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Theoretical investigation of reaction fields of biological macromolecular
systems based on quantum sciences and mathematical informatics
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By systematically combining quantum science and mathematical informatics, we
obtained the following achievements: 1) To precisely identify even weak and subtle signals that act
as functional sequence motifs in genome DNA, novel algorithms were developed together with
mathematical descriptions based on an information geometrical manifold, and applied to reveal the
motifs recognized by DNA topoisomerase (topo) Ilb. ii) Mechanisms to recognize the identified motifs
were also analyzed in combination with structural modeling of the DNA-topollb complex and hybrid ab
initio quantum mechanics (QM) molecular dynamics (MD) simulations of the complex. The informatics
and QM analyses showed that the catalysis acts in concert with the DNA recognition by topollb. iii)
In some biological systems, the catalytic mechanisms that could uniquely be characteristic to
organisms were revealed by using hybrid MD simulations, and dynamical processes of the electronic
structure rearrangements were elucidated.
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