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The results obtained in this investigation indicate that EEV S10/NS3 is not highly conserved, but
instead has a level of variation that is intermediate to that seen in BTV and AHSV. The limited NS3
sequence data of EEV and other orbiviruses such as EHDV, Palyam virus and Broadhaven virus

however restricts a comprehensive comparison of the typical variation for this non-structural protein.

The level of variation seen for the NS3 protein between serotypes or within serotypes in the same
serogroup has potential uses and significance. In the case of AHSV NS83, the level of variation
observed between and within serotypes is relatively large, allowing it to be used as an epidemiological
tool or marker. The large intra-serotype variation of AHSV NS3 has been found to be useful for
distinguishing between sub-populations of the same specific serotype. In phylogenetic analysis
performed, using sequences of NS3 proteins from recent field isolates, it has been found that the field
isolates group according to their origin or geographic location (Van Niekerk et al., 2001b). This could
be of some advantage when outbreaks of the same serotype occur in different localities in the country
and there is a request to link the outbreak to the transport of animals between these different regions.
Despite the limited variation of BTV S10/NS3 it may still be possible to differentiate between vaccine
and field strains of BTV and it could also have value as an epidemiological marker (Van Niekerk ef al.,
2003). Sequencing of the comparatively small NS3 gene in outbreaks of the disease, together with
serotyping, may therefore provide significant epidemiological information as to the origin of a virus
involved in an outbreak, as well as to distinguish between field isolates and live attenuated vaccine
strains. This has also been supported by a preliminary study and the unpublished results from an
investigation of a recent outbreak of AHSV-7 in the Western Cape region of South Africa that has
been free from AHSV for a number of years. Although the ievel of variation found in EEV S10/NS3 is
not as high as that seen in AHSV S10/NS3, it can possibly be used in the same way as an

epidemiological marker.

The origin of the observed variation in the NS3 protein is not clear and can include the contribution of
many variables such as the interaction between the intermediate insect vector (Culicoides species)
and the protein, founder effects, immunological pressures due to the fact that the protein is membrane
associated, population size and mutation rate, errors incorporated by the reverse transcriptase during
viral replication, natural selection, genetic drift (caused by mutations over time) and genetic shift
(recombination caused by genomic reassortment events) (Gorman, 1983; Page and Holmes, 1998;
Bonneau et al., 2001; Van Niekerk ef a/, 2001b). All of the mentioned processes could lead to
diversification of S10/NS3 and can explain the sequence divergence between genome
segments/proteins of viruses found in different regions as well as in the same region. The obvious
question however remains that if all of the above processes play a role regarding S10/NS3 of all
orbiviruses, why does BTV NS3 seem more conserved than AHSV and EEV NS37 It has been
proposed that variation in BTV NS3 is limited by structural constraints important for its function (Pierce
et al., 1998), why these limitations do not apply to the same degree for AHSV NS3 remains uncertain

91



(Van Niekerk et al., 2001b). EEV NS3 shows high variation but is alsc expected to be under functional
constraint, these two conflicting factors can however both be accommodated when variation is
observed on the protein sequence level, while the secondary structure and thus tertiary structure of
the protein remains intact. Variation is found in or confined to regions of the protein that do not have
specific structural or functional importance, other than being exposed extracellularly with a possible
role in virus-host immune interactions. The large variation found in the region between the two
hydrophobic membrane spanning domains illustrates that this area is able to tolerate a high level of
variation (Van Niekerk et al., 2001b).

The variation observed in orbivirus genome segments 10 and NS3 proteins can also be represented
visually using phylogenetic trees. These trees also allow the visual representation of the relationships
within serotypes and between serotypes in the same serogroup, as well as the relationships observed
between different serogroups. Phylogenetic analysis has been performed for a number of different
orbivirus S10/NS3 sequences, most notably AHSV and BTV.

In AHSV phylogenies based on S10/NS3, three groups (phenogroups or distinct phylogenetic
lineages) can be defined in the AHSV serogroup. They are the alpha group (a) consisting of AHSV-4,
-5, -6 and -9, the beta group (B) consisting of AHSV-3 and -7 and the gamma group (y) consisting of
AHSV-1, -2 and -8. Group 3 generally groups closer to group o than to group vy (De Sa et al., 1994;
Sailleau et al., 1997; Martin et al., 1998; Zientara et al., 1998; Van Niekerk et al., 2001b). In the AHSV
S10/NS3 phylogenies, field isolates of the same season and same serotypes are generally closely
related, those of different seasons are more distantly related. The close relatedness of the S10/NS3
sequences of viruses of the same serotype that were isolated from nearby geographic locations
agrees with generally accepted epidemiological principles (Van Niekerk et al, 2001b). Although 3
distinct S10/NS3 phylogenetic clusters are evident, the placement of specific AHSV S10/NS3
sequences is not exclusively defined by serotype, which indicates that variation in AHSV S10/NS3
sequences does not necessarily correlate with virus serotype. Van Niekerk et al. (2001b) observed
that S10/NS3 of the same serotype could group in different lineages. Reassortment of AHSV genome
segments may be able to explain some of this large inter-serctype variation. Barnard (1993) has
observed that muitiple AHSV serotypes can simultaneously be present in zebras, which creates the

possibility for reassortment to occur.

In BTV phylogenies based on S10/NS3, 3 monophyletic lineages can be distinguished (Pierce et al,,
1998). These groups are most likely segregated based on geographic location, two of the groups
represent BTV isolates from the USA, and the remaining group represents BTV isolates from Asian
origin. The clustering into these groups is mostly independent of serotype, year of isolation and host
species of isolation. It has been suggested that the viruses in the 3 different clusters were subjected

to different evolutionary pathways leading to diversification (Bonneau ef al., 1999), as it is known for
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BTV that considerable sequence variation can be found between viruses that evolved in isolation or in
separate geographic regions (Gorman and Taylor, 1985). Evidence for reassortment of genomic
segments has alsc been observed in BTV phylogenies based on S10/NS3, genomic reassortment is

indicated by the presence of the same BTV serotypes in different groups (Pierce ef al., 1998).

Orbivirus NS3 sequences therefore have topotyping characteristics; i.e. the same sequence or a
similar sequence is found for a gene from a region/geographic location, irrespective of the virus
serotype. Distinct geographic groupings or topotypes seem to be a feature of orbiviruses and could be
a consequence of co-evolution of the virus population and the specific insect vector that occur in the
particular geographic region (Gould et al., 1992; Bonneau et al., 1999). This characteristic, together
with the level of variation observed in different NS3 proteins is used in epidemiological studies to trace

the origin of a virus as already described earlier in this section.

In this investigation, the EEV isolates, including reference strains and field isolates, grouped into two
distinct clusters in a serotype dependant manner. This grouping may however change following a
more extensive EEV S10/NS3 sequence analysis, including more sequences from different field
isolates, as well as sequences from other countries such as Kenya or Botswana where EEV has also
been identified. The data from this investigation indicated that the S10/NS3 of EEV circulated in two
geographic pockets in SA, with an area of overlap in the Gauteng region. Viruses in cluster A were
isolated from regions in SA stretching from Stellenbosch in the Western Cape (S1FLD strains)
through to Gauteng (S4REF) and covers a vast southern region of the country. The most divergent
strain of cluster A (S4REF) was isolated from the overlap region. The virus serotypes in cluster A are
randomly distributed and the year of isclation of the viruses seemed to play more of a role in the final
placing of the taxa. The recent 1999 and 2000 isolates were closely related and the older reference
strains were members in another sublineage. The EEV strains in cluster B had a smaller northerly
situated distribution with Gauteng forming the southern border (S5REF and S3FLD1) and Hoedspruit
in Limpopo (S6FLD1) the northern border. The EEV isclates associated with the northern S10/NS3
geographic pocket grouped in a serotype dependent manner. There is no evidence of restricted
geneflow within each of these pockets as virus isolates made from distant geographic locations in the

pockets can harbour closely related genome segments 10 and NS3 proteins.

The occurrence of these pockets may be related to the distribution of the Culicoides midges that
transmit EEV. To date, two species in the Culicoides imicola species complex are known to transmit
EEV namely C. imicola ss (senso stricto) and C. bolitinos (Venter et al., 1999). Sebastiani et al.
(2001) revealed the presence of a high degree of polymorphism in the C. imicola species complex.
Culicoides imicola ss is the most abundant and wide spread of the species in the complex and was
highly variable within populations isolated from different gecgraphic areas. Culicoides bolitinos is the

second most abundant species but can be common in some areas in which C. imicola ss is scarce
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(Sebastiani et al., 2001). Interestingly, the geographic distribution of the EEV cluster A S10/NS3
correlates to some extent with the distribution of C. bolitinos, while the distribution of EEV cluster B
S10/NS3 corresponds to that of C. imicola ss (Sebastiani et al,, 2001). The high degree of genetic
diversity within these Culicoides species may effect efficacy of virus release from the midges. Certain
S10/NS3 phenotypes of EEV may be better adapted to release virus from certain species in the C.
imicola species complex. The two EEV S10/NS3 phenogroups, which differ by up to 25.2% in
nucleotide sequence homology and up to 16.7% in amino acid sequence homology, occur in two
regions of SA. These regions broadly correspond to the occurrence of C. imicola in the northern
regions of the country while C. bolitinos was locally more abundant in the southern districts
(Sebastiani et al., 2001). It is unknown what the genetic variability and distribution of C. imicola ss is
in the southern regions of the country and it is likely to differ from season to season dependent on the
rainfall pattern. This subsequently may influence the dominance of certain EEV strains in specific
outbreaks as well as their distribution in southern Africa. If this assumption is correct it would imply
that EEV strains that harbour the cluster A phenotype of S10/NS3 are likely to occur in the southern
regions of SA, while the strains that harbour the cluster B S10/NS3 phenotype will have a more
northerly distribution. The overlap region can sustain either of the midge types therefore allowing for
the occurrence of either S10/NS3 phenotype in this region.

The characteristics of EEV S10 and NS3 sequences have been studied in this chapter, with the focus
on the structural characteristics of EEV NS3, and the results obtained were compared to genome
segment 10 and the NS3 protein of other orbiviruses. EEV NS3 has been shown to possess a number
of different characteristics, a number of which is conserved and of which most are found in other
known membrane proteins (NSP4) or orbivirus NS3 proteins. The levels of variation observed for EEV
510 and NS3 were also determined using phylogenetic analysis, and the relationships between and
within different EEV serotypes were visualized using phylogenetic trees. As already mentioned, the
identified conserved characteristics or features of the NS3 protein, as well as the levels of cbserved
variation for NS3, have been shown to have functicnal significance in other orbivirus NS3 proteins. To
eventually determine the function of EEV NS3, and how the NS3 structure is related to the specific
function, it will be necessary to establish a system to express EEV NS3. Once it is possible to
selectively express EEV NS3 in a suitable system in sufficient guantities it will be possible to compare
EEV NS3 expression to that seen for other orbivirus NS3 proteins, and the foundation will have been

laid for future structure/function relationship studies of EEV NS3.
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their host cells can be cultured continuously in relatively cheap medium, but in general such systems
do not perform co-translational and post-transiational modifications which are essential when
immunogenic material suitable for production of antibodies is required, or if structure-function
relationships are to be studied (King and Possee, 1992). Eukaryotic expression systems are capable
of performing a number of post-translational modifications (e.g. glycosylation; fatty acid acylation
{palmitylation and myristylation); nuclear transport; phosphorylation; C-terminus amidation; disulphide
bond formation; proteolytic processing (including signal peptide cleavage, cellular targeting and
secretion) and the formation of tertiary and quaternary structures), which would be found if the

proteins were synthesized in the normal eukaryotic cellular environment (King and Possee, 1992).

The expression system of choice was the baculovirus expression system, an eukaryotic system, for
which the techniques for cloning and expressing genes is well established in our laboratory. This
expression system utilizes the baculovirus Autographa californica nuclear polyhedrosis virus
(AcMNPV) and insect cells. It has been used to express a wide range of proteins from many sources,
including virus structural and non-structural proteins. The proteins are expressed to high levels and
are accurately processed and biologically active, and in most cases the proteins have also proved to
be antigenic (King and Possee, 1992).

Other advantages of the baculovirus expression system also include the fact that the foreign genes
are under control of a strong late promoter, and are expressed after maturation of infectious virus
particles (King and Possee, 1992). Consequently, a cytotoxic protein will not adversely affect virus
replication. Baculovirus genomes can also accommodate large amounts of foreign DNA without
affecting normal replication and DNA packaging, and can be propagated in a variety of insect cell
lines (King and Possee, 1992). Baculoviruses are safe to work with as they have a restricted host
range, and insect celis are amenable to large scale volume production in fermenter systems which
allows the scale up off protein production (King and Possee, 1992}

3.2.  MATERIALS AND METHODS

3.2.1. Cells and viruses

The origin of the EEV Bryanston serotype (EEV-1) (a laboratory reference strain) (S1REF™), the EEV Bryanston
(EEV-1) (S1REF) reference strain and the EEV Bryanston (EEV-1) (81FLD3) field isolate was described in
section 2.2.1. All the available information for the laboratory strain, reference strain and field isolate was shown
inTables 2.1., 2.2. and 2.3.

Double-stranded RNA isolated from EEV Bryanston (EEV-1) (S1REF*) was used to synthesize a cDNA copy of
genome segment 10 used for cloning into pFASTBACT (pFB.EEVB.S10).
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collected by centrifugation (2 860 x g for 5 min) at 4°C. The cells were resuspended in 1/10" of the culture
volume TSB (10% (wiv) PEG, 5% (viv) DMSO, 10 mM MgCl,, 10 mM MgSQ,, in LB-broth) and incubated for 10

- 20 min on ice. Cells were used directly or were frozen away at -70°C in 400 ul aliquots containing 15%
glycerol.

3.25.3. Transformation of competent DH10BAC cells with pFASTBAC donor plasmid

Competent DH10BAC cells (200 ul) were mixed with up to 100 ng of recombinant pFASTBAC1 donor plasmid
DNA and incubated on ice for 30 min. The cells were then heat shocked at 42°C for 45 sec and chilied on ice for
2 min. This was followed by the addition of 0.9 mi TSBG (TSB plus 20mM glucose) and incubation with agitation
at 37°C for 4 h before plating out 200 pl per LB-agar plate. The LB-agar plates contained 50 ng/m! kanamycin
sulphate, 10 ug/ml tetracycline and 7 pg/mi gentamycin, as well as 50 pl 2% X-gal substrate and 10 ul 100 mM

IPTG inducer which were added to each plate before plating. The plates were incubated at 37°C for two days.
3.2.5.4. |solation of recombinant bacmid DNA

The following protocol, as provided by GIBCO BRL Life technologies, was adapted for the isolation of high
molecular weight bacmid DNA {Luckow ef al, 1993), and it involved the following. Tweo to five mi LB-medium
(containing 50 ug/ml kanamycin, 7 pg/ml gentamycin, 10 pg/ml tetracycline) was inoculated with each of the
selected colonies and incubated for 16 h with shaking at 37°C. When well grown, 1.5 mi culture was transferred
to an eppendorf tube and centrifuged at maximum speed (14 000 x g) in a microfuge for 1 min. The supernatant
was removed, centrifugation repeated and the remaining supernatant removed. The cells were resuspended in
0.3 mi of a solution containing 15 mM Tris-HCI, pH 8 and 10 mM EDTA, after which .0.3 ml of a solution
containing 0.2 N NaOH and 1% SDS was added and the sample mixed. The sample was incubated at room
temperature for 5 min, after which 0.3 ml 2.5 M KAc, pH 5.5 was added, the sample mixed and lefton ice for 5 -
10 min. The sample was centrifuged for 10 min at 14 000 x g. A new microfuge tube was labelled and 0.8 mi
isopropanol added to it. The supernatant was transferred to the tube containing isopropanol, mixed and placed
on ice for 5 - 10 min. The sample was stored overnight at -20°C or carried on directly and centrifuged for 15 min
at 14 000 x g. The supernatant was removed, 0.5 mi 70% ethanol added and the sampie centrifuged for 5 min
at 14 000 x g. If desired, this wash step was repeated. The supernatant was rembved, the pellet briefly air-dried
for § - 10 min at room temperature and resuspended in 30 pl ddH,O. The DNA was stored at -20°C until use.

3.2.55. PCR analysis of bacmid DNA to confirm the presence of the gene of interest

A standard PCR reaction was performed and the reaction contained 1.5 pl bacmid DNA, 5 ul thermophilic DNA
polymerase 10 x buffer (10 mM Tris-HCl pH 9.0, 50 mM KCl and 0.1% Triton® X-100) (Promega), 3 pl 2.5 mM
dNTP mix (TaKaRa Biomedicals), 2.5 ul of each primer (POLH and M13-RP, each 100pmol/pl) (refer to Table
2.5, 3 ul 25 mM MgCl,, 0.5 ul Taq polymerase (5U/ul) (Promega), and ddH,O to a final volume of 50 pl. The
PCR program used consisted of one cycle of 2 min at 94°C, 30 cycles of 45 sec at 94°C, 45 sec at 55°C and
5 min at 72°C, followed by one cycle of 7 min at 72°C. PCR was performed using a GeneAmp PCR System

9600 (Perkin Elmer). A small volume of each reaction was analysed by 1% agarose gel electrophoresis {section
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