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were first translated to amino acid sequences in six reading frames, after which open
reading frames (ORFs) of at least 50 amino acids were identified visually, and blasted
against the SwissProt protein database. Homologous poxvirus proteins were then used as
templates to assemble the LSDV DNA fragments into continuous sequences.
Oligonucleotides were designed from the DNA sequences to sequence the regions
spanning the gaps between clones. Further analysis included the identification of specific
protein motifs (SMART), and the identification of the regulatory promoter sequences.
Thirty four LSDV ORFs are encoded in the sequenced regions, representing a diverse
group of potential proteins involved in functions such as viral transcription and mRNA
synthesis, nucleotide metabolism, protein modification, structural functions, cellular
functions and most importantly, host-related functions. Additionally, one LSDV ORF
without homology to any other poxvirus protein has been identified, suggesting that this

protein is possibly involved in the limitation of LSDV to bovine cell infection.
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and Otema, 1981). Despite the close serological relatedness, there is only one type of

virus responsible for true lumpy skin disease (Weiss, 1968).

All of the capripoxviruses studied so far have been shown to share a very high (> 95.8%)
nucleotide sequence homology (Gershon and Black, 1988). Kitching et a/ (1989)
demonstrated that it is possible to study and compare individual virus isolates by the use
of simple restriction endonuclease digest patterns. The endonuclease Hind/II has proved
to be the most useful to distinguish between capripoxvirus isolates, as digestion produces
approximately 40 fragments with a wide range of sizes (Kitching ef al., 1989). This
approach was used by Kitching and colleagues (1989) to subdivide the capripoxviruses
into four types: Type I isolates were derived from sheep only and type Il isolates were
derived exclusively from goats. Type III isolates were derived from sheep, goats and
cattle but were restricted to Africa, whereas type 1V isolates were derived from sheep or
goats in the Middle East or Africa (Gershon er al., 1989). It has also been suggested that a
type IV isolate may have arisen by genetic recombination between a type II and type III
isolate (Gershon er al., 1989), which has implications for the use of recombinant pox

virus vaccines, where recombination with a naturally occurring pox virus may occur.

1.2.2 Transmission and spread. Many African and some Middle-Eastern countries
support large populations of free-living indigenous wild animals in addition to domestic
animals, and their possible role in maintenance and spread of LSD has been investigated:
LSD may possibly be transmitted by biting insects (Weiss, 1963; Haig, 1957). In field
outbreaks, the resurgence of the disease has been consistently associated with the onset of
rains and the emergence of large numbers of the suspected vectors, Stomoxys calcitrans
and Culex mirificus (Woods, 1988). For viral transmission to occur, very close contact
between animals may therefore not be necessary. Only cattle have been reported to be
affected during outbreaks of LSD, but Davies (1980) reported antibodies in a high
proportion in buffalo in East Africa following an epizootic in cattle. Despite this, he
failed to detect antibodies in sera from seven other species of wild ruminant examined
(Davies, 1982). However, Hedger and Hamblin's (1983) study of free-living wildlife
demonstrated  antibodies  in impala (depyceros melampus), giraffe (Giraffa

camelopardalis), kudu (Tragelaphus strepsiceros), waterbuck (Kobus ellipsiprymnus)
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similar-sized clones bearing different LSDV fragments, a restriction endonuclease pattern
profiling method was used. Computer analysis was used to assemble non-overlapping
sub-clone sequences into the correct orders and orientations. This involved using the
sequences of homologous poxvirus proteins from the public databases as templates, to
assemble the sub-clone amino acid sequences into full-length ORFs. Oligonucleotides
designed from LSDV sequences would be used to primer-walk gaps in DNA sequence in

certain regions.

The third aim of this investigation was to use computer analysis to translate assembled
LSDV nucleotide sequence into amino acid sequences. Open reading frames were
identified, and through homology searches of public databases, possible functions were
assigned to the putative LSDV proteins. Several proteins with possible roles in host-range

specificity and virulence were identified in the sequenced regions.
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All EtOH was carefully aspirated with a pipette, and then vacuum-dried for 10-15
minutes. The tubes containing the dried, pelleted DNA was stored at -4°C until the gel

was run, and transported on ice.

¢) Gels

Sequencing reactions were analysed on an ABI377 sequencer at either the division of
Molecular Biology at OVI, or the Faculty of Natural and Agricultural Sciences, UP. Long
Ranger™ gel solution matrix, a ready-to-mix gel solution is used by both laboratories,
which 1s cast and allowed to polymerize. This gel solution was able to give a 25 to 30%
increase in read length and an increase in base calling accuracy on automated sequencers
when compared with standard polyacrylamide gels. Prior to loading, the dried pellet was
resuspended in 4ul of 1:5 blue dextran/ EDTA: deionized formamide, denatured at 95°C

and put onto ice. 0.5-1ul was loaded, depending on the size of the gel.

2.2.3.4 The Manual DNA sequencing reaction

a) Denaturing of double-stranded plasmid template

The following reaction was assembled:

8ul  plasmid template DNA- of miniprep quality (~500ng)
2ul dH,0
lul 2M NaOH/2mM EDTA

After incubation at 37°C in a water bath for 30 minutes, the reaction was stopped by the
addition of 0.1 volumes of 3M NaOAc (pH4.5-5.5). The denatured DNA was precipitated
by adding 2.5 volumes 100% EtOH, and then incubated at -70°C for 15 minutes. After
being centrifuged at 12 000 rpm, room temperature, for 10 minutes, the pellet was air-

dried and resuspended in 7ul dH>O
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involved in host cell receptor recognition and binding. The reasons why an early
transcription factor subunit, which theoretically binds to a DNA molecule, would have a
transmembrane region are unknown; it is possible that the transmembrane signal plays
some role in the packaging of the early transcription factor during viral assembly. ORF
G2R is an envelope protein, a homolog of VV HS5R, additionally showing similarity to
the orf virus envelope antigen. No transmembrane regions were detected in the 226 aa
peptide sequence, suggesting that ORF G2R is one of the outer capsid proteins. Outer
capsid proteins assemble onto another structural proteins and can be presented on the

surface of the virus, possibly playing a role as antigenic determinants.
Host-related functions:

Proteins with immune evasion functions. Growth factors, soluble chemokines,
chemokine receptors, interleukins, serpins and epidermal growth factor (EGF) are all
implicated in the interference of host immune mechanisms. All of the identified LSDV
protein homologs suspected of playing a role in host-related functions and the evasion of
the immune response occur in the left-hand terminal regions represented by the the Psi/
clones -E, -M and -K, although the possible role of the tyrosine phosphatase and protein
kinase, which occur in Pst/ clones -F and -G respectively, have previously been
mentioned. ORF E9L encodes homolog of a SFV growth factor H2. It furthermore has an
EGF-like domain from aa residues 20 to 65, identified by SMART. The EGF receptor has
been implicated as the portal of entry for vaccinia viruses (Eppstein et al., 1965; Marsh
and Eppstein, 1987). ORF E1L encodes an interferon gamma receptor homolog. The first
17 amino acids were identified as a signal peptide sequence, which will determine its
destination in the host cell. Two proteins with probable interleukin-binding functions
were identified: ORF E8L is an IL-18 binding homolog, and ORF E6L shows homology
to the VV interleukin-1 binding protein precursor. SMART furthermore identified five
immunoglobulin-like domains, from three representations of the proteins due to
overlapping domains (refer to Table 7). Two immunoglobulin C-2 type domains were
detected, from aa residues 4-83 and 102-171. "C-2" refers to a particular type of domain,
found specifically in the constant region of an immunoglobulin heavy chain (Roitt, 1997).

Two immunoglobulin domains were identified, from residues 6 to 94 and 96-201, and
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ring finger repeat- containing protein). In addition to a novel LSDV protein, several
proteins with homologs but unknown function, such as those containing immunoglobulin
domains were identified. This diverse complement of genes with likely host range

functions in LSDV suggests that it is highly adapted for replication in the bovine host.
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potential as viral veterinary expression vectors: poxviruses have a large capacity to
accommodate foreign genes (antigens), and the limited replication of a poxvirus in a non-
host species still seems to lead to a protective immune response in the host (Taylor and
Paoletti, 1988). Capripoxviruses, possessing some of the smaller poxviral genomes due
to their somewhat shorter termini and have received much attention in recent years, as the
sequencing of their genomes is expected to shed some light on the specific factors that

influence host-range specificity and virulence of poxviruses.

In this study, the two largest continuous stretches of nucleotide sequence for a capripox
virus genome to date (one region from the LHT of the genome and the other from the
central region) are presented, along with the identification and computational analysis of
the genes encoded in those regions. Specifically, the subject of this study was the
Neethling strain of LSDV, an avirulent bovine-specific capripoxvirus used as a vaccine
for the past 50 years in South Africa. The general poxvirus genome organisation, initially
implied by the results of hybridisation studies undertaken by Gershon and Black in 1989,
was verified again. The central region represented by PstI clones -F and -G, closely
resembles corresponding regions in many other Chordopoxviruses, in gene content,
homology and linear organisation. The near-left terminal region however has revealed
some unique features. Firstly, the Pst/-E fragment is expected to be within 6000 bp of the
left hairpin loop, yet no inverted repeat sequences have been identified. If LSDV inverted
terminal repeats could be short and few in number, and are expected to occur within the
yet un-cloned and -sequenced regions. Secondly, one gene unique to LSDV has been
identified, so far: ORF K3L has no homolog in any other poxvirus, and only low
homology to a salt-inducible protein of the tobacco plant Nicotiniana tabacum. The
poxvirus to which LSDV seems to share the closest homology with in terms of gene
content, organisation and percent identity, is the suipoxvirus swinepoxvirus (SPV). This
virus is host-restricted to pigs. One would have assumed closer homology to poxviruses
such as variola virus and cowpox virus (both orthopoxviruses) which are known to infect
the same hosts as capripoxviruses. Two host-restricted viruses (infecting totally different
species) therefore appear to be more closely related to each other, than either is to a larger

genus with a broader host range. This may suggest a common ancestor in the evolution of
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LSDV, sheeppox, goatpox and SPV. If the gene composition is compared, LSDV
proteins differ slightly in length and amino acid sequence, with truncations (where
applicable) occuring mostly at the C-terminus. Seemingly slight variations such as these
might introduce subtle changes in the protein folding, enabling the recognition of specific
bovine receptors and not those of sheep and goats, or indeed other animal species, in the
recognition and infection of cells. In this way, slight changes over a broad array of virus
proteins may have a greater effect on the infectivity of the virus for cattle, than the
presence of one or more absolutely unique LSDV proteins that recognise a bovine cell-
surface receptor. The presence of such genes cannot be ruled out, however, as only a
relatively small percentage of the total LSDV genome has been sequenced and analysed

in this study.

In the event of the discovery of such a gene, whose absence or disruption would cause a
drastic change in the infectivity of LSDV for cattle or an enhancement of its infectivity
for another species or range of species, an excellent target for the engineering of novel
vaccine viruses and expression vectors with enhanced efficacy and greater versatility
would have been located. Additionally, the identification and characterization of specific
LSDV virulence and host range genes would contribute to our overall understanding of
pathogen-host interactions- information that is likely to have a broad impact on future
studies for controlling bovine infectious diseases in general. These objectives will be
attainable once the entire LSDV genome is completely sequenced, a grand-scale

collaborated project which is likely to be completed within the next two years.
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5.2 APPENDIX II: DNA sequences from primer walking sequencing
Primer G550P

G6800/550 ATTAATAAAATAAATGAGTTTATAGACAATAATATTATTAAT G6800/800
Primer F66A - No gap identified at Asel junction

Primer K12/K5P - No gap identified at 4se/ junction

Primer E2150A - No gap 1dentified at Ase/ junction

Primer F66R

F6600/800 ATTAATARAAMAAACCTAGTAATAAAATGCACGTAATATCTAAGTAACATATAGTTTATATAAT
CAGGAAGARAATTAATGCTACTGATATATTTATTAAT F6600/y

Primer F29A - No gap identified at Asel junction

Primer F29B

FE6600/1000 ATTAATTGAAAAATCCGACGAGTTTTAACTTTTTATCCATTAAT FE600/x

Primer F29C

F2900/y ATTAATTGCATCATCATTAAT F2900/x

Primer G6800/501 (Fragment G6800/603)

G6800/602
ATTAATATTTTITTCTCATATGAAGTAAGTCTGCATGATGTGTGTAGAATTAAAAATGTAAGTCTCTCACAT
TATTRAGATAGATATCTCACAGAGAATTTATTGTCAGGATCGCCAAAGAATGGTCGTRATGAAAT TATTCARA
AARATGATAATATCACTAATTCGATCTAATAATAATCAAGATATTCTTATTTTGAARARANARATATGGAAG
AGCTTATTATTTGCAACTGTCAACTCCCAGAAATGAARAATAGTTCATATGAAATCTTTTTAATAAATCCA
TTTGTAATAARBAACAACARCACATATATTTAAARATTTGATTTTAAGCTCATCCGATTAACTATTTCATATT
TGATAATTATGCACCACACGAARARBATTTTAACCGCATATATACCCATCCTTTAATATAGAARAANCCTATA
TATATATAAACTTTAACGAAATAAATAATATTARAATAATAMAAAAATGTTATCATAGAAATAAAATTAGA
GCTTTATGCGTGCTTTAATTTTCARATATCTCARAATAATCGAAATAGAAAATCAAAAGGTAAAARAALBAT
ACAATGATTTCTATAGCTTAATATCGAAAARCCATARARACAAMATCTTTTCCTTATTCGTATAGAATATCATC
ACCGATTGGGAAGCCGTTATTAAT G&800/502

Manual DNA sequence of the region between the 4sefl junctions of clone K650 and
K500

K650

ATTAATGTATATCTATTACTCATTGATTTCATTATTGTATTCATAACACAATTTGCTTCAGAAG
TTCCAGAATTAAT K500
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