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All-atom protein folding with free-energy models

De novo prediction of protein tertiary structure on the basis of amino acid sequence and the elucidation of the protein folding mechanism are important outstanding problems in biophysical chemistry. Following the thermodynamic hypothesis, the native conformation of a protein can be predicted as the global optimum of its free energy surface with stochastic optimization methods orders of magnitude faster than by direct simulation of the folding process.

We have developed all-atom free energy force fields PFF01/02[1] which stabilize the native conformation of a wide array of proteins as their global optimum. With efficient stochastic optimization methods we can predicatively and reproducibly fold a variety of proteins containing both alpha-helices and beta-sheets from random starting conformations: the trp-cage protein[2], the villin headpiece [3], the HIV accessory protein[4], protein A, the 60 amino acid, 4-helix bacterial ribosomal protein L20[5] and several beta sheet peptides (14-28 amino acids).

These simulations offer a unique insights into the process by which protein structure forms from the unfolded ensemble. In contrast to direct simulation methods, free energy optimization permit a direct characterization of the relevant low-energy region of the free-energy funnel that governs the folding process. Using several examples I will discuss what we can learn what we can learn about protein folding from this new perspective.
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