Analyzing protein folding simulation data using geometric and topological methods

Abstract:

   Understanding how proteins fold is essential to our quest in discovering how life works at the molecular level. Current computational power enables researchers to produce a huge amount of folding simulation data. Consequently, analyzing, interpreting and  getting insight into this information becomes a crucial issue.

   In this talk, we first describe EPO (Enhanced Partial Order algorithm), an efficient geometric method that can compare multiple protein folding trajectories, each modeled as a high dimensional curve. EPO is effective at capturing rather low similarities in both low and high dimensional curves. We show how to apply this to the folding trajectories of the mini-protein Trp-cage, to help automatically detect important folding events. A variant of this algorithm has also been used to align multiple protein structures.

   Next, we describe a novel topological method to help visualize the diverse set of simulated protein conformations. Specifically, various protein dynamic simulations can be considered as different ways to sample the conformational space of a given molecule. The collection of conformations produced during the simulation can potentially provide a glimpse of the protein energy landscape. However, visualizing this energy landscape in low (three) dimensional space is non-trivial, due to its intrinsic high dimensionality. We develop a tool that generates an ensemble of two-dimensional terrains models serving as the ``topological metaphors'' of the high dimensional energy landscapes, in the sense that they all share the same contour tree structure, as well as preserving the area (volume) of ``mountain peaks and valleys'' in the energy landscape.

   This is joint work with Ferhatosmanoglu, Harvey, and Sun.
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