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The RNA genomes of coronaviruses, which range from 26 

to 32 kb in length, are the largest viral RNA genomes. 

Coronaviruses cause diseases of the upper and lower respi-

ratory tracts, gastroenteritis, and central nervous system in-

fections in a number of avian and mammalian hosts including 

humans (Masters, 2006). Coronaviruses belong to the family

Coronaviridae, which is a member of the order Nidovirales,

and are classified into three different antigenic groups on the 

basis of their genetic and antigenic relationships. However, 

divergent coronaviruses have been identified recently in bats 

and wild carnivores, which suggests that the taxonomy should 

be revised (Dong et al., 2007). Avian infectious bronchitis 

virus (IBV) is the prototype member of the group 3 corona-

viruses. As is the case for other coronaviruses, IBV contains 

four major structural proteins: the spike (S), membrane (M), 

envelope (E), and nucleocapsid (N) proteins. The S glyco-

protein is a large type I transmembrane glycoprotein that is 

responsible for receptor binding and membrane fusion (Hof-

mann et al., 2004). It consists of the N-terminal S1 and C- 

terminal S2 subunits, which are generated during post-trans-

lational cleavage of S. The N protein is a phosphoprotein 

that interacts with the viral RNA genome to form a long, 

flexible, helical nucleocapsid. The E protein is a minor virion 

component that possesses ion channel activity that is im-

portant for virus entry and assembly.

  The M protein is the most abundant constituent of coro-

naviruses and gives the virion envelope its shape. It is a 

multispanning membrane protein with a small, N-terminal 

domain that is located on the exterior of the virion, or in 

the lumen of the endoplasmic reticulum. This ectodomain 

is followed by three transmembrane segments and a large 

C-terminus that comprises the major part of the molecule. 

This latter domain is situated within the interior of the vi-

rion or on the cytoplasmic face of intracellular membranes 

(Masters, 2006). M proteins are moderately well conserved 

within each coronavirus group, but they are quite divergent 

across the three groups. The region of the M protein that 

is most conserved among all the coronaviruses is a segment 

of approximately 25 residues that encompasses the end of 

the third transmembrane domain and the start of the endo-

domain; a portion of this segment even retains homology to 

its torovirus counterpart (den Boon et al., 1991). The ecto-

domain, which is the least conserved part of the M protein, 

is glycosylated. For the M protein of IBV, the entire ecto-

domain was found to be protease sensitive. However, at the 

other end of the molecule, no more than 20~25 amino acids 

could be removed from the C-terminus by protease treat-

ment (Rottier et al., 1984; Cavanagh et al., 1986). These re-

sults suggest that almost the entire endodomain of M is asso-

ciated tightly with the surface of the membrane or that it 
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 The IBV strains used in this study

Strain Year Type Reference

CK/CH/LSC/99I 1999 CK/CH/LSC/99I-type Liu et al. (2006a)

tl/CH/LDT3/03 2003 tl/CH/LDT3/03-type Liu et al. (2005)

CK/CH/LSD/05I 2005 variant Liu et al. (2008a)

CK/CH/LHLJ/04V 2004 LX4-type Liu et al. (2006a)

CK/CH/LDL/97I 1997 CK/CH/LDL/97I-type Liu et al. (2009)

ck/CH/LHB/08I 2008 variant unpublished

CK/CH/LHN/00I 2000 Australia-associated Liu et al. (2006a)

IBN Vaccine Mass-type Liu et al. (2006b)

H120 Vaccine Mass-type Liu et al. (2006b)

has an unusually compact structure that is refractory to 

proteolysis (Masters, 2006).

  Specific interactions between proteins, such as between an 

antibody and its antigen or between an enzyme and its in-

hibitor, are mediated through the molecular recognition of 

subsites on both binding partners. Antigenic epitopes are 

well-characterized subsites that mediate the interaction be-

tween an antibody and its antigen. B-cell epitopes are anti-

genic determinants that are recognized and bound by mem-

brane-bound receptors on the surface of B lymphocytes 

(Baggio et al., 2002). They can be classified into two types: 

linear (continuous) epitopes and conformational (disconti-

nuous) epitopes. Linear epitopes are short peptides that 

correspond to a contiguous amino acid sequence within a 

protein (Barlow et al., 1986; Langeveld et al., 2001). In con-

trast, conformational epitopes are composed of amino acids 

that are not contiguous in the primary sequence, but are 

brought into close proximity within the folded protein struc-

ture. It is believed that a large majority of B-cell epitopes 

are discontinuous (Walter, 1986) and many methods have 

been used to identify B-cell epitopes (Roggen, 2006).

  Characterization of the location of viral protein epitopes 

and their degree of conservation is important to allow the 

antigenic structure and virus-antibody interactions to be un-

derstood at the molecular level. It is also very important 

for vaccine design and other clinical applications. Until now, 

mapping of the antigenic epitopes of IBV structural pro-

teins has focused mainly on the S and N proteins. The S1 

glycoprotein induces the production of virus-neutralizing 

antibodies that show cross-reactivity in an ELISA and cell- 

mediated immune (CMI) responses (Ignjatovic and Galli, 

1994, 1995). Several antigenic epitopes that induce the pro-

duction of virus-neutralizing antibodies have been mapped 

within the hyper-variable region of S1 at amino acid residues 

24~61 and 132~149, and also outside the hyper-variable 

region at amino acids 291~398 (Niesters et al., 1987; Kusters 

et al., 1989; Koch et al., 1990; Kant et al., 1992; Moore et

al., 1997; Johnson et al., 2003). All the epitopes identified 

were dependent on conformation (Lenstra et al., 1989; Kant 

et al., 1992), and the main tool that was used to map anti-

genic epitopes on S1 was MAbs. Two antigenic regions have 

been identified within S2. They are located near the N-ter-

minus of the subunit between amino acids 546~577 of the 

intact S protein (Kusters et al., 1989; Lenstra et al., 1989). 

The N protein induces high titers of antibodies that show 

cross-reactivity in an ELISA and also CMI responses (Ign-

jatovic and Galli, 1994; Seo et al., 1997). B-cell epitopes have 

been mapped to the C-terminal portion of N (Seah et al.,

2000), and a region between amino acid residues 78~94 

was identified that induces a T-cell response (Boots et al.,

1991). In addition, several other previously-unknown anti-

genic epitopes on the S and N proteins of IBV have been 

identified in a recent study (Ignjatovic and Sapats, 2005). 

However, little is known about the ability of the M protein 

of IBV to induce antibodies that show cross-reactivity be-

tween different serotypes, and antigenic epitopes in the M 

protein have not been identified.

  In this study, we identified an antigenic epitope of the M 

protein of IBV for the first time and investigated the con-

servation of this epitope among coronaviruses. This could 

provide the basis for understanding of the structure of the 

M protein and for the development of immunity-based pro-

phylactic, therapeutic, and diagnostic techniques for the 

control of the avian infectious bronchitis coronavirus.

The IBV strain CK/CH/LHLJ/04V was used for the prepa-

ration and identification of the MAbs, and in vitro neutrali-

zation. A further eight IBV strains (Liu et al., 2006a, 2006b) 

were used for western blotting analysis with the chosen 

MAb. The IBV field strains and commercially-available vac-

cine strains represented different IBV serotypes, based on 

S1 gene analysis and comparison with their prototype (Liu 

et al., 2006a, 2006b, 2007, 2009) (Table 1). All the IBV 

strains were propagated once in 9- to 11-day-old specific- 

pathogen-free (SPF) embryonated chicken eggs and the 

presence of viral particles in the allantoic fluids of the in-

oculated eggs was confirmed using a negative contrast elec-

tron microscope (JEM-1200 EX, Japan Electronics, Japan) 

as described previously.

  Fertile SPF White Leghorn embryonated chicken eggs 

were obtained from the Laboratory Animal Center, Harbin 

Veterinary Research Institute, Chinese Academy of Agricul-

tural Sciences, China.

First, the entire M gene was amplified by PCR from IBV 

strain CK/CH/LHLJ/04V as described below, cloned into 

the pMD-18T vector (TaKaRa, China), and sequenced. Then 

the truncated M gene fragments (Fig. 1) that were used in 
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Schematic diagram showing the truncated fragments derived from the M protein of IBV strain CK/CH/LHLJ/04V and their relative 

positions. Letters represent the amino acid positions of the M protein. The names of the peptides are the same as in Table 2. The bars

represent peptides of the truncated M proteins. The peptides that were negative in western blotting and ELISA with MAb 15E2 are shown 

in gray and the peptides that were positive in western blotting and ELISA with MAb 15E2 are shown in gray.

 Sequences of the primers used in this study

Fragment

Primer equences (5'-3')
a

Position in M 

gene
b

Size of 

amplified (bp)Sense Negative-sense

MP1 GAATTCATGTCGAACGGCACGGAAAAT AAGCTTTTATGTGTAAAGACTACCTACA   1~681 681

MP2 GGATCCATCCAGAGTTTTAGACTCTTT AAGCTTTTATGTGTAAAGACTACCTACA 295~681 387

MP3-1 GGATCCATCCAGAGTTTTAGACTCTTT GTCGACTTAAAATATATCTTTAGGCAA 295~516 222

MP3-2 GGATCCAAATGTGAACCAGACCAC AAGCTTTTATGTGTAAAGACTACCTACA 481~681 211

MP4-1 GGATCCAAATGTGAACCAGACCAC GTCGACTTAGTATTTCTGCACCATACG 481~564  84

MP4-2 GGATCCGATAGAAGAAACATCTAT GTCGACTTATACTGACTGTTTGGCATA 529~627  99

MP4-3 GGATCCAGGTTTGCTACATTTGTA AAGCTTTTATGTGTAAAGACTACCTACA 592~681  90

MP5 TGCAGGGATCCAGGTTTGCTACATTT GTAATGTCGACTTATACTGACTGTTTGGC 592~627  36

MP6 TGCAGGGATCCTTTGCTACATTTGTA GTAATGTCGACTTATACTGACTGTTTGGC 595~627  33

MP7 TGCAGGGATCCGCTACATTTGTATAT GTAATGTCGACTTATACTGACTGTTTGGC 598~627  30

MP8 TGCAGGGATCCACATTTGTATATGCC GTAATGTCGACTTATACTGACTGTTTGGC 601~627  27

MP9 TGCAGGGATCCTTTGCTACATTTGTA GTAATGTCGACTTATGACTGTTTGGCATA 595~624  30

MP10 TGCAGGGATCCTTTGCTACATTTGTA GTAATGTCGACTTACTGTTTGGCATATAC 595~621  27

MP11 TGCAGGGATCCTTTGCTACATTTGTA GTAATGTCGACTTATTTGGCATATACAAA 595~618  24

MP12 TGCAGGGATCCTTTGCTACATTTGTA GTAATGTCGACTTAGGCATATACAAATGT 595~615  21

a

 The restriction enzyme sites (EcoRI or BamHI and HindIII or SalI) that were introduced in each primer are underlined. The boxed ATG is the start codon 

of the IBV CK/CH/LHLJ/04V M gene and the boxed TTAs represent the stop codon of the M gene or stop codons that have been introduced into the neg-

ative-sense primers for the M fragments.

b

 The nucleotide positions correspond to those in the sequence of the IBV CK/CH/LHLJ/04V M gene, GenBank accession no. FJ641062.

this study were amplified from the above-mentioned recom-

binant vector, cloned into pMD-18T and sequenced. Finally, 

these gene fragments were subcloned into the pGEX-6P-1 

vector (Pharmacia, Belgium) and a collection of expression 

clones that corresponded to the entire M gene or the trun-

cated fragments were constructed. The primers for the MP1 

fragment, which covered the entire M gene, were designed 

using the consensus nucleotide sequence of the M gene 

from IBV strain LX4 (Liu et al., 2008b) and two restriction 

enzyme sites, EcoRI and HindIII, were introduced into the 

sense and negative-sense primers, respectively. The primers 

for amplification of the truncated fragments were designed 

using the CK/CH/LHLJ/04V M gene sequence and two res-

triction enzyme sites, EcoRI or BamHI and HindIII or SalI, 

were introduced into the sense and negative-sense primers, 

respectively. The sequences and locations of the primers 
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that were used in this study are shown in Table 2.

  To provide the template for PCR, viral RNA was extracted 

from 200 µl of infectious allantoic fluid using TRIzol re-

agents (Invitrogen, USA) according to the manufacturer’s 

protocol. Reverse transcription (RT) was performed with M- 

MLV Reverse Transcriptase (Invitrogen) using the negative- 

sense primer for MP1 (Table 2). The RT reaction was per-

formed using 20 µl of RNA in a 40 µl reaction volume as 

described previously (Liu et al., 2008b). The cDNA fragments 

were amplified from the RT products by PCR as described 

previously (Liu and Kong, 2004) using the primers mentioned 

above. The PCR products were purified from agarose gels 

using a DNA Extraction kit (Boehringer, Germany), cloned 

directly into pMD-18T following the manufacturer’s instruc-

tions, and sequenced. The entire M gene and the truncated 

fragments were isolated from the pMD-18T constructs by 

digestion with EcoRI or BamHI and HindIII or SalI and 

inserted into the corresponding sites in the pGEX-6P-1 

vector. These recombinant expression constructs were verified 

by sequencing.

Each of the recombinant expression constructs was trans-

formed into Escherichia coli BL21 (DE3) (Novagen, USA). 

An aliquot of 100 µl of overnight culture was diluted into 

10 ml of Luria-Bertani medium. Expression of the fusion 

proteins was induced when the bacteria had reached a den-

sity of 0.6 (OD600) at 37°C. Isopropyl-β-D-thiogalactopyr-

anoside (IPTG) was added to a final concentration of 0.6 

mM and the cells were grown for a further 4 h, after which 

they were pelleted by centrifugation and lysed by sonication. 

The inclusion bodies were recovered by centrifugation, re-

suspended in SDS-PAGE buffer, and analyzed on a 10 to 

15% polyacrylamide gel. The fusion proteins were detected 

by staining with Coomassie Blue as described previously 

(Towbin et al., 1979). To prepare purified proteins, the in-

clusion bodies were washed once with 50 mM Tris-HCl, pH 

8.0, 0.5% glycerol, 1 mM NaCl and then solubilized in 50 

mM Tris-HCl, pH 8.0, 0.5% glycerol containing 4 M guani-

dinium chloride. The inclusion bodies were then analyzed 

by SDS-PAGE. The bands in the SDS-PAGE gel that corre-

sponded to the expected sizes of the proteins of interest were 

cut out and crushed, and added to an appropriate volume 

of sterilized PBS. The proteins were then used for subse-

quent immunization, western blotting analysis, and ELISAs.

The specificity and reactivity of the MAbs were determined 

by western blotting using IBV strain CK/CH/LHLJ/04V and 

eight heterogeneous strains (Table 1). The IBV infectious 

allantoic fluids were condensed and separated on a 12% 

SDS-polyacrylamide gel under denaturing conditions. For 

western blotting, the proteins were transferred to a nitro-

cellulose membrane as described previously (Towbin et al.,

1979). The nitrocellulose membrane was blocked with 5% 

skimmed milk in TBS (20 mM Tris-HCl; pH 7.5, 500 mM 

NaC1) for 30 min at room temperature. Strips were incu-

bated for 1 h at room temperature with MAb 15E2, washed 

with TBS for 20 min at room temperature, and incubated 

with a goat anti-mouse serum. The strips were washed again 

and allowed to react with HRP-conjugated sheep anti-mouse 

IgG for 1 h at room temperature. After extensive washing, 

the strips were developed with a solution of TBS containing 

3,3-diaminobenzidine tetrahydrochloride (DAB) substrate 

until bands appeared. The reaction was stopped by rinsing 

the strips with distilled water. Purified glutathione S-trans-

ferase (GST) protein was used as a negative control.

  The reactivity of the recombinant MP2 protein was de-

termined by western blotting. Cell lysates of E. coli that had 

been transformed with the MP2 expression construct and 

induced with IPTG were separated on a 12% SDS-polya-

crylamide gel. An anti-IBV antibody from chicken was used 

as the primary antibody with SPF chicken sera as negative 

controls, and HRP-conjugated goat anti-chicken IgG was 

used as the secondary antibody. To identify the MAb 15E2 

epitope, the truncated recombinant proteins were separated 

on a 12% SDS-polyacrylamide gel. Mab 15E2 was used as 

the primary antibody, with a MAb that was unrelated to IBV 

as the negative control, and HRP-conjugated sheep anti- 

mouse IgG was used as the secondary antibody. Western 

blotting was performed as described above.

Two 8-week-old BALB/c female mice were immunized sub-

cutaneously with IBV CK/CH/LHLJ/04V virus particles mixed 

with Freund’s complete adjuvant. This was followed by two 

booster immunizations with 50 mg of purified recombinant 

MP2 protein in incomplete Freund's adjuvant (IFA) at 2 

week intervals. Immunized mice were bled randomly 7 days 

after the first booster immunization and the sera were tested 

by western blotting using IBV as the antigen. The mouse 

that showed the greatest antibody response was given a final 

booster (50 mg of MP2/mouse) without adjuvant, intraperi-

toneally for 3 consecutive days prior to the day of hybridoma 

fusion. The protocols for the preparation of MAbs and as-

citic fluids have been described previously (Ruf et al., 1983; 

Vilella et al., 1983). All the hybridomas were cloned by limi-

ting dilution at least three times. Primary screening of the 

hybridomas was done by ELISA using the IBV CK/CH/ 

LHLJ/04V virus particles as the coating antigen. The secret-

ing polyclones were subcloned three times by limiting dilu-

tion. The class and subclass of the MAbs were determined 

by using a SBA Clonotyping
TM

 System/HRP kit (Southern 

Biotechnology Associates, USA).

The specificity of the MAb 15E2 was determined first by 

indirect ELISA using IBV CK/CH/LHLH/04V virus parti-

cles as the coating antigen. Briefly, the virion was sonicated 

to disrupt the virus, and the protein concentration was de-

termined by Lowry's method. Then, 96-well polystyrene 

plates (Inotech Diagnostik, Switzerland) were coated with 

those IBV overnight in 0.1 M carbonate buffer (pH 9.6) at 

4°C. The plates were washed with PBST (0.15 M NaCl in 

0.1 M sodium phosphate pH 7.4) containing 0.02% Tween 

20 and incubated with the MAb 15E2 for 1 h at 37°C. 

They were then washed again and incubated with an HRP- 

conjugated secondary antibody. Color development, termi-

nation of the assay and absorbance measurements were per-

formed as described previously (Liu et al., 2009). Secondly, 
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Reactivity of truncated recombinant MP2 with an anti-IBV 

antibody. The truncated recombinant protein MP2 was used as 

the coating antigen in an ELISA and purified GST protein was 

used as controls. The anti-IBV antibody from chicken was used as 

the primary antibody and SPF chicken sera were used as negative 

controls.

a commercial total antibody ELISA (IDEXX Corporation, 

USA) was used to evaluate the specificity of MAb 15E2 ac-

cording to the manufacturer’s instructions. The MAb was 

used to replace the sera samples in this kit and HRP-con-

jugated sheep anti-mouse IgG was used to replace the goat 

anti-chicken IgG. The antibody against IBV and SPF sera 

were used as positive and negative controls, respectively. 

All assays were performed in triplicate.

 The reactivity of the MAb with different truncated recom-

binant M proteins was determined by ELISA. The purified 

recombinant proteins were used as coating antigens. The 

wells in the ELISA plate were coated with 10 µg purified 

recombinant protein in 100 µl 0.1 M carbonate buffer (pH 

9.6) at 4°C for 12 h and blocked with 5% skimmed milk at 

37°C for 1 h. After washing three times with PBST, 100 µl

of MAb ascitic fluid were added to the wells and incubated 

at 37°C for 1 h. The plates were washed three times and 

incubated with HRP-conjugated sheep anti-mouse IgG at 

37°C for 1 h. Color development, termination of the assay 

and absorbance measurements were performed as described 

previously (Liu et al., 2009). All assays were performed in 

triplicate.

  The absorbance measurements were read at 450 nm 

when using a commercial total antibody ELISA (IDEXX 

Corporation, USA) according to the manufacturer’s instruc-

tions and the absorbance measurements were read at 650 nm 

when HRP-conjugated sheep anti-mouse IgG was used as 

second antibodies.

The MAb 15E2 was tested for the presence of IBV-neutrali-

zing antibodies using an SPF chicken embryo-protection assay 

(Liu et al., 2008b). Two-fold dilutions of the MAb ascitic 

fluids were mixed with 10
2

 50% embryo infectious doses 

(EID50/0.1 ml) of IBV strain CK/CH/LHLJ/04V, and incu-

bated for 2 h at 37°C. Virus titrations were performed by 

inoculation of 9-day-old SPF embryonated chicken eggs via 

the allantoic cavity route (Yachida et al., 1979), and the titers 

were expressed as EID50. Serial l0-fold dilutions were used 

for the titrations. Five embryos received 0.1 ml of inoculum 

at each dilution. The eggs were candled daily and examined 

for 1 week; those that showed characteristic IBV lesions, 

such as dwarfing, stunting, or curling of embryos, were re-

corded as infected by IBV. Ascitic fluid that contained the 

MAb unrelated to IBV and PBS were used as negative 

controls for inoculation with IBV strain CK/CH/LHLJ/04V. 

All assays were performed in triplicate and the statistical 

significance of the difference between each two groups was 

determined by Independent-Samples T-test by the one-way 

analysis of variance (ANOVA) (Chen et al., 2009).

The sequences that contained the epitope were assembled, 

aligned, and compared with those of other coronavirus strains 

using the MEGALIGN program in DNAStar. The sequences 

of the coronaviruses that were used as reference strains for 

comparison were from the GenBank database with the 

GenBank accession numbers in Fig. 8.

The open reading frame of the IBV CK/CH/LHLJ/04V M 

gene contained 681 bp, which encoded a 226-amino acid 

protein. The sequence of the M gene of strain CK/CH/ 

LHLJ/04V was deposited in the GenBank with the following 

accession number: FJ641062. Basic Local Alignment Search 

Tool (BLAST) searches using the M gene revealed that it 

shared a high degree of nucleotide identity with most of 

the related Chinese IBV strains. The most closely-related 

virus was strain CK/CH/LJL/04I (GenBank accession num-

ber: EF602452), which shared 99% nucleotide identity with 

CK/CH/LHLJ/04V in the M gene.

The expression strategy for the fragments of the IBV M 

gene is illustrated in Fig. 1. The intact M gene and the 

truncated fragments were expressed as GST fusion proteins 

in E. coli BL21 (DE3). The intact M protein was not ex-

pressed successfully in E. coli BL21 (DE3) after induction 

with IPTG. However, a truncated M protein (MP2) was ex-

pressed successfully in E. coli BL21 (DE3) and the recom-

binant MP2 protein reacted with a chicken antibody against 

IBV in both an ELISA (Fig. 2) and western blotting analysis. 

The MP2 protein was then used as an immunogen together 

with the IBV CK/CH/LHLJ/04V virus particles to produce 

a MAb. In addition, all the truncated fragments were exp-

ressed successfully in E. coli BL21 (DE3) as shown by 

SDS-PAGE of the cell lysates after induction.

Two hybridomas that secreted MAbs against the IBV CK/ 

CH/LHLJ/04V M protein were established by cell fusion. 

One of the MAbs, which was designated as 15E2, reacted 

with both the truncated MP2 protein and the native IBV 

CK/CH/LHLJ/04V antigen in western blotting analysis (Fig. 

3A). The reactivity and specificity of MAb 15E2 were con-
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  (B)

Reactivity of MAb 15E2 with IBV strain CK/CH/LHLJ/ 

04V by western blotting (A) and ELISA (B). Both IBV strain CK/ 

CH/LHLJ/04V and recombinant MP2-GST protein were probed 

with MAb 15E2 by western blotting and GST protein was used as 

a negative control. In the ELISA, both commercial IBV-coated 

plates from the IBV tested kit (IDEXX Corporation, USA) and 

plates that had been coated with IBV CK/CH/LHLJ/04V particles 

were used to test MAb 15E2. SPF chicken sera were used as nega-

tive controls.

In vitro neutralization test in 9-day-old SPF chicken em-

bryos evaluated by EID50. Ascitic fluid that contained a MAb un-

related to IBV and PBS were used as negative controls for the in-

oculation with IBV strain CK/CH/LHLJ/04V. All assays were per-

formed in triplicate. No significant differences were found be-

tween different groups (*).

firmed using a commercial ELISA as well as an ELISA in 

which whole IBV CK/CH/LHLJ/04V virus particles were 

used as the coating antigen (Fig. 3B). MAb 15E2, which 

was IgG1 (К), was used for the additional studies.

Given that no cell lines could sustain the growth of IBV 

strain CK/CH/LHLJ/04V in this study (data not shown), 9- 

day-old embryonated eggs were used to evaluate the growth 

of the virus in vitro. An equal dose (10
2

 EID50) of the 

CK/CH/LHLJ/04V virus was mixed with unpurified MAb 

15E2, a control MAb unrelated to IBV or PBS, and inocu-

lated into the eggs at 37°C for 2 h. The results showed that 

the virus mixed with PBS had the highest titer of the three 

groups. However, there was no obvious difference in viral 

titer between the virus mixed with MAb 15E2 and that 

mixed with the control MAb (Fig. 4). This indicated that 

MAb 15E2 may have no virus-neutralizing activity in vitro

and is a non-neutralizing antibody against the M protein of 

IBV.

For fine mapping of the epitope of the IBV CK/CH/LHLJ/ 

04V antigen that is recognized by MAb 15E2, the set of 

above-mentioned GST fusion proteins (Fig. 1) was used to-

gether with both western blotting and ELISA. Western blot-

ting results showed that MP4-2 (
179

PDRRNIYRMVQKYT 

GDQSGNKKRFATFVYAKQSV
209

) and MP4-3 (
198

KRFAT 

FVYAKQSVDSGELESVATGVGSLYT
226

) were recognized 

by MAb 15E2, equally. However, MP4-1 (
161

AKCEPDHLP 

KDIFVCTPDRRNIYRMVQKY
187

) failed to react with 15E2. 

This indicated that the sequence that is shared by MP4-2 

and MP4-3 (MP5:
 198

KRFATFVYAKQSV
209

) contained the 

epitope that is recognized by MAb 15E2. To map the epitope 

in greater detail, a series of truncated peptides that were 

derived from MP5 were obtained and subjected to western 

blotting. The results showed that the minimal sequence re-

quired appeared to be 
199

FATFVYAK
206

, because deletion of 

F
198

 or K
205

 destroyed the binding of the GST fusion peptides 

by MAb 15E2 (Fig. 5A). Therefore, this linear site is the 

MAb 15E2-defined epitope in the M protein of IBV strain 

CK/CH/LHLJ/04V. The results were confirmed by ELISA 

using the same truncated peptides as coating antigens (Fig. 

5A). Thus, we concluded that the linear B-cell epitope in 

the M protein of IBV that is recognized by MAb 15E2 can 

be localized exactly to 
199

FATFVYAK
206

 (Fig. 5C). This pep-

tide is located on the cytoplasmic side of the membrane (or 

inside the virion) (Fig. 5D).
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                  (A)

                  (B)

                  (C)

                  (D)

Fine localization of the MAb 15E2-defined epitope. Reactivity of MAb 15E2 with different truncated recombinant M proteins as 

determined by western blotting (A) and ELISA (B). The GST fusion proteins were used. The names of the proteins are the same as in 

Table 1. GST protein was used as a negative control in both the western blotting and indirect ELISA. In addition, IBV CK/CH/LHLJ/04V 

virus particles were used as the coating antigen, and MAb 15E2, anti-IBV antibody from chickens (positive control), and SPF chicken sera 

(negative control) were used, as the primary antibodies in the ELISA. The antigenic determinant (underlined) that was recognized by MAb 

15E2 was localized exactly to 
199

FATFVYAK
206

 in the M protein of IBV strain CK/CH/LHLJ/04V (C and D). The linear map of the M 

protein, which denotes known regions of importance that include the transmembrane (tm) domains, ectodomain, and endodomain, is 

shown. The location of the epitope identified in this study is also shown.

The peptide that corresponded to the MAb 15E2-defined 

epitope (
199

FATFVYAK
206

) was used as the coating antigen 

in an ELISA, which demonstrated that this peptide was 

recognized well by an anti-IBV antibody from chicken (Fig. 

6). The peptide showed similar reactivity with the antibody 

in western blotting analysis, which confirmed further that 
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Reactivity of the identified epitope (MP11: 
199

FATFVYAK
206

)

with antibodies against IBV. The peptide that corresponded to the 

MAb 15E2-defined epitope was used as the coating antigen in an 

ELISA and purified GST protein was used as a negative control. 

The anti-IBV antibody from chickens was used as the primary an-

tibody and SPF chicken sera were used as negative controls.

The reactivity of MAb 15E2 with heterogenous IBV strains 

was determined by western blotting analysis. Allantoic fluids were 

used as negative controls in the western blotting.

        (A)

        (B)

Alignment of the epitope motif with 11 coronaviruses in group 3 (A) and 7 coronaviruses in group 2 or 3 (B). The epitope sequences

are underlined and the amino acid residues in the epitope region that are shared by different coronaviruses are shown in bold. Deleted 

amino acid residues are represented as ‘–’. The abbreviations of the viruses are: TCoV (turkey coronavirus), MHV (murine hepatitis virus),

HCoV OC43 (human coronavirus OC43), SARS-CoV (severe acute respiratory syndrome coronavirus), TGEV (transmissible gastroenteritis 

virus), FCoV (feline coronavirus), PEDV (porcine epidemic diarrhoea virus), and HCoV (human coronavirus 229E). The GenBank acce-

ssion numbers are shown in parentheses.

this epitope had good reactivity.

We examined the cross-reactivity of MAb 15E2 with eight 

IBV strains that represented seven different serotypes. As 

illustrated in Fig. 7, all the heterogeneous IBV strains 

showed cross-reactivity with MAb 15E2. For seven out of 

the eight IBV strains, western blotting of the infected allan-

toic fluids after SDS-PAGE showed a pronounced band of 
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the expected molecular weight. For IBV CK/CH/LHN/00I, 

more than one band was observed and their apparent mo-

lecular weights were obviously lower than expected.

We have only a limited number of heterogeneous IBV 

strains that can be used in the cross-reactivity test and we 

have no other group 3 coronavirus strains in our labora-

tory. Hence, the equivalent sequences (FATFVYAK) from 

four heterogeneous strains, which represented four addi-

tional IBV serotypes, and seven other group 3 coronavi-

ruses, which infected five different hosts, were aligned and 

compared. The results showed that nearly all the residues 

in the MAb 15E2-defined sequence were highly conserved 

among the chicken and turkey group 3 coronaviruses; resi-

due V
203

 was changed to I
203

 in one of the three TCoV 

strains (Fig. 8). This indicated that the 
199

FATFVYAK
206

 se-

quence represented a conserved epitope on the M protein 

of chicken and turkey group 3 coronaviruses. However, the 

homology in this region between chicken and turkey coro-

naviruses and other animal coronaviruses in group 3 was 

low.

  In order to compare the conservation further, the MAb 

15E2-defined epitope and its flanking amino acid sequences 

were compared with the corresponding sequences from seven 

coronaviruses from different groups or subgroups within 

the family Coronaviridae. As illustrated in Fig. 8, three resi-

dues in the MAb 15E2-defined sequence were found to be 

highly conserved among the family Coronaviridae. The resi-

due A
200

 was highly conserved among all the coronaviruses 

selected in this study except for human coronavirus 229E, 

which contained a V residue in this position. Two residues, 

V
203

 and K
206

, were highly conserved among all the selected 

coronaviruses except SARS-CoV which contained N and R 

residues, respectively, in the corresponding positions. In ad-

dition, the residue F
192

 was shared by coronaviruses in group 

2 and group 3.

The B-cell antigenic epitopes of IBV that have been identi-

fied so far are in the S and N proteins and these epitopes 

induce the production of virus-neutralizing antibodies and 

protection against virulent viruses (Niesters et al., 1987; 

Kusters et al., 1989; Lenstra et al., 1989; Koch et al., 1990; 

Boots et al., 1991; Kant et al., 1992; Ignjatovic and Galli, 

1994; Moore et al., 1997; Seo et al., 1997; Seah et al., 2000; 

Johnson et al., 2003; Ignjatovic and Sapats, 2005). “All co-

ronaviruses contain a large number of copies of an integral 

membrane (M) glycoprotein that is smaller than the S and 

N proteins and is required for virus particle formation. It 

has been reported that the S protein interacts with the 

transmembrane region of M (Cavanagh, 2007). However, 

the roles of the M protein in IBV replication, immunoge-

nicity, and pathogenicity need to be investigated further. In 

this study, we expressed the C-terminal 129 amino acids of 

the IBV M protein (MP2) and found that this fragment 

showed good reactivity with antibodies against IBV. This in-

dicated that this recombinant protein had similar antigenicity 

to the native IBV antigen and could be used as an immu-

nogen for animal immunization. The S and N proteins of 

coronaviruses, rather than the M protein, are the main pro-

tein inducers of the host immune responses (Ignjatovic and 

Sapats, 1994). Hence, in the present study, we immunized 

mice first with IBV CK/CH/LHLJ/04V virus particles and 

then performed two booster immunizations with recombi-

nant M protein to produce MAbs by hybridoma technology. 

Two hybridomas were established by cell fusion and one of 

the MAbs (15E2) was found to react specifically with the 

native IBV CK/CH/ LHLJ/04V particles as well as with the 

recombinant MP2 protein.

  To study the specificity in more detail and finely map the 

epitope of MAb 15E2, a series of 14 fragments that cov-

ered the C-terminus of the IBV CK/CH/LHLJ/04V M pro-

tein were expressed with a GST tag and used to screen for 

the minimal epitope in the IBV M protein. Two methods, 

western blotting and ELISA, were used to screen for the 

epitope. It was demonstrated that the minimal sequence 

(“core sequence”) of the MAb 15E2-defined epitope ap-

peared to be 
199

FATFVYAK
206

, because deletion of any of 

the residues from either end of 
199

FATFVYAK
206

 destroyed 

the ability of MAb 15E2 to bind. MAb 15E2 was not a neu-

tralizing antibody, as demonstrated by the determination of 

EID50. The absence of neutralizing activity against IBV may 

indicate that this region has low immunogenicity or, more 

probably, that this region is not exposed on the surface of 

the virion. Indeed, the epitope 
199

FATFVYAK
206

 is located on 

the cytoplasmic side of the membrane (or inside the virion) 

according to the structure of coronavirus M protein. Inte-

restingly, both the ascites that contained MAb 15E2 and 

that which contained a control MAb unrelated to IBV could 

“neutralize” IBV CK/CH/LHLJ/04V, as compared with PBS. 

However, unpurified ascites was used in the present study 

and it is likely that non-specific components in the ascites 

rather than MAb 15E2 itself killed the IBV in the in vitro

neutralization test.

  Given that MAb 15E2 lacks neutralizing activity, it is of 

little importance for the design of potential subunit vaccines 

to protect against IBV. However, considering the conserva-

tion between chicken and turkey coronaviruses, MAb 15E2 

and its defined epitope may be useful for diagnostic pur-

poses. It has been proposed that coronaviruses isolated from 

turkeys (TCoV) and chickens (IBV) should be considered 

as distinct species (Cavanagh, 2005). The S gene of TCoV 

strain MG10 showed only 57% identity to different strains 

of IBV. However, the M genes of the two viruses shared 

93% identity (Cao et al., 2008; Gomaa et al., 2008). In this 

study, the epitope that was identified in the M protein of 

IBV is highly conserved in turkey coronaviruses. Until now, 

little has been known about the antigenic epitopes within the 

structural proteins of turkey coronaviruses. The conserved 

epitope shared by the M proteins of turkey coronaviruses 

and IBV is of significance because not only are the two vi-

ruses of economic importance to the poultry industry, but 

they also show antigenic and biological similarities when 

compared with other coronaviruses. In recent years, corona-

viruses have been identified from the beluga whale (Mihin-

dukulasuriya et al., 2008) and three different wild birds 

(bulbul, thrush, and munia) (Woo et al., 2008). Comparative 
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analysis of their complete genome sequences revealed that 

they all belong to group 3 of the coronaviruses. However, 

the coronaviruses from the whale and wild birds were clus-

tered into subgroups 3b and 3c, respectively, by phyloge-

netic analysis using the chymotrypsin-like protease (3CLpro), 

RNA-dependent RNA polymerase (Pol), helicase, spike, and 

nucleocapsid proteins (Woo et al., 2008) and are distantly 

related to IBV and TCoV, which belong to subgroup 3a. In 

this study, we found that only two to four residues in the 

MAb 15E2-defined epitope region of the M protein were 

shared invariably between IBV and coronaviruses in sub-

groups 3b and 3c. This was similar to the amino acids shared 

between IBV and coronaviruses in groups 1 and 2. The 

roles of the residues in the epitope region that are con-

served among different groups and subgroups of coronavi-

ruses require further investigation. Group 3 coronaviruses 

were also identified in or isolated recently from pheasants 

(Phasianus colchicus) (Cavanagh et al., 2002; Cavanagh, 2005), 

graylag geese (Anser anser), feral pigeons (Columbia livia), 

and mallards (Anas platyrhynchos) (Jonassen et al., 2005), 

and a green-cheeked Amazon parrot (Amazon viridigenalis 

Cassin) (Gough et al., 2006). Due to the fact that the se-

quence of the M gene in these coronaviruses is not known, 

we could not determine the degree of conservation of the 

Mab 15E2-defined epitope sequence in these viruses.

  The coronavirus M protein is almost invariably glycosy-

lated on its exposed N-terminal domain. The M proteins of 

IBV and SARS-CoV contain only N-linked sugars and N- 

glycosylation is initiated by the polypeptide in the endoplas-

mic reticulum at asparagine residues (de Haan and Rottier,

2005). In the present study, the molecular weights of the 

proteins in IBV CK/CH/LHN/00I that reacted with MAb 

15E2 were obviously lower than those of the proteins in the 

other IBV strains selected. The MAb 15E2-defined sequence 

in strain CK/CH/LHN/00I (GenBank accession no. EF602456) 

(Liu et al., 2008b) showed a high degree of conservation 

with that of strain CK/CH/LHLJ/04V (
199

FATFVYAK
206

) in 

the present study. Hence, the bands in strain CK/CH/LHN/ 

00I that react with MAb 15E2 during western blotting should 

be specific. The discrepancy in the molecular weight of the 

M protein between CK/CH/LHN/00I and the other IBV 

strains selected may be related to different degrees of glyco-

sylation within the M protein. However, additional inves-

tigations may be required.

  In this report, we have used a combination of molecular 

and immunological techniques to screen MAbs against the 

native M protein of avian infectious bronchitis coronavirus 

and to map the MAb 15E2-defined epitope in fine detail. 

To our knowledge, this is the first report of the mapping of 

a B-cell epitope in the M protein of avian infectious bron-

chitis coronavirus. To date, several methods have been used 

to map antigenic epitopes (Roggen, 2006). The advantage of 

mapping epitopes via expression in prokaryotes is that, once 

the subclones have been generated, it is possible to screen 

a large number of MAbs rapidly. Therefore, the truncated 

recombinant proteins that were used in this study may be 

useful tools for mapping other potential epitopes on the 

IBV M protein in future studies.

This work was supported by a grant from the National Key 

Technology R & D Program from Ministry of Science and 

Technology of the P. R. China (No. 2006BAD06A03) and 

the earmarked fund for Modern Agro-industry Technology 

Research System.

Baggio, R., P. Burgstaller, S.P. Hale, A.R. Putney, M. Lane, D. 

Lipovsek, M.C. Wright, R.W. Roberts, R. Liu, J.W. Szostak, 

and R.W. Wagner. 2002. Identification of epitope-like con-

sensus motifs using mRNA display. J. Mol. Recognit. 15, 126- 

134.

Barlow, D., M. Edwards, and J. Thornton. 1986. Continuous and 

discontinuous protein antigenic determinants. Nature 322, 747- 

748.

Boots, A.M.H., J.G. Kusters, J.M. van Noort, K.A. Zwaagstra, E. 

Rijke, B.A. van der Zeijst, and E.J. Hensen. 1991. Localiza-

tion of a T-cell epitope within the nucleocapsid protein of avian 

coronavirus. Immunology 74, 8-13.

Cao, J., C.C. Wu, and T.L. Lin. 2008. Complete genomic sequence 

of turkey coronavirus. Virus Res. 136, 43-49.

Cavanagh, D. 2005. Coronaviruses in poultry and other birds. 

Avian Pathol. 34, 439-448.

Cavanagh, D. 2007. Coronavirus avian infectious bronchitis virus. 

Vet. Res. 38, 281-297.

Cavanagh, D., P.J. Davis, and D.J.C. Pappin. 1986. Coronavirus 

IBV glycopolypeptides: Location studies using proteases and 

saponin, a membrane permeabilizer. Virus Res. 4, 145-156.

Cavanagh, D., K. Mawditt, D.B. Welchman, P. Britton, and R.E. 

Gough. 2002. Coronaviruses from pheasants (Phasianus colchi-

cus) are genetically closely related to coronaviruses of domestic 

fowl (infectious bronchitis virus) and turkeys. Avian Pathol. 31, 

81-93.

Chen, Z., W. He, Z. Liang, P. Yan, H. He, Y. Tang, J. Zhang, Z. 

Shen, B. Ni, Y. Wu, and J. Li. 2009. Protein prime-peptide 

boost as a new strategy induced an Eppin dominant B-cell 

epitope specific immune response and suppressed fertility. 

Vaccine 29, 733-740.

de Haan, C.A.M. and P.J.M. Rottier. 2005. Molecular interactions 

in the assembly of coronaviruses. Adv. Virus Res. 64, 165-230.

den Boon, J.A., E.J. Snijder, J.K. Locker, M.C. Horzinek, and 

P.J.M. Rottier. 1991. Another triple-spanning envelope protein 

among intracellularly budding RNA viruses: The torovirus E 

protein. Virology 182, 655-663.

Dong, B.Q., W. Liu, X.H. Fan, D. Vijaykrishna, X.C. Tang, F. Gao, 

L.F. Li, G.J. Li, J.X. Zhang, L.Q. Yang, L.L. Poon, S.Y. 

Zhang, J.S. Peiris, G.J. Smith, H. Chen, and Y. Guan. 2007. 

Detection of a novel and highly divergent coronavirus from 

asian leopard cats and Chinese ferret badgers in Southern 

China. J. Virol. 81, 6920-6926.

Gomaa, M.H., J.R. Barta, D. Ojkic, and D. Yoo. 2008. Complete 

genomic sequence of turkey coronavirus. Virus Res. 135, 237- 

246.

Gough, R.E., S.E. Drury, F. Culver, P. Britton, and D. Cavanagh. 

2006. Isolation of a coronavirus from a green-cheeked Amazon 

parrot (Amazona viridigenalis Cassin). Avian Pathol. 35, 122- 

126.

Hofmann, H., K. Hattermann, A. Marzi, T. Gramberg, M. Geier, 

M. Krumbiegel, S. Kuate, K. Uberla, M. Niedrig, and S. 

Pöhlmann. 2004. S protein of severe acute respiratory synd-

rome-associated coronavirus mediates entry into hepatoma 

cell lines and is targeted by neutralizing antibodies in infected 



Vol. 47, No. 5 A B-cell epitope in the M protein of IBV 599

patients. J. Virol. 78, 6134-6142.

Ignjatovic, J. and L. Galli. 1994. The S1 glycoprotein but not N or 

M proteins of avian infectious bronchitis virus induces pro-

tection in vaccinated chickens. Arch. Virol. 138, 117-134.

Ignjatovic, J. and L. Galli. 1995. Immune responses to structural 

proteins of avian infectious bronchitis virus. Avian Pathol. 24, 

313-332.

Ignjatovic, J. and S. Sapats. 2005. Identification of previously un-

known antigenic epitopes on the S and N proteins of avian in-

fectious bronchitis virus. Arch. Virol. 150, 1813-1831.

Johnson, M.A., C. Pooley, J. Ignjatovic, and S.G. Tyack. 2003. A 

recombinant fowl adenovirus expressing the S1 gene of infec-

tious bronchitis virus protects against challenge with infectious 

bronchitis virus. Vaccine 21, 2730-2736.

Jonassen, C.M., T. Kofstad, I.L. Larsen, A. Lovland, K. Handeland, 

A. Follestad, and A. Lillehang. 2005. Molecular identification 

and characterization of novel coronaviruses infecting greylag 

geese (Anser anser), feral pigeons (Columba livia) and mal-

lards (Anas platyrhynchos). J. Gen. Virol. 86, 1597-1607.

Kant, A., G. Koch, D.J. van Roozelaar, J.G. Kusters, F.A.J. Poel-

wijk, and B.A.M. van der Zeijst. 1992. Location of antigenic 

sites defined by neutralising monoclonal antibodies on the S1 

avian infectious bronchitis virus glycopolypeptide. J. Gen. 

Virol. 73, 591-596.

Koch, G., L. Hartog, A. Kant, and D. van Roozelaar. 1990. Anti-

genic domains on the peplomer protein of avian infectious 

bronchitis virus: correlation with biological functions. J. Gen. 

Virol. 71, 1929-1935.

Kusters, J.G., E.J. Jager, J.A. Lenstra, G. Koch, W.P.A. Posthumus, 

R.H. Meloen, and B.A.M. van der Zeijst. 1989. Analysis of an 

immunodominant region of infectious bronchitis virus. J. 

Immunol. 143, 2692-2698.

Langeveld, J., J. Martinez-Torrecuadrada, R. Boshuizen, R. Meloen, 

and C. Ignacio. 2001. Characterisation of a protective linear B 

cell epitope against feline parvoviruses. Vaccine 19, 2352-2360.

Lenstra, J.A., J.G. Kusters, G. Koch, and B.A.M. van der Zeijst. 

1989. Antigenicity of the peplomer protein of infectious bron-

chitis virus. Mol. Immunol. 26, 7-15.

Liu, S., J. Chen, J. Chen, X. Kong, Y. Shao, Z. Han, and X. Kong. 

2005. Isolation of avian infectious bronchitis coronavirus from 

domestic peafowl (Pavo cristatus) and teal (Anas). J. Gen. Virol.

86, 719-725.

Liu, S., J. Chen, Z. Han, Q. Zhang, Y. Shao, and X. Kong. 2006a. 

Infectious bronchitis virus: S1 gene characteristics of vaccines 

used in China and efficacy of vaccination against heterologous 

strains from China. Avian Pathol. 35, 394-399.

Liu, S., Z. Han, J. Chen, X. Liu, Y. Shao, and X. Kong. 2007. S1 

gene sequence heterogeneity of a pathogenic infectious bron-

chitis virus strain and its embryo-passaged, attenuated deriva-

tives. Avian Pathol. 36, 231-234.

Liu, S. and X. Kong. 2004. A new genotype of nephropathogenic 

infectious bronchitis virus circulating in vaccinated and non- 

vaccinated flocks in China. Avian Pathol. 33, 321-327.

Liu, S., Y. Wang, Y. Ma, Z. Han, Q. Zhang, Y. Shao, J. Chen, 

and X. Kong. 2008a. Identification of a newly isolated avian 

infectious bronchitis coronavirus variant in China exhibiting 

affinity for the respiratory tract. Avian Dis. 52, 306-314.

Liu, S., Q. Zhang, J. Chen, Z. Han, X. Liu, L. Feng, and X. Kong. 

2006b. Genetic diversity of avian infectious bronchitis corona-

virus strains isolated in China between 1995 and 2004. Arch. 

Virol. 151, 1133-1148.

Liu, S., Q. Zhang, J. Chen, Z. Han, Y. Shao, and X. Kong. 2008b. 

Identification of the avian infectious bronchitis coronaviruses 

with mutations in gene 3. Gene 412, 12-25.

Liu, S., X. Zhang, Y. Wang, C. Li, Q. Liu, Z. Han, Q. Zhang, X. 

Kong, and G. Tong. 2009. Evaluation of the protection con-

ferred by commercial vaccines and attenuated heterologous 

isolates in China against the CK/CH/LDL/97I strain of infec-

tious bronchitis coronavirus. Vet. J. 179, 130-136.

Masters, P.S. 2006. The molecular biology of coronaviruses. Adv. 

Virus Res. 66, 193-292.

Mihindukulasuriya, K.A., G. Wu, J. St. Leger, R.W. Nordhausen, 

and D. Wang. 2008. Identification of a novel coronavirus from 

a beluga whale by using a panviral microarray. J. Virol. 82, 

5084-5088.

Moore, K.M., M.W. Jackwood, and D.A. Hilt. 1997. Identification of 

amino acids involved in a serotype and neutralisation specific 

epitope within the S1 subunit of avian infectious bronchitis 

virus. Arch. Virol. 142, 2249-2256.

Niesters, H.G.M., N.M.C. Bleumink-Pluym, A.D.M.E. Osterhaus, 

M.C. Horzinek, and B.A.M. van der Zeijst. 1987. Epitopes on 

the peplomer protein of infectious bronchitis virus strain M41 

as defined by monoclonal antibodies. Virology 161, 511-519.

Roggen, E.L. 2006. Recent developments with B-cell epitope iden-

tification for predictive studies. J. Immunotox. 3, 137-149.

Rottier, P.J.M., D. Brandenburg, J. Armstrong, and B.A.M. van der 

Zeijst. 1984. Assembly in vitro of a spanning membrane pro-

tein of the endoplasmic reticulum: The E1 glycoprotein of co-

ronavirus mouse hepatitis virus A59. Proc. Natl. Acad. Sci. 

USA 81, 1421-1425.

Ruf, J., P. Carayon, N. Sarles-Philip, F. Kourilsky, and S. Lissitzky. 

1983. Specificity of monoclonal antibodies against human thy-

roglobulin; comparison with autoimmune antibodies. EMBO J.

2, 1821-1826.

Seah, J.N., L. Yu, and J. Kwang. 2000. Localization of linear B-cell 

epitopes on infectious bronchitis virus nucleocapsid protein. 

Vet. Microbiol. 75, 11-16.

Seo, S.H., L. Wang, R. Smith, and E.W. Collisson. 1997. The car-

boxyl-terminal 120-residue polypetide of infectious bronchitis 

virus nucleocapsid induces cytotoxic T lymphocytes and pro-

tects chickens from acute infection. J. Virol. 71, 7888-7894.

Towbin, H., T. Staehelin, and J. Gordon. 1979. Electrophoretic 

transfer of proteins from polyacrylamide gels to nitrocellulose 

sheets: procedure and some applications. Proc. Natl. Acad. Sci. 

USA 76, 4350-4354.

Vilella, R., J. Yague, and J. Vives. 1983. Monoclonal antibody against 

HLA-Aw32+A25. Is HLA-Aw32 an allele with no unique an-

tigenic determinant? Hum. Immunol. 6, 53-62.

Walter, G. 1986. Production and use of antibodies against synthetic 

peptides. J. Immunol. Methods 88, 149-161.

Woo, P.C.Y., S.K.P. Lau, C.S.F. Lam, K.K.Y. Lai, Y. Huang, P. 

Lee, G.S.M. Luk, K.C. Dyrting, K.H. Chan, and K.Y. Yuen. 

2008. Comparative analysis of complete genome sequences of 

three avian coronaviruses reveals a novel group 3c corona-

virus. J. Virol. 82, 908-917.

Yachida, S., S. Aoyama, N. Takahashi, Y. Iritani, and K. Katagiri. 

1979. Growth kinetics of embryo- and organ-culture adapted 

Beaudette strain of infectious bronchitis virus in embryonated 

chicken eggs. Avian Dis. 23, 128-131.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


