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although at this stage, there was some confusion as to the exact causal agent 

of LSD. 

1.1.5: Virion and genome structure and organisation 

The virions of poxviruses are larger than other viruses and are just 

visible by light microscopy. The mature capripoxviruses measures 

approximately 350 x 300 nm and are enveloped (Munz and Owen, 1966). 

Within the outer membrane, tubular protein filaments are irregularly located 

on the surface (refer to figure 1.1 for electron micrograph of LSDV particles). 

Figure 1.1: Electron micrograph of LSDV particles purified from infected bovine 

kidney cells. The envelope surrounding most of the virions has collapsed to reveal the 

tubular structure of the outer membrane. Magnification X75 000. Micrograph by Dr L. 

Stannard. 

When negatively stained at pH6.5, the virus particles morphologically 

resemble the M-forms (describing virions covered in a cord-like structure or 

mulberry) of the vaccinia virus (Westwood et al., 1964). When negatively 

stained at pH8.5, the virus particles do not show the thread-like surface 

structure as seen at pH6.5 but more a homogeneous granular mass 

enveloped by a capsule (described as the C-form) (Weiss, 1968). Both C­

forms and M-forms are observed at pH7.0 in stain preparations, which is in 

accordance with other poxviruses. The virus does maintain infectivity 
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1.1.6: Replication and gene expression 

Little is known about the replication cycle of LSDV per se. However, 

much more is known about poxviruses replication and these basic features 

can be applied to other family members. Poxviruses differ from the majority 

of DNA viruses in that they replicate and transcribe their genome within the 

cytoplasm of infected cells and encode most of the proteins required for the 

synthesis of viral macromolecules (Moss, 1996a). Refer to figure 1.4 for 

diagrammatic representation of the replication cycle of vaccinia virus. 

atlctment 

vaccinia virus 

cytoplasm 

~ DNA polymerase 

__ -----1~.intermed. transcr. 
early mRNA ----. facton; 

+ RNA polymerase 

growth facton; 
irrrnune defense 

molecules 

maturation 

intermediate mRNA 

late transcription facton; 

latemRNA 

late enzymes 
early tra nscription fadon; 
structural proteins 

+ assembly 

Figure 1.4: Replication cycle of vaccinia virus. Virions enter the cells by as yet unknown 

mechanism (see text for more detail), releasing cores into the cytoplasm. The cores 

synthesise early mRNAs that are translated into a variety of proteins. Uncoating occurs and 

the DNA is replicated. Intermediate genes are transcribed and translated. Assembly begins 

once the late mRNAs have been translated. The concatemeric DNA intermediates are 

resolved and packaged in immature virions. Maturation takes place to finally produce the 

infectious virus. Taken from Moss, 1996a. 
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replicative cycle the foreign gene is to be expressed. In order that the foreign 

gene be inserted into the poxvirus genome, homologous recombination has 

to occur. This is executed by means of a shuttle vector or insertional plasmid 

(refer to figure 1 .5). 

R R 

foreign gene y -
infectious poxvirus 

R 

R 
Vp /1 \ 

insertion plasmid 

recombinant plasmid 
vector 

infection _~--r- transfection 

/ 

susceptible cell 

in vivo homoloqous 
recombination and 

R 

~ 
recombinant 

I Id _ I progeny 

selected 

~wildt'1pe 
~prog8ny 

Figure 1.5: Production of recombinant vaccinia viruses. R = restriction sites, Vp = 

vaccinia promoter, V1 and V2 = two sections of a non-essential virus gene. Adapted from 

Baxby, 1993 

The shuttle vector has the appropriate restriction sites to allow 

insertion of the foreign gene wrlich are flanked by the non-essential region 

and the promoter. The shuttle vector is then transfected into susceptible cells 

which have been infected with the non-pathogenic virus. During replication of 

the virus, in vivo recombination can take place in which the foreign gene is 

incorporated into the vaccinia genome at the site dictated by the identity of 

the flanking non-essential sequences. Recombinant viruses can then be 

selected for by using the appropriate methods. Methods used for the 
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inserted DNA and cloning the insert once again into another vector. This 

enables one to generate different restriction sites on either end of the insert 

DNA or to facilitate the cloning of PCR products. The PCR product generated 

from the amplification of the FMDV P1 gene was subcloned into the pGEM·1!>-T 

Easy Vector, excised using BamHI and SaIl and finally cloned into pAFMCRR. 

Refer to figure 2.3 for an illustration of the cloning strategy of the FMDV P1 

gene. 

pAFMCRR 

13830 bps 

Hind II I 

-
subcloning of PCR 
product (FMDV 
P1 gene) 

. Bam HI 

-
P1 gene 

Hind II 
indlll 

Bam HI 

pGemP1 
5235bps 

SaIl 

J 
removal of FMDV P1 gene from pGemP1 
using SaIl and Bam HI and insertion into 
pAFMCRR at the Bam HI and SaIl site . 

pAFMCRR 
Bam HI 

11400 bos all 

Hind II I 

Figure 2.3: Cloning strategy for the construction of pAFMCRRP1. RR and RR' 

represents the ribonucleotide reductase gene. AmpR represents ampicillin resistance 

gene. Plasmid maps not drawn to scale. 
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2.3: SOURCE OF THE RVF-LSDV RECOMBINANT PLASMID (pSeIP-HS­

G1G2-J3Gal) 

The pSelp-HS-G1 G2-J3Gal was constructed by ACohen and contains 

the RVFV glycoproteins, G1 and G2. This plasmid as is (refer to figure 2.4 for 

plasmid map), is ready for transfection into LSDV infected lamb testes cells. 

However, a large-scale plasmid isolation was carried out in order to obtain 

sufficient amounts of plasmid DNA (as described in section 2.2.2.1) for the 

transfection. 

pselp 

A3L 

Psfi 

pSel p-HS-G 1 G2-Bgal 
12800 bps 

Pstl 

LacZ 

Figure 2.4: Plasmid map of pSelp-HS-G1 G2-flgal containing the Rift Valley fever virus 

glycoproteins G1 and G2. Expression of G2 and G1 is under the control of a synthetic 

early/late promoter, pselp. The lacZ gene is under the control of the elp1 promoter and the 

ECOGPT gene under the control of the vaccinia virus P7.5 late promoter. Plasmid map not 

drawn to scale. 
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Figure 2.5: Diagrammatic representation of the Southern blot capillary transfer of DNA 

from a gel to a nitrocellulose membrane. 

Following transfer, the membrane was removed briefly washed in 

2XSSC, air-dried and the DNA irreversibly fixed onto the membrane by a UV­

crosslinker (Hoefer Scientific Instruments, CA, USA). If the membrane was 

not used immediately, it was stored in a sealed plastic bag and stored at 4°C. 

2.2.14: Probe-labelling, hybridisation and detection 

The pAFMCRRP1 and pSelp-HS-G1 G2-~gal plasm ids were digested 

with Hind III and Pstl respectively and used as probes on the respective 

membranes. The DNA probes were gel purified and the concentration 

determined first. The DNA was labelled using a 32P-dCTP and the Multiprime 

DNA labelling system (Amersham, UK) according to the manufacturer's 

instructions. The Multiprime DNA labelling system uses random sequence 

hexanucleotides to prime DNA synthesis on denatured template DNA at 

various sites along its length. High specific activity radiolabelled probes are 

generated once radiolabelled dNTPs and the DNA polymerase I Klenow 

fragment is added. The DNA to be labelled (20-25YJg) was denatured by 

heating for 2-3 minutes at 95-100oC, immediately placed on ice and then 

centrifuged briefly. Solutions supplied with the kit was added to the denatured 

DNA as instructed, together with the appropriate amount of a 32P-dCTP. The 

reaction was incubated for 30 minutes at 3rC or overnight at rt. 
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Figure 206: Diagrammatic representation of electrophoretic transfer of protein from a 

polyacrylamide gel to a nitrocellulose membrane. 

Further verification of transfer was carried out by staining the 

membrane with 3-hydroxy-4-(2-su Ifo-4-[ 4-su Ifophenylazo ]-phenylazo )-2,7-

naphthalenedisulfonic acid or more commonly, Ponceau S (Sigma). The 

staining also allowed one to locate the position of the molecular weight 

marker. Ponceau S is water-soluble and is easily removed by washing the 

membrane in water. The membrane was incubated with Ponceau S 

(Appendix A) for a minute and then membrane briefly washed with water The 

protein bands appear red and the positions of the molecular weight standards 

marked with a pencil. The membrane was then washed in water several 

times to completely remove the stain, as residual staining can interfere with 

the antigenicity of the proteins, before irnmunodetection was carried out. 

Immunodetection was carried out using the Chemiluminescence 

Western Blotting Kit (Roche, Germany) according to the manufacturers' 

specifications. The system is designed to use a peroxidase-labeled 

secondary antibody and the chemiluminescent substrate luminol, a cyclic 

diacylhydrazide. The horseradish peroxidase (HRP) catalyzes the oxidation 

the luminol, in the presence of hydrogen peroxide, to form an activated 

intermediate product, which then decays to a ground state by emitting light. 
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Figure 3.1: Maps representing outbreaks of RVFV. Taken from Center for Disease 

Control, internet page: http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/rvfmap.htm 
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indicative of the presence of the LacZ gene. 

1 2 3 

4 5 6 

Figure 3.3: X-gal overlays. Well 1 and 4 are uninfected lamb testes cells, well 2 and 5 are 

wild type LSDV (Neethling) infected lamb testes cells. Wells 3 and 6 contain RVF-LSDV 
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Figure 3.4: Diagrammatic representation of homologous recombination between LSDV 

genome and pSelp-HS-G1G2-~gal. A double cross-over would result in three bands if DNA 

was digested with Pstl . A single cross-over would give rise to 5 bands if the DNA was 

digested with Pst!. 
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(a) (b) 

3 5 7 9 3 5 7 9 

Figure 3.5: Identification of the RVF-LSDV. 

(a) Agarose gel electrophoresis of genomic DNA. Lane 1, A DNA digested with Pstl. 

f---18kb 
f---12.3kb 

f---3 .9kb 
f---2.7 kb 

f---1.2kb 

Lane 3, pSelp-HS-G1 G2-~gal digested with Pstl. Lane 5, DNA extracted from 

uninfected lamb testes cells digested with Pstl. Lane 7, DNA from wild type LSDV 

(Neethling) infected lamb testes cells digested with Pstl. Lane 9, DNA from RVF­

LSDV infected lamb testes cells digested with Pstl. 

(b) Autoradiograph of the gel in figure 3.6a probed with pSelpHS-G1G-~gal digested with 

Pstl. Lane 1, A DNA digested with Pstl . Lane 3, pSelp-HS-G1 G2- ~gal digested with 

Pst I. Lane 5, DNA extracted from uninfected lamb testes cells digested with Pstl. 

Lane 7, DNA from wild type LSDV (Neethling) infected lamb testes cells digested 

with Pstl. Lane 9, DNA from RVF-LSDV infected lamb testes cells digested with Pstl. 

3.2.3.2: Protein analysis 

Expression of the RVFV glycoprotein genes was evaluated by 

detecting the products of these genes. This was carried out to ensure that the 

proteins were produced by the recombinant virus. In situ 
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immunoflourescence staining of lamb testes cells infected with RVF-LSDV 

was performed once CPE had developed A polyclonal sheep antisera was 

used for the detection of the RVFV glycoproteins, as the sheep had been 

infected with RVFV. No immunofluorescence was detectable from un infected 

lamb testes cells (results not shown) and wild type LSDV (Neethling) infected 

lamb testes cells (figure 3.6a) . Both these were included as negative controls, 

giving negative results as expected. 

Cells infected with RVF-LSDV showed fluorescence in isolated foci 

(figure 3.6b) on cell culture mono layers. It was also apparent that the RVFV 

glycoproteins are not produced in the nucleus as seen in figure 3.6b and 3.6c, 

as the nucleus is emitting no fluorescence. 

Western blots analysis on proteins isolated from RVF-LSDV infected 

cells failed to detect the G1 and G2 proteins using the polyclonal antibodies 

obtained from RVFV infected sheep and polyclonal antibodies obtained from 

RVFV infected bov ine(results not sllown). Optimisation was carried out in 

which various amounts of primary antibody was used as well as various 

amounts of proteins loaded on the gels. However, these optimisation 

experiments failed to detect the G1 and G2 proteins. 
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(a) 

(b) 

(c) 

Figure 3.6: Immunofluorescence assay 

(a): lamb testes cells infected with wild type LSDV (Neethling). Magnified 16x. 

(b): lamb testes cells infected with RVF-LSDV. Magnified 16X. 

(c): lamb testes cells infected with RVF-LSDV. Magnified 40X. 
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Figure 3.7: Results representing mean values taken from serum of rabbits A,B,C and 0 
(vaccinated with RVF-LSOV) tested with the negative and positive antigen. Serum 
dilution factor 1: 100. aD values we ret a ken at 492nm. Std dev. = standard deviation. 
(a) ~esults represented in a tabular form. (b) Results represened in a graphic form. 
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(a) 

Time (weeks) 
0 2 4 6 8 10 12 

Negative OD 0.029 0.154 O.OS 0.04 1.422 0.519 0.228 
antigen Std dev. 0.017678 0.088035 0.015203 0.013435 0.698975 0.376534 0.197283 
Positive OD 0.02325 0.0145 0.055 0.02 1.323 0.489 0.219 
antigen Std dev. 0.013789 0.082731 0.025102 0.002475 0.639225 0.351079 0.190212 
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Figure 3.8: Results representing mean values taken from serum from rabbits E and F 
(vaccinated with RVF-LSDV) tested with the negative and positive antigen. Serum 
dilution factor 1: 1 00. OD values read at 492nm. Std dev. = standard deviation. 
(a) Results represented in tabular fonn. (b) represented in a graphiC fonn. 
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antigen Std dev. 0.001061 
Positive OD 0.01175 
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Figure 3.9: Results representing mean values taken from serum from rabbits G and H 
(vaccinated with aBP vaccine) tested with the negative and positive antigen. Serum 
dilution factor 1:100. OD values read at492nm. Std dev. = standard deviation. 
(a) Results represented in tabular form. (b) Results represented in graphic form. 
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Table 3.1: Results of serum from rabbit I (unvaccinated) tested with the negative and positive 
antigens. Serum dilution factor 1 :100. 00 values read at 492nm. 

0 2 
~O (negative A9: 0.0015 0.002 
100 (positive Ag) 0.001 0.0015 

(a) 

0 2 
pO (negative Ag: 0.001 0.14 
100 (positive Ag) 0.002 0.1275 

(b) 

0.16 

0.14 

0.12 

E 0.1 
c 

N 
~ 0.08 

g 0.06 

0.04 

0.02 

0 

0 2 

Time (weeks) 
4 

0.001 
0.002 

Time (weeks) 
4 

0.039 
0.0375 

4 

Time (weeks) 

6 8 
0.001 0.0015 
0.002 0.002 

6 8 
0.0065 0.005 
0.008 0.0055 

1111 00 (negative Ag) 

.00 (positive Ag) 

6 8 

Figure 3.10: Results of serum from rabbit J (inoculated with tissue culture medium) tested with 
the negative and positive antigen. Serum diluted 1 :100. 00 values read at 492nm. 
Results in tabular form (a) and graphic form (b). 

Table 3.2: Results of serum from rabbit K (vaccinated with wild type LSDV) tested with the 
negative and positive antigen. Serum diluted 1 :100. 00 values read at 492nm. 

Time (weeks) 
0 2 4 6 8 10 12 

~O (negative Ag 0.002 0.007 0.0015 0.001 0.0165 0.0015 0.001 
100 (positive Ag) 0.003 0.008 0.0015 0.002 0.014 0.001 0.0015 
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Figure 3.11: Results of serum from rabbit C tested with the negative antigen, represented 
in a tabular form (a) and graphic form (b). Serum diluted 1 :20. OD values read at 492nm. 
OD (abs) = OD readings using sera preabsorbed with cell debris and tissue culture medium. 

(a) (b) 
3.5 

Time (w) 00 00 (abs) 
0 0.0115 0.024 
2 0.419 0.05 
4 0.091 0.0295 
6 0.022 0.0235 
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-25 
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r:: 2 N en 
:!.. 1.5 
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8 1.3785 0.0655 
0 1 

10 0.287 0.034 
12 0.0845 0.0285 
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0 I: 
0 =- _ D. =-

0 2 4Time (~eeks) 8 10 12 

Figure 3.12: Results of serum from rabbit C tested with the positive antigen, presented in 
a tabular form (a) and graphic form (b). Serum diluted 1 :20. OD readings at 492nm. OD (abs) 
represents OD readings using sera preabsorbed with cell debris and tissue culture medium. 

(a) (b) 
3.5 

Il NegatiloE! antigen 

Negative Positive 3 OO(atE) 

antigen antigen E 2.5 
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OO(atE) 

Time (w) OD(abs) OD(abs) 
0 0.0175 0.024 
2 0.043 0.05 

r:: 
2 N 

en 
:!.. 1.5 
0 
0 1 

4 0.021 0.0295 
6 0.0205 0.0235 

0.5 

8 0.0605 0.0655 0 ~ 

10 0.029 0.034 0 2 4 6 8 10 12 

12 0.0245 0.0285 Time (weeks) 

Figure 3.13: Results of serum, preabsorbed with cell debris and tissue culture medium, 
from rabbit C, tested with negative and positive antigen. Serum diluted 1 :20. Results in 
tabular form (a) and graphic form (b). 
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Figure 3.14: Results of serum from rabbit E tested with the negative antigen, represented 
in a tabular form (a) and graphic form (b). Serum diluted 1 :20. 00 values read at 492nm. 
00 (abs) = 00 readings using sera preabsorbed with cell debris and tissue culture medium. 
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Figure 3.15: Results of serum from rabbit E tested with the positive antigen, presented in 
a tabular form (a) and graphic form (b). Serum diluted 1 :20. 00 readings at 492nm. 00 (abs) 
represents 00 readings using sera preabsorbed with cell debris and tissue culture medium. 
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Figure 3.16: Results of serum, preabsorbed wih cell debris and tissue culture medium, 
fom rabbit E, tested with negative and positive antigen. Serum diluted 1 :20. Results in 
tabular form graphic form (b). 
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Figure 3.17: Results of serum from rabbit H tested with the negative antigen, represented 
in a tabular fonn (a) and graphic fonn (b). Serum diluted 1: 1 00. OD values read at 492nm. 
OD (abs) = OD readings using sera preabsorbed with cell debris and tissue culture medium. 
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Figure 3.18: Results of serum from rabbit H tested with the positive antigen, presented in 
a tabular fonn (a) and graphic fonn (b). Serum diluted 1: 1 00. OD readings at 492nm. OD (abs) 
represents OD readings using sera preabsorbed with cell debris and tissue culture medium. 
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Figure 3.19: Results of serum, preabsorbed wih cell debris and tissue culture medium, 
from rabbit H, tested with negative and positive antigen. Serum diluted 1: 1 00. Results in 
tabular form (a) and graphic from (b). 
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4.1: LITERATURE REVIEW 

4.1.1: Introduction 

Foot-and-mouth disease is a highly contagious acute viral infection 

which affects ruminants and pigs (refer to figure 4.1). In livestocks it is 

characterised by high morbidity, low mortality and by eruption of vesicles 

around the mouth and hoofs (Thomson, 1994). Although the virus is 

transferable to humans, it is characterised by only a mild and temporary 

infection. 

Figure 4.1: Pig infected with foot-and-mouth disease virus, showing erosive dermatitis 

affecting the carpal and metacarpal skin. Picture taken from Thomson, 1994 

The history of Foot and Mouth disease virus only goes back to 1546 

when Hieronymus Francastorius first described an outbreak in cattle (cited by 

Thomson, 1994). In 1898, Loeffler and Frosch discovered that the causative 

agent of Foot and Mouth disease was able to pass through Berkfield filters and 
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2345678 

~2,2kb 

lane 1: DNA molecular weight marker - Lambda Pst I (refer to Appendix C for sizes) 

lane 2: Negative control (no template included, 2.25mM MgCI2) 

lane 3: PCR sample 1 (O.75mM MgCb) 

lane 4: PCR sample 2 (1.25mM MgCI2) 

lane 5: PCR sample 3 (1.75mM MgCI2) 

lane 6: PCR sample 4 (2.25mM MgCI2) 

lane 7: PCR sample 4 (2.75mM MgCI2) 

lane 8: PCR sample 4 (3.25mM MgCI2) 

Figure 4.4: Agarose gel electrophoresis of the PCR product generated, with the 

expected base pair size of 2200, following amplification of the FIVIDV P1 gene from 

pCA24IRES. 

4.2.1.3: Cloning and sequencing of FMDV P1 gene 

The PCR product generated following amplification of the FrvlDV P1 

gene from pCA24IRES was successfully sub-cloned into pGem®-T Easy 

Vector (Appendix B) to generate the plasmid, pGemP1 (Appendix B). This was 

verified using restriction digestion analysis (figure 4.5). The pGem®-T Easy 

Vector digested with EcoRI yielded a fragment of 3000bp (lane 1, figure 4.5). 

The pGem®-T Easy Vector is received as a linearised plasmid with the two 

EcoRI sites adjacent to the terminal ends (refer to Appendix B). The clone, 
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pGemP1, digested with EcoRI generated two fragments, a 3000bp and a 

2200bp fragment as expected. Two Sacl sites (at a nucleotide position of 509 

and 2129) are found within the P1 gene whereas the pGem®-T Easy Vector 

has only one Sacl sites. Digestion of pGemP1 with Sacl yielded two visible 

fragments of 1570 and 3649bp (lane5, figure 4.5). The third fragment of 

approximately 140bp was not visible on the 0.8% agarose gel. Digestion of 

pGemP1 with BamH I and Sail released the P1 gene from the pGem®-T Easy 

Vector (lane 7, figure 4.5) 

2 3 4 5 6 7 

~3.0kb 

~2.2kb 

~1.5kb 

lane 1: DNA molecular weight marker - Lambda Pst I (refer to Appendix C for sizes) 

lane 2: pGem®-T Easy Vector cut with EcoRI 

lane 3: pGemP1 cut with EcoRI 

lane 4: pGem®-T Easy Vector cut with Sacl 

lane 5: pGemP1 cut with Sacl 

lane 6: pGem®-T Easy Vector cut with San and BamHI 

lane 7: pGemP1 cut with San and BamHI 

Figure 4.5: Agarose gel electrophoresis of restriction enzyme analysis of the plasmids, 

pGem-T Easy Vector and pGemP1. Digestion of the clone, pGemP1, with BamHI and Sail 

released the 2.2kb P1 gene as expected (lane 7). 
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pCA24IRES 

pGemPl 

Ref. seqLence 
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PGerr,Pl 

Ref. sequence 

pCA24IRES 

pGemPl 

Ref. sequer:ce 

pCA24IRE,S 

pGemPl 

Ref ~ sequence 

pCA24IRES 
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Ref. sequence 

pCA24IRF,S 
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Ref. sequence 

pCA24 IRES 
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as 

1 

was as 

CTCAA.GGGGGCCGGGCAATCCAGTCCGGCGACCGGCTCGCAGAI\CC.n.ATCTGGCAACACT 

CTCAAGGGGGCCGGGCAATCCAGTCCGGCGACCGGCTCGCAG.n.ACCAATCTGGCAACACT 

T A GGGGGCCGGGCAATCCAGTCCGGCGACCGGCTCGCAG.~\CCAATCTGGCAACACT 

* * *******************************************~~~~~~*****~ 

AGCAGCATAATTAACAACTACTACATGCAGCAATACCAGAACTCCATGGACACACAGTTG 

AGCAGCAT AA TT AACAACT ACTACATGCAGCF1ATACCAGAACTCCATGGACACACAGT T G 

AGCAGCATAATTAACAACTACTACATGCAGC.n.ATACCAGAACTCCATGGACACACAGTTG 

****************************************************** *~~~~~ 

GGAGACAATGCCATCAGTGGAGGCTCCAACGAGGGCTCCACGGACACAACTTCAACACAC 

GGAGACAATGCCATCAGTGGAGGCTCCFACGAGGGCTCCACGGACACAACTTCAACACAC 

GGAGACAATGCCATCAGTGGAGGCTCCAACGAGGGCTCCACGGACACFACTTCAJl..CACAC 

ACAA'XAACACTCAAFACAATGACTGGTTCTCGAAGCTCGCCAGTTCAGCTTTTACCGGT 

ACAACCAACACTCAAAACAATGACTGGTTCTCGA.l\CCTCGCCAGTTCAGCTTTTACCGGT 

ACAACCAACACTCAAAACAATGACTGGTTCTCGAAGCTCGCCAGTTCAGCTTTTACCGGT 

**********************************************~*****~* ****** 

CTGTTCGGTGCACTGCTCGCCGACAAGAAGACAGAGGAAATGACACTTCTTC:F.GGACCGC 

CTGTTCGGTGCACTGCTCGCCGACAAGAAGACAGAC:C:APATGACACTTCTTGAGGACCGC 

CTGTTCGGTGCACTGCTCGCCGACAAGAAGACAGAGG:AJl.ATGACACTTCTTGAGGACCGC 

****+******************************+**+*******~******* ****** 

ATCCTCACCACCCGCAACGGGCACACCACCTCGACGACCCAATCGAGTGTGGGTGTCACA 

ATCCTCACCACCCGCAACGGGCACACCACCTCGACGACCCAATCGAGTGTGGGTGTCACA 

ATCCTCACCACCCGCFACGGGCACACCACCTCGACGACCCAATCGAGTGTGGGTGTCACA 

****~~~~~~~***~~~~~~******************~~*~~~~********* ****** 

Cl\CG':;GTACTCCACAGAGGAGGACCACGTTGCTGGGCCCAACACATCGGGCCTGGAGACG 

CACGC;GTACTCCACAGAGGAGGACCACGTTGCTGGGCCCAACACATCGGGCCTGGAGACG 

CACGGG'j'ACTCCACAGAGGAGGACCACGTTGCTGGGCCCAACACATCGGGCCTGGAGACG 

****************************** ~******~~~****~*****+******* 

CGGGTGGTGCAGGCAGAGAGATTCTAC.n.AAAAGTACTTGTTTGACTGGACAACGGACFV\G 

CGGGTGGTGCAGGCAGAGAGATTCTACAAAAAGTACTTGTTTGACTGGACFACGGACFAG 

CGGGTC:C:TC:CAC:GCAGAGAGATTCTACAAAAAGTACTTGTTTGACTGGACAACGGACAAG 
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Ref. sequence 
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Ref. sequence 
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Ref. sequence 
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Ref. sequence 

pCA2GRES 

pGeml'l 

GCATTTGGACACCTGGAAAAGCTGGAGCTCCCGTCCGACCACCACC:GTGTCTTTGGACAC 

GCl\TTTGGACACCTGGAAAAGCTGGAGCTCCCGTCCGACCACCl\CGGTGTCTTTGGACAe 

GCATTTGG}l.CACCTGGAAAAGCTGGAGCTCCCGTCCGACCACCACGGTGTCTTTGGACAC 

****~*****************************~*****~~************ ****** 

TTGGTGGACTCGTACGCCTATATGAGAAATGGCTGGGATGTTGAGGTGTCCGCTGTTGGC 

TTGGTGGACTCGTACGCCTATATGAGAAATGGCTGGG}l.TGTTGAGGTGTCCGCTGTTGGC 

TTGGTGGl\CTCGTACGCCTATATGAGAAATGGCTGGGATGTTGAGGTGTCCGCTGTTGGC 

************************************************************ 

AACCAATTCAACGGCGGGTGCCTCCTGGTGGCCATGGTl\CCTGAATGGAAGGAATTTGAC 

AACCAGTTCAACGGCGGGTGCCTCCTGGTGGCCATGGTACCTGAATGGAAGGAATTTGAC 

AACCAGTTCAACGGCGGGTGCCTCCTGGTGGCCATGGTACCTGAATGGAAGGAATTTGAC 

****y ****************************************************** 

ACl\CGGGAGAAATACCAACTCACCCTTTTCCCGCACCl\GTTTATTAGCCCCAGAACTAAC 

ACl\CGGGl\GAAATl\CCAACTCACCCTTTTCCCGCl\CCAGTTTATTAGCCCCAGAACTAAC 

AC}l.CGGGAGAAATACCAACTCACCCTTTTCCCGCl\CCAGTTTATTAGCCCCAGAACTAAC 

****y******************************************************* 

l\TGACTGCCC}\C}\TC}\CGGTCCCCT}\CCTTGGTGTGAACAGGTATG.ATC.AGTACAAGA?G 

ATGACTGCCCACATCACGGTCCCCTACCTTGGTGTGAACAGGTATGATC.AGT.ACAAGAAG 

ATGACTGCCCACATCACGGTCCCCTACCTTGGTGTGAACAGGTATGATCAGTACAAGAAG 

****y~~************************y********************** ****** 

CATAAGCCCTGGACATTGGTTGTCATGGTCGTGTCGCCACTTACGGTCAACAACACTAGT 

CATAAGCCCTGG.AC.ATTGGTTGTCATGGTCGTGTCGCCACTTACGGTCAACAACACTAGT 

CATAAGCCCTGGACATTGGTTGTCATGGTCGTGTCGCCACTTACGGTCAACAACl\CTAGT 

************************************************************ 

GCGGCACAP,]\TCAAGGTCTACGCCAACATAGCTCCGACCT.ATGTTC.ACG'I'GGCCGGTGAA 

GCGGCACAAATCAAGGTCTACGCCAACATAGCTCCGACCTATGTTCl\CG'I'GGCCGG'I'GAA 

GCGGC}l.CAAA'I'CAAGGTCTACGCCAACATAGCTCCGACCTATGTTCACGTGGCCGGTGAA 

****r************************************************* ****** 

CTTCCCTCGAAl',GAGGGGATTl'TCCCGGTTGCATGTGCGGACGGGTACGGAGGATTGGTG 

CTTCCCTCGAAAG.AGGGGATTTTCCCGGTTGC}l.TGTGCGGACGGGT.ACGG.AGGATTG(;TG 

CTTCCCTCGAAAGAGGGGATTTTCCCGGTTGCATGTGCGGACGGGTACGGAGGAT'I'GGTG 

************************************************************ 

ACGACAGACCCGAAGAC.AGCTGACCCTGCTTATGGCJ\AC;~;TGTACAACCCGCCTAGGACT 

ACGACAGACCCGAAG.ACAGCTGACCCTGCTTATGGCAAGGTGTACAACCCGCCTAGGACT 

ACGACAGACCCGAAGACAGCTGACCCTGCTTATGGCAAGGTGTACAACCCGCCTAGGACT 

****~************************************************* ****** 

AACTACCCTGGGCGCTTCACCAACCTGTTGGACGTGGCCGAAGCGTGTCCCACTTTCCTC 

AACTACCCTGGGCGCTTCACCAACCTGTTGGACGTGGCCGN,GCGTGTCCCACTTTCCTC 

AACTACCCTGGGCGCTTCACCAACCTGTTGGACGTGGCCGAAGCGTG'1'CCCACTTTCCTC 
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Ref. sequence 

pCA24IRI'.:S 
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Ref. sequence 
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Rcf~ sequence 
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pGemPl 

TGCTTTGACGACGGGAP.ACCGTACGTCACCACGCGGACGGATGACACCCGACTTTTGGCC 

TGCTTTGACGACGGGAAP,CCGT ACGTCACCACGCGGACGGATGACACCCGACTTTTGGCC 

TGCTTTGACGACGGGAAP.CCGTACGTCACCACGCGGACGGATGACACCCGACTTTTGGCC 

*****k************************************************ **~~** 

AAGTTTGACCTTTCCCTTGCCGCAAAACATATGTCCF.ACACATACCTGTCAGGGATTGCT 

AAGT'rTGACCTTTCCCTTGCCGCAAAACATA'l'GTCCAACACA'l'ACCTGTCAGGGATTGCT 

AAGTTT(;ACCTTTCCCTTGCC(;CAAAACATATGTCCAACACATACCTGTCAGGGATTGCT 

************************************************************ 

CAGTACTACACACAGTACTCTGGCACCATC"IATTTGCATTTCATGTTCACAGGTTCCACT 

CAGTACTACACACAGTACTCTGGCACCATCAATTTGCATTTCATGTTCACAGGTTCCACT 

CAGTACTACACACAGTACTCTGGCACCATCAATTTGCATTTCATGTTCACAGGTTCCACT 

************************************************************ 

GATTCAAP,GGCCCGATACATGGTGGCCTACATCCCACCTGGGGTGGAGACACCACCGGl\C 

GATTCAA.A.GGCCCGATACATGGTGGCCTACATCCCACCT(;GGGTGC:AGACACCACCGGAC 

GATTCAAAGGCCCGATACATGGTGGCCTACATCCCACCTGGGGTGGAGI\CACCACCGGAC 

************************************************************ 

ACACCTGA.II./IGGGCTGCCCACTGCATTCACGCTGAA'rGGGAClI.CTGGACTAA.1\CTCCP,AA 

ACACCTGAAAGGGCTGCCCACTGCATTCACGCTGAATGGGACACTGGACTAA.I\CTCCA.I\.I\ 

ACACCTGAAAGGGCTGCCCACTGCATTCACCCTGAATGGGACACTGGACTAAACTCCAAA 

************************************************************ 

TTCACTTT CTCAATCCCGT ACGT ATCCGCCGCGGATT ACGCTTACACAGCG'I'CTGACACG 

TTCACTTTCTCAATCCCGTACGTATCCGCCGCGGATTACGCTTACACAGCGTCTGACACG 

TTCACTTTCTCAATCCCGTACGTATCCGCCGCGGATTACGCTTACACAGCGTCTGACACG 

************************************************************ 

GCAGA.IIACAATCAACGTACAGGGATGGGTCTGCATCTACCAAATTACACACGGGAA';GCT 

GCAGA.I\.I\CAATCAACGTACAGGGATGGGTCTGCATCTACCl\.I\ATTACACACGGGAAGGCT 

GCAGAAACAATCAACGTACAGGGATGGGTCTGCATCTACCAAATTACACACGGGAAGGCT 

************************************************************ 

GAAAATGACACCTTGGTCGTGTCGGTTAGCGCCGGCAAAGACTTTGAGTTGCGCCTCCCG 

GAAAATGACACCTTGGTCGTGTCGGTTAGCGCCGGCA.I\AGACTTTGAGTTGCGCCTCCCG 

G.Il.APATGACACCTTGGTCGTGTCGGTTAGCGCCGGCA.IIAGACTTTGAGTTGCGCCTCCCG 

************************************************************ 

ATTGACCCCCGCCAGCAGACCACGACTACCGGGGAATCAGCAGACCCGGTCACCACCACC 

ATTGACCCCCGCCAGCAGACCACCGCTACCGGGGAATCAGCAGACCCGGTCACCACCACC 

ATTGACCCCCGCCAGCAGACCACCGCTACCGGGCAATCACCAGACCCGGTCACCACCACC 

*********************** **********************x************ 

GTGGAGAACTACGGCGGTGAGACACAAATCCAGAGACGTCACCACACGGACATTGGTTTC 

GTGGAGAACTACGGCGGTGAG.7\CACAAATCC."IG.i\GACGTCACCACACGGACATTGGTTTC 

GTGGAGAACTACGGCGGTGAGACACAAATCCAGAGACGTCACCACACGGACATTGGTTTC 

************************************************************ 
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1500 

1560 

1568 

1560 

1628 

1620 

l620 
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Ref. sequence 

pCA24IR2S 

pGemP1 

Ref. sequence 

pCA24IRF.S 

pGemP1 

Ref. sequence 

pCA24lRES 

pGemP1 

Ref. sequence 

pCA?4IRES 

pGernP1 

Ref~ sequence 

pCA24IRES 

pGemPl 

Ref. sequence 

pC.'\24 TRES 

pGemP1 

Ref~ sequence 

pCA24IRES 

pGernPl 

Ref. sequence 

pCP,24IRES 

pGemP1 

Ref~ sequence 

pCA24IRES 

pGemP1 

4.6: 

ATCATGGACAGATTTGTGAAGATCC}\AAGCTTGAGCCCAACACATGTCATTGACCTCATG 

ATCATGGACAGATTTGTGAAGATCC,~GCTTGAGCCCAACACATGTCATTGACCTCATG 

ATCATGGACAGATTTGTGAAGATCCAFAGCTTGAGCCCAACACATGTCATTGACCTCATG 

**~*** ************************************y********** 

CAGACTCACCAACACGGTCTGGTGGGTGCCTTGCTGCGTGCAGCCACGTACTACTTTTCT 

CAG.z\CTCACC.7J,.A.CACGGTCTGGTGGGTGCCTTGCTGCGTGCAGCCACGTACT.A.CT'l'TTCT 

CAGACTCACCAACACGGTCTGGTGGGTGCCTTGCTGCGTGCAGCCACGTACTACTTTTCT 

************************************************************ 

GACCTGGAAl\TTGTTGTACGGCACGA1\GGCAA.TCTGACCTGGGTGCCCAA.CGGCGCCCCT 

GACCTGGAAATTGT'T'GTACGGCACGAA.GGCAATCTGACCTGGGTGCCCAACGGCGCCCCT 

CACCTCGAAATTCTTGTACCGCACGAAGCCAATCTGACCTGGGTGCCCAACGCCCCCCCT 

************************************************************ 

G.7J,.A.TCAGCCCTGTTG.7J,.A.CACCAGCAACCCCACTGCCT.A.CAF.CAAGGCACCATTc.A.CC.A.CA 

GAATC.A.GCCCTCTTG.7J,.A.CACC.A.GC.7J,.A.CCCC.A.CTGCCTACAAC.7J,.I"GGCACCATTCACGAGA 

GAA.TCAGCCCTGTTGAACACCAGCAA.CCCCACTGCCTACAA.CAA.GGCACCATTCACCAGA 

*****************************************************~****** 

CTCGCTCTCCCCTACACTGCGCCGCACCGTGTCCTGGCAACAGTGTACAA.CGGGACGAGT 

CTCCCTCTCCCCTACACTGCGCCGCACCGTGTGCTGGC.7J,.A.C.A.GTGTAC.7J,.A.CGGGACGAG'I' 

CTCCCTCTCCCCTACAC'I'CCGCCCCACCCTGTCCTCCCAACAGTCTACAACGCGACCACT 

************************************************************ 

.7J,.A.CTATCCTCTCGCTGGTTCACCCAGAACAGGCGAC.A.TGGGGTCTCTCGCGGCCCGAGTC 

AA.GTATGCTGTGGGTGGTTCAGCCAGAA.GAGGCGACATGGGGTCTCTCGCGGCGCGAGTC 

AA.GTATCCTCTGGGTGGTTCACGCAGAAGAGGCGACATGGGGTCTCTCGCGGCGCGAG'l'C 

************************************************************ 

GTG.A..'I}\CAGCTTCCTGCTTCATTT.7J,.A.C'I'."'.CGGTGC.7J,.A.TC.7J,.A.GGCCG."'.CGCCATCCACGA."'. 

GTGAA.ACAGCTTCCTGCTTCATTTAA.CTACCGTGCAA.TCl\l,GGCCGACGCCATCCACGAA 

CTSAAACACCTTCCTGCTTCATTTAACTACGGTGCAATCAAGGCCGACGCCATCCACGAA 

************************************************************ 

CTTCTCCTCCCCATCAAACGGGCCGAGCTCTACTCCCCCAG.A.CCCCTGCTGGCAAT.A.GAC 

CTTCTCGTGCGCATGAA,r\.CGGGCCGAGCTCTACTGCCCCAGACCGCTGTTGGCAATAGAG 

CTTCTCGTGCGCATGAA.ACGGGCCGAGCTCTAC'rGCCCCAGACC(;CTGTTGGCAATAGAG 

************************************************ *********~* 

GTGTC'rTCGCAAGACAGGC."'.CAAGC.~"'.G."'.TCNl'TGCACCAGCl\A"'.GCAGCTTCTGAAT 

GTGTCTTCGC.7J,.A.GAC."'.GGCACAAGC.~"'.GNl'CAT'I'GC."'.CCAGCAA.r,GCAGCTTCTSAA'I' 

CTCTCTTCGCAACACACGCACAACCAAAAGATCATTGCACCAGC.~GCAGCTTCTG 

********************************************************* 

of the reference and 

Nucleotides indicated in blue 

Nucleotides indicated in red were 

base 

1680 

1680 

1680 

1740 

1740 

1748 

1800 

1800 

1800 

1868 

1868 

1860 

1920 

1920 

1920 

1980 

198C 

1980 

2040 

2040 

2040 

;7100 

2100 

2100 

2160 

2160 

2160 

inserted. 
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were 

was 

Ref. sequence 

pCA24IRES 

pGemP1 

Ref. sequence 

pCA24IRES 

pGemP1 

Ref. sequence 

DCA24IRES 

pGemP1 

Ref. sequence 

pCA24IRES 

pGemP1 

Ref. sequence 

DC.ll,24IRES 

pGernP1 

Ref. sequence 

pCA24IRES 

pGemP1 

Ref. sequence 

pCA24::RE;S 

pGemP1 

LKGAGQSSPATGSQNQSGNTSSIINNYYMQQYi2NSMDTQLGDNAISGGSNEGS'l'DTTSTH 

LKGAGQSSPATGSQNQSGNTSSIINNYYMQQYQNSMDTQLGDNAISGGSNEGS'l'D'T'l'S'l'H 

I GAGQSSPATGSQNQSGNTSSITNNYYMQQYQNSM:JTQI,GDNAISGGSNEGSTDTTSlH 

*******************************W***************~*T~~~***** 

TTNTQNNDWFSKLASSAFTGLFGALLADKKTEEM'~LLEDRILT'CRNGHTTST'l'QSSVGV'l' 

T'TNTQNN DW FSKLAS SAFTG L r'GALLADKK'C EEMT LLE DR::: L TT RNGH'l' T S 'l' 'l'QS SVGV'l' 

TTNTQNNDWFSKU\SSAFTGLFGALLADKKTEEM'CLLEDRILTTRNGHTTSTTQSSVGVT 

************************************************************ 

HGYSIEE:DHVAGPNTSGLETR\iVQ.l\ERFYKKYLFDWTTDKAFGHLEKLELPSDHHGVFGH 

HGYSTEEDHVAGPNTSGLE'~R\iVQAERFYKKYLFDWTTDKAFGHLEKLELPSDHHGVFGH 

HGYSTEEDHVAGPNTSGLETRWQAERFYKKYLFDNTTDfC;:l\FGHLEKLELPSDHHGVFGH 

************************************************************ 

LVDSYAYMRNGWDVEVSAVGNQFNGGCLLV1~1VPEWKEFDTREKYQLTLFPHQFISPRTN 

LVDSYAYMRNGWDVEVSAVGNQFNGGCLLVAMVPEWKEFi)':'REKYQLTLFPHQE'ISPRTN 

LVDSYAYMRNGWDVEVSAVGNQFNGGCLLvr~PE\,ffiEFDTREKYQLTLFPHQFISPRTN 

* ********************************************************** 

MTAE:::TVPYLGVNRYDQYKKHKPH'~LVVMVVSPLTV1'NTSA]\.Q:::KVYANIAPTYVHVAGE 

MTAHITVPYLGVNRYDQYKK'1lKPWTLIIVMVVSPLTVNNTSMQ:::KVYANIA,PTYVHVAGE 

MTAH::: TVPYLGVNRY DQYKKHKPlA1T LVVMVVS PLTV}iNTSAAQ::: KVYANIAPTY VHVAGE 

******************************************************~***** 

LPSKEGI FPVACA':lGYGGL VTT 0 PKTAJPAYGKVYN PPRTNY fGRFTNLLDVA2:ACPT FL 

LPSKEGcFPVACADGYGGLVTTlJPKTADPAYGKVYNPPRCCNYPGRFTNLLDVAEACPTFL 

LPSKEGIFPVACADGYGGLVTTDPKCCADPAYGKVYNPPRTNYPGRFCCNLLDV/\EACPTFL 

************************************************************ 

CFlJDGKPYVTTRCCDDTRLLAKFDLSLAAKHHSNTYLSGIAQYYTQYSGTINLE-lrrv;FTGST 

CFODGKPYVTTRTDDTRLLAKFlJLSLAAKHHSNTYLSGIAQYYTQYSGTINLHFMFTGST 

C FD lJGKPYVTT R CC D 8T RLLAKFDL SLl\AKHMSNT YLSG :::AQY Y T QY S GT I NLH I"H ,"TGST 

************************************************************ 

60 

60 

60 

120 

'20 

120 

180 

180 

80 

240 

240 

240 

300 

300 

300 

360 

360 

360 

420 

420 

420 

as 

one 
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Ref~ seqc.ence 

pCA24 IRES 

pGemPl 

Ref. sequence 

pCA241RES 

pGercPl 

Ref. sequence 

pCA24TRES 

pGercP1 

Ref~ sequence 

pCA24IRES 

pGemFl 

Ref. sequence 

pCA24 IRES 

pGeml'1 

Ref. sequence 

pCA24IRES 

pGemFl 

DSKARYMVAYIPPGVET??DTfJERAAHCIHAEWDTGLNSKFTFSlfJYVSAADYAYTAS,]T 

DSKARYMVAYI P ?CWET ?PDT PERAAHCI HJ\EWDTC;LN SKFT FSI PYVSAADYAYTASDT 

DSKARYMVAYIPPGVETPPDTPERAAHCIHAEWDTGLNSKFTFSIPYVSAA.DYAYTASDT 

****************************************************** *r**** 

AETINVQGWVCIYQITHGKAENDTLVVSVSAGKDFELRLPIDfJRQQTTTTGESADPVTTT 

AETINVQGWVCIYQITHGKAENDTLVVSVSAGKDFELRLPIDPRQQTTATGESADPVTTT 

AETINVQGWVCIYQITHGYJ\ENDTLVVSVSAGK:JFELRLPIDPRQQTTATGESADPVTTT 

************************************************.*********** 

VENYGGETQIQRRHHTDIGFIMDRFVKIQSLSPTHVIDLMQTHQHGLVGALLRAATYYFS 

VENYGGETQIQRRHHTDIGFTHDRFVKIQSLSPTHVTDLMQTJ-iQfiGLVGALLRAATYYFS 

VENYGGETQIQRRHHTDIGFIMDRFVKIQSLSPTHVI:JL}1QTHQHGLVGALLRAATYYFS 

************************************************************ 

DLElVVRHEGNLTI'WPNGA?ESALLNTSNPTAYNKAPFTRLALPYTAPHRVLATVYNGTS 

DL,EIVVRHEGNl" TWVPNGAPESALLNT SNPTAYNKAP FTRIALPYTAPHRVLATVYNGT S 

DLElVVRHEGNL TWVPNGAPE SALLNT SN PTA YNKAP FTRLALPYTAPHRVU". TVYNGT S 

************************************************************ 

KYAVGGSGRRGDMGSLAARVVrCQLPASFNYGAIKADAIHELLVRMKRAELYCPRFLLAIE 

KYAVC,GSGRRGDMGSLAARVVKQLPASFNYGAlfCADAIIIELLVRMKRAELYCPRPLLJUE 

KYAVGGSGkkGDMGSLAARVVKQLPASFNYGAIKADAIHELLVkMKRAELYCPRPLLAlE 

************************************************************ 

VSSQDRHKQKIIAPAKQLLN 

VSSQDRHKQKIIAPAKQLLN 

VSSQDRHKQKIIAPAKQLL 

******************* 

480 

480 

480 

540 

540 

b40 

600 

600 

600 

660 

660 

660 

720 

720 

720 

740 

740 

740 

4.7: of the amino acid sequence of the reference sequence, 

and Amino acids indicated in blue were inserted and 

those indicated in red were 

Table 4.2: ml1nlUV of the amino acid observed in and 

when rnmrllu'AI"iI to the reference sequence obtained from lIol'u·nr,IlU'I ... 
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The FMDV P1 gene was cloned from pGemP1 into the shuttle vector, 

pAFMCRR (refer to Appendix B), to generate the plasmid,' pAFMCRRP1. 

Small scale DNA preparations were digested with the restriction 

endonucleases BamHI and SaIl to determine whether the insert was present. 

Figure 4.8 represents the results thereof. Linearised pAFMCRR is present in 

lane 4 and 6, with a clear increase in plasmid size in lane 5 and 7 (represents 

linearised pAFMCRRP1). Restriction endonuclease digestion of the 

recombinant plasmid, pAFMCRRP1, with Sail and BamHI, released the 2,2kb 

FMDV P1 gene (lane 9). 

123456789 

+-2.2kb 

lane 1: DNA molecular weight marker - Lambda Pst I (refer to Appendix C for sizes) 

lane 2: pAFMCRR uncut 

lane 3: pAFMCRRP1 uncut 

lane 4: pAFMCRR cut with Bam HI 

lane 5: pAFMCRRP1 cut with Bam HI 

lane 6: pAFMCRR cut with Sail 

lane 7: pAFMCRRP1 cut with Sail 

lane 8: pAFMCRR cut with Bam HI and Sail 

lane 9: pAFMCRRP1 cut with Bam HI and Sail 

Figure 4.8: Agarose gel electrophoresis of restriction enzyme analysis of pAFMCRR 

and PAFMCRRP1. Lane 9 clearly indicates the successful cloning of FIVIDV P1 gene into 

pAFMCRR as the insert was cut out generating an expected band size of 2200bp. This is the 

size of the FMDV P1 gene. 
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4.2.2: Construction of recombinant virus (FMD-LSDV) 

4.2.2.1: Transfection of recombinant plasmid 

The recombinant plasmid, pAFMCRRP1, was transfected into Neethling 

LSDV infected lamb testes cells (controls were included consisting of wild type 

LSDV Neethling infected lamb testes cells and uninfected lamb testes cells). 

The efficiency of transfection was measured by X-gal staining 3 days post­

transfection. The best transfection was obtained when the recombinant 

plasmid used was isolated by Qaigen kit as apposed to the Nucleobond kit. 

Furthermore, plasmid concentrations of 101l9, used per transfection, yielded 

higher efficiencies of transfection than when less plasmid DNA was used per 

reaction. These observations were also made when constructing RVF-LSDV. 

4.2.2.2: Isolation and purification of recombinant virus 

Experiments carried out involving X-gal staining in situ, following 

passaging of the recombinant virus in selection medium, confirmed the 

presence of the LacZ gene and the recombinant virus (figure 4.9). 

Recombinant virus was further selected for picking blue foci (after X-gal 

overlays, refer to figure 4.10) four times, with three rounds of passaging in 

selection medium between each plaque purification step. 
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(a) 

(b) 

(c) 

- Figure 4.9: X-gal staining 

(a) lamb testes cells infected with FMD-LSDV. Blue foci indicating the presence 

and expression of the LacZ gene found in the recombinant virus only. 

(b) lamb testes cells infected with wild type LSDV (Neethling stain). 

(c) uninfected lamb testes cells. 
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1 2 3 

4 5 6 

Figure 4.10: X-galoverlays. Well 1 and 4 are uninfected lamb testes cells. Well 2 and 5 

are wild type LSDV (Neethling) infected lamb testes cells. Well 3 and 6 are FMD-LSDV 

infected lamb testes cells 

4.2.3: Characterisation of FMD-LSDV 

4.2.3.1: Southern blot 

To demonstrate that recombination had occurred between the shuttle 

vector, pAFMCRRP1, and the LSDV genome, DNA from lamb testes cells 

infected with the recombinant FMD-LSDV, was digested with Hind II I and 

analysed by Southern hybridisation (figure 4.12(a) and figure 4.12(b)). A 

double cross-over event would result in the incorporation of only one Hind II I 

site, refer to figure 4.11. This would yield to two bands when recombinant 

viral DNA, digested with Hind II I , is probed. Moreover, this specific Hind II I site 

is contained in the FMDV P1 gene, further confirming the presence of this 

gene in the viral genome. Conversely, a single cross-over event would result 

in the incorporation of three additional Hindlll sites (refer to figure 4.11). This 

in turn would give rise to four bands when recombinant viral DNA, digested 

with Hindlll, is probed. It is therefore clear that a double cross-over event has 

occurred as two bands are visible (figure 4.12(b), lane 6). The 6.4kb and 

4.6kb bands correlates with the expected sizes. 
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LSDV genome 

4.5kb 

pAFMCRRP1 

Hind III Hind III + 13830 bps 

+ + 

RR RR' 

Hind III 

1 recombination event 

4.6kb 6.4kb 

Hind III Hind III Hind III 

+ + + 

double cross-Over 

4.6kb 6.4kb 2.6kb ?kb 

Hind III Hind III Hind III Hind III Hind III 

single cross-Over 

Figure 4.11: Diagrammatic representation of a double and single cross-over event 

between pAFMCRRP1 and LSDV genome. RR and RR' represents ribonucleotide reductase 

gene. 
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(a) (b) 

2 3 4 5 6 2 3 4 5 6 

~6.4kb 

~4.5kb 

Figure 4.12: Identification of FMD-LSDV. 

(a) Agarose gel electrophoresis of genomic DNA digested with Hindili. Lane 2, DNA 

from uninfected lamb testes cells. Lane 4, DNA extracted from wild type LSDV 

(Neethling) infected cells. Lane 6, DNA extracted from FIVID-LSDV infected cells. 

(b) Autoradiogragh of gel in figure 4.13(a) probed with pAFMCRRP1 digested with 

Hindll!. Lane 2, DNA from uninfected lamb testes cells. Lane 4, DNA extracted 

from wild type LSDV (Neethling) infected cells. Lane 6, DNA extracted from FIVID­

LSDV infected cells. 

4.2.3.2: Protein analysis 

The FMO-LSOV recombinant used to infect lamb testes cells after which 

the protein was extracted was subjected to SOS-PAGE, Coomassie staining 

and Western blots. Coomassie staining confirmed the presence of the 

proteins, although the P1 protein was not visible (results not shown) as no 

variation could be seen between proteins from wild type LSOV (Neethling) and 

recombinant virus infected cells. Ponceau S staining of the membrane 

confirmed the successful transfer from the gel to the membrane. Probing for 
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A1: Activated tr"nc,," 

10X 

5% 

PS 

base 

stock solution 

10ml 

1ml 

O.5ml 

The above solutions were made up to 1 ODml with and stored at 

A2: Dulbecco's 

DMEM 

Hams F12 

Essential Medium 

The above chemicals was mixed with 10 DOOml of 

Hams F12 

and the to 7.1 with 3M 

He!. The solution was sterilised a 

and end of the filtration process so that 

with two Sml amounts taken at the start 

tests could be carried out. The solution was 

into 1DDOmi amounts and stored at 

A3: (1 

HEPES 

The HEPES was dissolved in the NaOH solution and the 

was made up to 100ml with and through a 

A4: 

NaOH 

The above solution was mixed, filter sterilised through a 

8Dml 

to 7.2. the final volume 

filter. The buffer was at 

O.1g 

10ml 

filter and stored at 
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AS: buffer A 

Tris-HCI (1 M, 

EDTA 

Sucrose 

RNase 

BSA 

The final volume was made up to SOml with 

A6: 

Tris-HCI (1 

NaCI 

EDTA 

SDS (1 

buffer B 

stored in 2ml 

O.Sml 

O.1ml 

1S%wtJvol 

O.1g 

O.01g 

2Sml 

Sml 

2.Sml 

2Sml 

at 

The final volume was made up to 2S0ml with filter sterilised and stored at r.t. in 10ml 

A7: buffer C 

Tris-HCI (1 O.4ml 

EDTA 

Nonidet P-40 

The volume was to 40ml with 

fluoride (PMSF) added 

AS: acid solution 1 

acid 

NaOH N) 

and 1 

before use. 

The above solution was mixed and filter sterilised 

and stored in the dark at 

a 

O.4ml 

of BSA and 3j.ig/f.d of 

O.1g 

10ml 

filter, into 1 

1 
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A9: 

4X 

SDS (1 

(1 

solution 

buffer 

Ammonium 

TEMED 

(1 

buffer 

12.Sml 

0.3ml 

1 

1 

and the to 8.8 with He!. the final volume to with 

Gloves and a was worn the 

was also out in a 

of PBS. The was heated to 

the was 9.B. final volume was made 

Ai2: 

Penicillian 

of the 

of was dissolved in 

1 M NaOH added till the solution cleared and 

to 100m!. 

1X1 

3ml 

The above 

filter. 

(1 

was made to 20ml with saline and filtered a 

solution was stored at 

Ai3: Phenol 

The was melted at 

An volume of O.SM Tris-HCI 

volume of 0.1 M Tris-HCI 

removed. The extractions was 

was 

in2ml 

to a final concentration of 0.1 %. 

and the upper removed. An 

the solution and the 

than 7.8. 

A final of 0.1 volume of 0.1 M Tric-HCI was 

added and the solution stored at 
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4: Red 

Phenol Red 

NaOH BOml 

to 1 

The above solution was into and stored at 

5: Buffered Saline 

KCI 

0.1 

9 

or 

1.1 

or 

The above were dissolved in of and the 

volume was made up to 1 the solution autoclaved and stored at r.t. 

6: Ponceau S 

S 

Acetic 

to 1 

A17: Selection medium 

Xanthine 

solution 

FCS 

F 

DMEM/Hams F12 

19 

SOml 

1 

1ml 

O.1ml 

to 10ml 

to 7.5. The final 

1 
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A18: SOS 

SDS 10% 

blue 

volume to 1 Oml with 

A19: 

Tris 

Add 

A20: 

and 

Monomer solution 

4X buffer 

SDS (1 

Ammonium (1 

buffer 

to 6.8 with 

A21' buffer 

"",,,,,,"n,nn' blue 

EDTA 

Sucrose 

A22: Substrate solution 

PBS 

X-Gal 

Potassium 

Potassium TAn""I""";;' 

1ml 

2ml 

final volume to SOml with 

1.33ml 

2.5ml 

0.1ml 

6.0ml 

D.4ml 

to 10ml 

9.2ml 
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A23: culture 

Fetal Calf serum 

PS 

F 

OMEMI Hams F12 

A24: Towbin transfer buffer 

Tris 

SOS 

Methanol 

(10% or 

volume to 10 OOOml with 

A25: Transformation and 

Yeast extract 

PEG 

OMSO 

MgCI2 

A26: Treatment buffer 

buffer 

SOS (10%,w/v 

A27: Tris-acetate buffer 

Tris 

buffer 

100ml or 40ml 

5ml 

10ml 

to 1000ml 

144.1g 

200ml 

19 

5ml 

1ml 

1ml 

to 100ml 

2.5ml 

4ml 

2ml 

1 rnl 

O.5rnl 
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Glacial acetic acid 

EDTA 

A28: Tris 

Tris base 

Sodium chloride 

dH20 

saline 

the to 7.5 with HCI and 

A29: TBS-Tween 

7.5 

to 1 OOOml with 

Dilute 1 ml of Tween® 20 in 1000ml of TBS 

A30: blue 

Blue Powder 

Saline 

The was dissolved in the saline solution and filtered 

57.1ml 

100mi 

to 1000ml 

800mi 

100ml 

Whatman number 1 

paper. The was filtered through a filter, into 2ml 

and stored at 

A31: base (1 

NaCI 

KCI 

9.1g 

or 

11 

Glucose 

The above chemicals were dissolved in 700ml d of dissolved in 100ml dH20 

was added to the above solution. 25ml of red was added, the solution 

stirred and the pH to 7.8 with 1 N NaOH, until a clear red colouration was obtained. 

The final volume was to 1 OOOml with d the solution filtered a 

then into 20ml and stored at 
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A32: stock 

10X base 

The trypsin base was added to gOml of 

10ml 

5g 

and O.Sml of PS. Hel ('I was added 

until the solution turned The solution was heated to the 

and left to dissolve either 

The solution was 

aliquots and stored at the 

A33: Virus diluent 

it stand at r.t. for a few hours or 

it a filter, 

(1 1 ml 

PS O.Sml 

F 1ml 

DMEMI Hams F12 to 100ml 

A34: Xanthine solution 1 

Xanthine 0.1 g 

NaOH 11\J) 10ml 

The above solution was filter sterilised through a O.2iJ.m filter and stored at 

added 

at 

into 1ml 

1 
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APPENDIX B: PLASMID MAPS 

pGem-T Easy Vector 

3018 bps 
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8amHI 

pGemP1 

5235bps 

Amp R 

Sad 
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ECOGPT 

pAFMCRR 

11600 bps 

P ell 

"" 
, ... BamHI 

~ ': Xmal 
"\ Smal 
Sail MCS 
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ECOGPT 

pAFMCRRP1 

13830 bps 

~---...... 
RR 

.. BamHI 

P1 gene 
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pselp 

A3L 

Pstl 

Pstl 

pSelp-HS-G1 G2-Bgal 

12800 bps 

Pstl 

LacZ 
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Lambda Pst I Marker 

Frag mt Size Frag mt Size FI ~nt Size 

1 11497 11 1700 21 216 

2 5077 12 1159 22 211 

3 4749 13 1093 23 200 

4 4507 14 805 24 164 

5 2838 15 514 25 150 

6 2560 16 468 26 94 

7 2459 17 448 27 87 

8 2443 18 339 28 72 

9 2140 19 264 29 15 

10 1986 20 247 

Alanine Ala A Leucine Leu L 

R K 

Asn N Methionine Met M 

acid D Phe F 

C Proline Pro P 

Glutamine Gin Q Serine Ser S 

Glutamic acid Glu E Threonine Thr T 

G W 

Histidine His H Y 

Isoleucine lie Valine Val V 
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Codon Amino Codon Amino Codon Amino Codon Amino 
acid acid acid acid 

AAA K CAA Q GAA E TAA '" 
AAC N CAC H GAC D TAC Y 

AAG K CAG Q GAG E TAG '" 
AAT N CAT H GAT D TAT Y 

ACA T CCA P GCA A TCA S 

ACC T CCC P GCC A TCC S 

ACG T CCG P GCG A TCG S 

ACT T CCT P GCT A TCT S 

AGA R CGA R GGA G '" 
AGC S CGC R GGC G TGC C 

AGG R CGG R GGG G TGG W 

AGT S CGT R GGT G TGT C 

ATA CTA L GTA V TTA L 

ATC I CTC L GTC V TTC F 

ATG M CTG L GTG V TTG L 

ATT CTT L GTT V TTT F 
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