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In the PDIS project, we have tried to harmonize “support” and “sophistication” in ways that would directly benefit
drug discovery. Based on our initial proposal and on support demands, we focused our sophistication efforts in
several areas: (1) Protein docking with experimental constraints; (2) predicting protein-nucleotide interactions; (3)
modeling B cell receptors to atomic resolution; (4) improving multiple alignments, which are necessary for topics

1-3, as well as other areas of bioinformatics.

(1) Protein docking with experimental constraints

We developed a flexible docking pipeline based on in silico mutagenesis calculations that reproduced in vitro
protein-protein interactions. We applied the pipeline to the trimeric complex of TRAM,TRIF (Enokizono et al.,
2013), Regnase-1 domain-domain interactions (Yokogawa et al., 2016), JAK2 kinase (Shan et al., 2014) and
JMJD5-HBX binding (Kouwaki et al., 2016). We also carried out flexible ligand docking for several challenging

systems using molecular dynamics (Kamikawa et al., 2015; Oshima et al., 2015).

(2) Predicting protein-nucleotide interactions

We developed tools for prediction of nucleotide binding sites in proteins using structural features extracted from 3D
coordinates of proteins. The resulting tool called aaRNA achieved 85% predication accuracy on average, which was
~4% better than what had been reported previously (Li et al., 2014). The extension from RNA- to DNA-binding
prediction using the same structural features (aaDNA) gave similarly satisfying results. After applying aaRNA to
immune-related RBPs, predicted binding residues were often in agreement with those verified later by experiments
(Masuda et al., 2016; Mino et al., 2015). To address the problem of flexibly docking nucleotides to protein
structures, we developed a novel method using coarse-grained molecular dynamics (CGMD) simulations with
aaRNA or aaDNA as an attractive potential. Applications of our method were verified experimentally for a range of
systems, including the AU-rich element RNA-binding protein 1 (AUF-1) responsible for immune cell activation
(Nyati et al NAR 2016), a single-stranded DNA targeting antibody in systemic lupus erythematosus (SLE)
(Sakakibara et al, submitted), and APOBEC3G interacting with HIV-1 genomic RNA (Fukada et al submitted).

(3) Modeling B cell receptors to atomic resolution

In 2014, our lab was invited to join the AMA-II antibody structural modeling contest sponsored by Pfizer, Johnson
and Johnson and the Scripps Research Institute. Our team included researchers from Astellas Pharma and the
Institute for Protein Research at Osaka University. In spite of stiff competition (Schrodinger, Inc., Rosetta, MOE
etc.), our team produced the most accurate models overall: average errors in the third heavy chain complimentary
region (CDRH-3), which is the most difficult and important part of an antibody to model, were lower than in any
other group (Shirai et al., 2014). We subsequently developed KOTAI Antibody Builder, a fully automated server
that can model B cell receptor sequences in hours with no loss in accuracy compared to the semi-automated method
used in AMA-II (Yamashita et al 2014). In 2016, we developed an accelerated version of the software that can
render models for both BCRs and TCRs within seconds with no loss in accuracy (Schritt et al, in prep).

(4) Multiple sequence alignment

We are continuously developing the popular multiple sequence alignment (MSA) program, MAFFT. Along with
advances in sequencing technologies, the need for handling larger data is increasing. There is also a problem with
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data quality, due to limitations in current sequencing technologies and identification of protein-coding regions.
Thus it is becoming necessary to handle large low-quality data in MSAs and other sequence analyses. We have
taken two steps to remedy this problem in MAFFT: (i) Reuse of pre-compiled data (Katoh and Frith, 2012; Katoh
and Standley, 2013); (ii) A new scoring system to automatically exclude unrelated regions in otherwise homologous
sequences (Katoh and Standley, 2016). Regarding the first point, in many cases, a reliable MSA of known
sequences is available and one needs only to identify the relationship of new sequences to the known sequences
(such as is the case for BCRs and TCRs). Due in part to these improvements, the number of citations per year for
MAFFT has increased from 228 in 2007 to 2558 in 2015. The cumulative number of citations is about 14,000 as
of Nov. 2016. The MAFFT web server is also very popular:  The number of unique users is approaching 3000 per

week.
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