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By providing technologies and knowledge related to bioinformatics, the following support was
provided.

In collaboration with Professor Endo’s research group (Kyoto Sangyo University), to develop
treatment methods for diseases related to mitochondrial protein transport, we combined in vivo
experimentally obtained results of site-specific photo-crosslinking and in silico prediction results
of three-dimensional (3D)-structure for subunits of the TOM complex. Thereby, we obtained the
TOM complex assembly structure, which is a protein delivery apparatus on mitochondria. We
were able to provide, for the first time, a structural basis for the elucidation of widely various
protein transport mechanisms via the TOM complex to mitochondria.

To elucidate the mechanisms of mitochondrial lipid metabolism and the mechanisms of diseases
caused by abnormal mitochondrial lipid metabolism, we also inferred the 3D-structure and
functional sites, and analyzed evolutionary information of the "cardiolipin" synthase, Tam 41,
which is necessary for maintaining mitochondrial normality, in collaboration with Prof. Endo’s
research group. This study revealed part of the mechanism how mitochondria maintain their
normal function.

We conducted information analysis of low-molecular compounds that inhibit the interaction
between the mutated form of Huntington and Ku 70, obtained from in vitroand in silico screening
studies for the development of drugs for Huntington’s disease in collaboration with Professor
Okazawa’s (Tokyo Medical and Dental University) research group.

To develop novel inhibitors targeted to the protein NP of influenza virus, in collaboration with
the research group of molecular virology special research unit leader Aida (RIKEN), we identified
the binding site of a low-molecular compound, which is a candidate of seeds for therapeutic drugs,
obtained from a high-throughput screening study.

In collaboration with the research group of Associate Professor Sakamaki (Kyoto University),
we performed bioinformatics analysis of caspases and their homologous proteins, which are the
major players in apoptosis, to elucidate the relation between apoptosis and disease and to develop
drugs. We found relations between those proteins and the mechanisms of protein interactions
and substrate specificity.

In collaboration with Associate Professor Ikeda (Keio University) and others, we applied our
ultrafast comparison method for known and potential ligand binding pockets, which is suitable
for large-scale data discovery research, to construct a new database called PoSSuMds, from which
we selected 194 approved drug compounds. Then we detected their known binding pockets and
pockets that are similar to them.

In advancing bioinformatics technologies to promote the project, we intend to identify and
discover unknown substrates of disease-related degradative enzymes using the case of caspase-3
as an example. We used screening data provided by Professor Sawasaki (Ehime University) and
developed and released ScreenCap3, which is a new prediction method for caspase-3 cleavage
sites and its substrates.

We also developed a novel highly sensitive amino acid substitution matrix MIQS for remote

homology detection and protein structure prediction, and released a sequence similarity search
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server on which users can use MIQS. This substitution matrix has been installed in sequence
analysis programs and packages such as DECIPHER, LAST, and FAMSA developed by external
researchers. We have also improved our profile—profile comparison method, Fold Recognition
TEchnique (FORTE), in terms of both similarity detection sensitivity and alignment accuracy
using the varietal libraries and revising the scoring scheme. Our team, which uses the improved
FORTE series, was placed at the top of a ranking list in the multimer prediction category at the
12th Community Wide Experiment on the Critical Assessment of Techniques for Protein
Structure Prediction (CASP12) held in 2016.

Regarding the advancement of the signal sequence prediction method, we specifically examined
the mitochondrial transition signal (MTS) because relations between mitochondrial abnormality
and various diseases have been reported. Using recent proteomic data, we have developed a new
prediction method, called MitoFates, which can predict MTS and its cleavage site better than
existing methods.

In collaboration with the research group of Director Kunishima (RIKEN), we are developing a
new surface residue replacement method based on the results of statistical analysis of protein
crystal data for improving protein crystals. We conducted proof of concept (PoC) experiments

using a model protein system.
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