Study Near Native Protein Structures by Sequential Monte Carlo Method




Jinfeng Zhang, Ming Lin, Jun Liu, Rong Chen, and Jie Liang

Protein experiences dynamics fluctuations inside cells, and its biological properties are better described by the set of near native structures, instead of a single structural snapshot as captured by crystallography or multiple structures from NMR. Here, we study the ensemble of near native structure (NNS) of proteins, namely, conformations that are very similar to the experimental native structures. This is a challenging task, because on one hand, the population of NNS is very large, which increases exponentially with chain length; On the other hand, the occurrence of NNS is extremely rare in the whole conformational space accessible to a protein model. We develop sampling methods based on sequential Monte Carlo (SMC) technique to characterize the ensemble properties of near native structures. By applying a new resampling scheme and variable temperature technique, we succeeded in obtaining adequate samples to characterize many important ensemble properties of NNS, including the relative size of the set of NNS, the probability of randomly sampling one NNS structure, and the occurrence of native contacts in NNS. The method is validated by comparison with results from exhaustive enumeration of small protein fragments. We show that samples from SMC have much better diversity than those obtained from greedy method. We find that optimized models with different complexity have same probability of NNS. We also find that the proportions of NNS are affected by the secondary structure content of the proteins. We illustrate how that method can be used in evaluation of the effectiveness of protein models and the accuracy of potential functions. Finally we show how this method can be applied in the study of backbone flexibility involved in protein functions and interactions.

