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Investigation of Left-right Asymmetry of the Mammalian Brain
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Molecular Basis for Immunoreceptors Recognition of MIR Family
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Development of Microfluidic Platforms for Single-cell Based Gene Expression
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The Study of Intestinal M Cell Differentiation
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Search for Novel Functional Materials in Conductive Covalent Networks
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Scanning Probe Microscopy
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Analysis of Molecular Mechanisms Regulating Cell Proliferation
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Molecular Mechanism of Totipotency in Plant Cells
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A., and Tanimori T.: “Development of the Balloon-
Borne sub-MeV Gamma-ray Compton Camera Using
an Electron-Tracking Gaseous TPC and a Scintillation

Camera”, Journal of Instrumentation, in print*
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2011 IEEE Nuclear Science Symposium and Medical
Imaging Conference, Valencia ,Spain, Oct. (2011)
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Study of Nonperturbative Aspects of Supersymmetric Gauge Theories
via Computer Simulations
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Daisuke Kadoh, Hiroshi Suzuki, “Supersymmetry resto-
ration in lattice formulations of 2D N=(2,2) WZ model
based on the Nicolai map.”, Published in Phys.Lett.
B696:163-166, 2011.

Stimuli-Responsive and Regenerable Conductive Biointerface for

Neuron Bioengineering

Name: Zhu Bo

Host Laboratory: Advanced Science Institute

Electrical conducting polymers (ECPs) are promising
as interfacial materials to provide a combination of the
electrical, biochemical and topological requirements for
neural interfaces. Electrical interfacing with commercial-
available and unfunctionalized EDOT polymer, however,
may suffer inherent problems due to lacking biofunction-
ality. They would not to be able to discriminate amongst
protein or cells, and non-specifically bind to proteins and
cells when devices implanted, which could eventually
lead to not only severe immunogenic response but also
loss of intimate electrical communication with desired tis-
sues or cells.

The present research synthesized some novel EDOT-
based polymers to selectively interface, either statically
or dynamically, with neural cells for electrical stimulation

and neuron signal recording. Our EDOT-based polymers

Yu Initiative Research Unit
(Laboratory Head: Yu Hsiao-Hua)

are based on multiple building blocks, which contain su-
perhydrophilic and protein or cell targeted ones. A versa-
tile electrochemistry synthesis technique was developed
to copolymerize the functional blocks with diverse polar-
ity into thin films on conductive substrates, and further
employed to electro-couple the functional EDOT poly-
mers in a layer-by-layer way. The nano-sized thin con-
ducting polymer film, depending on its biofunctionality,
could selectively catch various cells without the pres-
ence of nonspecific-binding. Its bio-interaction strength
and surface properties could be tuned well by adjusting
the copolymer composition. Layered thins films among
diverse functional EDOT polymers were fabricated by
electrochemical layer-by-layer assembly (ELbL) based
on a direct coupling of EDOT building blocks, and the

surface functionality could be switched easily between



the antifouling/superhydrophilic and the specific binding/
hydrophobic by coupling an additional layer over original
one. All conducting polymer interfaces, where the cell-
substrate interaction could be spatially defined at single
cell, were then fabricated by ELbL in combination with
the traditional lithography. The electro-responsive EDOT
building blocks were synthesized and integrated with the
above materials and interfaces. A dynamic control on the
protein/cell capture and release was expected and is now
under investigation.

Our functional conducting polymer does not only sup-
ply us a versatile platform to load a spatiotemporal control
on cell attachment, but also a great opportunity to com-
bine conductivity, biofunctionality, nano/macro topogra-
phy and electro-stimulation in one device to load power-
ful control on cell migration, differentiation, polariton and
finally neuron regeneration. At present, the effects of con-
ductivity, nano topography of conducting polymers were
investigated, and optimized to enhance the cell prolifera-
tion and differentiation. The axon growth could be guided
well at single cell by the spatially defined biofunctionality
on all conducting polymer devices. The combination of
biofunctionality and electro-stimulation was found to en-
hance the cell differentiation much. An electro-stimulated
neuron differentiation under static or dynamic guidance
at single cell was initiated, and is now under careful in-

vestigation.
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Zhu B., Zhao H., Sekine J., Luo S.-C., Yu H.-H.: All-Con-
ducting-Polymer Interface for Neural Engineering via a
Biomimetic Approach. submitted.*

Zhao H., Zhu B., Sekine J., Luo S.-C., Yu H.-H.: Oli-
goethylene Glycol Functionalized Polyoxythiophenes
for Cell Engineering: Syntheses, Characterizations and
Cell Compatibilities. ACS Appl. Mater. Interfaces in
print.*

Luo S.-C., Zhu B., Nakao A., Nakatomi R., Yu H.-H.:

Functionalized Conducting Polymer Nano-Networks
from Controlled Oxidation Polymerization toward Cell
Engineering. Adv. Eng. Mater. (Adv. Biomater.) 2011,
13, B423-B427. *

Sekine J., Luo S.-C., Wang S., Zhu B., Tseng H. R., Yu
H.-h.: Functionalized conducting polymer nanodots for
enhanced cell capturing: the synergistic effect of cap-
ture agents and nanostructures. Adv. Mater. 2011, 23,
4788-4792. *

@Presentation

(International Conference)

Zhu B., Luo, S.-C., Sekine J., Yu H.-H.: “Biomimetic All-
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Zhu B., Luo, S.-C., Sekine J., Yu H.-H.: “All-Conducting-
Polymer Interface for Neural Engineering via Biomi-
metic Approach” 10th International Symposium on
Functional p-Electron Systems, Beijing, China 2011,
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Zhu B., Luo, S.-C., Sekine J., Yu H.-H.: “Biomimetic
Conductive Membranes Produced via Inverse Micro-
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terials as new frontiers nanomaterials, E-MRS Spring
Meeting, Nice, France 2011, May 9-13. (Invited talk)

Zhu B., Luo, S.-C., Zhao H. Sekine J., Yu H.-H.: “Spa-
tially Confined Layer-by-Layer Electro-deposition to
Produce Bio-function Patterning on All-Conducting-
Polymer Substrate” Symposium B: Biological Materi-
als, [IUMRS-ICA2011, TaiBei 2011, September 19-22.
(Oral)

(Domestic conferences)

Zhu B., Luo, S.-C., Zhao H. Sekine J., Yu H.-H.: “Bio-
function Patterning on All-Conducting-Polymer Sub-
strate by Spatially Confined Electro-deposition” 60th
SPSJ Annual Meeting, Osaka, Japan 2011, May 25-27.
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Study of the Coronal Heating and Flare-initiation Process Based on
Three-dimensional Magnetohydrodynamic Simulation

KB a0 I3 KBER T &b 2 LRI L 100 652
FLoERITMAINTHED, ZOMmEAKEITao
DFENFER SN TEURE IR L7z > ZBIETH
RERHINTOEN, —ATa0FTRTIAR
WRBGOEME I L < HEMEHTSZET, K
7 L7 - aoFEsE &0 D KEBRIEREIS
HFAELTNWD, FWMFETIE. WENENICEEL
TVNDENSHENS LANITHE L ED D Z &
T, aoFmEk - KEGHRIED X 51 =X L O %
HiFL TW3,

KB KR TS A KT N JREL U 72 i %
Fio TH O WS X > TRV F —iikiHfe
MEGERENIE—RRICEETNSE EEZXENS F .
KBSBESHE IR 114 &Itk 2 Kz ®DD
ZELTHO., ZOR/NI ORI S &K
BEATRAHL TWS ZENBEN TS, Zh
3. KEEORREGOEBHOR KL L T, MiRicH
WTRATNAR GRS - 20X ERO KGRHENE
fEU /R E L Taomak - KEGENE B
FHLTUENSTIERWNEEZS5NS, 20084
DR/ S KEEE#N EF LU DD & 2 Mk 0 KBS
Bl RE TOOT) 1ITX DKM O RS O K
IBIRE R 2 T U SRR M o 22 [ 3 D 48
BTz, TORE. BRENREL L ZRED 5
fDHE, KEOBENEHRIN TN SHED i
NEBHL TS ENWHENIRo =, M/MITIE
Bk D 10" ~ 10°Mx 13 E D% B O BER N ER
U R ERENEE < o n/zoicd U, KEAE

W% # K 4 3 K3 Shiota Daikou
Z A WF g% = Bt

FRIRTE R T BT e R
(FlEE e &—)

B LR UMRASED E DD dH % 2011 4E D AL
Tl BERPER U ZRENR S N D B L.
SERE ISR O AR ERNE <720 TV BTV
MENz. I, KBGO RIS O Mk i3
119 2B D THMMARE L TBRRL 21T
H0. KOS ORIETH 2 KEY 1 FEDMRH
OBRMNS HERERTH S, £ T ONERES
DADENIT KD EZZOBEOREE TR - 72 M
272 %7280, WEHAER - BURBREOENZET TY
DulREMEAVRIZ S N B,

@OZEHZEK Oral Presentations

(EIR* 30

Ito H., Tsuneta S., and Shiota D. : “Yearly Variation of
Magnetic Field in the Polar Regions Observed with Hi-
node/SOT”, Asia Oceania Geosciences Society 8th An-
nual meeting, Taoipei, Taiwan, Aug. (2011)

Shiota D., Tsuneta S., Shimojo M., Sako N., Orozco Su-
arez D., and Ishikawa R.: “Yearly Variation of Magnetic
Field in the Polar Regions Observed with Hinode”, Hi-
node 5, Cambridge, Massachusetts, USA, Oct. (2011)

(ENZEREE)

DHERRSE , WHEN, RS« TODT)
5 S B TR U 72 Kkt s D AR 2L, H A b
EREERLAE G 2011 4E KRR, Bk, 5 H (2011)

HEHRE, DHERRSE, WHPEA, FaE3E, fetifiin:
“ODTHI R TR A 72 KB Moz 5 b R I A H)
HARICER 201 ERKFAE R, BERLES, 9 H (2011)



XXII—009

EEFhICH T ZEBEER - AREDOE HEF

Dynamics of Strongly Correlated Bose Gases in Optical Lattices
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superfluidity via dipole oscillations”, Physical Review
A, 84 041609(R) (2011)*
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polar Bosons in Triangular Optical Lattices: Quantum
Phase Transitions and Anomalous Hysteresis”, Physical
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Physical Review A 85, 023638 (2012)
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“Anomalous hysteretic behavior in a system of dipo-
lar Bose gases”, 26th International Conference on Low
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Large-scale Parallel Computation of Strongly Correlated Lattice Systems
in Search of Novel Quantum States
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Synthetic Development and Conducting Properties of Asymmetrical
Bisdithiolene and Monodithiolene Complexes
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(FCH,)Me;N #i1 4.2 kbar OB IE /) F TG E %
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A, BRSS9 72D I B MBI ) %
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Thermodynamic Study of a Quantum Spin Liquid State and Neighboring
Phases in Molecular Conductors
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EEEDHVHHORRARRZME L2, BTA
IR, Fv v T LR &2 S Ol
EZEWKYT 2 70— RRARENAIET 5. =l
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Electron Correlations in Artificial Atom Clusters
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INTA—F BT D EMNARETH D, MN<E
FIREZARD ZENTES Z NS KT
HTRY FEHGIRTHONS2H, 3H, 4HO
AL TOETIREICEHL THRZED TN S,

AR, B TRy FOSHEDOFH SRS D LR
bNB3IBFEBTTOAE T Oy REERZBH L
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Quantum Bit Using Superconducting Phase Slip Nanowires
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Preparation of Polymer Brush Having Concentrated Amino Groups for
Novel Transfection Array

AWFERX, UN—ANT AT 2o a ko
BTFHEAYED EAZHIEL T, YAV T 1 R
KIBIZE O DNA — A FF 0 TEAWZ 5
9 2 Rt R OB B L IR TERER
WM Y L1 AOIEHZHNE L TWD, ARIFE
3. WEEEEICRIE M E N T AKAND N FF M5
ST DAL AR, PR =R O, B
fazmHWEs AT LD Z T 72,

I UAYy TV T RIBICE O F A=)V HEEA
LEAN—=HFARMEEY DIV AT ¢ REZE
HBALERYIFL A 22 (PE) 2RSS |, PEI
BREEML -, HELZPEL—H 5 ZAKHIT, X
MOCEE 153 08 (XPS) B LK KB — & BAL O WE K
RE0., D207 4 REEEIT LU TPEINERMiS N
TWBZ L&A LK. £/, PEI-H I AKH %
0,04, 1,5 mmol/L D Cys Z A U > B k% ME K (pH 7.4,
200 mmol/L)IZZFNZN25° CT4MMRE L /14,
ZHY—YBMEWUET DL, BELTNZCysi
EIIE L THNERT 5 2 EBNbMho 7, 0-04
mmol/L D Cys ##E D FITIIPEINIFLAEY Y —

WF 98 & KK % ot OKA) X Akimoto-Mizutani, Aya
2 A WF %% % . FRursE

N A T2
(g i Hik)

ASINBNED, T2 Hy T T RIS A
DFEM EEL T20 mVEL E@WiiZ R L 72205
1-5 mmol/L & Cys IRFEEMN® < 725 1T L 724> TPEL
MY Y —=Z2ENTE—FENMODAHIZ0-0.4 mmol/L D
CysBEDBHA XD ®2-7mVIREMKL 72 B AR
IN~, ZOMDEILIE. PEHIZEATSEY D)L
CANT 4 REOREEZ D LK THHIET
5 EMNTER, IBITPEI—H T A% EIZDNA
ERHEIR, ZOLET23THIRZREZLZEZ S,
DNA — PEI — H 5 Z &I R U XA F L > Bl 5 2%
L& FRRIC293 TR Z A S E S 2 ENPI 5N
72> 72, 293T Ml 2 FH U T Cys DML #3217
S kR, 0-5 mmol/L £ TOIEE I EERN
83-117% THH Z L bR L=, BLEXD. HilEic
BEE G5 2R NERO CCys ZREHICIFRNT 5 2 & T,
PEIZ > ho—)L KUY — X7 Sl ks 2 & im &
HHTEEEBZAONS, TR KEFERT<A1
70N A (QCM)IZ & % DNA —PEIESGHU U
— 2 DR L CHITEAN DG T8 A DB Z D
TEENEZEZI TS,
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Development of X-Ray Optics for Ultra Trace Elemental Analysis Using
Low Power X-Ray Source
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KD BN G E Ol E NS < TES
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D ILHE DK TR Z K 30pg ITF Tt L 7z,

XM EFRT OMERE (BRI E)Z2m LIE2
EDIZiE. 2 T —RuOILHHOZEMAE RIS &
BrET2ZEMMBERRRTH D, AHHTIE &
it > 7oA RL YT >% (ELID) WFElES &
ORI E Z A GDETHA L., (K22H)E
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KRB LFAF7E=
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BB E (BIRTRZS), R S i 22 ] BB & (
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o ATOEZATIE. AZIVEKR Y FIEA, FEWTA
WL IRy KA, TOBEEEIN—R R
A Z W= ELIDRFHI 2170, & TR E L T
MR HEZIT o /2e AF IR RIBEGB LU A S
WL VR REAZ[EA U ZELIDBENC X 0,
BRKBEZLETHIENTEE, ENTIN—R
Y REAZHWELIDBIHIZTT5 2 & T, 1M
221 mm™ ' OZEREREE S DM I AEI L, 0.72 x
0.54 mm’ D fHEL T D PV(Peak to valley) 33 & U rms(ro
ot mean square) N R < 725 7z, BETRIEHE 217
ST ET. M5 221 mm ™ OZEMAREZE S DM
IMESITMEIE L. 0.72 x 0.54 mm’ DFEIT 10 nm
DOPVIEBEII T nmDrms B ZEER L=, A0t
ANTHRE ] C S i P oD 22 [ R B8O & 2 {95 Z
LEAfEE L, ARBOXMAFZTERFETSZ
CITBHREEE Z 5N 5,
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Slow-Light Dispersion Engineering in Plasmonic-Photonic Hybrid Systems
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AR (KEE - B0 ARRBICHETEL2EN
bolz, RiT, S I 2 altikick s EEm
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I LT ETIED K ORNER D T N2
CRHEBLUETREBORGEZTTD L EBHIT, &
B ) IR T LA 2RI EHIETTIAEUNR
BADIEHICREIEZNWEE R D,

@:iL%¥%E Publications
(e300



Ishikawa A., Tanaka T.: “Two-photon fabrication of three-
dimensional metallic nanostructures for plasmonic
metamaterials”, J. Laser Micro/Nanoengineering, in
print*

Ishikawa A., Oulton R. F., Zentgraf T., and Zhang X.:
“Slow-light dispersion by transparent waveguide-plas-

mon polaritons”, submitted*

@OZEHZEK Oral Presentations
(EIRBE230)
Ishikawa A., Tanaka T.: “Bilayer graphene for active plas-

monics and metamaterials”, Taiwan-Japan Nanopho-

XXII—021

tonics and Plasmonic Metamaterials Workshop, Taipei,
Taiwan, Jan.(2012)

Ishikawa A., Tanaka T.: “Two-photon fabrication of three-
dimensional metallic nanostructures for plasmonic
metamaterials”, LPM 2011, Takamatsu, Japan, Jun.
(2011)

(HHNZERE)

AIE, HPHRS: < A5 TU IV, 82 Rk 7
F RV AT VRTT L, HE 10 H (2011)

AN, HPRSB: N1 7Yy B 2 RIRE,
55 72 RS B E oAb 2, 1UE, 8 H (2011)

IR J ICE TR RBEREF VAR T FROEHEEIE :

AVFoov&FRDELT
Coordination of the Inheritance of Chromosomes and Organelles in
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Design and Applications of Novel Superconducting Devices with

Layered Superconductors

Name: Ota Yukihiro

Host Laboratory: Advanced Science Institute

The purpose of this research project is to explore new
applications of superconducting devices with layered su-
perconducting materials (e.g., copper oxide and iron-based
superconductors). In this research period, we focused on
more conventional materials such as NbN and MgB, as
a first step for accomplishing the aim, and developed a
theoretical and numerical method to examine properties
of various superconducting devices. In addition, we stud-
ied quantum protocols that can be implemented in various
superconducting qubits. Studying both “hardware” and
“software” aspects, the results in this period can contrib-
ute to the development of superconducting devices.

We had three main results: (1) dynamical simulation
of superconducting detectors, (2) macroscopic quantum
tunneling in multigap superconductors, and (3) system-
atic recipes for general quantum measurements. We will
briefly summarize each of these results subsequently.

(1) Dynamical simulation of superconducting detectors. A
superconducting detector made of NbN is a device to pre-
cisely detect a single photon, neutron, and other massive
particles. This detector is a key ingredient for the success-
ful implementation of quantum key distribution. Although
the physics in the superconducting detectors is based on
nonequilibrium transport phenomena and heating effects
in superconductivity, their full dynamical analysis has
rarely been performed. We numerically study the dynami-
cal response of a superconducting detector using the time-
dependent Ginzburg-Landau equation coupled with heat
diffusion and Maxwell equations. Our simulation shows
an effective transition from a superconducting to a resis-
tive state via an incident photon with energy higher than
the transition temperature.

(2) Macroscopic quantum tunneling in multigap super-
conductors. Since the discovery of layered iron-based
superconductors, the studies on multigap superconductors
has drawn attention. To explore the contribution of multi-

ple superconducting gaps to superconducting devices, we
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focused a well-known multigap superconductor, MgB,,
and studied a fundamental property of a superconducting
qubit, macroscopic quantum tunneling. Since this mate-
rial is a two-gap superconductor, its theoretical treatment
is easier than iron-based superconductors. We formulated
a method to take spatial modulation of relative phases
between two superconducting gaps into account on the
basis of a theory of macroscopic quantum tunneling in a
long Josephson junction with a single-gap superconduc-
tor.

(3) Systematic recipes for general quantum measure-
ments. Recently, measurement-based quantum control
has been actively studied. This is a scheme to control a
quantum system with use of back action from measure-
ment processes on quantum states. A systematic recipe for
implementing general quantum measurements has been
in great demand. We proposed a method for construct-
ing general measurements on a single qubit with simple
experimental setups. We showed how measurement
characters (i.e., measurement strength and measurement
direction) are tuned by adjusting the parameters in experi-
mental apparatus. Our scheme is applicable to both linear

optical and superconducting qubits.
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Carbon Nanotube Integrated Single Electron Memory Device
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The CNT integrated single electron memory cell con-
sists of two key components: (1) Storage part which con-
tains both multiple tunnel junctions (MTJs) and the mem-
ory node. The MTJs are used to keep information stable in
memory node. (2) Readout part which works as a charge
senor to read the charging states of the storage node. Our
research started from realizing the readout part by inves-
tigating CNT integrated charge sensor device. Structures
of quantum dots capacitively coupled with a single elec-
tron transistor which works as an integrated charge sen-
sor have been achieved in GaAs/AlGaAs heterostructure,
graphene and intrinsic silicon. However, compared with
the achievement based on top-down materials via elec-
tron-beam lithography and etching methods, integrated
charge sensor device based on bottom-up approaches,
such as nanotubes and nanowires, still needs much more
efforts. Usually, both nanowires and nanotubes are ran-
domly dispersed or oriented on substrates, which brings
an obstacle for the controllable achievement of nanow-
ires and nanotubes integrated single electron devices and
also the circuits. In order to solve this problem, we have
developed the fabrication process which produces SW-
CNT-dots integrated with SWCNT-SET which works as a
charge sensor, by taking advantage of the transfer-printed
techniques. The well aligned CNTs were grown on quartz
substrates based on patterned ferritin catalysts by CVD.
The distribution of the SWCNT length was controlled in
the range of 2 p m ~ 20 pm. After growth, well-aligned
SWCNTs are transferred from quartz substrates to SiO,
(200 nm)/Si substrates by using PMMA (polymethyl-
methacrylate) resist and a thermal tape (Revalpha, Nitto
Denko Co.) as mediators. Two SWCNT-SET devices were
fabricated based on two parallel SWCNTs. The coupling
metal structure, which were realized by deposition thin

metal on top of thse two SETs, was designed to increase
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the coupling capacitance between these two devices. One
of the SET devices was chosen to perform the SWCNT-
dots function and the other SET device was operated to
perform the sensor function. The charge sensing function
has been proved by the phenomenon that the current of
SWCNT-SET shows discrete jumps when charge number
is changed in the capacitively coupled SWCNT-dots. In
addition, we also investigated the coupling details based
on this device structure, because this structure also can
play key role in quantum computation. The phenomenon
that the CB oscillation peaks of SWCNT-dots in SET
(1) are shifted due to the single charging event in the
capacitively coupled SWCNT-dots in SET (2) has also
been observed in certain V,/(2) ranges. The low value
of C (coupling capacitance)/Cs(total capacitance in the
double quantum dot system) for the dot exists in SET (2)
is believed to be responsible for the reason why similar
CB peak shifts phenomenon was not observed in SET (2).
The experimental results demonstrate a promising step
towards the achievement of CNT integrated single elec-
tron memory device. In the following research plan, we
propose to investigate the memory node and also further
optimizing fabrication process to improve the stability of

the device performance.
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Effective Solar Cells with Optical Thickness and Physical Thinness Based on
Plasmon Gap Mode.
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Quantum Many-body Phenomena in Magnetic Molecules on Solid Surface
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Development of Ab Initio Nuclear Structure Model and Its Application to
Unstable Nuclei and Astrophysical Reactions
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Gauge/Gravity Dualities and Black Hole Microstates
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Determination of QCD Phase Diagram at Finite Real Chemical

Potential by Using the Imaginary Chemical Potential

Name: Kashiwa Kouji

Host Laboratory: Nishina Center for Accelerator-Based Science

Description of research: We investigate the phase
structure of Quantum Chromodynamics (QCD) at finite
temperature and chemical potential. Moreover, we also
investigate the system under the uniform strong (electro-)
magnetic field.

In usual investigation of QCD phase diagram at finite
chemical potential, the local version of the Polyakov-loop
extended Nambu-Jona-Lasinio (PNJL) model is widely
used. However, this model has several problems, for ex-
ample the uncleanness of the momentum cutoff. To re-
duce such unclearness, we use the nonlocal version of the
PNJL model and make it more reliable model to include
the quark wave function renormalization and the vector-
type interaction.

In this term, we obtain following results:

(1) Vector-type interaction plays important role and its

Theory group
(Supervisor: McLerran Larry)

strength can be determined by using the imaginary chemi-
cal potential in the nonlocal PNJL model. Estimated
strength from lattice QCD data is well agreed with the
theoretical estimation.
(2) The system under the uniform strong (electro-) mag-
netic field can be used to investigate the entanglement be-
tween the chiral and the deconfinement transition. If the
strength of the magnetic field is sufficiently strong, the
transition at zero chemical potential can be turned into the
first-order transition.

From above results, we show the possibility that we can
obtain several constraints of the model design from the
imaginary chemical potential and the system under the

strong magnetic field.
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Extraction of Neutron Density Distributions of Exotic Nuclei Via Proton Elastics
Scattering in Inverse Kinematics, and Study of Neutron Matter EOS
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Neutron Skin and Equation of State of Nuclear Matter Probed by
Proton and Neutron Distributions
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Studying Explosion Mechanisms and Nucleosynthesis of Core-collapse
Supernovae, Based on X-ray Observations of Supernova Remnants

AHFEDOH ML, BH RS (SuperNova Remna
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<HIEHBTWARWATRENES 5, Z T TAREREIR.
SNRIZHE T 2 CXBHOFEITIE Uiz, BARHIC
3. XMM-Newton IZ & % Puppis A SNR D5 —
& & @t Uiz, & 2 TlRrsstdse LR U TR
U. B THONREEDEHNXBRARY MIVERGL
2o TDRER. NUDTLKRBHEAT DS DKo
% 25T & LSRRI EET B Z EITRY). EN5 D
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EERA L, ZOZHYITHREEZBEL /2
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SNRZHBMT DL 5REL., RINITE->TWD,
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Katsuda S., Mori K., Petre, R., Yamaguchi, H., Tsunemi
H., Bocchino F., Bamba A., Miceli M., Hewitt J.W.,
Temim T. Uchida H., and Yoshii R. : “Suzaku detection
of diffuse hard X-ray emission outside Vela X, Publ.
Astron. Soc. Jap., 63, 827-836 (2011) *

Yamada S., Uchiyama H., Dotani T., Tsujimoto M., Kat-
suda S., Makishima K., Takahashi H., Noda H., Torii S.,
Sakurai S., Enoto T., Yuasa T., Koyama S., and Bamba
A. “Data-oriented Diagnostics of Pileup Effects on the
Suzaku XIS” Publ. Astron. Soc. Jap., 63 53*

Uchida H., Tsunemi H., Katsuda S., Mori K., Petre R. and
Yamaguchi H. : “A Suzaku Study of Ejecta Structure
and Origin of Hard X-Ray Emission in the Supernova
Remnant G156.2+5.7”, Publ. Astron. Soc. Jap., 63 61*
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Katsuda S., et al. : “Supernova Remnants: A Short Review
of Recent X-Ray Observations”, FRASCATI WORK-
SHOP 2011, Vulcano, Itary, May 2011
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Research on Black Hole Accretion Flow with Hard X-ray Spectroscopy and
Soft X-ray Polarization
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1o £/, X)VU U Tirbhza—ov/)ND2
EIC—FE O X BB DO EIBE =3I THIA T Ok 2
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Yamada S., Makishima K., Kitaguchi T., and the HXD
team: “The Calibration Improvement on GSO Scintilla-
tors in the Suzaku Hard X-Ray Detector”, Publ. Astron.
Soc. Jpn., 63, 3, pp.645--656, (2011) *

Yamada S., Makishima K., Katsuda S., and the XIS team:
“Data-oriented Diagnostics of Pileup Effects on the Su-
zaku XIS”, Publ. Astron. Soc. Jpn., 64, 3, (2012) *
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Yamada S. and the HXD team: “Status report of the Hard
X-ray Detector”, SLAC, USA, June, (2011)

Yamada S.: “Wide-band and Intensity-related spectral
analysis of Cygnus X-1 with Suzaku”, SLAC, USA,
June, (2011)

Yamada S.: “Suzaku Wide-band Spectral Analysis on
Short/Long Time Scales of Cygnus X-17, Berlin, Ger-
many, June, (2011)
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Development of Helium Gas Charge Stripper

HA K A TIE R E LT 5729,
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FIE(~1am) THURAD DD, TIAXAIT 14~
RS HiizHWS, 759X 2 RIEY
—JREZIT L TRRAEER) SIRERZ R L
TORWTEO, FIAIT—INEHRIKEE.
FHEDIRIEE T 5 2 & T BRI & RIEHB DA
EHRI70065129 D Z EMNATRETH 5.
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BiiE., Q7 INVIHAERWET S X< Lkl
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W% # K4 APRK Y Kuboki Hironori
Z AW g8 E - RISt o v —

i g = AL T — A
(g YL JRA)
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BIFEAERSNT £5% K TH =, KIELD
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BN, BEEEEE—-LTAA VHEEEELL
LZREETOMEDITI TETH D, 7 — &z
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5N, FxUN—NTOT T X DR %Al S
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Study of Quark Gluon Plasma with Heavy Quark Using Silicon Vertex Detector
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REFOTNDIEMNRINE, TITT, BT F
—JTH5, cIF—V. b F+—IDITRIVF—
HRETNTNRD, TRIF—HERRIIHNT S
+—7 OHBEKEEEZFFHICHRLE ZENTEN
3, ZOBIGE X T BB ENRICT S ENT
x5,

K [# Brookhaven E N7 BFJEFr (BNL) 12d 5 H A
7 > ZE RN S (RHIC) 1Z. QGP OHF%E % Rl fEIC
THMERTH D, BEEBRNEITINTNS,
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ERET D000 — RBFRETTo . EBRETH
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Cooperative Computations by Dorsal and Ventral Basal Ganglia

with Serotonin Neural Modulations for Valuation and Decision Making

Name: Santos Gustavo

Host Laboratory: Brain Science Institute

Description of research: The basal ganglia are a major
subcortical neural circuit, composed of several nuclei, and
play a pivotal role in motivated behavior or so-called val-
ue-based decision making. The striatum, an input channel
of the basal ganglia, is composed of subdivisions defined
by topographic anatomical connection with different
brain areas. The exact nature of their differential func-
tion, however, remains elusive. My research consisted of

analyzing single neuronal activity in different parts of the

Laboratory for Integrated Theoretical Neuroscience

(Supervisor: Nakahara Hiroyuki)

caudate nucleus, a part of the striatum, while monkeys
performed an asymmetrically-rewarded oculomotor task.
The aim of the research was to build a computational un-
derstanding of the differential function of striatal regions
using modeling approaches in combination with advanced
data analysis. In a given block of the asymmetrically-
rewarded oculomotor task, a target in one direction was
associated with a large reward while the other associated

with a small reward. The target position-reward value
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contingency was switched between blocks. We found that prevalent in the anterior part of the caudate. Altogether,

reward-related information of different temporal scales the results indicate that the caudate subdivisions process
was encoded in different parts of the caudate. A longer reward information differently in terms of the timescale,
timescale, or block-wise reward context information was size, and context of the rewards.

correlated with a behavioral bias. It was strongest during

the pre-target epoch and was most prevalent in the dor- @Oral Presentations

sal caudate. A shorter timescale, or trial-by-trial reward- Santos GS, Gireesh ED, Yu S, Plenz D, Nakahara H, “The
value information was often represented during the post- hierarchical model captures higher-order interactions in
reward epoch with small reward preference distributed cortical activity.” The 34th Annual Meeting of the Ja-
over all caudate regions, while large reward preference pan Neuroscience Society (Neuroscience 2011). Yoko-
was mostly prevalent in central and ventral caudate. Some hama, Japan.

neurons also exhibited a positive reward-prediction error (International conferences)

signal after the delivery of an unpredicted large reward, or Santos GS, Gireesh ED, Yu S, Plenz D, Nakahara H,
a reward history signal - i.e., their pre-target activity was “The structure of higher-order interactions in cortical
modulated by the value of previously obtained reward. LFP activity.” 2011 Society for Neuroscience Meeting.
The prediction error signal and reward history signal were Washington, DC.

XXIII—022 Memory Transfer Across Neural Networks in Memory Consolidation

WFgE # K4 -0 Bf8  Sakaguchi Masanori
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WFFEN AL Herpes Simplex Virus D3 FEFAD T A JVANRY & —

LA TR S NS BRITHBN T, mICifE ZHRMETE 5% BLUORETEEEBRR R
BT I Nl BEERIE. FEERZRIC. KK i BB RIS 3RE) 2L 7=,
REICBWTERMEEE L TEELEINS Z LR NIEZES VNV EThH 5 ChR2IZFHF AL —HF
INTNVD, LMALANS, ZOBRIZBNWT, #f — X DORBIT XV #RETE B 2 1§ 1L T Z 5,
FAREATEDX S ICREERMNMEEIN TS ChR2 Z tif% (BN BHEBE TEL L 2 F U A
DI S VTRV, BB N TR, JGER WA Z BRI AWNICES L. HHRITEEMAE T
221 FE (Optogenetics) % WY, i N O % it i THEWZ T2 Z & THEOMEMEZ E LS
M CRIBHEHRNIEEINT NS Z L2 EEMHT B2 ZEITRINL = (0=4), 51T, Bffird &
%, ZOHIT, FTREEROIZLBIRICBITS BIRNTREEZMAGDES LT, Bz A
K RFNEW S MITT D, KT, EHEHOERXED THNZHEE T S EANICAENFIH TE 2 itz
M 2 LT 5. mRIC, RO EmANERIE X AR U7,
Nt REMOEB 2 A THICHEAT2 Z & ArchT3fkfa L —F = ORPIC L 0. #REE
T, WSO EORKERIC, WD, EOREREN B TE25 2N ETH5, Dr. Tom McH
WNMEKFT DL DITRENEHSNTT %, ugh & QILFEBZEICK D, AR D ArchT transgenic
HEPRIR L mouse % KR TL —HF—Hlld 5 Z LIk D

AAEPEVIWIFERI T I B BRI OB L BomkEEZz Nk TcE s 2 Lzl L .
HRZRIT D= DB ZETT - 7, 2. HFEEIT D= D E B f
1. WFFE BRI DB S A AAE D D

WS N T, Lentivirus, Adeno Associate Virus, FEHRE
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in vivo i&EhEsREDFESL & I A
Cell Type-specific Recording of Neuronal Activity in vivo by Novel
Genetically Encoded Ca*' Indicators
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Moz,
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FEEARE I T — A
1 S R SN )
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Yamada Y., Michikawa T., Hashimoto M., Horikawa K.,
Nagai T., Miyawaki A., Hausser M. and Mikoshiba K. :
“Quantitative comparison of genetically encoded Ca2+
indicators in cortical pyramidal cells and cerebellar

purkinje cells” Front. Cell. Neurosci. 5 18 (2011) *

@OER Presentations
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Yoshiyuki Yamada: “Quantitative comparison of geneti-

cally encoded Ca2+ indicators in mammalian neurons”,

TRERH AR R EBERF - MRS, 117 (2011)
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Mathematical Modeling and Ethological Experiments on Chorus of
Japanese Tree Frogs
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@:ELH¥Z%X Publication
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Mizumoto T., Aihara I., Otsuka T., Takeda R., Aihara K.,
Okuno H.G.: “Sound Imaging of Nocturnal Animal
Calls in Their Natural Habitat”, Journal of Comparative
Physiology A, Vol. 197, No.9, pp.915-921 (2011). *

Mizumoto T., Aihara I., Otsuka T., Awano H., and Okuno
H.G.: “Sound-to-Light Conversion Devices to Visual-
ize Acoustic Communication among Small Nocturnal

Animals”, Bioacoustics Journal, Submitted. *
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Engineering Fluorescent Protein-based Biosensors for Metabolic Flow
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Foreword

This Annual Report is a compilation of the research reports submitted by the Foreign Postdoctoral
Resaearchers (FPRs) working at RIKEN in fiscal 2011.

The FPR Program

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

become a global leader of scientific endeavor.

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

currently being conducted at RIKEN.

Program Features

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

FPRs must have a PhD in the natural sciences or expect to be awarded a PhD at the time of application,

and must be able to pursue innovative research at RIKEN under the direction of a RIKEN laboratory head.

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

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

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

from the laboratory head.

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

There are now 53 FPRs at RIKEN.

February 2013
RIKEN
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Identification and functional analysis of organ size gain-of-function mutants using

the Arabidopsis FOX-hunting system

Name: Breuer, Christian

Host Laboratory: Plant Science Center

Plant organ growth is regulated by two distinct process-
es, first, the cell number which is controlled by cell prolif-
eration, and second, the size of individual cells, which is
regulated by cell expansion and cell growth. In Arabidop-
sis, various studies have shown a strong positive correla-
tion between cell size and cell ploidy. In this respect, we
have previously identified GT-2-LIKE1 (GTL1), a mem-
ber of the GT2 trihelix transcription factor family, as a re-
pressor of ploidy-dependent cell growth in trichomes (leaf
hairs)'. GTL1 is a nuclear protein, and further expression
analysis revealed that GTL1 is expressed during late de-
velopmental stages of cells throughout the plant, suggest-
ing that GTL1 functions as a general transcriptional regu-
lator of plant cell growth. Ectopic expression of GTL1
using a ubiquitous promoter results in strong repression of
seedling growth, confirming that GTL1 negatively regu-
lates growth processes. To gain further molecular insights

into how GTLI1 functions during growth of individual

Cell Function Research Unit

(Laboratory Head: Keiko Sugimoto)

cells, we are now using ectopic cell- and tissue-specific
promoters in plant shoots and roots.

Furthermore, we have now identified the first down-
stream target of GTLI using a combined approach of
ChIP-on-chip and trichome-specific microarray. The vali-
dation, investigations of the expression pattern in plants,
as well as the examination of genetic relations between
GTLI and its target are currently ongoing.

1. Breuer et al, Plant Cell 2009

@ Oral/Poster Presentations

(International conferences/Seminars)

Christian Breuer, Ayako Kawamura, Takanari Ichikawa,
Rumi Tominaga-Wada, Takuji Wada, Youichi Kondou,
Shu Muto, Minami Matsui and Keiko Sugimoto. Tran-
scriptional regulation of cell growth in Arabidopsis.
ICAR - International Conference for Arabidopsis Re-
search, June 2011, Madison, Wisconsin, U.S.A.

Determing the Cellular and Molecular Mechanisms of Synapse Formation

in the Zebrafish Nervous System.

Name: Campbell, Douglas Simon

Host Laboratory: Brain Science Institute

Description of research:

My studies during FY10 identified using a genetically-
encoded indicator of Caspase3 activity fount that it is ac-
tivated locally in retinal ganglion cell (RGC) axon arbors
during the processes of arborisation and synapse forma-
tion. The observation that loss of function of Caspase3
results a decrease in branch tip additions and retractions
i.e. arbor dynamics leads to the hypothesis that it may be
activated locally at branch points in dynamic arbors and

has been my topic of investigation for FY11. To test this

Laboratory for Developmental Gene Regulation
(Laboratory Head: Hitoshi Okamoto)

hypothesis the Venus/ ECFP ratio of SCAT3 (a reporter
of Caspase3 activity) were measured at single time points
at branch points and compared to surrounding regions of
the same arbor. Young arbors had a significantly lower
Venus/ ECFP ratio indicative of Caspase3 activation at
branch points compared to surrounding regions. Cas-
pase3 activation at branch points was reduced in the
presence of morpholino antisense oligonucleotides tar-
getting caspase3 mRNA. In contrast a significant differ-

ence in Caspase3 activation was not observed between
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branch points and surrounding regions of older arbors.
These observations suggest that Caspase3 may be acti-
vated at branch points of young dynamic arbors com-
pared to older more stable arbors. To directly observe
Caspase3 activity in known dynamic and stable branch
tips, time-lapse imaging was performed. Time-lapse im-
aging revealed that Caspase3 was activated rapidly at the
branch points of newly formed branches. In contrast,
Caspase3 was not significantly activated at stable branch
tips, which persisted throughout the imaging period. Fur-
thermore, rapid and global activation of Caspase3 was
observed in arbors undergoing a transition from a dy-
namic growing phase to the beginning of a degenerative
process. These observations suggest that Caspase3 activ-
ity at branch points is critical for arbor dynamics and
point to a possible role for ectopic Caspase3 activation in
axonal degeneration in the central nervous system in
Vivo.

Further key questions include how is Caspase3 regu-
lated in RGC axon arbors? What are the downstream tar-
gets and how do they interact with the cytoskeleton to
regulated branch tip addition and retraction? Possible up-
stream regulators include members of the classical mito-
chondrial pathway for Caspase3 activation. These include

mitochondria themselves and initiator caspases such as

Caspase9. Mitochondria were observed in zebrafish axo-
ns and in situ hybridisation revealed that caspase9
mRNA is expressed in the RGC layer of the retina and is
also transported into RGC axons, suggesting that mem-
bers of the mitochondrial pathway are present at the cor-
rect time and place to play a role in Caspase3 activation
in RGC arbors. Candidates for downstream targets of
Caspase3 include cytoskeletal proteins, regulators of ac-
tin polymerisation and depolymerisation and components
of signal transduction pathways. Calpastatin, an inhibi-
tor of the calpain protease system, is a direct target of
Caspase3 in the zebrafish. Cleavage of Calpastatin, leads
to activation of the calpain system and degradation of al-
pha II spectrin/ fodrin, an abundant structural cytoskele-
tal component in axons. In situ hybridisation identified
that calpastatin mRNA along with two members of the
calpain family (calpain2a and calpain2b) are expressed
in the RGC layer of the retina, suggesting they are ex-
pressed at the correct time and place to play roles in ar-
borisation and synaptogenesis. Similarly, the expression
of gelsolina, an actin severing and capping protein and
Caspase3 substrate was found to be strong in RGCs.
These studies have indentified candidate upstream regu-
lators and downstream targets of Caspase3, which will

now be subjected to functional studies.

Study on the roles of RNA binding proteins on mRNA metabolism

Name: Huang, Lin

Host Laboratory: Advanced Science Institute

ABSTRACT

Ewing’s sarcoma family tumors (ESFT) are aggressive
and highly metastatic, and considered to be due to the
EWS/FLI-1 fusion protein. However, EWS/FLI-1 alone
is not sufficient and additional events seem to be critical.
Here, we showed that EWS repressed protein expression
in a tethering assay. mRNAs bound to EWS were deter-
mined by RNA-immunoprecipitation Chip (RIP-CHIP)
assay, and one of them, proline-rich Akt substrate of 40
kDa (PRAS40) mRNA, directly interacted with EWS. An
inhibitor of Akt, API-2, repressed ESFT cell proliferation.

Molecular Entomology Laboratory
(Laboratory Head: Shogo Matsumoto)

We demonstrate that EWS negatively regulated PRAS40
protein expression by binding to PRAS40 3’UTR. Fur-
thermore, PRAS40 knockdown inhibited the proliferation
and metastatic potential of ESFT cells. The inverse pro-
tein levels of EWS and PRAS40 in ESFT cells suggest a
pathological role for EWS and PRAS40 in ESFT. Thus,
our data suggest that PRAS40 could be a novel target for
ESFT treatment.

INTRODUCTION

Ewing’s sarcoma is an aggressive and highly metastatic

malignancy predominantly afflicting children and young
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adults. EWS (Ewing’s sarcoma) encodes an RNA-binding
protein whose function remains largely unknown, where-
as the chromosomal translocations that fuse the N-termi-
nal domain (NTD) of EWS to the DNA-binding domain of
transcription factors such as FLI-1, ATF-1 and WT1 are
thought to be responsible for causing Ewing’s sarcoma
family tumors (ESFT). The (11;22)(q24;q12) chromo-
somal translocation producing the EWS/FLI-1 fusion pro-
tein accounts for approximately 85% of ESFT. However,
the ectopic expression of EWS/FLI-1 results in growth
arrest or cell death rather than the promotion of cellular
transformation in cells and in mice. Also, EWS/FLI-1
alone was not sufficient to confer sarcomatous change in
a transgenic mouse model. These results indicated cellular
context to be critical to the oncogenic potential of EWS/
FLI-1, and additional events to be required for transfor-
mation to occur. Moreover, EWS is absent or expressed
as two splicing variants in ESFT, suggesting EWS itself
or its targets to play important roles in the development
of ESFT.

RESULTS

I found EWS has strong repression effects on the ex-
pression of the reporters to which EWS were tethered
without influencing the RNA levels. I further investigated
the mRNAs bound to EWS by RIP-CHIP, and approxi-
mately 1,000 mRNAs were found to bind EWS. In the
continual experiments of Real Time PCR, the interac-
tion was confirmed between the more interesting and
higher ranking 22 mRNAs with EWS. One of the bind-
ing mRNA, PRAS40 (AKT1S1), was found to bind EWS
through its 3°UTR in UV crosslinking assay.

The PI3K /Akt signaling pathway is constitutively acti-
vated in Ewing’s sarcoma cells. Cells treated with an Akt
inhibitor, API-2, showed a significant decline in prolifera-
tion, as did those treated with a PI3K inhibitor LY294002
or Wortmannin. API-2 inhibits the phosphorylation of

Akt, thus downstream of Akt would be important to the
proliferation of ESFT cells. This prompted us to elucidate
the role of PRAS40 in ESFT cells.

I investigated the effects of EWS on the expression of
PRAS40. The protein level of PRAS40 was found to be
downregulated with overexpression of EWS but not with
that of EWS/FIli-1. Also, the cells knocked down of EWS
exhibited significant upregulation in the protein level of
PRAS40. To confirm the repression effects of EWS on the
expression of PRAS40, the vector of luciferase reporter
followed with the 3’-UTR of PRAS40, was introduced
into cells together with EWS expressing plasmid or with
siRNAs of EWS. The results showed that EWS represses
the expression of the reporter containing PRAS40 3°’UTR,
whereas the RNA levels were not affected examined in
Northern Blot.

Next, a remarkable inhibition to cell growth and cell
motility was observed when PRAS40 was knocked down
in the Ewing’s sarcoma cell lines. Simultaneously, the
protein level of caspase-3 activated form increased when
PRAS40 was knocked down, which indicated the growth
repression might due to apoptosis. Finally, the protein lev-
els of EWS and PRAS40 were examined in five Ewing’s
sarcoma cell lines, and four of them showed a decreased
EWS expression and an increased PRAS40 expression
comparing with HUVEL cell. Taken together, EWS nega-
tively regulates PRAS40 protein expression by binding to
the 3’"UTR of PRAS40. PRAS40 contributes to the onco-

genesis of Ewing’s sarcoma.

@ Publications

(First-author papers)

Huang L, Nakai Y, Kuwahara I, and Matsumoto K, “Func-
tional repression of PRAS40 expression by EWS in

Ewing’s sarcoma” Cancer Research (submitted).
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pSR Study of Cu-Spin Fluctuations in Electron-Doped High-T, Superconducting Cuprates

Name: Risdiana

Host Laboratory: Nishina Center for Accelerator Based Science

1. Background and Objective

The so-called hole-electron doping symmetry in the
high-T, cuprates has been one of central interests in re-
lation to the mechanism of the high-T, superconductiv-
ity. The observation of the spin-charge stripe order in
hole-doped system of La, Sr,Cu, Zn O, ' has attracted
great research interest due to the basic idea that the spin-
charge stripes play an important role for the appearance
of the high-Tc superconductivity while the static stripe
order kills the superconductivity. However, the stripe cor-
relations have not yet been clearly observed in electron-
doped systems even though the high-T, superconductiv-
ity actually appears. Thus, the dynamic property of the
electronic state of electron-doped systems is now recog-
nized to be important to understand the role of stripes to
the superconductivity. Because of difficulties of sample
preparations, the study of electron-doped systems has not
been progressed so much and clear answer has not been
achieved yet.

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
fluctuations in electron-doped systems of Eu, Ce Cu,.
Ni,O,,, ;. 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
Pr, .LaCe CuO,. Thus, the behavior of Cu-spins and the
effects of impurities to them can be observed directly.

2. Results and Discussion

First, ZF-uSR data of electron-doped cuprates Eu,
.CeCuO,,, ;, found that even in the impurity-free
sample, a fast depolarization of muon spins is observed
below 100 K, which may be due to the effect of Eu** mo-
ments. It probably indicated that the spin-charge stripe is
restricted to describe the superconductivity in the hole-
doped systems and that the high-T, superconductivity in

the electron-doped systems is essentially different from

Advanced Meson Science Laboratory
(Laboratory Head: Masahiko Iwasaki)

that of hole-doped systems. Some studies are still needed
to be improved for investigating the Cu-spin dynamics
and possible existence of the stripe correlations in the
electron-doped cuprates such as performing ZF-uSR mea-
surements in magnetic impurities effect of Ni, which has
large magnetic moment on the Cu-spin dynamics of Eu,
.Ce Cu, NiO,,, ;-

Second, in the period between April 1 and April
30, 2011, I focused to prepare high quality samples of
Eu, 4;Ce,,;Cu, Ni,O, with y = 0, 0.01, 0.02 and 0.05. All
samples were prepared by the ordinary solid-state reaction
method. All of the samples were checked by the powder
x-ray diffraction measurements to be the single phase of
T’ type structure. These high quality samples are planned
to carry out for uSR measurements in September 2011.
References
'T. Adachi et al., Phys Rev. B 70 (2004) 060504(R).
“Risdiana et al., Phys. Rev. B 77 (2008) 054516.

@ Publications

Tanabe Y, Adachi T, Suzuki K, Kawamata T, Risdiana, Su-
zuki T, Watanabe I, and Koike Y, “Similarity between
Ni and Zn impurity effects on the superconductivity
and Cu-spin correlation in La, Sr,Cu, NiO, high-T,
cuprates: A comparison based on the hole trapping by
Ni” Phys. Rev. B Vol 83, pp 144521 (2011).

(Other)

Risdiana, Safriani L., Bahtiar A., Fitrilawati, Siregar R.
E., Hidayat R, Nugroho A. A. Tjia M. O. and Watanabe
I, “uSR study of structure dependent electron radical
dynamics in polythiophene and its derivative” RIKEN
Accel. Prog. Rep. 44 (2011), accepted.

@ Presentation

(International Conferences)

Risdiana, Safriani L., Bahtiar A., Fitrilawati, Siregar R.
E., Hidayat R, Nugroho A. A. Tjia M. O., Watanabe I,

“uSR study of charge carrier diffusion in regio-regular
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Poly(3-alkylthiophene)” International Symposium on

Functional Materials Science, Bali Indonesia 2011

4-27, 28.

Dissecting plant innate immunity using chemical genetics

Name: Saska, Ivana

Host Laboratory: Plant Science Center

Description of research:

The aim of my research is to discover novel compo-
nents of plant immunity signalling pathways. To do this I
have been using a chemical genetics strategy; identifying
small molecules that perturb plant responses to disease
then determining the biological targets of these molecules
and characterising their role in plant immunity. Small
molecules have the potential to physically interact with
and thereby modulate the function of a huge diversity of
biological compounds and are especially useful in identi-
fying structurally related targets, such as protein families,
which are difficult to investigate with genetic approaches.

Recently the main focus of my research has been the
identification of the molecular target of compound P7. In
earlier work we showed that P7 potentiates the cell death
response of Arabidopsis thaliana cells to the bacterial
pathogen Pseudomonas syringae pv tomato DC3000 ex-
pressing the effector aviRpm1 (Pst avrRpm1) and that it
also increases the susceptibility of Arabidopsis plants to
disease caused by the more virulent Pst DC3000 strain.
The abrogation of the P7-induced increase in disease sus-

ceptibility in mutant plants compromised in salicylic acid

Plant Immunity Research Group
(Laboratory Head: Ken Shirasu)

(SA) production and signalling suggested that P7 targets
a component of an SA-dependent signalling pathway. SA
is a plant hormone known to be important in defence re-
sponses but its molecular targets in planta are not known
and we are therefore very interested in investigating how
the target of P7 effects SA signalling.

The molecular target of P7 was identified using an af-
finity pull-down method. Agarose beads conjugated to P7
were used to precipitate proteins from Arabidopsis leaf
extracts that bound to the chemical and then sequenced by
tandem mass spectrometry. The single protein identified
by this procedure, called P7 binding protein 1 (P7B1), is
a member of a large family of plant proteins with poorly
understood functions. Current research is focused on de-
termining how P7B1 mediates plant immunity. Mutant
plants are being produced in which P7B1 gene expres-
sion is up- and down- regulated to analyse the effect of
P7B1 on disease responses and P7B1 is being extracted
from plants for analysis of SA binding. It is anticipated
that characterisation of P7B1 function will provide novel

insights into SA signalling in plant immunity.

Analysis of transcriptional regulators governing establishment of cell-to-cell

reprogramming network

Name: Shin, Jac Woo

Host Laboratory: Omics Sciences Center

The inference of transcriptional networks that regu-
late cell reprogramming process presents valuable chal-

lenge in systems biology. Cell reprogramming describes

LSA Technology Development Unit
(Laboratory Head: Yoshihide Hayashizaki)

a switch in one cell-fate to that of another unrelated cell-
type and understanding the mechanism of this transfor-

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

Furthermore, in order to test extracted modules experi-
mentally, we devised a stochastic-combinatorial strategy
for screening lentiviral transcription modulators (TMs)

for induced gain-of-function phenotypes. We assayed a

Structures of exotic sd-

Name:

Host Laboratory:

Description of Research:

The changing shell structure of exotic, neutron-rich nu-
clei has been at the forefront of both theoretical and ex-
perimental nuclear physics for many decades. With recent
advances in the field of radioactive isotope beam facili-
ties on the experimental front, such as the RIBF facility

at RIKEN, nuclei that lie far from the valley of  stability

pool of 28 monocyte-associated TMs to identify com-
binations of genes important for monocytic trans-differ-
entiation from human primary fibroblasts at a single cell
level. Randomness of virus infection allows for a vari-
ous combinations of TMs to be expressed, giving rise to
monocyte-like, CD14+/HLADRA/B+ cells. Single cell
analysis revealed SPI1 along with two additional modula-
tors to be key factors for monocytic trans-differentiation
and demonstrated strong phagocytotic activities. This
study established a platform for target specific screening
of combinatorial transcription modulators in human pri-
mary cell types and is undergoing submission.

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 control-
ling these networks ad hoc is key to improve cell-replace-

ment therapy.

@ Oral Presentations

Shin JW. A single cell approach to direct cell conversion.
Human Genome Meeting 2011. Dubai, United Arab of
Emirates (March 2011).

Shin JW. A single cell approach to direct cell conversion.
FANTOMS: Ume Meeting. Yokohama, Japan (February
2011).

and fp-shell nuclei

Steppenbeck, David

Nishina Center for Accelerator Based Science
Radioactive Isotope Physics Laboratory
(Laboratory Head: Hiroyoshi Sakurai)

on the chart of nuclides can be produced and studied in
the laboratory for the first time. A powerful tool used to
investigate the structures of these exotic nuclides is the
technique of 7 -ray spectroscopy, which, amongst other
things, allows experimentalists to deduce the level struc-
ture of a nucleus; the experimental results can be com-

pared to theory in order to help interpret the configura-
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tions of the protons and neutrons inside the nucleus, thus,
providing us with a picture of how the filling of single-
particle orbitals in atomic nuclei changes with the proton
to neutron ratio. Numerous recent studies have shown that
some nucleon orbitals, which are strongly populated in
the ground-state configurations of stable and near-stable
nuclei, are not necessarily energetically favoured in the
more exotic systems due in part to the tensor force [1]
and a large correlation energy between valence nucleons.
Furthermore, the well-known “magic numbers” that are
present in stable nuclei, which occur at closed shell gaps
(NorZ=2,38, 20, 28, 50, 82), may disappear in nuclides
with an extreme neutron excess while other new ones can
present themselves.

At the RIBF facility, a recent experiment (December
2011) was performed to investigate the evolution of nu-
clear shell structure in 7*Ni, a nucleus with a very large
imbalance of protons and neutrons. In fact, this particular
isotope has 14 more neutrons than the heaviest stable iso-
tope of nickel (**Ni), and "*Ni lies near the very limits of
stability. Using an intense primary beam of **U, second-
ary radioactive beams composed of ”Cu and %°Zn were
selected using the BigRIPS separator [2,3], and impinged
on a thick reaction target of beryllium. The isotope of
interest, "®Ni, was produced using one- and two-proton
knockout reactions [4], respectively, in the Be target. The
numerous different types of nuclei produced in these and
other similar reactions were identified using the ZeroDe-
gree spectrometer [2,5]. In some instances, the nuclei are
produced in an excited state, and decay very quickly to
the ground state via electromagnetic radiation (7 rays).
These 7 rays were detected using a large array of sodi-
um-iodide scintillator detectors [6], and can provide cru-
cial information about the structures of nuclei. These data
will be analysed in the future with the intent of providing
the first in-beam 7 -ray spectroscopic study of the very
exotic, doubly-magic system 7*Ni.

[1] T. Otsuka et al., Phys. Rev. Lett. 95, 232502 (2005)

[2] T. Kubo et al., IEEE Trans. Appl. Supercond. 17, 1069
(2007)

[3] T. Ohnishi et al., J. Phys. Soc. 77, 083201 (2008)

[4] D. Bazin et al., Phys. Rev. Lett. 91, 012501 (2003)

[5TY. Mizoi et al., RIKEN Accel. Prog. Rep. 38, 297
(2005)

[6] S. Takeuchi et al., RIKEN Accel. Prog. Rep. 36, 148
(2003)

@ Publications

“Single-particle and collective structures in >*Cr and V>,
Phys. Rev. C 83, 064305 (2011).
AN. Deacon, D. Steppenbeck, S. Zhu, S.J. Freeman,
R.V.F. Janssens, M.P. Carpenter, B. Fornal, M. Honma,
B.P. Kay, F.G. Kondev, J. Kozemczak, A. Larabee, T.
Lauritsen, C.J. Lister, A.P. Robinson, D. Seweryniak,
J.F. Smith, Y. Sun, X. Wang, F.R. Xu, and Y.-C. Yang.

“Development of axial asymmetry in the neutron-rich
nucleus ""Mo”, Phys. Lett. B 704, 270 (2011).
H. Watanabe, K. Yamaguchi, A. Odahara, T. Sumika-
ma, S. Nishimura, K. Yoshinaga, Z. Li, Y. Miyashita,
K. Sato, L. Prochniak, H. Baba, J. S. Berryman, N.
Blasi, A. Bracco, F. Camera, J. Chiba, P. Doornen-
bal, S. Go, T. Hashimoto, S. Hayakawa, C. Hinke, N.
Hinohara, E. Ideguchi, T. Isobe, Y. Ito, D.G. Jenkins,
Y. Kawada, N. Kobayashi, Y. Kondo, R. Kriicken, S.
Kubono, G. Lorusso, T. Nakano, T. Nakatsukasa, M.
Kurata-Nishimura, H. J. Ong, S. Ota, Zs. Podolyak,
H. Sakurai, H. Scheit, K. Steiger, D. Steppenbeck, K.
Sugimoto, K. Tajiri, S. Takano, A. Takashima, T. Tera-
nishi, Y. Wakabayashi, P. M. Walker, O. Wieland, and
H. Yamaguchi.

“Structural Evolution in the Neutron-Rich Nuclei '%Zr
and '%Zr”, Phys. Rev. Lett. 106, 202501 (2011).
T. Sumikama, K. Yoshinaga, H. Watanabe, S. Nishimu-
ra, Y. Miyashita, K. Yamaguchi, K. Sugimoto, J. Chiba,
Z. Li, H. Baba, J. S. Berryman, N. Blasi, A. Bracco, F.
Camera, P. Doornenbal, S. Go, T. Hashimoto,
S. Hayakawa, C. Hinke, E. Ideguchi, T. Isobe, Y. Ito,
D.G. Jenkins, Y. Kawada, N. Kobayashi, Y. Kondo,
R. Kriicken, S. Kubono, G. Lorusso, T. Nakano, M.
Kurata-Nishimura, A. Odahara, H. J. Ong, S. Ota, Zs.
Podolyak, H. Sakurai, H. Scheit, K. Steiger, D. Step-
penbeck, S. Takano, A. Takashima, K. Tajiri, T. Terani-
shi, Y. Wakabayashi, P. M. Walker, O. Wieland, and H.

Yamaguchi.
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Aspects of Strongly Correlated and Mesoscopic Physics in Cold Atom Systems

Name: Akhanjee, Shimul

Host Laboratory: Advanced Science Institute

I worked on the following research projects for FY 2011:
1) In collaboration with Dr. Furusaki and Dr. Masahisa
Tsuchiizu at Nagoya University, we have continued
our investigations of the ground-state properties of
interacting one-dimensional (1D) mixtures of atomic
bosons and fermionic atoms coupled to molecular fer-
mions through the Feshbach resonance. We applied
a combination of bosonization and renormalization
group methods to determine the low energy effective
Hamiltonian in terms of collective coordinates. This
particular change of basis was not restricted to setting
the particle velocities and intra-species interactions to
be equal for all components. When the fermionic atoms
and molecules are close in density, the 3-particle cou-
pling term is shown to induce a mass gap which yields
a wide variety of phases described by composite order
parameters, including novel polaronic phases where

the fermions are dressed by bosonic clouds.

2) In collaboration with Dr. Shigeki Onoda and Dr. Akira

Furusaki, I have studied the transport properties of
quasi-1D strongly correlated electron systems. The
primary motivation arises from recent experiments that
have demonstrated a violation of the Wiedmann-Franz,
which states that the ratio of the electronic contribution

to the thermal and electrical conductivity of a metal is

Condensed Matter Theory Laboratory
(Laboratory Head: Akira Furusaki)

proportional to the temperature. A violation of this law
implies that the system is a non-Fermi liquid. Since the
physical material consists of weakly coupled chains,
our strategy is to model the system as chains of Lut-
tinger liquids with inter-chain hopping. Our goal is to
determine the interaction and temperature dependent
thermal Hall conductivity. We have succeeded in cal-
culating the thermal current, and we are thus hopeful
that the final current-current correlation functions can

be calculated before the end of the FY2011.

3) I have continued to explore the connection between

my previous exact solution of the spherical spin glass
model and Wegner’s N-orbital version of Anderson lo-
calization within the replica formalism for a full range
of energies, especially near the mobility edge. The low
energy theory usually leads to a non-linear sigma model
can describe the diffusion modes however a transition
into localized states at higher energies in 3D has not
been demonstrated. I have succeeded in modifying the
exact zero-dimensional replica functional to account
for finite dimensional fluctuations (through a perturba-
tion expansion in dimension D). If this approach is suc-
cessful then it can be applied towards the critical prop-
erties of finite dimensional spin-glass systems, which

have never been assessed analytically.

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

Name: Baumgart, Stephen Leslie
Host Laboratory: Nishina Center for Accelerator Based Science
Radiation Laboratory
(Laboratory Head: Hideto En'yo)

During FY2011, I undertook the analysis of single cross-checks as are required by the PHENIX collabora-

electrons in Cu+Cu collisions at 200 GeV/nucleon pair. tion. The yield of single electrons in the range from 0.5
Completion of the analysis is imminent; the only steps to 6.5 GeV/c as well as the nuclear modification factor for

left are complete propagation of systematic errors and any electron in Cu+Cu collisions have been calculated.
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The analysis uses two different methods for subtraction
of the photonic electron background. Two methods are
used in order to serve as cross-check of each other. The
first method is a cocktail of all known electron sources to
estimate the background; the second is the use of a con-
verter of known radiation length in order to extrapolate
the total number of photonic electrons generated by mate-
rial in the detector. I wrote analysis code to generate the
cocktail including all non-negligible sources which con-
tribute to it. I also developed code to read and interpolate
the converter data to find the total photonic background
contribution using this method as well. I selected the anal-
ysis cuts and calculated the acceptances and efficiencies
for the analysis. The current analysis shows that the cock-
tail and converter methods give consistent results in 200
GeV Cu+Cu collisions across the full centrality range of
Cu+Cu collisions. This consistency shows that photonic
backgrounds are well understood in simulation.

Preliminary results are consistent with PHENIX’s

AutAu collision data at similar numbers of nucleon-nu-

cleon collisions. Very central Cu+Cu collisions are simi-
lar to mid-peripheral Au+Au collisions while peripheral
Cu+Cu collisions are similar to p+p and d+Au collisions
of equivalent beam energy. Systematic errors have been
calculated for the cocktail method but are in progress for

the converter method.

@ Publications

S. Baumgart, “Single Electron Analysis of PHENIX
Cu+Cu Collisions at Center-of-Mass Energy 200 GeV
per Nucleon Pair”, Proceedings of the Strangeness in
Quark Matter Conference, Acta Physica Polonica B
(submitted)

@ Oral Presentations

“Single Electron Analysis of PHENIX Cu+Cu Collisions
at Center-of-Mass Energy 200 GeV per Nucleon Pair”,
Strangeness in Quark Matter Conference, Cracow, Po-
land, 18-24, Sep. 2011

The foundation of quantum theory from the view of dynamics and statistics

Name: Budiyono, Agung

Host Laboratory: Brain Science Institute

Description of research:

Since its completion in 1920s, quantum mechanics has
passed all conceivable experimental tests in microscopic
world with unparalleled accuracy and universality. The
formal and operational rules of quantum mechanics how-
ever also lead to the following long standing problems:
i) The physical meaning of the canonical quantization of
replacing c-number (classical number) by g-number (Her-
mitian operator) and Poisson bracket by commutator are
not transparent. This leads to various physically different
interpretations of quantum mechanics with the same em-
pirical prediction. The method of canonical quantization
formally also implies the problem of operator ordering
ambiguity; ii) In measurement, the whole system has to
be divided into quantum system to be measured which

evolves unitarily and deterministically, and classical ap-

Laboratory for Mathematical Neuroscience

(Laboratory Head: Shun-ichi Amari)

paratus (external observer) of measurement whose effect
to the system is non-unitary and random through the wave
function collapse. This is the infamous measurement
problem; iii) Is quantum mechanics an exact theory or it
is an accurate approximation of a deeper theory.

In the (last) fiscal year of 2011, I have attempted to
study the above problem by proposing a new reformula-
tion of quantum mechanics. In (Budiyono, 2012a), I have
developed a quantization method based on modification of
classical dynamics of ensemble of trajectories parameter-
ized by an unbiased hidden random variable. I have shown
for a wide class of important classical Hamiltonians of sys-
tem of non-relativistic spin-less particles that the method
leads to the Schrodinger equation with Hermitian quantum
Hamiltonian. Unlike canonical quantization, the method

replaces c-number by c-number (+ unbiased hidden ran-
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dom variable) thus is free from the problem of operator or-
dering ambiguity. In all the cases considered, one can iden-
tify an effective velocity field which turns out to be equal
to the actual velocity of particles in pilot-wave theory; and
Born’s statistical interpretation of wave function is shown
to be valid by construction. This then allows us to describe
quantum measurement ala pilot-wave theory without clas-
sical observer and necessitating no wave function collapse.
Yet, unlike pilot-wave theory, the wave function in our
model is not physically real; it is just a calculational tool.
One of the interesting features of our model is that the
prediction of quantum mechanics is reproduced if the hid-
den variable can only take binary values &7 with equal
probability. In (Budiyono, 2012b), I then investigated the
case when the value of the hidden variable is allowed
to fluctuate continuously around 7. I showed that this
leads to testable possible corrections to the predictions of
quantum mechanics. I expect that this will further allow
for precision test of quantum mechanics against hidden
variable theory which might give limitation to the non-
locality and contextuality test. We then proceed to de-
velop a statistical model which leads to the derivation of
the rules of quantization heuristically postulated in (Budi-
yono, 2012a and 2012b) based on Hamilton-Jacobi theory
with a specific random constraint. This work is reported in

(Budiyono, 2012c).

@ Publications

Budiyono A.: “Quantum fluctuations as deviation from
classical dynamics of ensemble of trajectories parame-
terizedby unbiased hidden random variable” , Physica
A 391, 3102 (2012a)

Budiyono A.: “Possible corrections to quantum mechan-
ical predictions in hidden variable model” , Physica A
391, 3081 (2012b).

Budiyono A.: “Quantization from Hamilton-Jacobi the-
ory with a random constraint” , Physica A, in press,

http://dx.doi.org/10.1016/j.physa.2012.05.046, (2012c)

@ Oral Presentations

Budiyono A.: “Hidden variable model for quantization
and quantum measurement”, International symposium
“Emergent quantum mechanics”, Vienna, Austria, No-
vember 11-13, 2011. It is also presented at symposium
“Frontiers in dynamical systems and topology”, Kyoto,
Japan, November 21-25, 2011; and at the conference
“Hierarchy in Physics through Information - It’s Con-
trol and Emergence”, Kyoto, Japan, January 5-7, 2012.

Budiyono A.: “Statistical model for Stern-Gerlach experi-
ment of measurement of angular momentum” appeared
in the proceeding of “5E25In| & T IEHMEL ML
(The 25™ quantum information technology sympo-

sium)”, Osaka, Japan, November 21-22, 2011.

Mouse mitochondrial inheritance and dynamics

Name: Cao, Ligin

Host Laboratory: BioResource Center

Mitochondria contain their own genomes, mitochon-
drial DNA (mtDNA), and play vital roles in energy pro-
duction, control of apoptosis and various metabolic path-
ways. Mammalian mtDNA is a small double-stranded
circular molecule that encodes 13 polypeptides, and 22
tRNAs and two rRNAs necessary for their translation. In
mammals mtDNA is strictly inherited through the mother.
It is now clear that mutations in mtDNA are responsible

for a broad spectrum of metabolic and degenerative dis-

Technology and Development Team for Mammalian
Cellular Dynamics
(Laboratory Head: Kuniya Abe)

eases. In most cases of mtDNA disease, the mutant and
wild-type mtDNAs are present together in the same in-
dividual, a situation referred to as mtDNA heteroplasmy.
Currently there is no cure for mtDNA disorders, placing
focus on understanding the rules governing the transmis-
sion of mtDNA mutations between generations in order
to assess the recurrence risks for mtDNA diseases and to
develop therapeutic strategies preventing the transmis-

sion of mtDNA diseases from the mother to offspring.
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Pedigree analyses of heteroplasmic individuals in animals
and humans revealed that mtDNA genotypes shift rapidly
among offspring and return to homoplasmy in some prog-
eny within a few generations, suggesting that an mtDNA
bottleneck accounts for the rapid segregation. However,
the underlying mechanism of the bottleneck remains in-
completely resolved. We have previously showed that the
mtDNA genome is transmitted through a bottleneck with-
out the reduction in germline mtDNA content, ruling out
the prevailing longstanding hypothesis that the mtDNA
bottleneck results from a dramatic decline in mtDNA cop-
ies in primordial germ cells (PGCs) during embryonic
development. Recently a report suggested that the bottle-
neck occurs during postnatal folliculogenesis as a result
of replication of a subpopulation of mtDNA in primary
oocytes. To further investigate whether mitotic segrega-
tion of mtDNA during preimplantation and/or during the
early expansion of PGCs makes major contribution to the
bottleneck, I am using mice heteroplasmic for two mtD-
NA variants to examine the mtDNA genotype shift across
development stages, and using transgenic mice whose mi-
tochondria were labeled by fluorescent protein to observe
the mitochondrial partitioning during early embryonic
cleavage. These data will provide new insights into the
mtDNA transmission, and prenatal and preimplantation
genetic diagnosis for mtDNA disease.

Increasing data have shown that alterations in mito-
chondrial number, morphology and distribution associ-
ate with various diseases. However at present most data
came from in vitro evidence, which could be different
from those from in vivo studies. It is therefore important
to study mitochondria in live animals in order to under-

stand their physiology and their involvement in disease

progress and therapeutic treatments in vivo. However,
subcellular intravital imaging has been challenging due
to tissue motion caused by breathing and heartbeat, espe-
cially for intraperitoneal organs, such as liver, pancreas
and kidney etc. We have developed a stabilization device
to effectively reduce abdominal organ motions and enable
image acquisition with subcellular resolution in live mice.
Using this technique we monitored mitochondrial fusion
and autophagosome dynamics in real-time, and quantified
autophagosome formation and gene expression under dif-
ferent physiological conditions in intact liver, pancreas
and kidney. To our knowledge, our study is the first report
on in vivo quantification of subcellular structure dynamics
in the liver, pancreas and kidney of live mice (Paper has
been published).
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Cao, L., S. Kobayakawa, A. Yoshiki, and K. Abe. 2012.
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vice. PLoS One 7: €33876.
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Rare Earth Polyhydride Complexes Bearing Non-Cp Ligands

Name: Cheng, Jianhua

Host Laboratory: Advanced Science Institute

Rare-earth metal hydrides are among the most reac-
tive organometallic compounds, which play important

roles in a variety of stoichiometric and catalytic reactions.

Organometallic Chemistry Laboratory
(Laboratory Head: Zhaomin Hou)

Recently, rare-earth dihydride complexes of the type of
“LMH,”, which bear two hydride ligands and one mono-

anionic ancillary ligand per metal center, have attracted
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intense interest because of their fascinating structure and
reactivity, which are distinctively different from those of
the conventional monohydride complexes of the type of
“L,MH".

Previously, our group have reported a series of tetra-
nuclear octahydrides supported by bulky cyclopenta-
dienyl ligands, [(C,Me,SiMe,)LnH,],(THF),,, which
showed a unique reactivity towards various substrates,
such as nitriles, carbon monoxide. Later on, we have ex-
panded the research area to the Non-Cp ligands, such as
bis(phosphinophenyl)amide, and amidinate ligands. More
recently, we used the amidinate ligands (NCN) (NCN =
R-C(NAr*),; Ar* = 2,6-diisopropylphenyl) as bulky an-
cillaries and discovered that hydrogenolysis of various
(R-NCN)Ln(CH,SiMe,),(THF), , complexes led to the
corresponding dihydrides [(R-NCN)LnH,], ,(THF), .,
with nuclearity depending on the size of the NCN ligands,
the rare-earth metal ionic radius, and even the solvents
used in preparation.

Among these new series of rare-earth polyhydrides,
the Dbinuclear tetrahydrido complexes [(Ph-NCN)
LnH,],(THF), (Ln =Y, Lu) bearing both terminal and
bridging hydride ligands mostly intrigued us. No terminal
hydride ligand has been observed previously in the poly-
nuclear rare-earth hydride complexes. The reactions of
these novel binuclear tetrahydrido complexes with many
substrates are in contrast to those of the rare-earth hydride
complexes (either mononuclear or polynuclear) reported
previously. The terminal hydride is more reactive than the
bridging ones and these two types of hydrides in the same
molecule can be distinguished in reactions with some sub-
strates such as diphenylacetylene.

So far, most of the rare-earth metal hydride complexes
reported in the literature are neutral complexes, whereas
cationic rare-earth hydride complexes have remained
scarce. In particular, mononuclear cationic rare-earth hy-
dride complexes of type [LLnH]*, which bear one anionic
ancillary ligand and one terminal hydride ligand per met-
al, have not been reported previously, although such cat-
ionic hydride species are of much interest in comparison
with the well-known alkyl analogues [LLnR]" that serve
as excellent olefin polymerization catalysts.

The highly elusive cationic mononuclear terminal hy-

drido rare-earth species [(Ph-NCN)LnH(THF),][BPh,]

(Ln =Y, Lu) has been isolated and structurally character-
ized for the first time by hydrogenolysis of the cationic
alkyl precursors. Recrystallization of the monocationic
monohydride complexes [(Ph-NCN)LnH(THF),][BPh,]
in a less coordinative solvent such as chlorobenzene has
afforded reversibly the novel dicationic binuclear dihy-
dride complexes [(Ph-NCN)LnH(THF),],[BPh,], through
release of a THF ligand and “intermolecular” Ln-H bond-
ing interactions. The insertion of a carbodiimide molecule
into the Ln-H bond in [(Ph-NCN)LuH(THF),][BPh,]
yields the corresponding cationic formadinate species. On
reaction with [NEt,H][BPh,], dehydrogenation from [(Ph-
NCN)LuH(THF),][BPh,] takes place to give the hydride-
free dicationic complex.

In summary, by using amidinate(NCN) as ancillary
ligands, we have synthesized a series of novel neu-
tral polynuclear polyhydride complexes [(R-NCN)
LnH,], ,(THF), ,, and the unique cationic terminal hydri-
do rare-earth complexes [(Ph-NCN)LnH(THF),][BPh,].
All these rare-earth hydrides were isolated and structur-
ally confirmed. Studies on the reactivity of these rare-
carth hydrides and the potential catalytic reactions are in

progress.
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Integrated multi-omic investigation of phytoplankton community dynamics: novel metabolic

function and community structure in an artificial ecosystem

Name: Everroad, Richard Craig

Host Laboratory: Advanced Science Institute

Environmental metabolomics is an emerging field that
shows much promise for application to the microbial
world. We are developing an integrated multiomics ap-
proach for microbial communities by incorporating com-
munity-level metabolome fingerprinting with genomic
and environmental data to better understand microbial
interactions and responses to environmental and experi-
mental changes. In particular we are interested in the ap-
plication of a multi-omics approach to marine plankton.
Marine microbial ecosystems offer a great abundance of
genetic and metabolic diversity, but this diversity, along
with the dynamics and functions of these systems, are
difficult to explore experimentally in the field. The long
term goal of our research is to apply such an experimental
approach towards biomass production and ecosystem re-
mediation using marine microbial resources. Our current
main activities and results are below:

1) Multi-omic profiling of planktonic bloom dynamics

Spring blooms were simulated in microcosms using
Tokyo Bay under 16 different conditions. Species com-
position and metabolic parameters were monitored dur-
ing the blooms using denaturing gradient gel electro-
phoresis of 16S and 18S ribosomal genes and nuclear
magnetic resonance spectroscopy. Blooms followed the
same basic trends in each microcosm, characterized by
an intense diatom bloom. In all microcosms, metabolic
profiles similarly became dominated by an abundance of
sugars, particularly glucose. Pre-bloom and post-bloom
metabolic profiles were similar to each other across mi-
crocosm treatments. However, genetic profiles for each
microcosm revealed marked compositional differences
mid-, and post-bloom, even when the starting community
was identical. This suggests that chemically, planktonic
communities may be characterized as existing in one of
two metabolic states independent of the component spe-
cies. This metabolic switch and oscillations may facilitate

chemically-mediated stability to ecosystem processes.

Molecular & Informative Life Science Unit
(Laboratory Head: Yoshihito Osada)

2) Biofuel production

We have characterized the acclimated growth and lipid
production of 12 axenic strains of strains of Nannochlo-
ris spp. (Chlorophyta) isolated from Tokyo Bay and Irio-
mote, Okinawa. Three strains show considerable promise
as high-lipid producers, with current efforts underway to
determine lipid composition and growth conditions for

maximal yield.
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molecular phylogeny and mechanical tests. In revision.

Bulletin of Insectology.
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Metamaterials Switch Device

Name: Fang, Xu

Host Laboratory: Advanced Science Institute

Various switching devices can be made by exploring
the nonlinear optical effects of materials. However, metal
is usually considered as unsuitable for making such de-
vices because of the two reasons below. First, the intrin-
sic nonlinear effects of metal are very weak. The second
order nonlinear coefficients of metal are only finite on
the surface because of the centrosymmetric alignment of
metal atoms. Second, metal absorbs light very effectively.
Nonlinear effects have to compete with thermal loss. In
this research, we partly solve these two problems by using
a new strategy of exciting surface plasmons nonlinearly.
We find that second-order difference-frequency genera-
tion (DFG) on the surface of gold thin films changes the
optical transmittance, with the modulation amplitude
comparable to that of conventional thermomodulation ef-
fect.

Surface plasmons are a kind of evanescent electromag-
netic wave propagating on the interface between metal and
dielectrics. The momentum of surface plasmons is bigger
that of the freely propagating light when their frequencies
are the same. So a single beam of light cannot excite sur-
face plasmons on a flat metal-air interface through linear
optical processes. Here we use the DFG on metal surface
to bridge this momentum mismatch.

We use conventional pump-probe geometry in our ex-

Metamaterials Laboratory
(Laboratory Head: Takuo Tanaka)

periment. The laser source is a Ti:sapphire femotosecond
laser. The pump beam is frequency doubled through a B3-
BaB,O, crystal. Both the pump and the probe beams are
focused on a gold thin film. The relative angle between
these two beams is fixed. The differential transmittance
of the probe beam is recorded by changing the time delay
between these two beams, and by changing the incident
angle of the probe beam. We find that, the differential
transmittance is very small at specific incident angles,
which correspond to the excitation of surface plasmons
by DFG.

The most significant advantage of our experiment over
previous similar experiments by other groups is that, the
nonlinear excitation of surface plasmons is very energy ef-
ficient in our experiment. In those previous experiments,
either the pump or the probe beam couples with surface
plasmons. The extra thermal loss coming with the surface
plasmons strongly limits the maximum power that can be
used, and thus strongly limits the highest nonlinear coef-
ficients. In our experiment, the idle beam of DFG process
is used to excite surface plasmons. The extra thermal loss
influences neither the pump beam nor the probe beam di-
rectly. We use the high optical density of states of surface
plasmons, rather than the high field intensity of them. This

strategy helps us to solve the problem of thermal loss.
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In conclusion, we show a highly energy-efficient meth-
od to control the optical transmission through thin metal
films in the ultrafast regime by using surface plasmons.
Surface plasmons are excited by the idle beam of DFG
on metal surfaces. This excitation enhances the originally
very weak DFG, making it comparable with conventional

thermal effects in controlling the optical transmission. Its

modulation on the transmittance is very energy efficient
because the idle beam is used to excite surface plasmons,
bringing extra thermal loss neither to the pump nor to the
probe beams. Our work shows the switching of the opti-
cal transmittance through metal thin films in the ultrafast
regime. The strategy shown here also helps in making a

metallic optical parametric amplifier.

Nuclear and electron spin manipulation using nanomechanical systems

Name: Lambert, Neill Wooldridge

Host Laboratory: Advanced Science Institute

An optomechanical device is a special type of nano-
mechanical system where the mechanical motion of a
tiny beam or oscillator is coupled to a cavity confining
an optical or microwave mode. A generic physical model
for these devices is of a spring that supports one of the
mirrors of an optical cavity and, thus, the mechanical mo-
tion of the spring is coupled to the frequency of the opti-
cal mode. Such devices are typically used as a means
to cool the mechanical system. They also allow unique
geometries so that the mechanical mode can be further
coupled to other hybrid systems, like atoms trapped in the
optical cavity, or superconducting qubits coupled to the
microwave mode.

The main goal of my research this year was to investi-
gate how to show that the coupled opto-mechanical sys-
tem is operating in the quantum regime, after the side-
band cooling process is complete. Since both systems
are typically described as linear harmonic oscillators, it
can be difficult to distinguish the quantum dynamics of
the coupled system from an equivalent higher tempera-
ture classical system. To achieve this we employed the
Leggett-Garg inequality, and showed how, with careful
measurements using an additional qubit measurement de-
vice, the quantum dynamics can be unambiguously identi-
fied.

In other work, I published an article on how to generate

Digital Materials Team
(Laboratory Head: Franco Nori)

entanglement between distant quantum dots using surface
plasmon scattering. In addition, I have also worked on
several problems in transport through quantum dots in the
presence of nuclear hyperfine interactions and spin-orbit
effects, and found novel chaotic dynamics due to dynami-
cal nuclear polarization and an effective topological phase
transition. This is a departure from my work on nanome-
chanical systems, but represents a novel and timely result,

with possible applications in future experiments.
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Attosecond control of broadband supercontinuous high harmonic generation

with two-color fields

Name: Lan, Pengfei

Host Laboratory: Advanced Science Institute

Imaging of the constructs of the samples is of funda-
mental importance for a wide range of investigations in
material, biological and optical sciences. The recent de-
velopment of coherent x-ray sources based on synchro-
tron, free electron laser and high harmonic generation
provide us a powerful tool for high-resolution imaging.
We have also developed the table-top high-power high
harmonic x-ray sources in our laboratory. Nevertheless,
compared with the visible and near-infrared lights, the
high-quality optical lenses and mirrors are quite scarce in
the x-ray region. This has stimulated an increasing interest
to develop the lensless imaging technique.

Fourier transform holography is one of the most simple
and high-resolution lensless imaging technique. Conven-
tionally, a pinhole is utilized as reference. The optical sys-
tem of this approach is quite simple and has been success-
fully utilized in many applications. The drawback lies in
the low visibility of the interference fringe due to the weak
reference wave coming through the pinhole. A recently
developed technique, called holography with extended
reference by autocorrelation linear differential operation
(HERALDO), has significantly alleviated this problem by
taking an extended slit or polygonal reference instead of
the pinhole. Nevertheless, the resolution of HERALDO
is limited by the sharpness of the edge of the reference.
Moreover, HERALDO requires a priori knowledge of the
orientation angle of the corner or slit reference.

To overcome these problems, we have proposed a ro-
tation-free approach of holography by using an extend-
ed arc reference, which is called ARC-HERALDO. We
have also developed a two-step algorithm to retrieve the
sample without a prior knowledge of the information of
the sample and reference. More importantly, this scheme
enables us to overcome the resolution limits introduced by
the reference and optical system. Therefore it promises to
achieve the diffraction-limited resolution. Also high con-

trast interference fringe can be recorded. We have demon-

Laser Technology Laboratory
(Laboratory Head: Katsumi Midorikawa)

strated our scheme using a visible light of 532-nm laser.
The designed sample has been successfully reconstructed
from the diffractive pattern without a priori knowledge
of the information of the sample and reference. It can be
straightforwardly extended to the short wavelength re-
gion, where a high resolution is expected to be obtained.
Because the x-ray light is invisible, our rotation-free
scheme allows us to easily align the optical beam and
sample. It is more attractive for the applications of imag-
ing the microsample with x-ray lights. The experimental
setup and microsample have been well designed and are
being manufactured. The experiments will be performed
very soon with the high-power coherent high harmonic

x-ray source already developed in our laboratory.
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The B decay of 34Mg

Name: Li, Zhihuan

Host Laboratory: Nishina Center for Accelerator Based Science

In this fiscal year, I mainly worked on the data analysis
of a previous experiment, which measured beta decay of
neutron rich Mg, Al and Si isotopes by using a super seg-
mented beta counting system CAITEN at RIBF in RIK-
EN. The (3 -decay half-lives of 11 neutron-rich isotopes
from F to Si have been measured with high statistics and
their uncertainties have been reduced significantly. On the
basis of beta-gamma and gamma-gamma coincidences a
level scheme of 37Si has been proposed for the first time.
Shell model calculation for 37Si and analysis of the decay
schemes of 36Mg and 38Al are ongoing.

From the data analysis it has been found that, the detec-
tion efficiency was lowered due to the gap between two
PMTs. And the position distortion for heavy ion can be
attributed to insufficient light collection at the edge of
PSPMT. To overcome such problems, some improvement
has been made by shortening the gap, multi-layer read-
out, and with modified position reconstruction method. A
feasibility study by using source and secondary beam has
been carried out and shown that CAITEN is capable of ef-
ficiently measuring beta spectroscopy under both low and

high beam rate conditions.
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Uncovering the first line of defence against plant pathogens

Name: Lyons, Rebecca Louise

Host Laboratory: Plant Science Center

Pathogen associated molecular pattern (PAMP) trig-
gered immunity (PTI) renders plants resistant to most
pathogens, and is tightly regulated to maintain the balance
between plant growth and defence. Here, we show that
the flowering time regulator FPA plays a key role in PTI
by regulating the alternative polyadenylation site choice
of defence genes. To discover novel regulators of PTI, we
screened >6000 predicted transcripts for induction upon
treatment with the flagellin peptide flg22. One of the can-
didate transcripts strongly induced by flg22, ARF-A is
part of an unannotated alternatively polyadenylated and
spliced isoform of the upstream transcription factor ARF.
The ARF-A predicted protein lacks the repressor motif
present in the annotated ARF isoform (ARF-R). In vitro,
ARF-R exhibits repressor activity, whereas ARF-A is a
transactivator. Stable overexpression of the ARF-R and
ARF-A ORFs in the WT background result in opposite
morphological phenotypes, and OX mutants respond dif-
ferentially to jasmonate, Pseudomonas syringae and fig22.
Intriguingly, both knockout and OX mutants of each iso-
form responded similarly to bacteria and flg22, suggesting
that interaction between the two isoforms is necessary for
their functionality. We found no direct evidence to sug-
gest transcriptional or post-transcriptional modulation
between isoforms, however isoforms may interact at the

protein level or be differentially compartmentalised. We

Plant Immunity Research Group
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suggest that the alternative polyadenylation and splicing
of ARF is a mechanism to allow transient de-repression
and fine tuning of target abiotic stress and defence genes
under stressful conditions. At least 70% of all Arabidopsis
transcripts are have alternative polyadenylation sites. fpa
plants exhibited increased ARF-A expression, enhanced
flg22 responsiveness and enhanced resistance to bacteria,
suggesting that FPA negatively regulates transcriptional
readthrough and plant defence. FPA is posttranslationally
modified in response to flg22 treatment, and we propose a
model in which FPA promotes proximal polyadenylation
under basal conditions, but is modified and released from
ARF mRNA upon fig22 treatment allowing readthrough
to the proximal site, and thus ARF4-A transcription. RNA
sequencing of fpa mutants after flg22 treatment will re-
veal the extent of flg22-triggered ‘readthrough’ and de-
termine the degree to which FPA exerts control over this
process. These data are the first direct experimental evi-
dence to reveal the biological significance of alternative
polyadenylation in plant defence. We have found evi-
dence of alternative polyadenylation of ARF homologues
in response to flg22 suggesting that this may be a common
phenomenon in plants. Elucidation of the role FPA plays
in plant defence provides an excellent scaffold on which
to base future studies investigating the link between flow-

ering time and defence.
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Molecular Mechanisms Underlying Paratympanic Organ Development and Evolution

Name: O’Neill, Paul
Host Laboratory: Center for Developmental Biology

The Paratympanic Organ (PTO) is an enigmatic barore-
ceptor found in the middle ear of birds but absent in mam-
mals. I have assessed the molecular development of this
sense organ for the first time since its discovery 100 years
ago. My research has revealed that the PTO has until now
been misclassified as a derivative of the first epibranchial
placode, an ectodermal thickening that gives rise to neu-
rons of the geniculate ganglion. My data however indi-
cates that the PTO is generated from an adjacent patch of
ectoderm we have termed the “PTO-placode”. This pre-
viously undescribed placode is characterised by expres-
sion of the transcription factor SOX2, distinguishing it
from the neighbouring geniculate placode that expresses
SOX3. Mouse embryos do not form a PTO and also lack
SOX2 expression in this region. We also demonstrated
that the PTO-placode generates its own neurons, which
populate the geniculate ganglion, but remain distinct from
epibranchial neurons in that they do not express the clas-
sic epibranchial neuron marker PHOX2B, but do express
BRN3A, a transcription factor associated with otic neuro-
blasts. The avian geniculate ganglion therefore is popu-
lated by two separate neuronal types. In addition to these
molecular differences, PTO neurons are also born later,
are significantly smaller in size, and project to different
regions of the brain than epibranchial neurons. Dye label-
ling indicated that PTO afferents project to the cerebel-

lum and vestibular nuclei of the hindbrain, indicating a

Laboratory for Sensory Development
(Laboratory Head: Raj Ladher)

potential role in equilibrium and distinct from epibranchi-
al afferent projections to the solitary tract. Quail-Chick
grafting experiments also indicated that the developmen-
tal competence to form the PTO is restricted from early
somite stages to the ectodermal domain fated to form
the PTO, geniculate ganglion, and inner ear. In contrast,
competence to form epibranchial neurons is widespread,
encompassing ectoderm cranial and caudal to the PTO
region and highlighting a key developmental difference
between the two derivatives.

Thus we propose certain amniotes possess an addition-
al cranial placode than the standard textbook model. We
can now speculate about the potential evolutionary ori-
gins of this placode. Aquatic vertebrates possess a series
of lateral-line placodes, which detect water movements
and weak electrical fields; these were lost during the tran-
sition to terrestrial life. We propose a homologous sense
organ to the PTO existed in the tetrapod ancestor which
survived the water-land transition with modified function.
Indeed the spiracular organ of non-teleost fish is a likely
candidate sense organ, sharing similar development, in-
nervation, and morphology with the PTO.

Submitted article

O’Neill P, Mak SS, Friztsch B, Ladher R & Baker

CVH. The amniote paratympanic organ develops from a

previously undiscovered sensory placode

Computer simulations of the structure-function relationship in biological ion channels

Name: Pisliakov, Andrei

Host Laboratory: Advanced Science Institute

Description of research:
Nitric oxide reductase (NOR) is a membrane-bound

enzyme that catalyzes the reduction of NO to N,O in bac-

Theoretical Molecular Science Laboratory

(Laboratory Head: Yuji Sugita)

terial anaerobic respiration and that is believed to be evo-
lutionarily related to aerobic respiratory oxidases, which

catalyze the reduction of O, to H,0. Based on amino acid
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sequences, NOR is classified as a member of the heme-
copper oxidase (HCO) superfamily, with the micro-aero-
bic cbb, oxidase (C-type oxidase) being the closest rela-
tive. Previously I have performed large-scale molecular
dynamics simulations of NORs, both cytochrome c-de-
pendent (c(NOR) and quinol-dependent (QNOR) enzymes,
which allowed to describe the water dynamics inside the
proteins and to identify potential proton transfer path-
ways. The results revealed that despite a high structural
similarity between cNOR and qNOR, these enzymes uti-
lize strikingly different proton uptake mechanisms - from
the periplasm and cytoplasm, respectively.

To verify the involvement of individual residues in the
proton transfer pathways, I performed simulations for
mutants of both gNOR and cNOR as well as electrostatic
calculations to define the protonation states of important
titratable sites. Calculations have provided additional
details of the functionally important water channels, in-
sights into the proton uptake mechanism, and ideas for
the mutagenesis experiments. In particular, simulations of
selectively designed in silico mutants in cNOR showed
spectacular appearance of a new water channel from cy-
toplasm, thus demonstrating steps of molecular evolution
“reconstructed” in a computer.

The comparison with the (plausible) PT mechanism
of the cbb, oxidase has revealed several common struc-
tural and proton transfer features and indicated the evo-
lutionary relationship between enzymes. In contrast, in
caa3 oxidase, except for canonical K-channel, pathways

are completely different, consistent with the phylogenic

predictions about early separation between A1/A2-types
and NORs/C-types. The results imply possible scenarios
for the development of PT pathways within respiratory
enzymes of the HCO superfamily, leading eventually to-

wards proton pumping ability.

@ Publications

(Papers)

Matsumoto Y. et al. Crystal structure of quinol-dependent
nitric oxide reductase from Geobacillus stearother-
mophilus. Nature Str. Mol. Biol. (in press).

Lyons JA, Aragdo D, Slattery O, Pisliakov AV, Soulimane
T & Caffrey M. Structural insights into electron transfer
in caa3-type cytochrome oxidase. Nature (2012), pub-
lished online (doi:10.1038/nature11182).

@ Presentations

(International)

8th European Biophysics Congress, Budapest, Hungary,
2011(oral)

Workshop “From Computational Biophysics to Systems
Biology” Juelich, Germany, 2011 (poster)

Workshop “3DSig: Structural Bioinformatics and Com-
putational Biophysics”, Vienna, Austria, 2011 (poster)

Cold Spring Harbor Conference ‘“Membrane Proteins:
Structure & Function”, Suzhou, China, 2011 (oral)

(Domestic)

49" Annual Meeting of the Biophysical Society of Japan,
Himeji, 2011 (oral)

Dissection of the Molecular Complicity Linking Polycomb Group and DNA Methylation

Mediated Gene Repression Pathways in ES cells

Name: Sharif, Jafar
Host Laboratory: Research Center for Allergy and Immunology

Polycomb group (PcG) of proteins and DNA methyla-
tion mediating factors are the two major classes of repres-
sor complexes that act in mutually exclusive manner to si-
lence developmental genes in embryonic stem (ES) cells.

However, it is unclear these two molecular pathways

Laboratory for Developmental Genetics
(Laboratory Head: Haruhiko Koseki)

complement and distinguish each other for gene repres-
sion. We previously showed that the SRA protein Np95
plays an essential role for DNA methylation (Sharif et al,
2007). We also observed that Np95 interacts with PcG
proteins (Sharif et al, unpublished) which raised the pos-

- 165 -



sibility that the SRA proteins might mediate the balance
between DNA methylation- and PcG-directed pathways
to control gene silencing.

To this end, we constructed conditional ES cells lines
for Dnmtl (the major enzyme responsible for DNA meth-
ylation), Np95, Np97 (the only other SRA protein in
mammals, apart from Np95) and Ringlb (the catalytic
subunit of the polycomb repressive complex 1: PRC1).
We performed gene expression based analyses, chromatin
binding assays (ChIP-chip) and measurements of DNA
methylation level (bisulfite DNA sequencing technique)
to gain insight into the role played by SRA proteins to
regulate the putative link between DNA methylation- and
polycomb-mediated transcriptional repression.

Gene expression analyses revealed a subset of Ringlb
target genes that are also regulated by Np95, but not by
Dnmtl. In addition, another set of genes that are silenced
by DNA methylation pathway but not by PcG factors were
found to be derepressed in the absence of Np95 or Dnmt1.
Taken together, these data suggested that Np95 has dual
roles to repress genes in ES cells that are mediated by
DNA methylation dependent (common with Dnmt1) and
independent (in collaboration with Ringlb) mechanisms.
Furthermore, these findings also supported our earlier hy-
pothesis that the SRA proteins might link DNA methyla-
tion- and polycomb group-mediated pathways in ES cells.

To examine why polycomb target genes were dere-
pressed in Np95-deficient ES cells, we performed ge-
nomewide chromatin binding (ChIP-chip) analyses for
Ringlb. We noticed that Ringlb was dissociated from
approximately half of its target genes in the absence of
Np95, implicating that Np95 could be a recruiter of poly-
comb factors. Interestingly, when we checked Ringlb
binding pattern in Np97 (an SRA protein, homologous
to Np95) knocked out ES cells, we observed that in this
case Ringlb enrichment pattern into the chromatin was
enhanced (number of Ring1b-bound genes was increased
by two-fold). This suggests that, firstly, SRA proteins (i.e.
Np95 and Np97) interact with polycomb molecules (such
as RinglDb) to target these factors to respective gene pro-
moters. Secondly, Np95 and Np97, two homologous and
evolutionarily conserved SRA proteins antagonize/inhibit
each other to maintain a dynamic balance for polycomb

recruitment. Notably, Ring1b recruitment pattern was not

altered in Dnmt1 knockout cells, indicating that the role of
SRA proteins in regulating Ring1b is independent of their
functions for DNA methylation.

Although the gene repression mechanisms mediated
by DNA methylation- and polycomb group-related fac-
tors have been well investigated in recent years, it re-
mains largely unclear how these pathways interact and/
or distinguish each other to occupy specific and mutually
exclusive sets of targets. By focusing on the SRA pro-
teins, which are linked with both DNA methylation- and
polycomb-mediated pathways, we are now beginning to
elucidate a complex picture that might provide an answer

for the above question.

@ Publications

(Papers)

Takada Y, Naruse C, Costa Y, Shirakawa T, Tachibana M,
Sharif J, Kezuka-Shiotani F, Kakiuchi D, Masumoto
H, Shinkai Y, Ohbo K, Peters AH, Turner JM, Asano
M and Koseki H, HP1 7 links histone methylation
marks to meiotic synapsis in mice. Development. 2011
Oct;138(19):4207-17. *

Hisada K, Sanchez C, Roman-Trufero M, Endo T A,
Endoh M, Sharif J, Koseki H and Vidal M, RYBP re-
presses endogenous retroviruses, preimplantation- and
germline-specific genes in mouse embryonic stem cells.
Mol Cell Biol., 2012, in print. *

Endoh M, Endo T A, Endoh T, Isono K, Sharif J, Ohara O,
Toyoda T, Ito T, Eskeland R, Bickmore W A, Vidal M,
Bernstein B E and Koseki H, Histone H2A mono-ubig-
uitination is a crucial step to mediate PRC1 dependent
repression of developmental genes to maintain ES cell
identity. PLoS Genet. 2012, under revision. *

(Review articles)

Sharif J, Endo T A and Koseki H, Intracisternal A Particles
(IAPs) as a Potential Source of Phenotypic Variance:
Focusing on their Roles in the Placenta. Epigenetics,
2012, under submission. *

(Books)

Sharif J and Koseki H, Recruitment of Dnmtl roles of the
SRA protein Np95 (Uhrf1) and other factors. Prog Mol
Biol Transl Sci. 2011;101:289-310. *

(Other)

Prog Mol Biol Transl Sci. 2011;101:289-310.
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@ Oral Presentations
(International conferences)

SharifJ, Endo T A, Tajima S and Koseki H, Genomewide

DNA methylation Study Using Microarray Based Tech-
niques. Mouse Molecular Genetics Conference, Hinx-
ton, UK, 2011.

Spike Time Dependent Plasticity and Ca** stores in Pyramidal Cells of the Neocortex

Name: Sherwood, Mark William

Host Laboratory: Brain Science Institute

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

Intuitively, for STDP to occur, there must be a means
for detecting coincident pre-synaptic and post-synaptic
activity (action potentials). The post-synaptic N-methyl-
D-aspartate receptor (NMDAR) has been a good can-
didate for carrying out coincidence detection, and has
received particular attention in standard STDP models.
However, numerous experimental and theoretical studies
have highlighted problems with having the NMDAR as
a sole coincidence detector. One theoretical solution, for
some of the short comings, is to have separate coincidence
detectors for LTP and LTD. The NMDAR is still favored
as the coincidence detector for spike time dependent po-
tentiation, but several coincidence detectors for spike time
dependent depression have been identified experimentally
at a range of synapses, these include: Phospholipase C;
the Inositol-1,4,5-trisphosphate receptor; and pre-synap-
tic endocannabinoid (eCB) receptor and NMDAR. Recent
work has also demonstrated that subsets of spines express
different forms of LTD. The differential involvement of
all or combinations of the aforementioned coincidence
detectors at different synapses onto Layer 5 pyramidal

neurons and subsets of spines is unknown.

Laboratory for Developmental Neurobiology
(Laboratory Head: Katsuhiko Mikoshiba)

The aim of my study is to examine the mechanisms of
STDP at different synapses of pyramidal neurons. I have
performed experiments characterizing spike time depen-
dent plasticity at: laver 5 to layer 5 pyramidal synapses,
and layer 2/3 to layer 5 pyramidal synapses, in the mouse
visual cortex. I have started to characterize spike time de-
pendent plasticity at layer 4 to layer 2/3 synapses, in the
barrel cortex. These experiments have been performed
on acute brain slices from wild type and Inositol-1,4,5-
trisphosphate receptor type-1 conditional knock out mice.
In addition, I have coded software for the peak scaled
non-stationary noise analysis of synaptic potentials. Peak
scaled non-stationary noise analysis will be performed to
determine the locus of synaptic plasticity (presynaptic or

postsynaptic).

@ Publications

(Other (co-Author) )

Lur G., Sherwood MW., Ebisui E., Haynes L., Feske S.,
Sutton R., Burgoyne RD., Mikoshiba K., Petersen OH.
and Tepikin AV.: InsP3 receptors and Orai channels in
pancreatic acinar cells: co-localization and its conse-
quences. Biochem J. 2011, Jun 1; 436(2):231-9.*

Gerasimenko JV., Lur G., Ferdek P., Sherwood MW., Ebi-
sui E., Tepikin AV., Mikoshiba K., Petersen OH. and
Gerasimenko OV.: Calmodulin protects against alco-
hol-induced pancreatic trypsinogen activation elicited
via Ca2+ release through IP3 receptors. PNAS 2011,
Apr 5; 108(14):5873-8.*

Arizono M., Bannai H., Nakamura K., Niwa F., Enomoto
M., Matsu-ura T., Miyamoto A., Sherwood MW., Naka-
mura T. and Mikoshiba K.: Receptor-selective diffusion

barrier enhances sensitivity of astrocytic processes to
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metabotropic glutamate receptor stimulation. Sci. Sig-

nal. 2012, Apr 3; 5(218):ra27

Molecular Aspects of Amyloid Disease and Studies of Interactions between Amyloids and

Chaperones

Name: Sorgjerd, Karin Margareta

Host Laboratory: Advanced Science Institute

Description of research: A wide range of diseases (for
example Alzheimer’s disease) are linked to protein mis-
folding. Molecular chaperones are proteins in the human
body that are believed to interact with potentially any
newly synthesized protein and thereby prevent aggrega-
tion. Chaperones are believed to play critical roles in pro-
tein misfolding diseases. I have focused on the chaperone
prefoldin (PFD), (which is present in all archaea and in the
cytosol of eukaryotic cells) and its interactions with the
amyloid beta (AB) protein. AB peptides are well known
to be involved in the pathogenesis of Alzheimer’s disease
and neuronal death. However, the mechanisms for how
AB and neuronal death is related remain unclear. Soluble
oligomers of AB, are believed to play a crucial role for
developing Alzheimer’s disease.

It was previously published from Maeda laboratory, that
AB aggregation was prevented by archaeal PFD, which
suggests a possible involvement of PFD in Alzheimer’s
disease (Sakono et al. 2008, FEBS J. 275, 5982). Previ-
ously, I have been working with human PFD and its inter-
actions with AB. Co-incubation of PFD and A3 resulted in
a distribution of high molecular weight soluble oligomers.
In my recent study, we have found that AB toxicity was
reduced when A was folded in presence of hPFD, which
contradicts our previous finding of toxic AB oligomers
formed in the presence of PhPFD. The sizes of the differ-
ent oligomers appeared to be similar. Thus, we found that
antibody recognition was different, which may be that the
surface structures are different. Our data suggest that dif-
ferent shapes of A oligomers, or the mechanism for how
AB oligomers are formed, might be of importance for their
possible toxicity.

My work has included different laboratory techniques

such as chromatography, gel electrophoresis, fluores-

Bioengineering Laboratory
(Laboratory Head: Mizuo Maeda)

cence measurements, western blotting and cell culturing,
but also in vivo experiments with injections of toxic AB
oligomers into hippocampus of mice, and subsequent be-
havioral studies. I have worked with pc12 cell cultures as
well as primary cortical neurons. Primary cortical neurons
were brought into the study since the neurons are affected
in Alzheimer’s disease. During the past fiscal year, I have
also contributed to a study concerning amyloid cytotox-
icity of insulin or 82m fibrils and filaments. I measured
fluorescence of fibrils and filaments, cell death and cell
viability, to better understand the relationship between
amyloid structure and toxicity.

I believe that it is important to better understand what
lies behind protein amyloid toxicity and cell death. Our
data supports that amyloid structures may play a consider-
able role, and is worth to study further. I hope that our data
will contribute to the amyloid disease field and that our

results will stimulate other work in the field.

@ Publications:

“Cell interaction study of amyloid using luminescent con-
jugated polythiophene: Implication that amyloid cyto-
toxicity is correlated with prolonged cellular binding”
Tamotsu Zako, Masafumi Sakono, Takahiro Kobayashi,
Karin Sorgjerd, K. Peter R. Nilsson, Per Hammarstrom,
Mikael Lindgren and Mizuo Maeda, ChemBioChem
2012 Feb 13;13(3):358-63

@ International Conferences:

The 11th International Conference on Alzheimer’s and
Parkinson’s Disecases, AD/PD 2011, Barcelona, March
9-13,2011

Dr. Biyani'’s 6th International Conference on Innovation

in the latest Healthcare Issues, Jaipur, Sept 19-21, 2011
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Excited-state dynamics of nucleic bases studied by ultrafast two-dimensional photoelectron

imaging

Name: Zuo, Peng

Host Laboratory: Advanced Science Institute

Ultrashort deep UV (DUV) and vacuum UV (VUV)
pulses (<50-fs) are particularly useful for time-resolved
photoelectron spectroscopy (TRPES), since almost all
molecules can be excited by DUV and/or VUV photons.
VUV is an ideal probe light in TRPES, because VUV pho-
tons possess sufficiently large energies and be able to ion-
ize most of chemical species from the ground and excited
electronic states. However, generation of ultrashort VUV
pulses requires special techniques to overcome group-ve-
locity mismatch, phase mismatch, and transmission cut-
off, and non-linear optical mixing in crystals is unusable.
As mentioned in Report FY-2010, we have been studying
an ultrashort DUV & VUV generation by filamentation of
four-wave mixing. In the near future, the developed laser
system will be coupled with a liquid-phase TRPES appa-
ratus developed in our group to study complex molecules
such as nucleic bases.

A Ti:sapphire amplifier delivered 80-fs, 2.8 mJ, and
792-nm fundamental frequency (FF) pulses at 1 kHz rep-
etition rate. The output beam was split into two with a
power-ratio of 30:70, and used for second harmonic (SH)
and third harmonic (TH) generation branches, respective-
ly. About ~360 pJ SH pulses were generated, and ~380
uJ TH pulses were generated. The SH and TH pulses
were gently focused by concave mirrors independently,
combined through a dichroic mirror, and delivered into a
stainless steel gas cell (L =~1 m) through a CaF, Brewster
window. The other end of the gas cell was connected to
a vacuum chamber with an MgF, window separating gas
cell from the vacuum. Argon gas was selected as a non-
linear medium. When SH and TH beams overlapped in
both temporal and spatial domains, a bright filament with

~15-cm length appeared. Fourth harmonic pulses at ~199-

Molecular Reaction Dynamics Research Team

(Laboratory Head: Toshinori Suzuki)

nm were generated in the first four-wave mixing process,
3w+3w-2w—>4w, which was followed by a cascaded
four-wave mixing process, 4 w+3 w-2w—5w, generat-
ing VUV pulses at ~159-nm. From the spectral bandwidth,
we estimated that transform-limited pulse durations were
~40-fs and ~30-fs in DUV and VUYV, respectively. The
efficiencies of DUV and VUV generation depend on the
argon pressure. We measured pulse energies for different
argon pressures. The highest pulse energies were ~7.6 pJ
and ~600 nJ in DUV and VUV, respectively, at pressure
~80 Torr.

The pulse duration of DUV was measured by a home-
made dispersion-free TG-FROG device in vacuum. The
pulse width was ~45-fs which was ~5-fs longer than
transform-limited pulse width. The VUV pulse width will
be measured by cross-correlation, and such an experiment
is in progress. The mode-difference between DUV and
VUV beams was used to separate them. We used center-
holed dielectric mirrors to reflect a high-power VUV
beam at the periphery. At the same time, DUV beam in
the center passed through the hole. Both DUV and VUV
beams were reflected by four dielectric mirrors for separa-
tion from other components.

The pump-probe system is almost ready for TRPES ap-
plication; however, we will measure first the cross-corre-
lation. Then we will combine the DUV-VUYV pump-probe
system with a liquid-phase PES equipment for studies of
nucleic bases in solution. These studies aim at gaining
deeper insight into nonradiative decay mechanism of ex-
cited states of nucleic bases. These studies will be helpful
for better understanding of the mechanism of gene muta-

tion and damage induced by solar ultraviolet radiation.
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Electronic dipole states in molecular conductors

Name: Abdel Jawad, Majed

Host Laboratory: Advanced Science Institute

Charge transfer salts consist of two or more molecules
where the transfer of a charge from a donor molecule to
an acceptor molecule stabilizes a weak bond. A large vari-
ety of crystal structures are achieved by varying the mol-
ecules combinations. The most common arrangement of
those molecules is the layered structure where layers of
conducting organic molecules are intercalated by layers
of insulating molecules. Among those layered structure
organic charge transfer salts compounds are the dimer
Mott insulators, a class of compounds where the organic
conducting molecules are staked in such a way that pairs
of molecules with very large molecular orbitals overlap
between them are defined as a dimer unit. The band filling
of those dimer Mott compounds is of one hole for every
two organic conducting molecules which in term of the
dimer unit is an effective half-filled state. In the case of a
non frustrated highly correlated system, the ground state
of those dimers Mott compounds is indeed an antiferro-
magnetic insulators.

Most of the theoretical work in the dimer Mott systems
are based on the half-filled single band Hubbard model,
namely the ‘dimer model’. Although this model neglects
all charge degrees of freedom within the dimer unit, it cor-
rectly describes, qualitatively at least, the phase diagram
of the dimer Mott systems under pressure. Some theoreti-
cal work have questioned the use of this model on various
basis like in 8’-(BEDT-TTF),ICl, where the dimerization
is rather weak' or when the intersite Coulomb interaction,
V, is found to be large with respect to the on-site Coulomb
interaction, U 2. Our recent dielectric constant measure-
ments in K -(BEDT-TTF),Cu,(CN), *revealed a tempera-
ture and frequency dependence similar to a relaxor fer-
roelectric compound. This result combined with the 6K
anomaly found in the thermal expansion* , specific heat®
and thermal conductivity® data have encouraged’ and in-
spired®® a few theoretical work focusing on the charge
degree of freedom within the dimer unit. We had already

noted back then?® that a similar relaxor behavior of the di-

Condensed Molecular Materials Laboratory
(Laboratory Head: Reizo Kato)

electric constant was also present in B’-(BEDT-TTF),ICl,
a quasi-one dimensional dimer Mott compound but with a
different temperature scale and highlighted that this effect
was probably common in BEDT-TTF based dimer Mott
compounds.

We have found a similar relaxor-like dielectric response
throughout the metal dithiolene complex Pd(dmit), com-
pounds with a B’ crystal structure. The dielectric constant
increase with decreasing temperature follows a Curie-
Weiss law from which we can extract the Curie constant
and the Curie-Weiss temperature. A simple multi-site po-
tentials model enables us to estimate the dipole moment
from the Curie constant and the ground state internal field
from the Curie-Weiss temperature. The dipole-moment is
found to be almost independent of the cation layer which
appears to be a reasonable result as the distance between
the Pd(dmit), of a dimer unit is almost independent of
the cation layer. The Curie-Weiss temperature is found
to increase with increasing charge correlation except for
the “spin-liquid” candidate B’-EtMe,Sb[Pd(dmit),], and
samples in proximity to the anti-ferromagnetic charge-
order boundary where the internal field appears to be
smaller than it should be. More work will be needed to
determine if this decrease of the internal field is related
to the geometrical frustration of the triangular lattice or
from the frustration of the competing antiferromagnetic
and charge-order phases.

IT. Nakano and K. Kuroki, J. Phys. Soc. Jpn. 75, 034706
(2006).

’H. C. Kandpal, I. Opahle, Y.-Z. Zhang, H. O. Jeschke,
and R. Valent Phys. Rev. Lett. 103, 067004 (Aug 2009).
’M. Abdel-Jawad, 1. Terasaki, T. Sasaki, N. Yoneyama,
N. Kobayashi, Y. Uesu, and C. Hotta, Phys. Rev. B 82,
125119 (Sep 2010).

“R. S. Manna, M. de Souza, A. Briihl, J. A. Schlueter, and
M. Lang, Phys. Rev. Lett. 104, 016403 (Jan 2010).

5S. Yamashita, Y. Nakazawa, M. Oguni, Y. Oshima, H.
Nojiri, Y. Shimizu, K. Miyagawa, and K. Kanoda, Nat.
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Phys. 4, 459 (Jun 2008).

“M. Yamashita, N. Nakata, Y. Kasahara, T. Sasaki, N. Yo-
neyama, N. Kobayashi, S. Fujimoto, T. Shibauchi and Y.
Matsuda, Nat. Phys. 5, 44 (Jan 2009).

’S. Dayal, R. T. Clay, H. Li, and S. Mazumdar, Phys. Rev.
B 83, 245106 (Jun 2011).

§C. Hotta, Phys. Rev. B 82, 241104 (Dec 2010).

M. Naka and S. Ishihara, J. Phys. Soc. Jpn. 79, 063707
(2010).

@ Publications

(First author papers)

M. Abdel-Jawad, I. Terasaki, N. Tajima and R. Kato
“Electronic dipole moment in dimer-Mott organic

charge transfer salts” Phys. Rev. B submitted *

@ Oral Presentations

(International Conferences)

M. Abdel-Jawad, N. Tajima and R. Kato: “Dielectric
anomaly in dimer Mott insulators” 19th International
Symposium on Crystalline Organic Metals, Supercon-
ductors and Ferromagnets (ISCOM 2011), Poznan, Po-
land, September (2011)

(Domestic conferences)

M. Abdel-Jawad, N. Tajima and R. Kato and I. Terasaki:
“Electronic relaxor-like dielectric response in dimer
Mott insulators” IMR workshop “Frontier of ferroelec-
tricity with electron degree of freedom”, Tohoku Uni-

versity, November (2011)

Implementation of an Experimentally Scalable Coupling Scheme for Josephson Qubits

Name: Billangeon, Pierre-Marie

Host Laboratory: Advanced Science Institute

One aim of this project is to engineer new types of in-
teractions which could provide scalable architectures for
quantum information processing with Josephson qubits:
from theoretical point of view, we pursued the work in-
troduced last year and found a way to control the two
qubit 0“0 * interaction using microwave control, which
strengthens the argument regarding the scalability of this
circuit. We are currently writing a manuscript presenting
these new ideas. On the experimental side, we tested a
first set of samples unsuccessfully, for a reason which is
not understood yet. We are considering to retry in a more
systematic way, starting from a simpler design.

In parallel, we reconsidered the possibility to use para-
metrically induced interactions to couple qubits in circuit
QED architecture, and engineer complex photon states as
well. Indeed, as we found last year, processing quantum
information with atoms coupled to a common quantum
harmonic oscillator requires to avoid bringing real excita-
tions into the resonant mode, due to the Stark shift. On
another hand, it has been shown that inducing interactions

between an arbitrary pair of qubits by driving the reso-

Macroscopic Quantum Coherence Team

(Laboratory Head: Jaw-Shen Tsai)

nator at their sum/difference frequency, while keeping
them at their symmetry point, is impossible as there are
no matrix elements for this type of coupling. We found an
alternative which is to drive one of the two qubits longi-
tudinally (ie. along 0 %), thus allowing to overcome this
selection rule. Moreover, we found that driving a qubit
longitudinally (while maintaining it at its symmetry point)
allows to do much more. Basically, any type of paramet-
ric interaction (otherwise forbidden by symmetry) can be
realized: sideband transitions and single-mode squeez-
ing in the case of a single qubit coupled to a resonator, or
beam-splitter and two-mode squeezing in the case of two
resonators coupled via a qubit. A manuscript presenting
these new ideas is under preparation. From the experi-
mental point of view, we tested a new set of samples: it
appears that combining our fabrication process for reso-
nators with a switching readout presents challenges that
we did not expect. Moreover, the possibility to induce
beam-splitter and two-mode squeezing parametrically is
an attractive possibility to process quantum information

encoded in photons with Josephson circuits, which can be
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used both in linear optical quantum computing schemes
(LOQC) and continuous variable quantum information. It
remains to understand what would be the advantage to use
the nonlinearity brought by a qubit, instead of other types
of nonlinearity which can be built from Josephson devices
(like a SQUID for example).

@ Oral Presentations
(International conferences)

Billangeon P.-M. and Nakamura Y.: “Towards the imple-

mentation of a scalable coupling circuit for supercon-
ducting qubits” Italy-TWIns-Waseda 2011 “Quantum
Technologies: Information, Communication and Com-
putation” Waseda University, Tokyo JAPAN 2011, No-
vember 7-8.

(Domestic conferences)

Billangeon P.-M. and Nakamura Y.: “Parametrically in-
duced interactions in cQED architectures” NII, Tokyo
JAPAN 2011, November 29.

Functional analysis of early intracortical activity in the establishment of neocortical areas

Name: Bullmann, Torsten

Host Laboratory: Center for Developmental Biology

The mammalian neocortex is comprised of diverse ar-
rays of neurons that are radially organized into six major
layers and tangentially grouped into areas. In the mature
cortex, each cortical area receives unique input and gener-
ates specific output connections that dictate its functional
specialization. Cortical excitatory neurons (glutamater-
gic) and associated inhibitory interneurons (GABAergic)
contribute to the creation of sensory representation of the
physical world within each functional area. Developmen-
tally, cortical excitatory neurons are generated from com-
mon progenitors within the dorsal telencephalon, which
produce distinct layer neurons in an inside-out manner. In
contrast, cortical GABAergic interneurons are produced
in the ventral progenitor domains and take a long distance
migration dorsally into the neocortex. During the prenatal
period, the formation of early neuronal networks depends
largely on genetic information encoded within the cell by
transcription factors. With the emergence of gap-junction
mediated electrical coupling, voltage-dependent channels
and neurotransmitter receptor expression, neuronal cir-
cuits develop highly correlated spontaneous or transmit-
ter-evoked electrical activity patterns, prior to experience
dependent driven activity mediated by thalamocortical
inputs. It has been recently reported that cortical intrinsic
network, including both intracortical excitatory and inhib-

itory connections, accounts for the vast majority of syn-

Laboratory for Neocortical Development

(Laboratory Head: Karina Hanashima)

aptic inputs onto cortical pyramidal neurons during this
early postnatal period. Cortical interneurons, with their
extreme diversity of subtypes, are important for shaping
the circuitry during the late period, and has been consid-
ered a major determinant in refining the cortical columns
in the visual cortex, Furthermore subplate innervation are
amongst the earliest cortical inputs that the cortical cells
receive and are essential for the maturation of layer 4 neu-
rons. However, the function of early activity of these cell
types in the establishment and shaping the neocortical ar-
chitecture has remained completely elusive.

To determine the roles of these inputs, I have specifi-
cally targeted each of these populations and evaluated
their contribution to the establishment and refinement of
cortical areas utilizing loss-of-function approaches.

For subplate neuron ablation, I used a mouse line har-
boring a tamoxifen-inducible Cre recombinase driven
from the Ngn2 locus (Ngn2-CreER). Ngn2 is expressed
transiently in neuronal progenitors that have committed
to leave the cell cycle. Therefore, the Ngn2-CreER line
allows the selection of layer-specific subpopulation of
glutamatergic neurons upon tamoxifen administration. A
separate mouse line contains the coding sequence of the
Diphtheria toxin gene, whose expression is blocked by
a stop codon flanked by two loxP sites. When these two

mouse lines were crossed, tamoxifen application at em-
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bryonic day (E) 9.5 lead to the excision of a floxed-stop
codon releasing the expression of Diphtheria toxin and
cell death induction in a subset of cortical cells, preferen-
tially in subplate neurons. Approximately 21% of subplate
cells were targeted by this approach, whereas no changes
in regional marker expression were observed at E18.5.
These results implied that ~80% of subplate neurons was
sufficient to maintain regional and areal identities in the
neocortex, or that subplate neurons do not play major
roles in early neocortical patterning.

A parallel approach I established utilizes a selective
susceptibility of subplate cells to excitotoxicity, and re-
sulted in a more efficient ablation of these cells. Intra-
peritoneal injection of Kainate into postnatal day 1 (P1)
pups resulted in a near complete ablation of subplate cells
(~97% ablation as assessed by CTGF-immunoreactivity).
TUNEL staining indicated massive cell death in the sub-
plate within two days after injection. /n situ hybridization
for Id2, RORbeta, EphAS5, EphA7 at P8.5 showed changes
in regional marker expression in the caudal part of the
neocortex. Furthermore, a significant reduction in Brn2
(layers II/I1I marker) and Tbrl (layer VI marker) expres-
sion was observed, whereas the expression in Ctip2 (layer
V marker) was unaffected. These changes were likely not
due to cell death because the overall cytoarchitecture of
neocortical layers remained intact. Interestingly, MAP2
expression indicated an impaired development of the neu-
ronal dendrites.

Since Kainate injection is not applicable to prenatal
embryos, | have also complemented the approach with an-
other method of subplate ablation, which takes advantage
of the selective expression of p75 Neurotrophin receptor
on subplate cells during the embryonic phase. Prelimi-
nary data showed that i.v. injection of an immunotoxin
(Saporin coupled rabbit-anti-p7SNTR) at E13.5 induced
efficient ablation of subplate cells (assessed by CTGF-
immunoreactivity), but the dose and timing of injection
needs to be adjusted.

For interneuron ablation, I have utilized a genetic ap-

proach to specifically ablate parvalbumin- and soma-
tostatin-expressing cortical interneurons. To assess the
early requirement of these populations in early cortical re-
gionalization, I examined straight Nkx2.1 knockout mice,
which leads to the complete loss of both interneuron types
in the neocortex. Since these pups die at birth, I assessed
cortical regional identity markers at E18.5. 1d2 and ROR-
beta showed no significant changes in their expression
pattern across the dorsoventral and rostrocaudal axis of
the cortex, suggesting that the early regional identity of
the neocortex proceeds largely independent of interneu-
ron integration. To assess the requirement of interneuron
in cortical arealization during the early postnatal period, I
next used mouse line carrying a Cre-recombinase driven
by the DIx5/6 enhancer (DIx5/6-Cre). Within the rostral
forebrain, the activity of the DIx5/6 enhancer is restricted
to the subventricular zone of the ventral telencephalon. I
crossed this line onto a conditional Nkx2.1 line, in which
the coding sequence of the Nkx2.1 gene is flanked by
two loxP sites (floxed Nkx2.1 mice). Consistent with the
down-regulation of Lhx6, a direct downstream target of
Nkx2.1, T observed a significant reduction of parvalbu-
min-expressing interneurons in the upper-layers of the
neocortex. These offspring survive up to P21, and are cur-
rently examined for cortical arealization at the postnatal

stages.

@ Oral Presentations

(Posters)

Bullmann T, Hanashima C: Establishment of neocortical
areas by intracortical activity of GABAergic and sub-
plate neurons. 44th Annual Meeting for the Japanese
Society of Developmental Biologists, Okinawa, Japan,
May 18 - May 21, 2011

Bullmann T, Hanashima C: Roles of subplate neurons in
the establishment of neocortical subtype identities. 1st
International Symposium for MEXT Grant Neural Di-
versity and Neocortical Organization, Okazaki, Japan,
March 10 - March 13, 2012.
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Expanding the DNA alphabet of Escherichia coli.

Name: Cox, Robert Sidney

Host Laboratory: Systems and Structural Biology Center

Background and Introduction:

Synthetic designed genomes will allow us to explore the
space of all possible biological functions. Such functions
can be initially described with heuristic and mathemati-
cal models, such as for genetic circuits, signal transduc-
tion networks, and the flux-balance analysis of metabolic
pathways. To move from a model idea to a specific DNA
design, the designer must choose appropriate genetic el-
ements, and arrange them. These elements are built by
DNA synthesis and cloning into one or more DNA con-
structs, cloned into a genetic vector, and then delivered to
the genome of the target organism. The result is a novel
designed genome.

Our experimental knowledge of genome sequence,
gene product functions and structures, and gene expres-
sion exists in the primary literature and in a variety of
databases; generally these databases are organized by
measurement technique and by organism. Standardized
biological ontologies aim to organize this data into a com-
patible framework. For example, The Sequence Ontol-
ogy has developed a flat file format for describing DNA
elements called the Generic Feature Format GFF3. This
file format is structured by the ontological relationship of
different sequence features. For a gene this could include
the transcribed sequence (primary transcript), a resulting
mRNA after splicing (processed transcript), and a cod-
ing dependent sequence (CDS) within. Each object can
be mapped on to the ontology by relations such as “is_a”
(e.g. an mRNA is_a processed transcript) or “part_of”
(e.g. a coding dependent sequence CDS is part of an
mRNA). However, this file format does not store all the
information necessary for genome design, and most ge-
nome design tools do not yet organize data within a stan-

dard ontology.

Results and Conclusion:
Semantic linking will allow the incorporation of mul-

tiple data structures into a system for aiding genome

Nucleic Acid Synthetic Biology Research Team
(Laboratory Head: Ichiro Hirao)

design. In addition to describing sequence annotations
from genomic data, three types of additional information
will be needed for genome design: (A) Data regarding
each functional unit of design ‘CAD brick’ or ‘device’
(usually containing several features) such as the parts
specifications used by the BioBricks and BioFab parts
repositories (e.g. Transcription Factor - Promoter genetic
switches). (B) The gene layout, how the ‘CAD bricks’ are
arranged in the DNA, the method of DNA construction
and any sequence features related to it (e.g. primer bind-
ing sites, “scars”, DNA restriction sites, etc.), a history of
the design workflow including the possibility “rules” for
error-checking, safety monitoring, and efficient reuse of
existing constructs. (C) A semantic representation of the
phenotype including: mathematical model(s), parameters
such as protein - DNA binding constants which might be
linked (A), interactions between synthetic genes, and in-
teractions of the synthetic genes with the host genome.
These three layers, along with the raw sequences and an-
notations, are necessary to allow genome designers and
software tools to make effective use of literature and da-
tabase knowledge.

The use of semantic web is also needed to give the
software tools useful functions, which are currently lack-
ing. Based on several gene design workflows, reviewed
graphically in the poster (link below), we propose four
genome design tool requirements:

1. Updatable. Genome designers require access to the
freshest phenotype and sequence data. Therefore, genome
design tools must access newly deposited data without re-
quiring manual data entry or software updates. As funding
agencies require researchers to deposit into appropriate
databases, semantic web data will become directly acces-
sible from genome design tools.

2. Scalable. The compositional unit of genetic design is
the continuous sequence of designed DNA, or ‘construct.’
Genome design tools must be scalable from single genes

to entire chromosomes.
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3. Portable/Automatable. Genome designs should be
stored in a common RDF data structure. The Sequence
Ontology’s GFF3 data structure describes sequence fea-
tures. Three additional types of design data are needed:
(A) These descriptions must be general enough to be
valid for different host organisms, and construction and
experimental methods, and allow progress towards fully
automated genome design.

4. Queryable. Genome designers need to make ad-
vanced queries of databases. This must be accessible to
the non-programmer, but go beyond simple web-search.
Advanced tools must allow cross-referencing of diverse
(e.g. sequence, expression, functional, or structural) data,
and allow “virtual experiments” to guide the choice of
DNA.

@ Publications

(Review Atrticles)

Kimoto M., Cox R.S. and Hirao I: Unnatural base pair
systems for sensing and diagnostic applications Expert
review of molecular diagnostics. 11,3 (Apr. 2011), 321-
331.

@ Presentations

(International Conferences)

Cox R.S. and Toyoda T..: “Genome Design with the Se-
mantic Web” Semantic Web Applications and Tools for
Life Sciences London UK 2011, Dec 6-9*.

http://f1000.com/posters/browse/summary/1089714

Domestic Conferences

Molecular dissection of polarized intracellular vesicle trafficking in epithelial morphogenesis

using Drosophila trachea as a model

Name: Dong, Bo

Host Laboratory: Center for Developmental Biology

Targeted intracellular vesicle trafficking is a fundamen-
tal biological process through which proteins and lipids
are transported to specific domains of plasma membrane
for cell surface expansion, extracellular lumen secretion
and cell shape change. The development of tracheal sys-
tem in Drosophila provides an elegant system to address
this issue. Based on gene expression and localization of
GFP fusion constructs, we screened out one of small GT-
Pase Rab9 as a candidate regulator of vesicle trafficking
to the cell surface. Through inducing imprecise excisions
of the Minos elements, we created rab9 deleted mutations.
The most apparent defect in rab9 mutants was the pres-
ence of excessively longer and convoluted dorsal trunks of
tracheal tube compared to the straight ones seen in wild-
type. To reveal the molecular mechanisms underlying this
phenotype, we screened and ultimately identified one of
luminal protein, serpentine (Serp) as the specific cargo

of Rab9 endosome. Rab9 didn’t regulate Serp’s stability,

Laboratory for Morphogenetic Signaling
(Laboratory Head: Shigeo Hayashi)

but determined its distribution in tracheal cells. Rab9 was
furthermore implicated to be involved in endocytotic and
late endosome to frans-Golgi network (TGN) trafficking
pathways. Intriguingly, we found retromer complex was
also involved in Serp retrograde trafficking. vps35 mutant
embryos showed similar tracheal phenotypes with that in
rab9 mutants. In S2 cells, Dvps35 colocalized with actin at
Rab9 enriched membrane domains in late endosome. We
therefore proposed that Rab9 and retromer functioned co-
operatively to sort endocytotic luminal protein Serp from
late endosome to TGN through actin-involved-budding
machinery. Our study demonstrated that protein retrieval
mechanism was required for recruitment and maintenance
of sufficient luminal-matrix in tube space for its proper
function. In the near future, we are going to establish the
relationship between Rab9 and retromer in Serp traffick-

ing from endosome to the TGN.
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The N,Z = 50 Magicity towards the “Doubly-Magic” '"°Sn

Name: Doornenbal, Pieter Christiaan

Host Laboratory: Nishina Center for Accelerator Based Science

Description of research:

The aim of my research project is to study the robustness
of the proton and neutron nuclear shell closures around
the anticipated “doubly magic” 'Sn. The shell closure
robustness can be studied experimentally by measuring
the collectivity of the excitation from the nucleus’ ground
state to the first excited state along the N,Z = 50 shell
closures towards 'Sn. Such an experiment, employing
relativistic Coulomb excitation, has been proposed to the
Radioactive Ton Beam Factory (RIBF) and granted four
days of beam time. The experiment will be carried out in
July 2012. Thus, during FY 2011 my research concentrat-
ed on improving our gamma-ray spectrometer, DALI2,
by means of Monte-Carlo GEANT4 simulations. Special
focus was laid on the anticipated atomic background due
to the slowing down of the exotic nuclei within the sec-
ondary target.

Furthermore, an experiment using an 48Ca beam was
executed in December 2010. Within this experiment, a
tantamount of new data was observed in the so-called “Is-
land of Inversion”, a region in which the standard order-
ing of the nuclear shell is abandoned in favor of a more
stable but deformed configuration. The newly obtained
data gives new insights into the driving mechanisms un-
derneath the reconfiguration. Furthermore, for the first
time gamma-ray spectroscopy could be performed up to
the neutron drip-line for the magnesium isotopes. The

data was completely analyzed, compared to anticipated

Radioactive Isotope Physics Laboratory
(Laboratory Head: Hiroyoshi Sakurai)

results from GEANT4 simulations, and the first publica-

tions from this experiments are in progress.

@ Oral Presentations

(International conferences)

In-beam gamma-ray spectroscopy of the neutron-rich
magnesium isotopes 36,38Mg
Oral Presentation at the 1st International Conference
on Advances in Radioactive Isotope Science, Leuven,
Belgium, May 29" - June 3, 2011

Gamma-ray spectroscopy Experiments at RIKEN
Invited talk at the 1st Workshop of the European Gam-
ma and Ancillary Detectors Network (EGAN) of EN-
SAR, Padova, Italy, June 27" - 30™, 2011

Status of the EURICA Project
Oral Presentation during EURICA Workshop, GSI,
Darmstadt, Germany, September 12%, 2011

The EURICA Project
Invited talk at the NUSTAR Week, Bucharest, Roma-
nia, October 17" -21%, 2011

The Perspective from Japan: Rising Panic and Common
Sense
Invited talk at the AAAS Annual Meeting, Vancouver,
Canada, February 16"- 20" 2012

In-Beam Gamma-Ray Spectroscopy at the RIBF
Invited talk at the 1st Topical Workshop on Modemn
Aspects in Nuclear Structure, Bormio, Italy, February
220 - 25M 2012

Exploring supersymmetry and many-body nuclear physics via lattice field theoretical

methods

Name: Endres, Michael Gordon

Host Laboratory: Nishina Center for Accelerator Based Science

Monte Carlo (MC) simulations play an important role

Quantum Hadron Physics Laboratory
(Laboratory Head: Tetsuo Hatsuda)

in understanding nonperturbative phenomena associated
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with quantum field theories and condensed matter sys-
tems. Central to the approach is the discretization of space
and time, with fundamental degrees of freedom associated
with the sites, links, plaquettes, and so-forth of a lattice.
In condensed matter physics, the lattice might represent
a real, physical construct such as the hexagonal lattice
of graphene. Whereas for quantum field theories like
Quantum Chromodynamics and supersymmetric (SUSY)
gauge theories, a hypercubic lattice or more exotic space-
time discretization may serve as a nonperturbative regu-
lator for the continuum theory. In each case, the lattice
offers a powerful tool for reliably studying strongly inter-
acting systems numerically. My recent research activities
have focused on developing and using such constructions
to numerically explore a variety of physically interest-
ing and relevant systems, including N=1 supersymmetric
Yang-Mills (SYM) theory and the unitary Fermi gas.
Nonrelativistic spin 1/2 fermions at infinite two-particle
scattering length and vanishing effective range are known
as “unitary fermions”. This strongly interacting system
is of interest for its simplicity and realizability in ultra-
cold atom experiments, where the scattering length may
be tuned using an external magnetic field. Because the
system is insensitive to the details of the interaction, uni-
tary fermions are well described within an effective field
theory (EFT) framework. However, due to the strongly in-
teracting nature of the system, numerical simulations are
necessary for a quantitative understanding of the theory.
My collaborators and I have developed a highly improved
lattice EFT for efficiently studying large numbers of uni-
tary fermions confined to a finite box and a harmonic po-
tential. We have used the theory to numerically simulate
up to 70 fermions on the lattice at zero temperature, and
have measured a universal quantity known as the Bertsch
parameter (the energy of the system in units of the free gas
energy) to demonstrate the utility of our method. Beyond
the studies we have done, I am interested in generalizing
our numerical technique for efficiently studying unitary
fermions at finite temperature, exploring the BEC-BCS
transition from positive scattering length to negative
scattering length, as well as investigating a fundamental
quantity known as the integrated contact density, which
appears in several universal relations and has been recent-

ly measured by experiment.

In addition to unitary fermions, I am investigating N
= 1 SYM, the only four-dimensional supersymmetric
gauge theory that can be simulated on the lattice without
fine-tuning of SUSY violating operators. While much is
known about the vacuum properties of this theory, very
little is known about its dynamics. In the case of N = 1
SYM, one would ultimately like to study such aspects as
the low energy spectrum (which should yield massive su-
permultiplets), discrete chiral symmetry breaking and the
role of topological charge, as well as the effects of a soft
SUSY breaking gluino mass on nonperturbative quanti-
ties. I am currently performing simulations using an im-
proved gauge action in order to significantly reduce the
effects of residual chiral symmetry breaking (an important
step toward attaining the SUSY limit), thus allowing for
more reliable studies of the gluino condensate and low

energy spectrum of the theory.

@ Publications

* “Lattice Monte Carlo calculations for unitary fermions
in a harmonic trap”
M. G. Endres, D. B. Kaplan, J.-W. Lee, A. N. Nicholson,
Phys. Rev. A 84 (2011) 043644, [arXiv:1106.5725].

* “Noise, sign problems, and statistics”
M. G. Endres, D. B. Kaplan, J.-W. Lee, A. N. Nich-
olson, Phys. Rev. Lett. 107 (2011) 201601, [arX-
v:1106.0073].

@ Oral Presentations

“Monte Carlo simulations for unitary fermions confined
to a harmonic trap”
Seminar, National Chiao Tung University, Hsinchu,
Taiwan (November 28, 2011).

“Monte Carlo simulations for unitary fermions confined
to a harmonic trap”
Seminar, National Taipei University, Taipei, Taiwan
(November 25, 2011).

“Noise, sign problems, and statistics”
Selected Topics on Recent Developments in Lattice
Field Theory, NCTS Hsinchu, National Tsing Hua Uni-
versity, Hsinchu, Taiwan (October 31, 2011)

“Unitary fermions on the lattice”
Seminar, Lawrence Livermore National Laboratory,

Livermore CA, USA (June 9, 2011).
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Mechanisms of the Evolution of Song Culture

Name: Feher, Olga

Host Laboratory: Brain Science Institute

I use the zebra finch as a model organism to investigate
developmental and evolutionary questions about song
culture. I previously found that when isolate zebra finches
- who sing abnormal songs - tutor juvenile males, their
pupils’ imitate them but produce songs that are somewhat
wild-type-like. In a recursive training situation (the first
generation pupils became the tutors of the next generation
and so on) as well as in an isolate colony founded by an
isolate male, the song returned to normal, wild-type-like
song in about 4 generations. This implies that wild-type
song culture is genetically encoded, but it requires train-
ing to surface. This finding raised many questions about
the details of cultural evolutionary processes. My FPR
project aimed to investigate these evolutionary and de-
velopmental questions. The first experiment focused on
what the minimum requirement is for wild-type-like song
to appear. The hypothesis was that training with the birds’
own vocalization is enough. When young birds are raised
in acoustic and social isolation, the only vocal stimulus
is their own song heard in real time as they sing it. This
instant feedback is not sufficient to trigger the encoded
wild-type culture. However, we hypothesized that hearing
their own, recently recorded song differs from a live sen-
sory feedback and may trigger a normalization process.

In the last fiscal year, I built a system for continuously
monitoring the song learning process of zebra finches. At
the end of the period, the training system was extended
to contain 10 sound-proof boxes with a complete sound
recording system and operant key-pecking set up. I bred
zebra finches, trained two juveniles and started the train-
ing of 4 other birds. I had some difficulty because of chick
mortality due to infanticide caused by maternal stress that
was triggered by the new need to move them to a differ-
ent facility at the time of separating from the father. I was
able to start the training of 2 male sibling pairs. I chose
siblings because this way one bird could be used as a con-
trol isolate in contrast with his brother who would be ex-

posed to his own vocalizations through the operant train-

Emotional Information Joint Research Laboratory

(Laboratory Head: Kazuo Okanoya)

ing program. Every utterance of the birds was recorded,
and when the experimental group pecked the keys, they
heard a recent rendition of their song. Each young bird
was trained from the onset of singing (about age 35 days)
until song crystallization (about day 120), so the training
lasts approximately 3 months.

In addition to the live feedback experiment, I began
exploratory analysis on the development of birds that par-
ticipated in the previously mentioned cultural evolution
project. The developmental course of birds trained with
isolate song is of interest, because it can be compared to
the multi-generation cultural evolutionary process. We
found that pupils of isolates do not pick wild-type-like
song elements and preferentially imitate those. Rather,
they imitate the whole isolate song but change its charac-
teristics dynamically to make them more similar to wild-
type song. They do this according to innate imitation bi-
ases. By analyzing the developmental trajectories of these
birds, we can find out whether the imitation biases emerge
gradually during development or appear suddenly at a cer-
tain point during development. This finding could shed
light on the mechanism that is at play when young birds
reject isolate-like song structure, and as a result, we may
be able to propose neuronal substrates that underlie the
process. The developmental trajectories of 7 birds have
been analyzed and song segmentation for the whole of the
vocal ontogeny was performed for three birds. Some pat-
terns are appearing, such as that juveniles never imitate
the isolate song features accurately, although there is con-
siderable change in syllable duration for example during
the course of development. The juvenile syllables become
much less variable and often longer during development,
but the isolate (tutor) syllable lengths do not appear in the
repertoire even early on. Although it is too early to say, I
believe that the imitation biases are there from the very
beginning of development, and it is not physical difficul-
ties that prevent the pupils from imitating isolate tutor syl-

lables accurately.

- 181 —



@ Oral Presentations

“Mechanisms of the Evolution of Song Culture in the Ze-
bra Finch”
Special seminar at the Department of Cognitive Scienc-
es, Budapest Technical University, Budapest, Hungary.
Date: April 4, 2011

“Mechanisms of the Evolution of Song Culture in the Ze-
bra Finch”
International lecture at the Department of Veterinary
Sciences, St. Stephen University, Budapest, Hungary.
Date: April 14, 2011

Recruiting and expansion of stem cells for cardiovascular vessel engineering

Name: Joddar, Binata

Host Laboratory: Advanced Science Institute

Description of research:

INTRODUCTION: Although embryonic stem (ES)
cells are used as a source of cells for tissue engineering
scaffolds, yet the controlled renewal of ES cells still re-
mains a challenge. Hyaluronic acid (HA) 3D hydrogels
have been shown to support undifferentiated prolifera-
tion of human ES cells in the absence of feeder layers and
retained their ability to differentiate after being released
from HA hydrogels [1]. However, it is known that the ef-
fects of HA on the cellular environment varies according
to its molecular weight (MW) or fragment size. Therefore
we initiated this study to investigate the in vitro effects
of the molecular weight (MW) of 2D HA substrates on
the maintenance of the pluripotency and proliferation of
murine ES cells.

EXPERIMENTAL METHODS: HA of high-MW
(HMW-1000 kDa) and of low-MW (LMW-6.4 KDa) was
UV-crosslinked using the photocrosslinker, 4-azidoani-
line and immobilized onto cell culture cover slips. Murine
ES cells were seeded onto these immobilized HA and con-
trol gelatin coated surfaces, and cultured up to 5 days. Cell
morphologies during and after culture were assessed us-
ing bright field microscopy. Western blot was used to as-
sess the levels of phosphorylated and total STAT-3 protein
and RT-PCR was employed to detect levels of Oct3/4 and
GATA4 in the samples. WST-1 assay was used to mea-
sure levels of cell proliferation and Alkaline phosphatase
(ALP) staining was used to detect the level of differentia-
tion versus undifferentiation. The presence and role of

commonly expressed HA receptors, CD44 and CD168

Nano Medical Engineering Laboratory
(Laboratory Head: Yoshihiro Ito)

was confirmed by immunochemistry, using specific anti-
bodies to bind the 2 receptors respectively.

RESULTS AND DISCUSSION: High-MW HA inter-
acted with murine ES cells via CD44 receptor, whereas
low-MW HA interacted with these cells mostly via CD168
receptor. ES cells grown on both high- and low-MW HA
appeared undifferentiated after 3 days. However, a great-
er number of cells adhered, proliferated, and exhibited
greater amounts of phospho-p42/44 mitogen-activated-
protein-kinase on low- compared with high-MW HA. Ex-
pression of Oct-3/4 and phosphorylation of STAT3 were
enhanced by ES cells on low-MW HA, not on high-MW
HA. After release from HA, cells cultured on low-MW
HA in the presence of differentiating medium showed en-
hanced expression of @& -SMA or CD31 compared with
cells cultured on high-MW HA.

CONCLUSION: We demonstrated that low-MW HA
2D substrates were effective in maintaining murine ES
cells in a viable and undifferentiated state, which favors
their use in the propagation of ES cells for tissue engi-
neering. Currently we are exploring if murine ES cells or
induced pluripotent stem cells (iPS) can be maintained in
a pluripotent and proliferating state when cultured within

low-MW HA 3D scaffolds, in vitro.

@ Publications

Biological Modifications of Materials Surfaces with Pro-
teins for Regenerative Medicine. Joddar B. and Ito Y.
Invited Review and feature article. J. Mater. Chem.,

DOI:10.1039/C1JM10984G. 2011. Impact factor: 4.8
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The effects of covalently immobilized hyaluronic acid
substrates on the adhesion, expansion, and differen-
tiation of embryonic stem cells for in vitro tissue engi-
neering. Joddar B., Kitajima T., and Ito Y. Biomaterials.
011.doi:10.1016/j.biomaterials.2011.07.083.  Impact
factor: 7.882. Featured in ESC & iPSC news chronicle:
http://www.connexoncreative.com/publications/ar-
chives/ESC634.aspx

Exposure to arterial levels of oxygen stimulates intimal
hyperplasia in saphenous veins via a NOS dependant
mechanism. Joddar B., Varadharaj S., Shrefler B.,
Firstenberg M.F., Reen R.K., Stevenson M., Khan M.,
Zweier J.L., Kuppuswamy P., Gooch K.J. Atheroscle-
rosis, Thromosis and Vascular Biology. Journal of the
American Heart Association. (resubmitted Jan 2012).
Impact factor: 7.235

Microarray technology and its application for tissue en-
gineering. Joddar B., Ito Y. Invited Review and feature
article. Integrative Biology. (In preparation). Impact

factor: 4.4

@ Presentations

B.Joddar, T.Kitajima, E.Osaki, J.Kang, Y.Ito. Designing
Hyaluronic acid substrates for recruitment, expansion,
and differentiation of stem cells for tissue engineering
(Oral). International Conference on Biomaterials Sci-
ence 2011. In honor of 60th birthday for Professor Ka-
zunori Kataoka. March 15 - 18, 2011, Tsukuba, Japan

M. Stevenson, B.Joddar, K. Gooch. Modulating cellular

morphology in 3D culture by independently controlling
the matrix stiffness and binding site density (Poster).
T2C Comprehensive Wound Care Conference on April
8-9, 2011, Columbus, Ohio, USA.

Joddar. B., Kitajima T, Ito Y. Investigating the role of
varying molecular weight of hyaluronic acid in the pro-
liferation and differentiation of mouse ES cells, EB3 in
vitro (Poster). ISSCR 9th annual meeting, June 15-18,
2011 in Toronto, Canada.

Joddar B., Firstenberg M., Gooch K.J. Arterial pO2 stim-
ulates pathological remodeling in human saphenous
veins via an eNOS- and superoxide-dependent pathway
(Oral). BMES annual meeting, Hartford, Connecticut,
October 12-15, 2011.

Joddar B., Firstenberg M., Gooch K.J. Progression of inti-
mal hyperplasia and pathological remodeling in human
saphenous veins via an eNOS- and superoxide-depen-
dent pathway (Poster). TERMIS NA annual meeting,
Houston, Texas, December 12-14, 2011.

Joddar. B., Kitajima T, Ito Y. Covalently Immobilized Hy-
aluronic Acid Substrates for Maintaining Pluripotency
and Proliferation of Embryonic Stem Cells for In Vi-
tro Tissue Engineering (Poster). TERMIS NA annual
meeting, Houston, Texas, December 12-14, 2011.

Joddar B., Firstenberg M., Gooch K.J. Clinical Predictors
of Early Intimal Hyperplasia in Fresh and Cultured Hu-
man Saphenous Veins. American Association for Tho-
racic Surgery. 92" annual meeting, San Francisco, CA,

April 28-May 2, 2011.

Substructure studies of the proton and the origin of large transverse spin asymmetries in

polarized proton-proton collisions.

Name: Koster, John

Host Laboratory: Nishina Center for Accelerator Based Science

The PHENIX VTX detector was successfully installed
in November, 2010 at the Relativistic Heavy Ion Collider.
The main goal from its running period was to observe col-
lisions gold-ions which it did successfully. This detector
provides precision tracking close to the beamline and will

enable measurements of displaced vertices from the decay

Experimental Group
(Laboratory Head: Yasuyuki Akiba)

of charm and bottom quarks and improve reconstruction
of jets due to its large acceptance (Jeta]<1.2).

The main work from this past year focused on commis-
sioning this detector. The work was successful since the
detector took physics data in its first year of data-taking.

On the hardware side an interlock system was integrated
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and tested to ensure that the detector could never exceed
temperatures which might permanently damage its hard-
ware. On the software side, there was much work needed
to integrate the detector into the existing PHENIX data
acquisition system and timing it into collisions. The de-
tector finely granulated tracking produces a great deal of
data which required new readout data collection mod-
ules. In addition to the detector, this new hardware also
required testing. Also, a database and associated scripts
were developed to properly configure the detector and
track every change to those parameters. This is an impor-
tant component to the physics analysis which is going on
now. Finally, an online monitoring software package was
developed to monitor the detector’s performance in real-
time and quickly identify any problems.

An important measurement for the VTX detector is to
compare the rate of charm and bottom quark production
between gold-gold and proton-proton collisions. The nec-
essary gold-told data has already been collected but the
proton-proton data has not. Data for this exciting baseline
measurement will start to be taken on February 4™ and
will continue for roughly one month. For this running pe-
riod and beyond, I will be the PHENIX Spin Coordinator.
The main roles of this position is to push for the highest
quality physics data and to ensure that any spin-related
studies needed for the physics program are carried out.
Several studies are in progress related to the impact of
other experiment’s operations on PHENIX’s luminosity,
and the rate of polarization in the collider’s beams. Both
will help in the effort to maximize the quality of the data

collected by the experiment.

@ Publication

(Original Paper)

Koster, J.: “Transverse Spin Measurements at PHENIX”
Proceedings for the International Workshop on Trans-
versity: Developments in Nucleon Spin Structure.

Koster, J.: “Online Monitoring for the PHENIX VTX De-
tector” RIKEN Accelerator Progress Report.

PHENIX Collaboration: Azimuthal Correlations of Elec-
trons from Heavy Flavor Decay with hadrons in Aut+Au
and p+p Collisions at sqrt(s) = 200GeV. Phys. Rev. C
83, 044912 (2011)*

PHENIX Collaboration: Identified charged hadron spec-

tra in ptp collisions at sqrt(s) = 200 and 62.4 GeV.
Phys. Rev. C 83, 064903 (2011)*

PHENIX Collaboration: Event Structure and Double He-
licity Asymmetry in in Jet Production from Polarized
ptp Collisions at sqrt(s) = 200 GeV. Phys. Rev. D 84,
012006 (2011)*

PHENIX Collaboration: Suppression of away-side jet
fragments with respect to the reaction plane in Au+Au
collisions at sqrt(s_ NN) = 200 GeV. Phys. Rev. C 84,
024904 (2011)*

PHENIX Collaboration: Cold Nuclear Matter Effects on
J/psi Yields as a Function of Rapidity and Nuclear Ge-
ometry in Deuteron-Gold Collisions at sqrt(s NN) =
200 GeV. Phys. Rev. Lett. 107, 142301 (2011)*

PHENIX Collaboration: Production of omega mesons in
ptp, dt+Au, Cu+Cu and Au+Au collisions at sqrt(s_ NN)
=200 GeV. Phys. Rev. C 84, 044902 (2011)*

PHENIX Collaboration: Heavy Quark Production in p+p
and Energy Loss and Flow of Heavy Quarks in Au+Au
Collisions at sqrt(s NN)=200 GeV. Phys. Rev. C 84,
044905 (2011)*

PHENIX Collaboration: Suppression of back-to-back
hadron pairs at forward rapidity in d+Au Collisions at
sqrt(s_ NN)=200 GeV. Phys. Rev. Lett. 107, 172301
(2011)*

PHENIX Collaboration: J/psi suppression at forward ra-
pidity in AutAu collisions at sqrt(s NN)=200 GeV.
Phys. Rev. C 84, 054912 (2011)*

PHENIX Collaboration: Measurements of Higher-Order
Flow Harmonics in Au+Au Collisions at sqrt(s_NN) =
200 GeV. Phys. Rev. Lett. 107, 252301 (2011)*

@ Presentation

(International Conference)

Koster, J.: “Status of the PHENIX VTX Upgrade” Ameri-
can Physical Society Anaheim, CA 2011, April 30-May
3.

Koster, J.: “Current and Near-term Transverse Spin Mea-
surements at PHENIX” Annual RHIC and AGS Users
Meeting Upton, NY 2011, June 20-25.

Koster. J: “Transverse Spin Measurements at PHENIX”
International Workshop on Transversity: Developments
in Nucleon Spin Structure Veli Losinj, Croatia 2011,
August 29-September 2.
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Pathway-oriented gene discovery for abiotic-stress tolerance engineering of soybean plants

Name: Le, Tien Dung

Host Laboratory: Plant Science Center

The population of the earth is increasing rapidly, set-
ting food security one of the major issues in the world.
In addition, climate change also puts a great burden on
sustainable agriculture. Drought, flooding, unpredictable
epidemics, soil erosion and environment pollutants are
the factors threatening sustainable agriculture and, con-
sequently, food security. Among crops, soybean provides
an abundant source of oil and proteins for human con-
sumption. Nevertheless, over the past few years, signifi-
cant portions of the soybean producing areas have expe-
rienced severe drought, which has led to significant yield
reductions. Understanding the regulation of soybean’s
responses to stresses, including drought, is vital to miti-
gate the impact of the problem. Previous studies in Arabi-
dopsis showed that NAC transcription factors as well as
the plant hormone cytokinins (CKs) play important roles
in plant adaptations to various abiotic stresses. My study
at the Signaling Pathway Research Unit as a FPR fellow
is to focus on revealing the mechanisms and pathways of
soybean plants in response to stress using comparative
genomics, tranlational genomics and molecular biology
approaches, thereby identifying potential points in the
pathway for intervention to engineer new soybean variet-
ies that are tolerant to abiotic stresses.

Specifically, my current research involves identifica-
tion and functional analyses of stress-responsive mem-
bers of the soybean genes encoding two-component sys-
tem (TCS) members, the GmNAC transcription factors
and the CK metabolic isopentenyl transferases (IPTs) and
CK dehydrogenases (CKXs). To achieve this goal, I have
been using following approaches: (1) in silico identifica-
tion and analysis regulatory elements of the genes within
pathways of interest, (2) high throughput transcription
profiling by qRT-PCR and DNA microarray, and (3) in
planta verification of the candidate genes.

My research conducted over the past year has revealed
several dehydration-responsive TCS candidate genes in-

volved in the CK signaling and the GmNAC genes which

Signaling Pathway Research Unit
(Laboratory Head: Tran Son Phan Lam)

deserve detailed in planta characterization with potential
for genetic engineering. In another independent study, we
also identified key genes possibly involved in regulating
the CK levels in soybean plants. This work will be sub-
mitted for publication before the end of this fiscal year.
Upon exposure to abiotic and biotic stresses, plants dra-
matically increase ROS production which leads to dam-
ages of proteins and nucleic acids. Thus, during this fiscal
year I also undertook a project to characterize the antioxi-
dant gene family encoding methionine sulfoxide reduc-
tase (Msr) enzymes from soybean. The Msr enzymes have
been implicated to be involved in stress defense in plants
as well as other organisms. With support of a travel grant
for young researcher from JSPS, I spent three month vis-
iting the Laboratory of Professor Gladyshev at Brigham
and Women’s Hospital, Harvard Medical School charac-
terizing the Msr proteins. The result of this research will
be useful to identify the best candidate among 13 genes

encoding Msrs for genetic engineering.

@ Publications

(First-author papers)

*Le DT, Nishiyama R, Watanabe Y, Vankova R, Seki M
and Tran LSP (2012) Characterization of cytokinin
metabolic genes encoding IPTs and CKXs in soybean
under normal and drought conditions in relation to cy-
tokinin metabolites. Under preparation for submission
to Plant Physiology

*Le DT, Nishiyama R, Wantanabe Y, Mochida K, Yama-
guchi-Shinozaki K, Shinozaki K, Tran LSP (2011)
Genome-wide survey and expression analysis of the
plant-specific NAC transcription factor family in soy-
bean during development and dehydration stress. DNA
Res. 18:263-276

*Le DT, Nishiyama R, Wantanabe Y, Mochida K, Yama-
guchi-Shinozaki K, Shinozaki K, Tran LSP (2011) Ge-
nome-wide expression profiling of soybean two-com-

ponent system genes in soybean root and shoot tissues
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under dehydration stress. DNA Res. 18:17-29
(Conference poster)

Le DT, Nishiyama R, Watanabe Y, Vankova R and Tran
LSP. Physiological functions of Cytokinin metabolic
genes in soybean plant as revealed by their transcrip-
tome under normal and various drought models. Annual

meeting of American Society of Plant Biologists, Min-

neapolis, USA. Aug 06-12, 2011.

Le DT, Watanabe Y and Tran LSP. Characterization of the
methionine sulfoxide reductase gene families from soy-
bean. The 53 Annual meeting of the Japanese Society
of Plant Physiologists. Sanggyo University, Kyoto, Ja-
pan. March 12-14, 2012.

Precision measurements of Lattice QCD aided by analytic, perturbative calculations within
the Standard Model and effective theories

Name: Lehner, Christoph

Host Laboratory: Nishina Center for Accelerator Based Science

Description of research:

In the beginning of the fiscal year 2011 my research
focused on the completion of a series of papers on the
geometry-dependence of random-matrix-theory (RMT)
based methods to extract low energy constants (LECs) of
the Chiral effective theory (ChET) of quantum chromo-
dynamics (QCD). In prior papers of this series we estab-
lished that certain geometries minimize systematic errors
in RMT-based methods to extract the LECs of the ChET.
In Ref. [JHEP 1105 (2011) 115] we successfully demon-
strate that our analytic inferences agree with numerical
data extracted from two-flavor dynamical overlap simula-
tions performed by the JLQCD collaboration. In the same
publication we determine the leading-order LECs Sigma
and F using RMT-based methods with good precision.

After concluding the above-mentioned research suc-
cessfully, I focused on a collaboration with Dr. Christian
Sturm (MPI Munich, Germany) aiming to establish new
renormalization schemes for Delta S=1 operators describ-
ing the low-energy effective behavior of flavor-changing
processes that occur, e.g., in kaon decays. These new
schemes, inspired by recent developments for bilinear
operators and Delta S=2 operators, can significantly re-
duce the systematic errors associated with lattice QCD
calculations of kaon decays. In Ref. [Phys. Rev. D84
(2011) 014001] we published our first results provid-
ing an explicit definition of four new renormalization

schemes and conversion factors to the modified minimal

Computing Group
(Laboratory Head: Taku Izubuchi)

subtraction scheme (Msbar) which is commonly used to
cite experimental results. The results of this collaboration
were presented by myself at the Chiral Fermion Actions &
Algorithms for Lattice QCD workshop at Edinburgh, UK
and at the 2011 International Symposium on Lattice Field
Theory at Lake Tahoe, US, where they were received with
great interest.

In the second part of the fiscal year 2011 I participated
in a large-scale effort of the RBC-UKQCD collaboration
to precisely determine kaon to two pion decay ampli-
tudes. In Refs. [Phys. Rev. D84 (2011) 114503] and [arX-
iv:1111.1699 [hep-lat]] precise numerical calculations of
such decays were performed in which the new renormal-
ization schemes of Ref. [Phys. Rev. D84 (2011) 014001]
were successfully used.

Furthermore, I continued my research on heavy-quark
physics. In particular I further developed a computational
framework to calculate heavy-heavy and heavy-light
amplitudes within lattice perturbation theory in an auto-
mated setup. My results for the parameter-tuning of the
action and for improvement-coefficients to remove large
discretization errors associated with heavy quarks in lat-
tice QCD calculations were presented by myself in an in-
vited talk at the University of Regensburg, Germany and
at the ECT* workshop on Chiral Dynamics with Wilson
fermions in Trento, Italy. The results were received well.
In collaboration with N.H. Christ, A. Soni, T. Izubuchi, R.

van de Water, and O. Witzel we currently finalize two up-
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coming publications in which a comprehensive study of
the relativistic heavy quark (RHQ) approach to calculate
heavy-heavy and heavy-light physics in lattice QCD will
be performed from both an analytical as well as a numeri-

cal perspective.

@ Publications

(Original Papers)

Lehner C., Bloch J., Hashimoto S. and Wettig T.: Geom-
etry dependence of RMT-based methods to extract the
low-energy constants Sigma and F, JHEP 1105 (2011)
115 published *

Lehner C., Sturm C.: Matching factors for Delta S=1 four-
quark operators in RI/SMOM schemes, Phys. Rev. D84
(2011) 014001 published *

Blum. T., Boyle P.A., Christ, N.H., Garron N., Goode
E., Izubuchi T. and Lehner C., et. al.: K to PiPi Decay
amplitudes from Lattice QCD, Phys. Rev. D84 (2011)
114503 published *

Blum. T., Boyle P.A., Christ, N.H., Garron N., Goode E.,

Izubuchi T., Jung C., Kelly C., Lehner C. and et. al.:
The K to PiPi I=2 Decay Amplitude from Lattice QCD,
arXiv:1111.1699 [hep-lat] to be published

@ Oral Presentations

(International conferences )

Lehner C.: Recent advances in the renormalization of
Delta S = 1 operators in RI/SMOM schemes, Chiral
Fermion Actions & Algorithms for Lattice QCD work-
shop, Edinburgh, UK, 2011, May 25-26

Lehner C.: RI/SMOM schemes for Delta S = 1 and Delta
S = 2 operators, Lattice 2011 International Symposium
on Lattice Field Theory, Squaw Valley, Lake Tahoe,
US, 2011, July 10-16

Lehner C.: Relativistic heavy quarks on the lattice, Invited
talk, University of Regensburg, Germany, 2011, Sep-
tember

Lehner C.: Anisotropic Wilson fermions and heavy quarks
on the lattice, ECT* workshop on Chiral Dynamics with
Wilson fermions, Trento, Italy, 2011, October 24-28

Linking novel, bioactive compounds to their targets and pathways using yeast

chemical genomics

Name: Piotrowski, Jeff Scott

Host Laboratory: Advanced Science Institute

Description of research:

The need for new, safe effective drugs continues to
grow, from novel antibiotics to combat increasingly re-
sistant pathogens to anti-cancer therapeutics. To meet this
need, drug discovery must keep a brisk pace to meet mar-
ket demands; however, the path from lead discovery to
application has traditionally been long and arduous. Com-
binational chemistry and natural product isolation and
derivatization have dramatically increased the number of
potential therapeutic compounds, and we now have many
thousands of potentially novel, bioactive chemicals await-
ing characterization.

A major limiting step to application of potential new
drugs is describing the mode of action and cellular target

of new lead compounds. Our project seeks to overcome

Molecular Ligand Target Research Team

(Laboratory Head: Charles Boone)

this limitation by developing a new, efficient tool for high-
throughput drug discovery using the functional genomic
resources of the widely used model organism Saccharo-
myces cerevisiae. Yeast functional genomic tools accel-
erate drug characterization- Genome sequencing projects
have revealed thousands of suspected genes, challeng-
ing researchers to develop efficient large-scale func-
tional analysis methodologies. Determining the function
of a gene product generally requires a means to alter its
function. Genetically tractable model organisms, such as
yeast, flies, worms, and mice, have been widely exploited
for the isolation and characterization of activating and in-
activating mutations in genes encoding proteins of inter-
est. A complementary approach involves the use of small

molecules that alter the function of proteins to which they

- 187 -



bind; for example, ligands that are capable of either inac-
tivating (e.g. colchicine, which inactivates the function of
tubulin) or activating (e.g. steroid hormones, which ac-
tivate hormone receptors) their targets have been useful
as probes for protein function. This approach is referred
to as chemical genetics because organic compounds are
used to query gene function with the specificity inherent
to genetics. The chemical genetic interactions “profile”
particular compound can be clustered with others to group
drugs with similar modes of action and targets. Extend-
ing this analysis to the genome level is termed chemical
genomics.

Our work has established a robust chemical genomics
platform for high-throughput exploration of the biologi-
cal effects and targets of small molecules in a tractable,
biomedically relevant model system. We have adapted the
assay to high-throughput. First we have reduced the com-
pound requirements by creating yeast deletion collection
in a drug sensitive background, further we reduced the as-
say size to allow for 96-well format by computationally
selection a smaller subset of informative deletion strain.
Initially, we discovered and relationship between the ma-
rine natural product Padanamide A and sulfur amino acid
biosynthesis in S. cerevisiae (Williams et al 2011). We are
now systematically characterizing over 10,000 novel nat-
ural product and derivatives by chemical-genomics analy-
sis in yeast. Further, we have generated a similar system
using S. pombe, a yeast with greater homology to human

cells.

@ Publications

(Papers)

Piotrowski JS, Nagarajan S, Kroll E, Stanbery A, Chiotti
KE, Kruckeberg AL, Dunn B, Sherlock G, & Rosen-
zweig F. 2012. Different selective pressures lead to
different genomic outcomes as newly-formed hy-

brid yeasts evolve. BMC Evolutionary Biology 12:46

doi:10.1186/1471-2148-12-46

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

Williams DE, Dalisay Patrick BO, Matainaho T, Andru-
siak K, Deshpande R, Myers CL, Piotrowski JS, Boone
C, Yoshida M and Andersen RJ. 2011. Padanamides A
and B, Highly Modified Linear Tetrapeptides Produced
in Culture by a Streptomyces sp. Isolated from Marine
Sediment Collected in Papua New Guinea. Organic let-
ters 13:3936-3939.*

(Review articles)

Ho C.H., Piotrowski J.S., Dixon S.J., Baryshnikova A. and
Costanzo M., and Boone. 2010. Combining functional
genomics and chemical biology to identify targets of
bioactive compounds. Current Opinion in Chemical Bi-
ology 15:66-78.*

Andrusiak K, Piotrowski JS, Boone C. Chemical-genom-
ic profiling: systematic analysis of the cellular targets of
bioactive molecules. Bioorganic and Medicinal Chem-
istry Bioorganic and Medicinal Chemistry 20:1952-
1960.

Bioorganic and Medicinal Chemistry 20:1952-1960.

(Other)

Piotrowski J.S., Ho C.H., and Boone C. 2010. The Awe-
some Power of Synergy from Chemical-Chemical Pro-
filing. Chemistry & Biology 17: 789-790

@ Oral Presentations

(Domestic conferences)

“High-Throughput chemical-genomics” Next Generation
Tools for Molecular Target Discovery October 20-12,
Wako, Japan

(Invited Talk)

“High-throughput chemical-genomics” Hokkaido Uni-
versity March 2012
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Study on the mechanism that determines brain size: the transition of neural progenitors

from proliferative to differentiative mode during the development of the mammalian

cerebral cortex

Name: Pulvers, Jeremy Nicholas

Host Laboratory: Center for Developmental Biology

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

The main objectives of the project were to elucidate the
molecular mechanisms that regulate the development of
the mammalian cerebral cortex to have the correct size,
neuronal population and cytoarchitecture. Specifically, the
mechanisms that regulate (i) the switch of neural progeni-
tors from the proliferative to neurogenic mode, and (ii) the
molecular and cell biological heterogeneity of progenitor
cells during this process, will be investigated. These pro-

cesses may have been the prime target for the evolution-

Laboratory for Cell Asymmetry
(Laboratory Head: Fumio Matsuzaki)

ary change that lead to a massive increase in the size of
the cerebral cortex during mammalian phylogenesis.
These objectives were directly addressed by the iso-
lation of single neural progenitor cells by Fluorescence-
Activated Cell Sorting (FACS) and performing genome-
wide gene expression level profiling. Utilizing FACS
and cell surface markers, various cell populations were
successfully isolated, including neural stem cells (high
proportion expressing pluripotency markers), neural pro-
genitor cells, and post-mitotic neurons. A pipeline was de-
veloped, where hundreds of single cells from each of the
aforementioned populations were isolated by FACS, pre-
screened by quantitative PCR, and then subjected to gene
expression analysis by microarrays to quantify their glob-
al genome-wide gene expression levels. A comprehensive
dataset of gene expression levels from 30 single neural
progenitor cells was generated, and by statistical differen-
tial gene expression analysis and hierarchical clustering,
various gene expression signatures were identified that
could separate progenitor cell types (proliferating vs dif-
ferentiation). Several candidate genes were also identified
that may define these different populations. Future work
would focus on the validation and functional analysis of

these candidate genes.

Steady-State and Time-Resolved Study at the Interfaces Using New Nonlinear Spectroscopy

Name: Singh, Prashant Chandra

Host Laboratory: Advanced Science Institute

Description of research
In order to understand the dynamics of interfacial mol-

ecules, we have developed a new technique, Time-Re-

Molecular Spectroscopy Laboratory
(Laboratory Head: Tahei Tahara)

solved Heterodyne-Detected Vibrational Sum Frequency
Generation Spectroscopy (TR-HD-VSFG) which pro-

vides AIm % @ information directly. A narrow band vis-
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ible (w ) beam and broadband IR (w,) are used for HD-
VSFG probe. The steady state spectra are normalized to
the quartz spectrum. For the pump-probe measurements,
ca. 80 % of IR energy is split from the w, beam and is
used as a pump IR. The pump IR passes through a band-
pass filter to narrow the bandwidth down to ca. 100 cm

(w_,..). The modest narrowing of the bandwidth enables

pump.
us to avoid a significant broadening of the pulse duration.

The power of w,, w,and w beams are 9, 3, 2.5 pJ/

pump

beams are fo-

pulse, respectively. The w,, w,and ® .,

cused by calcium fluoride lenses with focal length of 200,
50 and 75 mm, respectively. The sum frequency (SF), w |,

w,and w , beams are s-, s-, p- and p- polarized, respec-

pump
tively, (sspp polarization combination).The instrument re-
sponse function is ca. 170 fs, which was measured as the
x @ cross-correlation of the three pulses (0 ,+ @ ,+ @ ).

Furteher, TR-HD-VSFG technique has been used to un-
derstand the water dynamics at the charged interface. The A
Im x @ spectra of the air/CTAB(cetyltrimethylammonium
bromide)/HOD-D,O interface was measured by TR-HD-
VSFG technique at various delay times for different pump

excitations. A narrow spectral hole-burning is clearly ob-

served at the frequency of the excitation pulse along with

negative V ,, hot band. The hole and hot band spectrally
diffuse rapidly after the excitation and become almost flat
at 0.4 ps. At later times, the higher frequency sides of the
spectra become negative while the lower frequency side
turns to increase. This change is attributed to the thermal-
ization process of the system, which causes a blue shift
of the water spectrum due to the higher local temperature
after the vibrational relaxation. It has been found that the
observed hole position changes with the excitation, which
shows the inhomogeneous nature of the interfacial water.

Hot band and spectral diffusion have been observed
first time for interfacial molecules, which demonstrates
the prospect of this technique. By using the novelty of this
technique, inherent properties of different sub-ensembles

of isotopic diluted water at interface has been explored.

@ Publications

(Oral/Poster Presentation)

5™ Annual meeting of Japan Society for Molecular Sci-
ence, Hokkaido, Japan, 2011

Extreme Photonics Symposium, RIKEN, Japan, 2011

5% Symposium for Grant in Aid for Scientific Research on

Priority Areas Hokkaido, Japan, 2011

Photo Detectors and Plasmonic Devices at Terahertz Frequency

Name: Wang, Zhihai

Host Laboratory: Advanced Science Institute

Description of research:

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

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

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

Advanced Device Laboratory
(Laboratory Head: Koji Ishibashi)

a center hole, (2) making a 3D polymer structure of SUS
resist (on top of the metal sheet) through typical photo-
lithography, (2) forming the corrugated metal structure by
electro-plating ([Aul,] - based solution), using the metal
sheet as seed-layer and the polymer structure as mold.
We integrated the plasmonic coupler on two types of
detectors. The plasmonic coupler (the Bull’s eye) stays
on top of a photo detector. The active region of the photo
detectors can be made much smaller than the targeting
wavelength. For the 1* case, the photo detector is 2-di-
mensional electron gas (2DEQG) in the magnetic field, at
liquid-Helium temperature. At a proper magnetic field,

the incident photon causes inter-Landau level transition.
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The excited hot electrons dissipate their extra energy
through phonon emissions and electron-electron colli-
sions, which cause heating of crystal lattice and 2DEG
respectively. The change of magneto-resistance due to
these heating effects can be monitored as photo-signal.
For the 2™ case, the photo detector is a 2D electron chan-
nel under a photo-sensitive front gate. Under radiation,
electric charge is accumulated on the front gate, leading
to change of conductance of the 2D electron channel. Un-

like the 1 case, the active region responds only to the

radiation whose electric field is polarized perpendicular to
the sample surface. Therefore, the plasmonic coupler con-
verts the normally incident radiation to that with required
electric field component. This conversion efficiency needs
to be considered as well.

The effects of the plasmonic coupler have been clearly
observed. For the 1% case, the size of the photo signal is
increased by factor of 5 - 6. For the 2™ case, the respond-

ing time of the detector is reduced by factor of 3 - 5.

Reactivity and application of ate complex as a useful building block for organic synthesis

Name:

Host Laboratory:

a) Regio-specific ring-opening reaction of silole deriva-
tives

Carbon-silicon bonds are key structural features of
organic molecules, and thus selective cleavage of C-Si
bonds has become one of the central issues in recent or-
ganic synthesis. Several excellent methods have been
developed for the cleavage of C-Si bonds, including the
C(sp?)-Si bond and the C(sp?)-Si bond, by applying either
the transition-metal catalyzed protocol or the stoichiomet-
ric reaction with strong bases or acids. As our continuous
interest in activation and synthetic applications of C-Si
bonds, we commenced an investigation into possible
methods to cleave the endo-C(sp?)-Si bonds of siloles,
which are very important organosilicon compounds for
material science and organic synthesis.

During our research, we have developed the first effi-
cient and specific cleavage of the endo-C(sp?)-Si bond of
silole rings. The stable silole ring was effectively opened
in an unexpected regioselectivity by using an AcOH/
ROH bifunctional system, in which the AcOH behaved
as a catalyst and the ROH as a nucleophile. Depending on
the nature of the substituents at the 2- and 5-positions of
the silole ring, the cooperative effect of the AcOH/ROH
bifunctional system exclusively cleaved one of the two
endo-C-Si bonds to afford silylbutadiene derivatives. This
work has been published in Chemical Science (2011, 2,

Wang, Chao
Advanced Science Institute
Advanced Elements Chemistry Research Team

(Laboratory Head: Masanobu Uchiyama)

2271-2274).

b) Cross-coupling reaction between aromatic ethers and
zincate.

Owing to their high efficiency and broad applicabil-
ity to form C-C/C-X bonds, transition-metal-catalyzed
cross-coupling reactions have long been regarded as a
pillar of organic synthesis, and have found wide applica-
tion both academically and industrially. The electrophiles
principally exploited in these reactions have been organic
halides, which are very effective but usually harmful for
health and environments. Thus, developing new coupling
procedures via alternative “green” electrophiles, which
are environmentally benign, efficient and economical,
became a crucial point in chemistry and attracted many
attentions in recent years. As a representative of such type
of materials, ethers are found widely in natural products,
bioactive compounds, pharmaceuticals and functional
materials. However, due to the inertness for C-O bond
cleavage, the development of efficient functionalization
of the C-O bond in simple aryl ethers of the C-Obond in
simple aryl ethers has remained an important challenge.
In our research, we have discovered the first cross-cou-
pling reaction between aryl alkyl ethers and dianion-type
organozinc reagents to afford biaryl compounds via selec-

tive cleavage of the etheric C(sp?)-O bond. Dianion-type
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zincates showed excellent reactivity toward the aromatic
ethers under mild conditions, with good functional group
compatibility. Importantly, this C-C bond formation can
be achieved without racemization at the sensitive ben-
zylic and/or @ -ketonic positions, demonstrating the po-
tential applicability for late-stage derivatization of func-
tional molecules. A manuscript describing this work has
been accepted in Chemistry - A European Journal (DOI:
10.1002/chem.201103784).

@ Publications

(First-author papers)

Aryl Ether as Negishi Coupling Partner: An Approach for
Constructing C-C Bond under Mild Conditions
Chao Wang,* Takashi Ozaki, Ryo Takita and Masanobu

Uchiyama.*
Chem. Eur. J. 2012, 18, 3482-3485.*

(Other)

Opening the Silole Ring: Efficient and Specific Cleavage
of the Endo-C(sp?)-Si Bond with AcOH/ROH System
Qian Luo, Chao Wang, Yuexing Li, Kunbing Ouyang,
Li Gu, Masanobu Uchiyama and Zhenfeng Xi.*

Chem. Sci. 2011, 2,2271-2274.*

Aluminepin: Aluminum Analogues of Borepin and Gal-
lepin
Kengo Yoshida,* Taniyuki Furuyama, Chao Wang,
Atsuya Muranaka, Daisuke Hashizume, Shuji Yasuike
and Masanobu Uchiyama.*

J. Org. Chem. 2012, 77, 729-732.%*

*: peer review journals.

Design, Fabrication and Application of “All-in-One” Lab-on-a-Chip (LOC) Devices by
Three-Dimensional (3D) Femtosecond Laser Integration

Name: Xu, Jian

Host Laboratory: Advanced Science Institute

To enhance the capabilities of three-dimensional (3D)
femtosecond (fs) laser integration for lab-on-a-chip
(LOC) application, it is highly demanded to establish a
new technique for directly creating conductive metal mi-
crostructures inside the microfluidic components. To do it,
development of new composite materials as well as novel
photon assisted processing methods is attempted in this
study.

In the past one-year, we have explored suitable com-
posite materials containing silver ions and then optimum
laser irradiation conditions for formation of 3D micro-
structures inside microchannels of glass chips by fs la-
ser microprocessing. The employed composite materials
were divided into two categories. One was the composite
films containing silver salts. Two kinds of water-soluble
polymers, i.e., polyvinylpyrrolidone (PVP) and poly(4-
styrenesulfonique acid) as matrix, mixed with different
ratios of silver nitrate were used. The other one was the
aqueous solution, which was a chemical plating solution

(the mixing solution of sodium citrate and silver ammo-

Laser Technology Laboratory
(Laboratory Head: Katsumi Midorikawa)

nia complex) containing silver ions. Commercial photo-
structurable glass (Foturan) was used as host substrates.
To observe the morphology of silver structures created
by fs laser direct writing, equivalent surfaces prepared on
the glass substrate were produced. The equivalent surface
means the surface on the substrate treated by the same
process for fabricating microchannels inside glass. In this
way, the properties of the processing surfaces should be
almost the same as the internal wall of microchannels.
Our progress has shown that conductive and continuous
silver structures with strong adhesion on glass surface as
well as the internal surface of microchannels can be stably
and flexibly fabricated by either way of the photoreduc-
tion of silver ions in PVP matrix and the laser direct-write
in chemical plating solution. Furthermore, we have found
that thermal annealing effects induced by laser pulses
with high repetition rates are beneficial for enhancing the
conductivity of silver structures induced by photoreduc-
tion of silver ions in PVP matrix. When a fs laser oscilla-

tor with the repetition rates of 54 MHz is employed, con-

- 192 -



ductive silver lines with a resistivity of 2.41x107 Qem,
which is only ~15 times larger than that of bulk silver can
be produced. As the next step, we will show the potential
applications of metal micropatterns produced in micro-
channels of glass chips such as micro-Raman sensors and

space-selective microheaters.

@ Oral Presentations

(International conferences)

J. Xu, K. Sugioka, and K. Midorikawa. “Femtosecond
laser direct writing of metal microstructures in mi-
crofluidic channels by multiphoton photoreduction”,
The 11th International Conference on Laser Ablation
(COLA 2011), Playa del Carmen, México, November
(2011).

J. Xu, S. Beke, K. Sugioka, and K. Midorikawa. “For-
mation of adhesive metal microstructures inside glass
by femtosecond laser direct writing”, The 12th Interna-
tional Symposium on Laser Precision Microfabrication
(LPM 2011), Takamatsu, Japan, June ( 2011).

(Domestic conferences)

J. Xu, D. Wu, S. Wu, K. Sugioka, and K. Midorikawa.
“Fabrication of a microheater by femtosecond laser
modification and electroless plating”, The 59" Spring
Meeting of The Japan Society of Applied Physics, To-
kyo, March (2012).

S. Wu, Y. Hanada, J. Xu, R. Suganuma, K. Sugioka, and
K. Midorikawa. “High-efficiency microwelding of
glass substrates by double-pulse of ultrafast laser” ,
The 59" Spring Meeting of The Japan Society of Ap-
plied Physics, Tokyo, March (2012).

J. Xu, K. Sugioka, and K. Midorikawa. “Direct writing
of metal micropatterns inside microchannels by femto-
second laser induced photoreduction”, The 32" Annual
Meeting of Laser Society of Japan, Sendai, January
(2012).

J. Xu, K. Sugioka, and K. Midorikawa. “Femtosecond
laser direct writing of metal microstructures in micro-
channels inside glass”, The 72" Autumn Meeting of
The Japan Society of Applied Physics, Yamagata, Au-
gust (2011).

Development of Novel Catalysts for Sustainable Organic Synthesis

Name:

Host Laboratory:

The use of carbon dioxide (CO,) as a C1 building block
for C-C bond forming reaction has recently attracted
much interest because of its abundance, low cost, non-
toxicity, and high potential as a renewable source. Among
the most desirable transformations, the carboxylation of
alkylboron compounds with CO, is particularly promising
given their ease of availability, functional group tolerance,
and substrate scope. However, this reaction remains a
challenge probably because of the difficulty in generating
a transition metal-alkyl species that has the appropriate
stability and high activity toward CO, from an alkylboron
compound.

We have found that [(IPr)CuCl]/MeOLi-based sys-
tem can serve as excellent catalysts for the efficient car-

boxylation of alkylboron compounds with CO, to afford

Zhang, Liang

Advanced Science Institute
Organometallic Chemistry Laboratory
(Laboratory Head: Zhaomin Hou)

various functionalized carboxylic acids. Many sensitive
functional groups such as propargyl, carbonyls, halides
(I, Br, CI, F) and vinyl bromide, as well as synthetically
useful protecting groups such as silyl ethers, N-tert-bu-
toxycarbonyl, benzyl ether and isopropylidene, are com-
patible with the reaction conditions. Even styrene derived
alkylborane can also afford selectively the f3-carboxylated
product. Remarkably, the reaction can be carried out eas-
ily in one pot by hydroboration of terminal alkenes with
9-borabicyclo[3.3.1]nonane (9-BBN-H) and subsequent
carboxylation of the resulting alkylboranes with CO,.
Thus, the overall transformation represents a formal hy-
drocarboxylation of terminal alkenes.

In stoichiometric reactions, when copper methoxide/

alkylborane adduct, generated from the reaction of [(IPr)
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Cu(OMe)] with alkylborane, was heated to deliver the
corresponding alkylcopper complex, 5-H elimination oc-
curred as the formation of alkenes was observed. Howev-
er, under atmospheric pressure of CO,, the carboxylation
product was obtained in high yields either from heating a
THF solution of the adduct or from the reaction of [(IPr)
Cu(OMe)] with alkylborane. These results confirm the
fast insertion of CO, into the in situ generated alkylcop-
per complexes [(IPr)CuR], albeit at elevated temperature
when compared with their arylcopper counterpart. It is
particularly noteworthy that copper methoxide/alkylbo-
rane adduct complex represents the first example which
unambiguously shows bonding interaction between a
metal alkoxide and an alkyl boron compound. Such inter-
action has been thought critically important in the trans-
metalation step in many transition metal-catalyzed cross-
coupling reactions using organoboron compounds.

In summary, we have demonstrated that the combina-
tion of [(IPr)CuCl] with MeOLi can serve as an excel-
lent catalyst system for the carboxylation of alkylboranes
with CO,, leading to the efficient synthesis of various
functionalized carboxylic acids. The isolation of the cop-
per methoxide/ alkylborane adduct complex and its CO,
insertion product has provided important information for

understanding the mechanistic details. These results may

also offer new insight into other catalytic cross-coupling
reactions involving metal/organoboron compounds; in
particular reactions for the transmetalation of organobo-

ron compounds.

@ Publications
(Co-first-author papers)
Ohishi, T.; Zhang, L.; Nishiura, M.; Hou, Z. Angew.
Chem. Int. Ed. 2011, 50, 8114.*
(Review articles)
Zhang, L.; Hou, Z. Pure Appl. Chem. 2011, submitted.*
Zhang, L.; Hou, Z. Chem. Sci. 2011, submitted.*

@ Oral Presentations

(Domestic conferences)

Zhang, L.; Cheng, J.; Hou, Z. “Copper-Catalyzed Direct
Carboxylation of C-H Bonds with CO,”. The 58th
Symposium on Organometallic Chemistry, Nagoya, Ja-
pan. September 7-9, 2011.

(International conferences)

Zhang, L.; Ohishi, T.; Cheng, J.; Nishiura, M.; Hou, Z.
“Copper-Catalyzed Direct Carboxylation of C-H Bonds
with CO,”. The 16th IUPAC International Symposium
on Organometallic Chemistry Directed Towards Organ-
ic Synthesis, Shanghai, China. July 24-28, 2011.
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Comparative Neuro-Behavioral Analysis of Infantile Attachment Behavior in Mice and

Humans, and its Implication to Autism

Name: Esposito, Gianluca

Host Laboratory: Brain Science Institute

Description of research: Mammalian infants require
intense care to grow up, including nursing (provision of
mother’s milk), protection, and education. To guarantee
the survival and well being of their young, parents are
equipped with innate motivation to nurture them. Infants
are also born with instinctive attachment behaviors, in-
cluding suckling, crying and following their caregivers.
Among various attachment behaviors, I have been in-
vestigating Transport Response (TR), comparatively in
mouse pups and human infants. When a mouse mother
picks up a pup to transport it, the pup adopts a character-
istic posture while being carried. This posture, referred to
as TR, involves general quiescence, the limp body trunk
and the adduction of limbs against the body. TR helps the
mother to carry the pup, and ultimately the survival of
the pup (Brewster & Leon, 1980). Moreover, pioneer-
ing studies on cardiac rate regulations in rodents (Hofer
& Reisner, 1969) have shown how at 10-12 days of age
pups showed a decrease of heart rate when picked up and
transported. Decrease of heart rate, is generally associated
with calming down both in rodents and humans. Interest-
ingly, it has been shown that human babies tend to stop
crying or calms down when are held in the mother’s arms
(Christensson et al. 1995). The tactile sensory inputs
may be different for mouse and human TR, but the per-
ception of motion (being mildly shaken with a certain fre-
quency during transport) seems to be commonly required
for the maintenance of TR in quadruped animals and in
humans.

Analyzing TR, during FY 2011, we have found that
both human infant from 0 to 6 months of ages and mouse
pups from Post Natal Day (PND) 7 to PND 12 shown de-
crease of heart rate and other specific behavioral changes
(i.e. reduction of cry or ultra sound vocalizations) as a re-
sult of being transported. The function of these responses
is the same: to help maternal carrying.

Significance. So far, we have conducted the first sys-

Kuroda Research Unit
(Laboratory Head: Kumi Kuroda)

tematic study on comparative analysis of TR-like behav-
ior in human infants and mouse pups. After these initial
8 months as FPR fellow, I have recruited and analyzed
data that are proving useful to initially elucidate the be-
hevioral and physiological mechanisms of TR, which is
an early instinctive attachment behavior across mamma-
lians organism. In the next two years [ aim to implement
an explanatory model for the functioning of TR across
mammalian species by combining data gained in human
infants and mouse pups. This study will pose the bases for
future studies that we aim to run on infants with atypical
attachment development (i.e. Pervasive Developmental

Disorders).

@ Publications

(Original papers)

Esposito G., Yoshida S., Venuti P. and Kuroda K.O.: Three
lessons from Philip Teitelbaum and their application to
studies of motor development in humans and mice. Beh
Brain Res. 231(2):366-370. 2011%*.

Esposito G., Venuti P. and Bornstein M.H.: Assessment of
Distress in Young Children: A Comparison of Autistic
Disorder, Developmental Delay, and Typical Develop-
ment. Res. Aut Spect Dis, 5:1510-1516. 2011*

Esposito G., Venuti P., Apicella F., and Muratori F.: Analy-
sis of Unsupported Gait in Toddlers with Autism. Brain
Dev, 33(5):367-73. 2011*

Venuti P., de Falco S., Esposito G., Zaninelli M. and
Bornstein MH.: Maternal functional speech to chil-
dren: A comparison of autism spectrum disorder, Down
syndrome, and typical development. Res Dev Dis,
33(2):506-517.2011*

De Falco S., Venuti P., Esposito G. and Bornstein M.H.
(2011) Maternal and Paternal Pragmatic Speech Di-
rected to young Children with Down Syndrome and
Typical Development. Inf Beh Dev, 34(1):161-9. 2011*

Caria A., de Falco S., Venuti P., Lee S., Esposito G., Rigo
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P., Birbaumer N. and Bornstein MH.: Species-specific
response to human infant faces in the premotor cortex,
Neuroimage, 60(2):884-893. 2011*

(Books)

Esposito G. (2011) Moro Reflex. In Volmar F. R. (Ed.)
Encyclopedia of Autism Spectrum Disorders, Springer,
The Netherland. 2011

Esposito G. & Vivanti G. (2011) Gross Motor Skills. In
Volmar F. R. (Ed.) Encyclopedia of Autism Spectrum
Disorders, Springer, The Netherland. 2011

@ Oral Presentations

Esposito G.: “Three lessons from Philip Teitelbaum ap-
plied to motor development in humans and mice”,
Festschrift for Philip Teitelbaum, Satellite Event of the
Society for Neuroscience Conference, Washington DC,
USA 2011, November 11.

Esposito G.: “Early Postures and Gait development in Au-
tism Spectrum Disorders (ASD)”, 34th Japan Society
of Neuroscience Meeting, Yokohama, Japan 2011, Sep-

tember 14-17.

Esposito G., Bornstein MH., Nakazawa J. and Venuti P.:
“Understanding early crying episodes in Autism Spec-
trum Disorder: neural-behavioral correlates and cross-
cultural findings”, 11th International Infant Cry Re-
search Workshop, Infant Crying and Parenting: Brain,
Behavior and Hormones, Zeist, The Netherlands 2011,
June 8-10.

(International conferences)

Occelli V., Esposito G., Venuti P., Arduino M. and
Zampini M.: “Attentional shifts between audition and
vision in Autism Spectrum Disorders”, European Soci-
ety Cognitive Psychology Conference, San Sebastian,
Spain 2011, 29 September-2 October.

Venuti P. Rigo P. and Esposito G.: “Adult Response to
episodes of Crying of typically and atypically develop-
ing children: a Reaction Time task™, 11th International
Infant Cry Research Workshop, Infant Crying and
Parenting: Brain, Behavior and Hormones, Zeist, The

Netherlands 2011, June 8-10.

Generation and application of high power IR source

Name: Fu, Yuxi

Host Laboratory: Advanced Science Institute

Description of research:

During this fiscal year, the research is focused on gene
ration of intense, few-cycle and carrier envelope phase
(CEP) stabilized laser. The following shows the detailed
work.

1. CEP stabilization of oscillator.
CEP stabilization of oscillator is the most important
part since oscillator is the seed of the whole laser syst
em. Previously, the oscillator can be locked for half an
hour since the cooling system has some problem and
also the optical noise and vibration shortened the locki
ng time. Now these problems have been solved and the

CEP can be locked for ~ 3 hours at the best condition

and the locking error is ~ 80mrad RMS. The only prob

lem, which prevents locking for even longer time, is

the temperature change. This temperature problem incl

Laser Technology Laboratory
(Laboratory Head: Katsumi Midorikawa)

udes the room temperature change during different
time of a day and also heat accumulation inside the os
cillator. One way to extend the locking time is to intro
duce another loop to control the cavity length. E.g. cha
nge the insertion of prism pair inside the oscillator.
2. Recover of the amplifier.

Due to breakdown of one pump laser as well as the ear
thquake, the whole amplifier system stopped to work.
After replacement of a new pump laser and realignme
nt of the whole system, the amplifier is completely rec
overed. The maximum output power after compressor
can reach to ~13mJ and the pulse duration is measured
to be ~30fs (FWHM). To check the beam quality, the
beam is focused by a f=4m lens. The focus quality is
good with higher than 85% circularity obtained. In add

ition, the pulse-to-pulse peak-to-peak energy fluctuati
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on is measured to ~ 0.8% using an oscilloscope. Now
one of the problems left is the beam pointing fluctuati
on due to thermal effect and also possibly the air turbu
lence and vibrations. The beam pointing fluctuation
was estimated to be ~ 20-30 urad (maximum range).
This is not good for the fiber coupling and some other
experiments, e.g. focusing the laser to a nano-antenna
which is within several micro meters.
3. CEP stabilization after amplifier

After CEP locking of the amplifier, only slow CEP drif
ting is left after amplifier due to thermal effect, air turb
ulence and vibrations. Normally this drifting frequen
cy is on the order of Hz. This shifting is compensated
by feeding back to the grating of stretcher because the
separation of the grating can change the CEP. In our
case, we use a computer based Labview program first

collecting spectrum, then calculate the CEP and finally

feed back to grating via PID (proportional-integral—de
rivative) controller. There are many problems with the
old program. The CEP calculation is too rough and the
PID has many problems. After I completely changed
the program, the CEP now can be locked to ~ 260
mrad RMS. However, due to the spectrum reading pro
blem and beam pointing fluctuation, the CEP fluctuati
on cannot be further reduced. This will be solved in

the future.

4. Compressing laser to few-cycle

By introducing the new hollow-core fibers, so far the
pulse can be compressed to less than 6fs (FWHM)
with pulse energy of ~ 2.4mJ in Neon. The coupling ef
ficiency of this new fiber is a little bit lower than the pr
evious fiber which was broken in the earthquake. The
re are some problems with the SPIDER program and

now we are trying to make a new program.

Manipulating the Magnetic Coupling between Individual Spins through Single Molecule

Switching

Name: Fu, Yingshuang

Host Laboratory: Advanced Science Institute

Manipulation of the molecular spin states is of essential
importance for the development of molecule-based spin
electronics. The utilization of magnetic molecules for
carrying spin information has several advantages, such
as providing the spin centers with a chemically stable
environment by packing them within molecular frames,
forming regular spin arrays via molecular self-assembly,
versatile modification with molecular ligand engineer-
ing and so on. In the proposed research project, we in-
tend to incorporate the functional switching behavior of
molecules to the spin coupling manipulation. The sub-
strate we are planning to support the functional switch-
ing magnetic molecules is a topological insulator, which
has been attracting enormous interest due to its intrigu-
ing topologically protected surface state. Because of the
strong spin-orbital coupling residing in the above men-
tioned substrate, we expect the supported magnetic mol-

ecule may exhibit a large magnetic anisotropy as a result

Magnetic Materials Laboratory
(Laboratory Head: Hidenori Takagi)

of the interaction between the molecule and substrate. The
molecular switching may substantially change the degree
of coupling between the molecule and substrate, chang-
ing the magnetic anisotropy thereafter. As a first step, we
characterized the electronic properties of a topological
insulator substrate named Bi,Te,Se with a low tempera-
ture scanning tunneling microscope (STM) with high field
magnet. We found Landau level (LL) quantization of the
topological surface states in the presence of strong mag-
netic fields. Interestingly, the LL states exhibit hysteresis
behavior as revealed from scanning tunneling spectros-
copy, i.e., the LL states’ energy position shift relative to
the forward and backward bias ramping directions. The
degree of shifting can be controlled by setting the limits
of ramping bias. The observed hysteresis behavior is ten-
tatively attributed to a tip induced charging effect, where
the charges in the substrate are accumulated and dissipat-

ed under the tip when ramping the sample bias with dif-
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ferent directions. The charge accumulation or dissipation
will locally bend the band downwards or upwards in our
n-doped sample correspondingly, resulting the shifting of
the LL quantized topological surface states. This renders
it possible to gate the LL states in a controlled fashion,
which is of importance for measuring the transport prop-
erties of the intriguing topological surface state. Anoth-
er important progress we made is the design of mobile
evaporators. The current STM system does not provide
the functionality of evaporating atoms or molecules. In
order to perform the aforementioned project, we need to
upgrade the instrument by adding evaporators. However,
there are no appropriate ports in the ultra-high vacuum
chamber for adding conventional standard evaporators.
Instead, we designed very compact and small electron-
beam heating mobile evaporators by combing the existing
sample holders and small crucibles, and using the transfer
rod as the heating stage. The mobile evaporators are ex-

pected to be versatile, not only for dosing various atoms

but also for molecules. Their mobile feature is particularly
attracting, because this will save lots of efforts when re-
placing the evaporating materials which frequently hap-
pens. In addition, the STM system is limited to measuring
only cleaved samples currently. By replacing the crucible
with samples, we will also be able to heat the sample, thus
various samples, including metals, semiconductors etc.,

can be measured with the current system.

@ Publications

(Original Paper)

Fu Y.S., Xue Q.K. and Wiesendanger R.: Spin-resolved
Splitting of Kondo Resonance in the Presence of RK-
KY-type Coupling. Phys. Rev. Lett. * published

FuY.S., Zhang T., Ji S.H., Chen X., Ma X.C., Jia J.F. and
Xue Q.K.: Manipulating the charge states of single
molecule via screening effect with a scanning tunneling

microscope. Submitted to Phys. Rev. Lett. *

Development of De-Novo method for the synthesis of 2-acetamdido-4-amino-2,4,6-Trideoxy-

D-galactopyranose (AAT) and synthesis and immunological characterization of zwitterionic

polysaccharides (ZPSs) of Bacteroides fragilis 9343 and B. fragilis 638, which are a novel

class of T-cell antigens.

Name: Fulse, Dinanath

Host Laboratory: Advanced Science Institute

Polysaccharides are known to play a wide variety of
biological role. At the microbiological level, polysaccha-
rides and other carbohydrates are abundant on bacterial,
fungal, parasitic, and viral surface structures in patho-
genic and non-pathogenic organisms. Viral coatings are
nearly always made of glycoproteins, while in bacteria,
polysaccharides are found in the peptidoglycan, lipopoly-
saccharide, and capsule [e.g. Polysaccharide A (PSA)
from Bacteroides fragilis]. Recent study shows that cer-
tain type of glycans, specifically those with a dual or zwit-
terionic charge motif, can indeed activate T cell through
the traditional MHCII pathway.

Although there are already a few examples of carbohy-

drates-based vaccines in use today, antibiotic resistance

Synthetic Cellular Chemistry Laboratory
(Laboratory Head: Yukishige Ito)

is on rise and these findings open new door for exciting
new possibilities for using the surface carbohydrates from
pathogens to stimulate the immune system through MHC-
mediated presentation and recognition.

The interesting biological profile of native PS Al
is its unique structural architecture. It contains pyru-
valated galactose; galactofuranose, galactose amine and
2-acetamido-4-amino-2,4,6-trideoxy-D-galactose (AAT)
are novel residues often found in immunodominant epi-
topes. The zwitterionic charge motif of PS Al is crucial
for the activation of T-cell -dependent immune response,
since chemical removal of either the positive r negative
charge eliminates MHCII binding. The polysaccharides
are around 120 repeating units long. Spl and PS A2, ZPSs

- 200 -



closely related to PS A1, adopt and extended right hand
helix with two repeating unit per turn and a pitch of 20 A.
This « -helical architecture is necessary for MHCII bind-
ing. Circular dichroisam studies have shown that PS Al
fragment exhibit a similar helical architecture; however
fragments with fewer than three repeating units do not
adopt this conformation and are unable to bind to MHCII
and stimulate T-cell expansion.

The challenging structural feature of PS A1 and the lack
of chemically defined PS A1 fragment for use as mecha-
nistic probes to study B. fragilis need to synthesize the
PS Al repeating units and its di- and tri-saccharide repeat-
ing units. Currently, only the single PS A1l repeating unit

has been synthesized.

Procedures modified from previously published meth-
ods readily accessed most of the monosaccharide build-
ing blocks for the synthesis of PS Al repeating unit. The
synthesis of AAT building block would benefit more ef-
ficient route as compared to known procedures. The C3-
C6 portion of the AAT building block was taken from
L-threonine, as a Boc group was deemed appropriate for
C4 amine protection. Boc protected L-threonine was con-
verted to methyl ester, followed by treated with dimethyl
acetal in acidic condition to give, oxazolidine. Formed
oxazolidine L-theronine ester was converted to a Weinreb
amide followed by treatment with ethynyl Grignard to get
open chain AAT building block.

Neural stem cell self replication and cell cycle control by the proto-oncogene Evi-1: a genome-

wide transcriptional target identification and validation study

Name: Hohenauer, Tobias

Host Laboratory: Brain Science Institute

Description of research:

Understanding control of neural stem cell self replica-
tion is key to a complete understanding of neural stem
cell biology, and will be essential for the development
of stem cell-based therapeutic strategies. It has become
clear that the unregulated activity of factors critical for
stem cell proliferation and maintenance can lead to cancer
formation. Therefore, the Moore Unit hypothesized that
one promising approach to elucidate neural stem cell pro-
liferation is to examine the neurogenetic roles of factors
previously described as oncogenic.

The proto-oncogene Ecotropic viral integration site-1
(Evi-1) is involved in hematopoietic stem cell (HSC) and
cancer cell proliferation. The Moore Research Unit (RIK-
EN BSI) has recently found that Evi-1 also drives neural
stem cell self replication and proliferation. In this proj-
ect we will therefore carry out genome-wide Evi-1 tar-
get identification and validation specifically in the neural
stem cell. RIKEN-developed Cap Analysis of Gene Ex-
pression (CAGE), a genome-wide approach for establish-

ing transcriptional maps and analyzing promoter usage,

Laboratory for Genetic Control of Neuronal Architecture

(Laboratory Head: Adrian Walton Moore)

will be used to delineate Evi-1 control of the neural stem
cell transcriptome in vitro and in vivo. Additionally, we
will analyze Evi-1 dependent changes in global miRNA
expression to address regulation aside from traditional
gene expression. By performing genome-wide chroma-
tin immunoprecipitation followed by deep sequencing
(ChIP-Seq), we will screen for promoters occupied by the
Evi-1 protein. Correlation of CAGE and miRNA expres-
sion data with Evi-1 binding sites finally will identify di-
rect Evi-1 transcriptional targets. These will be screened
for their contribution to Evi-1 control of proliferation and
cell cycle progression in cell-based assays. Only candi-
dates essential for neural stem cell proliferation will be
functionally analyzed in vitro and in vivo and thereby in-
tegrated into an Evi-1 dependent pathway regulating self
replication and cell cycle control.

Evi-1 is involved in stem and cancer cell proliferation;
however a precise mode of Evi-1 action remains to be eluci-
dated. Our objective is to determine the role of Evi-1 in the
self-replicative proliferation and cell cycle control of neural

stem cells by identifying Evi-1 transcriptional targets.
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Our specific goals are:

1. A base-line analysis of the changes in gene expres-
sion and promoter usage during transition from self-
replicating neural stem cells to intermediate precur-
sor cells in the olfactory system.

2. Identification of Evi-1 regulated target promoters in
the olfactory stem cell.

3. A functional analysis of how Evi-1 transcriptional
target genes act in olfactory neural stem cell prolif-
eration, stem cell maintenance and cell cycle control.

The aims of this study are the identification of Evi-1

regulated factors involved in stem cell proliferation and
cell cycle progression, being either directly regulated
transcripts of genes or miRNAs, and the subsequent es-
tablishment of a regulatory pathway by which Evi-1 con-
trols self replication and maintenance of the neural stem
cell. As this project uses objective methodology to iden-

tify candidates, our genome-wide approach is most likely

going to provide information on previously uncharacter-
ized targets of Evi-1 and therefore currently unknown
functional aspects of Evi-1 in neural stem cell biology. In
addition we expect to validate our experimental approach
by identifying distinct subsets of targets previously shown
to be involved in direct regulation of cell cycle progres-
sion or chromatin remodeling factors as cofactors for Evi-
1 dependent control of transcription. Apart from adding
to elucidate how neural stem cell identity is maintained
during development, our expected results could therefore

certainly add to refine Evi-1 ~ s role in oncogenesis.

@ Publications

(Review articles)

The Prdm family defines, switches, and maintains cell
states during development
Tobias Hohenauer and Adrian W. Moore

Review Article; currently in Review at Development

Modeling and Construction of an Artificial Mammalian Circadian Oscillator

Name: Jolley, Craig

Host Laboratory: Center for Developmental Biology

Nearly all complex organisms exhibit a circadian
rhythm - temporal patterns of behavior and physiology re-
cur with a roughly 24-hour period, entrained to the light/
dark cycle created by the Earth’s rotation. In mammals,
extensive molecular investigations have led to the iden-
tification of a network of key genes that form a cellular
clock. A broad range of biological processes are regulated
by this central clock, and its function (and malfunction)
may be decisive in some aspects of human health and dis-
ease.

During FY 2011, the major focus of this project has
been the development of two mathematical models to ex-
plore different aspects of the core circadian network. The
first is a “minimal” model of the transcriptional-transla-
tional oscillator (TTO) that drives circadian gene expres-
sion. A complete description of the mammalian TTO
would involve interactions between dozens of genes and

their products and would be largely unfeasible; we have

Laboratory for Systems Biology
(Laboratory Head: Hiroki Ueda)

attempted instead to create a simplified model that cap-
tures the essential design features of the circadian clock
(as elucidated by recent experiments) using interactions
between five circadian transcription factors. This model
has been parameterized using an evolutionary optimiza-
tion algorithm and yields excellent agreement with ex-
perimental data. The next FY will see further elaboration
of this model to allow for environmental inputs (such as
light) and cell-cell coupling, as well as studies to explore
the design features of the network topology.

The other mathematical model developed has been
more speculative, and was motivated by evidence that
the mammalian circadian system may also exhibit a post-
translational oscillator (PTO) similar to cyanobacteria. A
cellular oscillator that runs independently of transcription
and translation would likely involve post-translational
modifications, and we have created a model to explore the

feasibility of a simple system in which the phosphoryla-
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tion state of a peptide substrate oscillates with a 24-hour
period. We have found that such oscillations are in fact
possible, but that there are rather specific constraints that
any such oscillating system should satisfy. One major
design feature of a PTO appears to be a cyclic ordering
of phosphorylation states, such that each substrate mol-
ecule is an independent “oscillator” that visits different
states in a defined order. The other critical feature is the

presence of synchronization steps that ensure that the state

changes of the single molecules are correlated. In our
model system this takes place through enzyme sequestra-
tion - robust oscillations require the presence of substrates
that bind the kinase/phosphatase very strongly, so that the
reaction cycle cannot proceed until these trapping popula-
tions have been depleted. A manuscript describing our
findings is currently in preparation and will hopefully be

submitted before the end of FY 2011.

Research and design of superconductive CW buncher cavity to increase ion beam intensity for
RIBF injection

Name: Lu, Liang

Host Laboratory: Nishina Center for Accelerator Based Science

Description of research:

At the RIKEN RI-beam factory (RIBF), very heavy
ions such as uranium can be accelerated up to very high
energy. There are two charge-stripping sections in this ac-
celerator chain which consists of a new linac named RI-
LAC?2 and four booster cyclotrons (RRC: K = 540 MeV,
fRC: K =570 MeV, IRC: K = 980 MeV, and SRC: K =
2600 MeV), as shown in Fig. 1 [2, 3]. This RILAC2 is
equipped with a powerful superconducting ECR ion
source. There are two charge-stripping sections in this ac-
celeration mode. One is located after RRC (8 =0.16), and
the other is after fRC (3 = 0.3027). Stripping causes an
increase in the phase width of the beam in the subsequent
cyclotrons, which should be reduced by using a rebuncher
with a longitudinal focusing function. Therefore, we stud-
ied the design of a new rebuncher to be placed between
fRC and IRC.

The rf frequency of the rebuncher was chosen to be
219 MHz, which is the 12" harmonic of the fundamen-
tal frequency of 18.25 MHz. This frequency gives the
cell length of BA/2 =207 mm at 8 = 0.303. Although
a higher frequency helps to reduce the cavity length, the
beam phase at the rebuncher becomes too large to be well
bunched. The total voltage required for the rebuncher is
estimated to be 3 MV at this frequency and use of su-

perconducting rf technology is necessary for the effective

Cyclotron Team
(Laboratory Head: Naruhiko Sakamoto)

operation of the rebuncher resonator.

There are few designs and researches for the SRF cavi-
ties at this frequency and velocity region. Therefore, we
compared several structures by computer simulations to
look for the best candidate for the initial research of cav-
ity: the quarter-wavelength resonator (QWR), the triple-
spoke structure, the coupled-TE structure, and the ladder
structure We paid attention to the value of Ep/Eacc, where
Ep and Eacc are the peak of the electric field and the total
voltage of the gaps, respectively, in an effort to increase
the voltage gain with minimum risk of rf-breakdown. We
also considered the possibility of cleaning the cavity after
assembly.

Finally the tri-spoke type cavity was adopted to contin-
ue this research after simulating and comparing with other
structures: the quarter-wavelength resonator (QWR), the
coupled-TE structure, and ladder structure. The tri-spoke
structure is popularly used in the medium S region
because the ratio of Ep/Eacc is low. The biggest disad-
vantage of the uneven axis E field distribution was also

solved by MWS simulations.

@ Poster Presentations
(International conferences)
the 15th International Conference on RF Superconductiv-

ity, Chicago, July 25-29, 2011
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Few-body physics in ultracold quantum gases

Name: Naidon, Pascal Raphael Gabriel

Host Laboratory: Nishina Center for Accelerator Based Science

My research this year focused on understanding the
physics of few-body systems near universality, i.e. when
they deviate from universal situations such as the regime
where the Efimov effect appears. To obtain theoretical
results without the short-range potential approximations
commonly used in this context, we treated the problem
with realistic interaction potentials. This problem could
be addressed using the numerical method developed by
Emiko Hiyama.

We considered the simplest realistic system that is
close to universality: a system of three helium-4 atoms,
since these atoms have a scattering length which is much
larger than the range of their interaction, and therefore this
system enters the universal regime of Efimov.

By comparing the results with calculations based on
different potentials, we identified a few parameters which
govern the physics near Efimov universality, namely the
two-body scattering length, the two-body effective range,
and a three-body strength. Provided that these parameters
are properly adjusted for each potential, we obtain the
same energies for the bound states of the three helium-4
atoms.

We also considered what happens when the scattering
length of helium-4 is changed, by scaling their interac-
tion with a factor around 1 (although this cannot be pres-
ently done with helium atoms, this is routinely realised in
ultra-cold atom experiments using other kinds of atoms).
At some value of the scaling factor, i.e. some value of
the scattering length, we obtained the Efimov three-body
resonance point, where the scattering of three atoms is
strongly enhanced. Interestingly, the ratio of scattering

length over effective range for which this resonance hap-

Strangeness Nuclear Physics Laboratory

(Laboratory Head: Emiko Hiyama)

pens is very close to the one that was observed experimen-
tally for the Efimov three-body resonance of other atoms
(cesium, rubidium, lithium, etc). Although this result was
obtained for a different kind of atoms than that used in
experiments, it constitutes a first step in explaining the

experimental observations.

@ Publications

(Original Paper)

Naidon P., Hiyama E. and Ueda M.: Universality and the
three-body parameter of helium-4 trimers. Submitted to

Phys. Rev. 4. *

@ Oral Presentations

(International Conferences)

Naidon P., Ueda M. and Hiyama E.: “Efimov trimers in
lithium 6” DAMOP conference 2011, Atlanta, GA,
Unites States, 2011, June 13.

Naidon P., Ueda M. and Hiyama E.: “Efimov trimers in
lithium 6” Low Temperature Physics 26" conference,
Beijing, China, 2011, August 10.

Naidon P., Hiyama E. and Ueda M.: “Universal few-body
physics of helium-4 atoms” (poster) The Fifth Asia-
Pacific Conference on Few-Body Problems in Physics,
Seoul, Republic of Korea, 2011, August 22-26.

(Domestic Conferences)

Naidon P.: “Introduction to the world of ultracold mol-
ecules” ATMOS conference 2011, The University of
Tokyo, Tokyo, Japan, 2011, June 17.

Naidon P.: “L’effet d’Efimov dans le lithium 6” Journée
Francophone de la Recherche, Maison Franco-Jap-

onaise, Tokyd, Japan, 2011, December 17.
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Towards a better millimeter/terahertz wave imaging system

Name: Qi, Feng

Host Laboratory: Advanced Science Institute

Till now, I have been in Tera-photonics Lab for seven
months. Previously, my background was microwave, so
I spent first two months to transfer to nonlinear optics
technically, which is the key technology applied in cur-
rent THz systems. Now the research is moving forward
smoothly and I am mainly working on ultra-fast, wide-
band, highly sensitive THz detection at the moment. The
final goal is to upgrade THz detection part and to make
it compete with normal bolometer at 4 K. In this way we
can realize a convenient THz imaging/spectroscopy sys-
tem operating at room temperature.

I started to build up experimental system since August.
The two OPOs, which generate IR beams for THz genera-
tion and detection, have been built, calibrated, and charac-
terized, including output power, spectrum, and beam pro-
files. To understand the beams better, we have ordered a
dedicated InGaAs camera, which can match the frequency
of our laser. One of the key components for THz detection
via frequency upconversion is filter. To improve the sys-
tem performance, many filters (short pass, long pass, band
pass, notch and tunable filters) are under investigation
and I am contacting with the companies at the moment.
Moreover, to serve the selection of gratings, a MATLAB
program has been successfully developed, which is able
to calculate the power and direction for beams at different
diffraction orders. 2D gratings can also be analyzed.

Unfortunately, the laser was broken in September 20s,
after a thunderstorm and has not been repaired yet. Conse-
quently, the experiment was delayed. Now, on one hand,
we are contacting with the companies; on the other hand,
we are building up an in-house laser by ourselves. It will
take some more time.

In the following months, I moved to theoretical inves-
tigation of the systems and considered possible improve-
ments of current setup. Two problems have been solved,
including the optimum pumping wavelengths selection
and optimum thickness of DAST crystal. By solving the

wave-coupling equation and by programming the calcula-

Tera-photonics Team
(Laboratory Head: Hiroaki Minamide)

tion, now the answer is quite clear both mathematically
and physically. DAST-DFG and DAST-SFG processes
are well understood. Many proposals have been proposed
to make the current system more functional, including
homodyne detection, frequency-lock detection, phase
retrieval, lock-in detection, balance detection, filter bank
construction, optical parametric amplification, and so on.
Moreover, possible signal post-processing algorithms
have been considered.

Regarding imaging systems, a system-level synthetic
aperture radar (SAR) imaging simulator has been devel-
oped, which works at millimeter wave frequencies cur-
rently and can be extended to THz frequencies. A work
station has been purchased to implement the heavy calcu-
lation. To distinguish other’s work, we simulated the data
acquisition process. The influence of the shape of objects
and sensor’s directivity have been studied by using this
simulator. We gained a lot of insights of imaging process
in this way. Based on this simulator, I have considered
many new proposals, including the optimization of sys-
tem parameters (sampling step, sampling topology, posi-
tioning error of sensors), compressive imaging (which is
a novel topic in THz imaging at the moment), imaging
of 3D objects by using multi-frequency illuminations and
better image reconstruction algorithms.

To sum up, during the past seven months, I am used to
nonlinear optics, both theoretically and practically. Opti-
mum pump wavelengths and optimum thickness of non-
linear crystal have been concluded. Especially for the lat-
ter, mathematical limitation has been given, and physical
insights of the DFG and SFG process have been gained.
These understandings, accompanied with the propos-
als above, have set up a good starting point for the work
in 2012. SAR imaging system studies will be continued
further at mmW and THz frequencies. The system-level

simulator is novel at such a high frequency.

@ Publication
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V. Tavakol, F. Qi, I. Ocket, D. Schreurs, W. De Raedt and
B. Nauwelaers, “Slot coupled patch antenna in MCM-
D for millimeter wave detector matrix applications”,
International Journal of Microwave and Wireless Tech-
nologies, 2011 (in print)

P. Xu, J. Wang, F. Qi and X. Song, “SAGE-based H-infin-
ity channel estimator for MIMO-OFDM systems”, /ET
Communications, Vol. 5, Issue 14, pp. 2068-2074, 2011

@ Presentation

(International Conference)

F. Qi, H. Minamide, D. Schreurs and B. Nauwelaers, “In-
fluence of antenna’s directivity in indoor mmW/THz
SAR imaging systems: a system level simulation-based
study”, International Conference on Infrared, Millime-
ter, and Terahertz waves (IRMMW-THz), pp. 1-2, Hous-
ton, TX, USA, 2-7 Oct. 2011

F. Qi, V. Tavakol, I. Ocket, D. Schreurs and B. Nauwe-
laers, “Indoor millimeter wave synthetic aperture radar
(SAR) imaging: modeling and system studies”, Euro-
pean radar conference (EuRAD), pp. 309-312, Man-
chester, United Kingdom, 13-14 October 2011

F. Qi, K. Nawata, T. Notake, H. Kawamata, T. Matsukawa
and H. Minamide, “Towards an ultra-fast, sensitive and
noncryogenic THz detector: design considerations and
initial experiments”, submitted to The I Advanced
Lasers and Photon Sources (ALPS 2012), Yokohama,
Japan

P. Xu, J. Wang and F. Qi, “EM-based H-inf channel esti-
mation in MIMO-OFDM systems”, IEEE International
Conference on Acoustics, Speech and Signal Process-
ing (ICASSP 2012), accepted, March 25-30, Kyoto,
Japan, 2012

Mechanism and Epigenetic Effect of Spliceostain A

Name: Schneider-Poetsch, Tilman

Host Laboratory: Advanced Science Institute

The present study aims to understand the epigenetic
changes brought about by inhibition of splicing by means
of small molecules, with particular focus on small RNA
species and chromatin marks. It had previously been ob-
served that treatment with the pre-mRNA splicing inhibi-
tor Spliceostatin A (SSA) lead to increased heterochro-
matinization, in particular a global increase in di- and
tri-methtylation of histone H3 Lysine 9 and concomitant
decrease in the mRNA levels of a subset of genes. Fur-
thermore, it had been established that this change in the
heterochromatin state was dependent on a functioning
RISC complex, ie. required a functional siRNA/miRNA
machinery.

We intended to determine whether this observed de-
crease in expression was due to increased heterochro-
matin formation at the respective loci and furthermore
whether this change could be related to either extant or
novel RNA species. To this end, small RNA species were

isolated from whole cell lysate, as well as from immuno-

Chemical Genetics Laboratory
(Laboratory Head: Minoru Yoshida)

precipitated Argonaute-type small-RNA carrier proteins
Ago 1, Ago 2 and Ago 3. The isolated RNA was reverse-
transcribed and readied for high-throughput sequencing,
which in turn was conducted at the Yokohama RIKEN
Omics center. Analysis of the recovered sequences, their
genomic distribution and sequence characteristics is still
ongoing. Preliminary evidence suggests that the observed
changes in chromatin composition do not result from cur-
rently know micro-RNA species.

Furthermore, chromatin immuno-precipitation (ChIP)
was performed using antibodies against heterochromatin
and euchromatin marks. The isolated ChIP-DNA is cur-
rently readied for high throughput sequencing. Once the
loci of increased heterochromatin content are identified,
we aim to correlate their location and properties with the
results from the small RNA sequencing to arrive at a com-
prehensive picture of the epigenetic changes effected by
splicing inhibition, as well as the RNA elements respon-
sible.
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@ Poster Presentations

(International Conferences)

Sixteenth Annual Meeting of the RNA society, Kyoto, Ja-
pan, 14-18 June 2011
11" iCeMS Symposium “Chemical Control of Cells”,
Kyoto, Japan, 6 December 2011

@ Publication

(Original Paper)

Dang Y, Schneider-Poetsch T, Eyler DE, Jewett JC, Bhat
S, Rawal VH, Green R and Liu JO, Inhibition of eu-
karyotic translation elongation by the antitumor natural
product mycalamide B, RNA 2011 Aug; 17(8):1578-
88*

Studies on Strigolactone Signaling in Plants

Name: Seo, Eunjoo

Host Laboratory: Plant Science Center

Stirigolactones (SLs), a group of terpenoid lactones,
were known to promote not only seed germination of root
parasitic plants but also hyphal branching of arbuscular
mycorrhizal (AM) fungi. Moreover, it was recently re-
vealed that SL acts as a new class of hormone to inhibit
shoot branching. In the shoot branching regulatory system,
it is likely that SL-synthesis is promoted by auxin, and
SLs act as a major inhibitor of bud outgrowth. However,
it remains unclear how this hormonal molecule exactly
contribute to these developmental processes in plants.

Among tillering dwarf mutants in rice, d3 and d/4 mu-
tants are strigolactone-insensitive mutants and the mu-
tant-phenotype cannot be rescued by SL application, sug-
gesting that these two genes, D3 and D14, are involved in
the SL signaling. The D3 gene encodes an F-box protein,
and the homologous gene in Arabidopsis is MAX2. The
D14 gene encodes an a/B-fold hydrolase family protein,
and the homologous gene is existed in Arabidopsis. In ad-
dition, it was revealed by Dr. Seto in our lab that D14
protein may function as a receptor for SL. Considering
that GA receptor, GID1, is also belonging to the a/B-fold
hydrolase family and an F-box protein is involved in the
GA signaling pathway, it is expected that the SL signaling
pathway looks similar to GA signaling. However, nega-
tive regulators like DELLA of GA signaling are unknown
in SL signaling.

To solve this problem, yeast two hybrid screening was
performed to find D14-interacting protein. In the GA sig-
naling pathway, GA binds to GID1, and this altered GID1

Dormancy and Adaptation Research Unit

(Laboratory Head: Mitsunori Seo)

protein can interact with DELLA protein, a negative regu-
lator of GA signaling. Then, this complex is recognized
by an F-box protein, and DELLA is degraded through the
proteasome pathway. If the signaling mechanism of SL is
similar to that of GA, negative regulators might interact
with D14 in SL-dependent manner. From Dr. Seto’s data,
it was demonstrated that D14 protein has not only binding
activity with SL but also enzymatic activity toward SL.
However, D14DA protein, a D14 protein having a substi-
tution mutation that exchanged Asp in the catalytic triad
into alanine, has only binding activity without enzyme
activity. Thus, this protein does not reduce SL in a medi-
um. AtD14DA-BD, AtD14DA protein fused to the GAL4
DNA-binding domain, was used as a bait, and it was
confirmed that this bait does not autonomously activate
the reporter genes in Y2HGold, in the absence of a prey
protein. For the screening, this bait strain was combined
with the Universal Arabidopsis (Normalized) library
strain purchased from Clontech. After mating incubation,
yeast was plated on the selective SD medium with 20 uM
SL. Then, colonies appeared on the selective plates were
patched onto higher stringency selective SD medium con-
taining X-a-gal and 20 uM SL. From these plates, rapidly
grown blue colonies were streaked on selective SD me-
dium containing X-a-gal with and without SL to confirm
that the protein interaction with D14 depends on SL. As a
result, 18 clones were chosen as D14-interacting proteins,

and their sequences were analyzed.
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@ Publications
(First-author papers)
Seo E, YuJ, Ryu KH, Lee MM and Lee 1. (2011). WERE-

WOLF, a regulator of root hair pattern formation,
controls flowering time through the regulation of FT
mRNA stability. Plant Physiol. 156(4):1867-77

Temperature manipulation of a stored antiproton cloud by application of electronic

feedback cooling and antiproton g-factor measurement at the ASACUSA facility

Name: Ulmer, Stefan

Host Laboratory: Advanced Science Institute

We were working on the production of a polarized an
tihydrogen beam for Rabi-hyperfine-spectroscopy and
made important progress. Antihydrogen is produced in a
so-called nested trap. Downstream to the nested trap a ma
gnetic CUSP trap is placed, which is a superconduction
anti-Helmholtz coil. The special magnetic field configura
tion of the CUSP trap selects low field seeking states, wh
ich are extracted and form a polarized beam. This can be
used to perform a high precision measurement of the anti
hydrogen hyperfine structure, applying a classical atomic
beam spectroscopy scheme. A comparison of the hydrog
en- and the antihydrogen hyperfine structure will contrib
ute to our understanding of the matter/ antimatter symmet

ry. For the production of antihydrogen, we worked on est

Atomic Physics Laboratory
(Laboratory Head: Yasunori Yamazaki)

ablishing an autoresonant excitation scheme. First experi
ments towards the extraction of the an antihydrogen beam
were carried out. For further experiments ultra-low noise
electronics was developed, with the aim to increase the an

tihydrogen production in the future.

@ Publications:

In preparation

@ Presentations:
Towards a precision measurement of the antihydrogen
hyperfine structure. (RIKEN FPR-presentation, poster

prize won).

Evaluating the Role of Gut Microbiota on the Performance of Borer Insects Attacking

Biomass Producing Plants by the Application of an Integrated Omics Approach. Basic

and Applied Perspectives

Name: Vergara, Luis

Host Laboratory: Plant Science Center

Description of research:

Larvae of the family Cossidae develop in woody plants
where they bore a net of galleries in trunks and branch-
es. Typical host of these insects are trees and shrubs but
one species, Cossus redtenbacheri, has shifted to agave
in North America. Agave plants have a different chemi-
cal composition in comparison to trees, what makes this

system very interesting since in principle it is possible to

Advanced NMR Metabomics Research Unit
(Laboratory Head: Jun Kikuchi)

compare the microbial communities in species living in
trees with the agave-associated C. redtenbacheri and dif-
ferences in microbial composition may point out to those
microbial species absolutely necessary for the survival of
the larvae in each host.

During the fiscal year 2011 a first round of experiments
were carried on Cossus and their results showed that all

species of this genus are phylogenetically very closely
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related, as shown by molecular phylogenies made using
partial gene sequences of the mitochondrial cytochrome
c oxidase subunit 1. The closeness among Cossus species
was also observed when larvae of different species were
transferred to non-natural hosts. In this case it was shown
that larvae of the agave-associated species are still able to
bore galleries in hard wood and, on the other hand, larvae
of tree-associated species also bored galleries in agave
leaves.

The combination of the behavioral and phylogenetic
studies established the close relationship of all Cossus
species providing the basis for future comparative inves-
tigations aimed to understand what mechanisms enable
each insect to successfully exploit their corresponding

hosts. Among these mechanisms the association with the

right microorganisms could be of vital importance since
specific bacteria, for instance, may be required to digest
the insect diet. Future investigations using the Cossus sys-
tem will be carried out to characterize the gut microbial
community in Cossus larvae living in natural and non-nat-
ural hosts, comparing the microbial set in each situation
may shed light on role of specific microorganism in the

survival of the insect.

@ Publications

Fredd Vergara, R. Craig Everroad, Guadalupe Andraca,
Jun Kikuchi and Hiroshi Makihara. Cossus redtenbach-
eri (Leipdoptera: Cossidae) host plant shift from trees
to agave: insights from mechanical tests and a new mo-

lecular phylogeny. Submitted.
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