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INTRODUCTION 

This was a very diverse sector containing subjects as different as virus 
vaccines, milk proteins, equine gonadotrophins and transgenic animals. 
In addition onlYlfive of the fourteen contracts involved were for the 
full period of 3 13 years; the remaining nine were for the last two 
years of the programme. However, despite this diversity of interest and 
the limited period, the programme produced, in addition to the specific 
results described below, three significant general achievements, 
namely:-

(1) The stimulation of genetic engineering in animal husbandry. 
In only a few subjects was there a background of extensive genetic 
engineering research. For most of the 17 laboratories involved the BEP 
contracts provided the opportunity to initiate or extend an existing 
small effort in genetic engineering. Consequently this is reflected in 
the level of sophistication of the research done (see below). A great 
deal of the effort has been directed towards finding, cloning and 
sequencing the desired genes. Very little has yet been done on the use 
and expression of these genes and this will probably be a major emphasis 
of many of the Biotechnology Action Programme projects in this area. 

(2) The production of research of interest to industry. 
While much of the work must be regarded as foundational and exploratory 
rather than immediately applicable there was a growing involvement of 
industry during the programme. This interest was highlighted by the 
attendance of representatives of nine major European biotechnology 
companies at the last meeting of the contractants in Cambridge, April 
1986. Except for one contract on foot and mouth disease virus, all the 
laboratories involved were in universities or research institutes. 
However, at the end of the contract six of the contractants reported 
that they had developed a relationship with at least one industrial firm 
interested in the potential of their research. In one case the firm and 
in another a national government agency responsible for the transfer of 
technology to industry, had agreed to fund the next phase of the 
research. As regards patents resulting from the BEP projects, one 
patent has been filed on the envelope glycoprotein of the chicken 
coronavirus, IBV and another patent is pending on the expression of 
rotavirus genes in E.coli. 

(3) The development of trans-national links. 
The annual meeting of the contractants brought together people of very 
diverse fields of research which was educational and sometimes resulted 
in the recognition and discussion of common problems, e.g. difficulties 
in obtaining expression. More significant however, was the development 
of trans-national links. This is most clearly illustrated by the fact 
that in the new Biotechnology Action Programme of the CEC, five of the 
16 contracts awarded involve 11 laboratories from different countries 
brought together by the BEP programme. 
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SCIENTIFIC RESULTS AND THEIR APPLICATION 

The virus genes or genomes studied and the practical application of the 
research is summarised in Table 1. The individual results are discussed 
under four general headings. 

Viruses causing disease in agriculturally important animals 
There were nine projects involving five different virus groups 
(rotavirus, coronavirus, foot and mouth disease virus, bovine leukemia 
virus and psuedorabies virus) and all had the primary objective of 
applying genetic manipulation techniques to the production of new types 
of vaccine. There are three experimental phases to such projects, 
namely: 

(1) the identification of the viral protein or proteins capable of 
inducing immunity in the host animal. For all the viruses except 
pseudorabies there was already evidence as to the proteins involved. 

(2) the finding, cloning and sequencing of the appropriate gene. This 
had already been done for foot and mouth disease virus (FMDV) and bovine 
leukemia virus (BLV) but for all the other viruses little or no sequence 
information was available. 

(3) the expression of the protein in an immunogenic form and/or the 
production of immunogenic synthetic peptides based on the gene sequence. 
In most cases the work on expression is still at the exploratory stage 
and only in FMDV and BLV have peptides been investigated. 

Rotaviruses: These agents cause intestinal infections in many young 
animals including cattle, pigs and man, often resulting in severe and 
debilitating diarrhoea. They are large icosahedral viruses having a 
double shelled capsid enclosing 10 to 12 segments of double stranded RNA 
and previous biochemical work had shown that one or more of the external 
capsid proteins was capable of inducing immunity. Therefore, using 
essentially the same methodologies, two groups have produced and 
sequenced cDNA clones of the appropriate RNA segments from bovine 
(J.Cohen et al., France) and porcine (M. McCrae et al., U.K.) 
rotavirus;S:--Comparison of the amino acid sequence of the bovine 
rotavirus with that available from four other strains of bovine and 
simian origin has shown several variable areas some of which contain 
potential glycosylation sites and may therefore correspond to potential 
immunogenic sites. Sequencing of the genes from other strains are still 
in progress and when available should help in identifying interesting 
regions which could be examined further using synthetic peptides. Both 
groups encountered what are now familiar difficulties in expressing 
their proteins in E. coli i.e. rapid degradation and toxicity for the 
bacterial cell. Both groups are currently exploring the expression of 
the protein as a fusion protein at the COOH terminus of B-galactosidase. 
Using such material McCrae et al. have been succesful in inducing low 
levels of neutral ising antibody. A useful byproduct of this project has 
been the production of cDNA clones of some of the other genes of these 
viruses and Cohen et al. have shown that they can be the basis of a 
diagnostic assay for the presence of virus that is more rapid and up to 
10 times more sensitive than the currently available tests. 
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Table 1. Summary of projects and their practical application 

Gene or Genome under investigation 

1) Pathogenic viruses of animals 

Porcine rotaviruses - external glycoprotein 
Bovine rotavirus - external glycoprotein 
Infectious bronchitis virus of birds 
- envelope glycoprotein 
Transmissible gastoenteritis virus of pigs 
- envelope glycoprotein 
Foot and mouth disease virus of cattle, etc 
- synthetic peptide of capsid protein, VPI 
- fusion proteins containing VPI sequences 
- potential of RNA recombiation to produce 

novel foot and mouth disease viruses 

Practical application 

improved vaccines 

Bovine leukemia virus - envelope glycoprotein 
Pseudorabies (Aujeszky's) virus of pigs 
- external glycoproteins 

2) Viruses as vectors 

Baculovirus of insects - polyhedrin gene 

Avian erythroblastosis virus of chickens 
- oncogenes, erb A and erb B 

3) Important cellular genes 

Milk protein genes of cattle 
- regulatory and coding sequences 

Equine gonadotrophins - and B subunits 

4) Transgenic calves 

1) high level expression 
of eukaryotic genes 

2) improved insecticide 

genetic manipulation 
of birds 

1) production of foreign 
proteins by mammary 
gland 

2) improved dietary 
value of milk 
animal breeding 

genetic manipulation 
of bovines 
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Coronaviruses: Two well known agriculturally important coronaviruses 
were studied, infectious bronchitis virus (IBV) of birds which produces 
a severe respiratory infection of ~irds that can cause up to 90% 
mortality in young birds (T.D.K.Brown et al. U.K.) and transmissible 
gastroenteritis (TGE) of pigs which can affect older pigs but is 
particularly acute in young animals in which it causes severe diahorrea 
and high mortality (D. Baird andD.J. Garwes et al. U.K.). The agents 
are large enveloped viruses whose gentic material consists of a single 
large RNA molecule. Previous biochemical studies had suggested that the 
envelope glycoprotein was the major immunogen. However, since no 
previous cloning has been done in either virus it was necessary to clone 
and sequence almost the entire genome in order to find the sequence 
encoding the glycoprotein. The IBV project began first and almost the 
entire genome has now been sequenced. This has provided inportant 
fundamental information on the organisation of the genome of such 
viruses. One immediate application was their use of the sequence data 
to clone selectively the the glycoprotein of two further strains and 
then by comparing the sequences of the three strains they were able to 
identify important features in the glycoprotein such as the signal 
sequence, potential glycosylation sites, hydrophobic regions etc •• 
These comparisons also showed that most of the variation between strains 
occurred on the more external subunit (SI) of· the spike. As a preamble 
to their final goal of inserting the glycoprotein gene into fowl poxvirus 
they inserted it into the TK gene of vaccinia and showed that the 
glycoprotein was produced by the recombinant virus growing in tissue 
culture. The work on TGE began later but fortunately the initial cDNA 
clones obtained were principally from the region enclosing the 
glycoprotein and the nucleoprotein. This enabled them to seek 
expression of these two proteins in E. coli as fusion proteins at the 
COOH terminus of B. galactosidase. In both cases a fusion protein was 
produced which reacted with individual sera and in the case of the 
nucleoprotein the purified fusion protein has been shown to be 
immunogenic. Neutralising and non-neutralising monoclonal antibodies 
which react with the glycoprotein have also been produced. Preliminary 
work suggests that they can distinguish six different epitopes in the 
spike and as a useful byproduct they are capable of distinguishing 
between field strains. 

Foot and mouth disease virus: This important disease which causes 
extensive economic damage in many countries of the world is caused by a 
small icosahedral virus whose genetic material is a single small RNA 
molecule. Considerable cloning and sequencing work had been done prior 
to the start of the BEP programme and one major immunogenic site had 
been defined on the capsid protein, VPI. Consequently the three 
proj~cts supported by BEP (synthetic peptides, fusion proteins and RNA 
recombination) reflected this more extensive background. The peptide 
work (F. Brown et ale U.K.) was a study of the features affecting the 
ability of synthetic peptides of VPI to induce an immune response and 
was based on earlier work which had shown that two regions of VPI, amino 
acids 140 to 160 and to a lesser extent 200 to 213, were capable of 
inducing neutralising antibody. Such peptides are still very 
inefficient compared to whole virus but three features that could change 
this situation were defined, namely (1) when peptide containing the 
140-160 and 200-213 sequences were coupled together they were more 
active in inducing antibody than the individual peptides (2) the 
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presence of amino acids 143 to 146 was necessary for the induction of 
neutralising antibody by peptide 141-160 and (3) the amino acid 151-160 
sequence is probably important in stimulating a T cell response since it 
is capable of stimulating T cells from llnmunised mice to proliferate. 

The second FMDV project (P.R. Pouwels et aI, Netherlands) explored the 
possibility of a vaccine based on genetically engineered fusion proteins 
that could be expressed in large amounts in E. coli. Using a cDNA clone 
of Type 0 FMDV a variety of expression plasmids were constructed which 
when induced produced the fusion protein at 5-10% of the total protein 
of the cell. The fusion proteins were based on B-galactosidase and Pho 
E, an outer membrane protein of E. Coli and contained one or more copies 
of the important 140-160 regions of VPI. Two of the B-galactosidase 
fusion proteins also contained the sequences 161-213 or 200-213. 
Problems of degradation and solubility were encountered but the 
B-galactosidase proteins were shown to be immunogenic in rabbits. Work 
is still in progress to determine whether multiple copies of the same 
determinant enhances the immunogenicity of the fusion protein and to 
measure the relative efficiencies compared to that of whole virus. 

The third FMDV project (D. McCahon et al., U.K.) was an application of 
genetic manipulation techniques to study the unusual phenomenon of RNA 
recombination that occurs in these viruses and may be responsible for 
some of its variability. In the laboratory it could also be used to 
manipulate the virus genome. Cloning and sequencing techniques were 
used to define the nature and location of cross-over sites in a wide 
selection of recombinants. The project extended the earlier 
observations on the existance of RNA recombinants to show that it could 
occur almost anywhere on the genome and between very different serotypes 
of the virus (European and African). The sequences involved at the 
cross-over sites showed no special features and therefore the authors 
concluded that RNA recombination could be used to produce any desired 
recombinant if the selection methods were available. A more precise and 
reliable method would be the constuction of recombinants from cDNA 
clones but unfortunately no group had yet been succesful in producing a 
complete infectious DNA copy of this virus as has been done with other 
picornaviruses. The materials generated in this project should help 
towards that goal. 

Bovine leukemia virus: This virus is present in cattle world wide and 
while only rarely causing overt infection considerable efforts have been 
made to eradicate the infection in West Europe. It is a retrovirus and 
by analogy with similar viruses of avian and other animals the envelope 
glycoprotein has been identified as being important in the induction of 
neutralising antibodies. The BEP project which, was an extension of an 
existing cloning and sequencing programme (A. Burny et ale , Belgium), 
examined two possible types of vaccine based on the envelope 
glycoprotein, synthetic peptides and glycoprotein expressed from a 
heterologous vector. Using the results in other viruses as a guide a 
series of potentially immunogenic pep tides based on the sequence of the 
glycoprotein were synthesised. These pep tides are still under test. 
Probably more significant for the future was the demonstration of four 
epitopes on the surface of the glycoprotein using neutralising 
monoclonal antibodies. The sequence of those sites should provide a 
guide to a more systematic exploration of the possibilities of a peptide 
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vaccine. An interesting byproduct of the monoclonal antibody work was 
the finding that antibody to one of the sites appeared to persist for a 
long time in cattle. Thus it could prove useful in identifying cattle 
previously infected with BLV which would be helpful to any eradication 
campaign. As regards a glycoprotein based vaccine this is still at the 
stage of inserting the glycoprotein clone into the vectors. 

Pseudorabies: Pseudorabies or Aujeszky's disease as it is often known, 
causes severe economic losses particularly in pigs and live attenuated 
strains of the virus are widely used as vaccines to control the disease. 
The causative agent is a herpesvirus and structurally it resembles 
herpesvirus of man and other species. In human herpesviruses the major 
glycoproteins of the virus particle have been shown to be important 
immunogens and extensive genetic engineering work has been done 
including the development of vectors that express those proteins and are 
capable of protecting against the disease. By contrast very little was 
known about the molecular basis of protection in pseudorabies prior to 
the BEP project work of T-J Rziha et al. in Tubingen. They have now 
shown that three major glycoproteins are involved in protection, have 
identified the approximate location of the sequences encoding them on 
the genome and obtained clones for two of them. Their current work is 
directed towards obtaining clones encoding the third protein with the 
ultimate aim of producing a non-infectious vaccine. An interesting 
by-product of this project was the finding that several strains, 
especially attenuated ones, had alterations in the region of the DNA 
encoding one of the glycoproteins. This could be useful both in the 
molecular identification of strains and perhaps in the construction of 
better whole virus attenuated vaccines. 

Viruses as vectors for eukaryotic genes 
The development of two very different viruses (baculovirus of insects 
and an avian retrovirus) as vectors has been the subject of two 
projects. Baculoviruses are large DNA viruses of insects which have the 
unusual ability to produce large amounts of a viral protein (the 
polyhedrin protein) which results in the appearance of microscopically 
visible polyhedra in infected cells late in infection. The possibility 
of replacing the polyhedrin sequences with that of another protein has 
attracted a great deal of interest and numerous genetic engineers in 
recent years. These viruses can also be used as selective control 
agents for insect pests but their usefulness is limited by their narrow 
host range and the poor growth of many isolates in cultured insect 
cells. The BEP. project (J. Vlak et al., Netherlands) has produced two 
important results that will contribute to the further development of 
these viruses both as expression vectors and insecticides, namely (1) a 
method of inserting sequences into the virus genome and (2) an indicator 
virus that will facilitate screening of recombinants. When 
recombination was attempted between two distantly related baculoviruses 
of different host range, one defective in its ability to make the 
polyhedrin protein and the other defective in its ability to replicate, 
no viable recombinants could be obtained. However, by transfecting 
cells with a high dose of a plasmid containing the polyhedrin gene of 
the replication defective parent, in association with the complete DNA 
of the polyhedrin defective virus, viable recombinants able to make 
polyhedrin were obtained. Restriction enzyme analysis showed that 
varying amounts of DNA had been inserted in the recombinants but not in 



41 

the usual position for the polyhedrin gene. Therefore it seems that 
this virus is capable of accepting large amounts of DNA at a variety of 
positions and the new DNA is able to function. The lack of insertions 
in the polyhedrin gene observed in these experiments presumably 
reflected a lack of homology between the polyhedrin flanking sequences 
of these two viruses. If the vector was derived from a more closely 
related virus insertions would be found in the polyhedrin gene. Using 
their plasmid technique, Vlak and his colleagues have constructed a 
recombinant virus with sequences encoding B-galactosidase in the normal 
position for the polyhedrin gene and a working polyhedrin gene inserted 
elswhere from a distantly related baculovirus. This virus is capable of 
producing a blue colour when X-gal is added to the medium and also of 
producing plaques in tissue culture that are readily identifiable 
because of the presence of polyhedra. This virus should facilitate the 
screening of recombinants since any in which the galactosidase sequences 
have been replaced by the new DNA should be readily identified by their 
lack of colour. 

The other potential vector, avian erythroblastosis virus (AEV) has been 
investigated by a group in France (M. Nigon and P. Mongin) as a way of 
manipulating the genome of birds. Introduction of genes into the 
fertilised eggs of birds by techniques such a microinjection has 
particular problems because of difficulty of access to the egg nuclei. 
Therefore this group have begun to develop a system similar to that 
previously developed in mice in which a defective retrovirus is used to 
introduce new DNA into a cell genome with the help of a non-infectious 
helper cell line. A selection of vectors were made from the defective 
virus (AEV) containing the neomycin resistance gene. When tested in 
vitro in chicken fibroblasts with the addition of infectious helper
virus, the vectors were intergrated and produced geneticin resistant 
colonies with efficiencies that appeared to be dependent on the location 
of the Neo gene in the vector. However, when repeated in vivo by 
injection of 1 day old chicken embryos, only 10% of the birds survived 
to hatching and they contained much more helper virus sequences than the 
vector sequences. Therefore if this system is to work there is a need 
for a non-infectious helper cell line in which the vector could 
replicate and be packaged to produce virus particles that would be 
capable of infecting cells and being integrated but not spreading. A 
useful clue towards the development of such a cell line was the 
discovery that AEV vectors with a deletion of one of the oncogenes (erb 
A) could no longer immortalise cells. This raises the possibility of 
being able to produce a continuous chicken cell line using just the erb 
A gene that would be free of both exogeneous and endogenous 
retroviruses. Such a cell line would be a useful starting point for the 
development of a helper cell line. 

Cellular genes important in animal husbandry 
Two important groups of cellular genes have been studied in BEP 
projects, the milk protein genes of sheep, cattle and rabbits and equine 
gonadotrophins. Work on the organization and regulation of milk protein 
genes has two potential applications, namely, directing the production 
potential of the mammary gland into more useful proteins and reducing 
the lactase content of milk to make it more acceptable to the many 
people who are lactase deficient (40% in France). The BEP project ( J.e 
Mercier and L.M. Houdebine, France) had the primary objective of finding 
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the genes and their regulating sequences. Genes for all six major 
protein have now been identified in either the sheep or bovine genomic 
DNA libraries. One gene (sheep lactalbumin) has now been completely 
sequenced and the sequence of another (bovine B-lactoglobulin) is nearly 
completed at a collaborating U.K laboratory. The work on the rabbit 
milk protein genes was principally directed towards defining the 
sequences involved in hormonal control of those genes and, not 
suprisingly, this has proved difficult. The mRNAs of three major milk 
proteins have been shown to be under the same hormonal control but the 
nature of that control remains elusive. However, clones containing all 
or part of the genes encoding the three major proteins have been 
identified in a rabbit genomic DNA library and perhaps their sequence 
will provide some clues. 

Equine gonadotrophins are much in demand in agriculture because of their 
potency, low specificity and availability. They are normally obtained 
from pregnant mares but F. Stewart and her colleagues (U.K.) have 
applied genetic engineering techniques to the isolation of the genes 
involved with the essential aim of obtaining an expression system that 
is capable of producing large amounts of relatively pure hormone in the 
laboratory. A good library of cDNA clones has been prepared from 
messenger RNAs extracted from the pituitary glands and placental tissues 
of horses and donkeys. Clones encoding one of the two subunits of 
gonadotrophin ( subunit) have been identified and sequenced. The 
sequence was identical for the pituitary and placental clones confirming 
what had been observed in other species, namely that the same gene is 
responsible for both the pituitary and placental gonadotrophins. 
However, only a few clones encoding the other subunit (B subunit) were 
found and a variety of approaches are now being pursued to extend the 
range of B subunit clones. An unexpected byproduct of this study was 
the isolation of clones encoding the equine growth hormone whose mRNA is 
also present in large amounts in the pituitary gland. Most of the 
sequence of this important hormone has been determined. 

Transgenic domestic animals 
Whereas extensive work has been done on transgenic mice and a few larger 
species little work had been done on the development of transgenic 
domestic animals prior to the BEP project. F. Gannon and his colleagues 
(Ireland) have begun the development of systems leading to the 
production of transgenic calves. Such work depends on acquiring a 
number of independent techniques none of which were available for the 
bovine namely the production and microinjection of fertilised eggs, the 
isolation of the bovine gene to be inserted, the finding and 
characterisation of regulatory regions that will allow a high level of 
expression of the desired gene and finally methods of monitoring the 
success or otherwise of microinjection expreiments. A methodology for 
the optimum production of fertilised bovine ova and their microinjection 
was developed although it will take a longer period to measure the 
success of the microinjection technique. An important step in the 
search for a strong bovine promoter has been made by the identification 
of sequences that are expressed at high level in calf liver and the 
subsequent identification of clones containing the gene in a genomic DNA 
library. Southern blot analysis is consistent with it being the product 
of a single gene and thus of a strong promoter. An interesting 
by-product of the microinjection experiments was a methodology for 
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injecting fish eggs which could be useful in the genetic manipulation of 
those species. 

CONCLUSIONS 

This has been a good beginning but it needs to be recognised that it is 
only a beginning since in most cases the principal result has been the 
finding and (sometimes) the sequencing of the desired gene. The use of 
genetic manipulation techniques has been stimulated and the degree of 
trans-national co-operation in this research area has been increased. 
In addition some potentially useful by-products have been produced. 
There is already a good level of interest by industry considering that 
most of the envisaged products are 3 to 5 years away from the market 
place. However, closer co-operation by industry would greatly 
facilitate the next phase of most of the projects i.e. the expression of 
the desired gene to produce biologically active materials. There is a 
wealth of expertise in biotechnology firms in this area and if their 
help was available the projects would progress faster. 




