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The double-stranded RNA gene coding for the surface antigen responsible for inducing neutralising anti-
bodies has been isolated, converted to DNA, and cloned in the plasmid pBR322. So far, only plasmids con-
taining inserts smaller than the gene have been obtained. Possible strategies for the development of a bluetongue

virus subunit vaccine are discussed.

Bluetongue is one of the most important virus diseases
of sheep in South Africa. It has been studied at the Veter-
inary Research Institute at Ondérstepoort over a long
period, dating back to the original discovery- by -Sir
Arnold Theiler at, the beginning -of the century that the

disease is caused by a virus. Thanks to this research we

can today control the disease by means of a polyvalent

attenuated live vaccine consisting of the 15 different .

serotypes of bluetongue virus (BTV) that are found in
South Africa. A great deal of research on BTV, how-
ever, is still being carried out today-and a large propor-
tion of this research is directed towards solving some of
the problems encountered with the vaccine. Most of
these problems are associated with the polyvalent nature

of the vaccine. Because of immunological interference,.

the immune response against a group of BTV serotypes
is usually not as strong as against individually injected
serotypes. Very important also is the problem of gene
reassortment by means of which new recombinant
viruses can be generated by the simultaneous infection
with a number of closely related virus serotypes
(Sugiyama, Bishop & Roy, 1981). These new viruses,
which are mixtures of previously existing serotypes, in-
crease the problems associated with the antigenic diver-
sity in BTV,

At least a few of the problems can be solved by the use
of subunit vaccines and the synthesis of such vaccines by
means of the techniques developed in the field of
biotechnology. The discussion of this particular ap-
proach in the case of BTV requires some understanding
of the biochemistry of the virus and I will therefore
briefly outline some of the more important aspects of this
subject.

The history of BTV biochemistry dates back to the late
sixties when Verwoerd purified the virus for the first
time and was able to show that it contained double-
stranded RNA (dsRNA) (Verwoerd, 1969). It was later
shown that the RNA consists of 10 segments and that
each segment contains the genetic information for the
synthesis of one of the 10 virus-specified polypeptides
(Verwoerd, Els, De Villiers & Huismans, 1972). Seven
of these proteins have been identified as components of
the double-layered protein coat of the virus. The outer
capsid layer is composed of 2 proteins, P2 and P5. One
of the major aims of the current biochemical research on
BTV is to relate biological characteristics of BTV, such
as pathogenicity, antigenic diversity, enzyme activities,
etc., to specific functions of the viral proteins.

With respect to the problems associated with vaccina-
tion and antigenic diversity, it was important to deter-
mine which of the viral proteins are involved in the in-
duction of neutralising antibodies. It was found that P2,
a protein on the surface of the BTV particle, determines
serotype specificity and induces neutralising antibodies
(Huismans & Erasmus, 1981). This raised the possibility
of using P2 as a single protein subunit vaccine. Similar

observations in viruses, such as foot-and-mouth disease.
influenza and rabies viruses, has stimulated quite

‘sive research over the past few years (Bachrach, '

Much of the resedrch effort has been devoted to the pro--
duction of single proteins by means of cloning or to the
production of synthetic vaccines. In the case of BTV,
were fortunate in-being able to produce large amounts o1

" purified P2 by ‘dissociation from purified virus' (Huis-
mans, Van der Walt, Cloete & Erasmus, 1983). The
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method does not require strong detergents, such as SDS,
and the protein can be used for immunological studies.
Injection of sheep with purified P2 results in the produc-
tion of antibodies that precipitate P2 exclusively (Fig.
1.).

When the sheep are injected with 3 successive injec-
tion of 100 ug of purified P2, plaque reduction titrec in
the order of 128 are obtained. These sheep are :
protected against challenge with virulent virus. W |
sheep are injected with 1/10th of this amount, there are
no detectable neutralising antibodies, but the sheep :
nevertheless largely protected against infection with an
homologous virulent serotype (Huismans, Van der  alt
& Erasmus, 1984).

These results indicate that P2 could be used asa -
unit vaccine. Unfortunately, the method for purifying r2
is not suitable for large scale vaccine production. An
alternative is to develop production methods based on
genetic manipulation techniques. Such an appro=rh
would require that the genetic material coding for
synthesis of P2 be combined with the DNA of a bacte-
rium under such conditions that the bacterium expresses
the information by synthesizing large amounts of P2.
is coded for by dsRNA segment 2. One of the first st
in the cloning strategy was therefore to isolate segme <
and convert it to DNA. The method and the different
steps used in this conversion are essentially those
described by Cashdollar, Esparza, Hudson, Chimelo,
Lee & Joklik, 1982. The virus-specific DNA was then
inserted into the Pst 1 site of Escherichia coli plasmid
pBR322 under such conditions that Pst 1 sites are gen
ated at both ends of the insert. The recombinant plasmids
were isolated by screening for specific antibiotic resis-
tance markers and characterized by size, restriction
enzymes and hybridization with a *’P-labelled DNA
probe made with BTV-mRNA as template.

Cloning was also carried out with unfractionated
dsRNA as starting material . This so-cailed ‘‘shotgun’’
approach yielded a very large number of plasmids that
contained BTV-specific inserts. Unfortunately, mosi of
these inserts were very small. From a total of 3000
clones 700 were analysed and of these only about 20 had
inserts of 1000 base pairs or more. Only 2 had inserts of
more than 2000 base pairs. The electrophoretic separa-
tion of a few of these plasmids is shown in Fig. 2. Only
one of these, p179, has an insert of just more than 2000
base pairs.

The largest plasmid obtained during cloning of the
isolated P2-gene (p4) contained an insert of just more
than a 1000 base pairs. The results obtained when the









