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Abstract

The recombinant antigen obtained by cloning and expressing two IBV nucleocapsid protein fragments (143-414 aa, 281-414 aa) in Escherichia
coli was used for the detection of avian infectious bronchitis virus (IBV) specific antibodies in chicken sera by the indirect ELISA (rNpIBV-ELISA).
As a result of testing 1524 serum samples the diagnostic sensitivity and specificity of rNpIBV-ELISA when comparing those of the routine whole
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BV ELISA have been shown to be 93.81% and 87.36%, respectively. The agreement value was 91.5%.
2006 Elsevier B.V. All rights reserved.
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Infectious bronchitis (IB) is an important disease economi-
ally to the poultry industry because it affects chickens of all
ges and causes respiratory and nephrotic syndromes in broil-
rs, reduced egg production in layers and breeders (Cavanagh
nd Naqi, 1997). This disease is caused by infectious bron-
hitis virus (IBV), a member of the family Coronaviridae
order Nidovirales) and genus Coronavirus (Cavanagh, 1997;
iebuhr et al., 2000). IBV is an enveloped virus containing
n unsegmented, single-stranded, positive-sense RNA genome.
he virion includes four major structural proteins: the surface
pike glycoprotein (S) consisting of two subunits S1 and S2,
he membrane (M) glycoprotein, the phosphorylated nucleo-
apsid (N) protein and the envelope (E) protein. N protein
f IBV is highly conserved, highly immunogenic. It carries
pitopes inducing cross-reactive antibodies and is the most
bundant virus-derived protein produced throughout infection
Seah et al., 2000). N protein may also induce cross-protective
mmunity (Boots et al., 1992; Seo et al., 1997; Yu et al.,
001).

Currently, indirect enzyme-linked immunosorbent assay
ELISA) using whole virus IBV antigen is carried out world-
ide for measuring the level of IBV specific antibodies.

However, the production of IBV in SPF-chicken embryo eggs
or tissue cultures, the inactivation of viral suspension, the con-
centration and the purification of IBV antigen for ELISA are
very expensive and laborious procedures. In contrast, the use of
recombinant full-length N protein or fragments of IBV N protein
cloned and expressed into Escherichia coli or yeast as ELISA
antigens for IBV-specific antibody makes testing serum samples
a much cheaper and more convenient process (Chen et al., 2003;
Gibertoni et al., 2005; Ndifuna et al., 1998).

In the study, two recombinant proteins, analogues of the
IBV nucleoprotein fragments, were used as antigen for an IBV-
specific antibody ELISA (rNpIBV-ELISA).

IBV vaccine strain H52 Massachusetts type was passaged
initially in 9–11-days chicken SPF-embryos of to extract viral
RNA as described by Gribanov et al. (1997).

Two fragments of N gene were chosen for cloning. One clone
coded the fragment of N protein (143-414 aa) with four linear
immunodominant epitopes, and the other coded the fragment
of N protein (281-414 aa) with two epitopes (Seah et al., 2000).
Three primers for sequencing the H52 reference strain were
used to amplify two overlapping fragments of IBV N gene by
PCR: N1IBV–N3IBV, fragment 1; N2IBV–N3IBV, fragment
∗ Corresponding author. Tel.: +7 922 263846; fax: +7 922 263877.
E-mail address: nlugovskaya@email.ru (N.N. Lugovskaya).

2 (Table 1, Fig. 1c). Restriction sites BamHI were added to
5′-ends of the two upstream primers N1IBV and N2IBV or
HindIII to 3′-end of the downstream primer N3IBV. The open
reading frame (ORF) was between 433 and 1242 bp. RT-PCR
166-0934/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
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Table 1
List of primers used to amplify cDNA fragments coding for targeted regions of the rNp2IBV and rNp4IBV proteins

Primer Nucleotide sequence Position (nucleotides)

N1IBV 433 to 458

N2IBV 844 to 868

N3IBV 1242 to 1216

amplification of two truncated fragments of the N-gene was
performed as follows: reverse transcription (50 ◦C, 15 min),
denaturation of RNA and inactivation of reverse transcriptase
(94 ◦C, 3 min), standard PCR steps including denaturation
(94 ◦C, 0.5 min), annealing (50 ◦C, 0.5 min) and extension
(72 ◦C, 1 min) for 35 cycles (Lugovskaya et al., 2002). The
PCR products of expected sizes are shown in Fig. 1a. The
sizes of the two truncated fragments were 809 and 398 bp,
respectively. Amplified fragments were sequenced using a
“fmol DNA Cycle Sequencing System” (Promega Corp., USA)
and both sequences corresponded to the nucleocapsid IBV
H52 gene.

The amplified PCR products were purified using the “Total
RNA Isolation System” (Promega Corp., USA), digested using
BamHI and HindIII enzymes and ligated into a pQE vector (QIA-

GEN GmbH, Hilden, Germany) followed by transformation into
E. coli strain M15 according to the manufacturer’s protocol.
The constructed recombinant plasmids designated pQEN2IBV
and pQEN4IBV were sequenced confirming that they were both
in frame. The size of insertions was confirmed by BamHI and
HindIII restriction as shown in Fig. 1b.

Positive ampicillin- and kanamicin-resistant clones were
identified by PCR screening and were confirmed further by
enzymatic cutting. Bacteria from a single colony were grown
to an optical density at 600 nm of 0.5–0.7 in Luria-Bertani
medium supplemented with ampicillin and kanamicin up to final
concentrations of 100 and 25 �g/ml, respectively, and induced
with 2 mM isopropyl-�-d-thiogalactopyranoside (IPTG). In the
course of IPTG induction for 5 h at 37 ◦C, the inserted with a
six–histidine tag (His6) genes were expressed as fusion pro-
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ig. 1. IBV nucleocapsid gene fragments. (a) Electrophoresis in 1.5% agarose gel. Am
n 1.5% agarose gel. The nucleocapsid gene fragments isolated from pQEN4IBV an
ith BamHI and HindIII. N4 fragment, 809 bp; N2 fragment, 398 bp. (c) Locations o

N2 fragment) antigen sites.
plified PCR products of the nucleocapsid gene fragments. (b) Electrophoresis
d pQEN2IBV (N4 fragment and N2 fragment, respectively) by the restriction
f overlapping N gene fragments of IBV encoding four (N4 fragment) and two
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Fig. 2. SDS-PAGE on a 12.5% gel and Western blotting. (a) SDS-PAGE of bacterial lysates. Lane 1, lysate of E. coli cells in the absence recombinant plasmid;
lane 2, MW marker; lane 3, lysate of E. coli cells with pQEN2IBV after IPTG expression; lane 4, lysate of E. coli cells with pQEN2IBV after IPTG expression.
(b) SDS-PAGE of rNp2IBV and rNp4IBV mixture and purified and concentrated antigen of IBV. Lane 1, MW marker; lane 2, antigen of IBV; lane 3, mixture of
recombinant proteins. (c) Western blot analysis. Lane 1, MW marker. The transferred mixture of rNp2IBV and rNp4IBV and proteins of IBV antigen were reacted
with rNp2IBV-specific chicken serum (lanes 2 and 3, respectively), with rNp4IBV-specific chicken serum (lanes 4 and 5, respectively), with IBV-specific chicken
serum (lanes 6 and 7, respectively), with normal chicken serum (lanes 8 and 9, respectively).

teins. Cells were pelleted at 5000 rpm for 20 min and lysed
with 6 M guanidine-HCl (Dia M, Russia) for 1 h. Proteins were
purified using nickel-nitrilotriacetic acid metal affinity chro-
matography (Ni-NTA) agarose binding the His6 tag according to
the manufacture’s recommendation (QIAGEN GmbH, Hilden,
Germany). The concentration of purified recombinant N pro-
teins designated rNp2IBV and rNp4IBV was determined by the
quantitative Bradford’s method (Bradford, 1976) using bovine
serum albumin (BSA) standards.

The protein concentration of each of the proteins was found
to be approximately 2.3–6 mg/ml.

Expression of pQEN2IBV and pQEN4IBV in E. coli system
and purification of proteins from cell lysates were analyzed by
SDS-PAGE according to the Laemmli method (Laemmli, 1970)
(Fig. 2a). Recombinant protein specificity was tested using West-
ern blot with chicken antisera (Fig. 2c). Bacterial whole-cell
lysates and purified recombinant proteins were applied to 12.5%
polyacrylamide gels and separated by electrophoresis at con-
stant voltage 200 V. The gels were stained with Coomassie blue
R-250 to detect proteins. The protein band of approximately

20 kDa was clearly visualized following the induction of fusion
protein from pQEN2IBV with IPTG. At the same time, partial
SDS-PAGE proteolysis was shown to proceed in the course of
expression of the fusion protein from pQEN4IBV; two protein
bands of approximately 35 and 30 kDa were seen (Fig. 2a and
b). However, the proteolytic products did not have any effect on
the specificity or sensitivity of an indirect ELISA based on the
recombinant protein as antigen (rNpIBV-ELISA) as seen below.
For Western blots, the proteins were transferred to nitrocellu-
lose membranes 0.45 �m pore size (Millipore Corp., USA) at
15 V and 200 mA for 1.5 h. The membranes were then treated
with blocking buffer including 1% BSA before being incu-
bated with chicken serum samples diluted 1:50 in TBST buffer
(pH 7.4), containing 0.02 M Tris–HCl, 0.15 M NaCl, 0.05%
Tween-20, at room temperature for 1 h, followed by incuba-
tion with a horseradish peroxidase-conjugated secondary anti-
chicken immunoglobulin G (Synbiotics Corp., USA), washed
three times with TBST each time, and finally 4-chloro-1-naphtol
(Sigma Chemical Company, USA) was added to visualize pro-
tein bands.
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In order to detect IBV-specific antibodies in chicken sera an
rNpIBV-ELISA was developed. The commercial IBV antibody
test kit contained IBV antigen of Massachusetts type (The Fed-
eral Center for Animal Health, Russia) is certified for Russia
and used as the standard routine IBV-ELISA. The reaction was
performed according to the instructions.

Flat-bottomed plate wells (NUNC, Immunoplate, Den-
mark) were coated with 0.5–1 �g of the mixture of two
recombinant proteins rNp2IBV and rNp4IBV in sodium
carbonate–bicarbonate buffer pH 9.6 at 4 ◦C overnight and
unbound sites were blocked with a 1% (v/v) BSA in TBST
(BSA-TBST) for 1 h. Using the mixture of proteins by an ELISA
detected more positive samples than ELISAs using each of the
proteins separately (data not shown). The control serum sam-
ples and the samples to be tested were diluted in BSA-TBST
and incubated for 1 h at room temperature. Thereafter, goat anti-
chicken horseradish peroxidase labeled antibodies (Synbiotics
Corp., USA) were added at a working dilution and held for 1 h at
room temperature. Washing of wells in TBST four times ended
each stage. The antigen–antibody complexes were detected
with ABTS (40 mM 2.2′-azino-di-3-ethyl-benzthiazoline sul-
fonic acid) as substrate and 4 mM hydrogen peroxide in 100 mM
citrate buffer pH 4.5. The color development was stopped with
1% sodium dodecyl sulphate (SDS) after 15-min incubation and
the intensity was measured at 405 nm (SLT-spectra, Austria).

Sera from vaccinated chicken (n = 216) were tested by a
s
s
s
r
t
t
r
O
t
a
s
t
c
c
2
o
c
w
a
l
d

t
r
l
9
A
0
m

c

Table 2
Comparison of rNpIBV-ELISA and IBV-ELISA for detection of IBV-specific
antibodies in chicken sera

IBV-ELISA
result

rNpIBV-ELISA result (no. of analyzed serum samples)

Positive Negative Total

Positive 910 60 970
Negative 70 484 554
Total 980 544 1524

were tested by both rNpIBV-ELISA and the routine specific
IBV ELISA (IBV-ELISA). The obtained data were compared
(Table 2). The diagnostic specificity, sensitivity of both assays
and agreement value between two ELISAs were determined as
described by Jacobson (1998). As a result the sensitivity and
specificity of the developed rNpIBV-ELISA was found to be
not inferior (93.81% and 87.36%, respectively) to those of the
routine IBV-ELISA (92.86% and 88.97%, respectively). The
agreement value was 91.5%. Heterologous sera to the viruses of
infectious bursal disease, Newcastle disease, infectious laryn-
gotracheitis, egg drop syndrome—76, encephalomyelitis, to
adeno- and reoviruses and to Mycoplasma gallisepticum were
negative by both rNpIBV-ELISA and IBV-ELISA (data not
shown).

The rNpIBV-ELISA using the mixture of the two recombi-
nant N proteins as an antigen demonstrated high sensitivity and
specificity for the detection of IBV-specific antibodies in 1524
chicken serum samples. This test-system can be use for routine
investigations.
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