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ABSTRACT.  In this study transgenic mice which expressed antisense RNA against the nucleocapsid protein gene of mouse hepatitis virus
(MHYV) under the control of RSV LTR were produced. These transgenic mice were able to transmit the foreign gene to their progeny in
a Mendelian tashion. Antisense RNA was detected in various tissues from the transgenic mice including liver and brain, the target organs
of MHYV infection. One strain of transgenic mice derived from founder mouse No. 19 was more resistant to the lethal challenge of MHV
than non-transgenic mice. The results of the present study show the ability of antisense RNA against the viral gene to protect agaisnt

viral infection in vivo.—KEY woORDS: antisense RNA, MHV, N protein, transgenic mouse.

It has been shown that antisense RNAs and oligonuc-
leotides against viral genes can be used as tools for
inhibiting viral gene expression and viral replication in
vitro [10, 15, 22, 29, 31, 38]. The molecular mechanisms
underlying the phenomenon are however still unclear.
These results gave rise to the concept of unnatural
intracellular antiviral immunity driven by specific anti-
sense RNA. Indeed, it has been reported that the
transgenic mice which express antisense RNA against
proviral packaging sequences of Moloney murine leuke-
mia virus (MMLV) do not develop any symptoms of
leukemia after infection with MMLYV [11]. Also, cell lines
established from transgenic mice which express the
antisense RNA against adenovirus h5 (AdS) are more
resistant to Ad5 than a normal kidney cell line [7]. We
recently reported that multiplication of mouse hepatitis
virus (MHV) was inhibited by an oligonucleotide com-
plementary to the leader RNA sequence of MHV [23].
Consequently, transgenic mice which expressed antisense
RNA against MHV gene were produced and the effect of
antisense RNA on the MHYV infection was examined to
provide further information concerning the ability of
antisense RNA to inhibit multiplication of the virus in
vivo.

MHYV is a member of the Coronaviridae, which causes a
variety of diseases including hepatitis and encephalomy-
elitis in laboratory mice [13, 39]. MHV is an enveloped
virus containing a helical nucleocapsid structure composed
of a single-stranded, positive-polarity RNA of approx-
imately 31 kilobase (kb) in length [27]. During infection,
virion RNA is initially transcribed into full-length nega-
tive-stranded RNA [4, 16]. In turn, the negative-stranded
RNA is transcribed into a genomic mRNA and six species
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of subgenomic mRNAs [16]. The mRNAs form 3’
-coterminal nested-set extending for different lengths in
the 5° direction [18]. The 5’-ends of each mRNA and the
genomic mRNA contain an identical leader sequence of
approximately 70 nucleotides, which are encoded only at
the 5’-end of genomic RNA [17, 34]. The free leader RNA
is synthesized initially, dissociates from the negative-
stranded template, and rebinds to the full-length negative-
stranded RNA at the initiation sites of the six subgenomic
mRNAs. The leader RNA thus takes part in a leader-
primed transcription [3]. However it is suggested that
subgenomic negative-stranded RNA is also synthesized as
a template for the transcription of mRNAs [30]. In
MHV-infected cells, three major proteins are detected.
The glycoproteins, M and S, of ca. 23,000 and 90,000 to
180,000 Da, are translated from mRNA 6 and 3, respec-
tively [37]. A nucleocapsid (N) protein of ca. 60,000 Da is
the most abundant and translated from mRNA 7 [35]. It
has been shown that a specific interaction occurs between
the N protein and the sequence in the leader RNA. The N
protein also plays an important role in viral transcription
and replication [2, 36]. The treatment of mice with
neutralizing monoclonal antibodies (MAbs) to the N
protein protects the mice against a lethal challenge of
MHV, but not with MAbs to the M protein [25].
Therefore, the N protein may also be an important factor
affecting the pathogenesis of MHV. Since the genomic
sequence of the N protein of MHV was conserved among
several strains of MHV [1, 32], transgenic mice which
express the antisense RNA complementary to the N
protein sequence of one strain of MHV may be resistant to
the another strain of MHV. We therefore selected the N
protein mRNA sequence as a target sequence of antisense
RNA in the present study.
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MATERIALS AND METHODS

Reagents: Restriction endonuclease and agarose S were
purchased from Nippon Gene. Nitrocellulose membrane
(Hybond-C) and **P-dCTP (3000 Ci/mmole) were from
Amersham. Reverse transcriptase was from Seikagaku
Kogyou, Japan. Oligo (dT);s, and primer oligonucleotides
were synthesized using the phosphoamidite method on a
Beckman DNA synthesizer (model System plus 1), and
purified by HPLC.

Plasmid: The recombinant plasmid used to produce the
transgenic mice consisted of Rouse sarcoma virus (RSV)
LTR as a promoter/enhancer [9, 26], a 1.8 kilobase pair
(kbp) full length of N protein ¢DNA fragment of
MHV-JHM strain [32], the chloramphenicol acetyltrans-
ferase (CAT) gene, the SV40 splice site and polyA signal
(Fig. 1). The cDNA fragment of N protein was inserted
into the plasmid with antisense orientation relative to the
RSV LTR. This recombinant gene was referred to as
Rs-Nanti.

Transgenic mouse productions: CSTBL/6//JC] mice were
purchased from CLEA, Japan, at 8 weeks of age, and
used at 10 weeks. The recombinant plasmid was digested
with BamHI and Ndel, and the 4.4 kbp fragment was
separated from the vector sequence by agarose gel
electrophoresis. The resulting fragment was microinjected
into male pronuclei of fertilized mouse eggs according to
the procedure of Gordon et al. [9]. Research was
conducted according to the principles defined in the
”Guide for the Care and Use of Laboratory Animals”

BamHl

SV40 EcoRl

polyA signal
Fig. I. Recombinant plasmid with antisense RNA
against the N protein gene of MHV. The plasmid
contains RSV LTR, ¢cDNA of N protein of MHV,
CAT gene, and SV40 T antigen polyadenylation
region. A cDNA fragment of N protein was inserted
with antisense orientation relative to the RSV LTR.

prepared by Hokkaido University.

Southern blotting hybridization analysis: DNA samples
were prepared from tail segments of transgenic mice
essentially by the method of Maniatis et al. [20]. The DNA
samples were digested with restriction endonuclease and
the DNA fragments were electrophoretically separated on
a 0.6% agarose gel. The separated DNA fragments were
transferred onto nitrocellulose paper by the method of
Southern [35]. A cDNA fragment of N protein of MHV
was **P-labelled by nick translation [28]. Hybridization
was carried out under the conditions described previously
[15], i.e. 6X SSC (1X SSC is 0.15 M NaCl and 0.015 M
sodium citrate), 5X Denhardt’s solution (1X Denhardt’s
solution is 0.05% bovine serum albumin, 0.05% Ficoll and
0.05% polyvinylpyrrolidone) [6], 100 ug/ml of yeast
tRNA, and 50% formamide at 42°C. Autoradiography
using Fuji RX X-ray film (Fuji Photo Film) was carried
out with an intensifying screen at —80°C for 24 hr.

Reverse transcriptase-polymerase chain reaction (RT-
PCR): Total RNA samples were prepared from various
tissues of transgenic mice according to the method of
Chairgwin et al. [5]. RT-PCR was carried out under the
conditions described previously [15], i.e. ¢cDNA was
synthesized in a 50 u/ reaction mixture which contained 5
ug of tissue RNA, 4 ng of synthetic oligo (dT)s, 100 mM
Tris-HCl (pH 8.3). 4 mM dithiothreitol, 10 mM MgCl,,
140 mM KCl, 20 ug actinomycin D/m/, 1 mM each of
dTTP, dCTP, dATP and dGTP, and 80 U of avian
myeloblastosis virus reverse transcriptase. The RNA was
used for the reaction after treatment with RNase-free
DNasel (Promega Biotec). The reaction mixture was
heated briefly at 90°C and then reacted at 42°C for 2 hr.

Two primer oligonucleotides for the PCR, P1;
TGCCGACATAGGATTCATTCTCT and P2; ATATT-
GGTACAGACACAACCGAC were used for the am-
plification of the 1.1 kbp region of the N protein cDNA of
MHYV. The PCR was performed according to the protocol
provided with the GeneAmp kit (Perkin-Elmer Cetus)
using synthesized cDNA as a template.

Infection: The JHM strain of MHV [19] used in this
study was propagated in DBT cells [14]. After 10 u/ of
inoculum was placed on the external nares of each 5-14
transgenic and non-transgenic mice pups at 1-2 days of
age, animals were kept in a separate vinyl isolator with
sterile food, water and corncob bedding, and inspected for
survival at least twice a day.

RESULTS

The male pronuclei of 1,465 fertilized eggs were
microinjected with several hundred copies of the recom-
binant gene, Rs-Nanti, and 1,060 eggs were then trans-
planted to the oviducts of pseudopregnant foster recipient
mice for further development. The presence of the
Rs-Nanti gene in mice developing from the eggs injected
with Rs-Nanti DNA was determined by Southern blotting
hybridization of DNA extracted from the tail segments
(Fig. 2a). Five transgenic mice, designated as No. 15, 16,
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17, 19 and 20, were identified from a total of 42 offspring
and they carried different copy numbers of the Rs-Nanti
genes (Table 1). Four out of five transgenic mice were able
to transmit the foreign gene to their progeny and both
male and female were fertile (Table 1). We developed two
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Fig. 2. Southern blot analysis of transgenic mice. (a) Ten
micrograms of DNA samples prepared from founder mice
(No. 15, 16, 17, 19 and 20) and non-transgenic mouse (N)
were digested with PstI, and analyzed by Southern
blotting hybridization using ¢cDNA of N protein as a
probe. P5 and P10 represent positive controls (5 and 10
copies of Psi-digested Rs-Nanti gene per haploid
genome). (b) Ten micrograms of DNA samples prepared
from F1 (O3 and S8) and F2 (21, 51, 52, 74,75, 76 and 77)
mice of strain No. 19, and non-transgenic mouse (N) were
digested with Pstl and analyzed as described in (a). =
represents homozygote for the Rs-Nanti gene.

N Mu H S

Lu P B K Li

independent strains of transgenic mice derived from
founder mice No. 19 and No. 20 which carried 20 and 30
copies of the Rs-Nanti gene per haploid genome, respec-
tively (Table 1, Fig. 2). The inheritance pattern of the
Rs-Nanti gene in the two pedigrees showed that both male
and female mice were able to transmit the transgene to
their progeny in a Mendelian fashion (data not shown).

To analyze the expression of the antisense RNA against
the N protein mRNA of MHV, cDNAs were synthesized
from the RNA samples prepared from several tissues of
F3 mice of strain No. 19 which were homozygotes for the
Rs-Nanti gene and then PCR was carried out using the

Table 1. Transgenic mice with Rs-Nanti gene

F1¥ B F3¢
homozygote homozygote

Founder mouse Copy number of
transgene
(per haploid genome)

No. 15(f) 50 m23 324 NT
f 48

No. 16(f) >50 mS
f 07

No. 17(f) 40 m 16 14/33 NT
f 614

No. 19(f) 20 m§9 W +
f o6

No. 20(f) 30 més 4163 +
f 24

a) F1 mice were obtained from the mating of founder mouse
and parental C57BL/6 mouse and represented as trans-
genic mice/total male or female offsprings. f and m
represent female and male, respectively.

b) F2 mice were obtained from the mating of F1 mice which
carried the Rs-Nanti gene, and represented as homozy-
gotes/total offsprings.

¢) F3 mice were obtained from the mating of F2 mice which
were homozygote for the Rs-Nanti gene. + represents the
appearance of transgenic mice with homozygote of trans-
gene. NT represents not tested.

P Ma

Fig. 3. The expression of antisense RNA in transgenic mice. (a) Five micrograms of the total RNA samples were prepared from
various tissues of F3 mice of strain No. 19 and non-transgenic mice (N). cDNA was synthesized from each of the RNA samples
and amplified by PCR. The amplified products were electrophoresed on agarose gel and stained with ethidium bromide at a
concentration of 0.5 ug/ml. + represents that the RNA samples were reacted with reverse transcriptase before PCR analysis. —
represents that the RNA samples were not reacted with reverse transcriptase. Haelll-digested phiX174 DNA was used as a size
marker (Ma). (b) The amplified products as shown in (a) were transferred onto the nitrocellulose membrane and hybridized
with cDNA of N protein as a probe. Tissues are shown: Mu, muscle; H, heart; S, spleen; Lu, lung; B, brain; K, kidney; Li,
liver. P represents positive control (amplified product from the recombinant plasmid as a template).
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Fig. 4. The survival rate of the transgenic mice infected with MHV. (a) Twelve mice of No. 19 strain (O- O), twenty
mice of No. 20 strain (X -- X) and cleven non-transgenic mice (@ - @) were infected with MHV at 1.0 x 10° PFU. (b)
Eleven mice of No. 19 (O - O), five mice of No. 20 (X -- X) and five non-transgenic mice (@ - @) were infected at 6.8

x 10° PFU.

synthesized ¢cDNA as a template (Fig. 3). The expected
1.1 kb amplified fragment was observed in PCR products
from all 7 tissues examined in the present study, and the
1.1 kbp amplified fragment was hybridized with the cDNA
of N protein. The 1.1 kb amplified fragment was observed
in PCR products of the RNA samples from F3 mice of
strain No. 20 by RT-PCR analysis (data not shown).

To examine the effect of antisense RNA on the
infection of MHV in vivo, the transgenic mice were
infected with MHV at 5 to 10 x 10? PFU. The results are
shown in Fig. 4. In the case of No. 19 strain of transgenic
mice, higher survival rates were observed after 4 days of
post infection compared with those of non-transgenic
mice. The survival rate of non-transgenic mice was
approximately 20% at 7 days of post infection. In contrast,
50% of transgenic mice (No. 19) survived. After 8 days of
post infection, death of the infected mice was not
observed. No significant difference in survival rate or day
of death-incidence was observed between non-transgenic
mice and transgenic mice of strain No. 20.

DISCUSSION

It has been reported that antisense RNA against viral
genes inhibits the expression of the gene and viral
multiplication in vitro [10, 22, 29, 31, 38]. However, at
present only two research groups have reported successful
production of transgenic animals with antisense RNA
against viral genes [7, 11]. We produced transgenic mice
which expressed antisense RNA against the N protein
gene of MHV under the control of RSV LTR and
examined the ability of antisense RNA to inhibit the viral
infection in vivo. It is well known that RSV L'TR contains
the regulatory sequence of the gene expression and directs
an active expression in various mammalian cells and
tissues [9, 26]. In the present study, the expected 1.1 kbp
amplified fragment was observed in PCR products of the
RNA samples from various tissues including liver and

brain of transgenic mice by RT-PCR analysis (Fig. 3). The
results showed that RSV LTR directed the expression of
antisense RNA in these tissues, the target organs of MHV
infection [13, 39].

Since four out of five transgenic mice were able to
transmit the Rs-Nanti gene to their progeny (Table 1), the
Rs-Nanti gene was integrated into the host chromosome in
each of the four transgenic mice. Transgenic mouse No. 16
did not transmit the foreign gene to its progeny. There-
fore, this founder mouse should be mosaic concerning the
transgene.

The transgenic mice derived from founder No. 19 were
more resistant to the lethal infection of MHV than
non-transgenic mice and the transgenic mice of strain No.
20 (Fig. 4). The present result and the reports of other
workers [7, 11] show the ability of antisense RNA against
viral gene to protect against viral infection in vivo,
although the present study does not confirm a mechanism
for the inhibition of antisense RNA complementary to the
N protein gene against lethal infection of MHV in
transgenic mice. The N protein plays an important role in
transcription and replication [2, 36], and the pathogenesis
[25] of MHV. In the transfected DBT cell lines which
expressed antisense RNA against the N protein gene of
MHYV, viral transcription and multiplication were inhi-
bited (24 and data not shown). It has been proposed that
antisense RNA can work by interfering with translation
due to the formation of hybrids between mRNA and
antisense RNA [12, 21]. Therefore, antisense RNA
against the N protein gene may inhibit the synthesis of the
N protein and the viral multiplication, and this results in
the protection of transgenic mice against the lethal
infection of MHV. However, the reason why there was no
significant difference in the sensitivity to MHV infection
between non-transgenic mice and the transgenic mice of
strain No. 20 remains still unclear. The expression level of
antisense RNA may be an important factor for the
inhibitory effect. Further studies are now in progress to

NII-Electronic Library Service



TRANSGENIC MICE WITH ANTISENSE RNA TO MHV 553

confirm the mode of inhibition by the MHV antisense
sequence.

ACKNOWLEDGEMENTS.

We wish to thank Dr. F. Taguchi of

National Institute of Neuroscience, Kodaira, and Dr. H. Iwai of
Rakunougakuen University, Ebetsu, Japan, for their helpful
suggestions.

REFERENCES

1.

10.

11.

13.

Armstrong, J., Smeekens, S., and Rottier, P. 1983. Sequ-
ence of the nucleocapsid gene from murine coronavirus
MHV-A59. Nucl. Acid Res.11: 883-891.

Baric, R. S., Nelson. G. W., Fleming, J. O., Deans, R. J.,
Keck, J. G., Casteel, N., and Stohlman, S. A. 1988.
Interactions between coronavirus nucleocapsid protein and
viral RNAs: implications for viral transcription. J. Virol.
62: 4280-4287.

Baric, R. S., Stohlman, S. A., and Lai, M. M. C. 1983.
Characterization of replicative intermediate RNA of mouse
hepatitis virus: presence of leader RNA sequences on
nascent chain. J. Virol. 48: 633-640.

Brayton, P. R., Lai, M. M. C., Patton, C. D., and
Stohlman, S. A. 1982. Characterization of two RNA
polymerase activities induced by mouse hepatitis virus. J.
Virol. 42: 847-853.

Chirgwin, J. M., Przybyla, A. E., MacDonald, R. J., and
Rutter, W. J. 1979. Isolation of biologically active ribonuc-
leic acid from sources enriched in ribonuclease. Bio-
chemistry 18: 5294-5299.

Denhardt, D. T. 1966. A membrane filter technique for the
detection of complementary DNA. Biochem. Biophys. Res.
Commun. 23: 641-646.

Ernst, L. K., Zakcharchenko, V. L., Suraeva, N. M.,
Ponomareva, T. L., Miroshnichenko, O.I., Prokof’ev, M.
1., and Tikchonenko T. 1. 1991. Transgenic rabbits with
antisense RNA gene targeted at adenovirus HS. Therioge-
nology 35: 1257-1271.

Gordon, J. W., Scangos, G. A., Plotkin, D.J., Barbosa, J.
A., and Ruddle, F. H. 1980. Genetic transformation of
mouse embryos by microinjection of purified DNA. Proc.
Natl. Acad. Sci. U.S.A. 77: 7380-7384.

Gorman, C. M., Merino, G. T., Willingham, M. C., Pastan,
1., and Howard, B. H. 1982. The Rouse sarcoma virus long
terminal repeat is a strong promoter when introduced into a
variety of eukaryotic cells by DNA-mediated transfection.
Proc. Natl. Acad. Sci. U.S.A. 19: 6777-6781.
Graessmann, M., Michaels, G., Berg, B., and Graessmann,
A. 1991. Inhibition of SV40 gene expression by microin-
jected small antisense RNA and DNA molecules. Nucl.
Acids Res. 19: 53-59.

Han, L., Yun, J. S., and Wagner, T. E. 1991. Inhibition of
Moloney murine leukemia virus-induced leukemia in trans-
genic mice expressing antisense RNA complementary to the
retroviral packaging sequences. Proc. Natl. Acad. Sci.
U.S.A. 88: 4313-4317.

Harland, R. and Weintraub, H. 1985. Translation of
mRNA injected into Xenopus oocytes is specifically inhi-
bited by antisense RNA. J. Cell Biol. 101: 1094-1099.
Henderson, R. M., Griffin, D. E., McCormick, U., and
Weiner, L. P. 1975. Mouse hepatitis virus-induced recurrent
demyelination. Arch. Neurol. 32: 32-35.

Hirano, N., Fujiwara, K., Hino, S., and Matumoto, M.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

27.

28.

29.

1974. Replication and plaque formation of mouse hepatitis
virus (MHV-2) in mouse cell line DBT culture. Arch.
Gesamte Virusforsch. 44: 298-302.

Kawamura, M., Hayashi, M., Furuichi, T., Nonoyama, M.,
Isogai, E., and Namioka, S. 1991. The inhibitory effects of
oligonucleotides, complementary to Marek’s disease virus
mRNA transcribed from BamHI-H region, on the prolifera-
tion of transformed lymphoblastoid cells, MDCC-MSBL1. J.
Gen. Virol. 72: 1105-1111.

Lai, M. M. C., Patton, C. D., and Stohlman, S. A. 1982.
Replication of mouse hepatitis virus negative-stranded
RNA and replication from RNA are of genome length. J.
Virol. 44: 487-492.

Lai, M. M. C., Patton, C. D., Baric, R. S., and Stohlman,
S. A. 1983. Presence of leader sequences in the mRNA of
mouse hepatitis virus. J. Virol. 49: 1027-1033.
Leibowitz, J. L., Wilhelmsen, K. C., and Bond, C. W.
1981. The virus specific intracellular RNA species of two
murine coronaviruses: MHV-A59 and MHV-JHM. Virolo-
gy 114: 39-51.

Makino, S., Taguchi, F., Hayami, M., and Fujiwara, K.
1983. Characterization of small plaque mutants of mouse
hepatitis virus, JHM strain. Microbiol. Immunol. 27:
445-454.

Maniatis, T., Fritsch, E. F., and Sambrook, J. 1982.
Construction of genomic libraries, pp. 269-308. In: Molecu-
lar Cloning: A Laboratory Manual. Cold Spring Harbor
Laboratory, New York.

Melton, D. 1985. Injected antisense RNAs specifically
block messenger translation in vivo. Proc. Natl. Acad. Sci.
US.A. 82: 144-148.

Miroschnichenko, O. I., Ponomareva, T. I., and Tik-
chonenko, T. I. 1989. Inhibition of adenovirus 5 replication
in COS-1 cells by antisense RNAs against the viral Ela
region. Gene 84: 83-89.

Mizutani, T., Hayashi, M., Maeda A., Yamashita, T.,
Isogai, H., and Namioka, S. 1992. Inhibition of mouse
hepatitis virus multiplication by an oligonucleotide com-
plementary to the leader RNA. J. Ver. Med. Sci. 54:
465-472.

Mizutani, T., Hayashi, M., Maeda, A., Sasaki, N.,
Yamashita, T., Kasai, N., and Namioka, S. 1993. Inhibition
of mouse hepatitis virus multiplication by antisense oligo-
nucleotide, antisense RNA, sense RNA and ribozyme. In:
Coronaviruses Plenum Press, Paris, New York (in press).
Nakanaga, K., Yamanouchi, K., and Fujiwara, K. 1986.
Protective effect of monoclonal antibodies on lethal mouse
hepatitis virus infection in mice. J. Virol. 59: 168-171.
Overbeek, P. A., Lai, S.-P., van Quill, K. R., and
Westphal, H. 1986. Tissue-specific expression in transgenic
mice of a fusion gene containing RSV terminal sequences.
Science 231: 1574-1576.

Pachuk, C. K., Bredenbeak, P. J., Zoltick, P. W., Spaan,
W. J. M., and Weiss, S. R. 1989. Molecular cloning of the
gene encoding the putative polymerase of mouse hepatitis
coronavirus, strain AS59. Virology 171: 141-148.

Rigby, P. W. J., Dieckmann, M., Rhodes, C., and Berg, P.
1977. Labelling deoxyribonucleic acid to high specific
activity in vitro by nick translation with DNA polymerase 1.
J. Mol. Biol. 113: 237-251.

Ruden V. T. and Gilboa, E. 1989. Inhibition of human
T-cell leukemia virus type I replication in primary human T

cells that express antisense RNA. J. Virol. 63: 677-682.

NII-Electronic Library Service



554

30.

31.

33.

34.

N. SASAKI, ET AL.

Sawicki, S. G. and Sawicki, D. L. 1990. Coronavirus
transcription subgenomic mouse hepatitis virus replicative
intermediates function in RNA synthesis. J. Virol. 64:
1050-1056.

Sczakiel, G. and Pawlita, M. 1991. Inhibition of human
immunodeficiency virus type I replication in human T cells
stably expressing antisense RNA. J. Virol. 65: 468-472.
Skinner, M. A. and Siddle, S. G. 1983. Coronavirus JHMV;
nucleotide sequence of the mRNA that encodes nucleocap-
sid protein. Nucl. Acids Res. 11: 5045-5054.

Southern, E. M. 1975. Detection of specific sequences
among DNA fragments separated by gel clectophoresis. J.
Mol. Biol. 98: 503-517.

Spaan, W. J. M., Rottier, P. J. M., Horzinek, M. C., and
van der Zeijst, B. A. M. 1982. Sequence relationships
between the genome and the intracellular RNA species 1, 3,
6 and 7 of mouse hepatitis virus strain A59. J. Virol. 42:

35.

36.

37.

38.

39.

432-439.

Stohlman, S. A. and Lai, M. M. C. 1979. Phosphoproteins
of murine hepatitis virus. J. Virol. 32: 672-675.
Stohiman, S. A., Baric, R. S., Nelson, G. N., Soe, L. H.,
Welter, L. M., and Deans, R. J. 1988. Specific interaction
between coronavirus leader RNA and nucleocapsid protein.
J. Virol. 62: 4288-4295.

Struman, L. S. and Holmes, K. V. 1977. Characterization of
a coronavirus. II. Glycoproteins of the viral envelope:
tryptic peptide analysis. Virology 77: 650-660.

To, R. Y.-L., Booth, S. C., and Neiman, P.E. 1986.
Inhibition of retroviral replication by anti-sense RNA. Mol.
Cell. Biol. 6: 4758-4762.

Weiner, L. P. 1973. Pathogenesis of demyelination induced
by a mouse hepatitis virus (JHM virus). Arch. Neurol. 28:
298-303.

NII-Electronic Library Service





