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Twenty 5-fluorouracil-induced temperature-sensitive (ts) mutants of mouse hepatitis
virus strain A59 were isolated from 1284 virus clones. Mutants were preselected on the
basis of their inability to induce syncytia in infected cells at the restrictive temperature
(40°) vs the permissive temperature (31°). Of these mutants, only those with a relative
plating efficiency 40°/31° of 3 X 107 or smaller were kept. Virus yields at 40° compared
to 37° and 31° (leakiness) were determined. Most mutants (16) were RNA™, i.e,, unable
to synthesize virus-specific RNA at the restrictive temperature. The other four were
RNA™*. No qualitative differences were detected in the virus-specific RN As in cells infected
with RNA* ts-mutants, both at 31° and 40°. Virus-specific proteins present in cells in-
fected with ts-171 (RNA™) and the RNA*-mutants (ts-43, ts-201, ts-209, and ts-279) were
analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis of immunopre-
cipitates. No qualitative differences in the pattern of virus-specific cellular proteins were
deteeted among the mutants except for an additional polypeptide of about 46,000 daltons
in ts-209-infected cells. Finally, the neuropathogenic properties of eight of the mutants
were investigated. Whereas 102 PFU of wild-type virus injected intracerebrally killed 50
to 100% of 4-week-old Bale/c mice within 1 week, the mutants were highly attenuated.
A dose of 10° PFU lead to no or transient disease. However, 4 weeks after infection with
ts-342, ts-43, or ts-201 obvious histological changes were observed in brain and spinal

cord of clinically healthy mice.

INTRODUCTION

We have undertaken to isolate temper-
ature-sensitive (ts) mutants of mouse hep-
atitis virus strain A59 (MHV-A59), with
the expectation that these mutants will be
useful for further studies on the replica-
tion and pathogenesis of this virus. MHV-
AB9 is a member of the family Coronavir-
idae, a group of lipid-enveloped viruses
with a single strand of infectious RNA of
about 6 X 10° molecular weight (Tyrrell et
al., 1978; Ter Meulen et al., 1981).

In the last few years, considerable prog-
ress has been made in elucidating the rep-
lication strategy and structure of corona-
viruses (for reviews see Ter Meulen et al,
1981; Siddell et al., 1982). A characteristic
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feature of the coronavirus replication
strategy is that seven, or six in the avian
system, virus-specific RNAs are synthe-
sized in the infected cell. The largest one
is the intracellular form of genome; the
others are a nested set of subgenomic
mRNAs with common 3-proximal se-
quences (Spaan et al, 1981, 1982; Wege ef
al., 1981; Lai et al., 1981; Leibowitz et al,
1981; Cheley et al, 1981; Weiss and Lei-
bowitz, 1981; Stern and Kennedy, 19804, b).
RNAs 3, 6, and 7 have been shown to en-
code the three major virion proteins {8Sid-
dell et al., 1980; Rottier et al., 1981a; Cheley
et al., 1981; Leibowitz et al., 1982). RNAs 1
and 2 of MHV encode nonstructural pro-
teins (Leibowitz et al., 1982; Siddell ef ai,
1981). ts mutants will be useful to identify
the functions of these and other nonstrue-
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tural proteins and for the study of the
transcription mechanism. In addition they
might be helpful to elucidate the process
of virus maturation. Moreover, we were in-
terested to know whether the pathogenic
properties of MHV-A59 would change af-
ter the induction of mutations into the ge-
nome. A59 virus is a hepatotropic strain
of MHV, causing extensive hepatic necro-
sis and leading to death within a week
(Manaker et al., 1961). When injected in-
tracerabrally, the virus leads to enceph-
alitis (Robb et al., 1979). For the neuro-
tropic strain of mouse hepatitis virus,
MHV-4(JHM), a clear difference was ob-
served between wild-type virus and mu-
tant ts-8 (Haspel et al, 1978). Whereas
wild-type virus produced a rapid and fatal
encephalomyelitis, the mutant induced a
prolonged infection of the central nervous
system accompanied by demyelination and
mice survived. Immunocytochemical stud-
ies in vivo have shown that ts-8 has a re-
stricted tropism for neurons and repli~
cates mostly in oligodendrocytes (Knobler
et al., 1981).

MATERIALS AND METHODS

Cells and virus. Mouse L cells and Sac(—)
cells were grown in Dulbecco’s modified
Eagle medium containing 10% fetal calf
serum (DMEM-10% FCS) supplemented
with 100 IU/ml penicillin and 100 pg/ml
streptomycin. The preparation of virus
stocks of MHV-A59 has been described
previously (Spaan et al, 1981).

Virus was plaque-titrated on L cells
(Spaan et al., 1981) using an overlay with
1.5% Bacto-agar (Difco, Detroit, Mich.) in
DMEM-1% FCS unless otherwise indi-
cated. Plaques were read after one (37°,
40°) or three (31°) days. A subline of L
cells obtained from F. Lehmann-Grube
(Hamburg, West Germany) was used. With
these cells plaques could be read sooner
than reported previously (Spaan et al,
1981); also plaque titers were five- to sev-
enfold higher.

For most experiments Sac(—).cells were

grown in 35-mm tissue culture dishes and.

infected at densities of 1 to 2 X 10° using
50 PFU/cell in 0.3 ml DMEM-3% FCS. Af-
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ter 1 hr this inoculum was replaced by 1
ml DMEM-10% FCS.

Mutagenesis. Sac(—) cells were infected
with doubly cloned MHV-A59 wild-type
virus at a multiplicity of infection (m.o.i.)
of 10. One hour postinfection (p.i.) inocula
were removed and replaced by 10 ml of
DMEM-10% FCS supplemented with 150
ug/ml 5-fluorouracil. Virus was harvested
at 16 hr p.i. (37°) and stored at —~70°. Mu-
tagenized virus stocks had an infectivity
titer of 1.2 X 10* PFU/ml (37°) a reducticn
of about 1000 times compared to the un-
treated control.

Selection of mutants. Mutagenized virus
stocks diluted as to give 15 plaques in a
35-mm tissue culture dish were plagued on
L cells at 31°. In order to facilitate sub-
sequent elution of virus an overlay of 0.4%
agarose (Merck-Schuchard, Darmstadt,
Germany) was used. After 3 days, well-
isolated plaques were picked using the back
of a Pasteur pipet. Plaques were then dis-
rupted by vortexing in 0.5 ml DMEM-3%
FCS resulting in a virus suspension con-
taining about 10° PFU/ml. With this sus-
pension parallel cultures, at 31° and 40°,
of Sac(—) cells were infected. About 10*
PFU (0.1 ml) was added to 2 X 10° cells
grown in 0.5 ml DMEM-10% FCS in the
16-mm wells of tissue ecultures clusters
(Costar, Cambridge, Mass.). The cells at
both temperatures were observed daily for
the appearance of syncytia. Those virus
clones that caused syncytium formation 3
days p.. at 31° but not at 40° 2 days p.i.
were considered as potential ts mutants.
Each potential mutant was tested to con-
firm its ts nature by plaquing the medium
of the 31° culture on L cells at the restric-
tive and permissive temperature. Only
those mutants having a plating efficiency
40°/31° of 3 X 1072 or lower were used.

The leakiness of the mutants was de-
termined by infecting 5 X 10° Sac(—) cells
grown in 16-mm wells of tissue culture
clusters with wild-type virus or ts mutants
in 0.1 ml of DMEM-3% FCS at an m.o.i.
of 50 at 31°. After 1 hr the inocula were
removed and replaced by 0.5 ml DMEM-
10% FCS, and incubation was continued
at 31°, 37°, or 40° until respectively 16, 12,
and 9 hr p.i. Virus titers in the culture
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medium were determined by plaque titra-
tion on L cells at 31°.

Preparation of virus stocks of ts mutants.
Stocks of the mutant viruses were pre-
pared by infecting 75-cm? tissue culture
flasks of Sac(—) cells with about 10°* PFU
of the original virus clones eluted from
plaques. Virus was adsorbed for 1 hrin 1.5
ml DMEM-3% FCS at 31° before 10 ml
DMEM-10% FCS was added. Stocks were
harvested after an additional 48-72 hr
at the permissive temperature and stored
at —70°.

High-titered virus stocks needed for in-
fection of cells at high m.o.i. were prepared
by infecting roller flasks (1200 cm?) con-
taining about 2 X 10® Sac(—) cells with the
ts mutants at 0.2 PFU/cell in 25 ml
DMEM-3% FCS for 1 hr at 31°. Inocula
were removed and 100 mi DMEM-10% FCS
was added and incubation was continued
at 31°. The virus was harvested at 48 p.i.
and precipitated from the medium with
polyethylene glycol (Spaan et al, 1981). The
resulting virus pellet was resuspended in
1 to 2 ml DMEM-3% FCS per roller flask.

Determination of the kinetics of virus
formation and the synthesis of virus-spe-
cific RNAs at 31° and 40° in wild-type vi-
rus-infected cells. Sac(—) cells in 35-mm
tissue culture dishes were infected as de-
scribed above. After adsorption, the cells
were washed once with PBS and medium
was added. Samples from the culture fluid
were taken at various times p.i. and plaque-
titrated. The kinetics of virus-specific RNA
synthesis were determined by following the
incorporation of [PHJuridine into actino-
myein D-treated Sac(—) cells as described
previously (Spaan et al., 1981).

Analysis of virus-specific proteins in cells
nfected with ts mutants. Sac(—) cells in 35-
mm dishes were infected at 31° and rep-
licate cultures were incubated at 31° and
40°, Seven hours p.i. (40°) or 13 hr p.i. (31°)
the cells were washed twice with PBS and
labeled with 1 ml methionine-deficient
MEM, supplemented with 5% FCS and 10
«Ci [®*S]methionine (~1000 Ci/mmol, The
Radiochemical Centre, Amersham, En-
gland) until 9 hr p.i. (40°) or 16 hr p.i. (31°).
After the labeling period, cells were
washed with PBS and lysed in 0.15 ml lysis

buffer: 0.5% Triton X-100, 0.5% 1,5-naph-
thalene-disulfonate-disodium salt, and 2
mM phenylmethylsulfonyl fluoride in TES
buffer (20 mM Tris, pH 7.4, 1 mM EDTA,
100 mAM NaCl). The lysates were ceniri-
fuged for 5 min at 10,000 g and processed
directly or kept at —70°.

Virus-specific proteins were immuno-
precipitated by incubating 30 ul of the
clarified samples with 10 pl mouse anti-
MHV-A59 serum. The serum was obtained
from Balb/c mice surviving an experimen-
tal MHV-A59 infection (Spaan ef af., 1981).
After overnight incubation at 4°, 0.2 vol
of 3 M KCl was added, followed by 0.1 mi
of a 10% (v/v) suspension of formalde-
hyde-treated Staphylococcus aureus (Kes-
sler, 1975) in TES buffer containing ¢.1%
Triton X-100. Incubation was continued for
30 min before immune complexes were col-
lected by centrifugation for 2 min at 10,000
g and washed three times with 0.15 mi of
TES buffer containing 06.1% Triton X-100.
Finally, the adsorbed proteins were dis-
solved in 50 ul electrophoresis sample
buffer (10 mM Tris-HCl, pH 8.0, 1 mM
EDTA, 10% glycerol, 2% SDS, 5% 2-mer-
captoethanol, 0.001% bromopheno!l blue).
To avoid aggregation of the El protein
species (Sturman, 1977), samples were not
boiled prior to electrophoresgis in 15% ac-
rylamide~-0.085% bisacrylamide gels (Rot-
tier et al., 1981b). Gels were loaded with
10,000 cpm of radioactivity of the immu-
neoprecipitated virus-specific proteins syn-
thesized at 31°, which were compared with
material from an equal number of cells
incubated at 40°. Proteins were visualized
by fluorography on preflashed Kodak X8
film or Fuji RX film at —70° (Laskey et al,
1975).

Analysis of intracellular virus-specific
RNAs. Sac(—) cells in 35-mm tissue cul-
ture dishes were infected under standard
conditions at 31°, refed with medium, and
shifted to 40° or kept at 31°. From 7 hr
p.i. (31°) or 3 hr p.i. (40°) on, the cells were
incubated in medium supplemented with
1 pg/ml aetinomycin D. One hour later
[PHluridine (50 pCi/ml, 28 Ci/mmol; The
Radiochemical Centre) was added and the
cells were labeled until 16 hr p.i. (31°) or
9 hr p.i. (40°). After this period, they were
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washed and RNA was isolated by phenol
extraction as described previously (Jacobs
et al., 1981). RNAs were analyzed by elec-
trophoresis in 6 M urea-containing aga-
rose gels (Rottier et al., 1981a).

Pathology in mice. The neuropathogenic
properties of the ts mutants were deter-
mined by intracerebral injection of groups
of four 4-week-old Balb/c mice (Centraal
Proefdierenbedrijf TNO, Zeist, The Neth-
erlands) with 10° PFU in 0.1 m] PBS. Be-
fore injection, animals were bled and sera
were checked for the absence of anti-MHV
antibodies in a plague reduction assay.
Control animals received 0.1 ml PBS with-
out virus. The mice were kept in isolators
and were observed daily for clinical dis-
functions. Four weeks after injection, they
were bled and fixed by total perfusion
through the heart with about 7 ml of 4%
formaldehyde in phosphate-buffered sa-
line. Brains and spinal cords were embed-
ded in paraffine, and sections were stained
with haematoxylin-eosin.

RESULTS

Choice of the Restrictive (40°) and Permis-
siwe (31°) Temperature, Growth Ki-
netics of Wild-Type MHV-A59 at These
Temperatures

Wild-type virus plaqued equally well on
mouse L cells at 81°, 37°, and 40°. Also in
Sac(—) cells similar virus titers were
reached at the three temperatures (Fig.
1A; Spaan et al., 1981) but whereas max-
imum virus yields in the medium were ob-
tained at 8 hr at 40°, about 16 hr was
needed at 31°. As described before (Spaan
et al., 1981), virus yield at 37° is maximal
at 10 hr p.i. The accumulation of virus-
specific RNA was determined by measur-
ing the incorporation of [*HJuridine into
actinomycin D-treated Sac(—) cells. Fig-
ure 1B shows that it closely followed the
curve for virus release. On the basis of this
experiment virus-specific RNA synthesis
in mutants was studied from 8 to 16 hr at
31° and from 4 to 9 hr at 40°.

5-Fluorouracil was chosen as a mutagen
under conditions where it induced 1-2% ts
mutants (Van Berlo et al., 1980), a pro-
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F1aG. 1. Kinetics of virus growth (A) and viral RNA
synthesis (B) at 31° (®) and 40° (%) in Sac(—) cells
infected with wild-type MHV-A59. Cells were in-
fected at 50 PFU/cell and at various times p.i. sam-
ples were taken for virus titration. The synthesis of
viral RNA was measured by following the incorpo-
ration of [*HJuridine added to the medium at 2 hr p.i.
Actinomycin D (1 pg/ml) was present from 1 hr p.i.
on. Open symbols represent mock-infected cultures.

portion at which multiple ts lesions are
not likely to occur.

A prescreening of ts mutants was made
on the basis of their inability to induce
syncytia at 40°. This resulted in 148 po-
tential mutants out of a total of 1284 iso-
lated plaques. The final selection was made
by plaquing potential mutants at the per-
missive and restricted temperature. Only
those mutant having a relative plating ef-
ficiency 40°/31° of 3 X 1072 or less were
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TABLE 1

BIOLOGICAL AND BIOCHEMICAL PROPERTIES OF MOUSE HEPATITIS VIRUS STRAIN A59 ts MUTANTS

Virus titer Efficiency Progeny yield (PFU/m!) RNA Protein
(PFU/ml) of plating synthesis synthesis
Mutant at 31°¢° at 40°/31°% 31° 37°/31°° 40°/81°° at 40° at 40°
ts* 5 X 108 1 2.8 X 10° 0.600 0.600 + +
£s-8 1 X 108 2 X 107° 6.5 X 107 0.077 0.005 - -
t8-43 5 X 10° 2 X 107° 7 X 10° 0.016 0.009 + -
ts-88 1 X 108 8.3 X 107* 7.6 X 107 0.526 0.013 - -
tg-145 3 x 108 83 X 107" 2.8 X 108 0.002 0.001 - -
ts-169 9 X 10® 3 x 107° 1 %107 0.180 0.022 - -
tg-171 1.5 X 107 <22 X 1078 2.3 X 107 0.009 0.001 - -
t5-195 8 X 107 1.3 X 1078 9.2 X 107 0.003 0.002 - -
£8-201 2 X 107 2.5 X 107 9 X 10% 0.089 0.017 + +
£5-209 5 X 10° 1 X107 2 X 10° 0.500 0.050 + +
t8-261 6 X 10° <5.56 X 1077 2.7 X 108 0.003 0.003 - -
ts-267 8 X 107 1.3 X 10 1.3 X 10 0.005 0.003 - -
t8-276 8 X 107 3x10™ 1.2 X 107 0.041 0.023 - -
£5-290 1 X 108 4 %10 6.7 X 107 0.010 0.005 - -
s-299 1.5 X 108 <22 X 1077 1 X 10° 0.001 0.008 - -
£8-329 3 X 107 7 X 10 1.2 X 108 0.042 0.042 - -
ts-342 2.5 X 108 4 X107 1 X 107 1.000 0.001 - -
ts-364 5 X 108 1.7 X 1073 2.4 X 10% 0.133 0.003 — -
ts-379 5 X 107 <6.6 X 107¢ 7 X 108 0.001 0.001 + +
ts-380 1.2 X 108 3.8 x 1077 3.5 X 107 0.571 0.010 - -~
ts-396 6.5 X 107 7.7 X 107° 1 X 107 0.005 0.003 - -

¢ Plaque titer of virus stocks on L cells.

® Ratio of plaque titers at 40° and 31°. For nonleaky mutants this approximates the reversion freguency.

¢ Leakiness at 37° and 40°.

kept. This resulted in 20 mutants, i.e., 1.6%
of the initial number of virus clones.

A number of biological characteristics
of the mutants are summarized in Table
1. Among them are the yields after one
step growth at 40°, 37°, and 31° which al-
low calculations of the leakiness of a mu-
tant. Knowledge of virus growth at 37°,
the approximate body temperature of mice
{(Weir, 1947) is relevant for the interpre-
tation of #n vivo infection experiments.

Synthesis at the Restrictive Temperature of
Virus-Specific RNAs in Cells Infected
with Mutants

The ts mutants were tested for their
ability to synthesize RNA at the permis-
sive and restrictive temperature. Infected
Sac(—) cells were labeled with [PH]Juridine
in the presence of actinomycin D. Cells in-
fected with wild-type virus incorporated

comparable amounts of [*H]uridine at the
permissive and restrictive temperature re-
sulting in a 80-fold stimulation of RNA
synthesis over the background in mock-
infected cells. Four of the ts mutants were
able to synthesize virus-specific RNA at
both the restrictive and the permissive
temperature, giving a 10- to 25-fold stim-
ulation compared to actinomyecin D-
treated, mock-infected cells. The other 16
ts mutants were RNA™, i.e., virus-specific
RNA-synthesis at 40° was twofold or less
above the background in mock-infected
cells.

Cells infected with the RNAY mutants
(ts-43, ts-201, ts-209, and ts-379) were phe-
nol extracted and virus-specific RN As from
these cells were analyzed. As shown in Fig.
2, no qualitative differences were observed
between the set of virus-specific ENAs in-
fected in these cells compared to the RNAs
present in cells infected with wild type vi-



398 KOOLEN ET AL.

ts- 43 ts-201

ts-209

+
ts-379 ts

MW x10—6 31° 40®  31° we®

31° 40°  31° w0 31

o () o o

40

S 11 . Lt ] o
ool A .
3.0 + |t — 3
| R
1.4 4 [r— — 4
1.2 1 S p— - 3
0.9 4+ S <! o = — &
0.6 + (— (- - . d X 7

F1G. 2. Analysis by agarose gel electrophoresis of virus-specific RNAs extracted from Sac(—) cells
infected with wild type MHV-AS59 (ts*) or RNA* ts mutants grown at 31° and 40°. Gels were loaded
with equal amounts (50,000 cpm) of radioactivity of the virus-specific RNAs synthesized at 31°,
which were compared with RNA extracted from an equal number of cells incubated at 40°. Fluo-

rographs were exposed for 7 days.

rus. The RNA™ mutants were also ana-
lyzed to see whether there was still some
preferential synthesis of one or more of
the RNAs; none was detected.

Virus-Induced Proteins in Cells Infected
with ts Mutants

RNA* mutants were tested for their
ability to synthesize proteins at the per-
missive and restrictive temperature. Vi-
rus-specific intracellular proteins were
labeled with [*S]methionine and im-
munoprecipitated. As described previ-
ously (Rottier et al, 1981b), Sac(—) cells
infected with wild-type MHV-A59 eontain
gp150, the precursor of the virion proteins
gp90/180/E2, the nucleocapsid protein
pp54/N, from which during the im-
munoprecipitation procedure usually two
smaller polypeptide species arise (Rottier
et al., 1981a), and the three forms of the
matrix protein E1, p24, gp25.5, gp26.5 (Fig.
3). These same proteins were observed in
cells infected with mutants ts-201, ts-209,
and ts-379 both at the permissive and re-
strictive temperature. However, ts-209-in-
fected cells contained an extra 46K protein
band, which could be a degradation prod-
uct of the nucleocapsid protein generated
during immunoprecipitation. The fact that
it is also found in straight cell lysates (not
shown) argues against this, however.

A protein of about 120K was present in
cells infeeted with ts mutants at 31°. Its
nature is still unclear. It does not comi-
grate with pl110, the unglycosylated pre-
cursor of gpl50, found in tunicamyecine-
treated cells (data not shown).

Surprisingly, ts-43 although RNA™ was
unable to synthesize viral proteins at 40°,
although some nucleocapsid protein might
be present (Fig. 3).

Biological Effects of ts Mutants

Wild-type MHV-A59 is highly patho-
genic for mice as was described before
(Manaker et al., 1961). We have found that
50 to 100% of 4-week-old Balb/c mice in-
fected intraperitoneally or intracerebrally
with this virus die within 1 week from hep-
atitis or encephalitis, respectively. Ts mu-
tants are highly attenuated in their neu-
ropathogenic properties. Of the mutants
tested so far (ts-43, ts-169, ts-201, ts-209,
ts-276, ts-299, ts-342, and ts-379), 10° PFU
injected intracerebrally did not result in
any clinical illness, with the exception of
ts-169 which caused transient eclinical
symptoms 6 to 7 days p.i. Full details will
be published elsewhere, but relevant at this
moment is that histological sections of the
central nervous system of mice infected
with ts-342 sacrificed 4 weeks after infec-
tion showed, compared with control ani-
mals, obvious histological changes (Fig. 4),
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Fic. 3. Electrophoretic analysis of virus-specific proteins present in cells infected with RNA™
mutants (ts-43, ts-201, ts-209, and ts-379), mutant ts-171 and wild type (ts*) of MHV-A59.
[®S]Methionine labeled virus was prepared according to Rottier ef al. (1981b).

although the mice were clinically healthy.
Patchy areas of spongy degeneration were
observed in the white matter of the spinal
cord. These areas were not restricted to
any particular tract. Similar areas were
seen scattered throughout the brain stem,
where also mainly the white matter ap-
peared to be involved. Occasionally struec-
tures resembling swollen degenerating ax-
ons and macrophages were noted in the
affected areas. Mild microglial reaction,
and especially in the brain stem, astroglial
reaction accompanied the lesions. There
was otherwise little or no inflammatory
reaction, except for a rare perivascular cuff.

In some of the mice, dilation of the ven-
tricular system, especially of the lateral
ventricles, occurred, with partial disap-
pearance of the ventricular ependyma and
rarefaction of the periventricular cortical
aera. Similar, although less extensive,
pathological changes were found in sec-
tions of the central nervous system ob-
tained from mice infected with ts-43 and
ts-201.

DISCUSSION

This paper reports the isolation and ini-
tial characterization of a set of MHV-A59

ts mutants. Only 4 of the 20 isolated mu-
tants were able to induce virus-specific
RNA in infected cells at the restrictive
temperature. Assuming a random distri-
bution of mutations over the genome and
estimating about 55% of the coding ca-
pacity specifying replicative functions (Van
der Zeijst et al., 1981), this is a surprisingly
small proportion. It might reflect a greater
sensitivity of the viral polymerase(s) to
mutations compared to the viral struc-
tural proteins. A similar large proportion
of RNA ™ mutants was found in a set of ts
mutants of MHV-JHM (Leibowitz et al.,
1982).

The RNA™ mutants will be useful for the
study of the viral genes involved in viral
RNA synthesis. OQur preliminary unpub-
lished experiments have demonstrated that
in MHV-A59 at least five complementation
groups are involved in viral RNA synthe-
sis. This unexpectedly high number is in
agreement with data from Leibowitz et al.
(1982) who recently described six comple-
mentation groups for RNA™ mutants of
MHV-JHM.

Since protein synthesis is unlikely to oe-
cur without RNA synthesis, only RNAY
mutants were tested for their ability to
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FIG. 4. Foeal lesions in the spinal cord of a elinically healthy Balb/c mouse 4 weeks after intra-
cerebral inoculation with 100,000 PFU of ts-342. Sections were stained with hematoxylin-eosin.
The scale bar is 100 um in A and 10 um in B, a magnification of the upper right part of A. Cis a

control from mock-infected mice.

induce synthesis of virus-specific polypep-
tides at the permissive and restrictive
temperature. Three-of these mutants (ts-
201, ts-209, ts-379) induced all viral pro-
teins, both at the restrictive and the

permissive temperature. However, one
mutant, ts-43, was unable to induce virus-
speeific proteins in cells at the restrictive
temperature with the possible exception of
a small amount of nucleocapsid protein. It
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will be of interest to see whether the RNAs
made at 40° are translatable in vitro.
There is some confusion about the
pathogenic properties of MHV-A59. Some
investigators have reported that the virus
has a very low virulence and a weak patho-
genicity (Lai and Stochlman, 1981; Robb et
al., 1979). This might be explained by as-
suming that these investigators were
working with a nonpathogenic variant of
the original virus isolated by Manaker et
al. (1961). A more likely explanation, how-
ever, is that the mice used for the patho-
genie studies had antibodies against mouse
hepatitis virus (Robb et al., 1979). We have
always checked our mice for the absence
of anti-MHV antibodies by a plaque re-
duction assay, before they were used for
pathogeniec studies. Doing so we were able
to confirm the observation of Manaker et
al. (1961) that the virus is indeed highly
pathogenic and virulent, when injected in-
tracerebrally or intraperitoneally. We
show here that attenuated virus has dras-
tically attenuated pathogenic properties
and is able to cause more prolonged in-
fection of the central nervous system. In
this respect there seems to be little dif-
ference between so-called hepatotropic

MHV-A59 and neurotropic MHV-JHM. A
detailed study on the time course of the
development of the lesions in the central
nervous system and the cells involved is
in progress.

We assume that the ts defects are due
to a change in one single nucleotide, al-
though during mutagenesis inevitably
other non-ts lesions will have been in-
duced. Therefore, it is not sure whether
the ts lesion itself or additional mutations
are responsible for the altered pathogenic
properties of the virus. The high leakiness
of ts-342 at 37° suggests that in this case
additional mutations are important. In-
fection experiments with revertants of the
mutant can help to elucidate this point.
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