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ABSTRACTS 
PROJECT OBJECTIVE: Develop a novel computer-assisted method for drug screening against diseases 
caused by multi-cellular parasites. A key contribution of this system will be to automatically identify and 
quantify therapeutically relevant complex phenotypes in the pathogens in response to putative drug 
molecules and use these phenotypes for discovery of new therapeutics. 
 
TECHNICAL ABSTRACT: By allowing for the analysis of a large number of molecules, high-content screening 
(HCS) constitutes one of the fundamental technologies of modern drug discovery. Against parasitic 
diseases, drug discovery and optimization often requires screening molecules against the entire parasite 
and quantifying the therapeutic action in terms of morphological and behavioral impact on the pathogen. A 
successful drug may not necessarily lead to immediate death yet perturb the parasite’s ability to survive, 
For example, in the case of the widespread parasitic disease Schistosomiasis the gold-standard drug, 
Praziquantel (PZQ) leads to contractions in the musculature, which is evidenced by heightened activity of 
the parasite, impacting among others, the ability of adult worms to maintain position within the bloodstream. 
Thus, a single end-point measurement of ‘live or death’ (e.g., ED50 value) is often over-simplistic for lead-
identification. High-throughput drug discovery in such settings is challenging in context of the state-of-the-
art, primarily because HCS methods are optimized for cell-based assays and phenotypes at the organism 
level tend to be both different and/or more complex than cellular phenotypes. In the specific context of drug 
screening, the phenotypic complexity is manifested most directly at the level of parasite morphology and 
appearance as well as in terms of parasite motion patterns. Addressing these challenges requires efforts at 
multiple levels which include: (1) design of shape and appearance models which can quantify complex 
visual appearance of parasites and yet be rapidly and robustly calculated, and (2) design of algorithms for 
tracking and modeling complex motion and behavior patterns including those involving multiple parasites 
over long time periods, while retaining sensitivity to changes that occur over short time periods. In this 
research we seek to develop an automated, image analysis-based screening methodology which will 
address both the above directions. Additionally, we will also investigate HCS platforms and high-throughput 
light-microscopy platforms (available at the Sandler Center, UCSF), and integrate the developed algorithms 
in a capture-processing-analysis workflow with these systems. Key contributions of this research include: 
(1) development of automated phenotypic assays for anti-parasitic drug discovery, (2) algorithms for 
quantitative measurements of complex phenotypes that removes the subjectivity and variability with manual 
scoring of phenotypes, and (3) development of algorithms for capturing novel phenotypes that are either too 
subtle, or evolve over timeframes that exceed the human attention span. This highly interdisciplinary 
research will draw upon the expertise of the PI in computational drug discovery and image analysis as well 
as those of his collaborators from Sandler Center, UCSF, who are leading experts in parasitic diseases, 
screening, and drug discovery. The results coming out of different stages of this research will be 
immediately used in the drug discovery efforts at the Sandler center and at the UCSF small molecule 
discovery center. This methodology will not only have value for academic and industrial drug discovery, but 
will also be applicable in assays involving phenotype studies for gene function elucidation (using techniques 
like RNAi) and in screening and development of insecticides for crop protection. Results from this seed 
grant will also be used to develop public-private partnerships (with the Sandler and Gates foundations) for 
anti-parasitic drug discovery centered in the bay-area at UCSF and SFSU. 
NON-TECHNICAL ABSTRACT: One of the key challenges in drug discovery today lies in the development of 
methods that allow rapid and effective drug development by analyzing complex effects in pathogens when 
exposed to putative drug molecules. Such effects are important because the influence of a possibly 
successful drug can be manifested through a variety of complex morphological and behavioral phenotypes 
in pathogens. Therefore such phenotypes need to be considered to ensure that promising drug candidates 
are not overlooked. The proposed research constitutes a highly inter-disciplinary R&D effort and will lead to 
a method where video recordings of disease causing parasites will be automatically analyzed using 
computers to rapidly and accurately determine the effectiveness of the drugs being tested. In addition to its 
scientific value, such a method will fundamentally reduce the cost/time associated with pharmaceutical drug 
discovery. Therefore, this research will not only have a strong impact on the evolution of Biotechnology, but 
also have a broad impact on issues related to human health and disease control, not just in California, but 
across the nation and the world. 




