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Numerous studies have provided indirect evidence that the spike glycoprotein of 
coronaviruses (E2 or S) bears determinants for pathogenesis and the induction of protective 
immunity. In order to directly evaluate its immunogenicity, the E2 glycoprotein of the 
murine hepatitis virus, strain A59, was purified by immunoaffinity chromatography. High 
titers of neutralizing and fusion inhibiting antibodies were induced in mice vaccinated with 
purified E2/S in Freund's adjuvant, which were protected from an intracerebral challenge 
with 10 LDSO of MHV -A59. This study provides a direct demonstration of the importance 
of the coronavirus spike glycoprotein in the induction of a protective immune response. 

INTRODUCTION 

The E2/S glycoprotein, which contitutes the characteristic surface projections (spike 
or peplomer) of the coronaviruses, mediates many of the biological properties of the virus. 
Indeed, attachment of murine hepatitis virus (MHV) to cell receptor 1 and spread of infection 
by virus-induced cell to cell fusion, which is activated by cleavage of the whole glycopro
tein (180 kDa) into two subunits of 90 kDa2, have been related to E2/S. 

Several studies have also demonstrated indirectly the importance of E2/S in anti
viral immunity, such as in the production of virus-neutralizing complement-independent 
antibodies1,3,4,S, as a target for passive antibody protection3,6 and in cell-mediated immu
nity7,8. Recently, neutralizing antibodies and protection were induced by immunization 
with a synthetic decapeptide of E2/S9. In order to directly evaluate the involvement of the 
whole glycoprotein in a protective immune response against murine coronaviruses, the 
MHV-A59 E2/S glycoprotein was purified by affinity chromatography and its immuno
genicity ascertained in mice. 

METHODS 

Cells and virus 

Tile A59 strain of MHV (MHV-A59), obtained from the American Type Culture 
Collection (Rockville, MD, U.S.A.), was plaque-purified twice and passaged four times at 
a multiplicity of infection (MOl) ofO.Ol on DBT cells lO. 
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Antigen preparation 

Virus was produced as described previouslylO in culture medium containing 1 % 
(v/v) FCS. DBT cell monolayers were infected with MHV-AS9 at an MOl of 0.01 and 
medium was harvested 16 hrs post-infection. Cell debris were pelleted and virus 
concentrated by precipitation with 10% (w/v) polyethyleneglycol in O.S M NaCl. Viral 
antigens were resuspended and dialyzed against TMEN buffer (0.1 M Tris-acid-maleate, 
pH 6.2, 0.1 M NaC!, 1 mM EDTA), and kept at -70°C until used. In some experiments, 
virus was labeled by adding 4 mCi of [3SS]methionine (ICN Biochemicals Canada, Ville 
St-Laurent, PQ, Canada) to culture medium at 6 hrs post-infection. 

Affinity chromatography 

The E2/S-immunoadsorbent was prepared by coupling five milligrams of purified 
MAb 7-lOA 11 to 1 g of CNBr-activated Sepharose 4B (Pharmacia, Dorval, PQ, Canada), 
all steps performed according to manufacturer's instructions. For affinity chromatography, 
concentrated virus was solubilized with 2% (v/v) Nonidet P-40 (NP-40) for 2 hrs at room 
temperature (RT), and soluble proteins were mixed with the 7-lOA-Sepharose gel and 
incubated end-over-end for 16 hrs at 4°C. The gel specificity was determined by immuno
adsorption of radiolabeled antigen, extensive washing with 0.1 % (v/v) NP-40 (in 0.2 M 
phosphate buffer, pH 6.2, 0.1 M NaC!, 1mM EDTA), and elution of adsorbed proteins 
into electrophoresis sample buffer. Otherwise, the gel was poured into a column and 
washed until the absorbance at 280 nm had dropped to baseline level, after which the 
column was washed with 4 gel volumes of the same buffer containing 0.1 % (w/v) of 
octylglucoside for detergent replacement. Elution was carried out by adding 3 M ammo
nium isothiocyanate to the latter solution. Fractions of 1 ml were collected and dialyzed 
against O.OS M ammonium bicarbonate, pH 7.4. A sample of each fraction was lyophilized, 
resuspended in electrophoresis sample buffer, and analyzed on a 7-1S% linear polyacryla
mide gel, prior to fluorography with Enlightning® (Dupont Canada, Lachine, PQ, Canada) 
for radiolabeled antigen or silver stainingl2. Fractions containing purified E2/S were 
pooled and used for immunological studies. 

Immunization experiments 

Eight MHV-seronegative female 6-week-old BALB/c mice were inoculated intrape
ritoneally with approximately 1 f-lg of purified E2/S, or an equivalent volume of TMEN, 
emulsified in complete (day 0) or incomplete (day 2S) Freund's adjuvant. At day 40, 
immunized and control mice were given an intracerebral (Lc.) challenge with 10 LDSO of 
MHV-AS9 (S x lOS PFU). Mice were bled from the retroorbital plexus with heparinized 
capillary tubes on days 0, 2S, and 40, and these plasma samples were analyzed for their 
ability to neutralize either SO-100 PFU or 30-300 TCIDSO ofMHV-AS9, in which residual 
infectivity was assayed by either a plaque assaylO or CPE assayll, respectively. In the 
latter assay, neutralizing titers were evaluated by the method of Karber. The capacity of 
plasma samples to prevent the formation of syncytia was also assayed 11. 

RESULTS AND DISCUSSION 

Production and characterization of anti-E2/S MAbs 

Two cloned hybridoma lines, named 7-lOA and 4-11G, which secreted anti-E2/S 
monoclonal antibodies (MAbs) were obtained and selected for further studyll. Their speci
ficity was determined by immunoprecipitation, in which they showed reaction with the 180 
kDa form of E2/S. These MAbs were also able to neutralize virus infectivity and virus
induced cell-to-cell fusion in vitro, and passively protect mice in vivo. Epitopes recognized 
by both MAbs are overlapping, as shown by partial reciprocal competition between these 
MAbs in ELISA 11. Furthermore, these epitopes were shown to be conformational by the 
loss of reaction of corresponding MAbs with viral antigen after denaturation by SDS (Table 
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1). However, they were differently sensitive to denaturation by the chaotropic agent 
ammonium isothiocyanate, as shown by the different reactivity of each determinant in dot 
blots after treatment of viral antigen with this agent (Table 1). These results demonstrated 
that a conformational antigenic site may be formed of various structures in which different 
molecular interactions are involved. Since the chaotropic salts act mainly on hydrophobic 
bonds13,14, this type of interaction seems therefore essential to the 7-lOA epitope confor
mation. 

IilJ:lli<.l.. Sensitivity of two E2/S epitopes to protein denaturation 

Antigen 
treatment 

NP-4Qa 

NH4SCNb 

SDSc 

MAb reactivity 
4-110 7-lOA 

+ 
+ 

+ 

a Concentrated viral antigen solubilized with 2% (v/v) NP-40 
for 2 hrs at RT. 

b Treated with 4 M NH4SCN for 5 min at RT. 
C Treated with 1% (w/v) SDS for 2 min at 100°C. 

Evaluation of the immunoadsorbent specificity 

The specificity of the 7 -lOA-Sepharose gel was determined by immunoprecipitation 
of [35S]methionine-Iabeled antigen. Figure 1 shows the electrophoretic profile of the 
proteins specifically retained on the gel, which reacted specifically with the dimeric form of 
the E2/S glycoprotein (180 kDa). The purity of this protein, evaluated by densitometry, 
was estimated to be 87%. 

Moreover, two polypeptides of molecular masses of 87 and 96 kDa, which could be 
monomeric forms of E2/S, were also reproducibly observed in immunoadsorption and 
purification experiments. Ricard et. al. f5 have showed that cleavage of E2/S, through 
virion maturation, results in the production of two subunits which both had a molecular 
mass of 90 kDa. The sizes that we observed for these subunits could correlate to those 
estimated from the nucleotide sequence of the MHV-A59 E2/S gene16. From this sequence, 
the molecular mass estimates for the subunits are 66 and 79.8 kDa, both derived from an 
apoprotein of 146 kDa. If the remaining 34 kDa of carbohydrates residues are added equi
valently to each subunit, which both possess 10 potential N-glycosylation sites, the 
subunits obtained should have molecular masses of 83 and 97 kDa, which is consistent 
with those obtained in our experiments. The use of gradient gels may have allowed the 
separatidn of closely migrating species, such as E2/S monomers. It is also possible that 
these different subunits have arisen from a glycosylation pattern different in DBT cells than 
in L2 cells, the cell substratum used in these previous studies. 

Purification and immunogenicity of E2/S glycoprotein 

The E2/S glycoprotein used for immunogenicity studies was purified from viral 
antigens concentrated from 1.8 liters of culture medium from MHV -A59-infected DBT 
cells. Fractions eluted after immunoaffinity chromatography were analyzed by SDS-PAOE 
and silver staining. Figure 2 shows that the dimeric and monomeric forms of E2/S were 
purified without detectable contamination from other viral proteins. However, a contami
nant (30 kDa), which was probably of cellular origin, was reproducibly observed. The 
purified glycoprotein was partially denaturated, as confirmed by its loss of reactivity with 
the MAb 7-10A (data not shown). 
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fu....L Immunoadsorption of [35S]methionine-Iabeled antigen on 
7-lOA-Sepharose gel. Lane M, molecular mass markers (kDa); 
Lane 1, proteins eluted from the affinity gel. 
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Fi~. 2. Silver-stained SDS-PAGE ofimmunoaffinity-purified E2 glycoprotein. 
Lane M, molecular mass markers (kDa); Lane 1, proteins eluted from 
the affinity gel; Lane 2, antigen applied on gel. The unnumbered lane 
contains only PAGE sample buffer and shows some artefactual bands. 
(X) reproducibly observed in our silver-stained reducing SDS-PAGE. 



We also developed an antigen-capture ELISA specific to E2/S for evaluating the 
efficiency of the purification method. We found that one third of E2/S remained insoluble 
after treatment with NP-40. Increasing the NP-40 concentration to 4% (v/v) or adding 2% 
(w/v) sodium deoxycholate did not improve solubilization 11. 

Plasma samples from mice immunized with purified E2/S or TMEN buffer were 
collected and pooled. Animals immunized with E2/S showed neutralizing titers of 1/1600 in 
plaque assay and 1/230 in CPE assay, whereas control mice showed titers less than 1/15 in 
both assays. These plasma samples were also able to inhibit the formation of syncytia by 
50% at a dilution of 1/40. Moreover, the lack of competition between immune plasma 
samples and MAb 7-IOA confirmed the denaturation of this epitope on purified E2/S, 
whereas the epitope recognized by MAb 4-11 G was conserved, as showed by competition 
between immune plasma and this MAb11. 

Mice immunized with either E2/S or TMEN buffer were challenged i.c. with 10 
LDSO ofMHV-A59. Control mice died from MHV-A59 infection within five days, whereas 
all of the E2/S-immunized mice were protected. However, some clinical signs of infection 
(ruffled fur, apathy, hunched position) were initially observed in protected mice, which 
recovered a few days later. 

The biological importance of the peplomer glycoprotein of coronaviruses in their 
biological activities, including interaction with the immune system, has been indirectly 
demonstrated by numerous studies, but few have reported direct evidence of it. The surface 
projections of MHV -3, purified by ultracentrifugation, were shown to protect mice against 
infection with the same virus l7. Mockett18 has also shown that affinity-purified spike 
glycoproteins of infectious bronchitis virus were able to induce neutralizing antibodies. 
Thus, our results confirm directly the biological importance of the peplomer protein in the 
immune response against a neurotropic murine coronavirus. 

However, The E2/S glycoprotein should not be considered as the unique mediator 
of the anti-viral immune response. Recent studies have shown that the N protein 19 and the 
El/M glycoprotein20, which induced protective immunity, could also have some impor
tance in the immune response against the virus and its pathogenicity. The relative contribu
tion of these viral proteins and their in vivo interactions will therefore need to be clarified in 
order to better understand the molecular basis of coronavirus pathogenesis. 
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