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ABSTRACT

Identification of novel Plasmodium vivax blood-stage vaccine targets
Jessica Blythe Hostetler

A vaccine targeting the illness-inducing blood stage of Plasmodium vivax is hindered by
major gaps in our knowledge of P. vivax biology, including critical events during
merozoite invasion of erythrocytes. Only a single receptor-ligand interaction is currently
known, and natural human immune responses to P. vivax during and after infection,
which could provide clues for how to stimulate a protective immune response, have been
the subject of only limited study. This lack of understanding of both the molecular details
of invasion and the immunological responses during infection correlates with a relatively
limited repertoire of potential P. vivax antigens being considered for vaccine
development. A comprehensive and systematic approach is needed to advance our

understanding of P. vivax invasion and to identify additional vaccine candidates.

| first addressed this knowledge gap by investigating transcription in P. vivax clinical
isolates at the schizont stage, just prior to erythrocyte invasion. | purified RNA from
schizont-enriched P. vivax isolates obtained directly from Cambodian patients with P.
vivax malaria and sequenced the RNA using a strand-specific approach. These RNA-Seq
data revealed hundreds of additional genes transcribed at this stage compared to
previous microarray studies, and uncovered novel gene transcripts that enabled me to
improve and annotate over 300 gene models in the reference genome. Comparisons of
RNA-Seq data between clinical isolates revealed that genes related to host invasion were
among the most variably-expressed genes. The data provided a basis to prioritize a list of

targets consistently expressed during the late blood stages.

| next produced a library of blood-stage P. vivax proteins to use in functional and
immuno-epidemiological studies. | selected candidates predicted to localize to the
merozoite surface or invasive secretory organelles based on the P. vivax literature,
expression during the schizont stage, and homology to P. falciparum vaccine candidates.
| successfully expressed 37/39 full-length P. vivax proteins in a mammalian expression
system and investigated their function using high-throughput screening methods. |
screened all expressed proteins for their ability to bind reticulocytes and normocytes

using a flow cytometry-based assay. | screened the complete P. vivax library against an




existing library of 40 erythrocyte surface proteins using an assay designed to detect low-
affinity cell surface interactions in order to identify specific erythrocyte receptors. | also
performed an intra-P. vivax library screen to identify parasite protein-protein
interactions, which established that the interaction between surface proteins P12 and P41
known in P. falciparum is conserved in P. vivax, and detected several novel parasite
protein-protein interactions. | then used surface plasmon resonance to biochemically

confirm the intra-library interactions.

Finally, I used this protein library to characterize immune responses in P. vivax-exposed
individuals. | screened the library using 19G from P. vivax-exposed individuals from
Cambodia, the Solomon Islands, and Papua New Guinea (in collaboration), each with
distinct transmission dynamics, in one of the first large-scale immunoepidemiological
screens of a panel of full-length P. vivax merozoite proteins. Nearly all proteins were
immunogenic in all 3 settings, confirming their utility in global immuno-epidemiological
studies. We detected age-dependent associations for 12/34 proteins and strong
correlations with clinical protection for 3 proteins, including a hypothetical protein of
which little is known. Together, these data identified, characterized, and prioritized novel

P. vivax vaccine targets for future pre-clinical testing in ex vivo assays.
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