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Transmissible gastroenteritis virus (TGEV) causes serious economic 
losses in the pig industry in many parts of the world. Immunity in young 
piglets relies on passive transfer of antibodies in maternal milk. 
Although, over the past 40 years, there has been a great deal of effort 
aimed at producing an efficient vaccine in many laboratories, it has proved 
difficult to achieve lactogenic immunity with inactivated or attenuated 
vaccines. There are two aspects to the problem; identification of the most 
appropriate antigen and the method for its delivery to the sow in such a way 
as to stimulate lymphocyte migration to the mammary gland. 

It is generally believed that virus neutralising antibodies constitute 
the active component of porcine milk for immunity. Earlier studies in this 
laboratory (Garwes et al., 1978/79) demonstrated that antibodies raised 
against the TGEV peplomer would neutralise virus infectivity whereas anti
bodies against the other two structural components would not. The present 
study was undertaken to identify the epitopes on the peplomer involved in 
the neutralisation process, to gain information about the structure of these 
epitopes and to examine the degree to which they are conserved between TGEV 
isolates. We report here our progress to date. 

MATERIALS AND METHODS 

Virus and Cells 

The FS772/70, 216 and Tucker isolates of TGEV were grown and assayed in 
secondary adult pig thyroid (APT/2) cell monolayer cultures, as previously 
described (Pocock and Garwes, 1975). TGEV isolates 216 and Tucker were 
kindly provirled by Miss S.F.Cartwright, Central Veterinary Laboratory, 
Weybridge, U.K. 

Monoclonal Antibody Production 

TGEV (FS772/70) was grown in cell culture and purified by rate zonal 
centrifugation through sucrose gradients (Garwes and Pocock, 1975). The 
preparations were disrupted with 1% Nonidet-P40, emulsified in Freund' s 
complete adjuvant containing 0.5% Tween-20 and injected intraperitoneally 
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into BALB/c mice. A second dose in Freund's incomplete adjuvant and 0.5% 
Tween-20 was given three weeks later. After a further 3 weeks, whole virus 
in saline was injected intraperitoneally and three days later the animals 
were exsanguinated and their spleens removed. Hybridomas were produced by 
fusing the spleen cells with P3-NSl-Ag4/1 myeloma cells in the presence of 
50% polyethylene glycol (PEG4000) by the method of Konler and Milstein 
(1975). Initial screening of anti-TGEV activity was by immunofluorescence 
with acetone-fixed TGEV-infected APT/2 monolayers in 96-well culture plates. 
Positive hybridomas were cloned by the soft agar technique and subsequently 
titrated by radioimmune assay and their immunoglobulin class determined by 
immunodiffusion with a mouse monoclonal typing kit ( Product MMT 01K; 
Serotec Ltd., Blackthorn, U.K.). 

Ascites Production 

Ten-week old male BALR/c mice were pristane primed with 0.5ml of 
2,6,10,14-tetramethyl pentadecane intraperitoneally. One week later each 
mouse received 1ml of isotonic saline containing l-3xl0 6 hybridoma cells 
intraperitoneally and after 2-4 weeks, when the mice were visibly distended, 
they were sacrificed and lhe ascitic fluid collected. The fluids were 
clarified and stored at -20 C. 

Radioimmune Assay 

Monolayer cultures of APT/2 cells were infected with TGEV (FS772/70) 
and incubated for 18-24h in serum free medium until >50% of the cells had 
rounded up. The cultures were frozen and thawed, centrifuged at 15,000xg to 
remove debris and the supernate treated with NP40. This antigen was diluted 
1/25 in water and 100g! aliquots were dried onto each well of vinyl 96-well 
plates overnight at 37oC. Before use, the coated plates were fixed with 80% 
acetone and air dried. Mouse antibody preparations were diluted in PBT 
(phosphate buffered saline, pH7.4 (PBS), containing 0.5% bovine serum 
albumin and 0.1% Tween-20) and adsorbed to the antigen-coated wells for 1h 
at 37oC. After thorough washing in PBT, each well received 100]Jl of an 
appropriate dilution of 125 I-labelled rabbit anti-mouse immunoglobulin, 
prepared by the chloramine-T method of Hunter ando Greenwood (1963). The 
assay plates were incubated for a further 1h at 37 C, washed thoroughly in 
PHT and counted. 

Virus Neutralisation Test 

The three isolates of TGEV were diluted in cell culture medium 
containing 2.5% calf serum to produce approximately 400 TCID 50 / ml. Fifty 
]J1aliquots wereomixed with 50]J1 of antibody diluted in the same medium and 
incubated at 37 C for lh before being transferred to the well of a 96-well 
culture plate containing a confluent APT/2 monolayer. After 3 days 
incubation, the end points were determined by scoring cytopathic changes 
(isolate FS772/70) or by immunofluorescence with porcine anti-TGEV serum 
(isolates 216 and Tucker). The titre of a preparation was defined as the 
reciprocal of the highest dilution that protected a cell sheet against 
infection. 

Competition Binding Assay 

Immunoglobulins were isolated from ascitic fluid using hydro
xylapatite chromatography (Stanker et al., 1985). Fractions containing 
immunoglobulin, identified by polyacrylamide gel electrophoresis, were 
precipitated with ammonium sulphate and the protein labelled with 
iodine-125 (Amersham International pIc, U.K., product IMS.30) by the 
chloramine-T method. TGEV antigen, as described for the radioimmune 
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assay, was dried onto vinyl 96-we11 plates at the highest dilution that 
allowed detection and fixed as before. Dilutions of ascitic fluid 
containing homologous or heterologous antibody in PBT were mixed with an 
equal volume of a limiting dilution of 125 I-labelled immunoglobulin and 
allowed to adsorb to the antigen wells for 4h at 37oC. Following thorough 
washing in PBT, the wells were counted and the inhibition of 125 I binding by 
unlabelled antibody calculated. Sera from control and TGE-immunised mice 
and ascites against bovine respiratory syncytial virus (kindly donated by 
Dr.E.J.Stott of this Institute) served as controls. 

Radioimmune Precipitation Assay 

LLC-PK1 cell mono layers (Garwes et a1., 1984) were infected with TGEV 
(FS772/70) and incubated in methionine-free Eagles MEM buffered with 0.14% 
sodium bicarbonate and 50mM HEPES at pH6.7 for 4h. The medium was then 
replaced with fresh medium containing [35 S)-methionine (Amersham 
International p1c, U.K.; product S.].204) at 50-100 \lCi / ml. Eight hours 
after infection, the cells were lysed with RIPA buffer (PBS containing 1% 
Triton X100, 1% sodium deoxycholate, 0.1% sodium dodecy1 sulphate (SDS), 1mM 
methionine and 1mM phenyl methyl su1phonyl fluoride). Nuclei and cell walls 
were removed by centrifugation at 10,OOOxg for 2 minutes and whole virus was 
removed at 10,000xg for 30 minutes. The final preparation was absorbed with 
formaldehyde-fixed Staphylococcus aureus (Cowan strain) cells (Sac), 
centrifuged to remove the bacteria and 100~ aliquots allowed to react with 
10 \l1 of antibody for 1h at room temperature. Sac was then added to adsorb 
immune complexes, washed and finally resuspended in electrophoresis sample 
buffer (Laemmli, 1970) • The preci pita ted po1ypept ides were analysed by 
electrophoresis on 8.75% polyacrylamide gels and visualised by fluorography 
using pre-flashed Fuji RX film. 

Western Blotting 

Antigen preparations were electrophoresed through 8.75% po1y
acry1amirle gels by the method of Laemmli (1970) and the polypeptides were 
transferred to nitrocellulose in a Trans-Blot cell (Bio-Rad Laboratories 
Ltd., Watford, U.K.) with the electrodes set 4cm apart. After overnight 
transfer at 135V, the nitrocellulose sheet was quenched in PGT (1% gelatine, 
0.1% Tween-20 in PBS) for 1-2h and then incubated in dilutions of serum or 
ascites in PGT for 1h at room temperature. The sheets were washed 
thoroughly with PGT and the antigens detected with biotin-labelled sheep 
anti-mouse immunoglobulin followed by 125I-streptavidin at 0.1 Ci/m1 (both 
items from Amersham International p1c, U.K.). The blots were washed well in 
PGT, rinsed in water and air dried. Autoradiography was carried out with 
pre-flashed Fuji RX film and a phosphotungstate intensifying screen for 
6-18h. 

RESULTS 

The hybridomas described in this report were isolated from three fusion 
experiments. It had been anticlpated that the majority of the hybridomas 
producing anti-TGEV antibodies would be directed against the nucleoprotein, 
whereas those selected by the procedure described were, with one exception, 
subsequently found to be anti-peplomer. Nine of these have been 
investigated in detail and the results are summariserl in Table 1. The 
immunoglobulin sub-class was predominantly IgG1 wlth a single representative 
each of IgG2a and IgM. There was considerable variation in the ability of 
the monoclonal antibodies (mAb) to neutralise the TGEV isolate to which they 
had been raised. Two mAbs (3C1 and 8A4) could protect a cell sheet against 
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20 TCID so at a dilution of greater than 1/20,000. Two others, 5A5 and 
7A6, were active to 1/1600 and 1/3200 respectively while three mAbs (1"86, 
7C6 and 9D2) were unable to neutralise virus infectivity even when used at 
1/5. Intermediate between these were two mAbs, 6A6 and 6D4, that had 
neutralising titres of 1/80 and 1/320 respectively. This variability was 
not reflected in the titres of the mAbs in the radioimmune assay, in which 
they all had titres that were within a factor of three of each other. 

The specificity of each of the mAbs was confirmed by radioimmune 
precipitation assay. The FS772/70 isolate of TGEV does not grow as well in 
cell culture as some other laboratory strains of TGEV and produces very 
little 'soluble antigen'. As a result of this, the amount of free 
polypeptides in the infected cell available for immune precipitation is 
limited and very high levels of labelled methionine were required to achieve 
adequate results. An example from a radioimmune precipitation assay is 
shown in Figure 1. Tracks 2 and 3 show clearly the three major structural 
polypeptides of the virus (marked by arrows) when precipitated with 
antiserum to whole virus, compared with non-immune mouse serum (track 1). 
Track 5 shows the presence of peplomer (200 Kd) precipitated by the mAb BA4. 
This track also shows a small amount of the integral membrane protein (30Kd) 
but this was not usually co-precipitated and probably represents some 
association in micelles. Tracks 4 and 0 demonstrate nucleoprotein (47Kd) 
precipitated by antibody to an E .coli f3 -galactosidase-TGE nucleoprotein 
chimaeric protein (Britton et al.,1987) and by a mAb against viral 
nucleoprotein, respectively. The reaction of mAb 1"86 in the immune 
precipitation test was always at a much lower level than the others tested. 
This may have been due to a lower affinity of the antibody under the 
conditions of the test, since this antibody had a high titre in both the 
immune fluorescence and radioimmune assays. The IgM class of immunoglobulin 
of mAb 6A6 gave little or no response in the radioimmune precipitation assay 
unless an anti-species antibody was included as an additional step. 

The ability of the mAbs to detect peplomer after denaturation and 
reduction is relected in the western blot data in Table 1. 
Four of the 9 mAbs shown reacted in the test, indicating that the epitopes 
they recognised were able to withstand these conditions. 
The two mAbs that were most efficient in the virus neutralisation test 

Table 1. Summary of anti-peplomer monoclonal antibodies 

mAb Isotype VNT Immune Western Group 

* Pptn Blot 

3Cl IgGl 4+ + A 
8A4 IgG2a 4+ + A 

5A5 IgGl 3+ + + B 
7A6 IgGl 3+ + + B 

lBo IgGl +/- C 
7C6 IgGl + C 

9D2 IgGl + + D 

6A6 IgM 1+ +/- E 

6D4 IgGl 2+ + + F 

* Virus Neutralisation: log titre with FS772/70 
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Fig.l Autoradiograph of 
immune precipitated TGEV polypeptides (details in text) 

were negative in this test but the two with slightly less efficiency were 
still active, suggesting that the secondary structure of the viral epitopes 
recognised by these mAbs was different. 

The final column of Table I shows the group that each mAb was assigned 
to by competition binding assay. The data used to define the group is 
summarised in Table 2. 

Table 2. 

mAb 

3Cl 
8A4 
5A5 
7A6 
lB6 
7C6 
9D2 
6A6 
6D4 

Summary of competition analysis data from 
anti-peplomer monoclonal antibodies. 

Group Competition data* 
3Cl 8A4 5A5 7A6 IB6 7C6 9D2 6A6 6D4 

A 
A 
B 
B 
C 
C 
D 
E 
F 

4+ 
4+ 

2+ 

4+ 
4+ 

1+ 

4+ 
4+ 

1+ 

4+ 
4+ 

1+ 

1+ 

2+ 2+ 
4+ 3+ 
4+ 4+ 
1+ 4+ 

1+ 

* _. no competition at 10- 3dilution 
1+ 10-25% competition at 10 -3 dilution 
2+ 25-75% competition at 10- 3 dilution 
4+ >- 75% competition at 10 -3 dilution 

1+ 

2+ 

4+ 1+ 
4+ 

513 



Table 3. Comparative neutralisation of TGEV isolates 
by anti-peplomer monoclonal antibodies. 

TGEV 
Isolate Year 

FS772 
216 
Tucker 

1970 
1968 
1985 

Group A 
mAb 3C1 

5+ 
5+ 
5+ 

Monoclonal Antibody 
A B BCD F 

8A4 5A5 7A6 1B6 QD2 6D4 

5+ 
5+ 
5+ 

3+ 5+ 

2+ 4+ 

2+ 
2+ 

The inhibition shown by homologous antibody and by antibodies of the same 
group was clear cut and extended to high dilutions (up to 10-6 ) of the 
competing antibody whereas the low levels of competition induced by 
different groups was rapidly lost on dilution. There were no antibodies 
that gave partial competition at high dilutions, although mAb 7A6 did show 
some cross reactivity at 10-3• These data were used to define 6 epitopes on 
the peplomer of TGEV, of which 4 (A, B, E and F) would react with 
antibodies to neutralise the virus. 

Two other British isolates of TGEV were examined for their ability to 
he neutralised by the anti-peplomer mAbs. Isolate 216 is a reference strain, 
isolated in 1968 and used in a diagnostic laboratory, and the other, TucKer, 
was isolated from a field case of TGEV in the U.K. in 1985. The Tucker 
strain grew to lower titre than the other two isolates and its 
neutralisation had to be judged hy the low intensity fluorescence that it 
produced in cell culture. Several other recent isolates, not shown, need to 
be adapted to better growth in cell culture before they can be reliably 
assessed. The results of comparative virus neutralisation tests with these 
three isolates are summarised in Table 3. It is clear that, even with the 
small number of isolates tested, there is considerable variation seen in the 
abilities of the mAbs to neutralise infectivity. While it might be 
predicted that an epitope may be lost from a serological variant, such as 
the group F epitope on the Tucker isolate and the group B epitope on isolate 
216, alteration of a non-neutralising epitope to one that results in 
neutralisation, as with group C, is more unexpected. The conclusion from 
these three isolates is that the group A epitope, recognised by mAbs that 
are the most efficient at virus neutralisation, has been conserved over a 
period of 17 years in Britain. 

DISCUSSION 

Three general conclusions can be drawn from the data reported here. 
~irst, there are at least six epitopes on the TGEV peplomer and more than 
one of them is involved in the neutralisation reaction. Second, the western 
blotting data suggest that at least some of the epitopes associated with 
neutralisation are conserved in molecules that have been dissociated and 
reduced. Third, while there is variation in epitopes in British field 
strains of TGEV isolated over a 17 year period, one epitope of major 
importance in neutralisation has been conserved. 

The presence of a numher of epitopes on the TGRV peplomer is consistent 
with the reported findings of Laude et al. (1986). Whether the mAbs 
reported here fi t into the four major and several minor epitope groups 
defined by that group (Delmas et al., 1986) or constitute one or more new 
groups has yet to be tested. They demonstrated several differences between 
the Purdue strain, against which their mAbs were raised, and two British 
TGEV isolates, including 216, while showing the conservation of a major 
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neutralising epitope. These studies, and those of other workers presently 
generating mAbs to TGE isolates, would clearly benefit from an exchange of 
reagents. 

The main direction of the work of our group is the molecular 
definition of the protective epitopes of TGEV and their presentation to the 
sow so as to stimulate milk anti bodies. If, as the work reported would 
suggest, there is a single conserved epitope and that it is sensitive to 
dissociation and reduction, then the importance of secondary structure will 
need to be considered. The possibility that the epitope of group A is 
formed by secondary, or even tertiary, structuring of the polypeptide chain 
would complicate attempts to engineer its expression in a vector other than 
TGEV. We are now investigating this, together with the requirement for 
glycosylation in epitope expression. 
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