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•"In the temple of science are many mansions ... and various indeed are they that dwell 

therein and the motives that led them there. 

"Many take to science out of a joyful sense of superior intellectual power; science is 

there own special sport to which they look for vivid experience and the satisfaction of 

ambition; 

many others are to be found in the temple who have offered the products of their brains 

on this altar for purely utilitarian purposes. 

Were an angel of the Lord to come and drive all the people belonging to these two 

categories out of the temple, it would be noticeably emptier but there would still be 

some men of both present and past times left inside ... If the types we have just 

expelled were the only types there were, the temple would never have existed any more 

than one can have a wood consisting of nothing but creepers ... 

. .. and those who have found favor with the angel ... are somewhat odd, 

uncommunicative, solitary fellows, really less like each other than the hosts of the 

rejected. 

"What has brought them to the temple ... no single answer will cover ... escape from 

everyday life, with its painful crudity and hopeless dreariness, from the fetters of one's 

shifting desires. A finely tempered nature longs to escape from this noisy cramped 

surroundings into the silence of the high mountains where the eye ranges freely through 

the pure still air and fondly traces out the restful contours apparently built for eternity." 

This is an excerpt from a speech given in 1918 by a young German scientist called 

Albert Einstein. 

 
 
 



ACKNOWLEDGEMENTS 


I wish to express my sincere gratitude and appreciation to the following persons and 

institutions: 


Dr. Peter Mason (Plum Island Animal Disease Center, USA), for his invaluable 

guidance, advice and time not only during my visit to Mod 6, but throughout the study; 


Dr. Tim Skern (University of Vienna, Austria), for his helpful contributions and advice; 


Dr. Alba Guarne (NIH, Washington), for supplying the co-ordinates of the 

OlKaufbeuren Leader crystal structure; 


Dr. Fourie Joubert (University ofPretoria), for constructing the three-dimensional 

model for the ZIMl7/83/2 Lb proteinase; 


Dr. Nigel Ferris (Institute for Animal Health, Pirbright, UK), for supplying viral strains 

and information on viruses; 


Jan Esterhuysen for supplying sera used in the virus neutralization test; 


Livio Heath (University ofPretoria), for supplying KNPIl 0/90/3 PI nucleotide 

sequencing data; 


Martin Coetzee and Armanda Slager-Bastos for proof-reading of the thesis; 


Nick Knowles (Institute for Animal Health, Pirbright, UK), Dr. Simon Barteling, 

Armanda Slager-Bastos and Jan Esterhuysen for their advice, insight and interesting 
conversations surrounding the study; 

Erika Kirkbride, for the I46S determinations; 


Tina Henry (Plum Island Animal Disease Center), Karin Boshoff, Marietjie Bauman, 

Billy Phologane, Hanlie Jones and Brenda Botha for their technical assistance; 


Dr. Wilna Vosloo and colleagues at the Exotic Diseases Division; 


Prof. Louis Nel and students from the Department of Microbiology and Plant 

Pathology, University ofPretoria; 


Agricultural Research Council and University of Pretoria for financial support; 


International Atomic Energy Agency for supplying a training fellowship to visit the 

Plum Island Animal Disease Center; 


And the unfailing love, encouragement and support of my family and friends. 


 
 
 



TABLE OF CONTENTS 


Page 

List of Tables 

List of Figures 11 


Abbreviations IV 


Summary VI 


Chapter 1: The past, present and future of foot-and-mouth disease 

vaccinology: A literature Review 1 


1.1. General Introduction 1 

1.2. A historical perspective of foot-and-mouth disease outbreaks 4 

1.3. Foot-and-mouth disease virus properties 7 


1.3.1 Classification 7 

1.3.2 Physical properties 7 

1.3.3 Genome organization and viral structure 7 

1.3A Overvie"w of irifectious cycle 12 

1.3.5 Antigenic properties 15 


1.4. Vaccination against foot-and-mouth disease 17 

1.4.1. Conventional, inactivated vaccines 18 


1.4.1.1. FMD viral production in cell lines 19 

lA.l.2. Inactivation of fMDV 19 

lA.l.3. Vaccineformulatioll 20 


lA.2. Alternative vaccines 21 

lA.2.1. Heterologous gene expression 22 

1. -1.2.2. DNA vaccination 24 

1.-1.2.3. Synthetic peptide vaccines 27 


1.5. Vaccination in sub-Saharan Africa - Aim and Scope of project 28 


Chapter 2: Molecular characterization of the structural-protein-coding 

region of ZIM17/83/2, a SAT 2 type foot-and-mouth disease virus 31 


2.1 Introduction 31 

2.2 Materials and Methods 31 


2.2.1 Viral and bacterial strains 31 

2.2.2 Oligonucleotides 32 

2.2.3 Partial pur[ficatioll ~fviruses and RNA extraction 32 

2.2A cDNA synthesis 32 

2.2.5 PCR amp/~fication 34 

2.2.6 TA cloning 34 

2.2.7 Nucleotide sequencing and analysis 34 


 
 
 



Page 
2.3 Results and Discussion 	 35 

2.3. J Cloning and characterization oflIM7/832 PJ 	 35 
2.3.2 Comparison oflIM17/8Y2 P J with known P J regions 39 
2.3.3 Identification ofhypervariable regions }1/ithin the SAT 2 serotype 40 
2.3.4 Description oflIM'JI83!2 cleavage sites 	 43 

2.4 Conclusions 	 44 

Chapter 3: Genetic heterogeneity of the foot-and-mouth disease virus 
Leader and 3C proteinases 45 

3.1 Introduction 	 45 
3.2 Materials and Methods 	 48 

3.2. J 	 Viruses investigated 48 
3.2.2 	 RNA extraction, cDNA synthesis and PCR amp/[fjcation 50 
3.2.3 	 Nucleotide sequence determination and analysis 50 
3.2.4 	 Determination ofgene relationships for FMDV Lab and 3C 

proteinases coding regions 51 
3.2.5 	 Structural modeling ofFMD V Lb proteinase 51 
3.2.6 	 Determination ofFMDV P J cleavage sites mediated by the 3C 

proteinase 51 
3.3 Results and Discussion 	 52 

3.3. J 	 Gene heterogeneity and gene relationships ~fLab proteinases 52 
3.3.2 	 Structural modelfor lIM/7183!2 Lb proteinase 56 
3.3.3 	 Gene heterogeneity and gene relationships of3Cproteinases 58 
3.3.4 	 Comparison ofFMDVPI cleavage sites mediated by the 3C 

proteinase 62 
3.4 Conclusions 	 64 

Chapter 4: Construction of a chimeric foot-and-mouth disease virus 
between serotypes A and SAT 2: Comparison with wild type SAT 2 
in terms of antigenicity, growth properties and thermal stability 66 

4.1 Introduction 	 66 
4.2 Materials and Methods 	 68 

-1.2.1 Viral and bacterial strains 68 
-1.2.2 RNA extraction and cDNA synthesis 68 
-1.2.3 PCR amplification 68 
4.2.-1 Cloning ofSAT 2 external capsid coding region into 

Al2 jl?fectiolls cDNA clone 69 
-1.2.5 RNA synthesis 69 
4.2.6 	 Transfection ofBHK cells with infectious viral RNA 70 
4.2.7 	 Viral titratiollS on IB-RS-2 cells 70 
4.2.8 Plaque titrations all IB-RS-2 and BHK cells 71 
-1.2.9 Virus neutralization test 71 
4.2. J0 Determination ~f J46S content 	 71 

 
 
 



Page 
4.2.11 Determination ofgrowth kinetics 72 

4.2.12 Thermal stability testing 72 


4.3 Results and Discussion 72 

4.3.1 Construction ofa chimeric virus between serotypes A and SAT 2 72 

-1.3.2 Comparison with wild type SAT 2 78 


4.3.2.1 Immunogenicity 78 

4.3.2.2 Growth properties and antigen production 78 

-1.3.2.3 Thermal stability 83 


4.4 Conclusions 85 


Chapter 5: Concluding remarks: What does the future hold? 86 


References 89 

List of Congress Contributions 103 

List of published papers 104 


 
 
 



LIST OF TABLES 


Page 


Table 1.1: Description of secondary structure elements involved in 


antigenicity. 15 


Table 1.2: Parameters of an "ideal" vaccine. 22 


Table 2.1' Summary of oligonucleotides. 33 


Table 2.2: Comparison of intratypic variation between serotypes 


SAT 2, A, 0 and C. 42 


Table 3.1: Description of viruses used to assess genetic heterogeneity 


in the Leader and 3C proteinases. 49 


 
 
 



LIST OF FIGURES 


Page 

-.Figure 1.1: Examples of foot-and-mouth disease lesions. .) 


Figure 1.2: Schematic representation of the foot-and-mouth disease vims 


and 2A proteinases as well as the stmctural proteins (VPI-4) of 


Figure 2.3: Deduced amino acid sequence comparison ofZIMl7/83/2 with 


Figure 3.1: Proteolytic processing of the foot-and-mouth disease viral PI 


Figure 4.4: Flow-diagram indicating the constmction of the chimeric vims 


genome. 8 


Figure 1.3: Stmctural representation of the picornavims capsid proteins. 11 


Figure 1.4: Overview of the picornaviral infectious cycle. 13 


Figure 2.1: Schematic representation ofthe PeR-cloning and sequence 


strategy applied for the ZIMl7/8312 PI region. 36 


Figure 2.2: Nucleotide and deduced amino acid sequences of the Leader 


ZIMl7/8312. 37 


KEN/3/5712 and RHO/I/48/2. 41 


reglOn. 46 


Figure 3.2: Amino acid sequence alignment of Leader proteinases. 53 


Figure 3.3: Neighbor-joining tree depicting Labpro gene relationships. 55 


Figure 3.4: Superimposed Ca traces of OIKaufbeuren Lbpro and 


ZIM17183/2 LbPro
. 57 


Figure 3.5: Amino acid sequence alignment ofFMDV 3CPro
. 59 


Figure 3.6: Neighbor-joining tree depicting 3CPro gene relationships. 61 


Figure 3.7: PI cleavage sites processed by 3Cp
ro. 63 


Figure 4.1. Schematic representation ofthe constmction of the chimeric 


vims between serotype A and SAT 2. 73 


Figure 4.2: Nucleotide sequence comparison of AI2ZIMl7/8312, 


WT ZIMl7/83/2 and #14AI2/SAT2. 75 


Figure 4.3: R.,~A gel indicating in vitro-synthesized RNA 76 


and clone #14 viability. 77 


Figure 4.5: Antigenic profile of wild type ZIMl7/83/2 and #14AI2/SAT2. 79 


11 

 
 
 



Page 

Figure 4.6: 	 Plaque morphology as determined for WT ZIMJ7/812 and 

#14A12/SATs. 80 

Figure 4.7: Comparative growth characteristics ofWT ZIMJ7/8312 and 

#14A12/SAT2. 82 

Figure 4.8: Thermal stability displayed by WT ZIMJ7/83/2 and 

#14A12/SAT2. 84 

Figure 5.1: Schematic representation of the construction of the SAT 2 

full-length cDNA clone. 88 

iii 

 
 
 



ABBREVIATIONS 


BEA - bromoethylamine hydrobromide 

BGH bovine growth hormone 

BHK - baby hamster kidney 

CMV - cytomegalovirus 

CTE - C-terminal extention 

DEAED - diethylaminoethyldextran 

ElF eukaryotic initiation factor 

ELISA enzyme linked immunosorbent assay 

FLC - full-length clone 

FMDV - foot-and-mouth disease virus 

IB-RS-2 Instituto Biologico Rim Suino 

IRES internal ribosome entry site 

KNP Kruger National Park 

MEGA - molecular evolutionary genetics analysis 

MOl - multiplicity of infection 

NCR non coding region 

NTP nucleotide phosphate 

OIE - Office des Epizooties 

ORF - open reading frame 

PBS phosphate buffered saline 

PCR - polymerase chain reaction 

PK - pig kidney 

PTB polypyrimidine tract-binding 

RPM! - Roswell Park Memorial Institute 

R T -PCR reverse-transcribed polymerase chain reaction 

SAT - South African Territories 

TCID tissue culture infectious dose 

UTR - untranslated region 

VNT - virus neutralization test 

iv 

 
 
 



VP - viral protein 

VPg viral genome-linked protein 

v 

 
 
 



SUMMARY 


The South African Territories (SAT) types of foot-and-mouth disease virus (FMDV) 

show marked genomic and antigenic variation throughout sub-Saharan Africa. This 

variation is to a large extent geographically linked and requires therefore the use of 

custom-made vaccines. Adaptation of field isolates as vaccine strains is cumbersome, 

time consuming and expensive. A possible means of circumventing the adaptation 

process is to construct recombinant or chimeric FMD viruses, followed by the 

production of conventional, inactivated vaccine utilizing these viruses. The advantage 

of such a strategy would be the ability to manipulate the antigenicity of these viruses by 

substituting the antigenic coding regions (i.e. structural proteins) of a full-length eDNA 

clone of a suitable strain. 

Towards this objective the structural-protein-coding region (P1) of a SAT 2 vaccine 

strain, ZIMl7/83/2, was determined and compared with two other known SAT 2 PI 

regions. Five hypervariable regions were identified of which four are situated in VP 1. 

The cleavage sites for proteolytic processing and especially the regions adjacent to 

these sites, differ between types A and SAT 2. The genetic heterogeneity of two 

FMDV proteinases, the Leader and 3C, of representatives of six different serotypes, 

was subsequently investigated. The results revealed these genomic regions of the SAT 

viruses originating from southern Africa to be distinct from types A, a and C. 

Interestingly, it was also seen that the Leader and 3C proteinases of the SAT types are 

less variable than their European counterparts. These results were in contrast to that 

obtained for the structural proteins, which showed the SAT 2 PI region to be at least 2

3 times more variable than that of types A, a and C. Despite the observed differences 

in the proteinases, a three-dimensional structural model for the Lb form of the 

ZIMl7/83/2 Leader proteinase predicted the three-dimensional fold of the enzyme to be 

conserved. 

A chimeric cDNA clone between types A and SAT 2 was constructed by inserting the 

external capsid-coding region of ZIMI7/83/2 into the genetic backbone of the Al2 
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cDNA clone. The subsequent evaluation of the resulting recombinant FMD VIruS 

indicated the virus to be immunogenically identical to the wild type ZIMl7/83/2. 

However, the recombinant virus was found to be a slower antigen producer and less 

stable than the wild type SAT 2. These characteristics make the recombinant FMD 

virus constructed in this study unsuitable for conventional vaccine production. 

Alternative means, such as the use of a SAT 2 cDNA clone, should be investigated. 
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