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ABSTRACT

Polypeptide products of MHV-A59 gene 1 have been identified in infected DBT cells
and in the products of in vitro translations of genome RNA (1,2). In this paper we report
the identification in infected celllysates of a 65-kDa polypeptide (p65) encoded in ORF 1a.
Studies on the kinetics of appearance and processing of p65 show that p65 is detectable after
p28 but before the appearance of p290, p240 and p50. No homologue of the p65
polypeptide identified in infected cell lysates was immunoprecipitated from in vitro
translations of genomic RNA, providing further evidence that in vitro processing of
polypeptides encoded in ORF 1a of gene 1 differs from that which occurs late in infection of
DBT cells. Although the function of p65 is unknown, two MHV-A59 ts mutants isolated
and characterized by Baric et al. (3,4) do not produce detectable levels of p65 at the non
permissive temperature indicating that p65 may play an important role in the virus life cycle.

INTRODUCTION

The coronavirus mouse hepatitis virus, strain A59 (MHV-A59) contains a single
stranded positive-sense RNA of approximately 32-kb (5). The genome of MHV contains 7
genes, each of which encode one or more viral proteins (6,7,8). Because MHV virions do
not contain RNA polymerase (9), this enzyme must be synthesized from the incoming viral
genome RNA. Based on sequence analysis (10) and RNA recombination studies using
temperature-sensitive (ts) mutants (3), it is believed that gene 1 may encode proteins which
are either directly or indirectly involved in viral RNA synthesis. Gene 1 contains two open
reading frames, ORF la and ORF 1b which overlap by 75 nucleotides. ORF Ib is translated
in the -1 frame with respect to ORF 1a and is translated via a ribosomal frameshifting
mechanism (11). Together, ORF la and ORF 1b have the capacity to encode an as yet
undetected polyprotein of greater than 750kDa. Amino acid sequence analysis of gene 1 of
MHV-JHM and MHV-A59 suggests that ORF la contains a picomaviral 3C-like protease
domain and two papain like protease domains, and ORF 1b contains polymerase, helicase
and zinc finger motifs (6,7,8).

Identification of gene I products and characterization of subsequent processing events
should provide a better understanding of viral protease and polymerase activities as well as
coronavirus replication in general.

COTonaviruses, Edited by H. Laude and J.F. Vautherot
Plenum Press, New York, 1994 221



MATERIALS AND METHODS

Virus and Cells

MHV-A59 (12) was propagated in the murine astrocytoma cell line, DBT. Temperature
sensitive (ts) mutants of MHV-A59 obtained from Ralph Baric were plaque purified and
maintained as previously described (4).

Preparation and analysis of infected cell Iysates

Confluent monolayers of DBT cells were infected with wild type or ts mutants of
MHV-A59 and radiolabeled with [35S] methionine as previously described (2,4). At the
times indicated in the individual experiments the infected radiolabeled cells were placed on ice
and processed, after which the cell lysate was immunoprecipitated as previously described
(2). Immunoprecipitated sample was resuspended in 50 ul of 2x Laemmli buffer, boiled for
5 minutes and electrop,horesed on a 5-18% gradient SDS-polyacrylamide gel (gSDS-PAGE).

In vitro Translation of MHV·A59 Genome RNA

Purification of MHV-A59 genome RNA, translation in rabbit reticulocyte lysate,
immunoprecipitation, and electrophoresis were all performed as previously described (1).

Preparation of Antibodies

Polyclonal antiserum (UP102) directed against polypeptides encoded in the first 1.8 kb of
ORFla was raised in rabbits using as an immunogen virally encoded protein expressed in E.
coli. To generate the immunogen the first 1.8 kb of ORFla was placed under the control of a
T7 promoter in a pET 3B vector and expressed in E. coli using T7 RNA polymerase(13).
The resulting insoluble fusion protein was recovered from the pellet following bacterial cell
lysis and used directly and after denaturation with 2% SDS and 5% 2-mercaptoethanol as an
immunogen. Antisera anti-p28 and 81043 were generated as previously described (2,14).
The locations of viral sequences encoding the polypeptides used to raise these antisera are
shown in table I.

TABLE 1. Antisera used for Immunoprecipitation of MHV·A59 ORFIA
Products

Antiserum

p28
UP102
81043

RESULTS

Peptide type

Oligopeptide
Fusion protein
Fusion protein

Peptide size (aa)

14
-600
-400

Nucleotides

287-329
182-1984

2879-3968

Immunoprecipitation of MHV·A59 ORFla Encoded Polypeptides

Antisera (Table 1) directed against ORFla encoded polypeptides were used to
immunoprecipitate MHV nonstructural polypeptides from [35S] methionine labeled infected
cell lysates. As previously reported (2) anti-p28 serum precipitated a 28 kDa (p28)
polypeptide and 81043 antisera precipitated a 290 kDa (p290) precursor polypeptide. The
240-kDa (p240) and 50-kDa (p50) cleavage products of p290 were also detected by 81043
(Fig. 1). Based on potential antibody recognition domains it had been hypothesized (2) that
a polypeptide of greater than 30 kDa is encoded between p28 and p290. To identify
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polypeptides encoded between p28 and p290, antiserum (UPI02) was generated against
polypeptides encoded between nucleotides 182 and 1984. It was predicted that UP102 could
potentially precipitate p28, a polypeptide of greater than 30kDa and large precursor proteins.
As predicted, UP102 precipitated p28, which was also precipitated by anti-p28. UP102 also
precipitated a 65kDa polypeptide (p65) that is not precipitated by either anti-p28 or 81043
(Fig. 1), indicating that p65 is encoded between p28 and p290.

Pulse chase labeling of infected DBT cells was performed to determine specific
precursor-product relationships of ORFla products (data not shown). As previously
reported p28 was detected immediately after a 20 minute pulse label and the amount of p28
detected remained constant throughout the 120 minute chase period. The 65-kDa polypeptide
was detected at 15 minutes of chase and increased in amount detected throughout the 120
minute chase period. A heterogeneous band of greater than 400-kDa that was precipitated by
UP102 throughout the first 15 minutes of the chase decreased in amount detected as p65
increased in amount detected. The disappearance of the heterogeneous band as p65 begins to
appear indicates that p65 is processed from an as yet unidentified precursor protein.

abc d

-- p290
__ p240

__ p65

- p50

_ p28

Fig. 1 Immunoprecipitation of MHV·A59 ORFla products. Immunoprecipitates
of [35S] methionine labeled, (lane A) mock infected and (lanes B,C,D) MHV-A59 infected
DBT cells were analyzed by 5-18% gradient polyacrylamide gel electrophoresis. Lane A and
C, antiserum UP102; lane B, anti-p28 antiserum; lane D, 81043 antiserum. Antisera are as
described in Table 1. Specific precipitation products are to the right of the gel, with arrows
indicating these products.

Immunoprecipitation of In Vitro Translation Products

We have previously hypothesized (2) that intracellular translation and processing of
ORFla products differs from that which occurs during in vitro translation of viral genome.
The major ORFla in vitro translation products previously reported are p28, p220 and their
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precursor p250 (15). In vitro translation of viral genome and subsequent
immunoprecipitation of translation products using UP102 (data not shown) results in the
immunoprecipitation of p28 and p220. Antiserum UP102 also precipitates several other
bands which were also precipitated by either anti-p28 or 81043. No in vitro homologue of
p65 was precipitated by UP102, providing further data that differences exist between in vivo
and in vitro translation and processing of ORFla products.

Polypeptide Analysis of MHV-A59 Temperature Sensitive Mutants

Temperature sensitive mutants have been utilized in several different animal virus
systems to characterize the processing and function of viral proteins (16,17). MHV-A59 ts
mutants have been partially characterized and genetic recombination analysis has revealed 5
RNA minus (A thru E) and 1 RNA plus (group F) complementation groups (3,4) a selection
of MHV-A59 ts mutants obtained from Ralph Baric were analyzed for defects in ORFla
polypeptide translation and processing. DBT cells were infected with ts MHV-A59 for 5.5
hours at the permissive temperature of 32 °C and then the infected cells were shifted to the
non-permissive temperature of 39.5 °C and labeled with [35S] methionine at various times
after the temperature shift. Ts mutants NCII (group B) and LAl6 (group NB) were found
to be defective for translation and/or processing of p28 and p65 at the non-permissive
temperature of 39.5 0C (data not shown). Both NCII and LAl6 showed greatly reduced
levels of p28 and undetectable levels of p65 at the non-permissive temperature as compared
to high levels of p28 and p65 detected at the permissive temperature. A revertant of NCII
also obtained from Ralph Baric produced wild type levels of both p28 and p65 at 32 DC and
39.5 °C, indicating that the translation and/or processing defect has been corrected in this
revertant. The protein defect(s) seen in NCII and LAl6 appear to be unique to these two
mutants because other members of group A and B produce detectable levels of p28 and p65
at both 32 0C and 39.5 oC. To determine if p28 and p65 were thermolabile at the non
permissive temperature for NCII and LAI6, infected cells were radiolabeled at 32 DC and
then chased with cold methionine at the non-permissive temperature. The amounts of p28
and p65 produced at 32 °C were stable (data not shown) throughout the chase period at 39.5
°C, indicating that decreased levels of p28 and p65 at 39.5 °C in NCII and LAl6 were not
due to the thermolability of either polypeptide. The exact cause of the defect seen for NCII
and LAl6 has yet to be determined.

DISCUSSION

Detection of MHV-A59 ORFla Encoded Polypeptides

In this study we report the identification of p65, an ORFla encoded polypeptide. UP102
precipitated p28, a polypeptide (p65) which was hypothesized to be encoded directly
downstream of p28 and a heterogeneous band of greater than 400kDa which is believed to
contain a putative precursor of p65.

Immunoprecipitation of ORFla in vitro translation products using UP102 failed to
detect an in vitro homologue of p65 identified in infected cell lysates, providing further
evidence that differences exist between in vivo and in vitro translation and processing of
ORFla encoded polypeptides. Possible cause(s) of differences that exist in the pattern of
ORFla polypeptide synthesis in vivo and in vitro may be in part due to: cellular proteases
present in vivo and not in vitro that are responsible for processing of virally encoded
polypeptides; temporal regulation of polypeptide synthesis and processing in vivo; or
incomplete translation of ORFla in vitro.

Processing of ORFla Encoded Polypeptides

To elucidate the synthesis and processing pattern of ORFla encoded polypeptides pulse
chase experiments were performed. As previously reported p28 was detected first and levels
of p28 remained constant throughout the chase period. After 15 minutes of chase, p65 was
detected and increased in amount throughout the chase period. After p65 was detected, p290
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and its cleavage products p240 and p50 were also detected (Fig.2). The specific proteas~s

and target sites responsible for the intracellular cleavage of p65 are not yet known. If p65 IS
encoded directly adjacent to p28, N terminal cleavage of p65 maybe mediated in cis or trans
by putative papain-like proteases encoded within ORFla. The Sindbis virus papain protease
nsP2 has been shown to cleave at the dipeptides GA or GG (18). A GG dipeptide at residue
196 in ORFla maybe a possible papain protease cleavage site. Another predicted cleavage
site is at one of the YG dipeptides at either residues 258 or 273 (19). A vaccinia
recombinant containing the p28 coding sequence and terminating at the second YG made a
protein of approximately 32 kDa. This suggests that the true cleavage site is upstream of the
second YG dipeptide at residue 273. (20)We are currently attempting to immuno-purify p65
and sequence its N-terminus to clearly ascertain the cleavage site.
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Fig. 2 Model of ORF1a translation and processing in MHV-A59 infected
cells and in in vitro translation of MHV-A59 genome RNA. The size of ORFla,
ORFlb, location of putative functional domains, the predicted sizes of the polypeptides and
the possible cleavage sites are all shown to scale. General alignment of polypeptides is based
on antisera specificity and has not been confilmed by protein sequencing.

Polypeptide Processing in MHV-A59 ts Mutants

Two ts mutants obtained from Ralph Baric, NCII and LAl6 are defective for translation
and/or processing of p28 and p65. It is not yet clear if the defect is in the translation or
processing of ORFla encoded polypeptides. Currently, we are attempting to
immunuprecipitate large precursor proteins produced by NCII and LA16 at the non
permissive temperature. If precursor polypeptides are made at the non-permissive
temperature it would support the hypothesis that the defect(s) present in NCll and LA16 are
affecting polypeptide processing. We believe that the ts mutants will be valuable tool in
studies which attempt to elucidate processing and function of ORFla encoded polypeptides.
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