







































































1.5.4 Future prospects

Poxviruses as vehicles for gene expression and recombinant vaccines have come a long way
in almost 30 years. This period has seen vast improvements in selection strategies,
vaccination regimes and applications (Kwak ef al., 2004). Now that the genomes of many

poxviruses have been sequenced it has become possible fo assign functionality to most

poxvirus genes. This has opened up new avenues for the design of improved vectors and for
some of these genes to be utilised in areas of immunotherapy and cancer therapy (Jackson
et al., 2001; Boyle et al., 2004). Concerns over the use of smallpox virus as a weapon for

bioterrorism have accelerated efforts to design better antiviral drugs (Painter and Hostetler,

2004) and recombinant poxviruses are being developed for the testing of these drugs in

primates (Jahrling e al., 2004). Poxviruses are even being used as delivery vehicles for gene

and anfi-tumor therapy (Zhi et &/, 2002; Flanagan ef af., 2004).

1.55 Development of capripoxviruses as vectors for recombinant vaccines

Attenuated vaccine strains of capripoxviruses have been in use for many years. These have
proven safe, reliable and provide long-term protection, although there have been reports of
severe adverse reactions to vaccination of dairy cattle with the Kenyan KS-1 (0240) vaccine
strain of LSDV (Yeruham ef al, 1984). Capripoxviruses are highly hostrange restricted,
although cerfain strains appear able to cross-infect the three host livestock species. These
characteristics have made the vaccine strains ideal candidates as vectors for recombinant
vaccines against other livestock diseases, with the added advantage of the potential for dual
protection. A number of recombinant vaccines using the KS-1 isclate of LSDV as vector have
been developed and tested in field trials in Kenya (Romero et al., 1894a; Romero ef af,
1984b). Recombinants expressing either the fusion or haemagglutinin genes of rinderpest
virus were used successfully in field trials in Kenya to protect cattle against both rinderpest
and LSD (Ngichabe et al, 1997), whereas KS-1 recombinants expressing the major core
structural protein (VP7) of bluetongue virus (BTV) only provided partial protection to sheep
against a virulent heterotypic BTV challenge (Wade-Evans ef a/., 1996).

Although both LSDV (Neethiing) and KS-1 fall within the Capripoxvirus genus, they exhibit a

number of significant differences in their epidemiological characteristics, geographical

distribution and genomic structure (Weiss, 1968; Black ef a/., 1886). The Neethling isolate of

LSDV was discovered in the North Western Province of South Africa in 1944 (Thomas and

Mare, 1945). Since then, epidemics have occurred every few years in South Africa, as well

as in neighbouring countries. An early field isolate was attenuated by passage on the
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CHAPTER 2

GENERATION AND SELECTION OF TK-DISRUPTED LSDV RECOMBINANTS

21 INTRODUCTION

A number of methods have been developed over the years for the generation and selection of
poxvirus recombinants (Mackett ef al., 1982, Mackett ef al, 1985; Chakrabarti et al, 1985;

Evans et al., 1988; Guo ef al, 1989; Falkner and Moss, 1990; Merchlinsky and Moss, 1992:
Cadoz et al., 1992, Scheiflinger et al., 1998; Timiryasova et al., 2001; Boyle et al., 2004).

In order to generate LSDV recombinants using the SA vaccine strain of LSDV our laboratory

decided to follow the approach most commonly used to generate VV recombinants (Mackett ef
al., 1985; Boyle and Coupar, 1988), viz. foreign gene insertion into the viral thymidine kinase
(TK) gene making use of naturally occurring homologous recombination with selection on the
basis of the resulting TK-negative viral phenotype (generally referred to as the TK-negative
selection method). This method was possible as the TK gene of VV was found to be non-
essential for normal growth of the virus (Dubbs and Kit, 1964). The same situation has been
found for most, but not all poxviruses (Nazerian and Dhawale, 1991). For example with the
avipoxvirus, pigeonpox virus, insertion into the TK gene resulted in the generation of unstable
recombinants (Letellier, 1893). A similar situation was found for certain highly attenuated strains
of fowlpox virus (Scheiflinger ef al., 1897). For both poxviruses other non-essential regions had
to be utilised for generating stable recombinants.

Recombinants have been successfully generated from the northern African K8-1 strain of LSDV
using the viral TK gene for insertion (Romero et a/., 1983, Wade-Evans ef al., 1996) and thus
this site should prove suitable for use with the South African vaccine strain of LSDV.

A distinct advantage of using the TK-negative selection approach is that selection is on the basis
of the resulting TK-negative phenotype, and thus does not rely upon the inclusion of a selectable
antibiotic marker gene (such as the E. colf gpt gene), which hold certain environmental concerns.
However it does rely upon the availablity of a TK-negative cell line for the selection of
recombinants. It is possible to use certain mutagens in cell culture medium 1o induce and select
for mutants which are deficient in TK activity, but fortuitously for this study it was possible to
acquire a Madin-Darby bovine kidney (MDBK) cell line (from Dr L.J. Bello, University of
Pennsylvania, USA) which is resistant to high levels {up to 100 ug/mi) of the TK selection drug,
BUdR. These cells, renamed BU100 cells, were shown to contain less than 5% of the TK activity
found in the normal parental MDBK cells (Bello ef af, 1987). BUdR is a thymidine analogue
which results in strand breakage when phosphorylated and incorporated into newly synthesized
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DNA by active TK. Thus only viruses which have had their TK genes inactivated, and for which
TK activity is non-essential, are able to survive in the presence of BUdR (Dubbs and Kit, 1964).

As poxviruses code for most of their own genes, including regulatory genes, expression of
foreign genes needs to be under control of poxvirus promoters. The expression of poxvirus

genes is temporal and is dependant on the “class’ of promoter which regulate their expression
(Coupar et a/,, 1986; Kumar and Boyle, 1990). Promoters can be divided into early, intermediate,

late and early/late depending on when they are activated during the infection/replication cycle, A
number of synthetic promoters have been developed containing optimised sequences for the

crucial regulatory regions (Chakrabarti et a/., 1897). It has also been found that the different
“classes” stimulate different types of immune responses:. early promoters stimulate a cell-

mediated immune (CMI) response and late promoters a humoral response (Coupar et al., 1986).

In developing a vaccine system it would be an advantage if both arms of the immune response

were stimulated, and thus a promoter active early and late in the infection cycle would be ideal,
The P7.5K promoter of VV is an early/ate promoter (Cochran ef a/., 1985) and has been used
successfully in a number of potential vaccinia virus-vectored recombinant vaccines in which
good levels of immunity were induced (Smith et al,, 1983a; Collett et al., 1987), including the
highly protective VV-rabies recombinant vaccine used to control rabies in foxes in Europe and in
raccoons in the USA (Kieny ef al., 1984, as reviewed by Paoletti, 1996). As the functional
elements of poxvirus promoters have been shown to be active in heterclogous poxviruses
{Coupar et al., 1980; Prideaux ef al., 1890), this promoter was chosen to drive the expression of
foreign genes in this study.
The calcium phosphate coprecipitation method (Drillien and Spehner, 1983) was decided upon
for transfection as this method has proven successful for the generation of many other poxvirus
recombinants (Weir ef al., 1882; Smith ef al., 1983a; Kieny ef al, 1984} and has been used
successfully in our laboratory for generating VV recombinants. As the rates of the infection-
cycles of LSDV and vaccinia virus differ markedly {Fick and Viljoen, 1988), minor adaptations
were implemented to help maximize the chances for successful homologous recombination (Fig.
2.1}
To assist with the selection process for potential recombinants the E. coli lacZ reporter gene was
inserted into the LSDV transfer vector. Expression of this gene results in the production of a blue
colouration by utilising the chromogenic substrate, X-gal (Panicali et a/., 1986).
After many attempts at generating LSDV recombinants using this approach, as well as
introducing modifications such as transfecting the cells 12 hours after infection which would
synchronise the time of the DNA (viral and plasmid) entering the cells with the early stages of
viral replication (thus enhancing the chances for homologous recombination), no evidence for
recombinants could be found, In a parallel study, 4 VV recombinants (each containing either the
VP2, 3, 5 or 7 genes of African horse-sickness virus type 3) were successfully generated and
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selected using the same basic protocol, thus demonstrating that the reagents and general

methodology were correct.

An altermative approach was thus attempted, incorporating the £. coli gpt gene as a dominant

selectable marker and following the methodology of Romero ef al. (1993) with minor adaptations.

This time success was achieved in generating and selecting homogeneous LSDV recombinants
which were shown to be stable.

2.2, MATERIALS AND METHODS

2.2.1  Viruses and cells:

Freeze-dried virus of the South African vaccine strain of LSDV (also referred to as “Neethling-
type virus" or "parentai control LSDV” or “wild-type LSDV”") was reconstituted in sterile distilled
water and passaged 5 times in Madin-Darby bovine kidney (MDBK) cells (obtained from the
American Type Tissue Culture Collection, USA). Stocks were prepared from clarified cell
lysates, and were stored at -20 °C. Aliguots were removed for titration on MDBK cells as
described (Wallace, 1994).

Primary cultures of foetal bovine testis (FBT) cells were prepared using standard procedures
{Freshney, 1987) and were used for the generation and selection of recombinant viruses.

BU100 cells, a derivative of MDBK cells, which are tolerant of BUdR 1o a concentration of 100
ug/mi, were kindly supplied by L.J. Bello (University of Pennsylvania, USA).

All cells were grown in a 1:1 mixture of Dulbecco's modified Eagle's medium (DMEM) and Ham's
F12 nutrient supplement (Highveld Biological Products, South Africa), 10% foetal calf serum
(FCS) (Highveld Biological Products, South Africa) and antibiotics (100 ug/mi penicillin, 100
ug/mi streptomycin and 250 pg/mi amphotericin) (Highveld Biological Products, South Africa).

2.2.2 Plasmid DNA analysis, cloning and purification;

Restriction enzyme digestions

Restriction enzyme (R.E.) digestions were carried out at optimal temperatures and in appropriate
buffers as specified by the manufacturer (Roche, Germany). Routine digestions were performed
for one to three hours, however, when complete digestion was required for cloning purposes

they were performed overnight. Double-digests were performed in the same buffer where
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Transformation of competent £. coli cells with ligated DNA

Stocks of competent DH5a E. coli cells were prepared according to the technique of Inoue ef al.
(1990) and were stored in 100 ul aliquots at - 80 °C (Ultra-low temperature freezer, Specht
Scientific, South Africa). When required, an aliquot was thawed slowly on ice and approximately
20 ng of ligated DNA was added. The cell-DNA mixture was incubated on ice for one hour

followed by a 30 second heat-shock at 42 °C. The mixture was then returned to ice for 2 minutes
and then 800 pl of room temperature SOB medium was added and the cell mixture shaken
vigorously for one hour at 37 °C. The mixture was then divided up equally and spread onto four

LB-agar plates (containing 100 pg/ml ampicillin [Sigma, USA]) for overnight incubation at 37 °C.

Single: colonis were picked using stele toothpcks and inoulatsd o 2 ml LB medim for

overnight incubation and plasmid DNA extraction. Using this technique it was possible to
routinely obtain transformation efficiencies of 2 x 10° transformants/ ug of plasmid pBR322 DNA.

Plasmid purification

Plasmid DNA was extracted from transformed bacterial cells using the modified alkaline lysis
method of Ish-Horowicz and Burke (1981) (original method by Birnboim and Doly [1978]). Air-
dried DNA was resuspended in sterile distilled water and stored at — 20 °C. For larger scale
plasmid preparations and where plasmid DNA of high purity was required (such as for use in
transfections) 100 ml bacterial cultures were grown and the DNA purified through a gravity-flow
column from a Qiagen Plasmid Midi Kit (Qiagen, Germany). DNA concenirations were
determined by measuring the absorbance at 260 nm (1 ODgg = 50 ug/ml DNA) and the purity by
determining the OD2/OD2gn absorbance ratio.

2.2.3 Construction of LSDV transfer vector, pLSTK7.5:

The DNA plasmid, plLSDTK3c (Figure 2.2), was obtained from Dr Anna-Lise Willlamson
{University of Cape Town). This plasmid contains the 2.5 kbp Hindlll fragment of LSDV in which
is found the entire viral TK gene, and was used as the base plasmid for the construction of the
transfer vector. The VV P7.5K early/late promoter and a restriction enzyme multiple cloning site
{MCS) were excised as a single fragment from the VV transfer vector, pGVRWH1, using Ndel and
EcoRI {Figure 2.3) and blunt-end inserted into the Kpnl site of the LSDV TK gene in pLSDTK3c.

2.2.4 Insertion of lacZ reporter gene into pLSTK7.5:
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To assist with monitoring the generation and selection of the first TK-disrupted LSDV
recombinants the lacZ chromogenic reporter gene was utilized. The lacZ gene was inserted into
the pLSTKY.5 transfer vector as follows:

The full-length lacZ gene (3.7 kbp) was removed from pSV-f-gal (Invitrogen, USA} using Hindill

and EcoRl, blunted using Klenow, and inserted into the blunted (and dephosphorylated) Safl site
in the MCS of pLSTK7.5 to produce the insertion plasmid, pLSTK7.5-lacZ (Figure 2.7).

225 Transient expression of lacZ and X-gal staining:

MDBK cells were seeded on 6-well cell culture dishes (Nunclon, Denmark) and when 90%

confluent they were infected with wtl.SDV at an MOl = 1.0. One hour later the cells were washed
with PBS and co-transfected with § ug of ultra-pure plasmid DNA using the DOTAP (Roche,
Germany) liposomal-based transfection reagent. Twenty four hours later the cells were fixed in
4% paraformaldehyde (Merck, Germany) for 5 minutes, washed in PBS and stained with an X-

gal stain (1 mg/mi X-gal [Biosolve Ltd, Netherlands], 5 ng/ml potassium ferrocyanate [Sigma,
USA], 5 ug/ml potassium ferricyanate [Sigma, USA], and 5 ug/m! magnesium chioride [Sigma,
USA]). The fixed cell monolayer was incubated at 37 °C (5% CO,, Forma Scientific, model 3164,

USA) until the blue colouration of cells expressing lacZ became visible.
2.2.6 Insertion of the positive selectable marker gene, gpt, into pLSTK7 .5-lacZ:

When the TK-negative selection method failed to deliver selectable LSDV recombinants, the use
of the £. coli gpt dominant positive selectable marker gene was investigated as an alternative
method for selecting recombinants. This gene was inserted into the pl.8TK7.5-lacZ insertion
vector as follows (Figure 2.9):

The 1.3 kbp E. cofi gpt gene was excised from the plasmid pSelp(HS)G,G; (supplied by Dr
Anna-Lise Williamson, University of Cape Town) using EcoRI, blunted and was inserted into the
dephosphorylated Smal site of pLSTK? .5-lacZ to produce the insertion plasmid, pLS(g)lac.

2.2.7 Generation and selection of LSDV recombinants:

TK-negative selection method
The method was adapted from that described by Drillien and Spehner (1983). In brief, MDBK

cells (90% confluency) were infected with LSDV (SA-Neethling vaccine) at a MOl = 1 focus
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virus (type 3) and also failed. In parallel experiments, generation of VV recombinants via the TK-
negative selection strategy were successful, confirming technical competence (data not shown).

This approach therefore totally failed to produce recombinant viruses which were selectable on
the basis of their TK-negative phenotype and therefore a change in strategy was required. The
MPA selection method had been successfully used by Romero et al. (1993) to select TK-

disrupted recombinants of the KS-1 strain of LSDV, and therefore this method was now

attempted for the South African vaccine strain of LSDV.

2.3.4 Insertion of the E. coli gpt dominant selectable marker gene into pLSTK7.5-lacZ:

The MPA selection method requires the presence of the £. coli gpt dominant selectable marker

gene in the recombinant virus during the selection stages. It can either be retained in the final
recombinant construct if inserted between the TK flanking sequences in the insertion vector, or,
allowed to be deleted once selection pressure has been removed if inserted outside the TK
flanking sequences. For the purposes of this study it was decided to insert the gene inside the
TK flanking sequences of the insertion vector, pLSTK7.5-lacZ.

The gpt gene, under control of the VV P7.5K promoter, was provided by Dr Anna-Lise
Williamson (University of Cape Town) within the plasmid, pSelp(HS)G1G2. The gene was then
removed from the plasmid (including the poxvirus promoter) using EcoRl and the 1.3 kbp DNA
fragment was blunt-end inserted into a unique Smal site downstream of the lacZ gene in
pLSTKY . 5-lacZ, giving rise to pLS(g)lac (Fig. 2.9). In this construct it was important to ensure
that the two P7.5K promoters were in opposite orientations to each other or else there would be
the risk of an unwanted recombination event occurring which would drop out the lacZ gene. Thus
making use of an internal Sacl site in the lacZ gene and a Sacl site at the 5 end of the gpt
expression cassette (Figure 2.11) miniprep DNA was cut with Sacl to enable the orientation of
the P7.5K promoter-gpt cassette to be determined. The desired orientation would produce three
bands of 8.5, 1.5 and 1.3 kbp. In Figure 2.10 (A) it can be seen that preps in lanes 4, 5, 6, 9 and
11 produced this pattern. Prep #11 was then chosen for further characterization using a number
of different restriction enzymes (Figure 2.10 B) — from the R.E. map (Figure 2.11) the expected
patterns were produced and large amounts of highly pure DNA were prepared — the insertion
plasmid was now called pL.S(g)lac.

Further evidence for the integrity of the pLS(g)lac vector is provided in figure 2.13 (B) whereby
PCR amplification of certain regions of the vector using different primer pairs (lanes 1 and 4)
resulted in amplification products of the expected sizes (5.5 kbp and 1.7 kbp respectively).

Now that the gpt gene had been inserted into the lacZ insertion vector it was possible to attempt

the MPA selection strategy for generating and selecting LSDV recombinants.
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