
69 

PROTEOL YTIC PROCESSING OF THE MHV 
POLYMERASE POLYPROTEIN 
Identification of the P28 Cleavage Site and the Adjacent 
Protein, P65 

Shanghong Dong, Hong-Qiang Gao, and Susan C. Baker 

Department of Microbiology and Immunology 
Loyola University Medical Center 
2160 South First Ave., Bldg. 105 
Maywood, Illinois 60153 

ABSTRACT 

The polymerase gene of Mouse Hepatitis Virus strain JHM (MHV-JHM) encodes a 
polyprotein larger than 750 kilodaltons. This polyprotein is proposed to be processed by 
several viral proteinases into functional subunits. The amino-terminal subunit is p28, which 
is cleaved by the first viral papain-like proteinase domain. In this study, we identified the 
cleavage site of this papain-like cysteine proteinase by amino acid sequencing of radiola
beled polypeptide adjacent to p28. Proteolysis occurs between the glycine-247 and valine-
248 dipeptide bond. To determine which amino acid residues are critical for proteolysis, we 
preformed site-directed mutagenesis on the coding sequences surrounding the cleavage site 
and assayed for the efficiency of cleavage of p28 in an in vitro transcription and translation 
system. We report that glycine-247 and arginine-246 are the most critical residues for 
efficient processing of p28. 

INTRODUCTION 

The Mouse Hepatitis Virus (MHV) polymerase polyprotein is encoded by the 5' -most 
gene, gene I. Gene 1 is 22 kilobases and has been completely cloned and sequenced 1,2. Gene 
I encodes two overlapping open reading frames, ORF la and ORF Ib, which have the 
potential to encode a polyprotein of greater than 750 kilodaltons. ORF la encodes a 3C-like 
protease domain and two papain-like cysteine proteinases. We have previously shown that 
papain-like cysteine proteinase domain I, termed PCP-I, is responsible for the autopro
teolytic processing of the polymerase polyprotein to release the amino-terminal protein 
product, p283,4. To further understand the proteolytic processing events involved in the 
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maturation of the polymerase polyprotein, we have identified the cleavage site recognized 
by PCP-l to release p28. The approach we took was to isolate the protein adjacent to the 
cleavage site and subject that protein to amino terminal sequencing. We then systematically 
mutated the residues surrounding the cleavage site to identify the residues that are essential 
for efficient processing of p28. 

METHODS AND RESULTS 

In Vitro Transcription and Translation of cDNAs Encoding p28 and 
PCP-l Domains 

The p28 and adjacent protein were generated by in vitro transcription and translation of 
a plasmid DNA which represents the 5'-region ofORFla (Figure lA). This construct contains 
the complete proteinase domain and p28 domain and has a small in-frame deletion. We have 
previously shown that transcription and translation of this construct results in the synthesis of 
a 128 kDa precursor polyprotein which is autoproteolytically processed to p28 and a 100 kDa 
protein3,4. Proteins were labeled during in vitro translation with either 3H-leucine, 3H-valine or 
3sS-methionine, separated by polyacrylimide gel electrophoresis, transferred to PVDF mem
brane, and the isolated 100 kDa protein was subjected to amino acid cycle sequencing based on 
the Edman degradation reactionS. The results of the N-terminal sequencing of the protein 
labeled with 3H-valine indicated that valine is in positions 1 and 7 after cleavage of p28, leucine 
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Figure 1. (A) Schematic diagram of MHV-JHM gene I open reading frame and the structure of the cDNA 
clone in plasmid pT7-S27. The two overlapping reading frames (ORFs) are shown in boxes with only ORFla 
drawn to scale. Plasmid pT7-S27 contains the 5'-end of the polymerase polyprotein ORF including the 
authentic AUG (nucleotide 215), a small in-frame deletion (nucleotide 2063 to 2811) and the PCP-I domain 
(hatched box). (B) Coupled transcription and translation of plasmid pT7-N27 DNA results in the synthesis of 
a polyprotein which is autoproteolytically processed to produce p28 and p1004. The radiolabeled C-terminal 
100-kDa peptide was isolated for N-terminal microsequencing to determine the cleavage site. Partial amino 
acid sequence of the potential cleavage site region is shown, in which the cleavage site predicted from 
micro sequencing analysis is indicated by a black triangle and the previously proposed cleavage site6 is marked 
by an asterisk. The amino acids mutated in this study are underlined. Figure I reprinted with permission 7 
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Figure 2. Schematic diagram of the p28 cleavage site. The 
residues from the P5 to P3' positions are indicated in boldface 
type. Amino aCid substitutIOns introduced by oligonucleotide 
mutagenesis are indicated below each position. 
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was found to be in positions 5, 18 and 22 and no methionine residues were detected in the first 
25 positions (data not shown). By aligning this sequence information with the deduced amino 
acid sequence of the region, we concluded that the cleavage site for p28 occurs between 
Glycine-247 and Valine-248 (Figure lB). 

To determine the amino acids which are essential for cleavage site recognition, we 
performed site-directed mutagenesis on the residues both upstream (PI, P2, P3, etc) and 
downstream (P 1', P2', P3', etc) of the cleavage site (Figure 2) and determined the effect of 
the mutation on p28 processing in an in vitro transcription/translation system. Mutants were 
generated from the parent plasmid pT7-N27 using degenerate oligonucleotides8,9. Forty two 
individual mutants were then analyzed for the effect of the mutation on the processing of 
p28. Representative data are shown in Figure 3. Plasmid DNA encoding either the wild type 
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Figure 3. In vitro translation protein products of wild type and mutants at the PI (Gly-247) and PI' (Val-248) 
positions. Site-specific mutations were introduced by degenerate oligonucleotide mutagenesis8,9. Linearized 
plasmids were translated in the T7 RNA polymerase coupled rabbit reticulocyte Iysates system (Promega) in 
the presence of J5S-methionine and translation products were anlyzed by 10% SDS-PAGE. Specific mutations 
at positions 247 and 248 are indicated at the top of the corresponding lanes, with additional lanes: M, molecular 
weight marker; N, no RNA; Wt, wild-type pS-N27 translation products; C, control polypeptide with inactive 
PCP-I in which the catalytic residue of the proteinase, cysteine-I 137, was mutated to Ser4. FIgure 3 reprinted 
with permission7• 
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Figure 4. Schematic diagram of the proteolytic process 109 of the 5'-end ofthe MHV polymerase polyprotem 
The 5'-most protemase domam, PCP-I, acts 10 CIS to cleave the ammo-termmal portIOn of the polyprotem, 
releasmg p28. The catalytic residues of PCP-I, cysteme-1137 and hlstldme-1288, are mdlcated 10 the 
protemase domam (hatched box) The p28 cleavage site, glycme-247-valme-248, IS shown and the major 
determmants for efficient processmg ofp28, argmme-246 (P2) and glycme-247 (PI), are mdlcated 

(glycine) at the P I position or a mutant amino acid at the P I position were transcribed and 
translated in rabbit reticulocyte Iysates (TNT system, Promega Biotech) and the products 
were analyzed by polyacrylimide gel electrophoresis on aID % gel. As shown in Figure 3, 
the wild type protein is cleaved to produce p28 and the 100 kDa product. In contrast, when 
glycine-247 is replaced by alanine, aspartic acid, asparagine or valine, p28 processing is 
dramatically reduced. As a control, if the catalytic cysteine-I 13 7 residue of the proteinase 
domaine is altered (Figure 3, lane C), no p28 processing occurs. Overall, these results 
indicate that a glycine at the PI position is a major determinant in p28 processing. 

In contrast to the P I position, the valine at the PI' position seems to be less critical. 
Substitution to 9 other amino acids had little or no effect on the processing of p28 (Figure 
3). Similar primary data was generated from the 42 mutants. The results of the transcrip
tion/translation experiments indicated that both the glycine at the P I position and the arginine 
at the P2 position are the major determinants for the cleavage of p28 (Figure 4). Substitutions 
at either site resulted in dramatic reductions in p28 processing. In constrast, substitutions at 
positions P4, P3, PI', P2' or P3' had little or no effect on p28 processing. 

DISCUSSION 

We have shown that the MHV PCP-I domain cleaves p28 at the glycine-24 7 -valine-
248 dipeptide bond. Furthermore, the arginine at the P2 position and the glycine at the PI 
position are the major determinants for efficient processing of p28. By comparing the 
cleavage site recognized by MHV PCP-I to other known cleavage sites, we can see that the 
glycine at the PI position is important for recognition by several viral papain-like cysteine 
proteinases such as Equine Arteritis virus (EAV)10, Tobacco Etch Virus (TEV)II,12 and 
H ypovirulence Associated ViruS (HAV) 13, 14. However, there may be some distinction in these 
proteinases. EAV, TEV and HAV are termed "leader" proteinases because the proteinase 
activity resides in the amino terminal domain and cis-cleavage occurs at the carboxy-terminal 
end of the proteinase 15. MHV PCP-I may be more similar to what Gorbalenya termed "main" 
proteinases l5 . The cysteine proteinase of Sindbis virus, nsp2, cleaves at multiple sites both 
in cis and in trans, and plays an important role in temporal regulation in Sindbis virus RNA 
synthesis l6. Preliminary evidence indicates that in MHV-infected cells, the protein adjacent 
to p28 is a 65 kDa protein which is also proteolytic ally processed from the polyprotein (Gao 
and Baker, unpublished). However, the proteinase responsible for the cleavage ofp65 is not 
known. Further investigation of the proteolytic processing of the MHV polymerase polypro
tein is required to determine if MHV PCP-I, like Sindbis virus nsp2, cleaves at additional 
sites in the polyprotein. 
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