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Research Activities

Nonlinear mathematical analysis is a broad area
by itself. It has been developed to offer generalizations
about important results in classical analysis and to
develop efficient tools in nonlinear studies. The
main themes of research in this area are infinite
dimensional analysis, linear and nonlinear operator
theory, their applications to various evolution
problems, systems of partial differential equations,
and applications of numerical analytic methods to
mathematical problems raised in natural and
medical sciences.

Research Subjects

(1) Mathematical analysis for pattern formation

(2) Theory and application of dynamical systems

(3) Theory and application of nonlinear evolution
equations

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

(5) Studies of age-dependent population dynamics
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R. Kawai, S. Torigoe, K. Yoshida, A. Awazu, and H.
Nishimori : Effective stochastic resonance under
noise of heterogeneous amplitude Phys. Rev. E 82
(2010) 051122

M. Fuijii, A. Awazu, and H. Nishimori : Saddle-Node
Bifurcation to Jammed State for Quasi-One-
Dimensional Counter Chemotactic Flow Phys. Rev. E
82 (2010) 015102(R)

H. Niiya, A. Awazu, H. Nishimori : 3D Dune Dynamics
as a Coupled Dynamics of 2D Cross-Sections J.
phys. Soc. Jpn. (2010) 063002

N. J. Suematsu, S. Nakata, A. Awazu, and H. Nishimori
: Collective behavior of inanimate boats Phys. Rev. E
81 (2010) 056210
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A. Awazu and K. Kaneko : Discreteness-Induced Slow
Relaxation in Reversible Catalytic Reaction Networks
Phys. Rev. E81 (2010) 051920

S. I. Nishimura, M. Ueda, and M. Sasai :
Factor Feedback Model for Cellular Locomotion and
Cytofission PLoS Comp. Bio. 5, (2009) e 1000310

Cortical

H. Nishimori, A. Katsuki, and H Sakamoto : Coupled
ODEs model for Collision Process of Barchan Dune
Theo. and App. Mech. Jpn 57, (2009) 174

Research in the Laboratory
The major purpose of our laboratory is
mathematical understanding of nonlinear
phenomena arising in nature. Especially, we are
interested in formation and dynamics of spatio-
temporal patterns in living systems. 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
(3) Fluctuation and dynamics of molecular machines
and lipid membrane
(4) Analysis of biochemical reaction networks
(5) Fluctuations and functions of biochemical

reactions
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A. Tero, S. Takagi, T. Saigusa, K. Ito, D. P. Bebber,
M. D. Fricker, K. Yumiki, R. Kobayashi and T.
Nakagaki : "Rules for biologically - inspired
adaptive network design", Science, 327 : 439-

442 (2010)

T. Umedachi, K. Takeda, T. Nakagaki, R.
Kobayashi and A. Ishiguro : "Fully Decentralized
Control of a Soft - bodied Robot Inspired by
True Slime Mold", Biological Cybernetics, 102-3
:261-269 (2010)

Seno, H.: "Native intra - and inter - specific
reactions may cause the paradox of pest control
with harvesting J. Biol. Dyn., 4 : 235-247 (2010)
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Research in the Laboratory

Our research activity is the mathematical
approach to various aspects of biological
phenomena. The following is a list of our
research subjects:

(1) Extension of phase field model for the
description of soft and flexible structures
and motions in living systems;

(2) Modeling study of the plasmodium of
Physarum polycephalum;

(3) Mathematical modeling for population
dynamics;

(4) Analysis of mathematical models for the
stability of biological structure.

About CREST project:

Our goal is to develop truly biomimetic robots
that exhibit soft and supple locomotion under
real world constraints, endowing robots with
(very) large degrees of freedom. In order to
achieve this goal, we revisit the concept of
autonomous decentralized control, and consider
the way of control that allows robots to
orchestrate large degrees of freedom.
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T.Nakaki, Relaxation oscillations of point vortices in
a plane, Theoretical and Applied Mechanics Japan,
53 (2004), 95-102

T. Nagai and T. Nakaki, Stability of constant steady
states and existence of unbounded solutions in time
to a reaction-diffusion equation modelling chemotaxis,
Nonlinear Analysis, 58 (2004) 657-681.

H. Irie and T. Bogaki, Time evolution of space-
structure and strategy for a population dynamics in
the Lotdka-Volterra lattice, Forma, 12 (1997), 177-
182

M. lima, Y. lijima, Y. Sato and Y. Tasaka, A time-
series analysis of the free-surface motion of
rotational flow, Theor. Appl. Mech. Jpn., 59 (2011)
187-193.

M. lima, A paradox of hovering insect in two-
dimensional space, J. Fluid Mech., 617 (2008)
207-229.

K. Shibuya, On the prolongation of 2-jet space of 2
independent and 1 dependent variables, Hokkaido
Math. J. 38 (2009) 587-626.
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Research in the Laboratory

Our interests are mathematical analysis to a variety
of phenomena arising from biology, environment,
engineering and so on. Modeling by dynamical
systems and mathematical/numerical analysis to
these models are the main strategy to obtain the
understanding of skeleton structures of phenomena.
Some of ongoing researches are differential equations
concerning vortex problems and moving boundary
problems, complex systems, fluid mechanics and
differential geometry.
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Mizuno,S., Amida,H., Kobayashi,N. Aizawa,S.,
and Tate,S. (2011) The NMR structure of FliK,
the trigger for the switch of substrate
specificity in the flagellar type 1l secretion
apparatus. J.Mol.Biol., in press.

Ohki,l., Amida,H., Yamada,R., Sugihara,M.,
Ishigaki,T., and Tate,S. (2011) Surface
plasmon resonance study on functional
significance of clustered organization of lectin-
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Biophysica Acta, 1814, 345-354.
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el01.
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Research in the Laboratory

We are exploring the structural dynamics of
protein and its significance in biological
function using NMR, X-ray, MASS and
biochemical approaches. The protein research
covers wide research fields ranging from
biochemistry, pharmaceutical, and biophysical
sciences to mathematical and computational
sciences. This laboratory provides you with a
wide-range of opportunities to explore many
aspects of protein structural dynamics. In
particular, we are very enthusiastic for devising
new experimental approaches to grasp novel
dynamical properties of proteins. The large
amplitude motional analysis of protein by our
new NMR technique, DIORITE (Determination of
Induced ORlentation by Trosy Experiments), is
one activity noted in this respect. The students
with eager for research originality are very
welcome.
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"Self-Motion of a camphor disk on an aqueous
phase depending on the alkyl chain length of
sulfate surfactants." S. Nakata, M. Murakami,
Langmuir 26, 2414-2417 (2010).
"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).

"BISZEF R U MINEL(ZEEN)NOBENRIE
([CBIT DA BIOESS." BRERIFE, KM5h8E, 7=
AILIVIZFYUY, 53, 64-70 (2008).

Research in the Laboratory

We are interested in the physico-chemical
phenomena under (I) non-equilibrium and (ll)
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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K. Saikusa, Y. Kono, S. lzumi: Topology and
dynamics of melittin within the liposome revealed
by a combination of mass spectrometry and
chemical modification. Biochem. Chiophys. Res.
Commun, 397, 1 (2010).

K. Saikusa, Y. Kono, S. Izumi: Dynamics Study of
Transmembrane Helix within Liposomes by Mass
Spectrometry and Chemical Modification, J. Mass
Spectrom. Soc. Jpn, 58, 75 (2010).

T. Hirata, A. Matsushima, Y. Sato, T. lwasaki, H.
Nomura, T. Watanabe, S. Toyoda, S. lzumi:
Stereospecific hydrogenation of the CC double
bond of enones by Escherichia coli overexpressing
an enone reductase of Nicotiana tabacum. J. Mol.
Catalysis B: Enzymatic, 59, 158 (2009).

N. lzumi, K. Fumoto, S. lzumi, A. Kikuchi: GSK-38
Regulates Proper Mitotic Spindle Formation in
Cooperation with a Component of the y-Tubulin Ring
Complex, GCP5. J. Biol. Chem., 283, 12981 (2008).

M. Kurayoshi, H. Yamamoto, S. lzumi, and A.
Kikuchi:Post-translational palmitoylation and
glycosylation of Wnt-5a are necessary for its
signaling, Biochem. J., 402, 515 (2007).

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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875-885 (2010)
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N., Izumi, S., Miyamoto, T., Matsuura, S.,
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HpSulf, a heparan sulfate 6-0O-endosulfatase, is
involved in the regulation of VEGF signaling
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127. 235-245 (2010)
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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. The projects of our
laboratory are as follows.

(1) Molecular mechanisms of regulation of gene
expression noise in animal embryos and
pluripotent stem cells.

(2) Molecular mechanisms of transcriptional
regulation of network genes for specification
and differentiation of mesoderm and
endoderm during sea urchin development.

(8) Molecular mechanisms of specification and
regeneration of primordial germ cell in sea
urchin development.

(4) Molecular mechanism of the function of Ars
insulator.

(5) Functional roles of extracellular arylsulfatase.
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Shimada, H., Obayashi, T., Takahashi, N., Matsui,
M. and Sakamoto, A. (2010) Normalization using
ploidy and genomic DNA copy number allows
absolute quantification of transcripts, proteins
and metabolites in cells. Plant Methods 6:29.1-9.

Ishikawa, S., Ito, Y., Sato, Y., Fukaya, Y., Takahashi,
M., Morikawa, H., Ohtake, N., Ohyama, T. and
Sueyoshi., K. (2009) Two-component high-affinity
nitrate transport system in barley: Membrane
localization, protein expression in roots and a
direct protein-protein interaction. Plant
Biotechnol, 26:197-205.

Research in the Laboratory

Our maijor 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) Roles of reactive nitrogen metabolism in
various aspects of plant biology, (3) Molecular
mechanisms of chloroplast biogenesis and
development, and (4) Exploiting plant capability
to tolerate hostile environments and for
environmental remediation by means of
molecular gene technology.
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Research interests

DNA lesions induced by environmental and
intracellular mutagens, if left unrepaired, lead to
carcinogenesis, ageing and other adverse
health effects. Our major focus is
understanding the molecular mechanisms of
cellular effects of DNA lesions such as DNA-
protein cross-links and oxidative DNA damage,
and the DNA repair that removes such DNA
lesions and restores genetic information.
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