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Abstract 

Malaria parasites have become resistant to promising artemisinin-combination therapy (ACT) 

and leading vaccine candidate RTS,S has also failed to provide long-term protection in humans. 

The Malaria Eradication Program needs a new generation of antimalarial drugs and effective 

vaccines against the disease. An ideal antimalarial drug should arrest the parasite in all 

development stages in humans and thus inhibit the target protein in each of these stages. 

Similarly if vaccines are developed, these needs to be specific for a certain stage. For example, 

parasites that lack genes that encode proteins with essential functions during asexual replication 

or red blood cell invasion, cannot be made or evaluated for their potential as liver stage specific 

vaccine. Genetically attenuated parasites (GAPs) that lack genes essential for the liver stage of 

the malaria parasite, and therefore cause developmental arrest, have been developed as live 

vaccines in rodent malaria models and recently been tested in humans. Combining the available 

proteomics data from rodent- and human-parasites, I performed a systematic ortholog-based 

analysis and identified potential vaccine candidates and drug targets. Next, using reverse 

genetics approach, I studied the role of five such candidates in Plasmodium berghei ANKA: 2 

vaccine candidates and 3 drug-targets. The gene of interests were individually deleted in the 

parasites and the clonal lines were characterized throughout the life cycle (in C57BL/6, NMRI 

and BALB/c mice; Anopheles stephensi mosquitoes and liver hepatocellular cells).  

To test first vaccine candidate, I generated P. berghei parasite lines that lacked the entire coding 

sequence for the late liver stage protein LISP2. The deletion of lisp2 leads to a nearly complete 

arrest in late liver stage development. The N-terminus of the protein was sufficient to support 

the complete liver stage development of the parasites. C57BL/6 mice that cleared lisp2(-) 

parasites, remained protection against further wild-type challenge.  
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Then, the second vaccine candidate was tested and ARP encoding gene in the parasites was 

deleted. Thus developed mutant parasites have a growth-delay during blood stage development 

and mice infected with such parasites eventually cleared the infection. Although able to form 

ookinetes, arp(-) parasites did not form oocysts in mosquito midguts and were not transmitted 

through mosquitoes. Mice given arp(-) parasites were immune to the subsequent challenge 

with blood stages of P. berghei strain ANKA and P. yoelii YM and to the P. berghei strain 

ANKA sporozoites. 

For testing drug-targets, I hypothesized that depletion of house-cleaning enzymes involved in 

the conversion of toxic metabolites could potentially lead to the arrest of parasite growth 

because accumulation of these metabolites might kill the parasites. The non-canonical 

nucleotides like dUTP, dITP and dXTP, which are generated during metabolism of canonical 

nucleotides (trinucleotides of A, T, G and C) incorporate into the nascent DNA leading to DNA 

break and further to cell death. Through chem-bioinformatics analyses, I predicted three house-

cleaning enzymes in Plasmodium: deoxyuridine 5’-triphosphate pyrophosphatase (dUTPase); 

inosine 5’-triphosphate pyrophosphatase (ITPase) and NUDIX-domain containing protein 

(NuDiP). These enzymes detoxify non-canonical nucleotides. Using reverse genetics approach, 

I tested 3 candidates and found that dUTPase was essential for P. berghei blood stage while 

NuDiP and ITPase were dispensable. 
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Thesis organization 

This thesis is organized in seven chapters. In the first chapter, the literature survey about 

malaria and current antimalarial therapy have been described. This is followed by a brief 

introduction about the definition of problem, motivation and specific objectives of the study. 

Second chapter focuses on in silico identification of potential vaccine- and drug-targets against 

the malaria parasites. In next three chapters, I tested two of previously identified vaccine-

candidates and three predicted drug-targets. Chapter three involves generation of knockout P. 

berghei parasites lacking lisp2, a late liver stage specific gene, and evaluation of their vaccine 

potential. The fourth chapter constitutes the experiments to generate arp(-) parasites and testing 

of their vaccine potential. In chapter five, a chem-bioinformatics based approach to shortlist 

three house-cleaning drug-targets, is described. The essentiality of each of these candidates has 

been evaluated. In the final chapter, material and methods used in the execution of the work 

required for this research study are discussed. The biodata consisting of published articles, 

conference proceeding, and abstracts are included at the end of the thesis.  
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