
The Membrane M Protein of the Transmissible 
Gastroenteritis Coronavirus Binds to the Internal 
Core through the Carboxy-Terminus 

DAVID ESCORS, JAVIER ORTEGO, AND LUIS ENJUANES 1 

I Department of Molecular and Cell Biology, Centro Nacional de Biotecnologia, CSIC, Campus 
Universidad Autonoma, 28049 Madrid, Spain. 

1. INTRODUCTION 

An internal core was recently described in two coronavlruses, the 
tramsmissible gastroenteritis coronavirus (TGEV) and the murine 
hepatitis virus (MHV) (Risco et aI., 1996). The core has a spherical and 
possibly icosaedral shape. Purified cores included both the nucleoprotein 
and the membrane protein, as well as the viral genome. The presence of 
the M protein in purified cores was unexpected since this has been 
considered an integral membrane protein. This observation could be 
explained if the M protein molecules embedded in the viral envelope, 
with the intravirion carboxy-terminus, interact with the internal core by 
an intravirion domain. This hypothesis seems feasible since it was shown 
that the M protein interacts with the viral nucleocapsids in MHV virions 
(Sturman et aI., 1980). However, further evidence for this interaction is 
required. 
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Figure 1. The protein composition of purified virions and cores was analyzed by SDS
PAGE and silver staining. The M to N molar ratio is shown and the difference was 
statistically significant (P=O.025). 

2. MATERIALS AND METHODS 

2.1 Purification and analysis of virions, cores and 
nucleocapsids 

TGEV virions (PUR-MAD strain) were purified from infected ST cells 
(Jimenez et aI., 1986). Cores were purified as described before (Risco et 
aI., 1996) and nucleocapsids were obtained by disrupting the cores with 
300 mM of KCl (Escors et aI., 2000). The protein composition was 
analyzed by SDS-PAGE and silver staining. The gels were scanned and 
the protein bands quantified using the NIH-Image software. The M to N 
molar ratio was statistically compared in virions and cores. 

2.2 In vitro interaction of the M protein with purified 
nucleocapsids 

The M gene and several deletion mutants obtained by standard PCR 
techniques were expressed in a rabbit reticulocyte lysate in the presence 
of 35S-labeled methionine/cysteine. A nucleoprotein-specific monoclonal 
antibody (mAb) was conjugated to protein G-Sepharose beads and was 
complexed to purified nucleocapsids. This complex was used to 
immunoprecipitate the wild-type and mutant proteins (Escors et aI., 
2000) . 
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Figure 2. The binding of labeled M protein and several protein mutants was analyzed in 
the binding assay. Point mutations are shown as bars (M 170 and M248-250) and 
deletions in white boxes (MM2-97, ML'l252-262, M236-262 and ML'l144-216). A 
deletion from residue 236 to the carboxy-terminus (ML'l236-262) abolished the binding 
to nuc\eocapsids. The identified interaction domain (residues 236 to 252) is shown as a 
dashed box in the carboxy-terminus. 

3. RESULTS 

Cores were purified from TGEV vlflons by disrupting the viral 
envelope with NP-40 and sucrose gradient centrifugation. Two thirds of 
the M protein molecules co-purified with TGEV cores (Figure 1). The 
binding of the M protein to cores was resistant to a wide range of salt 
concentrations (NaCl and KCl <200 mM), reducing agents (2-
mercaptoethanol), and detergent (Triton X-IOO). These data suggested 
that the binding was specific (Escors et aI., 2000). In addition, it was 
observed a correlation between the loss of the M protein and the release 
of the nucleocapsid (data not shown). The specificity of the M protein 
to nucleocapsid binding was studied by analizing the binding of M protein 
mutants to nucleocapsid (Figure 2). The results were compatible with an 
interaction of an M protein domain of 16 aminoacids with nucleocapsid 
(residues 236 to 252). The specificity of the binding was confirmed by 
two independent approaches (Escors et aI., 2000). The first one was 
based on the efficient inhibition of the M protein binding by a synthetic 
peptide identical to the interaction domain previously identified. The 
second one was based on the specific inhibition of the binding by M
specific monoclonal antibodies directed to the carboxy-terminus (data 
not shown). 
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Figure 3. Structural model proposed for the TGEV virion. Virions contain an internal 
core made of the viral genome, nucleoprotein (N) and the carboxy-terminus of the 
membrane protein (M). The internal core is surrounded by a lipid envelope including the 
spike protein (S), the envelope protein (E) and the membrane protein. The M molecules 
in a Nexo-Cendo (Ml) topology directly interact with the N protein through the carboxy
terminus. The M protein in a Nexo-Cexo topology (M2) remains embedded in the viral 
envelope and is lost during core purification. 

4. CONCLUSIONS 

The experimental evidence obtained so far in TGEV vIrIons is 
compatible with the structural model proposed in figure 3 (Escors et aI., 
2000). According to this model the membrane M protein adopts two 
topologies within the virus envelope, a Nexo-Cendo and a Nexo-Cexo 
topology (Risco et aI., 1995). The M protein in a Nexo-Cendo topology 
interacts with the internal core by the carboxy-terminus. One third of 
the M protein molecules were specifically lost during the purification 
process and there is biochemical evidence showing that these molecules 
correspond to those in a Nexo-Cexo topology (unpublished results). 
Therefore, the M protein specifically interacts from the viral envelope 
with the internal core by 16 aminoacids located in the carboxy-terminus, 
contributing to core stability (Escors et aI., 2000). A coronavirus cDNA 
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clone has been recently engineered as an infectious bacterial artificial 
chromosome (Almazan et aI., 2000). Mutations in the M protein 
interaction domain will be introduced in the viral genome and their 
effects on TGEV morphogenesis and structure will be tested. 
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