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Reports of Exploratory Research
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In the past two years, this Unit has deployed various interdisciplinary
researches on the Sustainability Science as the “Exploratory Research”. All
of them have unique aspects generated from the communication between
different areas that are not easily be expected in the original activities of
individual departments. Although scales of the researches are not large
because of the limited resources provided by the constituent departments,
unique research style in this Unit is being established. Young researchers,
who played the major roles, have acquired a new academic style of studies
as well.

The Great East Japan Earthquake attacked in this period showed the
vulnerability of the existence of humankind and delicate situation of the -
sustarnabrlrty socrety When we focus on the survrval of humankind, wer.p

gy |E; ires suc kind of researches to solve the prongms We
S ture development erI glow from th‘é"result #

o "

TRIVF—EBT R -
BHSXSHRZTRR - DPRI (Disaster Prevention Research Institute)

ICR (nstitute for Chemical Research)

EYORTHRICHIT S
45 D BB DFRZE

Strategy of the root system formation for plant survival
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The structure of the root system is significantly altered by environmental conditions. We
are studying on mechanisms and physiological meanings of such morphological changes
in the rootsystem. We clarified in this research that a phospholipase D gene and phospha-
tidylinositol 4-phosphate 5-kinase genes are involved in root hydrotropism and root hair
elongation responding to phosphate starvation, respectively. In addition, we developed a
real-time monitoring system for auxin and cytokinin responses in living Arabidopsis roots.
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Takashi Aoyama, Professor, ICR
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Monitoring system for responses to auxin (red signals in the left panel) and cytokinin
(green signals in the right panel) in living Arabidopsis roots.
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Development of microorganisms useful for rare metal recovery
and remediation of metal-polluted environments
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Various microorganisms catalyze reduction and oxidation of specific metal compounds and
thereby change their solubility. This ability enables specific precipitation of soluble metal
compounds and solubilization of solid metal compounds. We studied the metabolism of
metal compounds in a cold-adapted bacterium and identified a novel membrane protein
involved in metal ion metabolism. The finding would be useful in developing a system for
bioremediation of metal-polluted environments and recovery of valuable metals at low
temperatures.
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Tatsuo Kurihara, Professor, ICR
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Selective oxidation and reduction of metals by microorganisms
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Electrochemical properties of hydrogen gas sensor
using novel proton conductive materials
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In this study, we report a unique organic-inorganic hybrid titanophosphite membrane
possessing high proton conductivity at such intermediate temperatures. The surface of the
membrane was completely polymerized to be water durable, whereas its inner parts were
weakly polymerized, thus allowing VPA to function as a proton donor. This gives proton
conductivities that are as high as 6.3 x 10* S cm™" at 130 °C under a dry atmosphere.

fesmzenn -z fEH FHEA
Yomei Tokuda, Associate professor, ICR
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Yoshikatsu Ueda (RISH), Toshinobu Yoko (ICR),
Hideki Koyanaka (Institute for Integrated Cell-Material Sciences), et al.
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Polymerized membranewith
graded conversion degree
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Schematic representation of membrane with graded degrees of polymerization:
(a) Titanophosphite precursor

(b) Copolymerized membrane with graded degrees of polymerization
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Real-time monitoring and elucidation of the mechanism of

biodegradation of biomass with combined use of large-scale instruments
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We have developed a new method for the preparation of the solution NMR sample of
whole wood. Complete HSQC/HMQC correlations can be obtained for key biomass
materials contained in the whole wood. Thus, this method contributes to the
identification of the key materials in the whole wood. 1JCH values were determined for
various composition units of the wood biomass with TROSY. These values can be used to
quantify the amount of those units based on the HSQC spectrum. This method has been
applied to monitor the biodegradation of wood biomass.
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'H-13C HSQC spectra of wood cell wall. (left) conventional method,
(right) newly developed method.
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Feasibility of application of nano-oxide particles dispersion
strengthened steels to implant biomaterials

/B R FE BRI — 3 B B e E- b9 Bisa L (ODS) S DS BREM
[CBIFBBERABREEMREEFIRZITVE U, AliZRHN ODS fl. EAFIRIEZE
BUBUAR (SBF) T SUS316L AT VU AHKD B RIFFME M ZRUE
Ufeo Ffe AL BEICH DS F.0DS ffilld 37TD SBF ATREICERR
L7 I AT DT EZRBUE LI, CNSDFERIF HZMNTET RV
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The present study provides new insights into in vitro corrosion properties and bioactivity of
nano-scaled oxide dispersion strengthened (ODS) steels. The Al-added ODS steel showed
better anodic polarization behavior in a simulated body fluid (SBF) than SUS316L stainless
steel. Bonelike apatite was found to be formed on the surface of both the Al-added and
Al-free ODS steels after soaking in SBF at 37 °C.
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Akihiko Kimura, Professor, IAE
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Noriyuki Iwata (IAE),
Hiroyuki Izumi (University of Occupational and Environmental Health, Japan)
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Bonelike apatite formed on the surface of ODS steel in SBF
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Nanoparticles produced by nanosecond and
femtosecond laser ablation in ionic liquids
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lonic liquids draw lots of attention in recent years as “a new reaction atmosphere”. In this
study we have compared the laser ablation dynamics of a metallic target placed in ionic
liquids and pure water. The results are shown in Fig. 1. Obviously there is no significant
difference in the plasma emission at 100 ns after the ablation pulse, while the spectra
obtained in ionic liquids exhibit more complicated structure at 500 ns. This implies that the
ablation dynamics in ionic liquids are much more complicated, which may influence the
reaction products (nanoparticles).
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Takashi Nakajima, Associate Professor, IAE

{ETE R (TR 4B S (1EF7) . 857K FAD (FURKS)
Tetsuo Sakka (IAE), Masaki Hashida (ICR), Yoshikazu Suzuki (University of Tsukuba)

INJLAEBEI£100ns
AA K

300 320 340 360 300 320 340 360
Wavelength (nm) Wavelength (nm)
100k VL REBET2500ns 4k ] / VL RERET#500ns
sok] K » 4 (AVES
> ) K] 3k
@ 6.0k i}
H Eo2k
£ 4.0k
2.0k i
0.0 0= T T T

" alo ado  alo sk

T T T 1
300 320 340 360
Wavelength (nm) Wavelength (nm)
E1

Fig. 1
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Photo-energy conversion using microporous silicon filled with
noble metals
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Silicon is a widely used material for photovoltaic cells. The low catalytic activity of silicon
surface is an important issue for photochemical energy conversion. To assist the catalytic
activity, we are trying to modify silicon surface by platinum nanoparticles which are catalyst
for chemical reactions. In the present research, we have found that the morphology of
platinum nanoparticles on silicon surface is strongly affected by liquid structure in the vicinity
of the surface.
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Kazuhiro Fukami, Assistant professor, IAE
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A TEM image of platinum nanoparticles deposited
within a porous silicon electrode

7 MUY —INILRICELD
fEPRYCETAIREE DR

Development of fundamental technique for ultra-high resolution
measurements with attosecond laser pulses
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The purpose of this study is to develop new approaches to the ultrahigh-resolution
measurement in femtosecond to attosecond regimes. For this, we studied ultrafast strong-field
interactions with gaseous molecules and solid surfaces, using high-intensity femtosecond (fs)
laser pulses. A new technique to observe revival structures of coherently rotating molecules has
successfully been developed using the high-order harmonic generation from molecules. The
formation of periodic nanostructures in fs laser ablation of solid surfaces was also studied to
develop a new nano-processing technology beyond the diffraction limit. The mechanism of
fs-laser-induced nanostructuring was made clear, and its physical model has successfully been
applied to produce nanogratings on the different kinds of solid surfaces.
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Kenzo Miyazaki, Professor, IAE
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Godai Miyaji (IAE),

Kazumichi Yoshii (University of Electro-Communications)
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The CEP stabilized Ti:sapphire laser is able to produce high-intensity, ultrashort

light pulses for the study of new ultrafast interaction phenomena in the

femtosesonc to attosecong time regions.
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A study of aerosol and cloud microphysical properties
based on remote sensing observations
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The direct and indirect radiative effects of aerosol particles and clouds have been identified as
key uncertainties for the prediction of the future global climate. In order to improve
knowledge of aerosols related to cloud processes, a multi-wavelength Mie-Raman lidar as well
as a Rayleigh-Raman lidar for measuring atmospheric water vapor was installed at the
Shigaraki middle and upper atmosphere (MU) radar observatory in Shiga, Japan.
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Toshitaka Tsuda, Professor, RISH
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laser beams emitted by the lidar systems
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Schematic of the lidar systems installed at Shigaraki MU observatory
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Basic studies toward establishment of symbiosis between
aluminum tolerant ectomycorrhizal fungi and woody plants
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Forest soil acidification and consequent release of AP+ cause forest deterioration. However, woody
plants seedlings associated with ectomycorrhizal (ECM) fungi have been reported to grow properly
under experimental condition. Organic acids with chelating ability released from the fungi decrease
the aluminum toxicity through chelation with AP*. We showed that ECM fungus Laccaria bicolor
increased accumulation of organic acids with chelating ability in media in response to AIPO, but not
AICl;. The results suggest that L. bicolor excrete more amounts of organic acids with chelating ability
in acid soil in response to H,PO,™ and HPO,?~ but not AP+, by which AP* released from mineral grains
are effectively detoxified by formation of chelate complexes.
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Takefumi Hattori, Associate Professor, Institute of Socio-Arts and Sciences,
The University of Tokushima (Former Address: Assistant Professor, RISH)
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Kazufumi Yazaki, Toshiaki Umezawa (RISH), et al.
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Possible mechanisms for increment of organic acid production from
ectomycorrhizal fungus Laccaria bicolor by aluminum salts for detoxification of
APP*in acid ecosystem ot
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Plant screening for carbon-neutral resources

HIRREERALED—FEREVTHEY ZER - TRILF—ELVTERLESEND
BENHOE T, —A FEBEHSHIEBELTVDDF RVEELEDHTERELH
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To prevent the global warming, carbon neutral resources would be a useful candidate.
Japanese woody plants, which have not utilized yet, were tested their ability for
saccharification. The samples were collected from Aomori, northern part, and Okinawa,
southern. A few species from both regions yielded well. There was no difference between
the climates in which trees were grown.

sEEmRR - B B—
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Atsushi Takashima (Ryukyu University),
Yukio Harada (Hirosaki University), Tomomi Kaku (RISH), et al.
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The place where the samples were collected: Shirakami Natural Science Park, Hirosaki
Univ. (left), Experimental Forest Yona Field, Ryukyu Univ. (right).
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Development of a framework to assess the climate change impacts
on the evacuation behavior in the flooding

CDIRRRE Tl [UREBNC K DR KKBUR I DZE ZEE( LT DT =P
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The research subject deals with, firstly, the quantification of the flood risk change due to the
climate change and then the risk change impact on the human evacuation behavior. To be
more precise, the rainfall-runoff/flood inundation (DRR/FI) model is developed focusing on
the Yodogawa river catchment, in Kinki area, Japan. The extreme flooding is deliberated
with the DRR/FI model. Then, the changes of the human evacuation behavior are
investigated based on the extreme flooding. As the results, we have recognized that thinking
about the escalation of the inland inundation is important in addition to the dike break risk.
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Kenichiro Kobayashi, Associate Professor, GCOE-ARS-EU
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Kaoru Takara, Eiichi Nakakita (DPRI), et al.
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Osaka city evacuation model example

Impact of cyclone and flood on the human activities in the South Asia
- Effect to the agriculture and public health -

NVIS572aTIH R (B-9 B) O JVEVA—VH (4-5 B) BKUTRKANEY
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FREICERTIERZEENICEHEL. FEROINRELR T DI EICKD FFROKER

DREFEDHEPREIEESDTADAREMZEROT L,

In Bangladesh of South Asia, heavy rainfall in monsoon from June to September and cyclones in
premonsoon and postmonsoon occur frequently flood and high wind. Severe flood and strong
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Taiichi Hayashi, Associate Professor, DPRI
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Kazuo Ando (CSEAS), Yukiko Wagatsuma (Tukuba University),
Fumie Murata (Kochi University)

Number of Patients/day

cyclone affect the human activity such as occurrence and prevalence of infectious diseases, and

agricultural product. Various researchers in meteorology, agriculture and medicine analysed the
materials of past experience and discussed the possibility of reduction of the above damage

intensively.

Averaged Temperature( )
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Relationship between daily average of air temperature and
number of diarrheal patient
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Development of maritime observation tecnique using a well in
sand dune and its international cooperation

BRI E L TEKICRDHFDENDISEEHBOET ., TNZERKL VX
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NFEUfc, ZOFER BRNEEEL. EFOKAD EHDEM TKABFED. ELD
FEMRRICFOTHMTKUNELEDENHIDE U,

Pure water wells exist on a sandy mound near to the sea. The pure water is caller “water
lens” Offshore disturbances like storm surges may cause effects on the beach and inner pure
water lenses. We implemented the wells on a sandy mound to observe the variation of
offshore disturbances applying them. Several stormy tidal variation and local rainfalls were
observed analyzed by recording tide changes inside wells. The well observation methods
have been applied in West Indonesia since this April and international collaboration is done.
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Tetsuya Hiraishi, Professor, DPRI
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Ryokei Azuma (DPRI),

Shaw Rajib (GSGES)
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Observation of Ground Water Variation in Joetu-coast
bordering to the Japan sea
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Exploring the Sustainable Development Model Based on the Ideas of
Low Carbon Society and Sustainable Humanosphere in East Asia
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Supply side policies that emphasized the productivity and competitiveness is not relevant to East
Asian countries that now can not rely on export oriented industrialization, especially after the
Global financial crisis since 2008. Now we need cultivate the demands in this region. We can
envisage measures relating to many real needs relating to live healthy and secure lives. Innovations
oriented towards living healthy and secure lives, natural disaster prevention related, and green
economy oriented growth may all be alternatives for creating medium- or long-term demands in
the region, and for improving the livelihood, environment, and welfare of the people.
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Kosuke Mizuno, Professor, CSEAS

T 50 (RIBLIZED  HE E @R . & &5 IKREEE). 45
Kazuhiro Ueta (Graduate School of Economics),
Susumu lai (DPRI), Akihisa Mori (GSGES), et al.
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Forestation in Rural Java, Demands of building materials and fuel woods
promote the local people to plant the quick growing trees in rural Java
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Study on Sustainable Rural Community Development in Japan and
South-east Asian Developing Countries
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Considering reevaluation of the traditional culture and the inherent nature in the area to be
one of the effective approaches for revitalizing and maintaining sustainable livelihood, we
have practically worked in few projects both in Laos and in Japan. The findings show
conservation the traditional cultures and practical use of locally available knowledge restores
people’s confidence for the own area and encourages them to live in the area.
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Kichiji Yajima, Special Researcher,

CSEAS (Former Address: Researcher, ISS)
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Reiji Suzuki (Kyoto Gakuen University),

Hisatoshi Kuroda (University of Shiga Prefecture),
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Traditional dancing by the school children
(carry on a tradition to the next generation)

Shinya Takeda (Graduate School of Asian and African Area Studies), etal.
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HARARYNS A BEEFRIZE—E  Lists of Exploratory Research
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ISS carries 15 new projects whose keyword is " Cycle and Span of Sustainability" in FY2012.
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Name Title, Department Scope of Research
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Takashi Aoyama Professor, ICR Function of the Root System for Adapting to Sever Soil Conditions
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Jun Kawamoto

=M 58

Yomei Tokuda
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Ryuta Kasada
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Akihiko Kimura
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Takashi Sagawa
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Kazunori Morishita
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Shiro Suzuki
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Junichi Furumoto
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Taiichi Hayashi
TR #ith

Tetsuya Hiraishi

HR L

Sumio Matsuura

P M

Masayuki Ito

VN /N

Kozo Matsubayashi

KRBT

Keiko Omori
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Study on Cycle and Span of Life and Society
—Evolutional and Cultural Standpoints of View—

Assistant Professor, ICR

(B - EHIR

Associate Professor, ICR

TRHF - HEBUR

Associate Professor, IAE

TR 2R

Professor, IAE

TRHF - HEBUR

Associate Professor, IAE

TRbfF - ERUR

Associate Professor, IAE

LT B

Assistant Professor, RISH

LT BV

Assistant Professor, RISH

RSkt - AERUR

Associate Professor, DPRI
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Professor, DPRI

Professor, DPRI

SRESH- BV

Assistant Professor, CSEAS
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Professor, CSEAS

TR - BUR
Professor, KIER
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Physiological role of long-chain polyunsaturated fatty acids in the function of membrane proteins
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133Cs NMR study of adsorption behavior of cesium on the surfaces of clay
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A new insight on the life assessment for power plants
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Feasibility check of nano-particles dispersion strengthened steels as a biomedical material
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Study on the lifetime of organic photovoltaics
— Structural analysis and evaluation of carrier mobility in bulk heterojunction polymer:fullerene thin-films —
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Exploratory research to find a new way of thinking about nuclear power plant safety
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Life-span of valuable plant resources and paradigm change by innovative biotechnology
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Case Method (CM) study for the investigation of natural and artificial disaster phenomena
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Impact of cyclone and flood on the human activities in the South Asia - Effect to the agriculture and public health -
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Study on coastal sandy mound in South East Asia
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Research on snow melting properties in the mountainous area during the extreme weather events
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Evaluation of changes in water quality of peatland derived river

ANEZSTEREMRDSA THA ) - FanlCBT DM T (L EADRRD S5
Study on Cycle and Span of Life and Society - Evolutional and Cultural Standpoints of View -

IRIVF—H T COERRURBEICAFCAIRIVF— - BETREIRILF—EABECDVTD
BEA YT« TDEAIZDWNT  Study on Economic incentives for introduction of energy efficient appliances and
renewable investment to build low carbon society under the constrain of energy supply
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Kozo Matsubayashi, Professor, CSEAS
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SEFEEBOFD
Cycle and Span of Sustainability

After humans are born, grow, and raise their offspring, they eventually grow
old and come to the end of their lives. We know of “aging” and “lifespan”
empirically as obvious, undeniable facts of reality. Yet, while we know that
life is limited, we do not fully appreciate the full significance of the human
lifespan, which varies widely between individuals. A basic principle of the
evolution of life has been to live long enough to propagate. Humanity in the
21% century, however, faces challenges that cannot be resolved with this
principle, due to the fact that people are living much longer than that
required for propagation. The concept of “lifespan” is applicable not only to
living things but also to the atoms, molecules, and proteins that make up
life. This is also a challenge shared by the societal organizations, civilizations,
species, planet, and universe that transcend the individual.
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