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Cluster Correlations in Unstable Medium- and Heavy-Weight Nuclei and
Low-Energy Nuclear Reactions
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Microscopic Study of Nuclear Large-amplitude Shape Coexistence Dynamics
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Application of Semiconductor Compton Camera to in-vivo Simultaneous
3D Imaging of Multi RI-Labeled Molecular Probes
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Theory of Novel Orders and Properties in Quantum Frustrated Magnets
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- 107 -



Fermi gases” Phys. Rev. A Vol. 81, pp053606-1-053606
-7(2010)

Takayoshi S. and Sato M.: “Coefficients of bosonized
dimer operators in spin-1/2 XXZ chains and their
applications” Phys. Rev. B, vol. 82, pp214420-1-
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Furukawa S., Sato M. and Onoda S.: “Chiral Order and
Electro magnetic Dynamics in One-Dimensional
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Sakai T., Sato M., Okamoto K. and Itoi C.: “Quantum
spin nano tubes-frustration, competing orders and
criticalities” Journal of Physics: coudeused Matter vol.
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Sato M., Furukawa S. and Furusaki A.: “Successive
transitions between Neel and dimer phases in spin-
1/2 ferromagnetic frustrated chain with easy-plane
anisotropy” The International Conference on Frustrated
Spin Systems, Cold Atoms, Nanomaterials: Satellite
Conference of StatPhys24, Hanoi Vietnam, 2010 7

Takayoshi S. and Sato M.: “Determination of
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orders of stacked spatially anisotropic triangular
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International Conference on Frustrated Spin Systems,
Cold Atoms, Nanomaterials: Satellite Conference of
StatPhys24, Hanoi Vietnam, 2010 7
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Sato M., Hikihara T., Momoi T. and Furusaki A.,“NMR
relaxation rate and dynamical structure factors in
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frustrated ferromagnetic chains” Highly Frustrated
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20108

Sato M., Furukawa S. and Furusaki A.: “Successive
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Study of Vortex Lattices in Cold Fermi Gases
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AF—=N—ZEFHIZB N THIRETFNEB TN,
ZTITOBBETES EBAICHER SN, BCS-
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Watanabe G, “Ultracold is Hot: ultracold atom gases —
a new research arena in physics” Seminar at Physics
Department in POSTECH Pohang Korea 2010 4-9
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Unstructured fEIi DR 2
The Role of Unstructured Region in the Proteasomal Degradation
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Wz EEOENRDRENRD L Z ENbMh -7z,
ZIZTHRAFHEEEAZEORY AEFF T L&
Unstructured FEIE O {7 & B % Z2 sEfl IR 7=, =D
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07077 —LOEERINTSIRE hticksd T
OF7YV—LAOHMEVRII, et ATEFF LS
NTNBEELEZRXDAEZDZ ENDMNo Tz, L
LENSIAEFFUIIFETF TS 0TV — L
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Inobe T., Fishbain S., Prakash S. and Matouschek
A.: “Defining the geometry of the two-component
proteasome degron”, Nature Chem. Biol. 7, 161-167
(2011)*
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F1): 788-794. (2010)
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Inobe T., Fishbain S., Prakash S. and Matouschek
A.: “Defining the geometry of the two-component
proteasome degron”, 48th Annual Meeting of the
Biophysical Society of Japan, Sendai, Sept. (2010)

7t % ¥ % M , Prakash S., Fishbain S. and Matouschek
ACEBNEREY > 74—V T4 2T DT
PR, 55 10 MIHA B ERPERFE R FLRE, 6 A
(2010)
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FREXKICEITHEHRMEE— FOFRBE & RRNEE

Research for Microscopic Mechanism of Collective Mode in Unstable Nuclei
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HEETENS B I —HBIREBIE. BOAREZE
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V2 L AJVIERD S S5 HE R LIS HE N DR T
IEfLEOERGHOETEBEINS, 22 TH
THEN SRR T2 AN > TS ERKE R
WIARTICEN > TS, EWIE BWALERTIE

W98 & K % - Ria fH3E  Inakura, Tsunenori
Z AW =R L RIndEBm A Y —

B R B T
(k. W %)

B IEFLIhE Dbkt (IEAL) QBEDYED > TWW
DI U THEE TR (RiT) OWED L
MOTNBHTH D, > T HNALERELE
LT HEZETRLZEZDERE TS ES I —HIGR
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AEHEORMNEZ % O TREN: 25T 5 nlgelt
bHD, FTEROBED -DTH%.
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Inakura T., Nakatsukasa T. and Yabana K.:“Systematic
calculations of electric dipole responses with fully self-
consistent Skyrme-HF+RPA”, Second EMMI-EFES
Workshop on Neutron-rich Exotic Nuclei (EENEN10),
RIKEN, June (2010)

Inakura T., Nakatsukasa T. and Yabana K.:“Systematic
calculations of electric dipole responses with fully
self-consistent Skyrme-RPA”, GammaStrength2010,
Forschungszentrum Dresden-Rossendorf, FZD,
Dresden, German, Sep. (2010)

Inakura T., Nakatsukasa T. and Yabana K.:“Systematic
calculations of electric dipole response with fully
self-consistent Skyrme-RPA”, University of Aizu-
JUSTIPEN-EFES Symposium on “Cutting-Edge
Physics of Unstable Nuclei”, Univ. of Aizu, Nov. (2010)
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BFRAEBEDOHR
Study of Nucleon Spin Structure Through Measurements of
Single Spin Asymmetry for W Boson Production in Polarized Proton-Proton Collisions
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WF 7% & IX 4 : FEE] % Shoji, Kohei
Z AWESEE RIS Y —

JIE BILSR RRAIT FE
(FEE ERFHN)

FMEDNBI S N KT+ — 2 OIREREEIZ D W TR
FED & % REZP 78D I forward-rapidity I35
WTWRY CORENSLS S phiTERINTSZ
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ZEBEAPMFTFHitIC L D Aharonov-Casher SR DB EAIE

Precision Measurement of Aharonov-Casher Effect with Multilayer
Cold-neutron Interferometer
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Seki Y., Funahashi H., Kitaguchi M., Hino M., Otake Y.,
Taketani K. and Shimizu H. M.: “Multilayer Neutron
Interferometer with Complete Path Separation”, J.
Phys. Soc. Jpn., 79 124201-1 - 124201-5 (2010)
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Investigation of Muonium Distribution for Measurement of Muon Anomalous Magnetic Moment
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Ueno K.:“Comments on event reconstruction”, The 1st
g-2/EDM collaboration meeting, Tsukuba, Japan, Jun.
(2010)

Ueno K.:“Simulation studies for Si tracker specification”,
The 2nd2 g-2/EDM collaboration meeting, Tsukuba,
Japan, Dec. (2010)

BFHEREAVWCEBMIRT — EROIFEBEE DR

Study of Nonperturbative Aspects of Supersymmetric Gauge
Theories Via Computer Simulations

HEFEL. FRF O U WIEREBEER O e
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%, FRlC, MEHEZE AWK RE TS
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Kudoh D., Suzuki H., “Supersymmetry restoration in
lattice formulations of 2D N=(2, 2) WZ model based on
the Nicolai map.”, Physics Letter B, in print *

Aoki S., Ishikawa K., Ishizuka N., Izubuchi T., Kadoh D.,
Kanaya K., Kuramashi Y., Namekawa Y., Okawa M.,
Taniguchi Y., Ukawa A., Ukita N., Yamazaki T. and
Yoshie T., “Physical Point Simulation in 2+1 Flavor
Lattice QCD.” Phys. Rev. D81: 074503(2010)*

Hashimoto K., lizuka N, Ishii T., Kadoh D., “Three-
flavor quark mass dependence of baryon spectra in

holographic QCD.”, Phys. Lett. B691: 65-71(2010)*
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Study on Gauge/Gravity Correspondence Based on Duality in String Theory

F—IMimEHENMRIIARRERR T SR L
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E—MNCEER T %, BREROROMID—D &
UT. 2GRN — M & BEHROMOM 4
BRI (F—Y /BN 2 FETHIEMN
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%bﬁﬂﬂﬁ%@ﬂn#ﬁbhf%to$ﬂ Tl
IHOLEMEHRONFPERTHE M2 TL AL
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XXI11—-007

W 9% # KK £ =i el Miwa, Akitsugu
Z AWK E Fﬂﬂﬂiﬁgﬁﬁ”bt‘/ﬁ‘—

NE AL
(FE & Mﬁ%)

WANA ZRICET D ZEWRETH D, Rl
RO M2 T OBEICE. 25 LA
BAM2 TLA 2 ORTINFNRAREN LR
% Z &M de Wit-Luscher-Nicolai (1989) IZ &k - Tif
mEINTWVWS, MBERPHEZERZERTS LT,
IHLEM2 T OMEZ XV R<EMRT S
CIIHEETHD, 5 ULEMKICHEDINT, A%
TIHEFERREINEZM2 TL A1 VORI RIVF—F
SHIRGR DERTH D ABIM BRI DNT, M2 7
LA D OHBROERBICHIET 556 EOM %
fiofz. FEINELEFRFEOMNTE 10 KT D%
MICBIF B D2 LA 2 EMIN S BR ORI B
LTHIT, M2 T A D% 7,
Fz, F—UHEmEMET AHRELLTIE. BT
BHFORIRIF—ARNHGmRTH DM TR
RizHOWENEZT> 2. BAERMIZIX. B1 IV
MPMEDY 7 U —ORREMD ANBBL I
BRIZBNWT, Q R—IVEMTINE VY kU 7f#
BEZ. NAINITRT 4 v IR LTINS B
RLITHTHDH L NWANZ A L& LTz,

Stimuli-Responsive and Regenerable Conductive Biointerface for

Neuron Bioengineering

In comparison with traditional polymers, CP materials
supply one more signaling pathway due to their capabil-
ity to provide electrical communication among cells and
further electrical stimulus to control cell behaviors. CP
materials were found to modulate cellular activities (in-

cluding cell adhesion, migration, DNA synthesis, protein

Wk %% # KK £ : Zhu, Bo
Z A WF 7% =2 : RIKEN Advanced Science Institute

Yu Initiative Research Unit
(Laboratory Head: Hsiao-hua (Bruce) Yu)

secretion, etc. ) via electrical stimulation, which make
CPs promising materials for tissue engineering, particu-
larly with respect to electro-responsive tissues and cells.
To understand how electrical stimuli modulates cellular
activities of neurons need spatiotemporal definition of

electrical stimuli available to cell at cellular/molecular
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level. A combination of spatiotemporal control on cell
adhesion at cellular level and assembly of conductive
materials at micro/nano scope is quite helpful to achieve
spatially resolved delivery of electrical stimuli to a single
neuron. Furthermore, the conductive surfaces equipped
with dynamic bio-function and micro/nano topography,
which mimic to a certain degree the in vivo situation,
will also offer new platforms for mechanistic studies of
the pathways by which cells sense, integrate, and respond
to changes of their environment.

This study plans to prepare a photo- and electro-
switchable dynamic conductive biointerface by designing
and synthesizing functional conductive building blocks.
The multiple stimuli-responsibilities will supply a versa-
tile way to in-situ tune biofunction patterns and gradients.
Via combining photo-activation of biofunction and elec-
tro-release of attached biomolecules, the smart surface
could in-situ control not only cell attachment but also
cell detachment (i. e., reversibly control cell adhesion).
The biomimetic surface, after used, could be completely
regenerated by releasing biomolecules via a thorough
electrochemical reduction. A series of micro- and nano-
structured substrate will be electrochemically assembled
by the novel conductive blocks, and further employed to
explore pathways where neurons sense, integrate by tun-
ing electrical stimulus, bio-functionality and topography
of surfaces.

In this year, major efforts were focused on construct-
ing protein-resistant and specific binding functional
substrates on CP materials, which was expected to much
contribute our subsequent works. Our present study in-
cludes synthesis of superhydrophilic and bio-conjugat-
able EDOT building blocks, electro-copolymerization
of functional EDOT building blocks, bio-conjugation
and biofunction patterning on the functional conducting
polymer substrates, and cell proliferation and differentia-
tion on the conductive biointerfaces. The research results
were described in details as below.

(1) On mimicking natural bio-membranes, the superhy-
drophilic EDOT building blocks with phosphorylcholine
and ethylene glycol side groups (EDOT-PC and EDOT-
EG) and the bio-conjugatable EDOT ones with carboxyl
and maleimide side groups (EDOT-COOH and EDOT-

MI) were designed and synthesized for fabrication of

protein-resistant and specific binding conductive mem-
branes.

(2) Normally, the EDOT building blocks could be po-
lymerized or copolymerized on conductive substrates
to form polymer thin films under electro-oxidation. The
pure poly(EDOT-PC) thin film presents excellent protein-
resistance even under rinsing by serum. To prepare the
multifunctional conductive biomembrane, not only the
superhydrophilic but also bio-conjugatable EDOTs were
deposited on conductive substrates to prepare the copo-
lymer substrates. As there is no cosolvent for the hydro-
philic EDOT-PC and the hydrophobic EDOT-MI, a novel
inverse emulsion electropolymerization was developed
to replace the normal homogenous phase procedure. Via
the inverse emulsion electropolymerization, superhydro-
philic EDOT building blocks could copolymerized with
bio-conjugatable EDOT ones to form smooth conductive
membranes, and the composition could be well tuned via
adjusting the mole ratio of comonomers. The copolymer
films still preserve good protein-resistance even when the
composition of bio-conjugatable comonomer increases
to 50%, which make it possible to build specific binding
with protein-resistant background on conducting poly-
mer substrates. After conjugation with RGD and IKVAV
ligands, thus-prepared conductive membranes could
be specifically interact with and catch cells. The bio-
conjugations were in-situ quantitatively monitored and
the conditions were optimized to reach the highest ligand
density.

(3) Toward spatial control on cell-substrate interaction,
spatially confined electro-deposition was combined with
UV lithography and plasma etching to prepare various
biofunction patterns on conducting polymer substrates.
With tuning the pattern size, the cells could be isolated
at cellular level, and the cell polarity could also be con-
trolled well.

(4) The biocompatibility of our biofunctional conducting
polymer substrates was investigated carefully. Reason-
ably, the cell attachment strong depends on the ligand
density, and become saturated when the composition of
bio-conjugatable comonomer increase above around 10
mol. %. The cells including neuron tumor cell could
proliferated and differentiated well on the substrates

with 30 mol. % of bio-conjugatable comonomer. When
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differentiated on biofunctional stripes, the polarity of dif-
ferentiated neuron could be controlled. The orientation of
cell polarity strongly depends on the stripe size, and was
expected to reach the maximum when cells are isolated

with each other at cellular level.
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Limit of resolution due to the quantum noise”, Acta

Crystallographica Section A, Submitted*
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by free electron laser III. Characterization of diffraction

intensity function”, Acta Crystallographica Section A,

Submitted*
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Foreword

This Annual Report is a compilation of the research reports submitted by the Foreign Postdoctoral
Resaearchers (FPRs) working at RIKEN in fiscal 2010.

The FPR Program

The Foreign Postdoctoral Researcher (FPR) program was launched in fiscal 2008 for foreign young
scientists who have demonstrated creative and innovative ideas and who can be expected to contribute to
the advancement of RIKEN’s research, and to lay the foundations for a truly global RIKEN that actively
encourages foreign participation in its activities. By inviting researchers from other countries, RIKEN
hopes to achieve a stimulating research environment that transcends national boundaries, and to thereby
become a global leader of scientific endeavor.

Foreign Postdoctoral Researchers are expected to make full use of RIKEN’s research environment and to
apply their creative and innovative ideas, under the direction of RIKEN’s laboratory heads, to the research
currently being conducted at RIKEN.

Program Features

The Foreign Postdoctoral Researcher program offers aspiring young foreign researchers the opportunity
to pursue innovative research at RIKEN under the direction of a RIKEN laboratory head. Fields covered
include physics, chemistry, biology, medicine, engineering, and any other fields related to research now
being conducted at RIKEN.

FPRs must have a PhD in the natural sciences or expect to be awarded a PhD at the time of application,
and must be able to pursue innovative research at RIKEN under the direction of a RIKEN laboratory head.

Candidates are recruited every year through open application, and selection is made by a committee
comprising outside experts as well as RIKEN scientists. Selection is based on submitted documents. The
primary criteria are originality, potential, and benefits to the research of the host laboratory. The FPR’s

contract is for one fiscal year, renewable up to a maximum of three years on the basis of annual evaluation.

Host laboratories must provide the FPR with an environment conducive to independent research, sufficient
research space, and support for the use of required research facilities and equipment, as well as guidance
from the laboratory head.

Participants in the FPR program are eligible for RIKEN employee welfare programs, such as childcare
leave, that are directed at helping all employees achieve a good work-life balance in research, childbirth,
and childcare.

Three years have passed since the FPR program was launched and there are now 48 FPRs at RIKEN.

December 2011
RIKEN
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Studies of Asymmetry Dependence

of Nuclear Correlations and (Spin)-Isospin Response

Name: Carlo BARBIERI
Host Laboratory: Theoretical Nuclear Physics Laboratory,

We pursue a global understanding of single-particle
behavior in strongly correlated systems. Atomic nuclei
are a unique case in Nature because their components
(the nucleons) are characterized by both spin and isospin
(proton and neutron) degrees of freedom. They can be
pictured as strongly correlated 4-fermion systems, the
only type of this kind available experimentally. Single-
particle states around shell closures (the so called
quasiparticles) are the effective degrees of freedom
governing the dynamics of nuclei. Their evolution with
changing proton-neutron ratio is the key to predict the
properties of exotic isotopes and, ultimately, to understand
several stellar processes in which they are involved.

The same techniques developed for nuclei are also
being applied to quantum chemistry problems. Due to the
perturbative nature of the Coulomb interaction, this is also
an important testing ground for methods used in nuclear
structure.

The research done during the first trimester of F.Y. 2010
focused of the following topics:

-Application of Green’s function theory (in the Faddeev
RPA approximation) to atoms and molecules. The
accuracy of calculations of ground state and ionization
energies were tested on a set of simple atomic systems.
First ionization energies agree with the experiment at the
level of ~10 mH or less and are consistently improved
with respect to methods that do not include random phase
approximation (RPA) effects. Analogous calculations
are being carried out for molecules, with satisfactory
preliminary results. These calculations may also serve as
a basis for developing the quasiparticle extension to the
standard density functional theory (DFT) for electronic
systems.

-Study of single particle properties in asymmetric

Nishina Center for Accelerator-Based Science
(Laboratory Head: Takashi NAKATSUKASA)

isotopes.

Calculations of quasiparticle states in Oxygen and
Calcium isotope chains are being pursued. Results are
under analysis to study the evolution of the following
quantities: sp energies, effective charges, effective
interactions.

The nuclear self-energies obtained for 40, 48, 60Ca are
used to improve phenomenological optical models for the

prediction of reactions in exotic nuclei.

@ Publications

(First author)

Barbieri C., Van Neck D. and Degroote M. “Accuracy of
the Faddeev Random Phase Approximation for Light
Atoms”. The Journal of Chemical Physics (2010)
--submitted.

Barbieri C., Hiorth-Jensen M., Giusti C. and Pacati F.
“One- and Two-Nucleon Structure form Green’s
Function Theory”. Proceedings of the International
Symposium on “Forefronts of Researches in Exotic
Nuclear Structures” (Niigata2010). Modern Physics
Letters A (2010) . to be published.

@ Presentations

(International Meetings)

Barbieri C., ECT* Workshop on”, Trento, Italy, April
6-10, 2009 Trento, ECT* Italy 2010 4 (organizer)

(Domestic Meetings)

Barbieri C., EENEN-10, 2nd EMMI-EFES workshop
on neutron-rich nuclear matter, nuclear structure and
nuclear astrophysics, RIKEN, Japan. June 16-18, 2010
(talk given).
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Identification and Functional Analysis of Organ Size Gain-of-Function Mutants

Using the Arabidopsis FOX-Hunting System

Name: Christian BREUER
Host Laboratory: Cell Function Research Unit,

Plant organ growth is regulated by two distinct
processes, first, the cell number which is controlled by
cell proliferation, and second, the size of individual cells,
which is regulated by cell expansion and cell growth.
In Arabidopsis, various studies have shown a strong
positive correlation between cell size and cell ploidy. In
this respect, I have previously identified GT-2-LIKE1
(GTL1), a member of the GT?2 trihelix transcription factor
family, as a repressor of ploidy-dependent cell growth
in trichomes (leaf hairs)'. GTL1 is a nuclear protein,
and further expression analysis revealed that GTLI
is expressed during late developmental stages of cells
throughout the plant, suggesting that GTL1 functions as a
general transcriptional regulator of plant cell growth.

Ectopic expression of GTLI using a ubiquitous
promoter results in strong repression of seedling growth,
confirming that GTLI negatively regulates growth
processes. To gain further molecular insights into how
GTLI1 functions during the growth of individual cells, I
am now using ectopic cell- and tissue-specific promoters
in plant shoots and roots. Interestingly, my recent results
illustrate that GTL1 can also control ploidy-independent
growth. Using the same experimental approach, I can
show for at least two more closely-related homologs of
GTLI1 a similar impact on plant cell growth, underlining
the conserved function of these GT-2 family genes.
Furthermore, analysis of single and double mutants of the
respective genes reveals partly functional redundancy
among these homologs (Breuer et al, unpublished).

GT-2 family transcription factors have been
shown to bind GT cis-acting elements in promoters
of light-regulated genes,such as pea (Pisum
sativum) RIBULOSE-1,5-BISBISPHOSPHATE
CARBOXYLASE/OXYGENASE SMALL SUBUNIT
3A and rice (Oryza sativa) and Arabidopsis
PHYTOCHROME A (PHYA)*’, but transcriptional

growth-related targets are currently unknown in

Plant Science Center
(Laboratory Head: Keiko SUGIMOTO)

Arabidopsis. In a collaborative project, I was able to
identify more than 2700 potential target genes using
Chromatin-Immunoprecipitation (ChIP) experiments, and
I am currently validating selected genes using expression
analysis and genetic approaches.

Taken together, my study provides the genetic evidence
for the requirement of transcriptional regulation in the
repression of both ploidy-dependent and ploidy-independent
plant cell and organ growth as well as for an involvement

of GT-2-like trihelix proteins in this regulation.

1. Breuer et al., Plant Cell 2009

2. Green et al., EMBO Journal 1987

3. Dehesh et al., Science 1990

4. Zhou et al., Trends in Plant Science 1999
5. Yoo et al., Plant Cell 2010

@ Publications

(Review article)

Christian Breuer, Takashi Ishida and Keiko Sugimoto
(2010). “Developmental control of endocycles and cell
growth in plants”. Current Opinion in Plant Biology, (in
press) http://dx.doi.org/10.1016/.pbi.2010.10.006

@ Presentations

(International conferences/Seminars)

Christian Breuer, Ayako Kawamura, Takanari Ichikawa,
Rumi Tominaga-Wada, Takuji Wada, Youichi Kondou,
Shu Muto, Minami Matsui and Keiko Sugimoto. “The
trihelix transcription factor GTL1 regulates ploidy-
dependent cell growth in the Arabidopsis trichome”.
ICAR - International Conference for Arabidopsis
Research, June 2010, Yokohama, Japan.

(Domestic conferences/Seminars)

Christian Breuer, Ayako Kawamura and Keiko Sugimoto.

“GT-2 transcription factors regulate cell growth in

plants”. FreFhi e THEPEREEZEME T 56 1 [l
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T UARI T L, November 2010, FEVR S , Japan
Christian Breuer, Ayako Kawamura and Keiko Sugimoto.

“Transcriptional regulation of cell expansion in

Arabidopsis”. The 2™ NIBB-MPIPZ Joint Symposium
“Plant Science Communications 2010”, November
2010, Okazaki, Japan

Determining the Cellular and Molecular Mechanisms

of Synapse Formation in the Zebrafish Nervous System

Name: Douglas CAMPBELL

Host Laboratory: Laboratory for Developmental Gene Regulation,

Caspase3 is a key protease which regulates apoptosis
or programmed cell death. Its activity must be tightly
regulated temporally and spatially. My studies during
FYO08 and 09 suggest that it plays a non-apoptotic role in
neurones by promoting retinal ganglion cell (RGC) arbor
and presynaptic dynamics. mRNA in situ hybridisation and
immunohistochemistry suggest that caspase3 mRNA and
active protein are present in RGCs and their axons. These
studies while informative and have provided, for example,
to my knowledge the first evidence of caspase3 mRNA
in axons raising the possibility that it may be locally
translated. However, they do not provide information at the
single and subcellular levels nor do they provide temporal
information during embryonic development since both
techniques require fixed not living tissue. Furthermore,
there is evidence that Caspase3 may be cleaved to the
active form but may not be enzymatically active. To
follow Caspase3 activation at the single cell level in living
embryos, a sensor for activated caspases dependent on
fluorescence resonance energy transfer (SCAT3) consisting
of the fluorescent proteins CFP and Venus linked by a
Caspase3 cleavage site or a control construct containing a
mutated uncleavable Caspase3 cleavage site (SCAT3DEVG)
were expressed in zebrafish RGC and tectal cells using the
UAS/ GALA4 system. Three day old RGC arbors expressing
SCATS3 had a significantly lower FRET ratio compared
to those expressing SCAT3DEVG and no difference was
found in four day old arbors. These observations suggest
that Caspase3 is active in young but not old RGC arbors,
which correlates with arbor dynamics (high early and low
later) and with the reduction in Caspase3 function effect

of reducing arbor dynamics. No significant difference in

Brain Science Institute
(Laboratory Head: Hitoshi OKAMOTO)

the FRET ratio between SCAT3 and SCAT3DEVG were
observed in RGC cell bodies suggesting that Caspase3 is
activated in the axon/ arbor rather than in the cell body,
which may indicate why the cells do not die via apoptosis.
The mechanisms underlying local activation of Caspase3
in axons and arbors relative to the cell body are unknown
and would be interesting to investigate further. Expression
of SCAT3 and SCAT3DEVG in tectal cell (dendrites and
their cell bodies) did not lead to a significant difference in
the FRET ratio being observed suggesting that at theses
stages of development Caspase3 is not enzymatically active
at detectable levels with SCAT3/SCAT3DEVG. It will be
intriguing to determine if Caspase3 in tectal dendrites is
active during activity-dependent mechanisms which play
roles later on in arbor development.

Since the use of SCAT3 has not previously been reported
in the zebrafish, a number of critical control experiments
are necessary to determine its effectiveness. These include
activation and inactivation of Caspase3 should change
the FRET ratio of the reporter in the appropriate manner
and that photobleaching of the acceptor Venus should
increase the CFP signal determining that FRET is indeed
occurring between CFP and Venus indicating that the
CFP and Venus are folding correcting and in the correct
orientation. Knock-down of Caspase3 function using
morpholino antisense oligonucleotides was able to increase
the FRET ratio of SCAT3 compared to SCAT3DEVG
in young RGC arbors, while a control morpholino was
not, suggesting that SCAT3 is responsive to Caspase3
activity and not that of a control morpholino indicating
specificity. Activating Caspase3 in RGCs proved much

more technically challenging since the arbor expression of
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SCAT3 or SCAT3DEVG is dim relative to the cell bodies
hampering repeated imaging. Additionally, a number of
chemical agents such as staurosporine or H14-1 which
induce apoptosis have dramatic effects on embryos leading
to massive cell death causing the embryos to fall apart. A
solution was found in the small molecule pacl, a relatively
specific activator of Caspase3, which when injected into the
tectal ventricle was able to induce a decrease in the SCAT3
FRET ratio in deep tectal ventricular cells indicating that
Caspase3 activity was induced. Photobleaching of the
FRET acceptor Venus from SCAT3 using maximum power
from a 514nm laser was able to robustly decrease the FRET
ratio and increase the brightness of CFP relative to Venus
in RGC arbors and tectal cell bodies indicating that CFP

and Venus are able to undergo correct protein folding and

alignment for FRET studies of Caspase3 in the zebrafish.

@ Presentations

(International conferences)

Campbell D.S., Okamoto H. “The apoptotic protease
Caspase3 regulates axonal arborisation and synaptic
dynamics”. 9" International Meeting on Zebrafish
Development and Genetics. Madison, Wisconsin, USA.
20106

Campbell D.S., Okamoto H. (2010) “The apoptotic
protease Caspase3 regulates axonal arborisation and
synaptic dynamics”. Keystone Symposium. Synapses:
Formation, Function and Misfunction. Snowbird, Utah,

USA. 20104

Photosensitive Intelligent Hybrid Materials

Name: Swapan Kumer GHOSH

Host Laboratory: Supramolecular Science Laboratory,

Organic electronic devices containing inorganic
nanoparticles have attracted immense scientific
importance due to their unique advantages of low power
consumption, high mechanical flexibility, and chemical
structural versatility. Such organic/inorganic composite
devices are excellent candidates for potential uses in the
next generation transistors and memory devices. Bistable
organic memory devices based on a polymer thin film
blended with nanoparticles have emerged as a viable
technology in the field of organic electronics. They present
a nanosecond writing time and non-volatile memory effect,
which makes them ideal for flash memory applications.
Despite recent developments in organic field effect
transistors (OFETSs), only a few attempts have been made
so far to associate them to non-volatile memory elements.

Aim of this work is to design and characterize versatile
hybrid organic-inorganic memory-transistor devices. The
very original aspect of this work is to incorporate colloidal
nanoparticles into OFETs to create a new class of devices
with the memory functionality arising from a field-effect

modulation controlled by the charge storage within the

Advanced Science Institute
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nanoparticles.

Silver nanoparticles were synthesized via a microemulsion
protocol and their surface properties were selectively
modified by coating with organic ligands (such as (i)
dodecane thiol, (ii) 3-amino-9-ethylcabazol, and (iii)
thiophne-2-carbonitrile, etc.). An optimization of the
organic-inorganic interface is required for the realization
of high performance hybrid optoelectronic devices.
After characterization, the nanoparticles were mixed
with organic semiconducting molecules (polymer host)
such as poly(3-hexylthiophene) (P3HT) and poly(N-
vinylcarbazole) (PVK) to fabricate bistable hybrid
memory devices and OFETs. Results show that when
silver nanoparticles coated with organic ligands dispersed
in the polymer matrix, very little alteration of the host
optoelectronic properties occur.

Current-voltage (I-V) measurements were carried out to
investigate the electrical bistable properties of the fabricated
memory devices. Experiments show that /-V' characteristics
of the bistable memory devices are highly sensitive to the

matching of the chemical structures of the ligands and
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the polymer host. Hysteresis is strongly reduced when the
ligands are based on the same conjugated structure as that
of the polymer host. This indicates that a reduction of charge
trapping and improvement of charge transport can be realized
in hybrid materials by choosing appropriate ligands and
polymer host. Results demonstrate that charge transport
properties of the devices are strongly correlated with the
organic coating which has been shown to control both electron
and hole mobilities and to provide a promising trigger to

develop enhanced bistable solution processable memories.
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Study on the Roles of RNA Binding Proteins on mRNA Metabolism

Name: Lin HUANG
Host Laboratory: Molecular Entomology Laboratory,

EWS gene was first identified from Ewing’s sarcoma as a
chromosomal translocation-generated fusion gene product.
The study on Ewing’s sarcoma mostly focused on the fusion
proteins, and the native EWS function has not yet been
elucidated. Previously, I found EWS has strong translational
repression effects in luciferase reporter system, and two
of the mRNA targets of EWS, AKTISI (AKTI substrate
1) and CFL-1 (cofilin-1), were translationally repressed by
EWS. Completing the research of this year, the translational
repression to the two mRNA targets by EWS has been
confirmed moreover, and the oncogenic potential of AKT1S1
was found to be crucial in Ewing’s sarcoma.
INTRODUCTION

Ewing’s sarcoma is an aggressive and highly metastatic
malignancy. EWS (Ewing’s sarcoma) encodes an RNA
binding protein whose function remains largely unknown,
whereas the chromosomal translocations that fuse the

N-terminal domain (NTD) of EWS to a DNA binding
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domain of various transcription factor genes such as FLI-1,
ATF-1 and WT1 are thought to be responsible for causing
Ewing’s sarcoma family tumors (ESFT).
However, ectopic expression of EWS/FLI-1 in primary cells
or cell lines induces growth arrest or cell death rather than
promoting cellular transformation. Similarly, lethal effects
of EWS/Fli-1 expression in mouse have been recently
reported. These results indicated the cellular context should
be critical for the oncogenic potential of EWS/FLI-1, and
additional cooperating events seem to be required for
transformation to occur. Concerning the additional events,
EWS should be considered. EWS is absent or expresses as
two splicing variants in ESFT, suggesting EWS itself or its
targets play important roles in the formation of ESFT.
RESULTS

EWS contains RNA binding domains and has been
proved in vitro to be an RNA binding protein. RNA

binding proteins play important roles in translational
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regulation. For example, Musashil translationally represses
mammalian numb gene expression in mammalian neural
stem cells. EWS shows a cytoplasmic expression in
secretory cells and was found to localize to stress granuls
under oxidative stress. Accordingly, we considered whether
EWS plays a role in translation regulation. Previously,
found EWS has strong translational repression effects in
luciferase reporter system without influencing luciferase
RNA levels. I further investigated the mRNAs bound
to EWS by RIP-CHIP (RNA Immunoprecipitation
microarray), and approximately 1, 000 mRNAs were found
to bind EWS. In the continual experiments of Real Time
PCR, the interaction was confirmed between the more
interesting and higher ranking 22 mRNAs with EWS.
The protein levels of 2 mRNAs, AKT1S1 and CFL-1,
were downregulated with overexpression of EWS but not
with overexpression of EWS/Fli-1. Also, the knock down
of EWS with SiRNAs experiments exhibited significant
upregulation of the protein levels of both AKT1S1 and
CFL-1. To confirm the translational repression effects
of EWS on AKTISI and CFL-1, the vector of luciferase
reporter followed with the 3°-UTR of AKTISI or CFL-1,
was introduced into cells together with EWS expressing
plasmid or with SIRNAs of EWS. The results of luciferase
assays showed that EWS represses the translation of
AKTI1S1 and CFL-1, whereas the RNA levels were not
affected shown in Northern Blot.

In Ewing’s sarcoma, PI3K/AKT pathway is activated
and several inhibitors are used to treat Ewing’s sarcoma.
Therefore I wondered whether AKT1S1 play an oncogenic
role in Ewing’s sarcoma. I first treated four Ewing’s

sarcoma cell lines with PI3K inhibitors, LY-294002 and

Wortmannin, and AKT inhibitor, API-2, and all of the
cell lines showed significant growth repression to all the
inhibitors. Continually, a remarkable growth inhibition
was recognized when AKTI1S1 was knocked down in
the four Ewing’s sarcoma cell lines. Additionally, the
protein level of caspase-3 activated form increased when
AKTI1S1 was knocked down, which indicated the growth
repression might due to apoptosis. Further, I performed a
migration assay and an invasion assay followed AKT1S1
being knocked down in A673 cell to investigate the
effect of AKTI1SI on cell motility. The results showed
a distinguished decline in both migration and invasion
assays. Finally, the protein levels of EWS and AKT1S1
were examined in five Ewing’s sarcoma cell lines, and
four of them showed a decreased EWS expression and an
increased AKTISI expression comparing with HUVEL
cell. Taken together, EWS translatinally represses the
expression of AKTIS] and CFL-1. AKTISI contributes to

the oncogenesis of Ewing’s sarcoma.
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Synthesis of Oligosaccharyl Donors for Creation

of Glycoproteins with Biosynthetic Machinery

Name: Yong Joo LEE
Host Laboratory: Synthetic Cellular Chemistry Laboratory,

Recent study has revealed that certain prokaryotes such

as Gram-negative bacterium Campylobacter jenuni have

Advanced Science Institute
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O- as well as N-Glycosylated proteins. Pseudaminic acid

(Pse) from O-linked post translational modification for the
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flagellin proteins is key component for O-glycosylation
systems. However, most of the studies have employed
natural sources or biosynthetic ones, which are available
in limited amount. In order to conduct more systematic
studies to clarify the specificity of protein glycosylation
and examine the possibility to exploit its activity for
preparative purpose, large quantities of highly purified
Pse for the biological pathway would be required.

Pse is an acidic nonulopyranoside similar to sialic
acid (Neu5Ac), found in the pathogenic bacteria such as
Campylobacter jejuni and Helicobacter pylori as flagellin
glycoprotein. It contains 7, 9-dideoxy-7-acetamido
functionalized side chain and different stereochemistry
from sialic acid. Pse links to Ser or Thr residues of protein
were also found in the polysaccharide. These glycosides
are formed through glycosyl transfer from CMP-Pse
as the donor substrate of glycosyl transferase. So far,
practical synthetic study of Pse has not been reported.

Our synthetic study commenced with the preparation
of 6-deoxy-AltdiNAc. N-Acetylglucosamine was
converted into benzyl N-acetyl- @ -D-glucosamine
via protection of 4, 6-O-benzylidene acetal group.
Regioselective iodination was performed by treatment
with iodine, imidazole and triphenylphosphine to afford
6-iodo compound. Protection with silyl group followed
by B elimination with £~-BuOK and deprotection
with TBAF gave 5, 6-unhydroglucosamine derivative
in good yield. Stereoselective hydrogenation under
homogeneous conditions in the presence of Wilkinson’s
catalyst afforded the desired 2, 6-dideoxy-N-acetyl-, -
idosamine derivative in high yield. Oxidation with Dess-
Martin periodinane followed by reductive amination

with SmI, in MeOH through oxime derivative afforded

desired 4-amino-2, 4, 6-trideoxyaltrose derivartive with
high stereoselectivity. Acetylation of amino group and
hydrogenolysis of benzyl ether successfully afforded
6-deoxy-AltdiNAc in good yield. 6-Deoxy-AltdiNAc was
subjected to chain elongation reaction via In-mediated
allylation with methacrylate ester derivative in aqueous
solution to give exo-methylene. Subsequent ozonolysis
of the pure exo-mehylene compound afforded the 2-oxo-
compound. Desired Pse derivative was obtained through
spontaneous cyclization of 2-oxo-compound in one-pot.
In conclusion, chemical synthesis of Pse derivative
was accomplished through 6-deoxy-AltdiNAc as a key
intermediate. This synthetic procedure would provide useful

tool for the study of bacterial protein O-glycosylation.
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Electrons on Helium as Quantum Bits

Name: David REES
Host Laboratory: Low Temperature Physics Laboratory,

We have investigated the transport properties of a
strongly correlated two-dimensional electron system

bound to the surface of liquid helium in a point-contact

Advanced Science Institute
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device. The point-contact is formed by a split gate
situated at the bottom of a microchannel of width 10

mm and depth 1.5 mm. The microchannel was filled
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with superfluid ‘He, the surface of which was charged
with electrons by thermionic emission from a tungsten
filament. A small AC voltage was applied to the electron
system to drive electrons back and forth along the
channel, through the constriction formed by the split gate.
This current was measured using a lock-in amplifier with
reference to the standard lumped circuit model.

At a temperature T = 1.2 K, upon sweeping the split-
gate voltage V,, negative, the current passing through
the microchannel was suppressed and became zero
at a certain threshold voltage Vgtth. The current was
observed to decrease in a series of evenly spaced steps,
reminiscent of the quantisation of ballistic conductance
routinely observed in quantum point contact devices.
However, for a non-degenerate electron system on the
surface of liquid helium, this conductance quantisation
should not be observed, particularly as the AC voltage
applied to the electron system greatly exceeds the
expected lateral subband spacing at the constriction.
Instead, by considering the charging energy of the area
at the constriction, we conclude that the conductance
changes as the number of electrons able to pass through
the constriction simultaneously changes. Therefore, the
last step before the conductance threshold corresponds
to the sequential transport of single electrons through the
constriction. This conductance characteristic, a result of
the strong Coulomb interaction between electrons on the
surface of liquid helium, is not observed in semiconductor
or metallic devices, where the electron system is treated
as a non-interacting Fermi gas.

Below 1 K, the electron liquid solidifies into the 2D
Wigner crystal. The transport properties of the electron
system through the point contact were also studied in
this crystalline regime. Surprisingly, the last step above
the conductance threshold becomes peak-like below the
Wigner solid melting temperature. This peak becomes
more pronounced as the temperature is lowered further
still. Molecular dynamics simulations, performed by H.
Totsuji of Okayama University in a collaborative project,
confirm that this unusual conductance feature is a result
of the Coulomb interaction between electrons at the
constriction, and is possibly related to the suppression of
crystalline order as the width of the constriction becomes

very small.

Our experiment is the first in which single electrons
on the surface of liquid helium have been studied by
transport measurements alone. The device acts as a
classical analogue of the quantum point contact. Electrons
on helium have been proposed as quantum bits with
long coherence times. Our experiment represents a large
step towards the manipulation and measurement of the
quantum states of single electrons on the surface of liquid

helium.
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pSR Study of Cu-Spin Fluctuations in Electron-Doped High-T,
Superconducting Cuprates

Name: Risdiana

Host Laboratory: Advanced Meson Science Laboratory,

The so-called hole-electron doping symmetry
in the high-T. cuprates has been one of central
interests in relation to the mechanism of the high-T,
superconductivity. Phase diagrams of the hole- and
electron-doped systems are very similar to each other,
leading to the view of hole-electron doping symmetry. On
the other hand, some properties such as the effectiveness
of carriers for destroying the magnetic order have been
found to be different each other, leading to the hole-
electron doping asymmetry.

The observation of the spin-charge stripe order in
hole-doped system of La, Sr,Cu, ,Zn,0O, "*has attracted
great research interest due to the basic idea that the spin-
charge stripes play an important role for the appearance
of the high-Tc superconductivity while the static
stripe order kills the superconductivity. However, the
stripe correlations have not yet been clearly observed
in electron-doped systems even though the high-T,
superconductivity actually appears. Thus, the dynamic
property of the electronic state of electron-doped systems
is now recognized to be important to understand the
role of stripes to the superconductivity. Because of
difficulties of sample preparations, the study of electron-
doped systems has not been progressed so much and clear
answer has not been achieved yet.

We have performed zero-field (ZF) muon-spin-
relaxation (mSR) measurements, which is a powerful
technique to study the dynamic property of Cu spins, in
the electron-doped cuprates (Ln),.Ce,Cu,,Zn O, with
Ln = (Pr, La) and Eu. In the hole-doped cuprates La,.
Sr,Cu;,Zn, Oy, substitution of Zn to Cu tends to induce
slowing down of the Cu-spin fluctuations in the whole
superconducting regime, which is able to be interpreted as
being due to pinning and stabilization of the dynamically
fluctuating stripes. On the other hand, in the electron-
doped cuprates Pr,,LaCe,Cu,,Zn 0O, >, the mSR spectra

are observed to be independent of the Zn concentration.

Nishina Center for Accelerator-Based Science
(Laboratory Head: Masahiko IWASAKI)

That is, Zn-induced slowing down of the Cu-spin
fluctuations as observed in the hole-doped system is not
observed. Possible reasons are as follows: (i) there may be
no dynamical stripe correlations of spins and electrons in
the electron-doped system. (ii) The effect of Pr’” moments
on the mSR spectra may be stronger than that of a small
amount of Zn impurities. We also performed ZF-mSR in
another electron-doped cuprates Eu,,Ce,CuQ,.,.4, which
are well known that Eu’" moment is smaller than that
of Pr’". It has been found that even in the impurity-free
sample, a fast depolarization of muon spins is observed
below 100 K, which may be due to the effect of Eu**
moments. It probably indicated that the spin-charge stripe
is restricted to describe the superconductivity in the hole-
doped systems and that the high-T, superconductivity in
the electron-doped systems is essentially different from
that of hole-doped systems. Some studies are still needed
to be improved for investigating the Cu-spin dynamics
and possible existence of the stripe correlations in the
electron-doped cuprates such as performing ZF-mSR
measurements in magnetic impurities effect of Ni, which
has large magnetic moment on the Cu-spin dynamics of
Eu,,Ce,Cu; ,Ni,O,., 4.

References:
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[2] K. Yamada et al., Phys. Rev. B 57, 6165 (1998).
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[4] Risdiana ef al, Phys. Rev. B 77, 054516 (2008).
[5] Risdiana et al., Phys. Rev. B 82, 014506 (2010).
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Dissecting Plant Innate Immunity Using Chemical Genetics

Name: Ivana SASKA

Host Laboratory: Plant Immunity Research Group,

Plants have developed a diverse range of molecular
strategies for resisting disease caused by microbes.
These include mechanisms for detecting and responding
to microbes at the cell surface as well as intra-cellular
systems that operate to counter the effects of molecules
covertly deployed into plant cells by pathogens. Although
the physiological outcomes of plant immune responses are
well characterised, including reinforcement of the cell wall
at the site of infection, increased production of reactive
oxygen species, localised cell death and up-regulation
of the hormone salicylic acid, the molecular signals that
communicate an immune state are not. The aim of my
research is to characterise the signalling networks that
regulate plant immunity to disease using a chemical
genetics approach.

Chemical genetics takes advantage of the huge diversity
of chemical space accessible to small organic molecules
to identify molecular targets or specifically modulate the
activity of known targets. In much the same way as the
perturbation of gene function by mutation provides insight
into the biological role of genes, perturbing the function of
cellular components such as proteins through interaction
with small molecules can enable us to understand the
biological role of these molecules. The interaction of a small
molecule and its targets depends on the three dimensional
structure of both components. This gives small molecules
the added advantage of being able to access structurally
related targets, such as protein families, in a way that the
mutation of a single gene cannot, and thereby overcomes
problems associated with genetic redundancy.

To investigate plant immune pathways we developed a
robust assay for the analysis of plant-pathogen interactions
using Arabidopsis thaliana suspension cells and the
bacterial pathogen Pseudomonas syringae pv tomato
DC3000 expressing the effector protein avrRpm1 (Pst
avrRpmI). The Arabidopsis cells die within 24 hours
of challenge with Pst avrRpm1, reflecting the ability of

the plant cells in leaf tissue to quickly curb the spread

Plant Science Center
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of the pathogen by committing suicide. Using this assay
we screened a library of 10,000 small molecules for
compounds that altered (increased or decreased) the
plant cell death response; 7 potentiators (P1-P7) and 21
inhibitors (11-121) were identified. We then tested whether
the compounds had similar effects in whole plants. P7
produced the most interesting results, reproducibly
promoting increased cell death when co-infiltrated into
leaves with the pathogen but simultaneously supporting
increased pathogen growth, suggesting that it interferes
with plant defence responses. This effect is abolished in
plants that have defects in the production of salicylic acid
(SA), making it likely that P7 targets a component of an
SA dependent signalling pathway. Current work is focused
on identifying the structural basis of P7 function using
chemical analogs and identifying the biological target of P7
by characterising cellular components that interact with P7

n vivo.
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Analysis of Transcriptional Regulators Governing

Establishment of Cell-to-Cell Reprogramming Network

Name: Jae Woo SHIN
Host Laboratory: LSA Systems Development Unit,

The inference of transcriptional networks that regulate
cell reprogramming process presents valuable challenge in
systems biology. Cell reprogramming describes a switch
in one cell-fate to that of another unrelated cell-type and
understanding the mechanism of this transformation
sheds light onto the nature of cell differentiation and
cell-replacement therapy. However, transcriptional
regulatory modules responsible for implementing ad hoc
reprogramming are largely unknown. To this challenge, I
report on the creation and analysis of a database of global
gene expression profiles of over 20 different human
primary cell types from different cell-lineages including
induced-pluripotent stem (iPS) cells. Further using
genome-wide predictions of transcription factor binding
sites in proximal promoters, we identified key motifs and
transcriptional modules that activate gene expressions of
selected target cells such as CD14+ monocytes. We also
showed that cells derived from the same lineage cluster
together, but most interestingly, ectopic expression of
transcriptional modules in human fibroblasts deviated
towards the associated target cells based on unsupervised
clustering methods. These findings demonstrate apt
extraction of key transcriptional modules and plasticity
to trans-differentiate with defined factors. Using further
bioinformatic analysis, we uncovered a protein-protein
network that is shared by the lineage-related cell types
(ectoderm-, mesoderm- and endoderm-derived) and also
between fibroblasts to various target cells. Using such
integrative approach, we are able to reverse-engineer
transcriptional regulatory network governing cell-to-cell
reprogramming process.

Furthermore, in order to test extracted modules
experimentally, we devised a stochastic-combinatorial
strategy for screening lentiviral transcription modulators
(TMs) for induced gain-of-function phenotypes. We
assayed a pool of 28 monocyte-associated TMs to identify

combinations of genes important for monocytic trans-
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differentiation from human primary fibroblasts at a single
cell level. Randomness of virus infection allows for a
various combinations of TMs to be expressed, giving rise
to monocyte-like, CD14+/HLADRA/B+ cells. Single
cell analysis revealed SPI1 along with two additional
modulators to be key factors for monocytic trans-
differentiation and demonstrated strong phagocytotic
activities. This study established a platform for target
specific screening of combinatorial transcription
modulators in human primary cell types.

Global and integrative approaches to understand
the mechanism of cell reprogramming offer a new
strategy for identifying key transcriptional modules to
generate therapeutically relevant target cells. Our current
results also support the idea that cell reprogramming is
under tight control by specific molecular networks and
controlling these networks ad hoc is key to improve cell-

replacement therapy.

@ Presentations

Shin J.,et al. “A genetic approach to single cell
reprogramming”. BMB2010. Kobe, Japan. Dec. 7-10,
2010

Shin J., et al. “Analysis of transcriptional regulators
governing establishment of cell-to-cell reprogramming
network” . System Biology: Global Regulation of Gene
Expression. Cold Spring Harbor, NY, USA Mar 22-27,
2010
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Structures of Exotic sd- and fp-SHELL Nuclei

Name: David STEPPENBECK
Host Laboratory: Radioactive Isotope Physics Laboratory,

The changing shell structure of exotic, neutron-
rich nuclei has been a focus of both theoretical and
experimental nuclear physicists for many decades. With
recent advances in the field of radioactive isotope beam
facilities on the experimental front, such as the RIBF
facility at RIKEN, nuclei that lie far from the valley of
B stability on the chart of nuclides can be produced and
studied in the laboratory for the first time. A powerful tool
used to investigate the structures of these exotic nuclides
is the technique of 7-ray spectroscopy, which, amongst
other things, allows experimentalists to deduce the level
structure of a nucleus; the experimental results can then
be compared to theoretical predictions in order to help
interpret the configurations of the protons and neutrons
inside the nucleus, thus, providing us with a picture of
how the filling of single-particle orbitals in atomic nuclei
changes with the proton to neutron ratio. Numerous recent
studies have shown that some nucleonic orbitals, which
are strongly populated in the ground-state configurations
of stable and near-stable nuclei, are not necessarily
energetically favoured in the more exotic systems due in
part to the tensor force [1] and a large correlation energy
between valence nucleons. Furthermore, the well-known
“magic numbers” that are present in stable nuclei, which
occur at closed shell gaps (with N or Z=2, 8, 20, 28, 50,
82,-+), may disappear in nuclides with an extreme neutron
excess while other new ones can appear.

In the fp shell, i.e., nuclei with Z=20 (Ca) to 28 (Ni),
state-of-the-art theoretical calculations [2, 3] suggest that
a new region of nuclear deformation may occur in exotic
isotopes of Ti, Cr and Fe, similar to the famous “island
of inversion” in the sd shell [4]. Since this new region of
deformation, which may appear due to the population
of “inverted” nuclear configurations, is predicted to
occur in these nuclides for isotopes with N=40 or so, a
radioactive beam facility with a large secondary beam
intensity is required. At the RIBF facility, it should be

possible to reach these nuclei with primary beams of *Ge

Nishina Center for Accelerator-Based Science
(Laboratory Head: Hiroyoshi SAKURAI)

or “Kr, thus, opening the door to a new and important
forefront in the field of nuclear structure physics; an
experiment to investigate the onset of nuclear deformation
and collectivity in neutron-rich Fe (Z=26) isotopes was
proposed and accepted [5] at the RIBF, while similar
investigations for other nuclides in this region of the

nuclear chart are also being planned [6, 7].

[1] T. Otsuka et al., Phys. Rev. Lett. 95 (2005) 232502
[2] S.M. Lenzi et al., Phys. Rev. C 82 (2010) 054301
[3] B.A. Brown, Phys. 3 (2010) 104

[4] E.K. Warburton et al., Phys. Rev. C 41 (1990) 1147

[5] D. Steppenbeck et al., submitted to the 6™ RIBF
Nuclear Physics PAC Meeting (Dec. 2009)

[6] G. de Angelis et al., submitted to the 8" RIBF Nuclear
Physics PAC Meeting (Dec. 2010)

[7] D. Steppenbeck et al., Submitted to the 9th RIBF
Nuclear Physics PAC meeting (Jun. 2010)
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H. Scheit., K. Steiger., D. Steppenbeck., K. Sugimoto.,
S. Takano., A. Takashima., K. Tajiri., T. Teranishi.,
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for publication in Phys. Rev. Lett. (January 2011).
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F. Camera.,J. Chiba.,P. Doornenbal.,S. Go., T.
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shape isomer”, accepted for publication in Phys. Lett.
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“Gamma-ray spectroscopy of neutron-rich fp- and sd-shell
nuclei”

The 102" RIBF Nuclear Physics Seminar, held at RIKEN
Nishina Center for Accelerator-Based Science, Japan
(June 1, 2010).

(Poster Presentation)

“In-beam 7 -ray spectroscopy at the RIBF facility: Present
status and future developments”

Nuclear Structure 2010, held at the University of
California, USA (August 8-14., 2010).

Non-Pertubative Aspects of String Theory and Matrix Model

Name: Tasheng TAI
Host Laboratory: Theoretical Physics Laboratory,

So far I have been working on particularly the field
called “string theory” in elementary particle physics.
While string theory always incorporates a variety of
mathematical concepts, it is really providing the latest and
powerful tool for exploring the unknown physics.

As people’s understanding towards string theory

Nishina Center for Accelerator-Based Science
(Laboratory Head: Hikaru KAWAI)

increases, boundaries between areas of mathematics
which have been considered independent of each other
become obscure eventually. For instance, it happens that
two seemingly irrelevant mathematical concepts become
unified through physics.

My main interests lie in exploring gauge/gravity (or
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gauge/geometry) correspondence which is certainly a
challenging theme nowadays.

To finalize the project — regarding gravity as merely
kinds of phenomena observed in gauge theory is truly an
ambitious dream of Albert Einstein. Research activities
towards this are conducted so extensively worldwide.

Big picture

As a unifying theory in physics has been attempted,

over the past decades similar movements in mathematics
as well took place. That is, people are just pursuing the
belief that there exists a concept which unifies somewhat
several different kinds of mathematical ideas.
For example, the mathematician Robert Langlands in
the late 1960s launched what has become known as the
Langlands Program aiming at relating number theory and
harmonic analysis.

This insight had driven Shimura Gorou, Taniyama
Yutaka and Weil to the discovery,i.e. he information
encoded in Galois rePresentations associated with elliptic
curves over Q can be read off from the Fourier expansion of
certain modular forms on the upper-half plane.

Quite recently, Langlands duality becomes important
and accelerates its penetration into physics. Perhaps a
few years later, it is likely to provide the insight even
for unifying the heart of physics and mathematics. The

main reason of this suggestion seems inevitably the AGT

conjecture born in 2009 summer
What is AGT hypothesis?
The framework laid down by Alday-Gaiotto-Tachikawa

(AGT) states that there exists certain intimate relation
between two-dimensional Liouville CFT and four-
dimentional supersymmetric gauge theory (N =2 Seiberg-
Witten theory). Because both two topics were developed
quite independently during the past decades, their
coincidence is considered to be amazing! Nevertheless,
their startling discovery overturns the traditional
perception of us. This is because compared with the
AdS/CFT correspondence described earlier, AGT had
pointed out an all new kind of gauge/geometry duality
and envisioned a way by which one can explore two
sides using more different viewpoints and mathematical
tools. Many parts are still under construction and many

unsolved puzzles still remain.

@ Publications

(First —author papers)

Ta-Sheng Tai “Uniformization, Calogero-Moser/Heun
duality and Sutherland/bubbling pants” JHEP 1010 107
(2010)

Ta-Sheng Tai “Triality in SU(2) Seiberg-Witten theory
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Nano-Raman Spectroscopy of Thermo-mechanical and Electrical Stress

in Advanced Electronic Devices and Sensors

Name: Alvarado TARUN
Host Laboratory: Nanophotonics Laboratory,

We demonstrate tip-heating-assisted enhanced Raman
spectroscopy to investigate the temperature dependence
of the carbon nanotube G-band with nanoscale resolution.
The controllable and nanoscale heat generated at the tip
apex was used to thermally perturb and characterize
a small volume in a carbon nanotube sample that
is precisely positioned underneath the tip. First, we
demonstrate nanoscale cutting of CNTs using the heat

generated from the absorbed light at the tip apex of Si

Advanced Science Institute
(Laboratory Head: Satoshi KAWATA )

tip that is transferred to the CNT by conduction. We
used two different laser powers, 7TmW and 9mW, to cut
different areas in the CNT. During cutting, the monitored
Si Raman peak shift is ~509 cm-1 for 7mW, which is
equivalent to 800K, whereas the peak Raman shift is
~500 cm-1 for 9mW, equivalent to 1100K. No visible
traces of cut area from the Raman and topographic
images for 7 mW laser power. For 9mW laser power,

the CNT was successfully cut based on the Raman and
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topographic images. Using the same setup and CNT
preparation, we coated the Si tip with 50-nm thick Ag to
investigate the dependence of tip-enhancement at highly
elevated temperature and at the same time obtain the
temperature coefficient of CNT. The observed shift in
the near-field Raman of CNT is attributed primarily to
direct conduction of heat from the laser heated tip and not
attributed to the absorption of light by CNT within the
diffraction limited focused spot because of the very small
far-field downshift. We observed that the enhancement
factor starts to decrease only at above 500 K. This is due
to changes in the optical properties of silver at elevated
temperatures. The dependence of tip enhancement with
temperature was also experimentally examined, which is
in good agreement with the enhancement calculated from
the electromagnetic model of isolated spheroids. The
technique presented may open up opportunities in the
study of controlled heat-assisted biochemical reactions
and physical transformations of nanostructures. It can
also be used for thermal characterization of various
materials requiring site-selective and controllable
nanoscale heat source and could enable the realization of

new photothermal devices.
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(First-author papers)
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Modeling Visually Evoked Neuronal Activity by Non-Linear

Combinations of Multi-Resolution Filter Responses

Name: Michel VIDAL-NAQUET
Host Laboratory: Gruen Research Unit,

During the year 2010, I wrote a paper on stereoscopic
vision with Sergei Gephstein. We submitted it but so far
it has not yet been published.

I also worked on the Free-Viewing neural data
project described previously. I developed a statistical
test specially dedicated to the estimation of statistical
significance of the extracted receptive fields. For this
purpose, I simulated neural response that respond to
stimuli based on a neuronal filter - typically, a Gabor
type filter as in V1. The novel characteristic used here
was to keep actual neural responses recorded during
the experiment, but reordering the stimulis/neural
response according to the responses of a real neural
filter. This enables to compare statistical measures of

shuffle tests such as p-values of the simulations, where

Brain Science Institute
(Laboratory Head: Gruen SONJA)

we know for sure that a filter described the stimuli/
response relationship, and the statistics obtained over
the experiments, When the simulation and experiments
are consistent, we can be confident that the experimental
analysis revealed the neuronal filter.

I also applied this approach to neural data obtained
from anesthetized animals, for which we also performed
standard receptive field extraction techniques,in
particular, reverse correlation. We could therefore validate
our approach using neural data with known receptive
fields. Results showed that our receptive field extraction
technique extracts correctly receptive fields.

I started writing a paper about this but it yet has to be
finished.
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Aspects of Strongly Correlated and Mesoscopic Physics in Cold Atom Systems

Name: Shimul AKHANJEE
Host Laboratory: Condensed Matter Theory Laboratory,

I worked on the following research projects for FY
2010:

In collaboration with Dr. Furusaki and Dr. Masahisa
Tsuchiizu at Nagoya University, we investigated the
ground-state properties of one-dimensional (1D) mixtures
of atomic bosons and fermionic atoms resonantly coupled
to molecular fermions. Using a bosonization scheme,
the 2-channel form of the interaction is similar to the
hopping term between weakly coupled spinless Tomonaga
Luttinger liquids (TLL). At specific commensurate
points, the reduction of the energy scale by applying a
renormalization group analysis, scales the 3-component
TLL system into a groundstate with coupled massive
modes characterized by composite superfluid and pairing
correlations between the open and closed resonant
channels. A paper is being drafted and will be submitted
to Physical Review A. The results will also be presented at
the 2011 APS March meeting in Dallas, Texas.

In collaboration with Dr. Yuichi Otsuka, Dr. Hitoshi
Seo and Dr. Masahisa Tsuchiizu, we investigated the low
energy properties of a one-dimensional extended Hubbard
model at quarter filling coupled to antiferromagnetically
ordered Ising spins, motivated by the electronic structure
of a quasi-1D Fe-phthalocyanine compound, which
exhibits interactions between p correlated electrons and
d localized spins that can be modeled as a staggered
magnetic field in certain limits. Using the bosonization
technique and a semiclassical analysis of the interaction
potential we attempted to explain enhanced charge-ordered
and ferromagnetic correlations detected by quantum Monte
Carlo simulations. We are developing a renormalization
group analysis that can further describe such instabilities

more quantitatively.

Advanced Science Institute
(Laboratory Head: Akira FURUSAKI)

I have studied the connection between the spherical
spin glass model and Anderson’s disordered tight-binding
model within the replica formalism before the gradient
expansion is initiated in terms of replicated “Q” matrices,
which usually leads to a non-linear sigma model. Taking
an alternative route via a Coulomb gas mapping can
possibly demonstrate an exact solution of the localization

transition. Work is in progress.
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Akhanjee Shimul “Quasiparticle excitations in Bose-
Fermi mixtures” Physical Review B Vol.82 pp075138-
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duality solution beyond mean-field theory Rudnick
Joseph” Physical Review Letters Vol.105 0117247
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Akhanjee Shimul “Quantum phase coherence in non-
Markovian and reaction-diffusive transport” Physical
Review B Vol.82 5 pp054201-1-054201-5 (2010)
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“Pairing correlations in one-dimensional Bose-Fermi
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Investigation of Charm and Beauty Physics via Single Electrons
at the PHENIX Experiment at RHIC

Name: Stephen BAUMGART
Host Laboratory: Radiation Laboratory,

During 2010, progress was made in simulation analysis
of heavy flavor from the distance-of-closest approach
method as well as reconstruction of heavy flavor decay
vertices. Analysis of the PHENIX experiment’selectron
data from Cu+Cu collisions at a beam energy of 200 GeV
per nucleon was begun. Problems with the embedding
simulation of the STAR-SVT detector needed for
efficiency corrections were fixed as well. I also helped
with the voltage QA for the BUS connections for the VTX
ladders.

Work has continued on the geometric analysis of heavy
flavor decays in the PHENIX at RHIC experiment. One
method is to use two daughter tracks from a heavy flavor
decay to locate the decay point and to reconstruct the mass
of the parent (heavy-flavor) particle in the case that all
daughter tracks are found. I showed that the D° meson can
be reconstructed from its kaon and pion daughters using
tracks detected by the PHENIX inner silicon vertex tracker
(VTX). If only some of the tracks can be detected (if one
is a neutrino invisible to our detectors), then a fit can be
done to the electron spectra which allows it to be separated
into the various contributors (D, D°, D, B, B°, B,).

Progress has also been made on the procedure for
identification of heavy flavor particles through the
measurement of the distance-of-closest approaches
(DCA) of their electron daughters. I advanced the
method to account for the various species of open charm
(D, D% Ds) and open beauty (B, B°, B,). A check was
done to extrapolation below the fit limits of 100 to 200
microns to the low DCA region poorly reconstructed
and contaminated by Dalitz decays. As of this writing,
the DCA analysis will soon be run in a double-blind
simulation check to verify its consistency.

I have begun analysis of electron data taken from
Cu+Cu collisions at RHIC at a beam energy of 200 GeV
per nucleon. The goal is to analyze the spectra of electrons

from the decay of heavy flavor electrons. In order to

Nishina Center for Accelerator-Based Science
(Laboratory Head: Hideto EN’YO)

properly measure the electron background from photonic
conversions, a brass converter of known radiation length
is placed within the PHENIX detector around the beam
pipe. In the preliminary analysis, data runs from when the
converter was inserted within PHENIX and from when it
was not were divided into two groups. Quality assurance
(QA) was done to ensure consistency. So far, a QA has
been done for electron yield per run as well as the angular
distribution of detected electrons in both converter and
non-converter cases. This analysis is ongoing though no
major problems have been found.

Embedding simulations require that simulated tracks
be merged with real data in order to evaluate the behavior
of a particle of interest in a real detector and calculate the
efficiency. After STAR ran embedding simulations for
the open charm D° decays, it was found that the numbers
of hits in the STAR silicon Vertex Tracker (SVT) of
embedded D° tracks were behaving differently from the
hits on real data tracks. Because I had last made major
modifications to the simulation, I investigated this issue
and found that SVT simulation updates were not being
propagated to the computers on which the embedding
simulations were run and that since the SVT simulator
was written without input from embedding simulation, I

undertook further tuning.

@ Publications

“Observation of charge-dependent azimuthal correlations
and possible local strong parity violation in heavy ion
collisions” Submitted Sep.9, 2009, published May. 28,
2010 Phys. Rev. C 81 (2010) 054908*

“Observation of w+m-7w+7m-photoproduction in
ultraperipheral heavy-ion collisions at ¥ SNN=200
GeV at the STAR detector” Submitted Dec. 4, 2009,
published Apr. 2, 2010 Phys. Rev. C 81 (2010) 044901*
Spectra of identified high-pT 7t = and p(p) in Cu+Cu
collisions at v SNN=200 GeV” Submitted Nov. 16,
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2009, published May. 27, 2010 Phys. Rev. C 81 (2010)
054907*

“Studying Parton energy loss in heavy-ion collisions
via direct-photon and charged-particle azimuthal
correlations” Submitted Dec. 9, 2009, published Sep.
30, 2010 Phys. Rev. C 82 (2010) 034909*

“Inclusive 7© 0, 7, and direct photon production at high
transverse momentum in p+p and d+Au collisions at v~
sNN=200 GeV” Submitted Dec. 18, 2009, published
Jun. 15, 2010 Phys. Rev. C 81(2010) 064904*
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Jul. 8, 2010 Phys. Rev. Lett. 105 (2010) 022301*

“Charged and strange hadron elliptic flow in Cu+Cu
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Jan. 28, 2010, published Apr.9, 2010 Phys. Rev. C
81(2010) 044902*

“Upsilon cross section in p+p collision at v s =200GeV”
Submitted Jan. 15, 2010, published Apr. 9, 2010 Phys.
Rev. Lett. 105(2010) 012004*

“Measurement of the Bottom contribution to non-
photonic electron production in p+p collisions at
sqrt{s}=200GeV" Submitted Jul.7, 2010, published
Nov. 12, 2010 Phys. Rev. Lett. 105 (2010) 202301*

“Balance Functions from Au+Au,d+Au,and p+p
Collisions atv’ sSNN=200 GeV” Submitted May. 13,
2010, published Aug. 11, 2010 Phys. Rev. C82 (2010)

024905*

“Higher Moments of Net-proton Multiplicity Distributions
at RHIC” Submitted Apr. 29, 2010, published Jul. 9,
2010 Phys. Rev. Lett. 105 (2010) 022302*

“Azimuthal di-hadron correlations in d+ Au and Au+Au
collisions at v" sSNN=200 GeV measured at the STAR
detector” Submitted Apr. 14, 2010, published Aug. 30,
2010 Phys. Rev. C82(2010)024912*

“Longitudinal scaling property of the charge balance
function in Au+Au collisions at 200GeV”~ Submitted
Feb. 12,2010, published May. 15, 2010 Phys. Lett.
B690(2010) 239*

@ Presentations

“Recent Progress in Open Heavy Flavor in Heavy-Ton
Collisions”. Heavy Ion Café at Tokyo, CNS, June 26,
2010.

“Recent Progress in Open Heavy-Flavor Studies at RHIC
and Future Prospects at RHIC and LHC”. Heavy Ion
Pub at Nagoya University, August 17, 2010.

Physical Interpretation of Localized-Stationary Solutions

of Madelung Fluid Dynamics and the Relativistic Extension

Name: Agung BUDIYONO

Host Laboratory: Laboratory for Mathematical Neuroscience,

Quantum mechanics has proven to be a remarkably
precise theory to explain physical phenomena in
microscopic world. On the other hand, any experiment
always involves macroscopic apparatus in the regime
of which classical mechanics is unbeatable. It is then

imperative to clarify the relation between the two

Brain Science Institute
(Laboratory Head: Shun-ichi AMARI)

theories. On one hand, since the apparatus is composed of
microscopic objects: electron, proton, etc., one may expect
that the classical behavior of the apparatus should be
derivable from the quantum behavior of the microscopic
objects that comprise the apparatus. In this sense, classical

mechanics is argued to emerge from the more universal
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theory of quantum mechanics. On the other hand, one
needs to understand how our reading on microscopic world
is interfered by the law of classical mechanics through
the measurement. This problem of quantum-classical
correspondence is thus intimately related to the physical
status, thus the interpretation of quantum mechanics.

In the fiscal year of 2010, 1 attempted to present a
proposal to derive classical mechanics from quantum
mechanics in a system of a single particle with and
without external potential. This is done by elaborating the
notion of self-trapped wave function previously developed
by the present researcher in the frame of Madelung fluid
dynamics. The latter reduces into the familiar Schrodinger
equation for the case of irrotational flow. Hence, it can
be regarded as a sort of generalization of the Schrodinger
equation.

Then, for a free particle, I showed that there is a subset
of self-trapped wave functions which is particle-like.
Namely, the spatially localized wave packet is moving
uniformly with undistorted shape as if the whole wave

packet is indeed a classical free particle. The length of the

spatial support of the wave packet is given by the Compton
wavelength so that the wave packet is more localized for
particle with larger mass. Whereas for a particle subjected
to a macroscopic external potential, I showed that the time
needed by the corresponding self-trapped wave function
to depart from a classical trajectory is of the order of the
inverse of the Compton wavelength. We thus argue that
it is the Compton wavelength that matters and not the
de Broglie wavelength as in conventional semiclassical
approach. I have also attempted to develop relativistic

extension.

@ Publications
Budiyono A.: “On Quantum-Classical Transition of a

Single Particle”, Found. Phys., 40, 1117-1133 (2010) *

@ Presentations

Budiyono A.: “Quantum analog of free particle relativistic
dynamics via superposition” presented at International
Workshop on Statistical Physics of Quantum Systems,
Tokyo, Japan, August 2-4, 2010.

Mouse Mitochondrial Inheritance and Dynamics

Name: Ligin CAO

Host Laboratory: Technology and Development Team

Mitochondria play central roles in many cellular
processes, including energy supply, calcium signaling and
apoptosis. Mutations in mitochondrial DNA (mtDNA) are
responsible for a number of serious diseases. Currently
there is no effective treatment for mtDNA disorders,
placing great emphasis on understanding mtDNA
inheritance in order to prevent the transmission of these
diseases. In mammals mtDNA is inherited maternally via
the oocyte. Pedigree analyses of heteroplasmic individuals
in animals and humans revealed that mtDNA genotypes
shift rapidly among offspring and return to homoplasmy
in some progeny within a few generations, suggesting that
a mtDNA bottleneck accounts for the rapid segregation.

However, the underlying mechanism of the bottleneck

for Mammalian Cellular Dynamics,
BioResource Center
(Laboratory Head: Kuniya ABE)

remains uncompletely resolved. Our previous studies in
mice provided solid evidence that primordial germ cells
(PGCs) possess moderate mtDNA copies, ruling out
the prevailing longstanding hypothesis that the mtDNA
bottleneck results from a dramatic reduction in mtDNA
content in PGCs during embryonic development. Recently
a report suggested that the bottleneck occurs during
postnatal folliculogenesis as a result of replication of a
subpopulation of mtDNA in primary oocytes. To further
investigate whether mitotic segregation of mtDNA during
preimplantation and/or during the early expansion of
PGCs makes major contribution to the bottleneck, I am
using mice heteroplasmic for two mtDNA variants to

examine the mtDNA genotype shift across development
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stages. These data will provide new information on the
understanding of mtDNA bottleneck and transmission.
Alterations in mitochondrial number, morphology
and distribution associate with various diseases. In
vivo observations of mitochondrial dynamics in live
animals would shed novel insights into the involvements
of mitochondria in disease progress and therapeutic
treatments. However, subcellular intravital imaging has
been challenging due to tissue motion caused by breathing
and heartbeat, especially for intraperitoneal organs, such
as liver, pancreas and kidney etc. We have developed a
stabilization device to effectively reduce organ motions
and enable image acquisition with subcellular resolution
in live mice. Using this device we monitored mitochondria
and autophagosome dynamics in real-time, and quantified
autophagosome formation and gene expression under
different physiological conditions in intact liver, pancreas
and kidney. To our knowledge, our study is the first report
on in vivo quantification of subcellular structure dynamics

in abdominal organs of live mice.

@ Publications

(Review articles)

Shitara H., L. Cao. and H. Yonekawa. “The mode of
mitochondrial DNA transmission in mammal: rapid
segregation and bottleneck effect”. I T.2% 29 % 5
5 pp: 461-465 (2010).

@ Presentations

(International conferences)

Cao L., K. Abe. “Intravital molecular imaging of cellular
processes in live mice”. The 4" congress of Asia
federation of laboratory animal science”. Taipei,
Taiwan, November 9-11, 2010.

(Domestic conferences)

Cao L., H. Shitara., M. Sugimoto., J.-I. Hayashi., K. Abe.
and H. Yonekawa. “The mitochondrial DNA bottleneck
in the germline cells of mammals”. Eastern Japanese
animal embryo transfer workshop, and animal genetics
and reproduction seminar. Tsukuba, Japan, December

13, 2010.

Rare Earth Polyhydride Complexes Bearing Non-Cp Ligands

Name: Jianhua CHENG
Host Laboratory: Organometallic Chemistry Laboratory,

Rare earth (Group 3 and lanthanide) metal polyhydride
complexes consisting of the dihydride species “LLnH,”
with one ancillary ligand per metal have received intense
current interest, because of their fascinating structure
and reactivity which are exquisitely different from their
monohydride relatives “L,LnH” having two supporting
ligands. The nuclearity of the rare earth polyhydride
complexes is generally dependent on the steric bulk of the
ancillary ligands. An increase of ligand hindrance usually
leads to decrease of the nuclearity and increase of the
reactivity of the resulting hydride clusters.

Previous, our group have reported a series of tetranuclear
octahydrides supported by bulky cyclopentadienyl Igiands,
[(CsMe,SiMe;)LnH,],(THF),_,, which showed a unique
reactivity towards various substrates, such as nitriles,

carbon monoxide. More recently, we have demonstrated

Advanced Science Institute
(Laboratory Head: Zhaomin HOU)

that the rigid bis(phosphinophenyl)amido moiety {4-Me-
2-(Pr,P)-C4H,},N can serve as an excellent supporting
ligand for the rare earth polyhydride complexes, leading to
formation of a new family of structurally characterizable
trinuclear and binuclear polyhydride complexes, including
the first examples of cationic trinuclear and binuclear
rare earth polyhydrides. The poor crystallinity of these
polyhydrides encouraged us to explore other monoanionic
Non-Cp ancillary ligands.

To our delight, when we used the amidinate ligands
(NCN) (NCN = R-C(NAr*),; Ar* = 2, 6-diisopropylphenyl)
as bulky ancillaries and discovered that hydrogenolysis of
various (R-NCN)Ln(CH,SiMe,),(THF),_, complexes led
to the corresponding dihydrides with nuclearity depending
on the size of the NCN ligands and the solvents used in

preparation.
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Hydrogenolysis of the dialkyl complexes (R-NCN)
Y(CH,SiMe,),(THF) (R = ‘Bu, Ph, Me) in hexane
solution proceeded well and after simple workup gave
the corresponding trinuclear hexahydrides, [(R-NCN)
YH,],(THF),, in good yield. While when the substitute on
the backbone of amidinate ligand is H group, tetranuclear
octahydrides [(H-NCN)YH,],(THF), were collected under
the same conditions.

The effects of the size of rare earth metal ionic radius on
the formation of cluster hydrides were also investigated.
We have synthesized a series of trinuclear hexahydrides
[(Ph-NCN)LnH,];(THF), (Ln = La, Gd, Y, Lu,n = 2; Ln
= Sc, n = 1) for metal spanning the full size range of the
trivalent ions of the group 3 and lanthanide metals. The
six hydrides ligands in these trinuclear clusters exhibit the
same bonding mode with two triply bridging ( « ,-H) and
four double bridging ( « ,-H).

Noticeably, when the hydrogenolysis of the dialky
complexes (Ph-NCN)Ln(CH,SiMe;),(THF) (Ln =Y, Lu)
were carried out in THF solution, the first examples of
binuclear tetrahydrides [(Ph-NCN)LnH,],(THF), (Ln =,
Lu) were disclosed. There are two different types of bonding
hydrides: three hydrides are doubly bridging ( « ,-H), the
remaining one is terminal. Thus, these novel hydrides also
represent the first example of rare earth terminal hydride
complexes supported by Non-Cp ligands.

All these polyhydrides complexes were characterized by the
usual spectroscopic, elemental analysis, and the structures in
the solid state were determined by single X-ray diffraction.

In summary, We have demonstrated that the use of

amidinate(NCN) ligands led to the straightforward and

high-yield synthesis of a series of novel tetranuclear,
trinuclear, and binuclear rare earth dihydrides, [(R-NCN)
LnH,],,(THF),_,. All these novel polyhydrides were
isolated and structurally confirmed. Studies on the
reactivity of these polyhydrides and the analogous cationic

species are in progress.

@ Publications

(Original Papers)

Cheng Jianhua, Shima Takanori and Hou Zhaomin;
“Rare earth polyhydride complexes bearing
bis(phospineophenyl)amido (PNP) pincer ligands”.
Angew. Chem. Int. Ed. 2011, 50, 1857-1860.

(Co-Author Papers)

Zhang Liang, Cheng Jianhua, Ohishi Takeshi and Hou
Zhaomin; “Copper-Catalyzed Direct Carboxylation of
C-H Bonds with Carbon Dioxide”. Angew. Chem. Int.
Ed. 2010, 49, 8670-8673.

@ Presentations

(Domestic Conferences)

Cheng Jianhua, Shima Takanori and Hou Zhaomin.
“Neutral and Cationic Rare Earth Polyhydrides
Supported by Bis(phosphinophenyl)amido Ligands”.
The 60™ Anniversary Conference on Coordination
Chemistry, Osaka, Japan, Sept. 27-30, 2010.

Cheng Jianhua, Wang Haiyu, Nishiura Masayoshi and
Hou Zhaomin; “Synthesis and Structure of Rare Earth
Polyhydride Complexes Bearing Amidinate Ligands”.
HAfL %25 91 HF 4R, B, March 26-29,
2011.

Integrated Multi-Omic Investigation of Phytoplankton Community Dynamics:

Novel Metabolic Function and Community Structure in an Artificial Ecosystem

Name: Richard Craig EVERROAD
Host Laboratory: Biosphere Oriented Biology Research Unit,

Environmental metabolomics is a promising field
that to date has seen limited application to the microbial
world. One difficulty has been the inadequacy of methods

suitable for microbes, particularly in planktonic systems.

Advanced Science Institute
(Laboratory Head: Shigeharu MORIYA)

We are developing an integrated multiomics approach
for such communities by incorporating community-
level metabolome fingerprinting with genomic and

environmental data to better understand microbial
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interactions and responses to environmental and
experimental changes. Marine microbial ecosystems offer
a great abundance of genetic and metabolic diversity, but
this diversity, along with the dynamics and functions of
these systems, are difficult to explore experimentally in the
field. The long term goal of our research is to apply such
an experimental approach towards biomass production and
ecosystem remediation using marine microbial resources.
Our current main activities and results are below:
1) Bioremediation of eutrophic waters

Using water from highly eutrophic Tokyo Bay, a series
of 5 liter microcosms with different staring conditions
have been used to assay both the natural ability of native
plankton assemblages to improve water quality and
produce extractable resources (here, neutral lipids). We
have observed remarkable algal-mediated reduction of
inorganic nitrogen (DIN; from as high as 225 uM to less
than 40 mM, with nitrite and ammonium dropping below
detectable levels) and phosphate from test waters over
a matter of a few days to one week. 'H-NMR analysis
of free organic compounds in the water itself also show
a decrease concomitant with algal growth; this aspect
is currently being explored further. Lipid production
assayed using nile red fluorescence however did not reveal
considerable production of neutral lipids. Algal biomass
was dominated metabolically by sugars and biologically
by diatoms. However, great variation in lipid production
was observed, and algal bloom autotermination offers
potential as an improved method for collecting materials
for downstream extraction. This aspect is also an area of
current research.
2) Biofuel production

We are exploring lipid production in ~15 strains of
Nannochloris spp. (Chlorophyta) we isolated from Tokyo
Bay and Okinawa. These strains produce up to 30% (60%

dry weight) oil as neutral lipids, and there is considerable

variation in oil content due to genetic identity and
physiological state. We have identified several high-lipid
candidates and have rendered them axenic for ongoing

experimental work.

@ Publications

(First-author papers)

Everroad R.C., Yoshida S., Tsuboi Y., Date Y., Kikuchi
J. and Moriya S. In press. Metabolic profiling of
microbial planktonic communities by nuclear magnetic
resonance spectroscopy for environmental trans-omics
approaches. Journal of Visualized Experiments. *

Everroad R.C. and Moriya S. Submitted. Comparative
analysis of PCR protocols and sample application on
denaturing gradient gel electrophoresis (DGGE) results.
Microbes and Environments. *

Tweddle J.F., Strutton P.G., Foley D., O’Higgins L., Wood
A.M., Scott B., Everroad R.C., Peterson W., Cannon D.
Hunter M. and Forster Z. 2010. Relationships among
upwelling, phytoplankton blooms, and phycotoxins
in coastal Oregon shellfish Marine Ecology Progress
Series. 405:131-145. *

@ Presentations

(International conferences)

Everroad C., Yoshida S., Tsuboi Y., Kikuchi J. and Moriya
S. “Development of environmental multi-omics for
planktonic microbial communities”. 13" International
Symposium on Microbial Ecology, Seattle, USA.
August 2010.

(Domestic conferences)

Everroad C., Tsuboi Y., Yoshida S., Kikuchi J. and Moriya
S. “Development of environmental metabolomics
for planktonic microbial communities”. Memorial
Symposium for the 26" International Prize for Biology.

Tsukuba, Japan. December 2010.
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Metamaterials Switch Device

Name: Xu FANG

Host Laboratory: Tanaka Metamaterials Laboratory,

Optical isolation is the phenomenon that light can
propagate in one direction, while it cannot propagate in
the opposite direction. Optical isolators are widely used
nowadays in lasers and optical communication systems
to protect the light sources from reflected light. They are
expected to be crucial for the future photonics systems,
where they behave as traditional electronic diodes behave
in electronic circuits. The most common optical isolator
nowadays is a set of optics including two linear polarizors,
a magnet and a magneto-optical crystal, whose big footprint
is incompatible with the future photonics systems. Although
various ways have been proposed previously, none of
them provide a nanometer-sized optical isolator that works
effectively for weak light. My work is to realize a nanometer-
sized optical isolator that works for a weak pulsed laser beam,
using surface plasmons on metal surfaces.

Surface plasmons are a collective movement of electrons
on a metal surface excited by freely propagating light. Their
electromagnetic field is confined in a limited space, where
its strength is several orders higher than that of the excitation
light. These properties are very attractive for realizing optical
isolators small in size, and working for weak light.

In order to use surface plasmons to realize optical
isolation, I tried a relay of two second-order nonlinear
effects, a second harmonic generation followed by a
degenerate deferent frequency generation. Two kinds

of nanostructures, optimized for the second harmonic

Advanced Science Institute
(Laboratory Head: Takuo TANAKA)

generation and the degenerate deferent frequency
generation, respectively, are fabricated and aligned in a
particular direction. Incident light propagating along this
direction is first doubled, and then halved in frequency when
passing through these nanostructures in the form of surface
plasmons. In the opposite direction, light propagation is
totally blocked because such frequency conversion is not
preferred. Experiment up to now suffers from a very low
yield. It is mainly because of the intrinsically low efficiency
of second-order nonlinear effects on metal surfaces.
Because of the centrosymmetric alignment of metal atoms
in the metal crystal, second-order nonlinear effects are only
possible for a few layers of atoms in the vicinity of the metal
surface, making the total output low and highly depending
on the roughness of metal films.

The efficiency of the process above is expected to be
improved greatly, when we introduce a parametric resonator
of surface plasmons in the near future. The surface of
metal films behaves as a resonator for the incident light,
when it is patterned with proper nanostructures. Although
this resonator usually works only for a single wavelength,
we notice that the requirements of a parametric resonator,
such as energy conservation, momentum conservation and
phase matching, can be easily met by adjusting the scale of
nanostructures. Using such kind of parametric resonators,
we expect the optical isolation to observable easily on a

pulsed laser beam with moderate strength.

Development of Computational Methods for Large Scale Gene Regulatory Networks:

Construction and Structural Analysis

Name: Andre FUJITA

Host Laboratory: Data Analysis Fusion Team,

Granger causality presents a potential approach for

the detection of possible interactions in a data driven

Computational Science Research Program
(Laboratory Head: Satoru MIYANO)

framework couched in terms of temporal precedence

(a cause has to come before an effect). The main idea
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is that temporal precedence does not imply, but may
help to identify causal relationships, since a cause never
occurs after its effect (Fujita et al., Lecture Notes in
Bioinformatics, 2010).

The concept of Granger causality was introduced
in Systems Biology and successfully applied in the
identification and interpretation of regulatory networks
(Fujita et al., Lecture Notes in Bioinformatics, 2010).
The main advantage of Granger causality consists in its
interpretation, i.e., each edge of the regulatory network
represents the information flow from one time series to
another time series (from one gene to another gene).

The theoretical generalization of Granger causality
between sets of variables has not been sufficiently
explored. In the fiscal year of 2010, the FPR defined a new
concept of Granger causality, generalizing the multivariate
concept to between sets of time series, i.e., now it is
possible to identify information flow from one set of genes
to another set (Fujita et al., Journal of Bioinformatics and
Computational Biology, 2010). Two approaches were
proposed in order to identify and test Granger causality
between gene sets. The first one was the bootstrap method,
which does not assume any data distribution (Fujita et al.,
Journal of Bioinformatics and Computational Biology,
2010). Despite the usefulness of the bootstrap method
to identify/test Granger causality, it is computationally
intensive, becoming particularly slow when accurate
p-values are required. To overcome this drawback, the
FPR proposed also an analytical approach based on
likelihood ratio test (LRT). For time series experiments
containing less than 100 points, the FPR also proposed
a Bartlett correction in order to improve the asymptotic
approximation of the statistics (Fujita et al., Bioinformatics
2010). After intensive simulations, the results showed that:
(i) the LRT is equivalent to Wald’s test in the multivariate
model in terms of statistical power; (ii) the LRT is much
faster and has a higher statistical power than the bootstrap
method (when analyzing sets of time series data); and (iii)
both the LRT and bootstrap can control the rate of false
positives even under non-Normal noises. An R package
named gGranger containing the identification method for
Granger causalities, the bootstrap procedure and the LRT
with Bartlett correction was provided at the web.

(http://dnagarden.hgc.jp/afujita/en/doku.php?id=ggranger)

In addition, one invited book chapter referring to the
identification of time-varying Granger causality, i.e.,
identification of gene network structures that change along
time was written and published (Fujita et al., Wiley VCH
Verlag 2010).

In parallel to these works on Granger causality, the
FPR studied the differences between three major gene
expression quantification techniques namely illumina
microarray, real time RT-PCR (qRT-PCR) and CAGE (Cap
Analysis of Gene Expression). After careful quantitative
and qualitative comparisons, the FPR concluded that
CAGE and qRT-PCR are the most sensitive methods,
however, the false positive transcripts identified by
CAGE is still quite high, probably due to sequencing
errors. CAGE and microarray allow the identification
and quantification of thousands of transcripts while qRT-
PCR is a low-throughput method. In terms of precision
in quantification, qRT-PCR is the best one followed
by microarray, but both require that the transcript is
known. CAGE can quantify yet unknown transcripts.
The quantitative results indicate that the gene expression
quantifications obtained by each technology is not
interchangeable, however the strength of one technology

may complement the weakness of the others.

@ Publications

(First-author papers)

Fujita A., Kojima K., Patriota A., Sato J., Severino P. and
Miyano S.; “A fast and robust statistical test based on
Likelihood ratio with Bartlett correction to identify
Granger causality between gene sets” Bioinformatics
Vol.26 pp2349-2351 (2010)*

Fujita A.,Severino P.,Sato J. and Miyano S.;”
Granger causality in systems biology: modeling
gene networks in time series microarray data using
vector autoregressive models” Lecture Notes in
Bioinformatics Vol.6268 pp13-24 (2010)*

Fujita A., Nagasaki M., Imoto S., Saito A., Ikeda E.,
Shimamura T., Yamaguchi R., Hayashizaki Y. and
Miyano S.; “Comparison of gene expression profiles
produced by CAGE, illumina microarray and Real
Time RT-PCR” Genome Informatics Vol.24 pp56-68
(2010) *

Fujita A., Sato J.R., Kojima K., Gomes L.R., Nagasaki
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M., Sogayar M.C. and Miyano S., “Identification
of Granger causality between gene sets,” Journal of
Bioinformatics and Computational Biology Vol.§
pp679-701 (2010) *

(Books)

Fujita A., Sato J., Demasi M., Miyano S., Sogayar M.
and Ferreira C.; “An introduction to time-varying
connectivity estimation for gene regulatory networks”
In: Frank Emmert-Streib; Matthias Dehmer. (Org.).
Medical Biostatistics for complex diseases. Weinheim,
Germany: Wiley VCH Verlag, pp205-230 (2010)

(Other)

(Co-author papers)

Niida A., Imoto S., Yamaguchi R., Nagasaki M., Fujita
A.,Shimamura T. and Miyano S.; “Model-free
unsupervised gene set screening based on information
enrichment in expression profiles” Bioinformatics
Vol.26 pp3090-3097 (2010)*

Sato J.R., Fujita A., Cardoso E.F., Thomaz C.E., Brammer
M.]. and Amaro Jr. E.; “Analyzing the connectivity
between regions of interest: an approach based on
cluster Granger causality for fMRI data analysis”,
Neurolmage Vol.52 pp1444-1455 (2010)*

Shimamura T., Imoto S., Nagasaki M., Yamauchi M.,

Yamaguchi R., Fujita A., Tamada Y., Gotoh N. and
Miyano S. “Collocation-based sparse estimation
for constructing dynamic gene networks”, Genome
Informatics Vol.24 pp164-178 (2010)*

@ Presentations
(International conferences)

“Granger causality in systems biology: modeling gene
networks in time series microarray data using vector
autoregressive models,” Brazilian Symposium on
Bioinformatics Buzios Brazil 2010

“Comparison of gene expression profiles produced
by CAGE, illumina microarray and Real Time RT-
PCR” The 10th Annual International Workshop on
Bioinformatics and Systems Biology, Kyoto Japan
2010

“The impact of measurement errors in the identification of
gene regulatory networks” Systems Biology: regulation
of gene expression Cold Spring Harbor United States
2010

“Assessing microRNA regulatory networks for biomarker
discovery in cancer " American Association for Cancer

Research, San Francisco United States 2010

A Novel Method for Diagnosis of Retinitis Pigmentosa Patients
Using Their Own iPS Cells

Name: Zi-Bing JIN

Host Laboratory: Laboratory for Retinal Regeneration,

Retinitis pigmentosa (RP) is a group of retinal
degenerative diseases caused by rod photoreceptor
degeneration and characterized by night blindness and
visual field defect. Actually, RP encompasses a number
of genetic subtypes as more than 45 causative genes and
a large number of mutations have been identified so far.
However, the pathogenesis of the disease are still poorly
understood, which thereafter results in unavailability of
treatments for RP. The first discovered RP-causing gene,
RHO, is the most prevalent cause of RP. It is proposed

that RHO mutation results in an accumulation of mutant

Center for Developmental Biology
(Laboratory Host: Masayo TAKAHASHI)

protein in endoplasmic reticulum (ER) which leads to
rod photoreceptor cell death. Experiments using animal
cells have proven such hypothesis, however, so far its
involvement in human retinal cells remains unknown.
RP9Y, also named as PAP-1, is a ubiquitously expressing
gene but its mutation leads to retina-specific degeneration.
The underlying mechanism of photoreceptor apoptosis
is unclear. No any animal models of this gene have been
reported to mimic the disease to date. Taken together, in
vitro disease modeling using induced pluripotent stem (iPS)

technology is of particular value for mechanism study and
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drug screening for retinitis pigmentosa.

In this study, we generated iPS cell lines from RP
patients with identified mutations in RHO, RP9, RP1
and RDS genes. Each line of the iPS cells demonstrated
differentiation ability into three-germ derivatives. By using
1in vitro differentiation methods, we confirmed these cells
can differentiate into retinal pigment epithelium (RPE)
progenitors (Pax6+/Mitf+) and pigmented RPE-like cells,
retinal progenitor cell (Pax6+/Rx+) and subsequently the
photoreceptor precursor cells (Crx+). Gene expression
profiling results also supported a growth direction
toward retinal cells. Through further differentiation,
Rhodopsin+ rod photoreceptor cells were confirmed by
immunoctyochemistry. The Rhodopsin+ cells derived
from patient iPS cells appeared at differentiation day
120, but the number was decreased 4 weeks later in the
culture condition. At the same time, in the normal iPS cell
line, the Rhodopsin+ cell number maintained, strongly
indicating an in vitro degeneration of patient-specific
rod photoreceptor cells. Furthermore, we studied the
disease mechanisms in the iPS lines with RP9 and RHO
mutations. Finally, we screening several drugs in each iPS
line and found individualized drug response. In brief, we

have generated patient-, disease-, and mutation-specific

photoreceptor cells, including the rod cells that were lost
in the RP patients. These cells together with the in vitro
disease modeling system will be very useful for future

study of disease mechanism or pharmaceutical discovery.

@ Publications

Jin ZB, Okamoto S, Osakada F, Homma K,
Assawachananont J, Hirami Y, Iwata T, Takahashi
M. “Modeling retinal degeneration using patient-
specific induced pluripotent stem cells” PLoS One.

2011;6(2):¢17084

@ Presentations

(International conferences)

Jin Z., Okamoto S. and Takahashi M., “ In vitro Induction
of Retinitis Pigmentosa-Specific Photoreceptor Cells
from Patient-Derived Induced Pluripotent Stem Cells
“ ARVO Annual Meeting, Greater Fort Lauderdale,
Florida, USA 2010 5

(Domestic conferences)
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Nuclear and Electron Spin Manipulation Using Nanomechanical Systems

Name: Neill Wooldridge LAMBERT
Host Laboratory: Digital Materials Team,

This year has been a year of success for the field of
nano-mechanical systems in the quantum regime. The
first observation of a mechanical system at its quantum
ground state was observed by experimentalists from
the University of California, Santa Barbara. This was
named by “Science” as the breakthrough of the year for
2010. In addition, the field of opto-mechanics, systems
where mechanical motion is coupled to optical modes, is
flourishing and it is expected that these systems will allow
larger mechanical devices to reach the ground state.

Inspired by this success in our field, in my second

year of my FPR program I have concentrated on

Advanced Science Institute
(Laboratory Host: Franco NORI)

developing inequalities to distinguish quantum behavior
in nanostructures from false “classical” signatures.
Our main application of this concept so far has been
on transport through quantum dots and other finite
nanostructures. This work has been published in Physical
Review Letters, and featured in RIKEN Research
highlights. In the future we will consider applications to
mechanical systems and continuous degrees of freedom.
We have also applied these concepts to optical degrees
of freedom in cavity QED. In particular we showed that
existing experiments using an atom in a cavity as a single

photon source are close to violating our inequality, and we
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illustrated that the statistics one observes in such experiments
are identical to those for the transport of electrons through
quantum dots. Finally, we have completed a project on the

photo-thermal cooling of a nano-mechanical oscillator.

@ Publications

(First-author papers)

Lambert N., Emary C., Chen Y. and Nori F., “Distinguishing
quantum and classical transport through nanostructures”
Physical Review Letters 105, 176801 (2010)*

Lambert N, Chen Y, Nori F, “Unified single-photon and
single-electron counting statistics:from cavity-QED to
electron transport” Phys. Rev. A 82, 063840 (2010) *

De Liberato S, Lambert N, Nori F, “Quantum Noise in
photothermal cooling” Phys. Rev. A 83, 033809 (2011)

@ Presentations

(International conferences)

“Distinguishing quantum and classical transport through
nanostructures”, invited talk at IWSSQC, Fudan
University, Shanghai, China

“Distinguishing quantum and classical transport through
nanostructures”, seminar at NCKU, Tainan, Taiwan.

(Domestic conferences)

“Distinguishing quantum and classical transport through
nanostructures”, poster presentation, ISNTT, 2011, NTT

“Distinguishing quantum and classical transport through
nanostructures”, poster presentation, FNST 2011, RIKEN

“Distinguishing quantum and classical transport through
nanostructures”, poster presentation, QS2C, 2010,
RIKEN

Attosecond Control of Broadband Supercontinuous High Harmonic Generation
with Two-Color Fields

Name: Pengfei LAN
Host Laboratory: Laser Technology Laboratory,

To develop various applications in attosecond science,
one of the most important issues is the development of high-
power isolated attosecond pulse (IAP) sources. However,
the power of IAPs generated with the conventional methods
is limited because of the requirements of a few-cycle pulse
and carrier-envelope phase (CEP) stabilized driving pulse.
The two-color gating method demonstrated in 2009 by
us has enabled to create supercontinuum high harmonics,
indicating the generation of IAP in the time domain, with a
CEP-unstablized 30-fs two-color field. However, the IAP is
generated by surrounding several weak satellite attosecond
pulses and is generated by the cutoff high harmonics whose
intensity decreases rapidly compared with those in the
plateau region. To overcome this problem, in this year,
we proposed and theoretically demonstrated an optimized
method, called infrared double optical gating (IRDOG) to
produce a clean and more intense IAP by using an even
longer driving pulse.

In the IRDOG scheme, we manipulate the generation of

IAP by modulating the ellipticity of the main driving laser
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pulse. The driving pulse is linearly polarized at the pulse
center and becomes circularly polarized at the leading
and trail pulse. Because the efficiency of IAP depends
sensitively on the driving ellipticity, IAP is only generated
at the pulse center and the satellite attosecond pulses are
completely suppressed. Therefore, compared with the two-
color gating method, IRDOG scheme enables us to create a
clean IAP. And the IAP can be generated by the harmonics
in the plateau region. Therefore, the power of IAP is
increased by a factor of 4 compared with that in two-
color gating method. Moreover, after optimizing the delay,
wavelength of the driving pulse, our simulation shows
that IAP can be generated without CEP stabilization,
even though the AP intensity changes with the CEP. In
addition, we show that IAP can be generated by using an
even longer driving pulse up to 60 fs. This method has
made a big improvement and also taken a great advantage
for creating the intense IAP compared with all the methods
demonstrated so far. By using a loosely focused, 100

terawatt driving laser, it is expected to produce an IAP on
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the should be micro-joule level. We are experimentally
demonstrating the high-power IAP with the two-color
gating scheme in the loosely-focused condition. The

experiment of IRDOG is also under preparation.
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The B decay of *Mg

Name: Zhihuan LI
Host Laboratory: Radioactive Isotope Physics Laboratory,

1.The beta decay studies of the neutron-rich neutron
rich isotopes around "'*Zr

Isotopes with extreme neutron-to-proton ratios in
the mass region A = 110 — 125 have attracted special
attention since theoretical r-process yields are found to
underestimate isotopic abundances observed in the solar
system by an order of magnitude or more.

The most important nuclear data inputs of astrophysics

r-process models are nuclear masses and beta-decay

properties of nuclei near the neutron drip line, where very

Nishina Center for Accelerator- Based Science
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little is known due to their extremely low production
yields in the laboratory.

A decay spectroscopy study of the neutron-rich neutron
rich isotopes around ''°Zr has been performed at BigRIPS
in the middle of December 2009. The (B -decay half-
lives of 38 neutron-rich isotopes from ;,Kr to ,Tc, all of
which lie close to the astrophysical r-process path, have
been measured for the first time (for 18 nuclei) or their
uncertainties have been reduced significantly. The new

results suggest a systematic enhancement of the [ -decay
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rates of the Zr and Nb isotopes by a factor of 2 or
more around A = 110 with respect to the predictions of the
FRDM+QRPA model. The results also indicate a shorter
timescale for matter flow from the r-process.

The beta decay studies of the neutron rich Mg, Al and Si
isotopes by CAITEN

2.The first in-beam experiment of CAITEN was carried
out at BigRIPS in the middle of December 2010. A
wide range of neutron rich Mg, Al and Si isotopes were
produced by the fragmentation of the E/A = 350 MeV *Ca
primary beam on a thick *Be target, and were implanted
into CAITEN. Two small volume LaBr; detectors and
three Ge-detectors in very closed geometry were used for
measurement of beta delayed 7 rays as well as prompt 7
rays emitted from following isomeric decay. In addition
four liquid scintillation neutron detectors (NE213)
were installed for beta delayed neutrons using pulse
shape discrimination technique. The decay schemes and
isomeric states of various isotopes will be obtained by the
event associations of the implanted nuclei with the decay
events. The analysis of the experimental results is now

ongoing.
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Uncovering the First Line of Defence Against Plant Pathogens

Name: Rebecca LYONS

Host Laboratory: Plant Immunity Research Group,

Plants exhibit a broad spectrum defence response known
as PAMP-triggered immunity (PTI). PTI is activated upon
the perception of pathogen associated molecular patterns
(PAMPS) such as flagellin at the plant cell membrane and
results in the production of reactive oxygen species (ROS),
transcription of defence-related genes, stomatal closure
and callose deposition onto the cell walls.

One of the challenges following genome sequencing

Plant Science Center
(Laboratory Head: Ken SHIRASU)

is the in silico prediction of protein-coding open reading
frame sequences. To reduce the probability of false
positives, most protein prediction algorithms include a
threshold of >100 codons. Nevertheless, unannotated
ORFs smaller than 100 codons have been shown to encode
proteins and play important roles in various organisms.
To test whether small open reading frames (sORFs) in the

Arabidopsis genome play a role in plant immunity, we
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used a custom microarray to analyse the expression of
~6000 unannotated sORFs in Arabidopsis wildtype plants
compared to the flagellin-insensitive mutant fIs2 after
treatment with the PAMP f1g22.

Of the 3279 sORF transcripts detected in the microarray,
224 sORFs were differentially upregulated in Col (>2 fold in
Col and <2 fold in fIs2) in at least 2 timepoints compared to
the mock treatment. Forty-two of the most highly upregulated
candidates were selected for qRT-PCR analysis. Differential
induction was confirmed for 19 sORFs, of which 15 exhibit
amino acid identity with other plant species.

Within a few minutes of PAMP treatment, a transient
ROS burst can be observed in Arabidopsis. The precise role
of ROS in PTI is unclear, but an increased ROS burst has
been correlated with enhanced innate immunity. A seeding
assay was used to screen transgenic plants overexpressing
the candidate sORFs (at least 3 independent transformants
per sORF) for an altered ROS burst following treatment
with the PAMPs flg22 or elf18. Of the 12 candidates so far
tested, 5 exhibit an enhanced flg22 or elf18-specific ROS
burst, and 3 show an enhanced ROS burst following either
flg22 or elf18 treatment. Adult plants overexpressing
candidates ATRIKEN-A and ATRIKEN-B which show an
enhanced ROS burst after either PAMP treatment in the
seedling assay, were consistently more resistant to spray-
inoculated Psuedomonas syrinage, suggesting that they
positively regulate PTL Interestingly, the first 100bp (of
180bp) of ATRIKEN-A share 95% antisense nucleotide

identity to the 3’untranslated region of a resistance gene
known to play a positive role in defence. Overexpressing
lines do not exhibit reduced expression of this resistance
gene, suggesting that the PTI phenotype observed in
overexpressor mutants is not due to unintentional silencing
of the known resistance gene. Genetic crosses are now
being undertaken to determine whether ATRIKEN-A
overexpressor lines maintain the PTI phenotype in the
absence of the R gene, and thus whether the two genes
interact. Candidate ATRIKEN-B contains 5 WRKY
boxes within 500 bp of the start site, suggesting that it
may act downstream of the first signaling events after
PAMP detection. Further studies will aim to elucidate the
mechanisms by which the candidate SORFs modulate the

plant defence response.
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Molecular Mechanisms Underlying Paratympanic Organ Development and Evolution

Name: Paul O’NEILL
Host Laboratory: Laboratory for Sensory Development,

The Paratympanic Organ (PTO) is an enigmatic
baroreceptor found in the middle ear of birds but absent in
mammals. A homologous structure exists in non-teleost fish
suggesting similarities between the PTO and the lateral-
line system of aquatic vertebrates. My aim is to identify
the molecular mechanisms controlling PTO development
and to generate and test hypotheses regarding the evolution

of vertebrate sense organs. All vertebrate mechanosensory

Center for Developmental Biology
(Laboratory Head: Raj LADHER)

organs are derived from a patch of thickened ectoderm
termed the posterior placodal area. This precursor domain
gives rise to the inner ear, lateral-line system, epibranchial
ganglia, and PTO, and is characterised by expression of
PAX2 from early somite stages. My research is focussed on
the mechanisms by which the posterior placodal area gives
rise to different sensory derivatives within the embryo and

between species.
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My recent data has demonstrated the PTO represents
an independent sensory module which can be lost or
retained during evolution independently of other sensory
systems. Previous fate mapping had indicated shared
origin of the PTO and geniculate ganglion, we have shown
however that the PTO is formed from placodal ectoderm
spatially, temporally, and molecularly distinct from the
geniculate placode. Moreover, the PTO generates its
own afferent neurones, many of which reside within the
geniculate ganglion, but differ from epibranchial neurones
in size, birthdate, central projections, and in expression
of BRN3A. The paratympanic module has been lost in
mammals and comparative analysis between chick and
mouse embryos will be employed to help identify the
molecular mechanisms behind PTO formation.

I have completed gene microarray analysis of the

placodal ectoderm from which the PTO is formed and by

comparisons with other sensory domains (otic placode),
and non-sensory domains (trunk ectoderm), I aim to
identify key factors involved in sensory specification. I
am particularly interested in novel factors not previously
studied in the context of sensory placodes and functional
analysis is ongoing for several promising candidate genes.
Initial functional experiments are being performed in
chicken embryos where in-ovo electroporation allows
genes to be mis-expressed or knocked down by RNAI.
Subsequent analysis will be extended to other species

including mouse and zebrafish.

@ Publications

Ladher R.K., O’Neill P. and Begbie J. “From shared
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Computer Simulations of the Structure-Function

Relationship in Biological Ion Channels

Name: Andrei PISLIAKOV
Host Laboratory: Theoretical Biochemistry Laboratory,

Nitric oxide reductase (NOR) is a membrane protein
which catalyzes the key part of the denitrification cycle
in anaerobic bacteria, namely the reduction of nitric
oxide. This enzyme is an important step in the evolution
of a respiratory system. The understanding of NOR
functioning was limited due to the lack of structural
information, but recently the first NOR structures (cNOR
enzyme from Ps. aeruginosa and qNOR enzyme from G.
stearothermophilus) were solved by the group of Y. Shiro.
These structures provide a starting point for computational
studies aimed at describing the detailed mechanism of
NOR functioning. Computer simulations can provide
a link between structural and biochemical/biophysical
studies.

Water dynamics and proton translocation are critical for
the enzyme’s function. We have performed the first fully
atomistic molecular dynamics (MD) simulations of NOR

(separate simulations of cNOR and gqNOR enzymes) in
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a natural environment, i.e. embedded in membrane and
water solvent. The timescale of the simulations (300 ns)
allowed us to assess a stability of the forming water chains
as well as an overall stability of the protein-membrane
complexes. Our simulations have provided many important
dynamical details which were obscure in the static crystal
structure. We have described water behavior inside the
proteins and, in particular, fully characterized functionally
important structural elements, namely water channels and
transiently forming H-bonded networks, which can be
utilized for efficient proton transport. Some of the found
proton pathways confirmed those suggested on a basis of
a crystal structure (Channel 1 in ¢cNOR and K-channel
in qNOR). However, other previous experimental
suggestions (Channel 2 in ¢cNOR) were not supported
by MD simulations and we concluded that they are not
relevant for the function. Furthermore, we have identified

new proton pathways (Channel 3 in ¢cNOR and channels
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from periplasm in gNOR), which had “problems” in the
X-ray structure and could be identified only by means
of computer simulations. The newly found pathways are
consistent with the previous biochemical experiments.
Moreover, we have proposed that our predictions can be
verified by the mutational studies.

Finally, despite a high structural similarity between
c¢NOR and qNOR, MD simulations have revealed
strikingly different proton uptake mechanisms utilized by
these enzymes. Namely, in cNOR protons for catalytic
reaction are taken up from the periplasmic side of the
membrane, while in qNOR - from cytoplasm, though
connections to periplasm can also form in qNOR, but
require protein dynamics on a longer timescale. These
findings, along with comparisons to cytochrome c oxidase
structures, allowed us to hypothesize about the evolution

of proton transfer channels in of respiratory enzymes.
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Dissection of the Molecular Complicity Linking Polycomb Group and
DNA Methylation Mediated Gene Repression Pathways in ES Cells

Name: Jafar SHARIF

Host Laboratory: Developmental Genetics Laboratory,

The SRA protein Np95 plays a crucial role for
mammalian epigenetic inheritance by mediating faithful
transmission of DNA methylation from parent cells of
daughter cells during cell division (Sharif et al, 2007).
DNA methylation is generally associated with repressive
chromatin and enriched in the promoters of genes that are
transcriptionally silenced. This suggests that Np95 might
function as a transcriptional suppressor because of its role
for global DNA methylation.

Surprisingly, from our recent studies we have discovered
an unexpected role for Np95 in transcriptional activation.
It seems that Np95 is required to activate a specific class
of endogenous genomic retrotransposons known as IAP
(intercisternal A particle), which is abundant (~1000

copies) in the mouse genome. It has been suggested that

Research Center for Allergy and Immunology
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loss of DNA methylation can activate JAP. Interestingly,
IAP levels are dramatically increased in Dnmt]
conditional KO (Dnmt1-cKO), but not in Np95 conditional
KO (Np95-cKO) or Dnmtl, Np95 double conditional
KO (Dnmtl, Np95 double cKO) ES cells and embryos,
although all of these cells/embryos exhibit similar levels
of demethylationi. This implicates that Np95 has a role
for IAP activation, and indeed, we have found that Np95
directly binds to the IAP loci and enforced expression of
Np95 upregulates IAP. In addition, expressing domain
negative forms of Np95 represses AP transcription.

We have previously shown that Np95 has an affinity
for hemi-methylated DNA (DNA methylation in only one
strand) and interacts with chromatin remodeling factors

such as Fact80, Parpl and Topoisomerases (Sharif et al,
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2007). We hypothesize that Np95 specifically binds to
hemimethylated DNA that are transiently generated in
Dnmtl conditional KO ES cells, because of the disruption
of maintenance methylation machinery, and recruits
chromatin remodeling factors to these sites to activate JAP
transcription.

Although the roles for fully methylated (transcriptional
repression) and unmethylated DNA (transcriptional
activation) have been well documented, the functions of
hemimethylated CpGs remain unclear. Np95 is the only
protein discovered so far that has the function of specifically
bind hemimethylated CpG sites. Here, we show that this
activity of Np95 could trigger transcriptional upregulation
of a specific class of genomic retrotransposons. Our
research might suggest that hemimethylated DNA could act
as a signal for chromatin remodeling and/or transcriptional

activation by recruiting Np95.
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Spike Time Dependent Plasticity and Ca’**Stores in

Pyramidal Cells of the Neocortex

Name: Mark William SHERWOOD
Host Laboratory: Developmental Neurobiology Laboratory,

Spike Time Dependent Plasticity (STDP) describes the
phenomenon whereby the precise timing and order of pre-
synaptic and post-synaptic action potentials (spikes) affects
the sign and magnitude of synaptic plasticity. In classical
STDP, long term potentiation (LTP) occurs when a pre-
synaptic action potential precedes a post-synaptic action
potential, and long term depression (LTD) occurs when the

order of activity is reversed. The magnitude of synaptic

Brain Science Institute
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potentiation and synaptic depression is determined by the
time interval separating the pre-synaptic and post-synaptic
action potentials.

Intuitively, for STDP to occur, there must be a means
for detecting coincident pre-synaptic and post-synaptic
activity (action potentials). The post-synaptic N-methyl-
D-aspartate receptor (NMDAR) has been a good candidate

for carrying out coincidence detection, and has received
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particular attention in standard STDP models. However,
numerous experimental and theoretical studies have
highlighted problems with having the NMDAR as a sole
coincidence detector. One theoretical solution, for some of
the short comings, is to have separate coincidence detectors
for LTP and LTD. The NMDAR is still favored as the
coincidence detector for spike time dependent potentiation,
but several coincidence detectors for spike time dependent
depression have been identified experimentally at a
range of synapses, these include: Phospholipase C; the
Inositol-1, 4, 5-trisphosphate receptor; and pre-synaptic
endocannabinoid (eCB) receptor and NMDAR. Recent

work has also demonstrated that subsets of spines express

different forms of LTD. The differential involvement of
all or combinations of the aforementioned coincidence
detectors at different synapses onto Layer V pyramidal
neurons and subsets of spines is unknown.

The aim of my study is to examine the mechanisms
of STDP at different synapses and spines on Layer V
pyramidal neurons. In the last 10 months I have established
the techniques required for this project, these include:
Quadruple whole-cell patch-clamp recording; two-photon
glutamate uncaging; synaptic stimulation; and spine
Ca™ imaging. Using these techniques, I have started to
characterize spike time dependent plasticity in neocortical,

layer V, pyramidal neurons.

Molecular Aspects of Amyloid Disease and Studies

of Interactions between Amyloids and Chaperones

Name: Karin SORGJERD
Host Laboratory: Host Laboratory: Bioengineering Laboratory,

Description of research: A wide range of diseases (for
example Alzheimer’s and Parkinson’s diseases) are linked
to protein misfolding. Protein misfolding occurs as a
consequence of that protein loses their natural shape and
start to aggregate. Aggregation can occur both inside and
outside the cells and usually cause a lot of harm. It is fairly
well understood why proteins start to misfold. It has become
clear that some of the misfolding diseases are inherited,
however, in most cases the processes start spontaneously.

Molecular chaperones are proteins in the human body that
are believed to interact with potentially any newly synthesized
protein and thereby prevent aggregation. Accumulating
evidences support the notion that the chaperones play
important roles in protein misfolding diseases. I have focused
on the chaperone prefoldin (PFD) and its interactions
with the amyloid beta (A-beta) protein (which is a peptide
associated with Alzheimer’s disease).Prefoldin is prevalent
in both archeal cells and human cells, and is believed to have
other functions than what so far has been reported. It was
previously published from Maeda laboratory, that A-beta
aggregation was prevented by archaeal PFD, which suggests

a possible involvement of PFD in Alzheimer’s disease
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(Sakono et al. 2008, FEBS J. 275, 5982).

In my work, I have focused on PFD from humans,
to get closer to the dilemma of Alzheimer’s disease.
Since I started in Maeda laboratory, I have constructed
and purified human PFD, from its six subcomponents.
Thereafter,] have been working with interaction
experiments with PFD and A-beta. My work has included
different laboratory techniques such as chromatography,
gel electrophoresis, western blotting and cell culturing.

The results so far have yielded in many interesting
observations regarding the effects of human PFD on
A-beta aggregation. We have found that human PFD
reduces the toxic affect of A-beta; whereas archeal PFD
keeps A-beta in a toxic form. These results suggest that
there are different kinds of A-beta oligomers that have
toxic or non-toxic effects depending on how they are
folded, and we aim to characterize these oligomers by their
structures, sizes and building blocks. We believe that PFD
is an important component of eukaryotic cells that can
modulate aggregation prone, disease causing proteins, and
might play a role in the process of Alzheimer’s disease.

Our next step is with animal experiments testing our
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hypothesis in an in vivo environment.
@ Presentations
(International Conferences)
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Excited-State Dynamics of Nucleic Bases Studied by

Ultrafast Two-Dimensional Photoelectron Imaging

Name: Peng ZUO
Host Laboratory: Chemical Dynamics Laboratory,

Photoelectron spectroscopy (PES) of liquid-system is
a hotspot in recent years. In Suzuki’s laboratory, we are
developing a multi-stage differential pumping system
that enables us to record time-resolved PES of aqueous
solution. Based on this technique we expand our PES
research into complex molecules such as nucleic bases. In
the past one-year, we have demonstrated the feasibility of
our liquid-phase time-resolved PES.

At present, we are optimizing this new technique and
upgrading the whole system. Firstly, the hemispherical
electron energy analyzer is replaced with a custom-made
time-of flight (TOF) detector, which is more suitable for
low-energy electrons. Secondly, we ordered a new laser
with 100 kHz repetition rates-hundred times higher than
that of previous one, which will improve the sampling
efficiency dramatically. Now we are building up ultra-
short laser sources by two ways. Visible pulses will
be generated by nonlinear optical parametric amplifier
(NOPA); ultra-short deep UV (DUV) and vacuum UV
(VUV) will be generated by filamentation effect. The
later is the main work in the past one year. Ultra-short UV
lasers are indispensable in our PES study. Among them,
VUYV pulses are preferable to UV & DUV pulses since
VUV can ionize most of transient species. However, ultra-
short pulses, < 250-nm, are poorly developed and we must
do it ourselves.

In our group we have generated sub-20 fs DUV pulses
by filamentation effect through four-wave mixing. In the
past one year we extend this method into VUV generation

through two schemes:
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Wy + Oy — Opp = Doggr Osge + Bpop — Oy = By (1)
Wyes T Wrs — Dygp = Dgys Oy + D — Dyoy = Dygo (2)
Firstly, we selected scheme 1 because we want to generate,
to certain extent, tunable VUV pulses. So we constructed a
NOPA to generate broad-band near infrared (NIR) pulses.
The white light seed was produced by focusing a small
portion of the pump pulse (800-nm, <1 £ J) into a sapphire
plate. The collimated white light was pre-compressed,
and only the NIR part was delivered into the NOPA.
We chose BBO crystals with Type II phase matching
as amplifying media. To overcome the pulse-front mis-
matching, we tilted the pump pulse-front in the second-
stage of the NOPA. The final output is ~300 /£ J and the
bandwidth spans ~1150-1350 nm range, supporting a ~25-
fs transform-limited pulse.

In the second harmonic (SH) generation branch, ~0.8
mJ fundamental beam (800-nm) was frequency-doubled in
a thin BBO crystal. Two pieces of fused silica glass were
placed in the fundamental beam path to compensate the
pulse chirp. The pulse width was~80-fs. The SH and the
NIR pulses were gently focused into a neon-filled gas cell.
The pulse energies of SH and NIR in front of the gas-cell
were ~350 and ~200 £ J, respectively. Four-wave mixing
efficiency is optimal at the gas pressure of ~80 kPa. The
output energy of DUV pulses was 1.5 £ J at maximum.
As we expected, VUV pulses were also generated by a
cascaded four-wave-mixing process. The gas cell was
directly connected to a vacuum chamber. The output beam
was filtered by a few reflections of dichroic mirrors, and
introduced into a TG-FROG system in vacuum.

By manipulating the chirp of NIR, we were able to control
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the chirp of UV pulses and succeeded in compressing the
UV pulse without complex compressor, such as a grating
compressor. By using positively chirped NIR, the UV
pulses in the gas cell were negatively chirped and were
compressed by passing through an MgF, window. Chirp
of the NIR pulse was transferred to the UV pulse with the
opposite sign. A positively chirped NIR pulse was used
for generating a negatively chirped UV pulse, which was
finally compressed down to 25-fs by an MgF, window.

We generated ultra-short VUV pulses through scheme
1 however, the pulse-power is just tens nJ, which is much
lower than what we expected-2~3 1 J. To examine
possible problems of low efficiency, NIR beam mode
or FWM phase-mismatch, we tried scheme 2 in which
the spatial mode of beams are better than NOPA output.
Through scheme 2, we got ~500 nJ VUV pulses and the
bandwidth supports ~20-30-fs transform-limited duration.
So perhaps, beam mode quality is crucial for efficient
FWM. ~500 nJ VUV pulses are acceptable for our PES
work. Now we are measuring the pulse duration and will

apply VUV pulses into our PES study.

@ Publications

(First-author papers)

Peng ZUO, Takao FUJI and Toshinori Suzuki, “Spetral
Phase Transfer to Ultrashort UV Pulses through Four-
Wave Mixing” Optics Express 18, 16183-16192 (2010).

(Others)

Ying Tang, Yoshi-ichi Suzuki, Huan Shen, Kentaro
Sekiguchi, Naoya Kurahashi, Kiyoshi Nishzawa,
Peng ZUO and Toshinori Suzuki, “Time-resolved
photoelectron spectroscopy of bulk liquids at ultra-low
kinetic energy” Chemical Physics Letters 494 111-116
(2010).

@ Presentations

(Domestic conferences)

Peng ZUO, Takao FUJI and Toshinori Suzuki, “Sub-
30 fs Ultraviolet Pulses: Generation & Chirp-Control
by Four-Wave Mixing” 11" Symposium on Extreme

Photonics, Saitama, Nov. (2010).

Cooperative-Intelligent Control of a Human-Interactive Robot

Name: Zakarya ZYADA

Host Laboratory: Robot Control Research Team,

Nursing robotics has received a considerable attention
by different research groups seeking their promising
human-friendly assist and cooperation. RIKEN-TRI
collaboration center introduced RI-MAN and RIBA
for holding and transferring a human. Motivated by
the application of holding and/or transferring a patient
applying a robot, this research introduces the dynamic
model, static analysis and different control algorithms
for nonprehensile manipulation of a two-rigid-link object
applying two cooperative arms. This research work
includes the following:

1. Model-Based Control for Nonprehensile Manipulation
of a Two-Rigid-Link Object by Two Cooperative Arms:

A dynamic model and planning algorithm for planar

Advanced Science Institute
(Laboratory Host: Yoshikazu HAYAKAWA)

manipulation of a two-rigid-link object by two-cooperative
arms for frictionless contact is introduced. Newton-Euler
equations are applied for formulating the object dynamics
while a visco-elastic model is applied for modeling the
interaction between the object links and the arms. The
planning algorithm design is carried out on two steps.
The first step is specifying the equilibrium points (contact
forces and contact locations) through static analysis of the
manipulation system. The second step is designing a PD
controller with a disturbance observer to control the object
lifting-up motion tracking a reference trajectory through
arms’ motions. Static analysis as well as controlled object
lifting-up motion simulation results, (under external

disturbance forces), show the validity of the proposed
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control algorithm.
2. Fuzzy Nonprehensile Manipulation Control of a Two-
Rigid-Link Object by Two Cooperative Arms:

A fuzzy nonprehensile manipulation control algorithm
for lifting up (or lowering down) a two-rigid link object
with a passive joint applying two cooperative arms in a
two-dimensional space with high friction at contact is
introduced. Fuzzy technique is applied for manipulation
control as it is very difficult to be done by conventional
model based methods. A fuzzy controller is designed for
every variable of the four dimensional position vector
specifying the joint’s position and links’ orientations.
A rule of a fuzzy controller would be like a human
would do: while the friction at contact is high, “IF the
reference position is far THEN move the hands quickly
forward”. An enhanced dynamic model of the system
with high friction at contact for simulation purposes is
presented. Simulation results for the manipulation control
with the proposed fuzzy controllers verify the validity

that the proposed control algorithm is promising in the

achievement of the manipulation motion.

3. Fuzzy Arms’ Positioning for Nonprehensile
Manipulation of a Two-Rigid-Link Object by Two
Cooperative Arms:

For executing the manipulation algorithms stated
ahead, it is assumed that the contact points between the
manipulating arms and the object are the equilibrium
points. Automatic fuzzy positioning of the manipulating
arms to approximately reach the unknown equilibrium
points while the object is still on the floor is the focus of

the ongoing research work.

@ Presentations

(International conferences)

Zyada Z., Hayakawa Y. and Hosoe S. “Model-based
control for nonprehensile manipulation of a two-rigid-
link object by two cooperative arms” The 2010 IEEE
International Conference on Robotics and Biomimetics
Tianjin China 2010 12
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Electronic Dipole States in Molecular Conductors

Name: Majed ABDEL JAWAD
Host Laboratory: Condensed Molecular Materials Laboratory,

The electric dipole moment is defined by the direction
and spacing between positive and negative electrical
charges. Ferroelectric materials where permanent electric
dipole moment align to form an electrical polarization, are
of particular importance in the field of modern electronics .
Generally two types of ferroelectric compounds are found.
The displacive type where relative displacement of negative
and positive ions lead to a macroscopic electric polarization
and the order-disorder type where permanent dipole moment
alignment. In addition to these, a third type of ferroelectricity
can be defined where the electron degrees of freedom and
electronic interaction can give rise to a macroscopic electric
polarization which we call an electronic dipole.

The field of molecular conductors, a multidisciplinary
field which combines organic chemistry, material science,
physics and applied physics, focus on how anisotropic
intermolecular interactions in solids leads to various states
such as semiconductive, Mott insulating, metals and
superconductivity. Through this work it was found that
the position and orientation of the conductive molecules is
crucial in determining the ground state of those systems.

We have found an anomalous dielectric response in
molecular conductors with dimer packing where identical
molecules are arranged in pairs and share one charge per pair.
The frequency and temperature dependence of this
dielectric response is similar to a glassy state of electrical

dipoles, a relaxor ferroelectric, which is at odd with the high

Advanced Science Institute
(Laboratory Head: Reizo KATO)

quality single crystal nature of these systems. The onset of
this anomalous dielectric response is found to scale with
the charge gap indicating a relation with the conducting
channel. Furthermore, the large variety of molecular
conductive compounds which exhibit this effect and with
only the dimer structure in common, would indicate that
we are dealing with an electronic dipole state. The origin of
this electronic dipole state is still unclear but the absence of
magnetic field effect on the dielectric constant indicates that
this is not a spin driven ferroelectricity but a charge driven
one with nontrivial charge degrees of freedom. Further
experiments should clarify the origin of this anomalous

dielectric response.

@ Publications

(First author papers)

M. Abdel-Jawad I., Terasaki T., Sasaki N., Yoneyama
N. Kobayashi Y., Uesu and C. Hotta. “Anomalous
dielectric response in the dimer Mott insulator
« - (BEDT-TTF),Cu,(CN),”

*Phys. Rev. B 82, 125119 (2010)

@ Presentations
(International Conferences)
International Conference on the Science and Technology

of Synthetic Metals (ICSM 2010)

Topological Order Driven by Strong Interaction Effects

Name: Alimamy BANGURA
Host Laboratory: Magnetic Materials Laboratory,

The effects of strong correlations give rise to a variety
of correlated electronic states in condensed matter,

understanding how these many-body phenomena arise is a

Advanced Science Institute
(Laboratory Head: Hidenori TAKAGI)

topic of considerable experimental and theoretical interest.
In order to identify and elucidate the mechanisms driving

these phenomena, it is critical to employ probes that give
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quantitative insights into the bulk electronic properties of
candidate materials. We aim to gather such information
in both the electronic groundstate and where possible as
a function of an external tuning parameter as we traverse
the boundary between the variety of different electronic
phases exhibited by such materials, at extremes of low
temperature and high magnetic fields.

Two main projects I have pursued whilst developing
a new suite of experimental tools in RIKEN are the
study of the bulk electronic structure of high temperature
superconductors using quantum oscillation techniques,
as well as exploring the magnetic field temperature phase
diagram of a quasi-one-dimensional conductor using both
electrical and thermal transport properties.
1.High temperature superconductors:

Quantum oscillations are a well-established probe of the
electronic structure of metals that have only recently been
discovered in the high temperature cuprate superconductors.
This discovery has revolutionized research into these
materials and has caused considerable controversy, as
previous studies of these materials seemed to preclude
the existence of the feature required to observe these
oscillations, namely closed coherent pockets of electrons
in momentum space. Starting in the overdoped region of
the phase diagram, I intend to use quantum oscillations to
study the dramatic crossover that occurs in the electronic
structure as the phase diagram is traversed with doping, and
which may hold the key to explaining the mechanism for
superconductivity in these materials. We recently published
evidence for such oscillations in the overdoped cuprates for
the first time in an article published in Physical Rev. B. that
demonstrates the potential of using this approach. [1, 2]
2.Quasi-one-dimensional Li,,Mo,0,,:

One-dimensional metals are an intriguing test-bed of
theoretical ideas; since one-dimensional systems are more
tractable mathematically, these materials allow us to make
direct comparison of experimental data with existing
theoretical models.

Wiedemann-Franz Law:

We have pursued the study of the thermal and electrical
transport of the title compound in order to search for the
violation of one of the cornerstone laws of metals — the
Wiedemann-Franz law — that states that the ratio of electrical

and thermal conductivity is a constant that depends only on

fundamental constants. A manuscript has been submitted
for publication that shows an order of magnitude violation
of this law — as predicted by the Tomonage-Luttinger liquid
theory of one-dimensional metals. [3]
Unconventional superconductivity:

quasi-one-dimensional metals have long been suggested
as likely candidates in which to observe superconductivity
with unconventional order parameters. By mapping
the upper critical field as a function of temperature, we
find strong evidence to suggest that LiyoMo4O,, exhibits
unconventional triplet pairing, with evidence supporting
this idea coming chiefly from an enormous upper
critical field, that is three times higher than predicted
for conventional singlet pairing and which cannot be
explained by other more conventional approaches. A
manuscript detailing these results has been recently

submitted to Physical Rev. Lett.[4]

@ Publications

(First-author papers)

A.F. Bangura, P.M.C. Rourke, T.M. Benseman, M.
Matusiak, J.R. Cooper, N.E. Hussey and A. Carrington:
“Fermi surface and electronic homogeneity of the
overdoped cuprate superconductor T1,Ba,CuQOy, ; as
revealed by quantum oscillations’, Phys. Rev. B82,
140501(2010)*

(Review articles)

P.M.C. Rourke., A.F. Bangura., T.M. Benseman.,
M. Matusiak., J.R. Cooper., N.E. Hussey and A.
Carrington: “A detailed de Haas—van Alphen effect
study of the overdoped cuprate T1,Ba,CuQy, 5, New J.
Phys. 12 (2010) 105009*

(Other)

N. Wakeham., A.F. Bangura., X. Xu., J.-F. Mercure.
and M. Greenblatt & N. E. Hussey: “Realization of
Tomonaga-Luttinger-liquid physics in a bulk quasi-one-
dimensional conductor” — submitted to Science

J.-F. Mercure., A.F. Bangura., Xiaofeng Xu., N. Wakeham.,
M. Greenblatt. and N. E. Hussey: “ Superconducting
critical field far above the Pauli limit in one dimensional
Li,sMo,O,,” — submitted to Phys. Rev. Lett.

(International Conferences)

Invited Seminar — Dalhousie University, Halifax, Nova

Scotia, Canada, 10" Dec. 2010 : “Using quantum
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oscillations to probe the electronic structure of cuprate
superconductors”

Contributed Talk — Physical Phenomena at High Magnetic
Fields, PPHMF-VII, Tallahassee, Florida 8" December
2010: “First Study of Quantum Oscilattions in

Overdoped Cuprates in Steady Magnetic Fields”
Invited Seminar — National High Magnetic Field Laboratory,

Tallahassee, Florida September 2010: “Electronic

Structure of the Cuprate Superconductors Revealed by

Quantum Oscilattions”

Implementation of an Experimentally Scalable

Coupling Scheme for Josephson Qubits

Name: Pierre-Marie BILLANGEON

Host Laboratory: Macroscopic Quantum Coherence Team,

We currently intend to propose and realize experimentally
a scalable coupling scheme for Josephson qubits. This work
is divided in two parts: on one hand, we are considering
different possible building blocks which could be intrisically
scalable (fe. an architecture for quantum information
processing with Josephson circuits free of parasitic residual
couplings, minimizing cross-talk issues...), and on another
hand we try to implement these ideas experimentally.

Theoretical side: From the point of view of quantum error
correction theory (QEC), it is worth to compare two types
of architecture: those relying on nearest-neighbor interaction
(such as spin networks with Ising/Heisenberg type
interactions), or those involving infinite range interactions
(such as quantum bus, where interaction is mediated via a
single common bosonic mode between all qubits).

According to QEC theory, the first choice is extremely
sensitive to local errors, and requires high-fidelity single/
two-qubit operations. Most proposals in the litterature
consider interactions between nearest-neighbor interactions
which induce rather high residual longitudinal couplings
(0”0 ”).between a given logical qubits and its neighbors:
this in contradiction with the requirement to have rather
high fidelity single qubit operations. We suggested a new
type of tunable mediated interaction free of any residual
coupling: each logical qubit is coupled longitudinally
(fe. via 0) to each of its neighbors by means of a third
qubit which acts as a coupler via its transverse degree
of freedom (ie. ¢ .). Indeed a very strong advantage of
Josephson circuits is the possibility to engineer such kind

of special interaction (¢,"¢."). This scheme generates

Advanced Science Institute
(Laboratory Head: Jaw-Shen TSAI)

a mediated 0”0 ” coupling between each pair of logical
qubits, which can be exactly compensated in the static
case, and tuned using proper microwave pulse.

The second choice is more robust against errors, but
still quite sensitive to residual interactions: indeed, one
specific feature of circuit QED, in the dispersive regime,
is the possibility to readout the state of the qubits coupled
to a common resonator mode, using the dispersive shift of
the resonator frequency via the Stark shift. This effect has
been extremely useful at the early stage of circuit QED
experiments, however it stands also as a strong limitation
for the scalability of such type of architecture, as it forbides
any kind of real excitation of the resonator. It is thus highly
desirable to avoid real excitations, which would render
two-qubit operations insensitive to both photon lifetime in
the resonator, and Stark shift. We thus worked on finding a
scheme which relies on virtual excitations of the resonator,
and is controlled via microwave.

Experimental side: This year was mostly devoted to the
study of quantum bus type of coupling. We developped a
new type of fabrication process for niobium resonators,
which are now etched in our own fabrication facilities (a
process for aluminum resonators with lift-off has been
developped last year). This offers more versatility in the
design of our circuits, compared with the process based
on optical lithography, used previously in our group, thus
allowing to update our designs faster. We encountered
some experimental difficulties: for a reason which is still
unknown at this stage, our aluminum resonators show

very limited photon lifetime. Another issue is related with
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qubits readout via switching: indeed, for coupled qubits
experiments, separation between qubit layer and readout
squid layer is needed. Unfortunately, we found in our
measurements that readout fidelity with squid coupled to
qubit via geometric mutual is much worse than with squid
coupled via kinetic inductance. We first need to understand

this issue before starting new experiments.

@ Presentations

International Symposium on Physics of Quantum
Technology, Tokyo, April 6-9, 2010 “Towards
implementation of a high-fidelity controlled-phase gate
with flux qubits”

FIRST Meeting, Atami, December 8-11, 2010 “Towards
implementation of a high-fidelity controlled-phase gate
with flux qubits”

Functional Analysis of Early Intracortical

Activity in the Establishment of Neocortical Areas

Name: Torsten BULLMANN

Host Laboratory: Laboratory for Neocortical Development,

During the embryonic period, the formation of early
cortical structure (regionalization) depends largely on
genetic information such as transcription factors encoded
within the cells. Postnatally, the intracortical activity
of GABAergic and subplate neurons is essential for
maturation of functional areal circuitries (arealization).

I have established genetic cell ablation experiments for
these neuronal populations during the early corticogenesis
period. The transient expression of transcription factors
during the maturation of neurons can be utilized to drive
expression of an inducible Cre-recombinase to target

distinct neuronal subtypes by activating a reporter gene.

Center for Developmental Biology
(Laboratory Head: Carina HANASHIMA)

Therefore it is possible to “select” layer specific neuronal
population for the expression of fluorescent markers,
ablation by expression of a cell toxin, and conditional
knockouts of the transcription factor Nkx2.1 which
required for proper maturation of interneurons. By in situ
hybridization it was possible to distinguish neocortical
regions as early as embryonic day 18.5. Anyway, the
boundary establishment might be affected at postnatal
stages, which will be assessed by immunohistochemistry
(SHT) on tangential section made from flat-mounted

cortices, which was also established.

Expanding the DNA Alphabet of Escherichia Coli.

Name: Robert Sidney COX
Host Laboratory: Nucleic Acid Synthetic Biology Team,

To learn organic synthesis and analytical techniques of
the Hirao’s group, I synthesized an unnatural nucleoside
dPx(NH2) by a group method. This synthesis included an
introduction to the concepts of chemical protection, linker
reactions for modifying unnatural base pairs, purification
methods (silica gel, distereomeric recrystallization,

and HPLC), and analysis by HPLC and NMR. We

System and Structural Biology Center
(Laboratory Head: Ichiro HIRAO)

characterized the UV spectra of dPx(NH2) along with the
spectra of unnatural bases previously synthesized in the
lab (dDs and dPx). These methods were also useful for
determining the purity and concentration of nucleosides.

We then considered these unnatural nucleosides as
substrates for kination. Since nonpolar nucleosides can

easily cross the cell wall, we planned to supply unnatural
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nucleosides in the media and kinate them in vivo.
Nucleotide monophosphates are nonspecifically converted
to nucleotide triphosphates in vivo, so we focused on the
first kination step. The research group and I cloned the
His-tagged Drosophila melanogaster deoxynucleosides,
kinase gene (DmdNK), notable for is flexible substrate
range of both natural and unnatnral deoxynucleosides,
into an inducible protein expression vector in E. Coll. We
verified the induction, optimized the expression, extracted
the protein, and measured its concentration by colorimetry.

With dPx(NH2), dPx, dDs, and the natural nucleosides
dA and dT, we developed an assay for in vitro
kination of the nucleosides to form 5’monophosphate
deoxynucleotides. Our HPLC method exploits the longer
wavelengths of the unnatural nucleoside peak absorption,
along with the difference in polarity between each
nucleoside and its 5° monophosphate deoxynucleotide,
to separate and quantitate the progress of the kination.
We optimized the HPLC conditions for each nucleoside
and checked the linearity of HPLC measurement in the
micromolar to millimolar concentration range. Standard
in vitro kination reactions were followed by protein
inactivation and filtration before HPLC analysis. Using
this quantitative assay, and a nonlinear fit of the Michaelis-
Menten equation, we determined the kinetic rate constants

of dA kination. Our value of the second order rate constant

falls within the range of previously published values for
DmdNK and dA.

I learned laboratory techniques of unnatural base pair
PCR and unnatural base pair sequencing. Employing these,
I amplified duplex DNA containing and unnatural Ds:Px
(NH2) pair, and transformed a plasmid containing this
sequence into E. Coli in the presence of both the unnatural
nucleosides and DmdNK. Unnatural base pair sequencing
indicated that the unnatural base pair was replaced with a
natural base in several transormant colonies.

However, the sequencing also indicated that the identity
of the replacing natural base was variable. Exploiting
this, I restreaked the transformant colonies to investigate
possible genetic variability within the transformed
colony. If unnatural base replication had occurred
successfully before the mutation, then the variability of the
misincorporation could lead to variability of the replaced
base-pair in the colony. If each colony contains a uniform
mutation, then the mutation occurred before the isolation
of the colony. This method will allow us to understand the
unnatural base pair replacement and further optimize the

system for successful unnatural base replication.

Molecular Dissection of Polarized Intracellular Vesicle

Trafficking in Epithelial Morphogenesis Using Drosophila Trachea as a Model

Name: Bo DONG
Host Laboratory: Laboratory for Morphogenetic Signaling,

Targeted intracellular vesicle trafficking is a fundamental
biological process through which proteins and lipids are
transported to specific domains of plasma membrane for
cell surface expansion, extracellular lumen secretion and
cell shape change. The development of tracheal system in
Drosophila provides an elegant system to address this issue.
Based on gene expression and localization of GFP fusion
constructs, we screened out one of small GTPase Rab9 as a

candidate regulator of vesicle trafficking to the cell surface.

Center for Developmental Biology
(Laboratory Head: Shigeo HAYASHI)

Time-lapse movies showed that Rab9-GFP vesicles is
preferentially transported to fusion sites in tracheal branches.
Knockdown Rab9 expression by Rab9-RNAi caused the
defect of lumen connection (30%) in tracheal dorsal drunk
and dorsal branches. In Rab9 deficiency (Df (2L) Exel
8041) Drosophila embryos, tracheal lumen integrity showed
more severe defection phenotype (80%). This preliminary
data show Rab9 is essential for lumen connection and

expansion in Drosophila trachea. We will further confirm
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this phenotype by generation of Rab9 deletion mutant and
Rab9 knockout animal strains. To reveal the molecular
mechanism underlying this phenotype, I performed time-
lapse imaging of Rab9-RFP and luminal marker Serp-CBD-
GFP. The results showed that Serp-CBD-GFP and Rab9-
RFP co-localized and moved to apical surface in the tracheal

cells. This indicated that Rab9 vesicles carry an essential

component of extracellular matrix, chitin synthesis. We
therefore hypothesize that Rab9 regulates luminal protein
trafficking in tracheal tubulogenesis. In the coming year,
I will figure out the signaling pathway, which controls or
regulates Rab9 mediated polarized vesicle trafficking and its

contribution on tracheal lumen formation and connection.

The N, Z = 50 Magicity Towards the “Doubly-Magic” '"’Sn

Name: Pieter Christiaan DOORNENBAL
Host Laboratory: Radioactive Isotope Physics Laboratory,

The aim of my research project is to study the robustness
of the proton and neutron nuclear shell closures around

1811, The shell closure

the anticipated “doubly magic”
robustness can be studied experimentally by measuring the
collectivity of the excitation from the nucleus’ ground state
to the first excited state along the N, Z = 50 shell closures

100,
towards

Sn. Such an experiment, employing relativistic
Coulomb excitation, has been proposed to the Radioactive
Ton Beam Factory (RIBF) and granted seven days of beam
time.

Coulomb excitation experiments at energies above 100
MeV/u with high-Z secondary beams have not yet been
carried out at the RIBF. In these experiments, the emitted
gamma-ray from the decaying excited states is detected
in-flight. Therefore, Doppler shift corrections have to be
applied to the observed gamma-rays in the laboratory
system. One of the major issues is the anticipated gamma-
ray background due to the slowing down of the radioactive
beams in the secondary target. Therefore, my research
during the first half of FY2010 was mainly dedicated to
simulations of the gamma-ray spectrometer DALI2 and
the anticipated background. For this, I used the GEANT4
framework and incorporated all the detector geometries
of our gamma-ray spectrometer DALI2. The simulation
results clearly show the feasibility of the experiment
despite the anticipated background.

The second part of my research was the planning and
execution of in-beam gamma-ray experiments within

an extended 48Ca beam campaign at the Radioactive

Nishina Center for Accelerator-Based Science
(Laboratory Head: Hiroyoshi SAKURAI)

Ion Beam Factory (RIBF). In this campaign, lasting
from the beginning of November until mid-December,
we performed several inelastic scattering, Coulomb
Excitation, and knockout experiments of very neutron-
rich Ne, Mg, Si, and S beams. Of particular interest for my
research was the observed background during Coulomb
excitation. A tentative comparison between simulated and
observed background showed nice agreement, but further

analysis is in progress.

@ Publications

(First-author papers)

P. Doornenbal., H. Scheit et al. Exploring the “Island of
Inversion” by in-beam gamma-ray spectroscopy of the
neutron-rich sodium isotopes *"*>**Na Phys. Rev. C 81,
041305 (2010)°

(Other)

P. Doornenbal., H.Scheit et al. In-beam gamma-ray
spectroscopy of **Ne RIKEN Accel. Progr. Rep. 43, X
(2010)’

@ Presentations

(Domestic conferences)

First Results of In-Beam Gamma Experiments at the RIBF
and Future Plans Invited Talk at the Physical Society
of Japan 2010 Autumn Meeting, Kokura, Japan,
September 11" - 14", 2010
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Exploring Supersymmetry and Many-Body Nuclear Physics via
Lattice Field Theoretical Methods

Name: Michael ENDRES
Host Laboratory: Theoretical Physics Laboratory,

Lattice field theory is one of the few truly non-
perturbative approaches for studying field theory
descriptions of particles and their interactions in nature.
Furthermore, the lattice provides an ideal formulation
for performing Monte Carlo simulations, allowing one
to make reliable quantitative predictions about the theory
under investigation. In my research, such techniques
are developed and used to explore both supersymmetric
(SUSY) theories as well as theories describing
nonrelativistic fermions in the unitary regime. The
former could be relevant for describing physics beyond
the Standard Model (SM) whereas the latter provides a
natural starting point for an effective field theory (EFT)
description of nuclear physics.

Supersymmetry--a symmetry which relates bosons
and fermions--plays a prominent role in extensions of the
SM and beyond as a solution to the “hierarchy problem”.
However, one of the simplest of SUSY theories, N = 1
super Yang-Mills (SYM), has yet to be fully explored
and understood. As one of the main building blocks for
more elaborate SUSY constructions, it remains desirable
to obtain a better non-perturbative understanding of
such aspects of this theory as the low-energy spectrum,
topology, and whether or not a gluino (the super-partner
of the gluon) condensate forms. My research attempts to
explore N=1 SYM on the lattice using a five dimensional
chiral fermion formulation known as Domain-Wall
fermions. Preliminary studies of this construction have
focused on whether or not the lattice formulation is able to

properly reproduce the desired four-dimensional physics

Nishina Center for Accelerator-Based Science
(Laboratory Head: Hikaru KAWAI)

of the continuum supersymmetric theory; future studies
will focus on obtaining reliable SUSY limit answers to
some of the physics questions described above.

On a different subject, my collaborators and I
have recently developed a novel lattice technique for
numerically simulating systems of strongly interacting,
nonrelativistic fermions. The method is applicable to
the study of two-component fermions at unitarity, the
limit of infinite two-particle s-wave scattering length and
vanishing effective range. Such systems may be achieved
experimentally using trapped ultra-cold atoms tuned to
a Feshbach resonance. Furthermore, the unitary limit is
a suitable expansion point for an effective field theory
of nuclear physics due to the unnaturally large scattering
lengths for nucleon-nucleon scattering. Using this new
lattice technique, we are currently measuring such
fundamental quantities as the Bertsch parameter, pairing
gap and integrated contact density for unitary fermions
confined to a harmonic trap and to a finite box. Future
numerical explorations will include a study of the Fermi
gas away from unitarity, the asymmetric Fermi gas in the
unitary regime, and the binding energies of light nuclei

within the framework of an EFT.

@ Presentations

“Lattice super Yang-Mills” Workshop on lattice
simulations for physics beyond the standard model,
NCTS Hsinchu National Tsing Hua University,
Hsinchu, Taiwan (November 12, 2010)
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Mechanisms of the Evolution of Song Culture

Name: Olga FEHER
Host Laboratory: Laboratory for Biolinguistics,

Zebra finches are non-seasonal songbirds who sing one
song throughout their entire life. They acquire this song
from adult male tutors during the first 3-4 months of their
life. I use zebra finches to investigate developmental and
evolutionary questions about song culture. [ previously
found that when isolate zebra finches — who sing abnormal
songs — tutor juvenile males, their pupils’ imitate them
but produce songs that are somewhat wild-type-like. When
we allowed recursive training (the first generation pupils
became the tutors of the next generation and so on) as well
as founded a colony with an isolate male, the song returned
to normal, wild-type-like song in about 4 generations. This
implies that wild-type song culture is genetically encoded,
but it requires training to surface. This finding raised many
questions about the details of cultural evolutionary processes.
My FPR project aims to investigate these evolutionary and
developmental questions. The first question is: what is the
minimum requirement for wild-type-like song to appear?
Perhaps training with the birds’ own vocalization is enough.
When young birds are raised in acoustic and social isolation,
the only vocal stimulus is their own song heard in real time as
they sing it. This instant feedback is not sufficient to trigger
the encoded wild-type culture. However, we hypothesize that
hearing their own recently recorded song differs from a live
sensory feedback and may trigger a normalization process.

During the first 6 months, I spent most of my time

building a system for continuously monitoring the song

Brain Science Institute
(Laboratory Head: Kazuo OKANOYA)

learning process of zebra finches. I have built sound-proof
boxes with a complete sound recording system and operant
key-pecking system for training. I bred zebra finches, and
started training two juveniles. Every utterance of the birds
is recorded, and when they peck the keys, they hear a recent
rendition of their song. Each young bird is trained from the
onset of singing (about age 35 days) until song crystallization
(about day 120), so the training lasts approximately 3
months. The first birds are still being trained, as I am
building additional sound boxes. While this experiment
runs and collects data, I have begun preliminary analysis on
the development of birds that participated in the previously
mentioned cultural evolution project. The developmental
course of birds trained with isolate song is of interest,
because it can be compared to the multi-generation cultural
evolutionary process. We found that pupils of isolates do not
pick wild-type-like song elements and preferentially imitate
those. Rather, they imitate the whole isolate song but change
its characteristics dynamically to make them more similar to
wild-type song. They do this according to innate imitation
biases. By analyzing the developmental trajectories of these
birds, we can find out whether the imitation biases emerge
gradually during development or are utilized at a certain
point during development. This finding could shed light
on the mechanism that is at play when young birds reject
isolate-like song structure, and as a result, we may be able to

propose neuronal substrates that underlie the process.

Recruiting and Expansion of Stem Cells for

Cardiovascular Vessel Engineering

Name: Binata JODDAR

Host Laboratory: Nanomedical Engineering laboratory,

INTRODUCTION: Embryonic stem (ES) cells hold

great promise for tissue engineering because of their self

Advanced Science Institute
(Laboratory Head: Yoshihiro ITO)

renewal property offering pluripotency and also their

ability to differentiate into different adult cell types when
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required. These properties can be regulated by biomaterials
such as hyaluronic acid (HA), shown to support
undifferentiated proliferation of human ES cells vitro.
However the properties of HA and its effects on cellular
environments can vary depending upon its molecular
weight or size (4000 Da -3 million Da) as shown by us
and others. Therefore we initiated a study to investigate
the mechanisms regulating ES cell functions by comparing
effects of varying MW of HA on cell proliferation and
differentiation in vitro.

EXPERIMENTAL METHODS: HA of high MW
(HMW-3 million Da, Wako, Japan) and of low MW
(LMW-6.4 KDa, R&D Systems, US) was UV-crosslinked
using the photocrosslinker 4-Azidoaniline and patterned
onto cell culture cover slips (0.2% w/v). EB3 (mouse
embryonic stem cells) were seeded (1 X104 cells) onto
these micropatterned HA surfaces and control gelatin
coated dishes and untreated cover slips (no gelatin coat,
no HA coat, received HA bolus solubilized in culture
medium). In the absence of MEFs, gelatin can similarly
support the growth and propagation of ES (EB3) cells in
the presence of cytokine leukemia inhibitory factor (LIF)
(J Cell Sci, 2004). Therefore LIF-1 was not added to any
group, except in cells cultured on gelatin coated cover
slips because we wanted to specifically investigate the role
of HA on undifferentiated proliferation of EB3 cells in the
absence of LIF-1. Cell morphologies after 3 days and 5
days were assessed using brightfield microscopy. Western
blot was used to assess the levels of phosphorylated and
total STAT-3 protein and RT-PCR was employed to detect
levels of Oct3/4 and GATA4 in the samples. WST-1
assay was used to measure levels of cell proliferation and
Alkaline phosphatase staining was used to detect the level
of differentiation/ undifferentiation.

RESULTS AND DISCUSSION: Cells adhered to all
wells receiving HA, but formed flat spread out colonies
on gelatin, immobilized LMW HA and to some extent
in wells that received soluble LMW HA. All colonies
appeared undifferentiated as detected by ALP-1 staining.
Oct3/4 was highly expressed by cells grown on gelatin,
immobilized LMW HA and on soluble LMW HA. WST-
1 assay showed that cells proliferated maximally and to
the same extent on gelatin, immobilized LMW HA and in

soluble LMW HA compared to other cases.

RT-PCR for Oct-3/4 in cells on HMW HA, accompanied
by enhanced GATA4 expression confirmed that these cells
were differentiated into embryoid bodies. In contrast,
reduced GATA4 expression in LMW HA and gelatin
controls confirmed the undifferentiated state of ES cells
cultured on these surfaces. Western blot showed increased
levels of phosphorylated and activated pSTAT3, known to
induce Oct-3/4 thereby keeping the cells undifferentiated
on LMW HA and on gelatin controls.

CONCLUSION: Mouse embryonic stem cells, EB3
adhered to HA coated regions, however they showed
preference towards LMW-HA. Larger number of cells
attached to LMW HA per unit area compared to HMW
HA. Cells attached onto LMW HA or receiving soluble
LMW HA showed higher proliferation trends, compared
to all other cases. Although all colonies irrespective
of the substrate showed positive ALP staining and
undifferentiation, cells grown on gelatin, immobilized
LMW-HA or soluble LMW HA showed the greatest extent
of Oct-3/4, which is expressed by stem cells as a marker
of pluripotency. These immunostaining trends were
confirmed by RT-PCR which showed similar levels of Oct-
3/4 mRNA but increased amount of GATA-4 only in cells
grown on HMW HA. GATA-4 is expressed by cells while
differentiating to embroid bodies. Finally the presence
of STAT-3 and its activated counterpart, pSTAT-3, were
determined. Phosphorylated or activated STAT-3 induces
the expression of Oct-3/4, which potentially maintains
the undifferentiated state of mouse ES cells. Our results
clearly showed that LMW-HA showed enhanced amounts
of pSTAT-3 comparable to control gelatin. In conclusion
we have shown that HA holds promise as a stem cell
niche because it supports undifferentiated proliferation
of embryonic stem cells. Currently we are investigating
mechanisms for the difference in molecular weight/ size
specific interaction of HA with EB3 cells. This knowledge
will be utilized to inform and guide fabrication of stem cell

niches for ES cells.

@ Publications

(First-author original research papers)

Protandim inhibits the development of intimal hyperplasia
in human saphenous veins ex vivo via a catalase

dependant pathway. Joddar Binata, Reen Rashmeet.
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K, Firstenberg Michael.F, Varadharaj Saradhadevi,
McCord Joe.M, Zweier Jay.L, Gooch Keith.J. Accepted
by the Free Radical Biology of Medicine. Accepted
Dec 10, 2010(%).

(In preparation to be submitted by the end of Dec 2010).
Biological Modifications of material surfaces with
proteins for regenerative medicine. Binata Joddar and
Yoshihiro Ito (*). This is an invited review article from
the Journal of materials chemistry from the Royal
society of chemistry in UK.

(In preparation to be submitted by March 2011). The
impact of microarray biochips on biology. Binata

Joddar and Yoshihiro Ito (*). This is an invited review

article from The Journal of Integrative Biology from
the Royal Society of Chemistry in UK.

(Books)

Comprehensive Biomaterials: Foreign body response
and angiogenesis. Joddar Binata, Siemenski Alisha.L,
Tennant Chris.M, Gooch Keith.J. Accepted July 2010.

In print. Elsevier(*). .

@ Presentations

“Hyaluronan: a scaffold for elastogenesis and useful tool
for tissue regeneration” invited talk given at NIMS,
MANA, Tsukuba, 4th August 2010.

Substructure Studies of the Proton and the Origin of Large

Transverse Spin Asymmetries in Polarized proton-proton Collisions

Name: John KOSTER
Host Laboratory: RIKEN BNL Research Center Experimental Group,

I started the FPR position in September of 2010 and have
devoted nearly 100% of my research time on ensuring that
the PHENIX Silicon Vertex Detector (VTX) is ready to take
high-quality physics data during the 2011-Relativistic Heavy
Ton Collider (RHIC) running period. RHIC is a versatile
hadron collider located in Brookhaven National Laboratory
(BNL), and PHENIX is a 500-scientist-strong experiment
which observes the collisions produced by RHIC. The VTX
detector upgrade for PHENIX was first proposed in 2004
and is a precision tracking instrument designed to measure
the displaced vertices from electrons produced in the decay
of charm and bottom quarks. The detector was installed
in December 2010. Currently, we are in the process of
commissioning the detector. The RHIC beams are expected
to begin providing collisions in February and will continue
for roughly six months: first with proton-proton collisions
and then gold-gold collisions. The detector upgrade is led
by Akiba-san; both RIKEN and RBRC play leading roles
in the upgrade. Once installed, the detector will be used for
a variety of heavy-ion and spin-physics analyses and is a
center-piece of the collaboration’s long-term plan.

When I joined the project, the RBRC/RIKEN group

Nishina Center for Accelerator-Based Science
(Laboratory Head: Yasuyuki AKIBA)

was testing individual sensor components at BNL. I joined
this effort and we tested all necessary components. The
detector was then assembled along with its associated
readout electronics, cooling disks, thermocouples, etc. After
the detector assembly and additional testing, the VTX was
installed in the PHENIX experiment. All of the necessary
equipment are in place to take physics data, and we are now
testing it to ensure its safe operation during the upcoming
RHIC run. After this testing phase is complete, the detector
must be ready to take physics data as soon as possible. To
further this goal, I have written two pieces of software vital
to the detector. The first is the “OnlineMonitoring” software.
This software will run and be closely watched by a PHENIX
shift-crew person for the entire RHIC run (approximately
6 months). It is used to quickly identify problems in the
detector’s performance. Once these problems are identified,
the detector can be tuned and normal data-taking may
resume. The second software project is that of controlling
the detector’s readout electronics. It is vital to extracting
high quality physics data that the detector configuration be
known for every data-taking period. I have setup a database
and associated utilities, and coordinated with the PHENIX
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data acquisition experts to ensure that this goal is met.
Before joining the RBRC team, I was a graduate student
with the University of Illinois at Urbana-Champaign where
I carried out research with the PHENIX detector. I built the
necessary hardware for my thesis and measured transverse
spin-asymmetries using the polarized proton-proton
collisions of RHIC. Once published these asymmetries are
expected to shed light on the spin-dependent distribution

functions within the proton.

@ Publications

“Cross Section and Parity Violating Spin Asymmetries of
W”+/- Boson Production in Polarized p+p Collisions at
sqrt(s)=500 GeV” (Accepted by Phys. Rev. Letters)

“Event Structure and Double Helicity Asymmetry in in Jet
Production from Polarized p+p Collisions at sqrt(s) =
200 GeV” (Submitted to Phys. Rev. D)

“Measurement of Transverse Single-Spin Asymmetries for
J/psi Production in Polarized p+p Collisions at sqrt(s) =
200 GeV” Phys. Rev. D 82, 112008 (2010)

“Cross section and double helicity asymmetry for

eta mesons and their comparison to neutral pion
production in proton-proton collisions at sqrt(s) = 200
GeV” (Submitted to Phys. Rev. D)

“Cold Nuclear Matter Effects on J/psi Yields as a Function
of Rapidity and Nuclear Geometry in Deuteron-Gold
Collisions at sqrt(s NN) = 200 GeV” (Paper draft in
preparation)

“Suppression of away-side jet fragments with respect to
the reaction plane in Aut+Au collisions at sqrt(s NN) =
200 GeV” (Submitted to Phys. Rev. Letters)

“Azimuthal Correlations of Electrons from Heavy Flavor
Decay with hadrons in AutAu and p+p Collisions at
sqrt(s) = 200GeV” (Submitted to Phys. Rev. C)

“Azimuthal anisotropy of neutral pion production in
Au+Au collisions at sqrt(s_NN) = 200 GeV: Path-
length dependence of jet quenching and the role of
initial geometry” Phys. Rev. Lett. 105, 142301 (2010)

“High p_T Direct Photon and pi0 Triggered Azimuthal Jet
Correlations in sqrt(s)=200 GeV p+p Collisions” Phys.
Rev. D 82, 072001 (2010)

Pathway-Oriented Gene Discovery for Abiotic-Stress

Tolerance Engineering of Soybean Plants

Name: Tien Dung LE
Host Laboratory: Signaling Pathway Research Unit,

The population of the earth is increasing rapidly,
setting food security one of the major issues in the world.
In addition, climate change also puts a great burden on
sustainable agriculture. Drought, flooding, unpredictable
epidemics, soil erosion and environment pollutants are the
factors threatening sustainable agriculture and, consequently,
food security. Among crops, soybean provides an abundant
source of oil and proteins for human consumption as well
as for feeds (which is then converted to animal meats for
human consumption). Nevertheless, over the past few years,
significant portions of the soybean producing areas have
experienced severe drought, which has led to significant

yield reductions. Understanding the regulation of soybean’s

Plant Science Center
(Laboratory Head: Lam-Son Phan TRAN)

responses to drought is vital to mitigate the impact of
water shortage on soybean plants. However, presently,
genetic basis of drought tolerance in soybean is not clearly
understood, despite the fact that its genome was sequenced
and the annotation is nearly completed.

Previous studies in Arabidopsis showed that NAC
transcription factors (TFs), the plant hormone cytokinins
(CKs) and the two-component systems (TCSs) play
important roles in plant adaptations to various abiotic
stresses. My study at the Signaling Pathway Research Unit
as an FPR fellow is focused on revealing the mechanisms
and pathways of soybean plants in response to drought using

comparative genomics and molecular biology approaches.
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My current studies employ following approaches:
(1) genome-wide identification of the genes encoding
NAC TFs, CK metabolic enzymes and components of
TCSs in soybeans by comparative and genome-wide in
silico analysis; (2) identification of drought-responsive
genes among those computationally identified above
through high-throughput expression profiling using qRT-
PCR, in various tissues and growth stages under normal
and drought conditions; (3) in planta verification of the
candidate genes by developing transgenic Arabidopsis
model plants carrying each of the candidate genes and
characterize their drought tolerant phenotype(s). As initial
results, I have identified the dehydration-responsive genes
among those encoding TCS proteins and NAC TFs in
soybean plants (DNA Res., 18:17-29 and 263-276).

Upon exposure to abiotic and biotic stresses, plants
increase ROS production dramatically, thus in addition
to the identification of drought-responsive NAC TF, CK-
metabolic genes and TCS genes, I am also interested in
discovering genes encoding cellular redox components
that response to abiotic stresses in Arabidopsis and

soybean plants.

@ Publications

(First-author papers)

Le D.T., Nishiyama R., Watanabe Y., Mochida K.,
Yamaguchi-Shinozaki K., Shinozaki K. and Tran L.S.P.
(2010) Genome-wide expression profiling of soybean

two-component system genes in soybean root and shoot

tissues under dehydration stress. DNA Res*.

Le D.T., Nishiyama R., Watanabe Y., Mochida K.,
Yamaguchi-Shinozaki K., Shinozaki K. and Tran P.L.S.
(2011) /Genome-wide survey and expression analysis
of the plant-specific NAC transcription factor family in
soybean during development and dehydration stress./
DNA Res. 18:263-276 *

Le D.T., Nishiyama R., Watanabe Y., Mochida K.,
Yamaguchi-Shinozaki K., Shinozaki K. and Tran P.L.S.
(2011) /Genome-wide expression profiling of soybean
two-component system genes in soybean root and shoot
tissues under dehydration stress./ DNA Res. 18:17-29

(Review articles)

Le D.T., Choi J.-D. and Tran L.S. (2010). Amino
acids conferring herbicide resistance in tobacco
acetohydroxyacid synthase. GM Crops 1(2):62-
67 (peer-reviewed)*

(Conference poster)

Le D.T., Nishiyama R. and Watanabe Y. Tran L.S.P.
Genome-wide analysis of GmIPT and GmCKX families
in soybean revealed dehydration-responsive members.
The 52™ Annual meeting of the Japanese Society of
Plant Physiologists, Sendai March 20-22, 2011

Dung Le, Tamaki Ichiki, Takumi Shumizu, Choi II-
Ryong, Lam-Son Phan Tran, Takahide Sasaya (2010)
Molecular Detection of Nine Rice Viruses by RT-
LAMP. 21* International Conference on Arabidopsis
Research, PACIFICO, Yokohama, Japan - June 06-10,
2010

Chiral Effective Theory and QED Effects on Hadrons

Name: Christoph LEHNER
Host Laboratory: RIKEN BNL Research Center Theory Group,

In the first part of the fiscal year 2010 my research mainly
focused on further development of perturbative methods
to calculate properties of pions with a small mass confined
to a finite volume. In my collaborative efforts with Shoji
Hashimoto and Tilo Wettig, published as JHEP 06 (2010)
028, we showed in the framework of finite-volume chiral

perturbation theory at next-to-next-to-leading order that

Nishina Center for Accelerator-Based Science
(Laboratory Head: Larry McLERRAN)

there is an optimal choice of lattice geometry for numerical
simulations of pions in the small mass limit. If one uses
these optimal geometries, one can minimize systematic
deviations from the random matrix theory (RMT) limit
of the chiral effective theory and one can use the known
analytic results of RMT to extract phenomenologically

important low-energy constants (LECs) of the chiral
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effective theory. These results were confirmed numerically
by comparison with lattice simulations of JLQCD with two
dynamical Overlap fermions, and competitive numerical
values for the LECs Sigma and F were published as
PoS(Lattice 2010)088. Our results were presented by myself
in a talk at the XXVIII International Symposium on Lattice
Field Theory in Villasimius, Italy.

In the second part of the fiscal year 2010 I contributed
my expertise in lattice perturbation theory and continuum
perturbation theory to the very interesting efforts in heavy
quark physics, as well as electroweak physics conducted at
the RIKEN-BNL Research Center (RBRC) and within the
RIKEN-BNL-Columbia (RBC) collaboration.

In the context of heavy quark physics I am working on
the on-shell improvement of the relativistic heavy quark
action in the Columbia formulation [Phys. Rev. D76
(2007) 074505] that is used by the RBC collaboration for
the description of heavy quarks on the lattice. I am also
working on the improvement of heavy-heavy and heavy-
light vector and axial-vector currents, where the domain
wall fermion formulation is used for the light quarks. These
efforts extend the work of Aoki et al. [Nucl Phys. B697
(2004) 271, Nucl. Phys. B689 (2004) 127, Nucl. Phys.
B713 (2005) 407] derived in the Tsukuba formulation of the
relativistic heavy quark action [Prog. Theor. Phys. 109
(2003) 383] to the Columbia formulation which requires,
a priori, the tuning of only three parameters of the heavy
quark action. The completion of this on-shell improvement
program is essential to a precise lattice determination of
phenomenologically important quantities such as the kaon
decay constant f K since related systematic errors contribute
significantly to the error budget.

In the context of electroweak physics I am currently

working on regularization-independent (RI) renormalization
schemes used for non-perturbative renormalization on the
lattice. In collaboration with Taku Izubuchi and Amarjit
Soni of RBRC and Christian Sturm of the MPI in Munich,
Germany, I am working on the development of enhanced RI
schemes for the renormalization of the Delta S=1 operator
basis of the effective theory of electroweak interactions
including QCD corrections. This calculation is essential
to control and minimize the systematic error in, e.g., the
lattice calculation of the decay of a kaon in two pions that is

currently performed within the RBC collaboration.

@ Publications

(First-author papers)

Christoph Lehner, Shoji Hashimoto and Tilo Wettig
“The epsilon expansion at next-to-next-to-leading
order with small imaginary chemical potential”
JHEP 06 (2010) 028 [arXiv:1004.5584]

(Other)

Christoph Lehner, Shoji Hashimoto and Tilo Wettig
“Geometry dependence of RMT-based methods
to extract the low-energy constants Sigma and F”

PoS(Lattice 2010)088

@ Presentations

(International conferences)

Christoph Lehner*, Shoji Hashimoto and Tilo Wettig
“Low-energy constants from Dirac eigenvalue
correlators at NNLO in the epsilon expansion” The
XXVIII International Symposium on Lattice Field
Theory, Lattice2010, June 14-19, 2010, Villasimius, Italy

*Speaker

Linking Novel Bioactive Compounds to Their Targets and

Pathways Using Yeast Chemical Genomics

Name: Jeff IOTROWSKI
Host Laboratory: Molecular Ligand Target Research Team,

Overcoming limitations to drug discovery- The need for

new, safe effective drugs continues to grow, from novel

Advanced Science Institute
(Laboratory Head: Minoru YOSHIDA)

antibiotics to combat increasingly resistant pathogens to

anti-cancer therapeutics. To meet this need, drug discovery
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must keep a brisk pace to meet market demands; however,
the path from lead discovery to application has traditionally
been long and arduous. Combinational chemistry and natural
product isolation and derivatization have dramatically
increased the number of potential therapeutic compounds,
and we now have many thousands of potentially novel,
bioactive chemicals awaiting characterization. A major
limiting step to application of potential new drugs is
describing the mode of action and cellular target of new lead
compounds. Our project seeks to overcome this limitation
by developing a new, efficient tool for high-throughput drug
discovery using the functional genomic resources of the
widely used model organism Saccharomyces cerevisiae.

Yeast functional genomic tools accelerate drug
characterization- Genome sequencing projects have revealed
thousands of suspected genes, challenging researchers
to develop efficient large-scale functional analysis
methodologies. Determining the function of a gene product
generally requires a means to alter its function. Genetically
tractable model organisms, such as yeast, flies, worms,
and mice, have been widely exploited for the isolation and
characterization of activating and inactivating mutations
in genes encoding proteins of interest. A complementary
approach involves the use of small molecules that alter the
function of proteins to which they bind; for example, ligands
that are capable of either inactivating (e.g. colchicine,
which inactivates the function of tubulin) or activating (e.g.
steroid hormones, which activate hormone receptors) their
targets have been useful as probes for protein function.
This approach is referred to as chemical genetics because
organic compounds are used to query gene function with
the specificity inherent to genetics. The chemical-genetic
interactions “profile” particular compound can be clustered
with others to group drugs with similar modes of action
and targets. Extending this analysis to the genome level is
termed chemical genomics

Our work has established a robust chemical genomics
platform for high-throughput exploration of the biological
effects and targets of small molecules in a tractable,
biomedically relevant model system. We now propose
to characterize over 10, 000 novel natural products by
chemical-genomics analysis in yeast.
Specially:

* We have generated a set of gene deletion mutations

in a hypersensitive strain background to increase hit
discovery and sensitivity of the chemical-genomic
profiling assay

* We have miniaturized and optimized the chemical-
genomic assay to enable high-throughput analysis of
precious natural product collections

* We are presently screening over >10, 000
uncharacterized, bioactive compounds and predict their
targets with cluster analysis.

* Finally we are validating the targets with biochemical

and biophysical methods

@ Publications

(First-author papers)

Piotrowski J.S., Nagarajan S., Kroll E., Stanbery A.,Chiotti
K.E., Kruckeberg A.L., Dunn B., Sherlock G. and
Rosenzweig F. Different selective pressures lead to
different genomic outcomes as newly-formed hybrid
yeasts evolve. BMC Evolutionary Biology Submitted

(Review articles)

Ho C.H., Piotrowski J.S., Dixon S.J., Baryshnikova
A. and Costanzo M., & Boone. 2010. Combining
functional genomics and chemical biology to identify
targets of bioactive compounds. Current Opinion in
Chemical Biology in press*

Andrusiak K., Piotrowski J.S. and Boone C. Chemical-
genomic profiling: systematic analysis of the cellular
targets of bioactive molecules. Bioorganic and
Medicinal Chemistry accepted for publication™®

(Other)

Piotrowski J.S., Ho C.H., & Boone C. 2010. The Awesome
Power of Synergy from Chemical-Chemical Profiling.
Chemistry & Biology 17: 789-790*

Wenger J., Piotrowski J.S., Subramanian S., Dunn B.,
Sherlock G. and. Rosenzweig F. 2011. Hunger Artists:
Yeast Adapted to Carbon Limitation show Trade-offs
under Carbon Sufficiency. PLoS Genetics 7:¢1002202.

Williams D.E., Dalisay Patrick B.O., Matainaho T.,
Andrusiak K., Deshpande R., Myers C.L., Piotrowski
J.S., Boone C., Yoshida M. and Andersen R.J. 2011.
Padanamides A and B, Highly Modified Linear
Tetrapeptides Produced in Culture by a Streptomyces
sp. Isolated from Marine Sediment Collected in Papua
New Guinea. Organic letters 13:3936-3939
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Study on the Mechanism that Determines Brain Size:

the Transition of Neural Progenitors from Proliferative to Differentiative

Mode during the Development of the Mammalian Cerebral Cortex

Name: Jeremy Nicholas PULVERS
Host Laboratory: Laboratory for Cell Asymmetry,

The cerebral cortex, which underlies higher brain
functions, is remarkably larger and complex compared
with other parts of the mammalian central nervous
system. Cortical neurogenesis occurs during embryonic
development, from a population of neural progenitor cells,
the neuroepithelial cells. These progenitor cells initially
proliferate to expand, however later in development
undergo a transition to be heterogeneous in terms of their
modes of division, cell biological features and lineage,
generating a variety of differentiating cells. How this
transition occurs, and how the heterogeneity is generated
is a crucial question in understanding not only neural
stem cell biology, but how the complex cerebral cortex
develops. Furthermore, evolutionary expansion in the size
and complexity of the cerebral cortex most likely involve
the mechanisms that regulate progenitor cell division and
differentiation.

The main objectives of the project are to elucidate the
molecular mechanisms that regulate the development of
the mammalian cerebral cortex to have the correct size,
neuronal population and cytoarchitecture. Specifically,
the mechanisms that regulate (i) the switch of neural
progenitors from the proliferative to neurogenic mode,
and (ii) the molecular and cell biological heterogeneity of
progenitor cells during this process, will be investigated.
These processes may have been the prime target for
the evolutionary change that lead to a massive increase
in the size of the cerebral cortex during mammalian
phylogenesis.

To address these objectives, current research is
focused on the isolation of single neural progenitor cells

by Fluorescence-Activated Cell Sorting (FACS) and

Center for Developmental Biology
(Laboratory Head: Fumio MATSUZAKI)

performing genome-wide gene expression level profiling.
Utilizing FACS and cell surface markers, various cell
populations have been successfully isolated, including
neural stem cells (high proportion expressing pluripotency
markers), neural progenitor cells, and post-mitotic neurons.
At this stage of the project, methods are being established
and tested to develop a pipeline, where hundreds of single
cells from each of the aforementioned populations can
be isolated efficiently by FACS, and subjected to gene
expression analysis by microarrays to quantify their global
genome-wide gene expression levels. This technique will
be used to carefully characterize the heterogeneity of
neural progenitor cells and to identify the mechanism that

regulates the switch from proliferation to differentiation.

@ Publications

(First-author papers)

Pulvers J. N., Bryk J. and Fish J. L., Wilsch-Brauninger
M., Arai Y., Schreier D., Naumann R., Helppi J.,
Habermann B., Vogt J., Nitsch R., Toth A., Enard W.,
Piibo S. and Huttner W. B. (2010). Mutations in mouse
Aspm (abnormal spindle-like microcephaly associated)
cause not only microcephaly but also major defects in
the germline. Proc. Natl. Acad. Sci. USA 107, 16595-
600.

@ Presentations

Pulvers J. N., The roles of the genes Aspm and Brcal
in the development of the mouse neocortex. RBC-
NIRS International Symposium: Centrosome in DNA
Damage Response and Diseases. Kyoto, Japan, Oct 23,
2010.
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Steady-State and Time-Resolved Study at the Interfaces
Using New Nonlinear Spectroscopy

Name: Prashant Chandra SINGH
Host Laboratory: Molecular Spectroscopy Laboratory,

The interface is a boundary separating two bulk phases.
Such interfacial regions have only a few molecular
diameter thickness, but they are critically important
environments for many fundamental physicochemical
and biological processes. Solute molecules absorbed at
liquid interfaces experience significantly different local
environment from those in bulk phases, which makes the
chemistry at the interfaces interesting. The chemistry at
soft interfaces (such as liquid-liquid, liquid-air, liquid-
solids and bio-mimicking interfaces) is a frontier of
molecular science and has not been studied much due
to lack of the suitable experimental methods. Recently,
several powerful new spectroscopic techniques such as
heterodyne-detected electronic sum-frequency generation
(HD-ESFG) and heterodyne-detected vibrational sum
frequency generation (HD-VSFG) have been developed

in our group, which have enabled us to study interfacial

Advance Science Institute
(Laboratory Head: Tahei TAHARA)

molecules extensively.

Though these new techniques gives a lot of molecular
level understanding at the interfaces but theses information
is limited only to steady state. Under this situation, my
plan is to break new ground in molecular science by
perusing time-resolved study to understand the dynamics
of molecules at the soft interfaces. There are several
experimental difficulties to design experimental setup for
the time resolved study of interfaces. I joined this group in
May and during these past six months, we have designed
a setup which make us possible to study the dynamics
of the molecules by measuring time resolved heterodyne
vibrational sum frequency (TR-VSFQG). The reliability and
reproducibility of data from this setup has been tested for
several test runs and now we have reached up to a level so
that it can be applied for studying the dynamics of various

soft interfaces.

Photo Detectors and Plasmonic Devices at Terahertz Frequency

Name: Zhihai WANG
Host Laboratory: Advanced Device Laboratory,

The target of our current project is to integrate a
plasmonic photo coupler directly onto a photo detector.
The coupler may improve coupling between signal and the
detector. The plasmonic photo coupler is a piece of metal
(Gold, in this specific project) with a bull’s eye structure.
It has a center hole surrounded by concentric corrugation.
For the detection of a normally incident radiation (signal)
at THz frequency, the period of the corrugation roughly
equals the wavelength of the signal.

We have established a reliable micro-fabrication process
to realize this plasmonic photo coupler. Specifically, it

includes three key steps: (1) deposition of a metal sheet

Advanced Science Institute
(Laboratory Head: Koji ISHIBASHI)

with a center hole, (2) making a 3D polymer structure
(on top of the metal sheet) using photo-lithography, (2)
forming the corrugated metal structure by electro-plating,
using the metal sheet as seed-layer and the polymer
structure as mold. For the polymer mold, we chose SU-8
photoresist, which is widely used in the field of micro
electro-mechanical system. 3D structures with vertical
or sloped side wall can be realized at different photo-
lithography conditions. The height of the SU-8 can be
as large as 30 microns, while the lateral dimension of
characteristic features can be as small as a few microns.

It is worthwhile to mention that the maskless projection
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photolithography system available in the Nano-Science
clean room allows us to fabricate a rich variety of
polymer mold structures in an efficient way. For electro-
plating of gold, we chose a [Aul,] - based solution. The
electroplating is carried out at room temperature, low
voltage. The resulting gold film shows grain size as small
as 50-100nm, and a sufficiently dense surface. The fast
plating rate allows deposition of 20-30 microns thick gold
film within one hour.

The photo detector is 2-dimensional electron
gas (2DEG) in the magnetic field, at liquid-Helium
temperature. At a proper magnetic field, the incident
photon causes inter-Landau level transition. The excited

hot electrons dissipate their extra energy through phonon

emissions and electron-electron collisions, which cause
heating of crystal lattice and 2DEG respectively. The
change of magneto-resistance due to these heating effects
can be monitored as photo-signal.

We have fabricated an integrated device, in which the
plasmonic photo coupler (the Bull’s eye) stays on top of
the photo detector, with an insulation layer in between.
The active region of the photo detector can be made so
small that it is just beneath the center hole of the Bull’s
eye. High mobility 2DEG, which is sufficiently good for
photo detection, is realized in GaAs / AlGaAs hetero-
structure crystals. And the performance of the integrated
devices can be tested in a liquid Helium-4 cryostat with a

superconducting magnet (B up to 10 Tesla).

Design, Fabrication and Application of “All-in-One” Lab-on-a-Chip

(LOC) Devices by Three-Dimensional (3D) Femtosecond Laser Integration

Name: Jian XU
Host Laboratory: Laser Technology Laboratory,

A lab-on-a-chip (LOC) device, in which functionalities
of a biochemical laboratory are incorporated into a single
chip, is capable of performing a variety of chemical and
biological analyses with reduction of regent consumption,
waste production, analysis time and labor cost. Therefore,
it is recently expected to become a powerful tool in many
fields. However, the development of three-dimensionally
(3D) integrated functional micro-components in LOC
devices is challenging to surpass the current planar
microfabrication technology. A novel technique referred
to as “3D femtosecond (fs) laser integration (3D-FSLI)”
based on 3D microfabrication capabilities of fs laser is
proposed for tackling the current issues in LOC device
manufacture. By use of the 3D-FSLI, some kinds
of functional micro-components, including micro-
optics, micro-fluidics, micro-mechanics, and so on,
can be fabricated and integrated in microchips with 3D
configurations.

However, currently for the fabrication of micro-
electronics by 3D-FSLI, there remain some issues. If the

two-dimensional (2D) and/or 3D metal structures could

Advanced Science Institute
(Laboratory Head: Katsumi MIDORIKAWA)

be incorporated into the 3D micro-fluidic structures,
highly functional biochips, in which microelectronics
were integrated with the micro-fluidics, would be realized.
In the previous study of our laboratory, metallization of
internal walls of micro-fluidics in glasses was performed
by fs laser direct writing in electroless plating solution.
The problem of this technique, however, was that adhesion
was not good enough for practical applications. In
addition, formation of 3D metal structures was extremely
difficult by this technique. Although fabrication of 3D
metal microstructures were reported and realized by
two-photon reduction process, they were always on the
substrate surfaces.

In the past one-year, we have developed a protocol
for fabrication of conductive 2D metal microstructures
with strong adhesion inside glass chips. We used fs
laser amplifiers to create continuous and adhesive metal
microstructures on the internal wall of microfluidic
channels from the metal-ion salts mixed with some
protective agents/surfactants based on the multi-photon

reduction process. Compared with the current methods
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mainly utilizing the fs laser oscillators for directly writing
2D or 3D metal structures, our methods provide much
higher flexibility for realizing metal structures deeply
embedded inside the microfluidic channels due to larger
working distance. By comparing and characterizing the
experimental results of metal microstructures fabricated by
1 kHz and 200 kHz fs laser amplifiers, we found that silver
patterns possessing strong adhesion have been achieved by

using 200 kHz amplifiers.
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