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Search for Novel Functional Materials in Conductive Covalent Networks

CNE TAMZE TIREENZ & DAY E
KA H LU T, BHREARDBEL TR & OFBIR
REM BRI OBRZEIT>TE Tz, TDS B ESEM
HICEHTE 3T e b RIROMA! - ER L
U TR E N2 BRI, ZBHR DAL E 5
BREEAR, mWAEIA MR E2 L OMEEIZ T
BH. NS DRRD T HHBIEELHM R OFE R
MR EN TV S, Z T TAWIZE T, S EPGEH
RZAOTEZEX AR TEMEIC OV TEAE
PEREZ T L. ZHUTHED W THIHBEL RO
Bk Tz, BNEAHM RN SO EEEE T, &
W, (KOBMRERDERE N, Z ORI
KRB ZT O X TR S B, ARG
LEWEZ < DHEFEAR X 723 Mk ik TH 2 D,
K RIMGRAMICED R—¥ U F ik Bl Xk b EEN%
Fileg 32 W TE %, iz, ARG EHE
G RDE L R> TLE I D, W EERE B OBk
FIABRFEFORFIEDIL FIC K D, BLER DK
L TRETH %,

WEAEREIE. MgSrSi kG2 & % 100 FERLL oY)
HICEHL., HB—HBGEHRD S S0 EAErReZ £ D
VB R RE L, i 8D 8 TH % 33 FHD I8
BHIRILGY BT, SWEEEIHIEIT S
AMREMEZ /R LTz, 2 8 THHEIR T ORSR O IR

XX1-020

WHoe H K% DD Katsura, Yukari
Z A W7 R Fewrean

FARBIERTFE R
(s A Jei)

Witz Hig L. 876 T RILGY) CasSi & CaxSn DK
L BNERHIERHI 217 5 T2 T ORSIR. FHEAEL
MEHCICIS % 1.8, 1.4 Wm 'K & W S (RO EEEHR
(Fi) ZRgl ezl /Y F=7ilkleL
TRV ZT=0.08, 0.06 (900K) ZhfER LTz, TD
R, F—EUFIc&k3E54%% 2TON xR
B E0ORE5T, DSEFRILEYICENTDE
TR EEREN R e 2 R L TW0d, AR
YIEBEORSOTED SRR 2 B U, BRI
AT R N OAROHBIEAEZFA R OREET & T HE
ThHdLVi5,

@OEERZEX Presentations

(PR

Katsura Y., Takagi H.: “MgSrSi-type semiconductors as
possible new family of thermoelectric materials”, The
31st International & 10th European Conference on
Thermoelectrics (ICT2012), Aalborg, Denmark, Jul.
(2012)

(HWNPEE)

DO, EARGCHL - < PrBIEAEZ MR & LT D
MgSrSi RIS (L AP D REME”, HILmIHAZAE
FRNEEZ, B 8 (2012)

REBERY AT LICE T ZRIBICERIBORS & HAERZEA

Comprehensive Analysis of Environmental Responses in Photosynthetic
Light-Harvesting System

BE L ERRTE 7 & O YliE U 7 i BREREG R 7%
R % T DI ISR A FENE D 1) _E DRI IR D —D
TH B, AWFETIEIEG KD BINHHEMTDH %

W 7% % I % EECNUN) A% T Kondo-Osanai, Kumiko
Z AW = MR o 2 —

PEREBHFERITL T — LT — T
(FisE  weler —kE)

NPQIZ# H U, Yo kbkaeds & CEREIm D m
I & oA EEOm FICERT A2 2 HIEL T
W5, NPQIEAREI AT IV F—2E L U THE



THEMTH O WYIAE LT 2 EREICES
L OEBEIHR K F SRV dOEE R TR T
H3, AdchFEFTclcyaof XFXFoka— RigE
FRAAZ IR EIC STV AKRY UV ERIZT-DNA D
HAINIZR2T A4 THBH10005 14 > DERE
SA ALy varvERWT o an 7 ¢ )ik
MFRMT 21T, YR IR O BB NPQ I ¥ 5 oD
B % 2 FRINYIE S A > 11-4508-1 % RV 72 U Fe,
NPQ DMl & i TN & TITUL AR TE S RO
ICAFEIC T % PsbS ALK E L EICHiB T 5 1
T /A RDOEH (FY N T )b A 7)0) s
THBT B ENTD > TVBDREIIAMATS
2o

25 FRRIYA S A > 11-4508-1 1 NPQ AN 54 R A
Pk D EKELHZ T Do T, FIKEE T
At1g51170 1% AGC ! Ser/Thr % > 73 7V (L%
FAGC2-3%2I— R LTV, age2-3Z8R4KIC DO
TFY Y N7 1 IVY A 7 )VD5EE% HPLC fibTIic &
S THNTz & T A, sREIH TOIARF T L—
¥ g VRIFEERMYIA L BEREOD RN D
Dotz ElPsbSOEREZ AL/ Ty MC

KONz & T AWM L HE RN R S N iah
Sfz, THUTE D AGC23MTNETICHMSNTY
5FY 2 NT 4 IVYA 7IVIC K B NPQEERE & I3
BAERELTVS T EHHER I Nz,

YE RN DM ZBEZ Traa T ¢ )LDt %
RN I TARGSH, YR K 5 9 H IR RN
R L U T ICNPQ AR i E I NB T LW
Nnofze THUIIBEHIOH THE—-NPQMWMKEL &
BT ETHIBNT VS np2 B¥ kL ¥k %, —T5
THEDYEA BIHITEIC DOV TIRBEE BV R S ik
Molze YLEDT EH S AGC2-3 I HTHH O NPQ R
W53 3K 17 ThHs T LhRBEINT,

AtlgS1170 X EBO T 71 7T L TIERA NS
YV MRTF REET BT EMLFREIN TV,
HEE T 2Ty FRTF W GFPHEla & >~
I\ B E AR O B CH ST Tl BERR AR T
DR ENTH, R\ ERER W T
REEM R SRR AR TId MR S N o T BIFERI
WNIRTEZIH ST T B 72D X T F REUAR X 71+
I fisfahiyn ik 7z o Tz iz b T %,



ERMNZRHAIMFAE

TR 22 FERAE






XXII-001

TRERKICE T ZERERMEE— FORBHEE & RREHE

Research for Microscopic Mechanism of Collective Mode in Unstable Nuclei
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Stimuli-Responsive and Regenerable Conductive Biointerface

for Neuron Bioengineering

Name: Bo ZHU

Host Laboratory: Advanced Science Institute

CPs could satisfy both electrochemical and biological
requirements to electrically interface tissues in bioelec-
tronic devices, and help to recover the damaged biofunc-
tion or electrically regenerate the tissue for people. CPs
normally face immunogenic and inflammatory response
in vivo once implanted in body, which largely increases
electrode impedance and leads to the loss of the intimate
electrical communication with targeted cells and tissues.
To assembly CPs at the nano and micro scale is critical to
their application in bioengineering, but still remain chal-
lenging. Toward resolving the two main issues, my re-
search efforts mainly focus on synthesis of bio-oriented
CPs with static or dynamic biofunction, development of
new electrochemical approach to organize the micro-as-
sembly of CPs, and bio-application of the functionalized
CPs for nerve regeneration.

The previous research investigated the electro-stimu-
lated differentiation of PC12 cells on the biomimetic
PEDOT platform. The present research extends our bio-
mimetic PEDOT approach to Astrocyte and primary
Schwann cells as an integrated platform of biochemical
and electrical stimulation. Similar to the previous re-
search on PC12 cells, the specific cell-substrate interac-
tion could be available by defining different peptide li-
gands on the biomimetic PEDOT platform without
non-specific interaction. The proliferation rate of Astro-
cyte and protein secretion of Schwann cells could be
much enhanced under a biphasic electrical stimulation
applied through the conducting platform. The enhance-
ment could be tuned well by changing the electrical sig-

nal strength. The present progress further promised the

Yu Initiative Research Unit
(Laboratory Head: Yu, Hsaio-hua)

biomimetic PEDOT as a powerful material to electrically
regenerate the nerve tissue. Another distinctive progress
in this year is that I succeeded in integrating the electrical
signal with the all-conducting-polymer, where the spe-
cific interactions to neuron are spatially resolved, to elec-
trically and spatially guide the neurite outgrowth. The
neurite growth rate could be further enhanced than the
case without electrostimulation. Recently, the electrically
responsive CP platform with dynamic coupling to neuron
was finally fabricated and demonstrated. The platform
presented a superior performance to electrically switch
its specific interaction with cells. It could conjugated
with peptide ligands effectively under electrical oxida-
tion, and couple with neuron well. Once the dynamic
platform was electrically switched to its reduction state,
the cells detach very quickly. The dynamic platform fur-
ther demonstrated its plausible application in the nerve
regeneration engineering by electrically regenerating
nerve in vitro and subsequently releasing the differenti-
ated cells without damage to the cell viability. It also
could be adopted as the interface material for the im-
planted devices to fabricate the noninvasively removable

bionic devices.
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6944.
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Electrical Stimulation”, International Conference on
Bioinspired and Biobased Chemistry & Materials,
Nice, France 2012, Oct. 3-5. (Oral)
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with Neural Cells”, the 1st International Symposium on
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gress, Chengdu, China 2012, Jun. 1-5. (Oral)
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Study of the Coronal Heating and Flare-Initiation Process Based
on Three-Dimensional Magnetohydrodynamic Simulation
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Dynamics of Strongly Correlated Bose Gases in Optical Lattices
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Molecular Imaging Drug Discovery Targeting Glutathione-S-transferases
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Design and Applications of Novel Superconducting Devices with

Layered Superconductors

Name: Yukihiro, Ota

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 devel-
oped the theoretical idea and the numerical methods
which we made for conventional materials (e.g., NbN and
MgB, ) in the previous research period. Furthermore, we
studied the application of superconducting Josephson de-
vices to quantum information processing, mainly focus-
ing on quantum measurement.

We had three main results: (1) dynamical simulation of
superconducting detectors, (2) macroscopic quantum tun-
neling in multigap superconductors, and (3) entanglement
amplification via quantum weak measurement. 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, etc. Physics in the
superconducting detectors is based on non-equilibrium
transport phenomena and heating effects in superconduc-
tivity. Thus, their full dynamical analysis is now highly
desirable. We numerically simulate the dynamical re-
sponse of a superconducting detector using the time-de-
pendent Ginzburg-Landau equation coupled with heat dif-
fusion and Maxwell equations. The previous simulation
described well qualitative features of a single-photon de-
tector such as vortex-antivortex nucleation and collision.
However, the threshold energy was much larger than the
typical energy scale (~1 eV) in a single photon detector.
We modify our theoretical model. Then, our simulations
show that both quasi-particle fluctuations and heat-sink
coupling significantly affects the threshold energy. We
find that our detector works for a single photon whose en-
ergy is around 10 eV.

(2) Macroscopic quantum tunneling in multigap super-
conductors. Since the discovery of layered iron-based

superconductors, the studies on multigap superconduc-

Digital material laboratory
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tors has drawn attention. To explore the contribution of
multiple superconducting gaps to superconducting de-
vices, we focus a well-known two-gap superconductor,
MgB,, and studied the macroscopic quantum tunneling.
Using the formulation which we developed in the previ-
ous research period, we study “classical” trajectories
contributing to quantum tunneling in a long Josephson
junction with a two-gap superconductor. In a convention-
al long Josephson junction, two tunneling channels open
when the junction length is longer than the Josephson
penetration depth. In the present case, we find that the
presence of a relative-phase spatial distribution (e.g., an
internal solitonic distribution) suppresses opening of
multiple quantum tunneling channels. This result is simi-
lar to quantum tunneling in 7 junctions, in which the
inhomogeneity of Josephson critical current is important.
Thus, one can detect internal solitonic excitations in a
long Josephson junction, observing macroscopic quan-
tum tunneling escape rate.

(3) Entanglement amplification via quantum weak mea-
surement. Measurements on quantum systems as well as
the coherent manipulation via unitary evolution are key
ingredients to the implementation of quantum information
processing. An essential feature of quantum measure-
ments is that these significantly affects the static and the
dynamical properties of the system. This allows phenom-
ena not predicted by classical mechanics. We propose a
measurement-based method to produce a maximally-en-
tangled state from a partially-entangled state. This ap-
proach involves local two-outcome weak measurements.
We show that application of these local weak measure-
ments leads to a probabilistic amplification of entangle-
ment. Furthermore, our protocol is successful if the sepa-
rable part of the mixed initial state fulfills certain
conditions. We also stress that our protocol is easily real-

ized in linear optical qubits.
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Theoretical Studies on Coexistence Phases in Quantum Many-Body Systems
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Carbon Nanotube Integrated Single Electron Memory Device

Name: Xin, ZHOU

Host Laboratory: Advanced Science Institute

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 investi-
gating CNT integrated charge sensor device. Structures of
quantum dots capacitively coupled with a single electron
transistor which works as an integrated charge sensor
have been achieved in GaAs/AlGaAs heterostructure, gra-
phene and intrinsic silicon. The main research part in this
is focusing on investigation properties of CNT multi-tun-
nel junctions. Here, we took advantage of low tempera-
ture AFM measurement system. Investigation of those
defect-induced QDs is challenging for lithographically
defined gates as the spatial locations of these dots are un-
known. Recently, this obstacle has been overcome by a
scanning gate microscopy (SGM), which uses a conduct-
ing atomic force microscopy (AFM) tip as a movable gate

to scan over the QD while the conductance through the
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QD is measured. The resulting conductance map shows
concentric rings (Coulomb ring) around the center of the
QD, each of which corresponds to a single-electron charg-
ing and thus allows us to identify the location of the QDs.
Here, we show our recent experimental results on two
coupled QDs in SWCNT multi-dot system by low tem-
perature SGM measurement.

The device was fabricated on a highly doped Si sub-
strate capped with a 200 nm silicon dioxide layer. A QD
was designed by depositing titanium source-drain con-
tacts spaced by one micrometer on top of SWCNT. A
home-built AFM is used to image electrical conduction
through the SWCNT, at temperature of 170 mK. The tip is
scanned in a plane about 10 nm above the SWCNT. Sev-
eral sets of concentric overlapping rings have been ob-
served in the conductance image for SWCNT versus tip
position (measured by setting tip voltage as -1.1 V), indi-
cating the existence of multi-dots between source-drain
contacts. Formation of the multi-dots is presumably due
to defects induced during the device fabrication. The loca-

tion of each dot in SWCNT has also been identified, as



each set of concentric conductance rings is centered on
the location of an individual QD. These rings expand out-
ward with increasing tip voltage as more electrons are
pulled into the dot. As the location of each QD is con-
firmed, it becomes easy to investigate double dot coupling
effects by scanning the tip in a small region where only
two sets of concentric rings are observed. With increasing
tip voltage, the number of Coulomb rings from dot(1) in-
creases much quicker than that from dot(2). These Cou-
lomb rings from dot(1) and dot(2) have an offset at each
crossing which is similar to the feature observed in com-
mon charge stability diagrams for coupled double QD
system [4]. Both the size of offset at each crossing of two
rings (come from different QD) and the distance between
two nearest neighbor rings (belong to the same QD)

change with the tip voltages from -1.3 V to -1.125 V,
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which indicates a tip influence on the coupling effects be-
tween these two dots. The experimental results demon-
strate that SGM may provide an alternative way to inves-

tigate multi-dots.
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Description of research: We investigate the phase struc-
ture of Quantum Chromodynamics (QCD) at finite tem-
perature and chemical potential.

In usual investigation of QCD phase diagram at finite
chemical potential, the Polyakov-loop extended Nambu-
Jona-Lasinio (PNJL) model is widely used. This model is
constructed by the matter and Polyakov-loop part. How-
ever, there is the large unclearness in the Polyakov-loop
potential part. To investigate its unclearness, we consider
the heavy quark mass region and two-color system in
which sign problem is under controlled.

In this term, we obtain following results:

(1) We use the usual Polyakov-loop potential and the ma-
trix model for deconfinement in the heavy quark mass re-
gion. On the Columbia plot, large model dependence ap-
peared. Moreover, matrix model has the two-peak
structure of the interaction measure, but the usual
Polyakov-loop potential dose not. It means that we can
determine the Polyakov-loo potential by comparing with
the model and lattice QCD at large quark mass region.

(2) We consider the two-color system in which lattice

QCD is feasible at finite chemical potential. When we
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consider the imaginary chemical potential, we found
that this system has interesting symmetry and then
Polyakov-loop is exactly zero at low temperature and it
becomes finite at high temperature at certain imaginary
chemical potential. This property is associated by the
spontaneous C Zy or C symmetry breaking where C is
charge conjugation and Zy is center symmetry. Since
there is clear transition at finite imaginary chemical po-
tential, this region is convenient system to check the

model reliability.

@Publications

(First-author papers)

Kouji Kashiwa, Robert D. Pisarski, and Vladimir V.
Skokov “Critical endpoint for deconfinement in matrix
and other effective models”, Phys. Rev. D 85, Issue 11,
114029, (2012).

Kouji Kashiwa, Takahiro Sasaki, Hiroaki Kouno, Ma-
sanobu Yahiro, “Two-color QCD at imaginary chemical
potential and its impact on real chemical potential”, to

be published in Phys. Rev. D.

BFEREOXBHAES VW, ENHBERBRERHR

AHZZXLDOBRAETHFER T TIVOEEIREE
Studying Explosion Mechanisms and Nucleosynthesis of Core-Collapse
Supernovae, Based on X-ray Observations of Supernova Remnants

AW T, BRI (SNR) OBIINC K D,
FHHYEE EORME TEEUE RO OfRid
ZFHIELTWS, AEFEIX, NIRRT EIIIC3ID
DA% 7R SNRZ X AR CHBIII L. Z OWistz # Uitk

W ot & K 4 S Katsuda, Satoru
2 AW = CRdER e v 2 —

TV F—FHiVBE =
(e E)#HD

iz,
1. HEELV—=T 15 & Z OO EERGE
DFH

FUSEOL— 73 5E R 1 THERE O BIVRIN 72> =



JVBRISNR TH % F& I BIHIKS HAE ) A
R RBT 2ICED 5T, R LUIENCES h
HTEMERINTEST, EFOMETH -7,
Z T, BAEGHAD I #RICKD, 64F
T TERGESARA T 0 7, KRBT 1.8 XA
BORBIBINZIT> 7z, Z DS, SNR i
BT X AR & ZTUCHED O 5 S HEDS - T2 XA
BIE MHEDARY MVORH GETHBHT &,
WL 7oy 7 A BhETREEOREEEY
GOV EEPSEMT L, & LHBEL—T &
B L T35, 1850km/s & Ok Tl LT
WA LILES, TNRERERICHLOVF Y 7252
Uzl R L, BHRA N AL 2R BEATF
WhDILIE%, ZOIEKRZZEZ LSS, I—81
WSO XK ERICBIZRRE L, FHIUCEST
W5,

2. SN1006 : b o i 5 5 35 4 oD el

SN1006 (&, PEE 1006 41T J@#FE U 7=l 2 O IRk
THO. BEHZ 1000 FERERDBIETIE, WH L
[AFRPEITHE D o TR O L LTRIIITZ %, 2012
R, WA TOSNRZRED [Fv > KT
HTEREM (07 X48) BIL 7, Zomge
2001 fEICHR B Nz Mgz g9 % 2 & T, SNRE
YU MER 0.3 (23000km/s) D THEGE L
TWaHZIHEMNIC LT,

3. INERA T XERITHU N TREE WA R

Yo EH)

INE R AL 3700 FERIICHEFE L7 SNR T, #k X ##
WK TR E B DFEOSNRTH % S THIZEc & D .
TR LSRR ORBED R BN B T IS N
THO., B EROBKZH 2 | Tl THEEXR
MRTH B, 20124FR LA MO =2 — k]
BRI K D SNRHIC & 2 f5E i Z B U 72, 3R 4
W aRz AR U, &I HER OS]
P73 B FRBE X ARANR Y MV RIS % T LIS
UTco ZORGHR. @I OB K v 7T — (R
LTHDH., 1500km/s & D EH T T B 5 5N EH)
LTWaZeRHEMI LTz, THIC, fEHED S
B2 A A > DOWE% 30keV EL F & HEES T &SI
L7z,

@5 ER®EK Publications

U139

Katsuda, S. & Tsunemi, H. : “Violent Evolution of Super-
nova Remnants as Revealed by Chandra and XMM-
Newton”, Memorie della Societa Astronomica Italiana,
2012, 83,277

Katsuda, S. et al. : “Discovery of a Pulsar Wind Nebula
Candidate in the Cygnus Loop”, The Astrophysical
Journal Letters, 2012, 754, L7 (5pp)*

Katsuda, S., et al. : “High-resolution X-ray Spectroscopy
of the Galactic Supernova Remnant Puppis A with
XMM-Newton RGS”,
2012, 756, 49 (7pp)*

Katsuda, S., et al. : “X-ray Proper Motions and Shock
Speeds along the Northwestern Rim of SN 1006, The
Astrophysical Journal, 2013, 763, 85 (7pp)*

(A - Keat)

DSH 77, “XHRCERZ BRI, ISAS=a—2X
2012, 4% Gpp)

The Astrophysical Journal,

@OZEH XK Presentations

(HEFEZH)

Poster presentation:

Katsuda, S. et al.: “Discovery of a Pulsar Wind Nebula
Candidate in the Cygnus Loop”, X-ray Astronomy: to-
wards the next 50 years!, Milan Italy, October (2012)

(HNPAEE)

WSEE 7, At -« PSS L — TR R R 2 L
Y—REBMATOFEN, HAKAER 20124
R, KW - KRR, 9H (2012)

JhH

of Supernova Remnants”,

‘Probing Supernova Explosions by Kinematics
TSR & T O il
At —HEEL - BREAD AL LIRS
J—, HEUR - FRZRXE, 104 (2012)

JSEH T« W R S EE 2 BRI A 1= X
LEou#EamK”, HaN7 7a—F THRSFiHO
fe2gittfle, SR 7V raEE, 108 (2012)

WEH 7 “XHRIC K B 40 T R TR O FEH) A 1y
WHZE”, HAYIPEE 222013 4EHFHED, RS -
R, 3 (2013)



XXIil-018

BXBARXERXBREEZRAVAET Y VR —IVREROHL VZH

Research on Black Hole Accretion Flow with Hard X-ray
Spectroscopy and Soft X-ray Polarization

Mg &< HEH2005-2009 4E1C1T 5 72 Cyg X-1D
2225 BN O 7 — 2 72 RN LTz, Bl &
WY U T20.5-300keV D AR 7 b UIE L% g9
Bl smEpHRs Ntz TAt=12/, &
3w Mt (BSkAth'95) ZHWTAt=1LLFD A
N7 MVEBZMET 2 2 LT, BREAt TR
BN Z2AET B LI L, 2k T
fg-and | RS BHBRIELWT &, FRED
ETIICKAE LIEWTFETO D, N— RIKEEDJL
HHHAXT MV, N—ReV T graryT b,
ReA5 PR D O, KBTS R TE B 2 &M
FIEMEN IR o Tz, £, N—FIREEDOHTE W
BZNEELRNE ET, AT MVEFNIEVDD
52t bholz, TNE, BREFEEEN FHBIC
ONTREAEMBNMRLICT Ty 7 HRh—IVh 5%IEL
TV LEBEZDZHTHMTE Tz, TOHRE, 75
w 7R —)VHE OWFIC BT BT E NI KER@D
—DTH2. NMENLT 1« > b VRADE%LLT
THEITS INh—FRIKE] BT 5. WMLIZLHET
2RO X SRS ORHO T 0 L x5, TOWF
ZEDIERIE N < 1970 D 5 SBER R 7 £ Tt
ZeE . H100keV iF3E THr AN A 2 N FBHELN 7%
ARYT BV, FEEANTTEO RS P O @il E I
X0, MEhDETFIVF—HFAgary T &
NEOTH3 05, THE-avF ) #iGgHiE
XN Tz, TOETFIVZEIIIE BBLRPEL

WF 7% & KX 4 IUH B2 Yamada, Shinya
2 A WEgE = RS v 2 —

FE TV F—FHi VB =
(FilsE  EB)#HD

VD, FHRONRRERE. aa ) oM, KoL
FHTORPBFENAWNTH > 7z, 2005 4ELIRF T
S BROBGC X AR S EIEEN A T EE
&0, THg-ao ) #iGzBIlMIcRE L7z
HIWIRBEDO TV D TH > (BUEM20084E) . A
JUX. T OWIARBRZRAE ) D & #li5R T X 7
TaHiE N, FV 7 TIrbM iz XFRK LD 50
FIEDHBR R THBIC TREZ B ko, Th
WPEAT LT, FRRX B2 ASTRO-HE TDE 5
72 BIRHAC AT T, R X RO EEE OB AR DB
J6, eI 72,

@OZEHZEK Presentation

(HEEZH)

Yamada S : [Inhomogeneous coronae and a stable disk
of Cyg X-1 revealed with Suzaku| , “HALF A CEN-
TURY OF X-RAY ASTRONOMY”, Mykonos island,
Greece, 17-21 September (2012)

(HNPAEE)

I HE AR, TASTRO-H it TH2 7 T v 7 K —)b
RO, 7Ty 7 R—)VT—r g
v 72012 --- ASTRO-H# R THIEIT 7 I v 7 &k
— VIR ORFIER -, BIRAY 6 H. (2012)

IHHEW, 79y 7 R—)IVOAREGRE, “EAamT
T —F TR FHOLAE” HHa & 10H.
(2012)

AN)VYPLAABTERX M) v I/IN—DORE
Development of Helium Gas Charge Stripper

XXIiI-019

Wk 2% & K 4 AR Y Kuboki, Hironori
2 AW 7E = ACRmd gt v 2 —
NHEARFARE T s = g e F— L
GIE=RE L IN )
WA A R TR ER R 570, A4 E—LDOMEIRER [T BHEA R v S—



WANRTH %, RIBF TGS ND KigE Y 7 >
E—LHADHMBARY wIS—E ULTANY T LH AR
WA RV wS—DWEHEINTE D, ZOREN
AWFEOHMNTH %5, LD IENNY T LA A%,
PR Z O T 10 cm A — X — ORI BT &
(~1latm) CTHULRADZ D, TS5AI T+ VR
WIS EliZzHWS, TIART 2 Y RURT7—2
MEZ MU TR (FIEH~ 10Pa) & K JEH
(<10%Pa) ZFEHELTORE, TIAIYT—IWNZ
KA, SREOIREL 975 2 & T, WH O
L D &R E RO AEEZRKEL TS
EMWA[RETH B,

AEEE () 7NVIAVHAER VTS A<
Bk, Q) TIWVIAVHADEANY T LT ANDE
PEkER, (3) 7Y N L TOAEBPERERE
DFHili. 2175720 BIFEE LR LT, - ZEH
DIz DOEZER Y THE, - #igbiklz Gloh 5t
FIVIICETE, ORBZITV, FERZE R
10Pa—0.1 Palc B & Bz, £, HitEEEICEE
NI R ORILF IR S NE < ko Tz, 2Bk
SGABR L. SIEEMIZ KB (10°Pa) L. 75
AR 4 ¥ R & LT 2B oA X 01T
STz 1BRHE2BEHDIE 12, 795 A2 L
TOEEH GEHEOABHIX) L 7I9A Y10V Ry
A UIGA TR Uz, 7V Y HADEA,
IBRADIENZ TS AT ¢ ¥ R AR AN
Kl FFscentE, 28 HIE 171001 TP

HTENTER, NVYLHADEGFE, 1EHIE
1717, 2B HIE 1/5000 & 7 )V 3 2 F A X D @i A
RifGbH e TEz, THUEKE Brookhaven Na-
tional Laboratory THEI L TW5 I AV ¢ VR
U LIRIEREOAEBPERETH 5,

St KRB L T35 Z R EDONY D LA
ACAEH Ui, AV 7 ¢ AE%Z 4mm LR L
1B OABHERED RN (BUK Tl 2mm). &
WG 21T .

@OEEHXK Presentations

(PR

H. Kuboki, H. Okuno, A. Hershcovitch, T. Dantsuka, H.
Hasebe, K. Ikegami, H. Imao, O. Kamigaito, M. Kase,
T. Maie, T. Nakagawa, and Y. Yano, “Development of
Plasma Window for gas charge strippers at RIKEN
RIBF”, The 26th World Conference of the International
Nuclear Target Development Society, Mainz, Germany,
August 19-24 (2012).

(HHN2ERE)

ARG L BEFIAA . A. Hersheovitch, il /L= 5,
SREL. EsZ, REAME— BUSHER,
NZEF5, RAvamE, B, REZHE, BN
X, “TIART 4 Y RV, BAE 0
AR AR AR D T2 D D AP S AT LD
BIFE”, HARVBPARE 67 HHERKR R, BIvE Ak
R, Jupi, 3H24-27H (2012).

XXI11-020 2)AUVN=FTyv ) ABREBERAVEEVN I+ —712& 3
IA=09N=F 0 T5XTODHEEOHE
Study of Quark Gluon Plasma with Heavy Quark Using Silicon Vertex Detector

AWFEE TV a8 =T 7 Zkthds (VIX) %
Moy, BT+ —7RFEOEBETZNET S Lick
D, VA= TN—4>T5X< (QGP) DMEZ%
HNB L ZHNE T B, TNE TOFEEBKEDN S,
BT 4 — 27 THEK E AR TOF i 52 EAVR
ENiz, TTT, BT A—TTHB, c 7+ —7,
b7 =7 OFNifa it 2 hZE Nk, Fififi

Wk 2% & K 4 - IR B53K Kurosawa, Maki

2 AW gE = CRmd gt v 2 —
TS 7 IV —7
ek BIE H2)

FOTECHT B 7 — 7 OB R 2 SRR
BT ENTENE, TOBKZ RS % Kk 7z
T BT ENTES,

K [# Brookhaven E Y2 I Z¢ T (BNL) 1Cd % H A
F U EZERESR (RHIC) &, QGP DWIZEZ Ml fig
ICT5MEERTH O, BIERBNZEITEN TV 5,
AL, VIXZ O T o T A A VB 2495



(RUN-11) OF—=2ZfifiL. NFary, BXT,
¢ 7 A —2WIROTE O fihifs S\ E R Uz,
NROYORPBERERTIE, WEOREFER L —8
LIz B LTz, £, c 7+ —VRFEOE T
DOPFERER T, WEI TbNTzc, b7 +— 7l
OWUFENTE T OREREH L WG OFIPHT—B L 7=,
. SRt U sHB) D b 7 +— 7 0|
BIMEOVETH S C LISERILTWS, 5%, i
APZMRT e T/ A — b7+ — I iEFEDOE T
DI R ZET B,

@i LXK Publications

UZET 139

MU EGE, phenix  collaboration : “Higher harmonics
flow measurement of charged hadrons and electrons in
wide kinematic range with PHENIX VTX tracker”,

Elsevier, in print*

XXIil-022

AWFZEHARI TS 55 13 Y IS @2 7 B Rl
D—DZENE T, BARIICIE, PFEEBI 2
X 0 HHIATBEZR 77+ ArchT ZIMNIC 3BT % F 5
AVIZyIITA (ArchTR U R) ZHWBZ &
T, ZiiliEz —RICi AT 5 2 2T Lie,
TORBIT, I ArchT I A% IR EEMiISE
AT ENE (CFO) I T T T, BiisdlE
DRSOV, BHHENREHETH BT ADT
Bl 7z E & Lz,

BARINICIE, XURE L 2RI~ Y A%z AN,
W a v kAT, T D24 M ArchT A
BZMDH 2%, T ADMPITHRG Uk %,
BRYav I EGEZ O LE—OHICI T AZRL
e (K1, MK, ¥
®ic, Evavrrzh
ATRICRT E, YU A
W F9 < AEHBZRT, L
ML, zlgs s L,
C D9 L AHEF;HET 5

@OGEHRZE Presentations
(=

MR Bk, phenix collaboration : “Higher harmonics
flow measurement of charged hadrons and electrons in
wide kinematic range with PHENIX VTX tracker”,
QM2012, Washington DC, 8 (2012)

(HHNERE)

HE BB, phenix collaboration : “RHIC-PHENIX 2
Mol \Er/x—r&T vy MilE”, HA
Prpre s, B, 9H (2012)

HIRNEYN, phenix collaboration : “PHENIX-VTX A
ol Fa B X CEFOSRTHA R
e, HAYRAZ, 5, 9H (2012)

HIEEYN, phenix collaboration : “PHENIX-VTX A
ik o i s, HAYEL
PR, JRE, 370 (2013)

Memory Transfer Across Neural Network

WEZE & K 4 I B Sakaguchi, Masanori
2 AW 7E = MRPER AT Y 2 —

RO A A = X L
(s MK HEd)

Tinote (H2, HB#).
&SI 24 RIS, [H
L 2B R
FIRRICHEICR LTz, §5 @
L. XU RIRT K BHITH) ;

0

cozens, g EREEL - BY

X2
D= A — S
KB W gy
HETES, Lvwo ek
R, »- ¥ »
roromoMFEE | 5. Y P

FHIAREE
MR TR

LT, MEssame (&
FTR) A THWIT

L I | 4
7 S A '@'
?@%’tﬁ‘fﬁ%ﬁi‘ﬂ@@“% A P . :
FINBEE S, Y g /
WGA-CRE Z W A fi{# | Y TvA-R £ 3EnvA OLCMV-G
Y AT Lk, Jiiin =3

(Gradinaru et al., Cell, 2010) DJFiEIC. T HITHELR
TR A THEE L T2DS, JefTimist DR LT fs

— 637 —



FHETE R o, ZT T, X 0MIEMND 5k
E L THmIEFRE SNz (Beier et al., PNAS, 2011),
VSVEWSTDY A )V ZDMBIZ T A IV A%
WA AEERHT AT L e Lz, AKHEIR. 20
AT LWEMETH 2D, KO HEFICHWEIG 2.
X5 & 75 2 piiC — R 7200 > F T AR R £ T
WTHIRATE % W) KERFIED D 5 HEEHE .
HAEZ VSV DIERD T A b ZIT5> T3, 51k,
BB O KA T, VSV E 7 AN IS
52 &T, ERY AT LOIATARENZMGET %,
AWFEE, PISDRED L MEBIIGHT ST &
T, RN EBELERZGA5TLNTE5, Bl
{E. PTSDIRMEDILERE TdH 2 ETK /D - phidt >
2 — e R s Fr B B O SRR M iz
A, AW RS PR OB AR IS T REE 2 iR
HThs,

XXIil-023

@ik EH®ZX Publications

Gkeaid)

Sakaguchi M and Hayashi Y : “Catching the engram:
strategies to examine the memory trace”, Mol. Brain,
5:32(2012)

(Z DAt

Sakaguchi M and Hayashi Y, Catching the engram: strate-
gies to examine the memory trace, Mol. Brain 20120ct,
5:32(359 viewed in the first 10days, 6th best viewed
during the 1st month)

@OEH X Presentations

(HEIRE 20

201243 A 13 H Bt [HOCERA X— )
W7E2 VIVID 22— (iR

HREEZ NV ECT Y — L 2B HMRERRN G

in vivo BB FesREDFEL L G
Cell Type-Specific Recording of Neuronal Activity in vivo by Novel Genetically
Encoded Ca*" Indicators

N, RO TEEh. ETRIEL £ ORkERE & mhit
EOBREMIAT % C i, MRz B
3R EEREO—DTH D, T OHEIH D I
BITZ, EZIEARNIC SO TSRO
Feilikd s & (nvivolGHIELER) DA TR
THb, AWML, BIAS T AR IO THRERE)
72 A R RE R BN R in vivo Rl gk T & % J2BRHL
72tV ds T eick b, 28 - JEE - RBE E
PEREDREIKAANICZIL T B BIRICHB T, ffiil
N DTEENZE b 72 MR SR IC R ER - filbT 92 C
LZHMNET B,

AR, FRlORZ1G 7,

1) HHHEDE 2 > 878 Ca™ & v — DM REf#AT

PERICHAREN TRt ZR D L TN B i Y
— WV A Science b I THUYG T N7z A (Zhao et al.
2011), WHFLIEAMRSHIEIC 351 B PERE O fRHT 13 M
AT THo T, TT T, Wikl U —atsHiki

W% 4% K4 - ILH #£2  Yamada, Yoshiyuki
Z AW R MRPER Gt o 2 —

FEEAREYIEE T — L
(s 75 wiz)

ZFENERGE LK DEA LY A 5 R
WA S A ZAEARZVER L. S\ F U5 TE2HT
e A A= > Z R ERFCEH U THiRe Y —0
PEREZ ATz, ZORHR., IOt I —EHEk
Dt Y —ICARTERED I ELTWaE0LD, LS
ML TwB ezt Lic, AWPHSRIZZ <D
WHEEIC L > THR G TH 572, i RIkIC
1FES BIRELZIEHT T 2 L HITHT GEE R 2 4R
L. @iXIicE &z,

2) InvivoA A=V 75 « 8w F 752 T 5l
InvivoA A=V 7 « BAUEMGER 217729 728
DXy b7y TRHUIMRE L, £ —25EBl
SRR TADSKEE R Tinvivod A=V T 7%
TR0, BIEEENCHES > 7 F IV ERiid 5 2 i
KIHUTzo EHICin vivorSy F 752 Ttk % A
RRHCTTRW, BREs 7 )LD G a5 £ 0T
HrT LR LT,



@:iL3%#%E Publications
(JFE RO

Yamada Y. and Mikoshiba K.: “Quantitative comparison

XXIil-024

of novel GCaMP-type genetically encoded Ca2+ indi-
cators in mammalian neurons” Front. Cell. Neurosci.

6:41 (2012)*

PIYAINOSZHRREFII LT -2 3 OHIEN - RROMA

Mathematical Modeling and Ethological Experiments on Chorus
of Japanese Tree Frogs

SRR 244E I, THREFEO A TVORE R R
Uld THFED 5 % HINTHT 2I5E 5 23l
Hldic, BRaNTNA A ThT)VEZ)V2) %
BHFE LTz HTIVHRZIV20CIE 2 DD LED 2345 L,
FZ 2 FPEEEOE I LT, ZNThAVES K
INSTHA 2 Uico BIFELIETNA AZ, =ZHRVT
RATIVE Y 2 L=V 7 & H I )V DG & 7z i
TRENER, BIXUA—ZA SV TIERTET
ATV (Litoria choloris) @ 2 FHEDNG & 7 7% 5k
57 4 —)V FHEICIGH LTz, ZOR5R, Bk
LEDDIEE LT, MhzvoffE &L Mg
TFEOME) AT SRz, ThHO
MR, =R T HDVC X Bt D3
A —a VR, U TERSEHEOBZ D
WHTOII 22— 3 Y TRIETEBOMIIAN
LENZEDLIFTE S,

EHIC, ATIVOEBBICHET AEPIETY V7 %
D, R A ARIKHDO K E D EROIAIRAE
G B8 2 Lic, 20 1T, BEaiic il
ENFEWEREE ATV KR Z)VEWTZT 4 —)V R
ORI Z LR L, WENEMENIC KT BT L
ZRUTz,

FRLOWFERCRIE. WEEENE T H L U THER
Ut tmelt & 24 & UTiRR LUt [HEeES
2B R CENERF2FCB T 508 ELL LT
WME LTz, 6. ThETOMRKEEZX LT
T E Y O

@:i L& Publications
(JRERR O

WEoe & K4 B —%%  Aihara, Tkkyu
2 ANWETE = R AR 2 —

RSB ZETF— Ly
(s HH &—)

1. Mizumoto T., Aihara I., Otsuka T., Awano H., and Oku-
no H.G.: “Sound-to-Light Conversion Devices to Visu-
alize Acoustic Communication among Small Nocturnal
Animals”, Bioacoustics Journal, Submitted. >

Gea)

1. Gl—2%, EE, FWE - Sl (A
at - SREZD BIGBEEAAM () 7L RETR
R, 20124 TE .

O@OEERZEX Presentations

(PR

1. Aihara 1., Mizumoto T., Otsuka T., Awano H., Okuno
H.G., and Aihara K.: “Possible Functions of Call Alter-
nation in Frog Choruses,” Amphibian Neuroethology
Satellite Meeting, 10™ International Congress of Neu-
roethology, Maryland USA, Aug. (2012)

2. Aihara 1., Ohmer M.E., Mizumoto T., Okuno H.G.,
Bishop P.J, Narins PM., and Hero J.M: “Visualizing

Acoustic Signals of Chorusing Frogs,” Australian Soci-

ety of Herpetologists Conference, New South Wales,
Australia, Jan. (2013)

(HHN2ERE)

LA —9¢ B - BEEeETV T - T o
—)U KA THRT 7 < IV O AIEHEREITZE .
T4 IVHNA A==y b AV T4
—<)bkIF—, BIWICDB, 5/22H (2012).

2. G g% T RATIVOGIEERE OIS,
MERBOH Wit I —. 5K 1A
geRk. 4H27H (2012)



XXIiI-025

XKy - 70-EFATARILT 3HWTORHE

Engineering Fluorescent Protein-Based Biosensors for Metabolic Flow

EREBOR#ELRCX>Taryba—LEn3
AZARY w7 - 7u— (K@) &, KMo
B> O L AT —)VOERZHIE L., A XKUY v
7«2 Fa—LzIE CHBIIRD X 71 = X L 72 il
9% L TEELRELRTH S, UL, BlfEfrbh
TV BRBHEYROFHNIFE & O R HHEE
728 DT, ThIZL DMz H DS FEEL
TMERTH O, EXERNTORE F 7z n]
RECTH D, —/ T, LR ER O BT
FIVF—BH (FRET) ZFRH LI AP —
WFAEEY T IVNTORHIIZREIC L. 2 < O
NN 7 F IEER FORHICER SN T Xz, A
2RV w7« Ta—A\EZDICHNRFE NS,
THZT Yy 7N & B R OSSR
WIS PNE L, FRETN—ZAD Y VY —TOMH A
HENFLAZE NS, AWIZE T T OREMICHIET %
Tz DR 2B L. RN BT 5 X 2RV
w77 u—0NEHIZFBIT 5T L ZHNE Uiz,

FRET X — X D ¥ > ¥ — D Signal-to-Noise (S/N)
ezms, iz B3 7 JTa—Fouv ok L

Wk 2% & K 4 FF 46T Niino, Yusuke
2 A W9 E  MRPAR O Y 2 —

AT BEHERR R BB E T — Ly
(s & =i Bel)

T. FRET7 7 &7 Z—& LTHIOADER VNI Y
(YFP) DZH{KkYPetZ H\ % T & TFRET £t
EWIRT B HEDIREEINTWVS, ULHL, Venus
7% EDHHBWOYFP & B & YPetld W, AR,
TOYPet DX OIHZ VWHREE T > 2 LSBT
XOBIRL, X077 T 2—L Uy R Rk
TR Uz, R YPet Z il % C & T, YPet
EHOTWEPKATE M o — DL R NET
T %, WFLKEMANIGE TR L Tz, 7z,
FRETX— A D Ca*" & ¥ — Yellow cameleon (YC)
IZDOWVWT, ZERDOE 5% %M LI AR, B
FTDYC2.60 *¥> YC-Nano &MiFLIEMIENIC BT 26
B KA0%BFEETH S DI L, S lEi L < B
FUEYCTIERZD 25 Lo bRz /R Uiz, X
TeZ D Ca HAMED R Z ) — A% E8 LTz, T
NS MREE I EAERNIGE Z T 2 Dlc kD
iz —L%5 L MRFTE %, HEM YPet
DBHFER X TR B YCERTHRTZAIRZ., 5% X
ZRYw Y« Ta—DONA XY —%HIHT S |
THHTHBEEZENS,

XXI-026 B FMHRBIIRIRENEDHI TR IEKBFRILFESHERROIREE
A Study of Sub-Seafloor Chemosynthetic Ecosystems Supported
by Iron-Oxidizing Chemolithoautotrophs

HER D KAL) 78172 5 D 2 g 3 K TS
ik Tz bF—e LT, Z#bxkEz
INA A RITEEHT B4 70D B Sk LT
REMAEY (LR, FeOB) MEfEL. ZDFeOBIC
YA DNIE KRG RN V> T0B LWV
SN ZBUT TV S, L Lahs, FED
HFEEREIC 1) % FeOB DEREIC DWW TIX, Z DR

2% # IK % gk =05 Kato, Shingo
ZAWMBE N FVYV—=At T RX—

PRA VI RLGE T E
(s & KHE )

BOMDTHLNTEEH D, ZOREEREA %
MEBAD. FERPRMANZERIE L Vo TaiR
BRI EIRT DIEE A ERVODBURTH S, A
WIEDOHE, BT U IemAE A ik L 1
BIMAF L0 FEYI AN FEZBEL T, i
JEKERBE DL RERIC I B FeOB DIRZE| &2 IH 5 Mg
52LTH%,



BB 9 % FeOB DL 2 1 i &1k
(& L < 3B, irm-wiRte, bk pH TH
5T ENTHENS, £33, EidD &S & T
4:E T % FeOB ZREMIC U Ty 7LVt Tk
BXUODEESELOM ZHEIC LT, BEEBXT
KO LI~ v b2k & LT Z21T- 72,

ZORGR. FE LKLY~ v F D, M TH;
BNWHE L TN TR IR OhEY) Z2 e E
T 2 Wi MUr 5 FeOB (OYTIHE) DBk
BT LTI LTz REAIIT ORI, S ORI
Betaproteobacteria lCJ& L. TNX TICHEich T
% FIBILIA & D 168 rRNA AR T-HFAH F Pk 1 93%-
98% THBI LMD, HEDFOBTHBHI &
DR E NIz, OYTIRROABI2EM R 2 FIA T 4G
R, COMIEZZ L DRl CEHHRE, KEECRIER L)
KBV TINETICHEEEN TS FeOB & EITW
e, BT E B MARBERAICB VT, fho
FeOB & LEXT X D PRV IR JEHIPH T LA C© & 7%
WZ AL STz, TORERIE. 1) FeOBD
RPN Z M2 R AT BN O—DId R BT
JEDENTHB T L, 2) EREETNOREEIEEDEN
IS TFeOBDIEA DI NDH BT &, ZmET 5,
DL EORERE. BRI SN~y R 2D D
D5 THREANFE R & & bW THIEMm 2 )b T
H3, EHIT, TTT 2T KFD Clara Chan 11D
& LICHIZ U, 0L 72 RR OIS S OTE
X OREIGELEOMN 217> TV 5,

EHIT, SEEE TR > 7)) VT
WHC T, Bt bk~ MR, ikisk
URE BGOSR IR A DML B
EIIT % W OERET ISR U, B #Ex
fT>oTWV3,

@ik EHZE Publications
U159
Kato S., Itoh T. and Ohkuma M.: “Functional gene analy-

sis of freshwater iron-rich flocs at circumneutral pH and

isolation of a stalk-forming microaerophilic iron-oxi-
dizing bacterium”, Applied and Environmental Mi-
crobiology (submitted).

Kato S., Ohkuma M., Urabe T. and Yamagishi A.: “Sub-
seafloor bacterial community structures within massive
sulfide deposits at the Southern Mariana Trough”, Ap-
plied and Environmental Microbiology (submitted).

Kato S., Nakawake M., Ohkuma M. and Yamagishi A.:
“Distribution and phylogenetic diversity of cbbM genes
encoding RubisCO form II in a deep-sea hydrothermal
field revealed by newly designed PCR primers”, Ex-
tremophiles, 16(2): 277-283 (2012)*

Kato S., Kikuchi S., Kashiwabara T., Takahashi Y., Suzuki
K., Itoh T., Ohkuma M. and Yamagishi A.: “Prokaryotic
abundance and community composition in a freshwater
iron-rich microbial mat at circumneutral pH”, Geomi-
crobiology Journal, 29(10):896-905 (2012)*

Gea)

Kato S., Nakamura K., Toki T., Ishibashi J., Tsunogai U.,
Hirota A., Ohkuma M. and Yamagishi A. “Iron-based
microbial ecosystem on and below the seafloor: a case
study of hydrothermal fields of the Southern Mariana
Trough”, Front. Microbio. 3:89. doi: 10.3389/
fmicb.2012.00089 (2012)*

@OEERZEX Presentations

(RS2

Kato S., Nakamura K., Toki T., Ishibashi J., Tsunogai U.,
Hirota A., Suzuki K., Ohkuma M. and Yamagishi A.
“Appearance of Iron-based Microbial Ecosystems on
and below the Seafloor: a Case Study of the Southern
Mariana Trough”, AGU Fall Meeting 2012, San Fran-
cisco, USA, Dec. (2012)*

(FNEEE)

I ELRE, DhkRE, KRREEUL - “BOKITEDFTR M LY
SUPERR AL RS R O /7 BiERS 22, HARTUE
WEBCAZR19MRE, TH, 6/ (2012)



XXIiI-027

REDOHEMEBEICE T S HEWFIVE Y OERAEIE O
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Search for Double Gamow-Teller Resonance via Super Multiplet Transition
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Synthesis of Neutron-Deficient Actinide Nuclei Close to the N=126 Shell Closure
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Microscopic Description of Nuclear Reactions in Time-Dependent Mean-Field Theory
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Study of Hyper Nuclear Physics and Unstable Nuclear Physics with
Microscopic Nuclear Reaction Model Based on Realistic Nuclear Forces
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Development of a Micromanipulator Tracking Brain Micromotion in 3D
— A New Approach for Long-term Stable Intracellular Recording in Awake Behaving Animals —
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Development of Parental Behavior: Elucidating the Neural Circuitry
Mediating Selection Between Infanticide Versus Care.
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Fluorescent Proteins from Aquatic Organisms and Their Application to Medicine
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Non-Natural Amino Acid Mutagenesis of Enzymes
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Neural Activity-Dependent Olfactory Circuit Formation
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Foreword

This Annual Report is a compilation of the research reports submitted by the Foreign Postdoctoral
Researchers (FPRs) working at RIKEN in fiscal 2012.

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.

Since October 2008, revisions have been introduced, such as for program extension when an FPR has to

take time off for childcare, that are designed to ensure a better work-life balance.
There are now 46 FPRs at RIKEN.

November 2013
RIKEN
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Analysis of Electrons from Heavy Flavor Decays in Cu+Cu Collisions of Center-of-Mass
Energy 200 GeV Per Nucleon Pair at the PHENIX at RHIC Experiment

Name: Stephen Leslie Baumgart

Host Laboratory: Nishina Center for Accelerator Based Science

During FY2012 I completed analysis of the PHENIX
200GeV Cu + Cu single electron data. The results pass all
consistency checks. The analysis was done using the min-
imum bias dataset but an extension to the ERT dataset is
in progress. I am writing a paper with two collaborators to
be published in the journal Physical Review C.

The primary analysis goals were achieved. The spectra
of electrons from decays of heavy flavor mesons were ex-
tracted and their nuclear modification in the 200GeV
Cu+Cu systems across a range of centralities was calcu-
lated. Two methods were used, a cocktail of all known
background electron sources which was subtracted from
the total spectrum to find the remainder as heavy flavor
electrons. Rather than use the standard PHENIX event
generator, [ wrote my own while a collaborator used the
standard for an independent analysis as a cross-check.
This new event generator creates a photonic electron
cocktail which is more consistent with the photonic spec-
trum as calculated using the converter method when com-
pared to the standard method. The bulk of the cocktail
generator was written during FY2010 and FY2011 but re-
finements to the ke3 generator and the addition of J/ys
was done during the summer of FY2012. The converter
analysis, which uses a converter of known radiation
lengths to find the background, was done previously and
gives consistent results with the cocktail analysis.

The completed electron analysis was done for the mini-
mum bias trigger system but during FY2012, this analysis
was extended to the ERT triggered dataset as well. This

Radiation Laboratory
(Laboratory Head: Hideto En'yo)

trigger allows one to achieve lower statistical uncertainty
above 2 GeV/c. At the end of September, ~4% of the
PHENIX 200 Cu+ Cu ERT dataset had been analyzed but
the extension to the full set of data is in progress. Prelimi-
nary ERT spectra are consistent with minimum bias re-
sults.

The physics conclusion of the 200 GeV Cu + Cu single
electron analysis is that central Cu+ Cu (10% most cen-
tral) exhibit a suppression of heavy flavor electrons of
similar magnitude to mid-peripheral Au+Au collisions.
As Cu+Cu collisions become more peripheral, they re-
semble more and more the d+Au system such that the
heavy flavor electron spectrum of the 40% most periph-
eral collisions matches the d + Au system well.

A paper reporting this analysis is being written with the
target journal as Physical Review C. I am preparing this
paper with two collaborators. Our goal is publication by
early 2013.

@ Oral Presentations

(Domestic conferences)

S.Baumgart: “RH I C PHEN I XZicHBW»
T, BrdlOHELFE200G6eVOCu+Cu
B 2¢ THEH 9 % HUHE 1 O fiR T (Single Electron
Analysis for 200 GeV/nuclear pair Cu+ Cu Collisions
at the RHIC at PHENIX experiment)” Japanese Physi-
cal Society, Fall (Autumn), Kyoto Sangyo University,
Kyoto, Japan, September 11-14, 2012
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Research Topic: Dissection of the Molecular Complicity Linking Polycomb Group- and DNA
Methylation Mediated Gene Repression Pathways in ES Cells

Name: Jafar Sharif

Host Laboratory: Research Center for Allergy and Immunology

Description of research:

Epigenetics is the process by which gene transcription
is regulated during development and disease. During my
FPR tenure, [ have focused on the factor known as Np95,
which is involved in maintaining DNA methylation in
mammalian cells as we have previously reported (Sharif
et al, Nature, 2007). In our previous research, we have
elucidated that Np95 has a specific affinity for hemimeth-
ylated DNA residues. Np95 recruits Dnmtl, the major
methyltransferase enzyme in mammals, into the hemi-
methylated loci and regulates epigenetic inheritance
through DNA replication. Extending these notions, in the
present study, I have found that apart from maintenance
DNA methylation, hemimethylated DNA binding by
Np95 appears to have other important functions. It is well
known that loss of DNA methylation is linked with tran-
scriptional activation. As the primary role of DNA meth-
ylation in mammalian cells is to silence retrotransposable
virus-like elements that are endogenous in our genomes,
loss of DNA methylation often leads to activation of these
elements. [ have discovered that Np95 plays a role for the
activation of retrotransposons upon demethylation. Dur-
ing (passive) DNA demethylation, there is a burst of un-
converted CpG sites (hemimethylated DNA) in the ge-
nome, which are strongly bound by Np95 because of its
inherent affinity such hemimethylated loci. Interestingly,
binding of Np95 into hemimethylated DNA activates a
cascade of epigenetic and transcriptional events. Previous
reports show that the H3K9 methylation mediated repres-
sive pathways target and silences retrotransposable ele-
ments in the genome. During the burst of hemimethylated
DNA, increased binding of Np95 blocks the recruitment
of H3K9 methylation machinery into these loci. This
leads to a transient decrease in the total level of H3KO tri-
methylation and the enrichment of Setdbl/Eset, which is
the methyltransferase responsible for the H3K9 trimethyl-
ation mark. Relaxation of the H3K9/Setdb1 pathway cre-

Laboratory for Developmental Genetics
(Laboratory Head: Haruhiko Koseki)

ates an opportunity for the retrotransposons to be ex-
pressed. Taken together, I report that hemimethylated
DNA binding by Np95 has impacts for transcription by
inhibiting the H3K9/Setdbl axis in mammalian cells.

@ Publications

(Papers)

1. Endoh M, Endo TA, Endoh T, Isono K, Sharif J, Ohara
0O, Toyoda T, Ito T, Eskeland R, Bickmore WA, Vidal
M, Bernstein BE, 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, 8(7):¢1002774.

2. Hisada K, Sanchez C, Endo TA, Endoh M, Roman-
Trufero M, Sharif J, Koseki H, Vidal M. RYBP re-

presses endogenous retroviruses and preimplantation-

and germ line-specific genes in mouse embryonic stem
cells. Mol Cell Biol. 2012, 32(6):1139-49.

3. Takada Y, Naruse C, Costa Y, Shirakawa T, Tachibana
M, Sharif J, Kezuka-Shiotani F, Kakiuchi D, Masu-
moto H, Shinkai Y, Ohbo K, Peters AH, Turner JM,
Asano M, Koseki H. HP1y links histone methylation

marks to meiotic synapsis in mice. Development. 2011,
138(19):4207-17.

4. Li X, Isono K, Yamada D, Endo TA, Endoh M, Shinga
J, Mizutani-Koseki Y, Otte AP, Casanova M, Kitamura
H, Kamijo T, Sharif J, Ohara O, Toyada T, Bernstein
BE, Brockdorff N, Koseki H. Mammalian polycomb-

like Pcl2/Mtf2 is a novel regulatory component of
PRC2 that can differentially modulate polycomb activ-
ity both at the Hox gene cluster and at Cdkn2a genes.
Mol Cell Biol. 2011, 31(2):351-64.

5. Watarai H, Fujii S, Yamada D, Rybouchkin A, Sakata
S, Nagata Y, lida-Kobayashi M, Sekine-Kondo E, Shi-
mizu K, Shozaki Y, Sharif J, Matsuda M, Mochiduki S,
Hasegawa T, Kitahara G, Endo TA, Toyoda T, Ohara O,
Harigaya K, Koseki H, Taniguchi M. Murine induced
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pluripotent stem cells can be derived from and differ-
entiate into natural killer T cells. J Clin Invest. 2010,
120(7):2610-8.

(Review articles)

1. Sharif J*, Shinkai Y, Koseki H. Is there a role for en-

dogenous retroviruses to mediate long-term adap-
tive phenotypic response upon environmental in-
puts? Philos Trans R Soc Lond B Biol Sci. 2013,
368(1609):20110340. * Corresponding author

2. Sharif J*, Endo TA, Toyoda T, Koseki H. Divergence
of CpG island promoters: a consequence or cause of
evolution? Dev Growth Differ. 2010, 52(6):545-54. *
Corresponding author

(Books)

1. Sharif J*, Koseki H. Recruitment of Dnmt] roles of the
SRA protein Np95 (Uhrfl) and other factors. Prog Mol
Biol Transl Sci. 2011, 101:289-310. * Corresponding

author

(Other)

1. Sharif J, Endoh M, Koseki H. Epigenetic memory
meets G2/M: to remember or to forget? Dev Cell. 2011,
20(1):5-6.

@ Oral Presentations

(International conferences)

1. Dissection of the molecular mechanism that regulates
activation of murine IAP (intracisternal A particles)
retrotransposons upon DNA demethylation in ES cells.
Mouse Molecular Genetics Conference. 2012. Mon-
terey, USA.

(Domestic conferences)

1. L e bJ Y ARY VAT B B Np9sDEiE
fiiehr, 2012, B s FRiE s, s,

2. The epigenetics regulation of retrotransposon activa-
tion in mammalian cells. 2013. RIKEN Joint Retreat.

Kakegawa, Japan.

Spike Time Dependent Plasticity and Ca++ Stores in Pyramidal Cells.

Name: Mark William Sherwood

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) af-
fects the sign and magnitude of synaptic plasticity. In clas-
sical STDP, long term potentiation (LTP) occurs when a
pre-synaptic action potential precedes a post-synaptic ac-
tion 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 candi-
date for carrying out coincidence detection, and has re-
ceived particular attention in standard STDP models.

However, numerous experimental and theoretical studies

Laboratory for Developmental Neurobiology
(Laboratory Head: Katsuhiko Mikoshiba)

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.

In the present study we used whole cell quadruple patch
clamp recordings to study spike time dependent plasticity.

Using IP3 receptor type 1 conditional knock out mice, we
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specifically examined the role of intracellular Ca2++
stores in spike time dependent plasticity. The initial ex-
perimental approach that was adopted (quadruple patch
clamp recordings) was based upon the assumption that all
spines, in pyramidal cells, contain the IP3 sensitive intra-
cellular Ca2+ store. However, recent evidence indicates
that not all spines, in pyramidal cells, contain endoplas-
mic reticulum. To study endoplasmic reticulum positive
spines we introduced endoplasmic reticulum targeted
GFP and cytosolic RFP, by gene-gun biolistics, to pyrami-
dal neurons in organotypic brain slice culture. In this ex-
perimental system, we have characterised the dendritic
distribution and dynamics of endoplasmic reticulum in
dendritic spines of pyramidal neurons. We can now iden-
tify spines containing endoplasmic reticulum, and it is

therefore possible to return to our initial aim.

@ Publications

Arizono M., Bannai H., Nakamura K., Niwa F., Enomoto
M., Matsu-ura T., Miyamoto A.,

Sherwood MW., Nakamura T. and Mikoshiba K. Recep-
tor-Selective Diffusion

Barrier Enhances Sensitivity of Astrocytic Processes to
Metabotropic Glutamate

Receptor Stimulation. Science Signaling. 2012. 3; 5(218)*

@ Poster Presentation

Sherwood M., Arizono M., Bannai H., Launey T. and
Mikoshiba K. Entry of endoplasmic reticulum into den-
dritic spines of hippocampal CA1/3 pyramidal neurons.

RIKEN BSI retreat. 2012
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Precision Measurements of Lattice QCD Aided By Analytic, Perturbative Calculations
Within the Standard Model and Effective Theories

Name: Christoph Lehner

Host Laboratory: Nishina Center for Accelerator Based Science

In FY2012 my research focused on three topics: (I) the
physics of kaon decays, (II) B physics, (III) automation of
(lattice) perturbation theory calculations.

We were able to complete a first ab-initio calculation of
the I=2 part of the kaon to two pion decay, work for which
we were awarded the 2012 Ken Wilson lattice award.
Furthermore, we made substantial progress in the under-
standing of the Delta I=1/2 rule. We present our results in
an article that has recently been accepted for publication
in Physical Review Letters.

On the topic of B physics, we completed our non-per-
turbative tuning of the RHQ b quark action and are on our
way to present first results for decay constants and form
factors. These calculations also required the matching
and O(a) improvement of heavy-light bilinear operators,
which was performed using a new framework for auto-
mated (lattice) perturbation theory, developed by myself
in FY2012.

Details of the new framework have been published in
proceedings for lattice 2012. A publication containing
more details is in preparation. Together with A. Shindler
of CERN, I am currently working on further applications
of this framework in the context of the ETMC physics
program and the gradient flow methods developed by

Luscher.

@ Publications

(Original Papers)

Yasumichi Aoki, Norman H. Christ, Jonathan M. Flynn,
Taku Izubuchi, Christoph Lehner, Min Li, Hao Peng,
Amarjit Soni, Ruth S. Van de Water, Oliver Witzel:
Nonperturbative tuning of an improved relativistic

heavy-quark action with application to bottom spec-

Computing Group
(Laboratory Head: Taku Izubuchi)

troscopy, Phys.Rev. D86 (2012) 116003

T. Blum, P.A. Boyle, N.H. Christ, N. Garron, E. Goode, T.
Izubuchi, C. Jung, C. Kelly, C. Lehner, M. Lightman,
Q. Liu, A.T. Lytle, R.D. Mawhinney, C.T. Sachrajda,
A. Soni, C. Sturm: Lattice determination of the $K to
(m ) {I=2}$ Decay Amplitude $A 2%, Phys.Rev.
D86 (2012) 074513

P. A. Boyle, N. H. Christ, N. Garron, E. J. Goode, T.
Janowski, C. Lehner, Q. Liu, A. T. Lytle, C. T. Sachra-
jda, A. Soni, D. Zhang: Emerging understanding of the
AT = 1/2 Rule from Lattice QCD, to be published in
Physical Review Letters

(Conference Proceedings)

C. Lehner, Automated lattice perturbation theory and
relativistic heavy quarks in the Columbia formulation,

arXiv:1211.4013

@ Oral Presentations
(International conferences)
Lehner C.: Precise constraints on CP violation from lattice
QCD, BNL Seminar, Upton, NY, US, 2012, April 25
Lehner C.: Automated (L)PT and RHQ in the Columbia
formulation, Lattice 2012, Cairns, Australia, 2012, June
28

Lehner C.: Precise constraints on CP violation from lattice
QCD, SRC, Upton, NY, US, 2012, November 7

Lehner C.: Precise constraints on CP violation from lattice
QCD, CERN Lattice Seminar, Geneva, Switzerland,
2013, February 15

(Domestic conferences)

Lehner C.: Precise constraints on CP violation from lattice

QCD, Seminar at Wako Campus, 2013, January 18
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Electronic Dipole States in Molecular Conductors

Name: Majed Abdel Jawad
Host Laboratory: Advanced Science Institute

In the present study, we have measured the temperature
and frequency dependence of the dielectric constant and
the AC conductivity in the dimer-Mott insulator family,
3 '-type Pd(dmit),. Dimer-Mott insulators refer to com-
pounds with an effective half-filled state of dimers con-
sisting of pairs of monomers sharing one charge per site.
We found that all compounds within the 3 ’-type Pd(dmit),
family have relaxor-like dielectric relaxation with a Cu-
rie-Weiss increase in the dielectric constant with decreas-
ing temperature. A similar relaxor-like dielectric relax-
ation was also found in the dimer-Mott insulator
K -(BEDT-TTF),Cu,(CN), and f8’-(BEDT-TTF),ICL,. As
a Curie-Weiss increase of the dielectric constant implies
the presence of electrical dipoles, we believe that those
electrical dipoles originate from a charge disproportion-
ation within the dimer structure. Our measurements fur-
ther confirm this hypothesis with clear relations between
the dielectric constant parameters and the band structure
parameters. For instance the Curie temperature, which re-
flects dipole-dipole interaction, increases with increasing
electronic correlation. Geometrical frustration is also
found to affect the dipole-dipole interaction by decreasing
the Curie temperature with increasing frustration in f3'-
Pd(dmit), compounds with values of the geometrical frus-
tration close to unity. The dipole moment relation with
band parameters has not yet been elucidated but it is found
to be independent of both electronic correlation and geo-
metrical frustration.

A relaxor-like dielectric relaxation is typical found in

Condensed Molecular Materials Laboratory
(Laboratory Head: Reizo Kato)

highly disordered ferroelectric compounds. That such a
response is found in the f3’-type Pd(dmit), family is sur-
prising as from a crystallographic point of view, f3’-
Pd(dmit), are high quality single crystals. Measurements
of the conductivity further confirms this disordered con-
duction as both DC and AC contributions are found to be
closely correlated and follow the same universal AC con-
ductivity as disordered solids. This work should stimulate
further theoretical and experimental work on the nature of
those electronic dipoles and the origin of the disorder

within dimer-Mott insulators.

@ Publication

(Original paper)

Abdel Jawad M., Tajima N., Kato R., and Terasaki I.:
Disordered conduction in single-crystalline dimer Mott

compounds Phys. Rev. B88, 075139 (2013)

@ Presentation

(International Conference)

Abdel Jawad M., Tajima N., Kato R., and Terasaki I.:
“Dielectric constant of the Palladium DMIT salts” In-
ternational Conference on Science and Technology of
Synthetic Metals, Atlanta, U.S.A., 8-13 July 2012.

Abdel Jawad M., Watanabe 1., Tajima N., Ishii Y., and
Kato R.: “Critical Exponents Of The Mott Transition In
EtMe,P[Pd(dmit),],” International Symposium Mate-
rial Science Opened by Molecular Degree of Freedom,

Miyazaki, Japan, Dec.1-4, 2012.

— 150 —



Implementation of an Experimentally Scalable Coupling Scheme for Josephson Qubits

Name: Pierre-Marie Billangeon

Host Laboratory: Advanced Science Institute

From experimental point of view, this year was devoted
to the fabrication and characterization of two different
types of samples: two qubits fixedly coupled, and two qu-
bits coupled via a resonator. These samples were an inter-
mediate step with a relatively simple layout: the design of
the circuit used for the readout did not allow the determi-
nation of the states of the qubits independently of one an-
other. We found that few parameters should be optimized,
and we are planning to test a new layout which may allow
independent readout.

Concerning the theoretical aspects of the project, we
improved and finalized the theoretical analysis of the var-
ious coupling schemes we found during the previous year:
we could confirm that the scalable coupling scheme we
considered previously shows a high level accuracy re-
garding the manipulation of two qubit states, and was thus
compatible with the constraints imposed by quantum er-
ror correction. A rather critical issue was to avoid to en-
tangle the qubits used to encode the information with
those used to mediate the interactions, while performing
two-qubit operations: we proved that this type of leakage
out of the computational space could be made small
enough. We also found that the fidelity and speed of single
qubit operations in this scheme are not limited by the en-
ergy detuning between neighboring qubits (Ze. there is no
risk of entanglement between logical qubits and couplers
while performing single qubit operations), and that the ro-
tating frames of the logical qubits are mutually indepen-
dent. Moreover we examined different configurations of
ensemble of coupled artificial atoms based on familiar
models like the Dicke model or the Lipkin-Meshkov-

Macroscopic Quantum Coherence Laboratory
(Laboratory Head: Jaw-Shen Tsai)

Glick (LMG) model. Besides looking at the possibility to
observe a quantum phase transition (an issue which at-
tracted a renewed interest after the recent controversy
about the validity of the no-go theorem for the superradi-
ant phase transition in circuit QED), we were interested to
see which kind of possible issues may arise when the size
of our electrical circuits is increased. In the mean time we
derived some analytic expressions for the one-dimension-
al XY model which, combined with a finite-size scaling
analysis, allowed us to characterize the critical behavior

of the phase transition close to the critical XY line.

@ Publications

(Papers)

Inomata K., Yamamoto T., Billangeon P.-M., Nakamura
Y. and Tsai J. S.: Large dispersive shift of cavity reso-
nance induced by a superconducting flux qubit in the
straddling regime. Phys. Rev. B 86, 140508 (2012).

@ Oral Presentations

(Domestic conferences)

Billangeon P.-M., Nakamura Y. and Tsai J. S.: “A review
on parametric interactions in circuit QED: an illustra-
tion of the possible failure of Jaynes-Cummings ham-
iltonian”, 7" Quantum Cybernetics General Meeting,
Kyoto JAPAN, 2012, June 21-22.

Billangeon P.-M., Yamamoto T. and Nakamura Y.: “Dicke
superradiance and spin-boson model in circuit QED”,
Study Group Workshop 2012, Fukuoka JAPAN, 2012,
July 25-31.
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Linking Novel, Bioactive Compounds to Their Targets And Pathways Using Yeast

Chemical Genomics

Name: Jeff Scott Piotrowski

Host Laboratory: Advanced Science Institute

Description of research:

The need for new, safe effective drugs continues to
grow, from novel antibiotics to combat increasingly resis-
tant 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 de-
rivatization 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
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 acceler-
ate drug characterization- Genome sequencing projects
have revealed thousands of suspected genes, challenging
researchers to develop efficient large-scale functional
analysis methodologies. Determining the function of a
gene product generally requires a means to alter its func-
tion. 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
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 acti-
vate 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 genet-

Molecular Ligand Target Research Team
(Laboratory Head: Minoru Yoshida)

ics. The chemical genetic interactions “profile” particular
compound can be clustered with others to group drugs
with similar modes of action and targets. Extending this
analysis to the genome level is termed chemical genom-
ics.

Our work has established a robust chemical genomics
platform for high-throughput exploration of the biological
effects and targets of small molecules in a tractable, bio-
medically 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
natural product and derivatives by chemical-genomics
analysis in yeast. Further, we have generated a similar
system using S. pombe, a yeast with greater homology to

human cells.

@ Publications

(Papers)

Dunn BD, Paulish T, Stanbery A, Piotrowski JS, Koniges
G, Kroll E, Louis E, Liti G, Sherlock G, Rosenzweig F.
2013. Recurrent rearrangement during adaptive evolu-
tion in an interspecific yeast hybrid suggests a model
for rapid introgression. PLoS Genetics In Press

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 hybrid
yeasts evolve. BMC Evolutionary Biology 12:46-63.

Wenger J, Piotrowski JS, Subramanian S, Dunn B, Sher-

lock G, and. Rosenzweig F. 2011. Hunger Artists:
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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
letters 13:3936-3939.

(Review articles)

Ho C.H., Piotrowski J.S., Dixon S.J., Baryshnikova A.
and Costanzo M., & Boone. 2010. Combining function-
al 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-genomic
profiling: systematic analysis of the cellular targets of
bioactive molecules. Bioorganic and Medicinal Chem-
istry in press*

(Other)

Piotrowski J.S., Ho C.H., & Boone C. 2010. The Awe-
some Power of Synergy from Chemical-Chemical Pro-

filing. Chemistry & Biology 17: 789-790

@ Oral Presentations

(Domestic conferences)

Invited Talk: High-throughput Chemical Genomic Profil-
ing, Hokkaido University, Sapporo, Japan 4/2012

Genome Design with the Semantic Web

Name: Robert Sidney Cox II1
Host Laboratory: Systems and Structural Biology Center

Description of research

Synthetic DNA will allow us to explore the space of all
possible biological functions. To move from a model idea
to a specific DNA design, the designer must choose ap-
propriate genetic elements, and arrange them. One exam-
ple application is designing synthetic promoters.

Synthetic promoters can control when, where, and how
much of any gene gets expressed in any organism. Pro-
moter regulation is specified by its pattern of cis-regulato-
ry motifs. Several methods have been developed for iden-
tifying and predicting the functions of these motifs in
natural promoters, and aligning the motifs with gene ex-
pression patterns.

We have constructed PromoterCAD (http:/promoter-
cad.org/) , a web application which can be used to intro-
duce motifs into a promoter to alter transcriptional regula-
tion. PromoterCAD takes a ‘data-first' approach, using
four published high throughput expression and motif da-
tabases (ATTED-II, PPDB, DIURNAL, AtGenExpress)
to empower design. Employing such datasets for Arabi-
dopsis thaliana, we have built data mining software tools

for finding motifs for extreme expression, circadian oscil-

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

lations, and tissue specific expression patterns. We have
also constructed a system to allow new tools to be easily
added to PromoterCAD, and for additional data could be
added to extend PromoterCAD to other organisms.

We collated previously published genomic and tran-
scriptomic data, including information on 21,000 genes
from Arabidopsis thaliana, and 1,410,000 microarray
data measurements in 20 growth conditions and 79 tissue
organs and developmental stages. For each set, we per-
formed several basic operations (median filtering, normal-
ization, data sorting, curve fitting, etc.) which are utilized
by PromoterCAD’s data mining tools. Each gene expres-
sion property, such as gene expression in developmental
tissues (e.g. 17 day old plant, rosette leaf #12, mean nor-
malized microarray expression level) or gene expression
time-series (e.g. 7-9 day old plant, continuous dark
growth, circadian amplitude), was sorted to create a gene
expression property rank list. Each gene expression prop-
erty rank list was then linked to a search tool in Promoter-
CAD, to allow the user to query for genes displaying a
particular expression pattern.

PromoterCAD incoroporates data mining for gene
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function, collection of annotated functional cis-regulatory
motifs, and motif placement and arrangement into a syn-
thetic promoter architecture. The data mining tools iden-
tify genes with useful gene expression properties, then
return candidate cis-regulatory motifs using a motif anal-
ysis method. Currently implemented tools include (1)
MotifExpress, which finds motifs associated with genes
with very high or very low expression levels in specified
tissues or conditions. (2) MotifCircadian, which allows
the identification of motifs associated with genes which
exhibit a strong amplitude of circadian oscillations. Man-
ual insertion of motif data is also supported. Several op-
tions are presented for data visualization. To allow the
user to evaluate the gene expression pattern, the microar-
ray data relevant to a given gene expression query are

plotted highlighting the experimental data point. Second,

we provide optional links to external websites including
the motif analysis databases (PPDB, Atted-II) and visual-
ization tools for tissue specific gene expression (eFP, Ha-
naDB). The final output is a finished promoter sequence,

along with a table of the motifs added during the design.

@ Oral Presentations

(International conferences)

July 2, 2012. ICAR2012. Poster: “Designer Synthetic
Plant Promoters: Using genomic and transcriptomic
data to create useful novel arrangements of cis-regula-
tory elements”

(Domestic conferences)

Dec 2™, 2012. JIST2012. Poster: “PromoterCAD: Data
driven design of plant regulatory DNA”

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

Name: Jian Xu

Host Laboratory: Advanced Science Institute

To enhance the capabilities of three-dimensional (3D)
femtosecond (fs) laser integration for lab-on-a-chip
(LOC) application, development of space-selective metal-
lization technique in microfluidic structures is one of cru-
cial subjects since it will realize electro-fluidic and opto-
electrofluidic integration. Our preliminary results showed
fs laser direct writing could provide new possibility of
patterning metal structures inside microfluidic compo-
nents due to its 3D space-selective fabrication capability.
However, electrical microdevices have not yet been real-
ized inside 3D microfluidic structures. The key issue to
realize it is selective metal deposition of sidewalls in the
microfluidic structures. The sidewall metallization is in-
dispensable to interconnect the electrical microdevices
inside microfluidic structures to the external power sup-
ply. The problems to be resolved for the sidewall metalli-
zation by laser direct writing are interference of debris
and continuously changed incident angle of laser beam to

the ablated regions. Another issue is chemical stability

Laser Technology Laboratory
(Laboratory Head: Katsumi Midorikawa)

and adhesion strength of deposited metals. Compared
with copper and silver which have been deposited in the
most of reported literatures, gold is more chemically sta-
ble for microfluidic application, while directly patterning
of gold on glass is difficult due to its poor adhesion.
Therefore, choose of proper metallic microstructures is
also important.

In the past one-year, we have explored space-selective
metallization and electrical microdevice integration in mi-
crofluidic structures using fs laser ablation followed by
electroless metal plating. A new writing scheme in fs laser
direct writing to induce homogenous ablation at the side-
walls of microfluidic structures is proposed, which even-
tually succeeded in the sidewall metallization. In addition,
we employ two-step electroless plating, i.e., copper plat-
ing followed by gold plating to improve both the chemical
stability and the adhesion strength of patterned metal
structures. Our progress has shown the flexibility of this

technique for integration of functional microdevices
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based on conductive metallic microstructures into 3D mi-
crofluidic structures. We fabricated a microheating system
by this technique to control the temperature at the local-
ized area in the microchannel, which successfully demon-
strated enhancement of chemical reactions. The proposed
technique will be useful for developing highly functional
biomicrochips such as electrofluidic and optoelectroflu-

idic microdevices.

@ Publications

(Papers)

XulJ., WuD., Hanada Y., Chen C., Wu S., Cheng Y., Sug-
ioka K. and Midorikawa K.: “Electrofluidics fabricated
by space-selective metallization in glass microfluidic
structures using femtosecond laser direct writing”, Lab
Chip, 2013, DOIL: 10.1039/C3LC50962A.

Xu J., Sugioka K. and Midorikawa K.: “Direct writing of
metal microstructures inside microchannels by femto-
second laser induced photoreduction”, to be submitted.

(Other)

Xu J.,, Wu D., Wu S., Sugioka K. and Midorikawa K.:
“Fabrication of a microheater by femtosecond laser
modification and subsequent electroless plating”, Proc.
LPM 2012, 12-051, 1-4 (2012)

Xu J., Beke S., Sugioka K. and Midorikawa K.: “Forma-
tion of adhesive metal microstructures inside glass by

femtosecond laser direct writing”, Proc. LPM 2011, 11-

012, 1-5 (2011)

@ Oral Presentations

(International conferences)

Xu J.,, Wu D., Wu S., Sugioka K. and Midorikawa K.:
“Fabrication of a microheater by femtosecond laser
modification and subsequent electroless plating”, The
13th International Symposium on Laser Precision Mi-
crofabrication (LPM2012), Washington D.C., USA,
June (2012).

(Domestic conferences)

Xu J.,, Wu D., Wu S., Sugioka K. and Midorikawa K.:
“Space-selective metallization in 3D microfluidic struc-
tures inside glasses using femtosecond laser”, The 60"
Spring Meeting of The Japan Society of Applied Phys-
ics, Kanagawa, March (2013).

XuJ., WuD., Wu S., Sugioka K. and Midorikawa K.: “In-
tegration of microheater by liquid-assisted femtosecond
laser ablation and subsequent electroless plating for
space-selective temperature control in 3D microfluid-
ics”, The 73" Autumn Meeting of The Japan Society of
Applied Physics, Matsuyama, September (2012).

Xu J., Sugioka K. and Midorikawa K.: “Space-selective
metallization and electrical microdevice integration in
3D microfluidic structures using femtosecond laser”,
The 5th Symposium on Photon Frontier Network Pro-
gram (Poster Session), Tokyo, January (2013).

Research Topic: Photo Detectors and Plasmonic Devices at Terahertz Frequency

Name: Zhihai Wang

Host Laboratory: Advanced Science Institute

Description of research:

We integrated a set of plasmonic photo couplers direct-
ly onto photo detectors. The couplers improve coupling
between radiation and the detectors. Here, the plasmonic
photo couplers are a piece of metal (Gold, in this specific
project) with a periodic surface corrugation. For the de-
tection of a normally incident radiation (signal) at THz
frequency, the period of the corrugation roughly equals

the wavelength of the radiation.

Advanced Device Laboratory
(Laboratory Head: Koji Ishibashi)

We established a reliable micro-fabrication process to
realize this type of metal structures. Specifically, it in-
cludes three key steps: (1) deposition of a metal sheet with
a center hole, (2) making a 3D polymer structure of SUS
resist (on top of the metal sheet) through typical photo-li-
thography, (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
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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.
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. Unlike

the 1* case, the active region responds only to the radia-

tion whose electric field is polarized perpendicular to the
sample surface.

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 5.

@ Publications

“Integrating a plasmonic coupler to photo detector of
Terahertz frequency”,_Zhihai Wang, Koji Ishibashi, S.
Komiyama, N. Nagai, K. Hirakawa, Applied Physics
Letter, 101,091114 (2012)

“Charge Sensitive Infrared Photo Transistors with Inte-
grated Plasmonic Photo Couplers”, Zhihai Wang, Koji
Ishibashi, S. Komiyama, M. Patrashin, and I. Hosako,
Submitted to Journal of Physics, D

Pathway-Oriented Gene Discovery for Abiotic-Stress Tolerance Engineering of Soybean
Plants

Name: Tien Dung Le

Host Laboratory: Plant Science Center

The population of the earth is increasing rapidly, setting
food security one of the major issues in the world. In ad-
dition, climate change also puts a great burden on sustain-
able agriculture. Drought, flooding, unpredictable epi-
demics, soil erosion and environment pollutants are the
factors threatening sustainable agriculture and, conse-
quently, food security. Among crops, soybean provides an
abundant source of oil and proteins for human consump-
tion. Nevertheless, over the past few years, significant
portions of the soybean producing areas have experienced
severe drought, leading to significant yield reductions.
My study at the Signaling Pathway Research Unit as an
FPR fellow focuses on revealing the mechanisms and
pathways of soybean plants in response to stress using
comparative functional genomics and molecular biology
approaches, thereby identifying potential points in the
pathway for intervention through genetic engineering to

obtain stress-tolerance soybean plants.

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

Specifically, we have identified and functionally ana-
lyzed the stress-responsive members of the soybean genes
encoding two-component system (TCS), the GmNAC
transcription factors and the cytokinin (CK) metabolism
genes, isopentenyl transferases (IPTs) and CK dehydroge-
nases (CKXs) by using following approaches: (1) in sili-
co identification 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. Data
obtained over the past 3 years revealed several dehydra-
tion-responsive TCS genes, CK metabolism genes and the
GmNAC genes which were demonstrated in planta as vi-
able candidate genes for genetic engineering. These can-
didate genes are now being transformed to soybean plants
to explore the possibility of creating stress-tolerance
transgenic plants. To systematically identify the stress-re-

sponsive genes, we performed a genome-wide transcrip-
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tome analysis of soybean leaves under normal and drought
conditions and obtained a completed list of drought-re-
sponsive genes in soybean leaves. This data, which were
already published, will be helpful to us as well as other
researchers in selecting candidate genes for further char-
acterization.

Upon exposure to stresses, plants increase ROS pro-
duction leading to protein damages. Inside the cells, me-
thionine (Met) can be oxidized to methionine sulfoxide
(MetO) under physiological conditions. Organisms, in-
cluding plants, evolved two distinct methionine sulfoxide
reductase families (MSRA & MSRB) to repair oxidized
methionine residues. In this direction, I led a project col-
laborating with Professor Vadim Gladyshev of Harvard
Medical School (Boston, USA) to characterize the anti-
oxidant gene family encoding methionine sulfoxide re-
ductase (Msr) enzymes from soybean. Interestingly, we
found an enzyme (GmMSRB2) possessed activity toward
free Met-R-O with kinetic parameters similar to those re-
ported for fRMSR from Escherichia coli, an enzyme spe-
cific for free Met-R-O. Overexpression of GmMSRB?2 in
yeast cytosol supported growth of the triple MSRA/
MSRB/fRMSR (A3MSRs) mutant on MetO and protected
cells against H,0,-induced stress. When tested in Arabi-
dopsis, 35S:GmMSRB2 plants exhibited reduced sensi-
tivity to paraquat. Taken together, our data reveal an unex-
pected diversity of MSRBSs in plants and indicate that, in
contrast to mammals that cannot reduce free Met-R-O and
microorganisms that use fRMSR for this purpose, plants
evolved MSRBs for the reduction of both free and pro-
tein-based MetO.

@ Publications

(Journal papers)
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tases B and evolution of a form specific for free methio-
nine sulfoxide. PLOS ONE 8(6):¢65637 (2013)*

2. Ha C.V,, Le D.T., Nishiyama R., Watanabe Y., Tran
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tion to the model variety W82 reveals a new genetic

resource for comparative and functional genomics for
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nine-Rich Cysteine-Free Proteins. BMC Biochemistry
13:21 (2012)*

.Le D.T., Nishiyama R., Watanabe Y., Vankova R., Tana-

ka M., Seki M., Ham le H., Yamaguchi-Shinozaki K.,
Shinozaki K. and Tran L.S.P.: Differential gene expres-
sion in soybean leaf tissue at late vegetative stage under
drought stress revealed by genome-wide transcriptome
analysis. PLOS ONE, 7(11):¢49522 (2012)*

. Le D.T., Aldrich D.L., Valliyodan B., Watanabe Y.,

Ha C.V., Nishiyama R., Guttikonda S.K., Quach T.N.,
Gutierrez-Gonzalez J.J., Tran L.S.P. and Nguyen H.T.:
Evaluation of candidate reference genes for normal-
ization of quantitative RT-PCR in soybean tissues
under various abiotic stress conditions. PLOS ONE
7(9):e46487 (2012)*

. Le D.T., Nishiyama R., Watanabe Y., Vankova R.,

Tanaka M., Seki M., Ham le H., Yamaguchi-Shinozaki
K., Shinozaki K. and Tran L.S.P.: Identification and
Expression Analysis of Cytokinin Metabolic Genes
in Soybean under Normal and Drought Conditions in
Relation to Cytokinin Levels. PLOS ONE 7(8):e42411
(2012)*

. Nishiyama R., Le D.T., Watanabe Y., Tanaka M., Seki

M., Yamaguchi-Shinozaki K., Shinozaki K. and Tran
L.S.P.: Transcriptome analyses of a salt-tolerant cyto-
kinin-deficient mutant reveals differential regulation
of salt stress response by cytokinin deficiency. PLOS
ONE 7(2): €32124 (2012)*

. Le D.T., Nishiyama R., Wantanabe Y., Mochida K.,

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

. Le D.T., Nishiyama R., Wantanabe Y., Mochida K.,

Yamaguchi-Shinozaki K., Shinozaki K., Tran L.S.P.:
Genome-wide expression profiling of soybean two-
component system genes in soybean root and shoot

tissues under dehydration stress. DNA Res. 18:17-29



(2011)*

10. Nishiyama R., Watanabe Y., Fujita Y., Le D.T., Kojima
M., Werner T., Vankova R., Yamaguchi-Shinozaki K.,
Shinozaki K., Kakimoto T., Sakakibara H., Schmiilling
T. and Tran L.S.P.: Analysis of cytokinin mutants and
regulation of cytokinin metabolic genes reveals impor-
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ABA responses, and ABA biosynthesis. Plant Cell 23:
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(Conference poster)

1. Le D.T., Watanabe Y., Tanaka M., Tran U., Seki M.,
Gladyshev V.N. and Tran L.-S.P.: Transcriptome analy-
sis of arabidopsis overexpressing soybean msrbs re-
vealed mechanisms of stress tolerance in the transgenic
plants. The 54" Annual meeting of the Japanese Society
of Plant Physiologists Okayama Japan 2013, March 21-
23

2. Le D.T., Watanabe Y., Nishiyama R., Tran U., Sakaki-
bara H. and Tran L.-S.P.: In planta characterization of
drought-inducible soybean cytokinin-metabolic genes.
The 54" Annual meeting of the Japanese Society of
Plant Physiologists Okayama Japan 2013, March 21-23

3. Ha C.V,, Le D.T., Watanabe Y., Tran U. and Tran L.-
S.P.: Transcripts of auxin/iaa-response factors and cy-
tokinin metabolic genes in two soybean cultivars with

contrasting phenotypes. The 54" Annual meeting of the

Japanese Society of Plant Physiologists Okayama Ja-
pan 2013, March 21-23

4. Le D.T., Tarrago L., Watanabe Y., Le B.C., Kaya A.,
Fomenko D.E., Gladyshev V.N. and Tran L.S.P.: Char-
acterization of the methionine sulfoxide reductase
families from soybean. Gordon Research Conference:
Thiol-Based Redox Regulation and Signaling. Bates
College Lewiston Maine USA 2012, July 29 - August
03

5. Le D.T., Watanabe Y. and Tran L.S.P.: Characterization
of the methionine sulfoxide reductase gene families
from soybean. The 53 Annual meeting of the Japanese
Society of Plant Physiologists. Sanggyo University,
Kyoto, Japan. March 12-14, 2012.

6. Le D.T., Nishiyama R., Watanabe Y., Vankova R. and
Tran L.S.P.: Physiological functions of Cytokinin meta-
bolic genes in soybean plant as revealed by their tran-
scriptome under normal and various drought models.
Annual meeting of American Society of Plant Biolo-
gists Minneapolis USA 2011, Aug 06-12

7. Le D.T, Ichiki T., Shumizu T., Choi I.R., Tran L.S.P.
and Sasaya T.: Molecular Detection of Nine Rice Vi-
ruses by RT-LAMP. 21st International Conference on
Arabidopsis Research, PACIFICO Yokohama Japan
2010, June 06-10

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

Name: Prashant Singh

Host Laboratory: Advanced Science Institute

The dynamics of water at interfaces is much less under-
stood because an interface-selective spectroscopy is need-
ed to probe only interfacial water in the presence of bulk
water behind. The 2nd-order nonlinear spectroscopy, in
particular vibrational sum-frequency generation (VSFG),
has intrinsic interface specificity and has been widely uti-
lized to steady-state as well as TR- study to explore the
properties of water at various interfaces; however, phase
information is completely missing in this method. Since

heterodyne detection (HD-) enables us to directly mea-

Molecular Spectroscopy Laboratory
(Laboratory Head: Tahei Tahara)

sure x® spectra with phase information, it is very crucial
to realize heterodyne detection in TR-VSFG measure-
ments to elucidate true vibrational dynamics of interfacial
water. Here, we report the extension of our TR-HD-VSFG
method to two-dimensional spectroscopy (2D-), which
enabled us to observe 2D-HD-VSFG spectra at an aque-
ous interface for the first time.

The 2D HD-VSFG spectra in the OH stretch region of
HOD in D,0 at an interface positively charged by cetyltri-

methylammonium bromide (CTAB) measured at the de-
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lay times of 0, 100, and 300 fs after IR photoexcitation. In
the 2D HD-VSFG spectra, the horizontal and vertical axes
represent pump and probe wavenumbers, respectively.
The red lobe of the spectra represents positive Almy® as-
sociated with ground-state bleaching of the 0-1 transition,
and the blue represents negative Almy® associated with
the 1-2 transition. The 2D HD-VSFG spectra clearly rep-
resent the overall feature of ultrafast vibrational dynamics
in the OH stretch region at the charged water interface. In
fact, the spectrum at 0 fs is diagonally elongated, which
indicates the memory of the pump wavenumber and the
initial inhomogeneous frequency distribution on the 0-1
and 1-2 transitions. At 100 fs, the elongation becomes less
prominent, because the initial frequency distribution is
getting randomized by spectral diffusion. At 300 fs, the
elongation almost disappears, and the slope of the node
separating the 0-1 and 1-2 transitions becomes nearly par-
allel with the horizontal axis. This demonstrates that the
memory of the pump wavenumber is nearly lost and the
spectral diffusion is almost completed at 300 fs. Inhomo-
geneity and spectral diffusion of water at the charged in-
terface is clearly exhibited by the 2D HD-VSFG tech-

nique, which shows the novelty of this technique.

@ Publications

1. Singh P. C., Nihonyanagi S., Yamaguchi S., and Tahara
T. Ultrafast Vibrational Dynamics of Water at a Charged
Interface Revealed by Two-Dimensional Heterodyne-
Detected Vibrational Sum Frequency Generation, J.
Chem. Phys., 137, 9, 094706-1 to 094706-6 (2012).
(published)

2. Nihonyanagi S., Singh, P. C., Yamaguchi S., and Tahara
T. Ultrafast Vibrational Dynamics of a Charged Aque-
ous Interface by Femtosecond Time-Resolved Hetero-
dyne-Detected Vibrational Sum Frequency Generation,
Bull. Chem. Soc. Jpn, 85(7), 758-760 (2012). (pub-
lished)

(Oral/Poster Presentation)

1. 6" Annual meeting of Japan Society for Molecular Sci-
ence, Tokyo, Japan, 2012.

2. Extreme photonics symposium, RIKEN, Japan, 2012.

3. Gordon research conference on Vibrational Spectros-

copy, Boston, USA, 2012.

Recruiting and Expansion of Stem Cells for Cardiovascular Vessel Engineering.
Expansion of Human iPS Cells on Chemically Fixed Feeder

Name: Binata Joddar

Host Laboratory: Advanced Science Institute

Description of research:

INTRODUCTION: Pluripotent cells, which are cells with

the ability to develop into a variety of specific cell types,
offer the potential for major advances in regenerative
medicine and the repair of tissues and organs that have
been injured or have lost functionality. Human embryonic
stem cells (ES cells) are pluripotent, but pose ethical prob-
lems because they are derived from cells taken from em-
bryos in the early stages of development. Their use in
therapies also carries increased risk of graft rejection be-
cause they originate from a foreign donor. Thus, iPS cells-
created by reprogramming differentiated somatic cells,

such as skin cells, by transferring defined genes which

Nano Medical Engineering Laboratory
(Laboratory Head: Yoshihiro Ito)

confer pluripotency-are stimulating increasing interest.
However, iPS cells cannot actually be used in clinical set-
tings until many problems are solved, including how to
culture them. Our group has devised a new method of cul-
turing stem cells on chemically fixed feeder cells. We are
testing the utility of this method for expansion of human
iPS cells.

EXPERIMENTAL METHODS: Autologous feeder cells,
human dermal fibroblasts (HDF) were seeded onto tissue
culture dishes, precoated with 0.1% gelatin solution.
When optimal confluency of the feeder was obtained, the
cells were fixed in either 0.2% glutaraldehyde or formal-

dehyde. Thereafter these fixed feeders were washed for at
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least 3 hours using PBS (X3 ) prior to usage. Human iPS
cells (RIKEN BRC) were seeded onto these chemically
fixed feeders and grown for at least 1 week. Thereafter
they were analysed for detection of pluripotency using
markers such as SSEA-4, or Alkaline phosphatase stain-
ing.

RESULTS AND CONCLUSION: Human iPS attached
onto chemically fixed feeder layers, yet did not proliferate
into robust colonies as we had expected. We are currently
adding ROCK inhibitor to our cultures to improve colony
formation and maintenance of pluripotency in human iPS

cells.

@ Publications

(First-author papers)

1. Arterial levels of oxygen stimulate intimal hyperplasia
in human saphenous veins via a ROS- and NOS-depen-
dent mechanism. Joddar B., Varadharaj S., Shrefler B.,
Firstenberg M.S., Reen R.K., Khan M., Zweier J.L.,
Gooch K.J. American Journal of Physiology-Heart and
Circulatory Physiology (In revision for resubmission-
Dec 2012)*.

2. Sustained release of siRNA from dopamine coated
stainless steel surfaces for siRNA-mediated gene si-
lencing. Binata Joddar, Aydin Albayrak, Jeonghwa
Kang, Mizuki Nishihara, Hiroshi Abe and Yoshihiro

Ito. Acta Biomaterialia (Submitted: in review Decl2th

2012)*.

(Review articles)

1. Artificial niche substrates for maintenance of undif-
ferentiated state or promoting differentiation of embry-
onic and induced pluripotent stem cells. Invited Article.
Comprehensive Review. Journal of Biotechnology. Bi-
nata Joddar and Yoshihiro Ito. (Submitted, in review,

December 2012 issue)*

@ Oral Presentations

(International conferences)

Invited Seminar: Bioinspired materials for drug delivery
and tissue engineering. University of Illinois at Chica-

go, Bioengineering. July 2, 2012.

@ Posters

(Domestic)

Joddar B. and Ito Y. Micropatterning of biological mol-
ecules for cell culture. Symposium on New Technology
for Cell-based drug assay. Tokyo University, Dec 10th,
2012.

(International)

Joddar B., Kang J., Abe H., Ito Y. Dopamine immobiliza-
tion onto stainless steel surfaces for siRNA-mediated
gene silencing. Gordon Research Conference on Bioin-

spired Materials, Davidson, NC, June 24-29, 2012.

Substructure Studies of the Proton and the Origin of Large Transverse Spin Asymmetries in

Polarized Proton-proton Collisions.

Name: John Koster

Host Laboratory: Nishina Center for Accelerator Based Science

In 2012, the PHENIX experiment at the Relativistic
Heavy Ion Collider at Brookhaven National Laboratory
collected a large polarized proton-proton collision dataset.
Two datasets were collected: the first at vs=200 GeV with
transverse proton polarization and the second at vs=500
GeV with longitudinal proton polarization. The respec-
tive integrated luminosities were: 18 and 50 inverse pico-

barns. Prior to data-taking I was appointed as the PHE-

Experimental Group
(Laboratory Head: Yasuyuki Akiba)

NIX spin coordinator. My responsibility during this
period was to ensure that high quality physics data was
taken by the experiment. More specifically, I oversaw the
work of multiple analysis teams, fixed hardware or soft-
ware problems as they occurred, and made regular reports
to the collider’s management team. I also made several
improvements to the running of my experiment. First, |

calibrated one of our instruments needed for longitudinal
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physics data-taking and created a web-interface so that
our accelerator colleagues could view the results in real
time. I also quantified our experiment’s data-taking effi-
ciency with the aim to improve it.

After the polarized proton, I continued my work on the
PHENIX silicon detector. I performed a radiation damage
study to quantify the detector’s lifetime. The conclusion
is that its performance will remain strong for the foresee-
able future. In addition, I was appointed to be a PHENIX
physics working group convener. The main responsibility
for this role is to ensure the integrity of all physics output

from my collaboration.

@ Publications

(Papers)

1. Koster, J., “Advances in the PHENIX Local Polarim-
eter Analysis in 2012”, RIKEN Accelerator Progress
Report*

2. Koster, J., “PHENIX Results on A N at 62 and 200
GeV”, Journal Physics of Elementary Particles and
Atomic Nuclei*

3. PHENIX Collaboration, "Double Spin Asymmetry of
Electrons from Heavy Flavor Decays in p+p Collisions
at sqrt(s)=200 GeV", Phys. Rev. D 87, 012011 (2012)*

4. PHENIX Collaboration, "J/psi suppression at forward
rapidity in Au+Au collisions at sqrt(s NN)=39 and
62.4 GeV", Phys. Rev. C 86, 064901 (2012)*

5. PHENIX Collaboration, "Measurement of Direct Pho-
tons in Au+Au Collisions at sqrt(s_ NN) = 200 GeV",
Phys. Rev. Lett. 109, 152302 (2012)*

6. PHENIX Collaboration, "Evolution of pi 0 suppres-
sion in Aut+Au collisions from sqrt(s NN) = 39 to 200
GeV", Phys. Rev. Lett. 109, 152301 (2012)*

7. PHENIX Collaboration, "Cross Sections and Dou-
ble Helicity Asymmetries of Mid-Rapidity Inclusive
Charged Hadrons in p+p at sqrt(s) = 62.4 GeV", Phys.
Rev. D 86, 092006 (2012)*

8. PHENIX Collaboration, "Cold-nuclear-matter effcts on
heavy-quark production in d+Au collisions at sqrt(s
NN)=200 GeV", Phys. Rev. Lett. 109, 242301 (2012)*

9. PHENIX Collaboration, "Observation of direct-
photon collective flow in Au+Au collisions at sqrt(s_
NN)=200GeV", Phys. Rev. Lett. 109, 122302 (2012)*

10. PHENIX Collaboration, "Deviation from quark-num-
ber scaling of the anisotropy parameter v_2 of pions,
kaons, and protons in Au+Au collisions at sqrt(s NN) =
200 GeV", Phys. Rev. C 85, 064914 (2012)*

11. PHENIX Collaboration, "Nuclear-Modification Fac-
tor for Open-Heavy-Flavor Production at Forward Ra-
pidity in Cu+Cu Collisions at sqrt(s_NN)=200 GeV",
Phys. Rev. C 86, 024909 (2012)*

12. PHENIX Collaboration, "Ground and excited charmo-
nium state production in p+p collisions at sqrt(s)=200
GeV", Phys. Rev. D 85, 092004 (2012)*

@ Oral Presentations

(International Conference)

Koster, J., PHENIX Results on A_N at 62 and 200 GeV,
International Spin Physics Symposium, JINR, Dubna,
Russia, September 20 (2012)

Koster, J., Run12pp PHENIX Report, RHIC & AGS An-
nual User's Meeting, Brookhaven National Laboratory
Upton, NY, June 14 (2012)

Koster, J., Thesis Award Winner Flash Talk, RHIC & AGS
Annual User's Meeting, Brookhaven National Labora-

tory, Upton, NY, June 14 (2012)

Exploring Supersymmetry and Many-Body Nuclear Physics via Lattice Field Theoretical
Methods

Name: Michael Gordon Endres

Host Laboratory: Nishina Center for Accelerator Based Science

Monte Carlo (MC) simulations play a key role in un-

derstanding nonperturbative phenomena associated with

Quantum Hadron Physics Laboratory
(Laboratory Head: Tetsuo Hatsuda)

quantum field theories. Central to the approach is the dis-

cretization of space and time, where the relevant degrees

— 161 —



of freedom for describing the system are located at the
sites and/or bonds of a lattice. Such a lattice description
provides a powerful tool for exploring strongly interact-
ing systems numerically. My research efforts for FY2012
have focused on developing and using such techniques to
study few- and many-body systems of fermions. Theories
of particular interest include Quantum Chromodynamics
(QCD), which is the theory of quarks and gluons (i.e., the
fundamental constituents of protons and neutrons), and
nonrelativistic conformal field theories, which are rele-
vant for describing, for example, ultra-cold Fermi gases at
infinite two-particle scattering length and vanishing effec-
tive range (i.e., unitary fermions).

Many-body systems are particularly challenging to
study numerically for a number of reasons. One such chal-
lenge is the “fermion contraction problem” which arises
when calculating many-body correlation functions. The
computational cost of such calculations scale exponen-
tially in the number of fermions involved, and thus given
a finite amount of computational resources, places a se-
vere limit on the total number of fermions one can reason-
ably study. In the past year, my collaborator and I have
developed a novel algorithm for reducing the computa-
tional cost of multi-fermion correlation functions, result-
ing in a scaling that is polynomial in fermion number.
This achievement eliminated one of the major bottlenecks
confronted in studying nuclear physics from first-princi-
ples QCD simulations and represents a significant ad-
vance in the field of lattice QCD.

A second challenge confronted in numerical studies of
fermions is the “sign problem”, which results from having
complex fermion actions. Monte Carlo simulations re-
quire real actions in order to interpret the path integration
measure as a probability measure. One way to avoid this
issue is to find alternative representations for the partition
function, often times expressed in terms of dual variables.
In the past year, I found one such formulation, which is
suitable for studying nonrelativistic fermions in one spa-
tial dimension. I showed that the formulation solved the
sign problem for all physically interesting choices of input
parameters and furthermore that a continuum limit exists

within mean-field theory.

In a subsequent project, I used the lattice formulation
described above to study a four-component Fermi gas
with an attractive four-body contact interaction. When the
interaction is tuned to a special critical value, the theory
becomes conformal. Consequently, all physical observ-
ables depend on only a single dimensionless parameter,
the density of the system. The energy of the system is pro-
portional to the free-gas energy at the same density, and
the proportionality constant is a dimensionless universal
number known as the Bertsch parameter. I determined the
value of this parameter and found it to be equal to within
1% statistical errors with the current best-known value of
the analogous parameter for a three-dimensional unitary
Fermi gas. The result is surprising, and suggests a deeper
connection between two conformal field theories in differ-

ent space-time dimensions.

@ Publications

Endres M. G.: Lattice theory for nonrelativistic fermi-
ons in one spatial dimension. Phys. Rev. A 85 (2012)
063624. published*

Doi T. and Endres M. G.: Unified contraction algorithm
for multi-baryon correlators on the lattice. Comput.
Phys. Commun. 184 (2013) 117. published*

Endres M. G.: Transdimensional equivalence of universal
constants for Fermi gases at unitarity. Phys. Rev. Lett.
109 (2012) 250403. published *

Endres M. G., Kaplan D. B., Lee J.-W. and Nicholson A.
N.: Lattice Monte Carlo calculations for unitary fermi-

ons in a finite box. arXiv:1203.3169]. submitted*

@ Presentations

Endres M. G.: “Universal four-component Fermi gas on
the lattice” CASTS/LQCDHP Seminar, National Tai-
wan University, Taipei, Taiwan, May 25.

Endres M. G.: “Universal four-component Fermi gas on
the lattice” The 29th International Symposium on Lat-
tice Field Theory, Cairns, Australia, June 28.

Endres M. G.: “Universal Fermi gases on the Lattice”
Workshop on QCD Structure I, CCNU, Wuhan, China,
October 11.

— 162 —



Molecular Dissection of Polarized Intracellular Vesicle Trafficking in Epithelial

Morphogenesis Using Drosophila Trachea as a Model

Name: Bo Dong

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 fu-
sion constructs, we screened out one of small GTPase
Rab9 as a candidate regulator of vesicle trafficking to the
cell surface. We further showed that an endosomalretriev-
al machinery consisting of Rab9, retromer and actin nu-
cleator WASH (Wiskott-Aldrich Syndrome Protein and
SCAR Homolog) regulates selective recycling of the lu-
minal protein Serpentine in the Drosophila trachea. Se-
creted Serpentine is endocytosed and sorted into the late
endosome. Vps35, WASH and actin filaments differen-
tially localize at the Rab9-enriched subdomains of the en-
dosomal membrane, where Serpentine containing vesicles
bud off. In Rab9, Vps35 and WASH mutants, Serpentine
was secreted normally into the tracheal lumen, but the lu-
minal quantities were depleted at later stages, resulting in
excessively elongated tubes. In contrast, secretion of
many luminal proteins was unaffected, suggesting that
retrograde trafficking of a specific class of luminal pro-
teins is a pivotal rate-limiting mechanism for continuous
tube length regulation.

Morphological stability of biological tubes is crucial
for efficient circulation of fluids and gasses, and its failure
causes irregularly shaped tubes found in pathological con-
ditions. In vascular tubulogenesis, flow mechanics and its
transduction to cells determine tube morphology. In Dro-
sophila tracheal system, tube length, width and integrity
are affected by apical extracellular matrix (aECM) and
Crumbs (Crb)-dependent apical membrane growth. Here

we reported that Drosophila mutants of ESCRT III com-

Laboratory for Morphogenetic Signaling
(Laboratory Head: Shigeo Hayashi)

ponent Shrub exhibit a strikingly elongated sinusoidal
tube phenotype, which was caused by excessive apical
membrane biogenesis due to ectopic accumulation of Crb
in multi-vesicular bodies and its over activation. We fur-
ther demonstrated aECM of tracheal tube is composed of
both viscous and elastic phases. A theoretical model posits
that aECM elasticity, growth of apical membrane and
their association are three vital parameters that determine
the stability of biological tubes, a prediction met in shrub
and previously reported embryos, and in explant culture.
The results suggest that interaction of apical membrane
and elastic aECM determines the stability of biological
tubes, independently of cell shape.

@ Publication

(Original paper)

DongB., Kakihara K., Otani T., Wada H. and Hayashi S.:
Rab9 and retromer regulates recycling of specific lu-
minal protein mediating cell-extracellular matrix inter-
action required for epithelial tube length control. Nat.
Commun. 2013, 4, 1358%*.

@ Oral Presentations

(International conferences)

Dong B.: “Coupling of actomyosin constriction and lumen
deposition drives auto-membrane fusion in tracheal fu-
sion cells” EMBO course and workshops, Mesoscopic
origins of cell behaviours during tissue morphogenesis:
biochemical circuits and mechanics. Cargese, Corsica,
France. April, 30, 2012.

(Domestic conferences)

Dong B.: “Retromer and small GTPase-dependent recy-
cling luminal protein controls apical ECM organization
and epithelial tube size” Joint meeting of JSDB 45% and
JSCB 64t Kobe, Japan. May 30, 2012.
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Functional Analysis of Early Intracortical Activity in the Establishment of Neocortical Areas

Name: Torsten Bullmann

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. During the
prenatal period, the formation of early neuronal networks
depends largely on genetic information encoded within
the cell by transcription factors. Subsequently, spontane-
ous and sensory-driven oscillatory activities are important

for shaping cortical circuitry and are considered as the

Laboratory for Neocortical Development

(Laboratory Head: Karina Hanashima)

major determinant in refining cortical columns. To inves-
tigate the roles of early activity in the maturation of neo-
cortical circuit, I have constructed and introduced trans-
genes into temporal cohorts of layer-specific neurons
using in utero electroporation, e.g. E10.5 for subplate
neurons and E13.5 for layer IV neurons. These manipula-
tions modify the neuronal excitability and synaptic trans-
mission (TeTxLC), axonal formation (DN-APC) and pre-
cocious shift from excitatory to inhibitory GABAergic
transmission (KCC2). These approaches have enabled to
determine how intrinsic activity as well as early input
from the subplate neurons and interneurons influences the
maturation of layer IV neurons and their integration into

the “barrel” field of the somatosensory cortex.

Research Topic: Reactivity and Application of Ate Complex as a Useful Building Block for

Organic Synthesis.

Name: Chao Wang

Host Laboratory: Advanced Science Institute

a) Mechanistic understanding of alkyne haloboration via
computational study

Haloboration of alkynes is a useful method for prepar-
ing multi-functionalized alkenes and has been applied for
synthesis of natural products and bioactive compounds in
many cases. However, many key points for understanding
this reaction, such as the mechanism, transition states, and
especially the origins of the selectivity and conversion,
still remain unclear. In this study, 4b initio calculations
have been performed with second-order Moller-Plesset
perturbation theory (MP2) to understand the mechanisms
of alkyne haloboration. The present results throw light on
three important aspects of this reaction, i.e., 1) reaction
routes, 2) stereo-conversion pathways, and 3) physico-

chemical uniqueness. The cis-Markovnikov reaction route

Advanced Elements Chemistry Research Team

(Laboratory Head: Masanobu Uchiyama)

is controlled by a characteristic 4-centered transition state,
reflecting the roles of alkynes and boron halides, and also
by the stability of the product. As for stereo-conversion
pathways, a boron-halide-mediated addition—elimination
process appears to be most favorable. Nevertheless, the
high activation barrier suggests that prolonged heating
with excess boron halide (commonly used in synthesis)
would favor cis-trans isomerization. Finally, comparison
with other halometalations showed clear thermodynamic
and kinetic advantages of haloboration as a unique cata-
lyst-free protocol among many elemento-metalation reac-
tions. The knowledge obtained herein would be valuable
for understanding the overall reaction mechanisms, as
well as providing a rational basis for further investigations

in design and development of new heterometalation pro-
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cesses. This work has been published at the Eur. J. Org.
Chem. 2012, 6548-6554.

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

Transition-metal-catalyzed cross-coupling reactions
have long been regarded as an extremely important syn-
thetic method both academically and industrially, because
of the high efficiency and broad applicability to make C-
C/C-X bonds. However, the mostly used electrophiles in
such reactions are organic halides, which are usually
harmful for health and environments. In recent years, de-
veloping new coupling procedures via alternative “green”
electrophiles, which are environmentally benign, efficient
and economical, became a crucial point in chemistry and
attracted many attentions. Representatives of such type of
materials are ethers, phenol derivatives, etc., which wide-
ly exist in natural products, bioactive compounds, phar-
maceuticals and functional materials. In the previous

study, we have discovered the first cross-coupling reac-

tion between aryl alkyl ethers and dianion-type organoz-
inc reagents to afford biaryl compounds via selective
cleavage of the etheric C(sp?)-O bond (Chem. Eur. J.
2012, 18, 3482-3485). In the continuous research, we ex-
pand this method from ethers to silyl ethers. Silyl ether is
an analog of ether, which can be easily prepared from phe-
nol. Such compounds are broadly used in organic synthe-
sis and material science. However, utilization of silyl
ethers as cross-coupling partners is rare. By using the
same condition, dianion-type zincates showed excellent
reactivity toward the aromatic silyl ethers under mild con-
ditions, and a variety of functional groups are compatible
in the reaction. Further researches on reaction scopes and

applications are in progress.

@ Publications

(Original Papers)

Wang C., and Uchiyama M.: Mechanistic Understanding
of Alkyne Haloboration: an Ab Initio Study. Eur. J.
Org. Chem., 2012, 6548-6554.*

Development of Novel Catalysts for Sustainable Organic Synthesis

Name:

Host Laboratory:

The use of carbon dioxide (CO») as a C1 building blo
ck for the synthesis of value-added chemicals is of great
importance and has attracted increasing interest because
of its abundance, low cost, nontoxicity, and high potenti
al as a renewable source. In recent years, transition
metal-catalyzed carboxylation of alkynes with CO,, such
as hydrocarboxylation, alkylative carboxylation, arylati
ve carboxylation, and double carboxylation, has been dev
eloped as a straightforward protocol to the access of a,f-
unsaturated carboxylic acids and derivatives. However,
the catalytic heterocarboxyaltion of simple C-C multiple
bonds with CO, for the synthesis of more diversified carb
oxylic acid derivatives remains largely underdeveloped.

The boracarboxylation of alkynes with a diboron reage
nt and CO; is of particular interest and great significance,

in view of the extensive utility of C-B bonds in synthetic

Liang Zhang

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

organic chemistry. Besides, this transformation could ser
ve as a useful method for the synthesis of multifunctional
ized alkenes; the catalytic regio- and stereoselective prep
aration of such compounds remains one of the most diffi
cult challenges in organic synthesis.

We have developed the first boracarboxylation of alky
nes with bis(pinacolato)diboron (B,pin,) and CO,, in whi
ch both of a boryl moiety and a carboxylate group are sel
ectively added to the C-C triple bond via a borylcuprati
on/carboxylation sequence. A novel family of a,f-
unsaturated f-boralactone derivatives were obtained from
different types of alkynes with high regio- and stereosele
ctivity in the presence of a catalytic amount of a NHC-
copper(I) complex [(SIMes)CuCl]. Symmetrical aryl alk
ynes, unsymmetrical aryl/alkyl alkynes, phenylacetylene,

and hetero-aromatic group-containing alkynes are suitab
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le substrates in this transformation, affording the desired
products in good to excellent yields. In the reaction of un
symmetrical alkynes, the f-boryl-a-phenylacrylic acid de
rivatives were isolated as a main isomer with high regios
electivity. Sensitive functional groups, such as chlorides
and esters are compatible with the reaction conditions.

On the basis of the isolation and structural characteriza
tion of an S-boryl alkenylcopper intermediate and its
COs-insertion product, we proposed a possible reaction
mechanism. The initial metathesis between [(SIMes)
CuCl] and LiO7Bu gives [(SIMes)Cu(O?Bu)], which affo
rds copper boryl complex [(SIMes)CuB(pin)] after a seco
nd metathesis with Bopin,. Facile syn addition of alkyne
with Cu-B bond generates f-boryl alkenylcopper compl
ex. Subsequent CO, insertion yields the copper carboxyla
te. Finally, the reaction of this carboxylate intermediate
with LiO/Bu regenerates [(SIMes)Cu(OfBu)] and releas
es the final product.

In summary, we have developed a novel boracarboxyl
ation reaction of alkynes with diborane and CO; in the pr
esence of NHC-copper complexes as a catalyst. A novel
family of a,f-unsaturated f-boralactone derivatives, whi
ch may find various synthetic applications in organic syn
thesis, can be obtained from a variety of alkynes with
high regio- and stereoselectivity under mild conditions.

Remarkably, some key reaction intermediates have been

isolated and structurally characterized, thus offering insig

ht into the catalytic pathway of this transformation.

@ Publications

(Original paper)

Zhang L., Cheng J., Carry B. and Hou Z.: Catalytic bo-
racarboxylation of alkynes with diborane and carbon
dioxide by an N-heterocyclic carbene copper catalyst,
J. Am. Chem. Soc., 134, 14314 (2012).*

(Review article)

Zhang L. and Hou Z.: N-Heterocyclic carbene copper-
catalyzed carboxylation of C-B and C-H bonds with
carbon dioxide, Pure Appl. Chem., 84, 1705 (2012).*

(Book)

Zhang L. and Hou Z.: Transition-metal-catalyzed C-C
bond forming reactions with carbon dioxide, New and
Future Developments in Catalysis. Activation of Car-
bon Dioxide, 1st Ed., Elsevier: Oxford, 2013, 253-273.

@ Oral Presentations

(Domestic conferences)

Zhang L., Ohishi T., Nishiura M. and Hou Z.: “Copper-
catalyzed carboxylation of alkylboranes with carbon di-
oxide”, The 92nd Annual Meeting of the Chemistry So-
ciety of Japan, Yokohama Japan, September 7-9 (2011).
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Improvement of the Intense Few-Cycle Laser System and its Applications

Name: Yuxi Fu

Host Laboratory: Advanced Science Institute

Description of research:

During last fiscal year (2011/4/1-2012/3/31), the laser
amplifier was recovered by replacing a new pump laser
(DarwinPro, Quantronix) and realignment of the entire
laser system. The carrier-envelope-phase (CEP) was
locked after the amplifier and few-cycle pulse was ob-
tained after hollow core fiber compression. However, the
CEP locking time after amplifier was too short and the
intensity fluctuation was high after hollow core fiber.

In this fiscal year, the problems above are all greatly
improved. Hour long CEP locked intense few-cycle laser
pulses are successfully obtained. Before this fiscal year
ending, initial application results of this laser system can
be obtained as expected. However, due to some problems
we got on this laser system, the progress is delayed ac-
cording to the initial schedule.

1. Long term CEP locking after high power amplifier.
In last fiscal year, the CEP after amplifier can be locked
only to several minutes. The main problem comes from
the synchronization of data reading and program pro-
cessing. This problem has been solved. Now the CEP
can be locked to more than 1 hour with an in loop error
of ~260 mrad RMS. The short time error is ~ 190mrad

RMS within several minutes. This hour long time CEP

locking is critical for many ultrafast researches.

2. Beam pointing locking for hollow core fiber compres-
sion.

Beam pointing stability is very important for fiber cou-

pling, through which few-cycle pulses are obtained in

this laser system. During this fiscal year, a beam lock-
ing system (Aligna 4D) is installed to stabilize the
beam pointing. Now the beam can be locked to within

2 urad (less than 100Hz) after f=4m lens. Consequently,

the intensity fluctuation after fiber is much improved to

~1% RMS. This is important for CEP preservation after
fiber compression. However, the software of the beam
pointing system is not well developed with company.

So the beam pointing locking is not stable some times.

Laser Technology Laboratory
(Laboratory Head: Katsumi Midorikawa)

This needs to be solved with the upgraded software
from the company.

3. Few cycle laser interaction with Nano-antennas
In this research, CEP stabilized 1 kHz/5fs (~2-cycle)
laser pulses interaction with gold-nano-antennas is in-
vestigated. This is a very hot research subject recently
in many groups in the world. However, due to very low
current (normally femto-amp), we failed to observe any
laser induced current. Instead, high repetition rate laser
system is needed. Oscillator is a good candidate, which
can provide ~80MHz repetition rate. Now, we are pre-
paring to lock the oscillator to provide constant CEP
with every pulse as well as compress the pulse duration
from ~10fs to ~5fs (2-cycle).

4. Others
New hollow-core fibers are used to generate the intense
few-cycle laser pulses. The fibers are tested, the cou-
pling efficiency are acceptable (~60%, i.e., ~2.7mJ
pulse output with ~4.5mJ input pulse energy after spec-
trum sufficiently broadened with Neon gas filled).
A new SPIDER program is developed during this year.
This program is used to characterize the pulse duration
of few-cycle laser pulses. This program is completely
developed by Labview, which is much easier to use.
This year, we got some electronics broken. The reason
is still not clear yet. First, the electrical mother board of
Verdi-10 (pump for oscillator) controller is broken. Un-
fortunately, this electronics broken results in the feed-
back failure of LBO temperature control inside laser
head, which cause the damage of laser head. A new
controller mother board and a new laser head are al-
ready replaced. Now the oscillator is working properly.
Second, the electronics of AOM (acoustic optical mod-
ulator) is broken at the same time. It has been sent to the

company to repair.

@ Oral Presentations

(International conferences)
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Y. Fu, Kanaka Raju P., Y. Nagata , T. Kanai , A. Suda , and
K. Midorikawa, “High power few-cycle pulse genera-

tion and its applications”, Poster, The 7" Asian Sym-

posium on Intense Laser Science, The University of

Tokyo, Japan,November 8th-9th 2012

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: Luis Vergara

Host Laboratory: Plant Science Center

Two topics are reported here. The first one describes the
molecular phylogenetic relationship between different
species in the Cossidae. The second topic is about the
metabolic differences associated with the transition from
herbivory to cannibalism in Helicoverpa armigera.

Cossidae is an insect family whose larvae live almost
exclusively in galleries that they make in lignified tissues
of trees and shrubs. The gallery-making activity produces
wood decomposition, possibly carried out by the microbi-
ota inhabiting the insect’s gut and deposited in the galleries
with the larval feces. Among the Cossidae Cossus redten-
bacheri is exceptional since it lives in agaves instead of
trees in Mexico. The chemical composition of agaves is
different to that of other hosts of Cossidae: most of the tis-
sues are not or only lightly lignified and the agave's sap is
reach in low molecular weight sugars like inulin. However,
the gallery-making activity of C. redtenbacheri has similar
consequences for agaves: plant tissue decay. We have
found that despite the very different hosts used by C.
redtenbacheri and other Cossus species they form a mono-
phyletic group. This means that the host shift happened
likely recently in the evolution of C. redtenbacheri. In the
future it will be interesting to know what the gut microbial
set is in Cossus species with different plant hosts. This in-
formation will not be only of interest in basic entomology
but it could also shed some light into the shaping of the
interactions between insects and their gut microbiota and
the gene adaptations connected with the metabolic pro-
cessing of two rather different types of biomass like ligni-
fied trees and chemically complex agaves.

Cannibalism is a common behavior observed in many

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

insects but its impact on the insect metabolism is poorly
understood. Helicoverpa armigera is an insect well known
for its cannibalistic behavior during larval stages. I have
fed two groups of H. armigera larvae: One group fed on
artificial plant diet, therefore herbivore, and the other
group was fed with other H. armigera larvae becoming
effectively cannibals. Using 1D- and 2D-NMR spectro-
scopical methods and multivariate statistical analyses I
have studied the water-soluble, low molecular weight or-
ganic compounds making the bodies of both groups of lar-
vae. It was found that the overall chemical composition of
cannibals was different to that of herbivores forming two
clearly different clusters on principal component analysis.
Further data analysis revealed that some of the compounds
detected with NMR were more important to describing the
total chemical variation between groups. Using an in-
house-made data base of NMR chemical shifts hypotheses
have been produced for the chemical nature of some of
these more statistically relevant compounds. According to
these hypotheses, substances displaying a larger variation
between groups are related to fatty acid metabolism. This
is an interesting finding because the macroscopic effect of
diet change from herbivory to cannibalism was a marked
reduction of larval body size. In future experiments it will
be tested if there is a connection between the compounds
identified by the multivariate statistical analysis of NMR

data and the differences observed in body size.

@ Publications
(Papers)
Vergara F., Everroad R. C., Andraca G., Kikuchi J. and
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Makihara H.: Plant host differences between Cossus
redtenbacheri and Cossus insularis: insights from me-
chanical tests and molecular phylogeny. Bulletin of In-
sectology 65 (2): 217-222,2012.

@ Oral Presentations
(International conferences)
Vergara F., Everroad R. C., Andraca G., Kikuchi J. and

Makihara H.: Plant host differences between Cossus

redtenbacheri and Cossus insularis: insights from me-
chanical tests and molecular phylogeny. XXIV Inter-
national Congress of Entomology Daegu Korea 2012,
August 19-25.

Vergara F.: Cannibalism modifies metabolic fingerprint
and growth rate in Helicoverpa armigera. XXIV Inter-
national Congress of Entomology Daegu Korea 2012,

August 19-25.

Mechanism and Epigenetic Effect of Spliceostatin A

Name: Tilman Schneider-Poetsch

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 heterochroma-
tinization, in particular a global increase tri-methtylation
of histone H3 Lysine 9 and concomitant decrease in the
mRNA levels of a subset of genes. Furthermore, 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.

The current project aims at understanding the basis for
this specific heterochromatin formation. To this end small
RNA species, isolated either from whole cell lysate or
RNA-carrying Ago-family proteins were sequenced in
collaboration with the Omics center at Yokohama RIK-
EN. Analysis of the data is still ongoing but appears to
point at the emergence of novel small RNA species during
chemical splicing inhibition.

Furthermore, changes in the chromatin state were fur-

Chemical Genetics Laboratory
(Laboratory Head: Minoru Yoshida)

ther analyzed by precipitation with specific antibodies
against various histone modifications, followed by high-
throughput sequencing (ChIP-Seq). We placed particular
emphasis on heterochromatin markers, such as the Lysine
9 trimethylation, but also markers of transcriptionally ac-
tive chromatin such as Lysine 4, trimethylation. While the
first set of ChIP-Seq samples has been sequenced further
chromatin IPs have been executed to expand our under-
standing of the epigenetic landscape. Ongoing data analy-
sis now aims at connecting the likely targets of novel
small RNAs with the altered expression levels of specific
genes and their chromatin state. Next, Candidate genes
and sequences will then be tested individually by in vivo

to confirm their function.

@ Publication

(Review)

Kaida D, Schneider-Poetsch T, Yoshida M, Splicing in
oncogenesis and tumor suppression, Cancer Sci 2012,
Sep; 103(9):1611-6
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Research and Design of Superconductive CW Buncher Cavity to Increase Ion Beam Intensity
for RIBF Injection

Name: Liang Lu

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-
LAC2 and four booster cyclotrons (RRC: K=540 MeV,
fRC: K=570MeV, IRC: K=980MeV, and SRC:
K=2600MeV), 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 (f=0.16), and
the other is after fRC (f=0.3027). Stripping causes an in-
crease 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" harrrionic of the fundamental fre-
quency of 18.25 MHz. This frequency gives the cell
length of BA/2=207 mm at f=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 super-
conducting rf (SRF) technology is necessary for the effec-
tive 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

Cyclotron Team
(Laboratory Head: Naruhiko Sakamoto)

look for the best candidate for the initial research of cavi-
ty: 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-break-
down. We also considered the possibility of cleaning the
cavity after assembly. Finally the tri-spoke type cavity
was adopted to continue 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 B region because the ratio of Ep/Eacc is low. The
biggest disadvantage of the uneven axis E field distribu-
tion was also solved by MWS simulations. The design of
the accepted Tri-spoke was finished, and the process of
the fabrication is discussing with relevant researchers and

makers.

@ Oral Presentations (leave blank ifyou have
made no oral presentations)

(International conferences)

[1] the 26th International Linear Accelerator Conference,
LINACI12, Tel Aviv, Israel, 9 -14 September 2012,
WEPPCO18

[2] the International Particle Accelerator Conference
IPAC'12, New Orleans, USA, May 20-25 2012,
TUPBO073
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Neural Stem Cell Self Replication and Cell Cycle Control by the Proto-Oncogene Evi-I:
a Genome-wide Transcriptional Target Identification and Validation Study

Name: Tobias Hohenauer

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 forma-
tion. Therefore, the Moore Unit hypothesized that one
promising approach to elucidate neural stem cell prolif-
eration is to examine the neurogenetic roles of factors pre-
viously 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 project
we will therefore carry out genome-wide Evi-1 target
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,
will be used to delineate Evi-1 control of the neural stem
cell transcriptome in vivo. By performing genome-wide
chromatin immunoprecipitation followed by deep se-
quencing (ChIP-Seq), we will screen for promoters occu-
pied by the Evi-1 protein. Correlation of CAGE data with
Evi-1 binding sites finally will identify direct Evi-1 tran-
scriptional targets. These will be screened for their contri-
bution to Evi-1 control of proliferation and cell cycle pro-
gression in cell-based assays. Only candidates essential
for neural stem cell proliferation will be functionally ana-
lyzed in vitro and in vivo and thereby integrated 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 elu-

cidated. Our objective is to determine the role of Evi-1 in

Laboratory for Genetic Control of Neuronal Architecture
(Laboratory Head: Adrian W, Moore)

the self-replicative proliferation and cell cycle control of
neural stem cells by identifying Evi-1 transcriptional tar-
gets. More recently, the close Evi-1 homologue Prdm16
has been described to inherit similar function to Evi-1 in
hematopoietic malignancy and its expression in the devel-
oping cortex has been established in the Moore laborato-
ry. In order to examine whether Evi-1 in the olfactory epi-
thelium and Prdml16 in the developing cortex share
functions through the regulation of common targets, we
have now integrated Prdm16 wildtype and knockout sam-

ples of cortical stem cells.

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.

4. The analysis of potential common targets of Evi-1
and Prdm16 in olfactory epithelium and cortical stem
cell self-replication 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
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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 dur-
ing development, our expected results could therefore cer-

tainly 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
Development 139(13):2267-82,(2012)*

Studies on Strigolactone Signaling in Plants

Name: Eunjoo Seo

Host Laboratory: Plant Science Center

Shoot branching is one of the key innovations that led
to more complex architecture. Recently, strigolactones
(SLs), a group of terpenoid lactones, were shown to repre-
sent a novel class of plant hormones controlling this pro-
cess. However, it remains unclear how this hormonal mol-
ecule exactly contribute to developmental processes in
plants. It has been suggested in rice and Arabidopsis that
an « /B-fold hydrolase family protein (rice D14 or Arabi-
dopsis AtD14) and an F-box protein (rice D3 or Arabidop-
sis MAX2) are involved in the SL signaling. Since the
a /B-fold hydrolase family protein (rice GID1 or Arabi-
dopsis AtGID1) and the F-box protein (rice GID2 or Ara-
bidopsis SLY) play crucial roles in GA perception and
early signal transduction, it is possible that the SL signal-
ing pathway is similar to GA signaling. On the contrary,
negative regulators of SL signaling, such as DELLA pro-
teins for GA signaling, have not been identified. Thus, the
main purpose of my research is to identify the repressor of
SL signaling in Arabidopsis though two different strate-
gies.

First, I screened SL-dependent D14-interacting pro-
teins by yeast two-hybrid system to identify negative
regulators that interact with AtD14 and are degraded by
MAX?2 in Arabidopsis. To identify the most promising
candidate, three independent screening were performed,
and positive clones that showed SL-dependent growth in
medium lacking both adenine and His were selected. Se-

quence analysis revealed that clones containing the

Dormancy and Adaptation Research Team

(Laboratory Head: Mitsunori Seo)

At5g51110 cDNA were selected repeatedly in all indepen-
dent screening. Therefore, these results indicate that
At5g51110 is a prevalent Dl14-interacting partner in a
two-hybrid screening. A¢5g51110 contains two functional
domains of pterin dehydratase and WD40. It has been
known WD-repeat proteins are a large family found in all
eukaryotes, and several WD40-containing proteins act as
key regulators of plant-specific developmental events in
Arabidopsis. To determine the subcellular localization of
D14 and At5g51110 proteins in plant cells, 35S.::GFP-
At5g51110, 358::At5g51110-GFP, and 35S::GFP-D14
constructs were generated and delivered into leaf cells of
tobacco (Nicotiana benthamiana) by Agrobacterium tu-
mefaciens infiltration. In the case of At5g51110, strong
green fluorescent protein (GFP) fluorescence was ob-
served in the nucleus of tobacco cells, whereas D14 local-
ized in both the nucleus and the cytosol. To test the func-
tion of At5g51110 in plants, transgenic plants
overexpressing At5G51110 under the control of the 35S
promoter of the cauliflower mosaic virus (CaMV 35S pro-
moter) were produced, and T-DNA insertional mutant
lines (ecotype Columbia) were identified from the GABI-
Kat collection. To examine in vivo interaction between
At5g51110 and D14 protein, [ produced variant constructs
for Bimolecular Fluorescence Complementation (BiFC)
assays in protoplast and co-immunoprecipitation in to-
bacco protein extracts.

Second, to identify new negative components of
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branching inhibition, I obtained mutants with increased
axillary shoots by activation-tagging mutagenesis on a
Columbia-0 (Col-0) ecotype of Arabidopsis thaliana. One
mutant exhibiting a dominantly inherited branching phe-
notype was isolated and designated as X203. The segrega-
tion ratio of 3:1 for Basta resistance in the F, population
and the detection of single-copy T-DNA in the genomic
Southern blot hybridization analysis showed that branch-
ing phenotype of X203 is caused by a T-DNA insertion
into a single locus. Thermal asymmetric interlaced
(TAIL)-PCR analysis identified the T-DNA insertion at
the intergenic region between At5G64740 and At5G64750.
Reverse transcription-PCR (RT-PCR) analysis revealed
that 4¢5G64750 expression, but not the other genes neigh-

boring the T-DNA insertion locus, was dramatically in-

creased in the X203 mutant. The At5G64750 is reported as
ABRI gene annotated to be an AP2-domain transcription
factor. To confirm whether the overexpression of ABR!
indeed caused branching phenotypes of the X203 mutant,
I introduced the transgene that contains ABR/ CDS under
the control of 355 promoter into the wild type Col-0 plant.
The nuclear localization of ABR1 protein was determined
by transient assay in tobacco leaves using constructs of
358::GFP-ABRI and 35S::ABRI1-GFP.

@ Oral Presentations

(International conferences)

Studies on Strigolactone Signaling in Arabidopsis. 10" In-
ternational Congress on Plant Molecular Biology, ICC,
Jeju Island, Republic of Korea, October 2012.

Comparative Neuro-Behavioral Analysis of Infantile Attachment Behavior in Mice and

Humans, and its Implication to Autism

Name: Gianluca Esposito

Host Laboratory: Brain Science Institute

Description of research: Mammalian infants require in-
tense 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 inves-
tigating 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, pioneering stud-
ies on cardiac rate regulations in rodents (Hofer & Reis-
ner, 1969) have shown how at 10-12 days of age pups
showed a decrease of heart rate when picked up and trans-

ported. Decrease of heart rate, is generally associated with

Kuroda Research Unit
(Laboratory Head: Kumi Kuroda)

calming down both in rodents and humans. Interestingly,
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 FYs 2011-2, 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-
tematic study on comparative analysis of TR-like behav-
ior in human infants and mouse pups. After these initial 20

months as FPR fellow, I have recruited and analyzed data
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that have proved useful to elucidate the behevioral and
physiological mechanisms of TR, which is an early in-
stinctive attachment behavior across mammalian species.
In the next year, I aim to publish the results gained so far
and to implement an explanatory model for the function-
ing 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 in-
fants with atypical attachment development (i.e. Autism

Spectrum Disorders).

@ Publications

(Original papers)

Esposito G., Nakazawa J., Venuti P., and Bornstein M.H.:
Perceptions of distress in young children with autism
compared to typically developing children: a cultural
comparison between Japan and Italy. Res Dev Dis,
33:1059-1067, 2012*

Esposito G., Yoshida S., Venuti P. and Kuroda K.O.: Three
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Modeling and Construction of an Artificial Mammalian Circadian Oscillator

Name: Craig Jolley

Host Laboratory: Center for Developmental Biology

During FY2012, my research focused on two major di-
rections. The first was the modeling of a post-translational
biochemical oscillator consisting of a single substrate
modified at two sites by a kinase and a phosphatase. After
developing a model of the system based on mass-action
kinetics, I randomly generated millions of parameter sets
(rate and binding constants), of which only a very small
fraction showed oscillations. The distributions of param-
eter values could be studied to determine why these pa-
rameter sets were able to oscillate while others were not.
Oscillatory systems shared two crucial design motifs: a
well-defined ordering of the system'’s states, and the pres-
ence of “checkpoints” at which the progress of individual
molecules through these states is synchronized. My work
on this system was published in the October 2012 issue of
Cell Reports.

This project has now moved toward experimental vali-
dation. Several of my colleagues are working to identify
enzyme and substrate components that could be used to
devise an in vitro post-translational oscillator. Their strat-
egy 1s to use enzymes known to participate in circadian
oscillations (such as casein kinase 1 § / € ) in combination
with peptide substrates designed to mimic circadian tran-
scription factors. During FY2013, we hope that these ex-
perimental efforts will begin to bear fruit and we can be-
gin to make contact between the in vitro system and the
mathematical model.

My second major research focus in FY2012 has been
on the parameterization of a model of the transcriptional/
translational portion of the mammalian circadian clock.
Most past clock models have focused on feedback loops

centered around two clock-controlled promoter elements:

Laboratory for Systems Biology
(Laboratory Head: Hiroki Ueda)

the E/E’-box, which leads to daytime expression, and the
ROR reponse element (RRE), which leads to nighttime
expression. Our recent experimental results show, how-
ever, that the regulation of CRY'1, a vital clock compo-
nent, can be adequately described as being co-regulated
by the RRE and the D-box, which regulates midday ex-
pression. Ours is the first clock model to incorporate the
effects of D-box regulation.

More importantly, our current work with the transcrip-
tional/translational oscillator (TTO) model has attempted
to set a new standard in the clock field in terms of rigorous
model parameterization. We used an extensive literature
search to identify a consensus set of expression phases for
clock components (i.e. the times of day at which their con-
centrations peak) and used evolutionary optimization and
Monte Carlo calculations to find ensembles of model pa-
rameter sets that approximately fit the experimental data.
Systems biology models tend to show “sloppy” behavior,
in which some parameter values (or linear combinations
of parameter values) are only poorly constrained by sys-
tems-level experimental data. This project has explored
several ways of mitigating this sloppy behavior by ex-
ploiting gauge invariances in the model equations and us-
ing prior information from genome-level surveys of tran-
scription, translation, and degradation rates. A manuscript
describing our findings is nearly complete and will hope-
fully be submitted before the end of FY2012.
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Research Report for 2012

Name: Feng Qi

Host Laboratory: Advanced Science Institute

My work is mainly divided into two parts this year:

THz detection and imaging, respectively.

1. THz detection

First, for THz imaging, the laser was recovered in the
end of March and actual system setup was finished by the
end of May. I got the first upconverted signal at the begin-
ning of June and the first spectrum measurement was fin-
ished in August. From then on, I was focusing on how to
improve the sensitivity of the THz detection system. First,
to decrease the background noise in THz detection, sev-
eral bandpass filters are used not, which is to remove the
out-of-band fluorescence from the OPO. Second, a new
PIN diode with an inner amplifier has been used, which
helps to distinguish the upconverted signal by taking the
quantization error of the oscilloscope into account. Third,
overlapping between the focused THz beam and the IR
pump has been optimized by selecting a suitable focusing
lens and setting a proper telescope made up of two para-
bolic mirrors. Now for a 0.4mJ/pulse at the THz genera-
tion side, the upconverted signal can almost saturate the
PIN diode without any amplifier in air. In experiments, I
compared the frequency upconversion detection with the
popular pyro-detector. The sensitivity of frequency up-
conversion detection by using DAST-DFG is at least 3000

times’ higher than the pyro-detector at the moment. Con-

Tera-photonics Team
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sidering the case that at THz frequencies, 4K bolometer is
two to three orders than pyro-detector in practice. The
current THz detection system might has overcome the 4K
bolometer regarding the minimum detectable pulse ener-
gy, not to mention the very fine time resolution of ns or-
der.

I want to point out similar work has been implemented
in two groups from US (one from MIT and another one
from Lehigh University) by using non-organic crystals
(GaAs, GaP, and GaSe). In their experiments, very sensi-
tive detectors were applied, such as photon multiplier
tube, lock-in amplifier, and single-photon detector, to
measure the upconverted signal. Considering the satura-
tion ability of our setup in case of a normal PIN diode
without amplifier, DAST crystal is quite effective and our
system is cost-effective.

Considering the bandwidth performance, thanks to the
nice property of DAST crystal, phase matching condition
is satisfied in quite a wide frequency band. According to
our measurement, 2.5-30THz has been covered, with the
largest bandwidth obtained by using the frequency con-
version detection till now.

In experiments, I studied the noise sources in THz de-
tection, now the bandpass filter with a bandwidth of 50
nm has decreased the noise dramatically and stray light is

not a problem now. However, electrical noise coupled
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from the Q-switch is obvious and it is the most important
noise source at the moment. So till now, practical noise
sources have been understood clearly. Although quite
challenging, I believe the sensitivity of current THz detec-
tion can be improved a lot once the electrical noise can be
handled. On the other hand, APD/single-photon detector
can improve the system performance a few orders straight-

forward.

2. Imaging

For imaging, a joint-project with NEC started in April.
The purpose is to check and optimize THz imaging sys-
tem by using their unique THz camera and THz QCL from
LongWave Ltd. (a spinoff company of MIT). Besides
some joint-experiments, I am trying to develop a system-
level simulator for their imaging setup, by including the
features of QCL and THz camera. This work is quite
unique, since there is no commercial software can finish
such a task. I used a combined approach, including full-
wave analysis of THz waveguide (metal-dielectric-metal
structure), geometrical optics and wave optics for wave
transmission and emission. All the fundamental functions
have been finished.

A SAKURA project (with Paris 7 University) has start-
ed also and I would like to give some contributions in THz
waveguide. However, this waveguide should be by using
DAST crystal, so that THz generation and effective radia-
tion can happen at the same time. I have started some ini-
tial analysis of the dielectric waveguide by calculations.

Last but not the least, following my previous work on
THz SAR imaging, this year some case studies have been
performed, including sampling step and reflectivity reso-

lution of the imaging system.

others

In the end, I serve the Technical Program Committee
(TPC) for the Global Symposium on Millimeter Waves
(GSMM). Luckily, I will attend the Global Young Scien-
tist Summit in Singapore this month, representing RIK-

EN. I am thankful for such a precious opportunity.

@ Publication
(International Journal)
F. Qi, I. Ocket, D. Schreurs, and B. Nauwerlaers, ‘A sys-

tem-level simulator for indoor mmW SAR imaging and
its applications,” Optics Express, Vol. 20, Issue 21, pp.
23811-23820, 2012

T. Notake, K. Nawata, T. Matsukawa, H. Kawamata, F.
Qi, H. Minamide, ‘Development of an ultra-widely tun-
able DFG-THz source with switching between organic
nonlinear crystals pumped with a dual-wavelength
BBO optical parametric oscillator,” Optics Epxress, Vol.
20, Issue 23, pp. 25850-25857, 2012

(International Conference)

F. Qi, K. Nawata, T. Notake, H. Kawamata, T. Matsuka-
wa, H. Minamide, ‘Towards an ultra-fast, sensitive and
noncryogenic THz detector: design considerations and
initial experiments,” The I** Advanced Lasers and Pho-
ton Sources (ALPS), Yokohama, JAPAN, April 2012

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), Kyoto, JAPAN, March 2012

F. Qi, V. Tavakol, I. Ocket, D. Schreurs, and B. Nauwe-
laers, ‘Possible improvements of existing indoor mil-
limeter wave focal plane imaging systems,” Global
Symposium on Millimeter Waves (GSMM), Harbin,
CHINA, May 2012

T. Notake, K. Nawata, H. Kawamata, T. Matsukawa, F.
Qi, and H. Minamide, ‘DAST- and BNA-DFG Tera-
hertz-wave generation pumped by a dual-wavelength
BBO optical parametric oscillator with independent
wavelength-control,” CLEQO, San Jose, USA, May, 2012

K. Nawata, T. Notake, H. Kawamata, T. Matsukawa, F.
Qi, and H. Minamide, ‘High-power tunable terahertz-
wave source pumped by dual-wavelength injection-
seeded optical parametric generator, CLEO, San Jose,
USA, May 2012

F. Qi, K. Nawata, T. Notake, H. Kawamata, T. Matsukawa,
and H. Minamide, ‘Ultra-wideband THz detection by
using DAST crystal based on frequency up-conversion
technique,” Infrared, Millimeter and Terahertz Waves
(IRMMW-THz), Wollongong, AUSTRALIA, Septem-
ber 2012

H. Minamide, S. Hayashi, F. Qi, K. Nawata, ‘Terahertz-
wave detection with nonlinear optical up-conversion
exceeding a cryogenic thermal detector,” 50 Years of

Nonlinear Optics International Symposium (NLOS50),

- 179 —



Barcelona, SPAIN, October 2012

F. Qi, K. Nawata, T. Notake, H. Kawamata, T. Matuska-
wa, and H. Minamide, ‘Frequency up-conversion detec-
tion of THz waves by DAST-DFG: approaching more
than 4K bolometer, International Workshop on Optical
Terahertz Science and Technology (OTST), Kyoto, JA-
PAN, April 2013 (accepted)

P. Xu, J. Wang, Y. Han, and F. Qi, ‘Robust H-inf chan-
nel estimation based on EM/SAGE for MIMO-OFDM

systems,’ 8" International Conference on Communica-
tions and Networking in China (CHINACOM), Guilin,
CHINA, August 2012

P. Xu, J. Wang, Y. Han, and E. Qi, ‘H-inf channel esti-
mation for MIMO-OFDM systems in the presence of
carrier frequency offset,” IEEE Wireless Communica-
tions and Networking Conference (WCNC), Shanghai,
CHINA, April 2013

Manipulating the Magnetic Coupling between Individual Spins through Single Molecule

Switching

Name: Yingshuang Fu

Host Laboratory: Advanced Science Institute

Spin electronics also named as spintronics utilizes the
electron’s spin degree of freedom for carrying and pro-
cessing information. Compared to conventional elec-
tronics which uses electron charge, spintronics is faster
and consumes less power which would revolutionize the
information technology. While molecule based spintron-
ics is appealing, the recent discovery of topological insu-
lators (TTs) deserves special attention. TIs are band insu-
lators in the bulk but host a gapless metallic topological
surface state (TSS) at the surface boundary. The TSS has
a massless Dirac-type dispersion and unique spin-mo-
mentum locking property. These two properties render
the TSS being protected against backscattering from dis-
orders and therefore even more compelling for dissipi-
tionless spintronic applications. My research targets at
the investigation of TIs with scanning tunneling micros-
copy and spectroscopy (STM/STS) which is a surface
sensitive technique ideally suitable tor such studies. The
TSS is quantized into discrete Landau level states under
magnetic field, and can be directly detected with STS.
The so called Landau level spectroscopy delivers rich
information about the TSS. Three studies are presented
in this report: First, the controllable local manipulation
of Dirac surface state is demonstrated in a TI Bi,Te,Se,
which has suppressed bulk carrier density. The Landau

levels start to shift in their energy once the bias voltage

Magnetic Materials Laboratory
(Laboratory Head: Hidenori Takagi)

between the tip and the sample exceeds a threshold val-
ue. The amount of shift depends on the history of bias
ramping. As a result, conductance spectra show notice-
able hysteresis, giving rise to a memory effect. The con-
ductance images exhibit spatially inhomogeneous pat-
terns which can also be controlled by the bias voltage in
a reproducible way. Based on these observations, we ar-
gue that the memory effect is associated with the tip-in-
duced local charging effect which is pinned by the de-
fect-generated random potential. This study opens up a
new avenue to controlling the topological surface state.
Second, Landau level splitting in the presence of local
potential variation is revealed in a prototypical TI Bi,Se,.
The guaranteed existence of TSS at the surface provides
an ideal two dimensional electron system for its study in
the quantum Hall regime. Well-defined charge defects
generate local potential variations to the TSS. This adds
a local perturbation to the otherwise highly degenerated
Landau levels, making them split. To date, the Landau
level splitting has not yet been directly observed in ex-
periment. To discern such a splitting, the amplitude of
splitting should be larger than the peak width of Landau
level states. Our system satisfies those requirements in
the following regards: one is the potential variation of
charge defects is steep enough to induce large splitting

amplitude; another is the lifetime of Landau levels being
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sufficiently long to ensure a sharp peak width. Conduc-
tance mapping indicates an anomalous structure of con-
centric rings around the charged defects which correlate
with the spatial dependent Landau level splitting. Fur-
ther support from theory is needed to get insight into the
ring structures. Third, the topological nature of TSS in
Sb,Te, and Sb,Te,Se is manifested from Landau level
spectroscopy. The topological nature of TSS is encoded
in its helical spin texture, which is spin nondegenerated.
This is different from another closely related analogue
Dirac system graphene, which is both valley and spin
degenerated. When the surface g factor is negligibly
small, the energy position of zeroth Landau level state of
a Dirac system is invariant of the strength of external
magnetic field. This feature has been captured by recent
investigations of TI Bi,Se, as well as graphene. Howev-
er, when the surface g factor is substantially large, the
response of the zeroth Landau level state will behave
differently according to the spin character of the Dirac
system: It splits in a spin degenerated system, but mo-
notonously shift in TSS. By Landau level spectroscopy,
we reveal the shifting of the zeroth Landau level in both
Sb,Te, and Sb,Te,Se with magnetic field. The amount of
shit is linearly dependent on the field strength. A surface
g factor around 20 has been obtained for both TIs. It also
shows significant spatial variations by a factor of 3,

whose details are currently under investigations.
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Development of an Antihydrogen Beam

Name: Daniel Murtagh

Host Laboratory: Advanced Science Institute

The ASACUSA-Cusp experiment located in the anti-
proton decelerator hall at CERN aims to produce a beam
of ultra-cold antihydrogen atoms which is amenable to
spectroscopic investigation. Antihydrogen is the antimat-
ter counterpart of hydrogen consisting of an antiproton
and a positron (or antielectron).

In the present work, improvements to the positron ac-

cumulation apparatus have been made. Existing tungsten

Atomic Physics Laboratory
(Laboratory Head: Yasunori Yamazaki)

moderators were replaced with a solid neon ice moderator
and the compact gas cell which was used previously, was
replaced with a longer cell to improve the trapping effi-
ciency.

A moderator is a crucial part of any low energy positron
beam, its purpose is to slow fast B* particles from a radio-
active source (typically *Na) to usable atomic energy

scales. The process of moderation is inefficient; in the
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case of a tungsten foil moderator efficiencies are typically
~0.05-0.1 %. However, Ne ice moderators have shown
moderator efficiencies as high as 1%. Hence the use of a
Ne moderator is highly desirable.

The installation of a Ne ice moderator resulted in a
beam of approximately 1.5 million positrons per second
which were then transported to the pre-accumulator trap.
This trap consists of a number of cylindrical electrodes
within a magnetic field (0.3 T). The initial electrodes are
filled with nitrogen gas and are referred to as a gas cell
after the gas cell there the final trap stage is constructed
from 14 electrodes and referred to as the multi-ringed
electrode (MRE) trap which can be independently biased
to create a trap potential well.

The N, buffer gas is required to absorb kinetic energy
from the positron beam entering the trap system. In some
collisions the positron will excite the N, molecule losing
kinetic energy (~8.5eV). The electrodes are biased such
that a positron that loses 8.5¢V will become caught within
the trap.

The probability of a positron undergoing a collision is
proportional to the gas pressure and the length of the cell.
The energy of the positron must be tuned such that the
cross-section for exciting a N, molecule is higher than that
of any loss mechanism. However, a balance must be found

between the highest usable gas pressure and the lifetime

of the positron within the trap.

The new cell was designed with a spatially varying
pressure distribution that served to catch as many posi-
trons as possible in a high pressure stage (1e-3 mbar) and
then allow for a longer lifetime by reducing the pressure
along the length of the cell reaching 1e-6mbar in the MRE
trap.

These improvements resulted in approximately 1-2
million positrons being accumulated every 15 s. These
positrons were then transferred to the cusp trap for mixing
with antiprotons. By repeatedly transferring positrons
from the pre-accumulator to the cusp trap 30 million posi-
trons could be stored in ~30 cycles. This represents a rate

improvement by a factor of 20 over previous years.
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Compact and Portable Terahertz Source Based on Difference-Frequency Generation from
Solid-State Lasers.

Name: Srinivasa Ragam

Host Laboratory: Advanced Science Institute

Description of research: The purpose of research was to
construct a optical system which is capable of emitting the
coherent radiation in the terahertz (THz) domain of the
electromagnetic spectrum. We have constructed a tera-
hertz time domain spectroscopy (THz-TDS) system by
using a mode locked Ti: sapphire laser system operates at
a centre wavelength of 800nm, delivers pulses with a
100fs duration, and a bandwidth of 8.7nm. In the experi-

mental set up, the output laser beam is split into pump and

Terahertz Sensing and Imaging Team
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probe beams. The pump beam, after passing through a
lens pair is focussed to on a THz photoconductive emitter.
The emitter (GaAs chip) is a photo conducting dipole an-
tenna attached to the surface of a silicon prism. The emit-
ter which is externally biased generates sub picosecond
THz pulses. The probe beam is focussed onto a ZnTe crys-
tal. Detection of the THz pulse occurs via free-space elec-
tro-optic detection in <110> oriented ZnTe crystal. The

THz pulse and the optical pulse are propagated collinearly
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through the ZnTe crystal. The THz pulse induces a bire-
fringence in ZnTe crystal which is read out by a linearly
polarized optical pulse. When both the optical pulse and
the THz pulse are in the crystal at the same time, the opti-
cal pulse polarization will be rotated by the THz pulse.
Using a A/4 wave plate and a beam splitting polarizer to-

gether with a set of “balanced photodiodes”, we map the

THz pulse amplitude by monitoring the optical pulse po-
larization rotation after the ZnTe crystal at a variety of
delay times with respect to the THz pulse. The system is
able to generate and detect terahertz radiation and it can
be used for primarily pursuing the applications in (i) im-
aging (ii) spectroscopic analysis of chemical species and

pharmaceutical products.

Analytic Methods for Cold Atoms

Name: Giacomo Marmorini

Host Laboratory: Advanced Science Institute

In our study of exact solutions of the Bogoliubov-de
Gennes equation of quasi-one dimensional superfluid/su-
perconducting fermionic gas with (pseudo-)spin imbal-
ance, after addressing the case of real order parameter
(relevant to interesting states such as the Fulde-Ferrel-
Larkin-Ovchinkov state), we turned to complex order pa-
rameters. In particular we focused on the “twisted kink”
solution, relevant to Josephson junctions with arbitrary
phase difference and with spin imbalance and to grey soli-
ton in atomic Fermi superfluids with population imbal-
ance (whose experimental search is still ongoing). We
found the exact form of the order parameter for arbitrary
imbalance and determined the first corrections the quasi-
particle spectrum in case of small imbalance.

Besides we applied the theory of Bose-Einstein con-
densation of interacting bosons at low density to the anal-
ysis of the magnetic order of certain frustrated antiferro-
magnets near saturation field, where bosons are
represented by magnons (quantized spin waves). Since
frustration can yield a multiplicity of different magnon
condensates (at different wave-vectors), the interaction

among these can in turn determine an unconventional

Condensed Matter Theory Laboratory
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magnetic order. In particular our study of the J1-J3 model
on the triangular lattice indicates the presence of a new
phase characterized by two wave-vectors but not coplanar
in the case of finite interlayer coupling (JO). On the other
hand in the purely two-dimensional case (vanishing JO)
we find that very (exponentially) close to the saturation
field there emerges a symmetry enhancement that is remi-
niscent of multi-species Bose gases with contact interac-

tion in low dimensional continuum space.
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Construction of DUV and VUV Light Source for Ultrafast Photoelectron Spectroscopy

Name: Huan Shen

Host Laboratory: Advanced Science Institute

An ultrashort laser pulse in deep UV (DUV) and vacu-
um UV (VUV) regions is highly useful for fundamental
studies of molecular reaction dynamics in gas and liquid
phases. In the present study, we construct a tunable DUV
light source, to enable resonant one-photon excitation of
samples, based on a non-collinear parametric amplifica-
tion (NOPA), and we integrate it with the filamentation
VUV light source.

A cryogenically cooled Ti: sapphire amplifier delivers
80-fs, 2.8-mJ and 792-nm at 1 kHz repetition rate. Around
4% (~100 pJ) of the fundamental beam is used for DUV
generation, while the main (~2.7 mJ) fundamental beam is
used for VUV generation. In the DUV branch, a small
portion of the fundamental beam is focused onto a 3-mm-
thick sapphire plate to generate a white light continuum
(WLC). The remaining fundamental beam is used to gen-
erate the second harmonic (SH). A minor (5 pJ) parts of
the SH beam was sent to a DUV frequency-conversion
system, while the transmitted portion (43 [ J) is used to
pump the NOPA. The white light is recollimated and sent
to a stretcher. The stretcher consists of a pair of fused-sil-
ica prisms, which provides a negative chirp to the seed
pulse. Because of the stretching, only a portion of the
NOPA output temporally overlaps with the pump pulse,
allowing the bandwidth and the center wavelength to be
selected by fine-tuning of the chirp and the delay of the

seed pulse, respectively. The pump and seed pulses are

Molecular Reaction Dynamics Research Team

(Laboratory Head: Toshinori Suzuki)

focused onto a 2-mm-thick type-I BBO crystal. The non-
collinear and phase-matching angles for the NOPA were
set to 3.3° (internal) and 30.2° , respectively. The seed
pulse energy of 1 nJ was amplified to 4.5 p J, which cor-
responds to a parametric gain of 4.5X 10°. The NOPA
output is used to generate DUV (226-nm) by sum-fre-
quency-mixing (SFM) with 400-nm beam. The generated
DUV pulse energy was 0.5 1 J at 226 nm. The pulse dura-
tion of 226 nm is expected to be 50 fs.

In the VUV branch, the fundamental beam is split into
two and used for SH and third harmonic (TH) generation.
The ultrashort 198- and 158-nm pulses are generated si-
multaneously by cascaded four-wave mixing of SH and
TH in the filamentation cell. The pulse duration of 158-
nm is expected to be ~50 fs after pass through the rear
window of the cell. Both DUV and VUV pulses are intro-
duced into our photoelectron imaging apparatus. Now, we
are ready to perform the time-resolved photoelectron

spectroscopy.

@ Presentation

(Extreme photonics conference)

Huan Shen, Peng Zuo, Shunsuke Adachi and Toshinori
Suzuki. : “Construction of DUV and VUV light source
for ultrafast photoelectron spectroscopy”, Extreme pho-

tonics conference, Japan, 2012, Dec. 5%,

Equation of State for Dense Matter and Implications on Strange-Nuclei and Astronomical

Observations

Name: Ang Li

Host Laboratory: Nishina Center for Accelerator Based Science

Description of research:

We study tensor and pairing effects on the quadruple

Strangeness Nuclear Physics Laboratory

(Laboratory Head: Emiko Hiyama)

deformation of neon isotopes based on a deformed Sky-

rme-Hartree-Fock model with BCS approximation for the

— 184 —



pairing channel. We extend the Skyrme-Hartree-Fock for-
malism for the description of single- and double-lambda
hypernuclei adopting two different hyperon-nucleon in-
teractions. It is found that the interplay of pairing and ten-
sor interactions is crucial to derive the deformations in
several neon isotopes. Especially, the shapes of *°Ne are
studied in details in comparisons with experimentally ob-
served shapes. Furthermore the deformations of the hy-
pernuclei are compared with the corresponding neon iso-
topic cores in the presence of tensor force. We find the
same shapes with somewhat smaller deformations for
single A -hypernuclei compared with their core deforma-
tions. It is also pointed out that the latest version of hy-
peron interaction, the ESCO8b model, having a deeper
Lambda potential makes smaller deformations for hyper-

nuclei than those of another NSC97f model.

@ Publications
(Papers)
Li A., Hiyama E., Zhou X.-R., and Sagawa H.: Tensor

correlation, pairing interaction and deformation in Ne

isotopes andNe hypernuclei, Physical Review C 87,
014333 (2013)

LiA., Zhou X.-R., and Sagawa H.: Tensor force and shape
evolution of Si isotopes in Skyrme-Hartree-Fock mod-
el, Progress of Theoretical and Experimental Physics
063D03 (2013)

@ Oral Presentations

(International conferences)

1. “Tensor and pairing effect on the deformation of Ne
and Si isotopes & hyperisotopes”, The 2nd Korea-Japan
workshop on nuclear and hadron physics at J-PARC,
Busan (Korea), September 24-25, 2012

2. “Too massive neutron stars: The role of dark matter?”,
Compact Stars in the QCD Phase Diagram III, Guaruja
(Brazil), December 12-15, 2012

(Domestic conferences)

1. “Neon isotope and Lambda hypernuclei with the Ni-
jmegen NSC97f and ESCO8b interaction”, the 20th In-
ternational [IUPAP Conference on Few-Body Problems

in Physics, Fukuoka (Japan), August 20-25, 2012
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Exploring the Phases of QCD from Hadronic Observables

Name: Philipp Gubler

Host Laboratory: Nishina Center for Accelerator Based Science

To investigate the properties of hadrons when put into a
hot or dense medium is an area of active research, both
using theoretical and experimental methods. The constitu-
ents of hadrons are quarks and gluons and thus, on the
most basic level, hadronic properties can only be under-
stood from Quantum Chromodynamics (QCD), the theory
describing the “strong” interaction between quarks and
gluons. Furthermore, relating the behavior of hadrons in
hot or dense matter to the various phases of QCD will help
to answer such fundamental questions as the origin of
mass, the content of matter composing neutron stars or the
behavior of matter shortly after the big bang.

In my studies carried out this year I firstly have expand-
ed the study of charmonium particles at finite tempera-
ture, which started in 2011. Specifically, the investigation
was newly applied to bottomonium systems (containing
bottom instead of charm quarks) and a paper on this sub-
ject was published. Furthermore, the method was refined
by adding higher order perturbative corrections to the cal-
culation, which is an important and necessary check for
the reliability of the calculation. Next, a new study on the
nucleon ground and excited states was initiated, with a
paper to be published soon. In this work, a method of par-
ity projection for baryonic QCD sum rules, which was
proposed earlier, was mathematically shown to be correct
and furthermore was generalized so that the higher order
terms of the expression entering the sum rules can be ob-
tained unambiguously. Presently, this method is being ex-
tended to investigate the behavior of nucleonic states at
finite density.

Finally, I have started to explore the possibilities of ap-
plying the methods which I have used so far for the study
of hadrons, to condensed matter physics. Concretely, it
turns out to be possible to apply the maximum entropy
method (MEM), which I have used for studying problems
of QCD, to the investigation of various properties of the
strongly coupled unitary Fermi gas. Especially, the single-

particle spectra of fermionic atoms can be evaluated by

Strangeness Nuclear Physics Laboratory

(Laboratory Head: Emiko Hiyama)

this method, which allows us to access properties such as
the gap of such single-particle states. This research is
presently still ongoing and first results should be obtained

next year.

@ Publications

(Papers)

Gubler P., Suzuki K., Morita K. and Oka M.: Modifica-
tion of hadronic spectral functions under extreme con-
ditions: An approach based on QCD sum rules and the
maximum entropy method”, arXiv:1212.1594 [hep-ph]
(2012).

K. Suzuki, P. Gubler, K. Morita and M. Oka, “Thermal
modification of bottomonium spectra from QCD sum
rules with the maximum entropy method”, Nucl. Phys.
A897,28 (2013).

@ Oral Presentations

(Domestic conferences)

Ohtani K., Gubler P., and Oka M.: Parity projection of
QCD sum rules for the nucleon. Phys. Rev. D, submit-
ted *

Gubler P., Suzuki K., Morita K. and Oka M.: Quarkonia at
finite T: An approach based on QCD sum rules and the
maximum entropy method. Few-Body Systems, pub-
lished (2013) *

Gubler P., Suzuki K., Morita K. and Oka M.: Modifica-
tion of hadronic spectral functions under extreme con-
ditions: An approach based on QCD sum rules and the
maximum entropy method. Nucl. Phys. A, submitted *

Suzuki K., Gubler P., Morita K. and Oka M.: Thermal
modification of bottomonium spectra from QCD sum
rules with the maximum entropy method. Nucl. Phys.
A897,28 (2013) *

(Books)

Gubler P.: A Bayesian Analysis of QCD Sum Rules.
Springer Theses, Springer Science+Business Media,
published
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@ Oral Presentations

(International conferences)

(oral)

Gubler P.: “Quarkonium at finite T: an approach based on
QCD sum rules and the maximum entropy method”,
Workshop on hadron physics with strangeness and be-
yond, Vienna, Austria, June 2012.

Gubler P.: “Bayesian Approach to QCD Sum Rules”,
Seminar at TUM, Munich, Germany, June 2012.

Gubler P.: “Quarkonia at finite T: An approach based on
QCD sum rules and the maximum entropy method”,
The 20th International [IUPAP Conference of Few-Body
Problems in Physics, Fukuoka, Japan, August 2012.

Gubler P.: “Modification of hadronic spectral functions

under extreme conditions: An approach based on QCD

sum rules and the maximum entropy method”, The 11th
International Conference on Hypernuclear and Strange
Particle Physics, Barcelona, Spain, October 2012.

Gubler P.: “Recent results from QCD sum rule analyses
based on the maximum entropy method”, Xth Quark
Confinement and the Hadron Spectrum, Munich, Ger-
many, October 2012.

Gubler P.: “Recent results from MEM analyses of QCD
sum rules”, Seminar at Yonsei University, Seoul, Korea,
December 2012.

(poster)

Gubler P.: “Hot quarkonium spectral functions from QCD
sum rules and the maximum entropy method”, Quark
Matter 2012 International Conference, Washington DC,
USA, August 2012.

Vortex Duality in 3-dimensional Quantum Matter

Name: Aron Beekman

Host Laboratory: Advanced Science Institute

In many systems of interest in modern condensed mat-
ter physics, which are governed by strong correlations
between electrons, in contrast with the weak interactions
at hand in everyday metals and insulators, seemingly all
important effects operate in flat, 2-dimensional planes.
However, this may be purely the physicist’s lazy perspec-
tive, and she has many techniques and models at hand for
these lower-dimensional systems, whereas true quantum
hydrodynamics in 3 dimensions is hard.

In this study we take on the challenge and do venture
out of flatland into the real, 3-dimensional world. Re-
cently we developed mathematical methods to address
“quantum melting” transitions - that is, phase transitions
to a more disorderd state by quantum fluctuations - in 3
dimensions. This led to the surprising prediction that
states of matter may exist in high-temperature supercon-
ductors, which boast spontaneous wires of quantized
electric current, the mirror images of the celebrated
Abrikosov flux lines in superconductors (Phys Rev B
2012).

The next step is to consider multicomponent systems,

Strong-Correlation Theory Research Team

(Laboratory Head: Naoto Nagaosa)

where the ordered state is described by more than one pa-
rameter. A good example are solid-to-liquid crystal phase
transitions. The translational symmetry is restored, while
rotational symmetry remains broken. Currently we have
cleared up how the rotational excitations in the quantum
liquid crystal literally emerge out of this melting transi-
tion. In 2 dimensions that is. For the remainder of this
project, we will also take on 3-dimensional quantum lig-
uid crystals, where we aim to i) reproduce the known re-
sults, in the classical limit, in a tightly systematic way; ii)
make contact with the observed electronic quantum
nematics in strongly-correlated electron systems; and iii)
keep an eye open for surprises similar to the current quan-
tization.

A separate topic connects with the most recent experi-
ments in our group, which observed exotic configurations
of magnetism called “biskyrmion crystals”. Currently a
theoretical description of such formations is lacking, and
we are conducting analytical calculations to complement

numerical simulations performed on computers.
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@ Publications

(Original paper)

Beekman A.J. and Zaanen J.: Type-II Bose-Mott insula-
tors, Phys. Rev. B 86, 125129 (21 September 2012)
(Editors’ suggestion)*

Beekman A.J.: Vortexdualiteit, Dutch Journal of Physics
78(12), 484, December 2012

@ Oral presentations
(International conferences)

Beekman A.J. and Zaanen J.: Type-II Bose-Mott insula-

tors, Innovations in Strongly Correlated Electronic
Systems: School and Workshop, Abdus Salam Inter-
national Centre for Theoretical Physics, Trieste, Italy,
6-17 August 2012

(Domestic conferences)

Beekman A.J.: Melting transitions at zero temperature,
RIKEN Discovery Evening, RIKEN, Wako, Japan, 20
July 2012

Beekman A.J. and Zaanen J.: Type-II Bose-Mott insula-
tors, RIKEN Discovery Evening, RIKEN, Wako, Ja-
pan, 19 October 2012

Dynamical Electron Correlation Induced by Relativistic Few-Cycle Laser Fields

Name: Erik Loetstedt

Host Laboratory: Advanced Science Institute

Description of research:

During the present fiscal year, my research at RIKEN
have been centered around the theoretical modeling and
understanding of simple atomic systems exposed to in-
tense, few-cycle laser pulses in the weakly relativistic do-
main. Weakly relativistic means in this case that an elec-
tron subjected to such a field is accelerated to a few
percent of the speed of light within one laser cycle. For the
commonly employed laser wavelength 800 nm, the weak-
ly relativistic regime corresponds to laser intensities of
10'-10'7 W/cm?. Although there is a large body of litera-
ture about atoms in non-relativistic laser fields, very few
investigations have been carried out in the weakly relativ-
istic domain.

As a first model system, I have considered the helium
atom, and helium-like ions driven by an intense laser
pulse. When such two-electron systems are exposed to an
oscillating electric field, the non-sequential double ioniza-
tion (NSDI) process is known to occur: One electron
ejected by the laser field is accelerated by the same laser
field so that it revisits the atomic core at high velocity and
knocks out the second electron by a collision. This pro-
cess results in highly correlated final electron spectra, and
has received a lot of attention within the strong-field com-

munity. By modeling He as a classical three-particle sys-

Laser Technology Laboratory
(Laboratory Head: Katsumi Midorikawa)

tem, I could show that to describe NSDI correctly in the
weakly relativistic regime, it is important to include also
the Lorentz force from the magnetic field of the laser
pulse. Surprisingly, the magnetic field of the laser pulse
have a sizable effect on total probabilities and spectra al-
ready at intensities of the order of 10" W/cm?, which is
commonly thought of as a non-relativistic intensity. I
could also show that second-order relativistic terms in the
equations of motion, derived from the Darwin Lagrang-
ian, are not important in the NSDI process.

A second, related project which has been initiated dur-
ing the current fiscal year, is to theoretically investigate
the possibility to induce core-electron ejection from at-
oms with intense, few-cycle laser pulses. If the intensity
of the laser field is high enough, an electron ejected from
an atom placed in this field can be accelerated to recollide
with the atomic core at impact energies of several keV,
enough to cause inner-shell atomic electrons to be ejected.
I aim to optimize this process with respect to the laser
parameters, and also investigate if the process can be

more effective if molecular targets are used.

@ Publications
(Original paper)
Lotstedt, E. and Midorikawa, K.: Effect of the laser mag-
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netic field on nonsequential double ionization of He,
Li* and Be*, Physical Review A, 87, 013426 (2013). *

(Original papers published during FY2012 on research

performed before arriving at RIKEN)

Lotstedt, E., Kato, T. and Yamanouchi, K.: Enhanced ion-
ization of acetylene in intense laser fields, Physical Re-
view A 85, 041402 (2012). *

Lotstedt, E., Kato, T. and Yamanouchi, K.: D;" and H," in
intense laser fields studied with a quasiclassical model,
Physical Review 4 85, 053410 (2012). *

Lotstedt, E., Kato, T. and Yamanouchi, K.: Efficient ion-
ization of one-dimensional acetylene investigated by
time-dependent Hartree-Fock calculations, Physical
Review 4 86, 023401 (2012). *

Lotstedt, E. and Jentschura, U. D.: Triple Compton Ef-
fect: A Photon Splitting into Three upon Collision with
a Free Electron, Physical Review Letters 108, 233201
(2012). *

(Conference Proceedings)

Lotstedt, E., Kato, T. and Yamanouchi, K.: Efficient Ion-

ization of Acetylene in Intense Laser Fields, Multipho-
ton Processes and Attosecond Physics, Springer Pro-
ceedings in Physics 125, 347 (2012).

Lotstedt, E., Kato, T. and Yamanouchi, K.: Classical Mod-
els of Hy" Interacting with Intense Laser Fields, Mul-
tiphoton Processes and Attosecond Physics, Springer
Proceedings in Physics 125,233 (2012).

@ Oral Presentations

(International conferences (in Japan))

Lotstedt, E.: “Efficient ionization of acetylene driven by
intense laser fields”, The Third Shanghai-Tokyo Ad-
vanced Research Symposium on Ultrafast Intense La-
ser Science (STAR 3), Hilton Odawara Resort and Spa,
Odawara, Japan, May 16-18 (2012).

Lotstedt, E.: “Triple Compton effect: A photon splitting
into three after collision with a free electron”, Interna-
tional workshop on theory for attosecond quantum dy-
namics (IWTAQD) 5, The University of Electro-Com-
munications, Tokyo, Japan, July 5 (2012).

Controlling Hybrid Quantum Systems

Name: Wei Cui

Host Laboratory: Advanced Science Institute

Quantum measurement always disturb the system being
measured and induce decoherence. According to the theo-
ry of open quantum systems, both the evolution of the
quantum state and its decoherence depend on the system-
apparatus coupling strength and the basis in which the sys-
tem is measured. In many realistic quantum readout archi-
tectures the reliability of the quantum measurement output
is an important issue. We studied how to measure the con-
fidence and the backaction of a state reconstructed from
continuous weak quantum measurements. One particularly
interesting approach, which we apply and investigate here,
is the quantum filter equation. It has been shown to be a
powerful method for state reconstruction, and it is fairly
robust in terms of the resolution needed in describing the
measurement record. As a physical example, we use the

traditional model of a double quantum dot being continu-

Digital Materials Laboratory
(Laboratory Head: F.Nori)

ously monitored by a quantum point contact. We examine
the confidence of the estimate of a state constructed from
the measurement record, and the effect of backaction of
the measurement on that state. In the case of general mea-
surements we show that using the relative entropy as a
measure of confidence allows us to define the lower bound

on the confidence as a type of quantum discord.

@ Publications

(Papers)

Cui W., Lambert N., Ota Y., Lu X., Xiang Z., You J. Q.
and Nori F.: Confidence and backaction in the quantum
filter equation. Phys. Rev. 4 86, 052320 (2012). pub-
lished *

Lu X., Ashhab S., Cui W., Wu R. and Nori F.: Two-qubit

gate operations in superconducting circuits with strong
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coupling and weak anharmonicity. New J. Phys. 14
073041 (2012). published *

@ Oral Presentations
(International conferences)
Cui W., Lu X. Y., You J. Q. and Nori F.: “Feedback con-

trol of quantum-measurement-induced backaction by

full-counting statistics” Workshop on quantum manipu-
lation and quantum interference device, Rizhao 2012,
July 25-30.

Cui W., You J. Q. and Nori F.: “Quantum state estimation
in circuit QED using feedback control” China-Australia
quantum control workshop, Beijing 2012, November
5-8.

Exploring the Amplification of Small Molecular Motions into Large Structural Changes

Name: Matthew Sartin

Host Laboratory: Advanced Science Institute

The goal of this initial work was to understand the in-
terplay between two, simple, interconnected processes on
an ultrafast timescale. To this end, a supramolecular shut-
tle (rotaxane), consisting of a chain-like, substituted azo-
benzene molecule enclosed in a cyclodextrin (CD) host,
was synthesized following a procedure found in the litera-
ture.! The photo-induced, frans-cis isomerization of the
azobenzene component drives the motion of the shuttle
via steric repulsion. Spectroscopic measurements were
used to elucidate the mechanism of that process.

2D Nuclear Overhauser Effect Spectroscopy (NOESY)
data on trans-rotaxane show coupling of the CD protons
with those on the azobenzene phenyls, indicating that the
CD ring resides primarily over the azobenzene moiety.
However, following photoisomerization of rotaxane to the
cis form, NOE coupling is observed primarily between
the CD ring protons and those of the ethylene part of the
molecular chain, confirming that the CD ring is displaced
onto the chain of the molecule only as a result of photoi-
somerization.

Azobenzene isomerizes as it relaxes from the electron-
ically-excited, S, state.” Therefore, monitoring the relax-
ation of photo-excited rotaxane via time-resolved absorp-
tion (TA) spectroscopy will indirectly provide its
isomerization rate. The observed TA spectra decayed via
two distinct processes with lifetimes of 1 ps and 15 ps,
followed by a third transient species that decayed with a
lifetime exceeding the range of the experimental setup (>1

ns). The spectral shape of the third component indicates

Molecular Spectroscopy Laboratory
(Laboratory Head: Tahei Tahara)

that it corresponds primarily to the long-lived cis isomer,
though there is an additional, unidentified absorption fea-
ture at longer wavelength.

In addition to isomerization, relaxation from S, can also
occur by emission of a photon, so the lifetime of the emis-
sion can be used to monitor the population decay from S,.
Time-resolved fluorescence upconversion spectroscopy re-
vealed two components to the fluorescence decay, with life-
times 0f 0.17 ps and 15 ps. Due to experimental limitations,
the fluorescence experiment required excitation into the S,
state, so the initial, ultrafast emission likely originates from
direct emission from S, to S;.> The 15 ps component match-
es that of the second TA component, so it is assigned to S,
decay, and rotaxane isomerization is assigned the time con-
stant of 15 ps. By process of elimination, the 1 ps compo-
nent of the TA decay is assigned to a vibrationally-excited
S, state that relaxes, non-radiatively, within S,.

To assess the effect of the cyclodextrin on the isomeriza-
tion rate, a reference compound, consisting of the chain-
like, substituted azobenzene, without the host CD, was also
synthesized and subjected to the same analysis. The spec-
tral components of this reference compound were similar,
with the exception that the component assigned to the S,
decay exhibited a lifetime of 4 ps. The much slower isom-
erization of rotaxane illustrates how strongly the CD ring
inhibits the isomerization of this substituted azobenzene.

! Murakami, H. et. al. J. Am. Chem. Soc. 2005, 127,
15891.
2 Fujino, T. et. al. Bull. Chem. Soc. Jpn., 2002, 75, 1031.

—193 —



@ Oral Presentations
(Domestic conferences)

Sartin M., Osawa, M. and Tahara, T.: “Time-resolved

spectroscopy of a multi-component supramolecular
system”, Annual Meeting of Japan Society for Molecu-

lar Science, Tokyo, Japan, September (2012).

Controlling Chemical Reactions on Metal-Supported Ultrathin Oxide Films Using Local
Defects at the Oxide-Metal Interface

Name: Jaechoon Jung

Host Laboratory: Advanced Science Institute

Ultrathin oxide films grown on metal substrate are of
great interest not only as supporting materials for chemi-
cally active nanoparticles but also as catalysts in the field
of heterogeneous catalysis, because they provide an addi-
tional dimension, i.e., film thickness, to control the cata-
lytic properties. Using scanning tunneling microscopy
(STM) and density functional theory (DFT) calculations,
we have demonstrated that the chemical reactivity for wa-
ter dissociation on an ultrathin MgO film grown on
Ag(100) substrate depends greatly on film thickness and
is enhanced as compared to that achieved with their bulk
counterpart [H.-J. Shin et al., Nature Mater. 9, 442 (2010);
J. Jung et al., Phys. Rev. B 82, 085413 (2010)]. The
change in the chemical reactivity of ultrathin MgO film
depending on the film thickness can be explained by the
strengthening of the interaction between the oxide and
metal interface layers. Therefore, the artificial manipula-
tion of the local structure at the oxide-metal interface is
expected to play a pivotal role in controlling the catalytic
activity of oxide film [J. Jung et al., J. Am. Chem. Soc.
133, 6142 (2011)]. In this study, we show that the chemi-
cal reactivity of MgO/Ag(100) for the dissociation of in-
dividual water molecules can be systematically controlled
by interface dopants over the film thickness. We intro-
duced the 3d transition metal (TM) dopants (Sc ~ Zn) into
the oxide-metal interface due to the high tunability with a
number of d electrons. Our study reveals that TM dopants
can be effectively stabilized by an oxide film, which sug-
gests not only that the deposition of ultrathin oxide film is
a promising way to enhance the concentration of dopants
at the interface by the drawing effect of oxide film but also

that the concentration of dopants at the oxide-metal inter-

Surface and Interface Science Laboratory

(Laboratory Head: Yousoo Kim)

face depending on the kind of dopant is quite predictable
using the relative oxygen affinity of TM dopants. The
double-humped pattern in chemical reactivity of ultrathin
oxide film depending on the dopant can be explained by
the variation in adhesion energy, which reflects the amount
of local hybridization between the electronic states of the
TM dopant and oxide film, that is, ligand field effect, at
the interface. The amount of d state splitting of the TM
dopant caused by the ligand field formed by the oxide film
fully correlates to the pattern of chemical reactivity
change. Therefore, our results provide strong impetus for
introducing and characterizing interface irregularity from
the atomic-scale insights accumulated thereby. Such chal-
lenges could result in a significant ripple effect on the de-
velopment not only of heterogeneous catalyst but also of
novel potential materials, in which the interface plays a
pivotal role in determining the function of materials, such
as the electronic and magnetic conductivity of complex
oxide materials and the tunneling barrier of magnetic tun-

neling junction systems.

@ Publication

(Papers)

Jung J., Shin H.-J., Kim Y. and Kawai M.: Ligand field ef-
fect at oxide-metal interface on the chemical reactivity
of ultrathin oxide film surface. J. Am. Chem. Soc. 134,
10554 (2012) published*

Jung J., Kang S. and Han Y.-K.: Ligand effects on the sta-
bility of thiol-stabilized gold nanoclusters: Au,;(SR),,
Au,y(SR),,, and Au,,(SR),,. Nanoscale 4, 4206 (2012)
published*

Kim J.-H., Tahara K., Jung J., De Feyter S., Tobe Y.,
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Kim Y. and Kawai M.: Ordering of molecules with
7 -conjugated triangular core by switching hydrogen
bonding and van der Waals interaction. J. Phys. Chem.
C 116, 17082 (2012) published*

Arafune R., Shin H.-J., Jung J., Minamitani E., Takagi N.,
Kim Y. and Kawai M.: Combined scanning tunneling
microscopy and high-resolution electron energy loss
spectroscopy study on the adsorption state of CO on
Ag(001). Langmuir 28, 13249 (2012) published*

@ Oral Presentation

(International conferences)

Jung J., Shin H.-J., Kim Y. and Kawai M.: “Controlling
chemical reactivity of ultrathin oxide film grown on
metal substrate by interface manipulation” The 8th
KIAS Electronic Structure Calculation Workshop,
Seoul Korea, June (2012)

Jung J., Shin H.-J., Kim Y. and Kawai M.: “Ligand field

effect at oxide-metal interface on the chemical reactiv-
ity of ultrathin oxide film grown on metal substrate with
interface dopants” The 16th International Conference
on Solid Films and Surfaces (ICSFS-16), Genoa Italy,
July (2012)

(Domestic conferences)

Jung J., Shin H.-J., Kim Y. and Kawai M.: “Controlling
chemical reactivity of ultrathin oxide film by interface
manipulation” The 6th Surface and Interface Spectros-

copy, Osaka Japan, December (2012)

@ Poster Presentation

(International conferences)

Jung J., Shin H.-J., Kim Y. and Kawai M.: “Ligand field
effect at oxide-metal interface on the chemical reactiv-
ity of ultrathin oxide film surface” The 14th Interna-
tional Conference on Vibrations at Surfaces (VAS-14),

Kobe, Japan, September (2012)

Biophysical Investigation in the Development of Tissue Formation by Focus on Cell-

Physiological and Bio-Kinetic Interactions

Name: Marcel Hoerning

Host Laboratory: Center for Developmental Biology

Description of research:

During this fiscal year we have established the experi-
mental setup of cardiac tissue culture. We got approved
the application of the animal experiment use in RIKEN,
established the culture setup and performed first experi-
ments to adjust and improve culture techniques. We suc-
cessfully obtained confluent tissue of cardiomyocyte cells
from a primary culture of neonatal rats. Intracellular cal-
cium dynamics are observed macro- and microscopically
and checked to be consistent with previous observations.
Also we started to establish the setup for controlling the
rigidity of the extracellular matrix (ECM) that will allow
us to investigate the influence of the ECM on the tissue
formation during the developmental stage, so that we are
able to understand the previously observed enhancements
of cellular physiology and cellular kinetics when the ri-

gidity of ECM and tissue matches.

Laboratory for Physical Biology
(Laboratory Head: Tatsuo Shibata)

Further, we have established the collaboration with the
Frey Initiative Research Unit (RIKEN QBIC), where we
successfully cultured cardiac tissue on CMOS-integrated
micro-sensors. First results showed a promising way to
study developmental stages during the formation of con-
fluent tissue from single cells without the use of addition-
al drugs that may influence the tissue formation.

Additionally, we established an observation and analy-
sis protocol to study reaction dynamics on membranes of
single dictyostelium cells. Fast spin-confocal microscopy
was performed to obtain reaction dynamics in space and
time (4D) and a Matlab program was implemented that
allows us to map and analyze those reaction dynamics.
First results revealed novel insights, which have not been
observed before at studies that were performed in 2D such
as pacemaker dynamics. We plan to use this technique to

study the influence of the extracellular matrix similar to
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that of the cardiac tissues.

Besides the above-mentioned investigations, theoreti-
cal studies that have been investigated previously were
finished and published as it can be seen in the publication
list below. Those studies are related to the control of pat-
tern formation in cardiac tissue that enhances the under-
standing on recovery techniques of disordered heart states

such as arrhythmia and fibrillation (heart attack).

@ Publications

(Papers)

P. Bittihn, M. Hoerning, and S. Luther, “Negative curva-
ture boundaries as wave emitting sites for the control
of biological excitable media”, Physical Review Letters,
109, 11, 118106, 2012 (Selected as: Editors’Suggestion)

M. Hoerning “Termination of pinned vortices by high-
frequency wave trains in heartlike excitable media with
anisotropic fiber orientation”, Physical Review E, 86, 3,
031912, 2012

M. Hoerning, S. Takagi and K. Yoshikawa, “Controlling

activation site density by low-energy far-field stimu-

lation in cardiac tissue”, Physical Review E, 85, 6,

061906, 2012

@ Oral Presentations

(International conferences)

“Cells can sense when they are home - Rigidity sensing
of cardiac cells leads to cell-morphological and cell-
physiological optimization”, International Workshop
on Quantitative Biology 2012, Tokyo, Japan, 11/2012

(Domestic conferences)

“Rigidity Matching between Cells and the Extracellular
Matrix Leads to the Stabilization of Cardiac Conduc-
tion ”, 50th Annual Meeting of the Biophysical Society
of Japan, Nagoya, Japan, 09/2012

“Determining the ratio of longitudinal to transverse con-
ductivity in a cardiac tissue culture through application
of low electric Far-Field Pacing”, 50th Annual Meeting
of the Biophysical Society of Japan, Nagoya, Japan,
09/2012

"Control of Heart waves”, Lecture at Meiji University,

Kanagawa, Japan, 09/2012

Investigating the Physiological Functions of Long Non-Coding RNAs as Novel Splicing

Regulators

Name: Yuen Yan Ip

Host Laboratory: Advanced Science Institute

The function and the mechanism of action on gene ex-
pression of the mammalian neuron-specific long non-cod-
ing RNA Gomafu are being investigated in this study. The
transcriptomes of resting and activated neurons harvested
from wildtype and Gomafu knock-out mice had been se-
quenced. Currently, this data is being analyzed to identify
endogenous target genes regulated by Gomafu after neu-
ral depolarization. Preliminary analysis indicates that the
alternative splicing of the majority of cassette exons in
neurons is not regulated by Gomafu. However, a group of
genes showed differential expression between the wild-
type and the Gomafu knock-out neurons. This suggests
that Gomafu regulates gene expression through affecting

other step(s) of the gene expression pathway. These target

RNA Biology Laboratory
(Laboratory Head: Shinichi Nakagawa)

genes will be further studied to decipher the molecular
mechanisms of the regulation by Gomafu. From this data,
alternative exons that are not previously known to be reg-
ulated after depolarization of wildtype neurons are also
identified. These exons are not only from genes with neu-
ral functions but also from genes that encode regulators of
splicing, in agreement with previous findings that some
splicing factors are alternatively spliced in depolarized
neurons thereby changing the splicing patterns of other
genes. The regulation of these exons and the functions of
these isoforms will also be further studied.

In addition, the nematode C. elegans is being used to
study the regulation of alternative splicing by Gomafu, in

an evolutionary context. C. elegans lines that stably co-
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express in muscle cells a splicing reporter and expression
vectors of Gomafu have been established. These lines will
be used to screen for proteins that function with Gomafu
to regulate the splicing of pre-mRNA expressed from the
reporter. In addition, to directly address the effect of Go-
mafu in the nervous system of C. elegans, sets of expres-

sion vectors of Gomafu driven by different neuronal pro-

moters are being made and will be used to generate C.
elegans lines that stably express Gomafu in neurons only.
Altogether, these studies are designed to elucidate the role
of Gomafu as a regulator of gene expression in the ner-
vous system and to survey the changes in gene expression

during neuronal depolarization.

Research Topic: Development of Hybrid Technology Based on Femtosecond Laser Processing

for Fabrication of Highly Functional Microchips

Name: Dong Wu

Host Laboratory: Advanced Science Institute

Recently, biochips fabricated by femtosecond (fs) laser
three-dimensional (3D) micromachining have attracted
great attentions due to their high performance in biologi-
cal and chemical experiments. Femtosecond laser-assisted
wet etching (FLAE) can directly fabricate 3D microfluid-
ic structures inside glass and integrate some functional
microcomponents such as microoptics and micromechan-
ics. But FLAE is somewhat weak in integrating compli-
cated functional components with micro and nano scales
due to its limited fabrication resolution. On the other
hand, two-photon polymerization (TPP) can easily fabri-
cate micro and nano components with functions of filter-
ing, mixing and so on. But TPP spends lots of labor and
times to fabricate 3D microfluidics due to its bottom-up
fabrication nature.

In this work, to compensate each weak point, we ad-
opted a novel strategy which fuses femtosecond laser TPP
and FLAE to integrate 3D complex polymer microdevices
into glass-based microfluidic devices for highly function-
al applications. We have set up a high-precision 3D fem-
tosecond micromachining system which successfully fab-
ricated 3D microchannels embedded in glass. After filling
the channel with the SU-8 polymer, the parameters for
TPP were optimized. We found that the two times larger
laser power was required for TPP in channel as compared
with TPP on the surface. This may be caused by the reflec-
tion or scattering at the glass surface and the internal wall

of channel and the absorption of the polymer. Then, a se-

Intense Attosecond Pulse Research Team

(Laboratory Head: Katsumi Midorikawa)

ries of polymer microstructures from 1D nanolines to 2D
controllable micropatterns to 3D complex microcages
were integrated in 3D glass microchannels. Furthermore,
3D microfilters with 5 um-size holes were fabricated,
showing excellent filtering functions. The 2 and 4 um mi-
croparticles can freely pass through the filter because the
particle size is smaller than the hole size. But 6, 8, and
10um-diameter particles were hindered by the filter due to
its bigger size. We also could control the hole size by ad-
justing the laser power from 100 uw to 500 uW. The SEM
images show that the hole sizes can be controlled from 6.2
um to 0.6 um. These different sizes of microfilters could
be used for filtering particles with different sizes. We fur-
ther designed a novel device which functioned as both
filtering and mixing. Integration of such a multifunctional
device is important to enhance the performance of micro-
fluidics. The filter-mixer device was integrated into a 3D
embedded microchannel. The mixing performance in Y-
shaped microfluidic structure integrated with and without
the microdevice was compared. One fluid used for mixing
demonstration was water and the other was rhodamine B.
It was found that the laminar flow of two fluids was pro-
duced in the channel without the microdevice, whereas
the channel integrated with the microdevice showed high
performance in fluid mixing. In addition, the device
showed filtering functions. Some big particles were fil-
tered by this device. The mixing efficiency of device was

quantitatively characterized by extracting the scanning

- 197 -



profiles of color intensities from optical microscopy im-
ages across the microstructures at the inlet and outlet area.
By the calculation, the mixing efficiency as high as 87%
was achieved. At last, the 3D integrated microfluidics was
applied to on-chip synthesis of ZnO microflower-like
structures by the mixture of solvents using zinc nitrate and

ammonia water.

@ Publications

(Papers)

1.WuS.Z.,WuD., XulJ., Hanada Y., Suganuma R., Wang
H. Y., Makimura T., Sugioka K., and Midorikawa K.,
Characterization and mechanism of glass microwelding
by double-pulse ultrafast laser irradiation, Opt. Express
20, 28893 (2012).

@ Oral Presentations

(Domestic conferences)

Dong Wu, Jian Xu, Sizhu Wu, Koji Sugioka, and Katsumi
Midorikawa, 3D functional microchips by hybrid fs la-
ser microfabrication technology, JSAP (The 73rd Japan
Society of Applied Physics Autumn Meeting, 2012),
Matsuyama, Japan, September 11-14, 2012.

(International conferences)

Dong Wu, Jian Xu, Sizhu Wu, Koji Sugioka, and Kat-
sumi Midorikawa, Development of hybrid technology
based on femtosecond laser processing for fabrication
of highly functional 3D microchips, LPM (13th Inter-
national Symposium on Laser Precision Microfabrica-

tion), Washington, DC, USA, June 12-15, 2012.

Preparation of Growth Factor Immobilized Injectable Hydrogels with Strong Adhesion for

Soft Tissue Engineering

Name: Di Zhou
Host Laboratory: Advanced Science Institute

In the present study, the aim is to develop an injectable
in situ gelating hydrogel based on gelatin that can be ap-
plied in a minimally invasive procedure for soft tissue re-
generation. To achieve this, gelatin was grafted with hy-
droxyphenyl side groups using 3-(4-hydroxyphenyl)
propionic acid N-hydroxysuccinimide ester (PA). In situ
gelation is subsequently induced by horseradish peroxi-
dase (HRP) mediated reaction in the presence of peroxide
(H,0,) which results in covalent bonding of hydroxyphe-
nyl groups.

The evaluation in vitro of hydrogels by 3D culturing of
human umbilical vein endothelial cells (HUVECs) and
human dermal fibroblasts (hDFBs) indicated that the hy-
drogels showed good biocompatibility, most cells cul-
tured in the gelatin-PA hydrogel were viable, spreading
and proliferated. After two weeks culturing, HUVECs in-
side gelatin-PA hydrogels spread to connect with other
cells nearby and formed some small tubular structures;
hDBFBs cultured within gelatin-PA hydrogels were in-
creasingly spindle-shaped and polygonal.

Nano Medical Engineering Laboratory
(Laboratory Head: Yoshihiro Ito)

Our current research demonstrated that in situ enzy-
matically gelating gelatin to chemically cross-linked hy-
drogels have good application prospects for soft tissue

regeneration.

@ Publications

(Review articles)

Di Zhou and Yoshihiro Ito: Inorganic material surfaces
made bioactive by immobilizing growth factors for
hard tissue engineering, RSC advances, 2013, accepted.

(Books)

Ponnurengam Sivakumar Malliappan, Di Zhou, Tae
11 Son, and Yoshihiro Ito: Biomimetics: Advancing
Nanobiomaterials and Tissue Engineering, John Wiley-

Scrivener Publishing, USA, submitted.

@ Oral Presentations
(International Conference)
Di Zhou, Xiaoyue Zhou, Takashi Kitajima and Yoshihiro

Ito: “In situ enzymatically gelating gelatin to chemical-
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ly cross-linked hydrogels for soft tissue regeneration”,

The 9th SPSJ International Polymer Conference, Kobe,

JAPAN, December 11-14, 2012

Nano Porous Material Incorporated Flow Based Immuno-Assay Platform Development for

High Sensitive Detection of Disease Biomarkers in Human Blood

Name: Sang Wook Lee

Host Laboratory: Advanced Science Institute

The purpose of my research in Riken is to realize im-
munoassay platform combining three unique techniques
such as 3-D porous material, signal amplification and mi-
crofluidics to improve detection sensitivity of immunoas-
say, and to apply real clinical samples.

Before coming Riken, I focused on developing micro-
array based immunoassay platform to improve detection
sensitivity of clinical biomarkers in real sample. In the re-
search, 3-D macro-porous silicon surface and antibody
amplification system were combined to realize the goal.
Some proof of concept and reasonable data were coming
out the research.

To further extends, I involved microfluidics to consti-
tute immunoassay platform in Riken's first fiscal year be-
cause the technique has advantages in small scales such as
high speed reaction time, small sample consumption and
SO on.

Sandwich immunoassay, immobilizing capturing anti-
body on the surface and fishing target antigens by anti-
body-antigen reaction is a main stream assay for detection
biomarkers in clinical sample because it offers high sensi-
tive and selective detection. Since immobilization of cap-
turing antibody is one of the time consuming and impor-
tant step for sandwich assay, it was conducted in
microchannel for investigation how much improvement
of immobilization under the condition.

Two biomarkers were tested on the system. One is PSA
(prostate specific antigen), which generally used to diag-
nosis of prostate cancer or prostate related disease. The

other is alpha-Synuclein as a potential biomarkers of

Bioengineering Laboratory
(Laboratory Head: Mizuo Maeda)

Parkinson's disease. The biomarkers were first prepared
in pure solution such as PBS and also spiked in complex
sample such as Human serum to increase the reality of
assay to real clinical sample. For amplification of signal,
two polyclonal antibodies were incubated which primary
antibody for targeting the biomarkers and FITC labeled
secondary antibody targeting the primary antibody.

For good assay result, incubation time (immobilization
time) was taken over 4 hours and 100pg/mL of capturing
antibody is necessary. LOD is around 100pg/mL with 10*
orders of dynamic ranges in both biomarker assays. Even
though such assay results could be achieved within 1 hour
in microfluidic format, total assay time including immobi-
lization step should be counted at least 5 or 6 hours.
Moreover, those two results were not improved compared
to my pervious microarray based assay platform (LOD
was 800fg/mL in serum spiked PSA assay and 50pg/mL in
CSF spiked alpha-Synuclein).

Those results however, give a clear way to realize assay
platform which microchannel should be positioned onto
porous material antibody microarrays. Since small drop-
let (sub pico to nano liter) of microarray has high-speed
evaporation, antibody would be concentrated and immo-
bilized on the surface in short period. Such high concen-
tration antibody microarray make it possible to bind more
target when assay would be performed. When microchan-
nel are positioned onto microarray, the platform would be
achieved not only high sensitive biomarker detection, but

also time and cost saving assay methods.
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Thermalization in Heavy Ion Collisions from Holography

Name: Shu Lin

Host Laboratory: Nishina Center for Accelerator Based Science

The mechanism of fast thermalization in heavy ion col-
lisions is an important question remains to be understood.
The gauge/gravity duality allows for a mapping from ther-
malization in strongly coupled field theory to black hole
formation in gravity theory. Previous studies suggested
correlation functions in general thermalize slower than the
corresponding one point function. We used a gravitational
collapse model to study the thermalization process in
heavy ion collisions. In particular, we studied time evolu-
tion of spatially integrated correation function and found
the singularities of the correation function satisfy a geo-
metric optics picture in the gravity theory. The locations of
the singularities were determined as the bouncing points of
light rays on the boundary. As the field thermalizes, the
singularities evade to future infinity and become weaker at
the same time. The pattern of singularities allow us to de-
fine a time scale. It is interpreted as the scale for temproal
decoherence, which governs the dynamics at early stage of
heavy ion collisions. We found the time scale is inversely
proportional to the temperature and has nontrivial depen-

dence on the intrinsic scale of the field theory.

Theory Group
(Laboratory Head: L.McLerran)

@ Publications

(Original Papers)

Erdmenger J. and Lin S.: Thermalization from gauge/
gravity duality: Evolution of singularities in unequal
time correlators. JHEP 1210 028 (2012)

@ Presentations

(International Conferences)

Lin S.: Evolution of singularities in unequal time corre-
lator in thermalization of quark gluon plasma. Quark
Matter 2012, Washington D.C., USA, August (2012).

Lin S.: Gravity dual of thermalization in strongly coupled
gauge theory. Frontier Physics Working Month, Bei-
jing, China, August (2012).

Lin S.: Evolution of singularities in thermalization of
strongly coupled gauge theory. Holographic Thermal-
ization, Leiden, the Netherlands, October (2012).

(Domestic Conferences)

Lin S.: An anomalous hydrodynamics for chiral su-
peprfluid. Chiral Dynamics 12, Newport News, USA,
August (2012).

Research Topic: New Era of Chemical Library Development Using Biomediator

Name: Suresh Panthee

Host Laboratory: Advanced Science Institute

We identified that BR-1, a 3 -carboline compound, in-
duced the production of reveromycins (RMs), at a con-
centration of as low as 350 nM. Extensive structure activ-
ity relationship study was conducted in order to find more
potent biomediator as well as to find the biomediator from
natural source. Research was focused on the identification
of mechanism by which BR-1 induced RMs and other
secondary metabolites. By DNA array, it was found that
BR-1 selectively upregulated RM biosynthesis in Strepto-

Chemical Library Validation Team
(Laboratory Head: Hiroyuki Osada)

myces reveromyceticus. Binding of BR-1 to RevU, a
Large ATP binding regulator of the LuxR (LAL) family of
regulator, was confirmed by beads binding assay. C-termi-
nus of the LAL regulators harbors a LuxR domain that has
a DNA binding motif. Based on this, it was speculated that
RevU binds to its own promoter to activate the expression
of itself and downstream genes. Putative RevU binding
sequence was found on the promoter regions of revU,

revC, revQ, revJ, revK, revT, and revA. Binding of RevU
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to its own promoter was confirmed by gel mobility shift

assay.

@ Presentations

(Domestic conferences)

1. Panthee S, Takahashi S, Hayashi T, Shimizu T, Fu-
tamura Y, and Osada H. f3-carboline compounds as
biomediator of secondary metabolism in Streptomyces
reveromyceticus. Annual meeting of JSBBA 2012

2. Panthee S, Takahashi S, Hayashi T, Shimizu T, Muroi
M, Futamura Y, and Osada H. Identification of small
molecules inducing reveromycin production. SAJ 2012

3. Panthee S, Takahashi S, Hayashi T, Shimizu T, Mu-
roi M, and Osada H. Secondary metabolite production

in Streptomyces can be induced by B-carboline com-
pounds. JSBBA 2013

(International conferences)

1. Takahashi S, Panthee S, and Osada H. Novel compound
which up-regulates secondary metabolite gene cluster.
International Conference of Natural Products Biosyn-
thesis (ICNPB,)Enzymology, Structural Biology, Drug
Discovery and Genome Mining, June 17-22 2012-Aw-
aji Shima, Japan

2. Takahashi S, Miyazawa T, Kumano T, Oowada E,
Takagi H, Panthee S, Nogawa T, Hayashi T, Shimizu
T, Uramoto M, Matsumoto K, and Osada H. Mecha-
nism of 2-alkylmalonyl-CoA formation in reveromycin
A biosynthesis. ISBA 2012

Beta-Decay Spectroscopy of Very Neutron Rrich Zr-Ag Nuclei, Including the R-process
Waiting Point '*Pd

Name: Giuseppe Lorusso

Host Laboratory: Nishina Center for Accelerator Based Science

The rapid neutron capture process (r-process) is one of
the main nucleosynthesis process operating in the Uni-
verse, and is responsible for the production of about half
of the existing chemical elements heavier than iron. How-
ever, the exact site of the process and the it conditions are
unknown, partially due to the nuclear physics uncertain-
ties. One of the main nuclear physics uncertainty is the
unknown evolution of the N = 82 shell gap.

In the present study, a decay spectroscopy experiment
has been performed at the the Radioactive Isotope Beam
Factory (RIBF, RIKEN) for neutron rich nuclei below
32Sn. The goal of the experiment was to provide experi-
mental inputs for the r-process calculations, as well as to
gain insight in the nuclear structure of r-process nuclei.

The nuclei of interest were produced by fission of a 345
MeV/A 23U primary beam colliding with a °Be target.
Beam purification was provided by the BigRIPS fragment
Separator. The fragments of interest were unambiguously
identified, and their following beta decays were recorded
by the WAS3ABI silicon stopper in conjunction with the
EUROBALL gamma-ray detector. Implanted nuclei were

Radioactive Isotope Physics Laboratory
(Laboratory Head: Hiroyoshi Sakurai)

correlated with their subsequent decays on an event-by-
event basis, allowing for the direct measurement of half-
lives, beta-delayed gamma rays, and gamma rays from
implanted microsecond isomers. With three different Bi-
gRIPS settings, very neutron rich isotopes for more than
15 elements from Zr to Sn were accessed. More than 30
new half-lives were measured, including the two new r-
process waiting points: ?Pd and '”’Rh. New microsecond
isomers were also identified and their decay recorded.
This large set of data is currently under analysis and it will
provide direct input for r-process calculations, new in-
sights in the nuclear structure in this region and will im-
prove parametrization of mass formula, invaluable to

model r-process nucleo-synthesis.

@ Publication

(Original paper)

Giuseppe Lorusso, A. Becerril, A. Amthor, T. Baumann, D.
Bazin, J.S. Berryman, B.A. Brown, R.H. Cyburt, H.L.
Crawford, A. Estrade, A. Gade, T. Ginter, C.M. Hausmann,
P.F. Mantica, M. Matos, R. Meharchand, K. Minamisono, F.
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Montes, G. Perdikakis, J. Pereira, M. Portillo, H. Schatz, K.
Smith, J. Stoker, A. Stolz, R.G.T. Zegers, ‘BETA-DEACY
SPECTROSCOPY IN THE 100 SN REGION: IMPACT
ON RP-PROCESS CALCULATIONS?”, to be published in
the EXON2012 Conference Proceedings book.

@ Presentation
(Interantional Symposium)

Giuseppe Lorusso, “EURICA experimental campaign

2012 with Uranium beam”, 1% workshop on opportu-
nities with BELEN at RIKEN (BRIKEN), Istituto de
Fisica Corpuscolar, Valencia, Spain, 17 - 18, 2012.

(International Workshop)

Giuseppe Lorusso, “Beta-decay studies and implications
for X-ray bursts”, International Symposium on Exotic
Nuclei (EXON2012), Vladivostok, Russia, October
1-6,2012.

Development of Selective Enzyme Inhibitors by Chemically Expanded Molecular

Evolutionary Engineering for Medical Drugs

Name: Sivakumar Ponnurengam Malliappan

Host Laboratory: Advanced Science Institute

Our objective is to prepare super-inhibitors which com-
bine peptide aptamers with small molecule inhibitors
(chalcone and 1,3,5-triphenyl-2-pyrazoline derivatives)
against cyclooxygenase-2 (COX-2) enzyme. It is believed
that COX-2 enzyme is involved in pain and inflammatory
conditions, although another isoform COX-1 is involved
in various pathophysiological functions. In addition, pre-
vious research demonstrated that selective COX-2 inhibi-
tors can be used in therapeutic applications like cancer,
Parkinson’s disease and Alzheimer’'s disease, although
some of the commercial COX-2 inhibitors namely, Rofe-
coxib, Valdecoxib, Etoricoxib and Lumiracoxib have al-
ready withdrawn from the market. Therefore there is a
need for the newer selective COX-2 inhibitors.

In the present study for the development of selective
COX-2 inhibitor assisted by peptide aptamer are devel-
oped by In vitro selection using ribosomal display. As a
part of the project small molecule inhibitors (chalcone and
1,3,5-triphenyl-2-pyrazoline) derivatives were chemically
synthesized and then coupled with tRNA for the ribosom-
al display method. Random sequences of mRNA which
were prepared by us were added to cell-free translation
system with the resultant tRNA and peptide-mRNA-ribo-

somal complexes were formed for the ribosomal display.

Nano Medical Engineering Laboratory
(Laboratory Head: Yoshihiro Ito)

The peptide-mRNA-ribosomal complexes were incubated
with the immobilized COX-2 enzyme and the mRNAs
bound to the COX-2 enzyme target were isolated. The iso-
lated mRNAs were converted to dsDNA and these pro-
cesses were repeated several times. To avoid non-specific
binding several negative selections were also performed
using COX-1 enzyme. Once the target specific mRNAs
were attained, they were converted to DNA. After ampli-
fication, the DNAs were cloned and sequenced. From the
sequences, the peptide aptamer sequences which are spe-
cific against COX-2 enzyme were indicated. The peptide
aptamers plus small molecules were synthesized using the
solid phase synthesis method. In near future, we plan to
test the specificity and potency of the aptamer-inhibitors

against COX-2 as well as COX-1 enzyme.

@ Publications

Ponnurengam Sivakumar Malliappan, Di Zhou, Tae Il
Son, and Yoshihiro Ito,”Design and synthesis of pho-
toreactive polymers for biomedical applications”, in
“Biomimetics: Advancing Nanobiomaterials and Tis-
sue Engineering” ed by Murugan Ramalingam, Xiumei
Wang, Guoping Chen, Peter Ma, and Fu-Zhai Cui, John
Wiley-Scrivener Publishing (USA) accepted (2013)
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The Role of Cytosolic Free Calcium ([Ca*']

o) iN Plant Immunity

Name: Anuphon Laohavisit

Host Laboratory: Plant Science Center

Background Cytosolic free calcium ([Ca®']_,) is an im-

oyt
portant signal in animals and plants in which small pertur-
bation can influence many processes including plant de-
velopment and responses to abiotic and biotic stress.
Calcium has been shown to be important in plant immu-
nity signalling. During pathogen invasion, PAMPs (patho-
gen associated molecular patterns) trigger PAMP-trig-
gered immunity (PTI) which involves [Ca*’], elevation.
However, the mechanism of [Ca*],, elevation and the im-
mediate downstream targets are largely unknown. This
study aims to elucidate the role of calcium by identifying
novel components of calcium signalling in plant immuni-
ty.

Progress to date Chemical screening is being employed
to identify novel components of calcium signalling in
plant immunity. Chemical screening offers several advan-
tages over genetic screening, including overcoming ge-
netic redundancy which is a recurring problem in calcium
signalling research. Wild-type Arabidopsis seedlings ex-
pressing apoaequorin challenged with flagellin 22 (fig22;
a potent PAMP) will be screened against 1,000 natural
compound libraries. So far, seeds of these plants are being
bulked up while the screening method is being optimised
in the luminometry plate reader for high throughput
screening. EMS mutagenesis is also being carried out for
wild-type Arabidopsis seeds. Its purpose is to generate an
EMS library and will be used to complement the chemical
screening. Hypothetically, if the chemicals which reduce
or enhance [Ca*"],, elevation during flg22 application are

identified, their genetic targets can be screened from an

Plant Immunity Research Group
(Laboratory Head: Ken Shirasu)

EMS library. So far, these plants are about 3 weeks old. At
4 weeks old, they will be assessed for chlorotic sectors
caused by somatic segregation of organellar mutations.
These will help to assess whether the seeds were success-
fully mutagenised.

While the preparations are being carried out for screen-
ing experiments, I have carried out experiments on two
other topics. One is the potential role of CpG motif-con-
taining DNA as a novel PAMP in plant immunity and the
other is the identification of novel salicylic acid (SA)
transporters which are still largely unknown in Arabidop-
sis. CpG motif-containing DNA has been shown to induce
PTI in mammalian cells. In plants, several lines of evi-
dence suggest that CpG motif-containing DNA may also
elicit PTIL. To test this hypothesis, ROS production is mea-
sured when the plant is challenged with CpG motif-con-
taining DNA. Unfortunately, given that the current detec-
tion system has low sensitivity, no ROS production was
observed upon addition of CpG motif-containing DNA to
seedlings to date. Improvements are now being investi-
gated to improve ROS detection. To identify novel SA
transporters, a modified yeast two hybrid system based on
identifying ABA transporters is being employed. The
NRT family transporters cDNA from Arabidopsis capable
of inducing interaction between the SA receptors will be
screened under low SA concentrations. At the present,
yeast cells expressing putative SA receptors are being cul-
tured over a range of SA concentrations to identify the
lowest SA concentration which can be used to screen for

SA transporters.
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Ring-Opening of Aziridines by C-H Addition of Arenes Catalyzed by Cationic Rhodium

Species

Name: Guoyong Song

Host Laboratory: Advanced Science Institute

In this work, the catalytic C-H addition of various
arenes with a directing group to aziridines was achieved
by using a cationic rhodium catalyst. under optimized
conditions, i.e. [RhCp*CL], (7.5 mol%), AgClO, (30
mol%) and 1,1, 2,2-tetrachloroethane under 100 degree,
the coupling of 2-phenyl-pyridine and 2-phenyl-N-tosyl-
aziridine could afford a f-aryl amine in good yield via
C-H activation and functionalization. Various substitutes,
including electron-rich or -poor were tolerant with this
catalytic system, forming a new family of f3 -aryl amine
derivatives in moderate to good yields. Several important
reaction intermeidates, including an eight-membered rho-

dacycle, were isolated and characterized by X-Ray crys-

Organometallic Chemistry Laboratory
(Laboratory Head: Zhaomin Hou)

tallographic analysis. Furthermore, the reactivities of
these rhodium intermediates in stoichiometric reactions
with relevant substrates have invesvated, thus offering
important insight into the mechanistic aspects of the cata-
lytic reaction. Kinetic isotope effect (KIE) study suggest-
ed that the C-H activation is not involved in the rate-deter-
mined step. Based on experimental observations, a
proposed mechanism was described, including cyclo-
metalation via C-H activation, ligand exchange, and nu-
cleophilic addition. These results may offer important
implications for further development of C-H activation

and functionalization reactions.

One-Step Fabrication of 2-D Organic Nanowire Array under Magnetic Field

Name: Wei Zhang

Host Laboratory: Advanced Science Institute

Inthepresentstudy, a Rucomplex (Ru(bpy),(py),(OTf),)
was synthesized and its photo-chemistry properties were
studied. In aqua solution, this complex underwent photo-
cleavage to release on Pyridine ligand (py) upon photo
irradiation around 450 nm. In the dark, the Pyridine li-
gand (py) will re-coordinate to Ru complex slowly. Tak-
ing advantage of the photo-reversible ligand cleavage, we
are trying to design a new hydrogel with photo responsive

properties.

Bioinspired Material Research Team
(Laboratory Head: Yasuhiro Ishda)

@ Publication

(Original paper)

Zhang W., Jin W., Fukushima T., Ishii N., and Aida T. Dy-
namic or Non-dynamic? Helical Trajectory in Hexa-
benzocoronene Nanotubes Biased by a Detachable Chi-

ral Auxiliary. J. Am. Chem. Soc. 2013, 135, 114-117.
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Application of Non-Perturbative Functional Methods in Strong Interactions

Name: Gergely Fejoes

Host Laboratory: Nishina Center for Accelerator Based Science

As a new FPR fellow, I have done investigations re-
garding the spontaneous breaking of the so-called chiral
symmetry of the strongly interacting matter (i.e. quark
and gluon particles). At extreme environmental condi-
tions, such as high enough temperature and/or density,
this symmetry recovers and it is accompanied by the so-
called deconfinement transition. During these transitions,
quark and gluon particles manage to get free from the in-
side of hadrons (e.g. protons and neutrons), and since the
early Universe had extremely high temperature and den-
sity, this transition must have occured in Nature a long
time ago. Due to this, studying the properties of the chiral
symmetry breaking and restoration are of great impor-
tance.

At finite temperature and density, properties of the
aforementioned phase transitions can only be studied via
effective models of the strongly interacting matter (solv-
ing the fundamental theory, called Quantum Chromody-
namics has various difficulties). One of the most popular
theory, the U(n)xU(n) model was the object of my current
research (here ,,n” refers to a general number of flavors
(types) of quark particles). Even though lots of experi-
mentally verified data have been extracted from this mod-
el, patterns of chiral symmetry breaking have not been
studied carefully before. Surprisingly, even contradicting
statements can be found in the literature concerning this
question in the U(n)xU(n) model.

I managed to show that, regarding to strong interaction
applications, there is only one type of symmetry breaking
possible in this theoretical framework, indicated by U(n)
xU(n)->U(n). It turned out that, the origin of some mis-
leading statements found in the literature was the applica-
tion of not properly used approximations. The proof of the
statement [ worked out has several steps. First I searched
for all the local minima of the energy functional of the
theory at the so-called classical level. As already pointed

out in the literature, I found various types of local minima

Quantum Hadron Physics Laboratory
(Laboratory Head: Tetsuo Hatsuda)

of this functional, describing several different ground
states realizing the chiral symmetry breaking of the
strongly interacting matter. The key observation was that,
they turned out to be physically equivalent, describing the
same symmetry breaking pattern. In order to show that
this observation remains true at non-classical, but quan-
tum level (which describes Nature actually), I used one
type of functional methods of quantum field theory, the
so-called Functional Renormalization Group formalism.
First I proved the statement for n=2, using a certain ap-
proximation, then realized that it is even true for n>=2,
without using any approximations. This nice observation
also led to a conclusion which pointed out the incomplete-
ness of previous studies of the topic.

Since it is a natural step to build phenomenology upon
these results, I would like to continue doing research in

this direction.

@ Publication

(Original paper)

Fejos G.: Chiral symmetry breaking patterns in the U(n)
xU(n) meson model
Phys. Rev. D87,056006 (2013)
arXiv: 1212.3415

@ Oral Presentation

(international seminar)

Fejos G.: Chiral symmetry breaking patterns in the U(n)
xU(n) meson model
Theoretical Particle Physics Seminar, Eotvos Univ. Bu-
dapest, Hungary (2012/12/21)

(domestic workshop)

Fejos G.: Spontaneous symmetry breaking in the U(n)
xU(n) model
Workshop on ‘Future Prospects of Hadron Physics at
J-PARC and Large Scale Computational Physics 2013,
J-PARC, KEK theory center (2013/02/11-13)
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Role of Epigenetic Mechanisms in Circadian Clock Entrainment

Name:

Host Laboratory:

Circadian rhythmicity is clearly seen in the sleeping
and feeding patterns of animals, including human beings,
but patterns can also be observed in body temperature,
brain activity and hormone production. The circadian
clock is a key biological system. Even though significant
progress has been made in our understanding of the mech-
anisms controlling these biological rhythms, there re-
mains a number of unanswered questions. One of the
challenges is to explain how the clock system makes a
transition from a steady state in embryonic stem cells to
an oscillatory behavior in all differentiated cells. Our intu-
ition is that epigenetic mechanisms play a crucial role, and
may be part of this missing link.

In recent years, major advances have been reported in
Epigenetics. While this dynamic system remains very
complex, the interplay between the multiple changes oc-
curring at the epigenetic level is starting to become clear-
er, in part thanks to efforts on computational modeling.

In the circadian context, several genes such as BMAL1

have already been identified either to be susceptible to

Dimitri Perrin

Center for Developmental Biology
Laboratory for Systems Biology
(Laboratory Head: Hiroki Ueda)

epigenetically mediated regulation, or to have an epigen-
etic activity. It is also well known that significant epigen-
etic reprogramming occurs in mammals during develop-
ment, and it is expected to play a role here.

Our objective is to develop a computational model of
epigenetic changes in the circadian clock, in order to in-
vestigate their role and to assess whether they are involved
in clock disorders. Complementary wet experiments and
advanced data analysis will assist in both developing and
validating this model. This is facilitated by the introduc-
tion of next-generation sequencing, which enables a move
from qualitative to quantitative investigation of epigenetic
phenomena.

To assist model development, we also rely on theoreti-
cal concepts such as reinforcement learning, (where an
“agent” takes “actions” in an environment so as to maxi-
mize some notion of cumulative “reward”), in the sense
that cells try to minimize the stress associated with being

out of phase with the cues received from the environment.
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