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Abstract:

Proteins are macromolecular compounds with extremely complex structures
and drive various biological functions in vivo such as molecular recognition, signal
transduction, enzymatic reaction, and etc. Since it is expected that there is a correlation
between the structure and the function (structure-function relationship), the
three-dimensional structures of many proteins have been clarified by experimental
methods such as X-ray diffraction experiment and nuclear magnetic resonance method
(NMR). Especially, dynamic information of a protein is recently obtained by
state-of-the-art experimental techniques such as X-ray free electron laser, cryo-electron
microscopy, AFM and STM, and etc., which enable ones to elucidate protein functions
in detail. Under such circumstances, theoretical calculations become more important to
confirm experimental facts at the microscopic level and predict its vital role.

With recent progress in both supercomputer architectures and computational
methodologies to analyze biomolecules, the field of chemical reaction analysis
occurring in vivo has made remarkable progress. In this seminar, molecular dynamics
simulations and first-principles methods for analyzing biological phenomena are
reviewed. We will also provide the latest research topics that our laboratory is
conducting especially on free energy analyses of folding and domain motion of proteins,
how to evaluate physical properties of proteins, enzymatic reactions are introduced.
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