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A novel algorithm for enhanced conformational sampling and its applications to compute free-energy

landscapes of protein-protein and protein-ligand interactions
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It is known that there is relationship between protein conformation and function, and various experiments and
computer simulations have been used to study the relationship. In recent years, computer-aided conformational
sampling is becoming increasingly important to investigate biomolecular phenomena including protein-ligand,
protein—protein, and protein—DNA binding processes as well as protein folding. In many cases, generalized-
ensemble methods are used to enhance sampling. For example, adaptive umbrella sampling, apply an effective
potential, which is derived from temporarily assumed canonical distribution as a function of one or more
arbitrarily defined reaction coordinates. However, it is not straightforward to estimate the appropriate canonical
distribution, especially for cases applying multiple reaction coordinates. Multidimensional virtual-system
coupled canonical molecular dynamics (mD-VcMD), which is one of the generalized-ensemble MD methods
does not rely on the form of the canonical distribution. Therefore, it is practically useful to explore a high-
dimensional reaction-coordinate space.

In this study, I applied the mD-VcMD method to two types of system to verify its usefulness in the
field of bioscience. At first, I performed the method with the simple molecular models consisting of three or
four alanine peptides. I confirmed that mD-VcMD efficiently searched 2D and 3D reaction-coordinate spaces
defined as inter-peptide distances.

Next, I applied the method to three systems consisting of mSin3B and one of three compounds,
sertraline, YN3, and acitretin. Sertraline, YN3, and acitretin are chemical compounds designed to inhibit
binding of neural restrictive silencer factor/RE1-silencing transcription factor (NRSF/REST) to a corepressor
mSin3B. These compounds can be a drug candidate for neurological diseases, such as Down’s syndrome,
medulloblastoma, Huntington disease, cardiomyopathy, and neuropathic pain. The mD-VcMD method
produced useful quantities such as the spatial density of the ligand around the receptor, the intermolecular
contact patterns, the propensity of molecular orientation, and the ligand flexibility. From these analyses, I
showed that only sertraline produces a similar inter-molecular binding mode observed in the REST/NRSF—
mSin3B complex.
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