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Genetic Heterogeneity of Murine Coronaviruses
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Summary

Several mouse hepatitis viruses (MHV) with different pathogenicity were
studied by oligonucleotide fingerprinting. Two strains, MHV-K and MHV.D,
which were isolated in Japan and, which cause anaplasia and necrosis of bone
marrow and diarrhea, respectively, were found to be closely related to MHV-
AB9Y, the prototype MHV. Two other MHV straing, isolated from nude mice,
were found to have diverged extensively from the known MHYV strains. The
MHVs isolated from separate cloned neuroblastoma cell lines persistently infected
with JHM strain were also found to have diverged more markedly than the
corresponding virus maintained under the conditions of lytic infection. Genetic
divergence during persistent infection may be one of the mechanisms by which
the MHYV diverges.

Introduetion

Mouse hepatitis virus (MHV), a member of the Coronaviridae, is an RNA
virus containing a single-stranded RNA genome of 5.4 % 105 molecular weight (12).
It has been isolated from mice in many parts of the world and has been associated
mainly with hepatitis and encephalitis (2, 21). It replicates in a variety of tissue
culture cells of rodent origin, including fibroblasts and neuronal cells (15). MHV
infection in vitro generally results in the lysis of infected cells, but can also lead
to persistent infection (3, 7, 19). In nature, the virus survives by establishing
latent infections in the gastrointestinal tract of mice (21). Viruses of this group
have also been shown to cause enteric infections and wasting diseases in nude
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mice (20). Thus, the various strains of mouse hepatitis virus exhibit a wide range
of pathogenic potentials.

We have previously studied several MHV strains by oligonucleotide finger-
printing, and found that they were widely divergent (13). However, some strains
are much more closely related, e.g. MHV-A59 and MHV-3, suggesting a close
genetic origins (13). This approach is useful in determining the evolutionary
relationship among various MHYV strains. In this study, we have further examined
several mouse hepatitis virus strains isolated in Japan. Two of these viruses
revealed extensive genetic homology with the prototype MHV-A59 strain. Thus,
these-strains appear to have remained genetically stable in nature. We have also
compared the JHM strain of MHV (MHV-JHM) passaged under the conditions
of lytic infection with those maintained as persistent infections in wvitro. The
viruses maintained under the latter conditions exhibit much more variability,
suggesting that persistent infections may be a mechanism contributing to the
genetic heterogeneity of the current MHV strains.

Materials and Methods

Viruses and Cells

The MHV-D strain was isolated from an infant mouse with fatal diarrhea, and
has been shown to cause hepatitis and diarrhea in suckling mice {4, 8, 9). MHV-K was
isolated from an asymptomatic adult nude mouse (nu/nu, Balb/C). This strain causes
bone marrow anaplasia and necrosis as well as hepatosplenic hemopoiesis (10). MHV-
NuU was isolated from a nude mouse with wasting syndrome and hepatitis (5), and
causes fatal wasting disease in nude mice but is not pathogenic in euthymic mice {20).
These three strains were all isolated in Japan. MHV-M was isolated from a nude mouse
and was a generous gift of Dr. Michael Collins, Microbiological Associates, Bethesda,
Maryland. The two MHV-A59 strains studied were originally obtained from Dr.
C. Bond of the University of California at San Diego and from Dr. K. Holmes of the
Uniformed Services University, Bethesda, Maryland. All viruses were grown in DBT
cells as previously described (13).

The 4n vitro persistent infection was established by growing MHV-JHM in a mouse
neuroblastomas cell line {19). Single cell clones were obtained in the presence or absence
of anti-JHM hyperimmune ascitic fluid. Two of the viruses were rescued from the
nonproducer cell clones by fusing with DBT cells in the presence of polyethylene
glycol (18). These two viruses, designated CS 1 and CS 3, were found to be cold-sensitive
mutants (17). Two other virus strains, A28 and A 33, were obtained from the virus-
producing persistently infected cell clones.

Radiolabeling and Purification of Virus

The same procedures as described by Lar and StortMax (13) were followed. The
32P-labeled virus was extracted with phenol in the presence of 1 per cent 8DS, and the
RNA was prepared by separation on 10-—25 per cent sucrose gradients in an SW55
robor at 50,000 rpm for 1 hour. The 608 RNA peak was collected and used for oligo-
nucleotide fingerprinting.

T 1-Oligonucleotide Fingerprinting

The analysis of 32P-labeled 608 RNA by two-dimensional polyacrylamide gel
electrophoresis followed essentially the same procedures as described previously (11,
13).
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Results

Oligonucleotide Fingerprinting of MHYV Strains Causing Different Diseases

To study the genetic relationship of different MIV strains causing various
diseases in mice, we first examined the oligonucleotide fingerprints of two of the
MHYVs isolated in Japan. One, MHV.D, was isolated from a suckling mouse with
fatal diarrhea (9) and could cause a similar disease in experimentally infected
infant mice (8). The other, MHV.-K, causes anaplastic and necrotic lesions in
bone marrow of mice (10). The 32P-labeled 60 S RN As of these two viruses were
digested with RNase T, and separated by two-dimensional polyacrylamide gel
electrophoresis. As shown in Fig. 1, these two viruses have very similar oligo-
nucleotide fingerprints, suggesting a close genetic origin. Most surprisingly, the
fingerprints of MHV-D (Fig. 1B) iy indistinguishable from that of MHV-A59
(Fig. 1C), the prototype MHYV, which we have studied previously (13). These
data suggest that the MHV-D might have been derived from the MHV-A59
strain quite recently. The oligonucleotide fingerprint of MHV.K (Fig. 1A) was
also similar to that of MHV-AB9, but contained six additional oligonucleotides
which were not present in MHV-D or MHV-A59. The very high extent of
homology between MHV-K and MHV-A59 suggests that MHV-K is also a recent
derivative of MHV-A59. The finding that MHV-K contained six more large
Ti-oligonucleotides than MHV-A59 suggests either that MHEHV-K has greater
genetic complexity than MHV-A59 or that MHV-K is heterogeneous. To distin-
guish between these two possibilities, several subclones of MHV-K were plaque-
purified and analyzed by oligonucleotide fingerprinting. Such an analysis showed
that all of the MHV subclones are similar but not identical, suggesting that the
virus is indeed heterogeneous; however, all of them are very similar to MHV-A59
(data not shown).

The MHV-A59 strain used here for comparison is the same strain we have
examined previously {13). It has relatively weak pathogenicity (14). No clinically
apparent symptoms were induced by the intracranial injection of 1000 plaque-
forming units of MHV-A59 into mice (data not shown). However, the MHV-A 59
strains maintained in other laboratories have much higher hepatotropic properties,
inducing very severe hepatitis (K. HoLMES, personal communication). We therefore
compared the MHV-A59 strains obtained from different laboratories. We found
that their oligonucleotide fingerprints are indistinguishable (data not shown).
Therefore, these two MHV-AS9 strains are essentially identical, or have only
very minor differences that could not be detected by this technique.

Oligonucleotide Fingerprints of MHVs Isolated from Nude Mice

Several MHVs have been isolated from latently infected nude mice which had
developed wasting syndrome. These virus strains are of relatively low virulence
in euthymic mice but produced fatal wasting diseases in nude mice (20). In order
to assess the genetic origin and the pathogenic potentials of these viruses peculiar
to nude mice, we examined the oligonucleotide fingerprints of two of these isolates:
one, designated NuU, was isolated in Japan (5) and the other, MHV-M, isolated
in the United States (M. Corrins, personal communication). As shown in Fig. 2,
these two strains have entirely different oligonucleotide fingerprints. Furthermore,
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Fig. 1. Oligonucleotide fingerprints of various MHV strains. 4 MHV-K B MHV-D
and ¢ MHV-A59. The oligonucleotides denoted by triangles are those present only
on MHV-K but not on MHV-A59
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comparison with other known MHV isolates (13) revealed that they were also
very distinet from any other MHV strains studied so far. Thus, these viruses
represent quite unique MHYV isolates.

Fig. 2. Oligonucleotide fingerprints of MHVs isolated from nude mice. 4 MHV-NuU
and B MHV-M

Oligonucleotide Fingerprints of MHV-JHM Passaged in vitro

To assess the genetic stability and variability of MHV and to study the possible
mechanism of viral divergence observed as above, we examined the heterogeneity
of viral genomic sequences in viruses isolated from persistently and latently
infected cells. The persistent infection was established by infection of a mouse
neuroblastoma cell line with the JHM strain of MHV (19). The viruses were
rescued from separate cell lines derived from single cell clones by polyethylene
glycol-mediated fusion with DBT or 17 CL1 cells (18). Two of these rescued
viruses, US1 and CS3, have been shown to be cold-sensitive (17). As shown in
Fig. 3, the oligonucleotide fingerprints of both CS1 (Fig. 3B) and CS3 (Fig. 3C)
are very similar to that of the small-plaque strain of the parental JHM (JHM-
DS) (Fig. 34) (16). However, they both contain some oligonucleotides which are
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unique for each strain. In addition, CS3 does not contain three oligonucleotides
present in the JHM-DS. This result suggests that these two viruses represent the
variants of JHM-DS, which were selected during persistent infection. Two other
virnses, A28 (Fig. 3E) and A33 (Fig. 3F), were produced spontaneously from
two different persistently infected neuroblastoma cell clones. These two viruses
have oligonucleotide fingerprints similar to that of a large-plaque variant of JHM
(JHM-DL), i.e. they contain a unique spot z, but lack the spot z, the latter of
whieh is characteristic of JHM-DS (Fig. 3A; 16). However, they also contain at
least one unique oligonucleotide spot not seen in the oligonucleotide fingerprints
of either JHM-DL or JHM-DS, suggesting that these two viruses are derivatives
of JHM-DL.

The isolation of JHM-DS and JHM-DL variants from the persistently infected
cells was in sharp contrast with the viruses isolated under the conditions of lytic
infection. As we have shown previously, MHV-JHM produced plaques of varying
size on DBT cells (16). We have randomly picked at least 15 plaques on DBT
cells and analyzed them by oligonucleotide fingerprinting. Only two fingerprint
patterns were observed, one with the DS-type fingerprint and the other with the
DL-type (16). The JHM-DS was subsequently serially passaged for at least
35 passages on DBT cells via lytic infection. The cloned viruses were studied at
passages 6 and 35. The oligonucleotide fingerprints of the viruses passaged 35
times were exactly identical to that of JHM-DS (data not shown). No viruses of
other genotypes were isolated, suggesting that MHV viruses are relatively stable
during lytic infection, whereas persistent or latent infection in themeuroblastoma
cell line tends to select for various types of variants.

Diseussion

We have previocusly studied six strains of mouse hepatitis virus isolated at
different geographical locations and found them to be genetically heterogeneous
(13). In this report, we have analyzed additional MHV strains, some of which
were isolated in Japan. One surprising finding is the genetic similarity of those
straing isolated in Japan to the MHV-A59 strain, the MHV prototype. These
strains might, therefore, represent very recent derivatives of MHV-A59 or vice
versa. This finding also suggests that these strains have remained relatively
stable during passages through animals. It is interesting to note that these
genetically highly related viruses have different pathogenicity: the MHV-A59
used in our laboratory is weakly pathogenic (14), MHV-D causes diarrhea (8},
MHYV-K causes bone marrow diseases (10}, while another closely related strain
MHV-3 causes severe hepatitis (13). Some of the genetic differences observed
among these strains might be associated with the pathogenicity of the respective
viruses. However, it is equally possible that these differences are not related to
viral pathogenicity. In this regard, it is worth noting that several strains of
MHV-A59 have different pathogenicities and yet they could not be distinguished
by oligonucleotide fingerprinting. It is possible that there are minor genetic
differences among these wviruses or that the different pathogenicity was con-
tributed by host factors. This issue requires complete nucleotide sequence analysis
of these and additional MHV strains.
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The finding that the viruses rescued from the persistently infected cells were
more heterogeneous than those passaged under the conditions of Iytic infection is
similar to the observation with vesicular stomatitis virus (6). In that case, the
VSV underwent progressive genetic changes as the cells were passaged in vitro (6).
Similar long-term culturing of cells infected with other MHYV strains has not been
carried out; nevertheless, it is remarkable that the viruses rescued by cell fusion
or produced spontaneously from these persistently infected cells are different
from the parental viruses, while the randomly selected viruses maintained under
the conditions of lytic infection are genetically stable. It is unclear why these
cell lines would select for these unusual virus variants. It is noteworthy, however,
that these variants produce lytic infection npon reinfection of the neuroblastoma
cell line, and preliminary data indicated that these viruses do not produce diseases
different from those induced by the parental viruses (S. A. StorLMAN, unpublished
results). Whether the selection of such variants in vivo contributes to the patho-
genicity of the viruses is not clear at the present time.

The propensity of the persistently infected cells to select for viral mutants
might be one of the mechanisms by which the MHV diverges. It is also note-
worthy that the two viruses rescued by fusion of latently infected cell clones
with the permissive cells were the derivatives of JHM-DS, while the viruses
spontaneously produced by the persistently infected cells were JHM-DL deriva-
tives. These two viruses, i.e. DS and DL, differ in their ability to cause chronic
demyelination (16). There might be a correlation between the DL and the DS
viruses and the ability to yield virus progeny under these conditions. Such a
possibility is being studied in our laboratories.
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