Prediction of substrate specificities of protein kinases
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Post-translational modification of proteins by phosphorylation is the most abundant type of cellular regulation. To ensure signalling fidelity, kinases must be specific and act only on a defined subset of cellular targets. Specificity is determined by the "peptide specificity" (molecular recognition of the peptide surrounding the phosphorylation site by the kinase active site) and the regulated co-localization of the kinase and the substrate. Experimental identification of a protein kinase substrate is difficult, therefore genome-wide identification of kinase-substrate associations is a challenge due to the large number of kinases and the corresponding substrates. There is a need for rapid and inexpensive methods for identifying kinase-substrate pairs. We hypothesized that the peptide specificity of a kinase can be predicted based on the known molecular structures of protein kinases. Using a heuristic approach, we developed a set of rules that govern the binding of the peptide to the kinase, based on an analysis of known peptide specificities of a set of diverse kinases, their amino acids sequences and three-dimensional structures. We implemented these rules in the program Predikin that predicts an optimal peptide substrate motif using only the amino acid sequence of the kinase as input (http://www.smms.uq.edu.au/kinsub). The rules currently cover protein Ser/Thr kinases, but we are developing the rules for Tyr kinases also. We have used Predikin to study yeast signal transduction pathways, and several studies have confirmed Predikin predictions experimentally, for example in G-protein-coupled receptor kinase, stress-activated protein kinase 3 and protein kinase C. Recent improvements involve a more reliable identification of substrate-determining residues (allowing for wider range of kinases) and batch substrate prediction. Predikin can be valuable to researchers through generating hypotheses and narrowing down the number of possible substrates. It is also the only available predictive method that can provide specificity information on uncharacterized protein kinases. Further improvements will require integration with other information that at least partially accounts for the co-localization component of specificity.

