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1. INTRODUCTION 

Coronavirus is a large enveloped virus containing a 27-32 kb-Iong single­
stranded, positive-sense RNA genome (Lee et at 1991). Coronaviruses 
generally have three envelope proteins S, M, and E. N protein and the viral 
genomic RNA form a helical nucleocapsid (Macnaughton et at 1978). 

Coronavirus assembly is presumably dependent on protein-protein and 
protein-RNA interactions. Interactions between viral envelope protein(s) 
and the viral internal component are rather poorly characterised. Sturman et 
al. showed that MHV envelope glycoproteins (M and S) and the MHV 
nucleocapsid are separated by solubilization of the viral membrane with non­
ionic detergent NP40 at 4°C followed by sucrose gradient centrifugation. 
Incubation of the NP40-disrupted MHV at 37°C resulted in the association of 
M protein and N protein-genomic RNA complex (Sturman et al 1980), 
indicating that this interaction is temperature-dependent. 

The present study examined the interaction between the viral envelope 
protein(s) and viral internal component in virus particles. We showed the 
interaction between M protein and N protein-genomic RNA complex in 
mature virus particles. This interaction was ionic in nature. Characterisation 
of bromelain-treated MHV showed that the interaction between M protein 
and N protein-genomic RNA complex in bromelain-treated MHV was not 
disrupted under a high salt condition. 
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2. MATERIALS AND METHODS 

2.1 Viruses and cells 

The plaque-cloned A59 strain of MHV (Baric et al 1990) was used. 
Mouse DBT cells (Hirano et a11974) were used for the growth of viruses. 

2.2 Labelling of virion proteins and purification of 
viruses 

For labelling of virion proteins, e5S] methionine was added to virus­
infected cells at 7.5 h p.i. and culture fluids were collected 12 h p.i. (Makino 
et al 1991). MHV particles were purified by sucrose gradient centrifugation 
and viral proteins, from purified virus particles, were analysed by SDS­
PAGE as described previously (Kim et aI1997). 

2.3 Disruption of virion with NP40 

To disrupt virion under a low salt condition, purified viruses were 
pelleted and incubated in a low salt buffer (NTE buffer; 0.1 M NaCl, 0.01 M 
Tris-HC1 [pH 7.5], 0.001 M EDTA) containing 0.25% NP40, for 30 min at 
4°C. For high salt treatment, a high salt buffer (NTE buffer + 0.25 M KCI), 
containing 0.25% NP40, was used. The detergent-treated viruses were then 
layered over a 10-65% discontinuous sucrose gradient, made in NTE buffer, 
and sedimented at 38,000 rpm for 5 h at 4°C. Fractions were collected from 
the bottom of the gradient and the viral proteins in these fractions were 
pelleted by centrifugation at 38,000 rpm for 2.5 h at 4°C on a Beckman 
SW40 rotor. 

2.4 Characterisation of virion RNA 

Virus-specific RNAs were extracted from the pelleted sucrose gradient 
fractions and Northern blot analysis was performed with a 32P-Iabeled, 
random-primed probe corresponding to the 5' -end of MHV genomic RNA as 
described previously (Fosmire et aI1992). 

3. RESULTS 

We characterised the interaction between viral envelope protein(s) and 
the viral internal component. e5S] methionine-labelled, purified MHV was 
treated with a low salt buffer, containing NP40. SDS-PAGE analysis of 
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pelleted proteins, in each fraction, showed the co sedimentation of both M 
protein and N protein (Fig. lA). The highest amount of both proteins was 
near the bottom of the gradient. S protein was present only near the top of 
the gradient. To examine the location of viral genomic RNA in the gradient, 
nonradiolabeled purified MHV was treated under the same condition. 
Northern blot analysis of virion RNA, extracted from the pelleted fractions, 
showed that the distribution of virion RNA was similar to that of Nand M 
proteins (Fig. lB). These data indicated that treatment of MHV in a low salt 
buffer, containing NP40, resulted in the aggregation of genomic RNA, N 
protein and M protein, which sedimented near the bottom of the gradient. S 
protein was separated from the aggregates of M protein, N protein and 
genomic RNA. Cosedimentation of M protein and N protein-genomic RNA 
complex was due to the interaction between M protein and N protein­
genomic RNA complex, because anti-N protein antibody coprecipitated both 
M protein and MHV genomic RNA from the sucrose fractions (data not 
shown). 
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Figure 1. Characterisation of interaction after treatment of MHV with a low salt buffer, 
containing NP40. (A) 35S-labeled, partially purified MHV was incubated in a low salt buffer, 
containing NP40, as described in Materials and Methods, and analysed by SDS-PAGE. (B) 
Nonradiolabeled MHV was treated under the same condition and virion RNA was analysed 
by Northern blot analysis. Arrow; MHV genomic RNA. Band T represent the bottom and 
the top of the gradient, respectively. 

Next we attempted to separate envelope M protein from the aggregation 
of M protein, N protein and viral genomic RNA by incubating MHV in a 
high salt buffer, containing NP40. If the interaction between envelope M 
protein and the N protein-genomic RNA complex is ionic in nature, then this 
interaction may be susceptible to a high salt treatment. e5S] methionine­
labelled purified MHV was incubated in a high salt buffer, containing NP40. 
SDS-PAGE analysis of each fraction showed that M protein did not 
cosediment with N protein; major peak ofN protein was in fractions 2 and 3 
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while that of M protein was in fractions 5 and 6 (Fig. 2A). S protein 
sedimented to the top of the gradient. Northern blot analysis of each fraction 
showed that most of the viral genomic RNA cosedimented with N protein to 
fraction 2 (Fig. 2B). These data indicated that incubation of MHV under a 
high salt condition did not disrupt the interaction between viral genomic 
RNA and some, but not all, N protein, while the same incubation condition 
disrupted most of the interaction between M protein and the N protein­
genomic RNA complex. Susceptibility, of the interaction between M protein 
and N protein-genomic RNA complex to a high concentration of salt, has not 
been reported previously in coronaviruses; this susceptibility suggests an 
ionic interaction between M protein and N protein-genomic RNA complex. 
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Figure 2. Characterisation of interaction after treatment of MHV with a high salt buffer, 
containing NP40. (A) 35S-labeled partially purified MHV was incubated in a high salt buffer, 
containing NP40, and treated as described in the legend of Fig. lAo (B) Nonradiolabeled 
MHV was treated under the same condition as described in A and virion RNA was analysed 
by Northern blot analysis. Arrow; MHV genomic RNA. 

Next we characterised the interaction between M protein and N protein­
genomic RNA complex in bromelain-treated MHV. Previous studies have 
shown that bromelain-treated MHV has an intact N protein and an 18 kD M 
protein (Makino et aI1983); most probably the 18 kD protein represented M 
protein lacking the N-terminal ectodomain (Makino et at 1983). esS] 
methionine-labelled, partially purified virus was treated with bromelain and 
the bromelain-treated virus suspension was purified as described previously 
(Makino et at 1983). Purified bromelain-treated MHV was incubated in the 
low salt buffer, containing NP40, or in the high salt buffer, containing NP40. 
SDS-PAGE analysis of gradient fractions showed that the 18 kD M protein 
fragment and N protein cosedimented, after treatment with low salt buffer as 
well as high salt buffer (Fig. 3). These data indicated that the interaction 
between 18 kD M protein fragment and N protein-genomic RNA complex 
was not disrupted under high salt condition. Characterisation of viral 
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genomic RNA showed that genomic RNA cosedimented with N protein 
under both buffer conditions (data not shown) . 
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Figure 3. Characterisation of bromelain-treated MHV. 35S-labeled, bromelain-treated MHV 
was incubated in a low salt buffer, containing NP40 (A) or in a high salt buffer, containing 
NP40 (8) as described in the legend of Fig.l A and samples were analysed by SDS-PAGE. 

4. DISCUSSION 

The present study demonstrated the interaction between M protein and N 
protein-genomic RNA complex in mature virus particles; this interaction 
appeared to be ionic in nature and was not disrupted under low salt 
condition. Our recent data revealed that interaction between M protein and N 
protein-genomic RNA complex exists in MHV-infected cells (Narayanan et 
al in press); the present study demonstrated that the interaction between M 
protein and N protein-genomic RNA complex, initiated in MHV -infected 
cells, was maintained in mature MHV particles. Our data in the present study 
were consistent with the data presented by Sturman et al. (Sturman et al 
1980). 

Interaction between M protein and N protein-genomic RNA complex in 
bromelain-treated MHV was not disrupted under a high salt condition, 
indicating that removal of the short ectodomain of M protein affected the 
property of its cytoplasmic tail, which probably interacts with N protein­
genomic RNA complex. Removal of the envelope M protein ectodomain 
may extensively alter M protein conformation, and this altered conformation 
may stabilise the interaction between M protein and N protein-genomic 
RNA complex. 
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