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With the explosive growth in the number of sequenced genomes, the demand for fast and reliable 
protein structure prediction techniques has increased tremendously. A very important component of the 
protein structure prediction approach is to devise an energy function that is capable of recognizing the 
native structure among myriads of similar low energy, non-native structures. Ideally, this energy 
function should include every type of interaction present in a detailed atomic model of a protein. 
However, such a rigorous approach increases the computational cost enormously. An alternative 
approach is to use a discrete, distance-dependent force field. These force fields have been used by 
various researchers and have shown tremendous potential ([1],[2],[3],[4],[5],[6],[7]). 

As we go from medium resolution structure prediction to high resolution structure prediction we need a 
force field which can distinguish between structures with very low RMSDs. This requires using a 
diverse and high quality decoy set to generate the force field. The generation of decoy structures is split 
into two stages. The first stage identifies the hydrophobic core of the protein and uses a set of tolerances 
to establish a varying degree of protein flexibility within the bounds. Then an ensemble of decoy 
structures can be created via DYANA ([8]) which uses simulated annealing with torsion angle 
dynamics. Using this method, high resolution decoys (i.e. decoy structures with 0.0 A < RMSD < 2.0 A 
to the native structure) have been generated for a set of 1400 non-homologous proteins that are expected 
to span the experimentally-determined structures in the Protein Data Bank. 

A linear programming based approach ([7]) is used to train these decoys. To incorporate a large number 
of decoys (> 625000) an iterative dropping scheme based on RMSD and energy criteria was used. 
Decoys for each protein were ranked based on RMSD and then a force field was generated using the 45 
lowest RMSD decoys of each protein. This force field was then used to rank all decoys and the best 
decoys (ranked by energy) were used to generate the next force field. This iterative scheme was repeated 
until there was no more change in the ranking of the decoys. 

The force field was then tested on a different set of 75000 low RMSD decoys and has shown very 
promising results. A test set comprising of 500 decoys of 150 proteins was used. This high resolution 
force field was capable of correctly identifying the native structure of 109 test proteins out of 150. The 
average ranking and average Zscore for this test set was 1.81 and 2.11 respectively. This force field was 
also tested on a set of medium resolution test decoys ([7]). It was observed that this force field does 
equally well on medium resolution decoys. When tested on this decoy set, it ranked native structures of 
115 test proteins as rank 1 as compared to 93 in their published work. The average Zscore in this case 
also increased from 3.08 to 3.78. To further increase the effectiveness of this force field, additional work 
is being done to refine the bin structure and to include the effect of side chains by considering 
interaction between centroids of the side chain. 
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