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INTRODUCTION 

Coronaviruses exhibit strong tissue tropisms and 
species specificities, and the molecular mechanisms for 
these tropisms are of considerable interest. For mouse 
hepatitis virus, strain A59 (MHV-A59), a solid phase assay 
was developed to detect binding of virions to plasma 
membranes from normal target tissues of susceptible mice 
(1). Using a virus overlay protein blot assay, MEV-A59 
was shown to bind specifically to a 100 to 110K protein 
from liver or intestine membranes of MEV-susceptible 
BALB/c mice. The specificity of virus binding was 
demonstrated by the observations that other enterotropic 
murine viruses did not bind to the same membrane protein 
and that MEV-A59 did not bind to any proteins from 
intestine or hepatocyte membranes from SJL/J mice, which 
are highly resistant to infection with MHV-A59 (2,3). 
Thus, SJL/J mice may be resistant to infection with MHV
A59 because the virus fails to bind to its normal target 
tissues, possibly because the virus-binding moiety is 
absent from the SJL/J plasma membranes. 

The present study was undertaken to determine whether 
the tissue tropism and species specificity of MEV are 
determined by the expression of the 110K protein which 
serves as the receptor for MHV-A59. 
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METHODS AND RESULTS 

Brush border membranes were purified from MHV
susceptible BALB/c mice as previously described (1), and 
membrane proteins were solubilized by treatment with NP40 
and deoxycholate. Glycoproteins were adsorbed to lectin
coated beads, solubilized with SDS, separated by SDS-PAGE 
and blotted to nitrocellulose. Binding of MHV-A59 virus 
to membrane glycoproteins was detected using the virus
overlay protein blot assay (1). Essentially all of the 
virus-binding activity of the 110K protein was recovered 
in the lectin-selected glycoprotein fraction (4). This 
experiment showed that the 110K receptor from BALB/c 
intestine was a glycoprotein. 

Removal of carbohydrates from membrane glycoproteins 
of either BALB/c membranes or affinity purified, 
radioiodinated receptor, w~th neuraminidase, 
endoglycosidase F, or endoglycosidase H reduced the 
apparent molecular weight of the receptor but failed to 
decrease its virus-binding activity. Treatment of BALB/c 
brush border membranes or purified receptor glycoprotein 
with protease, however, did reduce and, finally, eliminate 
virus-binding activity (R. K. Williams, et al., in 
preparation). These observations suggest that the virus
binding moiety of the 110K MHV receptor glycoprotein is a 
polypeptide and not a carbohydrate or oligosaccharide. 

Antibody directed against the 110K glycoprotein was 
developed by immunizing SJL/J mice with intestinal brush 
border membranes from BALB/c mice (K. V. Holmes, in 
preparation). Hybridomas producing monoclonal antibodies 
(MAbs) specific for the 110K glycoprotein were prepared. 
Several receptor-specific MAbs reacted in immunoblots with 
the 110K glycoprotein from BALB/c brush border membranes 
and with a 58K fragment isolated from these membranes (5). 
One blocking MAb, called CC1, reacted specifically by 
immunofluorescence with the intestinal brush border of 
BALB/c mice but failed to bind to brush borders of MHV
resistant SJL/J mice. Thus, the specificity of binding of 
the anti-receptor MAb CC1 to intestine membranes from 
different strains of mice was similar to binding of MHV
A59 virions to these membranes. 
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Pre-treatment of L2 or 17 CI 1 mouse fibroblast 
cultures with MAb CC1 prior to incubation with infectious 
virus prevented binding of MHV-A59 virions to the cells 
and prevented infection of the cultures. This MAb blocked 
infection of murine cell cultures with the following 
strains of MHV: MHV-A59 , MHV-1, MHV-3, MHV-S and MHV-JHM. 
Immunoblot assays showed that MAb CC1 recognized the MHV
A59 receptor glycoprotein from purified intestinal brush 
border membranes and hepatocyte plasma membranes from 
mouse strains which are fully or partially susceptible to 
infection with MHV, including BALB/c, C3H, C57BI/6, and 
A/J (6). 

The evidence supporting the hypothesis that the 100 
to 110K glycoprotein is a receptor for MHV-A59 is 



TABLE 1 

Evidence that the 110K Glycoprotein is a Receptor 

for Mouse Hepatitis Virus 

1. Virus binds specifically to the 110K 
glycoprotein in liver and intestine membranes 
of MHV-susceptible and semi-susceptible 
strains of mice. 

2. Virus-binding activity is not detectable in 
membrane glycoproteins of liver or intestine 
of SJL/J mice, which are highly resistant to 
infection with MHV-A59. 

3. Monoclonal anti-receptor antibody eel 
recognizes the glycoprotein in liver and 
intestinal brush border membranes of MHV
susceptible and semi-susceptible mouse 
strains. 

4. MAb eel fails to bind to liver or intestinal 
brush border membranes of MHV-resistant SJL/J 
mice. 

5. MAb eel binds to membranes of MHv-susceptible 
murine cell lines and blocks infection with 
several strains of MHV. 

summarized in Table 1. The blocking anti-receptor Mab eel 
was used for affinity purification of the receptor 
glycoprotein (5). Studies on the characteristics of the 
receptor are in progress. 

In order to determine whether the 100 to 110K 
glycoprotein serves as the only receptor for MHV-A59 on 
cells from different tissues of susceptible BALB/c mice, 
the binding of MAb eel to membranes from different tissues 
was studied. Radioiodinated eel bound best to membranes 
of large and small intestine and liver, and this binding 
was blocked by excess unlabelled eel but not by an excess 
of an irrelevant MAb of the same isotype. Binding of eel 
to membranes from other susceptible tissues of BALB/c 
mice, such as lung, spleen and brain, could not be 
detected by this method. Immunofluorescence of frozen 
sections proved to be a more sensitive way to detect 
binding of MAb eCl to membranes of different tissues, 
detecting the receptor in endothelial cells in tissues, 
such as brain, which had appeared negative by binding of 
radioiodinated Cel. However, even immunofluorescence did 
not detect the presence of the receptor antigen on glial 
or neuronal cells in the brain of BALB/c mice, a tissue 
which is known to be susceptible to infection with MHV (7; 
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Table 2 

Species Specificity of MHV-A59 Binding to 

Intestinal Brush Border Membranes 

Species of BBM MHV-A59 Binding 

Mouse (BALB/C) + 

Mouse (C57BI/6) + 

Mouse (C3H) + 

Mouse (SJL/J) 

Rat (wi star Furth) 

Dog 

Cat 

Pig 

Human 

MAb CC1 
Binding 
+ 

+ 

+ 

C. Gottfraind, in preparation). Therefore, experiments 
were done to evaluate whether CC1 could protect glial cell 
cultures from infection with MHV. Primary cultures of 
glial cells prepared from MHV-susceptible BALB/c mice or 
MHV-resistant SJL/J mice were pre-treated with anti
receptor MAb CC1 and then inoculated with MHV-A59. SJL/J 
glial cultures were resistant to infection with MHV-A59 
even in the absence of CC1, as judged by failure of viral 
antigens to develop in cultures inoculated with virus. 
BALB/c glial cells pre-treated with an irrelevant MAb 
supported the replication of MHV-A59, but virus infection 
was completely blocked by pre-treatment with anti-receptor 
MAb CC1. These results suggest that all of the tissues of 
the BALB/c mouse which are susceptible to infection with 
MHV-A59 express the 100 to 110K glycoprotein, and that 
this may be the only receptor for MHV-A59 on the membranes 
of these tissues. 

Many coronaviruses exhibit strong species 
specificity. For example, MHV naturally infects only 
mice, although experimental infection of some strains of 
rats at a young age has been demonstrated with MHV-JHM 
(8,9). The availability of the MHV-A59 binding 
determinant on intestinal brush border membranes isolated 
from different species was evaluated using the solid phase 
virus binding assay (6). The species selected for study 
were all natural hosts for either enteric or respiratory 
coronaviruses, and appropriate solid phase virus binding 
assays showed that coronaviruses native to each species 
did bind to the brush border membranes or other target 
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cell membranes of that species. Table 2 shows that 
binding of MHV-A59 to intestinal brush border membranes 
was detectable only on membranes from MHV-susceptible or 
semi-susceptible strains of mice, and not from other 
species. The specificity of virus binding correlated well 
with the specificity of binding of the blocking anti
receptor monoclonal antibody CC1 (Table 2). 

DISCUSSION 

Early studies on virus receptors were predicated upon 
the hypothesis that a single receptor moiety would be 
responsible for binding of one virus to a variety of host 
cells. More recently, it has become apparent that one 
virus may bind to either of several different molecules on 
the surfaces of different cell types in order to initiate 
infection (10,11,12). As new and sensitive assays for 
virus receptors are developed, increasing complexity of 
virus-cell interactions may become apparent. Our initial 
analysis of coronavirus receptors identified a 100 to 110K 
glycoprotein which permitted binding of MHV-A59 to 
membranes of enterocytes and hepatocytes from susceptible 
strains of mice (1). The isolation of an anti-receptor 
monoclonal antibody which can block virus infection led to 
more sensitive assays for the expression of the MHV
binding moiety on cell membranes. The data summarized in 
Table 1 strongly support the hypothesis that the 100 to 
110K glycoprotein is a biologically significant receptor 
for MHV-A59, both on cultured murine cells and in tissues 
of MHV-susceptible mice. Several different strains of MHV 
apparently share the same receptor determinant, since the 
same anti-receptor MAb can block infection of murine 
fibroblasts with each virus strain. Expression of the 
glycoprotein receptor on membranes from different murine 
tissues correlates with the tissue tropism of MHV-A59. 
The most sensitive assay for expression of the 
glycoprotein and its role in infection with MHV-A59 
appears to be blocking of virus infection by anti-receptor 
MAb CC1, which demonstrated that the glycoprotein was a 
functional receptor in cultured glial cells as well as 
fibroblasts. The data summarized in Table 2 suggest that 
the species specificity of MHV-A59 may be due to absence 
of the virus-binding moiety recognized by MAb CC1 from 
intestinal brush border membranes of other species. 
Whether the MHV-A59 receptor moiety is expressed on other 
tissues in these other species has not yet been 
determined. 

Two additional observations add to the complexity of 
the MHV receptor story. The first is the observation, 
presented in the accompanying paper (5), that SJL/J mice 
express on their intestinal brush border membranes a 
shorter, homologous glycoprotein which cross-reacts with 
antigens at the amino terminus of the MHV-A59 receptor 
glycoprotein from BALB/c mice, but which lacks the moiety 
or epitope(s) that permit attachment of virus or binding 
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a deletion or mutation in the glycoprotein which serves as 
an MHV-A59 receptor in BALB/C mice, rather than lacking 
the entire glycoprotein. The cellular function(s) of 
these murine membrane glycoproteins has not yet been 
determined. 

The second complicating factor arises from the 
discovery that some hemagglutinating coronaviruses 
including bovine coronavirus (BCV), human coronavirus HCV
OC43, and several strains of MHV express a membrane 
glycoprotein, E3 or HE, which has hemagglutinin and acetyl 
esterase activities (13,14,15). This permits virions to 
bind to cell membrane molecules containing 9 O-acetylated 
sialic acid, and to elute from these molecules, destroying 
their virus-binding activity. It is possible that the 
interaction of the viral HE glycoprotein with a 
carbohydrate on the cell surface can serve as an alternate 
way for coronaviruses to infect cells in vitro or in vivo. 
The strains of MHV which were used for our studies did not 
express the HE glycoprotein, so our results indicate that 
the 100 to 110K glycoprotein alone is sufficient to 
initiate infection of susceptible cultured cells or 
animals with these virus strains. When strains of MHV 
which express the HE glycoprotein are tested by the 
methods described here, it will be possible to evaluate 
the roles of the two alternative modes of virus-cell 
interactions in the initiation of MHV infection. 
Coronaviruses in serogroups I and III do not have the gene 
for the HE glycoprotein, and further analysis will be 
required to determine the nature of their host cell 
receptors. 
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