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ABSTRACT 

We have previously shown that the membrane protein M of TGEV is involved in 
efficient induction of alpha interferon (IFNu) synthesis by non-immune peripheral blood 
mononuclear cells incubated with fixed, TGEV-infected cells or inactivated virionsl,2. In 
order to determine whether M protein is able to induce interferon in the absence of other 
viral factors, we expressed the protein either stably in the porcine ST cells or transiently in 
the simian COS7 cells. Although showing no obvious difference in intracellular localization 
or glycosylation compared to its viral counterpart, the recombinant molecule failed to induce 
significant IFN activity. 

INTRODUCTION 

Transmissible gastroenteritis coronavirus (TGEV) is the causative agent of an acute 
diarrhea in swine, often fatal in newborn piglets3• Infection is associated with high interferon 
titers in the intestinal tract, lungs and serum4.5. In vitro, TGEV is able to induce an early and 
strong synthesis oflFNa by a minor subpopulation of non immune peripheral blood mononu
clear cells (PBMC) from different species6. The IFN induction mechanism differs from the 
double-stranded RNA-mediated, classical pathway since induction is observed even with 
non replicating structures, such as glutaraldehyde-fixed, infected cells or U.V-inactivated, 
purified virions 1,2. Thus the inducer may be one or several structural viral component(s). In 
addition, the IFN-inducing capacity of both TGEV-infected cells and viral particles was 
markedly inhibited by 2 monoclonal antibodies (MAbs) specifically directed against the 
exposed amino-terminus of the membrane glycoprotein M1,2, whereas MAbs specific for the 
other structural proteins had no effect. Finally, 2 mutant viruses which escaped complement
mediated neutralisation by the induction-inhibiting MAbs were about lOO-fold less inter
ferogenic than the parental Purdue virus2• Both mutations were shown to be localized at the 
M exposed amino-terminus and to result in alteration of glycosylation. Induction was also 
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found to be reduced when oligo saccharides are enzymatically removed from the virion or if 
cells are infected in the presence oftunicamycin7. Together, these data strongly support the 
view that M protein plays a crucial role in IFN induction. 

The aim of this study was to investigate whether the M protein exhibits interferogenic 
activity in the absence of any other viral factors. Its expression was achieved at relatively 
high level in two systems, either stably in the porcine ST cell line or transiently in the simian 
COS7 cells. In addition, subcellular localization, glycosylation, antigenicity and interfero
genicity of the recombinant product were examined. 

MATERIALS and METHODS 

Viruses and Monoclonal Antibodies 

Propagation of the high-passage Purdue-liS strain of TGEV in the PD5-cell line, 
virus titration on swine testis (ST) cells and the production of anti-M monoclonal antibodies 
(MAb) have been described8. Obtention and characterization of dm49-4 mutant virus has 
been already published2. 

eDNA Cloning 

The M gene was amplified by PCR from the plasmid pTG2.15 9 with the upstream 
oligonucleotide 2218 (5'CAACCCCGCTCGAGCA-CTC3') and the downstream primer 
2219 (5' ATTTAGAATTCTAGTTATACC3'). The amplified product was restricted withXhoI 
and EcoRI (sites provided by the primers) and cloned in pTEJ410 digested with Sall and 
EcoRI. The resulting plasmid, pM, was double-restricted with HindIII and BamHI and the 
insert was subcloned into the corresponding sites of pBluescript SK- (Stratagene) to give 
pBM. This plasmid was restricted with HindIII, treated with Klenow enzyme to make blunt 
ends and cut with BamHI. The insert was then cloned between the filled-in EcoRI and BamHI 
sites of pUHD I 0-3 11 • The resulting plasmid, referred to as pUM, was constructed to allow 
expression of the M gene under the inducible promoter. 

The plasmid pCM was constructed by inserting the HindIII-EcoRI fragment of pM 
into the corresponding sites of pcDNAI (Invitrogene Corp.). A cDNA of the M gene was 
amplified by RT-PCR from TGEV infected ST cells, with the oligonucleotides 2190 (5' AG
CACTCCAAGCTTGAACTA) and 2282 (5'GTTGGCGAATTCGAAGTTTAGTTATAC
CATATG3'). This cDNA was restricted with HindIII and EcoRI (both sites are provided by 
the primers) and inserted into the corresponding sites of pc DNA I to give pCM2. The plasmid 
pTM and pTM2 were derived from pCM and pCM2 respectively, by replacing theXbaI -HpaI 
fragment which contains the small intron-polyadenylation signal with the XbaI-NaeI 
polyadenylation signal ofpUHDlO-3. In pCL1C, the second half of the M gene was deleted 
by self-ligating NsiI-cut pCM. Its expression resulted in a fusion protein composed of the 
103 first amino acids of the M protein followed by the peptide SRGPYSIVSPKC. 

The plasmid pcDNAP2 expressing the porcine aminopeptidase N was kindly pro
vided by Dr Delmas. 

Transfeetion 

The ST cells and the COS7 cells were transfected with lipofectin- and lipofec
tamine™ (GIBCO BRL), respectively, according to the manufacturer's procedure. Stable 
ST cell clones were selected with hygromycin (350 J.lg/ml). 
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IFN Induction and Titration 

In order to make accessible the recombinant product, M expressing cells as well as 
TGEY-infected cells were lysed by 3 freeze-thawing cycles. Interferon induction on porcine 
blood mononuclear cells and titration were then performed as previously described l . 

RESUL TS AND DISCUSSION 

Stable Expression of the M Protein in the Porcine ST Cells 

TGEY-infected ST cells are routinely used to induce a high level IFN synthesis by 
leukocytes, with no detectable background in the absence of infection. These cells were thus 
chosen to stably express the M protein. The first attempt was made with the M gene placed 
under the strong constitutive ubiquitin promoter of the plasmid pTEJ4 JO • No expression was 
detected with 8 clones in the genome of which the plasmid pM was integrated. We next used 
the inducible system developped and kindly provided by Dr Gossen II. Eight clones showed 
strong reactivity toward the carboxy terminus-specific Mab 3.60, only under induced condi
tions. When analyzed by indirect immunofluorescence, the staining appeared to be restricted 
to a perinuclear area (data not shown). This observation was consistent with a Golgi localiza
tion, as previously reported for transiently expressed M proteins of IByI2.13, MHy14,15 and 
TGEy I6. Clones were maintained for up to 4 weeks in induced conditions, without alteration 
of expression or cell growth, thus indicating that the recombinant product was not toxic. 

Possible Incorrect Folding of the Stably Expressed M Protein 

Following induction, the MAb 3.60 immunoprecipitated a product with an apparent 
molecular mass ranging from 29 to 36 kD (Figure 1). The diffuse migration pattern is as 
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Figure 1. Stable expressIOn of the M protem m ST cells The ST cell clones 4, 17 and 24 were cultured for 
one day m the presence (non mduced N) or absence (mduced I) oftetracychn at Illg/mi RadlOlabeled extracts 
were Immunoprec1pltated m RIPA buffer (Tns pHS 0 10mM, NaCI 150mM, KCI 600mM, MgCl2 0,5mM, 
Tnton XIOO 2%) With the antl-M MAbs 3.60 (left panel) or 25.22 (nght panel) and analyzed m SDS-12% 
PAGE Controls are normal ST cells mfected (+) or not (-) 
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expected for a protein bearing Golgi-modified, complexe carbohydrates. The 29 kD form 
co-migrated with the predominant mannose-rich form of the M protein from TGEV-infected 
cells 17. Expression was also performed in the presence of either the N-glycosylation inhibitor 
tunicamycin or monensin which blocks the Golgi transport. In both cases, the recombinant 
product was shown to have the same electrophoretic mobility as its viral counterpart, thus 
confirming its glycosylated nature (data not shown). Unexpectedly, we failed to detect the 
recombinant polypeptide with 3 amino terminus-specific MAbs. This might be the result of 
misfolding. A strong label around 70 kD was also detected, although inconsistently, with the 
MAb 3.60 (Figure I). It might correspond to a homo- or hetero- dimer of the recombinant 
product, possibly reflecting imperfectly folded material. 

From the ST cell clone 30, a 18 kD product was immunoprecipitated by the 
amino-terminus specific MAbs but not by the MAb 3.60 (data not shown). This truncated 
protein seemed to accumulate in the perinuclear area. It was also glycosylated and dependent 
on induction, and thus was supposed to be expressed from a gene deleted of the 3' end. 
Together, these data suggest that the lack of recognition of the full length product by 
anti-amino terminus MAbs was not due to sequence alteration of the epitope. 

Infection of the M-Expressing ST Cells 

The M protein might require viral or virus-derived factor(s) to acquire a proper 
conformation. To address this point, induced cell clones were infected with dm49-4 virus. 
This escape mutant codes for a 26 kD, unglycosylated M protein which is no more recognized 
by the amino terminus-specific MAbs2. The expression level of the recombinant product was 
repeatedly enhanced by infection up to approximately the same amount as the viral counter
part (Figure 2). However, the recombinant protein expressed in dm49-4-infected cells still 
failed to react with the amino terminus-specific MAbs. The lack of a trans-acting factor 
which would be present only in infected cells might thus not be sufficient to explain the 
apparent misfolding. 

The gene uansfected in the ST cell clones showed 1 amino acid difference (Gly82-
Cys) compared to the expected sequence (clone pTG2.159). In addition, direct RNA sequenc
ing of TGEV gene M revealed two amino acid changes compared to that deduced from the 
sequence of pTG2.15 clone: Asn144-Lys and Gly195-Asp2. All these mutations were 
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Figure 2. Infection of the 
M-expressmg ST cells. The 
ST cell clone 37 was induced 
(1) or not (N), and either in
fected with the mutant virus 
dm49-4 (10 pfu/cell) or not 
mfected (-). Cells were then 
labeled from 2 to 7 hours 
post adsorptIOn and extracts 
were Immunoprecipltated as 
m Figure 1. 
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localized downstream of the first transmembrane domain and were supposed to face the 
cytoplasm. M gene was therefore recloned from TGEY-infected cells and used in parallel 
with the mutated cDNA in subsequent experiments. 

Transient Expression in COS7 Cells 

COS7 cells were transfected with one of the following plasmids: pTM which 
expressed a eDNA identical to those previously transfected in ST cells, pTM2 coding for the 
wild type recloned gene, and pC,1C encoding a protein deleted of its carboxy half. The 
product of the latter construct was recognized solely by the amino-terminus specific MAbs, 
similar to the truncated form expressed by the ST cell clone 30 (Figure 3). The products 
expressed from both pTM and pTM2 were immunoprecipitated with the amino-terminus 
specific MAb 25.22 as efficiently as with the anti C-terminus MAb 3.60. In these conditions, 
the full-length recombinant protein seemed thus able to acquire a proper conformation. 

In order to make possible the infection of the COS7 cells, the constructs were 
cotransfected with a plasmid expressing the TGEY receptor, aminopeptidase N (APN). Once 
again, infection enhanced the expression of the recombinant products up to approximately 
the same amount as the viral M protein. 

Interferogenic Activity of the Recombinant Proteins 

Purdue-infected celllysates were highly interferogenic (about 104 IFN Vlml for ST 
cells, and up to 103 Vlml for the COS7 cells transiently expressing APN). By contrast, no 
significant IFN titers were found with the recombinant products in both cell systems, 
although the expression level ofM protein should not be limiting. 

Concluding Remarks 

The M protein ofTGEY was highly expressed either stably in ST cells or transiently 
in COS7 cells. The localization of the recombinant product appeared to be restricted to the 
Golgi apparatus, allowing complex glycosylation to occur, as described previously for 
IBy I2,13, MHy I4,15, and TGEyI6. However, the ST cell clones showed a reduced ability to 
produce a correctly or stably folded recombinant M protein. The recombinant product 
expressed in both cell systems failed to induce IFN at detectable levels. This finding differs 
from those of two recent reports describing IFN induction by recombinant viral glycoprote-

Figure 3. Transient expression in COS 7 
cells. The COS7 cells were cotransfected 
with pcDNAP2 and either pTM (M), 
pTM2 (M2) or pC8C. Two days post
transfection, cells were infected with 
dm49-4 (10 pfu/cell) or mock-infected 
(-). Immunoprecipitation were per
formed in lysis buffer (Tris pH8 50mM, 
EDTA 40mM, NaDOC 0.5%, NP40 
0.5%). 
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ms 18 19 Thus, COS 7 cells transiently expressmg the HN protem of human paramfluenza type 
4A were able to mduce IFN as efficIently as mfected cells l9 WIth TGEV, expenments are 
pursued to determme whether the lack of mterferogemcIty of the expressed M protem IS 
related to the non-exposure at the cell surface or wether the mterferogemc determmant IS 
assocIated to another vIral component 
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