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Abstract

The nucleocapsid protein of the Gray strain of infectious bronchitis virus (IBV) is highly immunogenic and
cross-reactive among various distinct serotypes. Recombinant nucleocapsid polypeptide expressed in bacteria with a
histidine tag at the amino terminus has been used as antigen for developing an assay to detect IBV-specific antibody.
This fusion protein was produced readily in bacteria and easily purified with a nickel column which bound to the
histidine tag. Conditions were optimized for using these preparations for an IBV-specific ELISA. Although differences
in optical densities could be detected between pre-immune and positive sera for the Ark, Mass, and Gray strains with
antigen concentrations between 50 and 0.1 mg per well, the greatest differences could be detected with 3 and 1.5 mg
of protein per well. Maximum differences in optical densities between pre-immune and positive sera were obtained
using 2.4 mg per well of protein and sera diluted between 1:80 and 1:160. In addition, as little as 30 ng/dot of
recombinant nucleocapsid consistently detected IBV-specific sera in immunoblot assays which have convenient field
applications. © 1998 Elsevier Science B.V.
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1. Introduction

Infectious bronchitis virus (IBV), the first coro-
navirus described, causes a highly contagious res-

piratory disease in poultry (Schalk and Hawn,
1931; Collisson et al., 1992; Cavanagh and Naqi,
1997). IBV infection results in coughing, sneezing
and rales, but also causes lesions in the reproduc-
tive tract and kidneys (Darbyshire et al., 1979).
Because thousands of birds are typically housed* Corresponding author.
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under one roof, IBV can affect large numbers
within a short time. Rapid diagnosis and determi-
nation of immune status of a flock is critical in
controlling outbreaks that result in severe eco-
nomic losses in both egg layer and broiler facili-
ties. With appropriate standards, enzyme
immunoassays are accurate indicators of antibody
levels to IBV and facilitate the monitoring of
immune status in large flocks (Marquardt, 1981;
Snyder et al., 1983). Presently, inactivated virus is
used as the coating antigen with the commercially
available IBV ELISA kits. Whole virus purifica-
tion requires propagating quantities of virus in
eukaryotic systems and whereas the most reliable
serodiagnostic reagents require highly purified
antigen, purification of IBV with its highly glyco-
sylated spike protein is difficult and expensive.

The nucleocapsid proteins for various RNA
viruses, such as mumps, rabies, vesicular stomati-
tis, measles and Newcastle disease viruses have
been used as coating antigens in diagnostic
ELISA (Linde et al., 1987; Reid-Sanden et al.,
1990; Hummel et al., 1992; Ahmad et al., 1993;
Errington et al., 1995). The IBV nucleocapsid
protein, a major structural protein, is produced
abundantly in infection. Because it is highly con-
served, sharing 94–99% identity among various
strains and highly immunogenic, readily inducing
antibody, as well as cytotoxic T lymphocyte im-
munity in chickens (Sneed et al., 1989; Williams et
al., 1992; Seo et al., 1997), nucleocapsid protein is
a preferred choice for developing a group-specific
serologic assay. In the absence of glycosylation
sites, antigenic integrity would predictably be
maintained in prokaryotic expression systems.

Qiaexpress systems use Ecsherichia coli for ex-
pression of recombinant fusion proteins that read-
ily bind to nickel columns through incorporated
histidine tags. Elution with imidizole provides a
means for concentrating from the columns protein
that can potentially serve as a source of relatively
pure diagnostic reagent. The entire nucleocapsid
protein of the Gray strain of IBV has been ex-
pressed from the pQE8 (Qiagen, Chatsworth, CA)
as a fusion product with six amino terminal his-
tidines (Zhou et al., 1996). Using western blot
assays and RNA binding assays, the nickel
column purified fusion product was found to be

antigenic and to interact functionally with RNA,
respectively (Zhou et al., 1996). In these studies,
this recombinant nucleocapsid protein was used
to develop both ELISA and the immunoblot as-
say with potentially broader field application for
detection of IBV-specific antibody.

2. Materials and methods

2.1. Preparation of recombinant nucleocapsid
protein

An Escheria scherichia coli clone expressing the
IBV Gray strain nucleocapsid gene in pQE8 ex-
pression vector (Qiagen manual, Chatsworth, CA)
was grown overnight at 37°C with shaking in 1 l
of Luria Bertani media, pH 7 with ampicillin and
kanamycin (Sambrook et al., 1989; Zhou et al.,
1996). When the OD600 reached 0.7–0.9, protein
expression was induced by addition of IPTG (iso-
propylthio-b-D-galactoside) to a concentration of
2 mM and incubated for another 5 h. The cells
were harvested by centrifugation at 4000×g for
20 min, then resuspended in 6 ml of sonication
buffer, supplemented with 1 mg/ml lysozyme
(Qiagen manual, Chatsworth, CA). The sample
was kept on ice for 30 min, before adding 0.7 ml
3 M NaCl and incubating on ice for an additional
5 min. The cells were sonicated for a total of 5
min at 1 min intervals, centrifuged 10 000×g for
30 min and the supernatant collected.

The supernatant was loaded onto an 8 ml Ni2+

-NTA column (Qiagen, Chatsworth, CA) pre-
equilibrated with sonication buffer according to
directions. After loading, the column was washed
with 10 volumes of sonication buffer supple-
mented with 20 mM imidazole to reduce the
cellular protein background. The recombinant N
was eluted with sonication buffer, pH 7, supple-
mented with 250 mM imidazole. 2-ml fractions
from the column were collected. Protein concen-
trations were determined with a spectrophotome-
ter at OD280. The eluates containing N were
concentrated using an Amicon centriprep 10 con-
centrator (Amicon, Berverly, MA).
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2.1.1. ELISA
96-well microtiter ELISA plates (Falcon) were

coated with 100 m l per well of varying concentra-
tions of recombinant nucleocapsid protein, di-
luted in bicarbonate/carbonate coating buffer
(2.93 g NaHCO3, 1.59 g Na2CO3, 0.203 g MgCl2
in 1 l distilled water, pH 9.6). The plate was then
left at 4°C overnight, before washing three times
with PBS-Tween-20 (Parr and Collisson, 1993)
and blocking overnight with 100 m l per well
blocking buffer (5% w/v non-fat dry milk, 0.2%
Tween 20, 0.02% sodium azide in PBS). The plate
was washed with PBS-Tween 20 three times and
100 m l per well of primary antibody (antisera)
diluted in blocking buffer was added, and left at
room temperature for 1 h. The plate was then
washed with PBS-Tween 20 three times before
adding 100 m l per well of secondary antibody
(goat anti-chicken immunoglobulin G (IgG)-
horseradish peroxidase (HRP)) diluted in PBS.
The plate was incubated at room temperature for
1 h before washing three times. A green color
reaction developed after adding 100 m l per well
substrate/chromogen (hydrogen peroxide (H2O2)/
2,2% azino-di-[3 ethylbenzthiazoline sulfonate (6)]
(ABTS) and the optical densities were read with a
microELISA reader at 405 nm absorbance (the
nearest wavelength to the peak absorbance of
H2O2/ABTS of 410 nm). The raw optical densities
(O.D.) for each well were determined to optimize
the procedure.

2.1.2. Sources of antibodies
Chicken polyclonal antisera for various strains

of IBV included Gray, Massachussets 41 (Mass),
Arkansas 99 (Ark), and Connecticut (Conn)
(Sneed et al., 1989). Antisera for avian influenza
(H3N2) and Newcastle disease (LaSota) viruses
were provided by Ms. Joan Beck and Dr. Jack
King, respectively, (USDA-Agricultural Research
Service Laboratory at Athens, GA). Polyclonal
antisera were collected after a single, intranasal/
ocular inoculation of SPF chickens. Negative an-
tisera was obtained from uninfected SPF
chickens. The source of HRP-goat anti-chicken
IgG secondary antibody was Kirkegaard and
Perry Laboratories, Gaithersburg, MA and mouse
monoclonal antibody specific for nucleocapsid

protein was provided by Dr. Jagoda Ignjatovic at
the CSIRO Division of Animal Health, Parkville,
Australia (Ignjatovic and McWaters, 1991).

2.1.3. Immunoblot assays
The conditions for the western blot assay have

been described (Sneed et al., 1989; Parr and Col-
lisson, 1993). 10 m l of protein in loading buffer
were separated by SDS-PAGE using a 10% gel.
Proteins on duplicate gels were transferred to
nitrocellulose for western blotting analysis with
IBV polyclonal antisera according to directions
(Biorad, Richmond, CA). Hyperimmune chicken
anti-Gray was used as the primary sera at a 1:100
dilution and alkaline phosphatase labelled goat
anti-chicken IgG as secondary antibody at a
1:1000 dilution. The substrate used was BCIP/
NBT (5-bromo-4-chloro-3 indolyl phosphate/ni-
troblue tetrazolium; Kirkegaard and Perry,
Gaithersburg, MA).

Nitrocellulose membranes were used for dot
blot assays. The membranes were soaked in PBS
before placing on a dot blot apparatus (BioRad
laboratories, Richmond, CA). Dilutions of recom-
binant nucleocapsid protein were made in PBS. 10
m l of each dilution were added to each well and
filtered through the membrane by vacuum. The
membrane was treated with blocking buffer (5%
non-fat milk dissolved in NaCl/Tris–Cl buffer)
for 1 h, then reacted for 1 h with polyclonal sera
diluted 1:100 in blocking buffer. The membrane
was then removed from the apparatus, washed by
flooding with NaCl/Tris–Cl/Tween 20 solution
several times, before blocking again with blocking
buffer and adding secondary antibody consisting
of alkaline phosphatase conjugated goat anti-
chicken IgG antibodies. The substrate NBT/BCIP
(nitroblue tetrazolium/5-bromo-4-chloro-3 indolyl
phosphate; Kirkegaard and Perry Laboratories,
Gaithersburg, MA) was used to detect antigen-an-
tibody complexes.

3. Results

3.1. Western blot assay

Recombinant nucleocapsid protein from the
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Gray strain of IBV was synthesized as a fusion
protein in bacteria and purified by nickel chro-
matography (Zhou et al., 1996). The protein with
the incorporated six histidines at the amino termi-
nus was eluted by competitive interaction of
imidizole for the nickel ions. Protein-containing
fractions were identified by spectrophotometry
and pooled before examining by western blot
analysis (Fig. 1; Lanes 6, 7 and 8). Stock protein
concentrations were estimated to be 2.4 mg/m l.
The presence of nucleocapsid protein in the
pooled samples, as well as the antigenicity of the
fusion protein was compared with whole Gray
strain virus. Chicken anti-IBV sera reacted with a
polypeptide of the predicted size of the recombi-
nant nucleocapsid protein. A second smaller
protein was also detected which may be a trun-
cated form of nucleocapsid protein.

3.2. Dot blot immunoassay

In order to examine the potential for recombi-
nant nucleocapsid protein as a serologic reagent,
varying dilutions of the fusion protein from the
2.4 mg/m l stock were first blotted onto nitrocellu-
lose and reacted with sera prepared against sev-
eral serologically distinct strains of IBV. Whereas

Fig. 2. Dot blot immunoassay. Primary anti-IBV antisera at a
1:100 dilution was reacted with decreasing concentrations of
antigen stock shown on the left as ng/well of nucleocapsid
fusion protein. Lane 1 represents reactions with Gray anti-
serum, 4 with normal serum; 5 with Ark99 antisera, 6 with
Mass41 antiserum; and 7 with Conn antiserum at 100:1 dilu-
tions in PBS. Lane 2, contains no primary serum and lane 3
shows the reaction with a 1:4 dilution of supernatant from
nucleocapsid specific MAb (Ignjatovic and McWaters, 1991).

bound nucleocapsid protein demonstrated negligi-
ble reactions with normal chick antiserum, or
blank controls, sera prepared from primary inocu-
lations of Mass, Conn, Gray and Ark strains did
react with the antigen (Fig. 2). Negative reactions
were also demonstrated with chicken antisera spe-
cific for Newcastle disease virus and avian influ-
enza virus (data not shown). The reactions were
dose responsive and positive for all IBV specific
antisera tested to as little as 30 ng per dot (1:800
dilution with 10 m l/dot) of protein. In multiple
assays, the 15 ng per dot (1:1600 dilution with 10
m l/dot) of recombinant protein was variable in
detecting antisera prepared to various IBV
serotypes and consistantly produced strong reac-
tions with only Gray antisera. Concentrations of
60 ng (in 10 m l) of nucleocapsid protein per dot
gave consistent, easily interpreted reactions that
would be convenient for use in a diagnostic proto-
col.

3.3. ELISA

For efficient evaluation of large numbers of
IBV specific chicken antisera, an ELISA was de-
veloped using this fusion protein as immobilized
antigen. Optimal conditions for antigen, and pri-

Fig. 1. Western blot analysis of fractions eluted from the Ni2+

column using Gray strain derived anti-sera. Lanes 1, 2 and 3
represent two-fold increasing concentrations of viral proteins
from gradient purified Gray strain IBV. Positions of the viral
spike, nucleocapsid and membranes proteins are indicated as S
(about 180 kD), N (about 50 kD) and M (from 36 to 36 kD),
respectively. Lanes 4, and 5 contain 1% BSA solution, and
lanes 6, 7 and 8, increasing concentrations of recombinant
nucleocapsid protein stock of 2.4 mg/m l.
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mary and secondary antibodies, buffers and sub-
strate reaction times were determined to obtain
maximum sensitivity with minimum background
reactivity.

3.3.1. Recombinant nucleocapsid concentrations
Recombinant protein was immobilized directly

onto 96 well ELISA plates in two-fold dilutions in
bicarbonate/carbonate buffer of the 2.4 mg/m l
stock solution. The dilutions ranging from 1:5 to
1:10 240 correlated with 50–0.0244 mg per well.
The sera used for primary antibody was held
constant at a 1:100 dilution and secondary sera at
1:1000. IBV antisera reacted with the IBV protein
in a dose dependent manner irrespective of strain
specificity (Fig. 3). The O.D. for sera of individual
strains were considerably greater than the O.D. of
negative sera. Maximum differences between reac-

tions with anti-Mass, Ark or Gray strain sera and
normal sera were detected between 1:80 and 1:160
dilutions of antigen (3.12 and 1.56 mg/well, re-
spectively) where the ratios of all three positive
sera to negative serum were greater than five. The
background reaction with negative sera fell at the
1:80 and 1:160 dilutions and the reaction with the
homologous Gray serum, representing the index
curve, began to fall beyond these dilutions. There-
fore, the concentration of recombinant antigen
used for the following studies was 2.4 mg/well.

3.3.2. Primary and secondary antibody dilutions
Minimum background and maximum sensitiv-

ity was obtained with the fluorescein conjugated
secondary antibody at the 1:000 and 1:2000 dilu-
tions (Fig. 4). Dose responses determining opti-
mal dilutions of primary antibody for Mass, Ark,
Gray (two samples) and Conn, and monoclonal
antibody specific for the IBV nucleocapsid protein
were determined (Fig. 5). Each well contained 2.4
mg of antigen and the secondary antibody dilution
was maintained at a 1:1000 dilution. A relatively
high background reaction was detected in nega-
tive sera at the 1:5 or 1:40 dilutions but decreased
at higher dilutions. This background may be due
to reactions with contaminating E. coli proteins in
the protein preparations. All IBV specific antisera
and the nucleocapsid specific monoclonal anti-
body at the 1:80 and 1:160 dilutions reacted with
the recombinant protein at ratios greater than 5.6
fold the negative serum. Sera dilutions of 1:100
were determined to be both optimal and conve-
nient.

3.3.3. Coating buffers and substrates
Buffers used for coating ELISA plates with

antigen and substrates, and time for developing
the reactions were compared with the primary
antibody from the four strains of IBV (Table 1).
The reactions with either bicarbonate/carbonate
or PBS at varying concentrations of conjugate
indicated that bicarbonate/carbonate provided
more effective conditions for the immobilization
of protein. However, differences were not detected
in the reactions with ABTS/H2O2 and p-NPP
(p-nitrophenylphosphate) (data not shown). Us-
ing 10, 15 and 30 min intervals, the reactions of

Fig. 3. ELISA with varying concentrations of immobilized
recombinant N antigen (a). Ratios of O.D. from positive
sera/negative sera (b).
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Fig. 4. ELISA with varying concentrations of secondary anti-
body (a). Ratios of O.D. from positive sera/negative sera (b).

nucleocapsid protein were used in western, im-
munodot blots, and in microwell plate ELISA to
detect anti-IBV antibodies in chicken sera. It is
also important to note that the 6X his tag used
for purification does not prevent the binding of
the nucleocapsid protein to the nitrocellulose
membrane and ELISA plates, nor does it interfere
with binding of other reagents. The conserved
nature of nucleocapsid amino acid sequence and
the functional integrity maintained by the bacte-
rial fusion protein predicted its usefulness as a
group specific antigen.

In contrast, techniques for differentiating
serotypes of IBV have generally employed the

Fig. 5. ELISA with varying concentrations of primary anti-
body (a). Ratios of O.D. from positive sera/negative sera (b).

substrate in positive sera samples increased with
time (data not shown). Whereas the O.D. of the
positive was easily differentiated from negative
serum with all three exposure times, variations in
background reactivity with negative serum was
minimal.

3.4. Discussion

Ideal serological reagents depend on readily
available preparations of pure antigen. The
strongly immunogenic and conserved nucleocap-
sid protein of IBV is preferred for identification of
group specific antisera for IBV (Sneed et al., 1989;
Williams et al., 1992). The recombinant fusion
protein is useful for serodiagnosis of IBV because
it is inexpensively expressed in quantities that can
be prepared as highly enriched antigen (Zhou et
al., 1996). These preparations of the Gray strain
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Table 1
ELISA with recombinant nucleocapsid protein immobilized to wells in either bicarbonate or PBS buffer

Conjugate dilution Buffer Sera

Mass NegGray Ark Conn Blank

0.60 0.090.182500 1.48Bicarb 1.36 1.12
0.29 0.17PBS 1.01 0.65 1.16 0.11
0.41 0.101000 Bicarb 1.23 1.04 1.15 0.06

0.120.21 0.050.65PBS 0.80 0.50
0.92 0.27 0.073 0.052000 Bicarb 0.94 0.63

0.15 0.1PBS 0.67 0.38 0.54 0.05
0.0690.18 0.054000 0.73Bicarb 0.63 0.45

0.050.08PBS 0.53 0.26 0.48 0.11
0.11 0.0588000 Bicarb 0.53 0.23 0.44 0.06

0.060.07 0.050.25PBS 0.36 0.19
0.21 0.08 0.05616 000 0.06Bicarb 0.28 0.09

0.06 0.06PBS 0.22 0.13 0.17 0.05

virus neutralisation test using embryonated
chicken eggs, primary cell cultures, or organ cul-
tures as indicators (Marquardt, 1981). The suc-
cessful application of ELISA for detecting and
quantifying antibodies to IBV was first reported
by Marquardt (1981). Since then, IBV has been
diagnosed by ELISA employing whole virus as
the coating antigen. An ELISA differentiating
serotype would predictably require conformation-
ally intact spike antigen produced in a eukaryotic
system with predictable glycosylation rather than
a bacterial system, such as that used here for the
nonglycosylated nucleocapsid protein. Mono-
clonal antibodies used in ELISA type assays are
available for limited serotype distinction (Ignja-
tovic and McWaters, 1991).

Whereas the ELISA may be appropriate for
diagnostic or clinical settings, it is not practical
for field situations. The easy use of immunodot
blots provides the basis for a more convenient and
inexpensive serodiagnosis of IBV. In addition, the
latter may be ideal for use in epidemiological
surveys where the aim is to establish prevalence of
IBV, or in post-vaccination monitoring of vacci-
nated flocks of chickens.

The ELISA and dot blot assays were sensitive
below 100 ng per reaction although optimal dis-
tinctions between the negative and positive sera in

the ELISA were observed with 10 fold more
antigen. The dot immunoblot assay easily distin-
guished reactions between positive and negative
sera at even 30 ng per sample. The reactions
between the fusion nucleocapsid protein and posi-
tive sera were highly reproducible and easily inter-
preted. The anticipated potential for widespread
use will be determined with serological evalua-
tions of large numbers of sera. As these results
were based on convalescent sera taken from birds
infected with experimentally maintained viruses of
only four serotypes, the effectiveness of the
reagent should be further tested with IBV strains
of additional serotypes, with sera of field infected
birds and with sera birds at varying times after
infection. However, the broader application of
this diagnostic strategy will be to develop serolog-
ical assays using similarly expressed fusion
proteins from other virus pathogens.
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