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ABSTRACT 

3 

The pathogenesis of enterotropic murine coronavirus strain MHV-Y differs exten
sively from that of prototypic respiratory strains of murine coronaviruses. The S protein of 
MHV-Y was characterized as a first step towards identifying viral determinants of enterotro
pismo Immunoblots of MHV-Y virions using anti-S protein specific antiserum revealed that 
the MHV-Y S protein was inefficiently cleaved. The MHV-Y S gene was cloned and 
sequenced. It encodes a protein predicted to be 1361 amino acids long. The presence of 
several amino acids changes within and surrounding the predicted cleavage site of the 
MHV-Y S protein may contribute to its inefficient cleavage. 

INTRODUCTION 

Mouse hepatitis virus (MHV), a singular name for several murine coronaviruses, causes 
a wide spectrum of diseases ranging from mild enteritis or rhinitis to fatal hepatitis or 
encephalitis. MHV strains can be divided into two biotypes, respiratory and enterotropic, on 
the basis of their initial site of replication. Following oronasal inoculation, respiratory MHV 
strains initiate replication in the upper respiratory tract and then disseminate to multiple organs 
if the mouse is sufficiently susceptible due to age, genotype or immune status l ,2. On the other 
hand, replication of enterotropic MHV strains, such as MHV-Y, is largely restricted to the 
intestinal mucosa, with minimal or no dissemination to other organs3,4. All ages and genotypes 
of mice are susceptible to infection with enterotropic MHV-Y but only young mice develop 
disease in the form of enteritis3.4, Unlike respiratory MHV strains in which viral titers mirror 
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the severity oflesions, the titers ofMHV-Y produced in the intestines do not reflect the level of 
lesion fonnationI.4. 

The molecular basis of MHV pathogenesis has been studied extensively for 
respiratory MHV strains such as MHV-4/JHM and MHV-A59. Although the molecular 
mechanisms of tissue tropism are still not clear, several studies have shown an important 
role for the MHV S protein in virulence and tissue tropism2. The S glycoprotein is 
synthesized as an 170-200 kD glycoprotein which is cleaved by trypsin-like host proteases 
into two 90 kD subunits. Cleavage is dependent on the virus strain and host cell type in 
which virus was grown. The S protein forms the characteristic viral peplomers and is 
believed to be responsible for the initiation and spread of infection, by mediating attach
ment of the virus to cell surface receptors and by inducing cell-cell fusion. The S protein 
also elicits neutralizing antibodies and cellular immune responses2. Variant viruses which 
possess mutations or deletions in the S protein have altered target cell specificity, rates 
of spread or virulenceS-II. In contrast to respiratory MHV strains, the viral factors which 
determine the tropisms of enterotropic MHV strains have not been identified. The S 
protein of MHV-Y was characterized molecularly as a first step in determining the role 
of the S protein in the restricted tissue tropism of MHV-Y. 

MATERIALS AND METHODS 

Viruses and Cells 

MHV-Y was originally isolated in NCTC 1469 cells from the intestine of a naturally 
infected infant mouse with acute typhlocolitis I2 . MHV-A59 was obtained from American 
Type Culture Collection. Virus stocks used in these studies were generated in J774A.l cells. 
J774A.l cells were obtained from American Type Culture Collection and maintained in 
RPMI medium 1640 supplemented with 10% fetal bovine serum. 

Immunoblotting 

Purified virion proteins were separated on 8% SDS-PAGE gels, electroblotted to 
nitrocellulose sheets and were probed with mono specific polyclonal goat antiserum to the S 
protein of MHV-A59 (gift of K. Holmes). Bound antibody was detected with peroxidase
conjugated Staphylococcal protein A and chemiluminescent reagents. 

eDNA Cloning 

Virion purified from MHV-Y infected J774A.1 supernatants were diluted in buffer 
containing RNasin and RNA was purified by SDS/Proteinase K treatment, phenol-chloro
fonn extraction and ethanol precipitation. Virion RNA was reverse transcribed and PCR-am
plified using the GeneAmp RNA PCR kit (Perkin Elmer) according to the manufacturers 
instructions. The MHV-Y S gene was PCR amplified in three overlapping fragments. Primer 
sets used to amplify the 5' and 3' end of the S gene were designed on the basis of the published 
S gene sequences of MHV-A59 and MHV-JHM and primer set used to amplify the central 
portion of the S gene was designed on the basis of sequences detennined from clones of the 
5' and 3' ends of the MHV-Y S gene 13, 14. The PCR products were cloned into the pCR ™n 
cloning vector using the TA cloning kit (Invitrogen). 
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DNA Sequencing 

The sequence of the MHV-Y S gene was determined in both directions from double 
stranded plasmid DNA. To exclude sequence errors based on misincorporation by the Taq 
polymerase, multiple clones from different RT-PCR reactions were sequenced and the 
consistency of the sequence was confirmed in at least 3 clones. Sequence comparisons were 
performed with the aid of the Translate, Gap, Bestfit, Pileup, Pretty and Peptidestructure 
programs in the Genetic Computer Group Sequence Analysis Software Package. Glycosy
lation sites were defined by the motifNXT or NXS where X does not equal P. 

RESUL TS AND DISCUSSION 

As a first step in the characterization of the MHV-Y S protein, an immunoblot of 
proteins from MHV-Y virions grown in J774A.I cells was performed using monospecific 
polyclonal antiserum specific for the S protein (Figure I). The immunoblot showed negli
gible amounts of cleaved MHV-Y S protein subunits. A low to undetectable level of cleavage 
of the MHV-Y S protein was also seen in purified MHV-Y virions treated with trypsin, cell 
lysates from MHV-Y infected J774A.l cells and homogenates of MHV-Y infected infant 
mouse intestines. 

Given the lack of efficient cleavage of the MHV-Y S protein, we wanted to determine 
whether a functional cleavage site existed in the MHV-Y S protein. The entire MHV-Y S 
gene was cloned in three overlapping fragments and clones were characterized by restriction 
enzyme mapping. Cleavage patterns for the MHV-Y clones differed substantially from those 
predicted from MHV-A59 and MHV-4/JHM S sequences, so the entire MHV-Y S gene was 
sequenced 13-15. 

Figure 1. Immunoblots of MHV-AS9 and MHV-Y virions. Virion proteins were 
separated on an 8% SDS-PAGE gel (Lanes: 1, MHV-AS9 virions; 2, MHV-Y virions) 
and were probed with mono specific polyc1onal goat antiserum to the S protein of 
MHV-AS9. Bound antibody was detected with peroxidase-conjugated Staphylococ
cal protein A and chemiluminescent reagents. Positions of prestamed protein mark
ers are indicated on the margin. 
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Table 1. Summary of S gene characteristics 

MHV-4 MHV-A59 MHV-Y 

Nucleotides 4128 3972 4083 
Amino acids-total 1376 1324 1361 

-SI 769 717 757 
-S2 607 607 604 

Pot. N-glycos. sites 22 21 22 
Cleavage site dysksRRARRIS dysksRRAHRIS nysttHRARRIS 

The predicted MHV-Y S protein is 1361 amino acids long, 15 amino acid shorter than 
the MHV-4 S protein (Table 1). The 12 amino acids deleted in the S 1 subunit of MHV-Y S 
protein were localized in 3 separate sites (amino acids 492, 515-522 and 574-576) within 
the region deleted in the MHV-JHM S protein l4 • The 3 amino acid deletion (amino acids 
911-913) in the S2 subunit of the MHV-Y S protein is the first reported deletion in the S2 
subunit of any MHV strain, though this deletion lies within a 7 amino acid region deleted 
from the S proteins of bovine coronaviruses and human coronavirus strain OC43 16-18. Even 
though the S2 deletion maps to the region of the binding sites of monoclonal antibodies 
5B 19.2 and 5B 170.3, both antibodies were capable of neutralizing MHV-Y infectivity in 
J774A.1 cells I9.20. All four deletions found in the tissue culture-derived MHV-Y stocks were 
confirmed in cDNAciones derived from intestinal virus stocks ofMHV-Y. 

The nucleotide and amino acid sequence identities between MHV-Y and either 
MHV-4 or MHV-A59 (approximately 81 % and 84% respectively) were lower than between 
MHV-4 and MHV-A59 (89% and 92% respectively). The MHV-Y S protein has 22 predicted 
glycosylation sites (Table I), the same number predicted for the MHV-4 S protein, but the 
positions of only 20 predicted glycosylation sites for the MHV-Y S protein were con
served I4,15. The predicted glycosylation sites at amino acids 582 and 709 of MHV-4 were 
absent from the MHV-Y S protein and were replaced by predicted glycosylation sites at 
amino acids 575 and 756 of the MHV-Y S protein. The N-terminal signal peptide located at 
amino acids I to 17 in the MHV-Y S protein was conserved relative to that of the MHV-4 S 
protein 14, 15. The hydrophobic membrane anchor sequence located at amino acids amino acids 
1307 to 1322 of the MHV-Y S protein was also conserved. The KWPWYVWL motiffound 
in all coronavirus S proteins was present in the MHV-Y S protein between amino acids 1299 
and 130617. 

The sequence adjacent to and including the cleavage signal sequence for the MHV-Y 
S protein (Table 1), differs from the sequence present in other MHV S proteins in several 
waysI3-15. First, the MHV-Y S protein cleavage signal sequence differs from the consensus 
cleavage signal by the replacement of an arginine with a histidine (HRARR instead of 
RRARR). The presence of a histidine in this particular position within the cleavage signal 
sequence may alter interactions between the MHV-Y S protein and the active site of cellular 
proteases resulting in negligible MHV-Y S protein cleavage. Alternatively, the MHV-Y S 
protein signal cleavage signal (HRARR) may be functional but because of other changes in 
the region, this signal is not accessible to proteases. The KS to TT change at positions -6 and 
-7 relative to the cleavage site andlor the addition of a potential glycosylation site (NYS) at 
position -10 relative to the cleavage site may cause conformational changes within the 
protein resulting in the inaccessibility of the cleavage signal sequence to the trypsin-like 
proteases which cleave most MHV S proteins. It is interesting to note that even though the 
MHV-Y S protein is inefficiently cleaved, it still efficiently induces cell-cell fusion in many 
types of cells in culture and in vivo in the intestinal mucosa (unpublished data). This 
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observatlOn agrees with recent results llldicatlllg that cleavage of MHV S protellls may 
lllcrease the efficiency of fuslOn but IS not essential for fuslOn lllductlOn 172628 
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