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In order to understand the molecular mechanism in the membrane fusion process, a
series of molecular dynamics simulation of membrane systems including vesicles has been conducted using a
newly developed (semi)-quantitative coarse-grained molecular model on the basis of all-atom molecular
dynamics trajectories. Interaction between curved membranes such as vesicles and fusion process has been
investigated in terms of free energy analysis. Effects of lipid components and the presence of the
peptides have been analyzed in the free energy calculations. New methods to accurately evaluate the line
tension and curvature moduli of membranes have been also developed. The calculated physical constants
were used to compare a simple continuum model and molecular dynamics for the free energy barriers of
membrane fusion, which elucidated that the elastic energy contribution explains the fusion energy barrier
only qualitatively.
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