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Summary 
Infectious diseases continue to be a global health problem and are the cause of tremendous morbidity and mortality every 
year. Attempts to create an effective and protective vaccine have been a high global health priority. New generation of 
vaccines using modern cellular and molecular technology has helped to create the valuable tools to combat such health 
problems. However such a development in knowledge and technology has created numerous concerns and criticism over 
their biosafety aspects. This paper is based on the studies that were conducted in two different models of vaccine 
developments; the generation of genetically engineered plasmodium that are growth impaired as a means to create live 
attenuated parasites and evaluation of peptide vaccine against foot and mouth disease virus (FMDV).  
Identification of elements and components that are necessary for virulence and try to eliminate them from the genome is a 
step towards developing attenuated live parasite as vaccine. Cell division and proliferation during parasite invasion are 
prerequisites factors for virulence. Eukaryotic elongation factor 1A (eEF1A) plays a central role in protein synthesis, cell 
growth and morphology. Malaria parasite possesses two identical genes encoding eEF1A (eef1aa and eef1ab). Using 
pbeef1a–Plasmodium berghei mutants that lack an eEF1a gene, we demonstrate that the level of eEF1A production affects the 
proliferation of blood stages and parasite fitness. Pbeef1a–parasites can complete the vertebrate and mosquito phases of the 
life cycle, but the growth phase of the asexual blood stages is extended by up to 20%. Insight into protein synthesis and its 
influence on cell proliferation in malaria parasites might be used for drug discovery as well as generating slow growing 
parasites to study immunological intervention strategies involved in host-parasite interactions. Further attenuation of parasites 
through elongation of the cell cycle by affecting protein synthesis machinery might be used for testing the feasibility of the 
creation of attenuated live parasites as vaccine.  
Antigenic peptides play a crucial role in the initiation of cell-mediated immune responses and may therefore be successfully 
used in antiviral vaccination strategies. The ability to elicit T and B cell responses after immunisation with peptide vaccine 
has considerable interest in developing viral vaccines intended to induce protective immunity. Foot and mouth disease virus 
(FMDV) is the cause of a highly contagious and economically devastating disease of cloven-hoofed livestock. Synthetic 
peptides derived from the major antigenic B cell site of VP1 of the virus have been shown to induce neutralising antibodies in 
a variety of species. Although guinea pigs can be readily protected against homotypic virus challenge after immunisation 
with VP1 [141-160], similar studies in outbreed population like cattle have not been successful and have directed research 
towards the identifications of T-cell epitopes and the restrictions imposed by MHC polymorphism. We used two different 
peptide vaccine compounds in a vaccination-challenge experiment in cattle. The protective capacity of a carrier coupled B 
cell epitope of FMDV, namely VP1 [141-156] was compared, when a defined T cell epitope like VP4 [20-34] was added as 
free peptide to this strong B cell epitope. The cellular and humoral immune responses of the animals were monitored during 
the experiment and the mechanisms behind the protection were speculated.  
Keywords: Peptide vaccine, Foot and mouth disease virus, genetically modified parasites, Plasmodium berghei 
 
Materials & Methods: 
Peptides 
The sequence of the peptides used in this study was based on the published sequence of FMDV strain 
A10Holland. They were prepared by automated simultaneous multiple peptide synthesis (SMPS). The 
SMPS set-up was developed using a standard autosampler (Gilson 221) as described by van der Zee et 
al. Briefly, standard Fmoc chemistry with in situ PyBop/NMM activation of the amino acids in a 5-
fold molar excess with respect to 2 µmol/peptide PAL-PEG-PS resin (Perseptive Biosystems) was 
employed. Peptides were obtained as C-terminal amides after cleavage with 90-95% TFA/scavenger 
cocktails. 
Preparation of Viral antigen  
Viral antigen was prepared as described by Van Lierop et al. Briefly, FMDV strain A10Holland was 
grown on a baby hamster kidney cell line (BHK21). Collected supernatants were treated with 0.04 M 
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binary ethylenemine to inactivate the virus and proteins were precipitated twice with 9% and 6% (w/v) 
polyethylene glycol (6000 MW), respectively. Intact virus was purified on a CsCl2 equilibrium 
gradient. Purity was confirmed by SDS-urea-PAGE as described by Meloen & Briaire. The 
preparation was dialysed against phosphate buffer (pH 7.5), precipitated with 2 volumes of acetone at 
-20°C and resuspended at a concentration of 1 mg/ml until it was used for lymphocyte proliferation 
assays. 
Vaccine components 
Totally four different vaccines were prepared for immunisation the four different groups of the 
animals during the experiment. The peptide vaccines were prepared in two different sets. First set 
composed of 0.5 ml conjugate containing 500µg purified VP1 [141-156] coupled chemically to 1.3 mg 
keyhole limpet haemocyanin (KLH) plus 0.5 ml phosphate buffer saline (PBS) and 1ml incomplete 
freunds adjuvants (IFA). The second set of the peptide vaccine was prepared by the mixing of 750µg 
of purified VP4 [20-34] to the first set. Conventional FMDV vaccine contains 2µg of an experimental 
batch of a A10 Holland vaccine, emulsified in 2 ml aluminium hydroxide. The last vaccine for the 
immunisation of the negative control group was prepared by emulsifying of 1.3mg KLH in 1ml IFA 
and 1ml PBS. 
Challenge virus  
FMDV strain A10 Holland was used for challenge. All the 14 animals were challenged by instillation 
of 0.5 ml in each nostril of a virus suspension containing TCID50 10 5.85 /ml as determined by plaque 
titration on secondary cultures of porcine kidney cells, using a Hauptner pistol-type syringe equipped 
with a nozzle. Directly after challenge, the remainder of the inoculum was returned to the lab and 
titrated. The titration directly after challenge was TCID50 10 5.90. 
Generation of  pbeef1a- parasites 
P. berghei contains two identical eEF1a ORFs  (pbeef1aa and pbeef1ab;) and therefore, in order to 
disrupt the pbeef1a genes it was possible to design a single replacement vector, pPbEFKO, that should 
integrate with equal probability into either of the target genes. This vector contained the T. gondii 
dhfr-ts selectable marker and two fragments of the PbeEF1a ORF as target sequences for integration 
through double cross over recombination. In three independent experiments wild type (wt) P. berghei 
was transfected with this vector and pyrimethamine resistant clones were selected for further analysis. 
Correct disruption of pbeef1aa and pbeef1ab in these clones was confirmed by Southern analysis of 
restricted genomic DNA. Northern analysis of RNA from blood stage parasites, using 5’ UTR probes 
that discriminate between the pbeef1aa- and pbeef1ab- parasites, demonstrated that the mutant 
parasites did not express the disrupted gene.  
 
Results & Discussion: 
Proliferative T cell responses against virus, peptides and KLH were measured in the different time 
points after peptide vaccination. Shortly before the first vaccination, the blood was taken and subjected 
to lymphocyte proliferation assays. The second test was performed 21 days after vaccination and the 
third one on the day of boosting (day 28). After the second vaccination, this procedure was performed 
on days 49 and 56 and the day of challenge. This test was performed each week till 21 days after the 
challenge. Peptide vaccination represents a safer means of presenting antigen in vivo for the 
generation of both humoral and cellular immune responses. The use of peptide vaccine can shed light 
on the understanding the mechanisms by which the protective immunity can be achieved. 
Pbeef1a- parasites were infectious to mice and mosquitoes and could complete the whole life cycle. 
Gametocyte and ookinete production were not significantly different from wt parasites. Oocyst and 
sporozoite development in A stephensi mosquitoes was similar to wt parasites as measured by the 
numbers of oocysts produced, the presence of sporozoites in salivary glands and infectivity of 
sporozoites to mice. No changes in morphology at the light-microscopic level were detected in both 
blood stages and mosquito stages of the pbeef1a- parasites. This result demonstrates that in wt 
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parasites both genes are (simultaneously) expressed during the different phases of development and 
that expression of only one pbeef1a is sufficient to produce enough PbeEF1A to be able to complete 
the life cycle. The virulence of the pbeef1a- parasites was determined by observing the ability of the 
mutant parasites to induce cerebral complications in infected mice. In 2 experiments, both Ako1 and 
Bko2 pbeef1a- parasites tested induced cerebral complications comparable to wt P. berghei as 
measured by the onset and extent of reduction in body temperature on day 11-13 after infection. 
eEF1A is an abundant, conserved protein with multiple functions during the cell cycle, involving 
protein synthesis, cell growth, regulation of cytoskeleton and cell morphology that can also have roles 
in signal transduction and apoptosis. However, its principle function is in the context of a multi-
protein complex responsible for the delivery of aminoacyl-charged tRNA to the acceptor (A) site of 
the ribosome. The wide range of activities and abundance of eEF1A might explain the fact that many 
organisms maintain multiple and variant copies of eef1a that are in certain cases differentially 
expressed. In Plasmodium species the two copies of eef1a (eef1aa and eef1ab) are identical and 
genetically linked implying that they produce eEF1A with identical function and the duplication might 
therefore be explained as a gene dosage phenomenon in order to produce sufficient protein. In this 
study we analysed pbeef1a- mutant parasites in which either pbeef1aa or pbeef1ab had been disrupted. 
All pbeef1a- mutants could complete the entire Plasmodium life cycle both in the vertebrate host and 
in the mosquito and, therefore, had no specific developmental deficiencies that would have been 
consistent with the conserved stage specific role in signalling shown in mammals and yeast. This 
observation indicates both pbeef1a are expressed simultaneously throughout the whole life cycle and 
excludes a possible role for pbeef1a in the transcription of the structurally distinct, stage-specific 
ribosomes of Plasmodium.  Furthermore, a possible role of eEF1A in stage specific control of 
translation is also precluded. Therefore, current data indicates that stage specificity in ribosome 
production is limited to the expression of the rRNA itself and not associated ribosomal proteins or 
translation factors. In addition, mutant parasites that have defects in their proliferation rate, such as 
pbeef1a- mutants, are demonstrably less fit than wt parasites and might be useful tools in 
understanding the development of immunity to malaria parasites. Further attenuation of parasites 
through elongation of the cell cycle by affecting protein synthesis machinery might be used for testing 
the feasibility for the creation of attenuated vaccines. 
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