The Protein Structure Universe Viewed from the Perspective of Surface Shape
Matt Herron1,2, Brian Denton3, David La1 & Daisuke Kihara1,2,5
1 Department of Biological Sciences, 2 Department of Computer Science, 3 Department of Statistics, 5 Markey Center for Structural Biology, 

Purdue University, West Lafayette, IN, 47907
Traditionally, sequential and spatial arrangements of the secondary structure are used to compare proteins for database searches and study.  Here we introduce a novel approach of using solely protein surface shape to compare and classify proteins. In order to investigate the whole protein universe on the basis of surface shape, we first selected 990 proteins from the SCOP database, each from a different fold classification.  We then calculated the pair wise Euclidean distances between all the protein’s 3D Zernike descriptor files.  The 3D Zernike file is a series expansion of 121 numbers that represent and quantify the protein’s surface shape.  We then used dgsol to solve the distance geometry of all the Euclidean distances, and mapped all the 990 representative proteins into a 3D space. The mapping represents the relative similarity in surface shape for the proteins.  When graphed, we can observe interesting trends and characterizations in the overall distribution of surface shape.  After observing those proteins that lay on the edges of our model, we noted that they were the extremes of their respective classifications, elongated, spherical, etc.  We then ran a PCA analysis on our data to confirm the trends we observed intuitively.  Originally it was expected that proteins of similar composition would exhibit similar surface shape, though this was interestingly disproven.  As our results show, ratio of alpha helices to beta sheets is independent of surface shape.  With our model of relative similarity in surface shape, we were able to investigate trends along the axis that mapped the elongation factor of protein surface.  Another axis showed a bearing on the complexity of surface shapes, with simple domains on one extreme, and muti-regional shapes on the other.  Currently, we are expanding our set of proteins to one from each superfamily, increasing the number of proteins in our model from 990 to 1465.  This model has a wealth of opportunity and ability, as it allows us to see the extreme cases of surface shapes, as well as proteins who share very similar surface shape.  
