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Advancement of atomic model construction technology

We have developed many computational methods for constructing atomic models of biomolecules based on
experimental data such as electron microscope images, electron microscope three-dimensional structure
(3DEM), SAXS (small angle X-ray scattering) and SANS (small angle neutron scattering). There are
roughly two types in these computational methods. One is a method to construct numerous deformed
structures from the initial structure such as X-ray crystal structure. The other is a method to select a
structure that reproduces experimental data from among many deformed structures. Regarding the former,
we have developed appropriate methods for different kinds of molecules. Also, in order to reduce the
burden of users, we have proceeded with automation. With regard to the latter, we have improved the
computational speed by using parallelization and an appropriate optimization algorithm. A part of the
computational methods was reported in Scientific Reports (Matsumoto et al. 2017).

Support for molecular modeling using molecular structure deformation technology

We have supported the construction of atomic models of molecules in various functional states using our
original computational techniques for building deformed atomic models and for fitting the atomic models to
low resolution experimental data, such as electron microscope images, SAXS, and SANS. In any case, the
whole structure of the molecule was not known by the X-ray crystal structure analysis at the start of the
support. Thus, by comprehensively using the known partial structure information, the amino acid sequence
information, and the DNA base sequence information, we constructed the whole structures of the molecules
that well reproduced the low resolution experimental data. As a result, we were able to propose the three
dimensional structural models of the giant cadherin molecules (Tsukasaki et al. Proc. Natl. Acad. USA,
2014) and of the nucleosome dimer (Kato et al. Science, 2017).

Development of protein-DNA interaction method and molecular packing improvement method

The knowledge on the importance of physico-chemical properties has been accumulated, however, it is not
well utilized in protein-DNA interaction analysis. We carried out molecular dynamics simulations on
various DNA sequences and derived structural and dynamical parameters using a machine learning
technique. Using the parameters, we developed a method (DynaSeq) for characterizing DNA
sequence-dependent conformation and dynamics (Andrabi et al., Scientific Reports, 2017). In addition, we
developed a computational method (Linear Discriminant Analysis method) which can detect differences
between two trajectories from MD simulations carried out under different conditions (Sakuraba and Kono,
J. Chem. Phys. 2016). This method allows us to evaluate the effect caused by simulation conditions such as
mutation or with/without a ligand.

We also tried to develop a method which improves molecular packing to achieve a higher resolution
analysis and alters molecular packing in a crystal so that a ligand binding region can be exposed to the
solvent. Based on an algorithm we developed for protein design (Kono and Saven, J. Mol. Biol. 2001), we
calculated packing energies over changing relative orientations and relative distances between molecules in
a crystal unit. By incorporating the master-worker algorithm, the calculation now can be carried out in
parallel and efficiently.



Support for protein-DNA interactions analysis and for molecular packing design
A DNA-binding protein, TAL binds to DNA specifically, but it was not known which residues are

responsible for the binding. Using molecular modeling and molecular dynamics simulations, we supported
to detect key residues (Tujii et al. BBRC, 2013). In a similar way, we also supported to examine the effect
of amino acid mutations of a DNA-binding protein which are often observed in hepatoma.

We supported analysis of binding sites of 1312 transcription factors using DynaSeq we developed. The data
showed that the physico-chemical properties of DNA sequences are significantly different not only at the
binding sites but also 200 bp upstream or downstream of the binding sites, indicating that the binding site
prediction can be improved by considering a longer DNA sequence than currently used (Andrabi et al, Scientific
Reports, in press, 2017).

In support for crystal packing improvement, we proposed 10 mutants each of which has one mutation.
Among them, we prepared several mutants to crystallize them. We successfully solved a crystal structure for one
of them at the same resolution as the wild type. The packing was improved at the mutation site, but packings for
the surrounding residues were perturbed. We concluded that this was why the resolution remained at the same
level of the wild type.
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