— JIATEUEA

R O mismsm

RIKEN







¥Ry 20 FE
2R - EFRRIRZTES

Special and Foreign Postdoctoral Researcher Programs

FY2013 Annual Report

MITBIEANBIEZHRAPR






w B M® /Contents

ERPZSPIMITEELR /Special Postdoctoral Researcher Reports

Z U®IT  Foreword 7

H2X ./ Contents 9

E R4S R EE R /Foreign Postdoctoral Researcher Reports

ECHIT / Foreword 133

H>2x ./ Contents 135







2RI AR ES

Special Postdoctoral Researcher Reports

gk 21 ~ 25 FEIRAE

FY2009 ~ 2013 Appointments






i L & I

AAEHNE, NI T BEE NP L2V ERE 9 2 SRR INEE B D Pk 25 SIS BT %
WHFEHRS T, FERARIDERREOMEIC DOV TR, LFDEED TY,

<EOTORERE>

L% ORPAHN 2 RIS IE S &, DOENED S AR EEEAZICEIRL TV L 2
IiE, ALEMEE D BERIEBIOFRIEDAIR > TVET, TOX D RIRNZ B E Z FRUTE
O T /aitk & UT, REARANT (B SGHBREE) & BB AVFZE b U CIalry - B
(IR 72 i IS HERE 9 2 EERERL 2RI e B Z AR UK Uiz, £ O%OE B DILFEEHIE D
AU, ARIEE O 7 X D BpHC 2B E TN T0E T,
<HIFEDNE>

AHIEEZ ., PFME2ARehS. ARENE, A s EN G TSI H FNICR TX 5
ZhHZ, TON 2 TMICRBIE 5 T LIk D AR A RIEOHWTE & U TERZ AR 9 2 il
T, MRETIVIENEIZ. PEE L EMRYE. BRZE. TR0 2 Z0RY
el C. P CRMInTREZAMIZE T,

SREZ AR O LBIEE (LARZEZE) T, ASHHPHCBW T2/ LT 20
Zedl & B O e 2 B4 U CRE L Ieiealidi e A ISR T 2 BEDH 5 H T, i
. REICKOSEZITO. NS ENEARE TSNS ZERTHEA (EHEE. [
Pk dr) - BEZIT> TOE T, I 1 HETTD, MHAEEPNE ORI Z % T 3 £ =
FREEE LT ZHEHT B LN TEET,

FERPARIIZE B OZ I ANUCH T > TiE. WIEEREE A ENICRITTE 5 K 5 ZAMASE
ZED T, BEIRMNRAR—ADMER, WFeia N OCRIEOFHICOWTHEEZX D . Bk
Kt BRI B EDN SIS 22325 T M TEET,

TR 20 4F 10 H D 513 E RIARSERUSE IS A EREEEZ ERBEORE L E BT R0V, A
HFIEICBV TR D RORREZIRMETE S KD, U= T4 TNTVRAICEEEL TVE T,

CNETIC, 1,460 ZLOEGERIARINIZE R 220 ANTED | BHEOTERERIE 105 e -
TVET,

Ko, A9 HTHIETRE 25 JAFEZIM A, RIED 4 HITEEZRY Y RI Y LOBRER TE L
TVET,

SRR 26 45 12 H
M ATBOE NI AT



(L B
B O RBITHT

- =f
[TV

3K (Publications) DX FD S B, *HZfLIZED

BEGHIEND 5 ek THBH T LML ET,




= R

& Fri 21 £EFHA
(BE) (FARZE)
XXI—020 DAY AT LTIV % BRBIISEHEHE OB Es & KEREfRIH

& Frk 23 EEHFHA
(F3) ( FRFTERRE )
XXII—001 Design and Application of Novel Superconducting Devices with Layered

XXIII— 002
XXHI—006
XXII—007

XXIIT—008
XXIII— 010

XXII—011
XXII—014

XXIII—017

XXIII— 018
XXIII— 019
XXIIT—020

XXIIT—023

XXII—024
XXIII— 025
XXIIT— 026

XXII—027
XXII—028
XXII—029

XXII—030

XXIII—031

Superconductors

B 2RI 2 BRI A O BRI AT

PR RARY T—T VAR~ A b b2 Y ORE e
FEIEFIRE L Z £ DV R Y — LOIERFREEHED MR & 7)1
ik 2 > 787 H OFERERIE

MBI B % 5 7 b &7 7 F 2 M5 A& O AH ELT GBS O i)
F v v T T I XEVICKBIAINCIE S PRI CRERETEA K
DA

WAL Eo) F-RETEVR THEBIS % I BIG O fif]

Determination of QCD Phase Diagram at Finite Real Chemical Potential by
Using the Imaginary Chemical Potential

TR IR O XFBIANC B DWW e, B R e A 71 = X L
DRI & TERERTE T )V O I HARGE

f X AR LR XERDEZE OV T T 7 R —)VEETROHT LWV igh
NY T LHAWER R s—DRHF

DV AVN—=T v I AR ERCEEN T A=K B 74 —0 T
=275 A= DI OWZE

HREOE 2 V87 Ca¥ 2 v —IT X B it MR 510 7 in vivo
TGEIRCERE DT &
TINTIVDERREFH I 2 = — 3 > OREPEN - KERNITZE
AR w7 - Ta—Z RN T UL S 2 B OB YE

ARSI LN SR MEYI DY S 2 B ERHFPEIR L 22 5 IR RER O
Al

REDICRETE BOBFIT 35U Wi R V& > OIE IR O figthT

72 BICGHY AT L S HIiR T B dR e RE O T

TEY 3T ¢ v ZRTRY) O— LEEOBENR RPEDGE X 71 = X L0
fiptHH]

231 Z)UMRDIERIEN L S— THIRICHK T % 7 10— < 7 ZADORIT
& Z Ofgt

Mt st 72 9 5 R 7% oy b — 27 OfiRi]

_9_

(FIRERR) (B
/MU G Ak 15

(FAREXRZ) =y

KK B . 19
LA R, 20
FEHE R e, 21
T 22
FEA T e, 22
IR LS e, 24
[EIEATE 25 25
FE VET] e, 26
S BT o, 27
I B 28
IMFEAR VED) o, 29
R B 30
LI 222 . 31
B —F% e, 31
TS 7T e, 33
I B, 33
ARFFFR) T e, 35
JHHS BT o 35
T AT e, 36
TS B 37
I 22 e, 38



XXHI—032
XXIII—033
XXIIT—034
XXIII— 035

K Y —IE AT U TR E RIS O fitht

LFEIRRTEN 72 O T I B8 20815 T RIEOZZF N O BER
FEE R ORI LE SR 2 P U 7z s 7oz~ w7 AVEBLo) s b
ISAY TV VTN KB 2R ERGEZ LT LR O R

@ FRi 24 £EFH
() ( FAERE )
XXIV—001 <@ bPBiE i B % Bi—n 17Dk

XXIV—002
XXIV—003

XXIV—004
XXIV—005

XXIV—006
XXIV—008
XXIV—009
XXIV—010
XXIV—=011

XXIV—012
XXIV—013
XXIV—014
XXIV—015
XXIV—016
XXIV—017
XXIV—018

XXIV—019
XXIV—=020
XXIV—021
XXIV—023
XXIV—1024
XXIV—026

XXIV—027

XXIV—028
XXIV—029

RNA 7/ WG AR DO REER & BEREAE
7 7 —FAS DO T FERG IS 35U B eA RO PR

i

JEMHIDMRGIEIC K B2 Rt FAE Y R I a L— a3 v FIEORE
BT )b I ERENAIC 51 B ELAER A B R & PR AR O B
aIFE

kRa P VR A B0 2 YEE O BRI ZE

FOHi AR T 3V F—FIH D 72 8 O ish % KBt L— 35— D B¢
AR TG O 7o & D IE B 72 AIEAL & BN B 5 2 Wi%E

PR SO RS X 2 EAU KX A F 2 7 ZADW%E

HEE T < o X B E Ot U —RAEOEME LR & 2 0%
R oD B fig

MR FRER A A VB > T DOR%E
WHFLEDZRINC BT B OV T vy v OBEE L Z Dl
ZHEARITE 7RIC BT % 2 EHIFIREOFUETINTFE

WERD T Z O TEBE R 0 IR LT TNV CIRBFE

2 2t VA VAL & B fETFRIEEY O Zh kP OB

M Ra TV IR O Tz, SO « PR T 27 T+ OIS
X H R CBINNC &K 2 R R SR O H A B s X A = X L D FEh
YRR

B JRBEEHRNCHD < ) AR E O fiRiH

R — DB EESD <N B o YR O JEHEN N ik

AT 57 ¢ 7 QCDICHD < R VY2 DptsE

WP RSB 26 TR D 77 7 F /A RIE PR D BRI A S K
IREMAAE TG REERIC K B B TR S O PRI RE

HREERTRI 3 e~ A 7 0 <Y =¥ 2 L— X OB — 8 oy h
5 IEENINE 2 BRI 208 U CRlek s 2 i ixid s —

AVEFERL © e~ A DMK E 721335 E O THREIRIC B D 2wt RlEK O
figeiy

IKEYIHR D HDE 2 > 78 7 D E2AIIGANC B3 B W%
RPLRRCRIC 350 5 15 — R kAR O 1

PRSP
FAAR B e

(ARERSZ )

PR s
R o R

IS 1 T
BEA B
[T = &7 —
)11 512 —
AP B



XXIV—030

XXIV—031
XXIV—032
XXIV—033

XXIV—034
XXIV—035
XXIV—036
XXIV—037
XXIV—038
XXIV—039
XXIV—040

XXIV—041
XXIV—042
XXIV—043

XXIV—044

XXIV—046

XXIV—047
XXIV—048
XXIV—049
XXIV—050
XXIV—051
XXIV—052
XXIV—053
XXIV—054

PR AR E M 81T 351 % Phosphatidylinositol 3,4,5-trisphosphate > 77 7 )b
D JRAEALFERE & 2 OBEHE E AR O fiRH]

BT (D& OO

FTA T YA LY AT BT 2 MR O 7 DR RTFE DB 7E
JERIY X 172 OV TRERTE 2 791 2 % Te DI B
3

JRHLDIEIIAN L2 S— THINIC & 2 ETRPE S e ho 25 hil IS O iR
3 F T AR T EAa ER) ORI ELE IS

ML C. T L AT > A DBFEEHINAR ORI NT & R 7R R VT IE O RENT
M b — 25 RGNS T 2 AR B /LRI DR D i —
PRETE N KA U 7o WUAE ARt ] B8 D T kv

BB ARERE O fRATT - MUIBTHE RIS A S MIBABRIEA L O Fr 7o 2 1)
MREREE R T2 AR « RET ORININ LD LRI Z EE S — bt
RROFEEICHEHL T

BREGSES A N A A 2o miliE < > > OBH%E

RERIIETT « BAMEK T D707 - st SR IToE

AN pH 22101 K 2 HlIE ) 35 & O 5216 D tasi i il GBS oD fige
]

(R FEMBHEIC K 2 VT ¢ T XV N D& fREERGEfRATIC
&K 2 iU A R A D g

BT 57 w2 a SMUT-HIRZRIR REIC & 2 5@ o7& HE R T8 0
IS

MlabkRE 2 JHT 9 2 HRILEMORER L 7 I /)N A D —wgt
INA XD FHEHOKIRIC X % 7)Y A < — IR OBk R
RBROT—F2 T AT 7245 5 Wt alig o i & il iH

AR EIE I & ORI 20 30 2 MR X 1 = > O FEREM i HHS
7 TNV SIS K B IrF IR OAIERRS B SR G D i

iPS a7z -T2 VR =)V A ™ L ARG JFE DO WS
GABAEBIE S F 7 A HilfE A% o fiRiH

X HRDVEIC K B IR D7) 1 DFE 5 E DS

& Tk 25 FEHRA

pay=

(F3)

XXV—001

XXV—002

XXV—003
XXV—004

(FRFTERRE )
Research and Development of Superconducting Kinetic Inductance Detector

Array for Terahertz Imaging

A b L AEYIBRRIC B 2FHIIRE A 7« =— 2 —,
VLTI ay ROAERRE T OVETIHRS

TARBYA DAV T LT T TN K B ELE O il E
AMD I HETD S ANEGER « /A 7 S— NS D IR & RSO i A Al

L AT

AL A 74
BT NS 75
i1 2 SO Y S 76
B == N 77
FOII T 1L 78
R 79
AT S5 1053 R— 80
P 1111 80
A B 81
STI, T | L 82
P e 83
P DE 84
IREF B 85
TRAS W e 86
T 87
KB BEZAT oo 88
T BB e 89
AR B o 90
LR PR e 91
B2 1L e 92
BAARME o 93
4 B SN 94
FEF B 95
LTy N5 1 OO 96

(FARERZ) (B
R. M. Thushara Damayanthi... 101
R T 102
BT D 103
FER B e 103



XXV—005
XXV—006

XXV—007
XXV—008
XXV—009

XXV—010

XXV—011

XXV—012
XXV—013

XXV—014
XXV—015

XXV—016
XXV—=017

XXV—018

XXV—019
XXV—020
XXV—021
XXV—022
XXV—023
XXV—024
XXV—025
XXV—026
XXV—027

XXV—028
XXV—029

XXV—030

XXV—031

X< A 7ahna) A—2IC X 2 KRB O HH

AN RNA OFBALR BB i 72 2510 U 7GRt M i e i BLiE O
B¢

MlEREE 2 5 58 U TN S 7 HVIGERDERNET Y V7
NBIE < O THREZ W TIABRRERD XY Y AT R VO
Tz L SRS D < Vil IO TR 2 8 7 B O G i
ZALFITA

KeBERIE— LTS 5 @mEoENZHT 5 XA VEY R
MOBHTE

IRFIAME A LB B JE D R A% D /MR M IR X F X 7
Z DR

DC 5 M HT % 2 KT\ ¥ LOFar iR E) O wise

A VHGER A RO R E - RICE ) 2 E HIRE L bR
R D B IS

HEMERBRE R IR X AR5 RED R

Jb—L Y s XERETEMERAIC K 5. Bl E& Y S Y iy
ZEEFRDTF ) A — PV fRREZE RIS A X —2 >V F

a0 RRE 72 55 % BT X RR T VB Ss 85 D Bl

INA T R TF R 72 —OAIKIC & % BRI 2
HOG A DBHTE

AR AEG LR EGZHA G D T E AR OB & Bl
AU —ORIR

HILPEERIC B5UF 2 B & BRL O BAR O fiRiH

PG CHE 2 5 O 1Al

7 VBT RN Z X LD E T =T T R O/ERK
UG AR A IS B B R E MR E IS O PRI IEZE

KW D It THRB I 2 7889 2 70 FHEME D figH) ]

F MR O T i )V F — iR AR d O BH7E &S
REVIRIVE Y DA —F > VBN OFFE & n ik

s T/ WGk O T #2679 2 UL A OGS OREER
IKPIEDFHZACITAE S T 3OV F—E K - W72 vk U 7z, A5
7V DREG

R 7 4 — 7 WEIC BT I X A F X7 ADRE I

170 FFRETIEIC K% G & 28 7 B AT Z 3RO — SRR E fin i
DAL F I g

NMRZEOHFR 2 < iS4 ORI - BN LT
LR

FRlfE = v F1C K % w00 53 2875 I ORI IR B H I 2 flEc B %
GPCR > 7 FI)VDRERE & A 1 = X L ORI

I A . 104
B Ao, 105
HEHE R e, 106
P e, 107
p= = 108
PEHE R 109
PTE B — e, 110
e R 111
TEHE AEM e, 112
PP £, 113
L RS e, 114
v & S ST 115
L T, 116
FH B2 e, 117
Bl EE o, 118
Lo T -3y 119
N 120
o B 120
S/ 37, S 121
AR 72T A 122
L S 123
R SEE 124
BEARAER o 125
PP S e, 126
B TEB& . 127
BN A 128
TR TSRS 130



ERMNZRHAIMFAE

TR 21 RS






XX1-020

REBERY AT LICE T ZRIBICERIBORS & HAERZEA

Comprehensive Analysis of Environmental Responses in
Photosynthetic Light-Harvesting System

ARWFFE TIRIEE KO BB T b % NPQIT
HU. Yeonddheds & CBRELmEOm L X 0 iy
AFEMEDM FICH#RT 5 2 &2 HIE L TW%, NPQ
EREG DRIV F—2B L UTIIRT 2 M5 TH
D KEYIIVEIC A B OCERBEICIEAIS U OEA )
REMFEHEVODOEELTRTH S, FAET
NETIIIaA XF RS Oa— Rk x 287
BICh T VARV VERIET-DNADA S N &
T34V THBMI000T7 1A DRETA ALY
Ya vz T Roeran 7 ¢ VEENT 217
WV, EE RO BURBBERENPQ I D & % 4 ¥R
WA= 4 > 0 Z Uiz, NPQOfZiCiZTh
E TIOEEERTE SR D IMINCFIEIC T 5 PsbS
RENEELT BT 200 T /A RO (F
YR TIVYA 7)) DB TH2 T iz EhIy
Mo TVENRRIAMHATH S,

25 FRIKEYIA = A 2 I NPQ DY A RUFYI A K D
b RELS BB ool FHNEEL T
Atlg511701& AGC#!Ser/Thr Z 2737’8 V) v (L E%
FAGC2-3%20— R LTWe, age2-3ZR{KIcD
WTFY Y N7 2 IV A 7))V D558% HPLC T
Ko TNz T A, SRR TOIZRF L
— g URIZEERRYIA L BE RN RN &

W 7% & K4 /MU GERE) AT Kondo-Osanai, Kumiko
2 AN WEE = BREEERER A S 2 —

PERERAFEMIZE 7 IV — 7
(FisE  Weler —kf)

WMo tz, FlPsbSDEMEE AL/ T b
IZK DRIz e TABHAER L WHEIRENIR S NE
Mholze TNHICKD AGC2-3DTNETICHIBN
TWVBFH 2 T 2 )T A7)V K % NPQHEHE &
IR BE 72 L TVW5a e figtE iz,

e b oYy vXRTF RV GFPRELG X
2N I E A D SO R B AT Tl TS ARS
IR I NI, BT EEER O T
R R IERR AR TR MR S Nah o To, S
EHICBIFCEBRWTHRER S TH S AGC2-4 LD
MEAERIC DWW TNz, 2O, fMilNIcB»
TAGC2-3 £ AGC2-4 WAL TS T EAVR
BE N, SBREX—T Y R VRTHDMERE
ZoS., D FHEREDFEMZIHS MY % C 2 HiR
ER

2SI VIBLEE A KO BREIINE THET
HBHTENH > TS, PSUDKEKK? TH %
D1/D2 # X U LHCILZER I & » TV VLR
ENZETZT NI LENTVBED, —/T
NPQICTIZ Y VEILIC DWW T F MG EY, A
WFZRIC & O MY ECE IR O BRETISE Hk 2 LI TRt
FTBEIBENTHAODNZDOTIREVHIEIHFLT
AP






ERMNFZRHRIMFAE

TR 23 RS






XXIiI-001

Design and Application of Novel Superconducting Devices with

Layered Superconductors

The purpose of this research project is to explore
novel applications of different superconducting devic-
es. This research period is the final term in the project.
Using the theoretical methods and idea which devel-
oped past two years, we studied three research sub-
jects: (1) Macroscopic quantum tunneling with inter-
band fluctuations, (2) characterizing time-reversal-
symmetry-breaking superconducting states, and (3)
an application of quantum measurement theory to
quantum spectroscopy.

(1) Macroscopic quantum tunneling with inter-band
fluctuations. During the previous research periods, we
mainly focused on macroscopic quantum tunneling in
long Josephson junctions with multi-band supercon-
ductors, such as and MgB, and iron-based compounds.
Although we found a curious effect from inter-band
degrees of freedom, i.e., suppression of opening mul-
tiple quantum tunneling channels via internal solitonic
behaviors, the result does not lead to an interesting ap-
plication of the present quantum device. In order to
extract a positive feedback from inter-band contribu-
tions, we turn into a short Josephson junction with
multi-band superconductors, since such solitonic exci-
tations are suppressed in a short junction. In a short
junction, the inter-band degrees of freedom indicate a
correction from zero-point fluctuations of a collective
excitations mode, Leggett mode. We find that this cor-
rection has two aspects; on the one hand, the zero-
point fluctuations lead to the enhancement of tunneling
rate [PRB83, 060503 (2011)], on the other hand, the
inter-band fluctuations behave like an environment
variable, as a result they lead to decoherence. Thus, we
find an intriguing competition induced by the inter-
band fluctuations. Varying several physical parameters,
such as the Josephson energy and the inter-band ratio

of the density of states, we find that the enhancement

WE 2% & K 44 - K 5% Ota, Yukihiro
2 N W7 = - AFEYERI AT 2 o 2 —

mAERIL Y bo= 7 XM
o RREYTEIgE SV — T
(ff®E  Nori, Franco)

overcomes the suppression from the inter-band fluctu-
ations in vast parameter regions. Therefore, we claim
that this short Josephson junction with multi-band su-
perconductors leads to much easier detection of quan-
tum tunneling.

(2) Characterizing time-reversal-symmetry-breaking
superconducting states. During the previous research
periods, we studied multi-band superconductors,
mainly focusing on a two-band case. The discovery of
iron-based superconductors triggered the study of
more than two-band superconductors. Thus, in order to
apply our previous results for superconducting devices
with two-band superconductors to generic multi-band
superconductors including iron-based superconduc-
tors, we study a fundamental feature of three- and
four-band superconductors. From the previous studies,
we noticed that the collective excitations related to in-
ter-band phase fluctuations play a significant role in
superconducting devices with two-band superconduc-
tors. This consideration leads to the characterization of
the collective excitation modes in more generic multi-
band superconductors. In particular, we focus on the
case that inter-band couplings are repulsive. This com-
petition may lead to inter-band frustration, like geo-
metric frustration in spin model. Using a low-energy
spin-Hamiltonian originating from a multi-band tight-
binding model, we find that a massless Leggett mode
occurs in a wide parameter region of this four-band
system. This massless mode is related to the fact that
the mean-field energy does not depend on a continuous
superconducting phase. In other words, we find a link
of the massless mode with a degeneracy between a
time-reversal-symmetry-breaking state (neither 0 nor
7 phases) and a time-reversal-symmetric state (either
0 ormphases). Therefore, the mass of this collective

mode characterizes well the time-reversal symmetry in



frustrated multi-band superconductors.

(3) An application of quantum measurement theory to
quantum spectroscopy. In the past two research peri-
ods, as an application of superconducting detectors, we
studied quantum measurement theory. In particular, we
developed a systematic way to construct generic quan-
tum measurements in different physical systems. In
this term, we apply this approach to a theoretical pro-
posal of quantum eigenvalue determination. A general
quantum state is described by a density matrix. The
eigenvalues of a density matrix characterize well the
quantum state's property, such as coherence and en-
tanglement, via a function of them (e.g., purity, entan-
glement entropy, and entanglement spectrum). Our
proposal is to directly determine all the eigenvalues of
an unknown density matrix, without reconstructing a
quantum state by the state tomography. The key idea is
to build projection-valued measure corresponding to a
single experimental setting with multiple outcomes,

and to reconstruct the characteristic polynomial of the

XXI11-002

density matrix. Our proposal can be used for a practical

assessment of quantum features in a physical system
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Synthetic Study of Maitotoxin, a Marine Giant Polycyclic Ether

W 7% & K% 550 w65 Saito, Tatsuo
2 A WEZE = fhikd ARSI AT s

RAMRFEIY (D) F19934ELIEHIC K > T
Hi=B#: Gambierdiscus toxicus DYFERD S > T
HEHOEKYE L U THEEE N R THD, &
WD LA F 2 ORMINAND SETRAD 5 7% % JEE
FEE LTI Emmo~x Y ABSEHE (LDso=
50ng/kg, 777 ha R MF2 D200 51
) zZRd, ULhLUHE SN~/ M MRy
TIWEHR UM ER T, RIEZDERBTF O
fRIICIEE > THEDL T, (LAEKT oKD
JEHICHETH S, <A b FF IBUKTEBA &
BUKTEEAIC KR ZE S DI 5 2 W TE, SBiiD#
HRBENOHGIEIRE S BERZ LN TRENS,
Z T CARWIZE T WAL 2 5 AL AR 5 A 4G

(FilsE Al 5

L. ditERBIEREOMINIC I TH T e 2 E 1 DOH
& Ulze & SIS Z2 8 U C 2B EKT
% T ez HENCROE LTz,

AAEE I A ORI D —DTH B A b b+
VB EROBRIEMN I RS | E R E TR o T
WEAEEEBR AR A1 ) U 7 B n & LTz B BT
TIVOLURINERICRII L TE D, AFEZ< A b
L SER ATRE D RSN K ZA'B'C'D BRRIC
BTG UTAER,  SeR7R AR C £ a7z 1K
UTzo ARMFERR K DBIEX A N N Bk
DOERAE R E NI T, BUEBKMER OB
2R TH 5,



XXIiI-007

REEMFIEEMEE Z D) KV — L DIEXFRbEEEDAZEA &

BESFEIX S /N7 EOBEERE
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Elucidation of Mechanism of Mutual Regulation Between Raft and
Actin Cytoskeleton on the Plasma Membrane
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Creation of Optical Functional Devices Based on Gap Plasmon
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Quantum Many-Body Effects in Magnetic Molecules on Solid Surface

RIS . [EARE LD HIcBWTHBIT
Sm B L U TGRS DWW T ORERIYE
Ziiotee SHEERRHC, N TWEICKB YAV R
I K BN ORI RIC 5 2 2 8IS
HU7zo WiEEOMIHICHE T, Au (111D XKm L
DPT ZOAT T =TT, SR T I IR 2
DEFTIE FIChET %4> b v TG T,
2MHDOY I % 2 A T OEMNENIFL T0B T
LS Liz, TS OENRIEZNZTN,
Fe 0 dz* #i38 & #iB U 7= dzx/dyz #EIC THE L T WL
%o (BEREEOIEKIC K O TS OWED SEED
Zode. ENREEEZZTE L THENS,
Z T T D FHLDFei I LT, CO®NO &
W T2 275 TS LTBRIC E D & 5 7 IRIED
T EHFHE LIz, ZORHE, CON WA
IIF AT DFEIC T A RS 72D Zhic
PEVUTRERIR B WA T B T EAH L, —5.
NO %3 F W45 W 1 dzx/dyz (B DO RERE— A >~ k
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Z A WF 7% = - Kim RSt iFE A=

(FiEE & A%

ALF TR HI N T > Tz, Z T TR
7% Cl3. Cu (110) EmICEH L. SR EEET)
ez W7+ /) Ve EF- 74/ A
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27 TR AFHT IRV F—f7 0 5, &1
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Determination of QCD Phase Diagram at Finite Real Chemical

Potential by Using the Imaginary Chemical Potential

Description of research: We investigate the phase
structure of Quantum Chromodynamics (QCD) at fi-
nite temperature and chemical potential.

1) The ‘t Hooft-loop which is a quantity related with
the confinement-deconfinement transition is inves-
tigated at the imaginary chemical potential. This
quantity is not well defined when the fundamental
quark exists, but we showed that it can be defined at
the Roberge-Weiss end-point at imaginary chemi-
cal potential.

2) The influence of a vector-type four-quark interac-
tion was investigated at real and imaginary chemi-
cal potential in the context of the non-local effec-
tive model. We showed that the importance of the
vector-type interaction in the model.

3) The Hosotani mechanism which is related with the
spontaneous gauge-symmetry breaking was dis-
cussed. We investigated the fermion mass effect in
the QCD-like gauge theory and explained that re-
cent lattice QCD simulation with adjoint fermion
can be understood from the Hosotani mechanism.

4) We constructed the new approach to describe the
QCD thermodynamics based on the Landau-gauge
gluon and ghost propagators obtained in lattice

QCD simulations.

WE7% & K 4 - 1 isn] Kashiwa, Kouji
2 AN WEZE = ARSI o 2 —

FIFBNL #7822 —
HERWIIE T IV —T
(Fli)&E MCLERRAN Larry)

5) We investigated the similarity between the funda-
mental quark with non-trivial boundary condition
and adjoint fermion. We also proposed the possibil-
ity of the spontanecous gauge symmetry breaking by
using the fundamental fermion.

6) We discussed the effects of the center domain struc-

ture in recent heavy-ion collisions.
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Studying Explosion Mechanisms and Nucleosynthesis of Core-collapse Supernovae,
Based on X-ray Observations of Supernova Remnants

THFUE D A= A L] OfffiZz Hig L, i@
B IEFE DO (SuperNova Remnant: SNR) D X
TRBI A HE UiED Tz, FTz, T OMEET, BFERE
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Single molecule chemistry on the ultrathin metal oxide films

AIEPLIIWEEED DG | Z R E | eI LI as
LB — 7OER b xIVHMEE (STM) DJE
P 2 ROV TIC K B WS - OIRENNE & T
IVE— DRI DWW T RERZ T Foo FEGHME B
Y HRIVEFIC X B0 FRBI O & FicB T
NTOBHE). N, OO X S ShkAL GBS %
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SRRETHIIT 2 2 LW NHETH 5 T e h IR
I D FiFE 7z R4 2 e RaEHITFIETH
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Z DM RIS B 1-0lc, BalZ s VETR
BHT X B35 CO M 7D Ry BV FILRICBWTY
YTWVEE (V) BXU Y xIVER 1) k7%
NIz, SETORHFICEINIZE, CODKRy EY
ZULRIE CO DNEBMEHRE) = 3 )L F—IcH2 9 %
YUV EFMETELLELTEZEEINTVS
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L. KW T CON T OIRENITE— RDFEL W
TV F—TEEIC BV TICRZE (b 2 /R 3 DD *
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LA L. ZOIx)VF—REHEM E COm TR
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170meV X O RV T3 )V F—fic BT L2 E T
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KXo THIERT 2 MNP E Nz,
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WF 2% & K % - il ¥ 7 Nakashima, Yuko
Z AW R R AT AT AB AT 2 —
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M UT, Frizic izl BN TEIRRNA O &K -
FRERIkZ HIN & LTz, ARIEEEIX. Anebaenads X
U'T4 phage DA > ba VEddzE D7 5 A3 K
DNADIERZETT>T2s A4 > bavEgohic, B
IR & 7% % RNA D510 DNA Z flABA AT,

(2) K%M ncRNA OfRHTED RIS

287 EICRR E NI neRNA DVEENIC £ <
FET BT eEhbho>TER, TNE TITEN
neRNAZ /v 7 2 > UTNid % Fike LT,
siRNA, 7 >F+t > ADNA, shRNA,ZEHHWVS
NTOVBM, FENNDEAR S v 7 BT VRO 5
THIEEN D O, R K fEH T & 2 LT VR0
VENTOARV, AiFETIE. RNAREICEDSF
1L TN ncRNA Ofiffi 2175 T & ZHIN E LTz,
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Theoretical Study of Dielectric Properties in Molecular Crystal Based
on a Molecular Approach

A VRO EA & U TGEFEFEHEZED TS
k-H;3(Cat-EDT-TTF), I DWW C & LR A HIv
TilRTzo T OPE DKL Cat-EDT-TTF 73 -
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DETREL TS, BEHBORT Vo v )b s T
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Z AW 2% =B MHMED RIS R
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o te, JENMEZ B 5 DITHLD A A TEHRENIR
RERTRZ LI RE VR (~ 100)57) ICHEHIT 5
1D DT 2T > 1o RIVRIN « T 2 L
% EDRF OB AT MVOMFRRICIE, FEdE
Wik BfEf A & < HuWSEN B, X-H
(X=C, N, O) OfiifiiHB) D & 5 I IEFIRPED RN
LEDICH L TR AT THo T, THITHLT, &
TOWREIR T > > v )V ZIERE X T ANTEE
BU. 202 TChoiz e st 2
PUE U, oL L CHRENRRER TR 217 5 5D
HFEFFRFIC K OREIN TS, £z, IREPKRE
A BRI MR B A i R OAH B/ A (Vibrational
Configuration Interaction: VCI) {EADMEbH N Tz,
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JR PRI UM T & e > Tz, AWFE T, G
B X AR REN RGBS (Vibrational Quasi-
Degenerate Perturbation Theory: VQDPT) %7 Bi¥E
U7co VQDPT ik & friti b RRZ A & D8 7o Tk
ZLFLYBRU13-T XY VITHM L VCLE
EORERE L U RS R, Mo R 10em™! B
NOREZRBTE I, o, bRA TR ORT >
Uy VMR LIRS R Z iR s 52 2 LT K&K
TN U7 BRI O RO 215 5 72 DR
T VY )V RN ES T D DR TG, &5
IS, PEEERIRS ARE 2 WAt 5 2 Lic &k D, e
B B et AR D 22 Gt R 2 59 10 65 sk 9
5T LI LT, YUk ehs, JEHFHRENA
BERTRORZ W FADEHN L D BENZE DL
oz,
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Development of Simulation Methods for Analyzing Two-Dimensional Quantum
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FLIRAEZ K HL D ) S T2 & OBUER TR TiEOREER
ZHMNET S, T, ERNICERENTER
DOAEHBINTHR U TOEH - i Eir-> T <,
AV S 05| EHi & T, 1 XuHilig
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T BIEMME. KT, ZOAEYF v v IR
RE TR E N B Wbt i 5 7 D Bk 7z 3 L
5 B HEI DN 217 > oo LD D BRIE, 55
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SR PE R DOE A A F 2 R D A S=1/2 R
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U EAER ZHL D AN TN 21T 5 T2 Z ORGH.
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MV« 714 TV BRI D278 ECIAEAE
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DT oz,
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Intrinsic Angular Momentum and Half-Quantum Vortex in Anisotropic Fermi Superfluids
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Theoretical Study for Optical Responses in the Topological Quantum Phases
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Development of the Algorithm for Secure Utilization of Private
Information in Live Science
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Enzyme design with non-natural building blocks
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Clarification of the Regulation Mechanism of Immunological Memory
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Host Plant-Parasite Plant (Cuscuta sp) Interaction Study with System
Biological Approaches

WEELEBILLEFEMM AT AT
(Cuscuta) FFEREV I FRINE ZENSFEL
. E BRI SR BN 2 WINT %, R
BOTZOHEIMD THRKTH O TS B5M%%
DIRENLEENS, KV L OME/EHgEZ@E L
THIPI DA% 2 VNS E ROSBISZ O3 TZED
AN ALZRWNT 5, 7t (far-red light) &
PR D F TR FINIC S S 2 FFAAR
AEANZZLICDOTEIRNDS LS DHARISE
DEELGHNTH S, BRI R F AT L
FAEY ORI B A 7238 U 1A &8s 758l
DZAb, M IR EAE 7258 U TR U 5 I REA
b, A KEEZ b7 & ORI DWW TIRRT
W<, WEEREIIRR & 75t B 25 U, AIZRICE
B9 5 XD KBS EHT L AR EER DIz
¥R Platform{ED £11- 72,

(1) AREEFIFIXAZXRT ) RN ZE e UTH
W WEAEEE D S ARAE W] DI T TH - TR P92,
JEREBISE, MRV E UM, A oma 7 LA (X
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Development of a Method to Establish Cell Lines of Caenorhabditis Elegans
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Neural Activity-Dependent Olfactory Circuit Formation
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Active Role of Mitotic Cell Rounding in Epithelial Invagination.
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Analysis of Physiological Meanings of Intracellular Trafficking of the Neurotrophic Receptor,
Ret -Focusing on Development of the Enteric Nervous System-
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RET Z BN L)V THBIT %8I0 R~ T A,
Ret-EGFP <7 ZZ{EK L. ENCCHEHHFDRET D
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W5, GDNF &#EE UTCRET &2/ AR
E% GPLT >l =R 2 2R E M EE S % H
MHICHSENT VS, ZTORE, Bl integrin A
ENCCHTRET & HRTEdT 2 FZ2FER Lz, 5%
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Molecular and Neural Bases of Mental Fatigue and Demotivation
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Coordinated Regulation of Cell Motility and Differentiation by Intracellular pH Change.
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Research and Development of Superconducting Kinetic Inductance

Detector Array for Terahertz Imaging

Our target is to develop a high sensitive, large detec-
tor array for Terahertz (THz) radiation measurements,
which provide lots of industrial, astrophysical and bio-
medical applications. To achieve high sensitivity, su-
perconducting detectors are excellent candidates. In
the FY2013, through lots of reviewing and studying,
we choose MKIDs (Microwave Kinetic Inductance
Detectors), among superconducting detectors like
STJs, TESs, because MKIDs with natural frequency
domain multiplexing allows up to thousands of resona-
tors to readout through a single coaxial cable and a low
noise high bandwidth cryogenic amplifier. Large arrays
of MKIDs are significantly easier to fabricate and read-
out than any competing technology. MKIDs are non-
equilibrium superconducting detectors made out of
high quality factor superconducting microwave reso-
nance circuits. MKIDs work on the principle that inci-
dent photons change the surface impedance of a super-
conductor through the kinetic inductance effect. This
change is accurately measured using the thin film su-
perconducting resonant circuit.

Coplanar waveguide (CPW) MKIDs are the first
type studied in detail. CPW MKIDs consists of a CPW
transmission line which is two slots cut into a metal
ground plane to form a center strip. They are usually
implemented as a quarter-wave transmission line reso-
nator, capacitively coupled to a feedline on one end
and, and shorted on the other. We successfully fabri-
cated a 28-MKIDs array using aluminum (Al) super-
conductor at RIKEN-Wako cleanroom facilities of our
laboratory. Fabrication was started by sputtering Al
film on a Si substrate under low vacuum. Then patter-
ing was done from the patterns draw to a photo-mask,
using photolithography. Al were appropriately wet
etched in an alkali solution to finish the resonator pat-

terns. For measurements, AI-MKID array was glued to

WF 2% # IX % : R. M. Thushara Damayanthi
2 A WIS 2 tE T A E

T IV T N —T
TINVIA A= VT TF— LI
FisE K& T

a sample holder and electrically connected to the feed-
line by wire bonding. This system was cooled in a dilu-
tion refrigerator to less than 100mK and response was
measured using a network analyzer. Best resonator in
the array showed quality factor of 470,000.

The primary drawback of CPW MKIDs is the cur-
rent density vary throughout the length of the resonator
resulting highest at the shortest end, hence sensitivity
to quasiparticles peaks at shortest end.

Due to this position dependence, a separate struc-
ture, antenna or quasiparticle trapping is required to
absorb the photons. The absorbed energy is then depos-
ited into the sensitive end of the resonator. Lumped
Element KIDs (LEKIDs) are the solution to overcome
this drawback. LEKIDs consists of a discrete inductor
and capacitor to form a resonator. LEKIDs are promise
as a direct absorption of THz waves, as they have very
high and nearly constant current density over the whole
length of the inductive meander, requiring no antennas
or quasiparticle trapping. The resonating frequency can
be adjusted by changing the length of the inductive me-
ander, to arrange a large array coupled to a single feed-
line. Using Sonnet simulation software, I have success-
fully designed a prototype array of 20-LEKIDs,
resonating between 4.8- 6.6 GHz with 0.1 GHz fre-
quency gap between each resonator. I drew the design
on layout editor and requested to develop a photomask.
When photomask will ready, I hope to fabricate a pro-
totype array, cool in a dilution cryostat and measure the

response.
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The Regulation of Synaptic Plasticity by Astrocytic ca®t Signaling
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Structure Study of Hypernuclei and Unstable Nuclei and Evaluation of Reaction
Cross Section Based on Antisymmetrized Molecular Dynamics
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Unifying Study of Non-Equilibrium Dynamics in Hot Quark Matter

The quark-gluon plasma (QGP) is a many-body
system of elementary particles. Experimental data
from high-energy heavy ion collisions suggest that the
matter is described as a nearly perfect relativistic
fluid. So far various theoretical models have been
developed to investigate how hydrodynamics works,
but it is still not well known why it should work so
well. In the present study, the issue is investigated
from two perspectives: (1) center domain structure
with quarks and (2) parton collinear splitting in early
equilibration stage.

(1) Due to SU(3) symmetry in quantum
chromodynamics, Polyakov-loop is considered to
take three states on its complex plane in the QGP
phase, each separated by energy barrier. This can
induce a domain structure in the heavy-ion QGP since

the typical correlation length on the transverse plane

Wk 2% & K 4 - N &2 Monnai, Akihiko
Z AW R A RmdES e v 2 —

M BNL 78t > 2 —
BRI 7V — 7
(FTJEE:  McLerran Larry)

would be the inverse of saturation momentum in color
glass theory. The resulting short mean free path can
explain small viscosity and large color opacity that
characterize the QGP fluid. In a pure gauge case,
however, the system becomes more strongly coupled
as the temperature increases whereas latest
experimental data imply the materialization of a less
strongly coupled medium.

We introduced quark contribution to the structure,
which leads to one stable and two metastable states.
As the effective number of flavors increases with the
temperature, the mean free path gets longer due to the
pressure imbalance between the domains and the
system becomes more viscous, correctly capturing the
observed physics; the magnitude of the change from
RHIC to LHC in our model is in good agreement with

the experimental implications. Our model also
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predicts the existence of a topological critical
temperature at a sufficiently high temperature where
the domain structure completely vanishes and the
system can become perturbative.

(2) Early equilibration of a QCD system has been a
topic of great interest in heavy ion physics. It requires
thermalization and chemical equilibration aside from
istropization. The color glass theory indicates that the
system has large number of high-momentum gluons
in early stages, while the hydrodynamic model
implies a thermalized medium with fair number of
quarks that should be prepared in a very short period
of time after the collision. We modeled the transition
based on collinear splitting of partons as it quickly
produces low momentum gluons and quarks.
Recombination processes are introduced for the
system to be stable at local equilibrium, i.e, for the
second law of thermodynamics. Since partons need to
become off-shell by medium interaction for splitting
processes, Fokker-Planck drag and diffusion effects
are introduced. Numerical estimations in a transverse

direction show that a CGC-like gluon distribution

XXV-029

approaches the local thermal distribution quickly, and
the quark thermalization and chemical equilibration
are slower but still reasonably fast. This implies the
splitting and recombination of quarks and gluons play
essential roles in the transition from gluon condensate

to equilibrated quark-gluon plasma.
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Single Molecule FRET Analysis of Dimerization of G Protein-Coupled Receptors
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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 2013.

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 49 FPRs at RIKEN.

December 2014
RIKEN
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Functional Analysis Of Early Intracortical Activity in the Establishment

of Neocortical Areas

Name: Torsten Bullmann

Host Laboratory: RIKEN Center for Developmental Biology

The mammalian neocortex is comprised of diverse
arrays 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 generates specific output connections that dictate
its functional specialization. Cortical excitatory neu-
rons (glutamatergic) and associated inhibitory inter-
neurons (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 tran-
scription factors. Subsequently, spontaneous and sen-
sory-driven oscillatory activities are important for
shaping cortical circuitry and are considered as the ma-
jor determinant in refining cortical columns. In focused
on layer IV neurons because their number and mor-
phology is different in each area. Early during develop-
ment they receive major inputs from subplate neurons
and basket cell interneurons. In conditional Nkx2.1
knockout mice which are devoid of interneurons no
differences in area or layer specific gene expression
was observed. In contrast, efficient ablation of subplate
neurons by the excitotoxine Kainate lead to changes in
area and layer specific gene expression (e.g. RORbeta,
1d2). Furthermore, silencing layer IV neurons by ex-
pression of Kir2.1 by in utero electroporation had a
similar effect. Ongoing experiments are made to con-

firm the role of subplate neuron excitatory input on

Laboratory for Neocortical Development
(Laboratory Head: Karina Hanashima)

layer IV gene expression and dendrite development.

@Publications

Arendt T, Bullmann T (2013) Neuronal plasticity in
hibernation and the proposed role of the microtu-
bule-associated protein tau as a “master switch”
regulating synaptic gain in neuronal networks. Am J
Physiol Regul Integr Comp Physiol. 305(5):R478-

89. [invited review|

@Oral Presentations

Bullmann T Hanashima C: Role of early intracortical
activity in the maturation of neocortical circuits.
Joint Meeting of The 46th Annual Meeting of the
Japanese Society of Developmental Biologists &
The 64th Annual Meeting of the Japan Society for
Cell Biology, Matsue, Japan, May 29-31, 2013.

@Poster presentations

Bullmann T, Hanashima C: Role of early intracortical
activity in the maturation of neocortical circuits.
Neuro2013, 2013, Kyoto, Japan.

Bullmann T Hanashima C: Role of early intracortical
activity in the maturation of neocortical circuits.
Joint Meeting of The 46th Annual Meeting of the
Japanese Society of Developmental Biologists &
The 64th Annual Meeting of the Japan Society for
Cell Biology, 2013, Matsue, Japan.
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Molecular Dissection of Polarized Intracellular Vesicle Trafficking in Epithelial

Morphogenesis Using Drosophila Trachea as a Model

Name: Bo Dong

Host Laboratory: RIKEN Center for Developmental Biology

Targeted intracellular vesicle trafficking is a funda-
mental biological process through which proteins and
lipids are transported to specific domains of plasma
membrane for cell surface expansion, extracellular lu-
men secretion and cell shape change. The development
of tracheal system in Drosophila provides an elegant
system to address this issue.

Morphological stability of biological tubes is crucial
for efficient circulation of fluids and gasses, and its
failure causes irregularly shaped tubes found in patho-
logical conditions. In vascular tubulogenesis, flow me-
chanics and its transduction to cells determine tube
morphology. In the Drosophila tracheal system, tube
length, width and integrity are affected by apical extra-
cellular matrix (aECM) and Crumbs (Crb) -dependent
apical membrane growth. Here we demonstrate aECM
of tracheal tube shows elastically behavior under the
stress of tube growth. Mutations of elastic components
of ECM cause that tubular network losses integrity and
the main tube over-elongates, indicating that ECM
tension is essential to restrict tube overgrowth. We also
found that Crb-dependent apical membrane growth is

negatively regulated by ESCRT III component Shrub.

Laboratory for Morphogenetic Signaling
(Laboratory Head: Shigeo Hayashi)

In shrub mutant, main tube becomes strikingly over-
elongated. However, we have evidences to demonstrate
that apical membrane expansion and aECM restriction
are two independent mechanisms for tube size control.
To explore their coordination in normal tube develop-
ment, we propose a theoretical model based on buck-
ling theory and posit that aECM elasticity, growth of
apical membrane and their association are three vital
parameters that determine the stability of biological
tubes, a prediction met by phenotypes in shrub and pre-
viously reported mutants. The results suggest that in-
teraction of apical membrane and elastic aECM deter-

mines biological tube size and pattern.

@Oral Presentations

Domestic conferences

Dong B.: “Mechanical coupling of apical membrane
and luminal matrix shapes tracheal tube geometry in
Drosophila”. 46th JSDB meeting. Masue, Japan.
May 29-31, 2013.

Dong B.: “Regulation of extracellular matrix in tubular
system” The 86th Annual meeting of the Japanese Bio-
chemical society. Yokohama, Japan. Sep. 11-13, 2013.

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

Name: Michael Gordon Endres
Host Laboratory: Nishina Center for Accelerator Based Science

My research efforts during the past fiscal year have
focused on the completion of two research projects.
The first project was a nonperturbative study of a su-
persymmetric double-well matrix model in zero space-

time dimensions. This model corresponds to two-di-

Quantum Hadron Physics Laboratory
(Laboratory Head: Tetsuo Hatsuda)

mensional type IIA superstring theory on a nontrivial
Ramond-Ramond background. My collaborators and I
explicitly evaluated the full one-instanton contribution
to the free energy and one-point function for this theo-

ry, including the perturbative fluctuations around the
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one-instanton background. We showed, by analytic
means, that the supersymmetry inherent to the matrix
model is spontaneously broken by instantons. This re-
sult implies that spontaneous breaking of supersymme-
try occurs as a result of nonperturbative dynamics in
the type IIA theory. In addition to the one-instanton
analysis, we numerically calculated the free energy of
the system using nonperturbatively determined recur-
sion relations, thus confirming our analytic results.

A second project related to numerical studies of a
universal four-component Fermi gas in one spatial di-
mension. This system is interesting because it exhibits
universal properties, which are qualitatively identical
to a unitary Fermi gas of spin half fermions in three
dimensions. In the previous fiscal year, I showed that
one universal parameter, which is common to both sys-
tems and known as the Bertsch parameter (i.e., the en-
ergy of the system in units of the free-gas energy), is
equal to with one percent statistical uncertainties. Mo-
tivated by that surprising finding, I performed extended
studies of the system during this fiscal year. The nu-
merical studies were performed using lattice field theo-
retical techniques, where continuous space-time is dis-
cretized. In the lattice formulation, fermions are
associated with the sites of a lattice, and are allowed to
“hop” from site to site. Due to limited memory con-
straints, the numerical simulations were performed for

finite spatial volumes. All measured results (observ-

ables, such as energies of the system) were then ex-
trapolated to the infinite volume and continuum (van-
ishing lattice spacing) limit. ~Numerical results
included a determination of few-body energies up to
eight fermions, which provides valuable information
about the scaling dimensions of few-body operators
via an operator-state correspondence, and integrated

contact densities.

@Publications

Endres M. G., Kuroki T., Sugino F. and Suzuki H.:
SUSY breaking by nonperturbative dynamics in a
matrix model for 2D type IIA superstrings. Nucl.
Phys. B 876 (2013) 758-793. published*

Endres M. G.: Numerical study of unitary fermions in
one spatial dimension. Phys. Rev. A. 87 (2013)
063617. published *

@Presentations

Endres M. G.: “Numerical study of a universal four-
component Fermi gas” Colloquium, National Chiao
Tung University, Hsinchu, Taiwan, June 6, 2013.

Endres M. G.: “Numerical study of a universal Fermi
gas in one dimension” Seminar, University of To-
kyo, Tokyo, Japan, July 22, 2013.

Endres M. G.: “Unitary fermions: a review” Workshop
on QCD under extreme conditions (XQCD13), Uni-
versity of Bern, Bern, Switzerland, August 6, 2013.

Recruiting and Expansion of Stem Cells for Cardiovascular Vessel Engineering

Name: Binata Joddar

Host Laboratory: Nano Medical Engineering Laboratory

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 regen-
erative medicine and the repair of tissues and organs
that have been injured or have lost functionality. Hu-
man embryonic stem cells (ES cells) are pluripotent,
but pose ethical problems because they are derived
from cells taken from embryos in the early stages of

development. Their use in therapies also carries in-

(Laboratory Head: Yoshihiro Ito)

creased risk of graft rejection because they originate
from a foreign donor. Thus, iPS cells-created by repro-
gramming differentiated somatic cells, such as skin
cells, by transferring defined genes which confer pluri-
potency-are stimulating increasing interest. However,
iPS cells cannot actually be used in clinical settings
until many problems are solved, including how to cul-
ture them. Our group has devised a new method of cul-

turing stem cells on chemically fixed feeder cells. We
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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% glutaralde-
hyde or formaldehyde. Thereafter these fixed feeders
were washed for at least 3 hours using PBS (X 3) 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 detec-
tion of pluripotency using markers such as SSEA-4, or
Alkaline phosphatase staining.

RESULTS AND CONCLUSION: Human iPS attached
onto chemically fixed feeder layers, yet did not prolif-
erate into robust colonies as we had expected. We are
currently adding ROCK inhibitor to our cultures to im-

prove colony formation and maintenance of pluripo-

tency in human iPS cells.

@Publications

First-author papers

1. Joddar B., Adam T. Guy, Hiroyuki Kamiguchi, Yo-
shihiro Ito. Biomaterials 2013. Spatial gradients of
chemotropic factors from immobilized patterns to

guide axonal growth and regeneration.

@Posters

International

+ Joddar. B., Ito Y. Expansion of Human iPS on
Chemically Fixed Feeder Cell. ISSCR 11th annual
meeting June 12-15, 2013, in Boston, USA.

+ Joddar. B., et. al. Analysis of sensory neuron axon
growth on two-dimensional photolithographic gra-
dients of covalently immobilized chemotropic fac-
tors. BMES Annual Meeting. Seattle, Sept 25-28,
2013, USA

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 RIKEN

In 2012, the PHENIX experiment at the Relativistic
Heavy Ion Collider at Brookhaven National Laborato-
ry 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 respective integrated luminosities
were: 18 and 50 inverse picobarns. Prior to data-tak-
ing 1 was appointed as the PHENIX 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 anal-
ysis teams, fixed hardware or software problems as
they occurred, and made regular reports to the collid-

er’s management team. | also made several improve-

BNL Research Center
Experimental Group
(Laboratory Head: Yasuyuki Akiba)

ments to the running of my experiment. First, I cali-
brated one of our instruments needed for longitudinal
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-tak-
ing efficiency 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 foreseeable future. In addition, I was appointed
to be a PHENIX physics working group convener. The
main responsibility for this role is to ensure the integ-

rity of all physics output from my collaboration.
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Reactivity and Application of Ate Complex as a Useful Building Block for Organic Synthesis

Name: Chao Wang
Host Laboratory: Elements Chemistry Laboratory

a) Direct Biaryl C-C Bond Construction from Aryl-
Zinc Reagents and Aryl Halides without Employing
External (Transition Metal) Catalysts
Cross-coupling reactions catalyzed by transition

metals (TMs) are a fundamentally important tool for

forming C-C and C-X bonds, both in academic re-
search and on an industrial scale. Due to the determin-
ing role of TM for both the reactivity and selectivity,
development of new TM catalysts (with ligands) has
long been a mainstream approach for exploring novel
coupling reactions, although the creation of such metal
complexes often presents a substantial challenge. An
alternative way without using TM catalyst is the SET

(single electron transfer) reaction, of which a repre-

sentative is the homolytic aromatic substitution (HAS)

reaction. Recent advances in this area, including or-
ganocatalyzed HAS coupling and SET-induced Ku-
mada-Tamao coupling, have attracted great interest.

However, issues such as low regioselectivity and re-

stricted substituent compatibility still limit the practi-

cability of these methods. In our study, we have found
that simply heating diarylzincs and aryliodides in THF
solution without adding any TM catalysts could gener-
ate the corresponding coupling products in moderate to
excellent yields. A variety of functional groups, includ-
ing those highly active ones such as ketone moiety,
could be well tolerated in this reaction. This result es-
tablished the first direct cross-coupling reaction be-
tween an arylzinc reagent and an aryl halide in the ab-
sence of any external catalyst, enabling efficient,
selective, and diversified synthesis of biaryl com-
pounds. Initial mechanistic investigation suggested
that the reaction proceed through a thermally initiated

SET route. Part of the above research has been pub-

lished in Eur. J. Org. Chem. (2013, 7891-7894).

b) Mechanistic Origin of Chemo- and Regioselectivity
of Nickel-Catalyzed [3+2+2] Cyclization Reac-
tion

Seven-membered carbocycles are a key structural

(Laboratory Head: Masanobu Uchiyama)

feature in many natural products, and regio- and che-
moselective construction of these structures has been
one of the central issues in organic synthesis because
of the difficulty of the ring-closing reaction due to en-
thalpic/entropic factors. Transition metal-catalyzed
multicomponent coupling reactions for the construc-
tion of medium-sized carbocycles have revolutionized
this field. As a representative example, the nickel-cat-
alyzed [3+2+2] cyclization of one cyclopropylide-
neacetate (CPA) with two alkynes affording seven-
membered rings in good yield and selectivity has
attracted much attention. Although many efforts have
been paid for the mechanistic researches, yet the reac-
tion pathway remains incompletely understood. In our
study, we have performed a density functional theory
(DFT) study to elucidate the mechanism of this Ni-
catalyzed [3+2+2] cyclization reaction of cyclopro-
pylideneacetate with two alkynes. A systematic search
revealed that the nature of the alkynes determines the
choice between two reaction pathways and hence the
regio-selectivity. Strongly electron-deficient acety-
lenes preferentially afford 2,5-disubstituted products
via nickelacyclopentadienes generated by [2 +2] cocy-
clization, whereas normal alkynes afford 3,4- or
3,5-products via an unprecedented pathway involving
a [3 +2] nickelacycle intermediate. This work has been
published in J. Am. Chem. Soc. (2013, 135, 14508-
14511).

@Publications
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1) Minami H., Wang X., Wang C. and Uchiyama M.:
Direct C-C bond construction from arylzinc reagent
and aryl halide without an external catalyst. Eur J.
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2) Komagawa, S., Wang, C., Morokuma, K., Saito, S.
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and regioselectivity of nickel-catalyzed [3+2+2]
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Comparative Neuro-Behavioral Analysis of Infantile Attachment Behavior in Mice

and Humans, and its Implication to Autism

Name: Gianluca Esposito
Host Laboratory: RIKEN Brain Science Institute Metabolomics

Description of research: Mother-infant bonding is
the earliest and most critical social relationship of
mammalian infants. To promote this bond, infants have
innate behaviors to seek maternal prox- imity and pro-
test upon separation via communication with the moth-
er vocally and through body movement. However, the
physiological mechanisms regulating these infant be-
haviors remain largely undefined.

Analyzing TR, during FYs 2011-3, we have shown
a novel set of infant cooperative responses during ma-
ternal carrying. Infants under 6 months of age carried
by a walking mother immediately stopped voluntary
movement and crying and exhibited a rapid heart rate
decrease, compared with holding by a sitting mother.
Furthermore, we identified strikingly similar responses
in mouse pups as defined by immobility and dimin-
ished ultra- sonic vocalizations and heart rate. Using
pharmacologic and genetic interventions in mouse
pups, we identified the upstream and downstream neu-
ral systems regulating the calming response. Somato-
sensory and proprioceptive input signaling are required
for induction, and parasympathetic and cerebellar
functions mediate cardiac and motor output, respec-
tively. The loss of the calming response hindered ma-
ternal rescue of the pups, suggesting a functional sig-
nificance for the identified calming response
Significance. Our study has demonstrated for the first
time that the infant calming response to maternal carry-
ing is a coordinated set of central, motor, and cardiac
regulations and is a conserved component of mamma-
lian mother-infant interactions. Our findings provide
evidence for and have the potential to impact current
parenting theory and practice, since unsoothable crying
is the major risk factor for child abuse. In the next few
months as FPR, I aim to better standardize the research

protocol to extend our findings on infants with atypical

Research Group
Kuroda Research Unit
(Laboratory Head: Kumi Kuroda)

development (i.e. Autism Spectrum Disorders).

@Publications
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Esposito G., Pagca SP.: Motor abnormalities as a puta-
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vocalizations via tree-based models: a study of cry
in Autism Spectrum Disorder and typical develop-
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34(9):2717-2724, 2013*
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Frontiers in Zoology, 10(1):50, 2013*
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Zampini M.: The Takete-Maluma phenomenon in
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vision in Autism Spectrum Disorders. Research in
Autism Spectrum Disorders, 7(4):517-525, 2013*
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Kuroda K.O., Yoshida S., and Esposito G.: Neural cor-
relates of parent infant interaction. Japanese Journal
of Molecular Psychiatry, 13(4), 44:52, 2013*

Tandolo G., Esposito G., and Venuti P.: Cohesion, mi-
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narrativo formal. Estudio de Psicologia, 34(2), 141-
160, 2013*
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laugh: Toward a multi-level model of language pro-
duction. Behevioral Brain Sciences, in print *
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J.D., and Messinger D.M. (2013) Atypical expres-
sion of distress during the separation phase of the
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ASD. Journal of Autism and Developmental Disor-
ders, in print *
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Esposito G., Venuti P., and Bornstein M.H.: Interper-
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Bornstein MH., Esposito G., de Pisapia N., and Venuti
P.: “Toward a Behavioral Neuroscience of Parent-
ing”, 36th Japan Society of Neuroscience Meeting,
Kyoto, Japan, 2013 June 20-23.

Kuroda K.O., Esposito G. and Yoshida S.: “Filial
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Generation and Application of High Power IR Source

Name: Yuxi Fu

Host Laboratory: Laser Technology Laboratory

In this fiscal year, further improvement of the intense
few-cycle laser is carried out. Also, applications of this
laser system are initiated.

1. Stabilizing high power few-cycle laser.

In this system, a hollow core fiber is used to broaden

(Laboratory Head: Katsumi Midorikawa)

the spectrum after Ti:Sapphire Chirped Pulse Am-
plifier (30fs) to get short pulses (E.g., 5f5). Dur-
ing the application, some stability problems of this
fiber system are found.

a) Gas turbulence.
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To get high energy 5fs laser pulses, gas with gradi-
ent pressure is filled inside the fiber, i.c. high gas
pressure in one side of the fiber while vacuum in
the other side. However, gas turbulence appears
because the gas is not filling symmetrically. To
solve this problem, a gas turbulence reducer is de-
signed and installed. The laser beam pointing fluc-
tuation due to gas turbulence is greatly improved.

b) Fiber sealing.
Due to the big pressure difference between two
ends of the hollow core fiber, vacuum sealing is a
big issue. In previous configuration, fiber distor-
tion occurs since laser entrance side is sealed but
not firmly fixed. Now, the fiber is sealed at the exit
side of the fiber and tightly fixed with a new de-
sign. In this case, laser coupling is not distorted
anymore with or without filling gas.

c¢) Gas pressure stabilizing.
A gas regulator is installed at the high pressure
side. Now the gas pressure stability can be con-
trolled with the accuracy of ~1% during all exper-
imental time. This is much improved as compared
to manually tuning before.

d) Long term stability
The stability problem of broadened spectrum after
hollow core fiber system is found this year. The
spectrum can only be stable for around 30 min-
utes. Then the spectrum loses its blue components.

At present, the problem is still not solved yet. Fur-

harmonic generation (HHG)

In some application, continuum from HHG (with a
fixed CEP) is important, e.g. isolated attosecond
pulse generation. In addition, CEP dependent high
field physics is also very important for many appli-
cations. In this work, CEP dependent high harmonic
generation is carried out and cutoff modulation with
CEP is observed. However, further beam pointing
stabilization of the laser should be improved in the

future.

. Others

Another slow CEP stabilization loop (prism pair tun-
ing) is installed inside the oscillator. The software is
going to be finished soon. In this way, the CEP is

expected to be locked for even longer time.

@Publications
Kanaka Raju Pandiri”, Yuxi Fu", Yutaka Nagata, Tsu-

neto Kanai, Akira Suda and Katsumi Midorikawa,
“Generation of few-mlJ, two-cycle laser pulses with
carrier-envelope phase stabilization”, Oral, 26"
IEEE photonics conference, Hyatt Regencey Bel-
levue, Bellevue Washington USA, September 8-12,

2013, Conference Proceeding (*equal contribution)

Pengfei Lan, Eiji J Takahashi, Kunlong Liu, Yuxi Fu

and Katsumi Midorikawa, “Carrier envelope phase
dependence of electron localization in the multicycle
regime”, New Journal of Physics 15, 063203 (2013)

ther work should be carried out on this issue. @Oral Presentations

However, shot time experiments can be carried Kanaka Raju Pandiri®, Yuxi Fu®, Yutaka Nagata, Tsu-
out. neto Kanai, Akira Suda and Katsumi Midorikawa,

2. Study of nuclear dynamics on hydrogen molecules. “Generation of few-mJ, two-cycle laser pulses with

In this work, one 5fs pulse with circularly polariza-
tion is used to initiate the vibrational states of H2+.
Then the following 5fs linearly polarized pulse is
used to probe the vibrational states via high order
harmonic generation. Similar to simulation, vibra-
tional nuclear dynamics is observed in this experi-
ment. However, due to the instability of the laser,
confirm of this result is difficult. Further experiment
should be carried out when the laser is well stabi-
lized.

3. Carrier envelope phase (CEP) dependent high order
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Midorikawa, “Phase-matched, super-continuum
high-order harmonics generation and its carrier en-

velope phase dependence”, Poster, The 6 Asian

Workshop on Generation and Application of Coher-
ent XUV and X-ray Radiation, Shanghai Institute of
Optics And Fine Mechanics, Chinese Academy of
Sciences, Shanghai, China, January 12-15, 2014
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Manipulating the Magnetic Coupling Between Individual Spins Through Single

Molecule Switching

Name: Yingshuang Fu

Host Laboratory: RIKEN Center for Emergent Matter Science Strong

Electron’s spin degree of freedom is bringing infor-
mation technology towards a revolutionary direction.
The spin medium not only drives electronics faster and
less power-consuming compared to traditional charge
medium, but also generates new schemes of informa-
tion processing based on quantum entanglement. While
molecular spins are intensively studied for such pur-
poses, the recent discovery of topological insulators
(TIs) provides an appealing alternative. Due to strong
spin-orbit coupling induced band inversion, nontrivial
surface states emerge at the surface boundary of TIs,
whose bulk are band insulating. The so called topo-
logical surface state (TSS) has a massless Dirac type
energy dispersion and is spin polarized with locked
spin and momentum. These novel properties render
TSS carrying dissipitionless current and implementing
fault-tolerant quantum computation. Hereby, I report
two studies on TSS using spectroscopic imaging scan-
ning tunneling microscopy, which is a surface sensitive
technique powered by its high spatial and energy reso-
lutions. Under external magnetic field, orbit of elec-
trons in TSS takes the form of cyclotron motion. As a
consequence, the energy of TSS is quantized into dis-
crete Landau levels (LLs). We show the capability of
delivering the intriguing properties of TSS via STM-
based LL spectroscopy. In the first study, we succeeded
in imaging the two-component nature of Dirac LL
wave functions. In relation to the linear dispersion,

wave function of Dirac electrons contains two spinor

Correlation Physics Division
Emergent Phenomena Measurement Research Team

(Laboratory Head: Tetsuo Hanaguri)

components, which are associated with the spin degree
of freedom in TSS. Although the two-component wave
functions are the origin of many novel quantum phe-
nomena such as anti-localization, its direct observation
is still elusive. We reveal the two-component nature
through real-space imaging the Landau orbits drifting
around a Coulomb potential in a prototypical TI Bi,Se;.
The shape of the imaged Landau orbits always exhibit
two peaks when their quantum number # is larger than
zero. This contradicts with the case of conventional
Landau orbits which contain n peaks. Moreover, n=1
LL splits at the bottom of the potential, which is out of
a scenario of conventional LLs either. The above
anomalies are well explained with a theoretical model-
ling with Dirac Hamiltonian. It is indicated that the ab-
sence of internal nodes in Dirac Landau orbits is a con-
sequence of overlapping between the two components.
Since the spatial extension of the two components dif-
fers, an energy splitting occurs to LLn (n>0) at the
potential minimum. The amount of splitting gets small-
er with increasing n, and only LL1 splitting is discern-
able. In view that Coulomb potential modifies the rela-
tive weight of the spin-up and spin-down components,
nontrivial spin magnetization textures are expected to
emerge in real-space. This provides a novel spin ma-
nipulation protocol for potential spintronic applica-
tions. In the second study, we directly observed the
Zeeman effect of TSS. Zeeman effect depicts the spin

response of electrons to an external magnetic field.
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Since TSS has a helical spin texture in momentum
space, its Zeeman effect drives the system into massive
Dirac fermions, which is of fundamental interest for
the study of topological physics. The Zeeman effect of
TSS is manifested through its zero mode LL, which
shifts monotonically with increasing magnetic field.
This is in stark contrast to another well-known analog
Dirac system, i.e. graphene, which is spin degenerated
and thus exhibits Zeeman splitting in its zero mode LL
(as well as other LLs). Despite Zeeman effect could
uncover the helical spin texture of TSS, it has never
been observed unambiguously. We identified the Zee-
man shifting of TSS in a TI Sb,Te,Se and determined
the prefactor characterizing the Zeeman coupling
strength which is named as surface g factor. It is noted
that the potential variation in the sample also affects
the energy shift of LL, due to the effect of field-depen-
dent extension of LL wave functions. After excluding
such an extrinsic influence, we obtained an effective g
factor of about 25. A similar methodology is applied to
TI Bi,Se;, and the g factor is measured to be about 0.
As both TIs have large bulk g factor, the remarkable
difference in their surface g factor is a central issue of
concern. We are currently making efforts under the
frame work of K * P theory towards understanding

which knobs are controlling the g factor transferred to

TSS.
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Neural Stem Cell Self Replication and Cell Cycle Control by the Proto-oncogene Evi-1:

A Genome-Wide Transcriptional Target Identification and Validation Study

Name: Tobias Hohenauer
Host Laboratory: RIKEN Brain Science Institute

Understanding control of neural stem cell self repli-
cation is key to a complete understanding of neural
stem cell biology, and will be essential for the develop-
ment of stem cell-based therapeutic strategies. It has
become clear that the unregulated activity of factors
critical for stem cell proliferation and maintenance can
lead to cancer formation. Therefore, the Moore Unit

hypothesized that one promising approach to elucidate

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

neural stem cell proliferation is to examine the neuro-
genetic roles of factors previously described as onco-
genic.

The proto-oncogene Ecotropic viral integration
site-1 (Evi-1) is involved in hematopoietic stem cell
(HSC) and cancer cell proliferation. The Moore Re-
search Unit (RIKEN BSI) has recently found that Evi-

1 also drives neural stem cell self replication and pro-
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liferation. In this project we will therefore carry out
genome-wide Evi-1 target identification and valida-
tion specifically in the neural stem cell. RIKEN-devel-
oped Cap Analysis of Gene Expression (CAGE), a
genome-wide approach for establishing transcriptional
maps and analyzing promoter usage, will be used to
delineate Evi-1 control of the neural stem cell tran-
scriptome in vivo. By performing genome-wide chro-
matin immunoprecipitation followed by deep sequenc-
ing (ChIP-Seq), we will screen for promoters occupied
by the Evi-1 protein. Correlation of CAGE data with
Evi-1 binding sites finally will identify direct Evi-1
transcriptional targets. These will be screened for their
contribution to Evi-1 control of proliferation and cell
cycle progression in cell-based assays. Only candi-
dates essential for neural stem cell proliferation will be
functionally analyzed in vitro and in vivo and thereby
integrated into an Evi-1 dependent pathway regulating
self replication and cell cycle control. Preliminary data
point towards a role of Evi-1 as a chromatin remodel-
ing factor. To assess potential effects of Evi-1 on nu-
cleosome distribution, MNase-Sequencing will be uti-
lized to further clarify the role and molecular function
of Evi-1 in neural stem cells.

Evi-1 is involved in stem and cancer cell prolifera-
tion; however a precise mode of Evi-1 action remains
to be elucidated. Our objective is to determine the role
of Evi-1 in the self-replicative proliferation and cell
cycle control of neural stem cells by identifying Evi-1
transcriptional targets.

Our specific goals are:

1. A base-line analysis of the changes in gene ex-
pression and promoter usage during transition
from self-replicating neural stem cells to interme-
diate precursor 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 pro-
liferation, stem cell maintenance and cell cycle
control.

4. A detailed description of Evi-1 molecular func-
tion on specific target gene promoters on the chro-
matin level.

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 regu-
lated transcripts of genes or miRNAs, and the subse-
quent establishment of a regulatory pathway by which
Evi-1 controls self replication and maintenance of the
neural stem cell. As this project uses objective method-
ology to identify candidates, our genome-wide ap-
proach is most likely going to provide information on
previously uncharacterized targets of Evi-1 and there-
fore currently unknown functional aspects of Evi-1 in
neural stem cell biology. In addition we expect to vali-
date our experimental approach by identifying distinct
subsets of targets previously shown to be involved in
direct regulation of cell cycle progression or chromatin
remodeling factors as cofactors for Evi-1 dependent
control of transcription. Apart from adding to elucidate
how neural stem cell identity is maintained during de-
velopment, our expected results could therefore cer-

tainly add to refine Evi-1 ~ s role in oncogenesis.
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The Prdm family defines, switches, and maintains cell
states during development

Tobias Hohenauer and Adrian W. Moore

Development. 2012 Jul;139(13):2267-82.
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Modeling and Construction of an Artificial Mammalian Circadian Oscillator

Name: Craig Charles Jolley

Host Laboratory: RIKEN Center for Developmental Biology

During FY 2013, T worked on two major projects.
The first project, continued from FY 2012, was the pa-
rameterization of a mathematical model of the mam-
malian circadian clock. In contrast to a deconstructive
approach, in which the important components of a sys-
tem are identified and their interactions characterized,
our model has been motivated by a synthetic-biology
approach. The network of interacting transcription fac-
tors required to recapitulate some of the behaviors of
the cell-autonomous circadian clock has been eluci-
dated by experimental efforts in the lab, and my role
was to model this hypothesized network to determine
the extent to which it can recapitulate the behavior of
the complete circadian system.

Mathematical models in systems biology are notori-
ously underdetermined and “sloppy”; I found that these
problematic features could be mitigated by including a
regularization term in my objective function that penal-
izes the usage of physically unlikely parameter values.
I used genome-scale datasets giving typical values for
kinetic parameters in mammalian cells to construct
prior probability distributions that were used to con-
strain the parameterization process. In the end, the
model was able to reproduce many of the experimen-
tally-characterized features of the mammalian clock
and hypothesize possible molecular targets for phase-
resetting chemical stimuli such as neuropeptide Y. A
manuscript has been submitted to Biophysical Journal
and is currently in review.

My second (and ongoing) project is a model of in-
tercellular coupling in the mammalian suprachiasmatic
nucleus (SCN). While most mammalian cells contain
cell-autonomous clocks, the ~20,000 neurons of the
SCN are coupled together into a coherent unit that
keeps time far more precisely than an individual cell
could. SCN neurons project to many other regions in
the brain, and the time-dependent signals from the

SCN control 24-hour rhythms in behavior and physiol-

Laboratory for Systems Biology
(Laboratory Head: Hiroki R. Ueda)

ogy. SCN neurons are not perfectly synchronized,
however, and it is thought that the distribution of phas-
es within the SCN could be modulated by the photope-
riod (the relative length of day and night) and may
regulate seasonal processes including migration, mat-
ing, and hibernation.

My model treats the SCN as a collection of autono-
mous oscillators that emit signals. Each oscillator has a
defined emission time for its signal(s), and a coupling
matrix defines the connections between neurons. The
effect of neuropeptide signals on recipient neurons can
be described using a velocity response curve (VRC)
- a given signal may cause the phase advance of a re-
cipient neuron to speed up or slow down, depending on
the subjective time at which it is received. VRCs for
different chemical signals can be measured using SCN
slices from transgenic mice in which a circadian gene
is fused with a bioluminescent reporter; such measure-
ments are routinely carried out in our lab and the re-
sulting experimental data provides an important input
to the model. During the remainder of my FPR
term, I hope to use the SCN phase oscillator model to
understand how entrainment by external stimuli (espe-
cially light) can affect the distribution of phases within
the SCN.

@Publications:
Jolley C.C., Ukai-Tadenuma M., Perrin D., and Ueda
H.R.: A statistical-mechanical approach to the mam-

malian circadian clock. Biophysical Journal, submit-
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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

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 accelerator chain which consists of a new linac
named RILAC2 and four booster cyclotrons (RRC:
K =540 MeV, fRC: K=570 MeV, IRC: K=980 MeV,
and SRC: K=2600 MeV), as shown in Fig. 1 [2, 3].
This RILAC2 is equipped with a powerful supercon-
ducting ECR ion source. There are two charge-strip-
ping sections in this acceleration mode. One is located
after RRC (B=0.16), and the other is after fRC
(B=0.3027). Stripping causes an increase in the phase
width of the beam in the subsequent cyclotrons, which
should be reduced by using a rebuncher with a longitu-
dinal focusing function. Therefore, we studied the de-
sign of a new rebuncher to be placed between fRC and
IRC.

The rf frequency of the rebuncher was chosen to be
219 MHz, which is the 12" harmonic of the fundamen-
tal frequency of 18.25 MHz. This frequency gives the

Accelerator Group
Cyclotron Team
(Laboratory Head: Naruhiko Sakamoto)

cell length of BA/2=207 mm at B=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 re-
buncher is estimated to be 3 MV at this frequency and
use of superconducting rf (SRF) technology is neces-
sary for the effective operation of the rebuncher reso-
nator.

Among possible structures for the rebuncher, we
have chosen a spoke resonator, which is popularly used
in the medium B region, with three spokes. There are
several advantages for this structure; (1) a radial size
of the cavity is relatively smaller than for other struc-
tures. (2) Strong cell to cell coupling offers robustness
of the resonant frequency against manufacturing error.
(3) The frequency for the fundamental mode is well
separated from that for higher order mode. A capaci-
tive coupler is inserted from the outer conductor in a
vertical direction. A cleaning port is attached on each

end-wall.
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Two types of frequency tuning method have been
considered. One is to use the deformation of end walls
(end-wall tuner), the tuning sensitivity of which is es-
timated to be 270 kHz/mm by the calculation of CST
Microwave Studio. The other method is to use a block
tuner located on the outer conductor. If the cylinder
with a diameter of 100 mm is used, the sensitivity is
estimated to be around ~ 25 kHz/mm. To establish fab-
rication method, a full scale copper cavity is planned to
be built as a test model partly using the same fabrica-
tion technology that is supposed for manufacturing a
Nb cavity. The test model is composed of one spoke
and two end walls. A fabrication method is based on

the methods of press, welding, and brazing. First, the

most parts would be shaped by using press method.
Then, they are welded by Electron Beam Welding
(EBW) or brazed.

Further investigation to optimize or simplify the pro-
posed models is in progress so that the fabrication pro-
cess is as simple as possible. After the test model is
constructed, it’s mechanical and RF parameters will be

measured to check the accuracy of calculation.

@Oral Presentations
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[1] the 16th International Conference on RF Supercon-
ductivity, SRF2013, Paris, France, September 22-
27,2013, THP039

Analytic Methods for Cold Atoms

Name: Giacomo Marmorini

Host Laboratory: Condensed Matter Theory Laboratory

In our study of analytic solutions of the Bogoliubov-
de Gennes equation of the quasi-one dimensional su-
perfluid fermionic gas we turned to the experimentally
interesting setup in which an external potential is ap-
plied to the system, e.g. a laser trap. By using the local
density approximation and restricting to those regions
where the local chemical potential is much larger than
the external potential, we can find a closed nonlinear
differential equation for the order parameter. From its
solutions, several observable effects can be read out,
such as the local change of periodicity of the Larkin-
Ovchinnikov-Fulde-Ferrell state, the modification of
the typical size of dark solitons, etc..

In addition we continued the analysis of the mag-
netic order of certain frustrated antiferromagnets near
saturation field, using the dilute Bose gas theory ap-
plied to magnons (quantized spin waves). In particular
we clarified a mechanism for which some phases that
appear in layered three-dimensional systems even for
very small interlayer exchange coupling JO disappear
in the pure two-dimensional limit (vanishing JO). This
is due to a peculiar runaway behavior of certain phase

boundaries as a logarithmic function of JO. We pro-

(Laboratory Head: Akira Furusaki)

vided the criterion for this behavior to take place. As an
application, we showed that the Q0-Q1 phase that we
recently found in the spin 1/2 triangular J1-J2-J3
model in fact disappears in the limit of vanishing JO.
Instead when the runaway does not occur, one can per-
form calculations at progressively small JO to extrapo-
late the value of certain phase boundaries to two di-
mensions. With this method one can overcome, at least
in the context of magnetic systems, the notorious prob-
lem of infra-red divergences of the two-dimensional

dilute Bose gas theory.

@Publications

Original Papers

Marmorini G., Yoshii R., Tsuchiya S. and Nitta M.:
Analytic Self-Consistent Condensates in quasi-1D
Superfluid Fermi Gases in the Andreev approxima-

tion, J. Low Temp. Phys. in print*

@Presentations

Domestic Conference

Marmorini G., Momoi T.: High magnetic field phases
of the J1-J2 and J1-J3 triangular antiferromagnet,

— 157 -



Japan Physical Society Fall meeting, Tokushima
2013, September 24-28.
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Development of an Antihydrogen Beam

Name: Daniel James Murtagh

Host Laboratory: Atomic Physics Laboratory

The ASACUSA-Cusp experiment located in the an-
tiproton decelerator hall at CERN aims to produce a
beam of ultra-cold antihydrogen atoms which is ame-
nable to spectroscopic investigation. Antihydrogen is
the antimatter counterpart of hydrogen consisting of an
antiproton and a positron (or antielectron). In the pres-
ent work, improvements to the positron accumulation
apparatus have been made which are briefly discussed
below:

A new ??*Na source was purchased from iThemba
laboratories (SA), this new 47.7mCi (1.84GBq) re-
placed the previous 18mCi (0.65GBq) representing an
increase in source intensity (and thus incoming posi-
tron beam) by a factor of 2.8.

After serious problems with electronic noise in the
previous year, filters to reduce noise by ~100dB for fre-
quencies between 1 and 30MHz have been installed.

The magnetic field strength used for radial confine-
ment of the positrons in the trap was increased to 1T.
The reason for this is twofold: firstly, by increasing the
field the cyclotron cooling time constant becomes
comparable to accumulation time which may counter-
act the effect of heating from the electronic noise ob-
served in 2012. Secondly, the transfer efficiency to the
Cusp trap, which is operated at 2.5T, may be improved
as losses from magnetic mirror reflected positrons will
be reduced.

The maximum number of positrons accumulated in

(Laboratory Head: Yasunori Yamazaki)

2013 is 23x10° which is a factor of 15 higher than
2012. The lifetime measured in 2013 is 87s which is in
agreement with predictions. It is expected that increas-
ing the number of positrons available for antihydrogen
production will increase the number of antiatoms in the
beam bringing the ASACUSA-Cusp closer to being

able to perform a spectroscopic measurement.

@Publication

Original Paper

Kuroda N, Ulmer S, Murtagh D.J, Van Gorp S, Nagata
Y, Diermaier M, Federmann S, Leali M, Malbrunot
C, Mascagna V, Massiczek O, Michishio K, Mizu-
tani T, Mohri A, Nagahama H, Ohtsuka M, Radics B,
Sakurai S, Sauerzopf C, Suzuki K, Tajima M, Torii
H.A, Venturelli L, Wunschek B, Zmeskal J, Zurlo
N, Higaki H, Kanai Y, Lodi Rizzini E, Nagashima Y,
Matsuda Y, Widmann E & Yamazaki Y.: A source of
antihydrogen for in-flight hyperfine spectroscopy,
Nature Communications, published*

Murtagh D.J.: A positron buncer-cooler, European
Journal of Physics D, submitted*

Cooke D.A, Murtagh D.J and Laricchia G.: The direct
and total ionization cross-sections for positron im-
pact ionization of N2, European Journal of Physics
D, published*

@Presentation

— 158 -



International Conference

Murtagh D.J, Van Gorp S, Michishio K, Ulmer S,
Higaki H, Kanai Y & Yamazaki Y.: Positron storage
for antihydrogen beam production, POSMOL,

Kanazawa Japan, July 2013.
Murtagh D.J.: A Positron Buncher-Cooler, POSMOL
Kanazawa Japan, July 2013.

Towards a Better Millimeter/Terahertz Wave Imaging System

Name: Feng Qi
Host Laboratory: RIKEN Center for Advanced Photonics Terahertz-

My work is mainly divided into three parts in this
year: THz detection, THz imaging and THz wave-
guide, respectively.

First, for THz detection, by optimizing the optical
coupling between THz and IR pumping beams, and by
using gratings and bandpass filters, very large dynamic
range and very high sensitivity for THz detection have
been achieved. At 27 THz, I have realized a dynamic
range of five orders. By comparing to pyro-electric de-
tectors, the sensitivity by using frequency upconver-
sion detection via DAST crystal is four orders’ higher.
At 4.3 THz, a straightforward comparison between up-
conversion detection and 4 K bolometer has been
made. By using a simple PIN diode, the sensitivity by
using upcoversion detection is comparable to 4 K bo-
lometer for ns THz pulses. While by using APD, it per-
forms at least three orders’ better than the 4 K bolom-
eter. The NEP is in the order of 100 fW/Hz'2
Moreover, to pursue phase matching condition for
broadband THz detection, by synchronizing two com-
mercial blazed gratings (1200 lines/mm), phase
matching condition over 300 nm for pumping beam
has been realized, which promotes THz detection from
1.85 to 30 THz. Current frequency upconversion THz
detection system gives the largest dynamic range when
frequency conversion technique is applied in the THz
region, making itself an effective meter for imaging
and sensing applications, without resorting to strong
THz sources. Regarding the NEP, it can compete with
the best record in case of frequency upconversion de-

tection. However, we did not resort to advanced photon

wave Research Group
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counting technique. So there is still space for further
improvement. Such a high sensitivity implies that for
ns THz pulses detection, it is feasible to use current
technique to replace the 4 K bolometer, which is costly
and time consuming. Moreover, we have obtained the
largest bandwidth among frequency upconversion de-
tection of THz waves.

For imaging, based on the success of THz detection
above, 2D THz upconversion imaging has started. I
partially joint the work. A unique system-level fre-
quency upconversion imaging model, based on wave
optics, has been developed and it is being applied to do
methodology studies at the moment. Previous studies
are based on either Fourier optics or geometrical op-
tics. For Fourier optics, it only gives the final imaging
and wave propagation is not possible to illustrate.
While in case of geometrical optics, diffraction effects,
which are important for THz waves, are ignored. By
speeding up the calculation, now it is possible to study
even up to UV region for 1D analysis. On the other
hand, a raster scanning imaging system based on fre-
quency upconversion detection is under construction
now and will be finished soon. The advantage for it,
compared to the 2D imaging system, is its high SNR,
high resolution, and large operation bandwidth.

THz waveguide based on DAST crystal, is a joint
project between RIKEN and Paris 7 University. To
serve the waveguide design, two programs based on
FDTD analysis are going on. One is to analyze the ei-
genmode of the waveguide structure. Another one is to

study the wave propagation inside waveguide. Mode
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coupling theory is under study. A conceptual DAST
waveguide mode has been proposed, with a DAST
core and a cover layer. I hope to apply this structure to
merge the requirements at THz and IR regions and re-
alize single-mode operation by controlling the refrac-
tion index.

In the end, I serve the vice-chair of Technical Pro-
gram Committee (TPC) for the Global Symposium on
Millimeter Waves (GSMM) 2013.
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Mechanism and Epigenetic Effect of Spliceostain A

Name: Tilman Hans Jorg Schneider-Poetsch

Host Laboratory: Chemical Genetics Laboratory

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 previ-
ously been observed that treatment with the pre-mRNA
splicing inhibitor Spliceostatin A (SSA) lead to in-
creased heterochromatinization, 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 heterochroma-
tin 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 RIKEN. Bioionformat-
ic analysis revealed some novel 80 candidate small
RNAs, with miRNA-like characteristics. These se-
quences mainly derived from introns.

Furthermore, using chromatin immuno precipitation
(ChIP), we isolated genomic DNA from heterochro-
matic regions. For controls and comparison we includ-
ed several markers for actively transcribed or repressed

chromatin in our study. The DNA fragments were

(Laboratory Head: Minoru Yoshida)

readied for high throughput sequencing, which will
commence shortly.

This study will continue beyond March 2014 to ana-
lyze the ChIP-sequencing data and put it into relation
with the novel RNA species identified. The goal re-
mains to build an epigenetic map of splicing inhibition
and heterochromatin formation, linking specific se-
quence elements and their expression with the chroma-

tin state.

@Publication

Review

Kaida D, Schneider-Poetsch T, Yoshida M, Splicing in
oncogenesis and tumor suppression, Cancer Sci
2012, Sep; 103(9):1611-6

@Book chapter:

Yoshida M, Splicing Inhibitors: From small molecule
to RNA metabolism, in: Chemical Biology - Con-
cepts and Case Studies, 2014, Wiley-VCH, in edit-

ing

@Presentation:

Schneider-Poetsch T, Kawamura Y, Yoshida M, Novel
small RNAs from Intronic Sequences. RIKEN Epi-
genetics Conference, Yokohama, February 20, 2014

— 161 —



Studies on Strigolactone Signaling in Plants

Name: Eunjoo Seo

Host Laboratory: RIKEN Center for Sustainable Resource Science

Strigolactones (SLs) are a new class of plant hor-
mone involved in shoot branching, leaf senescence,
root development, AM symbiosis, and plant parasit-
ism. In the shoot branching regulatory system, it is
likely that SL-synthesis is induced by auxin, and SLs
act as a major inhibitor of bud outgrowth. However, it
remains unclear how SLs regulate these developmental
processes in plants. It has been revealed that an o/B-
fold hydrolase family protein (rice D14 or petunia
DAD?2) functions in the SL signal perception. In addi-
tion, the involvement of F-box protein (rice D3 or
Arabidopsis MAX2) in SL signaling suggests that pro-
teosome-mediated degradation of transcriptional regu-
lators affects SL signal transduction. To identify nega-
tive regulators of SL signaling in Arabidopsis, which
are targets of SCF ubiquitin ligase complexes such as
DELLA proteins for GA signaling, SL-dependent
AtD14-interacting proteins were screened by yeast
two-hybrid system. As a result, the A75G5110 gene
was isolated as a prevalent candidate in a yeast two-
hybrid screening. This gene encodes a protein that be-
longs to the PCD_DCoH subfamily a protein, the bi-
functional protein of a transcription activator and a
metabolic enzyme, and shares conserved domain with
AT1G29810 in Arabidopsis and Os01g0663500 in rice.
In Arabidopsis protoplasts, the GFP-AT5G51110 fu-
sion protein is exclusively localized to the nucleus
whereas the AT5SG51110-GFP fusion protein is local-
ized to the chloroplast. The localization of GFP-
AT1G29810 was in both nuclei and cytosol as same as
AtD14. To investigate the function of A75G5110 and
AT1G29810 in Arabidopsis, the phenotype of mutants
from GABI-Kat T-DNA insertion lines, GABI-

Dormancy and Adaptation Research Unit
(Laboratory Head: Mitsunori Seo)

Kat 453C08-018814 for AT5G5110 and GABI-
Kat 648F10-022836 for AT1G29810, was analyzed.
Two mutants showed a slightly lower number of ro-
sette branches (RI and RID) than wild-type plants dur-
ing their life. In addition, mutants produced less axil-
lary shoots than wild-type plants when the main shoot
was removed. I generated transgenic plants overex-
pressing the AT5G5110 or AT1G29810 gene under the
control of 35S promoter in a wild-type background.
Notably, all transgenic plants showed more branching
phenotype than wild-type plants, and the severity of
branching phenotype in these transgenic plants was
correlated with the expression level of the transgene.
These observations suggested that the ATSG5110 and
the AT1G29810 protein act as a repressor in the SL-
mediated branching-inhibition pathway. To investigate
how SL regulates two proteins, transgenic plants ex-
pressing fusion protein with AT5G5110 or AT1G29810
were generated in various SL-related mutants’ back-
ground as well as wild-type. I will perform a set of
additional experiments to demonstrate whether a pro-
teolytic destruction of two proteins is induced by SLs
in the AtD14- and MAX2-dependent manner, and af-
fects to axillary bud outgrowth.

@Oral Presentations

International conferences

E. Seo, Y. Seto, Y. Kamiya, S. Yamaguchi, and M. Seo,
Studies on Strigolactone Signaling Repressor in Ara-
bidopsis, 21% International Conference on Plant
Growth Substances, June 18%~22"4 2013, Shanghai,
China.

Domestic conferences
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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 Fredd Leonardo Vergara

Host Laboratory: RIKEN Center for Sustainable Resource Science

This study evaluated the host specialization dis-
played by several species of the family Cossidae. Lar-
vae of these insects consume large amounts of plant
biomass and can become a serious pest in natural eco-
systems and forestry. In particular, two sister species,
Cossus insularis and Cossus redtenbacheri were closed
examined. C. insularis is a species found only in Japan
whereas C. redtenbacheri lives exclusively in Mexico.
C. redtenbacheri is the only known species in the fam-
ily Cossidae that lives in plants other than trees or
shrubs. C. redtenbacheri has become an specialist of
Agave plants and thus it has to exploit a niche ecologi-
cally and biochemically distinct of those filled by their
sister species. Based on data produced within this proj-
ect the host shift happened relatively recently in the
evolution of C. redtenbacheri but interestingly, bioas-
says showed that other Cossidae cannot use Agave as
host. The chemistry of Agave is rather different of that
of the hosts of other Cossiadae suggesting that C.

redtenbacheri has likely evolved biochemical mecha-

Metabolomics Research Group
Environmental Metabolic Analysis Research Team
(Laboratory Head: Jun Kikuchi)

nisms enabling it to survive in Agave or it has devel-
oped symbiotic relationships with new gut microorgan-

isms that help this insect to digest its new diet.

@Publications

Papers

Vergara F., Everroad R. C., Andraca-Gomez G., Kiku-
chi J., Makihara H.: Cossus redtenbacheri (Lepidop-
tera: Cossidae) specializes on agave not trees: in-
sights from molecular phylogeny and mechanical
tests. Bulletin of Insectology, 2012, 65 (2): 217-
222.

@Oral Presentations

International conferences

Vergara F.: “Cannibalism and NMR metabolomics in
Helicoverpa armigera” International Chemical
Ecology Conference Melbourne Australia 2013, Au-
gust 19-23.

— 163 -






FY2012 Foreign Postdoctoral Researchers






Vortex Duality in 3-Dimensional Quantum Matter

Name: Aron Jonathan Beekman

Host Laboratory: RIKEN Center for Emergent Matter Science Strong

The famed theorem by Nambu and Goldstone pre-
dicts massless propagating modes whenever a continu-
ous symmetry is spontaneously broken in ordered sys-
tem. In real-world crystals both translational and
rotational symmetry are spontaneously broken, but
only translational Goldstone modes, the phonons, are
found. It has been known that this is related to the in-
terdependence between translations and rotations, on a
heuristic level. We have shown, by mapping the Gold-
stone modes to dual gauge fields, how rotational modes
are confined in a crystal, and how they are liberated in
a quantum liquid crystal when all translation symmetry
is restored. The medium in which the rotational modes
propagate is the condensate of dislocations itself.

There is enormous recent interest in magnetic mate-
rials that have the possibility of the formation of topo-
logical excitations called skyrmions. These skyrmions
interact with conduction electron spins in the system,
causing for instance a spin Hall effect. We have seen in
micromagnetic simulations that spin waves are also
skew-scattered by skyrmions. We have mapped this
situation onto the classic Aharonov-Bohm configura-
tion, and derived exactly the scattering amplitude for
each wavenumber of the spin wave. Thus there is also
a spin-Hall effect in insulating materials, due to the
non-trivial topological charge of the skyrmion. By
conservation of momentum the skyrmion also moves,
but in a highly non-Newtonian fashion. When this pe-
culiar momentum is taken into account, the process is
well described as simple elastic scattering, and the

mass of the skyrmion must be very low.

@Publications

Original paper

Beekman A.J., Wu K., Cvetkovic V. and Zaanen J.:
Deconfining the rotational Goldstone mode: The su-

perconducting quantum liquid crystal in (2+1) di-

Correlation Physics Division
Strong Correlation Theory Research Group
(Laboratory Head: Naoto Nagaosa)

mensions, Phys. Rev. B 88, 024121 (31 July 2013)*

Iwasaki J., Beekman A.J. and Nagaosa N.: Theory of
magnon-skyrmion scattering in chiral magnets,
Phys. Rev. B 89, 064412 (14 February 2014)*

@Oral presentations

Domestic conferences

Beekman A.J. and Zaanen J.: Type-1I Bose-Mott insu-
lators, QS2C Theory Forum: International Sympo-
sium on “Strongly Correlated Quantum Science”,
University of Tokyo, 27 January 2013

Iwasaki J., Beekman A.J. and Nagaosa N.: Large-an-
gle skyrmion scattering, Emergent Quantum Phases
in Condesed Matter, ISSP, Kashiwa, Chiba June 13,
2013

Iwasaki J., Beekman A.J. and Nagaosa N.: Large-an-
gle skyrmion scattering, RIKEN Discovery Evening,
RIKEN, Wako, 28 June 2013

Iwasaki J., Beekman A.J. and Nagaosa N.: Large-an-
gle skyrmion scattering, FIRST-QS2C WS on
“Emergent Phenomena of Correlated Materials”,
November 14, 2013, Shinagawa Intercity Hall, To-
kyo

Beekman A.J., Wu K., Cvetkovic V. and Zaanen J.:
Liberating the rotational Goldstone modes in quan-
tum liquid crystals, RIKEN-APW joint workshop
“Highlights in condensed matter physics”, RIKEN,
Wako, January 24, 2014

Beekman A.J., Wu K., Cvetkovic V. and Zaanen J.:
Liberating the rotational Goldstone modes in quan-
tum liquid crystals, FIRST International Symposium
on Topological Quantum Technology, University of
Tokyo, January 29, 2014

Beckman A.J. and Zaanen, J.: Type-II Bose-Mott insu-
lators, National Institute for Materials Science, Tsu-
kuba, February 19, 2014

International conference
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Beekman A.J., Iwasaki J. and Nagaosa N.: Skyrmions:

a showcase for non-Newtonian kinematics, APS

March Meeting, Denver CO, USA, March 4, 2014

Controlling the Hybrid Quantum Systems

Name: Wei Cui
Host Laboratory: RIKEN Center for Emergent Matter Science

Quantum measurement disturbs the system being
measured and induce decoherence. According to the
theory 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 system is measured. We consider the feed-
back stabilization of Rabi oscillations in a supercon-
ducting qubit, which is coupled to a microwave read-
out cavity. The signal is readout by homodyne
detection of the in-phase quadrature amplitude of the
weak measurement output. By multiplying the time-
delayed Rabi reference, one can extract the signal,
with maximum signal-to-noise ratio (SNR), from the
noise. We further track and stabilize the Rabi oscilla-
tions by using Lyapunov feedback control to properly
adjust the input Rabi drives. Theoretical and simula-
tion results illustrate the effectiveness of the proposed

control law.

Quantum Condensed Matter Research Group
(Laboratory Head: Franco Nori)

@Publications

Papers

Cui W. and Nori F.: Feedback control of Rabi oscilla-
tions in circuit QED. Phys. Rev. A 88, 063823
(2013). published *

Lu X. Y, Xiang Z. L., Cui W., You J. Q. and Nori F.:
Quantum memory using a hybrid circuit with flux
qubits and nitrogen-vacancy centers. Phys. Rev. A
88, 012329 (2013). published *

@Oral Presentations

International conferences

Cui W. and Nori F.: “Feedback control of Rabi oscilla-
tions in circuit QED” The 6th International Work-
shop on Solid State Quantum Computing, Beijing
2013, October 19-21.

Cui W., and Nori F.: “Quantum feedback control” 5%
Workshop on Quantum Information Science, Hong-
kong 2014, January 3-4.

THz Generation from Filamentation Air-Plasma and its Application

Name: Haiwei Du
Host Laboratory: RIKEN Center for Advanced Photonics Terahertz-

In the present study, we investigate THz generation
from air-plasma which is produced by two-color fem-
tosecond laser pulses. Two-color laser pulses conclude
fundamental pulse and its second harmonic pulse.
Two-color laser pulses interaction with air-plasma not

only offers a strong, coherent, broadband THz wave,

Wave Research Group
Terahertz Sensing and Imaging Research Team
(Laboratory Head: Chiko Otani)

but also gives a tool to study filamentation air-plasma.

THz generation from air-plasma has been studied by
some groups and there are some experimental phenom-
ena and theory models reported. We proposed a model
called ionization current model, which is a semiclassi-

cal theory. According to it, the gas atoms are ionized
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by the laser field and the free electrons are accelerated
in the field to from the current. Because two-color
scheme breaks the laser field symmetry, it can acceler-
ate the electrons to a large velocity. As a result this
scheme can produce large net current. This current os-
cillates and emits the electromagnetic wave with plas-
ma frequency. So when the plasma frequency is in THz
wave range, this current can generate THz wave.

The plasma frequency is decided by its electron den-
sity. Therefore if the gas density is in a proper range,
the density of the electron released from them will pro-
duce plasma wave that is in THz range. For the normal
air density, if most of their atoms are ionized, the plas-
ma wave from them is in THz range. The gas density
can be also controlled by a gas jet, which is a vacuum
system. When the gas jet is used, the density of gas can
be changed.

If the gas target is set the air, it is called “air-plasma”.
If the gas target is set to some special gas atom, it is
called “gas-plasma”. For different gas atoms, they
have different ionization potential energy, which af-
fects atom ionization directly. That means for the same
laser pulse condition, the gas species have different
THz generation power law and emit different THz
pulse. Some gas species (Helium, Neon, Argon and

Nitrogen) are used to set as gas target and THz genera-

tion from them are calculated. We chose these four gas
atoms because the three former have simple structure
and have been studied in the ionization, while the last
one is the main component of the air. The result con-
firms the conclusion of the model that the THz genera-
tion laws from two-color laser pulses interaction with
different gas species are different. Hopefully, these re-
sults can be useful in understanding the experimental

result.

@Publications

Papers

Du Haiwei, Yang Nan: Effect of gas species on THz
generation from two-color lasers, Chinese Optics
Letters, 2013, 11: 063202"

@Oral Presentations

Domestic conferences

1. Du Haiwei, Otani Chiko: Ionization current pro-
duced from laser plasma and its THz generation
(Poster). Japan THz Autumn School, Zao Japan,
2013, November 21-22

2. Du Haiwei, Otani Chiko: THz generation from ion-
ization current and its optimization (Poster). RIKEN
Joint NICT Workshop on THz, Tokyo Japan, 2014,
January 17

Application of Non-Perturbative Functional Methods in Strong Interactions

Name: Gergely Peter Fejoes

Host Laboratory: RIKEN Nishina Center for Accelerator-Based Science

During FY2013, I have worked on two different di-
rections concerning strongly interacting systems: 1. the
BCS-BEC crossover of strongly correlated fermions
and 2. effective models of Quantum Chromodynamics
(QCD). The final outcome of the research is formu-
lated in three original papers and one paper in confer-
ence proceedings.

1. BCS-BEC crossover of strongly correlated fermi-
onic systems

Superfluidity in many-fermion systems is one of the

Quantum Hadron Physics Laboratory
(Laboratory Head: Tetsuo Hatsuda)

central problems in condensed matter, atomic, nuclear
and particle physics. Recent theoretical and experi-
mental results showed that the two distinct versions of
superfluidity (i.e. bosonic and fermionic) are related
and can be smoothly connected via the so-called BCS-
BEC (BCS: Bardeen, Cooper, Schrieffer, BEC: Bose-
Einstein condensate) crossover. The research carried
out in this direction concerns the BCS side of the cross-
over.

On the BCS side, there are weakly coupled fermions
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forming pairs at low enough temperature and produc-
ing superfluidity. The question we addressed in papers
(1D+(2) is how this critical temperature changes if the
interaction between the particles are getting stronger.
Reproduction of some well-known results of BCS the-
ory were done and then a study was presented going
beyond it via numerical simulations. The method
which was used is the so-called functional renormal-
ization group (FRG), which is a promising non-per-
turbative functional method of quantum field theory.
With the help of the numerical simulation, a coupled
integro-differential equation system was solved and
the critical temperature as a function of the strength of
the interaction between the particles, the self-energy
correction at different critical temperatures and also the
corresponding chemical potential was obtained. It
turned out that in contrast to the expectations, the self-
energy does not vanish even in weakly coupled sys-
tems, however its effect on the critical temperature
only formulates when the particle interaction is getting
stronger.

2. Effective models of QCD

The research I was doing in this direction is about
low energy strong interaction with two flavor numbers,
i.e. dynamics of the u- and d-quarks. The low energy
effective meson model which describes the matter of
this type is the O(4) symmetric scalar theory. The gen-
eralization of the theory, the O(N) model has several
applications not only in particle- but in statistical-
physics as well, therefore rather the latter was studied
and then the results were applied to the N=4 case. My
goal was to solve the model using the large-N expan-
sion within the so-called 2PI (two-particle-irreduc-
ible) formalism. Developing the 2PI formalism, being
a non-perturbative functional method of quantum field
theory is of great importance and interest. The study
contained analytic and numerical works as well, which
lead to the birth of two papers.

In paper (3), limitations of the model are analyzed
in terms of renormalizability. It turned out that even
though the model and the corresponding 2PI approxi-
mation is renormalizable and therefore has predictive
power, if the interaction between the particles is large,

then due to the so-called Landau singularity, one can

never reach a consistent redefinition (continuum limit)
of it. Furthermore and more importantly, a lot more
careful theoretical analysis is necessary than it had
been thought before in order to obtain trustworthy pre-
dictions. The appearing non-conventional divergences
were identified in details and eliminated through ex-
plicit calculation of the counter-terms of the theory.

In paper (4) the model is solved numerically for
various mass and coupling parameters, together with a
study of the renormalization scale dependence. At first,
the model was parametrized at zero temperature using
physical input coming from experimental results. After
this, a finite temperature analysis was carried out and
predictions of several physical quantities were ob-
tained: temperature dependence of particle masses and
the pressure, details of the phase transition, such as en-
ergy density as a function of condensation, critical ex-
ponents, critical temperature. The predictions were
carried out on the one hand at the leading-order, and on
the other hand at the next-to-leading order of the
large-N expansion. It was proven how important the
next-to-leading order contribution is, since it shows a
significant deviation from the (actually already known)

leading-order scenario.

@Publications

papers:

(1) Y. Tanizaki, G. Fejos, T. Hatsuda: Fermionic func-
tional renormalization group approach to superfluid-
ity

(2) Y. Tanizaki, G. Fejos, T. Hatsuda: Functional re-
normalization group approach to conventional theo-
ry of superfluidity and beyond (Conf. proc. of
MBT17)

(3) G. Fejos, A. Patkos, Zs. Szep: Renormalized O(N)
model at next-to-leading order of the 1/N expan-
sion: effects of the Landau pole

(4) G. Fejos, U. Reinosa, J. Serreau, Zs. Szep: Ther-
modynamics of the O(N) model at next-to-leading

order of the 2PI large-N expansion

@Presentations
international conference (poster)

Y. Tanizaki, G. Fejos, T. Hatsuda: Fermionic functional
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renormalization group approach to strongly coupled
superfluidity X VIII. International Conference on Re-
cent Progress in Many-Body Theories, Rostock,
Germany (2013/09/08-13)

international seminar (oral)

G. Fejos: Study of strongly coupled fermionic super-

fluids with functional renormalization group meth-

odTheoretical Particle Physics Seminar, Eotvos
Univ. Budapest, Hungary (2013/09/18)
international conference (oral & poster)
G. Fejos: Chiral symmetry breaking patterns in the
U(n)xU(n) meson modelNew Frontiers in QCD
2013, Kyoto, Japan(2013/12/02-06)

Exploring the Phases of QCD from Hadronic Observables

Name: Philipp Gubler
Host Laboratory: RIKEN Nishina Center for Accelerator-Based Science

In one of my works of this year I have investigated
the the ¢ meson and its potential modification at nucle-
ar matter density. This topic has been studied already
some time ago by Hatsuda and Lee, but due to recent
results obtained by lattice QCD on the strangeness con-
tent of the nucleon (also called the strange sigma
term), the input for the sum rules have changed consid-
erably, which could largely change the results. More-
over, we have computed a few new terms in the opera-
tor product expansion, which have not been considered
before and which in fact have turned out to have quite
a large effect on the behavior of the ¢ meson at finite
density. As a result, we have found that the ¢ at nuclear
matter density will likely experience only a small mass
shift, which, depending on the value of the strange
sigma term, might even be positive. This finding is dif-
ferent from what was found in the earlier calculations
of Hatsuda and Lee, which predicted a quite large neg-
ative mass shift. Furthermore, we found that the behav-
ior of the ¢ meson strongly depends on the strangeness
content of the nucleon, which means that the measure-
ment of the ¢ in nuclear matter at J-PARC will provide
a very strong constraint on this value. A manuscript on
this topic is presently being finalized and will be sub-
mitted during the next few weeks.

Another subject, on which I have been focusing this
year, is the study of the single-particle spectral func-
tion of the unitary fermi gas. In recent years, it was

noticed that the operator product expansion (OPE),

Strangeness Nuclear Physics Laboratory
(Laboratory Head: Emiko Hiyama)

usually used in relativistic field-theory can be success-
fully applied to the unitary fermi gas. This has opened
up the possibility to employ sum rule methods, that
have usually been used in QCD, to this non-relativistic
system. For this purpose, we have derived a certain
class of sum rules from the OPE results on the one-
particle self-energy of the unitary fermi gas, which
were obtained earlier by Nishida. Then, we have ana-
lyzed these sum rules using the maximum entropy
method. As a result, we could obtain the single-parti-
cle spectral function as a function of momentum and
from this could extract the dispersion relations of the
quasi-particles in the unitary fermi gas. Furthermore,
we could also deduce the value of the superfluid pair-
ing gap, which shows agreement with experimental
numbers. In all, our results show that this method
works well and that it can potentially to be applied to
other channels or observables. A paper on this subject

is presently being prepared for submission.

@Publications

Papers

Li A, Liu T., Gubler P. and R.X. Xu.: Revisiting the
boiling of primordial quark nuggets in the early Uni-
verse. arXiv:1312.3684 [astro-ph.CO], submitted *

Ohtani K., Gubler P., and Oka M.: Parity projection of
QCD sum rules for the nucleon. Phys. Rev. D 87,
034027 (2013). *

Gubler P., Suzuki K., Morita K. and Oka M.: Modifica-
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tion of hadronic spectral functions under extreme
conditions: An approach based on QCD sum rules
and the maximum entropy method. Nucl. Phys. A
914,512 (2013). *

Gubler P., Suzuki K., Morita K. and Oka M.: Quar-
konia at Finite T: An Approach Based On QCD Sum
Rules and the Maximum Entropy Method. Few Body
Syst. 54, 1059 (2013). *

Books

Gubler P.: A Bayesian Analysis of QCD Sum Rules.
Springer Theses, Springer Science+Business Media,
(2013).

@Oral Presentations

International conferences

Gubler P.: “OPE + sum rule approach to single-particle
spectral functions of the unitary fermi gas”, Seminar,
Yonsei University, Seoul, Korea, May 2013.

Gubler P.: “Exploring the QCD Phase Diagram from
Hadronic Obsevables”, Seminar, Xiamen University,
Xiamen, China, October 2013.

Gubler P.: “Applications of sum rules in QCD and cold
atoms”, Workshop on theoretical study of super-
heavy nuclei, asymmetric nuclear matter and exotic
nuclei, State Key Laboratory of Theoretical Physics
(SKLTP), Institute of Theoretical Physics, Chinese
Academy of Sciences, Beijing, China, October 2013.

Gubler P.: “Recent results from QCD sum rule analy-

ses based on the maximum entropy method”, Inter-

national Symposium on Chiral Symmetry in Had-
rons and Nuclei, Beihang University, Beijing, China,
October 2013.

Gubler P.: “The phi meson at finite density from a QCD
sum rules + MEM approach”, YITP workshop on
“Hadrons in Nucleus”, Kyoto University, Kyoto, Ja-
pan, November 2013.

Gubler P.: “Vector mesons at finite density from QCD
sum rules and the maximum entropy method”, XV
International Conference on Hadron Spectroscopy
(Hadron 2013), Nara, Japan, November 2013.

Domestic conferences

Gubler P.: “QCD HIHI & MEM % Fl\W = A5 R i rh
@ vector meson DHFZEDBLIR & L DFEE”, W
geex [ FREE R O R e Uit =k )] &
=, Tokai, Japan, August 2013.

Gubler P.: “2=%Y— « 7 )L I5UAD—ki AN
7 FOVBEUS R BRI ORER", WHoes T8
Dm 1w & Z DI I, Kyoto University, Kyoto,
Japan, August 2013.

Gubler P.: “HAE FRUEMEZ NV c2=2Y — -
7 2V IEARD ki - AT NOVEIE D ki,
HAMEEZ 20134ERFTRE (B - F9),
Kochi, Japan, September 2013.

Gubler P.: “2 =%V — « 7 o)V I XKD —FKi 1 A
N7 VBRI K S B MAIOKER & T DKL >
F YR K BN, HAYIBEYZE 20134F
MK (WE), Tokushima, Japan, September
2013.

Biophysical Investigation in the Development of Tissue Formation by Focus on

Cell-Physiological and Bio-Kinetic Interactions

Name: Marcel Hoerning

Host Laboratory: RIKEN Center for Developmental Biology

During this fiscal year successfully utilized the gels
that enabled us to culture cardiomyocyte cells toward
confluent tissue on different substrate rigidities. We ob-
served distinct differences of the tissue arrangement,
which seems to satisfy our primarily finding on the dy-

namics of cardiac tissue on rigid substrates. Primarily

Laboratory for Physical Biology
(Laboratory Head: Tatsuo Shibata)

we had a detailed look at the actin formation, nuclii
distribution and gap-junction distribution. Also Life-
Act was tested to monitor the actin-contraction dy-
namics during the developmental stage of the tissue.
The detailed analysis of the data is still in progress; as

well as further tissues need to be observed in order to
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get statistically significant results. This investigation
was tackled together with Dr. Torsten Bullmann from
the laboratory of Neocortical Development, who
helped to enhance our immunostaining techniques and
observation methods. Our collaboration with the Frey
Initiative Research Unit (RIKEN QBIC) is still ongo-
ing. No significant progress has been made yet, do to
technical difficulties. However, we expect to find inter-
esting and significant results using our approach soon.

The investigation of the membrane dynamics of ac-
tin-polymerization-inhibited Dictyostelium cells has
been almost finished and is currently being summa-
rized for publication. Fast spin-confocal microscopy
was performed to obtain reaction dynamics in space
and time (4D) and a Matlab program was implement-
ed that allows us to map and analyze those reaction
dynamics. We found patterns of PIP3 dynamics that
has not been obsevered before, as well as quantifica-
tion of membrane topology and dynamics that lead to
the proof of the previously suggested underlying excit-
able dynamics in the signaling process of Dictyosteli-
um cells.

Additionally, one paper is currently under revision
that includes first 4D observations, where the entrain-
ment dynamics of externally applied chemoatractant

stimulation on Dictyostelium cells are studied.

@Publications
Papers
M. Nishikawa, M. Hoerning, M. Ueda, and Tatsuo Shi-

bata, “Excitable signal transduction induces both
spontaneous and directional cell asymmetries in the
Phosphatidylinositol Lipid Signaling System for Eu-
karyotic Chemotaxis”, Biophysical Journal (under

revision)

@Oral Presentations

International conferences

* ”Physics of the Heart - Bridge between Nonlinear
Physics and Bio-Medical Science”, German Science
Days in Kyoto ”Research for Sustainable Develop-
ment”, Kyoto, Japan, 10/2013 (invited)

@Oral Presentations

International conferences

* M. Hoerning, and T. Shibata, 4D Quantification on
Complex Wave-Formation of Phosphatidylinositol
Lipids Signaling in Dictyostelium”, 7th International
Conference - Engineering of Chemical Complexity,
Rostock-Warnemuende, Germany, 06/2013

+ P. Bittihn, M. Hoerning, D. Hornung, F. H. Fenton,
and S. Luther, ”Electric-Field-Based Control Strate-
gies for Cardiac Tissue”, 57th Annual Meeting -
Biophysical Society, Philadelphia, USA, 02/2013

Domestic conferences

* M. Hoerning, and T. Shibata, ”Time-resolved 3D
Quantification and Analysis of Membrane-Lipid
Signaling in Dictyostelium”, 51th Annual Meeting
of the Biophysical Society of Japan, Kyoto, Japan,
10/2013

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

Splicing Regulators

Name: Yuen Yan Joanna Ip

Host Laboratory: RNA Biology Laboratory

The function of and the regulation of gene expres-
sion by 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 sequenced. Preliminary analysis indicates

(Laboratory Head: Shinichi Nakagawa)

that the alternative splicing of the majority of cassette
exons in neurons is not regulated by Gomafu. Howev-
er, a small group of genes showed differential expres-
sion between the wildtype and the Gomafu knock-out
neurons. This suggests that Gomafu is largely not re-

quired for the regulation of gene expression during
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neuronal depolarization, in agreement with the normal
growth of Gomafu knock-out mice. Nevertheless,
these target genes will be further studied to decipher
the molecular mechanisms of the regulation by Goma-
fu. From this data, alternative exons that are not previ-
ously known to be regulated after depolarization of
wildtype neurons are also identified. These exons are
not only from genes with neural functions but also
from genes that encode regulators of splicing, in agree-
ment with previous findings that some splicing factors
are alternatively spliced in depolarized neurons there-
by changing the splicing patterns of other genes.

In addition, the nematode C. elegans is used to study

the regulation of alternative splicing by Gomafu, in an

evolutionary context. C. elegans lines that stably co-
express a splicing reporter and expression vectors of
Gomafu in muscle cells have been established. These
lines will be used to screen for proteins that function
with Gomafu to regulate the splicing of pre-mRNA ex-
pressed from the reporter. In addition, to directly ad-
dress the effect of Gomafu in the nervous system of
nematode, C. elegans lines that stably express Gomafu
in neurons are also generated. Altogether, these studies
are designed to elucidate the role of Gomafu as a regu-
lator of gene expression in the nervous system and to
survey the changes in gene expression during neuronal

depolarization.

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

Name: Jachoon Jung

Host Laboratory: Surface and Interface Science Laboratory

Ultrathin oxide films grown on metal substrate are of
great interest not only as supporting materials for
chemically active nanoparticles but also as catalysts in
the field of heterogeneous catalysis, because they pro-
vide an additional dimension, i.e., film thickness, to
control the catalytic properties. Using scanning tunnel-
ing microscopy (STM) and density functional theory
(DFT) calculations, we have demonstrated that the
chemical reactivity for water dissociation on an ultra-
thin 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 chemi-
cal 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 manipulation of the lo-
cal 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 chemical

(Laboratory Head: Yousoo Kim)

reactivity of MgO/Ag(100) for the dissociation of in-
dividual water molecules can be systematically con-
trolled by interface dopants over the film thickness. We
introduced the 3d transition metal (TM) dopants (Sc ~
Zn) into the oxide-metal interface due to the high tun-
ability with a number of d electrons. Our study reveals
that TM dopants can be effectively stabilized by an ox-
ide film, which suggests not only that the deposition of
ultrathin oxide film is a promising way to enhance the
concentration of dopants at the interface by the draw-
ing effect of oxide film but also that the concentration
of dopants at the oxide-metal interface depending on
the kind of dopant is quite predictable using the rela-
tive oxygen affinity of TM dopants. The double-
humped pattern in chemical reactivity of ultrathin ox-
ide 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 split-
ting of the TM dopant caused by the ligand field formed
by the oxide film fully correlates to the pattern of

- 174 -



chemical reactivity change. Therefore, our results pro-
vide strong impetus for introducing and characterizing
interface irregularity from the atomic-scale insights
accumulated thereby. Now we are extending the com-
putational study on the dissociation of the oxygen mol-
ecule on ultrathin MgO film grown Ag(100) substrate,
in which the way to control the dissociation reactivity
is being explored. Such challenges could result in a
significant contribution to the development of the po-
tential materials, where the interface plays a pivotal
role in determining the function of materials. In addi-
tion, our research interests can cover a variety of inter-
facial phenomena for the adsorption systems, such as
molecular architectures and 2-dimensionally extended
graphene, on solid surfaces using combined theoretical

and experimental strategies.

@Publication

Papers

Kamakura S., Jung J., Minato T., Kim Y., Hossain M.
Z., Kato H. S., Munakata T. and Kawai M.: Disper-
sive electronic states of the m-orbitals stacking in
single molecular lines on the Si(001)-(2Xx1)-H
surface. J. Phys. Chem. Lett. 4, 1199 (2013) pub-
lished*

Hossain M. Z., Kato H. S., Jung J., Kim Y. and Kawai
M.: Molecular assembly through the chain reaction
of substituted acenes on the Si(100)-(2X1)-H sur-
face. J. Phys. Chem. C 117, 19436 (2013) pub-
lished*

Shimizu T. K., Jung J., Imada H. and Kim Y.: Adsorp-
tion-induced stability reversal of photochromic dia-

rylethene on metal surface. Chem. Commun. 49,

8710 (2013) published*

Lim H., Jung J., Yang H. J. and Kim Y.: Lattice-con-
traction-induced Moiré patterns in direction-con-
trolled epitaxial graphene on Cu(111). Adv. Mater.
Interfaces 1,1300080 (2014) published

Kim J.-H., Jung J., Tahara K., Tobe Y., Kim Y. and
Kawai M.: Direct observation of adsorption geome-
try for the van der Waals adsorption of a single
n-conjugated hydrocarbon molecule on Au(111). J.
Chem. Phys. 140,074709 (2014) published

@Oral Presentation

International conferences

Jung J., Kim J.-H., Tahara K., Tobe Y., Kawai M. and
Kim Y.: “Formation mechanism of van der Waals in-
terface between a m-conjugated molecule and
Au(111)” American Vacuum Society (AVS) 60th
International Symposium & Exhibition, Long Beach
California USA, October (2013)

Jung J., Shin H.-J., Kim Y. and Kawai M.: “Control-
ling surface reactivity of ultrathin insulating film by
interface manipulation” IBS-RIKEN mini-Work-
shop on Surface Science, Daejeon Korea, February
(2014)

@Poster Presentation

International conferences

Jung J., Kim J.-H., Tahara K., Tobe Y., Kawai M. and
Kim Y.: “Formation mechanism of van der Waals in-
terface between a m-conjugated molecule and
Au(111)” Korea-Japan Joint Symposium on Mo-
lecular Systems (KJMS-2014), Muju Korea, Febru-
ary (2014)

The Role of Cytosolic Free Calcium([Ca2+]cyt) in Plant Immunity

Name: Anuphon Laohavisit

Host Laboratory: RIKEN Center for Sustainable Resource Science

PAMP (pathogen associated molecular patterns)-
triggered immunity (PTD) is a hallmark of plant-

pathogen interactions. During PTI, [Caz"]Cyt elevation

Plant Immunity Research Group
(Laboratory Head: Ken Shirasu)

is often documented although its mechanism of eleva-
tion is not fully understood. The lack of known mo-

lecular identity in plant calcium permeable channels is
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hindering our understanding of Ca* role in PTL. An
attempt to identify novel plant Ca?* channels are often
masked by redundancy. Furthermore, the immediate
downstream targets of [Ca®]., are still largely un-
known.

To overcome this problem, chemical screening has
been employed to identify novel Ca®* signalling com-
ponent in PTI. Wild-type Arabidopsis seedlings ex-
pressing apoaequorin (WT-AEQ) challenged with
flg22, a potent PAMP, was screened against 2,000
Spectrum compound library. Of the 2,000 compound,
111 chemicals (5.5 %) are shown to affect fig22-in-
duced Ca?* elevation in WT-AEQ seedlings, which
can be catagorised into 8 catagories. Interestingly, 4
chemicals showed total abolishment of flg-induced
Ca?* elevation, reminiscent of flg-induced Ca?* eleva-
tion in fIs2 mutant. These chemicals targets could be
binding to an flg22 receptor, FLS2, or calcium-perme-
able channel (s) which is responsible for fls22-induced
Ca?* elevation. Whatever the target may be, the results
are interesting and more work are being carried out to
test the chemicals further.

While carrying out the chemical screen, an attempt
to elucidate salicylic acid (SA) transporters in Arabi-
dopsis, which are still largely unknown, has been car-
ried out. To identify novel SA transporters, a modified
yeast two hybrid system based on identifying ABA
transporters has been employed. Member of Arabidop-

sis NPF family transporters cDNA libraries were
screened under low SA concentrations in yeast ex-
pressing SA receptors and cDNA which promotes such
interactions were identified. Preliminary data suggest
that several NPF transporters have potential to trans-
port SA, either as an importer or an exporter. More ex-

periments are being carried out to confirm the results.

@Publication

Richards SL, Laohavisit A, Mortimer JC, Shabala L,
Swarbreck SM, Shabala S, Davies ]M (2014) An-
nexin 1 regulated H,0,-induced calcium signature
in Arabidopsis thaliana roots. Plant Journal 77:
136-145. (Equally contributed 15 author)

Laohavisit A, Richards SL, Shabala L, Chen C, Colago
RD, Swarbreck SM, Shaw E, Dark A, Shabala S,
Shang Z, Davies JM (2013) Salinity-induced calci-
um signaling and root adaptation in Arabidopsis re-
quire the calcium regulatory protein annexin 1. Plant
Physiol. 163: 253-262.

Presentation

International Conference

Laohavisit A, Shang ZL, Rubio L, Cuin TA, Véry
A-A, Wang A, Sentenac H, Shabala S and Davies
JM. “Annexin-mediated calcium signalling in roots”
16™ International Workshop in Plant Membrane Bi-
ology, Kurashiki, Japan 2013, March 26-31

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: Bioengineering Laboratory

In 2013 fiscal year, assay platforms have been devel-
oped for protein and nucleotide biomarker, indepen-
dently. Prostate cancer was target disease since several
protein biomarkers such as PSA (Prostate specific an-
tigen) and hK2 (human kallikrein 2) were existed in
blood circulation and confirmed as biomarker for diag-
nosis of prostate cancer in FDA. High sensitive detec-

tion methods are extremely required to detect protein

(Laboratory Head: Mizuo Maeda)

biomarker not only for early diagnosis of disease but
also patient monitoring, disease stage, recurrence of
disease.

Measuring elevation of PSA in circulation can be
most common diagnostic method of prostate cancer.
Around 2-3 ngmL-! of PSA in plasma is generally ac-
cepted diagnosis cut-off value, higher values often

merit further investigation, e.g. a prostate biopsy. HK2
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is serine protease enzyme and has highest homology to
PSA with about 80 %. It also seems to be present in
concentrations of 1-2% compare with PSA in blood-
stream. Although PSA has been recognized a useful
biomarker for prostate cancer, developing PSA/hK2
duplex assay, which is intended to simultaneously look
for multi-target biomarker in one sample gains more
interest for improving diagnosis accuracy.

At first, I focus to developed miniaturized PSA/hK2
duplex microarray format since it offers easy way of
multiplexing with low sample consumption. Optimized
assay condition such as choice of solid surface concen-
tration of capturing antibody, spot size etc. were main
works to increase sensitivity and remove cross reaction
in between working proteins. 2-D epoxy glass sub-
strate assembled with 2x9 PDMS well as assay format.
4x4 arrays (2x4 is antiPSA spots and next 2x4 is anti-
KLK2 spots) were dispensed each well which its spot
to spot distance is 700 um. As a result, around 20
pgmL-! and 30 pgmL-! of limit of detection (LOD)
were marked for PSA and hK2 in human blood, re-
spectively. It also showed broad dynamic ranges (102
to 10> ngmL-!, 10° order). The developed duplex assay
showed extremely low cross-reaction by optimizing
capturing antibody condition.

The success of 2-D duplex assay makes it develop-
ing on 3-D porous silicon surface. Using porous sili-
con, platform becomes much miniaturized, which spot
to spot distance is 150 pm and one spot volume is 300
pl. Since immobilization of capturing antibody on po-
rous silicon is physical adsorption not chemical bond-
ing such as covalent bonding, total assay time can be
drastically reduced in first immobilization step- gener-
ally less than 1 minute is enough to immobilized cap-
turing antibody of its volume in 300 pl. As a result, less
than 1 pgmL-' of limit of detection of both PSA and
hK2 were marked in blood serum with 10° orders of
dynamic ranges. It also consume small amount of sam-
ple (less than 10 pl of serum). The total assay time less
than 3 hours included capturing antibody immobiliza-
tion. Such high speed and high sensitive duplex assay
format could lead improving diagnosis accuracy of
prostate cancer and also monitoring of stage of disease.

On the contrast, nucleotide biomarker such as miR-

NA also shows its potential as a biomarker for prostate
cancer research. Since miRNA has its sequence, it
makes it easy to form detection system using compli-
mentary ssSDNA as probe. Fluor pore labeled hairpin
DNA probe, which partially has complimentary se-
quence of target was bound to 15 nm sized Gold nano
particle, and the conjugated GNP solution was flowed
in Y-shaped microchanel, which one channel was met
miRNA sample. By changing of ssDNA"s conforma-
tion from its hair-pin to stretched into its complimen-
tary miRNA, fluorescent signal would be emitted. As a
result, miRNA141(potential biomarker of prostate
cancer) was detected down to few pM within few min-
utes. Such microfluidic format would have poteitial to

develop rapid and low-price diagnosis Kits.

@Presentations
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hibition on Analytical and Bioanalytical techniques,
Oct 15-17, 2013, Las Vegas, USA
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ogy, Mach 10-11, 2014, Berlin, German

4) Lee S, Hosokawa K, Jeung OC, Kim S, Maeda M,
“Simple and rapid microfluidic miRNA detection
platform by conformation changed hair-pin probed
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5) Lee S, Kim S, Laurell S, Maeda M, “Sol-gel inte-
grated microarray platform for quantification and
identification of Biomarker recognition by MALDI-
TOF MS”, International Symposium on Smart Bio-
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Study of Nonequilibrium Physics and Anomalous Effect in Heavy Ion Collisions

Name: Shu Lin
Host Laboratory: RIKEN Nishina Center for Accelerator-Based Science

We studied several aspects of quark gluon plasma
near deconfinement phase transition: i) The quark glu-
on plasma close to deconfinement phase transition is
believed to separate into domains of different Z(N)
vacua. We studied the interface between Z(N) vacua
and found the interface tension vanishes at the phase
transition in the large N limit, which suggests a flat
potential barrier between Z(N) vacua. ii) We studied
heavy quark energy loss in quark gluon plasma near
deconfinement phase transition. This temperature re-
gion distinguishes from the high temperature limit due
to the presence of nontrivial Polyakov loop. We found
nontrivial Polyakov loop tends to suppress the number
of active scatterers in the medium, thus leading to sup-
pression of heavy quark energy loss. iii) We also ex-
plored the possibility of realizing supercooled quark
gluon plasma in freezeout of heavy ion collisions. We
found novel phenomena of sound stoppage in super-
cooled quark gluon plasma. iv) We studied out of equi-
librium effect on the chiral magnetic conductivity of
quark gluon plasma and found in general suppressed

the conductivity.

@Publications
Original Papers

Lin S., Pisarski R. and Skokov V.: Zero interface ten-

Theory Group
(Laboratory Head: Larry Mclerran)

sion at the deconfining phase transition for a matrix
model of a SU(c0) gauge theory. Phys. Rev. D87
105002 (2013)

Lin S. and Yee H.: Out-of-equilibrium chiral magnetic
effect at strong coupling. Phys. Rev. D88 025030
(2013)

Gursoy U, Lin S. and Shuryak E.: Instabilities near the
QCD phase transition in the holographic models.
Phys. Rev. D88 105021 (2013)

Lin S., Pisarski R. and Skokov V.: Collisional energy
loss above the critical temperature in QCD. Phys.
Lett. B. submitted.

@Presentations

International Conferences

Lin S.: Zero interface tension at the deconfining phase
transition for a matrix model of a SU (infinite) gauge
theory. Workshops of the APS Topical Group on Ha-
dronic Physics. Denver, USA, April (2013)

Lin S.: Anomalies in hydrodynamics and beyond.
Frontier Physics Working Month, Beijing, China,
May (2013).

Domestic Conferences

Lin S.: Thermodynamics and Z(N) interfaces in large
N matrix model. New Frontiers in QCD 2013, Kyo-
to, November (2013).

Dynamical Electron Correlation Induced by Relativistic Few-Cycle Laser Fields

Name: Erik Viktor Loetstedt
Host Laboratory: Laser Technology Laboratory

Modern laser facilities (such as those available in
the group of Dr. K. Midorikawa) can produce laser
pulses as short as a few femtoseconds, with peak elec-
tric field amplitudes high enough to accelerate an elec-

tron to close to the speed of light within an optical cy-

(Laboratory Head: Katsumi Midorikawa)

cle. My research is centered on the theoretical
development of applications for such intense, few-cy-
cle laser pulses in atomic and molecular physics, as
well as the improvement of theoretical methods to de-

scribe laser-matter interaction.
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The first project that I was involved in during FY
2013 was the theoretical proposal of the implementation
of a laser-induced nuclear reaction within a laser-driv-
en molecule. The proposal makes use of the concept of
recollision, which is well known in strong-field atomic
physics. In short, an electron ejected from an atom can
be accelerated in the laser field so that the electron re-
turns, or recollides, with the atomic core at high kinetic
energy. Our proposal extends the recollision process to
protons: By exposing a neutral molecule to an extreme-
ly intense laser pulse of intensity of about 10%> W/cm?,
all electrons are ejected in a first step to form a molecule
consisting of bare nuclei only. A proton in the molecule
is subsequently accelerated to kinetic energies of about
1 MeV, enough to induce a nuclear reaction upon recol-
lision with a nearby, heavier nucleus. Theoretical calcu-
lations indicate that the reaction rate is small, but mea-
surable, and furthermore that the recollision process can
be controlled by changing the so-called carrier-enve-
lope phase (CEP) of the laser pulse.

The second project was concerned with the strong-
field control of electron motion within a molecule.
Here, we propose to use short and intense (~10'4 W/
cm?) laser pulses to steer the bound electron in the tri-
atomic molecular ion Hy**. As a first step, H;" is ion-
ized to H;2*, which immediately starts to dissociate. By
driving the remaining electron with an intense, circu-
larly polarized laser pulse, we show by solving the
time-dependent Schrédinger equation that the final
destination of the electron, that is, to which proton the
electron finally binds to, can be controlled by changing
the CEP of the laser pulse. Calculations have been car-
ried out using a simplified model as well as with a
model where all three nuclear degrees of freedom are
included. This kind of strong-field control has been
previously demonstrated for diatomic molecules only;
our proposal shows that such a scheme can be effective
also for triatomic molecules, thus paving way for ex-
periments on chemically interesting, polyatomic mol-

ecules.

@Publications
Original papers
Lotstedt E. and Midorikawa K.: Laser-induced elec-

tron localization in a triatomic molecular ion, Physi-
cal Review A, 88, 041402 (R) (2013). *
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the Compton effect with correlated three-photon
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energy triple-photon entanglement, Physical Review
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lar electron dynamics in the ionization of acetylene
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search Symposium on Ultrafast Intense Laser Sci-
ence (STAR 4), Shanghai Institute of Optics and
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Lotstedt E.: “Relativistic effects in nonsequential dou-
ble ionization of helium”, Spring Meeting of the Ja-
pan Society of Applied Physics, Kanagawa Institute
of Technology, 2013, March 27-30.

Lotstedt E.: “Electron localization in laser-driven
H3?*”, Annual meeting of the Japan Society for Mo-
lecular Science, Kyoto, 2013, September 24-27.
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Lotstedt E.: “Relativistic Effects in Strong-Field Non-
sequential Double Ionization: Importance of the La-
ser Magnetic Field and Darwin Corrections”, The

2nd Advanced Lasers and Photon Sources

- 179 -



(ALPS’13), Yokohama, Japan, 2013, April 23-25.

Lotstedt E.: “Relativistic effects in strong-field double
ionization”, 11th European conference on atoms,
molecules and photons (ECAMP 11), Aarhus, Den-
mark, 2013, June 24-28.

Domestic meetings

Lotstedt E.: “Carrier-envelope-phase control of elec-
tron localization in a triatomic molecular ion”, The
first RAP symposium, RIKEN, Wako, 2013, October
31-November 1.

Study of Neutron-Rich Nuclei Around 28Pd, and the Astrophysical Origin of the Heavy
Elements in the Universe

Name: Giuseppe Lorusso
Host Laboratory: RIKEN Nishina Center for Accelerator-Based Science

The rapid neutron capture process (r-process) is one
of the main nucleosynthesis process operating in the
Universe since the formations of the first stars. The as-
trophysical site and the exact reaction sequence of the
r-process remain open questions, which is necessary to
answer to understand the origin of the chemical ele-
ments and reconstruct the history of the universe.

One of the main source of uncertainty in r-process
studies is related to the unknown properties of the
atomic nuclei that are produced during the process and
that normally do not exist on earth. One of the main
goals of nuclear physics is to produce and study these
nuclei in laboratory.

In the present research, a decay spectroscopy experi-
ment has been performed at the the Radioactive Iso-
tope Beam Factory (RIBF, RIKEN) that has produced
radioactive nuclei that are key for the r-process. These
are nuclei are special because have more than 82 neu-
trons and less than 47 protons. With this particular
combination of neutrons and protons, these nuclei
function as bottleneck nuclei for the r-process nucleo-
synthesis. The experiment consists in studying their
beta decay, e.g., the process that in a fraction of a sec-
ond breaks them emitting electrons, neutrons, and
gamma rays. Among the properties measured of great
importance for r-process studies there are lifetimes,
and the probability to emit neutrons during the beta-

decay process.

@Publication

Radioactive Isotope Physics Laboratory
(Laboratory Head: Hiroyoshi Sakurai)

Original Paper

P-A. Soderstrom et al, “Shape evolution in
116,118Ru:Triaxiality and transition between the
0(6) and U(5) dynamical symmetries”, Physics
Review C, 88, 024301 (2013).

H. Watanabe et al., “Isomers in 126Pd and 128Pd: Evi-
dence for a Robust shell closure at the Neutron num-
ber 82 in Exotic Palladium Isotopes”, Physics Re-
view Letters, 111, 152501 (2013).

G.Lorusso et al., “beta-decay spectroscopy at RIBF:
The EURICA project”, in proceedings of the
OMEG12 conference (2014).
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New Era of Chemical Library Development Using Biomediator

Name: Suresh Panthee

Host Laboratory: RIKEN Center for Sustainable Resource Science

We identified BR-1, a -carboline compound, in-
duced the production of reveromycins (RMs), at a
concentration of as low as 350 nM. Through RNA -se-
quence analysis, it was found that BR-1 was selective
towards RM biosynthetic gene cluster in Streptomyces
reveromyceticus and induced RevU, a Large ATP bind-
ing Regulator of the LuxR family protein. In addition,
we found BR-1 induced the production of other sec-
ondary metabolites that are controlled by RevU homo-
logs in various Streptomyces. By the use of Biacore
surface plasmon resonance (SPR), we were able to
show the binding of BR-1 to RevU with the equilibri-
um affinity constant (Kp) of 1.3 uM, close to the low-
est effective concentration of 0.35 pM. As expected,
BR-1 derivatives that did not have biomediator activi-
ty did not bind to RevU. Binding of RevU to the pro-
moter sequence was also revealed by SPR. Interest-
ingly, this binding was enhanced in the presence of
0.15 uM BR-1.

@Oral Presentations
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Chemical Biology Research Group
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Role of Epigenetic Mechanisms in Circadian Clock Entrainment

Name: Dimitri Gerard Perrin

Host Laboratory: RIKEN Center for Developmental Biology Center

Circadian rhythmicity is clearly seen in the sleeping
and feeding patterns of animals, including human be-
ings, but patterns can also be observed in brain activity,
as well as in body temperature and hormone produc-

tion. The circadian clock is a key biological system.

Director's Strategic Program
Laboratory for System Biology
(Laboratory Head: Hiroki Ueda)

Even though significant progress has been made in our
understanding of the mechanisms controlling these bi-
ological rhythms, a number of unanswered questions
still remain. One of the challenges is to explain how the

clock system makes a transition from a steady state in
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embryonic stem cells to an oscillatory behavior in all
differentiated cells. Our intuition 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 occurring at the epigenetic level is starting to
become clearer, in part thanks to efforts on computa-
tional modeling.

In the circadian context, several genes such as
BMALI have already been identified either to be sus-
ceptible to epigenetically mediated regulation, or to
have an epigenetic activity. It is also well known that
significant epigenetic reprogramming occurs in mam-
mals during development, and it is expected to play a
role here.

In order to investigate the role of epigenetic changes
in the circadian clock, and to assess whether these
changes are involved in clock disorders, we use a
multi-technique approach that includes computational
modelling (using theoretical concepts such as rein-
forcement learning), complementary wet experiments
and advanced data analysis. This strategy enables a
move from qualitative to quantitative investigation of
epigenetic phenomena.

Data analysis include statistical analysis of next-
generation sequencing data (such as RNA-seq and
MBD-seq), data mining and clustering techniques
(e.g. genetic algorithms), as well as biomedical image

processing (including registration, processing and

analysis of brain images).
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Software and Applications Conference Workshops,
IEEE Computer Society.

Nakai, Y., Perrin, D., Ohsaki, H. and Walshe, R.: “Per-
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puting”, Proceedings of the 37th Annual IEEE Com-
puter Software and Applications Conference
Workshops, IEEE Computer Society.
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nual International Conference of the IEEE Engineer-
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puter Society.
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37th Annual IEEE Computer Software and Applica-
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Development of Selective Enzyme Inhibitors Chemically Expanded Molecular Evolutionary

Engineering for Medical Drugs

Name: Sivakumar Ponnurengam Malliappan

Host Laboratory: Nano Medical Engineering Laboratory

In recent years several therapeutic classes of anti-
inflammatory agents have been developed and intro-
duced in market. Selective cyclooxygenase-2 (COX-
2) enzyme inhibitors are promising anti-inflammatory

agents. Cyclooxygenase (COX) enzymes are believed

(Laboratory Head: Yoshihiro Ito)

to exist as three isoforms, COX-1, COX-2 and COX-3
where the role of COX-3 is not known clearly. COX-1
involved in pathophysiological function and COX-2
involved in the pathway inflammation, cancer and oth-

er diseases. Hence selective COX-2 enzyme inhibition
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is desired for various therapeutic applications. Previ-
ous attempt by researchers yielded potent selective
COX-2 inhibitiors like Celecoxib, Rofecoxib, Valde-
coxib etc, unfortunately they are withdrawn from mar-
ket due to their undesired side effects.

In our attempt we decided to create a selective cyclo-
oxygenase-2 enzyme inhibitor, called hereafter as su-
per-inhibitor which contains a peptide aptamer conju-
gated with small molecule inhibitor (either chalcone or
1,3,5-triphenyl-2-pyrazoline) by in vitro selection us-
ing ribosomal display method. Initially, small molecule
inhibitors synthesized chemically and coupled to t-
RNA. Random mRNA sequences designed as library
were prepared and added along with small molecule
coupled t-RNA to the cell free translational system.
Resultant peptide-mRNA -ribosomal complexes were
isolated and incubate with COX enzymes as targets
which are immobilized on magnetic nanoparticles.
Positive and negative selections were performed using
COX-2 and COX-1 enzymes were immobilized on
magnetic nanoparticles. This selection performed for
several cycles. Target bound mRNA were isolated,
converted to DNA, amplified, cloned and then se-
quenced. Since two of the small molecule inhibitors
were used namely chalcones and 1,3,5-triphenyl-2-
pyrazolines, peptide aptamers (super-inhibitors) were
selected using both of them. Attempt were made to
synthesize, peptide aptamers (super-inhibitors) select-
ed using both small molecule inhibitors by solid phase

synthesis. Solid phase synthesis did not work for chal-

cone containg super-inhibitors, since the double bond
is getting hydrogenated during solid phase synthesis.
Now we perform post translational modification, a
kind of synthesis strategy for chalcone containing su-
per-inhibitors which are under progress. At present,
super-inhibitors selected using 1,3,5-triphenyl-2-pyr-
azolines were synthesized and they are under COX-2

and COX-1 enzyme inhibitory assay evaluation.

@Publications
Sivakumar PM., Moritsugu N., Obuse S., Isoshima T.,
Tashiro H., and Ito Y.: Novel microarrays for simul-

taneous serodiagnosis of multiple antiviral antibod-
ies, PLoS ONE, 8, €81726 (2013)*.
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Exploring the Amplification of Small Molecular Motions into Large Structural Changes

Name: Matthew McCullough Sartin
Host Laboratory: Molecular Spectroscopy Laboratory

Many factors affect the amplification of small mo-
lecular motions into larger processes. Synthetic mo-
lecular systems can be designed so that the individual
contributing factors are isolated, which greatly facili-
tates their study. We examined two simple supramo-
lecular systems using time-resolved absorption and

fluorescence spectroscopies. In the first system, one

(Laboratory Head: Tahei Tahara)

molecular motion is used to mechanically drive anoth-
er. This continues our previous work on a rotaxane
consisting of a substituted azobenzene molecule en-
closed in a cyclodextrin host. Photoisomerization of
the azobenzene moiety induces motion of the cyclo-
dextrin,! and the interaction of the two processes is

studied through the effect of the cyclodextrin on the
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isomerization process. The second system is a station-
ary assembly with a unique environment on which
highly detailed information can be obtained. It is an
anthracene-based amphiphile that aggregates into aro-
matic micelles when dissolved in water at high concen-
tration.” The assembly was designed to incorporate a
fluorescent guest, which enables spectroscopic probing
of the environment within the assembly.

To aid in these studies, a new fluorescence upcon-
version setup was built, which enables simultaneous
collection of an entire transient fluorescence spectrum.
In addition, the 1 kHz excitation rate of the new setup
prevents multiple excitations of samples with long-
lived transient species.

In the first system, Rotaxane isomerization was initi-
ated by photoexcitation into the S, absorption band of
the azobenzene moiety. The excited molecule rapidly
relaxes to the S, and S, states. Relaxation from the S,
state of Rotaxane with and without a cyclodextrin host
follows a biexponential decay. Without cyclodextrin,
the lifetimes of the two components are 0.6 and 4.7 ps.
With cyclodextrin, they are 1 and 18 ps. The slower
component is more strongly affected by the presence of
cyclodextrin, which is consistent with cyclodextrin ste-
rically inhibiting isomerization. Therefore, we assign
the slower decay to the lifetime of the state preceding
isomerization. The faster component is not observed in
unsubstituted azobenzene,® suggesting that it origi-
nates from the large substituents on the Rotaxane.
Since repopulation of the ground state from S, occurs
at the rate of the slower process, the faster process does
not indicate a return to the ground state but is a relax-
ation to the state that precedes isomerization.

The environment of the aromatic micelles used for
the second part of this work was examined by analyz-
ing the dynamic Stokes shift of a fluorescent guest
(DCM) that has a large excited-state dipole moment.

Reorientation of a polar solvent to stabilize an excited

state dipole will cause the fluorescence to rapidly red-
shift. However, the interior wall of the micelle is ex-
pected to be aromatic, so the 26 nm red-shift of the
fluorescence suggests that it is the exterior of the mi-
celle that is responding to the excitation of the encap-
sulated dye. We obtained a time constant of 30 ps for
the fluorescence relaxation. This is significantly slower
than that of bulk water. Since the highly polar chains
on the micelle exterior are not very flexible, their mo-
tion is unlikely to change the environment around the
chromophore. Therefore, we attribute the unusual re-
laxation dynamics to reorientation of sterically hin-
dered water in the vicinity of the micelle.
! Murakami, H. et. al. J. Am. Chem. Soc. 2005, 127,
15891.
2Kondo, K. et. al. Angew. Chem. Int. Ed. 2013, 52,
2308.
3 Fujino, et. al. J. Phys. Chem. A 2001, 105, 8123.
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Modeling the High-Energy Optical Conductivity for Strongly Correlated Electron Systems.

Name: Subhra Sen Gupta

Host Laboratory: Computational Condensed Matter Physics Laboratory

Description of research: I have been reading a lot of
literature on various aspects of the optical conductivity
of correlated systems and also visited our experimental
collaborators at NUS, Singapore, to better understand
the experimental aspects of the technique, which we
are trying to calculate. I am also is the process of devel-
oping the code and calculations for the high-energy
optical conductivity of multiband systems, including
the full multiplet Coulomb interactions into the formal-
ism, for small clusters Cu,O, and Cu,Oy clusters to
start with. However with the inclusion of such compli-
cated orbital- and spin-resolved interactions, it is a
challenging task to understand the nature of transitions
that give rise to the various prominent peaks, which we
try to analyze in terms of partial characters of the vari-
ous many-body eigenstates associated with these
peaks.

On the other hand, I have also been working to de-
velop a low energy effective Hamiltonian for the 273
hexagonal Iridates with the general formula A,BO,
(e.g. Na,IrO;). These systems are very interesting due
to the very large spin-orbit coupling prevalent in the
5f-levels in Ir, and also due to the weakly coupled hex-
agonal layers of Ir, that is a common feature of these
systems. We start from the novel quasi-molecular or-
bital (OMO) description, as proposed by Igor Mazin,
Daniel Khomskii and co-workers on the basis of ab-
initio band struecture calculations, which describes the
Ir-1,, electrons localized on QMO’s delocalized over

the Ir hexagons, due to the very special geometry as-

(Laboratory Head: Seiji Yunoki)

sociated with the edge sharing octahedral. Within this
scenario, we have constructed a lattice model where
the basis states are no longer the usual Ir-7,, orbitals,
but these QMO’s centred at the centre of the hexagons,
which form a triangular bravais lattice instead of orig-
inal hexagonal non-bravais lattice. At each such “site”,
we work with the three highest QMO’s where the Fer-
mi energy lies, and derive a model where the onsite
energies are determined by the Ir-O hoppings and the
effective hoppings are mediated via spin-orbit interac-
tions, and gives qualitatively different hoppings along
the three distinct bonds. We also evaluate the effective
Coulomb and exchange interactions between these
QMO’s which forms the many-body part of this mod-
el. This model is expected to exhibit very rich physics,
like a spin-1 system on a triangular lattice, which has
the usual complications for frustrated spin systems. We
are working on unraveling the rich physics contained
in this new model. With suitable modifications in pa-
rameter regimes, the model is general enough to be ap-

plied to other systems with similar structure.

@Publications

Papers : In preparation.

@Oral Presentations
International conferences
Domestic conferences : Oral presentation at the Year-

ending Joint Group Meeting, Dec 24-25, Wako-shi.
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Protic-NHC Ruthenium and Iridium Complexes for Catalytic Dehydrogenation

and Hydrogenation Reactions

Name: Guoyong Song

Host Laboratory: Organometallic Chemistry Laboratory

The intermolecular addition of aromatic C-H bond
across an olefinic double bond with controlling abso-
lute and relative stereochemistry is, in principle, an ef-
ficient way for the creation of benzylic stereocenters,
without using stoichiometric amounts of organometal-
lic nucleophiles. To our knowledge, catalytic systems
for this purpose are not well established as of to-date.

Pyridine moieties are among the most important
classes of aromatics owing to their significance in vari-
ous biologically active compounds and functional ma-
terials. We have previously reported that the catalytic
addition of pyridine C-H to alpha-olefins could pro-
duce the branched alkylation products bearing a stereo-
genic center in the presence of cationic half-sandwich
rare earth alkyl complexes. We thus envisioned that the
analogous rare earth alkyl complexes with appropriate
chiral cyclopentadienyl ligands may lead to enantiose-
lective C-H addition of pyridines to alpha-olefins. The
cyclopentadienyl ligands based on binaphthyl scaffold-
ing, were used to react with 1 equiv Ln(CH,C¢H,NMe,-
0); (Ln=Sc, Y or Gd), thus producing a new family of

(Laboratory Head: Zhaomin Hou)

chiral half-sandwich rare earth dialklyl complexes. A
combination of the chiral half-sandwich scandium di-
alklyl complexes with [Ph;C][B(C¢F5),] proved to be
excellent catalysts for the enantioselective C-H addi-
tion of pyridines to unactivated olefins. The addition of
ortho C-H bond of a broad of pyridines with different
substituents at 2-, 3- or 4- position to 1-hexene af-
forded a series of alkylated pyridines in high yields,
and with enantiomeric ratio (er) up to 97.7:2.3. The
scope of alkene was also examined. Both linear alpha-
olefins and olefins containing steric bulk in close prox-
imity to the double bond, could serve as alkylation
agents to react with 2-picoline, giving the expected
branched pyridines in excellent yields and enantiose-
lectivity. The Kinetic Isotope Effect (KIE) experiment
indicated that C-H bond cleavage in pyridines should
be involved in the rate-determining step, consistent
with previous observations. This reaction proceeded
with high yield, excellent stereoselectivity, and good
functional group compatibility in an atom-economical

fashion.

Towards Vertical Molecule Diode Sandwiched between Tunable Graphene Electrodes

Name: Rui Wang

Host Laboratory: Advanced Device Laboratory

Bilayer graphene (BLG), compared to single layer
graphene (SLG), will be open an energy gap by break-
ing the symmetry of the two carbon layers. The energy
gap can be exploited to form the tunneling barrier for
the carrier confinement in a quantum dot (QD), which
is an essential building block for single electron tran-
sistor (SET), and spin quantum bit (Qubit). In previ-
ous reports on SLG, the graphene should be etched to
nanoscale constrictions with the scale down to sub 10

nanometers in order to open an energy gap. However,

(Laboratory Head: Koji Ishibashi)

the scattering or doping effect of edges will emerge and
degrade the reproducibility of SLG based quantum de-
vices. For BLG, the energy gap is turned by simply
applying a perpendicular electric field, which has been
demonstrated by recent theoretical and experimental
investigation. Such unique property ensures that the
BLG based QD will be fabricated at the scale of hun-
dreds of nanometers, in which size the edge effect is
considered negligible. In present work, we anticipate to
achieve stable and reproducible BLG based QDs em-
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bedded in the high-« material. The large screening ca-
pability of high-k material render to eliminate the scat-
tering and doping from the charge impurities in
proximate environment, which is the origin of the elec-
tron-hole puddles in graphene. In addition, we expect
to observe the electrical modulation of the g factor and
spin-orbit interaction (SOI) of biased BLG. A pro-
nounced increase of g factor and strength of Rashba
SOI is predicted in several theoretical works when the
band gap of BLG is open. However, the issue has not
been experimentally investigated to the best of our
knowledge. 72nm AlL,O; is firstly grown by atomic
layer deposition on the 200nm SiO, capped Si sub-
strate before the transfer of graphene flakes via a

Scotch tape method. The few layer graphene can be

easily located with the optical contrast in an optical mi-
croscope. The layer number is further verified from the
Raman spectra. Graphene devices are fabricated by
standard electron beam lithography. Some fine top
gates are deposited above Al,O; gating dielectric to
regulate the local energy structure of etched BLG
stripe. We observed the ambipolar transport behavior
and the Dirac point at the based temperature of 50mK,
which indicates the BLG QD can be operated in both
electron and hole regime. However, the Coulomb os-
cillation of source- drain current is not yet observed
until now, which may be due to the leakage of top gate.
The problem will be solved in the following fabrication
and further research on the g factor and SOI of BLG
QD will be conducted.

Development of Hybrid Technology Based on Femtosecond Laser Processing for Fabrication

of Highly Functional Microchips

Name: Dong Wu
Host Laboratory: RIKEN Center for Advanced Photonics Extreme

In the past few years, optofluidic devices realized by
integrating photonics with microfluidics have attracted
great attentions because of their potential applications
in manipulation, sensing, imaging, detection of bioma-
terials and so on. For example, 3D photonic crystals
have been fabricated by laser interference lithography
on 2D open channels for refractive index sensing.
However, until now, there are few reports on the inte-
gration of 3D designable optical devices with high pre-
cision, in particular, no reports in the 3D embedded
microchips.

In our work, we proposed two photon polymeriza-
tion (TPP) to integrate a typical optical device - re-
fractive microlens and its arrays into 3D embedded
microchannels which were realized by femtosecond
(fs) laser assisted etching of glass (FLAE). The sec-
ond harmonic (522 nm) from commercial fs laser
(FCPA pJewel D-400, IMRA America; wavelength:
1045 nm; pulse width: 360 fs; repetition rate: 200 kHz)

Photonics Research Group
Attosecond Science Research Team
(Laboratory Head: Katsumi Midorikawa)

was used for both TPP and FLAE microfabrication.
The height and radius of polymer microlens were 10
pm and 20 pm, respectively. In liquid environment
(ethanol), the lens exhibited sharp focusing with a fo-
cal spot size of 2.9 um and clear imaging of different
letters “RIKEN”. Then, the 3D microchips integrated
with an array of 7 microlenses were applied to biologi-
cal cell counting which is highly desirable for biologi-
cal researches. A bright focal spot can be produced by
the microlens under white light incidence while the in-
tensity at the focal spot is significantly affected when
the cell passes through above the microlens. The suc-
cess rate in cell detection as high as 93% was achieved.
A small percentage of the cells (~7%) that cannot be
detected by the optofluidics may pass through the bor-
der arcas between two adjacent lenses. We also de-
signed and prepared a microfluidic system consisting
of two refractive lens arrays and a W-shape filter with

high stability for simultaneous cell filtering and detec-
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tion. This method is simple because it does not require

a complex and precise fiber coupling system.

@Publications
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and Mechanism”, The 12th international conference
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One Step Fabrication of 2D Organic Nanowire Array under Magnetic Field

Name: Wei Zhang
Host Laboratory: RIKEN Center for Emergent Matter Science

In the present study, a photo responsible hydrogel
was developed. When the hydrogel was exposed to
light irradiation (wavelength>380 nm), a 30% storage
modulus (G’) drop of the hydrogel was observed.
Without light source, the mechanical strength will
gradually recover to its original value. This process
could be repeated for many times.

The hydrogel was designed to contain 2 networks,
while a co-valent crosslinked polydimethylacrylamide
(PDMA) network affords high mechanical strength, a

Supramolecular Chemistry Division
Emergent Bioinspired Soft Matter Research Team
(Laboratory Head: Yasuhiro Ishida)

non-covalent coordination network gives the hydrogel
photo responsibility.

The key component is a spiropyran based photo re-
sponsive ligand. It is well known that spiropyran un-
dergoes photo isomerization in solution, in between a
closed spiropyran (SP) form and a open merocyanine
(MC) form. In the present study, a tertiaryamine was
attached to spiropyran, in order to give merocyanine
the ability to chelate with metal ions, such as Cu*. As

a result, in aqua solution, the modified spiropyran ex-
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ists as an open MC form and could coordinate to Cu?*
with coordination constant at 1.1x107. Upon photo ir-
radiation around 460 nm, the complex underwent pho-
to-isomerization to SP closed form and release Cu®*.
In the dark, SP will gradually change to open form and
re-coordinate with Cu”* again. Taking advantage of
the photo-reversible coordination, we designed a
4-armed Polyethylene glycol (PEG) with this modi-
fied spiropyran termini. After mixing this sspiropyran
attached PEG and Cu?* in water, a pre-organized net-
work of 4-armed PEG connected by Cu?* was antici-
pated to form. After adding an 8% dimethylacrylamide
and cross-linker, under gamma ray irradiation, a red

hydrogel was formed. As we expected, the hydrogel

shows photo responsibility. The as formed hydrogel
contains 2 networks and shows relatively high me-
chanical strength. When the hydrogel was exposed to
photo irradiation (wavelength >380 nm), the red color
disappeared in less than a minute, which indicates the
photo isomerization, in another word, the breaking of
non-covalent network. As a consequence, the me-
chanical strength goes down. By measuring the stor-
age modulus, we found the 30% value drop after photo
irradiation. By keeping it at dark condition, the re-
coordination between the ligand and Cu?* and the me-
chanical strength recovers to its original value in 2

hours.

Preparation of Growth Factor Immobilized Injectable Hydrogels with Strong Adhesion

for Soft Tissue Engineering

Name: Di Zhou
Host Laboratory: Nano Medical Engineering Laboratory

Our previous studies have described a novel method
using furfuryl isocyanate to modify gelatin, and ob-
tained furan conjugated gelatin (Gelatin-FI) was
crosslinkable in aqueous in the present of visible
light sensitizer Rose Bengal. The system could be
used as a new type of visible light-induced cross-
linked biosealant.

In the present study, we developed a new method
to modify gelatin with furfuryl amine and produced
a new type of furan conjugated gelatin (Gelatin-FA),
which was more effectively crosslinkable by the in-
duction of visible light in the present of Rose Bengal
due to the remained amine groups in gelatin. The re-
sults of rheological properties and tensile testing
showed that the mechanical behaviors of Gelatin-FA
hydrogels were obviously improved comparing with
previous Gelatin-FI hydrogels at the same conditions.

Furthermore,the evaluation of cytotoxicity con-
firmed that Gelatin-FA had no significant toxicity for
COS-7 cells, which indicated this system could be
more widely employed for biomedical applications,

such as scaffolds for cartilage tissue engineering.

(Laboratory Head: Yoshihiro Ito)
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Development of Chemical Strategies to Analyze and Control Protein Methylation

Name: Joaquin Javier Barjau Vallet

Host Laboratory: Synthetic Organic Chemistry Laboratory

Protein lysine methyltransferases (PKMTs) are epi-
genetic enzymes that dynamically alter the methylation
state of proteins. In this study, we have focused on the
development of a chemical strategy to visualize and
control protein methylation.

1. Development of the PKMT inhibitor

During our studies on the development of a PKMT
inhibitor, the enzyme G9a was chosen as a model
mainly because this lysine specific PMT has been re-
ported to play a key role in physiological and disease
states. A library of simplified derivatives of the natural
product chaectocin was developed, and the G9a inhibi-
tory activity of these derivatives was evaluated. From
these studies, the epidithiodiketopiperazine (ETP)
core structure in chaetocin was identified as the phar-
macophore responsible for G9a inhibition. Important-
ly, simplified ETPs showed similar ICs, values and
lower toxicity compared to the parent natural product.

Hence, we demonstrated that, in contrast to the com-

(Laboratory Head: Mikiko Sodeoka)

mon believe, ETPs are good leads in the development
of inhibitors for G9a and related enzymes. Currently,
our studies are concentrated in modifying the lead ETP
in order to improve the pharmacokinetic properties of
our inhibitors and to attain higher affinities and selec-
tivities.

2. Structure Activity Relationship Studies on S-Ade-
nosylmethionine for Visualizing Protein Methyla-
tion
In parallel, we are also developing molecular tools to

monitor protein methylation. Due to its little effects on

substrate charge and mass, protein methylation has
shown to be hard to track by traditional biochemical
methods. Based on systematic structure activity rela-
tionship studies on the cofactor S-adenosylmethionine

(SAM), we synthesized SAM analogues that can

transfer a bioorthogonal reactive group to the target

protein in a PMT-catalyzed reaction.

Functional Analysis of Novel Small ORFs (sORFs) Involved in Plant Abiotic Stress Tolerance

Name: Khurram Bashir

Host Laboratory: RIKEN Center for Sustainable Resource Science

Abiotic stresses such as heat stress, significantly af-
fect crop yield and product quality, and ultimately re-
duce the opportunities to increase crop production for
rapidly increasing population. Recent developments in
molecular biology and the availability of complete ge-
nome sequence of numerous plant species provide a
sound platform for characterizing the function of indi-
vidual genes involved in stress response/tolerance. Be-
sides the already characterized genes, presence of nov-
el small open reading frames (sORFs) encoding small
peptides (less than 100 amino acids residues) and their

involvement in stress tolerance is an emerging and in-

Plant Genomic Network Research Team
(Laboratory Head: Motoaki Seki)

teresting field. In Arabidopsis, 7,901 sORFs have been
reported. Among these, a number of genes are predict-
ed to be involved in abiotic stress tolerance. I am ana-
lyzing the overexpression lines and mutant lines of a
sORF named AT4. The expression of AT4, which is
predicted to encode two small peptides (AT4a &
AT4b), is upregulated in response to heat stress. AT4a
encodes a 24 amino acid peptide while AT4b is pre-
dicted to encode 53 amino acids long peptide. Arabi-
dopsis plants overexpressing full length AT4 (Harbor-
ing AT4a and AT4b) as well as AT4a alone exhibited

heat tolerance. I am also analyzing if the AT4 works as
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antisense RNA for heat shock factor B2A (HSFB2A).
The exact role of HSFB2A has not been characterized
in Arabidopsis. Thus revealing the mechanism of AT4
is very important. We have developed transgenic lines
which overexpresses the silent mutated AT4a peptide.
Further analysis of these lines would be useful to un-

derstand the exact role of AT4 under heat stress. I have

also developed the antibodies against AT4 and AT4b
peptides and now analyzing the peptides through west-
ern blot analysis. Detailed analyses of AT4 T-DNA
lines as well as different transgenic lines are also in
progress. Further characterization of AT4 would reveal

the role of small peptides in heat stress response.

Theoretical Study of Topological Phases and Spintronics in Strongly Correlated

Multiferroic Transition Metal Oxides

Name: Wei Fan
Host Laboratory: Computational Condensed Matter Physics Laboratory

In the present study, a [(SrIrO5) ,, SrTiOs] superlat-

tice was constructed and first principles calculations
were performed to investigate the intriguing metal-in-
sulator transition (MIT) with respect of decreasing m.
This MIT was first proposed experimentally by Mat-
suno and collaborators. To study the electronic proper-
ties of superlattice, local density approximation (LDA)
+ U + spin orbit coupling (SOC) calculations of SrIrO;
bulk was first carried out to test the validity of results.
As Tr** has a 5&° configuration, the SOC is large (~0.5
eV) and correlation should be small due to the fact of
extended feature of 5d orbitals. It was found a semi-
metal ground state due to the co-operation of large
SOC and correlation (U), which is in consistent with
literatures. Meanwhile, a Dirac point like line-node
protected by crystal symmetry was found in the semi-
metal phase. To search for possible topological phases
based on this line-node might be one interesting direc-
tion for the future research of this project. On the other
hand, if U is increased to a certain amount, a gap can
be opened making the bulk a magnetic insulator. By

far, all of the bulk calculations were in good agreement

(Laboratory Head: Seiji Yunoki)

with literatures. Then, the superlattice was constructed
according to the proposed structure in the recent ex-
perimental paper. According to the experiment, the
mismatch between lattice constants of SrTiO; and
SrIrO; leads to an in-plane rotation of IrO, octahedral
from cubic perovskite. This rotation gives rise to a
Dzyaloshinski-Moriya (DM) interaction and induced
an in-plane weak ferromagnetism when m is less than
4. The superlattice became a magnetic insulator when
m<4. It was suggested that correlation U has been en-
hanced due to the reduced dimensionality. Indeed, us-
ing a larger U, our first principles calculations realized
the magnetic insulator phase, which is in consistent
with the reported results. Based on these calculations,
the future work may concentrate on evaluation of in-
plane strain to DM interaction as well as correlation U,
and model Hamiltonian study will be carried out based
on parameters extracted from first-principles calcula-
tions. The results will help to understand the interface
physics composed of complex 5d transition metal ox-

ides.
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Autophagy Deficiency and Protein Aggregation as Pathogenic Mechanisms of

Psychiatric Disorders

Name: Kai-Wan Hui

Host Laboratory: Brain Science Institute

In the present study, autophagy deficiency in fore-
brain excitatory neurons was induced by Atg7 deletion
to test the hypothesis that disrupted protein homeosta-
sis and increased protein misfolding and aggregation
play a causal role in psychiatric disorders. Previous ex-
periments demonstrated that the disruption of protein
homeostasis by Atg7 deletion leads to increased aggre-
gation of disease-associated proteins, neuronal dys-
function and abnormal psychiatric behaviours reminis-
cent of human autistic spectrum disorder (ASD)
patients. Recent evidence suggests that translation dys-
regulation may be a pathogenic mechanism for ASD.
Interesting when examined in primary neurons it was
observed that protein synthesis rates, both under basal
and stimulated conditions, are reduced in Azg7 condi-
tional knockout (¢cKO) neurons. In addition, a quanti-
tative mass spectrometric approach has been utilized to
identify additional aggregation-prone proteins in Azg7
cKO mice in an unbiased manner. As a result, addi-
tional proteins previously shown to be linked to ASD
in humans were found to be aggregated as high mo-
lecular weight detergent-insoluble species in Azg7
cKO animals. These findings, along with my previous
work, provide the first evidence that protein aggrega-
tion may play a critical role in the pathogenesis of psy-

chiatric disorders.

Laboratory for Protein Conformation Diseases

(Laboratory Head: Motomasa Tanaka)

In addition, given the interesting phenotypes ob-
served in mice with Azg7 deletion in forebrain excit-
atory neurons and the proposed, disruption of protein
homeostasis by Atg7 deletion in forebrain inhibitory
interneurons is also being examined. A time-depen-
dent accumulation of p62 is similar observed in follow-
ing the conditional deletion of A#g7 in forebrain inhibi-
tory interneurons. Ongoing work will determine
whether disease-associated proteins are also aggregat-
ed and whether the increased aggregation leads to neu-
ronal dysfunction and abnormal psychiatric behav-
iours.

Altogether, the present study contributes to a greater
understanding of how psychiatric disorders such as
ASD and schizophrenia arise and provide novel thera-

peutic strategies in the future.

@Presentation

International Conference

Hui K., Watanabe A., Matsukawa H., Nilsson P., Saido
T.C., Itohara S., Yoshikawa T. and Tanaka M.: “Dis-
ruption of protein homeostasis by autophagy defi-
ciency leads to aggregation of disease-associated
proteins and abnormal psychiatric behaviours” Soci-
ety for Neuroscience Annual Meeting San Diego
2013, November 7-13.
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Supercomputing the Difference Between Matter and Antimatter Via K->pi pi Decays
Using Lattice QCD

Name: Christopher Kelly
Host Laboratory: RIKEN Nishina Center for Accelerator-Based Science

CP-violation is necessary to explain the origin of the
matter/antimatter asymmetry in the universe. Current
estimates suggest that the amount of CP-violation de-
scribed by the Standard Model is insufficient to de-
scribe the observed asymmetry. In order to search for
hints of the new physics necessary to account for this
disparity, precision comparisons must be made be-
tween the Standard Model and experiment.

Direct CP-violation, the breaking of the CP-symme-
try in a decay, occurs in the decays of a kaon into two
pions. These decays have been thoroughly studied ex-
perimentally but theoretical predictions are lacking due
to the difficulty of computing the large contributions
from low energy strong dynamics. My research, per-
formed in collaboration with Columbia University in
the US as well as Edinburgh and Southampton univer-
sities in the UK, is to apply the technique of lattice
QCD to the determination of the K-> pi pi decay am-
plitude in the I=0 channel. Combined with our existing
measurement of the =2 channel amplitude, this will
enable us to determine epsilon-primed, the measure of
direct CP-violation in the Standard Model, and hence
impose an entirely new constraint on the CKM unitar-
ity triangle; the most promising location to search for
new physics.

In order to describe the real world, the decay must
conserve energy. On the lattice we measure correlation
functions between Euclidean operators and the kine-
matics must be imposed manually. Unfortunately the
standard lattice techniques that were used for the 1=2
calculation, namely using antiperiodic valence bound-
ary conditions to impose momentum on the ground-

state pions, are not applicable to 1=0 due to their ex-

RIKEN BNL Research Center
Computing group
(Laboratory Head: Taku Izubuchi)

plicit breaking of the isospin symmetry. Instead we are
using the novel G-parity boundary conditions that I
have developed over the past year. These boundary
conditions also remove the stationary pion ground state
but in such a way that isospin remains unbroken.

The unusual form of G-parity boundary conditions
necessitated substantial modifications to our CPS/
BFM codebase, and I have spent considerable time op-
timizing the code to take advantage of the power of
IBM BlueGene/Q supercomputers. The calculation is
being performed on the USQCD BG/Q machine at
BNL and we hope to soon gain access to larger re-
sources at Argonne National Laboratory. We have thus
far generated a new ensemble with G-parity boundary
conditions with physical pion masses and a large lattice
volume to ensure manageable finite-volume errors.
The current focus is to extend this ensemble, as well as
developing the measurement strategy. We hope to be
able to achieve 10% statistical precision with a further

year of generation/measurement.

@Publications

Proceedings from Lattice 2013, “Progress towards an
ab initio, Standard Model calculation of direct CP-
violation in K-decays” PoS (LATTICE 2013) 401
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lation in K-decays” arXiv:1310.0434
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Controlling Electronic Properties of Graphene by Chemical Modification with

Highly-Ordered Functional Groups

Name: Hyunseob Lim

Host Laboratory: Surface and Interface Science Laboratory

We demonstrated the direction-selective growth of
epitaxial graphene (EG) on Cu(111) for the first time.
Our results imply that the synthesis of EGs with a uni-
directional orientation on Cu surface is also feasible,
although Cu has been well-known as a weakly inter-
acting metal with graphene. We also developed a novel
method to analyze various Moiré patterns induced by
lattice contraction in EGs even with a unidirectional
orientation.

Chemical vapor deposition on a Cu surface is one of
the feasible methods for industrial applications, be-
cause large-area monolayer graphene film can be
achieved. However, grain boundaries- and wrinkle-
formation in the graphene film are known to reduce the
electrical performance of graphene. One of the ideal
methods to achieve the uniform graphene films with
high quality is controlling orientations of each grain in
graphene as an identical direction. Nevertheless, the
direction-controlled growth has never been realized on
Cu surface because of the weak interaction between Cu
and EG. Indeed, previous STM studies only showed
EGs with various RO on Cu(111). [Gao et al., Nano
Lett. 2010, 10, 3512-3516.]

This study describes the unidirectionally grown EGs
by means of atomically-resolved STM imagingand the
analysis of Moiré patterns. Both STM images showing
EG and Cu lattices together and the atomic-resolution
analysis of Moiré patterns revealed that the zigzag di-
rection of EG edge is identical to the [110] direction of
Cu(111) (0 degrees of rotational angle (RO=0°)).
Both Fourier-transformed (FT) images obtained from
EG and Cu(111) regions (Figure le and f, respective-
ly) also show hexagonal spot patterns with the same
directions in a reciprocal space. Our observations,
therefore, clearly reveal that the zigzag direction of EG
is well-matched with the symmetric {110) axes of the
Cu(111) surface (RO=R0°). In addition, we observed

various Moiré patterns even with an identical rotational

(Laboratory Head: Yousoo Kim)

angle (all EGs in our experiments are direction-con-
trolled), which cannot be explained by the convention-
al method with rotational angle dependence. For un-
derstanding this observation, we considered the
influence of “lattice contraction in EG”, and suggested
a novel analysis method utilizing a correlation plot be-
tween the degree of EG lattice contraction and the
length of the corresponding Moiré patterns. For the
EGs on Cu(111) with R0°, Moiré superstructures can
be represented as Gr(n X n)/Cu(n’ X n’), indicating
that the primitive unit cells of the Moiré superstruc-
tures are composed of n X n and n” X n’ unit cells of
EG and the Cu(111) surface, respectively. Then, L,,
and Aag,/ag, values can be calculated (L)%, Aag, </
ag,) for all possible Moiré superstructures generated
by the given n and n’. Thus, L, and Aag,““/ag, for
each Gr(n X n)/Cu(n’ X n’) can be obtained by using
Equation (3) and (4).
Aag,“ag,=1-(n-k) ac,/nag, 3)
Ly =nag(1-Aaz,“/ag,) 4

The influence of lattice contraction on Moir¢ patterns
with identical R0° was also investigated to explain
various types of Moir¢ patterns observed in our EGs by
using a correlation plot between Ly,“ and Aag,“¥/ag,.
This approach is not only reliable for our observations,
but also useful in determining the precise atomic scale
structure of EG on the other surfaces.

These atomic scale studies would accelerate funda-
mental studies for a better understanding of the interac-
tions between graphene and a metal surface, as well as
the practical development of a synthetic method for

higher quality graphene films on Cu surfaces.

@Publication

Original Paper

Lim H, Jung J, Yang H. J. Kim Y: Lattice-Contraction-
Induced Moiré Patterns in Direction-Controlled Epi-

taxial Graphene on Cu(111). Adv. Mater. Interfaces,
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Investigating the Role of Reactive Oxygen During Vertebrate Lens Formation

Name: Nicholas Love

Host Laboratory: RIKEN Center for Developmental Biology

Injuries and disorders of the lens and eye can cause
blindness, disfigurement, and an overall lowering of
life quality. Many of these maladies are caused by mor-
phogenic failures during optic development or the
wound healing process. Thus, in order to develop new
and improved strategies to alleviate suffering follow-
ing optic injuries, understanding the basic mechanisms
employed during vertebrate lens tissue organization are
critical.

The formation of the vertebrate lens is a fascinating
and classic instance of tissue organization. Lens forma-
tion orchestrates a tightly controlled program of gene
activation, growth factor signaling, cell differentiation,
and morphogenesis. Previous studies have demonstrat-
ed that small, diffuse, reactive oxidant species (ROS)
such as hydrogen peroxide (H,0,) can act a global co-
ordinators of processes implicated during lens forma-
tion e.g. cell fate, differentiation signaling, cytoskeletal
modulation, cell migration, and growth. Moreover, in
the 1940s it was observed that vertebrate optic devel-
opment correlated with localized increases in oxidant
levels, though a lack of technology at the time preclud-
ed detailed investigation of this genetic and molecular
mechanisms underlying these phenomena.

Using recent technological advancements, | have be-
gun a series of experiments that will reveal a new facet
of the complexity of vertebrate lens development. This
research aims to uncover the role of cellular ROS dur-
ing lens formation using mouse embryonic stem (ES)

cells as an experimental system, using a combination

Laboratory for Organogenesis and Neurogenesis
(Laboratory Head: Yoshiki Sasai)

of live-imaging and genetic modification experimental
approaches. In particular, my preliminary findings
have revealed an important role for the Wnt-signaling
pathway in transducing positional information to ES-
cell derived optic tissues. Ultimately, it is hoped that
discoveries made from these studies will precipitate

novel methods to treat injuries of the eye and lens.

@Publications

Original Paper
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Physiological Roles of Sphingolipid Glycosylation in Plants

Name: Jennifer Charlotte Mortimer

Host Laboratory: RIKEN Center for Sustainable Resource Science

The aim of this is work is to investigate glycosylino-
sitolphosphoceramides (GIPCs) in Arabidopsis. These
are the most abundant class of sphingolipid in the plant
plasma membrane, and yet almost nothing is known
about their function, primarily due to difficulties in iso-
lating them. In recent work (Mortimer et al. 2013,
Plant Cell), a new method for GIPC purification was
developed and used to isolate the first known mutant in
GIPC glycosylation, gonstl. gonstl plants are dwarfed
and unexpectedly display a constitutive hypersensitive
response with elevated salicylic acid. This suggests a
previously unknown role for GIPC sugar decorations
in plant defence signalling, reminiscent of the role of
complex sphingolipids in mammals.

In order to progress in this novel field of GIPC gly-
cosylation, I have identified two major targets as key
outcomes of the project. (1) Improve current GIPC

analytical methods to increase through-put and reduce

Biomass Engineering Program Cooperation Divison
Cellulose Production Research Team
(Laboratory Head: Taku Demura)

complexity and cost and (2) implement these methods
to carry out both forward and reverse genetic screens in
Arabidopsis. This should enable the identification of
GIPC biosynthetic genes, as well as the exploration of
GIPC function in planta. Since the project started in
October 2013, the emphasis has been on establishing
these techniques at RIKEN, setting up collaborations
and investigating new analytical approaches. Along-
side this, the characterization of GONST1’s closest ho-
mologue, GONST2, has been started.

@Oral Presentations
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Mortimer JC.: “AtGONST1 - using a sugar transporter
to investigate sphingolipid glycosylation” Plant Cell
Wall Researchers’ Network Mt Tsukuba Japan 2013,
November 13-15.

Charge Dynamics at the Solid Interface Studied by Novel Nonlinear Spectroscopy

Name: Anton Myalitsin

Host Laboratory: Molecular Spectroscopy Laboratory

Solid/liquid interfaces play an important role in
many industrial processes. However, naturally these
interfaces consist of only a few molecular layers and
are “sandwiched” between two bulk materials. This
makes it particularly difficult to study them with con-
ventional spectroscopic methods. In the last years het-
erodyne-detected electronic sum-frequency genera-
tion (HD-ESFG) and heterodyne-detected vibrational
sum-frequency generation (HD-VSFG) have been de-
veloped in our group to study interfaces. HD-SFG al-
lows us determine the imaginary ¥, which can be

directly compared to the IR/Raman spectra in the bulk,

(Laboratory Head: Tahei Tahara)

and the sign of y@ signal contains information about
the absolute orientation of interfacial molecules. How-
ever, to precisely determine the correct complex y»
spectra, knowledge of the correct phase is crucial.
Currently, we develop a method to obtain the correct
phase of a “buried” interface, using silica/water as a
model system. This requires much more consideration,
than a surface in contact with air. Typically, for air/
liquid and air/solid surfaces, the non-resonant signal
from a quartz crystal is used as a reference. The phase
shift ¥ between air/sample and air/quartz is straight-

forward, if both samples are kept at the same height.
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For the silica/water interface we evaporated a 150 nm
gold film at one side of the fused silica substrate and
used the sum-frequency signal from the glass/gold in-
terface to normalize the glass/water spectrum. The
measurement was done in a home-built fluid cell.

To determine the correct phase of our gold reference,
we first measured SFG from the silica/air interface of
substrate which was modified with an octadecylsilane
monolayer (ODS), and compared it to the SFG signal
of the air/ODS/silica interface. From these measure-

ments, we can obtain a complex correction coefficient

for the phase for the CH stretch region. This coefficient
was used to obtain the true spectrum of the silica/water
interface for the OH stretch region.

To test this calibration method we tried to observe a
structural change of interfacial water at the silica/water
interface. By changing the pH of the solution from ba-
sic to acidic, we observed a significant change in the
spectral shape of the imaginary y® spectrum of the
OH stretch region, indicating re-orientation of water

molecules at the silica surface.

Advanced Phase Detection for Optical Lattice Clocks

Name: Nils Nemitz

Host Laboratory: Quantum Metrology Laboratory

Using neutral strontium atoms in a magic wave-
length optical lattice inside a cryogenic environment,
the optical clocks developed at the Quantum Metrolo-
gy Laboratory now achieve a relative frequency insta-
bility of 2 - 10-!8, Nearly identical performance has
recently been reported for a pair of optical lattice
clocks using neutral ytterbium atoms (. This makes
ytterbium an excellent candidate for a two-species fre-
quency comparison at the 10-'® level, which might
pave the way for a future redefinition of the second as
well as promising new constraints on the temporal
variation of fundamental constants .

The fermionic isotope !7'Yb used in this kind of
clock also offers a simpler structure due to its low nu-
clear spin of /=2, with only two Zeeman components
instead of ten in ®’Sr. This facilitates the implementa-
tion of advanced detection methods based on quan-
tum-nondemolition methods which we plan to explore.
To equip one of the lattice clocks for optional operation
with ytterbium, we have over the last months con-
structed various laser systems required to trap, cool
and finally spectroscopically probe ytterbium atoms.
One particular challenge has been the development of
an ultra-stable source for the excitation of the clock
transition at 578 nm, where no convenient laser diodes

are available. A laser diode is commercially available

(Laboratory Head: Hidetoshi Katori)

at the subharmonic wavelength of 1156 nm. Under cur-
rent modulation, this quantum-well diode unfortunate-
ly shows a very low cross-over frequency from the
thermal regime to the charge-injection dominated re-
gime, which previously limited the control bandwidth
available through current feedback methods to 10 kHz
or less ¥,

In our system we avoid this limitation by applying
current feedback only above the cross-over frequency,
while low frequency control is provided by a fast
piezo-electric transducer changing the external cavity
length. This increases the available control bandwidth
to 2 MHz or more, easily sufficient to achieve laser
linewidths on the order of 1 Hz when locked to an ul-
tra-stable ULE. For ultimate long-term stability of the
laser frequency, the system can be phase-locked to a
frequency comb, to immediately take advantage of im-
proved ultra-stable sources currently under develop-
ment for the strontium clocks.

With the development of required subsystems al-
most complete, we expect the ytterbium clock to be-

come fully operational within 2014.

References:
(1) Hinkley N. et al., Science 341, 1215 (2013)
(2) Lea S. N., Eur. Phys. J. Special Topics 163, 37
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(3) Nevsky A. et al., App. Phys. B 92, 501 (2008)

Beyond Development: Identifying Runx1 as a Key Modulator of Immune Response

and Inflammation

Name: Wooseok Seo

Host Laboratory: RIKEN Center for Integrative Medical Sciences

Runx1 is an essential transcription factor governing
numerous aspects of developmental processes includ-
ing hematopoiesis. Therefore, Runx1-deficient mice
display profound blocks in various differentiation pro-
cesses of hematopoietic cells. Interestingly, Runx1-
deficient mice also exhibit human asthma-like symp-
toms characterized by spontaneous infiltration of
leukocytes into lungs. Consequently, it has been sug-
gested that Runx1 functions not only to direct develop-
ment but also might orchestrate immune responses.
Indeed, our laboratory recently showed that Runx1 is
critical to properly control the expression of cytokine
IL4, partly explaining the observed airway pathologies
of Runx1-deficient mice. However, it was not clear
whether the dysregulated expression of IL4 in the ab-
sence of Runx1 can explain the phenotypes complete-
ly. With the aim of finding other abnormalities in
Runx1-deficiet mice, my ongoing research was initi-
ated. After thorough examination of cytokines and che-
mokines produced by helper T lymphocytes, I have
discovered that CC chemokines including CCL3,
CCL4 and CCL5 are overexpressed in helper T cell
lineages in the absence of Runx1. Since these chemo-
kines are naturally expressed mainly by cytotoxic T
cells, we propose that Runx1 is essential to control CC
chemokines in addition to IL4. My study thus proves
that the airway inflammation observed in Runx1-defi-
cient mice is a result of dysregulated expression of [L4

and CC chemokines. Therefore, my current study

Laboratory for Transcriptional Regulation
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strengthens the idea that Runx transcription factors
play an important role in maintaining immune homeo-
stasis by regulating cell type specificities of IL4 and
CC chemokines. Furthermore, my new study has iden-
tified a novel long non-coding RNA (IncRNA) in the
Runx1 locus of both human and mouse. This evolu-
tionarily conserved IncRNA is expressed with high
stage- and lineage-specificities by T lymphocytes and
is physically associated with Runxl protein. These
findings prompted us to construct a knockout strain of
this IncRNA and we have recently obtained the proge-
nies. Preliminary data with this IncRNA knockout
mice show that this IncRNA might fine-tune the func-
tions of Runx1 protein. Further studies will provide a
novel knowledge for the role of Runx1 in pathogenesis
of inflammation, in particular respiratory allergic dis-

eases such as asthma.

@Oral Presentations

International conferences

Seo W. and Taniuchi I.: “Runx-mediated immunoregu-
lation” The 3rd CSI-JSI-KAI Joint Symposium on
Immunology, 2013, Pohang, Korea, 2013, December
01-03.

Domestic conferences

Seo W. and Taniuchi I.: “Runx-mediated regulation of
CC chemokine expression” The 42th Annual Japa-
nese Society of Immunology Meeting, 2013, Chiba,
Japan, 2013, December 11-13.

— 201 -



Discovering Proton and Neutron Structure from Fundamental Interactions

Name: Sergey Syritsyn
Host Laboratory: RIKEN Nishina Center for Accelerator-Based Science

In the period of October 2013 - March 2014, the
progress have been made in two areas. First, I have
started calculations of nucleon structure observables at
the physical point using lattice gauge configurations
generated by the RBC/UKQCD group. Starting these
calculations required a substantial amount of software
development, performance tuning, and coordination
with other related projects to share intermediate lattice
data on the same gauge configurations. The second
area of progress is the initial calculation of nucleon-
antinucleon transition matrix elements that are relevant
for n-nbar oscillation searches.

One of the major limiting factors in calculations at
the physical pion mass is the numerical cost of invert-
ing the lattice Dirac operator with good chiral symme-
try (“Moebius” and/or “Domain Wall”), which is ac-
celerated with low-eigenmode deflation. The other
limiting factor is accumulation of statistics that be-
comes substantially more difficult as the pion mass de-
creases, which is overcome using all-mode averating
(AMA) technique pioneered by the RBC lattice col-
laboration. The current project that I work on is aimed
at unification of these techniques with the all-encom-
passing program to calculate quark components of nu-
cleon structure, in which we compute a large number
of quantities ranging from the nucleon axial charge to
the nucleon charge radius to moments of parton distri-
butions and quark contributions to the nucleon spin.
For the first time, there is a realistic chance to perform
such calculations directly at the physical point with ac-
curacy approaching the needs of experiments. Thus, as
estimated in a preliminary analysis, we will be able to
achieve 10% precision in the isovector Dirac radius of
the nucleon (r,?)¥ with the computing resources avail-
able in the 1st and 2nd quarters of 2014, with a poten-
tial to reduce it further down to 6%. The importance of

this calculation is due to two different experimental re-

RIKEN BNL Research Center
Theory Group
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sults for the electric proton radius rEp2 that disagree by
7 standard deviations, which translate to almost 10%
difference in (r,>)".

Nucleon-antinucleon transition is a hypothetic bary-
on number-changing process that can only occur if
there exists some effective six-quark interaction gener-
ated by physics beyond the Standard Model. It is cer-
tain that some form of baryon number-changing ef-
fects must be responsible for the existing baryon
asymmetry of the Universe, and neutron-antineutron
oscillation is one of possible candidates. Although pre-
vious searches for such processes have not detected
such effects, there are proposed improvements to in-
crease the sensitivity of such experiments by several
orders of magnitude. Searches for baryon number vio-
lation are exciting opportunity to discover new phys-
ics, and, if successful, may exhibit the pattern of the
underlying new physics. For the latter, however, we
need to know nucleon matrix elements of the effective
baryon number-changing operators. We have analyzed
data from initial calculations at relatively heavy pion
mass, and the results are surprisingly statistically ac-
curate. Altough lacking overall normalization, the rela-
tive size of matrix elements agree with MIT Bag Mod-
el results, which is very encouraging. The next step is
to extend our calculations directly to the physical pion
mass using the framework described in the previous

paragraph.
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Microbial Production of Polypeptides with Defined Material Properties in an

Alkaliphilic Microorganism

Name: Nicholas Thomson

Host Laboratory: RIKEN Center for Sustainable Resource Science

Poly (amino acids) have a wealth of potential appli-
cations as structural supports and scaffolds, and for
medical procedures such as drug delivery. They are
unique in the range of controllable, self-assembled
structures they can form in addition to being complete-
ly biodegradable. Production of these polymers in bac-
terial cells has so far met with the obstacles of low
yield and difficult purification. Spider silks are a par-
ticularly promising group of polypeptides because they
have evolved to possess desirable characteristics such
as flexibility, adhesiveness and extremely high tensile
strength. Past research has focussed primarily on drag-
line silk, which has been expressed in Escherichia coli
(among other organisms), although the protein pro-
duced is not as strong as natural silk.

I have chosen to focus on the production of Aggre-
gate Spider Glue from Nephila clavipes, which has so
far received little attention but holds great potential for
use as a biodegradable and environmentally-friendly
adhesive. Aggregate Spider Glue consists of dimers of
two proteins (Asgl and Asg2), which form aqueous
ionic complexes that coat the structural fibres of spider
webs, making them adhesive for the capture of prey. I
have used artificial gene synthesis to construct the
genes encoding each protein, optimized the sequence
for expression in E. coli and cloned the proteins into E.
coli expression vectors. I am now working on selecting

a suitable strain for the expression of these proteins,

Biomass Engineering Program Cooperation Division
Enzyme Research Team

(Laboratory Head: Keiji Numata)

and optimizing the expression conditions.

The selection of a suitable strain for the production
of eukaryotic genes in E. coli has led me towards the
development of a strain of E. coli that can be caused to
stop growing so as to focus all of its metabolic activity
on the production of a specified product (such as spi-
der silks). I hope that further development of this strain
will allow efficient production of spider glues with
properties similar to, or even better than, the natural
proteins. Furthermore, structural characterization of
the proteins will allow us to understand which struc-
tural motifs are important for their adhesive properties
and so allow us to design and produce artificial poly-

peptides with defined properties.

@Oral Presentations

International conferences

Thomson N., Summers D. Shirai T. and Numata K.:
“Effects of indole on Escherichia coli carbon me-
tabolism and development of a new cell factory” In-
ternational Conference on Biopolymers, Seoul, S.
Korea, September (2013)

Thomson N., Chuah J-A and Numata K.: “Increasing
the range and performance of polyhydroxyalkano-
ates” International Union of Materials Research So-
cieties - International Conference in Asia, Banga-
lore, India, December (2013)

—203 -






2013-14 ER#Z -ERFHMESFH

SER26 4E 12 H 15 H  EL il
EH26 4 12 4156 H % 17
gt e AT AT BOIE A B AL S WE ST AT
TEATH s - G ARAEE b 7
T351-0198 KiEILHDGTHIRR 2 % 1 4




o
RIKEN

&

iicd

— MIITHIEA
- ealiiat

RIKEN's
Progrigsior
St



