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INTRODUCTION 

Transmissible gastroenteritis (TGE) virus induces 
neutralizing antibodies when virulent or attenuated (Bohl, 
1981). In contrast, efective swine protection is only indu
ced by virulent strains of the virus (Moxley and Olson, 
1986), probably because these strains induce IgA or other 
serum factors that transfer protection to newborn litter
mates (Aynaud et al., 1986). 

The development of an efficient vaccine TGE virus 
specific will require knowledgement of: (i) the immunogeni
city, antigenicity and variability of the virus; (ii) the 
mechanism(s) of virus neutralization; (iii) the conditions 
to induce mammary and gut immunity; and (iiii) the cloning 
and expresion of genes relevant in the induction of protec
tion. 

In this article we provide information on the immunoge
nicity, antigenicity and variability of the critical antigen 
in TGE virus neutralization. 

MATERIALS AND METHODS 

Virus and Cells. The characteristics of all TGE virus iso
lates used in this study have been previously described 
(Jimenez et al., 1986). 

The epithelial swine testicle (ST) cell line developed 
by Mc Clurkin (1966) was obtained from Dr. Kemeny, National 
Animal Disease Center, Ames, Iowa. 

Virus titration, purification, neutralization and plaque 
isolation. TGE virus was titrated on ST cells. This assay, 
and the neutralization assay and plaque isolation were made 
as described by Jimenez et al. (1986). The virus was puri
fied from clarified culture supernatants by centrifugation 
through a sucrose cush~on consisting of 31% sucrose in 
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0.01 M Tris hydrochloride- 1 mM disodium EDTA- 1 M NaCl (pH 
7.4) suplemented with 0.2% Tween 20 for 1.0 h at 34,000 rpm 
and 4 ° C in a Sorvall A-641 rotor. The sediment was diluted 
on the above buffer supplemented with 0.05% Tween 20 and 
sedimented through a 30 to 42% sucrose gradient as described 
(Jimenez et al., 1986). 

Hybridoma production, selection and characterization. To 
obtain hybridomas secreting TGE virus-specific MAbs, cells 
from the mouse myeloma cell line X63/Ag 8,653 (Kearney et 
al., 1979) were fused with spleen cells from BALB/c mice 
immunized with purified TGE virus as described by Nowinski 
et al. (1979) and Sanz et al. (1985). The selection and 
characterization of the hybridomas and the secreted MAbs 
were made as described (Jimenez et al., 1986). 

Immunoblottina analysis. The binding of polyclonal or mono
clonal antibo ies to viral proteins transferred to nitrocel
lulose paper was performed by the method of Towbin et al. 
(1979) with the modifications described by Jimenez et al. 
(1986). 

Selection of MAbs resistent (mar) mutants. The selection of 
mar muta~ts with thirteen MAbs was attempted by incubating 
about 10 PFU of cloned TGE virus in the presence of each 
hybridoma supernatant as described for the neutralization 
assay. Then ST cell monolayers were inoculated with 10-fold 
dilutions of the virus-MAb mixtures and incubated for 1h at 
37°C, before an agar overlay containing the corresponding 
hybridoma supernatant was added. Plaques were collected and 
the selection procedure was carried out two more times. 

Competitive RIA. MAbs were purified by high pressure liquid 
chromat£2saphy (HPLC) from ascitic fluids (Deschamps et a1., 
1985), I-labeled (Greenwood et al., 1963), and the inhi
bition of their binding to purified virus by unlabeled MAbs 
studied by radioimmunoassay (RIA) as described by Jimenez et 
a1.(1986). 

Immunoadsorstion assay. The specificity of the MAbs was 
determinedy immunoadsorption of the corresponding viral 
antigen on MAb-coated plates, by a procedure described by 
Jimenez et al. (1986). Briefly, polyvinyl disposable U 
plates (Dynatech) were coated by (i) incubating the plates 
with 5 pg of protein A (pharmacia) per well, (ii) saturating 
the remaining binding sites with bovine serum albumin, and 
(iii) incubating the plates with rabbit antibodies specific 
for mouse immun~§lobulins to capture MAbs with different 
isotypes. Then S-labeled viral antigens were incubated 
overnight after which the plates were washed with a buffer 
containing Nonidet P-40, and the bound antigens were 
detached with sodium dodecyl sulfate (SDS)-containing buffer 
before being resolved by SDS-polyacrylamide gel electropho
resis (PAGE). The gels were prepared for autoradiography by 
using sodium salicylate (Chamberlain, 1979) and were dried 
and exposed on RP-X1 films (Mafe) at -70°C. 
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Table 1. MONOCLONAL ANTIBODIES SPECIFIC FOR TGE VIRUS PROTEINS 

TITERa NEUTRALIZATION 

SPECIFICITY NUMBER ISOTYPE ASCITIC FLUID INDEXb 

E2 16 IgGl 105_10 8 2.5->5.5 

IgG2a 
IgG2b 

11 IgG1 10 3_10 8 0.0- 0.6 

IgM 

N 10 IgG1 105_10 8 <0.3 

IgG2b 

E1 3 IgG1 107_10 8 <0.3 

IgG2b 

UKc 8 IgG1 10 4_10 8 <0.3 

a. Determined by RIA. 
b. Determined by dividing the number of PFU of virus per ml mixed 

with normal medium by the number of PFU of virus per ml in the 
presence of a given KAb. This index is expressed as the 10910 of 
this ratio. 

c. UK, unknown. 

RESULTS 

Hybridoma production and selection. The specificity, 
isotype, titer, and virus neutralization index of the 48 
MAbs specific for TGE virus proteins produced from 5 inde
pendent fusions are summarized in Table 1, and have been 
previously described in detail (Jimenez et al., 1986). From 
the isolated MAbs 27, 10 and 3 were specific for E2, Nand 
El proteins, respectively, as determined by immunoadsorption 
assays (Figure 1). MAb SB.H1 was considered E2 specific 
based on competitive RIA data. Sixteen E2 specific MAbs were 
neutralizing, while the N or E1-specific MAbs did not 
neutralized the virus, indicating that E2 glycoprotein was 
the critical antigen. 

Antifienic map of E2 ~lYCO~rotein from TGE1~~rus. By 
studying t e interference 1n t e binding of I-labeled 
E2-specific MAbs by unlabeled ones in a competitive RIA, 
binding-inhibition curves as the ones shown in Figure 2 were 
obtained. The results were sumarized in Figure 3, (except 
for mAb 1C.C12, for which the results are not shown). From 
this data it was deduced that E2 glycoprotein is composed of 
a minimum of four antigenic sites (A, B, C, and D). The 
neutralizing MAbs were adscribed to site A, which is antige
nically dominant as the 16 neutralizing MAbs reacted to this 
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Figure 1. PAGE of proteins from TGE virus particles recog
nized by representative MAbs, after selection in 
the immunoadsorption assay with MAbs specific for 
protein E2 (lane b), protein N (lane c), and pro
tein El (lane d) or culture medium from 
P3-X63/Ag8 myeloma cells (lane e). Lane a, pro
teins from TGE virus. 

site. MAbs to site A neutralized more than lOS-fold the 
infectivity of TGE virus. The results from reciprocal compe
titions were processed and all MAbs that inhibited the bin
ding of each other more than 70% were assigned to the same 
antigenic site. The overlapping between the four antigenic 
sites was determined with a program and the results were 
sumarized in the diagram shown in Figure 4. 

1 co rotein. 
To determlne t e nature con ormatlona or enaturatlon re
sistant) and the immunogenicity of the critical epitopes in 
TGE virus neutralization, the induction of polyvalent anti
bodies by native TGE virus or by the virus and the E2 glyco
protein, after denaturation with detergents and 2-mercapto
ethanol (2-ME), was studied. The results (Table 2) indicated 
that, while native TGE virus or the purified E2 protein so
lubilized with Nonidet P-40 and sodium deoxycholate in2uced 
hi~hstiter antibodies as determined by both RIA (10 to 
10 . ) and neutralization (neutralization index, >3.5), TGE 
virus denatured with SOS alone or in the presence of 2-ME 
(or the E2 glycoprotein incubated in the pres~nce of4sgS and 
2-ME) also induced high antibody titers (10 to 10 . ) by 
RIA, but very low or non significant levels (neutralization 
index, <0.4) of neutralizing antibodies. 

The antigenicity of the critical epitopes in TGE virus 
neutralization was determined by studying the binding of the 
neutralizing MAbs to TGE virus proteins by immunoblotting 
assays. The results are summarized in Table 3 for E2 glyco
protein-specific MAbs. The epitope recognized by non-neutra
lizing MAb 10.G3 was resistant to SOS plus 2-ME, and the 
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Table 2. INDUCTION OF NEUTRALIZING ANTIBODIES BY NATIVE AND DENATURED 
TGE VIRUSa 

TITER 

ANTIGEN T!i.EATMENT RIA NEUTRALIZATION 

TGE VIRUS 

E2 PROTEIN NP-40 + NaDocb 

TGE VIRUS 

TGE VIRUS 

E2 PROTEIN 

a. polyvalent antisera induced in groups of 5 mice immunized twice with 
15-30 I1g of the indicated antigen per dose. 

b. NP-40, Nonidet P-40; NaDOC, sodium deoxycholate. 
c. TGE virus incubated in 1\ SDS, 0.25\ NP-40, 0.5 NaCl, in the presence 

or absence of 2.5\ 2ME. 
d. E2 protein resolved by SDS-PAGE administrated with the gel. 

Table 3. REACTIVITY OF E2 GLYCOPROTEIN SPECIFIC MAb WITH DENATURED 

TGE VIRUS PROTEINS 

MAb 

lD.G3 

6A.A6 

lD.B12,lB.Hll 

lG.A7 

lA.F10 

lB.B5 

lD.B3,lD.E7,lG.A6, 
lH.C2,lH.D2,lc.C12, 
lB.Bll,lE.H8,lB.Cl, 
lB.H6,lE.F9,lD.E8,6A.C3 

Mouse serum anti-TGEV 

Mouse serum non-immune 

NEUTRALIZ~TION 
INDEX 

<0.4 

<0.4 

<0.4 

>4.5 

2.0 

2.0 

>4.5 

>4.5 

<0.4 

REACTIVITyb AFTER 

TREATMENT WITH 

SDS SDS+ZME 

+ + 

+ 

+ 

+ 

+ + 

a. The neutralization index was determined by dividing the number of 
PFU of virus per ml mixed with normal medium by the number of PFU of 
virus per ml in the presence of mAb, and is expressed as the 10910 of 
this ratio. 

b. Determined in the immunoblotting assay. 
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MAb 

lB.Cl 
IG.A6 
6A.C3 
IG.A7 
IB.C2 
lE.r9 
ID.B12 
6A.A6 
ID.G3 

Table 4. FREQUENCY OF "mar" MUTANTS FOR EPITOPES 
OF E2 GLYCOPROTEIN FROM TGE VIRUS 

TGEV mar FREQUENCY 
MUTANT (-10910' 

10.B3 4.8 
1B.H6 5.0 
1C.C12 5.0 
1E.H8 5.2 
10.E7 5.3 
1G.A7 5.6 
1H.02 6.0 
1E.F9 6.0 
1G.A6 6.2 
1B.B5 7.0 
1B.C1 7.0 
6A.C3 <9.0 
1B.B11 <9.0 

Table 5. EPITOPES OF TGE VIRUS E2 GLYCOPROTEIN 

EPITOPE 
NEUTRALIZATION ANTIGENIC SENSITIVITYa TO PRESENCEb 

ACTIVITY SITE NP-40 SOS SDS+2ME IN TOY-V 

* + A + + + + 
+ A + + + 
+ A + + + 

* + A + + 
* + A + + 
* + A + + ± 

* B + + NO 
* C + NO 
* D NO 

FREQUENCY OF 

mar KUTANTc 

1 x 10-7 
1 x 10-6 •2* 

<1 x 10-9* 
1 x 10-5 •6 

N.D. 
1 x 10-6 

N.D. 
N.D. 
N.D. 

a. Deterained by studying the reactivity of the MAb in the immunoblotting and 
immunoadsorption assays. NP-40, Nonidet P-40; +, sensitive; -, not 
sensitive; *, relevant differential characteristic. 

b. Determined by the ability of the MAb to neutralize the TOYAMA 56 clone of 
TGE virus. +, Presence; -, absence; +, partially modified; *, relevant 
differential characteristic; NO, not-determined. 

c. Determined by mar mutant isolation. NO, not determined; *, relevant 
differential characteristic. 

356 



- .t .-~~ : l! 

I .. 

\~ 
IO.B12 '--_ 

0111. 

Figure 2. Inhibition of MAb binding to TGE virus by E2 
protein-specific MAbs in a competitive RIA. The 
MAb indicated in each graph was compited by the 
other MAbs : 10.B3(~), 1E.H8(A), 1H.C2(Q), 1B.H6 
(t», 1A.F10(S), 1B.B5(~), 10.E8(0), 1B.B11 (I)), 
10.E7(O), 1G.A7(O), 1E.F9(&), 6A.C3(M), 1H.02 
(V), 1B.C1(e), 1G.A6(O), 10.B12('W), 1B.H11 (0), 
5B.H1(.), 6A.A6(.), 10.G3(0). 

epitope(s) recognized by non-neutralizing MAb 6A.A6 and neu
tralizing MAbs 1G.A7 and 1A.F10 were resistant to denatura
tion by SOS in the absence of 2-ME. 

Variability of critical epitopes involved in TGE virus 
neutralization. An estimation of the antigenic variability 
of some of the critical epitopes involved in TGE virus neu
tralization was made by studying both the frequency of TGE 
virus mar mutants and the conservation of the critical epi
topes in different TGE virus isolates. As shown in Table 4, 
the frequency of mar mutants for the TGE virus epitopes 
de~~nftd by thirteen E2=~r8tein specific MAbs ranged from 
10 . to lower than 10 . . It was not possible to isolate 
mar mutants by using MAbs 1B.B91 and 6A.C3, as these antibo
dies neutralized all virus (10 PFU) used in the assay. 

The frequencies of mar mutants shown for TGE virus were 
lower than the ones described for other RNA viruses. This 
suggested that these epitopes must be conserved on different 
natural isolates. The results of the neutralization of 11 
different TGE viruses by 14 neutralizing MAbs (Jimenez et 
al., 1986) indicated that all studied critical epitopes were 
conserved in the clones of American, European or Japanesse 
origin, with the exception of the Japanesse isolate TOYAMA 
56, in which the epitope defined by MAbs 1H.C2 and 1E.F9 
were completely or partially modified, respectively. 
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COMPETING mAb 
125r _ t-_________ 5_1 T_E ___ -.,._----....-----......-I 

EPITOPE 

Figure 3. Antigenic map of E2 glycoprotein from TGE virus. 
Results from competitions similar to the ones 
shown in figure 2 were represented according to 
the criteria: competition >70% (.), between 30 
and 40% (~), < 30% (0). 

Number of epitopes in TGE virus E2-glycoprotein. The 9 
epitopes that could be differentiated by competitive RIA, by 
their sensitivity to denaturation with detergents and 2-ME, 
by their presence in the TOYAMA 56 isolate, and by the fre
quency of the corresponding mar mutants are summarized in 
Table 5. The main differential characteristic of each viral 
clone has been indicated with an asterisk. 

EPito~e recognition by swine serum. To study if the 
different E glycoprotein antigenic sites defined by murine 
MAbs were also recognized by swine antisera, the inhibition 
of E2 glycoprotein specific MAb-binding to TGE virus by spe
cific polyclonal swine antisera was determined. The results 
shown in Figure 5 indicated that the three swine antisera 
used blocked the binding of MAbs representative of the four 
antigenic sites. 
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A 10.63 
1E.H8 
1H.C2 
1B.H6 
1A.F10 
1B.65 
1O.E8 
1B.B11 
m.E7 
1G.A 7 
1E.F9 
6A.C3 
1H.D2 
1B.C1 
1G.A6 
1[,(12 

Figure 4. Antigenic map of TGE virus E2 glycoprotein. Cir
cles A, B, C and u represent the four antigenic 
sites of E2 glycoprotein. The MAbs defining each 
site are indicated inside the corresponding cir
cle. 

DISCUSSION 

To study the critical epitopes involved in TGE virus 
neutralization we have developed a procedure to purify the 
virus to an extent higher than 95%. Purified virus was com
posed of three major proteins of relative molecular weights 
200,000, 48,000, and 28,000, in agreement with other authors 
(Hu et al., 1984; Laude et al., 1986). 

As the 16 neutralizing MAbs (from a total of 48) were 
specific for the E2 protein of TGE virus, this glycoprotein 
must be the critical antigen in TGE virus neutralization. 

Based on competitive RIA we have defined four antigenic 
sites (A, B, C, and D) in the E2 glycoprotein. Site A is 
critical in the neutralization of TGE virus, and antigeni
cally dominant as it induced sixteen neutralizing MAbs. In a 
recent report Delmas et al.(1986) have also described four 
antigenic sites in E2 glycoprotein. Although these sites 
were also designated A, S, C, and 0, probably there is no 
direct correspondence between the sites defined by Laude's 
group and this article. Possibly, our critical site A 
includes sites A and S defined by Delmas et al. (1986). 

All epitopes recognized by the MAbs described in Table 5 
were conformation dependent with the exception of the epi
tope defined by MAb 1D.G3 which was resistant to treatment 
with sodium dodecyl sulfate and 2-ME. Among the critical 
epitopes in TGE virus neutralization only the one(s) defined 
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Figure 5. Binding inhibition of E2 glycoprotein specific 
MAbs by TGE virus specific polyclonal swine anti
sera. The binding of the MAb indicated in each 
graph was competed by immune sera (e,.,A) or sera 
from nonimmune animals (0,0). 

by MAbs 1A.F10 and 1G.A7 were resistant to SOS treatment but 
not to SOS plus 2-ME, probably due to the high number of di
sulfide bridges present in the major glycoprotein of corona
viruses (Sturman, 1981). 

The frequencies of TGE virus mar ~~t~nts potentially 
sel§ctable with 13 MAbs ranged from 10 . to lower than 
10- , and were lower than the frequencies of mar mutants 
de~~ribed f~6 other RNA viruses which generally ranged from 
10 to 10 (Wiktor and Koprowski, 1980; Holland, 1984; 
Prabhakar et al., 1985; Yewdell et al., 1986). The lower 
variability predicted for the critical epitopes on TGE vi
rus, based on the frequency of mar mutant isolation, was 
confirmed by studying the presence of those epitopes in 
viral isolates of American, Japanese and European origin 
that were collected during an interval of at least 33 years. 
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A similar conclusion was recently made by Laude et al., 
(1986) and Delmas et al., (1986). Two MAbs (lB.B11 and 
6A.C3) defined epitope(s) for which no mar 9mutants were 
found (frequency of mar mutants lower than 10- ), suggesting 
that the epitope(s) recognized by them may be essential for 
virus replication and that could be related to a cellular 
recognition determinant common to several proteins (Geysen 
et al., 1985; Pierschbacher and Ruoslahti, 1984). A similar 
epitope has been described by Delmas et ale (1986). 

Nine different epitopes have been defined in the E2 
glycoprotein by studying the antigenic sites in which they 
were located, their variability and their sensitivity to 
detergents and 2-ME. From these epitopes 6 were involved in 
TGE virus neutralization and were located in the critical 
site A. Although the antigenic sites and epitopes were 
defined whith the murine MAbs, they are relevant in the 
porcine immune response, as porcine sera from TGE virus im
mune animals inhibited the binding of MAbs adscribed to the 
four antigenic sites. An unexpected but reproducible result 
was that binding of MAbs reacting to an epitope from site C 
was inhibited by sera from nonimmune animals to the same ex
tent that was inhibited by sera from immune animals. That 
was due to a reactivity of these MAbs with normal swine 
serum, and may have implications in TGE virus infections. 
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