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SUMMARY

The cloning and expression of the Rift Valley Fever G genes for the

development of a DNA vaccine.
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Supervisor:  Prof. LH. Nel
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Co-supervisor: Prof. GJ. Viljoen
Applied Biotechnology
Onderstepoort Veterinary Institute

For the degree M.Sc (Agric)

Rift Valley fever is an acute or peracute zoonotic disease of domestic ruminants
and it is caused by a single serotype of the Rift Valley fever virus, a member of the
Bunyaviridae family of the Phlebovirus genus. Vaccines that are currently used against
this disease include a live attenuated virus (the Smithburn vaccine strain) and an
inactivated virus vaccine. Several disadvantages are associated with both vaccines. For
the attenuated vaccine, abortions in pregnant ewes, anatomical abnormalities in neonatal
lambs and low antibody response in cattle are observed. In the case of the inactivated
vaccine, it is necessary to produce large quantities of the virus antigen and only short term
immunity can be obtained after vaccination. Third generation vaccines include DNA
vaccines that offer numerous advantages above the currently used vaccines. These
advantages include the possibility of long term and even lifelong immunity as well as

eliciting of humoral and cellular immune responses after vaccination. Problems
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encountered with the vaccines in use for Rift Valley fever can potentially be addressed by
investigating a DNA vaccination strategy.

A mammalian expression vector backbone (pCI) was used in the construction of the
DNA vaccine plasmid construct pCI-G2G1-EGFP. This construct includes the protective,
immunogenic Rift Valley fever virus glycoprotein genes, G2 and G1 as well as the
Enhanced Green Fluorescent Protein (EGFP) gene, both under the control of a
Cytomegalovirus (CMV) enhancer-promoter, the latter acting as a marker gene during the
construction, development and evaluation of the DNA vaccine. The insertion site of the
glycoprotein gene fragment as well as the transcriptional start site of the G2 gene localized
at the 5' end of the fragment was shown to be correct using chain terminating sequencing.
Expression of the cloned genes was shown in BSC 40 cells with the use of indirect
immunofluorescence to detect glycoproteins and fluorescent microscopy to detect EGFP.
The plasmid construct was subsequently tested in a mouse model, where the mice were
vaccinated intramuscularly with the DNA vaccine. Due to the delayed deaths observed in
the groups vaccinated with DNA vaccine in comparison to mice in the non-vaccinated
negative control group, we decided to use this construct in a sheep model. In the DNA
vaccination trial the sheep were vaccinated either intradermally or intramuscularly with the
pCI-G2G1-EGFP plasmid construct with or without adjuvant. Higher titres of neutralising
antibodies were seen in the neutralising antibody assays of the animals vaccinated with the
DNA vaccine than the negative control animals. However, clinical signs and symptoms
(temperatures and liver enzyme levels) of DNA vaccinated animals after challenge with a
virulent strain of Rift Valley fever virus indicated viremia. In comparison to animals in the
negative control group, clinical signs and symptoms of the group vaccinated with the DNA
vaccine were not significantly different indicating no detectable levels of protection after
vaccination with the DNA vaccine.

Several of the diagnostic tests for Rift Valley fever are time-consuming, expensive,
complicated and require handling of whole virus in antigen preparation. The replacement
of the whole virus as antigen by a recombinant protein would eliminate this risk. The
glycoprotein gene fragment has been subcloned into a bacterial expression vector and the
bacterial vector system was evaluated for the expression of the glycoproteins. A product

could only be obtained after truncation of the G2 gene. Diagnostic methods that limit
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health risk by eliminating handling of the virus, save time, are less expensive and would be
useful in assisting the diagnosis of RVF. The RT-PCR method would conform to the
requirements and it is sensitive and specific. A one-step RT-PCR specific for Rift Valley
fever virus was developed evaluated and validated. Primers were designed to anneal in the
glycoprotein gene G2 of the virus at the 3' end of the G2 gene and the non-translated region
between the G2 and G1 genes upstream of the G1 gene. It is foreseen that the RT-PCR
could be used as a rapid diagnostic test and as a method for the determination of the viral

load during production of classical vaccines in the future.
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