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Babesiosis has great economic impact on livestock industry in tropical and

subtropical regions in the world. Combination of novel drug and vaccine intervention are required to

better control the disease. Using proteomics we identified 3 novel exported proteins: The first two
protein (Bb60 and Bb11920) with 10 transmembrane regions that were expressed in spherical bodies
and on the surface of infected red blood cells (iRBCs). Development of Blasticidin S (BS) resistance

resulted in downregulation of one major expressing gene of mtm, suggesting an association with BS
uptake. Induced knockdown of the third exported protein, Bb4280, resulted in decreased growth rate,
reduced ridge numbers on the erythrocyte surface, mislocalized VESAl that is a ligand for
cytoadhesion, and abrogated cytoadhesion to endothelial cells, suggesting that this protein is a
novel virulence factor for B. bovis. We named this protein VESAl-export associated protein (BbVEAP).

Babesia bovis



1 Background

Bovine babesiosis caused by Babesia bovis has a great economic impact on the cattle industry in
tropical and subtropical regions in the world. Lack of effective and safe vaccines, the emergence
of acaricide-resistant ticks and drug-resi stant strains are the major obstacles for controlling bovine
babesiosis. Combination of novel drug and vaccine intervention are required to better control the
disease. The parasite extensively modifies the host erythrocyte viathe export of numerous proteins
into the erythrocyte cytosol and membrane, to facilitate metabolite exchange, to change
erythrocyterigidity and finally to mediate cytoadherencein deep tissues. Cytoadherence, mediated
by VESA1 (Variant Erythrocyte Surface Antigen 1) ligand, causes sequestration of infected
erythrocytes into internal organ to avoid spleen clearance. On the other hand, binding of infected
erythrocytes with an unknown receptor on the brain microvascular endothelial cells causes
blockage and produce cerebral symptoms. Despitetheir crucial rolein the virulence, pathogenesis,
and as targets of host immunity, exported proteins, collectively called the “exportome”, have not

been comprehensively characterized in B. bovis.

2. Research aims

Recently, we performed surface biotinylation of infected erythrocytes, followed by proteomic
analysis using Liquid chromatography-tandem mass spectrometry (LC-MS/MS) which resulted in
identification of nearly 100 B. bovis proteins. Known surface exposed proteins, VESA1, were
identified, thus validating the approach. Additionally, we found 2 proteins (Bb60 and Bb11920)
having several transmembrane domain (to be referred as mtm) indicating their possible expression
on the surface of erythrocyte and putative function as channel or transporter. Furthermore, we
identified a protein (Bb4280) that its homolog exists in other Babesia spp. and Thelleria spp.
indicating a conserved function across piroplasms and may serve as avaccine candidate for bovine
babesiosis. In this study, we aim to characterize our recently identified surface exposed proteins

and evaluate them to be used as novel vaccine and therapeuticstargetsto combat bovine babesiosis.

3. Resear ch methods
(1) To characterize mtm we used transcriptomics together with genetic tools and parasite

growth assay.



(2) Tofunctionally characterize BbVEAP, we employed reverse genetic tools to knockdown
the protein together with several phenotype assays including cytoadhesion assay,
merozoite purification and invasion assay and parasite growth assay.

4. Resear ch reaults

Using proteomics we identified 3 novel exported proteins: The first two proteins (Bb60 and
Bb11920) with 10 transmembrane regions that were expressed in spherical bodies and on the
surface of infected red blood cells (iIRBCs). Because another RBC infecting parasite, Plasmodium
falciparum, was shown to become blasticidin S (BS) resistant by decreasing anion channel activity
on iRBC surface, we generated BS-resistant B. bovis to confirm whether this protein may serve as
achannel. Development of BS resistance resulted in downregul ation of one major expressing gene
of mtm, suggesting an association with BS uptake. Episomal overexpression of downregulated
mtm in the resistant line made these parasites more sensitive to BS, supporting our hypothesis on
their rolein BS uptake (Fig 1).

Induced knockdown of the third exported protein, Bb4280, resulted in decreased growth rate,
reduced ridge numbers on the erythrocyte surface, mislocalized VESA1 that is a ligand for
cytoadhesion, and abrogated cytoadhesion to endothelial cells, suggesting that this protein is a
novel virulence factor for B. bovis. We named this protein VESA1-export associated protein
(BbVEAP). We established a method for isolation of viable and invasive B. bovis merozoites.
Induced knockdown of BbVEAP did not affect merozoite invasion into RNC but arrested parasite
devel opment suggesting an essential role of BbV EAP during development in the RBC (Fig 1).
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Thisisthefirst description of a putative channel or transporter molecule on the surface of Babesia-
IRBC. Our results provide new insights into the host cell modifications by B. bovis and their

pathogenicity.
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