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Building a model of nucleotide chains by applying coarse-graining of the normal modes of
vibration (llnst. Ind. Sci., Univ. Tokyo, 2Env. Sci. Ctr, Univ. Tokyo) O Shota Okamura,’
Hirohiko Houjou'~

To calculate vibrational frequencies with low cost and high accuracy, we have been developing
a coarse-graining method by reducing the dimension of the atomic displacement vectors of the
normal mode vibrations. This method was demonstrated applicable to many hydrogen-bonded
dimers, including nucleobase pairs. In this study, we attempt to extend the method to nucleoside
and nucleotide pairs and to determine the coarse-grained stiffness constants applicable to
nucleotide chains. Using quantum chemical calculations, the structures of dA-dT and dG-dC
pairs were optimized, which was provided for normal mode analysis. The normal coordinates
and frequencies were analyzed, to afford the stiffness constants corresponding to the shear,
stretch, stagger, propeller, open, and buckle displacements caused by the relative translations
and librations of the constituent molecules. Quantum chemical calculations and coarse-graining
analysis were performed using Gaussian16 and a program under development in our laboratory,
respectively. We will discuss a comparison of the coarse-grained stiffness constants between
base pairs and their decomposition into contributions from the sugar phosphate and the base
moieties. Next, we will formulate a scheme for calculating the interaction term between the
base pairs, which is a necessary step for applying it to oligonucleotides.
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