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INTRODUCTION 

Turkey enteric coronavirus (TCV) is one of the major causes of 
epidemic diarrhoea in turkey poults (1. 2). The morphological and 
physicochemical characteristics of TCV resemble those of other members 
of the family Coronaviridae (3. 4). However, little is known with 
respect to the molecular and antigenic structure of the TCV virion, due 
to difficulties in propagating TCV strains in tissue cultures and lack 
of highly specific immunological probes (I, 4). Field isolates can be 
propagated by oral inoculation and intestinal infections of young turkey 
poults, or by inoculation into embryonating turkey eggs (4, 5). TCV 
possesses a hemagglutinating (HA) activity which may be associated to 
short granular projections located near the base of the characteristic 
larger bulbous peplomers (6). Recently, we adapted TCV isolates in HRT-
18 cells, an established cell line derived from human rectum adenocar
cinoma (7). In these cells, TCV induces cytopathic changes, including 
polykaryocytosis, which depended on trypsin in the culture medium (8). 

We describe here the polypeptide structure of tissue culture
adapted TCV. We also begun to explore the antigenic features of the virus 
by producing monoclonal antibodies (MAbs) to its structural proteins. 

RESULTS 

Viral purification 

The prototype egg-adapted Minnesota strain (4) of TCV was obtained 
from Dr B.S. Pomeroy, College of Veterinary Medicine, St-Paul, Minn., 
USA. The virus was serially propagated on HRT-18 cells in the presence 
of 10 U/ml bovine trypsin (Grade X, Sigma). The extracellular virus was 
purified by isopyknic ultracentifugation on sucrose gradients (6). 

High yields of viral infectivity, ranging from loa to 1010 

TCID50/mL were recovered after less than 3 to 4 successive passages in 
HRT-18 cells. Maximal infectivity and HA activity, with rat erythrocy
tes, were recovered in sucrose-gradient fractions corresponding to a 
buoyant density of 1.18-1.20 g/ml. These fractions contained viral 
particles with a morphology consistent with that of coronaviruses, and 
possessed surface projections of two distinct sizes (Fig. 1). 
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An anti-TCV hyperimmune serum was obtained after immunization of 
rabbits with density gradient-purified egg-adapted Minnesota strain. The 
presence of anti-TCV antibodies was confirmed by lEM and HAl tests (6). 
and by the use of an indirect protein A-colloidal gold immunolabelling 
technique (PAG-lEM) (9). After incubation with antiserum. gold granules 
were usually located near to. or on. the tip of both types of surface 
projections (Fig. lb). Control experiments, where pre-immune serum was 
used or where the anti-TCV serum was omitted, showed that the viral 
particles in the test were specifically labelled. 

Structural polypeptides of TCV 

Analysis by SDS-PAGE under non-reducing conditions of purified 
[35S]methionine-Iabelled TCV revealed consistently four major and two 
minor polypeptide species (Fig. 2). The major components were estimated 
to possess Mr of l40K, lOOK, 52K, and 24K , while two minor components 
had Mr of 200K and l20K. Polypeptide 24K was resolved as a group of 2 to 
3 closely migrating bands. Labelling with [3H]glucosamine revealed that 
the 200K, l40K, lOOK, and 24K species were glycosylated. Under reducing 
conditions, the gp140 species decreased in intensity concomitant with the 
appearance of a new gp66 species in the gel. The gp140 was thus suggested 
to be a disulphide-linked dimer of two gp65-70 molecules. 
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Fig. 1. Morphology and polypeptide structure of TCV. (a) Negatively 
stained TCV particles with a double fringe of surface peplomers; 
(b) Protein A-gold immunolabelling of TCV after incubation with 
rabbit anti-TCV hyperimmune serum. Bars= 50 nm. 
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(c) Sucrose-gradient purified TCV labelled with either 
[35S]methionine (lanes 1 and 3) or [3H]glucosamine (lanes 2 and 
4) was electrophoresed after solubilization with sample buffer in 
the absence (lanes 1 and 2) or the presence (lanes 3 and 4) of 5% 
2-mercaptoethanol. Positions of molecular weight standards are 
shown on the left. 



Table 1. Characterization of monoclonal antibodies to TCV. 

No.of MAbs directed against Biological properties 

gp200/l00 gp140 p52 gp24 SN HAl IFA 

3 + + Cyto + Mb 
1 + Cyto +Mb 

5 + Cyto + Mb 
11 Cyto +Mb 

8 Cyto 
1 Perinuclear 

Characterization of TCV-specific MAbs 

For the production of anti-TCV MAbs, BALB/c mice were immunized 
either with purified whole virus or SDS-denaturated virus. Splenocytes 
from these mice were fused with SP2/0-Ag14, as described (9). Hybridoma 
supernates were screened against TCV virions in a solid phase ELISA (10) 
and subcloned twice by a limiting dilution method. Working preparations 
of antibodies were obtained by production of ascitic fluids in BALB/c 
mice primed with pristane. The polypeptide specificities of anti-TCV MAbs 
were determined by Western immunoblotting with purified virus or by 
immunoprecipitations with radiolabelled TCV-infected cell lysates, accor
ding to Laude et al. (11) and Deregt and Babiuk (12). SN, HAl, and lFA 
tests were done as previously described (8, 9). 

Twenty-nine hybridoma cell lines, producing MAbs directed to TCV 
were obtained (Table 1). Sixteen hybridomas produced MAbs that recogni
zed either gp200 or gp100, or both protein species. MAbs of 4 other 
hybridomas reacted only with gp140. In addition, 8 MAbs were specific to 
the major unglycosylated p52 protein, and only one hybridoma produced 
antibodies that reacted with gp24. MAbs directed against gp200/100 
immunoprecipitated TeV-induced intracellular proteins 200K, 170 to 180K, 
and polypeptide species between 90 and 120K, whereas, anti-gp140 MAbs 
immunoprecipitated a 130K polypeptide species, only (data not shown). 

Neutralization studies showed that eight anti-TCV MAbs had SN 
tit res between 80 and 10,240; three were specific to gp140, while the 
five others were specific to gp200/100 (Table 1). Only MAbs to gp140 
inhibited HA activity of Tev. MAbs of a given specificity also induced 
characteristic patterns of fluorescence. Anti-p52 Mabs gave a weak 
fluorescence that was evenly distributed in the cytoplasm of TCV
infected cells. With anti-gp24 MAb, the fluorescence appeared as fine 
granulation, essentially limited to the perinuclear area. With MAbs 
directed to gp200/100 and gp140, the fluorescence was diffuse throughout 
the cytoplasm, but appeared more intense around the nucleus. Both anti
gp200/100 and anti-gp140 MAbs induced a cell surface fluorescence. 

Location and biological properties of TCV structural proteins 

To determine the location on the TCV virion of the various proteins 
identified by SDS-PAGE, aliquots of purified virus were mock-digested or 
digested with 1 mg/ml of pronase, trypsin, a-chymotrypsin or brome1ain, 
repurified by isopycnic sedimentation, and analysed by EM and SDS-PAGE. 
Protease-treated Tev was tested also for residual HA activity (Table 2). 
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Virions treated with pronase lost their HA activity after 45 min, 
coincidentally with the disappearance of the high mol. wt. glycoproteins 
from the gel and loss of both types of surface projections. Incubation 
for 1 hour with eith~ trypsin or a-chymotrypsin did not alter the HA 
activity of TCV. However, complete or nearly complete dissappearance of 
the gp200 species from the gel was observed and the viral particles ap
parently lost the bulbous part of their large peplomers. Digestion of 
TCV with bromelain for two hours did not alter the HA activity of the 
virus, but caused the loss of the high mol.wt. glycoproteins, except 
gpI40 or gp66, when virus was electrophoresed under reducing conditions. 
This treatment also left the internal p52 protein intact, but reduced 
the amounts of gp24. Bromelain-treated viral particles progressively 
lost their large bulbous peplomers, but their small granular projections 
persisted even after a 3 hour-exposure period. 

Effects of glycosylation inhibitors on the synthesis of TCV glycoproteins 

Extracellular virions purified from the supernatant fluids of 
TCV-infected cells, cultivated in the presence of 0.5 to 1.0 ~g/ml of 
tunicamycin, lacked both infectivity and HA activity (Table 2). The 
extracellular viral particles were devoid of both types of surface pro
jections. By SDS-PAGE, high mol.wt. structural glycoproteins (gp200/IOO 
and gpI40) could no longer be detected with TM-treated virion. Further
more, the gp2l species was reduced to its unglycosylated form p20, and 
it was no lonber detectable by Western immunoblotting or immunopreci
pitation with polyclonal antiserum. Similar results were obtained by 
immunoprecipitation with TM-treated TCV-infected cells (13). 

Cultivation in the presence of sodium monensin (SM) at concentrations 
up to 2.5 ~M neither affected the virulence (cytopathogenicity) of the 
virus, nor changed the morphology of the extracellular progeny viral 
particles (data not shown). The virus enveloppe-glycoproteins, including 
gp24, could be immunoprecipitated from extracts of SM-treated TCV-infec
ted cells and strongly incorporated [3H]glucosamine (13). 

Table 2. Hemagglutinating activity and TCV polypeptides detected by 
Western immunoblotting after treatment with proteases and 
tunicamycin (TM). 

TCV Treatments 
polypeptides 
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Trypsin Chymotrypsin Pronase Bromelain TMe. 
1000~g/ml 1000~g/ml Img/ml 1. 3mg/m~ ~g/mi 

gpI80-200 
gpI40 ++ ++ ++ 
gpI20 + + 
gpiOO ++ ++ 
gp66 ++ ++ ++ 
p52 ++ ++ ++ ++ ++ 
gp24-26 ++ ++ +1- +/-
p20 ++ ++ ++ + + 

HA ++ ++ ++ 

TM was added to the culture medium of TCV-infected cells after the 
adsorption period and extracellular virus was harvested at 24 h p.i. 



Fig. 2 Protein A-gold immunolabelling of Tev by anti-TCV monoclonal 
antibodies (see legend in the text). 

Location of the antigenic determinants on the virion 

Distinct immunogold-Iabelling patterns of Tev particles were obtai
ned by MAbs (Fig. 2). With anti-p52 MAbs, no labelling of jntact virions 
was observed. However, gold granules were found near filamentous-Ijke 
structures (helicoidal nucleocapsid) which appeared to exit the damaged 
viral particles (Fig. 2b). With anti-gp200/100 MAbs, the gold granules 
were located near the tips of the large bulbous projections (Fig. 2d). 
Bromelain-treated viral particles were found to be labelled by anti
gp200/100 MAbs only on a few large projections still remaining on their 
enveloppe (Fig. 2c). With anti-gp140 MAbs, a specific labelling pattern 
could not be defined with certainty (data not shown). No labelling was 
obtained using pre-immune mouse serum (Fig. 2a). 

DISCUSSION 

The structural nature of the proteins resolved by SDS-PAGE of puri
fied virus was confirmed by Western immunoblotting and immunoprecipita
tion, using antiserum to the original egg-adapted virus. Furthermore, 29 
anti-TCV MAbs were characterized with respect to polypeptide specificity, 
capacity to neutralize virus, and ability to inhibit its HA activity. 

Four major viral protein species were identjfied and their location 
on the Tev virion was deduced from digestion studies with proteolytic en
zymes and by immunogold-Iabelling with MAbs. The Tev structural proteins 
consist of three glycoproteins of 180-200,000, 140,000 and 24,000 which 
were shown to correspond to the peplomer (E2 or S), hemagglutinin (E3) 
and matrix (El or M) proteins, and a predominant unglycosylated 52,000 
species that apparently represents the nucleocapsid (N) protein. A simi
lar polypeptide pattern has been described previously with virus purified 
from the intestinal contents of turkey embryos (7). 

453 



The largest V1r10n glycoproteins of TCV thus appear to differ fundamen
tally from the largest glycoproteins of the avian infectious bronchitis 
virus (IBV) (14, 15). The presence of additionnal short granular 
projections on the surface of the TCV virion, and a hemagglutinin 
glycoprotein that appeared as a dimer of two smaller 65-70,000 molecules, 
are features that have been described so far only for viruses belonging 
to the group of mammalian hemagglutinating coronaviruses (16, 17, 18). 
The observation that bromelain treatment removed all glycoproteins from 
the virion except gp140, and that only small granular projections were 
retained on the particles, further suggested gp140 and small granular 
projections to correspond to the virion hemagglutinin. 

In the presence of TH, non-infectious TCV virions lacking both types 
of surface peplomers were produced and released by infected cells. Bio
chemical data confirmed the absence of the high mol. wt. glycoproteins 
(gp200/100, gpI40/66) consistent with a glycosylation process that 
involves attachement of oligosaccharide side chains via N-glycosidic 
bonds to asparagine residues, as demonstrated for other coronaviruses 
(19, 20). The matrix protein of TCV is apparently glycosylated by a 
similar process. In this respect, TCV resembles the avian infectious 
bronchitis virus (14, 21), but differs from the mammalian coronaviruses 
MHV-A59 and BCV. The matrix glycoprotein of these mammalian coronaviruses 
undergoes O-linked glycosylation by a process which is resistant to TH, 
but sensitive to SM, and involves attachment of oligosaccharides to 
serine residues (18, 22, 23). The enveloppe glycoproteins of TCV, 
including the matrix protein, were normally synthesized in the presence 
of SM. As previously reported for IBV and MHV (14, 22, 23), EI appeared 
to be the only glycoprotein required for the formation of TCV virions, 
and its glycosylation is apparently not essential. 

Antigenic determinants located on both E2 and E3 reacted with 
MAbs involved in TCV neutralization, as previously described for bovine 
enteric coronavirus (12). Both hemagglutinin and peplomer glycoproteins 
also were expressed at the cell surface and may thus represent potential 
targets for specific antibody-dependent or cell-mediated cytotoxicity. 
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