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Murine Hepatitis Virus (MHV) can produce neurological disease in 
murine species.(l) Intracerebral (ic) inoculation of 2-day old Wistar Furth 
rats with the JHM virus (JHMV) strain of MHV generally produces an acute 
encephalitis which kill the rats within one week of inoculation.(2,3) Grey 
matter lesions generally predominate in the central nervous system (CNS) of 
these rats. Wistar Furth rats which are inoculated at 10 days of age with 
JHMV generally develop a chronic demyelinating disease characterized by hind 
leg paralysis or paresis.(2,3,4) These symptoms generally do not develop 
until 2-4 weeks post inoculation.(2,4) The rats that live for 3 weeks post 
inoculation or longer generally have predominately white matter 
lesions.(2,3,4) 

Wild type JHMV produces 7 mRNAs in mouse fibroblast (L-2) cells whicg 
have molecular weights of approximately O.B, 1.1, 1.4, 1.6, 3, 4, 5.B x 10 
Da.(5,6,7,B) By convention, the highest molecular weight RNA, which is of 
genomic size, is designated mRNA 1, and the lowest molecular weight mRNA is 
called mRNA 7.(9,10) The mRNAs form a 3'-coterminal nested set extending 
for different lengths in a 5' direction. (5,9,11,12,13,14,15) The coding 
sequence utilized during infection is located at the 5' end of each mRNA not 
present in smaller mRNA species.(B,16) The E2 glycoprotein is a heterodimer 
with a molecular weight of IBO kDa.(17) This molecule forms the projecting 
peplomers of the virus and its functions likely include attachment to cells, 
induction of cell to cell fusion, and elicitation of neutralizing 
antibodies.(1B,19,20,21) 

MHV has a high rate of recombination.(22) Recombinant virus arises at 
a high frequency in mouse CNS tissue that is infected with a mixture of ts 
mutants of A59 and JHMV.(23) We have shown that a truncated E2 glycoprotein 
mRNA is present in the CNS of Wistar Furth rats with a JHMV-induced 
demyelinating disease.(4) Further work has shown that JHMV E2 glycoprotein 
can be detected in individual cells of JHMV infected CNS tissue; however, 
the ratio of detectable E2 antigen to nucleocapsid antigen in the total CNS 
tissue of infected rats is reduced by more than 13 fold compared with the 
same ratio in JHMV-infected tissue culture cells.(2) We have now isolated 
and are examining JHMV variants from the CNS of Wistar Furth rats with a 
JHMV-induced demyelinating disease. We have found that differences in mRNAs 
produced by the viral variants and wild type JHMV were accompanied by 
differences in the biological properties of these viruses. 
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RESULTS AND DISCUSSION 

CHARACTERIZATION OF VIRAL VARIANTS 

We isolated viral variants from the brain and spinal cord of a 10 
day-old Wistar Furth rat pup (designated AT11f) that was inoculated ic with 
a cloned isolate of the murine hepatitis virus (MHV) strain JHMV. This pup 
was severely runted and developed hind leg paresis by 14 days post 
inoculation when it was sacrificed. Virus was recovered independently from 
the brain and spinal cord and designated AT11f brain virus and ATllf cord 
virus, respectively. We thus were able to compare two virus isolates 
recovered from a single inoculated rat pup. A littermate of AT11f (called 
AT11e) was also inoculated with the same stock of JHMV at 10 days of age. 
At 13 days post inoculation, rat AT11e had symptoms similar to those of 
AT11f and was killed. Virus was isolated from the brain of rat AT11e and 
was designated AT11e brain virus. Results obtained with AT11f brain virus 
were generally similar to those obtained with AT11e brain virus. 

All of the viral variants and wild-type JHMV formed massive syncytia 
in mouse fibroblast L-2 cells.(24) However, ATllf brain virus, AT11e brain 
virus, and wild-type JHMV virus-infected oligodendroglioma cells (G26-24) 
resembled uninfected G26-24 cultures except individual cells "rounded up" 
and lifted off from the monolayer.(24) These infected cultures only rarely 
contained viral-induced syncytia. In contrast, AT11f cord virus formed 
massive syncytia equally well in mouse L-2 and G26-24 cells.(24) The wild 
type JHMV and all of the viral variants are capable of forming syncytia 
which cover 60-80% of the monolayer in a neuroblastoma cell line (C1300). 
We have also examined C6 cells which are of Wistar Furth rat astrocytoma 
origin and RN2-2 which are of BD1X rat Schwannoma cell origin.(25) Neither 
wild type JHMV nor any of the variant viruses produced any significant 
numbers of syncytia in these cells. Starting with a single stock of ATllf 
cord virus, the ratio of the titer in G26-24 cells to the titer in L-2 cells 
was 0.472 (Table 1). However, the same ration for AT11f brain virus was 
0.008, for ATlle brain virus was 0.011, and for wild-type JHMV was 0.010 
(Table 1). Therefore, the ratio of the viral titer in G26-24 cells to the 
titer in L-2 cells was approximately 50-fold higher for AT11f cord virus 
than for the brain virus variants and wild-type JHMV (Table 1). We also 
find that the AT11f cord virus variant grows better in C6 cells than do the 
wild-type JHMV, the AT11f brain virus, or the AT11e brain virus (Table 1). 
The ratio of the virus titer in C6 cells to the titer in L-2 cells was more 
than a hundred fold greater for ATllf cord virus than the same ratio was for 
wild-type JHMV or the brain virus variants (Table 1). The ratio for AT11f 
cord virus was maintained even when residual virus remaining after 
adsorbtion and penetration was removed by washing 3 times with a 0.05% Tween 
20 solution or treatment with JHMV antibody. It has been previously shown 
that the C6 cells are restrictive to JHMV replication by preventing the 
early penetrating stage of the viral replicative cycle.(26) Therefore the 
alterations in AT11f cord virus allows this variant to at least partially 
overcome this restriction. The Ivild type JHMV appears to grow marginally 
(5-10 fold) better in C1300 (mouse neuroblastoma cell line) than do the 
viral variants. There is no significant difference in the ability of the 
viral variants to grow in a Schwannoma (RN2-2) cell line. Our data with the 
wild-type JHMV are in good agreement with previously published results.(25) 

Primary cultures of oligodendrocytes and astrocytes were established 
from the cerebral cortices of neonatal Wistar Furth rats (27) and 
challenged with wild type JHMV and variant AT11f cord virus. Infection of 
Wistar Furth oligodendrocytes resulted in a productive infection with ATllf 
cord virus producing at least 10 fold more virus than wild type JHMV at 24 
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Table 1. Titers of Viral Variants and Wild-Type JHM. 

ATllf cordc 
AT11f cordc 

AT11f brainc 

AT11f bra inc 
AT11e bra inc 
AT11e bra inc 
JHMc 
JHM c 

AT11f cord 
ATllf cord 
AT11f brain 
AT11f brain 
AT11e brain 
ATlle brain 
JHM 
JHM 
AT11f cord 
AT11f cord 
AT11f brain 
AT11f brain 
AT11e brain 
AT11e brain 
AT11f cord 
AT11f cord 
AT11f brain 
AT11f brain 
AT11e brain 
AT11e brain 
JHM 
JHM 

Cell Line b 

G26-24 
L-2 
G26-24 
L-2 
G26-24 
L-2 
G26-24 
L-2 
C-6 
L-2 
C-6 
L-2 
C-6 
L-2 
C6 
L-2 
RN2-2 
L-2 
RN2-2 
L-2 
RN2-2 
L-2 
C1300 
L-2 
C1300 
L-2 
C1300 
L-2 
C1300 
L-2 

a) For each virus and infected cell 
was used to infect L-2 cells. 

Titer 
(PFU/ml)6 
8.5 x 107 
1.8 x 104 
7.0 x 106 
9.0 x 104 
8.5 x 106 
7.5 x 105 
4.9 x 107 
4.9 x 104 
2.5 x 107 
1.5 x 101 
6 x 107 
1 x 102 
1.2 x 106 
8 x 101 
4 x 106 
5.5 x 102 
3 x 106 
5 x 103 
2.2 x 107 
1 x 103 
1 x 106 
8 x 105 
9.5 x 107 
1.5 x 105 
2.3 x 107 
1.0 x 105 
6.5 x 106 
8 x 106 
1.8 x 106 
5.5 x 10 

Titer in cell line/ 
titer in L02 cells 
0.472 x 10 

0.8 

0.11 x lO-l 

0.1 

0.17 x 10-2 

0.6 

0.15 x 10-4 

0.7 

0.6 

0.22 x 10-3 

0.13 x 10-3 

0.6 

0.23 x 10-1 

0.81 x 10-1 

0.33 x 10° 

line the identical virus preparation 

b) L-2 cells are a mouse fibroblast cell line. G26-24 cells are a C57Bl/6 
mouse oligodendroglioma cell line. C6 cells are a Wistar Furth rat 
astrocytoma cell line. RN2-2 cells are a BD1X Schwannoma cell line. C1300 
cells are an A/J mouse neuroblastoma cell line. 
c) Data was taken from Table 1 of (24). 

hours post inoculation. AT11f cord virus infection also continued to be 
more productive at later times when compared with wild type JHMV, but 
neither AT11f cord virus nor wild type JHMV had any observable increase in 
the amount or extent of cell-to-cell fusion in these cultures. Inoculation 
of Wistar Furth astrocytes with either wild-type JHMV or AT11f cord virus, 
failed to produce any infection, even at the earliest time points assayed, 
consistent with previous studies reporting an unambiguous tropism of JHMV 
for rat oligodendrocytes.(27) Therefore, while AT11f cord virus resembled 
wild type JHMV with respect to tropism for oligodendrocytes, AT11f cord 
virus infects oligodendrocytes more productively than the wild type JHMV. 
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Wistar Furth rat littermates inoculated with ATllf cord virus and 
ATllf brain virus had different courses of disease. When seventeen 10-day 
old pups were inoculated with ATllf cord virus, a more chronic 
demyelinating disease typified by hind leg paralysis developed; these rats 
died in an average time of 20 days.(24) In nineteen 10-day old injected 
rats, ATllf brain virus produced a rapid encephalitis which killed the rats 
in an average time of 9 days.(24) When twelve 2 day old Wistar Furth rats 
were· inoculated with AT11f cord virus, the rats died in an average time of 
10.8 days. When thirteen rats from the same litters were inoculated with 
AT11f brain virus, the rats died in an average time of 5.5 days. None of 
the uninoculated control rats showed any symptoms. Histopathological 
examination indicated that, in general, the white matter lesions were more 
extensive in the spinal cord and brain stem region (metencephalon and 
mesencephalon) in rats inoculated at 10 days with AT11f cord virus when 
compared with rats inoculated at 10 days with the brain virus variants.(24) 

COMPARISON OF mRNA AND PROTEINS SYNTHESIZED BY JHMV VARIANTS 

We examined the mRNAs produced in L-2 or G26-24 cells infected with 
wild type JHMV or the viral variants. Northern transfer analysis indicated 
that viral mRNAs 4, 5, 6 (El envelope glycoprotein), and 7 (nucleocapsid) 
comigrated for all the viral variants and JHMV wild-type viruses 6 (24) 
However, a truncated mRNA 3 with a molecular weight of 2.85 x 10 Da was 
produced in AT11f cord virus infected cellg; wild type JHMV and the other 
viral variants produced a mRNA 3 of 3 x 10 Da. In addition, ATllf brain 
ang ATlle brain virus each produced two novel mRNA species ~3.3 and 3.6 x 
10 Da). These mRNA species are distinct from the 4.0 x 10 Da mRNA 
species seen with the wilg-type JHMV.(24) In addition, a uniform deletion 
of approximately 1.5 x 10 Da exists in the E2 glycoprotein and higher 
molecular weight mRNAs produced in AT11f cord virus infected cells when 
compared with cells infected by the brain virus variants.(24) 

We next examined the E2 protein synthesized by variant viruses and 
wild type JHMV. The E2 glycoprotein produced by ATllf cord virus had an 
apparent molecular weight of 165 kDa while the E2 glycoprotein made by the 
brain virus variants and wild type JHMV had an apparent molecular weight of 
180 kDa.(24) To make sure that these differences were not simply due to 
differences in glycosylation, we compared the sizes of the E2 polypeptides 
synthesized in the presence of tunicamycin. The differences in the sizes 
of the E2 glycoprotein were still apparent even when the viruses were grown 
in the presence of tunicamycin.(24) Thus the E2 glycoprotein mRNA produced 
by the ATllf cord virus contains a deletion in its coding region. 
Sequencing studies indicated that a 441 base deletion occurred 1324 bases 
from the 5' end of the E2 coding region of the viral genome. This result 
is in good agreement with the 390 base deletion we had estimated from the 
Northern transfer analysis (24). This general location in the E2 coding 
region appears to be a common site for recombinations and deletions 
(unpublished results Dr. M. Lai, Univ. Southern California, California, 
USA). The viral variants' prgduction of novel mRNA species with molecular 
weights lower than the 4 x 10 Da mRNA 2 species suggests that there may 
also be deletions in the coding region of mRNA 2 in these viruses. This 
possibility is under current investigation. 

The deletion in the E2 glycoprotein of ATlif cord virus is thus 
associated with an increased ability of the virus to infect some cells of 
neural origin (G26-24 and C6 cells lines and primary oligodendrocyte 
cells). The increased ability of AT1if cord virus to replicate in C6 cells 
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is apparently due to the ability of the virus to overcome a block in the 
penetration of the cells. This deletion in the E2 glycoprotein is also 
accompanied by the ability of the ATllf cord virus to cause a de~yelinating 
disease in Wistar Furth rats with an increased white matter involvement. 
These results fit with the functions of the E2 glycoprotein which include 
attachment of virus to cells, induction of cell to cell fusion, and 
elicitation of neutralizing antibodies.(18,19,20,21) Future work will 
explore the possible role of deletions or alterations in mRNA 2 in the 
propensity of the ATllf and ATlle brain viruses to cause an acute 
encephalitis in rats. 
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