.
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