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Fold Recognition (FR) emerges as a successful and promising approach to protein structure prediction.  However, FR models tend to be fragmented and to include non-physical inter-residue distances.  Such models may not be very useful beyond the somewhat artificial context of prediction experiments like CASP.  Thus, we believe that the refinement of FR models is a major challenge in current computational structure biology.  

Specifically, we try to generate non-fragmented, all-atoms models that are as similar as possible to the FR models, and at the same time physically plausible.  Both requirements can be formulated into a derivable potential and the problem then becomes an optimization task.  We implement this approach in BEAUTIFY, a new program handling many aspects of protein structure prediction including loop building and energy based optimization. BEAUTIFY is based on MESHI our in-house software package for molecular structure modeling.  

Similarity of the BEAUTIFY model to the original FR template is enforced by distance constrains extracted from the template.  a-priori all the distances between Ca atoms in the FR model may serve as constrains.  In general, however, not all these constrains can be satisfied simultaneously in a physically plausible model. The optimization is thus done in several runs. The less satisfied constrains are removed after each run.

Physical plausibility is enforced by knowledge-based energy terms extracted from a non-redundant set of high-resolution structures (based on ASTRAL1).  Bond, angle, plane, out-of-plane and Van-der-Waals terms result in correct local structure and resolve clashes.  On a higher level, we try to achieve “protein-like” appearance of the models by using cooperative energy terms that involve a large set of atoms coupled in a non-linear way.  While more complex than the other terms, all the cooperative energy terms are derivable and evaluated in a linear time.    

The cooperative energy terms include:
1) Hydrogen bond pairs - This energy term assigns low energy values to HB pairs frequently observed in proteins, such as the characteristic patterns of beta sheets. HB pairs that never occur in proteins are concurrently penalized by high-energy values. Usage of this term was shown to enhance the formation of native-like alpha/beta structures2.
2) Solvation - This energy term induced a native-like solvation environment around every atom by forcing a certain number of neighboring carbon atoms in its vicinity. 
3) Torsion Pairs - Low energetic values were assigned to frequently occurring torsion pair conformations, such as the allowed regions of the Ramachandran plot or the chi1/chi2 of common side chain rotamers.

In the current round of CASP we tried to refine Ca-models extracted from the CAFASP4 site.  Depending on the variability of the models submitted to CAFASP, we manually chose from one to five template models.  If an educated guess could be made considering the position of some missing residues, their Ca-atoms were added manually.  These models were fed to the program together with a secondary structure prediction (a consensus of PSIPRED3 and SAM-T024).  The refinement was done in three steps. First, the Ca-model was completed and refined, than the other backbone atoms were added and finally those of side chains.  In all stages missing atoms were initially assigned random positions and reasonable structures were obtained by direct energy minimization.  The random positioning of the missing atoms made this process non-deterministic, and many alternative decoys could have been generated from each template.  The number of decoys actually generated ranged from one to 4000, depending on protein size and availability of computing resources.  The resulted decoys were clustered and low energy representatives of the major clusters were submitted to CASP.
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