Development of a TSR-based method for protein 3-D structural comparison with applications to protein classification and motif discovery
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Abstract
Protein 3-D structural comparison is important and challenging. Approximately 200 papers on this topic were published in the last forty years since the first automated method was developed in 1980. The current methods can be divided into four categories: sequence-, distance-, secondary structure- and geometry-based structural comparison. Each has its uniqueness, and also limitations. We have developed a completely new method where coordinates are converted to triangles, and an integer is calculated based on vertices, lengths and angles of a triangle through a rule-based formula. A structure is ultimately represented by a vector of integers. Our method is able to accurately quality similarity structure or substructure by calculating numbers of identical and nonidentical integers between two proteins. Our method has its uniqueness: (i) superimposition is not needed; (ii) a triangle is the simplest primitive to capture shape; (iii) structure comparison is achieved by integer calculations. We apply our method in the studies of proteases, kinases, and phosphatases since they play essential roles in cell signaling, and many are also drug targets. Our results clearly demonstrated successful clustering of proteins, and identification of motifs. The new motifs or substructures we identified specifically for kinases, phosphatases, and proteases provide a deeper insight on structural relations. Our method has a potential to be developed into a powerful tool for structure-Blast search and comparison efficiently as sequence-blast search and alignment.

