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Protein phosphorylation is a key regulator of protein function in signal transduction pathways. Kinases are the enzymes that 

catalyze the phosphorylation of other proteins in a target-specific manner. The dysregulation of phosphorylation is associated with 

many diseases, including cancers, neuro-degenerative disorders, and auto-immune diseases. Consequently, characterization of 

kinase activity in the context of these diseases is essential for the development of effective treatments. Indeed, in the last decade, 

kinase inhibitors have become central to the treatment of a broad range of cancers. Although technological advances enable the 

identification of phosphorylated sites for thousands of proteins, most of the phosphoproteome is still in the dark: more than 95% 

of the reported phosphorylation sites in humans have no known kinases. The incompleteness of kinase annotations and the 

limitations of data acquisition techniques give rise to two important computational problems in the study of cellular signaling: 1) 

How can we identify the kinases that target a given phosphorylation site? 2) How can we identify the kinases with altered activity 

based on the changes in the phosphorylation levels of their targets? In this talk, we demonstrate that the computational tools that 

are developed to address these fundamental problems have a common flaw that poses limitations on the expansion of knowledge: 

Both benchmarking data and algorithms are biased toward well-studied kinases. We then describe the algorithms we develop to 

overcome these hurdles by integrating a broad range of functional data Finally, we present comprehensive results that aim to 

systematically assess the robustness of algorithms with respect to missing data. Our results show that network algorithms can

significantly enhance the utility of phospho-proteomic data and the ability of computational tools in generating new knowledge that 

pertains to cellular signaling.
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