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Laboratory of Nonlinear Studies
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ZEMZ4E (Undergraduate Students)
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TEL: 082-424-7372

FAX: 082-424-7372

E-mail: knsakamoto@hiroshima-u.ac.jp

URL: http://www.mls.sci.hiroshima-u.ac.jp/amc/
http://cbbc.hiroshima-u.ac.jp/
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Lefever equation in one space dimension
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K. Sakamoto, Destabilization threshold curves for
diffusion systems with equal diffusivity under non-
diagonal flux boundary conditions, Discrete and
Continuous Dynamical Systems, Series B Vol. 21,
No. 2, pp. 641 - 654, 2016.

I. Ohnishi, “Standard model of a binary digit of
memory with multiple covalent modifications in a
cell”, J. of Pure and applied math., Vol.2, No.1, pp.5-
11(2018).

I. Ohnishi, “Memory Reinforcement with scale effect
and its application Mutual symbiosis among
Terrestrial Cyanobacteria of Nostochineae. Feather
mosses, and Old trees Boreal Forests” , Global
Science Chronicle, Vol.1(1), (2017) 1-7.

S. Shinkai, T. Nozaki, K. Maeshima, and Y. Togashi,
Bridging the dynamics and organization of chromatin
domains by mathematical modeling, Nucleus, Vol 8,
No.4, pp.353-359, 2017.

Research Activities

We are communicating with mathematical sci-
ence to reply to requirement in various natural or
social sciences. We apply the ideas of dynamical
system, or linear or nonlinear operator theory to elu-
cidate mechanism of nonlinear phenomena and to
get feedback to mathematical theory related to our
interest, as responding to novel progresses in sci-
ences (Sakamoto).

In Ohnishi Labo, recently, theoretical research of
mutual symbioses between terrestrial cyanobacteria
of Nostochineae, feather moss and old tree of
boreal biome in boneal forest in the area between
south Alaska and north California, or in Scandinavia
Peninsula from the environmental viewpoint of
biological nitrogen fixation (Ohnishi).

The computational biology team aims to elucidate
dynamics of molecular machinery and information
processing mechanisms in biological systems
(Togashi).

Research Subjects

(1) Mathematical analysis for pattern formation
(Sakamoto)

(2) Theory and application of dynamical systems
(Sakamoto)

(3) Theory and application of nonlinear evolution
equations (Sakamoto)

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

(B5) Theoreticul research of mutual symbioses between
terrestrial cyanobacteria of Nostochineae, feather
moss and old tree of boreal biome in boneal forest
in the northwest area of American continent or in
Scandinavia Peninsula from the environmental
viewpoint of biological nitrogen fixation (Ohnishi).

(8) Reaction-diffusion modeling and molecular
dynamics simulation of biomolecular systems
(Togashi).
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HE &% Numerical study for granular splash
and force propagation caused by single
granular impact onto granular bed
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Zhao Yan: Analysis of Fragile X-associated
Tremer/Ataxia Syndrome Pathology by
Simulating Secondary Structure Formation
in CGG Repeat R-loop and mRNA

B

E
R

il
L

NRIEX. BE. HBE

A. Takemoto, T. Miyamoto, F. Simono, N. Kurogi, M.
Shirae-Kurabayashi, A. Awazu, K. T. Suzukil, T.
Yamamoto, N. Sakamoto: Cilia play a role in breaking
left-right symmetry of the sea urchin embryo

Genes to Cells (2016) 12362

K. Takamiya, K. Yamamoto, S. Isami, H. Nishimori, and
A. Awazu: Excluded volume effect enhances the
homology pairing of model chromosomes Nonlinear
Theory and Its Applications, IEICE 7, (2016) 66-75.

Tanabe, T., Shimada, T., Ito, N., & Nishimori, H:
Splash detail due to a single grain incident on a
granular bed.

Physical Review E, 95 (2017), 022906.

FEAORADMOYZ2L—Y3Y

T. Kameda, S. Isami, Y. Togashi, H. Nishimori, N.
Sakamoto and A. Awazu: The 1-Particle-per-k-
Nucleotides (1PkN) Elastic Network Model of DNA
Dynamics with Sequence-Dependent Geometry,
Frontier in Physiology. (2017) DOI: 10.3389/
fphys.2017.00103.

A. Awazu: Prediction of nucleosome positioning by
the incorporation of frequencies and distributions of
three different nucleotide segment lengths into a
general pseudo k-tuple nucleotide composition.
Bioinfomatics (2017) 33, 42-48.

H. Kawazoe, Y. Nakano, ..., A. Awazu, ... : Risk
stratification of ventricular fibrillation in Brugada
syndrome using noninvasive scoring methods

Heart Rhythm (2016) 13, 1947-1954,

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

(5) Analysis of formation and dynamics of global flow
structure
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(1) S. Lee, S. Tashiro, A. Awazu and R. Kobayashi :
“A new application of the phase-field method
for understanding the mechanisms of nuclear
architecture reorganization”, J. Math. Biol.,
74 : 333-354 (2017)

(2) E. Shoji, H. Nishimori, A. Awazu, S. [zumi, and
M.lima: “Localized Bioconvection Patterns
and Theirlnitial State Dependency in Euglena
gracilisSuspensions in an Annular Container”,
Journal ofPhysical Society of Japan, 83,
043001 (2014) .

(3) K. Ito, T. Ezaki, S. Suzuki, R. Kobayashi, Y.
Hara and S. Nakata, “Synchronization of Two
Self-Oscillating Gels Based on Chemo-
Mechanical Coupling”, Journal of Physical
Chemistry B, 120 (11), 2977-2983 (2016)

(4) S. Seirin Lee, T. Shibata, “Self-organisation
and advective transport in the cell polarity
formation for asymmetric cell division”, Journal of
Theoretical Biology 382, 1-14 (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
collaboratewith 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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Tochio,N., Umehara,K., Uewaki,J., Flechsig,H.,
Kondo,M., Dewa,T., Sakuma,T., Yamamoto,T.,
Saitoh,T., Togashi,Y., and Tate,S. (2016): Non-
RVD mutations that enhance the dynamics of the
TAL repeat array along the superhelical Axis
improve TALEN genome editing efficacy, Scientific
Reps. 6, 37887.

Yoshimura,Y., Oktaviani,N.A., Yonezawa,K.,
Kamikubo,H., and Mulder, F.A.A. (2017):
Unambiguous determination of protein arginine
ionization states in solution by NMR spectroscopy,
Angew. Chem. Int. Ed. 56, 239-242.

Miyashita, Y., Ohmae, E., lkura, T., Nakasone, K. and
Katayanagi, K. (2017): Halophilic mechanism of
the enzymatic function of a moderately halophilic
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strain TR-1. Extremophiles 21, 591-602.

Ohmae, E., Hamajima, Y., Nagae, T., Watanabe,
N., and Kato, C. (2018): Similar structural
stabilities of 3-isopropylmalate dehydrogenases
from the obligatory piezophilic bacterium
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MR-1. Biochim. Biophys. Acta 1866, 680-691
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Research in the Laboratory

Research in this laboratory focuses on the
structural dynamics of protein in relation to its
functional significance. We use 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 outcomes in
this laboratory. The students eager for original
researches are very welcome.
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"Periodic Oscillatory Motion of a Self-Propelled
Motor Drivendy Decomposition of Hz=02 by
Catalase", S. Nakata, M. Nomura, H. Yamamoto, S.
lzumi, N. J. Suematsu, Y. lkura, T. Amemiya, Angew.
Chem. Int. Ed., 56, 861-864 (2017).

"Application of Magnetically Simulated
Microgravity for Preparation of Thin Films with
Carbon Nanotubes." A. Katsuki, H. Yamamoto, V.
Fujiwara, M. Fujiwara, M. Endo, Y. Tanimoto, Chem.
Lett. 37, 728-729 (2008).
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BICHIT DMHIAMEIOEY." BRIRIFIE, K588, T
SAWVIVIZFYVY, 53, 64-70 (2008).

Research in the Laboratory

We are interested in self-organization in
chemical systems under (I) non-equilibrium and (Il
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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“Metabolomic screening using ESI-FT MS identifies
potential radiation-responsive molecules in mouse
urine”

D. lizuka, S. Yoshioka, H. Kawai, S. lzumi, K. F. Suzuki,
K. Kamiya:

Journal of Radiation Research 58, 273-80 (2017).

“Crystal structure of the overlapping dinucleosome
composed of hexasome and octasome”

D. Kato, A. Osakabe, Y. Arimura, Y. Mizukami, N.
Horikoshi, K. Saikusa, S. Akashi, Y. Nishimura, S. Park,
J. Nogami, K. Maehara, Y. Ohkawa, A. Matsumoto, H.
Kono, R. Inoue, M. Sugiyama, H. Kurumizaka.:

Science, 356, 205-8 (2017).

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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Kim SI, Matsumoto T, Kagawa H, Nakamura M,
Hirohata R, Ueno A, Ohishi M, Sakuma T, Soga T,
Yamamoto T and Woltjen K. Microhomology-
assisted scarless genome editing in human
iPSCs. Nature Communications, 9: 939, 2018

Nakamae K, Nishimura Y, Takenaga M, Nakade S,
Sakamoto N, Ide H, Sakuma T and Yamamoto T.
Establishment of expanded and streamlined
pipeline of PITCh knock-in - a web-based design
tool for MMEJ-mediated gene knock-in, PITCh
designer, and the variations of PITCh, PITCh-TG
and PITCh-KIKO. Bioengineered, 8(3). 302-308,
2017

Matsushita M, Ochiai H, Suzuki KT, Hayashi S,
Yamamoto T, Awazu A and Sakamoto N. Dynamic
changes in the interchromosomal interaction of
early histone gene loci during development of sea
urchin. Journal of Cell Science, 130: 4097-4107,
2017

Mitsunaga-Nakatsubo K, Akimoto Y, Kusunoki S
and Kawakami H. Novel structure of hepatic
extracellular matrices containing arylsulfatase A.
Okajimas Folia Anat Jdpn., 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.

(3) 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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Takagi, H., Ishiga, Y., Watanabe, S., Konishi, T.,
Esuga, M., Akiyoshi, N., Matsuura, T., Mori, I.C.,
Hirayama, T., Kaminaka, H., Shimada, H., and
Sakamoto, A. (2016) Allantoin, a stress-related
purine metabolite, can activate jasmonate signaling
in a MYC2-regulated and abscisic acid-dependent
manner. Journal of Experimental Botany. 67.
2519-2532.
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Tominaga, J., Nakahara, Y., Horikawa, D., Tanaka, A.,
Kondo, M., Kamei, Y., Takami, T., Sakamoto, W.,
Unno, K., Sakamoto, A., and Shimada, H. (2018)
Overexpression of the protein disulfide isomerase
AtCYOT in chloroplasts slows dark-induced
senescence in Arabidopsis. BMC Plant Biology 18:
80.

Takahashi, M., Shigeto, J., Sakamoto, A., and
Morikawa, H. (2017) Selective nitration of PsbO]1,
Psb02, and PsbP1 decreases PSIl oxygen
evolution and photochemical efficiency in intact
leaves of Arabidopsis. Plant Signaling & Behavior
12: e1376157.

Research in the Laboratory

Our maijor interests are directed at elucidating
molecular biological, biochemical, and physiological
bases of plant function and its relationship with
changing environments, with special focus on the
roles of stress-related metabolism and chloroplast
development. The current main research projects
include: (1) Plant metabolic strategies for
sustainable growth and survival under environmental
stress, (2) Plant biology of reactive oxygen and
nitrogen species, (3) Molecular mechanisms of
chloroplast biogenesis and development, (4)
Exploiting plant capabilities to tolerate hostile
environments, enhance photosynthetic
performances, and remedy environmental pollution
by means of molecular gene technology, and (5)
algal bioenergy innovation.
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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. Our 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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