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Foreword

This Annual Report is a compilation of the research reports submitted by the Special Postdoctoral
Researchers (SPDRs) and Foreign Postdoctoral Researchers (FPRs) working at RIKEN in fiscal 2014. The
outline of the programs is as follows.

The programs

Creativity is required for the rapid advance of science and technology that will benefit Japanese society
and contribute to the international community. To fill this need, RIKEN, in collaboration with the former
Science and Technology Agency (currently a part of the Ministry of Education, Culture, Sports, Science
and Technology), launched the Special Postdoctoral Researcher (SPDR) Program in fiscal 1989. In
fiscal 1997, the program was expanded to accommodate a larger number of candidates, and the program
management was transferred to RIKEN. In fiscal 2016, the SPDR program will be merged with the Foreign
Postdoctoral Researcher (FPR) program, launched in fiscal 2007 to provide young foreign researchers with
similar opportunities, to form a new SPDR program to support excellent young researchers from Japan and
overseas.

Program Features

The SPDR program offers young researchers with creative and innovative ideas an environment in which
they can pursue independent research and prepare themselves to play a major role in advancing basic
science. Fields covered include physics, chemistry, biology, medicine, engineering, and any other fields
related to research now being conducted at RIKEN.

SPDRs 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 independently pursue research themes decided on the basis of what they want to
pursue and how that fits in with the research being conducted at RIKEN.

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 and
interviews. The SPDR 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 SPDRs 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 in the program regulations to ensure a better work-life
balance, such as allowing program extension when an SPDR has to take time off for childcare.

Since the program started, there have been a total of 1499 SPDRs and 150 FPRs, and there are currently
105 SPDRs and 46 FPRs at RIKEN.

July 2015
RIKEN
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Single Molecule Chemistry on the Ultrathin Metal Oxide Films
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Regulatory Mechanism of GABAergic Synapses
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Development of KID arrays for Terahertz Imaging

Wk 7% & K £ : Rathnayaka Mudiyanselage Thushara Damayanthi
52 A W 3% % : Center for Advanced

Description of research:
1. Introduction

High sensitive, large detector arrays for Terahertz
(THz) radiation measurements are required for lots of
industrial, astrophysical and biomedical applications. To
achieve high sensitivity, we have chosen superconduct-
ing MKIDs (Microwave Kinetic Inductance Detectors),
in which natural frequency domain multiplexing allows
up to thousands of resonators 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 readout than any competing technology.

In FY2014 we started developing dual-polarized slot
antenna coupled MKID arrays for GroundBIRD satel-
lite. GroundBIRD satellite is developed as a joint project
of RIKEN and KEK.

Furthermore we have started developing lumped ele-
ment KIDs (LEKIDs). LEKIDs have advantages over
other MKIDs that it makes direct absorption providing

no requires antenna or other radiation coupling methods.

2. Development of dual-polarized slot antenna coupled
MKID arrays for CMB polarization measurements with
GroundBIRD

GroundBIRD satellite is designed to detect B-mode
polarization in the cosmic microwave background
(CMB) signals in large angular scale from the ground.
GroundBIRD requires a low noise (NEP < 1 x 10717
W/sqrt(Hz)) detector array > 1000 pixels for beam pat-
tern measurements in a multiple moment space. At RIK-
EN we are developing a MKID array for this application.
We have chosen MKIDs, because as superconducting
detectors they provide excellent low noise, and large ar-
rays are easier to fabricate and readout than any compet-
ing technology. Also natural frequency domain multi-
plexing allows up to thousands of resonators to read out
through a single cable.

Design of a prototype array: Sonnet and CST simulation

Terahertz Sensing and Imaging Research Team,

(st K3 A1)

software are used in the design process. We have de-

Dual=pole antenna

ZEPW MKID

Fig.1 Design of the dual-polarized slot antenna coupled
18-MKID array

signed dual-polarized slot antenna coupled 18-MKID
array as a prototype, which is shown in Fig.1. CMB ra-
diation is caught by Dual-polarized slot antenna and
coupled with half wavelength open circuited coplanar
waveguide (CPW) MKIDs, which resonates between
5-5.36 GHz frequency range. All 18-MKIDs are cou-
pled to a common CPW feed-line of 50 Q characteristic
impedance. Our calculations prove that NEP < 1017 W/
Hz'/2is achieved with our designed detectors by operat-
ing at <300 mK and <1.35 K respectively for MKIDs
fabricated with Al and Nb superconductors on a Si sub-
strate. We hope to fabricate a prototype detector array

and measure at near future.

3. Lumped Element KIDs (LEKIDs)

LEKIDs consists of a discrete inductor and capacitor
to form a resonator. LEKIDs are promise as a direct ab-
sorption of THz waves, as they have very high and near-
ly constant current density over the whole length of the
inductive meander, requiring no antennas or quasiparti-
cle trapping. The resonating frequency can be adjusted

by changing the length of the inductive meander, to ar-
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Fig.3 Left: VNA scan of the transmission scattering pa-

rameters of the AI-LEKID array. And inset is a figure of
the LEKID array. Right: Measured quality factors of

the LEKIDs in array.
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range a large array coupled to a single feed-line. We de-
signed 1.5 THz array and 150 GHz array of LEKIDs.
Simulated current distribution in one of the 1.5THz array
of our design is as shown in Fig. 3. We fabricated an ar-
ray of 14 LEKIDs with Al superconductor and cooled to
100 mK using a pulse tube cryostat and measured using
a vector network analyzer at room temperature.

Fig. 3 (left) shows the measured transmission scatter-
ing parameters of the array and inset shows the figure of
the array connected to the common feed-line. Table
presents in the right in Fig. 3 is the measured quality fac-
tors: coupling quality factor (Qmuphng), internal quality
factor (Q

Excellent quality factors have resulted for 1.5 THz array.

}) and resonator quality factor (Q,egonator) -

internal
Our next step is to measure its absorption efficiency us-
ing a laboratory THz source.
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Visualization of Auxin Biosynthesis in Plants
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Development of Next-Generation Meteorological Model including Energy Generation and
Dissipation by Phase Change of Water Substance
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Unifying Study of Non-Equilibrium Dynamics in Hot Quark Matter
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Early local equilibration and near perfect fluidity of
hot quark matter at BNL Relativistic Heavy Ion Collider
and CERN Large Hadron Collider are two most essential
discoveries in hadron physics. Explication of the non-
equilibrium mechanism that leads to the equilibrated
quark-gluon plasma (QGP) medium is an important is-
sue. Direct photons are key observables because they
retain important information of the system at the time of
their creation as photon are insensitive to the strong in-
teraction and thus are not equilibrated. Direct photons
consist of prompt photons, which are created in the ini-
tial hard processes, and thermal photons, which are soft-
ly emitted from the medium. Since hadronic azimuthal
momentum anisotropy, elliptic flow, is considered as an
evidence of a strongly-coupled QGP fluid, recent dis-
covery of large direct photon elliptic flow compared with
most hydrodynamic predictions is perceived as a sur-
prise. I first show that this is related with non-equilibri-
um dynamics in a hot quark matter, and also discuss
other possibilities for more general and quantitative
analyses.

(1) It is shown in our previous work that chemical equil-
ibration can be slower than thermalization, where only
the latter is required for fluidity. This is because the sys-
tem is initially gluon-rich as the colliding nuclei are de-
scribed as the color glass condensate. I developed an
ideal hydrodynamic model and coupled it to the rate

equations for quark and gluon number changing process-

PR BNL 25t > 2 — PERiHIE 27 L — 7
(FifE@E  Larry McLerran)

es, which take account of gluon splitting, quark pair pro-
duction, gluon emission from quarks and their reverse
processes. Thermal photon elliptic flow is expected to
become large due to the suppression of early thermal
photons with smaller anisotropy as photons are coupled
to quarks but not to gluons. Numerical estimations sug-
gest that the quantity is visibly enhanced, which contrib-
utes positively to the resolution of the photon elliptic
flow issue. The mechanism can also explain the large
photon triangular flow recently observed in the collider
experiments. The results imply that the interplay of
equilibration processes and collective expansion is es-
sential in understanding the heavy-ion phenomenology.
(2) The medium is electromagnetically transparent but
can have a non-unity refractive index. I consider the
lensing effect by the dynamical and inhomogeneous
QGP medium on prompt photons, which intrinsically
does not have anisotropy. The approach has benefits that
it does not modify the total yield of photons and that
spatial and momentum anisotropies are directly corre-
lated. Numerical analyses based on the hydrodynamic
model with Monte-Carlo Glauber initial conditions indi-
cate that positive flow harmonics is generated. Future
prospects include estimation of thermal photons and
tests with varieties of refractive indices for more quanti-

tative discussion.
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Single Molecule FRET Analysis of Dimerization of G protein-coupled Receptors
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Towards an New Era of NMR Spectrometers; Magnetic Stabilization and Thermal
Stabilization of High Temperature Superconducting Magnets
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Investigation about the Function of GPCR Signal in the Non-cell-autonomous Regulation of
the Stem Cell Division
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Self-Assembled DNA and RNA Nanostructures for Drug Delivery

and Gene Silencing

Information carrying biomolecules are magnificiant
building blocks for the bottom up approaches in nano-
technology to design nanostructures and devices. For
instances, DNA, RNA and Proteins are capable of acting
as small building blocks, which could self-assemble into
diverse nanostructures for various biomedical applica-
tions. Among all these biopolymers, RNA is unique with
diverse functions, which is similar to DNA but has more
structural and functional flexibility that resembles a pro-
tein, and has generated great interest in the field of nano-
materials. RNA is capable of forming loops using a sin-
gle strand, which can enable intermolecular interactions
at various levels without any additional linkers. These
structural motifs and tertiary interactions in the naturally
found RNA nanoparticles have been deployed to design
the building blocks for the self-assembly of promising
RNA nanostructures. RNA nanostructures formed form

these building blocks bestowed with higher structural

XXVI-002
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and thermodynamic stability compared to DNA-based
nanostructures.

An alteration in the structural design can lead to the
plausible improvement of RNA functions; as a result,
many promising therapeutic RNA designs have been ful-
filled. Branched RNA structures and DNA-RNA origa-
mi are our prime choice of nanostructures. These designs
can withstand degradation in serum and improve slow
release of therapeutic moieties for efficient medical ap-

plications.
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Studies on Metabolic Regulation in Cancer Cells and Pluripotent Stem
Cells by Genetic / Chemical Genetic Approach
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Quantum Monte-Carlo Study with the Multidiscontinuity Algorithm: Applications to Quantum
Magnets with a Single-ion Cubic Anisotropy and Ultracold Atomic Gases Coupled to a Cavity Field
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Study of Treg Induction Mechanism by Human Commensal Bacteria
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XXVI-034 The Role for IncRNAs in Polycomb Repressive Complex

Recruitment

Wt 2% & X % :Juan Guillermo Betancur Medina
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Laboratory for Developmental Genetics

(FisE B B2

Polycomb group (PcG) proteins are important devel- comb repressive complex 2 (PRC2). PRC2 catalyzes the
opmental regulators that form 2 major protein complex- trimethylation of H3K27, which is a pre-requisite for the
es: polycomb repressive complex 1 (PRC1) and poly- canonical recruitment of PRC1 that in turn monoubiqui-
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tinates H2AK119. Both complexes act together to si-
lence development-associated genes. The activities of
PRCI and PRC2 are regulated in a dynamic manner dur-
ing the differentiation process by numerous cellular fac-
tors and in recent years it has been shown that various
RNA species directly interact with PRC2 and might be
co-factors for its recruitment to target loci. In addition,
preliminary experiments in the laboratory of Develop-
mental Genetics also showed a potential interaction of
PRCI1 subunits with RNAs. However the extent of
RNA-mediated regulation of PcG function and its mech-
anisms still remain poorly understood. I am analyzing
these processes in 3 different contexts.

1. Indirect PAR-CLIP of PRC1

By analogy to the classical method of immunoprecipi-
tation followed by protein staining to identify compo-
nents of protein complexes, a modification of PAR-CLIP
(Photoactivatable-Ribonucleoside-Enhanced ~ CLIP)
was developed to identify any potential RNA binding
protein (RBP) within PRC1 in mouse ES cells. In this
method lysate from crosslinked cells is used for immu-
noprecipitation and co-precipitated RNAs are radiola-
beled. Then samples are run on an SDS-PAGE, RNA-
protein complexes are detected by autoradiography and
identified according to their molecular weight and by
mass spectrometry. Because the RBP of PRCI1 is un-
known a central protein component of PRC1, RinglB,
was used as bait to pull down the RBP, and therefore the
method is called “Indirect PAR-CLIP”.

A putative RNA-protein complex with a molecular
weight of ~125 kDa was detected, but further analyses
suggest that the identified radioactive signal does not
correspond to protein-crosslinked RNA, but instead to a
protein artifact radiolabeled by a co-precipitated protein
kinase. As a result this method may not be appropriate
for the identification of PRC1 RBPs in mouse ES cells.
2. RNA binding activity of the AT-hook domain of Cbx2

Cbx2 is a major component of PRCI1 in many tissues,
but not in mouse ES cells. Previous results at the labora-
tory of Developmental Genetics demonstrated that Cbx2
interacts with spliceosome proteins in an RNA-depen-
dent manner and the RNA binding region of the protein
was mapped to a short AT-hook domain. To characterize
the nucleic acid binding activity of Cbx2 I expressed and
purified a peptide corresponding to the AT-hook domain
and performed gel shift assays using single and double
stranded DNA and RNA as substrates. Among the sub-
strates tested AT-hook bound single stranded RNA with
the highest affinity. This might be an indication that
Cbx2 binds co-transcriptionally to mRNAs in the con-
text of the spliceosome-PRC1 interaction. Further ex-
periments are underway to uncover the significance of
this finding for spliceosome and/or PRC1 function.

3. Exploration of the role of R-loops in the recruitment
and function of PcG proteins

R-loops are physiological structures that comprise a
displaced single stranded DNA and an RNA-DNA hy-
brid formed between a nascent RNA and the comple-
mentary DNA strand. They are endogenously processed
by RNaseH1 and RNaseH2 enzymes, which degrade the
RNA moiety of the hybrids. R-loops alter the double
stranded nature of the underlying DNA and they poten-
tially affect the binding of chromatin modifying com-
plexes. In fact, R-loop formation has been shown to cor-
relate with the deposition of diverse epigenetic
modifications, including PcG protein catalytic products.
To analyze PcG protein recruitment and function as well
as maintenance of the pluripotent state in mouse ES cells
in the context of decreased R-loop formation, inducible
RNaseH!1 over-expressing mouse ES cell lines were de-
veloped. Simultaneously, conditional RNaseH1 and
RNaseH2 knock out mice are under development to
study the effect of increased R-loop formation in ES

cells and at the organismal level.
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Mid-infrared and Terahertz Polarization Vortex Generation
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Sensitive Terahertz Detection based on Frequency Up-conversion and Its Applications.
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Molecular and Cellular Mechanism of Regulating Daily Sleepiness in Mice
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Reconstitution of Self-organization Mechanisms
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Single Molecule Measurement of ERK-Dependent Signal Transduction
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Study of the Cellular Memory Based on Enzyme-limited Competition
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Analytic Methods for Cold Atoms
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Development of an Antihydrogen Beam
Daniel James MUITAZN ........ooviiiiiiieece ettt ettt ettt b e bbbt bt et eae bt e s enes 152

Towards a Better Millimeter/terahertz Wave Imaging System

FY2012 Foreign Postdoctoral Researchers

Vortex Duality in 3-dimensional Quantum Matter
ATON JONAthan BEEKIMAN .......ccviitiiiiiiiii ettt ettt et et e ete e st ebeeseessessesseesaesseeseeseenseeseessensenseessensens 157

Controlling the Hybrid Quantum Systems
WET CUL etttk h et ekttt h et ekt b et h bbbt bbbt eb et a ettt 158

THz Generation from Filamentation Air-plasma and Its Application
HAIWET DU ettt ettt ettt s et e e e st e e s et e e e sttt e st et e s et et e s et e b et e st eas 158

Application of Non-perturbative Functional Methods in Strong Interaction

GEIZELY POLET FEJOGS ...ttt ettt ettt s bbb s e b e bt e e bt e bt et eseeseebenbeneenea 159

Exploring the Phases of QCD from Hadronic Observables
PRILIPP GUDBIET ...ttt ettt ettt et b et e s e s et et e st es e e b e b e st ese et e b eneeneesesenteneeseesenseneens 160

Investigating the Physiological Functions of Long Non-Coding RNAs as Novel Splicing Regulators
YUEN YN JOANNA TP 11iieiiitiitiiciiciicieteeete ettt ettt ettt ese s e s e seesaeseebessesaeseebe s esseseesessenseseesaesenseneess 161

Controlling Chemical Reactions on Metal-supported Ultrathin Oxide Films Using Local Defects at the Oxide-
metal interface

JACROOM JUING ...ttt ettt ettt e b bttt et e eb et e st e s e es et e st e st es e s s e s s estebeebe st eneeseese s enteneeseesenseneens 162

The Role of Cytosolic Free Calcium ([Ca2+cyt]) in Plant Immunity
ANUPNON LAORAVISIE....cveeviitiieiieiiititeietieteete ettt ettt ettt te b et e seeteese s essesaesessessessesesbessesseseesesenseseeseesanseseess 163

Nano Porous Material Incoporated Flow Based Immuno-Assay Platform Development for High Sensitive Detec-
tion of Disease Biomarkers in Human Blood
SANEZ WOOK LLEE ...vvivenieiiettetetet ettt ettt ettt ettt et s b e e st e st e s e s e st e s e et e e s e s esee st e sessesteseebensenteneesensenteneeseesensenens 164

Study of Nonequilibrium Physics And Anomalous Effect in Heavy Ion Collisions
N3] 11 5 TSRS 165

Study of Neutron-rich Nuclei Around '*®Pd, and the Astrophysical Origin of the Heavy Elements in the Universe
GHUSEPPE LLOTUSSO. ...ttt ettt ettt ettt b et b st b e s b ese s et e e s e s e s e s ene s e s e s e s ene s es e s et ese s eseneesesesesens 166



New Era of Chemical Library Development Using Biomediator
SULESH PANTIEE ...ttt s e st e st et s e st b et e et e et n e s e e 167

Role of Epigenetic Mechanisms in Circadian Clock Entrainment
DiIMILrT GEAIA PEITIN ...ttt sttt sttt b et es 168

Development of Selective Enzyme Inhibitors Chemically Expanded Molecular Evolutionary Engineering for
Medical Drugs
Sivakumar Ponnurengam MallIaPPan...........cc.ecveieirierieiiiitiieieteetest ettt seetesreseseetesbessesseseesessessesaesassessessns 169

Exploring the Amplification of Small Molecular Motions into Large Structural Changes
Matthew MCCUILOUZN SATLIN........oiveuiiiiiiietiieieieeteee ettt st s s s s s eseseebese s eseneesesensesennnas 170

Modeling the High-energy Optical Conductivity for Strongly Correlated Electron Systems
SUDNIA SEN GUPLA ..ttt ettt ettt ettt s bt e st ese e s et e s e ese et e esesseseesessensestesesbenseneeseeseseneeseesessensenens 171

Protic-NHC Ruthenium and Iridium Complexes for Catalytic Dehydrogenation and Hydrogenation Reactions
GUOYONGZ SOME ..vvvitinieiietiitetesteteetet et eteeteetess e st eseesessesseseesessesseseese s esseseeseesessesseseesessessessebesbesseseesessessesseseesesenseseas 172

Towards Vertical Molecule Diode Sandwiched between Tunable Graphene Electrodes
RUT WANEG. ...ttt ettt et s e bt bt e sttt e b et en e e st es e s en e e st es e eb e b entes e eb e s e st eneeb e senteneeseesenseneens 173

Development of Hybrid Technology Based On Femtosecond Laser Processing for Fabrication of Highly
Functional Microchips

One-Step Fabrication of 2-D Organic Nanowire Array under Magnetic Field
WEE ZNANEG ...ttt ettt et s e b b s e s e et e b e st e st e st e b e s e st e st e s e b e e st bt ket e st ene b et e st e st es e b et eneens 175
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Accurate Determination of Molecular Electronic Structure: Chasing the Theoretical Limit of Computational
Efficiency
James Stewart MUITAY ANAETSOM ......c.ueuiiuiieieiieieetertetet ettt ettt ettt ete st e et ese b e b estebesbe st eneeseebensenteneeseesenseneenes 179

Development of Chemical Strategies to Analyze and Control Protein Methylation
J0AqUIN J. BATJAU VALLET.......iiiieiiitiieieieteeeee ettt ettt ettt b e e sa ettt e b e st e st es e s e st eneeseesenseneens 180

Functional Analysis of Novel Small Orfs (Sorfs) Involved In Plant Abiotic Stress Tolerance
KRUITAIM BASHIT ...ttt ettt bbbttt ettt st 181

Development of a Novel Technology for Monitoring “Real tRNA Usage” During Translation in vivo
CRIEN-WEIN CREM ...t bbbttt bbbkttt b bbbttt e b enenes 181

Theoretical study of Topological Phases and Spintronics in Strongly Correlated Multiferroic Transition Metal
Oxides
WET FAI1 1.ttt ekttt ettt 182

Autophagy Deficiency and Protein Aggregation As Pathogenic Mechanisms of Psychiatric Disorders
KeIvin Kai-Wan HUI .....c.cooouiiiiiiiiiiii ettt sttt 183

Supercomputing the Difference Between Matter and Antimatter via K->pi pi Decays Using Lattice QCD
CREISTOPNET KLY ...ttt sttt ettt e b e e s e s e s e ese e s e s esseseeb e senseseesessenseseeseesesenaesans 184

Charge-Exchange Excitations in Deformed Nuclei with Covariant Finite Amplitude Method
HAO0ZNAO LIANE .....vivieeiietietiieeet ettt ettt ettt et ettt et e et e b e st esees e s essesaeseebe s esseseebe s essese et e s ensessesaesensensens 185

Investigating the Role of Reactive Oxygen during Vertebrate Lens Formation
NIChO1AS RODEIE LLOVE ...cutieiiiiietec ettt ettt 187
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High Resolution Frequency Measurements and Temperature Manipulation of a Single Antiproton - Antiproton
g-factor Experiment at the Ulmer Research Unit
ANAIEaS HANNES IMOOSET .......vueiaiiiiteteteieiei sttt ettt ettt b et ettt et b et es ettt a bbbt es et et s e b eb et bttt et nesene 188

Physiological Roles of Sphingolipid Glycosylation in Plants
Jennifer Charlotte IMOTTIIMET .........cuoioiiieuiieuiiiiiierieetetei ettt nees 190

Charge Dynamics at the Solid Interface Studied by Novel Nonlinear Spectroscopy
ANEON IMYALESIN 1.ttt ettt ettt et s b et e st eteeb e s e st eseese s essesaeseebessesseseebe s esseseesessessessesaesensensens 190

Advanced Phase Detection for Optical Lattice Clocks
NS INEITHEZ ..ttt bbbtttk ettt b ekttt et et b et 191

Beyond Development: Identifying Runx1 as a Key Modulator of Immune Response and Inflammation
WOOSEOK SCO ...ttt ettt ekttt ettt a et et h et et s et s et et st e s st st sen e b e st b et et n et 192

Decay Spectroscopy of Neutron-Rich Rare-Earth Nuclei Relevant for the Astrophysical R-Process
PAr-ANAEIS SOUETSIOIM ...ttt ettt ettt b ettt sttt b bbbt ee 193

Discovering Proton and Neutron Structure from Fundamental Interactions
SEIGEY SYTTESYI 1.ttt ettt ettt ettt sttt ettt et e et e b et ese et e eb et en e esees e s enseneese e b ensentes e et e st enteneebenseneeneesensenseneans 194

Microbial Production of Polypeptides with Defined Material Properties in an Alkaliphilic Microorganism
NIChOIAS TROMSOMN ...ttt sttt ettt sttt 195
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Development of Microbeam Irradiation Method for Mutation Breeding
REKA JUAIt BETECZKY ...ttt ettt ettt ettt se et e s et e e es e eb e s e st esesb et eneeseesesenseneesaesenseneenas 201

Alternative Promoters, Biomarkers and Gene Regulatory Networks in Cancers
BOGUMIL KACZKOWSKI.....cviviiieiietiitiieieiietestet ettt ettt ettt ettt eteebe s e saesaesasbessessesesbe s esseseesesessessesasensessess 202

Olfactory Coding Strategy of Second-order Olfactory Neurons
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Strange Physics from Lattice QCD---the Inevitability of Coupled-Channel Dynamics
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Cross-species Chemical-Genetic Profiling of the RIKEN Natural Product Depository to Discover the Modes of
Action of Potential Bioprobes and Drugs
Sheena Claire LEOMCIO L. ....c.cucueuiiiiiieieieteieicei ettt ettt ettt es e eb e 204

Copper-Catalyzed Heterocarboxylation of C=X (X = C, O, N) Bonds with CO,
YONE LU0 1ttt ettt ettt ettt te et e b e e et e et e b e st e st eb e e s e st ese e s e es et ens e s e e s e s e s s e st e bt e b e s e st eRe e s e s entenees e senseneens 205

Discovery of New Mechanisms Driving Colorectal Cancer and New Therapeutics
Kendle MIChelle MaSIOWSKI .......c.viueuiirieiiietiieieiieiete ettt ettt ae e ese e se e sese e eseneesesensesenenas 206

Investigation on Differential Sensitivity of Transmission Modes in Phase Shifted Waveguide Gratings for
Possible Application as Simultaneous Multi-Parametric Sensing
Renilkumar MUAAChAth.........co.ouiiiiiiiiiecee ettt ettt 207

Do Stress and Fear Use the Same Prefrontal and Amygdalar Circuits?
John Oliver Heal OIMONG.........ccooiiiiieiieiieiiieeieieeteet ettt ettt et sa s aeseebe b esseseebessesseseesessessessesaesessessess 207

Designing new Materials: The Physics of f-electron Superlattices
RODEIT PELETS ...ttt ettt ettt ettt e ekt b et eb et b b ebe st e 208



Epitaxial Growth and Device Characterization of AlGaN-Based Deep-Ultraviolet LEDs with Transparent
p-AlGaN Contact Layer Grown on Si(111) Substrate
TN BINK TTAIL .ottt b ettt ettt et 209

Understanding the Role of Fas Genes in Cytokinin Biosynthesis and Plant Pathogenesis
RaAANIKA VENKALESAN .......cveiiiiiiiiiiee ettt ettt 211

Towards Linking Core-Collapse Supernova Modelling with Observations
ANNOP WONGWALNANATAL.........cieiitiiiieeietieicieeeeet ettt ettt teete b e e eseeteebessessetesbe b esseseesesessessesaesansessens 212
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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: Brain Science Institute

Description of research: Mother-infant bonding is the
earliest and most critical social relationship of mamma-
lian infants. To promote this bond, infants have innate
behaviors to seek maternal prox- imity and protest upon
separation via communication with the mother vocally
and through body movement. However, the physiologi-
cal mechanisms regulating these infant behaviors remain
largely undefined.

Analyzing TR, during FYs 2011-3, we have shown a
novel set of infant cooperative responses during mater-
nal carrying. Infants under 6 months of age carried by a
walking mother immediately stopped voluntary move-
ment and crying and exhibited a rapid heart rate de-
crease, compared with holding by a sitting mother. Fur-
thermore, we identified strikingly similar responses in
mouse pups as defined by immobility and diminished

ultra- sonic vocalizations and heart rate. Using pharma-

Kuroda Research Unit

Laboratory Head: Kumi, Kuroda

cologic and genetic interventions in mouse pups, we
identified the upstream and downstream neural systems
regulating the calming response. Somatosensory and
proprioceptive input signaling are required for induction,
and parasympathetic and cerebellar functions mediate
cardiac and motor output, respectively. The loss of the
calming response hindered maternal rescue of the pups,
suggesting a functional significance 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 mammalian
mother-infant interactions. Our findings provide evi-
dence for and have the potential to impact current par-

enting theory and practice.

Manipulating the Magnetic Coupling between Individual Spins through Single Molecule

Switching

Name: Yingshuang Fu

Host Laboratory: Center for Emergent Matter Science

Advancement in information technology has brought
electron’s spin degree of freedom into fore front re-
search. Next generation electronics aims at using spin
for the medium of information processing, since it can
drive electronics faster and less power-consuming com-
pared to the traditional charge medium. More ambitious-
ly, new schemes of information processing based on
quantum entanglement also explore spin as one of the
most promising candidate medium. Spin centers encap-
sulated in magnetic molecules have been intensively

studied for those purposes. However, considerable atten-

Emergent Phenomena Measurement Research Team

Laboratory Head: Tetsuo Hanaguri

tion has been shifted to a newly discovered class of
quantum materials called topological insulators (TIs)
recently, since they provide an appealing alternative
compared to magnetic molecules. TIs are a type of insu-
lators which is band insulating in the bulk but with gap-
less edge or surface state on the sample boundary. The
topological surface state (TSS) is guaranteed to exist by
the topology of the band, which is inverted by strong
spin-orbit coupling. Uniquely, the nontrivial TSS has
massless Dirac type energy dispersion and locked spin

and momentum, forming a helical spin texture in mo-
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mentum space. In relation to its novel helical spin tex-
ture, TSS can be the playground for realizing yet more
exotic topological physics, such as magneto-electric ef-
fect, quantum anomalous Hall effect, Majorana fermi-
ons, and fault-tolerant quantum computation. To date,
experimental investigations on the spin character of TSS
are still sparse. Here I report our studies on the Zeeman
effect of TSS by scanning tunneling microscopy (STM),
which can directly manifest the spin character of TSS.
Zeeman effect depicts the spin response of electrons to
an external magnetic field. Since TSS has a helical spin
texture in momentum space, its Zeeman effect drives the
system into massive Dirac fermions, which is of funda-
mental interest for the study of topological physics. In
addition to the effect on spin, magnetic field also influ-
ences the orbit motion of electrons, making energy of the
TSS quantized into Landau levels (LLs). The Zeeman
effect of TSS is manifested through its influence on the
energy shift of LLs. Predominant shift occurs to zero
mode LL, which is otherwise invariant, shifts monotoni-
cally with increasing magnetic field. This is in stark con-
trast to another well-known analog Dirac system, i.e.
graphene, which is spin degenerated and thus exhibits
Zeeman splitting in its LLs. By spectroscopic imaging
STM, we identified the Zeeman shifting of TSS in a TI
Sb,Te,Se and determined its surface g factor, which is a
prefactor characterizing the Zeeman coupling strength.
We found that potential variations in the sample also af-
fect the energy shift of LL, due to the effect of field-de-
pendent extension of LL wave functions. By modeling
the potential extreme with a two dimensional parabolic
potential, we could effectively exclude the extrinsic in-
fluence from potential variations. We also found the en-
ergy of zero mode LL deviates from the trend of parabol-
ic potential at low field. With the help of model
calculations with multiple potential extremes, we found
this can be explained by the effect of adjacent potential
variations. Furthermore, in actual TI compounds like
Sb,Te,Se, the band dispersion of TSS is not ideally lin-

ear, but with a finite curvature around the Dirac point.

We analyzed the effect of nonideal band dispersions
from LL spectroscopy, and determined its correction in
the g factor. After carefully excluding the above men-
tioned extrinsic influences, we obtained a g factor of
about -10. A similar methodology is applied to TI
Bi,Se;, and the g factor is measured to be about 16. Al-
though both Tis share similar band dispersions in their
TSS, the remarkable difference in their surface g factor
is an issue of concern. We believe that could be related
to the difference in the atomic orbital character of TI
compounds. This causes the coupling strength between
the bulk conduction band and valence band around the
Dirac point of TSS different, which then, under the
frame work of K * P theory, may generate different g
factor. This implies the g factor can be controlled by se-
lecting materials with specific atomic orbital character.
Our study observed not only the Zeeman effect of TSS,
but also the material dependent g factor. This may have
important implications for the spintronic and topological

applications of TIs.

@Publications

(Original Paper)

Fu Y.S., Kawamura M., Igarashi K., Takagi H., Hanagu-
ri T., Sasagawa T.: Imaging the two-component nature
of Dirac-Landau levels in the topological surface state
of Bi2Se3, Nature Physics, Published*

@0Oral Presentations

(International conferences)

Fu Y.S.: “Real-space imaging of Dirac-Landau orbits in
Bi2Se3”, March Meeting of American Physical Soci-
ety, USA 2014, March 3-7.

Fu Y.S.: “Spectroscopic imaging scanning tunneling mi-
croscopy to Dirac Landau levels of topological insula-
tors”, Tsinghua-Riken Joint Workshop, China 2014,
May 19-21.

Fu Y.S.: “Real-space imaging of Dirac-Landau orbits in
Bi2Se3”, Energy Material Nanotechnology Summer
Meeting, Mexico 2014, June 9-12.
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Modeling and Construction of an Artificial Mammalian Circadian Oscillator

Name: Craig Charles Jolley

Host Laboratory: Center for Developmental Biology

During the portion of FY2014 covered by my FPR
fellowship (April 1*—May 31%), my primary focus has
been on the revision of a paper describing my work on a
mathematical model of the circadian clock in mammals.

After submission of the first version of the manuscript,

Laboratory for Systems Biology
Laboratory Head: Hiroki Ueda

the reviewers requested substantial revisions, requiring
a complete overhaul of the study. As of the end of May
2014, the paper is essentially ready for re-submission;
we hope to re-submit in early June and see it published

soon.

Analytic Methods for Cold Atoms

Name: Giacomo Marmorini

Host laboratory: Condensed Matter Theory Laboratory

We performed a thorough investigation of the spin 1/2
XXZ model on the triangular lattice, a prototypical mod-
el of quantum frustrated spins and, and applied it to the
magnetization dynamics of Ba3CoSb209, recently ob-
served experimentally. We employed a combination of
cluster mean field theory with a scaling scheme and di-
lute Bose gas expansion; both techniques have been pre-
viously used not only for spin systems but especially for
cold atoms in optical lattices, which is an example of the
theoretical proximity of the two fields. Main results are
as follows. i) A novel mechanism is found for which
quantum fluctuations remove the classical degeneracy of
ground states of a frustrated spin system and stabilize a
non-classical phase. ii) Agreement between the model
calculation and the measured magnetization curves con-
firms Ba3CoSb209 as a geometrically almost perfect
triangular-lattice magnetic insulator with small easy-
plane spin anisotropy as suggested by independent mea-
surements (e.g. ESR). iii) The anomaly in the transverse
field magnetization of the same material can be ex-
plained by an additional first-order phase transition in-
duced by the non-vanishing antiferromagnetic interlayer
coupling, which is not present in the purely two-dimen-
sional model; moreover, the model calculation identifies
this as a general feature of triangular-lattice easy-plane

quantum antiferromagnets because it appears however

Laboratory Head: Akira Furusaki

small the interlayer coupling is.

@Publications

(Original Papers)

Yamamoto D., Marmorini G. and Danshita I.: Quantum
Phase Diagram of the Triangular-Lattice XXZ Model
in a Magnetic Field, Phys. Rev. Lett. 112, 127203
(2014) [Erratum: Phys. Rev. Lett. 112, 259901
(2014)] .*

Marmorini G., Momoi T.: Magnon condensation with
finite degeneracy on the triangular lattice, Phys. Rev. B
89, 134425 (2014) .*

Yamamoto D., Marmorini G. and Danshita I.: Micro-
scopic Model Calculations for the Magnetization Pro-
cess of Layered Triangular-Lattice Quantum Antifer-

romagnets, Phys. Rev. Lett. 114, 027201 (2015).*

@Presentations

(Overseas Conference)

Marmorini G., Momoi T.: “High magnetic field phases
of the J1-J2 and J1-J3 triangular antiferromagnet”,
APS March Meeting 2014, Denver, USA 2014, March
3-7.

Marmorini G., Momoi T.: “Magnon condensation with
finite degeneracy on the triangular lattice”, Novel
Quanntum Materials and Phases (NQMP2014), Oki-
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nawa, Japan 2014, March 14-17.

Marmorini G., Momoi T.: “Magnon condensation with
finite degeneracy on the triangular lattice”, Highly
Frustrated Magnetism 2014, Cambridge, UK 2014,
July 7-11.

Marmorini G., Momoi T.: “New results for quantum an-
tiferromagnets in high magnetic fields”, Higgs Modes
in Condensed Matter and Quantum Gases, Kyoto, Ja-
pan 2014, June 23-25.

Development of an Antihydrogen Beam

Name: Daniel James Murtagh

Host Laboratory: Atomic Physics Laboratory

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

During 2014, work focused on preparing a large num-
ber of positrons in the pre-accumulator which could be
efficiently transferred to the Cusp trap to form a dense
positron plasma for antihydrogen production. During
2012, 30 million positrons were routinely transferred to
the Cusp producing a plasma density of p=1X10%cm™3.
The aim during 2014 was to routinely accumulate ~100
million positrons in the Cusp trap within 10 minutes (ap-
proximately the antiproton accumulation time) thus,
maximizing the number of antihydrogen production cy-
cles possible.

Comparing the number of positrons accumulated in
30s, between 2011 and 2012 there was a factor of 6 in-
crease in the number, between 2012 and 2014 the posi-
tron number increased by another order of magnitude.
Pulses of approximately 15 million positrons were pre-
pared in the pre-accumulator every 30s with a pulse
width of ~60nS.

Routinely 100 million positrons were transferred to
the Cusp trap every 600s and compressed using a rotat-

ing electric field (rotating wall) to produce a plasma

Laboratory Head: Yasunori Yamazaki

with a density of p=1X10°cm an order of magnitude

higher than previously.

@Publication

(Original Paper)

* Radics, B., D. J. Murtagh, Y. Yamazaki, and F. Robi-
cheaux. “Scaling Behavior of the Ground-State Anti-
hydrogen Yield as a Function of Positron Density and
Temperature from Classical-Trajectory Monte Carlo
Simulations.” Physical Review A 90, no. 3 (Septem-
ber 3, 2014): 032704. doi:10.1103/PhysRe-
vA.90.032704.

e Murtagh, Daniel J. “A Positron Buncher-Cooler.” The
European Physical Journal D 68, no. 8 (August I,
2014): 1-4. doi:10.1140/epjd/e2014-40785-3.

@Presentation

(International Conference )

e Positron Storage for the production of an antihydrogen
beam - International Conference of Atomic Physics,
Washington DC, USA.

* Positron trapping and storage for the production of an
antihydrogen beam - Informal Seminar, University
College London, London, UK.

* ASACUSA Status and Outlook - Hbar - International
Conference on Exotic Atoms and Related Topics, Vi-

enna, Austria.
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Towards a Better Millimeter/terahertz Wave Imaging System

Name: Feng Qi

Host Laboratory: Center for Advanced Photonics

During the past two months, I was mainly working on
the system-level model of frequency upcovnersion im-
aging based on wave optics. Previous model has been
expanded and now three system setups have been unified
in the wave-oriented discussions, including projection
imaging, focal plane imaging systems and focal plane
imaging systems. The first one belongs to spatial fre-
quency domain, while the latter two are attributed to spa-
tial domain. Based on the models, a lot of discussions
have been implemented, including lens’ aperture, resolu-
tion limit, focal length of imaging, and so on. Compared
to previous models which are mainly based on Fourier
optics or geometrical optics, our model is quite unique
and the whole imaging process (essentially wave propa-
gation process) can be well visualized. By optimizing
the algorithm, now the simulation is quite fast, just a few
minutes one PC.

From April 20ths on, I was mainly attending some
conferences, including Analytix, SPIE DSS and GSMM
conferences. During the conferences, I came to know the
frontier work of our research and exchange some ideas
with the attendees, which helped to broadened my hori-

zon.

@Publication

Tera-Photonics Research Team
Laboratory Head: Dr. Hiroaki Minamide

(International Conference)

F. Qi, S. Fan, and H. Minamide, “THz Light: Light Our
Life,” Analytix 2014: Push the Limits in Analytical
Sciences, Dalian, China (invited), April (2014)

K. Nawata, T. Notake, H. Ishizuki, F. Qi, Y. Takida, S.
Fan, S. Hayashi, T. Taira, and H. Minamide, “Effec-
tive THz detection using a periodically LiNbO5”, The
3rd Advanced Lasers and Photon Sources, Yokohama,
Japan, April (2014)

Y. Takida, T. Notake, K. Nawata, F. Qi, S. Fan, S. Ha-
yashi, and H. Minamide, “Terahertz-wave balanced
detectio nat room temperature for precise frequen-
cy-resolved measurement,” The 3rd Advanced Lasers
and Photon Sources, Yokohama, Japan, April (2014)

F. Qi, S. Fan, K. Nawata, T. Notake, T. Matsukawa, Y.
Takida, and H. Minamide, “10 aJ-level sensing of ns
THz pulse by frequency upconversion detection below
10 THz,” SPIE Defense and Security Symposium,
Baltimore, USA, May (2014)

F. Qi, S. Fan, T. Notake, K. Nawata, T. Matsukawa, Y.
Takida, and H. Minamide, “An ultra-broadband co-
herent THz measurement system based on frequency
conversion via DAST crystal with optimized phase
matching condition,” Global Symposium on Millime-

ter Waves, Seoul, Korea, May (2014)
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Vortex Duality in 3-dimensional Quantum Matter

Name: Aron Jonathan Beekman

Host Laboratory: Center for Emergent Matter Science

1) Classical states of matter are obtained from many
quantum particles interacting together through a process
called spontaneous symmetry breaking. This establishes
long-range order and rigidity. The resistance to perturb-
ing this order is communicated by Nambu-Goldstone
modes, which are excitations of the system that can carry
over infinitely long distances. Recently there has been a
large effort in clearing up confusions and subtleties for
such modes in certain quantum but non-relativistic sys-
tems. Then it can happen that two types of order together
have only one corresponding Nambu-Goldstone mode.
A related phenomenon are symmetry-restoring quantum
fluctuations, which are almost always present in ordered
media of finite (laboratory) size. I have proven that
there exist certain systems where such quantum fluctua-
tions are absent, causing the quantum and classical states
to be exactly identical. It can only happen when we have
the reduced number of Nambu-Goldstone modes, but
that condition is not sufficient, defying what is taught in
textbooks up to this day. The absence of quantum fluctu-
ations removes a fundamental limit on maximum coher-
ence times in quantum superpositions (qubits).

2) A liquid crystal possesses some but not all the order
of crystalline matter. For instance it may be translation-
ally invariant like a liquid but have a preferred direction
like a crystal. We consider the quantum analogues of
such states through quantum melting of a crystal. This is
a proliferation or unbinding of topological defects. Via a
well-controlled model we can let the melting proceed in
several steps, each removing parts of the order consecu-
tively. We obtain a full hydrodynamic description of
each of the phases in terms of low-lying excitation and
the static forces between defect sources. We can do this
equally for two dimensions (pointlike defects) and three

dimensions (linelike defects). The three-dimensional

Strong Correlation Theory Research Group
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quantum nematic liquid crystal contains features of lin-
earized gravity, since it is a medium without torsion but
rigidity towards curvature. Certain phases in high-tem-
perature superconductors show evidence or electronic
liquid crystalline order, which may be described with our
model. Two large review papers on this topic are to be

submitted early 2015.

@Publications

(Original paper)

Beekman A.J.: Criteria for the absence of quantum fluc-
tuations after spontaneous symmetry breaking, sub-

mitted*
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Beekman A.J., Wu K., Cvetkovic V. and Zaanen J.: Lib-
erating the rotational Goldstone modes in quantum
liquid crystals, OIST International Workshop on Nov-
el Quantum Materials and Phases (NQMP2014), Oki-
nawa Institute of Science and Technology, 14 May
2014

Beekman A.J.: Quantum fluctuations and gapped Gold-
stone modes in spinor Bose-Einstein condensates,
APS March Meeting, San Antonio TX USA, March 5,
2015

(Domestic conferences)

Beekman A.J. and Zaanen J.: Defect-mediated melting
in superconductors and quantum liquid crystals, Cen-
ter for Correlated Electron System, Seoul National
University, 1 July 2014

Beekman A.J.: Quantum fluctuations for conserved or-
der parameters and anomalous Goldstone modes,

Leiden University, December 18, 2014
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Controlling the Hybrid Quantum Systems

Name: Wei Cui

Host Laboratory: Center for Emergent Matter Science

Quantum measurement always disturbs the quantum
system being measured, which is known as measure-
ment-induced backaction. According to the theory of
open quantum systems, both the evolution of the quan-
tum state and its decoherence depend on the system-ap-
paratus coupling strength and the basis in which the sys-
tem is measured. In many realistic quantum readout
architectures the reliability of the quantum measurement
output is an important issue. In this paper, we consider a
specific model, a double quantum dot measured by a
nearby quantum point contact. Taking advantage of the
quantum master equation approach, we calculated the
tunnelling current. Furthermore, we proposed a simple
feedback control law to realize and stabilize the tunnel-
ling current. Theoretical analysis and numerical simula-
tions showed that the feedback control law can make the

current quickly convergence to the expect value.

@Publications

THz Generation from Filamentation

Name:

Host Laboratory:

THz generation from laser plasma interaction not only
offer a strong, broad THz wave source, but also offer a
way to diagnosis the new physics mechanism in laser
plasma. At present, three schemes based on the ultrafast
laser pulses interaction with filamentation air/gas-plas-
ma are found and studied, single-color scheme, two-col-
or scheme, and few-cycle scheme. One-color scheme
means just with fundamental laser pulses. Two-color
scheme means fundamental laser pulses and its second

harmonic pulses. Few-cycle scheme means with few-cy-

Quantum Condensed Matter Research Group
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(Papers)

Wei Cui, Xin-You Lu, J. Q. You, Franco Nori, Modeling
and control of quantum measurement-induced back-
action in a double quantum dot, (To be published).

Wei Cui, Daoyi Dong, Ian R. Petersen, Franco Nori,
Variable structure control of quantum systems, (to be
published).

@0Oral Presentations

(International conferences)

Cui W., and Nori F.: “Optimal control of hydbid quan-
tum system” 11" TEEE International Conference on
Control and Automation, Taichung 2014, June 18-20.

Cui W., and Nori F.: “Control of Quantum Measure-
ment-Induced Backaction in Solid-State Systems”
The 3™ China-Australia Workshop on Quantum Con-
trol, Brisbane 2014, Sep 29-Oct 2.

Cui W., and Nori F.: “Feedback control of Rabi oscilla-
tions in circuit QED”, Workshop on Quantum Infor-
mation Theory, Tokyo 2015, Feb 17-18.

Air-plasma and Its Application

Haiwei Du

Center for Advanced Photonics

Terahertz Sensing and Imaging Research Team
Laboratory Head: Chiko Otani

cle laser pulses. Generally, two-color scheme offers
more than one hundred stronger THz radiation than the
single-color scheme. Few-cycle laser pulses means the
laser pulses is so short that there are just a few (3-5)
laser cycles.

When the laser pulses are shaped, its waveform is
changed. Then the interaction of it with filamentation
air-plasma is changed. As a result, the THz generation
probably varies. In fact, when the laser pulses are dif-

fracted from a grating, its spectrum are separated in spa-
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tial. Then a light modulator can change some laser fre-
quency components in phase or in amplitude. Then these
pulses are compressed again by the second grating. Be-
cause the high power laser pulses can damage the light
modulator, the pulse shaping technology only work on
weak or medium strong laser pulses. If using a filter to
block some frequency components of diffracted laser
pulses, it also changes the shapes of the laser pulses. At
the same time, the high power laser pulses do not dam-
age the filter. (In factual experiment, it can be some met-
al).

So we investigated the high power shaped laser pulses
interaction with filamentation air-plasma theoretically,
mainly its THz generation. Ionization current model is
used. It is found that when the laser pulses are shaped by
a filter blocking some components of the lasers, the THz
generation is changed. This is because when shaped la-
ser pulses have a new waveform, which produces new
currents. These currents oscillate with shorter period, so
the THz radiation from them becomes broader. This sim-
ulation results show that the high power shaped laser
pulses interaction with filamentation air/gas plasma can
generate broader THz wave.

We also noted that when there are two filaments from
two laser beams with a crossing angle, the laser field will
interfere each other, which produces a plasma grating.
At the same time, the nonlinear refractive index induced

from the plasmas changes the laser frequency. Then this

beam coupling in the plasma induces the laser pulse en-
ergy transfer from one to the other according to the time
delay between them. Sometimes, it is called “energy ex-
change”. We think the process also will affect its THz
radiation. At present, the experiment system has been

designed and its measurement is carrying on.

@Publications

(Papers)

Yang Nan, Haiwei Du: THz pulse generation from
shaped femtosecond laser pulses interaction with
gas-plasma, Optics Express, 2014, 22(21): 25494-
25499"
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Du Haiwei, Otani Chiko: THz pulse generated from high
power shaped femtosecond laser pulses interaction
with gas-plasma (Poster). International Symposium
on Recent Progress of Photonic Devices and Materi-
als, Japan Kobe, Kobe University, 2014, November
13-14

(Domestic conferences)

Du Haiwei, Otani Chiko: THz wave generated from op-
tical rectification with tilted-pulse-front pumping
scheme (Poster). Second RIKEN Center for Ad-
vanced Photonics Symposium, Japan Sendai, 2014,

November 25-26

Application of Non-perturbative Functional Methods in Strong Interaction

Name: Gergely Peter Fejoes

Host Laboratory: Nishina Center for Accelerator-Based Science

Description of research:

Throughout FY 2014 I have been investigating certain
aspects of the 2PI (two-particle-irreducible) and the
FRG (functional renormalisation group) formalisms of
quantum field theory.

At first, I have reanalysed renormalizability of the
O(N) scalar theory at the next-to-leading order of the

1/N expansion in 2PI formalism, and found that seem-

Quantum Hadron Physics Laboratory
Laboratory Head: Tetsuo Hatsuda

ingly finite contributions have to be subtracted in order
to reach cutoff independent (renormalized) results of
physical quantities. I also managed to show that these
additional subtractions are due to the Landau singularity
of the model, which manifestly appear in the resummed
perturbation theory of 2PI formalism. [1]

I have analysed chiral symmetry breaking, and its fi-

nite temperature restoration in the U(n)xU(n) meson
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model. I have developed a new approximation scheme of
the FRG flows in the model, which is based on a chiral
invariant expansion of the effective potential. This meth-
od, for the first time in the literature successfully provid-
ed direct evidence of a fluctuation induced first order
transition in the system, irrespectively of the flavour
number (n). [2]

Recently there have been signs of a possible role re-
versal in first and second sound in relativistic superflu-
ids, based on the 2PI-Hartree approximation of the U(1)
scalar theory. These investigations lacked proper renor-
malisation of the system, and while new divergences
have been found depending of the superflow, they
seemed to be not disappearing with the previously deter-
mined counterterms of the model. I managed to show the
finiteness of the system explicitly, using the original
counterterms. The main result is that one must use a Lo-
rentz- and translation invariant regularization of the

model to achieve divergence cancellation.

@Publications:

[1] G. Fejos, A. Patkos, Zs. Szep, Phys. Rev. D90,
016014 (2014)

[2] G. Fejos, Phys. Rev. D90, 096011 (2014)

[3] G. Fejos, Phys. Rev. D90, 116001 (2014)
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1. Progress on J-PARC Hadron physics 2014, KEK, To-
kai (2014. December)
Title: Chiral symmetry restoration with functional
renormalization group methods

2. Particle Physics seminar at Wigner Research Centre,
Budapest, Hungary (2015. January)

3. Theory seminar at RCNP, Osaka University (2015.
February)
Title: Functional RG in quantum field theory and its

applications in strongly coupled systems

@Poster presentations:

1. Strong- and electroweak matter conference, Laus-
anne, Switzerland (2014. July)
Title: Fluctuation induced first order transition in the
U(m)xU(n) models using chiral invariant expansion
of the functional renormalization group flows

2.ERG2014 conference, Lefkada, Greece (2014. Sep-
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Title: Fluctuation induced first order transition in the
U(n)xU(n) models using chiral invariant expansion

of the functional renormalization group flows

Exploring the Phases of QCD from Hadronic Observables

Name: Philipp Gubler

Host Laboratory: Nishina Center for Accelerator-Based Science

While working at RIKEN during the first part of this
fiscal year, I have, together with Y. Nishida, N. Yamamo-
to and T. Hatsuda, partly worked on a project, which
focuses on the single-particle spectral function of the
unitary Fermi gas, making use of the operator product
expansion. The most part of this work was already done
during the last fiscal year, and we have during the last
month finalized a first paper on this subject, which is
now almost ready for submission.

Furthermore, 1 have (together with K. Ohtani) sub-

mitted a paper on the modification of the ¢ meson in

Strangeness Nuclear Physics Laboratory

Laboratory Head: Emiko Hiyama

nuclear matter, which recently got accepted for publica-
tion in Physical Review D.

Furthermore, I co-authored to other papers, which
were published during this fiscal year, one dealing with
the generalization of the QCD sum rule method to the
complex Borel mass plane (published in Progress of
Theoretical and Experimental Physics), the other study-
ing the boiling of primordial quark nuggets at nonzero
chemical potential (published in Astroparticle Physics).

Besides the above, I have started (in collaboration with
S.H. Lee, K. Hattori, S. Ozaki and K. Suzuki) a new proj-
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ect, which deals with the behavior of the D meson in a
constant and external magnetic field. This subject is of
interest because it is known that in non-central heavy-ion
collisions, shortly after the initial collision, a very strong
magnetic field is generated which could change the prop-
erties of the various hadrons produced in these kinds of
collisions and could therefore lead to some observable
effects. For carrying out this work, we first needed to cal-
culate the operator product expansion (OPE) for the D
meson channel in a magnetic field. This task has been
tackled already in some earlier work by other others,
which however contained mistakes and un-resolved
technical problems. We have resolved these issues and
hence have obtained the correct OPE for the first time.
With this OPE, we are now studying the behavior of the
D-meson in a magnetic field, considering phenomena
such as mixing between the pseudo-scalar and vector
channels and intrinsic mass shift of due to the appearance

of Landau-levels for the quarks inside of the D-meson.

@Publications
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rules on the complex Borel plane. Prog. Theor. Exp.
Phys. 2014, 073B03 (2014).*

Li A., Liu T., Gubler P. and R.X. Xu.: Revisiting the
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Gubler P. and Ohtani K.: Constraining the strangeness
content of the nucleon by measuring the ¢ meson mass

shift in nuclear matter. Phys. Rev. D in print.*
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to QCD sum rules”, IV International Conference on
Hadron Physics (TROIA'14), Canakkale, Turkey,
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Gubler P.: “Relating the strangeness content of the nu-
cleon to the mass shift of the ¢ meson in nuclear mat-
ter”, XI™ International Conference on Quark Confine-
ment and the Hadron Spectrum, St. Petersburg, Russia,
September 2014.

Gubler P.: “The ¢ meson in nuclear matter with finite
momentum: a study based on QCD sum rules and the
maximum entropy method”, 4" Joint Meeting of the
APS Division of Nuclear Physics and the Physical So-
ciety of Japan, Waikoloa, Hawaii, USA, October 2014.
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Gubler P.: “QCDFIHIDHEME & ZDAEEEFR DN K
1 09 B )i, Seminar, Chiba Institute of Tech-
nology, Chiba, Japan, June 2014.

Gubler P.: “How does the measurement of the ¢-meson
mass shift in nuclear matter constrain the strangeness
content of the nucleon?”’, Seminar, KEK, Tsukuba, Ja-
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Gubler P.: “The relation between the ¢-meson mass shift
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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 expression

by the mammalian neuron-specific long non-coding

Laboratory Head: Shinichi Nakagawa

RNA Gomafu are being investigated in this study. The

transcriptomes of resting and activated neurons harvest-
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ed from wildtype and Gomafu knock-out mice had been
sequenced to identify genes that were differentially ex-
pressed and/or spliced. High throughput sequencing
analysis indicated that the different types of alternative
splicing, including selection of alternative 3°- and
5’-splice sites, inclusion of cassette exons and micro ex-
ons, and intron retention, in neurons were not regulated
by Gomafu. At the level of gene expression, only a small
group of genes showed differential expression between
the wildtype and the Gomafu knock-out neurons. This
suggests that Gomafu is largely not required for the reg-
ulation of gene expression in neurons and during neuro-
nal depolarization, in agreement with the normal growth

and the lack of obvious phenotype in the Gomafu knock-

out mice. From this data, alternative exons that are not
previously known to be regulated after depolarization of
wildtype neurons were also identified. These exons were
not only from genes with neural functions but also from
genes that encode regulators of splicing, in agreement
with previous findings that some splicing factors are al-
ternatively spliced in depolarized neurons thereby
changing the splicing patterns of other genes.

In conclusion, this study that was designed to eluci-
date the role of Gomafu as a regulator of gene expression
in the nervous system showed that it was not a major
regulator of gene expression in the system of cultured

neurons.

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 chem-
ically active nanoparticles but also as catalysts in the
field of heterogeneous catalysis. Using scanning tunnel-
ing microscopy (STM) and density functional theory
(DFT) calculations, we have demonstrated that the
chemical reactivity for water dissociation on an ultrathin
MgO film grown on Ag(100) substrate depends greatly
on film thickness and is enhanced as compared to that
achieved with their bulk counterpart [H.-J. Shin et al.,
Nature Mater. 9, 442 (2010); J. Jung et al., Phys. Rev. B
82, 085413 (2010)]. The change in the chemical reactiv-
ity of ultrathin MgO film depending on the film thick-
ness can be explained by the strengthening of the inter-
action between the oxide and metal interface layers.
Therefore, the artificial manipulation of the local struc-
ture 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)].
Furthermore, we systematically introduced the 3d transi-
tion metal dopants (Sc ~ Zn) into the oxide-metal inter-

face, which provide high controllability with a number

Laboratory Head: Yousoo Kim

of d electrons [J. Jung et al., J. Am. Chem. Soc. 134,
10554 (2012)]. DFT calculations revealed that the adhe-
sion at the oxide-metal interface can be addressed by the
interaction between an interfacial dopant and the oxide
layer with aid of ligand field theory (LFT) and is linear-
ly correlated with the chemical reactivity of the oxide
film. Now we are extending the computational study on
the dissociation of methanol molecule on MgO/Ag(100)
to achieve selective bond breaking.

In addition, our research interests in the interfaces
have involved the interfacial geometric and electronic
properties of molecular architectures fabricated on solid
substrates and their formation mechanism [T. K. Shi-
mizu and J. Jung et al., Angew. Chem. Int. Ed. 53, 13729
(2014); K. Ueji and J. Jung et al., Chem. Commun. 50,
11230 (2014)]. We have also extended out study to the
functionalization of epitaxial graphene on metal sub-
strate [J. Jung et al, J. Am. Chem. Soc. 136, 8528
(2014)]. We first suggest that the atomic oxidation of
graphene grown on a metal substrate results in the for-
mation of graphene enolate, i.e., negatively charged ox-

ygen adsorbed at ontop position on its basal plane, which
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is strikingly different from the formation of epoxy
groups, i.e., adsorption of atomic oxygen at bridge posi-
tion, on pristine graphene and on graphite. We revealed
that improved interfacial interaction between graphene
and metal substrate during atomic oxidation plays a cru-
cial role not only in the formation of graphene enolate as
a local minimum but also in stabilizing it over the
graphene epoxide. Our result provides not only a novel
perspective for a chemical route to functionalize
graphene but also a new opportunity to utilize graphene
enolate for graphene-based applications.

We believe that our challenges could result in a signif-
icant contribution to the development of the potential
materials, where the interface plays a pivotal role in de-

termining the function of materials.
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graphene grown on metal substrate using atomic oxy-
gen: graphene enolate” The 30th European Confer-
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The Role of Cytosolic Free Calcium ([Ca“cyt]) in Plant Immunity

Name: Anuphon Laohavisit

Host Laboratory: Center for Sustainable Resource Science

Parasitic plants need to employ several strategies to
overcome various challenges during the course of plant-
plant parasitism. One such important obstacle is for the
parasitic plant to germinate in the presence of nearby
host and subsequently to locate and sense host root prox-
imity. Strigolactone is an important cue to overcome the
former obstacle and its role in parasitic and host plants is
already well-established. The latter problem can be
overcome by either direct contact, or by sensing diffus-
ible phenolic compounds such as DMBQ (2,6 dime-
thoxy-1,4-benzoquinone), a lignin-derived compound
from the host root*. DMBQ perception induces the de-
velopment of a haustorium - an invasive feeding struc-

ture, and is an important hallmark of plant parasitism.

Plant Immunity Research Group

Laboratory Head: Ken Shirasu

While the role of DMBQ is defined in parasitic plants, its
role in host plants remains elusive.

To elucidate the role of DMBQ in plants, DMBQ re-
sponses were observed and quantified in plants, which
include short root growth and adventitious root forma-
tion upon DMBQ application. To further characterise the
role of DMBQ, EMS mutagenesis was performed and
mutant screening was carried out. So far, 12,000 T2
EMS seeds has been screened and approximately 1 %
were obtained as putative mutants (those which did not
response to DMBQ). More T2 seeds will be screened
and further screening of the putative mutants will also be
carried out.

While carrying out the genetic screen, collaborative
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work has been carried out between here and the collabo-
rator in Australia to look at a novel Ca?* regulators in
response to pathogen. We have successfully elucidated
the function of this regulator and are now in a process of
writing up the manuscript and submit this finding to a

journal.

@Publication

Anderson A, Laohavisit A, Blaby IK, Bombelli P, Howe
CJ, Merchant SS, Davies JM Smith AG (2015) Ex-
ploiting algal NADPH oxidase for biophotovoltaic
energy. Plant Biotech. Journal DOIL. 10.1111/
pbi.12332.

Nano Porous Material Incoporated 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 the present and final stage, immunoassay develop-
ment has been focused on more complex situation. For
prostate cancer diagnosis, PSA/hK2 simultaneous assay
platform has been developed more from previous year's
study (2013 fiscal year). I firstly tried mixture samples
of PS4 and hK2 assay for testing assay performance of
duplex microarray platform. By optimizing antibody and
surface condition, the assay platform showed a limit of
detection (LOD) of each biomarker (PS4 and hK2)
around 100 fg/mL and a dynamic range of 103 orders of
magnitude. Neither the PS4 nor the 2K2 antibody array
showed any cross- reaction against each other’s target
proteins or other plasma proteins. These results empha-
size the importance of density optimization of capture
antibody on the surface in order to achieve a sensitive
and selective multiplex immunoassay. The duplex anti-
body microarray platform also allowed immunoassay
not only each PS4 or hK2 spiked serum independently
but mixture of PS4 and #K2 spiked serum as well. Such
high sensitive and selective manner of the duplex P-Si
microarray platform enables to shortening total assay
time and to improving accuracy of diagnosis of prostate
cancer providing early diagnosis, recurrence monitoring.
Moreover, I start to develop immunoassay platform for
detection of oligomer and monomer of a-synuclein in
human CSF. Levels of total and/or oligomeric a-synu-
clein may be used as a biomarker tool to aid in the diag-
nosis and development of new disease-modifying thera-
pies. Parkinson's disease (PD) can be difficult to

diagnose accurately in its early stages and there are cur-

Laboratory Head: Mizuo Maeda

rently no accepted clinical diagnostic tests for PD that
are based on biochemical analysis of blood or cerebro-
spinal fluid (CSF). A reliable biomarker could be useful
both in terms of early diagnosis of PD and for validating
potential disease-modifying treatments. Recently, inter-
est of detection method for oligomer forms of a-synu-
clein is higher since the oligomer has more close relation
of disease. I firstly tries sandwich immunoassay, which
consist of one monoclonal antibody and oligomer selec-
tive detection aptamer. The monoclonal capture antibody
bind all-type of a -synuclein and oligomer selective ap-
tamer only bound to oligomer form of a-synuclein. The
developed platform utilises only 10 pl of CSF per test
and the total assay time is 4 hours including immobilisa-
tion of capturing antibody. The limit of detection of the
assay is 35 pg/mL a-synuclein in CSF with a dynamic
range that extends from 0.01 to 100 ng/mL. The plat-
form also clearly distinguishes monomer and oligomer
down to sub-ng/mL level of LOD.

Finally, I developed EIS gap capacitance biosensor for
rapid and sensitive bacteria screening using RNA based
bacteria recognized aptamer. Rapid and sensitive detec-
tion of pathogen bacteria gains great interest recently
since bacterial infected diseases are one of the main
threats of food safety of public health even under-devel-
oped and sometime well-developed country. The bio-
sensor consists of two Au/Cr electrodes deposited on the
glass substrates for impedance sensing and a fluidic
PDMS channel. For the fluidic interconnection, the

through-holes were fabricated using the sandblast for
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the upper glass substrate and the manual punching tool
for PDMS fluidic layer. The surface area of electrode
was 50 mm? and the height of PDMS layer was 200 pm.
The developed biosensor currently has detection limits
of bacteria around 103 Cells/mL without labeling and
signal amplification techniques. I am now further devel-
oping the biosensor to improve detection sensitivity.

Now, I have three-journal papers submitted- one is ac-
cepted and two are under reviewed. And two more paper

are preparing.
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Study of Nonequilibrium Physics And Anomalous Effect in Heavy Ion Collisions

Name: Shu Lin

Host Laboratory: Nishina Center for Accelerator-Based Science

One of the key input to anomalous effect in heavy ion
collisions, such as chiral magnetic effect and chiral vor-
tical effect, is the axial charge distribution in quark gluon
plasma. We studied axial charge generation and relax-
ation in quark gluon plasma using a holographic model.
We also studied transport properties of axial charge,
which is responsible for redistribution of axial charge in
quark gluon plasma. These combined provide basic in-
gredients quantifying the dynamics of axial charge. In
particular, we distinguished axial charge originating

from two different sources: topological transition of glu-

Theory Group
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ons and thermal diffusion of quarks. The axial charges of
different origin have different transport properties, which
motivates us to establish a two-component model for ax-
ial charge dynamics.

In a separate study, we explored the effect of non-triv-
ial Polyakov loop in the electromagnetic radiation of
quark gluon plasma. We found qualitative different ef-
fects in dilepton emission rate and photon emission rate:
A non-trivial Polyakov loop strongly suppresses photon
rate while slightly enhances dilepton rate. The result

suggests more photons are produced in hadronic phase
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and may help explain large elliptic flow of photons found
in experiments, which is still not well understood theo-
retically. It also predicts less dilepton production in ha-

dronic phase thereby small elliptic flow for dileptons.
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Study of Neutron-rich Nuclei Around ?Pd, and the Astrophysical Origin of the Heavy

Elements in the Universe

Name: Giuseppe Lorusso

Host laboratory: Nishina Center

The r-process, a rapid sequence of neutron capture
and beta-decay reactions, is believed to be the origin of
half of the heavy elements produced in the universe, and
it is almost entirely responsible for the origin of elements
such as gold, platinum, and uranium. The r-process is
one of the main open questions in science because a spe-
cific stellar object achieving the conditions required for
an r-process has not been identified yet. This is partially
because the r-process involves very unstable nuclei with
lifetimes in the range 1—100 ms, which do not exist on
earth. The unknown properties of these nuclei result in
unreliable and uncertain r-process calculations. The
comparison between observed elemental abundance, and
the calculated one is crucial to extract the conditions of
the r-process and ultimately the r-process site.

In the present study 110 atomic nuclei relevant for the
astrophysical r-process were produced and studied.
These nuclei have long been believed to take part direct-
ly in the nucleosynthesis process occurring in supernova
explosions. In the experiment, one the most important
properties, the nuclear half-life, were measured. The im-

plications of these results for astrophysics were investi-

Radioactive Isotopes Laboratory
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gated performing large scale r-process simulations, and
were found to be multifold. The abundance calculated
using the new experimental results agrees better than be-
fore with observations in the solar system, thus (a) rein-
forcing the notion that a supernovae are strong candi-
dates to host the r-process, (b) the origin of the
rare-earth elements can now be explained by the r-pro-
cess idea along with the other elements heavier than
iron, and with a simple model.

The present study also investigates the abundance in
metal poor stars and (c) provides an explanation for the
abundance of Tellurium, which is observed robustly pro-
duced across all known stars in which it was observed. In
metal poor stars (d) we can identify the elements that
are most sensitive to the r-process conditions: Sn, Sb, I,
and Cs. This provides guidance for future astronomical
observations in metal poor stars.

Finally (e) the systematic trend of half-lives reveals
the persistence of nuclear structure features, which are
important for astrophysics because in the classical theory
of the r-process, these are responsible for the large abun-

dance peaks observed in the solar system of the elements
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tellurium Xenon, and Barium. Furthermore, the nuclear
features highlighted are also very important for the de-

velopment of nuclear models of unstable nuclei.
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New Era of Chemical Library Development Using Biomediator

Name: Suresh Panthee

Host Laboratory: Center for Sustainable Resource Science

Description of research:

Previously, we identified BR-1, a B-carboline com-

Natural Product Biosynthesis Research Unit
Laboratory Head: Shunji Takahashi

pound, induced the production of reveromycins (RMs),

at a concentration of as low as 350 nM. Through
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RNA-sequence analysis, it was found that BR-1 upreg-
ulated gene clusters harboring LuxR regulators that con-
trol expression of downstream genes. In addition, the
interaction between BR-1 and RevU, a large ATP bind-
ing regulator of the LuxR (LAL) has been revealed.
During this fiscal year, we characterized the biomediator
activity of B-carboline compounds among various other
Streptomyces and found that f-carboline compounds can
induce the expression of secondary metabolites in multi-
ple Streptomyces the most of which are speculated to be
synthesized via polyketide synthases and some harbored
very close homologs of RevU. Apart from this, we used
Biacore T200 surface plasmon resonance to analyze
RevU - promoter interaction. We prepared various frag-
ments of RevU promoter and analyzed the binding of
RevU in the presence and absence of BR-1 by SPR. We
found that RevU bound to most of the fragments and
BR-1 was able to enhance binding only a limited frag-
ments indicating the role of these fragments in RevU
activation by BR-1. Moreover, we found that BR-1 was
able to induce the DNA binding activity of RevU at very
low concentration of 156 nM, whereas the tetrahydro
form of BR-1, that did not have biomediator activity,
could not facilitate the DNA binding activity. We have

not yet succeeded to identify a specific sequence re-

quired for RevU binding.
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Role of Epigenetic Mechanisms in Circadian Clock Entrainment

Name: Dimitri Gerard Perrin

Host Laboratory: Quantitative 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 production.
The circadian clock is a key biological system. Even
though significant progress has been made in our under-
standing of the mechanisms controlling these biological
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 embryonic stem

cells to an oscillatory behavior in all differentiated cells.

Laboratory for Synthetic Biology
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Our intuition is that epigenetic mechanisms play a cru-
cial role, and may be part of this missing link.

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

In the circadian context, several genes such as BMAL1
have already been identified either to be susceptible to

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

In order to investigate the role of epigenetic changes
in the circadian clock, and to assess whether these chang-
es are involved in clock disorders, we use a multi-tech-
nique approach that includes computational modelling
(using theoretical concepts such as reinforcement learn-
ing), complementary wet experiments and advanced
data analysis. This strategy enables a move from qualita-
tive to quantitative investigation of epigenetic phenome-
na.

Data analysis include statistical analysis of next-gen-
eration 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 large-
scale 3D images from cleared whole-brain or whole-

body tissues).
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Development of Selective Enzyme Inhibitors Chemically Expanded Molecular Evolutionary

Engineering for Medical Drugs

Name: Sivakumar Ponnurengam Malliappan

Host Laboratory: Nanomedical Engineering Laboratory

For the past two decades, selective cyclooxygenase-2
(COX-2) enzyme inhibitors have gained interest among
the commercially available anti-inflammatory agents.
Among the isoforms of COX enzymes, COX-1 partici-
pates in several pathophysiological functions and COX-
2 is involved in cancer, inflammation and other diseases.
Designing a selective COX-2 inhibitor could be applied
for several therapeutic applications.

In vitro ribosomal display was utilized to create su-
per-inhibitors with selectivity towards COX-2 enzyme.
A super-inhibitor combines both peptide aptamer and
non-selective small molecule inhibitors like chalcone
and 1,3,5-triphenyl-2-pyrazoline (pyrazoline). In vitro

ribosomal display is used to incorporate non-natural
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amino acids (phenylalanine coupled with small mole-
cule) to the peptide aptamer. t-RNA coupled non-natu-
ral amino acids were prepared chemically and in vitro
selection was performed using random mRNA library. In
order to achieve selective COX-2 inhibitors, immobi-
lized COX-1 was used as negative target and COX-2
was used as a positive target. After several cycles, pep-
tide aptamer sequences were obtained after selection by
cloning and sequencing. Super-inhibitors containing
peptide aptamer along with pyrazoline and chalcone
were synthesized by solid phase peptide synthesis and
post translational modifications. Enzyme inhibitory as-
say for the prepared super-inhibitors were performed by

our research collaborators. Initial results of some of the
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pyrazoline containing super-inhibitors showed they are
selective against COX-1 enzyme. In order to confirm
these results, experiments need to be repeated several
times. We are waiting for the results from repetition of
the experiments. In case of chalcone containing su-
per-inhibitors, enzyme inhibitory assay against COX-1
and COX-2 enzymes are underway.

Apart from the project “molecular evolutionary engi-
neering for medical drugs”, we also perform additional
project namely, “immobilization of growth factors for
biomaterial/tissue engineering applications”. Here we
immobilized various growth factors like LIF (Leukemia
Inhibitory Factor), bFGF (basic Fibroblast Growth Fac-
tor), etc on various substrates and their effects like cell

adhesion, migration, differentiation and pluripotency

maintenance in pluripotent stem cells were studied.
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Exploring the Amplification of Small Molecular Motions into Large Structural Changes

Name: Matthew McCullough Sartin
Host Laboratory: Molecular Spectroscopy Laboratory

Ultrafast spectroscopy was used to study the excited
state dynamics of the fluorescent probe molecule, Cou-
marin 153 (C153), encapsulated within an anthra-
cene-shelled micelle (ASM), which was assembled
from synthetic, anthracene-embedded amphiphiles.!
Previously, we found that the fluorescence of the encap-
sulated C153 showed a complex decay that could be ful-
ly described using the sum of four exponential functions.
These can be divided into two groups: a short-lived de-
cay, with time-constants of 1 ps and 24 ps, and a long-
lived decay, with time constants of 1 ns and 5 ns. Such a
complex decay implies substantial variation in the envi-
ronments in which the C153 molecules exist, which was
unexpected, given the apparent homogeneity of the mi-
celle structure. The goal of this year has been to identify
those species.

The time-resolved fluorescence studies were repeated
using a broadband fluorescence upconversion setup de-
veloped at the end of the previous year, which enabled
spectral separation of the emissions. We found that the
short-lived fluorescence occurred at shorter wavelengths

than the long-lived fluorescence. By reducing the con-
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centration of C153 encapsulated in the micelle, we were
able to reduce the relative contribution of the short-wave-
length emitter. Therefore, the short-lived fluorescence is
a result of interaction between multiple C153 molecules
encapsulated in the same micelle. By applying an analy-
sis technique known as TRANES? to the spectral decay,
we determined that the short-wavelength and long-wave-
length emissions originate from two distinct species. The
long-lived species can reasonably be assigned to C153
in singly-occupied micelles, based on its similarity to
the lifetime of C153 in solution. Therefore, the other,
short-lived species is assumed to be from interacting
C153 in a doubly-occupied micelle. A short-lived,
short-wavelength emission from two interacting mole-
cules is consistent with an H-type aggregate. Although
the 24 ps component of the observed decay represents a
longer lifetime than is typical from an H-aggregate, to
our knowledge, fluorescence decay of an H-aggregate
has never been observed within an aromatic micelle, so
the unusual environment may account for the slower flu-
orescence decay.

Recently, another anthracene-based nanocapsule was
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prepared, using metal ions to hold the anthracene ligands
together. This molecule was shown to stabilize the radi-
cal initiator, AIBN, against photodecomposition.> Photo-
decomposition and its stabilization are related to the ex-
cited state dynamics of the complex. Therefore, to
understand the stabilization mechanism, we examined
these dynamics by performing transient absorption on
the host-guest complex. The excited host relaxes from
the singlet state with a time-constant of ca. 2 ps, which
is much faster than the excited state decay of free anthra-
cene. We attribute the accelerated decay to rapid inter-
system crossing of the excited host induced by the metal
ions in its structure. The excited state of the encapsulated
AIBN was not observable by this experiment. However,
since AIBN is in close proximity to the metal ions, they
may deactivate its excited state by the same mechanism.
In that case, the presence of the metal ions would ac-
count for the high stability of the radical initiator. Exper-
iments to understand this phenomenon are ongoing.

I Kondo, K. et. al. Angew. Chem. Int. Ed. 2013, 52, 2308.

2Koti, A. S. R. et. al. J. Phys. Chem. A 2001, 105, 1767.
3 Yamashina, M. et. al. Nat. Commun. 2014, 5, 4662.
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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 developing and testing codes for the cal-
culation of high-energy optical conductivity in correlat-
ed systems based on extended cluster calculations, in-
cluding full multiplet interactions at the correlated site.

As described in my last report, I have been developing
a low energy effective lattice Hamiltonian for the 273
hexagonal Iridates with the general formula A,BO; (e.g.
Na,IrOs3). 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 hexagonal lay-
ers of Ir, that is a common feature of these systems.
Working in a quasi-molecular orbital (OMO) basis,
which describes the Ir-#,, electrons localized on QMO’s
delocalized over the Ir hexagons, due to the very special
geometry associated with the edge sharing octahedral. In

our lattice model, the basis states are no longer the usual
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Ir-t,, orbitals, but QMO’s centred at the centre of the
hexagons, which form a triangular bravais lattice in-
stead of original hexagonal non-bravais lattice. The on-
site energies are determined by the Ir-O hoppings, and
the effective inter-OMO hoppings are mediated via
spin-orbit interactions, and gives Pauli matrix prefixed
hoppings along the three distinct bonds. The effective
Coulomb and exchange interactions between these
QMO’s can be evaluated in terms of the original atomic
multipole Coulomb interactions. 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. I have been working on numeri-
cally understanding the kind of superexchange physics
involved in this model with spin-flip hoppings, based on
exact diagonalization calculations.

On the other hand I have been studying certain aspects
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of the screening of the Hubbard U in itinerant systems
like the 4d and 5d transition metal (TM) oxides, which
have large metal-ligand hoppings. This gives rise to
strong bond-polarizability contributions to the screening
of the Hubbard-U and our method based on exact diag-
onalization, goes beyond the usual RPA based approach-
es and can be extended to study the competition between
bond- and atomic- polarizabilities, via strong interfer-
ence effects. [ have also been studying the effect of strong
inter-TM site hybridization in the above systems on the
nature of magnetism in these systems, with a gradual
transition from localized to itinerant nature with increas-
ing inter-site coherence, via strong on-site spin fluctua-
tions. This physics is very interesting and depends criti-

cally on the number of itinerant channels available and

the relative magnitude of hopping between them etc. We

are working to unravel the rich physics involved therein.
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Protic-NHC Ruthenium and Iridium Complexes for Catalytic Dehydrogenation and

Hydrogenation Reactions

Name: Guoyong Song

Host Laboratory: Organometallic Chemistry Laboratory

Pyridine units are among the most important heterocy-
clic structural motifs, existing in many natural products,
pharmaceuticals, ligands and functional materials. The
development of efficient protocols for the synthesis of
pyridine derivatives through C-H bond functionalization
has received much current interest. Despite extensive
studies on the C-H alkylation of pyridines with alkenes
have been reported for the synthesis of alkylated pyri-
dine derivatives, studies on the C-H alkenylation of pyr-
idines remained limited despite recent progress. In prin-
ciple, the catalytic C-H addition of pyridines to a C=C
double bond of allenes could serve as an atom-econom-
ical route for the synthesis of alkenylated pyridine deriv-
atives. However, such catalytic C-H alkenylation of a
pyridine compound with an allene unit has not been re-
ported previously.

Inspired by our previous results, we became interested
in the examination of the activity of half-sandwich ra-
re-earth catalysts for the C-H functionalization of pyri-
dines with allenes. On the basis of catalyst screening, the

combination of half-sandwich scandium [CsMe,(-
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SiMe;) Sc (CH,C¢H4NMe,-0),] and [Ph3C][B(C4Fs) 4l
was chosen as efficient catalyst to examine the C-H
alkenylation of various pyridine derivatives with allenes.
These reactions proceeded regio- and stereoselectively
through the addition of the pyridyl unit to the middle
carbon atom and the addition of a hydrogen atom to the
terminal carbon atom of the allene unit in an E-selective
fashion, thus affording a new family of alkenylated pyr-
idine derivatives in high yields and high regio- and ste-
reoselectivity, which were difficult to prepare previously.
Functional groups such as halogens and siloxy units and
some naturally occurring moieties are compatible with
this catalyst system. A cationic Sc-72-pyridyl complex
was isolated and confirmed to be an active catalyst spe-
cies in this transformation by reactivity and kinetic stud-
ies, thus offering important information for understand-

ing the reaction mechanism.
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Towards Vertical Molecule Diode Sandwiched between Tunable Graphene Electrodes

Name: Rui Wang

Host Laboratory: Advanced Device Laboratory

During the past year, I modified my research scope
from graphene to another type of Group-IV semiconduc-
tor based heterostructure, Ge/Si core/shell nanowire,
which has been suggested as a promising candidate to
form good spin qubits. The hole gas accumulates natu-
rally in the Ge core due to the large valence band offset
between the two constituents thus avoiding the require-
ment to intentionally implant impurity dopants as in con-
ventional semiconductors. Moreover, the lack of nuclear
spin of group-IV material and the predicted strong
spin-orbit interaction (SOI) in such core/shell hetero-
structures may ensure long spin coherence times and fast
operation by the electrical field respectively. I endeavor
to eventually realize the spin operation and the entangle-
ment between distant spin qubits via cavity quantum
electrodynamics (CQED). Prior to this ultimate goal I
made effort to elucidate the magnitude of the SOI in the
Ge/Si nanowire and the dependence of SOI on the exter-
nal electric field. The SOI can be extracted either by
studying the weak-antilocaliztion (WAL) effect in an
open-wire regime or by realizing electrically driven spin
resonance in double quantum dots. Ge/Si nanowires are
placed on the predefined gates covered by thin high-«
insulating film. The ultra-narrow (width ~40nm) gates
enable tuning of the local electrochemical potential

along the Ge/Si nanowire. Upon controlled surface etch-
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ing and rapid thermal annealing, highly electrically
transparent metal contacts (like Ni, Ti/Pd) are made on
Ge/Si nanowires, and the expected p-type transport be-
havior is observed. The magnetoconductance is investi-
gated on open wire junctions, which shows a pronounced
decrease of conductance with the increasing magnetic
field, indicating the significant WAL effect due to the
presence of SOI. In addition, the single and double quan-
tum dot is formed along the Ge/Si nanowire by utilizing
the local electrostatic gating. Single quantum dots with
size down to “60nm are formed between each pair gates
with energy barrier formed by depleting the carriers. The
orbit states of the quantum dot are observed through the
Coulumb charge stability diagram. By applying the ex-
ternal magnetic field the g factor will be evaluated from
the Zeeman splitting of quantum levels, also the SOI
strength can potentially be obtained by searching the an-

ti-crossing of energy levels in the few holes regime.
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Development of Hybrid Technology Based On Femtosecond Laser Processing for Fabrication

of Highly Functional Microchips

Name: Dong Wu

Host Laboratory: Center for Advanced Photonics

High performance optofluidic cell counting is highly
desirable in miniaturized integrated LOC systems. How-
ever, conventional femtosecond-laser-written optical
waveguides show many disadvantages. First, it requires
a complex and precise fiber-coupling system. The sec-
ond is that it usually needs a laser. Third, the optical
waveguides rely on the refractive index change of the
glass substrate of the microfluidics induced by femtosec-
ond laser, so that they cannot be achieved in a different
kind of material from the substrate.

In our work, we proposed two photon polymerization
(TPP) to integrate a typical optical device - seven re-
fractive microlens arrays into 3D embedded microchan-
nels which were realized by femtosecond (fs) laser as-
sisted etching of glass (FLAE). The second harmonic
522 nm by commercial fs laser (FCPA pJewel D-400,
IMRA America; wavelength: 1045 nm; pulse width: 360
fs; repetition rate: 200 kHz) was used for both TPP and
FLAE microfabrication. The height and radius of poly-
mer microlens were 10 um and 20 pm, respectively. 7
bright focal spots can be produced by the microlens ar-
rays under white light incidence while the intensity at the
focal spot is significantly affected when the cell passes
through above the microlens. The success rate in cell de-
tection as high as 100% was achieved by designing a
novel device -- central-pass optofluidic lens arrays. The
device consists of microlens arrays and the correspond-
ing limiting structures with holes. The hole is opened
towards the central of every microlens so that the cells
firstly pass every hole and the central of every microlens.
In this way, every cell was detected. Meanwhile, the hole
(9 um) also shows the ability to filter some deformed
cell (13 um) while the normal cell (7 um) can freely
pass the hole. This method is simple, and suitable for
microchips of various materials (e.g., PDMS, polymer,
or glass) because the resin is filled into the channel later

for laser microfabrication and is subsequently washed

Attosecond Science Research Team

Laboratory Head: Katsumi Midorikawa

out by the developer.

@Publications

(Papers)

1.Wu D., Wu S. Z., Xu J., Liu, L. G., Midorikawa K.,
and Sugioka K., Hybrid femtosecond laser microfabri-
cation to achieve true 3D glass/polymer composite
biochips with multiscale features and high perfor-
mance: the concept of ship-in-a-bottle biochip, Laser
photon. Rev. 8, 458 (2014).
»Selected as Inside front COVER articles

2.Wu D., XuJ., Wu S. Z., Liu, L. G., Midorikawa K.,
and Sugioka K., Ship-in-a-bottle integration of des-
ignable microoptical devices by flat-scaffold support-
ed femtosecond-laser microfabrication for cou-
pling-free optofluidic cell counting, Light Sci. Appl.
In major revision (2014).

3.Sugioka K., Xu J., Wu D., Hanada Y., Wang, Z.,
Cheng Y., and Midorikawa K., Femtosecond laser 3D
micromachining: a powerful tool for the fabrication of
microfluidics, optofluidics, and electrofluidic devices
based on glass, Lab Chip 14, 3447 (2014).
»Selected as Inside back COVER articles; a LOC Hot

article; Highlights on the LOC bolg.

@Oral Presentations

(Domestic conferences)

1. Dong Wu, Katsumi Midorikawa, Koji Sugioka, Two
photon polymerization integration of microlens arrays
into 3D glass microchannel for cell counting, JSAP
(The 61rd Japan Society of Applied Physics Spring
Meeting, 2014), Kanagawa, Japan, Mar 17-20, 2014.

(International conferences)

1. Dong Wu, Si-zhu Wu, Jian Xu, Katsumi Midorikawa,
Koji Sugioka, “3D integrated optofluidic devices for
coupling-free white-light cell counting fabricated by
hybrid femtosecond laser processing”, The 15th Inter-

— 174 -



national Symposium on Laser Precision Microfabrica-
tion (LPM2014), Vilnius., Lithuania, June 17-20
(2014).

2. Dong Wu, Si-zhu Wu, Jian Xu, Katsumi Midorikawa,

Koji Sugioka, “Hybrid femtosecond laser microfabri-

cation for true 3D glass/polymer composite “ship-in-
a-bottle” biochips”, The 6th National Conference on
Information Optics and Photonics and the Internation-
al Workshop on Information Optics Technology-CI-
OP 2014, Changchun, China, July 22-27 (2014).

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

Name: Wei Zhang

Host Laboratory: Center for Emergent Matter Science

Compare with conventional chemical and physical hy-
drogels, topological hydrogel developed by Professor Ito
from University of Tokyo could afford many different
properties since they are cross-linked by topological
bonds. Topological hydrogels based on polyrotaxane
have been well developed recently, however, gels based
on polycatenane are remain great challenges in the field.

A hydrogel based on polycatenane were designed and
synthesized. Boric acid are known to bound with polyvi-
nyl alcohol efficiently. So we choose to use boric acid

attached phenanthroline for the unit to construct cat-

Emergent Bioinspired Soft Matter Research Team

Laboratory Head: Yasuhiro Ishida

enane and polyvinyl alcohol as polymer matrix. After
synthesizing the two boric acids attached phenanthro-
line, this compound could coordinate with copper ion to
form a tetragonal metal complex having four boric acid
terminus with the potential react with polyvinyl alcohol.
After mixing this complex with polyvinyl alcohol, a or-
ange hydrogel were formed. After removing the center
copper ion by soaking the gel in EDTA solution, we suc-
cessfully obtained a topological hydrogel based on poly-

catenane.
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Accurate Determination of Molecular Electronic Structure: Chasing the Theoretical Limit of

Computational Efficiency

Name: James Stewart Murray Anderson

Host Laboratory: Advanced Institute for Computational Science

According to conventional wisdom, determining the
wavefunctions and energies of molecular systems’ sta-
tionary states is, even with neglecting relativity and us-
ing the Born-Oppenheimer approximation, intractable.
The computational effort required to achieve a given
level of accuracy grows exponentially with the number
of electrons in the system. The goal of this research proj-
ect is to challenge this paradigm, adapting recent ad-
vances in the mathematics of complexity to the electron-
ic Schrédinger equation and, in the process, developing
an entirely new grid-based approach to the electronic
structure problem.

The wavefunction appropriate for most chemical ap-
plications can be obtained by solving the electronic
Schrodinger equation sufficiently accurately. Most meth-
ods for approximating this wavefunction utilise a set of
Slater determinants that result from solving the Har-
tree-Fock (HF) equations within a model space. Gener-
ally, increasing the number of determinants improves the
wavefunction approximation. By selecting all of the de-
terminants then the best wavefunction in the model
space, the full-configuration interaction (FCI) wave-
function, can be obtained. FCI is a method for solving
the electronic Schrodinger equation that can reliably ob-
tain a given accuracy. Unfortunately, FCI scales expo-
nentially as the number of electrons (denoted N) in-
creases. The FCI method is general and can be used with
any Hamiltonian. It does not take advantage of the sim-
plicity of the electronic Hamiltonian or the smoothness
of the wavefunction. However, new algorithms in the
mathematics of complexity literature take advantage of
this simplicity to prescribe how to design a grid that can
obtain FCI accuracy that grows as a polynomial of the
number of electrons.

Using these algorithms from the complexity literature
I have designed a multidimensional grid method (in-

stead of using analytic Slater determinants) for comput-

Computational Materials Science Research Team

Laboratory Head: Seiji Yunoki

ing the wavefunction. The algorithms work by combin-
ing several grids of lower dimensions at different
accuracies (different numbers of points) to construct the
final efficient sparse grid. The first step in my method is
to form three-dimensional (3D) grids on the unit cube
from one-dimensional grids that lie on the unit interval.
Several 3D grids are constructed at different accuracies
to be utilised when forming the final N-electron grid.
These 3D grids are then mapped from the unit cube into
real space using a novel transformation of coordinates
that concentrates grid points in a pattern that resembles
the molecular electron density. This transformation uses
the “conditional distribution method” with respect to a
weight function constructed from a linear combination
of atomic densities. Each of these mapped 3D grids are
appropriate for performing one-electron calculations
such as HF or density-functional theory calculations.
The N-electron grid in the configuration space for elec-
trons is built from the mapped 3D grids as prescribed by
the complexity algorithm utilised. Unlike many compu-
tational approaches where the antisymmetry principle is
a computational burden, in this approach it is a huge ad-
vantage: all points that differ by the interchange of two
same spin electrons can be consolidated, resulting in a
method that is more than N,!N,! times more efficient!
(N, and Ny are the number of up- and down-spin elec-

trons respectively.)

@Publications

(Original Papers)

[17] Anderson, J.S.M., Ayers P.W.: Resolving the nature
of the reactive sites of phenylsulfinate (PhSO2-) with
a single general-purpose reactivity indicator. Comp.
Theor. Chem. 101 (Special Issue) 520 (2014)*

[16]Levy, M., Anderson, J.S.M., Heidar Zadeh, F. and
Ayers P.W.: Kinetic and electron-electron energies for

convex sums of ground state densities with degenera-
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cies and fractional electron. J. Chem. Phys. 140
18A538 (2014)*

[15]Echegaray, E., Rabi, S., Cardenas, C., Heidar Zadeh,
F., Rabi, N., Lee, S., Anderson, J.S.M., Toro-Labbe,
A. and Ayers, P.W.: In pursuit of negative Fukui func-
tions: Molecules with very small band gaps, J. Mol.
Mod. 20 2162 (2014)*

@Oral Presentations

(International conferences)

Anderson, J.S.M., Nakashima, H., Nakatsuji, H. and
Ayers P.W.: “LSE Approach to Solving the Electronic
Schrodinger Equation” 3rd Workshop on Sparse Grids
and Applications (SGA) Stuttgart Germany Septem-

ber (2014).

Anderson, J.S.M.: “A Method to Formulate Exact Solu-
tions to the Schrodinger Equation” presented at Third
Changsha International Workshop on Theoretical and
Computational Chemistry with Materials (TCC Work-
shop) Changsha China June (2014) (invited speaker).

@Poster Presentations

Anderson, J.S.M., Nakashima, H., Nakatsuji, H. and
Ayers P.W.: “Boys’ collocation method using sparse
grids combined with the LSE method to solve the
electronic Schrédinger equation” presented at Canadi-
an Symposium on Theoretical and Computational
Chemistry (CSTCC) Montreal Canada July (2014).

Development of Chemical Strategies to Analyze and Control Protein Methylation

Name: Joaquin J. Barjau Vallet

Host Laboratory: Synthetic Organic Chemistry Laboratory

Protein methylation is a reversible posttranslational
modification that regulates biorelevant processes. Com-
pared to other posttranslational modifications, protein
methylation is a hard-to-track epigenetic mark mainly
due to the small difference in charge and mass that pro-
duces upon enzymatic reaction. In our aim to study this
important process, we have design two small mole-
cule-based strategies to control and analyze protein
methylation.

In our first project we focused in synthetic studies over
chaetocin A for the development of G9a selective inhib-
itors.

Chaetocin A is a natural alkaloid isolated from Cha-
etomium minutum. It was identified as a potent and post-
SET selective protein methyltransferase (PMT) inhibi-
tor. Previously, a library of simplified chaetocin
derivatives was developed, and in collaboration with
Yoshida group (Chemical Genomics Laboratory), the
G9a inhibitory activity of these derivatives was evaluat-
ed. The epidithiodiketopiperazine (ETP) core moiety
was identified as the pharmacophore for G9a inhibition.
Opposite to the observations done by other research

groups, we showed how simplified ETPs are non-toxic

Laboratory Head: Mikiko Sodeoka

compounds that show similar ICs, values compared to
the parent natural products. This year, we have devel-
oped several generations of simplified ETP derivatives.
From a synthetic viewpoint, we have mainly focused in
studying the stereochemical environment of the ETP di-
sulfide. In combination with the suitable molecular frag-
ment, we aim to reduce ETPs off-target effects and im-
prove their pharmacokinetics.

In our second approach, we have developed molecular
tools to monitor protein methylation. Synthetic deriva-
tives of the cofactor S-adenosylmethionine (SAM)
bearing clickable group(s) can transfer these group(s)
to the target protein in a PMT-catalyzed reaction. The
modified protein substrates are then biotinylated in a
copper-catalyzed Huisgen cyclization. Although this
strategy proved to be reliable in some cases, the low
chemical stability of the cofactors repertoire limits its
application for broader analyses, where longer exposure
times and different assay buffers are required. In order
overcome these issues, we found in the last year a library
of cofactor derivates with improved stability. The activi-
ty evaluation of these derivatives using both purified

proteins and cell lysates, in collaboration with Shinkai
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group (Cellular Memory Laboratory), revealed that the
newly developed cofactors could be useful tools to intro-
duce the propargyl mark, leading to identify unknown
PMT substrates.

@Publications

(Papers)

Shimazu T., Barjau Vallet J. J., Sohtome Y., Sodeoka M.
and Shinkai Y.: Selenium-based S-adenosylmethi-
onine analog reveals the mammalian seven-beta-strand
methyltransferase METTL10 to be an EF1A1 lysine

methyltransferase. Plos One. submitted*

Functional Analysis of Novel Small Orfs (Sorfs) Involved In Plant Abiotic Stress Tolerance

Name: Khurram Bashir

Host Laboratory: Center for sustainable resource science

Plant production is severely affected by different abi-
otic stresses including heat and drought stress. Small
open reading frames (sORFs) which encode small pep-
tides (less than 100 amino acids residues) are predicted
to be involved in plant’s response to different abiotic
stresses. In Arabidopsis, 7,901 sORFs have been identi-
fied and many of these are predicted to be involved in
abiotic stress tolerance. I am characterizing the role of
AT4 in heat stress tolerance. AT4 putatively encodes two
small peptides (AT4a & AT4b), and its expression is up-
regulated by heat stress. AT4a encodes a 24 amino acid
peptide while AT4b is predicted to encode 53 amino ac-
ids long peptide. Arabidopsis plants overexpressing full

Plant Genomics Network Research Team
Laboratory Head: Motoaki Seki

length AT4 (Harboring AT4a and AT4b) exhibited heat
tolerance however plants overexpressing AT4b does not
exhibited heat stress. We could not detect the AT4a pep-
tide in AT OX lines indicating that either it does not en-
code a small peptide or its concentration is too low to be
detected by western blot analysis. We have developed
transgenic lines overexpressing the silent mutated AT4a
peptide and these lines did not exhibit heat tolerance.
Further analysis of these lines would be useful to under-
stand the exact role of AT4 under heat stress. I have also
identified 20 small peptides in chloroplast of Arabidop-
sis. Currently I am preparing OX lines of selected sORFs

to characterize their role in heat stress.

Development of a Novel Technology for Monitoring “Real tRNA Usage” During Translation

in vivo

Name: Chien-Wen Chen

Host Laboratory: Brain Science Institute

Over forty year-studies on translation of mRNA have
succeeded in drawing a global picture of molecular
mechanisms in protein synthesis, including ribosome
structure, peptide elongation and termination and mRNA
codon usage. Nonetheless, there is a significant knowl-
edge gap between mRNA codons and tRNA codons; For
instance, GTC as a genetic code for valine is present in

many coding DNA sequences of yeast genes, however,

Laboratory for Protein Conformation Diseases

Laboratory Head: Motomasa Tanaka

the corresponding tRNA-GAC is actually missing in the
yeast genome. This has been one of the fundamental bi-
ological problems in translation due to the lack of meth-
ods to monitor the “actual translational status” in vivo.
To overcome this limitation, I initially proposed a se-
quencing-based novel method to quantitatively monitor
tRNA usage during translation in vivo for my three year

FPR fellowship. The proposed methodology consists of

— 181 —



purification of functioning ribosomes, library generation
for Next-Generation-Sequencing and bioinformatics
analysis. To date, I have established the first successful
procedure to monitor cellular- and ribosome-bound
tRNA during translation. This is the first attempt to ad-
dress “real-tRNA-usage” during translation. This tech-
nology will not only reveal real-translational-status” of
living cells but also provide a powerful platform to in-
vestigate the possible relationships between al-
tered-translation and human diseases.

According to my preliminary data, I have been able to
quantitatively investigate ribosome-bound tRNA and
tRNA modification during translation. Furthermore, the
distinct tRNA profiles could also be characterized for the
yeast under environmental stresses, for example, oxida-
tive stress and temperature shocks. Surprisingly, we ob-

served a global tRNA damage in response to several

stresses. The damaged tRNAs seento be highly associat-
ed with with ribosome stalling on the mRNA, resulting
in abnormal protein synthesis. To our knowledge, an ab-
normal protein synthesis is related to many human dis-
eases such as cancers and neurodevelopmental disorders.
Thus, I believe that this technology will open a new av-
enue to dissect molecular mechanisms of translation-re-

lated human diseases.

@Oral Presentations

(Domestic conferences)

Chen C.W. and Tanaka M.: Development of a novel ri-
bosome profiling technology and its application to
translational analysis in yeast. The 66th Annual Meet-
ing of the Japan Society for Cell Biology. S8-3. Nara,
Japan 2014.6.11-13

Theoretical study of Topological Phases and Spintronics in Strongly Correlated Multiferroic

Transition Metal Oxides

Name: Wei Fan

Host Laboratory: Computational Condensed Matter Physics Laboratory

Following the research proposal of 2013 fiscal year, I
continued theoretical calculations on [(SrIrOj3),,
(SrTiO;)4] superlattice using first principles calcula-
tions. The electronic structure and magnetic properties
have been comprehensively studied under lattice distor-
tions. The band structures show sensitive dispersion be-
haviors. Under certain distortion (e.g. by means of IrOg
octahedra rotation and Ir-O bond length), metal-insula-
tor transition (MIT) takes place. The magnetic ground
state is confirmed as the in-plane non-collinear antifer-
romagnetic insulating state with a large anisotropic mag-
netic exchange interaction, such as Dzyaloshinski-Mori-
ya (DM) interaction. This is the signature of large
spin-orbit interaction (SOID). These results have been
reported on a 2014 international conference of strongly
correlated electron system held in France and have been
accepted to publish on Journal of Physics: Conference
Series.

Based on the above knowledge, I further studied the

Laboratory Head: Seiji Yunoki

cphase diagram of [(SrIrO3) 1, (SrTiO3),] under epitaxial
strain and adjustable correlation (U), which is of inten-
sive interests by experimentalists. It turns out that four
phases can appear, which are paramagnetic metal (PM),
magnetic metal (MM), non-collinear antiferromagnetic
insulator (NCAFI) and collinear antiferromagnetic insu-
lator (CAFI). On the other hand, the strain also influenc-
es the SOI energy. To explain this SIO change, I consid-
er the competition or cooperation of two factors involved:
the effective electric field and d-p hybridization. It shows
that the saturating or dropping behavior is successfully
interpreted. Our results will be a helpful contribution to
understand the the electronic and magnetic properties of
5d transition metal oxides. These results have been sub-
mitted for peer-reviewed journal.

Regarding to calculations, I applied Generalized Gra-
dient Approximation (GGA) + U + SOI method imple-
mented in a density functional theory (DFT) package.

The strain effect has been fully considered in a supercell
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allowing all degrees of freedom to be relaxed. For SOI
energy, we project the Kohn-Sham orbitals based on ¢,,
symmetry to maximally localized Wannier functions and

made them visualized.

@Publication

Fan W., and Yunoki S.: Electronic and Magnetic Struc-
ture under Lattice Distortion in SrIrO3/SrTiO3 Super-
lattice: A First-Principles Study. Journal of Physics:

Conference Series, accepted*

Autophagy Deficiency and Protein Aggregation As Pathogenic Mechanisms of Psychiatric

Disorders

Name: Kelvin Kai-Wan Hui

Host Laboratory: Brain Science Institute

In the present study, autophagy deficiency in forebrain
excitatory neurons was induced by Azg7 deletion to test
the hypothesis that disrupted protein homeostasis and
increased protein misfolding and aggregation play a
causal role in psychiatric disorders. My previous experi-
ments demonstrated that the disruption of protein ho-
meostasis by Azg7 deletion leads to increased aggrega-
tion of disease-associated proteins, neuronal dysfunction
and abnormal psychiatric behaviours reminiscent of hu-
man autistic spectrum disorder (ASD) patients. In FY
2014, human brain samples from ASD patients and
healthy controls were examined for increased protein ag-
gregation. Through such experiments, a number of pro-
teins identified to be aggregation-prone in Atg7 cKO
mice were also observed to have lower detergent solubil-
ity in ASD patients compared to healthy controls, sug-
gesting that protein aggregation may be associated with
ASD pathology. In addition, through a collaboration
with the Laboratory for Molecular Psychiatry in RIKEN
BSI, gene expression were examined for a number of
proteins involved in protein homeostasis including
mTOR and autophagy regulation using human brain
samples from ASD patients and healthy controls. Inter-
estingly several genes showed trends for reduced expres-
sion in ASD patients, perhaps consistent with protein
homeostasis disruption and increased protein aggrega-
tion. In FY 2015, additional human brain samples will be
examined to validate these findings.

In addition to forebrain excitatory neurons, the effect

of Atg7 deletion in forebrain inhibitory neurons has been

Laboratory for Protein Conformation Diseases
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under examination. Significant accumulation of p62 has
been observed in interneurons of different forebrain re-
gions, primarily concentrating in striatum and hypothal-
amus, with a lower number of cells affected in cerebral
cortex and hippocampus. Immunofluorescence experi-
ments to date suggest that proteins aggregated due to
autophagy deficiency are distinct between forebrain ex-
citatory neurons and interneurons. Furthermore, prelimi-
nary electrophysiology experiments suggest that long-
term potentiation (LTP) of hippocampal CA 1 pyramidal
(excitatory) neurons is not altered by autophagy defi-
ciency in neighbouring interneurons. Additional electro-
physiology and behavioural experiments will be con-
ducted to examine how the difference in aggregated
proteins (“aggreome™) between these two animals may
contribute to differing phenotypes.

Aside from experiments designed to examine the role
of autophagy deficiency in psychiatric disorders, a trans-
genic mouse overexpressing Tsc2, an ASD-associated
protein previously observed to be aggregation-prone,
was created to examine the effect of protein aggregation
due to overexpression of an aggregation-prone protein.
Several independent lines of the 7¥c2 transgenic mouse
have been examined for protein expression and aggrega-
tion, with Tsc2 clearly being overexpressed in a time-de-
pendent manner and significantly aggregated, leading to
an increase in detergent-insoluble levels. Unbiased
quantitative mass spectrometric analysis showed that the
aggregation of several disease-associated proteins to be

enhanced by Tsc2 overexpression. Interestingly while
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there is a partial overlap between aggregated proteins
identified in CaMKII-cre A¢g7 cKO mice and 75¢2 trans-
genic mice (also regulated by the CaMKII promoter),

some aggregated proteins are also unique to each animal,

suggesting that potentially different phenotypes could be
expected. This will be further examined in the near fu-

ture via electrophysiology and behavioural experiments.

Supercomputing the Difference Between Matter and Antimatter via K->pi pi Decays Using
Lattice QCD

Name: Christopher Kelly

Host Laboratory: Nishina Center for Accelerator-Based Science

Description of Research:

The matter/antimatter in the Universe is thought to
arise due to ‘baryogenesis’ processes, of which a neces-
sary ingredient is the breaking of the charge-parity sym-
metry. While CP-violation exists in the Standard Model,
it is far too small to account for the observed asymmetry.
Most new physics models predict, in particular, new
contributions to direct CP-violation in hadronic decays
that may be observable by comparing experiment to a
precise Standard Model determination.

Direct CP-violation was originally observed in the de-
cays of a kaon into two pions, and precise measurements
are now available. Low energy strong interactions play
an important role in these decays, hence lattice tech-
niques are required for a Standard Model prediction to
be formulated. My research, performed in collaboration
with Columbia University in the US as well as Edin-
burgh and Southampton universities in the UK, is to ap-
ply the technique of lattice QCD to the determination of
the K-> pi pi decay amplitude in the =0 channel. Com-
bined with our existing measurement of the 1=2 channel
amplitude, this will enable us to determine epsi-
lon-primed, the measure of direct CP-violation in the
Standard Model.

The two key difficulties of this calculation are ensur-
ing that the statistically-noisy disconnected diagrams are
measured precisely, and ensuring the decay is performed
with energy conserving kinematics. To this end we have
developed parallel code optimized for the IBM Blue
Gene/Q machines that uses all-to-all propagator meth-

ods and the novel G-parity boundary conditions to over-

Computing group
Laboratory Head: Taku Izubuchi

come these challenges.

We have been running measurements for over a year
on the USQCD BG/Q machine at BNL and the Mira
machines at ANL by way of a USQCD grant. We have
also utilized BG/Q resources on the DiRAC machine at
Edinburgh University in the UK. Combining these data
we currently have preliminary results for Im(A_0), the
imaginary part of the I=0 decay amplitude, with 40% sta-
tistical errors. This is the quantity ultimately responsible
for the CP-violation, and it is inaccessible to experi-
ment; this calculation therefore represents the first direct
determination with physical kinematics. Combining with
the experimental value for Re(A_0) and our precise de-
termination of the I=2 amplitude, we obtain a 60% pre-
liminary statistical error on epsilon-primed.

Ultimately we intend to extend this calculation to ob-
tain 25% statistical errors on epsilon-primed, which we

hope to achieve within the year.

@Publications

Original paper, T. Blum ef al, “Domain wall QCD with
physical quark masses”, arXiv:1411.7017 (submitted
to PRD)

Original paper, T. Blum et a/, “K -> pi pi Delta 1=3/2
decay amplitude in the continuum limit”, [ARXIV]
(soon to be submitted to PRD)

Proceedings from Lattice 2014, C.Kelly and D.Zhang,
“Lattice Measurement of the Delta I=1/2 Contribution
to Standard Model Direct CP-Violation in K->pi pi
Decays at Physical Kinematics: Part 17, PoS(LAT-
TICE2014)365
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Proceedings from Lattice 2014, D.Zhang and C.Kelly,
“Lattice Measurement of the Delta I=1/2 Contribution
to Standard Model Direct CP-Violation in K->pi pi
Decays at Physical Kinematics: Part 11, PoS(LAT-
TICE2014)366

@Oral Presentations
06/23/14 - Lattice 2014 talk “Lattice Measurement of
the Delta I=1/2 Contribution to Standard Model Di-

rect CP-Violation in K->pi pi Decays at Physical Ki-
nematics: Part I
04/18/14 - USQCD all-hands meeting presentation,
“New horizons in kaon physics on the lattice”
09/29/14 - University of Edinburgh seminar, “ Lattice
Measurement of the Delta [=1/2 Contribution to Stan-
dard Model Direct CP-Violation in K->pi pi Decays

at Physical Kinematics”

Charge-Exchange Excitations in Deformed Nuclei with Covariant Finite Amplitude Method

Name: Haozhao Liang

Host Laboratory: Nishina Center for Accelerator-Based Science

Nuclear charge-exchange excitations correspond to
the transitions from a nucleus to its neighboring isobaric
nuclei. This kind of excitations plays important roles not
only in nuclear physics but also in particle physics and
astrophysics, such as the effective strong interactions in
medium, nuclear § decays, rapid neutron capture pro-
cess, the unitarity of Cabibbo-Kobayashi-Maskawa ma-
trix, and so on.

The main goal of this research is to investigate and
understand these charge-exchange excitations by estab-
lishing a fully self-consistent charge-exchange qua-
si-particle random phase approximation for deformed
nuclei, based on nuclear covariant density functional
theory (CDFT) and the finite amplitude method (FAM).
In particular, in order to explore new physics of
charge-exchange excitations from the ground states or
isomer states in exotic deformed nuclei, it is essential to
break all geometric symmetries of the nuclear systems,
but keep the correct asymptotic behavior of their density
distributions, yet with reasonable computational costs.
Eventually, we decided to develop nuclear CDFT on
three-dimensional (3D) coordinate space for both
ground states and excitations.

3D mesh calculations for CDFT: Because of the vari-
ational collapse and the fermion doubling, a 3D mesh
calculation with CDFT has been impossible for a long

time. In order to realize such calculations for the first

Theoretical Nuclear Physics Laboratory
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time, we proposed in [arXiv:1411.7804, Prog. Theor.
Exp. Phys. in press] a novel and practical method to
solve Dirac equations in the 3D coordinate space. To this
end, we have employed a method based on the variation-
al principle for the inverse of a single-particle Hamilto-
nian for the variational collapse, while for the fermion
doubling we have extended the method of Wilson fermi-
on, which has been widely employed in lattice QCD cal-
culations.

Using the nucleus '°O as an example, we have con-
firmed that our strategy provides accurate solutions for
self-consistent mean-field calculations without the in-
fluence of the negative-energy spectrum and the spuri-
ous solutions of a discretized Dirac equation. We have
also shown with the nuclei 2*Mg and 8Si that this meth-
od is applicable to deformed solutions in the (8, y) de-
formation plane. This development enables us, e.g., 1) to
study any complicated structure of nuclei with a single
numerical code, ii) to compare directly the results of the
relativistic models to those of 3D mesh calculations with
the non-relativistic models, and iii) to provide reliable
theoretical predictions with the relativistic models for
unknown nuclei allowing symmetry-breaking solutions.
It also allows a straightforward extension of the FAM
within the relativistic framework for a study of nuclear
excitations in deformed nuclei.

Pseudospin and spin symmetries in atomic nuclei:
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Pseudospin symmetry (PSS), introduced to explain the
near degeneracy between pairs of nuclear single-particle
states with the quantum numbers (n-1, [+2, j=/+3/2) and
(n, 1, j=[+1/2), is another interesting spin and isospin
property of atomic nuclei. In the review article [Phys.
Rep. 570, 1-84 (2015)], we intended to provide a com-
prehensive overview on the recent progress of pseudo-
spin and spin symmetries in a systematic way. These
symmetries were discussed in various systems and po-
tentials: from stable nuclei to exotic nuclei, from
non-confining to confining potentials, from local to
non-local potentials, from central to tensor potentials,
from bound states to resonant states, from nucleon spec-
tra to anti-nucleon spectra, from nucleon spectra to hy-
peron spectra, from spherical nuclei to deformed nuclei.
Furthermore, three of the open issues in this field were
selected and discussed in detail, i.e., the perturbative na-
ture of PSS, the puzzle of intruder states, and the super-
symmetric (SUSY) representation of PSS.

For the perturbative nature of PSS, we emphasized
that whether or not the symmetry breaking behaves per-
turbatively depends on whether an appropriate symme-
try limit is chosen and an appropriate symmetry-break-
ing term is identified. As long as an appropriate
symmetry limit is chosen, the nature of PSS is indeed
perturbative.

For the puzzle of intruder states, we showed several
different features about this puzzle, i.e., the bound states
in the non-confining or confining potentials, the bound
and resonant states identified by the zeros of Jost func-
tion, a continuous transformation between SS and PSS,
and the SUSY transformation of the PSS scheme. By
doing that a number of “contradicting” results in the lit-
erature for the spin (pseudospin) partners have been
clarified in an explicit way.

For the SUSY representation of PSS, we pointed out
one of the promising ways for understanding the PSS
and its symmetry breaking, by combining the similarity
renormalization group, the SUSY quantum mechanics,
and the perturbation theory. Meanwhile, how to apply
the SUSY technique directly to the Dirac equations,
which have non-trivial scalar and vector potentials, re-

mains an interesting and open question.
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Investigating the Role of Reactive Oxygen during Vertebrate Lens Formation

Name: Nicholas Robert Love

Host Laboratory: Center for Developmental Biology

Injuries and disorders eye can cause blindness, disfig-
urement, and an overall lowering of life quality. Many of
these maladies are caused by morphogenic failures
during optic development or the wound healing process.
In order to innovate strategies to alleviate suffering fol-
lowing optic injuries, understanding the basic biological
mechanisms employed during vertebrate lens tissue or-
ganization 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 demonstrated
that small, diffuse, reactive oxidant species (ROS) such
as hydrogen peroxide (H,0,) can act a global coordina-
tors of processes implicated during lens formation e.g.
cell fate, differentiation signaling, cytoskeletal modula-
tion, cell migration, and growth. Moreover, in the 1940s
it was observed that vertebrate optic development cor-
related with localized increases in oxidant levels, though

a lack of technology at the time precluded detailed inves-
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tigation of this genetic and molecular mechanisms un-
derlying these phenomena.

Using recently developed microscopy and DNA se-
quencing techniques, I have performed a series of exper-
iments that reveal a new facet of the complexity to ver-
tebrate eye development. This research aims to uncover
the role of cellular ROS during lens formation using
mouse embryonic stem (ES) cells as an experimental
system, using a combination of live-imaging and genetic
modification experimental approaches. In particular, my
preliminary findings have revealed an important role for
the Fgf- and Wnt-signaling pathway in providing posi-
tional information to ES-cell derived optic tissues. Ulti-
mately, it is hoped that discoveries made from these
studies will precipitate novel methods to treat injuries of

the eye and lens.
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High Resolution Frequency Measurements and Temperature Manipulation of a Single

Antiproton - Antiproton g-factor Experiment at the Ulmer Research Unit

Name: Andreas Hannes Mooser

Host Laboratory: Ulmer Initiative Research Unit

One of the fundamental properties of the proton is its
spin magnetic moment. The most precise value of the
magnetic moment was based on spectroscopy of atomic
hydrogen conducted 42 years ago. Significant theoretical
bound-state corrections and two additional measure-
ments had to be applied to indirectly determine the mag-
netic moment with a relative precision of 9 parts per bil-
lion. We improved this value by a factor of 2.5 by
directly measuring the magnetic moment with a single
proton in a Penning trap at our experiment BASE-
Mainz. Our measurement constitutes the first direct and
most precise measurement of a nuclear magneton so far.
The measurement is based on the determination of the
Larmor and the cyclotron frequency of a single proton.

This requires the detection of single spin transitions, so
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far not possible with a nuclear spin. However with a dra-
matically improved apparatus we achieved this challeng-
ing goal. This enabled the first demonstration of the dou-
ble Penning-trap technique with a single proton and
allowed for the first direct measurement of the proton
magnetic moment with a relative precision at the parts
per billion level.

The methods will be applied to measure the antiproton
magnetic moment at our companion experiment BASE-
CERN in Switzerland with similar precision. However,
whereas at our experiment at BASE-Mainz protons are
produced in situ at BASE-CERN antiprotons are deliv-
ered by the antiproton decelerator (AD). Thus the anti-
proton beam delivered by the AD has to be spatially ad-

justed with respect to our apparatus. For this propose a
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beam profile monitor operational in ultra-high vacuum,
at ambient temperatures of 4K and ambient magnetic
fields of up to 2T has been designed and built up. The
monitor was implemented into the Penning trap setup
and successfully commissioned. This enabled efficient
capturing and finally the preparation of a single antipro-
ton into the newly developed BASE-CERN apparatus.
In first systematic studies the stability of the free cyclo-
tron frequency of this single isolated antiproton was
characterized to be 15 mHz out of 30 MHz This demon-
strates the feasibility to measure the magnetic moment of
the antiproton with a fractional precision of 500 parts per

trillion or better in the future.
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Physiological Roles of Sphingolipid Glycosylation in Plants

Name: Jennifer Charlotte Mortimer

Host Laboratory: Center for Sustainable Resource Science

The aim of this is work is to investigate glycosylinosi-
tolphosphoceramides (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. Previously (Mortimer et al. 2013,
Plant Cell), I isolated the first known mutant in GIPC
glycosylation, gonstl, and demonstrated that GONST1
is a GDP-mannose transporter that provides substrate
for GIPC biosynthesis. gonst! plants are dwarfed and
unexpectedly display a constitutive hypersensitive re-
sponse with elevated salicylic acid (SA). This suggests
a previously unknown role for GIPC sugar decorations
in plant defense signaling, reminiscent of the role of
complex sphingolipids in mammals.

The specific aim of this project was to identify and
characterize further members of the GIPC biosynthetic
pathway. This knowledge will be essential in order to
investigate the function of GIPCs in planta.

Using a reverse genetics approach, I have identified a
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candidate glycosyltransferase, GIMT1, responsible for
glycosylating the GIPC. Analysis of the sphingolipid
profile of this mutant reveals a GIPC profile similar to
gonstl. gimtl also phenocopies the growth characteris-
tics of gonst/. Future work will include heterologous
expression and characterization of GIMT1 catalytic ac-
tivity. I am also employing a forward genetics approach
in order to isolate further members of this biosynthetic
pathway, since it seems that the growth phenotype is a
good indicator of the disruption of GIPC function.
Biochemical characterization of a related GDP-sugar
transporter, GONST2, has revealed that it also has a role
in providing substrates for GIPC biosynthesis. Whilst
gonst2 does not show a growth phenotype, the gonst/x-
gonst2 mutant is more severe, indicating an additive ef-
fect. Preliminary data also reveals that gonst2 has in-
creased resistance to pathogens. Hormone profiling is
currently ongoing, in order to determine which defence

signalling pathways are induced.

Charge Dynamics at the Solid Interface Studied by Novel Nonlinear Spectroscopy

Name: Anton Myalitsin

Host Laboratory: Molecular Spectroscopy Laboratory

Solid/liquid interfaces are important in many physical
and chemical processes. However, due to their “buried”
nature, they are difficult to characterize with convention-
al methods. In contrast, heterodyne-detected vibrational
sum-frequency generation (HD-VSFG) allows us to
selectively study molecular vibrations originating from
an interface by measuring the complex y® spectrum. So
far, HD-VSFG has been applied to a variety of systems
exposed to air. Application of HD-VSFG to buried inter-
faces was prevented by technical difficulties, in particu-
lar the lack of a suitable reference.

In the last year I have developed a method to measure
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the complex ¥ spectra from the solid/liquid interface.
For this, we have used the non-resonant signal from the
buried silica/air interface to determine the correct phase.
With this method we were able to study the water struc-
ture at the silica/water interface.

Silica has a large number of silanol groups (-Si-OH)
after acidic cleaning which can be readily deprotonated
in contact with water, depending on the pH of the aque-
ous solution.

We used phosphate buffer solutions of varying pH to
change the surface charge density at the silica/water in-

terface, which affected the interfacial water structure.
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However, interpretation of the water spectra is not
straightforward due to intramolecular coupling of the
HOH vibrations in aqueous solutions. First, the OH
stretch splits into the symmetric and anti-symmetric
modes. Second, the symmetric stretch couples with the
bending overtone. To avoid this, we used isotopically di-
luted water (HOD), which has only one OH stretch nor-
mal mode.

At high pH we observed a strong net H-up orientation
of water molecules at the silica/water interface, which is
in agreement with a negatively charged silica surface. For
a neutral silica surface, at low pH, we could distinguish
two water species, one showing H-up and one showing
H-down orientation. This is consistent with water mole-
cules forming hydrogen bonds to the silanol groups on
silica surface and bulk water molecules, respectively.

A publication summarizing these results is currently

in preparation.
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Advanced Phase Detection for Optical Lattice Clocks

Name: Nils Nemitz

Host Laboratory: Quantum Metrology Laboratory

In this year we successfully upgraded one of the stron-
tium (Sr) optical lattice clocks at RIKEN with the capa-
bility to trap and interrogate ytterbium (Yb) atoms.

After completing the laser systems required for
laser-cooling Yb atoms and trapping them in a
magic-wavelength optical lattice, our first spectroscopic
data of the ultra-narrow clock transition was acquired in
May 2014. Following this, various techniques were im-
plemented to control effects that shift the measured tran-
sition frequency:

* Spin-polarization by optical pumping transfers more
than 95% of atoms into a single magnetic sub-state,
optimizing signal-to-noise ratio and taking advantage
of the Pauli blockade between identical fermions to
reduce collisional frequency shifts.

* Moving-lattice transport to a cryogenic chamber
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cooled to a temperature of 95K drastically reduces the

effect of blackbody radiation. When atoms are inter-

rogated at room temperature instead, the resulting
shift of approximately 1.3 Hz (3X10'%) requires
great effort to accurately characterize and correct.

* Quenched sideband cooling allows the manipulation
of the vibrational state of atoms trapped in the optical
lattice. This will be crucial for evaluating the interac-
tion of the optical lattice with the atomic quadrupole
moment.

Even at the current point of development, the overall
uncertainty of the Yb clock surpasses that of the SI sec-
ond as implemented by the best cesium fountain clocks.
Instead of an absolute frequency measurement, we are
therefore aiming to measure the ratio of the clock transi-

tion frequencies for Yb and Sr. A first evaluation of sys-
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tematic effects in the Yb clock indicates that a total frac-
tional uncertainty of 4>X10-!7 is now within reach for
this, potentially improving the best published value for a
comparison between clocks using different atomic spe-
cies*.

A key advantage of optical lattice clocks is that inter-
rogating a large number of atoms reduces the fundamen-
tal measurement instability resulting from quantum pro-
jection noise, so that the ultimate measurement
uncertainty can be reached in a manageable amount of
time. To take full advantage of this, we use an optical
frequency comb to transfer the stability of the Sr clock
laser to that of the Yb clock. A significant fraction of the
residual phase noise is then shared by both clocks and
can be removed from the comparison by synchronous
interrogation of Sr and Yb atoms. First measurements
show that a statistical uncertainty of less than 10-'7 can
be reached with only one hour of averaging time.

As the accuracy of optical clocks continues to im-
prove, direct frequency comparisons now require dedi-
cated fiber links and do not yet seem feasible over inter-
continental distances. Frequency ratio measurements, on
the other hand, yield a simple dimensionless value that is
easily transferred. They will therefore play an important
role in demonstrating the accuracy and reproducibility of
optical clocks in the light of an eventual redefinition of
the SI second. Monitoring the ratios of frequency stan-
dards based on different atomic species over an extended

period of time will also set new limits on the variation

fundamental constants.
[*] Rosenband et al., Science 319 1808, 2008
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Beyond Development: Identifying Runx1 as a Key Modulator of Immune Response and

Inflammation

Name: Wooseok Seo

Host Laboratory: Center for Integrative Medical Sciences

Runx family proteins are critical transcription factors
guiding numerous developmental processes such as he-
matopoiesis; hence, Runx-deficient mice show severe
blockages in various developmental processes. Howev-
er, Runx-deficient mice also exhibit spontaneous infil-

tration of leukocytes into lungs resembling human asth-
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ma. This observation led to a hypothesis that Runx might
have additional roles in orchestrating immune responses.
In accordance with this hypothesis, our laboratory
showed that Runx1 directly regulates the expression of
IL-4, a key cytokine in asthma pathogenesis. According

to this study, Runx1-deficiency correlated with over-ex-
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pression of IL-4, which indicates that Runx1 transcrip-
tionally represses IL-4 gene. This discovery partly ex-
plains the observed lung pathologies of Runx1-deficient
mice; however, it was not clear whether the dysregulated
expression of IL4 alone is enough to cause such a severe
phenotype.

With the aim of finding other factors that are dysregu-
lated in Runx1-deficiet mice in addition to IL-4, my on-
going research was initiated. The initial research discov-
ered that CC chemokines including CCL3, CCL4 and
CCLS are highly expressed from T lymphocytes in the
absence of Runxl. This discovery proposed that CC
chemokines might be new potential targets of Runx-me-
diated transcriptional repression. This further suggested
that the airway inflammation observed in Runx-deficient
mice might be a result of combined effects of dysregulat-
ed IL4 and CC chemokines. Therefore, my study
strengthened the idea that Runx transcription factors

play an important role in maintaining immune homeo-

stasis. To further confirm this in more physiological set-
tings, last year I have generated a BAC (Bacterial artifi-
cial chromosome) transgenic mouse line in which CCL5
is replaced with GFP to monitor CCL5 expression in
vivo by following GFP signals. This new animal tool
will be invaluable to study expression of CCLS5 in vivo
as well as their regulation by Runx transcription factor. I
will use this newly generated mouse line to uncover pre-
viously unknown functions of CCL5 and how it is regu-

lated by Runx proteins.
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Decay Spectroscopy of Neutron-Rich Rare-Earth Nuclei Relevant for the

Astrophysical R-Process

Name: Par-Anders Soderstrom

Host Laboratory: Nishina Center for Accelerator-Based Science

In this paper two high-K isomeric states with spin and
parity 6~ were discovered in the nuclei '%>Sm and '%*Gd.
The experiment was carried out using the EURICA setup
at the end of the ZeroDegree Spectrometer and the Bi-
gRIPS fragment separator in the Radioactive Isotope
Beam Facility in Wako. A 233U beam was accelerated to
70% the speed of light and fragmented on a beryllium
target, before the fragments were implanted in a passive
stopper in the centre of the EURICA gamma-ray detec-
tor array. Similar states are known to systematically oc-
cur in nuclei with neutron number N=102, but have only
been seen in heavier nuclei with proton number Z = 68
and higher. The fact that these states still exist for these
lighter, more exotic nuclei can teach us how the collec-
tive properties of atomic nuclei evolves far from stabili-

ty. The ground state rotational excitations of these nuclei
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were also observed and agrees with calculations that

suggest a small deformed sub-shell closure at N=100.
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Discovering Proton and Neutron Structure from Fundamental Interactions

Name: Sergey Syritsyn

Host Laboratory: Nishina Center for Accelerator-Based Science

Lattice Quantum Chromodynamics (lattice QCD) is a
practical way of making predictions for Nuclear Physics
from the fundamental theory of strong interactions. Lat-
tice QCD algorithms and computing capabilities have
matured to the point when calculations directly compara-
ble to the experiment are entirely possible. Hadron spec-
trum has been successfully computed in 2008. However,
hadron structure calculations are much more difficult
because of Monte-Carlo noise and various systematic
problems. So far, lattice QCD has failed to reproduce
several “benchmark” quantities such as the nucleon
charge radius, nucleon axial charge, and quark momen-
tum fraction in the nucleon. Reproducing these quanti-
ties is the most important step of validating QCD as the
fundamental theory of Nuclear Physics and lattice QCD
methods in particular. Once these quantities are repro-
duced with certainty, lattice QCD will become the most
universal theoretical tool to study the nucleon structure
with impact on experiments measuring the 3D structure
of the nucleon (JLab, future EIC), dark matter searches
and physics beyond the Standard Model in weak decays,
and the origin of the nucleon spin.

The objective of the project is to calculate nucleon
structure observables from fundamental theory, QCD,
with a full control of systematic errors. The target ob-
servables include nucleon form factors, nucleon charge
radius, quark contributions to the nucleon spin and quark
angular momentum. In addition, a set of specific parton
distribution moments can be computed simultaneously
to constrain phenomenological models used in 3D imag-
ing of the proton and neutron. The important addition to
existing calculations is a comprehensive control of sys-
tematic effects: (1) performing calculations with the
physical (light) quarks, (2) studying the effects of finite
volume, and (3) systematic treatment of excited state
admixtures in the nucleon matrix elements.

In addition, lattice gauge field theory methods are suit-

able for exploring candidates for particle dark matter

Theory Group
Laboratory Head: Larry McLerran

based on strongly-coupled gauge theories. Such theories
are alternatives to models based on supersymmetry and
may become relevant if collider experiments fail to de-
tect supersymmetric particles. Studying such theories on
a lattice enables one to put constraints on the mass of

DM candidate particles.

@Publications

1. “Lattice simulations with eight flavors of domain wall
fermions in SU(3) gauge theory”, T. Appelquist et al
(LSD collaboration); Phys.Rev. D90 11, 114502
(2014); arXiv:1405.4752.

2. “Nucleon electromagnetic form factors from lattice
QCD using a nearly physical pion mass”, J.R. Green,
M. Engelhardt, S. Krieg, J.W. Negele, A.V. Pochinsky,
S.N. Syritsyn, Phys.Rev. D90 7, 074507(2014); arX-
iv:1404.4029.

3. “Composite bosonic baryon dark matter on the lattice:
SU(4) baryon spectrum and the effective Higgs inter-
action”, T.Appelquist et al (LSD collaboration),
Phys.Rev. D89 9, 094508 (2014) ; [arXiv:1402.6656].

4. “Nucleon Structure from Lattice QCD Using a Nearly
Physical Pion Mass”, J.R. Green, M. Engelhardt, S.
Krieg, J.W. Negele, A.V. Pochinsky, S.N. Syritsyn,
Phys.Lett. B734 (2014) 290; arXiv:1209.1687 [hep-
lat].

@Oral Presentations

1. Nucleon Structure and Spin from Lattice QCD: A Re-
view, invited talk at the 4th joint meeting of APS &
JPS Nuclear Physics Divisions, Hawaii, Oct 7-11,
2014.

2. Nucleon Structure on a Lattice at the Physical Point,
CCP 2014, Boston, USA, Aug 11-14, 2014.

3. Initial Nucleon Structure Results with Chiral Quarks
at the Physical Point, LATTICE 2014, New York,
USA, June 23-28, 2014

4.QCD on a Lattice : Nucleon Structure and Beyond,
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theory seminar in Michigan State University, East
Lansing, MI, USA, Apr 30, 2014.

5. Nucleon Structure on a Lattice : Present and Future
Computing Requirements, Workshop “Large Scale

Computing and Storage Requirements for Nuclear

Physics : Target 20177, Bethesda, MD, USA, Apr 29,
2014.

6. Lattice QCD study of Nucleon structure, Workshop
“Frontiers of Hadronic Physics”, Brookhaven Nation-
al Laboratory, Upton, NY, USA, March 13, 2014.

Microbial Production of Polypeptides with Defined Material Properties in an Alkaliphilic

Microorganism

Name: Nicholas Thomson

Host Laboratory: Centre for Sustainable Resource Science

Following my previous investigations into the produc-
tion of peptides and spider silks in Escherichia coli, this
year my attention has turned to characterizing the partic-
ular metabolic qualities of my chosen production strain.
In contrast to traditional E. coli-based production, in
which product yield is linked to cell growth (and there-
fore requires the maximization of cell densities), the qui-
escent-cell strain (Q-cells) is prevented from dividing
after the cells reach the exponential growth phase. The
Q-cell strain has only one mutation to distinguish it from
the wild-type W3110 strain from which it is derived: it
produces a truncated Histone-like Nucleoid Structuring
protein (H-NS) due to the insertion of a stop codon after
the 93" codon of the hns gene. This mutation allows the
strain to remain metabolically active when cell division
is prevented by the addition of indole to the growth me-
dium.

The inhibitory effects of indole on cell growth are
known to be due to the ionophoric properties of indole,
which lead to a reduction in the proton motive force.
What was not understood was the effect of these distur-
bances on the metabolism of the cells. Therefore, I em-
ployed metabolomic and proteomic techniques to inves-
tigate the effects of indole on the central carbon
metabolism and protein expression in wild-type and
Q-cell strains. Using fed-batch fermenter cultures, I per-
formed a time-course analysis of the changes in abun-
dance of metabolites in glycolysis, the pentose phos-
phate pathway and the tricarboxylic acid cycle, during

the first 4 hours following indole addition. This was sup-

Enzyme Research Team

Laboratory Head: Keiji Numata

ported by a two-dimensional difference gel electropho-
resis (2D-DIGE) study to examine protein expression
changes caused by indole.

My results revealed very few protein expression
changes caused by indole. However, indole caused a
blockage in the tricarboxylic acid cycle, which led to a
large accumulation of many metabolites involved in gly-
colysis and the pentose phosphate pathway. The cause of
this blockage is not clear, but may be due to an effect of
indole on the activity of one or more enzymes. The accu-
mulation of metabolites such as acetyl-CoA, phosphoe-
nolpyruvate and fructose-6-phosphate illustrate why the
Q-cell system is a promising platform for chemical pro-
duction, because simple metabolic engineering tech-
niques could be used to tap these pools of metabolites for
the production of a diverse range of high-value chemi-
cals.

Although indole only had a small specific effect on
protein expression, many important differences in pro-
tein expression were found between the wild-type strain
and the Q-cell strain. H-NS is known as a global regula-
tor of gene expression, and my study revealed that the
truncated form of the protein results in the up-regulation
of many stress-response proteins. Because it reduces the
proton motive force, indole is essentially a bacterial tox-
in, so the Q-cell strain appears to be better able to deal
with the oxidative stress caused by the uncoupling of
respiration from ATP production. This results in a longer
period of high metabolic activity following indole addi-

tion, compared to the wild-type strain and results in
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higher specific productivity compared to traditional high Thomson NM, Shirai T, Mukherjee KJ, Sivaniah E,

cell density chemical production in E. coli. Kondo A, Summers DK & Numata K; A non-growing
Escherichia coli cell factory harnesses the toxicity of
@Publications

(Papers) yields. (submitted)

indole to increase specific productivity and product

Design and Characterization of Protein Building Blocks for Bio-Nano-Technology

Name: Arnout Richard Dominiek Voet
Host Laboratory: Center for Life Science Technologies
Structural Bioinformatics Team

Laboratory Head: Kam Zhang

* The modular structure of many protein families, such
as B-propeller proteins, strongly implies that duplica-
tion played an important role in their evolution, lead-
ing to highly symmetrical intermediate forms. This is
visible from repeat proteins that may have originated
from duplication and fusion of single gene fragments
into tandem repeats. Examples of such protein folds
include ankyrin, armadillo, heat and leucine rich re-
peat which are rod-like protein. Beta propeller pro-
teins however are repeat proteins with a globular shape
in which the tandem repeats are organized as blade
around a rotational symmetric axis. Beta propellers
proteins are involved in a variety of functions such as
enzymatic activity, protein binding, ligand binding and
contain a water accessible channel. Therefore they
may be interesting building blocks for bio nanotech-
nology. Previous attempts to create perfectly symmet-
rical propeller proteins have failed, however. We have
therefore developed a new and rapid computational
approach to design such proteins. As a test case, we

have created a six-fold symmetrical B-propeller pro-

Pizza2

as well. Because of the shape similarity and tolerance

towards slicing, the protein was named Pizza.

* Pizza proteins carrying 2-10 identical blades were also

expressed and purified. Two or three tandem blades
assemble to recreate the highly stable six-fold sym-
metrical architecture, consistent with the duplication
and fusion theory. The other proteins produce different

monodisperse complexes, up to 42 blades (180 kDa)

Pizza6

e Further experiments revealed a high tolerance towards

truncations, and modifications by multiple point muta-
tions, allowing the rationally designed binding of li-
gands. Pizza derivative proteins have been designed
that dimerize via domain swapping or symmetrical
head to head dimerization, as well as coordination of

an anorganic complex

tein and experimentally validated the structure using @Publications
X-ray crystallography. Using a computational protein (Papers)
1) Voet A, Noguchi H, Addy C, Simoncini D, Terada D,

Unzai S, Park SY, Zhang KYJ, Tame JRH: Computa-

design procedure we reverse engineered the evolution-

ary process to create a perfectly symmetric protein

with a 6-fold architecture. Each blade consists of 42 tional design of a self-assembling symmetrical
B-propeller protein (PNAS, doi: 10.1073/pnas.
1412768111)*

2)Pougach K, Voet A, Kondrashov F, Voordeckers K,

Christiaens J, Baying B, Benes V, Sakai R, Aerts J,

residues. The result was a highly-expressed, well-fold-
ed 6-fold symmetrical propeller structure which is
highly heat-stable. While the original protein consists
of 6 identical tandem repeats, proteins expressing only

2 or 3 repeats self-assemble into the 6fold architecture Zhu B, Van Dijck P, and Verstrepen K: Duplication of
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a promiscuous transcription factor drives the emer-
gence of a new regulatory network” Nature Communi-
cations, 5,4868,doi:10.1038/ncomms5868*

3)Qing X, Lee XY, De Raecymaeker J, Tame JRH, Zhang
KYJ, De Maeyer M, Voet A. : Pharmacophore model-
ing: advances, limitations and current utility in drug
discovery. J Receptor Ligand Channel Res., 7, 81-
92%*,

4)Berenger F, Voet A, Lee XY, Zhang KYJ :A rota-
tion-translation invariant molecular descriptor of par-
tial charges and its use in ligand-based virtual screen-
ing Journal of Cheminformatics 6 (1) 23-26*

5) Vancraenenbroeck R, De Raeymaecker J, Lobbestael
E, Gao F, De Maeyer M, Voet A, Baekelandt V, Tay-
mans JM (2014) In silico, in vitro and cellular analy-
sis with a kinome-wide inhibitor panel correlates cel-

lular LRRK2 dephosphorylation to inhibitor activity

on LRRK2. Frontiers in molecular neuroscience.7,51%*

@Oral Presentations

(International conferences)

1)“Computational design of a self-assembling symmet-
rical B—propeller protein” 5 June 2014. 8§ December
Hong Kong ICSS 2014 (invited lecture)

2)“Computational design of a self-assembling symmet-
rical B—propeller protein” 4 August Brisbane (Austra-
lia) TUPAB2014

3)“Computational design of a self-assembling symmet-
rical f—propeller protein” 5 June 2014. 1 August Bris-
bane (Australia) MM2014

(Domestic conferences)

4)“Computational design of a self-assembling symmet-
rical B—propeller protein” 5 June 2014. Tokyo (Japan)
JCUPV,
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Development of Microbeam Irradiation Method for Mutation Breeding

Name: Réka Judit Bereczky

Host laboratory: Nishina Center for Accelerator-Based Science

The Ton Beam Breeding Team has developed a unique
technology for mutation breeding using heavy-ion
beams. High linear energy transfer (LET) ions produce
clusters of DNA damage that cannot be repaired, leading
to cell death, or can be repaired incompletely by the cell,
which induces mutations. To investigate the effective-
ness and the lethality of the mutation, microbeam is
needed, since the parts relevant for the mutation in living
cells are concentrated in a small region.

The goal of my FPR studies is the development of
microbeam irradiation method using RIKEN pelletron
accelerator combined with tapered glass capillary. The
accelerator produces a few MeV ions, H, He, Li etc.,
whose LET in a cell is selectable between 10 and 200
keV/um. The ions can be stopped according to their
range, causing lesions only in the nucleus of the cell. The
speciailty of our tapered glass capillary is its thin-end
window, which keeps the inner part of the capillary in
vacuum, thus ions can be delivered directly to the cells.

The other purpose of the FPR project is the visualiza-
tion of the caused DNA damage. The importance of
proper visualization is not only to have visual image
about the damage by each LET, but in addition it pro-
vides information about the scale of each damage as a
function of LET, or the time of DNA repair.

The focus of my work was to investigate the profile of
the microbeam and the visualized DNA damage. With
the beam characteristic study first we provided an esti-
mation method to define the beam divergence inside a
tapered glass capillary, by which the probability of
mishitting and the energy of the ions can be estimated.
We produced microbeam using glass capillaries with
outlet diameters of 4 and 20 um. The beam profile was
obtained with pieces of CR-39. The result of our first
SRIM simulations showed discrepancy from the experi-

mental ones. Then we introduced a nonzero value as the

Ion Beam Breeding Team

Laboratory Head: Prof. Tomoko Abe

initial beam divergence inside the capillary in the simu-
lation. It turned out that 2.5°  divergence reproduces the
experimental result for 4.5 MeV He?* beam through the
capillary with the outlet diameter of 20 um. This shows
that divergence inside the capillary plays an important
role in the beam spread around the target.

In the other part of my work I performed X-ray irradi-
ation of HeLa cells, using four different doses to com-
pare the extent of the DNA damage in the cells. After the
irradiation the Double Strand Breaks (DSBs) were fluo-
rescent-labeled and 3 dimensionally visualized with a
fluorescence microscope. To avoid multiple counting of
each lesion in the cell, an analyzing software was devel-
oped. The results show the number of DSBs increases
with increasing dose. This work also contributes to the
development of microbeam irradiation method, since a
similar analyzing program will be developed and applied
for heavy ion irradiation.

I prepare presentation for international conference of
radiation physics, SHIM2015 and microbeam for biolo-
gy, IWM2015 and the results will also be published in

scientific journals.

@Publication

Bereczky R.J., Ikeda T., Kobayashi T., Utsugi M., Hira-
no T., Sakai Y. and Abe T.: Estimation method of mi-
crobeam divergence from glass capillaries for biologi-
cal use. RIKEN Accelerator Progress Report.
Submitted.

@Presentation

Bereczky R.J.: "Development of microbeam irradiation
method for mutation breeding” Joint seminar in ion
beam physics and radiation biology, RIKEN, Wako,
Japan, 2014, Oct.15.
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Alternative Promoters, Biomarkers and Gene Regulatory Networks in Cancers

Name: Bogumil Kaczkowski

Host Laboratory: Center for Life Science Technologies

The aim of our work was to identify genes that are
recurrently up-regulated or down-regulated across many
different cancer types using Cap Analysis of Gene Ex-
pression (CAGE) data collected for the FANTOMS
(Functional ANnoTation Of Mammalian genomes)
project. CAGE is a 5° sequence tag technology that glob-
ally determines transcription start sites (TSS) in the ge-
nome and their expression levels. CAGE methodology
has been originally pioneered at RIKEN Yokohama. We
compared the CAGE expression profiles from a collec-
tion of 224 different cancer cell lines and corresponding
normal primary cells to identify transcripts that are re-
currently up or down regulated in a broad range of can-
cer types.

We identified 2,108 differentially expressed promoters
associated with 693 protein-coding genes and 181 long
non-coding RNAs. Additionally, we used the unique ca-
pability of CAGE to estimate the activity of enhancers
based on the bi-directional transcription of enhancer
RNAs and identified 90 enhancers that are activated in
cancer cell lines. Lastly, we used the genomic location of
the TSSs provided by CAGE to show that promoters that
overlap repetitive elements are more likely to be up reg-
ulated in cancer.

Among identified de-regulated IncRNAs we note
PVTI oncogene (located downstream of MYC onco-
gene), tumor suppressor MEG3 and TERC. TERC (In-
cRNA) and TERT (protein coding) together maintain
telomeres and are both found up regulated in our analy-
sis. With ChIA-PET data we linked 16 of our cancer-ac-
tivated enhancers to promoters of known cancer related
genes. Our finding showing that promoters, which over-
lap repetitive elements are more likely to be up regulated
in cancer is consistent with the fact that repetitive se-
quences are frequently hypo methylated in cancer and
that hypo methylation of promoters of tumor promoting

genes leads to their activation in cancer. This is turn sug-

Genome Information Analysis Team

Laboratory Head: Piero Carninci

gests that some of the identified up regulated genes may
be Epi-drivers; genes that confer selective growth ad-
vantage through aberrant expression that is caused by
changes in DNA methylation or chromatin modification
and is passed as cells divide.

We also carry out a complementary analysis using
publicly available RNA-seq data from 4,055 tumors and
563 normal surrounding tissues profiled by The Cancer
Genome Atlas (TCGA) consortsium. We discovered a
core set of pan-cancer biomarkers that are de regulated
in both the cancer cell lines from FANTOMS and tumor
samples from TCGA. We believe that such genes are
valuable pan cancer biomarkers that could simplify and
reduce cost of early detection and cancer prevention,

possibly as part of yearly medical examinations.

@0Oral Presentations

(Domestic)

Kaczkowski B, Carninci P, Hayashizaki Y, the FAN-
TOMS5 consortium, Forrest ARR.: “Recurrent tran-
scriptome alterations across multiple cancer types”.
Young Investigator’s Talk at RIKEN Joint Retreat,
Kakegawa, Japan. 29-30 January 2015

@Poster Presentations

(International Conference)

Kaczkowski B, Carninci P, Hayashizaki Y, the FAN-
TOMS consortium, Forrest ARR.: “Recurrent tran-
scriptome alterations across multiple cancer types”
Cell Symposia: Hallmarks of Cancer: Asia, Beijing,
China. 9-11 November 2014

(Domestic)

Kaczkowski B, Carninci P, Hayashizaki Y, the FAN-
TOMS consortium, Forrest ARR.: “Recurrent tran-
scriptome alterations across multiple cancer types”
DGT&PMI Research Exchange Meeting, Yokohama,

Japan,
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Olfactory Coding Strategy of Second-order Olfactory Neurons

Name: Meng-Tsen Ke

Host Laboratory: Center for Developmental Biology

Optical clearing techniques are useful for large-scale
fluorescence imaging of thick tissues. However, many of
existing techniques have limitations including long pro-
cessing time required and morphological damages to
samples. Previously, our group presented an optical
clearing reagent named SeeDB (Ke et al., Nat Neurosci,
2013;), which relieved the limitations reported in previ-
ous methods including imaging depth, incubation time,
sample fragility, and quenching of fluorescent proteins.
SeeDB used simply fructose to match the refractive in-
dex (RI) and control tissue optical properties. Combined
with two-photon microscopy, SeeDB allowed us to im-
age and trace the axons in fixed intact mouse brains at
the millimeter-scale level. However, fructose caused
Maillard reaction and gradually accumulated autofluo-
rescence in the sample. Therefore, we developed a new
water-based optical clearing agent SeeDB2, which con-
tains iohexol for RI matching. SeeDB2 can clear fixed
mouse brain tissue in 48 hours with minimal changes in
sample volumes and native fluorescent proteins. Thus
SeeDB?2 allows for the accurate and quantitative analysis
of fine neuronal morphology. SeeDB2 overcomes auto-
fluorescence and staining problems observed in SeeDB.

SeeDB2 improved the preservation of fluorescent sig-

Laboratory for Sensory Circuit Formation

Laboratory Head: Takeshi Imai

nals and reduced autofluorescence, which is advanta-
geous in detecting faint fluorescence signals. SeeDB?2 is
also optimized for antibody staining and counter nuclear
staining of brain slices. The addition of 2% saponin
during antibody staining improved the maximum depth
possible for the staining. Common nuclear stains were
penetrated into 1.5 mm thick brain slices. Antibodies
could detect targets located 200 to 250 micron depth
form the surface. SeeDB2 can be applied not only for
large-scale imaging, but also for small-scale, high reso-
lution imaging. Refractive index of SeeDB2 is adjust-
able from 1.46 to 1.52 (SeeDB2G for RI at 1.46,
SeeDB2S for RI at 1.52). Light scattering and spherical
aberration can be minimized when the RI of the sample
is matched with that of objective lens and cover glass
(RI ~ 1.52). Using high-numerical aperture (NA) ob-
jective lens under confocal microscopy, fine structures of
dendritic spines can be visualized at high resolutions in
SeeDB2S-cleared brain slices. Therefore, SeeDB2 is a
promising strategy to reduce light scattering and RI mis-
match in the imaging system and contribute to high-res-
olution three-dimensional fluorescence imaging of neu-

ronal circuitry.

Strange Physics from Lattice QCD---the Inevitability of Coupled-Channel Dynamics

Name: Vojtech Krejcirik

Host Laboratory: Nishina Center for Accelerator-Based Science

In FY2014, the coupled channel model for me-
son-baryon interaction in the strange sector has been
developed in collaboration with Ales Cieply from NPI,
Rez. The model is motivated by the effective chiral La-
grangian and the large N, limit of quantum chromody-

namics. The key novelty of our approach is the incorpo-

Quantum Hadron Physics Laboratory
Laboratory Head: Tetsuo Hatsuda

ration of the L=1 partial wave on top of the existing
model considering only the L=0 interactions. It was
shown in the previous study, that the Sigma (1385) reso-
nance, which plays a crucial role in the low-energy phe-
nomenology, cannot be generated dynamically and

therefore must be treated as an independent degree of
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freedom explicitly entering the model. The ultimate goal
is the uniform treatment of the Lambda(1405) reso-
nance, which dominates the S-wave physics, and the
Sigma(1385), which dominates the P-wave physics, in
the vacuum as well as in the nuclear medium. The good
agreement between our predictions and the available ex-
perimental data in the vacuum is encouraging regarding
the predictive power of the in-medium extension of our
model.

The next step is to move from phenomenological
models motivated by symmetries of quantum chromody-
namics towards the first-principal calculations stemming
from quantum chromodynamics itself---in particular to
the lattice QCD and following HAL method calculations
used to extract the hadron-hadron potentials model-in-
dependently from the underlying theory. In this field, the
FY2014 was dedicated to learning, understanding, and
practicing the lattice QCD approach in general, and the
HAL method calculation in particular. During the dis-

cussions with colleagues in the QHP laboratory, we
identified the particular problem on which to focus first-
--the meson baryon system of pion and sigma, which is
the lowest lying state with strangeness -1 and isospin
0---as well as the technical details of how to approach

the calculation itself.

@Presentations

(International conferences)

Krejcirik V.: “Effective model for KN interactions in-
cluding L=1 partial wave”, Workshop on Progress on
J-PARC hadron physics, Tokai, November (2014)

Krejeirik V.: “Nucleon-nucleon scattering in the large N,
limit”, The 2nd International Symposium on Science
at J-PARC (J-PARC 2014), Tsukuba, July (2014)

Krejeirik V.: “Effective model for $\bar{K}N$ interac-
tions including the $L=1$ partial wave”, Hadrons and
Hadron Interactions in QCD -- Effective theories and

Lattice, Kyoto, March (2015)

Cross-species Chemical-Genetic Profiling of the RIKEN Natural Product Depository to

Discover the Modes of Action of Potential Bioprobes and Drugs

Name: Sheena Claire Leoncio Li

Host Laboratory: Center for Sustainable Resource Science

In my current work, we developed a new high through-
put system for the functional annotation of large com-
pound collections, namely the RIKEN Natural Products
Depository (NPDepo, Japan), the National Institutes of
Health Open Chemical Repository (NIH OCR, USA),
and GlaxoSmithKline’s Published Kinase Inhibitor Set
(PKIS, USA). We used a chemical genomics approach in
Saccharomyces cerevisiae to do this, thereby probing the
physiological effects of a wide spectrum of compound
treatments in a whole-cell assay. Quantification of the fit-
ness defect associated with specific gene deletion mutants
after compound treatment allowed us to generate a chem-
ical-genetic signature that can be highly predictive of a
compound’s mode of action. To design a high-throughput
pipeline that could examine small amounts of precious

compounds, we identified a diagnostic subset of yeast de-

Molecular Ligand Target Research Team,
Laboratory Head: Charles M. Boone

letion alleles and constructed these mutations in a
drug-hypersensitive genetic background. Our assay is
highly parallel because each deletion allele is marked with
an oligonucleotide barcode, and this enabled us to use
next-generation sequencing to measure the relative abun-
dance of mutants within a pooled population. In total, we
examined the chemical-genetic signatures of more than
14,000 compounds from the compound collections men-
tioned above. After data normalization, compound targets
were predicted by comparing chemical-genetic signatures
with previously derived global synthetic lethal genetic in-
teraction profiles. By comparing these chemical-genetic
signatures against the global yeast genetic interaction net-
work, we predicted high-confidence targets for ~1100
compounds and were able to map bioactive compounds to

the “biological neighbourhoods” that they affect in yeast.
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Based on the target predictions that frequently occur for
each compound class, we determined the “functional sig-
natures” of various compound collections. We found that
the functional signatures of well-characterized collections
were in agreement with their known functions. For exam-
ple, the National Cancer Institute Approved Oncology
Drugs set was enriched for predicted targets that are in-
volved in DNA replication and repair pathways. Impor-
tantly, we validated novel target predictions for uncharac-
terized compounds from RIKEN’s NPDepo using
biochemical and cell biological assays; we identified com-
pounds that targeted the yeast cell wall, glycosylation, un-
folded protein response, and cell cycle, among others. By
creating a large-scale chemical genomic network, our
work captures a wide range of compound activities and

reveals novel compound-target interactions.

@Publications

(Book Chapter)

Piotrowski J.S., Simpkins S.W., Li S.C., Deshpande R.,
Mcllwain S.J., Ong .M., Myers C.L., Boone C. and
Andersen R.J. Chemical Genomic Profiling via Bar-
code Sequencing to Predict Compound Mode of Ac-
tion. Methods Mol. Biol. 1263: 299-318 (2015).

@0Oral Presentations

(International Conferences)

Li S.C., Piotrowski J., Deshpande R., Simpkins S., Nel-
son J., Barber J., Yoshida M., Myers C.L. and Boone
C.M.: Chemical genomic profiling in S. cerevisiae and
S. pombe to functionally annotate large compound
collections. Yeast Genetics Meeting, Seattle USA,
July 29 - August 3 (2014).

Li S.C., Piotrowski J., Deshpande R., Simpkins S., Nel-
son J., Barber J., Yoshida M., Myers C.L. and Boone
C.M.: Chemical genomic profiling to functionally an-
notate the RIKEN Natural Product Depository. The
International Conference on Systems Biology, Mel-
bourne Australia, September 14-18 (2014).

(Domestic Conferences)

Li S.C., Piotrowski J., Deshpande R., Simpkins S., Nel-
son J., Barber J., Yoshida M., Myers C.L. and Boone
C.M: Chemical genomic profiling to functionally an-
notate the RIKEN Natural Product Depository and
other large compound collections. The 3 RIK-
EN-SNU Workshop on Chemical Biology for Health
and Resource Sciences, Tokyo Japan, April 20 (2014).

Li S.C., Piotrowski J., Deshpande R., Simpkins S., Nel-
son J., Barber J., Yoshida M., Myers C.L. and Boone
C.M: Ultra High Throughput Chemical genomic pro-
filing to functionally annotate the RIKEN Natural
Product Depository and other large compound collec-
tions. The 15* CSRS-ITbM Joint Workshop, Nagoya
Japan, January 7 (2015).

Copper-Catalyzed Heterocarboxylation of C=X (X = C, O, N) Bonds with CO,

Name: Yong Luo

Host Laboratory: Organometallic Chemistry Laboratory

The use of CO, as a low-cost and renewable carbox-
ylation reagent has drawn much attention in recent de-
cades. Among these achievements, the heterocarboxyl-
ation of unsaturated substances with CO, which
introduces both hetero unit and carboxyl acid group in a
single process is of particular interest, since various ra-
cemic or chiral alkyl-, §,y-unsaturated carboxylic acids,
and a-amino or a-hydroxy acids can be obtained under
mild conditions with this strategy. Thus, asymmetric bo-

racarboxylation of styrene with CO, is my research in-

Laboratory Head: Zhaomin Hou

terest in the FY 2014.

1. Based on the references and previous achievements of
our group, the influence of phosphine- and nitro-
gen-based chiral ligands has been tested firstly. How-
ever, these commercial phosphine-based chiral li-
gands almost showed no reactivity under various
reaction conditions. Then, I focused on synthesizing
and utilizing N-heterocyclic carbenes (NHC) in our
system.

2. After carefully investigating our previous results, var-
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ious NHC ligands were designed, synthesized and
screened in this reaction. To our delight, 10% ee was
obtained as a primary result. Encouraged by this data,
the impacts of electronic property and steric hindrance
of ligands were analyzed, and more efficient ligands
were synthesized. 55% ee was achieved after screening
all these NHC ligands.

3. Other parameters were also very important in this re-
action and investigated in the next step, such as base,
ratio of the substrates, and temperature. Fortunately,

the ee increased to 69% when 0.8 equivalents of base

were employed. Up to date, this is our best result, and
further exploration is undergoing.

4. Functionalization of the obtained product was also
performed with an expectation to develop more effi-
cient access to complex molecules. The introduced
boryl unit could be converted in 72% yield to hydroxyl
group with H,0,/NaOH system. Thus, optical pure
methyl tropinate was obtained with CO, as a safe, in-
expensive, and readily available C1 feedstock. And

now, other elaboration methods are under investigat-

ing.

Discovery of New Mechanisms Driving Colorectal Cancer and New Therapeutics

Name: Kendle Michelle Maslowski

Host Laboratory: Centre for Integrative Medical Sciences

This study is aiming to determine whether treatment
of colon cancer-bearing mice with an attenuated strain
of Salmonella Typhimurium (STm?4™4) can induce re-
gression of the tumors, and by what mechanism. Previ-
ous studies have shown that systemic delivery of attenu-
ated Salmonella can reduce tumor growth in mice with
xenografted, or orthotopically transplanted, tumors. This
effect not only involved activation of the immune system
and immune-mediated rejection but also appeared to in-
volve tumor intrinsic mechanisms, which remain poorly
understood. Recently I have shown that a protein family
involved in the intracellular detection and elimination of
Salmonella, NAIPs, are also involved in protection
against colon tumorigenesis. Therefore I hypothesize
that infection of tumors in the colon may reactive this
innate immune pathway and lead to regression of tumors
in a tumor-intrinsic fashion.

Colitis-associated colorectal cancer (CAC) was in-
duced in mice using a well-established azoxymethane/
dextran sulfate sodium (AOM/DSS) model. Following
tumor induction with AOM and 3 cycles of DSS treat-

AAroA

ment, mice were treated with STm orally or ip once

Laboratory for Intestinal Ecosystem
Laboratory Head: Hiroshi Ohno

per week for 4 weeks, or no treatment, and sacrificed on
day 80. A control group was sacrificed at the start of the
treatment regime (day 56) to determine initial tumor

AAroA’ mice

burden. Following the 4 treatments with STm
exhibited decreased tumor burden and a decrease in
overall tumor size, both in oral and ip treatment regimes,
compared to control non-treated mice from both day 56
and day 80. This demonstrates that this model can be
used to analyze the protective effect of Salmonella on
tumor progression, and that Salmonella infection can in-
deed lead to tumor regression in a physiologically rele-
vant model. The next steps will be to further optimize the
treatment regime and analyze differences between treat-
ed and non-treated tissues in order to determine what
pathways might be activated that lead to tumor regres-
sion.

Additionally, in the last year [ have established in vitro
culture of colon enteroids. These will now be utilized to
carry out complementary studies in vitro. It is yet to be
determined if this model can be used to effectively mim-

ic in vivo tumors.
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Investigation on Differential Sensitivity of Transmission Modes in Phase Shifted Waveguide

Gratings for Possible Application as Simultaneous Multi-Parametric Sensing

Name: Renilkumar Mudachathi

Host Laboratory: Metamaterials Laboratory

The goal of this research is to investigate the differen-
tial sensitivity of multiple transmission modes in phase
shifted waveguide gratings and to explore its possibility
of application as simultaneous multi-parametric sensing.
Defected photonic crystals (PCs) are known to possess
multiple transmission modes which can be selectively
tuned by modifying different properties of these engi-
neered materials. This research involves the modeling of
Photonic band gap effect and the excitation of multiple
transmission modes in phase shifted waveguide gratings
and its experimental realization on silicon - on - insula-
tor (SOD) optical bench platform using standard CMOS
fabrication techniques. These multiple transmission
modes respond differently for different parameters such
as surrounding refractive index change, temperature gra-
dient and strain providing a means for simultaneous
multi-parametric sensing. That is, the same sensor ele-
ment produces multiple signals each carries separate in-
formation of the measurands, say for example in the case

of biomolecular sensors, one signal tells about the re-

Laboratory Head: Takuo Tanaka

fractive index of the surrounding medium and the other
signal tells about the amount of molecules present in the
solution or kinetics and strength of binding between two
(or more) biological molecules. Finally such grating el-
ements will be realized on low cost polymer platform
(PSQ-Ls, a silicate based inorganic-organic hybrid
polymer) using soft imprint lithography techniques and
functionalized with differential receptors for binding
specific molecules, cells and proteins, as disposable sen-
sors in the point of care and home health care diagnostic
applications.

The proposed SOI substrate has been replaced with
silicon nitride on insulator substrate due to the lack of a
silicon-processing facility at the current laboratory. The
change in substrate does not cause any change in the
functional properties of the proposed device, instead it
assures greater degrees of freedom in fabrication and
characterization. The grated waveguide is realized on the
silicon nitride thin film deposited on oxide layer using
PECVD.

Do Stress and Fear Use the Same Prefrontal and Amygdalar Circuits?

Name: John Oliver Heal Ormond

Host Laboratory: Brain Science Institute

The project topic was changed as we found out that
other labs were looking at the same questions in basal
amygdala and prefrontal neurons. We are essentially
looking at the same questions as before, but we are in-
vestigating how the outputs of basal neurons regulate
fear and anxiety in a more refined behavioral task. Our
focus has changed to dorsal hippocampus to increase the
novelty of our study, and to take advantage of my prior
experience recording place cells in the hippocampus.

To investigate the role of amygdala projections in

Laboratory for Neural Circuitry of Memory
Laboratory Head: Joshua Patrick Johansen

driving hippocampal learning during contextual fear
(CFC), I have designed a novel behavioral task combin-
ing elements of CFC and spatial navigation. Rats have
been trained to run for food reward on a 3 arm track. On
any given day, only one arm is paired with food reward
on runs from right to left, and a second arm is paired
with food on runs from left to right; each day, the identi-
ties of the rewarded arms change. All four animals have
demonstrated an ability to learn the task, such that after

an initial 20 to 40 trials, they are able to complete subse-
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quent trials with very few mistakes (90-95% correct).
These animals will be implanted in the coming weeks
with custom designed recording arrays and eye-lid
shock electrodes (arrays were designed with CAD soft-
ware, and fabricated using 3D printing). These will al-
low me to run a second version of the task in which all
three arms will be paired with food reward but two arms
will be paired with an aversive electrical shock, with the
animals learning to avoid the shock arms. Both the appe-
titive and aversive versions of the task will be run with
and without optogenetic inactivation of the BLA to test
our hypothesis that BLA projections to the parahippo-
campal region are required for hippocampal learning in a
spatial task incorporating appetive/aversive elements.
In preparation for these experiments, I have tested a
number of optogenetic constructs in anesthetized ani-
mals. I have determined that ArchT driven by the CAG
promoter is optimal for cell body inactivation, but I have
not been able to consistently demonstrate inactivation of

BLA presynaptic terminals. I will continue to work on

the problem of synaptic terminal inhibition in parallel
with behavioral experiments using ArchT to inactivate
BLA cell bodies. Additionally, I have just begun testing
another inactivating opsin, Jaws, which responds to red
light, allowing greater tissue penetration; this will be
useful as it will allow a larger volume of tissue to be in-
activated (tissue volume is an issue in rats, whose brains
are much larger than mice), and may thus provide a
breakthrough in terms of the synaptic terminal inactiva-
tion. Using retrograde tracing with Rabies virus, I have
shown that information from BLA reaches dorsal hippo-
campus (dHPC) indirectly by way of the lateral entorhi-
nal cortex (LEC). LEC inactivation will be performed in
a subset of experiments. In preparation for the analysis
of neural data, I have written custom matlab scripts to
detect and analyze the memory-related reactivation of
hippocampal activity patterns as well as to detect gamma
frequency synchronization between dHPC and BLA
during the task.

Designing new Materials: The Physics of f-electron Superlattices

Name: Robert Peters

Host Laboratory: Computational Condensed Matter Physics Laboratory

During the fiscal year 2014, I analyzed the competi-
tion between magnetic states and the Kondo effect in
f-electron superlattices according to my original re-
search proposal. We observed that the magnetic transi-
tion temperature as well as the Kondo temperature de-
pends on the superlattice structure. While the dependence
of the magnetic state on the superlattice is rather easy to
understand, the dependence of the Kondo temperature is
unexpected. This dependence of the Kondo temperature
on the superlattice structure originates in an interference
between Kondo resonances induced on different f-elec-
tron layers of the superlattice. A similar dependence of
the Kondo temperature on the superlattice has been re-
cently observed in NMR experiments for such f-electron
superlattices.

During the fiscal year 2014, 1 have used the good

chances at RIKEN to create new collaborations. Con-

Laboratory Head: Seiji Yunoki

cerning f-electron systems, I started to collaborate with
H. Sakakibara (CCMP) and M. Suzuki (First-Principle
Team), who have calculated first-principle models for
SmB6 and CeColnS5. Using these first-principle models,
I can perform realistic calculations, which might enable
us to directly compare with experiments. CeColn5 is
thereby a material, which is used in the f-electron super-
lattice experiments and thus very important for my re-
search project. SmB6, on the other hand, might be the
first topological Kondo insulator. Recently, the interplay
between topological non-trivial systems and strong cor-
relations has become a hot topic, because these systems
exhibit a variety of unseen phenomena, and might be
used for quantum computation. Using my techniques for
inhomogeneous correlated systems, I analyze the bulk
and surface properties of this remarkable material.

Concerning the f-electron superlattices, I extended
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my methods to be able to analyze superconductivity in
strongly correlated materials. This was an important
step, because experimental groups have recently focused
on superconductivity in these superlattices. I will now be
able to calculate properties of the superconducting phase
in these compounds, comparing with experiments as
well as making predictions for future experiments. Fur-
thermore, I have used this method to start collaborating
with S. Yunoki (RIKEN) on the competition between
Kondo impurities and superconductivity as well as with
J. Bauer (Harvard University) analyzing the pseudogap
phenomenon in cold atomic gases.

Finally, the methods, which I use to study artificially
constructed heavy fermion systems, can also be used to
analyze inhomogeneous spin structures. In collaboration
with N. Kawakami (Kyoto University), I used these
methods to study spin-density- and charge-densi-
ty-waves in the Hubbard model. Being able to study
very large systems, we could confirm previous results
related to spin-density waves, which were done on very
small lattices. These results have been published in
Physical Review B in 2014. Furthermore, we used the
same method to analyze spin- and charge density waves
in heavy-fermion systems. We are currently preparing

these results for publication.

@Publications
1. Robert Peters and Norio Kawakami: “Spin density
waves in the Hubbard model: A DMFT approach”.

Physical Review B 89 155134 (2014); published*

@Presentations

(International conferences)

1. International conference “Strongly Correlated Elec-
tron Systems” in Grenoble: contributed poster “Spin
density waves in heavy fermion systems”, 10.07.2014

2. Talk at University of Goettingen: “Layered heavy Fer-
mion systems”, 16.07.2014

3. International conference of Young Researchers on Ad-
vanced Materials: Invited talk “Dynamical mean field
theory for layered f-electron systems”, 26.10.2014

(Domestic conferences)

4. International conference “New Horizons of Strongly
Correlated Physics” at the ISSP (Kashiwa): contribut-
ed talk “Spin density waves in heavy fermion sys-
tems”, 30.06.2014

5.Physical Society meeting Japan: contributed talk
“Theory of the spatial dependence of the Kondo reso-
nance in Heavy Fermion systems”, 08.10.2014:

6. International Workshop 2014: “Tensor Network Algo-
rithms in Materials Science”: Invited talk “Quantum
impurity models within the Density Matrix Renormal-
ization Group”, 21.10.2014

7.1ISSP workshop “Recent Developments in the Kondo
problem™: Invited talk “Explaining STM-measure-
ments for impurities and heavy fermions via the Kon-

do proximity effect”, 10.01.2015

Epitaxial Growth and Device Characterization of AlGaN-Based Deep-Ultraviolet LEDs with
Transparent p-AlGaN Contact Layer Grown on Si(111) Substrate

Name: Tinh Binh Tran

Host Laboratory: Center for Advanced Photonics

AlGaN-based deep ultraviolet light emitting diodes
(UV-LEDs) have attracted considerable attention due to
their wide range of applications in air, water purification,
disinfection, chemical sensors, bio-medical, non-line-
of-sight communication, etc. AlGaN-based deep UV-

LEDs on sapphire substrates have been already commer-

Terahertz Quantum Device Research Team

Laboratory Head: Hideki Hirayama

cialization recently. However, the growth of AlGaN on
silicon substrates for deep UV-LED applications have
been extensively studying due to facing a lot of challeng-
es. AlGaN-based UV-LEDs need an AIN template on
the Si substrate which will provide many advantages

since it can transmit the very short wavelengths (~210
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nm), Si substrate can be removed by chemical treatment
to allow back illumination, to avoid the generated UV
light reabsorption for back emission configuration and is
crucial for achieving good quality for AlGaN layers to
obtain high efficiency deep UV-LEDs. Besides these ad-
vantages, the initial growth of thick AIN template on Si
substrates have to face many challenges, such as a large
lattice mismatch between AIN and Si (111) (~19%) will
lead to high dislocation density and crack initiating
stress, the presence of an oxide on the Si substrate also
leads to low coherence between AIN template and the Si
substrate, insufficient mobility of AIN species on Si sur-
face inhibits the structure rearrangement, or a main hin-
drance to the development of AIN film is the low growth
rate, etc. Thus, conventional bulk AIN grows on Si is
troublesome for researchers. Metal organic chemical va-
por deposition deposited AIN nucleation layers at low
temperature typically show a mosaic structure with a
very high edge and screw dislocation densities of about
10° and 108/ cm?, respectively, for a thin AIN template
(~ 0.5 um). Therefore, various methods have been used
to suppress these problems for AIN template grown on
either sapphire or Si substrates, such as native bulk AIN
substrate, migration enhanced metal organic chemical
vapor deposition, pulsed flow multilayer AIN buffer lay-
ers, modifications of growth mode and high temperature
growth, etc. However, there were a few reports on the
growth of AIN on stripe patterned- AIN/Si or -AIN/sap-
phire substrates and almost no report on the direct growth
of thick AIN templates on circle pattern-Si substrates
have been issued.

In first year (~10 months) of this project, we have
successfully developed a thick AIN on micro-circle pat-
terned Si(111) substrate for the first time. The latest re-
sults have just submitted to 2 conferences as shown be-
low. Our current work can be summarized as a thick AIN
templates grown directly on micro-circle pat-
terned-Si(111) substrates using NH; pulse-flow multi-
layer with epitaxial lateral overgrowth. The effect V/III
ratio on the growth rate and the growth temperature on

the crystalline quality of thick AIN templates were main-

ly studied.

A ~8 um-thick AIN template with XRD FWHM of
about ~840 arcsec and 1350 aresec for (002) and (102)
reflection planes were obtained, respectively. Low
roughness surface and dislocation density were also con-
firmed by using AFM and TEM techniques. The achieve-
ment of high quality and crack free with a uniform thick-
ness of AIN film on Si(111) substrate is of great interest
for AIN-based deep UV-LED applications

@Publications

(Papers)

1.Luong T.-T., Tran B. T., Ho Y.-T., Ha M.-T.-H,,
Hsiao Y.-L., Liu S.-C., Chiu Y.-S., and Chang E.-Y.:
Performance Improvements of AIGaN/GaN HEMTs
by Strain Modification and Unintentional Carbon In-
corporation. Accepted to be published in Electronic
Materials Letters.

2.Luong T.-T., Tran B. T., Ho Y.-T., Wei T.-W, Wu Y.-
H., Yen T.-C., Wei L.-L., Maa J.-S. and Chang E.-Y.:
2H-Silicon Carbide Epitaxial Growth on c-Plane Sap-
phire Substrate Using an AIN Buffer Layer and Ef-
fects of Surface pre-Treatments. Accepted to be pub-

lished in Electronic Materials Letters.

@0Oral Presentations

(International conferences)

1. Tran B. T., Hirayama H., Toyoda S. and Maeda N.:
“Direct Growth and Controlled Coalescence of Thick
AIN Template on Circle Patterned-Si Substrate”,
SPIE Optics+Photonics: Fourteenth International
Conference on Solid State Lighting and LED-based
[llumination Systems, San Diego, California, United
States, August 9-13, 2015.

(Domestic conferences)

1. Tran B. T., Maeda N., Toyoda S., Hirayama H.: “Char-
acterization of Thick AIN Templates Grown on Mi-
cro-circle Patterned-Si Substrates”, the 62th JSAP
Spring Meeting, Shonan campus, Tokai University,
Japan, March 11-14, 2015.
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Understanding the Role of Fas Genes in Cytokinin Biosynthesis and Plant Pathogenesis

Name: Radhika Venkatesan

Host Laboratory: Center for Sustainable Resource Science

Phytohormones are pivotal in regulating plant growth
and development, among which cytokinins (CKs) are
essential for cell division, leaf senescence and other
plant developmental processes. Many plant pathogens
interfere with plant hormonal balance and alter the host
to their advantage by either producing the phytohor-
mones themselves or by modifying the host plant’s me-
tabolism. For several pathogens, CK production is es-
sential for virulence and they carry genes for CK
biosynthesis in the harboring plasmid. Fungal pathogens
employ CKs to form “green islands” with delayed senes-
cence while bacterial pathogens lead to gall structures
The phytopathogenic actinomycete, Rhodococcus fas-
cians induces malformations ranging from leaf deforma-
tion to leafy galls that provoke shoot meristem amplifi-
cation in many plants. Such infection in ornamental
plants reduces their value and contributes to economic
losses worldwide The disease symptoms induced by R.
fascians resemble typical CK effects and can be partially
mimicked by exogenous application of CKs. Although
several CKs have been isolated from the R. fascians cul-
ture supernatant, a clear correlation to pathogenesis is
lacking partially owing to the low concentration of bac-
terial CKs.

R. fascians pathogenicity has been linked to a linear
plasmid, pFiD188. Three loci (fas, att, hyp) are involved
in virulence. The virulence of R. fascians is primarily
due to the CKs generated by the fas operon. fas4 encodes
IPT, that catalyzes the rate-limiting step of CK biosyn-
thesis and is vital for virulence. Despite the presence of
the fas genes, the amount of already-known CKs detect-
ed are much lower compared with other gall-causing
pathogens. Further, the leafy gall phenotype is unique,
not invoked by any of the above mentioned pathogens,
implying that the virulence of R. fascians might not be
due to typical CKs alone. It has long been hypothesized
that R. fascians could produce CK-analogs using similar

or modified substrates but no such molecules have been

Plant Productivity Systems Research Group
Laboratory Head: Hitoshi Sakakibara

discovered so far. In our project, we discovered two new
mono- and di-methylated N°- (A%-isopentenyl)adenine
(IMeiP and 2MeiP, collectively, MeCKs) synthesized
by FAS genes utilizing the basic biochemistry of CKs.
These CK analogs were isolated from E.coli expressing
the fas genes. They were isolated from E.coli expressing
fas4mt2 and fas4mtImt2 respectively.

MeCKs suppressed primary root elongation, a hall-
mark of CK action whereas CK receptor mutant ah-
k3ahk4 was insensitive. Direct binding to the CK recep-
tor AHK4 in yeast system confirmed that MeCKs can be
indeed recognized by the CK receptors. Further, treat-
ment with MeCKs led to the expression of type-A re-
sponse regulators, arr5 and arr6. These results are in
line with the observations after actual R. fascians infec-
tion. Additionally, when tobacco plants were infected
with R. fascians, MeCKs were detected in the symptom-
atic tissues clearly indicating the role of MeCKs in the
efficient pathogenesis. When supplied exogenously,
MeCKs were retained longer than canonical CKs (iP,
tZ) suggesting enhance stability in-planta. Also, in-vi-
tro assay with CK degrading enzyme, CK oxidase/dehy-
drogenase, CKX revealed that MeCKs are poor sub-
strates. This result shows that MeCKs can circumvent
CK homeostasis mechanisms that are up-regulated upon
R. fascians infection in the host plant and thereby con-
tribute to this interaction.

To investigate the biosynthesis of methylated CKs, re-
combinant MTs and FAS4 proteins were purified. The
recombinant MTs (MT1 and MT2) were assayed for
methyltransferase activity in-vitro using S-adenosyl
methionine (SAM) and various CKs and their conju-
gates, and isoprenoid diphosphates. Of all the substrates
tested, only isopentenyl diphosphate (IDP) underwent
methylation in our reaction conditions. Also MT1 and
MT?2 products were different and only MT2 product was
utilized by FAS4 to obtain 1MeiP whereas MT1 product
was further methylated by MT2 and then reacted by
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FAS4 to obtain 2MeiP. Chemically synthesized MeCKs
were comparable in activity to that derived from the phy-
topathogen. Taken together, MeCKs act as CK-mimics

and together with canonical CKs secreted locally and

continuously plays a crucial role in this pathogenesis.
Such natural phytohormone-mimics are valuable to un-
derstand pathogen biochemical pathways and provide

insights into the co-evolutionary arms-race.

Towards Linking Core-Collapse Supernova Modelling with Observations

Name: Annop Wongwathanarat

Host Laboratory: Astrophysical Big Bang Laboratory

Core-collapse supernova (CCSN) is one of the most
interesting astrophysical phenomena. It is the final stage
of evolution of a massive star whose mass is approxi-
mately 10 times greater than that of our Sun. The de-
tailed description of how such massive star explodes still
remains unresolved for several decades, despite the fact
that the basic concept of the explosion mechanism was
proposed since over fifty years ago. Astrophysicists have
studied the problem extensively using both numerical
simulations and observational data. However, a direct
connection between theory and observations of CCSNe
has not been firmly established. Past researches in this
field have been focusing either on the explosion physics
or on the late-time evolution of CCSNe separately due
to the complexity of the problem. Only recently with the
huge advancement of large-scale computing power that
three-dimensional (3D) simulations considering both
the explosion phase and the late-time evolution become
possible. This type of simulations is considered compu-
tationally very challenging due to the vast length and
time scales that need to be covered in such simulations.
The main goal of this research is to perform state-of-
the-art 3D long-time CCSN simulations which consid-
ers both the explosion phase and the late-time evolution
when the explosion debris expands and turns into a gas-
eous supernova remnant. These 3D simulations will for

the first time cover the complete time evolution of

Laboratory: Shigehiro Nagataki

CCSNe from milliseconds until years after the explo-
sion. Results from these simulations will allow us to di-
rectly compare numerical simulations of CCSNe with
observational data, for example, from SN1987A or Cas
A. Such comparison between theory and observations is
crucial for constraining the current theory of CCSN, and
for obtaining better overall unified understandings of a
wide variety of the discovered CCSN events. This re-
search will help establishing a solid foundation of theo-
retical knowledge of how CCSNe evolve, starting from
the very initial stage of the blast until the hot ejected
materials cool down and become gaseous remnants as

we can observe today.

@Presentation

(Domestic Conference)

Wongwathanarat, A.: “Core-Collapse Supernovae: A
Day after the Explosion” SN-GRB Workshop 2014 at
RIKEN, Aug 25-27

Wongwathanarat, A.: “Core-Collapse Supernovae: From
Shock Revival to Break-out” SNR Workshop at Rik-
kyo University, Nov 10

Wongwathanarat, A.: “3D Core-Collapse Supernovae
Simulations: From shock revival to shock break-out”
HPCI-iTHES International Workshop on Study of
Neutron Stars and Core-Collapse Supernovae at RIK-
EN, Dec 16-19
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