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    ABSTRACT
During blood stage development, malaria parasites are challenged with the detoxification of enormous amounts of haem released during the proteolytic catabolism of erythrocytic haemoglobin. They tackle this problem by sequestering haem into bioinert crystals known as haemozoin. The mechanisms underlying this biomineralization process remain enigmatic. Here, we demonstrate that both rodent and human malaria parasite species secrete and internalize a lipocalin-like protein, PV5, to control haem crystallization. Transcriptional deregulation of PV5 in the rodent parasite Plasmodium berghei results in inordinate elongation of haemozoin crystals, while conditional PV5 inactivation in the human malaria agent Plasmodium falciparum causes excessive multi-dimensional crystal branching. Electron diffraction analysis indicates that neither the crystalline order nor unit cell of haemozoin are affected by impaired PV5 function. Deregulation of PV5 expression renders P. berghei hypersensitive to the antimalarial drugs artesunate, chloroquine, and atovaquone, resulting in accelerated parasite clearance following drug treatment in vivo. Together, our findings demonstrate the Plasmodium-tailored role of a lipocalin family member in haemozoin formation and underscore the haem biomineralization pathway as an attractive target for therapeutic exploitation.
SIGNIFICANCE During blood stage development, the malaria parasite replicates inside erythrocytes of the vertebrate host, where it engulfs and digests most of the available haemoglobin. This results in release of the oxygen-binding prosthetic group haem, which is highly toxic in its unbound form. The parasite crystallizes the haem into an insoluble pigment called haemozoin, a process that is vital for parasite survival and which is exploited in antimalarial therapy. We demonstrate that the parasite uses a protein called PV5 in haemozoin formation and that interfering with PV5 expression increases the parasite’s sensitivity to antimalarial drugs during blood infection. An improved understanding of the mechanism underlying haem sequestration will provide valuable insights for future drug development efforts.
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