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Development of Silicon Pixel Detector for Exploring High Energy Universe
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Nano-Scale Spectroscopic Imaging of Superconducting Electron Pairs
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A United Design of Carbon-Nanotubes and

Silicon Nanotechnology for Quantum-Dot Based Nanodevices

Chemically bottom-up produced silicon nanowires
(SINWs) with a diameter of a few tens of nanom-
eters could be attractive building blocks for ex-
tremely small quantum-dot based nanodevices. The
proposed original design aims to employ SINW quan-
tum dot (QD) single-electron transistors (SET) to
probe single-spin dynamics in a QD at a higher tem-
perature (all current qubits working at milli-Kelvin)
and to realize a full Si double-SiNW-dot structured
spin-qubit. In the begining two years, single-electron
tunneling through a single SINW dot has been real-
ized and characterized by development and optimi-
zation of processes. By scaling-down the diameter of
SINW, I significantly increased the charging energy
by two orders of magnitude when the diameter is
from 70 to 15 nm. The working temperature has
been raised from 400 mK to 12 K. Quantum effects
are turn out to arise when the diameter is reduced
less than 30 nm.

In this year, I built a double-dot construction based
on a single Si nanowire. Many key processes were
developed and optimized, including high-k gate in-
sulation film, high-temperature annealing and sub-
100-nm EB-lithography. The SINW between the
source and drain shows single dot nature without
central gate working. On the other hand, the "pinch-
off" (separating a SINW into double isolated single-
dots) was demonstrated by applying the central gate.
The electrostatics potential of each dot can be tuned
by the capacitively coupled side gates. The devel-
oped tunable double-dot system allows me to ma-
nipulate electron spins in each dot and to control
electron-electron coupling in the future work. More-
over, the electron quasi-one-dimensional transport
characteristics of the SINW were also concerned. I

observed constructive interference between time-
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reversed backscattered electron waves leading to
a conductivity decrease known as weak localiza-
tion. Right after the breaking the weak-localization
by a magnetic field, we also observed the occur-
rence of universal conductance fluctuations caused
by interference of electrons on different trajecto-
ries. The phase coherence length has been accu-
rately estimated as 55 nm, which is an indispens-
able parameter to understand decoherence mecha-
nisms and develop a quantum-bit. In the past year,
the achievements generated many presentations and
attracted worldwide interests. Two new papers are

under preparation.
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Development of New Devices using Carbon Nanotube Nanostructure
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Novel Growth Technique of Carbon Nanotubes and Its Applications
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Development of Micro System for Signal Measurement in Cell

and Application Examination to Cancer Cell Diagnosis
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A Method of DNA Sequencing based on Intermolecular Electron Tunneling
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Development of Photoresponsive Functional Nucleic Acid for in vivo Activity Regulation
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Development of Highly-functional Microfluidic Device for Bioanalysis

using Microelectrode and Functional Polymer
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Development of Photoresponsive Molecular Tweezers by In Vitro Selection
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Determination of Structure of Interfacial Water Molecules at Electrode / Electrolyte
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Roles of Cross-seeded Protein Fibrillization in Neurodegenerative Diseases
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Functional Analysis of aPKC-PAR Protein Complex

in Neuronal Cell Maintenance and Degeneration
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Study of the Function of the Intramolecular Interactions of IP; Receptor

HHBLPN Ca2+ i BE 0 ik 72 Tl LM H B BE D HEFE 12
VIHHTH Y, TOWFEIZSE  OMREEREDT] X
GEHBIEIRBENTVS, IPs(f /¥ b—L=
) VR ZAEARIE, MR CaZ I T d B /Ma k)
LOCaz IS 55T TH 0. MHCaz i EE Dl
PRS2 BUR - 5 72012 IXIPs% BRZ D L DD 4T
LRV CTOMERARNT R TH %o IP#ZHRIZ. 73
F ARG A S NI TPsAS & s, BIHEER, F v A
FILD3D DA S 72 5 K)400kDaDE K Y ¥ /37 H
Thbo Lo T, [RFZRIPHKEHEIBA~DIP;
BEPED X I IF ¥ ANVEBI ED > TF v 2V
BB D ? JE ) JTASTF X A OV BB & R
BLIHloTOHE LD, TOFRICHLTIEINE
TIZENA DR RS S 7 I R OIPHKE &
I L AR F DOV KM O F v 4OV LR O BHIE
HATHEEC S 0 W OMEAER AT v A OVEIINIS
HETHLLEFHINTE

. FHE19. 204EEE ORISR X V| IPsZ A%
e B BRI (TPs# A 58 + M RIS & 7 v A OV 3
D2OIZWI AL L TR L. Pl L 72 EB0R % v
T, [ 2N S 02200 OMEN/EHF ¥ 1V %

W98 & K 4 BA E%  Enomoto, Masahiro
Z AN WF 78 F L REER AT v 7 —

FEEAREAE I TE T — &
(i w1 wZ)

BRI OEE 2o T A 2 L R TS
P L7 B85, O L 7-IPs BRI, §F
T 22001 Y FTH BIP: KU Ca2 IS
BAE L TR AL L T e WIPsZ R & AR F + %
WIEHZEL AR R T S L 2HLNII Lz, ShE DK
Eh B, [TP:& Ca DR A & 520 ORI O A AR
OB F v AN ERIOSES L) ]KE %L
T TNZWEET 5 72 DB R 122D O FHIS I O 4%
BREMEWETE 2ERR M L7, REREIR,
COFEBRE VT A 1P, Ca? BT ICH
V2 MR AR & T R VRIS o5 A e B R B
VZFENT L. BIAEEE S CIT L 72 F v A VI L ©
%IRRT, ZO#E [P R D20 DI H
DR ER L F ¥ AOVIEEO ISR BOEM T
ELMEBH BT EEZFEH L7z L ORI,
IPyZ 2R DT % 2 VBRI ASHIRS - #FI8 & F v R VR
WoOMOSTRHEEHICE IV HIEBShTns 2 L
FHRTHDTRLIZLDTH Y, IPZBEAROARL
534 F Y F v AV OMEAY AR & A
NI N5 2H5bDTH B,



XIX — 049

BFRFYMBFAX=ITI1L43

2T 7T AR RO B FHEEDRZHA

Studies on the Molecular Mechanism for Synaptic Plasticity

by Quantum Dot- Based Single Molecule Imaging

PRz E W R Z A, MR B & kRS %
CEWEVFAFIv IV FT AR ERAD L
TWbo ZHEAROMGIHNE > F T AMRERF %
ETHHET 77 7 —DIDOTHY) . CEFEEOMN
LAWHEEBRETH B[ 2 7 AW o 51 3k
THhbEFHRINTVLY, T OMRBITFEBIZFED
ENTIRV AR o7, T E, Pl EEZ 2
NEELGABAAZEMRICIEH LT GABAfES)ME >
F 7 AMRERN R % T 5 5B O R EL Y AL
ATE] BTNy MOTA A=YV 7EaAnT
AR EOGABAAZ BEROE & 215 F L NIV T
BrL7-L 2 A, BUEMEMBIEB ORI tE- TR
ROM BB BM L, ¥ F T ABRBIIBT 5 %K
ROREWDZELLBI LTV, COLEVFT
ANDOGABANZERENTIHA T 5 D15 L Ml
FOGABAAZHEROBEIIZLL T oz, &
DOFERIL. MROBE D E T 5 &R E 5 ks
AICHE LGABAAZ RN Y F T AN T H 2 &8
TERL o2 LICXY, Y F T ABRBEOZER
BB TH5IEERBEL TS, S HIC, MW
AN DREOEFICE B ANV = 2) YO
1LDS, ZHEEROM G ERIMS 52 & bAEHL
720 TNET, ¥ F T AMEENFREZRDLHL B o
TWb ¥+ 7T ANOZEREIE, MR E o5k
BECIEBI L TR 22 25N TE 72, SHOD
FERIZ ¥ T ALER R ICERRE I L. [
HREIENC & 2 BB OB & v 9 B L o1k
ZRETLID0TH 5. LiLOWFFEH EIENeuronik
IZFM A i ) IR S e,

T, v Ty YR E R EH % H
W7eEERD S MBS VY AT FOVIPs
SRRSO T MDY F T ADGABANE
PREBREAEZETVL I LRI L, EHITAK
WIZED WP T, PERIHIE S F T AR S v 2 H
EEZOLNTW2F V87 B FEIZGABANZHRD

W 78 & KK 4% 3 7 Bannai, Hiroko
Z ANWF 78 £ NEEER AR v 7 —

FEEAREA IR TE T — &
(T M )

Ry URIETII WS e, FOY U EOR
FEMIZWNCCGABAANZEEROB) & 3 S0 X )l s
NTWBEZEZRBT DHEREET,

@i LHZEX Publications

(B3 5 0)

Bannai H, Levi S, Schweizer C, Inoue T, Launey T, Sibarita
J, Mikoshiba K, Triller A, Racine V, "Activity-depen-
dent tuning of inhibitory neurotransmission based on
GABAAR diffusion dynamics" Neuron Vol.62 5 pp670-
682 (2009)

@OEER%K Oral Presentations

(B & 5)

Bannai H, Levi S, Schweizer C, Inoue T, Launey T, Racine
V, Sibarita J, Mikoshiba K, "Calcium-dependent tuning
of inhibitory neurotransmission based on GABAAR dif-
fusion dynamics" Gordon Research Conference on Cal-
cium Signalling Lucca (Barga) Italy 2009 6

Nakamura H, Bannai H, Inoue T, Michikawa T, Sano M,
Mikoshiba K, "Non-concerted calcium releases from
multiple sites generate individual calcium puffs in in-
tact cells" Gordon Research Conference on Calcium
Signalling Lucca (Barga) Italy 2009 6

(EINF &

W ¥, " La dynamique des recepteurs deter-
mine la transmission synaptique” 4 26 8] H {LF}
FHOFEC BT HALZE HA 2009 10

BN T, "1 T A A=V v Ik By F T AN
PEDOWIZE" 5 47 o] H AR AWy Bp 48 2 S H
A 2009 10-11

AT W, Ry A, PR R0 W T SR
Z,"7TAMaY A NCBFEAINT T AT TN
O ZE [ B HIGEARRE DR 5547 I H Ay Bl
KEX S HA 2009 10-11



XIX — 050 ;BBMEMRICE T ZZE/MBE HIVD I LD T FIVEEEEE O

Regulatory Mechanism of Spatial Calcium Signaling in Hippocampal Neurons
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Investigation of Mechanisms Underlying Gall Induction and Plant Cell Regulation by Insects
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Control of Microtubules in Mitotic Spindle Formation in C. elegans Embryos
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Analysis for Plant Circadian Clock
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Proteome Analysis on the Circadian Rhythm Regulation in Arabidopsis
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Study of Quantum Beam Energy Dependent Plant Mutator Mechanism
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A Massively Parallel Calculation Code for Many-body Problem for the Next Generation Supercomputer
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Theoretical Study of the Dissipation Mechanism in Magnetic Reconnection
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Study on the Origin of Hadron Mass through Measurements of Electron Pairs

from Ultra-high-frequency Nuclear Interactions
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Foreword

This Annual Report is a compilation of the research reports submitted by the Foreign Postdoctoral Researchers
(FPRs) working at RIKEN in fiscal 2009.

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 stimulat-
ing research environment that transcends national boundaries, and to thereby become a global leader of scien-

tific 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 pur-
sue 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 con-
ducted 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.
Two years have passed since the FPR program was launched and there are now 48 FPRs at RIKEN.

December 2010
RIKEN
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Studies of the Asymmetry Dependence of Nuclear Correlations

Name: Carlo BARBIERI

Host Laboratory: Theoretical Nuclear Physics Laboratory,

We pursue a global understanding of single-particle be-
havior in strongly correlated systems. Atomic nuclei are a
unique case in Nature because their components (the nucle-
ons) 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 ra-
tio is the key to predict the properties of exotic isotopes
and, ultimately, to understand several stellar processes in
which they are involved.

This research is divided into two main parallel efforts:
(i) the development of ab-initio many-body techniques
suitable for accurate studies of single-particle properties
and (ii) the actual studies of asymmetric isotopes.

Calculations are based on many-body Green's functions
theory. The Faddeev random phase approximation (FRPA)
method is employed to study the interplay between single-
nucleons and collective modes. This approach is tailored
for medium/large systems (where giant resonances and
collectivity are relevant). However, a recent study has
given very accurate results for the ground state energy of
“He. This proves the potentiality of this method for ab-
initio studies. Calculations have already been pursued for
medium size nuclei in the pf shell, such as *°Ni. The next
technological developments are parallelization of the nu-
merical codes and extension to three-nucleon interactions.
These extensions were started in FY2009 and are being
actively pursued. They will allow to reach masses around
A=100 and to include an accurate description of nuclear
saturation in our results.

A study of the effects of nuclear correlations on spec-
troscopic factors has been concluded recently for **Ni. This
shows the importance of collective modes and large model
spaces in describing the magnitude of transfer reaction that

involve singe-particle states. These effects can have equally

Nishina Center for Accelerator-Based Science

(Laboratory Head: Takashi NAKATSUKASA)

relevant implications on single-particle energies and ef-
fective interactions in the nuclear shell-model. The FRPA
method is well suited for investigating the dependence of
correlation effects on the proton-neutron asymmetry.

The FRPA method, developed for nuclear structure stud-
ies, has also been applied to ground state and ionization
energies of simple atoms and molecules. First ionization
energies agree with the experiment at the level of ~10 mH
or less. These calculations may also serve as a basis for
developing the quasiparticle extension to the standard den-

sity functional theory (DFT) for electronic systems.

@ Publications

(Original Papers)

Barbieri C, Dickhoff W, "Spectroscopic Factors in 'O and
Nucleon Asymmetry". International Journal of Mod-
ern Physics AVol.24 11 pp2060-2068 (2009).

Barbieri C, Van Neck D, "Ab-initio Green's Functions Cal-
culations of Atoms". AIP Conference Proceedings
Vol.1120 pp104-108 (2009).

Barbieri C, Hiorth-Jensen M, "Quasiparticle and quasi-
hole states of nuclei around *Ni". Physical Review C
Vol.79, 064313 (2009)

Barbieri C, "Role of Long-Range Correlations on the
Quenching of Spectroscopic Factors". Physical Review
LettersVol.103, 202502 (2009).

Barbieri C, Charity R, Sobotka L, Dickhoff W, "Toward a
Global Dispersive Optical Model for the Driplines".
Proceedings of the "10th International Conference on
Nucleus-Nucleus Collisions". Beijing China 2009 8.
Elsevier Netherland Nuclear Physics A (2010)

Barbieri C, "Toward an Ab-initio Description of Quasi-
particle Properties". Proceedings of the 12th Interna-
tional Conference on Nuclear Reaction Mechanisms",
Varenna, June 15-19, 2009. Varenna, Italy 2009 6.
CERN Proceedings series Switzerland CERN (2010)

Middleton D, Annard J, Barbieri C, Giusti C, Grabmayr
P, Hehl T, MacGregor I, Martin I, MacGeorge J, Mos-
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chini F, Pacati F, Schwamb M, Watts D, "Knockout of
proton-neutron pairs from '%O with electromagnetic

probes". The European Physics Journal A Vol. (2009)

@ Oral Presentations

(International Meetings)

Barbieri C, 12th International Conference on Nuclear Re-
action Mechanisms Varenna, Villa Monastero Italy 2009
6

Barbieri C, ECT Workshop on "Confrontation and Con-
vergence in Nuclear Theory", ECT, Trento, Italy, July
27-31, 2009 Trento, ECT* Italy 2009 7

Barbieri C, The 10th International Conference on Nucle-
us-Nucleus collisions (nn2009) Beijing China 2009 8

Barbieri C, The Third Joint JPS/DNP Meeting (Hawaii
2009) Kona, Hawaii USA 2009 10

(Domestic Meetings)

Barbieri C, H A BA2R 5 64 MIAE R KEH T HA

2009 3

Barbieri C, Workshop on "Development of nuclear
structure models from the viewpoint of nuclear
force”. Yukawa Institute for Theoretical Physics,
Kyoto, Japan. May 20-22, 2009 (talk given).

Barbieri C, The 4th LACM-EFES-JUSTIPEN Workshop.
RIKEN, Japan. December 7-9, 2009 (talk given).

Barbieri C, INTERNATIONAL SYMPOSIUM "Fore-
fronts of Researches in Exotic Nuclear Structures", Ni-
igata2010. March 3-4, 2010. Tokamachi, Niigata, Ja-
pan.

(Seminars)

Barbieri C, "Stati di quasiparticella in nuclei ed
atomi". Seminar at the university of Pavia Pavia
ITtaly 2009 7

Barbieri C, "Toward an Ab-initio Description of
Single-Particle Properties". T3 K5 HXFH#F 52
BHE TR I F—HA 2009 7

Identification and Functional Analysis of Organ Size Gain-of-Function Mutants
using the Arabidopsis FOX-Hunting System

Using the Arabidopsis FOX-hunting system’, I have
identified a dominant gain-of-function FOX line (F26519)
that shows a stable and inheritable giant trichome pheno-
type. The enormous cell growth phenotype is accompa-
nied by an increase in trichome DNA content®. Plant tri-
chomes are highly-specialized, epidermal cells that are
involved in protecting plants against insect herbivores and
UV light, the control of transpiration and tolerance to freez-
ing>*. Moreover, trichomes are of special commercial in-
terest, since they have a unique secondary metabolism,
allowing the production and secretion of various natural
compounds and even currently used drugs, such as aspirine,
morphine, taxol and artemisinin. Leaf trichomes are also
an excellent model system to study general developmen-
tal processes in cell differentiation, including cell shape
and growth control at the single cell level®.

Leaf trichomes in Arabidopsis develop through several

Name: Christian BREUER

Host Laboratory: Cell Function Research Unit,

Plant Science Center

(Laboratory Head: Keiko SUGIMOTO)

distinct cellular processes, such as patterning, differentia-
tion and growth. Although recent studies have identified
several key transcription factors as regulating early pattern-
ing and differentiation steps, it is still largely unknown how
these regulatory proteins mediate subsequent trichome de-
velopment, which is accompanied by rapid cell growth and
branching. The identified FOX line F26519 over-expresses
a heavily truncated mRNA version of locus At1g33240,
which is likely to lead to a dominant negative function com-
pared to the full-length protein. In consistent, loss-of-func-
tion mutants exhibit very similar ploidy-dependent increase
in trichome cell size without altering overall trichome pat-
terning or branching. The corresponding gene encodes a
GT-2-LIKE1 (GTL1) protein, a member of the trihelix
transcription factor family. GTL1 is present within the
nucleus during the post-branching stages of trichome de-

velopment and its loss-of-function leads to an increase in
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the nuclear DNA content only in trichomes that have com-
pleted branching. Genetic analyses using various trichome
mutants suggest that GTL1 function is involved in novel
growth mechanisms, which are independent of previously
reported processes. Furthermore, the gtl1 mutation modi-
fies the expression of several cell cycle genes and par-
tially rescues the ploidy defects in the cyclin-dependent
kinase (CDK) inhibitor mutant siamese®. Moreover, recent
investigations regarding the function of closely related
trihelix transcription factor genes show that these genes
also play a distinct role for growth of other organs.
Taken together, this study provides the genetic evidence
for the requirement of transcriptional regulation in the re-
pression of ploidy-dependent plant cell and organ growth
as well as for an involvement of GT-2-like trihelix proteins

in this regulation.

1. Ichikawa et al., Plant Journal 2006

2. Breuer et al, Plant Cell 2009

3. Johnson, Bot. Rev. 1975

4. Mauricio and Rauscher, Evolution 1997
5. Huelskamp, Nature 2004.

@ Publications

(Original Papers)

Christian Breuer, Ayako Kawamura, Takanari Ichikawa,
Rumi Tominaga-Wada, Takuji Wada, Youichi Kondou,
Shu Muto, Minami Matsui, Keiko Sugimoto. (2009)
The trihelix transcription factor GTL1 regulates ploidy-
dependent cell growth in the Arabidopsis trichome,

Plant Cell, 21 (8): 2307-22.

@ Oral/Poster Presentations

(International conferences/Seminars)

Christian Breuer, Ayako Kawamura, Takanari Ichikawa,
Rumi Tominaga-Wada, Takuji Wada, Youichi Kondou,
Shu Muto, Minami Matsui, Keiko Sugimoto. The tri-
helix transcription factor GTL1 regulates ploidy-depen-
dent cell growth in the Arabidopsis trichome, 30th June
2009, RWTH Aachen

Christian Breuer, Ayako Kawamura, Takanari Ichikawa,
Rumi Tominaga-Wada, Takuji Wada, Youichi Kondou,
Shu Muto, Minami Matsui, Keiko Sugimoto. The tri-
helix transcription factor GTL1 regulates ploidy-depen-
dent cell growth in the Arabidopsis trichome, 30th June
- 4th July 2009, 20th International Conference on Ara-
bidopsis Research, Edinburgh, UK

(Domestic conferences/Seminars)

Christian Breuer, Ayako Kawamura, Takanari Ichikawa,
Rumi Tominaga-Wada, Takuji Wada, Youichi Kondou,
Shu Muto, Minami Matsui, Keiko Sugimoto. The tri-
helix transcription factor GTL1 regulates ploidy-depen-
dent cell growth in the Arabidopsis trichome, 9th Feb-
ruary 2010, Advanced Science Institute (ASI) Forum,
RIKEN Yokohama Institute, Yokohama

Christian Breuer, Ayako Kawamura, Takanari Ichikawa,
Rumi Tominaga-Wada, Takuji Wada, Youichi Kondou,
Shu Muto, Minami Matsui, Keiko Sugimoto. The tri-
helix transcription factor GTL1 regulates ploidy-depen-
dent cell growth in the Arabidopsis trichome, 18th -
21st March 2010, JSPP Meeting, Kumamoto

Cellular and Molecular Characterisation of Synaptogenesis
in the Zebrafish Nervous System

Results obtained during FY2008 identified a role for
the apoptotic protease caspase 3 in regulating retinal gan-
glion cell arborisation and synapse formation via the

stabilisation of branch tips and presumptive presynaptic

Name: Douglas CAMPBELL

Host Laboratory: Laboratory for Developmental Gene Regu-

lation, Brain Science Institute

(Laboratory Head: Hitoshi OKAMOTO)

puncta: Reduced caspase 3 function lead to an increase in
stability of branch tips and presynaptic puncta. These ini-
tial experiments were performed using peptide-based in-

hibitors of caspase function. Unfortunately, these inhibi-
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tors may suffer from possible lack of specificity (the lit-
erature is inconsistent) with regards to the inhibition of
specific caspases or to additional proteases. To confirm
that caspase 3 in indeed important in regulating branch tip
and presumptive presynaptic puncta stability caspase 3
protein levels were reduced or "knocked-down" using
morpholino anti-sense oligonucleotides. Compared to con-
trol arbors (were embryos had been injected with a con-
trol morpholino), arbors from those embryos injected with
a morpholino targeted against caspase 3 were more stable
in terms of branch tips and presumptive presynaptic puncta.
These experiments confirmed a role for caspase 3 in regu-
lating arbor stability. Furthermore, they demonstrate that
chronic inhibition of caspase 3 (compared to the acute in-
hibition when the peptides were used) reduces dynamics
but that this level of knock-down does not affect overall
arbor size, suggesting that arbor dynamics are more sensi-
tive to reduced caspase 3 levels.

Retinal ganglion cell and tectal arbors are highly dy-
namic. Regulators of the cytoskeleton underlying these
morphological dynamics would also be expected to have
their activities dynamically regulated. As RGC arbors ma-
ture their dynamics slow down and as#/ robo2 mutant and
slitla morphant arbors mature faster than wild-type ar-
bors consistent with a role for Slit-Robo signalling in pre-
venting the premature maturation of RGC arbors
(Campbell et al., 2007). This phenotype is very similar to
the effect of knock-down of caspase 3 on arbor dynamics.
Perhaps Slit-Robo signalling interacts with caspase acti-
vation to regulate arbor dynamics. To test this hypothesis
genetically, caspase 3 was knocked-down in heterozygous
ast embryos. The arbors of ast heterozygous embryos are
indistinguishable from the arbors of wild-type embryos.
Preliminary results suggest that when caspase 3 is knocked-
down in ast heterozygotes, the arbors are larger and con-
tain increased numbers of branch tips and presumptive
puncta which may indicate a genetic interaction between
slitla and caspase 3 in the regulation of arbor size. These
experiments are currently being repeated to confirm these
observations. Experiments are currently in progress ex-
amining the effect of knocking down Slitla protein levels
to then go on and test for a genetic interaction between
slitla and caspase 3.

Since arbor growth may be regulated by a balance of

positive and negative regulators it will be necessary to iden-
tify additional ligand-receptor systems mediating
arborisation and synaptogenesis. Candidates include
BDNF-TrkB, implicated as positive regulators of
arborisation and synapse formation. Based on the hypoth-
esis that BDNF-TrkB signalling may be a positive regula-
tor of arborisation and synapse formation and may be in-
volved in the increased arbor size in the absence of Slit-
Robo signalling. A dominant negative form of TrkB and
green fluorescent protein were expressed in zebrafish
RGC:s. In contrast to increasing RGC branch dynamics as
in Xenopus RGCs. The dynamics of zebrafish RGCs were
reduced in a similar manner to loss of Caspase 3, Slitla
and Robo?2 function. It will be interesting to investigate
potential interactions between the three to regulate RGC

arbor growth and maturation.

@ Publications

(Review Article)

Hutson L, Campbell D, Chien C, "Analyzing Axon Guid-
ance in the Zebrafish Retinotectal system." Essential
Zebrafish Methods Vol. pp (2009)

(Other)

Drinjakovic J, Campbell D S, Strochlich L, and Holt C E,
"E3 Ubiquitin ligase Nedd4 promotes axon branching
by down-regulating PTEN." Neuron submitted

@ Oral Presentations

(International Conferences)

Campbell D, Okamoto H, "The apoptotic protease caspase
3 regulates retinal ganglion cell axonal arborisation and
synaptic dynamics" Okinawa Institute of Science and
Technology International Workshop "The Retina: Neu-
ral Stem Cells and Photoreceptor Degeneration" Onna
Village, Okinawa Pref. Japan 2009 11

Campbell D, Okamoto H, "The apoptotic protease caspase
3 regulates axonal arborisation and synaptic dynam-
ics" 2009 Cold Spring Harbor Meeting on Synapses:
From Molecules to Circuits & Behavior Cold Spring
Harbor USA 2009 4

Campbell D, Okamoto H, "The apoptotic protease caspase
3 regulates axonal arborisation and synaptic Dynam-
ics" Wiring the Brain: From Genetic to Neuronal Net-

works Adare Ireland 2009 4
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Uncovering the Physics of Accreting Black Holes in New X-ray Surveys

During the period of 2009-2010, I have continued to
build upon exciting discoveries made the previous year in
my research.

1) In 2008, I issued a European/RIKEN/NASA press
release about the discovery of very fast fluctuations of vis-
ible light from black holes; see http://cosmic.riken.jp/pg/
flickering/. This year, I have analyzed the data in great
detail, and a paper is now very close to submission; see
http://cosmic.riken.jp/pg/gx339_ox_v3.pdf. Analysis of
such depth has been carried out for only one other black
hole so far; hence our work is sure to provide very impor-
tant constraints on black hole energetics in general.

In addition, I have reported in a separate paper that the
optical light variations from black holes in our Galaxy show
similar patterns to those seen at much higher energies: see
the first publication listed below. The implication is that
visible light observations can now give new insight on the
inner regions around some black holes, something that has
been traditionally restricted to X-ray observations only.

Finally, several new observing proposals have been ac-
cepted, with the goal of expanding this research with opti-
cal and X-ray telescopes world-wide (including Chile,
Spain and the USA).

2) How do very large black holes at the centres of all
galaxies grow? In order to investigate this question, we
have observed a large sample of nearby galaxy nuclei us-
ing finely-resolved mid-infrared observations carried out
at Japan's 8-m Subaru and Europe's Very large Telescope.
In my second first-author publication listed below, I re-
port a surprisingly-strong correlation between the black
hole infrared and X-ray emission properties. The correla-
tion has much less scatter than expected based on popular
models of these objects. This is probably telling us that as
matter 'accretes' (falls in) to the black holes, it does so in
the form of very clumpy groups of 'clouds’, rather than as
a smooth infalling fluid. The penetrating power of infra-
red observations also now provides a new avenue for study-

ing the intrinsic emission properties of many black holes

Name: Poshak GANDHI

Host Laboratory: Cosmic Radiation Laboratory,

Advanced Science Institute

(Laboratory Head: Kazuo MAKISHIMA)

which are known to be hidden behind vast quantities of
gas and dust in the cosmos.

3) I continue to strengthen my network of collabora-
tions, especially with our group members. This year, we
have used the superb high energy X-ray capabilities of
Japan's Suzaku satellite in order to to investigate in detail
many questions: e.g. can we really tell how rapidly black
holes spin? (cf. publication by Yamada et al. below); how
did star-formation occur in spiral galaxies like the Milky
Way (cf. Konami et al.); and, the nature of the interaction
between some black holes and their surrounding galaxy
clusters (cf. Isobe et al.).

An entirely new direction of my work is the investiga-
tion of the distribution of large organic molecules in space.
This work was initiated by my colleague T. Misawa (we
reported detections of new inter-stellar organic features
via optical spectroscopy of several Galactic stars; see
Misawa et al. below). Now, I am expanding this project,
targeting a search for organic molecules in the vicinities
of newly-forming extra-solar planetary systems. A large
allocation of observing time on the Very Large Telescope
has been granted to us on this project for mid-2010.

4) This year, I have been able to report the results of my
work at several international and domestic conferences
(listed below), as well as group seminars in several
american and british universities (not listed). There has
been wide interest in my work (especially, but not only,
on the press release results), and I have been able to form
new collaborations with scientists and South Africa, Eu-
rope, USA and more. All this was possible thanks to the
research resources provided by RIKEN and MEXT, and [

am very grateful for these.

@ Publications
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Photosensitive Intelligent Hybrid Materials

Development of Hybrid Organic-Inorganic Memory
Transistor Device

Silver nanoparticles (NPs) coated with different organic
ligands were synthesized at the University of St Andrews.
Organic ligands can effectively act as insulators and rigid
spacers or they may be electro-active depending upon their
chemical structure and the components from which they
are derived. Ligands we have used in this work include:
non-conjugated dodecane chain, carbazole, thiophene and
pyrimidine derivatives. The functional anchors at the foci
of the organic ligands include thiols, amino and cyano
groups. Chemical properties of the nanoparticles (NPs) are
currently characterized at the University of St Andrews.

We have studied the effects of conjugated organic
ligands on the charge transport and optical properties of
NP-based hybrid materials to understand and maximize
the efficiency of all key physical processes involved in
the operation of memory transistors and bistable organic
memories. The absorption spectra measured in the solu-
tion demonstrate the exciting possibility to tune the plas-
mon resonance of the NPs by the selection of the conju-
gated ligands and the anchors, which can have strong im-
plications in the future development of novel photovol-

taic devices. Bistable memories with the NPs blended into
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polymeric semiconducting layers (polythiophene (P3HT)
and polyvinylcarbazole (PVK)) were fabricated and fully
characterized. Their electrical characteristics show the
major role played by the ligands on the charge trapping
properties of hybrid materials. In particular, we found that
charge trapping is extremely efficient when using insulat-
ing ligands such as dodecane derivatives. On the other
hand, this charge trapping effect is significantly reduced
when using carbazole based-ligands in PVK or thiophene-
based ligands in P3HT. These results demonstrate the pos-
sibility to design and engineer the NPs to adjust the charge
transport properties of hybrid materials and to optimize
the performance of electrical bistable organic memories.
We have also fabricated and characterized the electrical
performances of organic field effect transistors based on a
blend of the NPs and a solution-processible ambipolar
quinoidal oligothiophene. The transfer characteristics of
these devices provide new information on the charge trans-
port properties of hybrid materials. We found that the use
of non-conjugated organic ligands surrounding the NPs
cause a substantial decrease of both hole and electron
charge carrier mobilities. On the other hand, the use of
hole-transporting organic ligands leads to a reduction of

the electron mobility and an increase of the hole mobility.
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In conclusion, this study strongly contributes to a better
understanding of the fundamental processes underlying the
semiconducting properties of hybrid NPs materials and will
serve as an interesting base for the development of a new
versatile optoelectronic technology based on NP-materi-

als.
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"Effect of Hydration on the Very Slow Droplet-Lamellar
Transition Dioleylsulfosuccinate/Decane/Water Sys-
tem: A small angle X-ray Scattering Study" Bull. Chem.
Soc. Jpn. 82, p.664-674 (2009)
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Study on the Roles of RNA Binding Proteins on mRNA Metabolism

ABSTRACT

EWS gene was first identified from Ewing's sarcoma
chromosomal breakpoint t (11; 22) (q24; q12) region as a
translocation-generated fusion gene product. The study on
Ewing's sarcoma mostly focused on the fusion proteins,
and the native EWS's function has not yet been elucidated.
Last year, I found EWS has strong translational repres-
sion effects. Completing the research of this year, the
mRNAs bound to EWS have been determined by RIP-
CHIP (RNA Immunoprecipitation microarray), and two
of the mRNA targets of EWS have been confirmed to be
translationally repressed by EWS in both overexpression

and knock-down of EWS experiments.

INTRODUCTION

Ewing's sarcoma is an aggressive and highly metastatic
malignancy and EWS (Ewing's sarcoma) is characterized
as a gene responsible for causing Ewing's sarcoma family
tumors (ESFT). The chromosomal translocations that fuse
the N-terminal domain (NTD) of EWS to a DNA binding
domain of various transcription factor genes such as FLI-
1, ATF-1 and WT1 result in tumorigenesis.

EWS is a member of the TET family proteins, and the
NTDs of these proteins contain degenerate repeats of the
SYGQ motif and mediate potent transcriptional activation
when fused to heterologous DNA-binding domains of dif-
ferent transcription factors. The C-terminal domain (CTD)
of EWS contains an RNA recognition motif (RRM), 3 argin-
ine-glycine-glycine repeats (RGG) and a Ran-binding pro-
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tein 2-like (RanBP2-like) zinc finger motif. The NTD of EWS
associates with the basal transcription factor TFIID and with
certain subunits of the RNA polymerase II complex. EWS
also interacts with gene-specific transcription factors, such
as Brn-3a. In addition, CREB-binding (CBP) and p300 tran-
scriptional activator proteins and ZFM1 transcriptional re-
pressor have been shown to bind EWS. However, the role of
EWS in basal RNA transcription has yet to be demonstrated.
A role of EWS in splicing was suggested from its interac-
tions with the splicing factor U1C, TASR-1/TASR-2 trans-
location liposarcoma protein-associated serine-arginine pro-
tein and Y-box protein-1. However, EWS did not show any
effects on splicing in in vitro splicing assays. On the other
hand, both the EWS-knock-out mice and siRNA silencing of
EWS in the human cell line studies resulted in mitotic de-

fects accompanied by apoptotic cell death.

RESULTS

To clarify the function of somatic EWS, I first investi-
gated the mRNAs bound to EWS by RIP-CHIP (RNA Im-
munoprecipitation microarray), and approximately 1,000
mRNAs were found to bind EWS. In the continual experi-
ments of Real Time PCR, the interaction was confirmed
between the more interesting and higher ranking 22 mRNAs
and EWS. I overexpressed EWS or EWS/Fli-1 fusion pro-
tein in Hela cells and examined the protein expression lev-
els of 8 bound mRNAs. The protein expression levels of 2
mRNAs, AKT1S1 and CFL-1, were downregulated with

overexpression of EWS but not with overexpression of
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EWS/Fli-1. Furthermore, the knock down of EWS by
siRNAs experiments exhibited significant upregulation of
the protein expression levels of both AKT1S1 and CFL-1.
To confirm the translational repression effects of EWS on

AKTI1S1 and CFL-1, I constructed plasmids concluding

luciferase reporter followed with the 3'-UTR of AKT1S1 or
CFL-1, and introduced these plasmids together with EWS
expressing plasmid or with siRNAs of EWS to perform lu-
ciferase assays. The results showed that EWS represses the

translation of AKT1S1 and CFL-1.

EARRICEBZESE N TERIEADIGRAICET 724 ) JHEEFDOERK

Synthesis of Oligosaccharyl Donors for Creation of Glycoproteins with Biosynthetic Machinery

A majority of eukaryotic proteins are glycosylated. Di-
versity of eukaryotic protein glycans is extremely high and
their functions are numerous. They are usually categorized
into sub-groups such as Asn-linked (N-linked), Ser/Thr-
linked (O-linked or mucin-type) and other minor groups.
N-Linked glycans are particularly rich sources of biologi-
cal functions. For instance, their roles in protein stabiliza-
tion, transport and folding, cell-cell recognition, differen-
tiation, malignant transformation, signal transduction, im-
mune-responses and microbial infection have been well-
documented. For many years, it had been perceived that
protein glycosylation is limited to eukaryotes. However,
recent study has revealed that certain prokaryotes such as
Gram-negative bacterium Campylobacter jejuni has N- as
well as O-glycosylated proteins. Of particular interest, this
protein N-glycosylation system is strikingly similar to that
of eukaryotes.

C. jejuni possesses a general N-linked glycosylation sys-
tem which is responsible for the post-translational modi-
fication of a range of proteins. C. jejuni OST transfers oli-
gosaccharide from the Und-PP carrier to the acceptor pro-
teins and it has some glycan substrate flexibilities. Syn-
thesis of peptide acceptor, which is consists of DENVT as
the sequence, hydrophilic linker, and BODIPY as a fluo-
rescent label, was performed. In vitro glycosylation be-
tween synthetic Und-PP-linked glycan substrates and pep-
tide accepter with OST is now in progress.

Pseudaminic acid (Pse) is an acidic nonulopyranoside
like sialic acid, found in the pathogenic bacteria such as

C. jejuni and Helicobacter pylori as flagellin proteins.
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Structure is also similar to sialic acid, however, it con-
tains 7,9-dideoxy-7-acetamide functionalized glycerol unit
and different stereochemistry. In order to conduct more
systematic studies to clarify protein O-glycosylation, larger
quantities of highly purified Pse is required. Starting from
N-acetyl-p-glucosamine, deoxygenation and
deoxyamination with stereo-inversion afforded 6-deoxy-
AltdiNAc, which is the key intermediate for Pse biosyn-
thesis. Elongation of 6-deoxy-AltdiNAc via In-mediated
allylation followed by ozonolysis gave the desired Pse and

its 4-epi-isomer.
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Mechanism of Reprogramming by Germ Line Histones-Germ line Histones
Complex Purification and the Analysis of Histone Variants Binding Factors

Modifications of histones play an important role for
regulation of gene expression during development. Re-
cently, the histone variants expressed in oocyte and testis
was also found to present in the early embryo. We found
that these histone variants have the capacity to reprogram
somatic cells. In this study, we are attempting to investi-
gate the mechanism of reprogramming by these histone
variants. The approach we used is the complex purifica-
tion to identify the histone variants binding factors. Analy-
ses carried out are as followed:

Binding analysis between histone variants and HDAC2
(histone deacetylase 2):Our previous histone variants com-
plex purification study has identified that HDAC2 could
be the candidate molecule binding histone variants. To con-
firm this possibility, the following binding analyses are
carried out.

1. GST-pull down assay to confirm the association between
histone variants H2Aa/H2Ba and HDAC?2 in vitro

2. Co-IP assay to confirm the association between H2Aa/
H2Ba and HDAC2 in vivo
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Identification and function analysis of novel germline
histone variants interaction molecules in Hela cells:
1. H2Aa and H2Ba complex purifications and Mass Spec-
trum analysis
2. Co-IP assay between histone variants and candidate pro-
teins
3. GST pull-down assay between histone variants and can-
didate proteins

Identification and function analysis of novel germline
histone variants interaction molecules in mouse testis and/
or ES cells through Co-IP purification and mass spectrum
analysis.
1. Determination of the expression level of histone vari-
ants H2Aa and H2Ba in mouse embryo testis during de-
velopment and ES cells.
2. Co-IP pull down using mouse H2Aa and H2Ba anti-
bodies.
3. Mass spectrum analysis to identify the pull dowm pro-
teins.

4. Functional analysis of the candidate binding factors.

Investigation of Charge Density Wave Crystals with Scattering and
Photo Emission Spectroscopy (PES) with Soft X-Rays

The research carried out in the past year as a member of
the Excitation Order Research Team was focused on the
investigation of the electronic structure of transition metal
dichalcogenides and the correlation effects and magnetism
of thin films of transition metals grown on noble metal
substrates.

For the above-mentioned purposes the techniques avail-

able at the BL17SU of SPring8 were used, namely angle-
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resolved photoemission spectroscopy (ARPES) and soft
X-ray diffraction (SXRD). The ARPES experiments were
carried out on both the photoemission endstations avail-
able, the PES and SAS machines, while the SXRD experi-
ments were done on the soft X-ray scattering endstation
of the beamline.

Four series of experiments were done:

(a) two experiments of ARPES on VS,;
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(b) one experiment of SXRD on NbSe,;

(c) two experiments of ARPES on Au(111);

(d) one experiment of ARPES on Fe grown on Au(111);
(e) one experiment for the preparation of the surface of

Pd(001).

(a) The first experiment on VS, gave very satisfactory
results: it had been possible to measure the electronic struc-
ture and Fermi surface of the samples and to infer the prop-
erties of the CDW in this material, that are determined by
the electron states near the Fermi level. From the results
of the experiments it was possible to get important infor-
mation about the whole class of transition metal
dichalcogenides, in particular about the absence of Fermi
surface nesting and the importance of electron-phonon cou-
pling for originating the CDW phase. The second experi-
ment, whose purpose was to measure the temperature de-
pendence of the electronic states near the Fermi level could
not be completed successfully because of the lack of good
sample surface after the in vacuum cleaving.

(b) The experiment on NbSe, was focused to the inves-
tigation of the charge of the material and on the tempera-
ture dependence of the superstructure diffraction spots
around the transition temperature. However, for reasons
related to the experimental setup, namely a precession of
the sample rotation axis, it was not possible to carry out
the planned experiment. By a surface science technique
called LEED (Low Energy Electron Diffraction) it was
verified that the problem was not the sample quality, but
rather the experimental setup.

(c) Both the experiments on the bulk Au(111) gave good
results that are going to be published in refereed journals.
For the first time we could measure the surface state of
Au(111) using soft X-rays together with the rest of the
band structure. By using different synchrotron light polar-
izations we were able to give information about the be-
havior of the photoemission matrix elements in the soft
X-ray regime and to conclude, by comparison with ab ini-
tio calculations, that they can be interpreted using the theo-
retical methods already available and used for VUV re-
gime experiments.

(d) The experiment concerning the growth of Iron on
Au(111) directly followed the ones described in (c). The

purpose of the experiment was to collect an evidence of

the presence of an orbital Kondo effect that was theoreti-
cally predicted for a bulk alloy of Fe diluted in Au. By
means of growing Fe on Au we could be able to estimate
the surface coverage and, by comparison with literature
data, to understand the shape and the thickness of the Fe
islands grown on the Au. The experiments were carried
out using circularly polarized photons of opposite helicities
and preparing samples of two thicknesses. By comparison
to the theoretical results and from the circular dichroism
we experimentally found we were able to conclude that
the the system under study possesses an orbital magnetic
moment and that it might be responsible for the predicted
Kondo effect.

(e) The last series of experiments would have been de-
voted to the study of Mn grown on bulk Pd(001). During
the synchrotron shutdown period I started a serried of mea-
surements with the purpose to establish a preparation tech-
nique for the Pd(001) surface. This step is mandatory be-
fore it is possible to grow any quantity of Mn. The surface
preparation lead to an ordered Pd(001), but always evi-
denced a small quantity of carbon left on the surface. By
using the experimental setup available it was not possible
to remove such a contaminant and thus the grown of Mn
layers was never attempted.

The above-described activity allowed for the prepara-
tion of three papers, one of which is being submitted to a
journal and the remaining two are near completion. I par-
ticipated to three conferences (two international and one

domestic) whose details are described below.
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Electrons on Helium as Quantum Bits

Surface-state electrons on liquid Helium form an ideal
non-degenerate two-dimensional electron system. As the
Coulomb interaction between electrons in essentially
unscreened, the system has been used to study many phe-
nomena associated with strongly-interacting electron sys-
tems such as the transition to the Wigner solid at low tem-
peratures. Recently, it has been proposed that under ap-
propriate conditions electrons on Helium may also be used
to study quasi-one dimensional phenomena such as melt-
ing in one dimension and reentrant melting due to struc-
tural phase transitions. Recent advances in
microfabrication technology have allowed the study of
surface-state electrons in confined geometries using de-
vices such as microchannel arrays, single-electron traps,
field-effect transistors and charge-coupled devices. How-
ever, the realisation of a truly one-dimensional electron
system has not yet been achieved. As a first step towards
this goal we have measured the transport properties of elec-
trons in a small microchannel in which the confinement
potential along the central axis of the channel may be con-
trolled on the scale of the interelectron separation (typi-
cally ~ 1 micron).

We made transport measurements of electrons bound
to the surface of superfluid “He in a microchannel of width
10 microns. A set of electrodes 2 microns beneath the He-
lium surface, fabricated in a split-gate configuration us-

ing electron beam lithography, are used to control the cur-
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rent along the microchannel as in a point contact device.
As the splitgate bias Vs is swept negative the current de-
creases to zero. The value of Vs at which the current is
suppressed is dependent on the AC driving voltage ap-
plied to the electron system. We explain our results using
a simple model in which a potential barrier created by the
split-gate electrodes must be overcome in order to allow
current to flow in the microchannel. We also demonstrate
that the formation of the Wigner solid (WS) at tempera-
tures below 500 mK leads to a nonlinear response at high
electron velocities due to the decoupling of the WS from
the underlying dimple lattice. The control of electron trans-
port in such confined geometries may offer new possibili-
ties for mesoscopic experiments with electrons on the sur-

face of liquid Helium.
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uSR Study of Cu-Spin Fluctuations in
Electron-Doped High-T. Superconducting Cuprates

1. Background and Objective

In order to describe the mechanism of the high-T, su-
perconducting cuprates, a stripe model of spins and charges
is suggested to be a probable one. It is well known that the
stripe correlations tend to be pinned and statically stabi-
lized by nonmagnetic Zn impurities and the Cu-spin fluc-
tuations around Zn exhibit slowing down due to the pin-
ning of the dynamical stripes by Zn, leading to the forma-
tion of a static stripe order and the destruction of super-
conductivity around Zn. This is called a stripe-pinning
model. The existences of stripe correlations of spins and
charges have been established in hole-doped systems1,2.
On the other hand, 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. However, be-
cause 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. So far, muon-
spin-relaxation (LSR) measurements have been performed

for electron-doped high-T. superconductor Pr;..LaCe,CuO,
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with partially Zn-substituted, in order to investigate
whether or not the stripe-pinning model holds well in elec-
tron-doped ones. However because of the existences of
large Pr** moments on the samples, no clear conclusion
on the dynamical stripe correlations and superconductiv-
ity has been obtained in this studies?.

In the present study, the main purpose is to elucidate
whether the dynamical stripe is a key phenomena for the
high-T. superconductivity or not. For this purpose, I aim
at elucidating the dynamical properties of Cu-spin fluc-
tuations in electron-doped systems of Ln,.,Ce,Cu,.,Zn,0O,
[Ln=La, (La,Y), (La, Eu), Eu] by muon-spin relaxation
(USR) method. The advantage point of this samples rather
than other types of electron-doped system is that the ab-
sence of large magnetic moments such as Pr* moments in
Pri..LaCe,CuO,. Thus, the behavior of Cu-spins and the
effects of impurities to them can be observed directly.
In the first year of FPR, the high quality samples of
Ln,..Ce,Cu,,Zn,04 (Ln=La, Y) cannot be obtained be-
cause of the lack of suitable synthesize conditions. In
this second year, some parameters are optimized to pre-
pare high quality samples of electron-doped systems of

Ln,..Ce,Cu;.,Zn,0, [Ln= La, (La,Y), (La, Eu), Eu] .
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2. Results and Discussion

First, samples of La,Y,Cu,.,Zn,0O, and La, ,Eu,Cu,,Zn,0;
with x =0 and 0.2 and y = 0 were synthesized at various
temperatures as low as 200 - 400°C for 24 - 300 h in wet
Ar gas flow by direct precipitation from the molten
CsOH.H,O eutectic mixture. For all samples, XRD pat-
terns are dominated by T-type structure which is usually
observed in the hole-doped system, with some impurity
peaks of CuO and La(OH), indicating that the synthesize
is not going well. The samples from first synthesized are
re-synthesized at various temperatures in dry Ar gas flow
by similar molten of CsOh.H,O.The first observation of
T' type structure is obtained for La; sEu,,CuO, with two
step synthesized as follows: the first step is synthesized at
temperature of 340°C for 110 h in wet Ar gas flow and
following by the second step of synthesized at tempera-
ture of 410°C for 20 h in dry Ar gas flow. The small
amounts of impurity peaks of La(OH), are still observed
indicating that the synthesize parameters are still needed
to improve.

Second, samples of Eu, ssCeo;5Cu;.,Zn,0, with y = 0,
0.01, 0.02 and 0.05 were prepared by the ordinary solid-
state reaction method as follows. All raw materials pow-
ders were mixed in a stoichiometric ratio and prefired in
air at 900°C for 20 h. The prefired materials were reground
and pressed into pellets of 10 mm in diameter, and sin-
tered in air at 1100°C for 16 h with repeated regrinding.
As-grown samples of Eu, s5Ceg.15Cu;.,ZnyOy, -5 Were post-
annealed in flowing Ar gas at various temperatures in a
range of 885 - 940°C for 8 h - 12 h in order to remove the
excess oxygen at the so-called apical site. The value of &
was estimated from the weight change before and after
annealing. All of the samples were checked by the pow-
der x-ray diffraction measurements to be the single phase
of T' type structure. The sample with y = 0 and & = 0.095
shows superconductivity with onset T. around 13 K. These
high quality samples are planned to carry out for USR mea-
surements at the RIKEN-RAL Muon Facility at the Ruth-
erford-Appleton Laboratory in the UK in the next third
year of my FPR.
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Unravelling Plant Immunity Signalling Pathways with Small Molecules

The natural environment is teeming with bacteria, fungi
and viruses which have the potential to cause disease in
plants. To protect themselves, plants have evolved com-
plex defence systems for recognising and inhibiting patho-
gen attack. It is only when these systems fail or are sabo-
taged by pathogens, that plants become susceptible to dis-
ease and their ability to grow and reproduce is compro-
mised. The aim of my research is to characterise the sig-
nalling networks that regulate plant immunity to disease.
The approach I am taking is to use small molecules which
disrupt resistance responses, by interacting with different
components of plant defence signalling pathways, as
probes to identify the molecular events necessary for gen-
erating resistance.

Plant defences are induced by the recognition of patho-

gen attack both at the cell surface and inside plant cells.
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Protein receptors at the plant cell surface recognize highly
conserved molecules common to whole classes of microbes
and trigger broad spectrum defences, such as localised
thickening of the cell wall. However, many pathogens are
able to circumvent these 'basal’ defences by delivering ef-
fector molecules directly into plant cells, where they in-
terfere with defence signalling and promote pathogen pro-
liferation. Consequently, plants are also equipped with
intracellular receptors, called resistance (R) proteins, which
recognise specific effector molecules and instigate strong
resistance responses that prevent pathogen invasion. Al-
though many R-proteins and their corresponding effectors
have been identified, the signalling events that link acti-
vation of R-protein receptors to defence outcomes remain
largely unknown.

A characteristic feature of many resistance responses is
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the rapid death of plant cells at the site of pathogen infec-
tion, known as the hypersensitive response, which func-
tions to curb the spread of the pathogen. We used this fea-
ture to screen for small organic compounds that inhibit
cell death of Arabidopsis thaliana suspension cells when
challenged with the bacterial pathogen Pseudomonas
syringae pv tomato DC3000 expressing the effector pro-
tein avrRpm1 (Pst avrRpml). In the absence of small
molecules, plant cell death was observed within 26 hours
of applying the pathogen, indicating that an R-protein in
Arabidopsis recognises avrRpm1 and activates resistance
responses. Of the 10,000 compounds screened in this as-
say, 21 molecules (designated I1-121) were identified that
reproducibly inhibited cell death associated with disease
resistance by more than 25%.

Zone-of-inhibition testing clarified that I1-121 are not
antibiotic and therefore most likely target components of
plant defence signalling pathways. Preliminary in planta

tests identified one compound (I1) which reduced the size

of hypersensitive cell death lesions caused by Pst avrRpm1,
when co-infiltrated into A. thaliana leaves with the patho-
gen. Addition of I1 to the growth media of plants (together
with a conserved portion of bacterial flagella) also de-
creased the intensity of an early spike in reactive oxygen
species that is characteristic of basal defence responses.
We are now investigating the effect of I1 and the remain-
ing compounds on other defence responses using biochemi-
cal and genetic approaches. Future studies will focus on
identifying the plant targets of the inhibitors and

characterising their role in resistance signalling.
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Analysis of Transcriptional Regulators Governing Establishment of
Cell-to-Cell Reprogramming Network

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-replace-
ment therapy. However, transcriptional regulatory mod-
ules 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 expres-
sion 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 promot-
ers, we identified key motifs and transcriptional modules

that activate gene expressions of selected target cells such

Name: Jae Woo SHIN

Host Laboratory: LSA Technology Development Unit,

Omics Science Center

(Laboratory Head: Yoshihide HAY ASHIZAKI)

as hepatocytes. 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 pro-
tein-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.

One transcription factor in particular demonstrated a

strong reprogramming effect from fibroblasts to hepato-
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cytes. Ectopic expression of RORC, RAR-related orphan
receptor C, in human dermal fibroblasts induced 32% of
hepatocyte genes in which a large portion of these genes
were involved in steroid and fatty acid metabolism - key
functions of liver. Several key functional assays to vali-
date cell trans-differentiation and extraction of additional
modulators to increase the efficiency are on-going.
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.
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Structures of Exotic sd- and fp-shell Nuclei

In recent years, great efforts have been afforded on both
the experimental and theoretical fronts towards uncover-
ing and understanding the structures and systematics of
very exotic nuclear systems, i.e., nuclei with a large im-
balance of protons and neutrons. Any empirical informa-
tion we may extract about these nuclei is important since
the results provide an insight to the changes that take place
in the energies of nucleon single-particle orbitals and the
interactions that exist between nucleons in the atomic
nucleus. These changes are known to cause modifications
to the well-established shell closures, or 'magic numbers'
that exist in stable nuclear systems.

The structures of such exotic nuclei can be investigated
with radioactive beams. At the RIBF facility, the struc-
tures of neutron-rich nuclei in the so-called fp- and sd-
shell mass regions on the chart of nuclides will be studied
by exploiting the use of high-intensity secondary ion
beams, produced through the in-beam fragmentation of
stable isotopes. Such measurements will be performed
using the recently-commissioned BigRIPS separator and
ZeroDegree spectrometer at the RIBF facility, which use
magnetic fields and particle-tracking detectors to separate
and identify the nuclei that are present in secondary "cock-

tail" beams. More specifically, in a future experiment, the
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structures of the even-even neutron-rich isotopes **7°Fe
will be investigated by measuring the electromagnetic ra-
diation emitted following the Coulomb excitation of the
radioactive projectiles in a high-Z target, such as lead or
gold. Furthermore, the energies of excited states in the
nucleus Fe will be investigated by removing protons from
heavier nuclear systems using a process known as a
‘nucleon-knockout reaction'. The electromagnetic radia-
tion, called y radiation, will be measured using the high-
efficiency DALI2 y-ray detector array, which consists of
180 Nal(T1) scintillator detectors and is now primarily
based in the BigRIPS facility.

Many other methods also exist for investigating nuclear
structure: one example involves populating 'high-spin
states' in unstable nuclei using fusion-evaporation reac-
tions, where two light nuclei are fused together to form a
heavier compound system. An experiment will be per-
formed in the near future at Argonne National Laboratory
to investigate the high-spin structures of neutron-rich fp-
shell systems, focusing on the isotope *Cr. The results of
the experiment intend to clarify suggestions that the physi-
cal shape of the nucleus may change from a cigar-like 'pro-
late' distribution to a saucer-like 'oblate' shape along the

Cr isotopic chain, which may result as an effect of an ex-
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cess of neutrons.
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Gauge/Geometry Correspondence in String Theory

Gauge/geometry correspondence is the most ambitious
and promised approach towards the completion of an uni-
fied scheme for all known interactions in the nature. In
other words, gravity which serves as the role of geometry
is eventually interpreted as a kind of phenomenon of gauge
theory, known as the most fundamental theory governing
the microscopic behavior of subatomic scale. My research
is directly related to explore further this correspondence
in various aspects. More precisely, it is the so-called string
theory.

As a matter of fact, this field of research in theoretical
physics is itself the most involved one and utilizes a huge
amount of mathematical technique. As a result, this is a
whole new and highly stimulating field with numerous in-
teractions with mathematics. During this year, I have
worked in three different respects concerning the afore-
mentioned correspondence. My research tries to just keep
abreast with the so-called main stream in the world. There

are some exciting progresses last year, say, 3D AdS/CFT
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correspondence and 2D/4D correspondence, to name a few.
They just are expected to provide final answers to our ig-
norance so far about two non-pertrbative objects in M-

theory, say, M2- and MS5-branes.

@ Publications

(Original Papers)

"Eschenburg space as gravity dual of flavored N=4 Chern-
Simons-matter theory": Mitsutoshi Fujita and Ta-Sheng
Tai, JHEP 0909:062,2009

"Kerr/CFT correspondence and five-dimensional BMPV
black holes": Hiroshi Isono, Ta-Sheng Tai and Wen-
Yu Wen, Int.J.Mod.Phys.A24:5659-5668,2009

@ Oral Presentations

(Domestic Conference)

WAL, BKEE, FFIBYH: Toward a proof of
Montonen-Olive duality via multiple M2-branes,

HAM B (F) WA - SLHORY 2009 4 3 H

— 208 —



Nano-Raman Spectroscopy for Stress Characterization in
Advanced Electronic Devices

The temperature sensitive processes and thermal prop-
erties of nanoscopic materials such as single-walled car-
bon nanotubes (CNT), silicon nanowires and other mo-
lecular wires can be investigated and manipulated with
the development of controlled and precisely positioned
nanoscopic sources of heat. The temperature of a
nanoscopic solid is manifested in the energy of its lattice
vibrations and can be visualized clearly with tip-enhanced
Raman spectroscopy (TERS). In this work, we introduce
a new approach, plasmonic heating assisted TERS to ther-
mally perturb and characterize a small volume in the
sample that is positioned underneath the tip. We utilize
the heat generated by the enhanced electromagnetic field
at the tip apex that is transferred to the sample via conduc-
tion. The nanoscale heat generated at the apex was used to
investigate the thermal dependence of Raman frequency
of the G band from an isolated bundle of single walled
carbon nanotube. The temperature coefficient of the fre-
quency of the G band is found to be -0.02 cm-1/K. We
will also present an alternative method that requires no
electrical, chemical, mechanical, electron and ion beam
functionalization of CNTs. This technique can be used for
thermal characterization of various materials in the

nanoscale.
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Modeling Visually Evoked Neuronal Activity by
Non-Linear Combinations of Multi-Resolution Filter Responses

During the year 2009, as I wrote in my proposal, my
research focused on two parallel tracks: 1) the continua-
tion of the analysis of stimuli/neural response relationship
using the novel technique that I developed and 2) working
on a novel model for solving the correspondence problem
in stereo vision.

In the first project, we analyzed neural data recorded
from a free-viewing animal using our novel computational
approach. We successfully extracted statistically signifi-
cant information about the neuronal receptive field struc-
ture of the recorded cells. I also developed a theoretical
analysis that enables one to estimate the statistical signifi-
cance of the extracted receptive fields with our approach.
The originality of this work stems from the fact that the
neuronal data is obtained from freely behaving animal, in
contrast to standard approaches where the animal is sub-
ject to well controlled stimuli and is anesthetized. The
neural data was provided by Dr. Pedro Maldonado, who is
a long time collaborator of my advisor, Dr. Sonja Gruen.
This work was presented at both the Japanese and Ameri-
can main neuroscience meetings in 2009.

In the second project, in collaboration with Dr. Sergei
Gepshtein of the Salk Institute, I developed and tested a
novel algorithm for solving the correspondence problem
in stereo-vision. In contrast to state of the art models of
stereo-matching in the visual system, that are based on the
simplified assumption of using the correlation operator,
we introduced an approach based on recent models of tem-

plate matching in cortical networks dedicated to object rec-
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ognition. We added a new adaptive stage in the matching
algorithm that, in contrast to current stereo matching mod-
els, enables the system to extract 3-D information from an
observed scene in a large number of different conditions
of the scene structure. The adaptive stage emulates the
natural adaptability of the nervous system and its capacity
to deal with unseen situations. Preliminary results suggest
also that our model can predict performance of human ob-
servers in a particular stereoscopic signal discrimination
task that the standard model, the so-called disparity en-
ergy model, cannot account for. This work was presented
orally at the Beijing International Symposium on Compu-

tational Neuroscience, 2009.
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Role of Eukaryotic Aminopeptidase Enzymes in Response to Environmental Stress

Peptidases are known to play key roles in multiple bio-
logical processes in all living organisms. They have fun-
damental roles in intracellular protein turnover which in-
volves selective and bulk removal of proteins in many pro-
cesses. They are also responsible for post-translational
modification which is particularly important for translo-
cation of protein to sub-cellular targeting. Thus, peptidases
are involved in almost all aspects throughout the life cycle
of the cell.

The recent availability of numerous complete genome
sequences revealed that the peptidases represent a large
group of proteins. They are classified into six distinct
groups based on the mechanism of catalysis. Of these, ami-
nopeptidases, which are exo-peptidases that liberate amino
acid from the N-terminal end of proteins/peptides, have
attracted great interest because of their essential roles in
cell behavior, survival and death. In plants, aminopepti-
dases are believed to be involved in a wide range of physi-
ological processes, including stress response and osmo-
regulation. Thus far, the most extensive studies of ami-
nopeptidases are from tomato. By contrast, information
of aminopeptidases from other plant species are very few,
thus implications of the plant aminopeptidases are still
largely unknown. In a model plant Arabidopsis thaliana,
the classification used in the MEROPS database revealed
over 800 sequences annotated as putative peptidases. Of
these, at least 28 genes encode proteins belonging to ami-
nopeptidases. In recent years, functional analyses of some
Arabidopsis aminopeptidases revealed crucial roles to com-
plete the life cycle in the plant, i.e. importance for meiotic
recombination, regulation of auxin transport.

In the present study, thirty mutant lines of the Arabidopsis
aminopeptidases were screened to isolate a mutant altered
in growth/development. It was found that At4g30920
(LAP2), one of the 28 aminopeptidases, exhibited a reduc-
tion in vegetative growth. Functional and expression analy-
ses of LAP2 revealed this protein regulates plant growth,

leaf longevity and stress response by controlling intracellu-
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lar protein turnover. Loss-of-function alleles of LAP2 re-
duced in vegetative growth, accelerated leaf senescence and
rendered plants more sensitive to various stresses. Recom-
binant LAP2 showed aminopeptidase activity toward L-leu-
cine-4-methylcoumaryl-7-amides, and its activity was
strongly enhanced by Mn?*". LAP2 is highly expressed in
the quiescent center cells in the root meristem, cotyledons
and leaf veins. Integration of global gene expression and
metabolite analyses suggested that LAP2 controlled intrac-
ellular protein turnover. The mutant maintained free leu-
cine by up-regulating key genes for leucine biosynthesis,
however, this influenced the flux of glutamate strikingly.
As a result, y-aminobutyric acid, a metabolite which is de-
rived from glutamate, was diminished in the mutant. Dec-
rements in these nitrogen-rich compounds were associated
with morphological alterations and stress sensitivity of the
mutant. Considering these findings, the present results pro-
vide molecular and biochemical evidence that LAP2 regu-
lates a variety of cellular metabolisms including the contri-
bution to the stress response. These results would contrib-
ute to further understanding of the aminopeptidases, and

have several implications in higher plants.

@ Publications

(Original Papers)

Waditee-Sirisattha R, Shibato J, Rakwal R, Sirisattha S,
Hattori A, Nakano T, Takabe T, and Tsujimoto M. The
Arabidopsis Aminopeptidase LAP2 regulates plant
growth, leaf longevity and stress response. J. Biol.

Chem. (provisionally revised).

@ Oral Presentations

(International Conference)

Waditee R, Nakano T, Takabe T, Tsujimoto M, "Function
and expression analyses of Arabidopsis aminopeptidase
during plant development" American Society of Plant
Biologists and Phycological Society of America Ho-
nolulu USA 2009, July 18-22.
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Aspects of Strongly Correlated and Mesoscopic Physics in Cold Atom Systems

1) Bose Fermi Mixtures and Correlated Phenomena in
Cold Atomic Gases

a) I have successfully analyzed the excitation spectrum
of a three-dimensional(3D) Bose-Fermi mixture with tun-
able resonant interaction parameters and high hyperfine
spin multiplets. We focused on an attractive 3-particle
vertex describing fermionic and bosonic atoms which can
scatter to create fermionic molecules. We argued that the
low lying excitations (broadened energy levels) of the
mean-field theory are described by a local Fermi liquid
picture with a Lorentzian density of states which is justi-
fied by a 1/N expansion, expected to be exact in the limit
of infinite degeneracy (or very high fermionic spin). We
conjecture that our one level analysis applies to the case
containing dispersive bands. Additionally, we demon-
strated how the bosonic chemical potential exhibits a novel
crossover effect which modifies condensation and super-
fluid-insulator transitions. This work was submitted for
publication in Physical Review B.

b) We are developing a theory of the dielectric response
of Bose-Fermi mixtures and have observed novel mass and
density dependent nesting phenomena leading to instabili-
ties not observed in the interacting electron gas. Certain self-
energy contributions have been calculated a physical inter-
pretation of the polarization diagram is in progress.

¢) In collaboration with Dr. Furusaki, we have utilized
the renormalization group method within a bosonization
scheme to study one-dimensional (1D) 3-component mix-
tures of bosonic and fermionic atoms that can combine to
form molecular fermions. We obtained a novel phase dia-
gram that predicts density wave ordering, pairing insta-
bilities and, commensurate-incommensurate phase transi-
tions as a function of the density mismatch between par-
ticle species. These instabilities are contrasted with ear-
lier investigations on systems containing density-density
type interactions. We attempted to extend these results to
the more general phenomena of many-body chemical re-

actions in lower dimensions. This work is in reaching
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completion and a draft of the article will be completed

before March 2010.

2) Spin Glasses

In collaboration with my former advisor Professor Jo-
seph Rudnick, University of California, Los Angeles
(UCLA) Dept. of Physics and Dean of Physical Sciences
at UCLA, we have successfully developed an exact solu-
tion of a Gaussian spin-glass model with infinite ranged
interactions and a global spherical constraint at zero mag-
netic field. The replicated spin-glass Hamiltonian was
mapped onto a Coulomb gas of logarithmically interact-
ing particles confined by a peculiar single particle poten-
tial. The precise free energy is obtained by analyzing the
Painleve tau function in the n—0, limit, accounting for
neglected fluctuations beyond the semi-circle density uti-
lized in the large N analysis of Kosterlitz, Thouless and
Jones. This is the first known exact solution of a spin-
glass model beyond mean-field theory and possibly holds
the key towards solving the Ising spin glass in finite di-
mensions. A Physical Review Letters draft has been com-

pleted and is expected to be submitted very soon.

3) Quantum Interference and Localization in Reaction -
Diffusion systems

I have developed an approach towards the transport of
disordered/ interacting systems. I can model the repulsive
interaction as a non-linear modification of ordinary diffu-
sive transport and the quantum interference of time reversed
paths is modified accordingly, showing suppression of
weak-localization and possible delocalization as a function

of the non-linearity coefficient. Calculations are in progress.

@ Publications

Negative effective-mass transition and anomalous trans-
port in power-law hopping bands Akhanjee Shimul
Physical Review B Vol.79 pp205101-1-205101-6
(2009)
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ical Spin Glass Model Beyond Mean Field Theory

Akhanjee Shimul American Physical Society, March
Meeting 2010 Portland, Oregon United States 2010 3-
3

Investigation of Charm and Beauty Physics Via Single Electrons
at the PHENIX Experiment at RHIC

Between the dates of Oct. 1, 2009 and Jan. 4, 2010, my
work has centered on simulating the Silicon Vertex Tracker
(VTX) for the PHENIX experiment at the Relativistic
Heavy-Ion Collider (RHIC) and creating analysis meth-
ods to use this detector to achieve the goal of identifying
electrons from the decays of charm and beauty mesons
created in heavy-ion or proton-proton collisions at the
PHENIX experiment.

The primary purpose of the PHENIX-VTX detector is
to identify the decay daughters of particles with decay
lengths of several hundred microns. From an analysis
standpoint, what is needed is, firstly, an improvement of
track reconstruction to the best level possible given the
limitations of the detector and, secondly, an ability to use
the reconstructed tracks to obtain physics results. In order
to accomplish these objectives, I used a Monte-Carlo simu-
lator, Pythia, to generate samples of various heavy flavor
particles and their decay daughters over various momen-
tum ranges in the acceptance range of the VTX detector.
Since several species of both charm mesons and bottom
mesons, the code was designed to allow particle ratios to
be set to reflect either elementary collisions or a Quark-
Gluon Plasma (with enhanced numbers of strange par-

ticles). Hits in the PHENIX detectors were then simu-
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lated. Tracks were fit to these hits using a Kalman filter,
which is a procedure for fitting tracks in noisy tracking
detectors in high-energy physics. Real hits from data will
be fit to tracks using the same procedure.

I worked on quality assurance and improvements to the
Kalman filter by comparing tracks' geometric position af-
ter this step with the original trajectory based on simula-
tion. I worked on improving the tracking capabilities of
the Kalman filter. Since the original tracking procedure
did not account for the fact that resolution deteriorates as
a particle traverses each of the four layers of the VTX de-
tector, I added this effect based on the displacement of
hits from predicted trajectories. By using both original
simulated trajectories and final tracking results, I worked
out a process to achieve the physics objective of charm
and bottom separation using the tracks' geometric loca-
tions. In addition, I studied the effect of feed-down de-
cays from bottom to charm mesons and their effect on track
geometry. The feed-down effect can now be added to the
physics analysis. I will report on all of this work at the
annual JPS meeting in Okayama from March 20th to 23rd.

Finally, I took a shift in the PHENIX control room for
one week overseeing the high voltage controls and check-

ing the gas system.
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Dynamical-Geometrical Aspects of Quantum Randomness in Semiclassical Regime
and lts Potential Applications to Communications Systems

Since its final formulation in terms of Schrodinger wave
mechanics, quantum mechanics has claimed to have never
failed any conceivable experimental test. Despite of this
fact, quantum mechanics cannot give an unambiguous an-
swer to a very simple yet fundamental question: "what is
the wave function of a single free particle?" To describe a
single free particle, one cannot simply use the stationary
plane wave because it extends to the whole space, so that
while it is formally un-normalizable, it is also physically
in contrast to our observation that a particle is spatially
very well localized. In his correspondence to Einstein, Born
suggested to use coherent wave packet, motivated by the
fact that a coherent state is localized both in momentum
and position space. Yet, coherent wave packet suffers from
the lack of being not stationary to be evolved by
Schrodinger equation. This is again is in contrast to our
intuition about a particle which should have a stable pro-
file if left unperturbed.

In the first fiscal year of the research project, I focused
to investigate the above problem by asking an executable
version of the above question: what is the most probable
wave function of a single free particle. By the most prob-
able we impose the wave function to maximize the Shan-
non information entropy over quantum probability den-
sity given a finite quantum mechanical energy. To discuss
this question, I investigated the dynamics of Madelung
fluid in two-dimensional space. The Madelung fluid dy-
namics mathematically reduces into the familiar
Schrodinger equation for irrotational case. In this sense,
the former can be regarded as a direct generalization of

the latter. We then showed that it has a class of spatially
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localized stationary solutions which is rotationally sym-
metric and spinning about its center. It turns out that the
quantum probability density is self-trapped by its own self-
generated quantum potential. It remains unclear however
to physically interpret the spinning phenomena. We also
showed that there is a subset of solutions obtained by mak-
ing a specific asymptotic limit, in which the wave func-
tion is not spinning but is still stationary and localized in
space. We showed that it is mathematically equal to the
quantum mechanical ground state of a particle trapped in-
side a cylindrical external classical potential.
Furthermore I showed that the above class of solutions
can be given a uniform velocity field so that it moves with
undistorted shape like a free particle. In particular, for the
non-spinning case, we obtained an explicit solution. It is
not the quantum mechanical eigenstate of a free particle
but the quantum mechanical average energy and momen-
tum of the system can be shown to be equal to the total
energy and momentum of the Madelung fluid. Hence, it is
tempting to interpret the solution as describing the most
likely wave function of a single free particle with finite

momentum and energy.

@ Publications

Budiyono A. and Umeno K.: "Madelung fluid model for
the most likely wave function of a single free particle
in two-dimensional space with a given average ener-
gy", Phys. Rev. A, 79, 042104-1 - 042104-8 (2009)

Budiyono A.: "Most probable wave function of a single
free-moving particle", Phys. Rev. A, 80, 042110-1 -
042110-4 (2009)

- 217 -



Mouse Mitochondrial Inheritance and Dynamics

Mitochondria are cytoplasmic organelles possessing
their own genomes and play important roles in various
cell processes. Mutations in mitochondrial DNA (mtDNA)
are causative factors for many serious genetic diseases,
including myopathy and neurological disorders. Females
carrying a mixture of mutant and wild-type mtDNA vari-
ants transmit a variable amount of mutant mtDNA to each
offspring. The proportion of mutated mtDNA inherited
from the mother determines the onset and severity of dis-
eases. Therefore it is very important to understand mtDNA
transmission in order to assess the recurrence risks for
mtDNA diseases in following generations and for devel-
oping therapeutic strategies preventing the transmission
of mitochondrial diseases from mother to offspring. We
have previously suggested that the mtDNA genome is
transmitted through a bottleneck without the reduction in
germline mtDNA content. Recently some other research
groups have reported contradictory results on mtDNA copy
number in early primordial germ cells (PGCs) and pro-
posed different mtDNA inheritance models. However,
there appears to be some potential pitfalls in the method-
ology for identifying early PGCs in these studies. To re-
solve these controversies, I used transgenic mice express-
ing fluorescent proteins specifically in PGCs and
immunostaining method to unambiguously identify PGCs
and examined the mtDNA copy number in PGCs. We pro-
vide clear evidence to confirm that no remarkable reduc-
tion in mtDNA content occurs in PGCs and reinforce that
the bottleneck is generated without reduction of mtDNA
content in germ cells. Our results have been published in

PloS Genetics.
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Increasing data have shown that alterations of mitochon-
dria, such as mitochondrial number and distribution in
cells, associate with various diseases. However at present
most data came from in vitro evidence. Previous reports
have shown that in vitro experiments, including cell cul-
ture, can result in observations that are fundamentally dif-
ferent from these of in vivo experiments. It is therefore
essential to study mitochondria in vivo in live animals in
order to understand their physiology and involvement in
disease progress and the tumor response to therapy etc.. I
have developed methods and skills to do in vivo imaging
in live animals with subcellular resolution in this fiscal
year, and the technique will enable to observe mitochon-
drial dynamics in vivo in live animals of models for hu-
man diseases. This technique will also enable to examine
various biological phenomena in live animals and will be
used as a novel phenotyping tool to characterize a number

of mouse strains collected at BioResource Center.

@ Publications

(Original Papers)

Cao, L, "New evidence confirms that the mitochondrial
bottleneck is generated without reduction of mitochon-
drial DNA content in early primordial germ cells of

mice". PLoS Genetics Vol.5 1000756 pp (2009)

@ Oral Presentations
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Cao L, "Evaluations of functional processes in live
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Synthesis and Reactivity of Scorpionate-Supported Lanthanide Dihydride Complexes

There is currently intense interest in the synthe-
sis and reactivity of mono-ligated rare earth
dihydride complexes, “LLnH,", as they adopt struc-
tures that feature fascinating and varied cluster
frameworks and mediate reaction chemistry that
can be exquisitely different from their long-known
bis-ligated rare earth monohydride relatives, LoLnH.

Most recently, our group reported a series of
tetranuclear octahydrides, [(CsMeSiMes)LnH,|( THEF)o-,
which showed a unique reactivity towards various
substrates, such as nitriles, carbon monoxide. To
date, the exploration of rare earth dihydrides sup-
ported by non-Cp ancillary ligand is still in the in-
fancy stage. In our effort to explore novel bulkier
ligands, which may reduce nuclearity and hence
increase the reactivity, scorpionate (Tp) and
diarylamido phosphine ligand (Me-PNP™) were in-
vestigated.

Protonolysis of Ln(CH.SiMes)s(THF), (Ln = Sc, Y,
Lu) with Me-PNPi*-H in hexane solution to give
(Me-PNP#)Ln(CH,SiMes).. Hydrogenolysis of these
dialkyl complexes (Me-PNP?)Ln(CH,SiMes), pro-
ceeded well and after simple workup gave the cor-
responding dihydrides, [(Me-PNP#")LnH]; in very
good vyield. The compounds were characterized by
the usual spectroscopic and elemental anaylsis, and
the structures in the solid state were determined

by single X-ray diffraction.
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Generally, cationic complexes differ in structure
and reactivity from their neutral analogues. In 2006,
we reported the first and exclusive cationic
polyhydrido rare earth complexes, [(CsMesSiMes)
4L, H7[B(CeFs)(THF)o-. Reaction of the trinuclear
hexahydrides, [(Me-PNP*)LnH:]; (Ln = Sc, Y, Lu),
with one equivalent of [NEt;H]]BPh,] in benzene gave
the cationic pentahydrides, [(Me-PNP*);,Ln;H;|[BPh,]
in good yield. We attempted a straightforwad syn-
thesis of [(Me-PNP*);Ln;Hs][BPhy] by hydrogenolysis
of the mixture of (Me-PNP®)Ln(CH,SiMe3), with
[NEt;H]|BPh4] in THF. Much to our surprise, un-
precedented binuclear trihydrides cationic rare
earth complexes, [(Me-PNP"),Ln,H3THF).][BPh4]
were obtained.

In summary, the use of Me-PNP?*" ligand led to
the straightforward and high-yield synthesis of rare
examples of trinuclear monoligand rare earth
dihydrides, [(Me-PNP®)LnH,];. By treating neutral
rare earth hydrides with one equivalent of a borate
compound, such as [NEt;H]|BPhy], we have isolated
and structurally characterized the corresponding
cationic polyhydrido complexes, [(Me-PNP™);LnsH;]
[BPh,]. While hydrogenolysis the mixture of (Me-
PNP#)Ln(CH,SiMes), with [NEt;H]]BPh,] in THF
afforded unexpected binuclear trihydride complexes,
[(Me-PNP®r),Ln.Hs(THF),][BPh,].

Integrated Multi-Omic Investigation of Phytoplankton Community Dynamics:
Novel Metabolic Function and Community Structure in an Artificial Ecosystem

Marine microbial ecosystems offer a great abundance
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of genetic and metabolic diversity, but this diversity, along
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with the dynamics and functions of these systems, are dif-
ficult to explore experimentally in the field. We are work-
ing to develop an experimental laboratory system for the
multi-omic exploration of marine plankton communities.
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) Development of suitable mesocosm systems

Currently we are optimizing good general starting con-
ditions and exploring the effects of these conditions on
both total biomass and genetic and functional diversity. In
a series of small experiments, we have designed a suite of
simple but effective semi-continuous microcosms (1-10
liters) testing various methods for mixing, aeration, light-
ing and sampling, as well as testing nutrient types and lev-
els and artificial seawater recipes. These experiments have
revealed three potential approaches to mesocosm stabil-
ity: dynamic (perturb the system to allow species oscilla-
tions), emergent (allow the system to stochastically col-
lapse to a minimal set of co-existing species) and func-
tional (constant biological functions and reactions inde-
pendent of genetic diversity). We have formulated a suit-
able artificial seawater recipe and a broad-scale nutrient
medium for good general growth of marine plankton. We
recently completed a one-month experiment designed to
assay the reproducibility of emergent stability in identical
mesocosms and to ascertain the effects of different start-
ing conditions on growth trajectory from a microscopic,
genetic, and metabolomic perspective. We are currently
analyzing our results from this experiment.
2) Application and correlation of molecular and
metabolomic methods

We have selected and refined methods to assay two
omics levels to date. To monitor genetic diversity in our
systems, we are utilizing two probe sets (one for
Eubacterial 16S rRNA genes, one for Eukaryotic 18S
rRNA genes) for denaturing gradient gel electrophoresis

(DGGE), which allows us to create fingerprints of com-

munity structure through time and between treatments and
to identify the major (>1%) members of the community.
We have also adapted a two-phase (organic and water-
soluble) extraction system for NMR-metabolomics and de-
veloped a filtration protocol to collect and extract metabo-
lites from the entire microbial community. In parallel, we
are exploring methods to identify free metabolites from
the filtrate. We have also implemented correlation analy-
sis to integrate across levels and statistically show rela-
tionships between changes in community structure and
metabolic profile.
3) Isolation of phytoplankton species for future experi-
mental work

We have isolated over 90 strains of phytoplankton from
eutrophic Tokyo Bay and oligotrophic Iriomote (Okinawa
prefecture). These strains include representatives from sev-
eral eukaryotic phyla (Heterokontophyta, Dinoflagellata,
Cryptophyta), prokaryotic Cyanobacteria, and several to
date unidentified taxa. These isolates promise to be a valu-
able resource for future metabolite screening, and artifi-

cial ecosystem construction.

@ Oral Presentations

(Domestic Conferences)
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Development of Optical Isolation Metamaterials

Optical isolator refers to the device that transparent in
one direction and opaque in the opposite direction. It's simi-
lar with electronic diode, which conducts electrons only in
one direction. However, while integrated circuits have been
extensively used for several decades, compact optical iso-
lator is still beyond our reach. All commercial optical iso-
lators have to incorporate magnet bars, which make the
devices large in size. Recent progress in the field of
metamaterials (artificial materials which have extraordi-
nary optical properties) brings us new hope on solving this
problem. My research activities in financial year 2009 were
concentrated on developing optical isolation metamaterials.

Theoretical analysis was done in the first stage of re-
search. Time reversal symmetry has to be broken to realize
optical isolation. I searched for possible mechanisms to
break this symmetry without applied static magnetic field.
Inharmonic electron movement driven by light field in con-
fined nanostructures was calculated. Electromagnetic wave
simulation was also conducted to investigate field distri-
bution. Based on these results, I proposed a method of
achieving optical isolation with second harmonic genera-
tion and frequency selection of metal nanostructures. Metal

nanostructures are capable to confine light field in the vi-
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cinity of its surface, which makes the local field strength
several orders of magnitude higher than incident light. For
this reason, nonlinear optical effect is possible in
metamaterials even for ambient illumination.

To test our ideas experimentally, an optical measure-
ment system is under construction. High power femtosecond
laser is used as light source at present to ensure a detect-
able signal. After the mechanism of nonlinear effect in our
metal nanostructures is fully understood, the best design
can be figured out and it's promising that laser can be re-
placed by lamplight. Laser can introduce melting down for
metal nanostructures. For our structures which utilizing
near-field enhancement effect, this problem could be even
more serious. A correctly designed structure should be very
efficient for wavelength conversion, and its heat loss fac-
tor should be low. So I'm also searching for the critical
parameters for a proper structure through the calculation
of near-field electromagnetic wave distribution.

To summarize, I have been developing a compact opti-
cal isolator. The whole device is a thin metal film with size
smaller than its working wavelength. This project will be
an important step toward the realization of integrated opti-

cal circuits.

Development of Computational Methods for Large Scale Gene Regulatory Networks:
Construction and Structural Analysis

Usually, regulatory network models assume linear re-
lationships between gene expressions and only a few re-
ports study nonlinearity. In the fiscal year of 2009, the
FPR has identified nonlinear and non-monotonic relation-

ships between gene expressions using the Hoeffding's D
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measure and surprisingly verified that the majority of re-
lationships are nonlinear. Moreover, he also evaluated the
performance of Hoeffding's D measure, comparing it to
commonly used Pearson and Spearman correlations, and

concluded that Hoeffding's D measure is more robust to
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outliers and it can identify a wider range of dependencies
than Pearson and Spearman correlations (Fujita et al., 2009,
Journal of Bioinformatics and Computational Biology).

The problem of determining directionality at the edges
of regulatory networks (which gene affects which other
gene) is a challenging task when time series data is not
available (if time series data is available, directionality at
the edges of the regulatory network can be determined by
using the concept of Granger causality, for instance). Since
several relationships between gene expressions are non-
linear (result presented in the previous paragraph), this in-
formation (nonlinearity) can be used to identify contagion
in regulatory networks. The intuitive concept of contagion
was imported from finances and it can be interpreted as an
increase in correlation depending on the expression level
of one of the genes. The FPR developed a computational
identification method and a statistical test based on boot-
strap in order to identify contagion between pair of genes
when time series data is not available (Fujita et al., 2009,
IEEE/ACM Transactions on Computational Biology and
Bioinformatics).

In order to improve the accuracy in the identification of
gene expression regulatory networks, the applicant has
studied the quantification of measurement errors in bio-
logical experiments, in particular, DNA microarrays. The
estimation process of measurement error was firstly pro-
posed in orthodontics by Dahlberg (1940). However,
Dahlberg's method is known to have several limitations.
For example, it does not estimate correctly the measure-
ment error when the data is biased (presence of system-
atic error) or it is heteroscedastic (each probe in the
microarray has a different variance). Therefore, the direct
application of Dahlberg's formula to DNA microarrays is
not possible since microarrays usually present systematic
error and they are heterocesdastic. In order to overcome
the aforementioned limitations, a method combining
Dahlberg's formula and nonlinear regression (Support
Vector Regression) was proposed and applied to actual
biological microarrays. With the development of this
method, it was possible to verify, in a statistical manner,
which microarray or probe has poor or high quality, being
useful to control the quality of the experiment (Fujita et
al., 2009, Genome Informatics).

After estimating the measurement error in DNA

microarrays, the impact of these errors in the identifica-
tion process of regulatory networks was evaluated. Inter-
estingly, the results showed that measurement errors highly
bias both, the coefficients and p-values obtained by stan-
dard methods based on ordinary least squares estimator.
Therefore, two generalized estimators which incorporate
measurement error were developed, one for independent
data (corrected ordinary least squares) and another for time
series data (corrected vector autoregressive model). As-
ymptotic distributions and theoretical properties were also
derived and proposed in (Fujita er al., 2009, BMC

Bioinformatics).
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da J, Brammer M, Amaro Jr E.: "Evaluating SVM and
MLDA in the extraction of discriminant regions for
mental state prediction”, Neurolmage Vol.46 pp105-
114 (2009)
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A Novel Method for Diagnosis of Retinitis Pigmentosa Patients
Using Their Own iPS Cells

Retinitis pigmentosa (RP) is a group of retinal degen-
erative diseases caused by rod photoreceptor degeneration
and characterized by night blindness and visual field de-
fect. Actually, RP encompasses a number of genetic sub-
types 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 mu-
tation results in an accumulation of mutant protein in en-
doplasmic reticulum (ER) which leads to rod photorecep-
tor cell death. Experiments using animal cells have proven
such hypothesis, however, so far its involvement in hu-
man retinal cells remains unknown. RP9, 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 mod-
eling using induced pluripotent stem (iPS) technology is
of particular value for mechanism study and drug screen-
ing for retinitis pigmentosa.

In this study, we generated iPS cell lines from RP pa-
tients with identified mutations in RHO and RP9. Each
line of the iPS cells demonstrated differentiation ability
into three-germ derivatives. By using in vitro differentia-
tion methods, we confirmed these cells can differentiate

into retinal pigment epithelium (RPE) progenitors (Pax6+/
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Mitf+) and pigmented RPE-like cells, retinal progenitor
cell (Pax6+/Rx+) and subsequently the photoreceptor pre-
cursor cells (Crx+). Gene expression profiling results also
supported a growth direction toward retinal cells. Further
differentiation is underway now and Rhodopsin+ rod pho-
toreceptor cells and red/green opsin+ or blue opsin+ cone
photoreceptor cells were appeared through a stepwise in-
duction. In brief, we have generated patient-, disease-, and
mutation-specific photoreceptor cells, including the rod
cells which were lost in the RP patients, which will be
useful for future study of disease mechanism or pharma-

ceutical discovery.
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Nuclear and Electron Spin Manipulation Using Nanomechanical Systems

The transition from the "weird" quantum to the "nor-
mal" classical world is still not fully understood, and re-
mains fundamental to a proper understanding of both na-
ture and new quantum technologies. Recent progress in
experimental systems which verge on the macroscopic
"classical" regime, but still exhibit quantum behaviour, are
helping to expand our understanding of what lies in this
gray area between 'theoretical worlds'. Both superconduct-
ing qubits and nano-electromechanical systems are ex-
amples of systems which can exhibit "macroscopic wave
functions" (see, e.g., Blencowe, Tuefel et al 2009 etc).

During the first year of my FPR position I have worked
on a variety of projects related to this fascinating area.
Primarily I have focused on investigating an open system
realisation of the Dicke model [2], which describes an en-
semble of spins interacting with an oscillator. This inter-
esting system contains both critical behaviour and quan-
tum chaos. I focused on investigating how these features
could be probed in a “solid-state' realisation; e.g. a micro-
wave transmission line, or a nano-mechanical system.

Furthermore, in a different context, I have worked on
the problem of using electron transport to probe other in-
teresting quantum phenomenon. In particular, I have used
models of transport in p-i-n junctions to investigate fea-
tures of plasmonic band gaps in nanowires [1], and
polariton BECs [4]. Finally, towards the end of the year

my research has taken inspiration from these results; we
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have begun to investigate the general problem of distin-
guishing classical and quantum dynamics in nanoscale
transport systems. This has been a fruitful new area, and

several manuscripts are being prepared for publication.
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Attosecond Control of Broadband Supercontinuum Generation with Two-Color Field
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The attosecond pulse has made a breakthrough of
ultrafast optics for detecting the ultrafast dynamics of elec-
trons insider atoms and molecules. However, the intensity
of isolated attosecond pulse (IAP), which corresponds to
supercontinuum high harmonics in the frequency domain,
is still very low, because the pump pulse energy is typi-
cally limited due to the few-cycle pulse duration and car-
rier-envelope phase (CEP) stabilization. To overtake this
issue, we proposed and demonstrated a new method for
supercontinuum high harmonics generation by mixing a
multicycle Ti: sapphire laser field and an infrared laser
field, so as to produce an intense IAP using a conventional
femtosecond laser system.

By investigating the two-color field and the correspond-
ing electron dynamics, we found that the two-color
multicycle field produces a comparable intensity distribu-
tion with a few-cycle laser pulse, which was traditionally
used for IAP generation. Therefore, it is expected to pro-
duce TAP using the multicycle two-color field, similar to
the few-cycle one color case. However, the IAP depends
sensitively on the CEP in the few-cycle field, which is
one factor that prevents from generating the intense IAP
with. In our new method, we simulated and optimized the
relative intensity and wavelength of the infrared field and
so on. After optimization, our simulation shows that
supercontinuum high harmonics and IAP can be gener-
ated in the cutoff without CEP stabilization, even though
the harmonic intensity changes with the CEP.

We also performed the experiments to demonstrate our
idea and supercontinuum high harmonics were produced
by mixing a 30-fs Ti: sapphire laser field and a 40-fs in-
frared (1300 nm) laser field. To demonstrate the CEP de-

pendence, we simultaneously measured the high harmonic
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spectrum and the CEP with f-2f interferometer. Finally
the CEP dependence of harmonic yield in the cutoff was
compared with the simulation, which is in reasonable
agreement. Therefore, our experiments and simulation
clearly shows the generation of supercontinuum high har-
monics using a multi-cycle two-color field without CEP
stabilization. This method mitigates the requirement for
IAP generation and also takes a great advantage for creat-

ing the intense IAP.
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The B decay of *Mg

From April 2009, I was involved in several beta decay
experiments to study the nuclei far from beta stability.
During this time, I actively participated in the detector test,
experimental setup and the experiment. To study the
nuclear structure of the nuclei around N~28, I submitted
an experimental proposal to the 6" PAC meeting. The de-
tails of my experimental endeavors and participations are
listed below:

1. The beta decay study of the neutron rich isotopes around
7.

A decay spectroscopy study of the neutron-rich neu-
tron rich isotopes around ''"’Zr has been performed using
fragmentation of a 28U beam with an intensity of 0.5 pnA
at BigRIPS in the middle of December 2009. The nuclei
of interest were implanted into eight segmented double-
sided silicon strip detectors (DSSSD) measuring time and
location of the implantation. Implantation and decay events
are time stamped and correlated via their locations. Four
Ge-detectors and two LaBr; detectors located very close
geometry to Si detectors were employed to measure both
beta delayed 7y rays, as well as, prompt v rays emitted fol-
lowing isomeric decay. The low lying exited states, half-
lives which related to the nucleosynthesis at r-process, the
mass, and the B (GT) distribution will be obtained for the
first time in this region.

2. In-Beam test of a novel beta-counting system CAITEN

A super-segmented beta-counting system CAITEN was
designed for half-life measurement with relatively high
implantation rate of cocktail beam. It has complemental
role with respect to the DSSSD detectors in term of the
statistics. To investigate the performance of CAITEN, The
first in-beam test of CAITEN was carried out at BigRIPS
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in the late December 2009. The neutron rich *2Mg nuclei
were produced by the fragmentation of the E/A =350 MeV
“8Ca primary beam on a thick °Be target, and were im-
planted into CAITEN. Two large volume LaBr; detectors
in very closed geometry were used for measurement of
beta delayed 7y rays as well as prompt y rays emitted from
following isomeric decay. In addition two liquid scintilla-
tion neutron detectors (NE213) were installed for beta
delayed neutrons using pulse shape discrimination tech-
nique. The overall efficiency and reconstruction of the half-
lives for 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.
3. Experimental proposal for the study of neutron rich nu-
clei around N=28

For the nuclei far from the valley of beta stability, the
orders of their single-particle orbits which are near the
Fermi surface may shift due to the effective nucleon-
nucleon interaction. This change is expected to cause con-
siderable modification in the shell structure and lead to
the appearance and disappearance of magic numbers and
the formation of new regions of deformation. The nuclear
structure in the region of nuclei around N=28 depends
strongly on the filling of both proton and neutron orbitals
when protons filling the (1ds»2s1,.ds,2) shell and neutrons
occupying the 1fy, subshell. The observed the dramatic
decrease of the energy in 42Si provide experimental evi-
dence for the disappearance of the neutron N=28 shell clo-
sure. At present, the experimental studies of the low lying
excited states in this region are very little, while the theo-
retical calculations given some valuable predictions. To

examine the changing shell structure and the influence of
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collectivity in this region, I submitted an experimental
proposal (NP0912-RIBF35) to the 6™ PAC meeting for
Nuclear-Physics Experiments at RI Beam Factory as a
spokesperson. This proposal aims to perform systematic
beta-decay studies of neutron-rich Al, Si and P isotopes

near N=28. The -delayed vy rays and neurons are mea-

sured using the Ge detectors and neutron wall, respectively.
In addition, the lifetime of the excited states are measured
by two fast LaBr3 counters using time-delayed Byy(t) mea-
surement. The deduced level schemes and the lifetimes of
the excited states in these nuclei will help us to under-

stand shell evolution around N=28.

Uncovering the First Line of Defence Against Plant Pathogens

PAMP -triggered immunity

Most plant species are resistant to most microbes due
to PAMP-triggered immunity (PTI), a broad spectrum de-
fense response which operates to prevent the entry of po-
tential pathogens into the plant cell. PTI is activated upon
recognition of conserved microbial components such as
flagellin or chitin, called pathogen-associated molecular
patterns (PAMPs), by receptor kinases on the plant cell
membrane. The resultant signaling pathways culminate in
the production of reactive oxygen species (ROS), transcrip-
tion of defence-related genes, stomatal closure and cal-
lose deposition on the cell walls (Schwessinger & Zipfel
2008). Although there has been recent progress in our un-
derstanding of PTI, important signalling and receptor pro-
teins remain undiscovered.To identify key regulators of
PTI in Arabidopsis, we are screening two collections of
potential candidates: full length overexpressor (FOX)
mutants (Ichikawa et al. 2006) and small open reading

frames which may encode unnannotated proteins.

FOX mutants

A library of ~10,000 FOX Arabidopsis mutants were
screened for ROS production after treatment with the
PAMP flagellin22 (flg22) 350 FOX mutants showed en-
hanced ROS burst compared to the wildtype Col-0 (So-
Young Li, unpublished data). Of these, FOX mutants cor-
responding to 12 uncharacterised proteins were chosen as
PTI candidates and further analysed. ROS was induced by
the PAMP elf18 in addition to flg22 in the mutants tested.

At least four of the candidate proteins are likely to be posi-
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tive regulators of PTI based on the results of bacterial spray
pathotests, in which the growth of Psuedomonas syringae
was significantly suppressed compared to that in the
wildtype Col-0. Knockout mutants of the four candidate

proteins will now be analysed for a PTI phenotypes

Small open reading frames

Since the completion of genome sequencing projects,
small open reading frames (sORFs) in the so-called
intergenic regions have been shown to be transcribed in
various organisms. These potentially novel protein encod-
ing transcripts are short (90-300 nt) and may have escaped
annotation as coding sequences due to the conservative
nature of the gene prediction models used. In A. thaliana,
at least 3000 ORFs are predicted to be novel protein cod-
ing genes (Hanada et al. 2007). To test whether sORFs in
the Arabidopsis genome might regulate plant immunity,
we used a custom microarray to compare the expression
of ~6000 unannotated sORFs in Arabidopsis Col-0 with
the flagellin-insensitive mutant fls2 after treatment with
the PAMP flg22. Of the 3279 sOREF transcripts detected
in the microarray, 37 were differentially upregulated in
Col (Col > 5 fold induction; fIs2 < 2 fold induction) by 60
mins post flg22 treatment. The flg22-triggered differen-
tial induction of 16 candidate SORFs, chosen based on their
expression profile and homology with plant proteins, was
verified by qRT-PCR using biological replicates.
Overexpressor lines are being produced to analyze the role

of the candidate sORFs in PTT and plant defence.
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Molecular Mechanisms Underlying Paratympanic Organ Development and Evolution

The paratympanic organ (PTO) is a small sensory pouch
formed within the lateral outpocketings of the first pha-
ryngeal pouch. The PTO is present in bird species and most
fish, however it has been lost at various points during evo-
lution, notably in the mammalian lineage. Mechanosensory
hair cells situated in the medial wall of the PTO are
depolarised in response to movement of the tympanic mem-
brane, thus the likely function of the PTO is that of pres-
sure detection The anlagen of the PTO, the geniculate pla-
code shows differences in sensory potential across spe-
cies; modulation of fate choice decisions within the pla-
code (sensory versus neuronal) is likely to account for this
divergence. Understanding the mechanisms of
mechanosensory potential segregation using the PTO as a
model system provides a unique opportunity to understand
the molecular principals of evolutionary change.

I have previously analysed the genes expressed in gen-
iculate placode using Affymetrix gene microarrays, my
aim is to establish which factors confer potential to form
mechanosensory hair cells and to assess the relevance of
these factors during PTO evolution. The expression pro-
files of geniculate ectoderm were compared with ectoderm

from other mechanosensory (otic placode), non-sensory
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(nodose placode), and non-placodal (trunk) ectoderm. This
allowed a pool of genes likely to be relevant to sensory
development to be identified. In-situ hybridization has been
performed to confirm the positional and spatial profiles of
candidate genes, these include many factors not previously
studied in the field of mechanosensory development.

I am generating molecular tools to evaluate the func-
tional role of novel genes during the development of the
PTO. These are being electroporated into chicken embryos
and effects on sense organ formation assessed by exami-
nation of PTO morphology, and by changes in expression
of known PTO marker genes, such as ISLET1, PROX1,
SOX2 and ATOH1. Markers of mature hair cells will also
be checked, including MYO7A and HCA. Both over-ex-
pression and gene knockdown (RNA1i) approaches are be-
ing utilized. Following this initial functional investigation,
the relevance of candidate factors to PTO evolution will
be characterized by expression and functional analysis in
other species such as shark, zebrafish, and mouse. It is
anticipated that novel factors identified during this project
will have broad significance in sensory biology and may
also be of importance in the development of the inner ear

and lateral-line system.
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Computer Simulations of the Structure-Function Relationship in
Biological lon Channels

My current project, which I started after joining the
Theoretical Biochemistry Lab in April 2009, is aimed to
provide a detailed structural-functional correlation for ni-
tric oxide reductase (NOR), a key enzyme in the evolu-
tion of respiration. Understanding on a molecular level
the functioning of this system and, in particular, the de-
tailed mechanism of proton transfer will help to solve the
long-standing puzzle of the proton pumping in cytochrome
¢ oxidase (CcO), a terminal enzyme in the oxidative res-
piratory chain.

Under anaerobic conditions some bacteria can use ni-
trate instead of oxygen in a process called denitrification.
During denitrification, the reduction of nitric oxide (NO)
to nitrous oxide (N,O) is catalyzed by a membrane-bound
enzyme NOR. Bacterial NOR is probably the most sig-
nificant NO-reducing enzyme. NOR belongs to the super-
family of O,-reducing heme-copper oxidases and is gen-
erally considered to be the evolutionary ancestor of cyto-
chrome oxidases. After the structure of CcO has been
solved more than a decade ago, this system was the focus
of numerous studies. In contrast, there were no known
structures of NOR, but luckily its first crystal structure
has been recently solved in the lab of Prof. Yoshitsugu
Shiro at the RIKEN SPRING-8 Center. This offers a unique
opportunity for understanding of nitrate respiration, deni-
trification, and molecular evolution of respiratory enzymes.

This project is aimed to obtain a quantitative structural-
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functional correlation for NOR, based on the recently avail-
able structural and biochemical information. This prob-
lem has not been addressed computationally by any other
research group.

In order to achieve our goals, we have to address sev-
eral important issues. The state-of-the-art computer simu-
lations of the NOR enzyme using combinations of several
molecular modeling techniques are being performed. Be-
low, I briefly outline the first steps and some preliminary
results.

1) Large-scale classical MD simulations

First, we performed the initial setup, i.e. prepared a sys-
tem for all-atom simulations: we inserted the NOR pro-
tein (coordinates provided by Prof. Y. Shiro) into mem-
brane and then added a solvation box. The resulting total
system (protein + membrane + water) size is ~100,000
atoms. In order to establish the structural elements which
are likely to be important for PT in NOR, we are currently
performing large-scale (up to microsecond) all-atom clas-
sical MD simulations of the total system. [Software:
CHARMM and NAMD.] This enables us to identify pos-
sible PT pathways, i.e., hydrogen-bonded networks of ion-
izable and polar residues and chains of water molecules
leading from the bulk phase to the active site. We will
also address the dynamical issues such as protein stabil-
ity, mobility of water molecules inside the channel, and

dynamics of hydrogen bonds.
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2) Exploring PT in NOR

We are also performing explicit PT simulations for the
potential pathways identified by MD calculations. For this
part, we are employing the empirical valence bond (EVB)
method, a well-established tool for simulations of chemi-
cal reactions, in particular proton transfer, in enzymes.
[Software: MOLARIS.] EVB simulations will allow us to
estimate the activation barriers for individual PT steps and
then the overall free energy profile for the PT process in
NOR.

The first preliminary results suggest that: (i) there is a
PT channel filled with water molecules and polar residues,
which connects the active site and the cytoplasmic sur-
face, with the entrance point near the conserved lysine resi-
due; (ii) PT along this channel is practically barrierless;
(iii) the PT steps near the binuclear center are rate deter-

mining.
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Molecular Aspects of Amyloid Disease and Studies of Interactions
between Amyloids and Chaperones

My research topic is within the field of protein
misfolding diseases, which is an important field, since a
wide range of diseases (including Alzheimer's, Parkinson's,
diabetes type II and polyneuropathy) have been associ-
ated with protein misfolding and formation of amyloids
(the products of misfolded proteins) inside or outside the
cells. The problem with these kinds of diseases also seems
to be increasing worldwide. My research specifically fo-
cuses on Alzheimer's disease and I have studied, on a
molecular level, how the Alzheimer's disease associated
protein (A-beta) interacts with another protein, called
prefoldin. Previous studies have included in vitro labora-
tory experiments, and we have showed that prefoldin has
an effect of the progression of A-beta amyloid formation.

For the upcoming year, I wish to continue to elucidate the
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role of prefoldin in Alzheimer's disease. Besides working
in vitro, there have been discussions regarding coopera-
tion with another laboratory, and we wish to apply our
current results on mice models, to get a more biological
relevant perspective of our research. For the future, I also
wish to apply the findings regarding prefoldin on another
protein called alpha-synuclein, which is associated with
Parkinson's disease. Since there are common mechanisms
for how proteins start to misfold, independently of the pro-
teins involved, it is likely that if prefoldin has an effect on
Alzheimer's, it can also have an effect on Parkinson's dis-
ease. I believe that it is important to get a general under-
standing for protein misfolding diseases, in order to de-

velop therapies for those.
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Excited-State Dynamics of Nucleic Bases Studied by
Ultrafast Two-Dimensionalphotoelectron Imaging

Photoelectron spectroscopies (PES) have proved to be
powerful implements in studies of excited-state dynamics
and been successfully employed to capture the informa-
tion on excited-state relaxation via internal conversion, in-
tersystem crossing, and intra-molecular vibration in
polyatomic molecules. However, one cannot apply PES
to liquid-system studies directly since the detection of
photo-emitted electrons and their kinetic energies, in a
nonultrahigh-vacuum environment, is not straightforward.
In Suzuki's laboratory, we are developing a multi-stage
differential pumping system integrated with a hemispheri-
cal electron energy analyzer that enables us to record PES
of aqueous solution in short accumulation time with a large
collecting angle. Based on this technique we expand our
PES research into complex molecules such as nucleic
bases.

In the past one-year, we have been combining liquid-
phase PES with ultrafast laser method to study the excited-
state dynamics of aqueous systems. We selected aniline
as a test molecule because of its low ionization energy,
simple excited-state dynamics, long-lived excited state, and
relatively high solubility. Our PES result enables the real
time monitoring of the excited-state relaxation processes
of aqueous aniline. The 243 nm excitation of aniline popu-
lates a strongly allowed 1mtrt* state (S,). The 326 nm probe
pulse, which is beyond the absorption band of aniline,
ejects electrons and monitors the depopulation relaxation
of S, state. The temporal evolution of PES indicates an
ultrafast relaxation from S, (with a ~100 fs decay time)
to a long-lived S, state, which is stable within several hun-
dreds ps. The relaxation process of excited aniline dis-

played in this work is consistent with the results in the
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literature indicating that our liquid-phase time-resolved
PES is feasible. At present, we are optimizing this new
technique and will study the nucleic bases excited-state
dynamics in the forthcoming year. We believe that we can
gain an insight into excited-state dynamics that cannot be
revealed by other techniques such as ultrafast fluorescence
and transient absorption.

Another parallel work is the construction of a new laser
system. In this work we are building an ultrashort DUV/
VUV system consisting of noncolinear OPA (NOPA) and
filamentation, which enables us to generate sub-20-fs
pulses of ~235 and ~170 nm carrier wavelength (20sy -
ONR — Opuv, Opuy + Wsy - Onr — Ovoy). A ~2.6 W, 80
fs FF-pumped two-stage NOPA has been build. A few frac-
tion of the pump pulse is focused into a sapphire plate to
generate a white-light continuum. The Near-IR part of this
white-light is amplified by a BBO-based two-stage NOPA.
In the second NOPA, a prism-telescope set-up was em-
ployed to tilt the pump pulse-front. Under this condition
we have obtained a ~200 pJ NIR pulse with a ~150 nm
bandwidth corresponding to a sub-20-fs transform-limit
duration. In the forthcoming year we will complete this
DUV/VUYV laser system and apply it to time-resolved pho-

toelectron imaging study.

@ Oral Presentations

(Domestic Conferences)

Tang Ying, Zuo Peng, Kiyoshi Nishizawa, Keijiro Ohshi-
mo, Toshinori Suzuki, "Development of femtosecond
time-resolved photoelectron spectroscopy of aqueous
solutions using liquid beams" 25" Symposium on

Chemical Kinetics and Dynamics, Saitama, June (2009).
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Cooperative-Intelligent Control of a Human-Interactive Robot

Nursing robotics has received a considerable attention
by different research groups seeking their promising hu-
man-friendly assist and cooperation. RIKEN-TRI collabo-
ration center introduced RI-MAN and RIBA for holding
and transferring a human. RI-MAN and RIBA are de-
signed to grasp, hold and transfer a human applying its
whole two-arms. Whole-arm manipulation is an approach
to manipulation that employs all the available manipula-
tion surfaces of the robot to act upon and sense the envi-
ronment. Whole arm grasps are formed by wrapping the
arms (or fingers) around the objects. Cooperative control
is expected to achieve the efficient and optimal usage of
the applied actuators of the whole arms and body of a ro-
bot for manipulating a human body. Manipulating a hu-
man, (the target is a patient), lies in the taxonomy of dy-
namic manipulation in which task dynamics is significant
for analysis and planning. Kinematic, static and quasi-
static manipulation analyses are important steps for dy-
namic manipulation. As an initial step towards analysis of
holding and manipulating a human body object, the con-
ducted research work dealt with kinematic (position, ve-
locity and acceleration) analysis of free-ended two-rigid-
links object manipulated by two arms. Rolling as well as
sliding at the points of contact of the two-links object con-
strained by the holding two-arms is analyzed. Position,
velocity and acceleration analysis of the manipulated ob-
ject joint; position, velocity and acceleration constraints
as well as expressions for sliding displacement, sliding
velocity and sliding acceleration are developed. Simula-
tion results for links sliding displacement, velocity and

acceleration, the object joint position, velocity and accel-
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Host Laboratory: Robot Control Research Team,

Advanced Science Institute
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eration as well as object configurations for different input
rolling accelerations are performed. The performed analy-
sis proves that: 1- through manipulating two-rigid-links
object by two-arms, rolling about one arm or both arms at
the points of contact is associated with sliding at both points
of contact. There is no rolling without sliding and there is
no sliding without rolling. 2- It is possible to define the
object links sliding displacements, velocities and accel-
erations from the contact rolling displacements, velocities
and accelerations estimation or measurement. 3- It is pos-
sible to define the configuration of the object from con-
tact points and hence contact angle measurements, apply-
ing tactile sensors. Realizing that dynamic manipulation
applying whole arms is associated with both rolling and
sliding at the points of contact, the ongoing research work
aims a better design for the whole arms for a safe manipu-

lation condition.

@ Publications

(Original Papers)

Zyada Z, "Position and velocity analysis of free-ended two-
link object for whole arm manipulation" Mansoura En-

gineering Journal Vol.34 3 ppM22-M31 (2009)

@ Oral Presentations

(International Conferences)

Zyada Z, Hayakawa Y, Hosoe S, "Kinematic Analysis of
a Two-Link Object for Whole Arm Manipulation" The
ISPRA'10 (SIGNAL PROCESSING, ROBOTICS and
AUTOMATION) New Hall, Univ. of Cambridge, Cam-
bridge UK 2010 2
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