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Research Activities

We are communicating with mathematical sci-
ence to reply to requirement in various natural or
social sciences. Recently, we apply the way of
thinking of dynamical system, or linear or nonlinear
operator theory to be willing to elucidate mecha-
nism of nonlinear phenomena and to get feedback
to mathematical theory related to our interest, as
responding to novel progresses in sciences. For
instance, since 2008, optimality, biodiversity, and
adaptiogenesis have been studied theoretically
from the view point of biophysics and physicobiolo-
8y.

Research Subjects

(1) Mathematical analysis for pattern formation

(2) Theory and application of dynamical systems

(8) Theory and application of nonlinear evolution
equations

(4) Asymptotic analysis of reaction-diffusion
systems and interface equations

(5) Foundation of mathematical sciences

(6) Feedback in mathematical optimization theory.

(7) Theoretical study of optimality, biodiversity, and
adaptiogenesis related to the existence of
circadian rhythm of cyanobacteria.
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Motion Induced by the Interaction between Camphor
Disks', J. Phys. Soc. Jpn. 84, 034802(2015)doi:
10.7566/JPSJ. 81.034802)

Y. Ogihara, O. Yamanaka, T. Akino, S. lzumu, A. Awazu,
H. Nishimori: Switching of Primarily Relied Information
by Ant: A Combinatorial Study of Experiment and
Modeling

Mathematical approaches of Biological Systems
(Springer 2015) 119-128
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A. Awazu: Segregation and phase inversion of
strongly and weakly fluctuating Brownian particle
mixtures and a chain of such particle mixtures in
spherical containers

Phys. Rev. E 90 (2014) 042308

T. Tokuyama, Y. Nakano, A. Awazu, et al.:
Deterioration of the circadian variation of heart rate
variability in Brugada syndrome may contribute to the
pathogenesis of ventricular fibrillation

Journal of Cardiology 64 (2014) 133-138

Research in the Laboratory
The major purpose of our laboratory is

mathematical understanding of nonlinear

phenomena arising in nature like fluid, granular

materials, ecological and social systems, and inter

and intra bio-molecular networks. By using the

tools such as models, analysis and computations,

we are now working with the problems:

(1) Collective dynamics and functions of
populations of self-propelled elements

(2) Mathematical geomorphology

(8) Fluctuation and dynamics of cells and
bromolecular machines

(4) Analysis of biochemical reaction networks and
their functions

(B5) Analysis of formation and dynamics of global
flow structure
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(1) S. Kuroda, I. Kunita, Y. Tanaka, A. Ishiguro, R.
Kobayashi and T. Nakagaki : “Common
mechanics of mode switching in locomotion
of limbless and legged animals”, J. R. Soc.
Interface, 11(95) : 20140205 (2014)
E. Shoji, H. Nishimori, A. Awazu, S. lzumi, and
M. lima: “Localized Bioconvection Patterns
and Their Initial State Dependency in
Euglena gracilis Suspensions in an Annular
Container”, Journal of Physical Society of
Japan, 83, 043001(2014).
E.A. Gaffney, S. Seirin Lee : “The Sensitivity
of Turing Self-Organisation to Biological
Feedback Delays: 2D Models of Zebrafish
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Pigmentation”, Mathematical Medicine And
Biology , 1-23 (2013)

(4) T. Umedachi, K. Ito and A. Ishiguro : “Soft-
bodied amoeba-inspired robot that switches
between qualitatively different behaviors with
decentralized stiffness control”, Adaptive
Behavior, Vol. 23, 97-108. (2015)

Research in the Laboratory

We are trying to understand the dynamics of
complex systems including living organisms by
mathematical approaches such as modeling,
simulation and theoretical analysis. We
collaborate with biologists and roboticists so as
to keep our work on the realistic base. Students
and young researchers are encouraged to make
his/her own mathematical models in our
laboratory.

Living system can be regarded as “a field
where material and information are crossing each
other to achieve the structure formation and the
emergence of functionality in various scales”. We
especially concentrate on the motion of living
system. For example. animals can move around
smoothly and robustly even in the uncertain
circumstances. As mentioned above, we
collaborate with the researchers in various area,
so as to understand this wonderful ability from
the point of view of mechanics and control and to
make use of it in the engineering field. Also, we
study animals’ swimming and flying including
their collective behavior, as well as flows with free
surface, in terms of the interaction between the
boundaries (animal or free surface) and
surrounding fluids. In the micro-scale, researches
on the domain dynamics of chromosomes are
performed. Our goal is to establish the theoretical
framework properly describing living system
which is physical existence having purpose.
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Research in the Laboratory

The research in this laboratory focus on the
structural dynamics of protein in relation to its
functional significance. We use a various
approaches, including X-ray crystallography,
SAXS, AFM, and NMR with biochemical
experiments. The theoretical simulation using
coarse-grained model is also introduced.
Protein research covers a wide research fields
ranging from biochemistry, pharmaceutical, and
biophysical sciences to mathematical and
computational sciences. This laboratory will
give you various opportunities to explore
different aspects of protein structural
dynamics. In particular, we are very enthusiastic
for devising new experimental approaches to
grasp dynamical properties of proteins more
accurately. Our devised NMR approach for
exploring the molecular morphology, DIORITE
(Determination of Induced ORlentation by Trosy
experiments), is one of the notable outcome in
this laboratory. The students eager for original
researches are very welcome.
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"Physicochemical Design and Analysis of Self-
propelled Objects that are Characteristically
Sensitive to Environments", S. Nakata, M.
Nagayama, H. Kitahata, N. J. Suematsu, T.
Hasegawa, Phys. Chem. Chem. Phys.,
(Perspective), 17, 10326-10338(2015).

"Application of Magnetically Simulated
Microgravity for Preparation of Thin Films with
Carbon Nanotubes." A. Katsuki, H. Yamamoto,
Y. Fujiwara, M. Fujiwara, M. Endo, Y. Tanimoto,
Chem. Lett. 37, 728-729 (2008).

"BHISZANAUCHINESD (S8BEH) ROBENR
BICHITF DMHAIAMBIOESY." BRIRIFIE, KH45088, &
SAWVIVIZFUVYT, 53, 64-70 (2008).

Research in the Laboratory

We are interested in self-organization in
chemical systems under (I) non-equilibrium and
(I high magnetic field (15 tesla) conditions.
The current research projects include: (1)
Mode-switching and vector process of
autonomous systems, (2) Spatio-temporally
developed phenomena at a membrane or an
interface, (3) Chemical sensing mimicking taste
and olfaction, (4) Surface phenomena of a liquid
sphere and a membrane under magnetic
levitation, (5) Magnetic-gravitational effects on
the development and growth of living
organisms, and (6) Magnetic formation and
orientation of nano-aggregates.
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“Mass spectrometric approach for characterizing
the disordered tail regions of the histone H2A/H2B
dimer”

K. Saikusa, A. Nagadoi, K. Hara, S. Fuchigami, H.
Kurumizaka, Y. Nishimura, S. Akashi :

Analytical Chemistry, 87, 2220-2227 (2015).

“Stability of the BB2B3 crystallin heterodimer to
increased oxidation by radical probe and ion mobility

mass spectrometry”
S. Akashi, S. D. Maleknia, K. Saikusa, K. M. Downard :
Journal of Structural Biology, 189, 20-27 (2015).

“Alkylated Dihydroxybenzoic Acid as a MALDI
Matrix Additive for Hydrophobic Peptide Analysis”
Y. Fukuyama, R. Tanimura, K. Maeda, M. Watanabe,
S. Kawabata, S. Iwamoto, S. Izumi, K. Tanaka :
Analytical Chemistry, 86, 5187-5187 (2014).

Additive for mass spectrometry matrix and mass
spectrometry using the same

By Fukuyama, Hiroko; Izumi, Shunsuke From Jpn.
Kokai Tokkyo Koho (201 3).

Additive for mass spectroscopy matrix
By Fukuyama, Hiroko; Izumi, Shunsuke From Jpn.
Kokai Tokkyo Koho (201 3).

Research in the Laboratory

The major interests of our laboratory are the
chemical elucidation of the biological functions of
living cells and utilization of these functions in vitro.
Focus is on three major projects: (1) elucidation of
structure and function of bioactive natural
products; (2) basic elucidation and development of
asymmetric synthesis of useful compounds by
biocatalysts; and (3) elucidation of defense
reaction, especially apoptosis of plant cells against
exogenous stress, and signal transduction cascade
for responses.
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Nakade S, Tsubota T, Sakane Y, Kume S,
Sakamoto N, Obara M, Daimon T, Sezutsu H,
Yamamoto T, Sakuma T and Suzuki K.

Microhomology-mediated end-joining-dependent
integration of donor DNA in cells and animals
using TALENs and CRISPR/Cas9. Nature
Communications, 5. 5560, 2014

Ochiai H, Miyamoto T, Kanai A, Hosoba K,
Sakuma T, Kudo Y, Asami K, Ogawa A,
Watanabe A, Kajii T, Yamamoto T and Matsuura
S. TALEN-mediated single-base-pair editing
identification of an intergenic mutation
upstream of BUB1B as causative of PCS
(MVA) syndrome. Proc Nat/ Acad Sci U S A.,
111:1461-1466, 2014

Sakuma T, Nishikawa A, Kume S, Chayama K
and Yamamoto T. Multiplex genome
engineering in human cells using all-in-one
CRISPR/Cas9 vector system. Scientific
Reports, 4: 5400, 2014

Mitsunaga-Nakatsubo K, Akimoto Y, Kusunoki S
and Kawakami H. Novel structure of hepatic
extracellular matrices containing arylsulfatase
A. Okajimas Folia Anat Jpn., 90: 17-22, 2013
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Research in the Laboratory

The major purposes of our laboratory are

understanding of the molecular mechanisms
underlying regulation of gene expression noise,
the cell lineage specification, the evolution of
body plan and the chromatin structure involved in
regulation of transcription and DNA replication.
We mainly use sea urchin embryos, mammalian
culture cells and pluripotent stem cells as
experimental systems. To achieve aims, we
develop genome editing technologies with site-
specific nucleases in various organisms. The
studies of our laboratory are as follows.

(1) Development of genome editing technologies
using site-specific nucleases.

(2) Study of molecular mechanisms of regulation
of gene expression noise in animal embryos
and pluripotent stem cells.

(8) Study on molecular mechanisms of
transcriptional regulation of network genes for
specification and differentiation of mesoderm
and endoderm during sea urchin development.

(4) Study on molecular mechanisms of
specification and regeneration of primordial
germ cell in sea urchin development.

(5) Study on molecular mechanism of the
function of Ars insulator.

(6) Study on functional roles of extracellular
arylsulfatase.
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Sakamoto, A., Nishimura, T., Miyaki, Y.,
Watanabe, S., Takagi, H., lzumi, S., and
Shimada, H. (2015) /n vitro and /in vivo evidence
for oxalate oxidase of a germin-like protein from
azalea. Biochem. Biophys. Res. Commun. 458:.
536-542.

Watanabe, S., Matsumoto, M., Hakomori, Y.,
Takagi, H., Shimada, H., and Sakamoto, A.
(2014) The purine metabolite allantoin
enhances abiotic stress tolerance through
synergistic activation of abscisic acid
metabolism. Plant Cell Environ. 37: 1022-
1036.

Shibata, M. and Shimada, H. (2014) Simultaneous
analyses of oxidized and reduced forms of
photosynthetic quinones by high-performance
liquid chromatography. Methods Mol. Biol. 1153:
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Takahashi, M., Furuhashi, T., Ishikawa, N.,
Horiguchi, G., Sakamoto, A., Tsukaya, H., and
Morikawa, H. (2014) Nitrogen dioxide regulates
organ growth by controlling cell proliferation
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201: 1304-1315.

Research in the Laboratory

Our major interests are directed at elucidating
molecular biological, biochemical, and
physiological bases of plant function and its
relationship with inconstantly changing
environment, with special focus on the roles of
metabolism and chloroplast development. The
current main research projects include: (1)
Plant metabolic strategies for sustainable
growth and survival under environmental stress,
(2) Molecular mechanisms of chloroplast
biogenesis and development, and (3) Exploiting
plant capability to tolerate hostile environments
and for environmental remediation by means of
molecular gene technology.
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Research interests

DNA is continuously subject to damage by
endogenous and environmental agents. If not
repaired, DNA damage interferes with DNA
replication and transcription, resulting in cell
death and mutations. Qur current research
interests focus on (i) elucidating the elaborate
DNA repair mechanism to mitigate the
deleterious effects of superbulky DNA lesions
and (ii) understanding the response of the
replication and transcription machinery upon
encountering such lesions.
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