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A. Anma, K. Sakamoto and T. Yoneda,
Unstable subsystems cause Turing instability,
Kodai Math. J. 35 (2012), 215-247.

T. Miyaiji, I. Ohnishi, Y. Tsutsumi, Bifurcation
analysis to the Lugiato-Lefever equation in one
space dimension,

Physica D 239 (2010) 2066-2083

T. Matsumoto and N. Tanaka,

Nonlinear perturbations of a class of holomorphic
semigroups of growth order a by comparison
theorems for Volterra equations,

Nonlinear Anal. TMA 84 (2013), 146-175.

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, lately in biological science Prof.
Kobayashi and his team discovered interesting phe-
nomena of "Physarum's Solving Labyrinth".

We have verified this property mathematically rig-
orously. In the near future, we'll make some develop-
ment about this in the direction of comparison with
other stochastic optimization algorithms like GA
and/or SA, and direction of feedback study to math-
ematical theory related to it.

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) Foundation of mathematical sciences

(8) Feedback in mathematical optimization theory.
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M. Fujii, H. Nishimor, and A. Awazu : Influences of
Excluded Volume of Molecules on Signaling
Processes on Biomembrane

PLoS One 8 (2013) e62218

H. Niiya, A. Awazu, H. Nishimori: Stability of transverse
dunes against perturbations: A theoretical study
using dune skeleton model

AEOLIAN RESEARCH 9, (2013) 63-68

S. Nakata, M. Hata, Y. S. Ikura, E. Heisler, A. Awazu, H.
Kitahata, and H. Nishimori : Motion with Memory of a
Self-Propelled Object

J. Phys. Chem. C 117, (2013) 24490-24495

Y S. Ikura, E. Heisler, A. Awazu, H. Nishimori, and S.
Nakata: Collective motion of symmetric camphor
papers in an annular water channel

Phys. Rev. E 88, (2013) 012911 1-5
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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 (2014 in press)

E. Shaji, 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

J. Phys. Soc. Jpn. 83 (2014) 043001 1-4

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 molecular
machines

(4) Analysis of biochemical reaction networks and
their functions

(5) Analysis of formation and dynamics of global
flow structure



Laboratory of Complex Systems

% % (Professor)
Ik = (Ryo Kobayashi)

HEHEZ (Associate Professor)
R {§ (Makoto lima)

B # (Assistant Professor)
{FIEEEAES (Kentaro Ito)

TR (Assistant Professor (Special Appointment))
ZF  HEM (Seirin Lee)

& (Research Fellow)
WA =35 (Takayuki Yamaguchi)

K4 (Graduate Students)

E 1ER (D4) o E#E (M2)
MOXEA (M2) i wEE (M2)
Bl & (M2) Al ZEe (M2)
FERLIEE (M2) ARE K (M)
\E F (M) THT KB (M1)

¥4 (Undergraduate Students)
KNI EE AW BRSOl fEE
NI B8

TEL: 082-424-7335

Email: ryo@math.sci.hiroshima-u.ac.jp

URL:
http://www.kobayashi-lab.jp/kobayashi/index_k.html

ARZEDENE

KMARZETE. EVICARREINDEMIEROY 1T
SOREHENLEF LB U CERISILBREL
TW3, ZDfeHIC, ETVVY - ¥=ab—v 3y -
EmETzHME UCTHRZTV. BEFBSICRIRER
ZEY)CERT DD DHUVHZNFEDORED
ToCTVB, Ffe. EYORERP. Oy hIEHE
ERENICITRT DT ET. RED SBERE UIEVEIE
HMEOBEZBEL VD, COKIBET7ITAET«
Z. Ay ITEREDR—RELOTITLEN S, LS
REEODEVWVMIEETS—ZFCHIENES—DD
BiRTH 3,

ERE

EYPEF PEEBBROIRELULEHS, THXETIE
AT—ILT. BENICEEEHR EKERRZTS5]
EHFETEDTED, FARETIE. KHICEYDE
BICEBULCHRZToOCWLS, BIXIE. BYSE
ATERERETICBVTH., LEPHICHITICHER
DBTENTED, BLE. BPOEDOIDIESUL
VDD ED K S ICRITENTV D 7ZE. HFEEHIHE

10

DOERNSEEUIZNICERATSIN, &£9% -0
Ry bIZE - FHTZEEDHRRE E BB CHRZITD
TW3, Ffe, XxPRAICERAL. £EPLTnZzL
DESRAEDHEEERICERZEVCIAERBITO> TV
%o SUOBRT—ILDERRTIE. REBRXALVD
FAF I ADMAZITOTND. AHRAETIEIN
SORZELT. PENEFECHDEARICEEN
NISTFE CTH D EYZ ik UIBF T D fc & DIEFHRIIE
HHZED EIFRTEZBIELTVS,

(1) HEOIRE)/ Y — & EIEXDHAZ :

BIFMEFEMTEBEZELTCVDICHEDS T,
2R THERZUOIEL. THEHTFEULLLEVRIEICE
AURESPRITELETOICERUIBAICIE. EBD
AEZZEZDEVNS T EHHMBNTND, HLIFHERN
D7 OFDEHHTEHERFREDYVILS IVEE
ISFEL. RREREERTAIMBEET ILEEEL,
(2) FFEENDHIRHIRZ -

RBROMH - #5x. E£YxH. BEHRAXREEZH
SHENEE. BRFRDRNDOKITHIIFZE SIS Z HE
HE. IERARIT. BRUEBRMWFEICKDIARLTLD,
IOV e KEBEIF—MRICEMIED, HIBHFIEIC
KOARENLEBR ZMET D EZBIBLTVS,
(3) HRRDHEEZE T H A T DI\Y—V DR

DT, DI EDYELENZEBIE—HRIC
Plleb. ZNSDOBREDZEEINT—UH T F=w
JICZDDEb LT, MEDEEZRLZICTT AT D
THEIFDFET D HIAF. EXMIEZOFTIE. &
GFORIBREICL>T2DDMHEE (A—70OFF 2 RX
AVENTOIORF Y RAALY) [T N, ZNH5D
ZEEBEN R ZEFIE T 5, MlaDRICBATL
BZEMEINY—V DEBIRRZNHETHIEE ST )L THEE
U. ZOHEHZEHSHICT AR ZEITDOCTLID,
(4) BERSBHIEIORETROEREOMN Y M DILE

Oy NOBEIEHEIEICBVT, EEEREVS
B2ZEA Ulc, CNZEREFRICE 7T« TO—
F—%%ZEI2O—3&FH0O0/MRy MMTRAL. B
SH THROKIVEETZEDHT T EICHIIULTE,

TH26EE AREX /-



O a—oyovFoEiq
® ~ForoTFoEAC

> [l

TI—XT 4=V REZRWRBE RX A VFIAFZOADYZa -3y

4 5
i - d -e
a" 'rJ.'l.'."‘:i I
A TA AR bt i:fﬂu'i'ﬂﬂlg L
¥ ¥ r.h*.q.ﬂw?'ﬁ s
" W W A W W W W W N R T T Y7 Y

EMMREERAOEREBEO 2TET IV

e
B A
(a)=+>

lﬁ

BEM

I (33532 0] 45

(b)
BHHRREAZLZH S RN OREIRDEHIFERIEIE

(a)

NN T

(1) T.Umedachi, R. Idei, K. Ito, and A. Ishiguro : “A
Fluid-filled Soft Robot That Exhibits
Spontaneous Switching among Versatile
Spatio-temporal Oscillatory Patterns Inspired
by True Slime Mold” , Artificial Life, 19-1,
67-78 (2013)

(2) T. Watanabe, M. lima and Y. Nishiura :

“Spontaneous formation of traveling localized

structures and their asymptotic behaviors in

binary fluid convection” , Journal of Fluid

Mechanics, 712, 219-243 (2012).

E.A. Gaffney, S. Seirin Lee : “The Sensitivity

of Turing Self-Organisation to Biological
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Feedback Delays: 2D Models of Zebrafish
Pigmentation” , Mathematical Medicine And
Biology , 1-23 (2013)

(4) T.Kano, T. Sato, R. Kobayashi and A. Ishiguro :
“Local reflexive mechanisms essential for
snakes' scaffold-based locomotion” ,
Bioinspiration & Biomimetics, 7 : 046008-
(2012)

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 swimming and flying by noticing the
interaction between the animals and the fluids
around them. 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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Uewaki,J., Kamikubo,H., Kurita,d., Hiroguchi,N.,
Moriuchi,H., Yoshida,M., Kataoka,M.,
Utsunomiya-Tate,N., and Tate,S. (2013):
Preferential domain orientation of HMGB2
determined by the weak intramokecular
interactions mediated by the interdomain linker,
Chem.Phys., 419, 212-223.

Hashimoto,M., Kodera,N., Tsunaka,Y., Oda,M.,
Tanimoto,M., Ando,T., Morikawa,K., and Tate,S.
(201 3): Phosphorylation-coupled intramolecular
dynamics of unstructured regions in chromatin
remaodeler FACT, Biophys. J., 104, 2222-2234.
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Ohmae E., Miyashita Y., Tate S., Gekko K.,
Kitazawa S., Kitahara R., and Kuwajima K.
(2013): Solvent environments significantly
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affect the enzymatic function of Escherichia
coli dihydrofolate reductase: Comparison of
wild-type protein and active-site mutant D27E,
Biocim. Biophys. Acta 1834, 2782-2794.
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Research in the Laboratory

We are exploring the structural dynamics of
protein and its significance in biclogical
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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"Reciprocating Motion of a Self-Propelled Object
on a Molecular Layer with a Local Minimum and
a Local Maximum Isotherm", S. Nakata, T. Miyaji,
T. Ueda, T. Sato, Y. S. lkura, S. lzumi,M.
Nagayama J. Phys. Chem. C 117, 6346-6352
(2013).

"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).

"BHISZF A U\ EN(ZREN)RUBENRIE
(CHIF DRUHEAAMEIDECH." BRIFIFIE, AKMELEE, =
AVIVIZFPUVT, 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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Additive for mass spectrometry matrix and mass
spectrometry using the same

By Fukuyama, Hiroko; Izumi, Shunsuke From Jpn.
Kokai Tokkyo Koho (2013),

Additive for mass spectroscopy matrix
By Fukuyama, Hiroko; Izumi, Shunsuke From Jpn.
Kokai Tokkyo Koho (2013),
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Alkylated Trihydroxyacetophenone as a MALDI
Matrix for Hydrophobic Peptides

By Fukuyama, Yuko; Nakajima, Chihiro; Furuichi,
Keiko; Taniguchi, Kenichi; Kawabata, Shin-ichirou;
lzumi, Shunsuke; Tanaka, Koichi

Analytical Chemistry (Washington, DC, United
States) (2013), 85(20), 9444-9448.

“Poly-ADP Ribosylation of Miki by tankyrase-1
Promotes Centrosome Maturatio”

Y. Ozaki, H. Matsui, H. Asou, A. Nagamachi, D. AKki,
H. Honda, S. Yasunaga,Y. Takihara, T. Yamamoto,
S. Izumi : Molecular Cell, 47(5), 694-706 (2012).

“Alkylated Dihydroxybenzoic Acid as a MALDI Matrix
Additive for Hydrophobic Peptide Analysis”

Y. Fukuyama, R. Tanimura, K. Maeda, M. Watanabe,
S. Kawabata, S. lwamoto,S. Izumi, K. Tanaka :
Analytical Chemistry, 84(9), 4237-4243 (2012).

“Mode Change in the Self-Motion of a Benzoquinone
Disk Coupled with NADPH System” S. Nakata, Y.
Matsuda, Y. lkura, A. Takeda, S. Izumi : Chem. Phys.
Chem., 13(2), 520-524 (2012)

Research in the Laboratory

The maijor 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 maijor 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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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 Natl Acad Sci U S A.,
111:1461-1466 (2014)
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Sakuma T, Ochiai H, Kaneko T, Mashimo T,
Tokumasu D, Sakane Y, Suzuki K, Miyamoto T,
Sakamoto N, Matsuura S and Yamamoto T.
Repeating pattern of non-RVD variations in
DNA-binding modules enhances TALEN activity.
Scientific Reports, 3. 3379 (2013)

Mitsunaga-Nakatsubo K, Akimoto Y, Kusunoki
S and Kawakami H. Novel structure of hepatic
extracellular matrices containing arylsulfatase
A. Okafimas Folia Anat Jpn., 90: 17-22 (201 3).

EABERE. IUF £2: 598D 27/ LRk, X8R
EF5IM (2014)

Zflte, (EABEE. EARE. UK = TALEN(C
LKDELFI—TT 14T, REBREFHIR [ES - iPS
HHAEsEER A 5 45— K1, p324-336 (2014)

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
engineered 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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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. in
press.

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
and enlargement in Arabidopsis. New Phytol.
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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backed up by covalently trapped proteins
catalyze highly error prone transcription. J. Biol.
Chem., 287, 6562-6572 (2012)

Nakano T., Miyamoto-Matsubara M., Shoulkamy
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Transcription and stability of replicative DNA
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links. J. Biol. Chem., 288, 4649-4658 (201 3)
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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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