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Prediction of Membrane Protein Structures

by Generalized-ensemble Algorithms

Hironori Kokubo! and Yuko Okamoto?

1Department of Chemistry, University of Houston
2Department of Physics, Nagoya University

The Markov-chain Monte Carlo method is a computer simulation algorithm that re-
produces statistical ensembles. It is usually based on the Boltzmann weight factor and
realizes a fixed-temperature canonical ensemble. However, when the number of degrees of
freedom of the system is large, there exist a huge number of local-minimum-energy states
that are separated by high-energy barriers. This forces the simulation to get trapped in
energy-local-minimum states and makes it very difficult to reproduce an accurate low-
temperature canonical ensemble. Generalized-ensemble algorithms are generic terms for
those methods that are based on non-Boltzmann weight factors and overcome the above-
mentioned difficulty by realizing a one-dimensional random walk in energy space. We
review one of the generalized-ensemble algorithms, namely, the replica-exchange method,
and its extensions. As an example of its application, we present the results of replica-
exchange Monte Carlo simulation applied to the prediction of membrane protein struc-
tures.

Key words: Generalized-ensemble algorithm, replica-exchange method, membrane protein, trans-
membrane helix, protein tertiary structure prediction.



