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Mouse hepatitis virus, strain A59 cDNAs were inserted into 
the procaryotic fusion vector pGE374. RecA/viral/Lacz tripartite 
fusion proteins were synthesized from these plasmids and purified 
from E. coli. Antisera were raised in rabbits against these 
fusion proteins. Viral nonstructural proteins were detected in 
infected murine fibroblasts and glial cells. The anti-gene B, 
ORF1 sera detect a 30K cytoplasmic protein while the anti-gene 
E, ORF2 sera detect a 9.6K protein. Sera raised against proteins 
encoded in cDNAs from 5' portions of gene A immunoprecipitate the 
200-250K polypeptides synthesized in vitro from genome RNA. 
Antisera raised against proteins encoded in both 5' and 3' 
portions of gene A immunoprecipitate membrane associated 
polypeptides of 150K and >600K from MHV infected cells. 

INTRODUCTION 

Mouse hepatitis virus strain A59 contains three structural 
genes. These encode: N, the phosphorylated 60K basic nucleocapsid 
protein; E1, the transmembrane glycoprotein and E2, the peplomer 
protein which is responsible for cell fusion and is thought to 
play an important role in pathogenicity and antigenicity. The 
remaining four viral genes are thought to encode nonstructural 
proteins (1). The largest of these is the approximately 23 kb 
putative polymerase gene A (2), which may encode one or more 
polypeptides involved in viral RNA polymerase activity. Other 
smaller non-structural genes include gene B, which potentially 
encodes a 30K basic protein and possibly an additional 
glycoprotein (3), gene D which encodes a 14K protein in the case 
of MHV-JHM (4) or a 10K protein in the case of MHV-A59 (Weiss 
et al., unpublished) and gene E, which potentially encodes a 13K 
basic protein (ORF1) and a 9.6K hydrophobic protein (ORF2) (5,6). 
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It is possible that at least some of these proteins may be 
involved in RNA synthesis as there are at least six 
complementation groups of temperature sensitive mutants of MHV 
with RNA negative phenotypes (7). The sequences of the predicted 
gene E, ORF1 and gene B, ORF1 products suggest that these may be 
nucleic acid binding proteins. 

The nonstructural proteins have been difficult to detect in 
the infected cell, probably due to their low abundance and a lack 
of specific antisera. Partial expression of gene A has been 
achieved by the cell-free translation of genome RNA. The 5' end 
of gene A is thought to encode p28 and p220, derived from a p250 
precursor (8,9). These three polypeptides are presumed to be 
related to MHV polymerase. Of the predicted small, non-structural 
proteins the gene E, ORF2 product (10) and gene D product (11) 
have been detected in infected cells by the use of specific 
antisera. A 35K protein, the possible product of gene B, ORF1 has 
been observed in infected cells and in the products of cell free 
translation of mRNA 2 by the use of serum derived from an 
infected mouse (12). 

We summarize here our use of procaryotic viral fusion 
vectors for the synthesis of fusion proteins which were used to 
raise antisera against the proteins encoded in MHV nonstructural 
genes A,B and E. We have validated the sera by reaction with in 
vitro translation products and then used the antisera to 
demonstrate the viral gene products in MHV-infected cells. 

METHODS 

Cells and viruses. The origin and growth of the 17CI-1 and 
L-2 cell lines (13) as well as MHV-A59 (14) have been described 
previously. Mixed glial cell cultures, containing at least 90% 
astrocytes, were derived from newborn C57BL/6 mouse brains as 
described previously (15). 

Protein labeling and subcellular fractionation. 17CI-1 cells 
or glial cells were infected with MHV-A59 at an M.O.I. of 5-10 
PFU/cell. Fourteen hours later (17CI-1) and 24 hours later 
£glial) cells were labeled for one hour with 35S-methionine and 

S-cysteine as previously described (10,16). For subcellular 
fractionation, cells were divided into nuclear, membrane and 
cytoplasmic fractions by the procedures of Brayton et al., (17). 
Proteins were detected by radioimmunoprecipitation, 
immunoflorescence microscopy, immunoperoxidase staining or 
Western immunoblotting, all as described previously (10,20). 

Recombinant DNA technology. Restriction enzymes as well as 
terminal deoxynucleotidyl transferase were used as suggested by 
the vendors. Viral cDNAs were cloned from MHV-A59 genome RNA 
using the procedures of Gubler and Hoffman (18) and mapped on the 
viral genome as previously described (2,19). DNA fragments were 
subcloned into pGem vectors as described previously (6,10,16). 

Construction of fusion vectors. The prokaryotic expression 
vectors, pGE372 and pGE374 are derivatives of pBR322 that differ 
from each another at a synthetic DNA sequence between recA and 
lacZ elements and have been described in detail before (10,16). 
In both vectors, the 5' end of the E. coli .recA structural gene 
(35 codons), as well as the recA promoter land ribosome binding 
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site, are located upstream of the E. coli lacZ gene (1015 
codons), which lacks its promoter and translation initiation 
si te. The lacZ gene encodes a functional f3 -galactosidase. 
However, expression of the enzyme requires the recA transcription 
and translation initiation signals. In pGE372, the truncated 
recA and lacZ genes are in frame. In pGE3 74, the downstream lacZ 
sequence is out of frame with the recA sequence; these coding 
sequences are separated by a small synthetic DNA fragment which 
contains a Sma I site for insertion of DNA fragments. 

Antisera production. The tripartite fusion proteins were 
usually recovered preparatively from the pellet following 
bacterial cell lysis in the presence of Triton X-100 and 
sonication (10,16). The fusion protein derived from gene E was 
recovered from a preparative polyacrylamide gel (10). Tripartite 
fusion proteins were used as immunogens directly and after 
denaturation with 1% SDS and 5% 2-mercaptoethanol (100°C for 5 
minutes). Between 50 and 100 ug of protein was homogenized with 
complete Freund's adjuvant and injected subcutaneously in two NZW 
rabbits. Rabbits were subsequently boosted at approximately 4-
week intervals by injection of antigen in incomplete Freund's 
adjuvant. 

Antisera were initially evaluated by immunoblotting against 
bacterial extracts prepared from bacteria carrying the 
recombinant plasmids as well as pGE372, and pGE374. At least 
three immunizations were required before activity against the 
appropriate bands on the Western blots was observed. They were 
further evaluated for viral specificities as described below in 
Methods. 

In vitro transcription and translation. The pGem 
recombinant vectors were linearized and transcripts were 
synthesized using the bacteriophage T7 or SP6 RNA polymerases as 
described by Krieg and Melton (21). Translation reactions (25ul) 
were in a rabbit reticulocyte lysates (Promega) and contained 1ug 
of the capped transcripts or purified genome RNA. 

RESULTS 

Anti-fusion protein antisera 

For construction of viral/pGE374 fusion vectors, pGE374 DNA 
was linearized by digestion with Sma I, and tailed with 
deoxyguanosine triphosphate (22). Various fragments of DNA as 
diagrammed in Figure 1 were isolated from the MHV-A59 viral 
cDNAS, tailed with deoxycytosine triphosphate, annealed to Sma 
I digested, dG tailed pGE374, and used to transform MC1061. 
Colonies expressing a lacZ+ phenotype were selected in the 
presence of XGal. The presence of viral sequences was verified 
by Southern blot hybridization (data not shown). 

Colonies containing each of the viral inserts shown in 
Figure 1 were grown up in maxi-preps and RecA/viral/LacZ 
tripartite fusion proteins identified by immunblotting with anti
RecA serum as well as by their large size. Tripartite fusion 
proteins were isolated preparatively. Most of the tripartite 
fusion proteins were insoluble after bacterial cell lysis with 
Triton and sonication. These proteins were isolated directly from 
the bacterial pellets and used as a mixture of "native" and 
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"denatured" proteins for immunization (see Methods). The 
remaining proteins, that were soluble after cell lysis, for 
example the gene E, ORF2 product tripartite protein, were 
purified by preparative SDS polyacrylamide gel electrophoresis 
and were used in denatured form for immunization. Inoculation of 
each protein into two rabbits and testing of the actitivy of the 
sera against the immunogens were carried out as described in 
Methods and as previously described (10,16,20). 

Immunoprecipitation of in vitro translation products with 
antisera 

Before testing the putative nonstructural protein antisera 
on infected cell lysates, the antisera were reacted with in vitro 
translation products representing portions of genes A,B and E. 
For testing of the gene A antisera, in vitro translation products 
of genome RNA were used. In vitro translation of the viral 
genome results in a group of large proteins of 200 to 250K among 
which are p220 and p250 described by Denison and Perlman (8,12). 
These correspond to the open reading frame initiated at the 5' 
end of the genome, the putative viral polymerase gene (9); the 
250K of protein corresponds to the sequences found in 
approximately 7.5 kb at the 5' end of genome. These in vitro 
translated proteins were immunoprecipitated by the antisera 
directed against fusion proteins derived from clones 1410, 1533 
but not those from 917, 1033 or from gene B (Figure 2A). Thus 
1410 and 1533 antisera contain activity against the polypepetides 
encoded in the 5' end of genome as they should and the antisera 
derived from more 3 ' gene A clones do not. This suggests that 
antisera directed against proteins encoded in cDNAs 1410 and 1533 
do contain activity against the polypeptides encoded in the 5' 
end of the polymerase gene and should be useful for the detection 
of polypeptides encoded in gene A in MHV infected cells. At 
present we do not observe cell free translation of more 3 I 
regions of gene A so we do not have substrates with which to test 
these antisera. 

The gene B and gene E antisera were validated similarly with 
in vitro translation products of RNAs generated by transcription 
from pGem constructs containing the appropriate ORFs. As we have 
published previously (6) we have inserted cDNAs containing gene 
E, ORF1 and ORF2 sequences either separately or in tandem into 
pGem vectors, transcribed RNAs from these vectors and used these 
in in vitro translation reactions to synthesize polypeptides 

MHV·A59 GENOME 

Gene A Genee 

eDNA 1410 1533 911 1033 

In •• ,' 
In pGE374 

Figure 1. Schematic diagram of cDNA fragments used for synthesis 
of fusion proteins. cDNA clones are aligned on the viral genome 
map. Fragments of these clones used for insertion into the fusion 
vector are also diagrammed. 
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corresponding in size to the ORFs. We demonstrated a large amount 
of the 9.6K ORF2 product and only small amounts of the 13K ORF1 
product. Using the 9. 6K protein we demonstrated 
immuoprecipitation using the antisera directed against ORF2 but 
not using the antisera directed against ORF1. We were unable 
however to demonstrate activity by the gene E, ORF1 antiserum. 
Thus until now we have been unable to derive an anti-13K serum. 

The ORF1 of gene B potentially encodes a 30K protein (3,22). 
An 820 base pair piece of DNA from clone 1033 containing the 
entire coding region of gene B, ORF2, was inserted into pGem. The 
resulting vector was linearized and then transcribed with T7 RNA 
polymerase. The resulting RNA was translated in vitro into a 30K 
polypeptide. This polypeptide was efficiently immunoprecipitated 
by antisera directed against gene B, ORF1, but not by antisera 
directed against sequences encoded in gene A. 

Detection of MHV nonstructural proteins in infected cells 

Now that we had demonstrated activity against the cell-free 
translation products of portions of genes A,B and E, we were 
ready to use the ant~sera to detect non-strucutral proteins in 
infected cells. We used the sera for gene A (1410, 1533, 917, 
1033), gene B, ORF1 and gene E, ORF2) to immunoprecipitate 
radiolabeled proteins from infected cells. We used both murine 

A a b c d e f 9 h abc d e f 9 h 
8 

200 200 

92 92 

69 69 
46 46 

30 30 

14 14 

Figure 2. Immunoprecipitation of viral proteins by anti-fusion 
protein sera. Panel A. Purified viral genome was translated in 
vitro in a rabbit reticulocyte system. 3H-leucine labeled 
proteins were either analyzed directly on SDS polacrylamide gels 
(lane a) or immunoprecipitated with antifusion protein sera prior 
to gel analysis. lane b, 1410 antiserum; lane c, 1533 antiserum; 
lane d, 917 antiserum; lane e, 1033 antiserum; lane f, anti-gene 
B, ORF1 serum; lane g, pre-immune rabbit serum; lane h, anti 
nucleocapsid monoclonal antibody. Panel B. 35S-labeled protein 
from mock infected (lanes a,c,e,g,i) or infected (b,d,f,h,j) 17 
Cl-1 cells was immunoprecipitated. Lanes a and b; 1410 antiserum; 
lanes c and d, 1033 antiserum; lanes f and g, gene B, ORF1 
antiserum; lanes hand i, preimmune serum; lanes j and k, anti
nucleocapsid serum. 
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fibroblast cells (17Cl-1 and L-2) as well as primary murine glial 
cells derived from newborn mice. Infection of fibroblasts by MHV 
results in a lytic infection whereas infection of glial cells 
results in a persistent non-lytic infection. The antisera 
directed agaisnt fusion proteins derived from gene A cDNAs all 
immunoprecipitated a 150K band as well as a very large 
polypeptide that is in excess of 600K, as measured by migration 
of murine nebulin marker protein (estimated from 600-S00K) 
(Figure 2B). This very large protein could be as large as 700K 
which might represent the entire length of gene A. We consider 
these two polypeptides as putative products of gene A. These 
proteins were found in glial cells as well as 17Cl-1 and L-2 
fibroblasts and appeared with kinetics similar to those of the 
viral structural proteins. 

The gene E, ORF2 antiserum detects a 9. 6K protein in 
infected fibroblasts. This protein comigrates by SDS 
polyacrylamide gel electrophoresis with the product of in vitro 
translation of RNA containing gene E, ORF2 (6,10). The gene B, 
ORF1 antiserum detects a 30K protein in infected fibroblasts 
(Figure 2B) and in infected glial cells. This protein comigrates 
with the in vitro translation product of gene B, ORF1. 

Subcellular localization of MHV nonstructural proteins~ 

since it had been reported that MHV polymerase activity was 
associated with membranes (17) we wanted to determine if the 
putative gene A products or the gene B 30K protein were mefubrane 
associated. ThUS, we used radioimmunoprecipitation to examine the 
localization of radiolabeled proteins following subcellular 
fractionation of cells (17). Both the 150K and very large (>600K) 
proteins immunoprecipitated by the anti-gene A sera were found 
mostly in membranes. The 30K gene B, ORF1 product was found 
mostly in the cytoplasm as might be expected for a putative 
nucleic acid binding protein. As controls we used the strucutral 
proteins Nand E1. As expected, N fractionated mostly with the 
cytoplasm and E1 mostly with membranes. 

DISCUSSION 

Anti fusion protein antisera 

We have described here a method for generating fusion 
proteins to be used as immunogens to raise viral nonstructural 
protein antisera. The procaryotic fusion vector, pGE374 is an 
excellent expression vector. First the strategy of insertion of 
foreign DNA requires no detailed sequence information in order 
to determine if a coding sequence is present in the fusion DNA. 
If the DNA fragment used is longer than 110 bp there is less than 
a 1% chance that an open reading frame is a result of a random 
occurrence. We have used DNA inserts of from 250 bp to 2000 bp. 
Each of the inserts we have described here has resulted in 
approximately 5% lac Z positive colonies, which is close to the 
predicted value if there were one open reading frame in each 
fragment. Secondly, this vector has a high level recA promoter 
that can be induced to even higher levels with mitomycin C. 
Thirdly, the LacZ portion of the fusion protein can be assayed 
simply by a color reaction on bacterial colonies and the RecA 
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portion may be assayed by western blotting using a RecA antibody. 
The large size of the fusion protein also aids in its detection. 
Another useful feature of this system is that the insolubility 
of most of the fusion proteins allows a simple partial 
purification from the pellet of lysed bacteria. This also allows 
the use of both "native" and "denatured" forms of the protein to 
be used for immunizations. This makes it possible to use the 
antisera for the detection of both native and denatured forms of 
the proteins. We have found that the anti gene B, ORFI serum is 
useful in Western blots and immunofluorescence as well as 
immunoprecipitation (20). 

Detection of MHV nonstructural proteins 

The MHV non-structural proteins have been very difficult to 
detect. The expected proteins have been predicted from RNA 
sequence analysis of cDNA clones for the small proteins encoded 
in genes B, D and E. In the cases of gene B, ORF1 (20), gene D 
(11) and gene E, ORFI (6,10) the predicted proteins have been 
detected in the infected cells by the use of anti-fusion protein 
antisera. The gene B 3 OK and the gene E 9. 6K proteins are 
detected both during lytic infection and during persistent 
infection in glial cells and appear with similar kinetics to that 
of MHV structural proteins. 

Sequence analysis suggests that the gene B, ORFI product and 
the gene D product are basic and may have nucleic acid binding 
potential while the gene E, ORFI 9.6K protein is quite 
hydrophobic and may be membrane associated. It is not clear 
whether the prediced 13K predicted gene E, ORF1 protein is 
expressed during infection. It has a suboptimal sequence around 
its initiation site for protein synthesis and is quite poorly 
translated in vitro compared to ORF2 which must be translated by 
internal initiation. Functions for these proteins are at present 
unknown. There are also to date no reports of expression of these 
in eukaryotic cells or description of mutants with lesions in 
these genes. 

Sequence information is not yet available for the majority 
of MHV gene A. However, from the size of the gene (approximately 
23kb) and by analogy with infectious bronchitis virus (IBV) 
genome RNA, it is thought that the gene will probably contain two 
large ORFs (23). If similar to IBV, the second ORF will be 
expressed via a frame shift mechanism. In vitro translation of 
genome has allowed the identification of p28, p220 and p250, 
likely translation products of gene A. However, there is at 
present no evidence that either p220 or p250 is synthesized in 
the infected cell or that any of these proteins is indeed part 
of a functional polymerase. We have preliminarily identified l50K 
and >600K polypeptides as putative products of gene A. We are at 
present comparing peptide maps of these polypeptides with those 
of the in vitro translation products of genome RNA and MHV 
structural proteins. The gene A antisera that we have generated 
hopefully will allow us to identify polypeptides encoded· in gene 
A and to map these polypeptides along the length of the gene. We 
hope to be able to determine the fuunctions of the gene A 
polypeptides detected by these antisera by the use of the 
permeabilized cell system to study polymerase in vitro where the 
system may be more easily manipulated (24). 
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