Near-Native Protein Structure Refinement in Vacuum, Implicit and Explicit Solvent
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Improvement in comparative modeling (or homology modeling), has remained a difficult problem since the CASP experiments began in 1994. In these applications, the modeled structure is typically within the 1Å-3Å C-alpha R.M.S.D. of the true structure. Interestingly, it is within this same range that some of the best predictions in the other categories of CASP (ab initio prediction and fold-recognition) also fall. The problem of traversing this seemingly tiny distance, from the near-native structure to the native structure, is often referred to as the protein structure refinement problem. The central assumption in structure refinement is that the native structure of a protein should be at the global minimum of the potential energy surface of whatever force-field is used for modeling. But how well do common molecular dynamics force-fields satisfy this assumption? Several molecular mechanics potentials were compared for their ability to attract near-native decoy protein structures towards their native structures. A total of 75 domains were chosen as representative of the the known protein folds, and for each fold, 729 decoys were generated using normal mode perturbations (Tirion method). Molecular dynamics and energy minimizations were done on these near-native decoy sets in explicit and implicit solvent using the OPLS-aa force-field. We also performed energy minimizations using a smooth, differentiable knowledge-based pairwise atomic potential and OPLS-aa in vacuo. The knowledge-based pairwise atomic potential performed better in minimization tests than a traditional molecular dynamics potential in explicit and implicit solvent. Energy minimizations with OPLS-aa in explicit and implicit solvent performed better than other force fields in vacuum.

