Arch Virol (1988) 99: 173-186 Archives

Virology

_© by Springer-Verlag 1988

Identification of the structural proteins of turkey enteric coronavirus*

S. Dea and P. Tijssen

Centre de recherche en médecine comparée, Institut Armand-Frappier,
Université du Québec, Laval-des-Rapides, Québec, Canada

Accepted December 31, 1987

Summary. Coronaviruses in the intestinal contents of turkey poults from Quebec
flocks with outbreaks of enteritis were detected by electron microscopy. Five
isolates were serially propagated in embryonic turkey eggs by inoculation of
clarified intestinal contents into the amniotic cavity. Viral particles contained
in the intestinal contents of infected embryos were purified by differential and
isopycnic centrifugation in sucrose gradients. Intact virions present in fractions
of densities 1.18 to 1.20 g/ml were precipitated with trichloroacetic acid and the
protein content was analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. At least seven polypeptides with molecular weights ranging
from 27,000 to 180,000 were regularly detected after electrophoresis of SDS-
solubilized virions. Homologous rabbit antisera to turkey coronaviruses and
pooled sera from convalescent turkeys immunochemically stained five poly-
peptides of apparent molecular weights of 95,000, 72-75,000, 66,000, 52,000
and 27,000. A further polypeptide with a molecular weight of 140,000 appeared
in the absence of 2-mercaptoethanol and probably represents a dimer of the
66,000 polypeptide. One Quebec isolate differed from the Minnesota strain by
two of its polypeptides, but no antigenic variations could be demonstrated
amongst the various isolates either by immuno-electron microscopy, hemag-
glutination inhibition, or enzyme immuno assays on nitrocellulose.

Introduction

Transmissible enteritis of turkeys (bluecomb disease) is an acute, highly infec-
tious disease affecting turkeys of all ages, but especially poults. The principal
clinical signs are anorexia, watery droppings, marked dehydratation, weight
loss and, in extreme cases, mortality [26]. The lesions are limited to the intestinal
mucosa [1, 28].

In the early 1970’s, a virus, that possesses the typical morphology of members
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of the family Coronaviridae, was identified as the primary etiological agent [18,
24, 25]. No cross-reaction of this agent with other coronaviruses has been found
by immuno-electron microscopy [18, 27], but different isolates of the turkey
coronavirus (TCV) were shown to be antigenically identical or closely related
[27]. Attempts to adapt and propagate the Minnesota strain of TCV to different
cultures of primary chicken and turkey embryonic cells were unsuccessful, and
for this reason the candidate turkey enteric coronaviruses have not been ade-
quately characterized [13, 26]. The prototype strain has been maintained by
oral inoculation of one-day old poults or inoculation of embryonated turkey
or chicken eggs [13, 24].

More recently, coronavirus-like particles were incriminated in outbreaks of
diarrhea in turkey poults in Quebec, Canada [11]. This study was undertaken
in order to characterize the structural proteins of a few of these TCV isolates
that were serially propagated in turkey embryos.

Material and methods
Specimens

Pooled intestinal contents were obtained from diarrheic poults purchased in southern
Quebec, from three farms where repeated outbreaks of enteritis occured in the last two
years. A few specimens were also obtained from a breeding farm with recent problems of
severe enteritis affecting more than 30 per cent of poults aged between 2 to 3 weeks. The
specimens were homogenized in ten volumes 0f 0.05 M Tris-HCl buffer, pH 8.0, and clarified
by centrifugation at 5,000 X g for 30 minutes at 4°C. The supernatants were then passed
through Millipore membrane filters of 450 nm pore size and frozen at —70 °C until used.

The prototype Minnesota strain of TCV (Bluecomb agent) which had been serially
propagated in embryonated turkey eggs [13] was kindly provided by Dr. B. S. Pomeroy
(College of Veterinary Medicine, Univ. of Minnesota, St. Paul, MN).

Virus propagation and purification

Clarified clinical specimens were inoculated into the amniotic cavity of 22-t0-24-day-old
embryonated turkey eggs obtained from a source known to be free from the usual specific
pathogens of turkeys. After inoculation, the eggs were incubated at 37°C for 3 to 4 days.
Embryo intestines were then harvested and homogenized in ten volumes of TBS buffer
(50mM Tris, 150mM NaCl, pH7.5) using a Waring blender. The homogenates were
clarified by centrifugation at 10,000g for 20 minutes and supernatants were used for
subsequent inoculations and for the preparation of purified virus stocks.

For purification procedures, aliquots (80 ml) of virus preparations were ultracentrifuged
at 100,000 x g (Beckman, T30 rotor, Palo Alto, CA) for 3 to 4 hours at 4°C through 10—
15ml cushion of a 30 per cent (w/v) sucrose solution. The pellets obtained were then
resuspended in Sml of TBS and layered on top of a discontinuous gradient consisting of
3ml each of 20, 30, 40, 50, and 60 per cent (w/v) sucrose solutions. After an overnight
centrifugation at 100,000 x g (rotor SW27) at 4 °C, opalescent bands were collected, dialysed
overnight against TBS and recentrifuged at the same speed for 16 hours on a continuous
20 to 55 per cent {w/v) sucrose gradient. Fractions were collected and their optical density
at 280 nm and buoyvant density were determined.

Samples from both clarified clinical specimens and fractions from sucrose gradients
were negatively stained with 2% sodium phosphotungstate acid, pH 7.0, and examined by
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EM, as described previously [9]. Hemagglutinating (HA) activity was also used to monitor
the presence of viral particles in fractions of the sucrose gradients. The assay was done
using U-type microplates and rabbit or rat erythrocytes as mentioned in a previous report

[1].

Antisera production

Sucrose gradient fractions containing the highest concentration of purified TCV, as de-
termined by EM, optical density and HA, were used as inoculum. On day one, TCV-
negative rabbits received a mixture of 0.5ml of purified viral antigen (400 ug protein, as
determined by the method of Bradford [5]) and 0.5ml of complete Freund’s adjuvant
(Difco, Detroit, MI) intradermally at multiple sites (50 pul per site). On day 10, they were
reinjected intraperitoneally with a mixture of 0.5ml of antigen and 0.5ml of incomplete
Freund’s adjuvant. The animals were bled weekly to determine the presence of specific
hemagglutination inhibiting (HI) antibody titers [11]. The antisera were then inactivated
at 56°C for 30 minutes and stored at —20°C until used.

In order to eliminate unwanted non-specific antibodies, 1 g of egg ovalbumin (Sigma)
or 1 g of normal egg homogenates was added to each 10 ml of antisera, mixed with a vortex,
and incubated at 4 °C overnight. The precipitate was eliminated by centrifugationat 5,000 x g
for 30 min. The treated antisera were shown to be free of reactivity with normal egg
homogenates by CIE [9].

Immunoelectron microscopy

Virus fractions used for immunization and intestinal contents collected from healthy and
sick poults were evaluated for the presence of TCV. Fifty pl from clarified samples were
mixed with an equal volume of specific antiserum (diluted 1/10 in PBS) and incubated
1 hour at room temperature. A drop was then deposited on a carbon formvar-coated grid
and processed as previously described [10]. Control grids were prepared using a pre-im-
munization serum sample.

Dot immunobinding assay

Viral antigen suspensions prepared as described above were diluted 1: 20 in TBS and applied
as spots onto a Biodyne transfer membrane (1.2 pm pore size, Pall Ultrafine Filtration
Corp., Glen Cove, NY) using a Bio-Dot microfiltration apparatus (Bio-Rad Laboratories,
Richmond, CA). The membrane was then satured in blocking buffer (TBS containing 2
per cent skimmed mild and 1 per cent polyvinyl pyrrolidone (PVP 40, Sigma), washed twice
in TBS and probed with twofold (1:100 to 1:6,400) dilutions of antisera prepared in the
blocking buffer. The membrane was subsequently washed 3 times in TBS and incubated
with peroxidase-conjugated anti-rabbit IgG antibody (Boehringer Mannheim Biochemicals)
as described by Hawkes et al. [15]. Peroxidase was detected with 4-chloro-naphthol (Sigma)
and H;O,.

Electrophoresis of viral proteins

Purified virus preparations were precipitated by adding 10 per cent trichloroacetic acid
(Sigma) and sedimented by centrifugation at 5,000 x ¢ for 30 minutes. The virus pellets
were then washed twice with cold acetone, solubilized by adding 100 pl of sample buffer
(62.5mM Tris-HCI, pH 6.9, 1 per cent sodium dodecyl sulfate (SDS), 10 per cent glycerol
and 0.001 per cent bromophenol blue) containing 0, 2, or 5 per cent 2-mercaptoethanol,
and incubated for 2 minutes at 95 °C. SDS-polyacryvlamide gel elctrophoresis (SDS-PAGE)
was then carried-out using the discontinuous buffer system described by Laemmli [19].
Stacking and resolving gels consisted, respectively, of 3 per cent acrylamide (0.08 per cent
bis-acrylamide) and 10 per cent acrylamide (0.27 per cent bis-acrylamide). Electrophoresis
was carried-out at 125V for 5 to 6 hours, or overnight at 50 V. Polypeptide bands were
revealed by staining the gels with Coomassie brillant blue G-250 [19].
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Western blotting

Replicas were prepared by electrophoretic transfer of proteins separated by SDS-PAGE
to nitrocellulose sheets (0.45 um pore size, Schleicher and Schuell, Keene, NH) using a
Trans-Blot cell (Bio-Rad Laboratories, Richmond, CA). Blotting was performed at 50V
for 3 hours in buffer consisting of 25mM Tris-190 mM glycine (pH 8.3) and 20 per cent
(v/v) methanol. Nitrocellulose sheets were then immersed for 60 minutes at room temper-
ature in a blocking buffer (TBS+ 1% BSA) and then incubated overnight at 4°C in a 200-
fold dilution of rabbit hyperimmune sera prepared in the same buffer. The nitrocellulose
sheets were subsequently washed 3 times for 10 minutes in TBS with 0.05% (v/v) Tween
20, and bound antibodies were detected by incubation with 37 KBq of '**I-labeled-protein
A (New England Nuclear, Specific activity 37-185 MBqg/mg) prepared in the blocking
buffer for 2 hours at room temperature. The sheets were again washed, dried at room
temperature and autoradiographed on Kodak X-OMAT film for 24-48 hours at —70°C
with the aid of an intensifying screen.

Results

Coronavirus-like particles (Fig.1A) were observed by EM in the intestinal
contents of diarrheic poults. The virions appeared as enveloped particles that
were moderately pleomorphic, but mostly spherical in shape, with a diameter
ranging between 48 to 230nm. Most particles were centrally depressed and
surrounded by a fringe of well-defined and regularly spaced petal-shaped pro-
jections, 12 to 17nm in length. A second fringe of small granular projections
situated at the base of the largest bulbous projections could also be demonstrated
on few viral particles (Fig. 1 B and C).

Five isolates were serially propagated in embryonic turkey eggs by inocu-
lation of clarified intestinal contents into the amniotic cavity. After three days
of incubation, the contents of the duodenum, jejunum and ceca of the embryos
were watery and gaseous. The ceca were markedly distended and filled with
watery, greenish contents. There were generally very few deaths. Sucrose density
gradient centrifugation of the material collected from the intestine of infected
embryos yielded two opalescent bands and three absorbance peaks (Fig. 2). The
predominant peak was found at densities of 1.18-1.20 g/ml. Aliquots from these
fractions were shown to contain numerous intact virions and maximal HA
activity (titers ranging from 1:512 to 1:2048 with rat erythrocytes). The other
fractions contained only damaged particles and showed little HA activity. The
short granular projections were more distinctive in particles which lost the typical
club-shaped corona (Fig. 3A). Generally, this purification procedure allowed
us to prepare approximately 100 to 200 pg of viral material starting from the
intestinal contents of 10 turkey embryos. According to EM, the resulting purified
viral preparation contained approximately 107 viral particles per pg of protein.

Rabbit hyperimmune serum produced against the Minnesota strain was
shown to inhibit the HA activity of the homologous virus; the antiserum had
an HI titer of 512-1024. HI titers of pre-immune serum were below the detectable
level. When aliquots of diluted hyperimmune serum were reacted with the
material used for immunization, aggregates were observed by IEM (Fig. 3B).
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Fig. 1. A Transmission electron micrograph of coronavirus particles present in the intestinal

contents of diarrheic poults. B A double fringe of surface projections was demonstrated

on a few viral particles. C The short granular projections (arrow) were more distinctive on
particles which lost the typical club-shaped corona. Bar= 100 nm

Similar aggregates were observed by reacting the immune serum with clarified
intestinal contents of embryos inoculated with the four Quebec isolates. No
aggregates were obtained using intestinal contents of mock-infected embryos
with antisera or using positive intestinal contents incubated with the pre-immune
sera. Specific antibodies could also be revealed by the dot immunobinding assay.
Titers from 1:1,600 to 1:12,800 were determined for each of the antisera when
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Fig. 2. Isopycnic purification of the egg-adapted Minnesota strain of turkey coronavirus
in a sucrose gradient. Fractions were collected and their optical density at 280 nm was
determined. The buoyant density values were obtained from the refractive index

tested against the homologous and/or heterologous TCV strains (Fig. 4). Ob-
vious differences among these TCV isolates were not detected by these assays.

With the purified virus of the egg-adapted Minnesota strain, although nu-
merous bands could be demonstrated by SDS-PAGE of the material present
in sucrose gradient fractions corresponding to a buoyant density of 1.18-1.20 g/
ml, at least seven were reproducibly obtained. Further, only the latter poly-
peptides were still detectable after SDS-PAGE of the tenfold dilution of the
original viral material (Fig. SA). The approximate molecular weights of the
virion polypeptides were determined by comparing their electrophoretic mo-
bilities with those of commercial available standards (Bio-Rad Lab., Richmond,
CA) in 8.0, 10.0 or 12.0% polyacrylamide slab gels (data not shown). In the
absence of 2-mercaptoethanol (2-ME), five of these major polypeptides appeared
as single bands corresponding to molecular weights of 140,000, 95,000, 72—
75,000, 34-38,000, and 24-26,000 (Fig.5A). The addition of 2 per cent 2-ME
in the disruption buffer caused the partial disappearance of the 140,000 band
and an increase of the amount of a polypeptide migrating at 66,000 (Fig. 5B,
track 6). A group of three to four closely migrating bands with mol. wt. between
48,000 and 56,000 were usually observed under these conditions, but a band
corresponding to a mol. wt. of 52,000 was more predominant. Occasionaly, a
polypeptide with a mol. wt. of 170,000 to 180,000 could be resolved with some
preparations, but it generally remained stacked on top of the resolving gel. The
patterns of polypeptide migration obtained with the four Quebec isolates were
indistinguishable from that of the Minnesota strain (Fig. 5B).

After Western-blotting of the reduced proteins of the different TCV strains,
five of the polypeptides shown in Fig. 5 were detectable with the homologous
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Fig. 3. A Electron micrograph of viral particles observed in sucrose gradient fractions of

density 1.18 to 1.20 g/ml. B Immune aggregates observed by IEM following reaction of an

aliquot of diluted rabbit hyperimmune serum with the viral fraction used for immunization.
Bar=100nm

antisera (Fig. 6A). In presence of 5 per cent 2-ME, the polypeptide with a mol.
wt. of 140,000 could not be detected by the antisera, but a strong reaction was
obtained with the polypeptide with mol. wt. of 66,000. This suggested a possible
dimer-monomer relation between these two polypeptides. However, following
incubation with the heterologous antisera, differences could be detected among
the various isolates at least for the structural polypeptides of molecular weights
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Fig. 4. Dot immunodotting analysis of rabbit hyperimmune sera produced against various
isolates of TCV. Aliquot of viral antigen suspensions (200 ul) were applied as spots onto
a Biodyne transfer membrane and probed with two fold (1:100 to 1:6,400) dilutions of
antisera prepared in the blocking buffer, as described in the text. 4 Viral antigen + pre-
immunization serum; B, C viral antigen prepared from Quebec isolate 84-2303 + immune
sera produced against Quebec isolate 84-2303 (B) or Minnesota isolate (C); D, E viral
antigen prepared from Quebec isolate 84-2204 + immune serum prepared against the
Minnesota isolate (D) or Quebec isolate 84-2204 (E); F, G viral antigen prepared from the
Minnesota isolate + immune sera produced against Quebec isolates 84-2303 (F) or 84—
2204 (G). No viral antigen was spotted on the first vertical lane serum control

74,000 and 66,000. The antiserum produced against the Minnesota strain per-
mitted the detection of only 3 of the structural polypeptides of the Quebec
isolate 84-2303. The 74,000 protein was only weakly revealed, while the 66,000
protein was not detected. Similar results were obtained using pooled sera from
convalescent turkeys but the 52,000 protein was more intensively revealed than
with the rabbit antisera (Fig. 6B).

Discussion

Coronaviruses were isolated from the intestinal contents of diarrheic turkey
poults and serially propagated in embryonated turkey eggs inoculated via the
amniotic route. Although there were generally very few deaths, microscopic
changes observed at the level of the intestinal tract were sufficiently evident to
confirm diagnosis of transmissible enteritis or bluecomb disease [13, 28]. The
method used for virus purification and concentration from in vivo samples
resulted in preparations containing sufficient amounts of well-preserved viral
particles. The degree of virus purity was monitored by density determination,
electron microscopic analysis and hemagglutination. The virions banded at a
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Fig. 5. SDS-PAGE analysis of TCV polypeptides. A PAGE profile of the Minnesota strain

of TCV. Purified viral preparations were electrophoresed in 10 per cent gel under non-

reducing conditions. 2, 3 Each well was loaded with 100 pg and 10pug of viral proteins,

respectively. B Polypeptide profiles of various isolates of TCV. The specimens were clec-

trophoresed in the presence of 2 per cent 2-mercaptocthanol. Similar profiles were obtained

for the Quebec isolates 84-2303 (5) and 84-2204 (7), and the Minnesota strain (6) of TCV.
1, 4 Standard molecular weight proteins

buoyant density of 1.18-1.20 g/ml in sucrose gradients, similar to reports for
other animal coronaviruses [31].

Specific antisera were prepared in rabbits against the American prototype
strain of TCV and three Quebec isolates. These isolates could not be differ-
entiated either by IEM, HI, or enzyme immuno-assay on nitrocellulose. These
results suggested the antigenic stability of the major antigenic determinants of
the turkey enteric coronavirus isolates, in agreement with reports by Pomeroy
et al. [27].

Reports on the structural proteins of coronaviruses agree on the presence
of four to six structural proteins that can usually be grouped into three major
size classes [31, 34]. A predominant non-glycosylated protein with a molecular
weight of approximately 50,000 represents the nucleoprotein, and a glycoprotein
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Fig. 6. Analysis of structural proteins of TCV isolates by Western immunoblotting. Purified

viral preparations were electrophoresed in the presence of 5 per cent 2-ME. The proteins

were transfered to nitrocellulose membrane and incubated with specific antiserum produced

against the Minnesota strain (A) or pooled sera from convalescence turkey (B). Immunoblots

were revealed by autoradiography after incubation with '*’I-protein A, as described in the

text. 1, 6 Quebec isolate 8§4-2303; 2, 8§ Quebec isolate 85-2459; 3, 7 Minnesota strain;
4 Quebec isolate 84-403; 5, 9 Quebec isolate 842204

with an approximate mol. wt. of 30,000 associated with the envelope, is known
as the matrix protein. The last class of coronavirion proteins is represented by
glycoproteins of molecular weights ranging from 80,000 to 200,000 that form
the characteristic surface projections [31, 32]. However, all coronavirus species
appear to contain a highly variable number of additional polypeptides as dem-
onstrated in cases of MHV and IBV [3, 4, 32]. This makes it very difficult to
compare the different coronavirus species with regard to their structural pro-
teins. Many of these apparent variations in chemical composition may be due
to different methods used for virus cultivation and purification, or different
procedures used for protein-analysis.

In the present studies, we also reported the partial characterization of the



Turkey enteric coronavirus proteins 183

structural polypeptides of the egg-adapted TCV strains. The preparation of
“pure virus” and low quantity of material obtained at the end of the purification
procedure, assignment of minor polypeptides, and contamination by host pro-
teins raised difficulties in the analysis of the TCV polypeptide patterns. Similar
problems were also mentioned for egg-adapted IBV strains [3, 21], and enteric
coronaviruses of other species that were purified directly from fecal samples [2,
12, 14]. The polypeptide patterns shown by various TCV isolates when grown,
purified and analysed under identical conditions were quite similar. At least 7
polypeptides with estimated mol. weights of 180,000, 140,000, 95,000, 72-75,000,
66,000, 52,000, and 24-26,000, were reproducibly detected after SDS-PAGE of
the purified viral preparations. The immunoblotting analysis, using specific
rabbit antisera that have been previously adsorbed against normal egg ho-
mogenates to eliminate unwanted antibodies, was considered for the final iden-
tification of the structural viral polypeptides. The polypeptide patterns obtained
with the various TCV isolates correlated with the general polypeptide profiles
of coronaviruses [31, 34].

Although the glycoproteins were not identified per se in this study, the aspect
of the migration patterns obtained in 8, 10, and 12% polyacrylamide gels
(variations in the electrophoretic mobility) suggested that at least the polypep-
tides with molecular weights of 180,000, 140,000, 90,000, and 74,000 were
glycosylated [29]. These polypeptides appear to be equivalent to the largest
glycoproteins described for other coronaviruses, and may represent the
peplomeric proteins in accordance with the findings of others investigators [31,
32, 33]. Nevertheless, the largest glycoproteins of TCV appear to differ fun-
damentally from those of the well-characterized MHV and IBV viruses. Whereas
the largest peplomeric glycoproteins of these two viruses are not changed by
the action of reducing agents such as 2-mercaptoethanol [4, 32, 33, 38], the
140,000 mol. wt.-protein of TCV appeared to be reduced to a presumptive
66,000 subunit. Interestingly, a similar 140,000 mol. wt. glycoprotein, a disulfide-
linked dimer, was described for three other hemagglutinating coronaviruses,
namely the porcine hemagglutinating encephalomyelitis virus (HEV), the bovine
enteric coronavirus (BCV) and the coronavirus DVIM of mice [6, 16, 35]. It
has been suggested that this polypeptide may represent the hemagglutinin of
these viruses which is probably located on granular projections situated at the
base of the typical club-shaped corona of the virions [17, 35]. Our observation
by electron microscopy of two different types of surface projections on a few
TCYV particles also agree with the morphological features reported for the three
above hemagglutinating coronaviruses and the model proposed by King and
Brian [16]. The presence of a double fringe of surface projections has not been
described for IBV, although the virus possesses an hemagglutinating activity
[34, 38]. The 180,000 and 95,000 molecular weight-proteins of TCV apparently
correspond to other peplomeric glycoproteins described for coronaviruses, in-
cluding IBV, TGE, HEV, and DVIM viruses [6, 22, 35, 38, 39]. By analogy
with these other coronaviruses, the 52,000 and 26,000 molecular weight-poly-
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peptides probably represent the nucleoprotein and the glycosylated matrix pro-
tein, respectively [31]. A protein of 76,000 molecular weight has also been
demonstrated for the rabbit enteric coronavirus [12], the HEV virus [6] and the
IBV virus [7]. The exact nature of this protein is still unkown but it has been
suspected to be a degradation product of the peplomers [6, 7].

Cross-reaction study by Western blotting revealed that possible antigenic
variants of the Bluecomb coronavirus may exist. These variants may differ by
few epitopes localized on the peplomeric proteins and possibly on the hem-
agglutin subunit of 66,000 mol. weight. In general, primary and secondary
structure epitopes are less affected by denaturation than tertiary or quaternary
structure epitopes and thus, more likely to be recognized by antibodies in
immunoblotting techniques [12]. Antibody binding to such conformation-de-
pendent structures thus requires preservation of the native structure of the
protein, which can be often achieved with the non-ionic detergent NP-40 [36].
Other reasons for the weak detection of the smallest polypeptide (mol.wt. 26,000)
possibly include a relatively high degree of proteolysis in clinical specimens, or
low immunogenicity (or low accessibility) of determinants. Production of mono-
clonal antibodies directed against defined epitopes of viral proteins and oli-
gonucleotide finger printing of ribonucleic acids of different strains have been
shown valuable tools to understand the antigenic diversity in cases of IBV and
MHYV viruses [8, 20, 22, 23, 37]. Such studies are presently in progress in order
to establish the meaning of the differences observed amongst the Quebec TCV
isolates.
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