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Project 1:
Chemical modification of silkworm silk as bactericidal material  (Professor Yang Daiwen, http://www.dbs.nus.edu.sg/staff/yangdw.html )
Silkworm silk is natural protein fibers and has been used in textile industry for a very long time. It is biodegradable and biocompatible, and thus has been widely studied as surgical sutures, wound healing materials, and artificial ligament.  In some applications like sutures and wound healing material, where bacterial infection of wounds is a critical issue, antibacterial functionalization in the materials is preferable. In this project, we will use protein chemical modification techniques to introduce antimicrobial reagents to silkworm silk proteins (or silk fibers) through covalent bonding. We aim to obtain modified silk with the antimicrobial function. Such modified materials will have great potentials in medicine and textile industry.

Project 2:
Identification of dengue virus protease inhibitors (Professor Yang Daiwen, http://www.dbs.nus.edu.sg/staff/yangdw.html )
Dengue virus is responsible for the dengue fever, a tropical infectious disease whose incidence has increased drastically over the last decades. NS3 protease is a non-structural viral protein. It is essential for the virus maturation and the cleavage of the poly-protein into functional individual proteins. Inhibition of the protease activity disables the virus replication, and thus the protease is an excellent drug target. Over the past years, structure-based drug design and identification for the dengue have been focused on the substrate binding site. Since the binding site for NS3 is similar to those for many human and animal proteases, the inhibitors obtained are lack of selectivity or are toxic to animals. Recently, we have identified a new inhibition site that is far away from the ligand-binding site and unique for dengue. In this project, we will do virtual screening based on this new binding site using a couple of libraries. Subsequently, we will use protease activity assay to test inhibition effects of the compounds identified from the virtual screening. Finally we will study the interactions of the protease with a couple of selected inhibitors using nuclear magnetic resonance spectroscopy.

Project 3:
To develop combinatorial inhibitory treatments for cancer target, glutaminase (Professor Low Boon Chuan https://mbi.nus.edu.sg/low-boon-chuan/  & Professor Jayaraman Sivaraman http://www.dbs.nus.edu.sg/staff/sivaraman.html )

Cancer cells develop unique ways to harvest energy in order to thrive. One key enzyme that is involved in such adaptation is the glutaminase (KGA), an enzyme in the glutaminolysis pathway.  We have characterized the function of KGA and showed its inhibition by BPTES and its regulation by the oncogenic Ras/MAPK signalling (PNAS, 2012; http://www.pnas.org/content/109/20/7705.short). In this project, we will investigate how some of the existing  Ras/MAPK inhibitors could be used in combination in suppressing the function of KGA in various cancer cell models. We will also explore modifying existing chemical structures of BPTES and other similar analogs to achieve a more effective inhibition.

Project 4:
To identify protein dimerization motif for BCH scaffold domain and its role in cancer cell motility. (Professor Low Boon Chuan https://mbi.nus.edu.sg/low-boon-chuan/)

Cancer cells develop unique ways to increase its invasiveness, motility and metastasis (see Chemical Reviews, 2018; https://pubs.acs.org/doi/10.1021/acs.chemrev.8b00042 ). One family of protein that is involved in supressing cell motility is the BNIP-2 family protein that carries the novel BCH domain (note: domain is a minimal set/part of protein that can function separately) that serves as scaffold protein that supports Ras, Rho and their GTPases signalling systems (FEBS Letters, 2012, https://www.ncbi.nlm.nih.gov/pubmed/22710163 ). BCH domain also allows BCH-BCH domain interaction to regulate the function of proteins that carry them. In this project, we will map and identify where the protein dimerization motifs are in BNIP-2 and BPGAP1, and examine how this dimerization process can regulate cell motility. We will also develop potential inhibitors that could block such BCH-BCH interaction with the hope of developing therapeutics to control cancer cell motility.

Project 5:
Targeting essential flagellar enzymes for new anti-parasitical approaches (Professor Cynthia He http://www.dbs.nus.edu.sg/staff/cynthia.htm )

Eukaryotic pathogens are responsible for some of the world’s most widespread (e.g. Toxoplasmosis) and most damaging (e.g. malaria) infections in human and animals. Trypanosoma brucei belongs to a group of kinetoplastid parasites including Trypanosoma cruzi that causes Chagas’ disease in South America, and the Leishmania spp. that are the second-most deadly parasitic killer in the world (after malaria). T. brucei is the causative agent of Sleeping Sickness in human and Nagana in cattle. Together, these parasites cause ~150,000 deaths per year, and put hundreds of millions people world-wide at risk.  
In recent years, T. brucei has emerged as a model organism to understand the structure and function of flagellum, thanks to its prominent and perpetual presence in the parasite cell and the advanced molecular genetic tools available to this organism. While many proteins related to human ciliary diseases have been found in T. brucei flagellum; many flagellar proteins were found uniquely present in the tritryp parasites. In addition to cell motility, T. brucei flagellum also functions in cell division, parasite evasion of host immune attack, development and pathogenesis, as the parasite undergoes cyclic development in the mammalian hosts (as BSF form) or the insect host (as PCF form). As such, studies of the conserved features are of broad interest and can benefit general understanding of flagellum structure and function; studies of the unique features are equally interesting and can offer the opportunity to identify new drug-able targets.

In this project, the conserved targeting domain of several essential flagellar enzymes will be investigated for their potential as drug target. Biochemical and cell biological approached will be used to localize these enzymes and identify their interacting proteins. Advanced cellular imaging technics and molecular genetic methods will also be used to explore the in vivo dynamic behaviour of these enzymes.
