








3.2 MATERIALS AND METHODS

3.2.1  Construction of transfer plasmids

The plasmids pHSWF/VP7 and pHSWF(VP2/V/P7) were constructed using the same
strategy as for pHSWF/LacE and pHSWF/LaclL described in Chapter 2, section 2.2.1.
Similar methods, ie. restricion enzyme digestions, agarose gel electrophoresis,
purification of DNA excised from gels, generation of blunt-ended fragments,
dephosphorylation of the vector, ligation of vector and insert, transformation of competent
E.coli cells and characterisation of large-scale purified plasmids were used as described

previously in section 2.2.2 to 2.2.11.

3.2.2. Transfection procedure

A monolayer of 90 % confluent FBT-cells in a six-well plate (Nunc) was infected with
purified LSDV stock at a M.O.l. of 0.1 ffu/cell. Transfection of plasmids pHSWF/VP7 and
pHSWF(VP2/VPT) was performed by means of the liposome-mediated transfer method,
90 min post infection. For liposome-mediated transfer the following conditions were used
per one well of a six-well plate: 5 ug plasmid DNA diluted with OPTI-MEM (Life
Technologies) to give a total volume of 100 ul and in a separate reaction tube, 5 ul of
Lipofectamine (Life Technologies) added to 95 pl OPTI-MEM. The solution containing the
plasmid DNA was transferred to the diluted liposome mixture, mixed very gently and
incubated for 60 min at RT prior to infection.

After the 90 min infection period, the virus inoculum was removed and the cells washed
with 1 mi OPTI-MEM. Eight-hundred pul OPTI-MEM was added to the Lipofectamine/DNA
solution and gently dripped onto the infected monolayer. The cells were incubated for 7 hr
at 37 °C after which 1 ml of 2 % foetal calf-serum growth medium without any antibiotics
was added for a further 17 hours. The transfection-medium was then discarded, the cells
washed with 0 % foetal-calf serum growth medium and incubated for another 96 hr at

37 °C in the presence of 10 % foetal calf-serum growth medium.

3.2.3 Generation of LSDV recombinanis

After an incubation time of 96 hr, the transfected cells were harvested after which the

progeny of the in vivo homologues recombinant event were released from the cells by
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42 °C after which the membrane was removed and washed at the required stringency
choosing the appropriate temperature and buffer. The membrane was rinsed thoroughly
in 2 x SSC to remove the most unbound probe followed by low stringency washes at RT
with 2 changes of 2 x SSC buffer; 0.1 % SDS after 10 min each. For higher stringency 2
washes were performed in 1 x SSC buffer, 0.1 % SDS at 65 °C for 20 min each, followed
by one wash with 0.1 x SSC buffer, 0.1 % SDS at 65 °C for 15 min. All the washes were

performed under constant agitation.

The membrane was removed from the washing solution and sealed in a plastic bag before
loading in an X-ray cassette. An X-ray film (Cronex MRF31) and a **P-intensifying screen
were placed over the membrane and the cassette kept at -70 °C for approximately 3-4
days. Upon development of the X-ray film, the results could be observed on the

autoradiograph.
3.2.8 Virus purification for viral stocks

Nine 75 cm?® cell culture flasks (Nunc, Denmark) were seeded with primary FBT-cells.
Once the cells reached 90 % confluency, they were infected with selected virus in the
presence of MPA-selective media. When the infected FBT cells exhibited cytopathic

effects (CPE), intracellular and extracellular viruses were harvested as follows:

The selective medium containing detached cells and extracellular virions was removed
and the remaining cells attached to the floor of the flask, harvested with mild trypsin
digestion (2.2.14). The harvested cells were pooled with the selective medium and
centrifuged at 1500 rpm for 10 min at 4 °C in a Beckman JS-21 centrifuge. The
supernatant was removed and kept on ice. The cell pellet was resuspended in 2 mi
Mclivain’s buffer and incubated on ice for 10 min after which the cell suspension
(containing released virus) was centrifuged at 2000 rpm for 5 min at 4 °C. The 2 ml
supernatant fluid was collected and the cell debris resuspended in another 2 ml Mcllvain's
buffer followed by cenfrifugation as described above. The 2 mi supernatant was pooled
with the first supernatant fluid (2 ml) and the cell debris resuspended in 1 ml DMEM to be

stored at -20 °C as viral stock back-up.
The medium supernatant and the 4 mi pooled supernatant (obtained from the cell

solution) were separately centrifuged at 11 000 rpm for 90 min at 4 °C through a cushion

of 36 % sucrose in 1 x TE-buffer in a Beckman JS-21 centrifuge to concentrate the virus
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3.2.16 Separation of cytoplasmic - and nucleus fractions in cells

At least two 75 cm? cell culture flasks of 90 % confluent FBT cells were infected with virus
stock at a M.O.1. of 1 ffu/cell in the presence of MPA-selection medium. When CPE was
visible, the infected cells were harvested and pooled with dislodged cells contained in the
selective medium. The harvested soiution was then centrifuged in a Beckman J8-21 at
3000 rpm for 5 min, the cell pellet resuspended in 1 x PBS and kept on ice. Viruses in the
supernatant were recovered by centrifugation at 11 000 rpm for 80 min at 4 °C,
resuspended in 200 ul lysis buffer (150 mM NaCl, 50 mM Tris HCI pH 8.0, 0.1 or 0.5 %
Nonident P40) and kept on ice. The original cellular material was centrifuged at 3000 rpm
for 5 min, resuspended in 500 ul lysis buffer, pooled with the 200 ul resuspended solution
and incubated on ice for 30 minutes. To ensure that all cells were lysed, a mechanical

dounce step was included.

The cytoplasmic and nucleus fractions were separated by centrifugation at 1500 rpm for
5 min and the supernatant (cytoplasmic fraction) removed to a fresh tube. The pellet was
washed 3 times with 500 pl lysis buffer, centrifuged again under the same conditions and
the supernatants pooled with the cytoplasmic fraction. To concentrate the VP7 crystals in
the cytoplasmic fraction, the pooled supernatants were centrifuged through a 40 %
sucrose cushion in ST-buffer (150 mM NaCl, 50 mM Tris HCI pH 8.0) at 30 000 rpm for
90 min at 4°C in a Beckman L-70 ultracentrifuge. The cytoplasmic pellet was gently
resuspended in 100 ul ST-buffer and stored at 4 °C. All fractions were analysed on a
12 % SDS-PAGE gel.

3.2.17 Electron microscopy

Half of the cytoplasmic sample was fixated with an equal volume of 2.5 % Glutaraldehyde
in 0.075 M KH;PQO4/NaHPObuffer pH 7.4. The fixated sample was filtered onto a
0.2 um nylon filter, washed 3 times with 0.0756 M KHPO4/NaHPO4-buffer and then
dehydrated by successive treatment with 50 %, 70 %, 90 % and 100 % EtOH. The
treatment with 100 % ethanol was repeated three times after which the filter was air-dried,
mounted onto a stub and spatter coated with gold-beladium, a few atoms thick followed by

a layer carbon. The stub was viewed at 5.0 kV in a Jeol scanning electron microscope.
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recombinant baculovirus (Burroughs et al., 1994). The structure of the crystals formed by
the VP7-protein when expressed in LSDV/VP7 differed slightly when compared to the
perfect hexagonal crystals formed by the VP7-protein, expressed by a recombinant
baculovirus containing the AHSV-9 VP7 gene. The reason for the different structure could
be explained by the different expression system been used. Although different in shape,
the size of the crystals formed by the LSDV/VP7 expressed VP7 protein, correlates well
with the size of the crystals formed by the VP7-protein expressed by the recombinant
baculovirus. The high levels of expression from the early promoter have important
implications for the generation of vaccines in non-host species by placing immunological

important antigens under control of the early promoter.

The last part of our study was to investigate the ability of the bi-directional promoter to
drive the expression of foreign genes from the early and late promoter in a dual LSDV
recombinant by making use of the new transfer vector. Studies done by Coupar et al.
(1986), showed that antigens expressed by recombinant poxviruses early in infection were
recognised by both B and T cells while products expressed after DNA replication were not
generally recognised by T cells. According to Boyle (1992), high levels of expression, as
is expected from a late promoter, may not necessarily be a prerequisite for the stimulation
of a protective cell-mediated immune response. These results seem to suggest that
expression from early poxvirus promoters may be better suited for eliciting cellular
immunity, whereas expression from late promoters is necessary for eliciting a strong
humoral immune response. Therefore it was decided to place the AHSV-9 VP7 gene that
could elicit a cell-mediated response under control of the early promoter, whereas the
VP2-gene would be placed under control of the late promoter for inducing a humoral

immune response.

Although the natural productive host range of LSDV is limited to cattle and outside their
host-range infection leads to incomplete replication of the virus, it was shown that host-
restricted poxviruses (e.g. fowlpox and canarypox) could induce a specific immune
response in non-host species as stated above. Another example to support the idea of
placing an immunological important gene under conirol of a late promoter in a host-
restricted virus, to be used as a vaccine outside its host-range, is the modified vaccinia
Ankara. Modified vaccinia Ankara (MVA), a highly attenuated vaccinia virus strain, has
multiple genomic deletions and is severely host-cell restricted. It grows in avian cells but
is unable to multiply in human and most other mammalian cells. Nevertheless, it was

found that replication of viral DNA appeared normal and that both early and late viral
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proteins were synthesised in human cells, however only immature virus particles were

detected by electron microscopy (Sutter and Moss, 1992).

The results on the dual recombinant indicated that it is possible to generate a dual LSDV
recombinant using the new transfer vector. The presence of both foreign genes, AHSV-9
VP7 and VP2, was demonstrated by the correct amplified products that were obtained
during PCR-amplification using the specific primer-sets respectively. Due to the fact that
expression of the AHSV-8 VP2 gene could not be detected from the single LSDV/VP2
recombinant it was decided to delay any further studies concerning the dual LSDV
recombinant.
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CHAPTER FOUR
CONCLUDING DISCUSSION

Lumpy skin disease virus (LSDV), a member of the Capripoxvirus genus, is one of the
poxviruses being investigated as a live recombinant system for expressing foreign genes.
The strict tropism of the virus renders it very promising as a vector for veterinary purposes.
An important attraction in developing vaccines lies in the possibility of using recombinants not
only on host-, but also non-host species. In case of fowlpox (Taylor et al., 1988a) and
canarypox virus (Taylor et al., 1991), it has been demonstrated that foreign genes may be
expressed in both avian and mammalian species. Although infection leads to incomplete
replication outside their host-range, the level of expression was sufficient to induce a specific

immune response.

Studies done by Boyle (1992) also highlighted the importance of using authentic virus
promoters for the optimal expression of foreign genes when he compared the efficiency of
poxvirus promoters in vaccinia and fowlpox virus recombinants. The results illustrated higher
levels of marker gene expression in the case of homologous virus-promoter recombinants
when compared to the levels obtained with heterclogous virus-promoter recombinants and
may presumably be caused by the fact that promoter recognition may not be uniform in
different systems. These results motivated the identification and characterisation of a sfrong
authentic bi-directional LSDV promoter, pA7LA8R (Fick and Viljoen, 1999). Transient
expression ;assays using a reporter gene LacZ, verified the temporarily regulated nature of
the promoter and revealed both early and late transcriptional activities. Previous attempts to
generate recombinants using a transfer vector pTKsLR containing the bi-directional LSDV

promoter and TK-gene of LSDV were unsuccessful.

This study is part of an investigation to develop lumpy skin disease virus (LSDV) as a live
recombinant system for expressing immunogenic important antigens, cloned under control of
the bi-directional LSDV promoter by using the new transfer vector pHSWF as base. The
vector contains the bi-directional LSDV promoter, 2 flanking regions of LSDV to allow
homologous recombination with wt LSDV and the E. coli gpt gene under control of the
vaccinia early/late p7.5K promoter as positive selectable marker. The value of the new

transfer vector lies in the fact that it directs the integration of foreign genes into an intergenic
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region into the LSDV genome, between the vaccinia virus AZL and A3L gene analogs. The
vector also contains an authentic bi-directional LSDV promoter whereby expression of foreign
genes could be obtained in the early and late phases of viral replication. To date the LSDV
promoter has not been analysed for its ability to drive the expression of foreign genes in a live

recombinant LSDV system by using the new transfer vector pHSWF as base.

The main goal of this study was to evaluate the use of the new transfer vector for generating
LSDV recombinants. To accomplish this we had to confirm the activity of the bi-directional
promoter in the newly constructed vector by transient expression assays with the LacZ-
reporter gene under control of either the early or late promoter. Two transfer plasmids
pHSWF/LacE (LacZ placed under control of the early promoter pA8R) and pHSWF/LacL
(LacZ cloned under control of the late promoter pA7L) were constructed and used to transfect
wt LSDV infected FBT-cells. The results of the transient expression experiments confirmed
the temporary nature of both the early and late controlling elements of pA7LASR and
correlated with the assays done by Fick and Viljoen (1999). Blue colouration observed after
X-gal staining of the transfected cells were an indication of the enzymatic activity of B-
galactosidase, the gene-product of LacZ. The same constructs were used for the generation
of LSDV recombinants. Following at least 3 rounds of focus purification, under selective
conditions, the status of the putative recombinants was evaluated by infecting FBT-cells with
each recombinant followed by X-gal staining. After an incubation time of 16 hr, not only
single cells were stained as with the transient expression studies, but also foci of cells
representing the progeny of a single virus. The same quantity of intensely blue coloured foci
obtained in both cases revealed that high levels of expression was achieved from the early
promoter. The apparent high levels of expression from the early promoter is encouraging in
light of the possible use of this transfer vector for generating recombinants for vaccine
purposes in non-host species, since the expression of early proteins can occur in the
absence of viral DNA replication. Selected foci were analysed for integration of the LacZ-
gene into the LSDV genome by Southern blot analysis. Resulis obtained from the
autoradiograph indicated that the LacZ-gene was stably integrated into the LSDV-genome in
both cases. All the LSDV recombinants had residing parental viruses despite the stringent
selection conditions that were included during the developing procedures to generate the
recombinants.

106









experience it would be easier to generate a LSDV recombinant without residing wt LSDV
from transfected cells instead of trying to eliminate residing parental viruses from recombinant

cultures.

A second LSDV/VP7 recombinant, containing the AHSV-9 VP7-gene under control of the late
pA7L promoter, is in the process of being developed (Department of Genetics, UP). After
confirming stable integration of the VP7-gene into the LSDV genome, expression of the VP7-
gene under control of the late promoter, will be analysed by *S radiolabelling of infected cells
and electron microscopy. The expression level of the VP7-gene could then be compared {o

the recombinant described in this study.

The last part of our study involved the generation of a dual LSDV recombinant to express two
immunological important antigens simultaneously by making use of one construct. in the
transfer vector pHSWF(VP2/VP7) the AHSV-8 VP7-gene was cloned under control of the
early pA8R promoter and the AHSV-9 VP2-gene under control of the late pA7L promoter.
Following at least 3 rounds of single foci picking under selective conditions, putative dual
recombinants were analysed by PCR analysis. Preliminary results indicated that it is possible
to generate dual LSDV recombinants using the new transfer vector pHSWF. At this stage,
further investigation concerning the dual LSDV recombinant was discontinued, due to the
unexpected difficulties in showing expression of the AHSV-9 VP2-gene with the single
LSDVIVP2 recombinant (Fick W.C., personal communication). No expression of the VP2-
gene could be observed by either **S-methionine labelling, Western blotting or
immunoprecipitation analysis, although it was shown that LSDV/VP2 recombinants were
generated by using the transfer vector pHSWF. It is suspected that there may be an intrinsic
problem associated with the immunogenicity of the VP2-protein or the guality of the anti-sera
(personal communication). The detection of VP2 expression merits further investigation. The
dual LSDV recombinant containing both the VP7 and VP2 genes of AHSV-9 is nevertheless

available for further analysis as soon as detection of the VP2-protein can be resolved.

109



	Front
	Chapter 1-2
	CHAPTER 3-4
	Chapter 3
	Chapter 4

	Back



