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SUMMARY. The nucleocapsid (N) gene of turkey coronavirus (TCV) was amplified by
reverse transcriptase-polymerase chain reaction, cloned, and expressed in the baculovirus
expression system. A recombinant baculovirus containing the TCV N gene (rBTCV/N) was
identified by polymerase chain reaction and expression of TCV N protein as determined by
western immunoblot analysis. Two TCV-specific proteins, 52 and 43 kDa, were expressed
by rBTCV/N; one of these proteins, p52, was comparable in size to native TCV N protein.
Baculovirus-expressed N proteins were used as antigen in an indirect enzyme-linked immunosorbent assay (ELISA) for detection of TCV-specific antibodies. The ELISA detected antibodies specific for TCV and infectious bronchitis virus, a closely related avian coronavirus,
but did not detect antibodies specific for other avian viruses (avian influenza, avian reovirus,
avian paramyxovirus 3, avian adenovirus 1, or Newcastle disease virus). These findings indicate that baculovirus-expressed TCV N protein is a suitable source of antigen for ELISAbased detection of TCV-specific antibodies in turkeys.
RESUMEN. Expresion de la proteina del nucleocapsido del coronavirus de pavo en un
Baculovirus.
Se amplific6 el gen del nucleocapsido del coronavirus de pavo por medio de la prueba
transcriptasa reversa - reaccion en cadena por la polimerasa (de las siglas en ingles RT-PCR),
se clon6 y se expres6 en el sistema de expresi6n del baculovirus. Se identifico un baculovirus
recombinante que contenia el gen nucleocapsido del coronavirus de pavo por medio de la
prueba PCR y se determin6 la expresion de la protefna del nucleocapsido del coronavirus de
pavo por medio de la inmunotransferencia puntual Western. El baculovirus recombinante
que contenia la proteina N del coronavirus de pavo expres6 dos proteinas especificas del
coronavirus de pavos de 52 y 43 kilodaltons. Una de ellas, la p52 fue similar en tamafio a
la proteina N original del coronavirus de pavo. Las proteinas N expresadas en el baculovirus
fueron utilizadas como antigeno en una prueba indirecta de inmunoensayo con enzimas
asociadas (ELISA) para la deteccion de anticuerpos especificos contra el coronavirus de pavo.
La prueba ELISA detecto anticuerpos especificos contra el coronavirus de pavo y contra el
virus de bronquitis infecciosa, un coronavirus aviar estrechamente relacionado, pero no se
detectaron anticuerpos especificos para otros virus aviares (influenza aviar, reovirus aviar,
paramixovirus 3, adenovirus aviar serotipo 1 o virus de la enfermedad de Newcastle). Estos
hallazgos indican que la proteina N del coronavirus de pavo expresada en el baculovirus es
una fuente apropiada de antigeno para la prueba ELISA para la deteccion de anticuerpos
especificos contra el coronavirus de pavos en esta especie.
Key words: turkey coronavirus, baculovirus, enzyme-linked immunosorbent assay
Abbreviations: AcMNPV = Autographa californica multiple nuclear polyhedrosis virus;
ELISA = enzyme-linked immunosorbent assay; FBS = fetal bovine serum; IBV = infectious
bronchitis virus; IFAT = indirect fluorescent antibody; M = membrane; MOI = multiplicity
of infection; N = nucleocapsid; PAGE = polyacrylamide gel electrophoresis; PBS = phosphate-buffered saline; PBST = phosphate-buffered saline plus 0.05% Tween 20; PCR =
polymerase chain reaction; PI = postinfection; rBTCV/N = recombinant baculovirus containing TCV N gene; RT = reverse transcriptase; S = surface; SDS = sodium dodecyl
ACorresponding author.
Resources used to support this research were provided by the United States Poultry and Egg Association.
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sulfate; SF-9 = Spodoptera
frugiperda;SPF = specific-pathogenfree; TCV = turkey coronavirus;TNT = 10 mM Tris-HCl, pH 7.5, 0.5 M NaCI, 0.05% Tween 20

Turkey coronavirus (TCV) causes an acute,
highly contagious enteric disease of turkeys referred to as bluecomb disease (17). Bluecomb
disease was first identified in turkeys in 1951,
and a coronavirus was determined to be the
cause of the disease in 1973 (17). In recent
years, TCV has been increasinglyrecognizedas
an importantcause of enteric diseasein turkeys,
resulting in economic loss because of impaired
growth and poor feed conversion. The virus
also has been associatedas a cause of poult enteritis and mortality syndrome, a diseaseof unknown etiology characterizedby high mortality,
severe growth depression, and immune dysfunction (2).
TCV is a member of the family Coronaviridae. The Coronaviridaeare a large group of
RNA viruses that infect a wide varietyof avian
and mammalianspecies (22,27). Coronaviruses
have a distinctive morphology; they are pleomorphic, enveloped particles, 80-220 nm in
diameter,with long club-shapedsurfaceprojections approximately20 nm in length (22,27).
The coronavirusgenome consists of a positivesense, single-stranded RNA molecule, 27-30
kb in size. Coronavirusvirions are composed of
three structuralproteins: surface (S) glycoprotein (90-180 kD), integralmembrane(M) protein (20-35 kD), and nucleocapsid(N) protein
(50-60 kD). Additionally, some coronaviruses
also contain a fourth major structuralprotein,
the hemagglutinin esterase protein (120-140
kD) (22).
Coronaviruses have been subdivided into
three major antigenic groups on the basis of
differencesidentified by serologic analyses,and
these findings have been substantiatedby nucleotide sequence analyses(22,27). Human coronavirus229E, transmissiblegastroenteritisvirus, canine coronavirus, and feline infectious
peritonitis virus are members of group I; HCV
OC43, murine hepatitis virus, and bovine coronavirusare members of group II; and infectious bronchitis virus (IBV) belongs to group
III (22,27). Recent antigenic studies and nucleotide sequence analyses indicate that TCV belongs to group III (3,4,11,24). Whereas all coronavirusespossess S, M, and N structuralproteins, only members of group II have been

shown to possess the hemagglutinin esterase
protein (22).
The coronavirusN protein binds to virion
RNA and provides the structuralbasis for the
helical nucleocapsid (14). It is the most abundant viral polypeptide in coronavirus-infected
cells and it is immunodominant (13,14). The
complete nucleotide sequencesof TCV N gene
and a portion of TCV M gene recently were
reported;the deduced amino acid sequencesof
TCV M and N proteins were determinedto be
very similar (>90% identity) to those of IBV
M and N proteins (3,4). Sequence analysis of
the TCV S protein has not been reported.
Serologic diagnosis of TCV infection currently is accomplished by indirect fluorescent
antibody (IFAT) procedures (10,19). These
IFAT proceduresare labor intensive and time
consuming. In addition, they requireexpensive
equipment, highly trained personnel, and an
antigen obtained from frozen sections of TCVinfected turkey embryo intestines or epithelial
cells exfoliated from bursae of Fabricius of
TCV-infected turkeys (10,19). A TCV-specific
enzyme-linked immunosorbent assay (ELISA)
would be an improvedmethod for serologicdiagnosis;however,the production of largequantities of high-quality antigen for this procedure
has been hampered by the inability to propagate TCV in cell culture. The purpose of the
present study was to expressTCV N protein in
a baculovirusexpressionsystem and utilize the
recombinant DNA-derived protein in an
ELISA for detection of TCV-specific antibodies.

MATERIALS
AND METHODS
Viruses, cells, and antisera. TCV (NC95) was
isolatedfromenteritis-affected
turkeysin NorthCarolina(10). TCV (Minnesota)wasobtainedfromthe
AmericanTypeCultureCollection(Rockville,
MD).
TCV strainswerepropagated
in embryonated
turkey
was obtainedfrom
eggs (11). IBV (Massachusetts)
in 9SPAFAS,Inc. (Norwich,CT) and propagated
chickeneggs(21).
to-11-day-oldembryonated
mulWild-typebaculovirus,
Autographa
californica
virus(AcMNPV),and retiple nuclearpolyhedrosis
combinantviruseswerepropagated
in Spodopterafrugiperda(SF-9)cells (Invitrogen,San Diego, CA) in
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supplemented Grace's insect cell culture medium
(Gibco BRL, Grand Island, NY) with 10% fetal bovine serum (FBS) and gentamicin (10 ,Lg/ml). Recombinant virusesalso were propagatedin Trichoplusia ni (High Fives) cells (Invitrogen)in serum-free
High Five cell culture media (Invitrogen)containing
gentamicin (10 Ig/ml).
Antisera against TCV strains (NC95, Minnesota)
were prepared in 4-wk-old specific-pathogen-free
(SPF) chickens (SPAFAS, Inc.) as previously described (11). Antiserum prepared in SPF turkeys
against TCV (Minnesota) was obtained from Dr. Y.
M. Saif (Ohio State University,Wooster, OH). This
antiserum was preparedby oral inoculation of SPF
turkeyswith turkey embryo-propagatedTCV (Minnesota) followed by two intramuscularinoculations
at 3-wk intervalswith sucrose-gradient-purified
virus
mixed with incomplete Freund'sadjuvant.
Antisera prepared in SPF chickens against IBV
(Massachusetts,Arkansas,Connecticut, JMK), avian
reovirus, avian influenza virus, avian adenovirus 1,
avian paramyxovirus3, and Newcastle disease virus
were obtained from SPAFAS,Inc. Negative control
serum from unimmunized SPF chickens was obtained from SPAFAS,Inc.
Virus purification. TCV and IBV were partially
purified from infected turkey embryo intestines or
virus-ladenallantoic fluids, respectively,as described
(3).
Construction of baculovirus transfer vectors.
TCV (NC95) N gene was amplifiedby reversetranscriptase(RT)-polymerasechain reaction(PCR) with
two custom primers(Gibco BRL) designedfrom previously reportednucleotide sequenceof TCV N gene
(4): N5'-TTCTGCAGATGGCAAGCGGTAAGGCAACT and N3'-TGAATTCCTACAA GTGATTCTCTCCTAG. PrimersN5' and N3' containedPstI
and EcoRI restriction sites, respectively,to facilitate
cloning. The amplification product (1.2 kb) was
cloned into PstI and EcoRI sites of plasmid pUC19
(Gibco BRL) and transformedinto competent Escherichia coli strain DH5a cells (Gibco BRL). This
plasmid was designated pTCVN (Fig. 1). pTCVN
was digested with PstI and EcoRI, DNA fragments
were analyzedby gel electrophoresis,and the TCV N
gene was excised from the gel and purified with a
commercial kit (Gel Extraction Kit; Qiagen, Valencia, CA). PurifiedDNA was cloned into the PstI and
EcoRI sites of baculovirustransfervectors pMelBac
A, B, and C (Invitrogen),which are designed to direct expressionof recombinantproteins through the
secretorypathway to the extracellularmedium. The
pMelBac vector is supplied in three versionsto allow
correct in-frame fusion of the foreign gene with the
melittin secretionsignal in one of the vectors.Clones
were amplified in competent Escherichiacoli strain
DH5o cells (Gibco BRL), and plasmidswere purified
with a commerciallyavailablekit (S.N.A.P.? Mini-

prep Kit; Invitrogen).The three transfervector constructs were sequenced at the University of North
Carolina (Chapel Hill) Automated DNA Sequencing
Facility on a Model 373A DNA Sequencer(Applied
Biosystems, Foster City, CA) with the Taq DyeDeoxy@ TerminatorCycle Sequencing Kit (Applied
Biosystems).Forwardand reversesequencingprimers
were providedby Invitrogenwith the transfervectors.
The pMelBac C construct contained the TCV N
gene in frame and is referredto as pBacTCV.
Viral RNA extraction,RT-PCR, and cloning procedures were performed according to methods previously described(3,20).
Transfection. SF-9 cells were cotransfectedwith
linearizedAcMNPV DNA (Bac-N-Blue? DNA; Invitrogen)and pBacTCV DNA (18). Briefly,a 60-mm
tissue culture plate was seeded with 4 x 106 SF-9
cells; cells were allowed to attach for 1 hr at room
temperature.In a sterile 1.5-ml microcentrifugetube,
0.5 ,g linearized AcMNPV DNA was incubated
with 4 pg purified pBacTCV DNA, 1 ml Grace's
insect medium (Invitrogen)without supplementsor
FBS, and 20 pl of Insectin-Plus? liposomes (Invitrogen) for 15 min at room temperature.Medium
was removed and cells were carefully rinsed with
Grace'sinsect medium without supplementsor FBS.
The entire transfectionmixture was added dropwise
to the cells and incubated for 4 hr at room temperature.After incubation, 1 ml of supplementedGrace's
insect medium with 10% FBS and gentamicin (10
,Ig/ml) was added to the plate, and cells were incubated for 4 days at 27 C.
Screening of baculovirus recombinants. Baculovirusrecombinantswere identified in SF-9 cells as
nonrefractive,occlusion-negativeplaquesunder a dissecting microscope(17). Recombinantswere purified
three times by plaque purification(18).
PCR was used to determine the presenceof TCV
N gene and absence of contaminating wild-type
DNA in the recombinants. Single recombinant
plaqueswere picked with a pipette from agar-overlaid
monolayersof infected cells, placed in 1 ml of supplemented Grace'sinsect medium, vortexed briefly,
and incubated at room temperaturefor 30 min to
allow the virus to diffuse from the plug. An aliquot
of the plaque suspension was mixed with an equal
volume of cold 20% polyethylene glycol (Sigma
Chemical Co., St. Louis, MO) in 1 M NaCI and
incubated at room temperaturefor 30 min. Virus
particleswere collected by centrifugation(80,000 x
g, 2 hr), and the pellet was resuspended in water
containing 1 mg/ml proteinaseK (Gibco BRL) and
incubated at 50 C for 1 hr. DNA was extractedwith
phenol chloroform and resuspendedin 10 IlI sterile
water. PurifiedDNA was amplifiedby PCR with recombinant baculovirus primers (Invitrogen). The
PCR reaction mixture consisted of 10 ,pl of PCR
buffer (100 mM Tris-HCl, pH 8.85, 250 mM KCI,
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50 mM [NH4]SO4), 2.5 mM MgCl2, 1 mM each
deoxynucleoside triphosphate, 100 ng/,l each forward and reverseprimer, 1.5 units Taq polymerase,
5 Ilviral DNA, and water to 50 J1l.PCR reagents
were obtained from Promega (Madison, WI). Samples were placed in a hot (94 C) programmablethermal cycler and amplifiedas follows: 2 min initial denature at 94 C, 30 cycles of 1 min at 94 C, 2 min
at 55 C, 3 min at 72 C, and a final extension of 7
min at 72 C. PCR products were analyzedon a 1%
agarosegel.
Recombinant positive plaques were amplified for
further analysis (18). Briefly, 50% confluent monolayers of SF-9 cells were infected with recombinant
virus at a multiplicity of infection (MOI) of 1 and
harvested4 days postinfection (PI). Cell supernatant
was collected and cellular debris removed by centrifugation at 1000 x g for 10 min. An aliquot of supernatant (10 j1) was analyzed by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis
(PAGE) and western immunoblot analysis;recombinant baculovirus containing the TCV N gene was
referredto as rBTCV/N.
SDS-PAGEand western immunoblot analysis.
Proteins were analyzed on a 4% stacking, 10% resolving gel by a discontinuous SDS-PAGE system
(20). Electrophoresiswas performedwith the MiniProtean?IIDual Slab Cell apparatus(BioRad Laboratories,Richmond, CA). Electrophoreticseparation
of proteinswas performedfor 1 hr at 200 volts. After
SDS-PAGE, proteins were transferredonto a 0.45Lm Trans-Blot? nitrocellulose membrane (BioRad
Laboratories)with a Mini Trans-Blot? Electrophoretic Transfer Cell (BioRad Laboratories).Transfer
was accomplished in 1 hr at 100 volts in transfer
buffer (25 mM Tris, pH 7.5, 192 mM glycine, 20%
methanol). Membraneswere air dried and incubated
for 3 hr at room temperaturein block solution consisting of 1% nonfat dried milk in phosphate-buffered saline (PBS). Block solution was decanted and
membranes were incubated for 2 hr at room temperaturewith a 1:125 dilution of TCV (NC95) antiserum in TNT (10 mM Tris-HCl, pH 7.5, 0.5 M
NaCI, 0.05% Tween 20) with 1% bovine serum albumin (Sigma Chemical Co.). Membranes were
washed for 15 min with four changes of TNT and
incubated for 1.5 hr at room temperaturewith a 1:
2000 dilution of peroxidase-labeledgoat anti-chicken
immunoglobulin G (Kirkegaardand Perry Laboratories, Inc., Gaithersburg,MD) in block solution.
Membraneswere washed as above and reactedwith
a solution of 3,3'-diaminobenzidine (VectorLaboratories, Burlingame,CA) for 5-10 min. The reaction
was stopped by washing membranein dH2O for 10
min.
ELISA. High Five@ cells were infected with rBTCV/N at an MOI of 5 and harvestedat 4 days
PI. Cell supernatantcontaining secretedTCV N pro-
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tein was collected and stored at 4 C after removalof
cells and cellulardebris by centrifugationat 1000 x
g for 10 min. Negative control antigen was similarly
preparedfrom mock-infected High Five' cells.
Optimal concentrationsof antigen, positiveserum,
and peroxidase-labeledgoat anti-chicken immunoglobulin G were determined by checkerboardtitration as described(5). The rBTCV/N antigen was diluted 1/80 in 0.2 M carbonate/0.2 M bicarbonate
buffer,pH 9.6, added to 96-well ELISAplates (ProBind? Assay Plate, Falcon?; Becton Dickinson and
Co., Lincoln Park, NJ), and incubated overnight at
4 C. ELISA plates coated with negative control antigen were similarly prepared.Antigen-coated plates
were washed three times with PBS plus 0.05% Tween
of block buffer (PBST con20 (PBST), then 200 PL\
was added to each well
1%
nonfat
dried
milk)
taining
and incubated for 1 hr at room temperature.Plates
were washed three times with PBST, then 75 Rl of
serum, diluted 1:40 in block buffer, was added to
each well and incubated for 30 min at 37 C. Plates
were washed three times with PBST, once for 10 min
with block buffer and three additional times with
PBST. Peroxidase-labeledgoat anti-chicken immunoglobulin G was diluted 1:50 in block buffer and
75 Il was added to each well. Plates were incubated
for 30 min at 37 C, then plates were washed three
times with PBST, once with block buffer, and three
additionaltimes with PBST.ABTS (2,2'-azino-bis(3ethylbenzthiazoline-6-sulfonicacid) substrate(Kirkegaardand PerryLaboratories,Inc.), 100 Il, was added to each well; color developmentwas stopped after
15 min with 1% (w/v) SDS in water. Plates were
read on an ELISA reader (BT 2000 MicroKinetics
Reader;Fisher Scientific, Norcross, GA) at 405 nm.
Data analysis. ELISA data are presented as the
sample absorbancevalues minus the negativecontrol
absorbancevalues;each data point is the mean of six
separateassays.Absorbanceof 0.1 was selectedas the
cutoff for a positive assay;this value is greaterthan
four standarddeviations above absorbancevalues for
negative control antisera.
IFAT. TCV antibody titers were determined for
each antiserum by an IFAT.Antigen for the IFAT
procedureconsisted of epithelialcells exfoliatedfrom
the bursaeof Fabriciusof experimentallyinfectedturkeys (10). TCV-infected epithelial cells were spotted
onto glass microscope slides, air-dried,and fixed in
cold (4 C) absolute acetone for 10 min. Twofold dilutions of antiserawere preparedin PBS starting at
a 1:20 dilution. Diluted antiserawere overlaidonto
cells and incubated at 37 C for 15 min. Slides were
washed brieflyin two changes of PBS, and cells were
overlaid with a 1:40 dilution of fluoresceinisothiocyanate-labeledrabbit anti-chickenimmunoglobulin
G (ICN Biomedicals, Inc., Costa Mesa, CA). Slides
were incubated at 37 C for 15 min, washed twice
with PBS, and examined by epifluorescence.
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Fig. 1. Western immunoblot of rBTCV/N. Proteins were separatedby SDS-PAGE and analyzedby immunoblotting. Lane 1, molecular weight markerexpressedin kilodaltons; lane 2, mock-infected SF-9 cell
supernatant;lane 3, wild-type baculovirus-infectedSF-9 cell supernatant;lane 4, rBTCV/N-infected SF-9
cell supernatant.Recombinantproteins are indicated by arrowheads:52 kD, 43 kD.

RESULTS
SDS-PAGE and western

immunoblot

analysis. SF-9 insect cells were infected with
rBTCV/N, and proteins expressed by rBTCV/
N-infected cells were identified by western immunoblot analysis (Fig. 1). Baculovirus-expressed proteins were detected with antiserum
specific for TCV (NC95). Recombinant proteins, 52 kD and 43 kD (Fig. 2, lane 4), were
identified. No proteins were observed in samples of mock-infected SF-9 cells or wild-type
baculovirus-infected SF-9 cells (Fig. 1, lanes 2
and 3). Additionally, no proteins were observed
when staining was performed with negative
control (nonimmune) chicken serum (data not
shown).
TCV and IBV proteins from preparations of
partially purified virus were electrophoretically
separated in parallel with rBTCV/N proteins
and detected by immunoblot analysis with antiserum specific for TCV (NC95) (Fig. 2). Recombinant p52 was comparable in molecular
mass to native TCV and IBV N proteins (Fig.
2). No proteins were observed when immunoblot analysis was performed with negative con-

trol (nonimmune) chicken serum (data not
shown).
ELISA. Baculovirus-expressedTCV N protein was used as antigen in an indirect ELISA.
Antisera preparedagainst TCV strains (NC95,
Minnesota), IBV strains (Connecticut, Massachusetts, Arkansas, JMK), and various other
avian viruses were analyzedby the ELISA (Table 1). The TCV N ELISAdetected antibodies
in all antisera preparedagainst TCV and IBV
strains. Samples were considered positive if
their absorbancewas >0.1. Absorbancevalues
for TCV and IBV antiserawere all >0.3. No
antibodies (absorbance<0.1) were detected in
antisera preparedagainst avian reovirus, avian
influenzavirus, avian adenovirus 1, avian paramyxovirus3, Newcastle disease virus, and negative control serum.
ELISA titers were compared with titers determined by IFAT (Table 1). IFAT detected antibodies in antisera prepared against TCV
strains (NC95, Minnesota) and IBV strains
(Connecticut, Massachusetts,Arkansas,JMK).
Each IBV- or TCV-specificantiserumhad IFAT
titers -1:320. Antibodies specific for TCV
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Fig. 2. Western immuoblot of partiallypurified viral and rBTCV/N proteins. Proteinswere separatedby
SDS-PAGE and analyzedby immunoblotting. Lane 1, molecularweight markerexpressedin kilodaltons;lane
2, partiallypurified infectious bronchitisvirus; lane 3, partiallypurified turkey coronavirus;lane 4, rBTCV/
N-infected SF-9 cell supernatant.Recombinantproteins are indicatedby arrowheads:52 kD, 43 kD; location
of IBV and TCV N proteins is indicated by arrow.

were not detected in negative control serum or
antisera preparedagainst avian reovirus, avian
influenzavirus, avian adenovirus 1, avian paramyxovirus3, and Newcastle disease virus.
DISCUSSION

Baculovirus expression systems have been
used extensively to express large quantities of
proteins that are antigenicallysimilar to native
proteins. Baculovirus-expressed nucleocapsid
proteins have been used as antigens in ELISAbased assaysfor detection of antibodies specific
for measlesvirus, vesicularstomatitisvirus, and
Newcastle diseasevirus (1,8,12). In the present
study, TCV N gene was expressed in baculovirus and the antigenicity of the expressedprotein was evaluatedby an indirect ELISA.
The recombinant baculovirus containing
TCV N gene, rBTCV/N, produced two TCVspecific proteins (52 and 43 kD). The 52-kD
protein was comparable in molecular mass to

native TCV and IBV N proteins as determined
by coelectrophoresisof recombinantN protein
and virion proteins of IBV and TCV. The predicted molecular mass of the TCV N protein
was determined to be 45 kD on the basis of
sequence information (4); however, the size of
native TCV N protein was determinedby SDSPAGE and western immunoblot analysisin this
study to be approximately52 kD. Studies examining the structuralproteins of IBV have reported N proteins that rangefrom 51 to 54 kD
(6,25,26). The natureof the 43-kD protein has
not been determined; however, because this
protein is a product of rBTCV/N and reacts
specificallywith TCV-specificantibody,it likely
is a cleavage product of p52. A 1981 study,
which examined viral proteins of mouse hepatitis virus, demonstrated a precursor-product
relationshipbetween nucleocapsidproteins p56
and p50; it was determined in this study that
p50 was a cleavageproduct of p56 (7). A similar study, which examined viral proteins of
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Table 1. Absorbancevalues for antiserato TCV, IBV, and other avian viruses as determined by indirect
ELISAwith baculovirus-expressed
TCV N protein;comparisonwith indirectfluorescentantibody (IFA)titers.
Absorbance

Antiserum
TCV (NC95)
TCV (Minnesota)
TCV (Minnesota)
IBV (Massachusetts)
IBV (Connecticut)
IBV (Arkansas)
IBV (JMK)
Reovirus
Adenovirus 1
Paramyxovirus3
Avian influenzavirus
Newcastle diseasevirus
Negative serum

0.300
0.421
0.653
1.393
1.270
1.035
1.402
0.020
-0.005
0.008
0.026
0.043
0.016

IBV, reported polypeptides with molecular
weights of 42 and 40 kD, which appearedto
be degradation products of the nucleocapsid
protein p51 (25). Comparablefindings of proteolytic cleavage or degradationof the N proteins of paramyxoviruseshave also been reported (15,16).
The baculovirus-expressedN protein was
successfully used as antigen in an indirect
ELISA for detection of TCV-specific antibodies. The ELISA proceduredetected N proteinreactive antibodies in antiserapreparedagainst
TCV strains(NC95, Minnesota) as well as IBV
strains (Connecticut, Massachusetts,Arkansas,
JMK). Absorbance values for IBV-specificantisera (1.035-1.402) were substantiallygreater
than those for TCV-specific antisera (0.3000.653); however, this likely is due to different
immunization methods used to produce these
different antiseraand/or greaterantigenic mass
with IBV, a virus readily propagated to high
titer in vitro.PositiveIFATtiterscorrelatedwith
positive ELISA absorbances,but differencesin
IFAT titers for IBV- and TCV-specificantisera,
as observed with absorbancevalues, were not
apparent. This likely is attributableto the relative insensitivity of the IFAT procedurecompared with ELISA.
Recent antigenic and nucleotide sequence
analyseshave demonstratedthat TCV and IBV
are closely relatedviruses(3,4,11,24). Antigenic
analysesindicated that IBV and TCV were antigenically related on the basis of cross-immunofluorescentstudies with both polyclonal and
monoclonal antibodies (11). Subsequentstudies

IFA titer

0.021
0.115
0.082
0.108
0.109
+ 0.117
+ 0.124
+ 0.060
+ 0.019
+ 0.006
_ 0.048
+ 0.028
0.011

+
+
+
+

1:640
1:320
1:320
1:640
1:320
1:320
1:320
<1:20
<1:20
<1:20
<1:20
<1:20
<1:20

indicated that IBV and TCV were closely related on the basis of nucleotide sequence analyses of the integral membrane, N, and polymerasegenes (3,4,24). The findings of the present study, in which TCV N protein was shown
to specificallyreact with both IBV- and TCVspecific antibodies, provide additional evidence
supporting a close antigenic relationship between these viruses.
The detection of both IBV- and TCV-specific antibodies by the TCV N ELISA would
appearto be an obstacle to specific detection of
TCV infection in turkeys, in that the TCV N
ELISA would not discriminate between TCV
and IBV infection. However, on the basis of
our current understandingof the host range of
IBV, this is not an impediment becauseturkeys
are not susceptibleto this virus. IBV, like TCV
and other coronaviruses, has a limited host
range. Chickens and pheasants are the only
known natural hosts for IBV; experimentalattempts to infect a varietyof other avian species,
including turkeys, have not been successful
(9,23).
The findings of the present study indicate
that TCV N protein was successfully cloned
and expressedwith the baculovirussystem. The
baculovirus-expressed TCV N protein was
shown to be a suitable antigen for ELISA-based
detection of TCV-specific antibodies.
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