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Identification of an epitope of SARS-coronavirus nucleocapsid pro-
tein
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ABSTRACT

The nucleocapsid (N) protein of severe acute respiratory syndrome-coronavirus (SARS-CoV) is a major
virion structural protein. In this study, two epitopes (N1 and N2) of the N protein of SARS-CoV were
predicted by bioinformatics analysis. After immunization with two peptides, the peptides-specific antibod-
ies were isolated from the immunized rabbits. The further experiments demonstrated that N1 peptide-
induced polyclonal antibodies had a high affinity to bind to E. coli expressed N protein of SARS-CoV.
Furthermore, it was confirmed that N1 peptide-specific IgG antibodies were detectable in the sera of severe
acute respiratory syndrome (SARS) patients. The results indicated that an epitope of the N protein has
been identified and N protein specific Abs were produced by peptide immunization, which will be useful for
the study of SARS-CoV.
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INTRODUCTION

An outbreak of atypical pneumonia, referred to
as SARS and first identified in Guangdong Province,
China, has spread to several countries[1]. The mor-
tality of this disease is higher and therefore few hun-
dreds of people have died from the disease. In the
absence of effective vaccines and drugs, infectious
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diseases such as SARS that is spread by the respira-
tory route must be taken very seriously. It is very
important that public health officials are able to iden-
tify people infected with SARS at early stages of the
disease and isolate them for an appropriate time,
thus the cycle of transmission can be broken. Vol-
untary isolation and quarantine are of great incon-
venience for a lot of people, but they are currently
our best tools to save lives[2]. An accurate diagnosis
method for SARS is urgent needed and it will be
great helpful for people against SARS[3-5].

A novel coronavirus has been identified in the
patients of SARS. SARS-CoV is enveloped, posi-
tive-sense, ssRNA virus. The genome of SARS-CoV
is 29,727 nucleotides in length, has 11 open read-
ing frames, and the genome organization is similar
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to that of other coronaviruses. The structural pro-
teins of SARS-CoV contain four proteins including
the surface spike (S) glycoprotein, the small mem-
brane (M) protein, the envelope (E) glycoprotein and
the nucleocapsid (N) protein[6-7].

Based on available information of other
coronaviruses, nucleocapsid (N) protein has multiple
functions that are involved in providing nuclear-
import signal, interfering cell process, virus replica-
tion and RNA package. In addition, N protein in
many coronaviruses is highly conserved,
immunogenic, and abundantly expressed during
infection[8-12]. These features make it to be a suit-
able candidate for raising neutralizing antibodies and
diagnostic applications.

In order to identify the epitopes of the N protein
and to be able to quickly make specific antibodies
against the N protein of SARS, in this study, two
peptides were synthesized according to the sequences
of the N protein, and the polyclonal antibodies were
raised in the peptide-immunized rabbits. Our data
showed that the antibodies were capable of binding
to the N protein of SARS-CoV. It was interesting to
observe that N1 peptide was also able to bind to IgG
antibody from the sera of SARS patients. Our work
was the first time to identify an epitope of the N
protein of SARS-CoV, the antibodies induced by the
peptide will be useful for the SARS diagnosis or
analysis of N protein functions.

MATERIALS AND METHODS

Animals

New Zealand rabbits were purchased from Shanghai Labora-
tory Animal Center, Chinese Academy of Sciences. Animals were
kept in conventional conditions and were handled in compliance
with Institute of Biochemistry and Cell Biology, Shanghai Insti-
tutes for Biological Sciences Chinese Academy of Sciences
(Shanghai, China) guidelines for animal care and use.

Peptide design and synthesis

Peptides (N1 and N2) derived from the sequences of SARS p
utative nucleocapsid protein (NC-004718, Genbank) were synth
esized using conventional solid-phase chemistry as described pr
eviously[13] and purified by GL Biochem (Shanghai) Ltd. Thes
e sequences (amino acid residues 21-44, PTDSTDNNQNGGRN
GARPKQRRPQ, N1 peptide, and amino acid residues 138-160,
GALNTPKDHIGTRNPNNNAATVL, N2 peptide) were chosen
as highly antigenic sites by computer prediction with DNAstar
(http://www.dnastar.com/). The synthetic peptides were covalen
tly conjugated to bovine serum albumin (BSA, Sigma) by N-(3-
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Dimethylaminopropyl)- N'-ethylcarbodiimide hydrochloride (ED
AC) (Sigma).

Immunization and raising polyclonal antibodies

Rabbits were immunized s.c. with 200 ug of peptide-BSA in 0.
4 ml emulsion 1/1 v/v with complete Freund's adjuvant (CFA) that
had been supplemented with Mycobacterium tuberculosis to the
final concentration of 1 mg/ml and were injected subcutaneously
at multiple sites on the back of rabbits. Three weeks later, booster
injection was done with freshly prepared emulsion of the conju-
gate and Freund's incomplete adjuvant. Blood was drawn from
the rabbits at five weeks following immunization, the blood was
allowed to clot at 4°C, and the antiserum was recovered by
centrifugation[14].

Prokaryotic expression and purification of SARS-
CoV nucleocapsid protein

The full length of SARS nucleocapsid gene (1266bp) was
subcloned into pQE30 His-tag expression vector (the detailed de-
scription will be published elsewhere). The 6XHis residues at the
N terminus of the vector facilitated the purification of the ex-
pressed SARS N protein using Immobilized Metal Affinity Chro-
matography (IMAC). The recombinant plasmid was transformed
into M15 E. coli cells for expression of the N protein. A freshly
isolated colony was chosen and incubated overnight in liquid LB
medium containing ampicillin (50 mg/ml) and kanamycin (25 ug/
ml) at 370C. The overnight culture was diluted 1:10 in the same
LB medium and grown at 370C until A600 reached 0.6-0.8 absor-
bance units. The expression was then induced at 300C for about
4 h by the addition of 0.5 mM isopropyl-b-Dthiogalactopyranoside
(IPTG). The recombinant N protein was purified using Ni-NTA
agarose (Qiagen) according to the procedure provided by the
manufacturer. The purified N protein was then subjected to SDS-
PAGE.

Western blotting

Purified N protein was loaded in SDS-sample buffer [50 mM
Tris-HCI (pH 6.8), 2% w/v SDS, 10% glycerol, 100 mM DTT and 0.
1% w/v bromophenol blue], then subjected to electrophoresis on a
12% polyacrylamide gel followed by electrotransfer to PVDF
membranes(Bio-rad). After blocking with 3% gelatin solution, the
membrane was incubated with anti-peptide rabbit serum (1/1000
dilution) for one hour and the bound antibodies were detected by
the use of HRP-conjugated goat anti-rabbit IgG (H+L) antibodies
(Southern Biotech) and ECL detection reagents (Amersham
Pharmacia Biotech) were used to develop the film.

ELISA analysis

The titers of the antisera from rabbits were determined by
ELISA as described previously[15]. In brief, 96-well microtiter
plates (Corning Costar) were coated with the tested BSA-peptide
conjungates in 0.1M carbonate buffer (pH 9.6) (5ug/ml, 50ul/well)
at 4°C overnight. After blocking with PBS containing 3% gelatin/
0.1% Tween 20, and the plates were incubated with diluted rabbit
antisera at various concentrations at 37°C for 2 h. Bound antibod-
ies were determined with HRP-coupled goat anti-rabbit IgG (Bio-
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rad) and the OD values were measure by microplate autoreader
(Bio-tek) at 450 nm. Nine SARS patients (clinical diagnosed) and
4 health controls were selected and their sera were collected. All
the sera from patients were confirmed IgG positive by an ELISA
with whole virus lysate as coating antigen and immunoflurorences
assay (IFA). The reactivities of the peptides (N1 and N2) to the
sera were measured by ELISA. The protocol was similar as men-
tioned above. The sera dilution was 1:10 and HRP-coupled goat
anti-human IgG (Bio-rad) was used to detect IgG antibodies in
the sera. All the experiments that were in volved in using the
patients' sera were carried on in Bio-safety Level 3 laboratory.

RESULTS

The N1 and N2 peptides showed a similar antigenic-
ity in immunized rabbits

Based on the computer software analysis, the
Antigenic Index (Al) was similar between N1 and
N2 peptides. So it was expected that both of them
were capable of inducing Abs. When sera were ana-
lyzed by ELISA, the anti-serum titers were similar
between two peptides-immunized rabbits (Tab 1).
The data showed that both of N1 and N2 peptides
were antigenic and induced the peptide-specific an-
tibodies in the rabbits.

N1 peptide-induced polyclonal antibody had a
higher affinity to expressed N-protein of SARS-
CoV

In order to determine whether N1 and N2 pep-
tide-induced polyclonal Abs bind to N protein of
SARS-CoV, the expressed full length N protein (422
amino acids) was served as target protein and the
binding activity of N protein to antibodies was mea-
sured with western blot analysis. Our data demon-
strated that the purified E.coli expressed N protein
(47 kD) was clearly observed in SDS-PAGE electro-

phoresis analysis (Fig 1). The E.coli expressed
glutathion-S-transferase (GST) protein was selected
as unrelated protein control (Fig 1) and the binding
activity of both N protein and GST protein (26 kD)
to the anti-sera was analyzed by western blotting
(Fig 2). The results showed that N1 peptide-induced
antiserum had a strong binding signal to the N pro-
tein and the anti-N2 serum revealed relatively low
signal. Whereas there are no signal in GST controls
and normal rabbit serum control. The results sug-
gested that N1-peptide was a good epitope of the N
protein of SARS-CoV. The N1-peptide induced Ab
was capable of binding to the expressed N protein
of SARS-CoV.

97 kD—
66 kD—
R ]
43 kD—
31 kD—
20 kD— b :
M GST N Protein

Fig 1. SDS-PAGE of the purified N protein of SARS-CoV and
GST control protein. Lane 1: low molecular protein standards.
Lane 2: control GST protein (with 26 kD) and Lane 3: the
purified N protein of SARS-CoV (with 47 kD). SDS-PAGE
was performed on a 12% polyacrylamide gel and stained us-
ing Coomassie brilliant blue.

Tab 1. ELISA determination of antibody titers in rabbit antiserum after immunization with N1- and N2-BSA.

Coated antigen

Peptides Serum sample Neutralized with Peptide-BSA BSA
Pre-immunization None 4,000" <1,000

N1 Post-immunization BSA >128,000 1,000
Post-immunization None >128,000 128,000

Pre-immunization None 2,000 <1,000

N2 Post-immunization BSA >128,000 1,000
Post-immunization None 128,000 16,000

*The antiserum dilution were used in ELISA determination.
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Tab 2. N1- and N2-peptide specific antibodies (total IgG) were detected in the sera from SARS patients and normal

health controls by ELISA.
Coated Ag Health controls No. SARS patients No. (clinical diagnosis)
1 2 3 1 1 3 4 ) 6 T 8 9
N1-BSA - - - - + - + - + - - -
N2-BSA - - - - - - - - - - - -
Notice: serum dilution is 1:10.
+ means positive response. - means negative response.
peptides.
& & & @ & 0 DISCUSSION
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Fig 2. The peptide-induced antibodies were capable of bind-
ing to N protein of SARS-CoV measured by western blot
analysis. Lanes 1, 3 and 5 with loading of the purified N
protein of SARS-CoV. Lanes 2, 4, 6 with loading of GST con-
trol protein. Lanes 1-2 were blotted with N1-peptide immu-
nized rabbit serum. Lane 3-4 with N2-peptide immunized
rabbit serum and Lane 5-6 with normal rabbit serum. The N
protein and control GST protein were subjected to SDS-
PAGE, then were transferred to PVDF membrane. The blot
was probed with the antiserum (1:1000), and the immuno-
logical complex was detected with HRP-conjugated goat-anti
rabbits IgG (Southern Biotech).

N1 peptide was capable of binding to IgG from
SARS patients

Since N1 peptide was a good epitope of the N
protein of SARS-CoV, it was reasonable to ask
whether N1 peptide has a capacity to binding to hu-
man IgG from SARS patients. To address our
question, N1 and N2 peptides served as an antigen
were used to screen the sera of nine SARS patients
(clinical diagnosed) and four health people by ELISA.
It was interested to observe that three of nine (33%)
SARS patients had positive response to N1 peptide,
whereas N2 peptide showed negative response to
all tested sera (Tab 2). At mean time, four health
controls also had a negative response to both
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In this study, we were the first time to identify an
epitope (N1) of the N protein of SARS-CoV, which
will be helpful to study the functions of the N protein.

First, two peptides (N1 and N2) were selected
from the sequences of N protein of SARS-CoV by
computer software analysis. Theoretically, both of
peptides were good antigens based on AI. When
antisera were analyzed, the peptide-specific antibod-
ies were detectable in N1 and N2 peptide-immu-
nized rabbit and the titers of Abs were at similar
levels.

Secondly, whether that synthetic peptide closely
mimics the native structure of target protein is criti-
cal for peptide application. Our data showed that only
N1 peptide-induced antibodies had a high affinity
with the N protein, indicating N1 peptide was a good
epitope of the N protein. In addition, N1 peptide-
induced antibodies will be useful for the study of
the N protein. The data also suggested that only lim-
ited synthetic peptides might induce good antibod-
ies that will bind to native protein.

To further confirm whether the differences of
the two peptides antibodies to bind to the expressed
N protein reflected really the difference of their an-
tigenicities in vivo, two peptides in responding to
the IgG from the sera of SARS patients were mea-
sured by ELISA. It is obviously observed that the
N1 peptide (20 amino acids in length) from SARS-
CoV was the good epitope to induce antibodies in
SARS patients. Although only 33% (3/9) of the pa-
tients were positive, it was reasonable rate. We have
also observed that when the N protein of SARS-CoV
(422 amino acids in length) was used as an antigen
to determine the specific-antibodies of sera from
SARS patients, only 40% positive response could be
detected in SARS patients who had been confirmed
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by the clinical diagnosis (Rui-Fu Yang, unpublished
data). Our work was the first time to identify an
epitope of the N protein of SARS-CoV, the antibod-
ies induced by the peptide will be useful for the SARS
diagnosis or analysis of N protein functions.
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