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proaches with ab initio structure prediction is the Markov Chain Monte Carlo
(MCMC) method. However, it doesn’t perform well for large molecules such

. . as proteins since the search space expands exponentially with the increase in
Sllce Chaln MaX—Sum D D D D D D D D D the number of atoms. In order to solve this problem, Slice Chain Max-Sum
(SCMS) algorithm has been proposed. This method represents the potential

D |:| D D D D D D D D D D D D |:| D |:| function by a factor graph and combines MCMC sampling and optimal sample
D |:| |:| |:| |:| |:| |:| |:| |:| sequence selection by the max-sum algorithm. Although it has been shown

that SCMS is more efficient than MCMC, SCMS has a difficulty in finding the
lowest potential energy state because it requires very long time before escaping
from local minima. In this work, we have developed SCMS2.0 by improving the

O o o oft O O O [Oft? OJ o oft MCMC sampling process using the quasi-Newton method. The supported po-
11 i1 tential functions have also been extended by introducing van der Waals forces.
0 0 0 0 0 U 0 O It has been shown in experiments that SCMS2.0 is more efficient than MCMC

and SCMS for large molecules.
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energy search problem in a potential landscape. One of the most popular ap- Chiba University
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Fig.1 A factor graph having a linear structure.
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Fig.2 Procedure of the conventional SCMS.
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Fig.3 A molecule consisting of five atoms.
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Fig.4 A factor graph representing the potential energy of the molecule in Fig.3.
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Fig.5 Molecule slicing by parallel planes with an interval W.
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Fig.6 A linear structured factor graph having composite variable

and factor nodes representing a potential of a molecule.
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Fig.7 A construction example after applying MCMC with optimization by fixing positions of atoms

in the neighboring slices. Almost no structural change is observed except at both ends of the
molecule.
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Fig.8 A construction example after applying MCMC with optimizing by including positions of atoms

in neighboring slices. Large structural change is observed through the molecule.
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Fig.9 Schematic diagram of the improved max-sum algorithm.
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Fig.10 SCMS2.0 algorithm.
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Fig.11 Example of energy change of 100-mer poly-alanine.
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Fig. 12 Example of energy change of 150-mer poly-alanine.

Fig. 13 Example of energy change of 200-mer poly-alanine.
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Table 1 Results of six trials of MCMC with optimization and SCMS2.0.
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