Malaria project:

Currently, as one of the most endemic diseases, malaria afflicts over 40 % of the world population, and severely threatens public health worldwide. Most of infectious events occur in sub-Sahara Africa, where the main victims are young children. Malaria is transmitted by the protozoan species Plasmodium. There are four Plasmodium species that have been identified to infect human being, P. falciparum, P. vivax, P. ovalae and P. malariae. P. falciparum is the most lethal.
Long-term use of quinoline drugs promotes the development of drug-resistant P. falciparum and P. vivax species. Novel anti-malarial drug targets are urgently needed to be discovered to battle these variants. Plasmepsins, a group of homologous aspartic proteinases, have been strongly considered as such potential targets. A total of 10 plasmepsins have been identified in the P. falciparum genome. Seven of them, plasmepsin 1, 2, 4, 5, 9, 10, and a highly related histo-aspartic proteinase (HAP), are expressed and functioned in the intra-erythrocytic stage of the parasite life cycle. Plasmepsin 1, 2, 4 and HAP are located in a special acidic organelle, called food vacuole, and are involved in human hemoglobin degradation to provide nutrients and create space for the development of the parasite. Inhibitors of these plasmepsins, such as pepstatin A, SC-50083, and HIV-1 protease inhibitors, are able to kill the cultured parasite, suggesting these plasempsins be potential targets for new drug design. Along with the food vacuole plasmepsins are plasmepsin 5, 9 and 10, whose functions are not well understood yet.
Our lab focuses on screening and designing specific and highly effective inhibitors against the potential drug targets, plasmepsins. The studies are carried out in both the kinetic and the structural level to help understand and improve the enzyme-inhibitor interactions. As the primary goal, our lab is dedicated to production of active recombinant plasmepsins using E. coli, B. megaterium and P. pastoris over-expression system. Large amounts of soluble zymogens can be obtained by in vitro refolding. Purified zymogens are subjected to optimizing conditions for proenzyme auto-conversion and mature enzyme catalysis in vitro. The enzymatic features of active mature enzymes are characterized with kinetic assays. With the collaboration of several chemical synthesis labs world wide, such as Dr. Enrica Bosisio group, University of Milan, Italy, Dr. Anders Hallberg group, Uppsala University, Sweden, Dr. Stephan Quideau group, University Bordeaux 1, France, and Dr. Mark Hamann, University of Mississippi, USA., the inhibition effects of a variety of natural and synthesized compounds against plasmepsins can be tested in our lab. Compounds with high binding affinity are subjected to crystal growth trials in complex with related enzymes. In collaboration with our colleagues, Dr. Robert McKenna group, University of Florida, College of Medicine, high resolution X-ray crystal structures can be resolved to allow analyzing enzyme-inhibitor interactions and to guide us design more specific plasmepsin inhibitors. In collaboration with our colleagues, Dr. John B. Dame group, University of Florida, College of Veterinary Medicine, and Dr. David Fidock, Albert Einstein College of Medicine, plasmepsin inhibitors can be tested on the P. falciparum parasite culture to assess their antiparasitic effects.
The plasmepsin series studied in our lab include all 4 food vacuole plasmepsins of P. falciparum, all food vacuole plasmepsins of the other 3 human malarial parasites, plasmepsin 5 of P. falciparum, as well as two other orthologs of food vacuole plasmepsins from P. berghei and P. gallinaceum, which infect rodent and bird, respectively. Studies on these two plasmepsins are able to allow developing a parasite-infected mouse or chicken model for in vivo assessment of drug metabolism. This can be accomplished with our collaborator, Dr. Joseph M. Vinetz, University of California, San Diego.
