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Yutaka TakaOka (Professor, Division of Bioinformatics, Center for Advanced Antibody Drug Development,

University of Toyama)
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Yutaka Takaoka is Professor in Bioinformatics
Division, Center for Advanced Antibody Drug
Development, University of Toyama from 2021 and a also
visiting Professor in Kobe University Graduate school
of Medicine, Kobe Tokiwa University, and Kumamoto
University, too. In 1999, his PhD degree was obtained
from the University of Tokyo for the investigation of
molecular mechanisms of amyloid pathology by using
mouse models. His specialties are based on both wet
(molecular cell biology) and dry experiment (molecular
simulation, data science, and Al). His research is focused
on the computational drug design and in silico pathology
from 2007. He has a national qualification for the
Practitioner of Acupuncture and Moxibustion (PAM) in
1988.
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Prediction for the adverse reaction
and efficacy of medicine by
molecular dynamics simulation

In the last 10-15 years, computational drug
discovery and the research for molecular mechanisms
of diseases has become realistic in academia due to
improvements in computer performance. In the research
of drug discovery in academia, it is important to take
a different approach from that of pharmaceutical
companies, such as creating new computational drug
discovery methods for niche diseases. This is because,
academia has limitations in terms of research funding
and manpower and cannot do as same as pharmaceutical
companies.

Our research team is small, consisting of only three
members, but it is possible to conduct multiple studies
in parallel by taking advantage of the latency after
starting the data analysis such as MD simulation in the
computer. For analysis, we sometimes use workstations
in our laboratory, but when the scale of computation is
large, we have also tried to shorten the analysis time
by using supercomputers. Then, it is also important to
proceed the research together with in vitro results for the
computational analysis.

I introduce four outcomes in this session: (1)
evaluation of nucleic acid drugs [1]; (2) research and
development of computational DR (drug repurposing)
[2]; (3) prediction of disease pathology [3]; (4) future
prediction by molecular simulation analysis and
mathematical model derivation (prediction of side effects
and treatment prognosis [4]; prediction of infectivity of
coronavirus subspecies [5, 6].
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2013-Present, Professor, Faculty of Engineering,
University of Toyama
Antibody Engineering and Technology for Application

2000-2013, Associate Professor, Faculty of Engineering,
University of Toyama

Research on the gene responsible for adult T-cell
leukemia

1997-2000, Assistant Professor, School of Medicine,
Nagoya University
Research on sulfated glycans and midkine

1992-1997, Researcher, RIKEN
Research on glycosyltransferase

1991-1992, Researcher, RIKEN
Research on activin, inhibin and follistatin

1991 PhD, Toyama Medical and Pharmaceutical
University
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SARS-CoV-2 2284 7 & v 37
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Comprehensive analysis of nasal 1gA antibodies

induced by intranasal administration of the
SARS-CoV-2 spike protein

Intramuscular vaccines are recognized as capable
of eliciting antigen-specific systemic humoral immune
responses but are generally recognized as incapable
of inducing mucosal immune responses, which is
important for protection against respiratory viruses
such as severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and influenza virus. The emergence
of such highly infectious viruses may undermine the
therapeutic efficacy of the intramuscular vaccines,
requiring more effective vaccination to prevent the
viral transmission through the upper respiratory tract.
Immunoglobulin A (IgA) is differentially distributed
between the systemic and mucosal immune systems.
Monomeric IgA (M-IgA) is predominantly present in
serum, whereas multimeric secretory IgA (S-IgA) is
the most prevalent IgA in mucous secretions. Since
nose epithelial cells are a primary target for airborne
viruses, intranasal vaccination that induces S-IgA in
the upper respiratory tract is desirable for protection
against the infection and transmission of the viruses.
To understand the precise contribution and molecular
nature of S-IgA induced by intranasal vaccination with
respect to its antiviral function, we developed over one
hundred antigen-specific monoclonal M-IgAs from mice
that were intranasally immunized with a SARS-CoV-2
spike protein. Antibody phylogenetic analysis revealed
that antibodies obtained from nasal mucosa and non-
mucosal tissues originated from common ancestral B
cells, suggesting that intranasal vaccination can elicit a
systemic antibody response. Analysis of the reactivity
and functionality of the antibodies revealed that non-
neutralizing M-IgAs recognizing various epitopes on
SARS-CoV-2 spike protein can protect against SARS-
CoV-2 infection when expressed as S-IgAs, indicating
that IgA multimerization contributes to efficient virus
neutralization on upper respiratory mucosa. Our
investigation is the first to demonstrate the function of
nasal S-IgA at monoclonal level, which will contribute
to future intranasal vaccine development, including the
improvement of mucosal adjuvants and mucosal antigen
delivery methods to induce effective mucosal immune
responses.
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