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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 2016.
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 for-
mer 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. From fiscal 2016 the SPDR program has been
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 mathematical sciences, physics, chemistry, biology, medicine,
engineering, and any other fields related to research now being conducted at RIKEN.

SPDRs must have 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 1614 SPDRs and 153 FPRs, and there are currently
136 SPDRs and 20 FPRs at RIKEN.

July 2017
RIKEN
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XXVI-001

Self-Assembled DNA and RNA Nanostructures For

Drug Delivery And Gene Silencing

Name: Given name: Baiju Govindan Nair

Host Laboratory: Nanomedical Engineering Laboratory

Biomacromolecules such as, nucleicacids possess a
good deal of structural importance for constructing
many useful nanomaterials. Following the foot print of
DNA, RNA is finding a new era in the field of nano-
technology. The rational design of RNA building
blocks from the native structural and synthetic motifs
have significantly augmented the importance of RNA
in nanotechnology. Self-assembly of RNA building
blocks to unique nanostructures is one of the well-
known bottom up approaches in the field of nanotech-
nology. Interestingly, the usage of these structures are
largely extended in the area of biology and medicine.

Gene silencing has been a useful tool in countering po-
tent diseases and the therapeutic application of silencing
is limited in the area of medical sciences. There has been
a highest interest of using 9-21 nucleotide for silencing
gene in mammalian cells. However, off target effects, se-
rum stability and release kinetics are often questioned in
the siRNA world. These questions are phenomenally by-
passed by RNA nanostructures comprising siRNA.

The gene silencing results from pooled or mixture of
siRNA have clearly indicated their potential over con-
ventional single species. Inspired by these concepts, we
attempt to generate branched nanostructures composed
of three siRNA species (trimer) to silence three different
genes in a signal cascade. We have selected f3 -catenin
destruction complex (Axin, APC and GSK-3 /3 ) as mod-
el system for trimer activity. In the initial studies, we
identified that mixture of three siRNA is highly required
to silence or alter the signal cascade. In the results, we
have observed a dramatic gene knockdown activity by
the trimer siRNA compared to their mixture. We antici-
pate this behavior from the ability of trimer siRNA to
give proper number of three species of siRNA during the
silencing process. In the case of pooled or mixtures, there
is a probability of various combination of siRNA. For
instances, mixture can form by various unsuitable combi-

nations composed of same siRNA or different siRNA.

Laboratory Head: Yoshihiro Ito

We have also observed that high dense vertically
aligned silicon nanowires (SiINWs) can act as a multi-
purpose platform for cell manipulations. When we
modified the surface of nanowires with thin layer poly-
dopamine, a noticeable quantity of siRNA was depos-
ited compared to bare and plain substrates. In this way,
we could visualize the enormous incorporation of siR-
NA into cells and significant knockdown of genes.
Fluorescent recovery after photobleaching (FRAP) car-
ried out the plasma membrane was able to distinguish
the difference of diffusion coefficient and diffusion
time in plain and SINW substrates as an indication of
membrane perturbation.

We conclude that, trimer RNA nanostructures can be
a futuristic tool for countering various diseases. Simi-
larly, polydopamine treated nanowires would be able
to address the issues in cell reprogramming by further

investigations.

@ Publications

Papers

1. Baiju G. Nair, Kyoji Hagiwara, Motoki Ueda, Hsiao-
hua Yu, Hsian-Rong Tseng, and Yoshihiro Ito. High
Density of Aligned Nanowire Treated with Polydo-
pamine for Efficient Gene Silencing by siRNA Ac-
cording to Cell Membrane Perturbation. ACS Appl.
Mater. Interfaces, 2016, 8, 18693-18700

Books

1. Briefs in Nanotheranostics: Frontiers in Nanothera-

peutics, Springer, 2016, in press

@ Oral Presentations

International conferences

1. Mussel Inspired nanowires substrates for siRNA de-
livery. ANNIC 2016 Barcelona, November 8-11

2.Polydopamine treated high density nanowire sub-
strate for gene silencing, Biomedical Engineering

Collaboration Forum, Tsukuba, January 20, 2017
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Studies on Metabolic Regulation in Cancer Cells and Pluripotent Stem
Cells by Genetic / Chemical Genetic Approach
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K. Seki, T. Shirakawa, Q. Zhang, T. Li, and S. Yunoki,
“Emergence of massless Dirac quasiparticles in cor-
related hydrogenated graphene with broken sublat-
tice symmetry”, Phys. Rev. B 93, 155419 (2016)*

K. Seki, and S. Yunoki, “Brillouin-zone integration
scheme for many-body density of states: Tetrahedron
method combined with cluster perturbation theory”,
Phys. Rev. B 93, 245115 (2016)*

Y. Kawasugi, K. Seki, Y. Edagawa, Y. Sato, J. Pu, T.
Takenobu, S. Yunoki, H. M. Yamamoto, and R. Kato,
“Electron—hole doping asymmetry of Fermi surface
reconstructed in a simple Mott insulator” Nature
Communications 7, 12356 (2016)*

Y. Kawasugi, K. Seki, Y. Edagawa, Y. Sato, J. Pu, T.
Takenobu, S. Yunoki, H. M. Yamamoto, and R. Kato,



“Simultaneous enhancement of conductivity and
Seebeck coefficient in an organic Mott transistor”
Appl. Phys. Lett. 109, 233301 (2016)*
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High-precision Spectroscopy of Kaonic-atom X-rays with
Transition-edge-sensor Microcalorimeters
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1. Hashimoto T., et al., “Beamline test of a transition-
edge-sensor spectrometer in preparation for kaonic-
atom measurements”, IEEE Transactions on Applied
Superconductivity, in print, DOI: 10.1109/TASC.
2016. 2646374.

2.Hashimoto T., et al., “Kaonic-Atom X-ray Spectros-
copy with Superconducting Microcalorimeters”, JPS
Conf. Proc., published.

3.0Okada S., et al.(ftt 37 %4, 8 #&H), “First applica-
tion of superconducting transition-edge-sensor mi-
crocalorimeters to hadronic-atom x-ray spectrosco-
py”, Prog. Theor. Exp. Phys., 2016, 091D01 (2016).

4.Sada Y., et al.(ftl 70 %4, 18 &FH), “Structure near
K-+ p + p threshold in the in-flight 3He(K-, A p)n reac-
tion”, Prog. Theor. Exp. Phys. 2016, 051D01, (2016).
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ergy Calibration of X-ray TESs with 0.04 ¢V Uncer-
tainty at 6.4 keV in a Hadron-Beam Environment”,
Jour. Low Temp. Phys., 184 (3), 930-937, 2016.
DOI:10.1007/s10909-016-1491-2.
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7.Hashimoto T., et al., “High-resolution kaonic atom X-
ray spectroscopy with transition-edge sensors”, Ap-
plied superconductivity conference 2016 (ASC2016),
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Direct High-Precision Mass Measurement of Trans-uranium Nuclei
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Schury P., Wada. M., Ito Y. et al.: “First online multire-
flection time-of-flight mass measurements of isobar
chains produced by fusion-evaporation reactions-
Toward identification of superheavy elements via
mass spectroscopy”’, Phys. Rev. C 95011305 (2017)*
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tion of SHE”, 26th International Nuclear Physics
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Analysis of Non-equilibrium Phenomena in Strongly Correlated Systems
by Gauge/Gravity Correspondence”

AWzeid. REEMAMEIAREERE 29 %Ik
TR ORRA HBS - HEZ ., BN TEIC K
DT 2T L ZHIETEDTH S, HHlEHH T
WIFEafE 4 D@ D 77—/ BRSO 7% Z o
IMERUE LTV, mfFETH S AFEIZZTNIC
159, FRCEMRDO XA F I 7 AOMRICE 7z
B 21T T

FAEMIFEHCR B & CWFEERRIUII LA N ICE T 5
HBOTH 5B,

OF L UTGHEEIC T 29 TH 5. JilEdiRAEEIC
B BIRTH TOHO AHEDO R THENICET 5
RIS DN T DG ik BRI (=K.
BREHITEIG ORBOR) & o) 2B - iR E
Nz

ORMEE LDy EHE, A TV OEE %,
77— E) s & BUEETRZZ LA B TR
AW QUhERNRK s sEpe) ., B
WS IC (A K] IO RERIR (2 /73K
EHFE) Z2#EITHTH S,

ORPPEEX D9 EheE . BN TILEZ DT EmR
OIS 2 T W9t 217> 7 (WIHTY
FEMEE ZAEE) BXUCYEAZCLEE
ZeE - )INEEMZEE (PR S Bl A E Y A ot
) LHED, RET 2 MO N2 — VB
RZW7E L. D WRER N Z— D ERED E
DOEIR - FHE N B M2 R U7z,
a3 7 arXivIC THE L. BUE, AfEiicihah
THb,

ORFEX D BOIWTEZ HOTEOREH >
b — 7 OELENE 2 iR 9 2 158 (N2 DGR
Feulrge B (PEWFITHES) . R SHRERIEZE & -

7% # K % /DNIBH Ogawa, Noriaki
Z A WF 72 B ARhmdEgsse L v 2 —

IR N R 1 Y BApEse s
(Fils  #IH #%59)

PHBCLTAENR S (PEWF S H PR AV 208
®) LIE) ZHAL., ETHTH B,

@i L& Publications

(S0

lizuka N., Noumi T. and Ogawa N.: “Entanglement en-
tropy of de Sitter space «-vacua”, Nuclear Physics
B 910, 23 (2016).
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Ogawa N., “Physical Modeling of Growing Cellular
Mosaic Patterns in Fish Retina”, Workshop “Big
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wa Institute for Science and Technology, 2016 July
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Ogawa N., Hatsuda T., Mochizuki A., Tachikawa M.,
“Dynamical Pattern Selection of Growing Cellular
Mosaic in Fish Retina”, Annual Conference of Japan
Society of Mathematical Biology 2016, Kyushu Uni-
versity, 2016 Sep 7-8.
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The role of locus coeruleus noradrenergic neurons in fear learning
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Akira Uematsu.: “Meta-Organization of the Brainstem
Noradrenaline System Coordinates Adaptive Learn-
ing”, RIKEN BSI Retreat, 3544, 9 (2016)
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Searching for the molecular mechanism underlying intra-muscular
arborization of motor nerves
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Kenichi Nagata*, Sumiko Kiryu-Seo, Hiromi Tamada,
Fumi Okuyama-Uchimura, Hiroshi Kiyama*, Takao-
mi C. Saido* (* co-corresponding authors): “ECEL1
mutation implicates impaired axonal arborization of
motor nerves in the pathogenesis of distal arthrogry-
posis”. Acta Neuropathologica. 132:111-26 (2016)*
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do : “Generation of ECEL1-mutated distal arthrogy-
posis model mice using CRISPR/Cas9 system”, The
1st Annual Meeting of the Japanese Society for Ge-
nome Editing, Hiroshima, Japan, Sep. (2016)
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Building a Consciousness Meter Commonly Applicable for
Various Types of Loss of Consciousness
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Oizumi M., Tsuchiya N., and Amari S.: “Unified frame-
work for information integration based on informa-
tion geometry”, Proceedings of the National Acade-
my of Sciences, 113(51), 14817-14822.* (2016)

(Book Chapter)

Tsuchiya N., Haun A., Cohen D., and Oizumi M: “Em-
pirical tests of integrated information theory of con-
sciousness” Return of Consciousness, edited by An-
ders Haag, Axon Foundation. (2016)
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tion Theory”, 13th Japanese-German Frontiers of
Science Symposium, Potsdam, German. Oct. (2016)

Oizumi M.: “Measures of Consciousness From the
Viewpoint of Information Geometry”, FQXi’s 5th In-
ternational Conference, Banff, Canada. Aug. (2016)

Oizumi M.: “A unified framework for quantifying in-
formation integration based on information geome-
try”. CNS*2016 (Computational Neuroscience)
Workhop on Methods of Information Theory in
Computational Neuroscience, Jeju, Korea. July.
(2016)
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Oizumi M., Tsuchiya N., Amari S.: “A unified frame-
work for quantifying information integration based
on information geometry”, The 39th Annual Meeting
of the Japan Neuroscience Society Satellite Sympo-
sium, Yokohama, Japan, July. (2016)

Oizumi M.: “A unified framework for quantifying in-
formation integration based on information geome-
try.”, The 39th Annual Meeting of the Japan Neuro-
science Society Satellite Symposium: The Origin of

Consciousness, Tokyo, Japan. July. (2016)
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Analysis of Physiological Roles of Sphingosine 1-Phosphate (S1P)
Using Genome-Editing Techniques
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Kawahara A., Hisano Y., Ota S. and Taimatsu K.:
“Site-Specific Integration of Exogenous Genes Us-
ing Genome Editing Technologies in Zebrafish”, Int.
J. Mol. Sci., 175 (2016)*
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The Study of Low Energy Phenomena in the Spin-Pseudospin Systems and
the Development of Spin-Pseudospintronics
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The Role for IncRNAs in Polycomb Repressive

Complex Recruitment

Name: Juan Guillermo Betancur Medina

Host Laboratory: Laboratory for Developmental Genetics

Polycomb group (PcG) proteins are important devel-
opmental regulators that form 2 major protein com-
plexes: polycomb repressive complex 1 (PRCI1) and
polycomb repressive complex 2 (PRC2). PRC2 cata-
lyzes the trimethylation of H3K27, which is a prerequi-
site for the canonical recruitment of PRC1, which in
turn monoubiquitinates H2AK119. Both complexes act
together to silence development-associated genes.
Multiple epigenetic modifying proteins, including
members of the PcG family interact with RNAs, but the
role of such binding in their recruitment and function
remains largely unknown. We are studying the possible
roles of RNAs in regulation of the function of epigen-

etic modifying complexes using PcG as a model in two

Center for Integrative Medical Sciences

Laboratory Head: Haruhiko Koseki

separate projects.
1) The AT-hook domain of Cbx2 interacts with RNA
and is required for proper gene silencing
Cbx proteins are major components of PRCI that
recognize tri-methylated H3K27 deposited by PRC2
through their Chromobox domain (CD) and bind to
the core component of the complex, Ring 1B, through
a domain known as PcBox. In addition, unlike other
Cbx isoforms Cbx2 contains and AT-hook domain
whose function has not been defined. To characterize
the function of this region we performed gel shift
assays with recombinant Cbx2 proteins and found
that it binds to AT-rich DNA, as has been described
for the AT-hook domains of other proteins, and that
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various types of single stranded RNAs efficiently
compete for binding, with apparent low sequence
specificity. The nucleic acid binding activity of the
protein is lost upon mutation of the AT-hook. Mutant
Cbx2 is correctly incorporated in PRC1 and binds to
tri-methylated H3K27 with similar affinity to the
wild type protein, and indication that the mutation
does not affect CD and PcBox functions. However,
in Cbx2 AT-hook mutant mice we observed de-re-
pression of polycomb target genes and polycomb-
like skeletal phenotypes, which suggests a role for
the AT-hook of Cbx2 in the function of PRC1. Our
working hypothesis is that a double set of interac-
tions, CD/H3K27me3 and AT-hook/DNA, act coop-
eratively to anchor Cbx2 (and therefore PRC1) to
chromatin. RNA (perhaps transcription from PRC1
target genes themselves) may compete for AT-hook
binding to modulate the affinity and residence time
of the complex on chromatin. Further experiments
are underway to analyze the genome wide distribu-
tion of wt and AT-hook mutant Cbx2 by ChIP-seq
and to quantitatively analyze the interaction between
Cbx2 and nucleosome particles in the presence and
absence of RNA.

2) Development of models for the study of RNaseH

and R-loop function

R-loops are physiological structures that comprise

a displaced single stranded DNA and an DNA:RNA
hybrid formed between a nascent RNA and the com-
plementary DNA strand. R-loops alter the double
stranded nature of the underlying DNA and poten-
tially affect the binding of chromatin modifying
complexes. In fact, R-loops show dynamic forma-
tion profiles between cell types at CpG island rich
promoters (typical polycomb targets) and inversely
correlate with PcG recruitment levels. RNaseH1 and
RNaseH2 enzymes degrade the RNA moiety of
DNA:RNA hybrids, and are believed to be major R-
loop processing factors, but their function in mam-
malian cells is still not well understood. To analyze
RNaseH function and the recruitment of epigenetic
factors in the context of increased R-loop formation,
RNaseH1 and RNaseH2b conditional KO mice were
generated. We are currently analyzing RNaseH2b™¥
ES cells which are viable over several passages upon
KO and do not show acute activation of the p53
pathway in contrast to previously described consti-
tutive KO mice from which no cell lines can be de-
rived due to high levels of apoptosis. Genome wide
profiling of R-loop formation by immunoprecipita-
tion of DNA-RNA hybrids (DRIP) has proved to be
a difficult task and has hindered our efforts to profile
the genome wide formation of R-loops upon RNas-

eH enzyme KO.
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Sensitive Terahertz Detection based on Frequency Up-conversion
and Its Applications.
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Single Molecule Measurement of ERK-Dependent Signal Transduction

CNETICPCI2 DHEHA - LIS E EGF ®° NGF
HBIS T U THERINIEIRE N, TN DI RERMT
IARAE U CGHEYNSGEIRE N S T &2 B | ifaET
WOEPE TIVIEITIC K DR L7z (Mouri K. and
Sako Y., PLOS Comput.Biol., 2013), &% 7z, EGF
JEEEITR UERK Y VB (L &I IR 4 I % A5,
AT RIE DGR LR 2R CRIFIRRE L 75 5 7
B, BBFCEVHAEYH S [EhEEh ) ROk
KR E NIz, 3% B ERK AT O M
X9 % 7 Fa 7S 2 MilEmER L WS TR
WINBICEBST 270y « 7Y 2VEBNIETH
5T EhRME Nz (Shindo Y., 2016),

TR TZ0ERE T4 U 2 IEEIEIC NG %
T & &G 512X EGF Tld 7 < ERK %) TEED
HEENRETH B, TNE THIRIN Y T DFEFERHE
BUREE RD B Tk & UTFCS®, FUHO LN

2% # K % BFl —)K  Mouri, Kazunari
2 AW B My AT LigEte s Z—

Al A AR RIS T — Ly
(s B RS

YA M5 72 W 72 RICS  (Raster image correlation
spectroscopy) MFHFEENTE7zA, RICS Tl
WINERE OB E Dp B 72320 F . Esa DN TH
STl Wil HAMPBIRIEZ & D IEREICEHRT
E5FEZBFR LIz, Thb & FRAPGH, Bnfig
BT K O BNHAN D% 72 [ R I HEE
I3 ik A LTz, £ ORE. EGF Hlii% %
B AT % ERK O ik s 4 13 1 /B4 FL /sec]
LURTT, i@H O importin {7 MEAZE X D 3M12L L
EWHETHRZ F o7 ZOR ETHRIERIIC
ERK DHERMNRD 5N, BHIEAANOHEEH»E
ITICBAL > TV B A[REEDV R E N, TOBISZ
ST % 7o HMIIN 3 2Rkt 1 70 1Rt 2 i vr
L. ERK O#JEfLdE@FE Ok L, Fad
FiRE—HITEHIEDNRBEINTVS, THIC
ERK O FRET 70— 7IC & D &NV >k EGF



BERTFENTIREN D SR Y VBN EBITT 5 M., Kosako H., Sako Y. and Takahashi K.: “Conver-

By TG BRI N, BBITOIEREENY Vi sion of graded phosphorylation into switch-like nu-
fbiczi#E L. ERKEEBITH Y 7 FIVIRERD R k clear translocation via autoregulatory mechanisms in
Wy 7 LI BAaleEDV R E Nz, ERK signaling”, Nature Communications, 7:10485

21-27 (2016)
@:EL¥Zx Publications
Shindo Y., Iwamoto K., Mouri K., Hibino K., Tomita



ERMNZRHAIMFAE

TR 27 FERAE






XXVII-001

HEEHFEH AV ESERERBAHI T K

RESINT—YEONER

Establishment of Planetary High Energy Physics by Multi-wavelength
Remote Sensing Using Space Telescope Array
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compounds by using multimetallic transition metal hydride complexes
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Nitrogen is essential for life and is very inert. Indus-
trially, ammonia is synthesized from H, and N, under
extremely harsh conditions. Chemists have long
searched for a low-energy process for transformation
of N, by using transition metal complexes. Previously,
researchers used low-valent transition metal species or
combination of transition metal complexes with strong
reducing reagents to activate N,. Some catalytic trans-
formations are even reported, however, these reaction
systems require the sacrifice of an excess amount of
strong reducing agents and proton agents. An alterna-
tive approach is the direct reduction of N, by transition
metal hydrides, which avoids the use of extra reducing
agents and proton sources, and may provide an entry to
homogeneous catalyst systems for the synthesis of NH;
from a mixture of N, and H,.

Previously we reported a trinuclear titanium polyhy-
dride complex that cleaved and hydrogenated N, under
mild conditions, which indicated that multinuclear
transition metal hydride complexes can serve as a
unique platform for nitrogen fixation. In this research
we try to convert dinitrogen to ammonia and organoni-
trogen compounds by using multimetallic transition
metal hydride complexes. In the first year, I have syn-
thesized and investigated a series of substituted cyclo-
pentadienyl (Cp) ligated Ti hydride complexes. The
modification of ligand resulted in the formation of
complexes with varying structures (trinuclear, tetranu-
clear or hexanuclear), which showed different reactivi-

ties toward N,. Based on this, Ti hydride complexes
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Laboratory Head: Zhaomin Hou

with constrained geometry were synthesized and ex-
plored in the past one year. Substituted amide in the
ligand affected the formation of Ti hydride in dinuclear
or trinuclear skeletal. However, these obtained Ti hy-
dride complexes showed no activity toward dinitrogen.
In the next step other groups of transition metals will be
screened for the activation of dinitrogen. Here the
strong bonding of amide toward Ti may affect the ac-
tivity of the complexes. As a result, we could investi-
gate the mono-cyclopentadienyl ligands with side
chain instead, which have weaker interaction with met-
al centers through heteroatoms (N, O, P).

Besides, we have cooperated with computational
chemist to investigate the trinuclear Ti hydride com-
plex that induced the ring cleavage and contraction of
benzene. DFT studies about mechanistic details indi-
cated that the flexible metal-hydride connections and
dynamic redox behavior of the trimetallic framework
has enabled the unusual transformations. The trinuclear
Ti hydride complex was also found to activate aromatic
heterocycles such as pyridine and quinoline to achieve
hydrodenitrogenation processes. Manuscript is to be

submitted.
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Development of Interface-specific Ultrafast Spectroscopy for the Study
of Interfacial Water Dynamics
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Mechanisms of Sleep and Wake Cycle
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Development of Single Molecule Imaging Technique with X-ray Free-electron Laser
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Exploration of QCD phase diagram at finite baryon densities by using path
integral via Lefschetz thimbles

Name: Yuya Tanizaki

Host Laboratory: Theory Group

If one tries to solve the quantum statistical system
with computers, it suffers from the problem of exponen-
tial time in general. Since the size of the Hilbert space
scales exponentially as the system size becomes larger,
the usual diagonalization of the Hamiltonian is practi-
cally impossible. Monte Carlo simulation of the path-
integral approach has been a powerful tool to overcome
this problem, and it enables us to study the structure of
hadrons, finite-temperature quantum chromodynamics
(QCD), etc. However, when we try to apply that method
to QCD at finite densities or its real-time dynamics, the
sign problem appears and it prevents us to use the Mon-
te Carlo method. A converntional way to tackle this
problem is called the reweighting method, but it revives
the problem of exponential time very severely.

The purpose of my study is to attack the sign prob-
lem by using reformulating the path integral on Lef-
schetz thimbles. Lefschetz thimbles are higher dimen-
sional analog of steepest descent paths, and the sign
problem does not occur when we consider the path in-
tegral on a Lefschetz thimble. In a previous study, my
collaborators and I have shown that there is an example
of the fermionic lattice model that requires multiple
Lefschetz thimbles and that the summation over them
gives the sign problem but with milder exponential
complexity. Since the final goal is to apply this method
to the lattice numerical simulation of finite-density
QCD, we need to develop our knowledge on Lefschetz
thimbles more deeply to identify the possibility of that

practical application.

RIKEN BNL Research Center
Nishina Center for Accelerator-Based Science

Laboratory Head: Dmitri Kharzeev

I tried an application on Lefschetz thimble to super-
symmetric quantum mechanics with Can Kazcaz, Tin
Sulejmanpasic, and Mithat Unsal. We successfully
found the contribution of a nontrivial Lefschetz thimble
around complex-valued saddle point using the resur-
gence theory to the semiclassical analysis. I also com-
puted the phase diagram of two-dimensional massless
quantum electrodynamics (QED) at finite densities us-
ing the Lefschetz-thimble method with Motoi Tachiba-
na. Since two-dimensional QED is a solvable toy model
of QCD, the success of the Lefschetz-thimble method

must be promising for future study in this field.
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Nuclear Equation of State with the Three-Body Interaction and Its Application to
High-Energy Astrophysics
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Observational Study of Nucleosynthesis in X-ray Superburst Using the
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Study of Magnetar Formation through Observations
of Supernova Remnants
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We have developed a general field-theoretic frame-
work for the treatment of liquid-gas phase transitions.
Starting from a fundamental four-dimensional field
theory at nonzero temperature and density, an effective
three-dimensional field theory is derived. The effective
field theory has a sign problem af finite density. Al-
though finite density explicitly breaks charge conjuga-
tion C, there remains a symmetry under CK where K is
complex conjugation. We consider four models: rela-
tivistic fermions, nonrelativistic fermions, static fermi-
ons and classical particles. The interactions are via an
attractive potential due to scalar field exchange and a
repulsive potential due to massive vector exchange.
The field-theoretic representation of the partition func-
tion is closely related to the equivalence of the sine-
Gordon field theory with a classical gas. The thermody-
namic behavior is extracted from CK-symmetric
complex saddle points of the effective field theory at
tree level. In the cases of nonrelativistic fermions and
classical particles, we find complex saddle point solu-
tions, but no first-order transitions, and neither model
has a ground state at tree level. The relativistic and
static fermions show a liquid-gas transition at tree level
in the effective field theory. The liquid-gas transition,
when it occurs, manifests as a first-order line at low
temperature and high density, terminated by a critical
end point. The mass matrix controlling the behavior of
correlation functions is obtained from fluctuations
around the saddle points. Due to the CK symmetry of
the models, the eigenvalues of the mass matrix are not

always real, but can be complex. This leads to the exis-

RIKEN BNL Research Center
Nishina Center for Accelerator-Based Science

Laboratory Head: Dmitri Kharzeev

tence of disorder lines, which mark the boundaries
where the eigenvalues go from purely real to complex.
The regions where the mass matrix eigenvalues are
complex are associated with the critical line. In the case
of static fermions, a powerful duality between particles
and holes allows for the analytic determination of both
the critical line and the disorder lines. Depending on
the values of the parameters, either zero, one or two
disorder lines are found. Numerical results for relativ-

istic fermions give a very similar picture.
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Quantum Transport Phenomena at Domain Wall or Heterojunction of
Magnetic Topological Insulator
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Electron Microscopic Study on External Field Response and Dynamics of
Magnetic Skyrmions
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Geometrically Frustrated Coarsening Dynamics in

Spinor Bose-Fermi Mixtures

Name: Thanh Phuc Nguyen

Host Laboratory: Quantum Condensate Research Team

Coarsening dynamics theory has been developed to

describe the phase-ordering kinetics following a

Center for Emergent Matter Science

Laboratory Head: Masahito Ueda

quench such as a ferromagnet suddenly quenched be-

low the Curie point, a binary alloy undergoing phase



separation, or a spinor Bose gas quenched across a
phase transition. Frustration, on the other hand, has
long been among the most challenging issues in con-
densed matter physics. Magnetic frustration gives rise
to a huge degeneracy in the classical ground-state man-
ifold of the system, leading to exotic phases such as
spin ice and spin liquids. However, so far the presence
of geometrical frustration has often been diagnosed by
its susceptibility fingerprint in thermodynamic mea-
surements. In the present study, by studying the relax-
ation of a periodic array of microcondensates immersed
in a cloud of fermionic atoms which can mimic frus-
trated classical magnets, it was found that the coarsen-
ing dynamics can be suppressed by geometrical frustra-
tion. The system then approaches a metastable state
which is robust against both a random field noise and a
small tunneling rate of atoms between microconden-
sates. In particular, we found new scaling laws with no
thermal-equilibrium analog that relate the correlation
lengths to the degree of frustration in the system. Fur-
thermore, we found that the metastable state contains
Z, vortices which are topologically stable in triangular
and kagome lattices. The formation of Z, vortices can
be directly observed in our system with a spin-resolved
measurement. These results would contribute to further
understanding of nonequilibrium physics in systems

with frustration.
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Functional Properties of Strongly Correlated Quasicrystals
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Theoretical Study of Topological Metallic States
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Novel Ultrafast Spectroscopy Sensitive to Three-dimensional Molecular
Structure for Investigating Biomolecular Dynamics
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Polymerization of Heteroatom-containing Olefins by

Rare-Earth Catalysts

Name: Chunxiang Wang

Host Laboratory: Advanced Catalysis Research Group

The metal-catalyzed copolymerization of ethylene
with heteroatom (such as O and N)-containing func-
tional « -olefins has been considered to be the most
straightforward and atom-efficient route for the synthe-
sis of functionalized polyethylenes. However, heteroat-
oms such as oxygen and nitrogen in the functionalized
monomers generally poison the active catalysts, early
transition-metal catalysts in particular. In the present
study, the heteroatom-assisted « -olefin polymeriza-
tion (HOP) catalyzed by rare-earth metal catalysts was
developed. It was found that the interaction between
the heteroatom in an @ -olefin and the rare-earth metal
atom in the catalyst can not only dramatically raise the
a -olefin polymerization activity but also enables effi-
cient copolymerization of the heteroatom-containing
a -olefins with ethylene, leading to the formation of a
new family of functionalized polyolefins having high

molecular weights and a broad range of functional

Center for Sustainable Resource Science

Laboratory Head: Zhaomin Hou

monomer contents. Moreover, the intramolecular inter-
action (chelation) of both the heteroatom and the olefin
unit in an o -olefin with the catalyst metal center can
induce unique stereoselectivity (syndiotacticity) that is
difficult to achieve with the heteroatom-free analogs.
The mechanistic aspect of the HOP process has also
been elucidated by the density functional theory (DFT)
studies. The findings of this research will enable the
polymerization of a broader range of olefins in the fu-
ture, and gain widespread use in other related mono-

mers.

@ Publications

Papers

Wang, C., Luo, G., Nishiura, M., Song, G., Yamamoto,
Y., Luo, Y. and Hou, Z.: Heteroatom-assisted olefin
polymerization by rare-earth metal catalysts. Manu-

script under review*

— 102 -



XXVIII-022

Computational Investigation of the Reaction Mechanism

in Bovine Heart Cytochrome ¢ Oxidase

Name: Bo Thomsen

Host Laboratory: Theoretical Molecular Science Laboratory

In the current studies the infrared (IR) spectrum of
protonated water clusters, and IR difference spectrum
of hydrated polyamide materials were generated using
novel techniques in molecular dynamics and quantum
mechanic anharmonic vibrational theory. Both systems
contain functional groups analogue to important func-
tional groups found in biological proteins, i.e. the Zun-
del, (H,0)H*(OH,), and Eigen, H,O", protonation
structures found in proton transfer channels, and the
amide groups forming the backbone of protein struc-
tures respectively.

The IR spectrum of the protonated water cluster
H*(H,0), in both the Eigen and Zundel conformation
were calculated using optimized coordinates, leading
to a significant reduction in the amount of ab-initio
electronic structure calculations used to generate the
potential energy surface (PES). The spectrum calculat-
ed using the vibrational quasi-degenerate perturbation
theory method for the Eigen form was able to repro-
duce the experimental spectrum. The current calcula-
tion accounts both for observed experimental split-
ting’s and for the overtone and combination bands of
the frustrated rotation of the central H;O" species,
which were not observed in previous calculations.

The microsecond dynamics Hydrated Polyamide-6
were studied using molecular dynamics. Structural
snapshots from these trajectories were then analyzed to
reveal the dynamics of water and statistics about the
first hydration shell of the amide groups and water mol-
ecules in the simulation. The hydration shells for water
and amide that were found to be most abundant in the
trajectory were used to generate a weight averaged IR
spectrum. The resulting spectrum were found to be in
good agreement with experimental spectra, leading to
the conclusion that the underlying hydration shells sta-

tistics were in agreement with the distribution of water

Chief Scientist Laboratories

Laboratory Head: Yuji Sugita

and amide in the experimental system. These statistics
further revealed the favorability of water forming hy-
drogen bonds to the C=0 group of amide, and the in-
crease in amides C=0 groups with two hydrogen bond
donors as the hydration of the polyamide-6 membrane
increased.

The studies highlight the sensitivity of IR spectroscopy
to hydrogen bond formation and the assignment of
spectra through theoretical methods. Further studies
will involve devising a systematic approach for im-
proving the IR spectra of proteins further analysis

based on the hydrogen bond network.
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XXVIII-023 Sugar-based Synthesis of Pseudaminic Acid and Pse-glycosides
with Potential Biological Utility of Antibodies and Vaccines from C. jejuni

Name: Feiqing Ding

Host Laboratory: Synthetic Cellular Chemistry Laboratory

In various prokaryotes, O-linked and N-linked gly-
cosylated proteins are ubiquitous components of extra-
cellular matrices and cellular surfaces. Particularly, the
flagellin glycoproteins derived from numerous patho-
genic bacteria such as C. jejuni and H. pylori and P.
aeruginosa are heavily glycosylated to their Ser/Thr
residues (O-linked) with pseudaminic acid 1 (Pse). To
well investigate their complicated biological process,
stereocontrolled synthesis of pseudaminic acid and an-
alogues with O-linked glycan is urgently demanded. In
the present study, we have established a stereocon-
trolled strategy to erythro isomer from N-dibenzylglu-
cosamine, It was found that the acid conditions effect
the stercoselectivity in this model reaction. In the pres-
ence of 0.1N HCI, the reaction proceeded smoothly in
ethonal, giving desired major isomers in 25% yield
with ration of anti:syn to 4.25:1. Interestingly, it was
observed that the reaction selectively dramatically in-
creased from 4.25:1 to pure anti isomer, when the mild
acid NH,Cl was examined, and the yield was obtained
in 33%. The results were disappointing when 1,4-diox-

ane, THF and Et,0 were used as solvents, where re-

XXVIII-024

Laboratory Head: Yukishige Ito

sulted in poor yields. In addition, zinc could also medi-
ated this reaction but ended up with diminished yield.
Examination of several additives such as La(OTf);,
Ba(OTf); or Ce(OTY), that La(OTf); was proved to in-
creases the rate and selectivity of the reaction and the
yield was obtained in 63%. This approach is stereocon-
trolled and efficient and can be extended to the chal-
lenge of synthesis pure pseaduninic acid and its ana-
logues. In future, we will focus on the conceptually
novel approaches that allow efficient and stereocon-
trolled access to pure, structurally defined pseudaminic
acid and Pse glycosides. Moreover, the obtained carbo-
hydrates would be tested for the potential to be inhibi-
tors of bacteria and virus. This results would solve
some of the most plaguing problems associated with
carbohydrate synthesis: simplifying the operation and
purification, stereoselective formation of challenging
glycosidic bonds and escalating the synthetic efficien-
cy. New antibiotic therapeutics for resistant bacteria
strains could be resulted from our synthesis and bioac-

tivity screening
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Interplay between IRBIT and the Bcl-2 Homolog, Bcl2I10,

on Ca?* Homeostasis and Cell Death

Name: Benjamin Bonneau

Host Laboratory: Laboratory for Developmental Neurobiology

This study focused on the link existing between IR-
BIT and Bcl2110, two proteins interacting with the ino-
sitol 1,4,5 trisphosphate receptor (IP;R). IP5R is known
as the main intracellular Ca?* channel and plays a cen-
tral role in numerous cellular processes such as fertil-

ization, cell division and cell death. IRBIT is protein

Brain Science Institute
Laboratory Head: Katsuhiko Mikoshiba

discovered in the laboratory and primarily described as
a protein competing with IP; for the binding on IP;R.
As for Bcl2110, this is an anti-apoptotic protein belong-
ing the Bcl-2 family.

In this study, we showed that Bcl2110 interacts with
the same domain of IP;R than IRBIT. BcI2110 and IR-
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BIT being expressed in the same organs it raised the
question of a possible cooperation between these two
proteins. Interestingly we found that IRBIT and
Bcl2110, which both reduces Ca®' release through
IP;R, indeed cooperate and exert an additive inhibitory
effect on the channel activity. In addition, we found
that Bcl2110 and IRBIT directly interact. Interestingly,
Bcl2110 was found to interact with mutant of IRBIT
that cannot bind IP;R. In particular, Bcl2110 interacts
with a form of IRBIT that is unphosphorylatable while
IRBIT phosphorylation is crucial for its interaction
with IP;R. This revealed that Bcl2110 interaction with
IRBIT does not rely on IRBIT phosphorylation and
binding to IP;R. Our results also demonstrated that
Bcl2110, IRBIT and IP;R colocalize in mitochondria-
associated membranes (MAMs) where they belong to
same protein complex containing also the mitochon-
drial protein VDAC.

MAMs are composed of endoplasmic reticulum
(ER) membranes which are physically linked to mito-
chondria. MAMs are notably essential for the transfer
of Ca?" from the ER to the mitochondria thanks to the
IP;R-VDAC complex. This Ca?" transfer is required
for proper mitochondria functioning but it is also in-
volved in apoptosis as massive Ca?" transfer to mito-
chondria triggers cell death.

In our study we found that IRBIT plays a role in this
Ca®'-dependent cell death. Indeed we found that cells
in which IRBIT expression was knocked-out were
more resistant to apoptosis. We discovered that at the
onset of apoptosis is dephosphorylated, which can ex-
plain its role in apoptosis as during apoptosis IRBIT
and Bcl2110 are both removed from the MAMS. Our
results showed that dephosphorylated IRBIT indeed
disrupts Bcl2110 interaction with IP;R and inhibits an-
ti-apoptotic of Bcl2110. Morevover, we found that IR-

BIT promotes the contact between ER and mitochon-
dria and then favors the transfer of Ca>* between theses
organelles.

Considered collectively, these results led us to con-
struct the following model. IRBIT promotes ER-mito-
chondria contact points, thereby facilitating Ca" trans-
fer to the mitochondria. In the absence of stress, this is
counterbalanced by the interaction between IRBIT and
Bcl2110 that controls the amount of Ca*' released
through IP;R and allows the correct Ca?" traffic be-
tween ER and mitochondria. However, under a stress
condition, IRBIT dephosphorylation induces the dis-
placement of IRBIT and Bc¢l2110 from ER membranes.
This translocation likely favors proapoptotic CaZ*
transfer from the ER to the mitochondria, which is fa-
cilitated by the close proximity between the organelles
promoted by IRBIT.
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The Control of Post-mitotic Neuronal Development by

Pre-synaptic Thalamocortical Inputs

Name: Timothy Young

Host Laboratory: Laboratory for Molecular Mechanisms of Thalamus

In this study, a mutant mouse model (Celsr3 condi-
tional knockout), in which thalamocortical afferent
(TCA) innervation of the cortex is absent, was charac-
terized. Labeling of individual cortical layer IV neu-
rons by in utero electroporation (IUE) with green fluo-
rescent protein (GFP) revealed that the normal spiny
stellate morphology seen in barrel cortex is altered in
these animals. Lack of TCA input to barrel cortex re-
sulted in an increased population of pyramidal (barrel
septa) neurons at the expense of spiny stellate (barrel
hollow) neurons. Furthermore, altered patterns of gene
expression in the mutant cortex were in accordance
with the observed increase in pyramidal neurons and
reduction in spiny stellate neurons. By contrast, these
changes in hollow/septa gene expression could not be
observed in experiments in which neural activity was
inhibited (peripheral nerve transection or Kir2.1 over-
expression) or when synaptic transmission from thala-
mocortical afferents is impaired (Rim1/2 conditional
mutant mice). Similarly, paroxetine injections which
alter serotonin signaling and barrel formation within
the cortex had no profound effect on hollow/septa gene
markers as was found in Celsr3 mutant mice. This sug-
gests that development of cortical neuron fate is influ-
enced by TCA-specific cues, independent of activity.
Microarray analysis was performed on wild-type and
mutant cortex to further identify genes that are likely to
be downstream of thalamocortical input. Screening by
in situ hybridization revealed a number of genes that

are downregulated in Celsr3 mutant cortex and whose

Development
Brain Science Institute

Laboratory Head: Tomomi Shimogori

timing of expression suggests specific regulation by
such inputs. The functional significance of these candi-
date molecules is currently being investigated.

It was also found that during normal development of
layer IV cortex, genes associated with pyramidal/septa
neurons (eg. Nrxn2, Sorll, Cdh8) were already broadly
expressed at birth and are inhibited when those genes
associated with spiny stellate/hollow neurons (eg.
Btbd3, Astn2, Dbp) start to be expressed. These chang-
es are coincident with the normal timing of thalamo-
cortical innervation. Analysis of neuronal morpholo-
gies by IUE of GFP during this period revealed a
similar progression from a ‘default’ pyramidal-like
morphology to the appearance of spiny stellate neurons
in layer IV barrel cortex. Thus, together these data sug-
gest an important role for specific signals arising from
thalamocortical inputs in driving the development of
spiny stellate neurons within barrel cortex in an activi-
ty-independent manner. This is likely to be an impor-
tant key step in the formation of cortical circuits dedi-
cated to processing sensory information arising from

the periphery.
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Nanoscale Graphene Quantum-Dot Mechanical Resonator for

Sensing Applications

Name: Jian Sun

Host Laboratory: Advanced Device Laboratory

In the past year, technically, we have developed the
technique to transfer nanomaterial, e.g. nanowires and
2D materials, with alignment by using the van der
Waals hot pick up methods. The optimal polymer for
the transfer stamp has been found to be PDMS/PVC.
PVC can pick up 2D materials, such as graphene and
boron nitride, from the silicon dioxide substrate with-
out introducing defects at the temperature of 40 °C.
The pick nanomaterial flake can be used to pick up a
different flake at 40 °C by van der Waals force. In prin-
ciple, this process can be continued to make complex
van der Waals heterostructure. Then, the picked materi-
als can be placed to a designated location on the target-
ing substrate with micro-positioners. Once the transfer
is done, the nanomaterial, together with the PVC mem-

brane, can be released from PDMS stamp by heating to

Laboratory Head: Koji Ishibashi

140 °C. Later, the PVC can be removed by acetone or
NMP, leaving only the nanomaterial on the substrate.
By using this method, we can fabricate graphene-boron
nitride heterostructure and put graphene on the desig-
nated area and over predefined patterns.

In comparison to monolayer graphene, bilayer gra-
phene is of great interest due to its unique band-related
properties, e.g., the multiband transport with inter-band
scattering process. However, accessing to its sub-band
is challenging, large electric field is necessary by using
special dielectrics. Firstly, owing to the localized states,
unintentional charged puddles of ~10 nm inevitably
exist in the nanoribbon, resulting in quantum dots-like
properties. We noticed that spatial fluctuation of the lo-
calized states in GNR is tunable by applying external

electric field. As the result, we observed few quantum
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dots - like transport behavior in bilayer graphene na-
noribbon. This phenomenon offers the possibility to
define quantum dots in graphene other than geometric
or electrical confinement. Additionally, we found a
simple method of accessing to the sub-band in bilayer
graphene nanoribbon by heavy doping it to its high car-
rier density regime with the capping hydrogen-silses-
quioxane (HSQ). Under this circumstance, owing to
the considerable inter-band scattering, tunneling be-
tween the puddles in the inner sub-band is more likely
to take place, depending on which process requests less
energy. In the future, the detailed physics of the inner
sub-band tunneling and inter-band scattering is worthy

of thorough investigation.
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A research on diffraction limit breaking through by using

micron antenna array for real-time THz image system

Name: Zhengli Han

Host Laboratory: Tera-Photonics Research Team

Metamaterial with double split ring resonators
(SRRs) array is proposed for the terahertz (THz) wave
near-field imaging system based on the different fre-
quency generation (DFG) with nonlinear crystal DAST
(Diethylaminosulfur trifluoride). Different from the
traditional THz wave near-field image with single
probe by needle or aperture, in this work the metamate-
rial works as an array of the near-field probes that re-
serve the object near-field information and transfer it to
the detection system with DAST crystal. The proposed
concept is expected to benefit the application of THz
wave near-field imaging with real-time performance.

THz wave is the electromagnetic wave that locates
between the infrared and microwave. Since the unique
fingerprint properties on many materials, THz wave re-
searches have attracted lots of interests. With the devel-
opment of several kinds of THz wave source and detec-
tor, the THz spectroscopy and THz image system are
realized in laboratory or recently in commercial.
Among the THz image techniques, the near-field image
is desired to observe the matter-THz wave interaction
and the chemical analysis for the bio applications.
While in the traditional THz near-field technique, sig-

nal probe is normally used which usually consume long

RIKEN Center for Advanced Photonics
Laboratory Head: Hiroaki Minamide

time for the spatial scanning to obtain an image. A sys-
tem with real-time feature and also holds near-field im-
age resolution will benefit the research community.
The real-time THz wave imaging demonstrated re-
cently in our group shows promise for the technical
transformation to the industry. However, the image
resolution is poor and the up-conversion efficiency of
the DAST crystal is low. In this work, we propose to
add metamaterial on the DAST surface to solve this
two issues. The metamaterial includes double layers of
SRRs with a polymer as the substrate. Under the inci-
dent THz wave excitation, the SRR gets resonance at
resonant frequency, resulting in the electric field en-
hancement at local region, of which the properties also
hold for other frequencies near by the resonance, due to
the natural low quality factor of the SRR to the electro-
magnetic wave. For instance, at 0.88 THz, each SRR
works as an antenna pixel to confine the electric field of
the THz wave into the gap (capacitor) between the two
metallic patterns at the center of the SRR lattice, where
the electric field distribution was calculated by COM-
SOL simulation. The enhanced electric field reinforces
the conversion efficiency on the nonlinear DAST crys-

tal, resulting in improving the detection signals with
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the image. Meanwhile, since the near-field signal is
transferred from left-hand layer SRR to the right-hand
layer SRR through the thin polymer substrate, it re-
serve the near-field information of the object. There-
fore, the metamaterial works an effective array of the
near-field probe for the real-time THz wave image sys-
tem.

The metamaterial device has been developed by nor-
mal photo-lithography technique. We began with a
handle wafer and employed polymer as the substrate
for the double layer SRRs. The metallic SRR patterns
were processed by sputtering and wet patterning. An
aligner was used to for the fine alignment of the two
layers. Finally the film device was released from the
handle wafer.

We used THz TDS (THz time domain spectroscopy)
to test the device spectra performance, which is well
agreed with the simulation, and hence indicate the en-
hancement of the electric field distribution at the split
gap that is expected to improve the up-conversion effi-
ciency. The THz wave near-field imaging experiment

is under carrying.
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XXVIII-051

Towards Understanding Dark Matter using Lattice Quantum

Field Theories Techniques

Name: Enrico Rinaldi

Host Laboratory: Computing Group

Dark matter searches have the potential to revolu-
tionize our understanding of particle physics. More-
over, the discovery of the Higgs boson signs the begin-
ning of a new era for high-energy particle physics:
theorists and experimentalists are looking forward to
possible new discoveries. With these exciting motiva-
tions, it is important to explore extensions to the Stan-
dard Model of particle physics and try to understand
the mystery of dark matter. How dark matter could be
directly detected or inferred from other indirect obser-
vations is the focus of a large experimental and theo-
retical effort. In particular, theoretical input is of great
importance in the interpretation of experimental re-
sults: both direct-detection experiments and collider
experiments need a theoretical guide and model as-
sumptions in order to translate their findings into phys-
ical properties. Moreover, theoretical input is required
to better identify future directions in experimental
searches.

In the first three months of my contract I have sub-
mitted two papers for publication.

In the first paper, an extension of the Standard Model
with a new SU(3) gauge theory coupled to eight new
flavors of Dirac fermions is studied using lattice quan-
tum field theory simulations. This new theory contains
a composite dark matter candidate that is the neutral
analogue of a proton in QCD but is formed by new fer-
mions, bounded together by the new strong gauge
force. Properties of this dark matter candidate, called
techni-baryon, are studied with numerical methods and
the strength of its interaction with the Higgs boson is
calculated. This is the dominant interaction that would
allow the discovery of such a dark matter particle in
direct detection experiments like LUX or PANDA. Un-
der certain assumptions about the distribution and the

mass of dark matter around Earth, our results combined

RIKEN BNL Research Center
Nishina Center for Accelerator-Based Science
Laboratory Head: Taku Izubuchi

with the experimental bounds on the detection cross
section disfavor the existence of the techni-baryon of
the new theory. Another important result of this paper
is the measurement of the mass of a new light scalar
particle in the spectrum of the eight-flavor theory: this
particle is commonly used to replace the Higgs boson
of the Standard Model in new extensions called “com-
posite Higgs models”.

The second paper represents the first step to utilize a
novel mixed-action lattice discretization with numer-
ous advantages over existing discretizations. This new
lattice discretized action includes the benefits of high-
ly-improved staggered fermions, including good con-
trol over the continuum limit, high statistics ensembles
and reduced computational cost, with the good chiral
properties of smeared Mobius domain-wall fermions.
The additional use of the gradient flow as a smearing
technique improves chiral symmetry and reduces sto-
chastic noise in measured observables at fixed compu-
tational cost. This action will be the basis of future lat-
tice calculations of the structure of nucleons and
multi-nucleon systems which are crucial for under-
standing theoretical uncertainties in dark matter direct

detection experiments.

@ Publications

Papers

AokiY.,Aoyama T., Bennett E., Kurachi M., Maskawa
T., Miura K., Nagai K., Ohki H., Rinaldi E., Shibata
A., Yamawaki K. and Yamazaki T.: Light flavor-sin-
glet scalars and walking signals in N=8 QCD on the
lattice. Phys. Rev. D submitted

Berkowitz E., Bouchard C., Chang C. C., Clark M.,
Balint J., Kurth T., Monahan C., Nicholson A.,
Orginos K., Rinaldi E., Vranas P., Walker-Loud A.:

Mobius domain-wall fermions on gradient-flowed
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dynamical HISQ ensembles. Phys. Rev. D submitted

@ Oral Presentations

Domestic conferences

Rinaldi E.: Lattice gauge theory insights on Dark Mat-
ter, “Dark Interactions: Perspectives from Theory
and Experiment”, BNL, October (2016)

XXVIII-052

Rinaldi E.: Dark Interactions and the Lattice, “Fron-
tiers in Nuclear Physics”, KITP, UC Santa Barbara,
November (2016)

Rinaldi E.: Dark Interactions and Lattice Gauge Theo-
ries, “Early Career Researcher Symposium”, BNL,
December (2016) - award winning for best oral pre-

sentation

Regulation of Mucosal IgG by the Neonatal Fc Receptor

Name: Alexis Vogelzang

Host Laboratory: Laboratory for Mucosal Immunity

FcRn binds to conserved elements of the Fc portion
of IgG at low pH, transports IgG across polarized epi-
thelial barriers, and chaperones IgG between endocytic
and degradative compartments. Despite FcRn being the
primary means by which IgG is transported across
healthy epithelial barriers, systemic IgG can diffuse
through inflamed mucosa, and conflicting reports in a
variety of infection models lead us to question if FcRn
is indeed required for the protective action of mucosal
IgG. Constitutive expression of FcRn by epithelia sug-
gests there are other immune roles for FcRn at the mu-
cosal interface beyond neutralization of pathogenic
determinants. By studying FcRn deficient (fcgrt-/-)
mice during homeostasis and bacterial infection, we
aim to characterize specific immune roles for IgG at the
intestinal interface with the external environment. Due
to the broad expression of FcRn by numerous cell
types, we propose using the Cre-lox system to create a
cell specific knockout strain to investigate the role of
the transport of IgG-complexed antigen in mucosal im-
munity. To this end, we have been kindly granted
breeding pairs of the loxp fcrgt-/- strain, which will be
crossed with mice expressing Cre-recombinase under
the control of the villin promoter, knocking out fcgrt in
epithelial cells (villin Cre fcgrt-/-). Material transfer
agreements between RIKEN and the providing institu-

tion are currently being finalized. In order to more fully

Center for Integrative Medical Sciences

Laboratory Head: Sidonia Fagarasan

understand which cells express FcRn at the mucosal
surface, we have performed an immunohistochemical
survey of intestinal compartments. Protein expression
was identified in Epcam positive epithelial cells in duo-
denum, jejunum, ileum and to a lesser extent in the co-
lon. FcRn was also detected in endothelial basement
membrane cells and infiltrating leukocytes, as expect-
ed. We obtained highly purified populations of candi-
date immune and tissue cells from intestine using flow
cytometric cell sorting, which will be used to establish
a hierarchy of FcRn transcription in local cell subsets.
These results will instruct which Cre reporters will be
chosen to make targeted fcrgt knockout mice to achieve
the projects goal of investigating IgG turnover and sig-

naling in the gut.

@ Publications

Vogelzang, A., Lozza, L., Reece, S. T., Perdomo, C.,
Zedler, U., Hahnke, K., --- Kaufmann, S. H. E.
(2016). Neonatal Fc Receptor Regulation of Lung
Immunoglobulin and CD103+ Dendritic Cells Con-
fers Transient Susceptibility to Tuberculosis. Infec-
tion and Immunity, 84(10), 2914-2921.

Perdomo C---., Vogelzang A and Kaufmann S. H. E,
and Kupz M. (2016) Mucosal BCG Vaccination In-
duces Protective Lung-Resident Memory T Cell
Populations against Tuberculosis. MBio. 22;7(6).
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XXVIII-056

Nuclear Mass Measurement of Super-Heavy Elements by

Multi-Reflection Time-of-Flight Mass Spectrometry

Name: Marco Rosenbusch
Host Laboratory: SLOWRI Team

In the present research, multi-reflection time-of-
flight mass spectrometry has been applied in order to
measure presently unknown (or not well known) mass-
es of heavy ions and also super-heavy elements pro-
duced in front of the separator GARIS-II. Exotic nu-
clides have been produced by fusion evaporation
reactions from primary '°0O, 'F, 48Ca, and *°Ar-ion
beams with kinetic energies between 100 and 300 MeV.
The produced exotic nuclei have been separated from
the remaining primary beam by GARIS-II and captured
in a cryogenic gas cell to be slowed down from their
remaining kinetic energy upon the nuclear reaction in
the target. Ions could be successfully extracted from
the gas cell and transported to a multi-reflection time-
of-flight mass spectrometer (MRTOFMS), where their
atomic masses could be measured with relative uncer-
tainties down to 1077, In a series of several on-line ma-
chine-time periods, masses of a large number of neu-
tron-deficient alpha-decaying heavy ions could be
investigated for the first time by direct measurement.
Previously, in the region of the nuclear chart that con-
tains, e.g. Po, At, Rn, Fr, Ra, Ac, and Th, many isotope
masses have been measured exclusively by studies of
their alpha-decay energies. Alpha-decay spectroscopy
itself provides an accurate determination of nuclear
masses, but implies the risk of non-recognized transi-
tions through short-lived and low-lying excited states
that are present in nuclei that do not possess an even
number of protons number and also an even number of
neutrons.

Additionally, completely unknown masses of super-
heavy elements could be determined, which are the
masses of 24%-2IMd. Due to known Q, values from
alpha spectroscopy of even heavier elements up to
261Bh, these new mass values shed light on a larger re-
gion inside the super-heavy elements and provide new

anchor points towards the highly desired island of sta-

Nishina Center for Accelerator-Based Science
Laborarory Head: Michiharu Wada

bility. The major step for success of these measure-
ments were on one hand an increase of the system ef-
ficiency by a factor of 10 by unveiling origins that
caused problems for ion transport in previous experi-
ments, and on the other hand the discovery of an ex-
traction of doubly-charged ions from a cryogenic gas-
cell which occurs even for heavy ions. This is a
surprising issue, because the (yet barely known) ener-
gies of the second ionized state in the heavy-ion region
were expected to be too high to allow the existence of
doubly charged species in a helium environment. New
experiments are scheduled to extend the knowledge of

masses in the region of super-heavy elements.

@ Publication

- First Online Multi-Reflection Time-of-Flight Mass
Measurements of Isobar Chains Produced by Fusion-
Evaporation Reactions: Toward Identification of Su-
per-Heavy Elements via Mass Spectroscopy
P. Schury, M. Wada, Y. Ito, D. Kaji, F. Arai, M.
MacCormick, I. Murray, H. Haba, S. Jeong, S.
Kimura, H. Koura, H. Miyatake, K. Morimoto, K.
Morita, A. Ozawa, M. Rosenbusch, M. Reponen, P.-
A. Soderstrom, A. Takamine, T. Tanaka and H. Woll-
nik Phys. Rev. C 95, Phys. Rev. C 95, 011305(R)
(2017) (published) *

- PILGRIM, a Multi-Reflection Time-of-Flight Mass
Spectrometer for Spiral2-S3 at GANIL
P. Chauveau, P. Delahaye, G. De France, S. El Abir,
J. Lory, Y. Merrer, M. Rosenbusch, L. Schweikhard
and R.N. Wolf Nucl. Instrum. Meth. B 376, 211-215
(2016) (published) *

- Background-free beta-decay half-life measurements
by in-trap decay and high-resolution MR-ToF mass
analysis
R.N. Wolfa, D. Atanasov, K. Blaum, S. Kreim, D.
Lunney, V. Manea, b, M. Rosenbusch, L. Sch-
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weikhard, A. Welker, F. Wienholtz and K. Zuber
Nucl. Instrum. Meth. B 376, 275-280 (2016) (pub-
lished) *

Oral Presentation

- RIKEN RIBF seminar, Wako, Saitama, Japan
M. Rosenbusch: MR ToF mass spectrometry at
ISOLDE, about some basics and the MR-ToF MS at
ISOLTRAP Jul 28 (2016)

- newcomer seminar at RIKEN, Wako, Saitama, Japan

XXVIII-057

M. Rosenbusch: Precision mass measurements of
exotic nuclei and the first mass spectrometer at
SLOWRI May 24 (2016)

- MTOF mass spectrographs and separators, Gief3en,
Germany
M. Rosenbusch: Precision mass measurements with
ISOLTRAP's MR-ToF MS and some space-charge
studies Jan 15 (2016)

Study of Strangelets, Lightning and Meteors from Space,

Balloon and Ground with Next Generation, Ultra-Sensitive Detectors

Name: Lech Wiktor Piotrowski
Host Laboratory: EUSO Team

In the study in the passing fiscal year I was focusing
on data analysis from one and preparation of two of the
EUSO family precursor experiments. After starting
work at RIKEN in October 2016 I was first focusing on
the EUSO-SPB experiment, a Super Pressure Balloon
carrying an UV 48x48 pixel single photon detector.
The experiment is to be launched in March/April 2017
from Wanaka, New Zealand, its main goal being detec-
tion of the fluorescent light from Ultra High Energy
Cosmic Rays (UHECR) from above ground for the first
time in the history. My work involved almost all the
final stage preparation tasks, such as finalizing the
hardware subsystems integration, performing calibra-
tion of the detector, preparing the data format and the
data-analysis tools. The preparations have been con-
cluded in on-ground field tests and calibrations in Tele-
scope Array experiment site in Utah, USA and then
passing the NASA hang tests in Columbia Scientific
Balloon Facility in Texas, USA. Among others, we de-
tected in data from Utah field tests 3 meteor events
taken with unprecedented time resolution, proving
again the capabilities of the mission to observe meteors
and, most-likely, strangelets during its flight.

EUSO-SPB has been shipped to New Zealand after
the hang tests in Texas, USA in mid-November 2016.
This allowed me to switch my focus to the Mini-EUSO

Global Research Cluster
Laboratory Head: Marco Casolino

mission, which is a detector with a similar UV photon
counter as EUSO-SPB, but smaller lenses and a differ-
ent goal. Mini-EUSO will be installed in 2017 on the
International Space Station with main tasks of observ-
ing meteors, strangelets, atmospheric phenomena and
creating the first night-time map of Earth in UV. As
night-time Earth's observations in UV are a completely
uncharted region of science, we can expect other types
of discoveries hidden in the data to be gathered by this
mission. During the time of writing this Research De-
scription, I am involved in the final stage of the hard-
ware integration and tests in RIKEN, Wako, Japan. Ad-
ditionally, I am preparing the data format, necessary
data analysis tools and planning the calibration of the
experiment based on the experiences with EUSO-SPB
and EUSO-TA calibration.

The last task was continuation of the analysis of data
coming from the EUSO-TA detector, which is a UV
telescope very similar in its construction to EUSO-
SPB, but dedicated to traditional observations of the
sky from the ground, in search mainly for fluorescent
light coming from UHECR. I was the part of the last
observation campaign taking place in autumn 2016 in
Utah, USA. So far 2 meteors have been found in the
recent data, while the search for cosmic rays candidates

is still ongoing.
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@ Publications

Papers

Abdellaoui G., et al., Meteor studies in the framework
of the JEM-EUSO program, Planetary and Space
Science 2016, published online*

Fenu F., Piotrowski L. W., et al., Preliminary analysis
of EUSO-TA data, Journal of Physics: Conference
Series, 718 (5), published

@ Oral Presentations
Domestic conferences
Piotrowski L. W., SPB Calibration, The 20% Interna-
tional JEM-EUSO collaboration meeting, Wako, Ja-
pan, 2016, December 12-16
* Only text allowed. No charts or diagrams.

XXVIII-058

* Piotrowski L. W., Cafagna S. F, Bertaina M., SPB
Baseline instrument nightly operation sequence and
data collection, The 20t International JEM-EUSO
collaboration meeting, Wako, Japan, 2016, Decem-
ber 12-16

* Piotrowski L. W., Mini-EUSO Quicklook and data
analysis, The 20 International JEM-EUSO collabo-
ration meeting, Wako, Japan, 2016, December 12-16

* Piotrowski L. W., EUSO-TA results from 2015, The
20" International JEM-EUSO collaboration meet-
ing, Wako, Japan, 2016, December 12-16

* Piotrowski L. W., EUSO-TA Automatization, The
20" International JEM-EUSO collaboration meet-
ing, Wako, Japan, 2016, December 12-16
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Autophagy Deficiency and Protein Aggregation As Pathogenic Mechanisms

of Psychiatric Disorders

Name: Kelvin Kai-Wan Hui

Host Laboratory: Laboratory for Protein Conformation Diseases

In the present study, autophagy deficiency was in-
duced by A#g7 deletion to test the hypothesis that dis-
rupted protein homeostasis and increased protein mis-
folding and aggregation play a causal role in psychiatric
disorders. My previous experiments demonstrated that
the disruption of protein homeostasis by 4#g7 deletion
in forebrain excitatory neurons (CaMKlIl-cre Atg7
cKO) or GABAergic interneurons (DIx5-cre Atg7
cKO) leads to increased aggregation of disease-associ-
ated proteins, neuronal dysfunction, and abnormal psy-
chiatric behaviours reminiscent of human autistic spec-
trum disorder (ASD) patients. In FY 2016, by using
primary cultured neurons, I have demonstrated that
there is a specific reduction in surface-expressed GA-
BA , receptors in the absence of A7g7, while other neu-
rotransmitter receptors do not appear to be affected. In
order to elucidate the molecular mechanism underlying
this alteration, I have further focused on the GAB-
ARAP (GABA receptor-associated protein) family pro-
teins which have been postulated to have functions in
both autophagy and GABA 4 receptor trafficking. Inter-
estingly, I have observed that both GABARAP and
GABARAPL2 accumulate in and mislocalizes to p62*
aggregates in both CaMKII-cre and DIx5-cre Azg7
cKO mice. Furthermore, in contrast to a published re-
port, the interaction between GABARAPL2 and ge-
phyrin, a scaffolding protein which aids to localize and
cluster GABA , receptors, was observed and appears to
be reduced in Azg7 cKO brain homogenates. Altogeth-
er, it appears that autophagy deficiency leads to defects
in GABA, receptor trafficking, which potentially is
caused by the loss- or gain-of function of GABARAP
family proteins due to increased interaction with p62
which accumulates in the absence of autophagy and/or
sequestration into p62" aggregates.

In addition, I have performed in vivo experiments to

determine whether restoration of autophagic signaling

Brain Science Institute

Laboratory Head: Motomasa Tanaka

in CaMKlII-cre Atg7 ¢cKO mice could eliminate p62*
aggregates formed during its absence. As such aggre-
gates grow in a time-dependent manner and recruit
other proteins into them, it was unclear whether they
could be cleared even if Atg7 expression is restored.
Unexpectedly, adeno-associated virus (AAV) injection
into the cortex of young CaMKII-cre Azg7 cKO mice to
re-express Atg7 led to a complete elimination of p62*
aggregates in the infected neurons. Experiments per-
formed on aged CaMKII-cre Atg7 ¢cKO mice yielded
similar interesting results. This finding demonstrates
that despite the tremendous accumulation of aggregat-
ed proteins which occurs in the absence of autophagy,
the affected neurons are in fact capable of eliminating
such aggregates once autophagy is restored.

In summary, during my time in the FPR program |
have demonstrated that impaired protein homeostasis
via autophagy deficiency leads ASD-like behaviours in
Atg7 cKO mice. The disruption of autophagy results in
the aggregation of proteins which may normally be in-
volved in GABA, receptor trafficking. The resulting
alteration in surface-expressed GABA, receptors is
likely to affect the balance between excitatory and in-
hibitory signals in the brain, which has been highlight-
ed recently as a putative mechanism underlying ASD
pathology. Furthermore, I have demonstrated the po-
tential of restored autophagy to eliminate aggregates
which have accumulated for weeks and months in af-
fected neurons in its absence. I have also produced a
wealth of valuable quantitative mass spectrometric
data on protein aggregates which form in the absence

of autophagy in excitatory neurons.

@ Presentation

Domestic Conference

Hui, K., Takashima, N., Matsukawa, H., Watanabe, A.,
Nilsson, P., Saido, T.C., Itohara, S., Yoshikawa, T.,
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Tanaka, M.: “Disruption of autophagic signaling in
murine forebrain affects excitatory-inhibitory bal-

ance leading to ASD-like behaviours” Neuroscience

2016, The 39th Annual Meeting of the Japan Neuro-
science Society, Yokohama, Japan, July 20-23.

Most Precise Measurement of the Antiproton Magnetic Moment and Implementation of

Sympathetic Laser-Cooling of a Single Ion in a Penning Trap

Name: Andreas Mooser

Host Laboratory: Ulmer Initiative Research Unit

The Standard Model of particle physics - the theory
that best describes particles and their interactions - is
known to be incomplete. This inspires various searches
for physics beyond the Standard Model, among these,
direct high-precision tests of the combined charge, time
and parity invariance. The goal of the BASE collabora-
tion is to perform such CPT-tests by comparing the fun-
damental properties, namely the magnetic moment and
the charge-to-mass ratio, of protons and antiprotons at
lowest energies and with greatest precision with a Pen-
ning trap.

The measurement of the magnetic moment is based
on the non-destructive determination of the Larmor fre-
quency and the cyclotron frequency of a single proton
or antiproton stored in a cryogenic Penning trap. Based
on a statistical detection of spin transitions we were
able to measure the Larmor frequency of single stored
antiproton. As a result the most precise determination
of the antiproton magnetic moment with a fractional
precision at the level of 0.8 parts per million was pos-
sible. Our result outperforms previous results by a fac-
tor of 6 and improves some coefficients of the promi-
nent Standard Model Extension by more than a factor
of 20.

To further advance the precision the so called double
Penning-trap technique needs to be applied. This de-
mands the detection of single spin transitions, which
we already demonstrated for the proton but so far was
not possible with a single antiproton. However with a
dramatically improved apparatus we achieved this
challenging goal and detected individual antiproton

spin quantum transitions. This result paves the way to-

Institute Laboratories

Laboratory Head: Stefan Ulmer

wards a 1000-fold improved antiproton magnetic mo-
ment measurement at the level of parts per billion.

The measurement methods for the magnetic moment of
the proton and antiproton rely on the detection of single
spin flips of a single nucleon whose detection fidelity is
however limited by the mode energy of the ion. To
overcome this limitation we aim to decrease the mode
energy by more than two orders of magnitude by apply-
ing for the first time sympathetic laser cooling to a
single isolated ion in a Penning trap. From this quasi-
deterministic cooling scheme a considerable reduction
in experimental cycle times and a high fidelity spin
state detection are expected, which will allow for mag-
netic moment measurements with relative precisions of
100 ppt or better. The experimental setup has been de-
signed and presently is being installed at the Mainz ex-

periment.

@ Publications

Original Paper

Nagahama H., Schneider G., Mooser A., Smorra C.,
Sellner S., Harrington J., Higuchi T., Borchert T,
Tanaka M., Besirli M., Blaum K., Matsuda Y., C. Os-
pelkaus, Quint W., Walz J., Yamazak Y. and Ulmer S.:
Highly sensitive superconducting circuits at
~700 kHz with tunable quality factors for image-
current detection of single trapped antiproton. Rev.
Sci. Instrum. 87, 113305 (2016), published*.

Nagahama H., Smorra C., Sellner S., Higuchu T., Har-
rington J., Besirli M., Tanaka T., Borchert M., Moos-
er A., Schneider G., Blaum K., Matsuda Y., C. Ospel-
kaus, Quint W., Walz J., Yamazak Y. and Ulmer S.:
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Sixfold improved single particle measurement of the
magnetic moment of the antiproton. Nature Comm.
8, 14084 (2017), published*.

Scheider G., Leefer N., Mooser A., Blaum K., Higuchi
T., Matsuda Y., Nagahama H., Quint W., SellnerS.,
Smorra C., Walz J. and Ulmer S.: Towards an im-
proved measurement of the magnetic moment of the
proton. JPS Conf. Proc. (2016), in print*.

Mooser A., Schneider G., Leefer N., Blaum K., Higu-
chi T., Matsuda Y., Nagahama H., Quint W., Sellner
S., Smorra C., Walz J. and Ulmer S.: A test of charge-
parity-time invariance at the atto-electronvolt scale.
JPS Conf. Proc. (2016), in print*.

Smorra C., Mooser A., Besirli M., Borchert M., Har-
rington J., Higuchi T., Nagahama H., Schneider G.,
Sellner S., Tanaka T., Blaum K., Matsuda Y., Ospel-
kaus C., Quint W., Walz J., Yamazaki Y. and Ulmer
S.: Observation of individual spin quantum transi-

tions of a single antiproton. Phys. Lett. B (2016),

submitted*.

@ Oral Presentations

International Conferences

Mooser A., Schneider G., Leefer N., Blaum K., Har-
rington J., Higuchi T, Matsuds Y., Nagahama H.,
Quint W., Smorra C., Sellner S., Tanaka T., Walz J.
and Ulmer S.: “The magnetic moment of the proton”
Precision Physics of Simple Atomic Systems, Jeru-
salem Israel 2016, May 22-27.

Mooser A., Smorra C., Blaum B., Franke K. A., Higu-
chi T, Leefer N., Nagahama H., Matsuda Y., Quint
W., Schneider G., Sellner S., Tanaka T, Walz J.,
Yamazaki Y. and Ulmer S.: “The magnetic moment of
the proton and a high-precision comparision of the
proton to antiproton charge-to-mass ratio” The 12th
European Conference on Atoms, Molecules and Pho-

tons, Frankfurt Germany, September 5-9.

Charge Dynamics at the Solid Interface Studied by Novel Nonlinear Spectroscopy

Name: Anton Myalitsin

Host Laboratory: Molecular Spectroscopy Laboratory

Buried interfaces, such as solid/liquid interfaces, are
ubiquitous in nature and play an important role in many
industrial processes. However, they are “sandwiched”
between two bulk materials, which makes it difficult to
study with conventional spectroscopic methods. In
contrast, sum-frequency generation (SFG) can selec-
tive probe the interface between two materials, without
contribution from the bulk. This makes it a particularly
powerful method to study the solid/liquid interface.
Further, heterodyne-detected vibrational sum frequen-
cy generation (HD-VSFQG) spectroscopy allows us to
determine the imaginary y® (Imy®) which can be di-
rectly compared to bulk IR spectra. Additionally, the
sign of the Imy® spectra provides information about
the orientation of molecules at the interface. Recently I
was successful to apply HD-VSFG to the buried inter-
face and I used it to study the water structure at the

silica/water interface.

Laboratory Head: Tahei Tahara

Next, I used this method to study polymer/water in-
terfaces, with a particular focus on poly(2-methoxyeth-
yl acrylate) (PMEA), a polymer with excellent blood
compatibility. It is often used as coating for catheters
and other medical equipment. However, the origin of
biocompatibility for PMEA is still under debate. In this
study I measured the complex y{?) spectra of the PMEA/
water interface and compared it to the blood incompat-
ible PMMA/water interface (PMMA: poly(methyl
methacrylate)). These results show for both polymer/
water interfaces H-up orientation of interfacial water,
in which water molecules at the interface point with
their hydrogen atoms toward the polymer. However,
the spectral shape differed significantly between the
blood compatible PMEA and blood incompatible
PMMA: The Imy® spectrum of PMEA/water interface
resembled the IR spectrum of water. On the other hand,

the Imy® spectrum of the PMMA/water interface
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showed a red shift of the main OH band, indicating the
presence of stronger hydrogen bonds than bulk water.
These data suggest that water molecules at the PMEA
interface show hydrogen bond strength similar to that
in bulk water. Most recently, I confirmed that these re-
sults are independent of the polymer film thickness. A
publication summarizing these findings is in prepara-
tion.

Further, I have started to investigate the buried tita-
nium dioxide/water interface with HD-VSFG. TiO, is
one of the most important materials in heterogeneous
photocatalysis and is widely used in water splitting and
hydrogen production. Even though a lot of effort was
invested in the past several decades to study chemical
reactions at the TiO, surface with conventional spec-
troscopic methods, these cannot distinguish whether a
transient molecular species is located near the TiO, sur-
face or in the bulk water. This problem can be avoided
by using HD-VSFG.

The TiO, film was prepared and characterized using
the shared facilities of the Emergent Matter Science
Research Laboratory. The TiO, was grown on a fused
silica substrate by atomic layer deposition (ALD),
which allows precise control of the film growth. To
suppress inter- and intramolecular coupling in the HD-
VSFG experiment, I used isotopically diluted water
(HOD-D,0). My first target is to study the pH depen-
dence and the influence of UV illumination on the in-
terfacial water structure. Preliminary experiments
showed that the water orientation on the TiO, signifi-
cantly differs from silica. If this study is successful, I
will perform time-resolved HD-VSFG under UV illu-
mination to try to identify transient species which are
generated by splitting H,O molecules on the TiO, sur-
face by the UV light. The results of the HD-VSFG
study of the TiO,/water interface will be published in
the near future.

The development of HD-VSFG for the buried inter-
face as a powerful new spectroscopic technique has

been recognized by the Spectroscopical Society of Ja-

pan by inviting me to give a presentation at the 12th
Young Scientists Symposium on Advanced Laser

Spectroscopy later this year.

@ Publications

Papers

1. A. Myalitsin, S. Urashima, S. Nihonyanagi, S.
Yamaguchi and T. Tahara; “Water Structure at the
Buried Silica/Aqueous Interface Studied by Hetero-
dyne-Detected Vibrational Sum-Frequency Genera-
tion” J. Phys. Chem. C 120 (17), 9357, (2016).

@ Presentation

1. Myalitsin A., Nihonyanagi S., Yamaguchi S., Yanag-
isawa J., Aoki T. and Tahara T.: “Molecular structure
at the poly(2-methoxyethyl acrylate)/water inter-
face”, 32nd Symposium on Chemical Kinetics and
Dynamics, Saitama JAPAN, 2016, June 1-3.

2. Myalitsin A., Nihonyanagi S., Yamaguchi S., Yanag-
isawa J., Aoki T. and Tahara T.: “Exploring the Mo-
lecular Structure and Orientation at the Polymer/
Water Interface by Heterodyne-Detected Vibrational
Sum Frequency Generation Spectroscopy”, #i7[m]
SFGHff5£23, Tokyo JAPAN, 2016, June 10-11.

3. Myalitsin A., Nihonyanagi S., Tahara and Tahara T.:
“Molecular structure at the hydrophilic TiO,/water
interface studied by heterodyne-detected sum fre-
quency generation spectroscopy”, &3 10[a]5)1F}
A2, Kobe JAPAN, 2016, September 13-15.

4. Myalitsin A., Nihonyanagi S., Yamaguchi S., Yanag-
isawa J., Aoki T. and Tahara T.: “Water structure at
the hemocompatible PMEA/water interface studied
by HD-VSFG”, 20164EHE7E « Kifl# Al
23, Nagoya JAPAN, November 29 - December 1.

5. Myalitsin A.: “Exploration of the Molecular Struc-
ture at the Buried Interface by Heterodyne-Detected
Vibrational Sum Frequency Generation Spectrosco-
py”, 12th Young Scientists Symposium on Advanced
Laser Spectroscopy, Tokyo JAPAN, December 3.
(INVITED TALK)
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Computational Materials Science Research Team Accurate Determination of Molecular

Electronic Structure: Chasing the Theoretical Limit of Computational Efficiency

Name: James Anderson

Host Laboratory: Computational Materials Science Research Team

@ Publications

Papers

Anderson J.S.M., Rodriguez J.I., Ayers P.W. and Gétz
A.W.: Relativistic (SR-ZORA) quantum theory of
atoms in molecules (QTAIM) properties J. Comput.
Chem. 38 22017

Anderson J.S.M., Melin J. and Ayers P.W.: Using the
General-Purpose Reactivity Indicator: Challenging
Examples J. Mol. Mod. 22 3 2016

Advanced Institute for Computational Science

Laboratory Head: Seiji Yunoki

@ Oral Presentations

International conferences

Anderson J.S.M., Ayers P.W., Nakatsuji H. and Na-
kashima H.“Boys'Collocation Approach to Solve the
Electronic Schrodinger Equation” 32nd Symposium
on Chemical Physics Waterloo Canada, November
4-6.

Anderson J.S.M., Rodriguez J.I., Ayers P.W. and Gtz
A.W.: “SR-ZORA QTAIM Derivation and Impact”
International Society for Theoretical Chemical Phys-
ics 2016 Grand Forks USA 2016, July 17-22.
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Gamma-ray Spectroscopy with the EURICA Setup

Name: Par-Anders Soderstrom
Host Laboratory: RI Physics Laboratory, RIKEN Nishina Center

Description of research: Beta- and isomer-decay
spectroscopy are sensitive probes of nuclear structure,
and are often the only techniques capable of providing
data for exotic nuclei that are produced with very low
rates. Decay properties of exotic nuclei are also essen-
tial to model astrophysical events responsible for the
evolution of the universe such as the rp- and r-process.
My research has focused on the EURICA project (EU-
ROBALL RIKEN Cluster Array) with the goal of per-
forming spectroscopy of very exotic nuclei. Since
2012, nine experimental campaigns have been success-
fully completed using fragmentation of 78Kr and
124Xe beams, and in-flight-fission of 238U beam, ap-
proaching key nuclei on both extremes of the proton-

and neutron rich sides of the nuclear chart.

@ Publications

P.-A. Soderstrom, et al. K-mixing in the doubly mid-
shell nuclide 170Dy and the role of vibrational de-
generacy. Phys. Lett., B762:404, 2016.

P.-A. Soderstrom, et al. Two-hole structure outside
78Ni: Existence of a p s isomer of 76Co and f3 de-
cay into 76Ni. Phys. Rev. C, 92:051305(R), 2015.

P.-A. Soderstrom, et al. Shape evolution in 116,118 Ru:
Triaxiality and transition between the O(6) and U(5)
dynamical symmetries. Phys. Rev. C, 88:024301,
2013.

P.-A. Soderstrom, et al. Installation and Commission-
ing of EURICA — Euroball-RIKEN Cluster Array.
Nucl. Instrum. Meth., B317:649, 2013.

@ Oral Presentations

International conferences

Isomer spectroscopy during SEASTAR. 5th Sunflower
Workshop, University of Hong Kong, Hong Kong,

Laboratory Head: Hiroyoshi Sakurai

19 Sep 2016.

Status and results from the decay spectroscopy project
EURICA (Euroball-RIKEN Cluster Array). The XI
Latin American Symposium on Nuclear Physics and
Applications, Universidad de Antioquia, Medellin,
Colombia, 2 Dec 2015.

In-flight and decay spectroscopy at RIKEN. Nustar
Week 2015, University of Warsaw, Warsaw, Poland,
29 Sep 2015.

Recent results obtained with EURICA at RIKEN. XIII
Nordic Meeting on Nuclear Physics, Saariselkd, Fin-
land, 13—-17 Apr 2015.

Recent work of decay spectroscopy at RIBF. Fourth
Joint Meeting of the Nuclear Physics Divisions of
the American Physical Society and The Physical So-
ciety of Japan, Waikoloa, Hawai’i, USA, 8 Oct 2014.

EURICA campaign status and first results. Nustar
Week 2012, Variable Energy Cyclotron Centre, Kol-
kata, India, 12 Oct 2012.

Domestic conferences

Ground state and isomer decay properties of heavy
neutron-rich nuclei produced from 238U fission
within the EURICA project at RIKEN. 40th ASRC
International Workshop “Experimental and Theoreti-
cal Advances in Fission and Heavy Nuclei”, Japan
Atomic Energy Agency, Tokai-mura, Japan, 13 Dec
2016.

Results from the EURICA projec and Investigation of
72,74 Ni from f3 decay of 72,74Co. 8th Japan-Italy
Symposium, RIKEN, Wako, Japan, 10 Mar 2016.

Gamma-ray spectroscopy results from the EURICA
experiment. Progress in nuclear shell-model calcula-
tions in CNS-RIKEN collaboration, RIKEN, Wako,
Japan, 28 Nov 2014.
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Towards Linking Core-Collapse Supernova Modelling with Observations

Name: Annop Wongwathanarat

Host Laboratory: Astrophysical Big Bang Laboratory

Core-collapse supernova (CCSN) is the final stage of
evolution of a massive star whose mass is approximate-
ly 10 times greater than that of our Sun. The detailed
description of how such massive star explodes still re-
mains 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 nu-
merical simulations and observational data. However,
a direct connection between theory and observations of
CCSNe has not been firmly established. Past research-
es in this field have been focusing either on the explo-
sion mechanism or on the late-time evolution of CC-
SNe separately due to the complexity of the problem.
Only recently with the advancement of large-scale
computing power that three-dimensional (3D) simula-
tions considering both the explosion phase and the late-
time evolution become possible. This type of simula-
tions is considered computationally very challenging
due to the vast length and time scales that need to be
covered in such simulations.

In FY2016, I performed a three-dimensional long-
time CCSN simulation of a stripped envelope super-
nova, and compared simulation results with observa-
tional data obtained from a young nearby CCSN
remnant Cassiopeia A (Cas A). The main results are the
followings. Firstly, the nucleosynthesis production of
nickel and titanium in the simulation can account for
the expected amounts of these two elements in Cas A
remnant. The large amount of titanium was difficult to
reproduce in previous studies, but can be accounted for
by our result. The major production channel for titani-
um is found to be the alpha-rich freeze-out process oc-
curred in expanding high entropy ejecta. Secondly, the
distribution of iron produced by our simulation shows
remarkable agreement with the overall observed mor-
phology of the element in Cas A remnant, despite the
facts that neither the progenitor star was chosen spe-

cifically nor the explosion energy was tuned to match

Laboratory: Shigehiro Nagataki

the Cas A expected value. In addition, the distribution
of titanium in our simulation concentrates in the hemi-
sphere opposite to the NS kick direction, a result which
is consistent with recent observations by the NuSTAR
satellite. Finally, we find that for the same explosion
energy the lack of an extended hydrogen envelope re-
sults in the ejecta being expelled at much higher ve-
locities than in the case of a red supergiant star with a
massive hydrogen envelope. The maximum velocities
of nickel and titanium in our simulation are comparable
to the values reported in the literatures. Our results
therefore lend strong support to the neutrino-driven ex-
plosion mechanism.

In addition, in FY2016 I completed a new high-order
finite-volume hydrodynamics code, named APSARA.
The code uses a novel mapped grid technique devel-
oped in the field of applied mathematics. APSARA is
found to deliver much more accurate results than sec-
ond-order accurate hydrodynamics code widely used in
astrophysics, especially in the low Mach number re-
gime. This makes the code very promising for a wide

range of astrophysical applications.

@ Publication

Original Paper

Wongwathanarat A., Janka H.-Th., Miiller E., Pllumbi
E., and Wanajo S.: Production and Distribution of
44Ti and 56Ni in a Three-dimensional Supernova
Model Resembling Cassiopeia A. The Astrophysical
Journal submitted *

Wongwathanarat A., Grimm-Strele H., and Miiller E.:
APSARA: A multi-dimensional unsplit fourth-order
explicit Eulerian hydrodynamics code for arbitrary
curvilinear grids. Astronomy & Astrophysics pub-
lished *

@ Presentation
International Conference

Wongwathanarat A.: “Neutron star kicks by gravita-
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tional tug-boat mechanism” Supernovae and Forma-

tion of Neutron Stars Germany 2016, June 20
Wongwathanarat A.: “3D Long-time Core-collapse Su-

pernova Simulations” Supernova Remnants: As Od-

yssey in Space after Stellar Death Greece 2016, June

6-11

Wongwathanarat A.: “Long-time simulations of CC-
SNe and development of a new hydrodynamics code
for astrophysical simulations” 18™ Workshop on
Nuclear Astrophysics Germany 2016, March 14-19

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

Name: Yong Luo

Host Laboratory: Organometallic Chemistry Laboratory

CO, is a powerful and renewable C1 building block
in organic chemistry. The transformation of CO, is not
only important for organic synthesis, but also benefit
for reducing global warming. In my research of bora-
carboxylation of olefins with CO,, only moderate re-
sults were obtained for the reaction of styrene and pi-
nacolborane. Thus, in this fiscal year, the exploration of
new nucleophiles and olefins is my research focus.

1. Previously, we found that combining sulfonate-bear-
ing chiral bidentate N-heterocyclic carbene and cop-
per chloride could give 69% ece of the desired prod-
uct. And other parameters could not improve the
results. Therefore, the influence of the substrates was
explored in the next step. After screening several
promising olefins, cyclic six- or five-membered al-
kenes were found to be inactive under the standard
reaction conditions. The cyclic three-membered ole-
fin was all consumed in this reaction. However, no
desired product was found, probably due to the insta-
bility of the product. Thus, other nucleophiles were
applied to react with cyclopropenes and CO, in an
attempt to generate stable products.

2. After investigating various nucleophiles and opti-
mizing the reaction conditions, the incorporation of
CO, was failed. However, the enantioselective addi-
tion of sp? C-H bond of 2-methyl pyridines to cyclo-
propenes and norbornenes was developed with chiral
half-sandwich yttrium complex. High yields and
good to excellent enantioselectivities (up to 97% ee)
were achieved under very mild reaction conditions.
This protocol featuring with 100% atom economy

and simple reaction condition provides an efficient

Laboratory Head: Zhaomin Hou

tool to construct highly enantioenriched alkyl pyri-
dines containing cyclopropane and norbornane skel-
etons. Now, I am preparing the manuscript of this
project.

3. Subsequently, we found that the half-sandwich scan-
dium complexes could serve as an effective catalyst
for intermolecular hydrothiomethylation of unacti-
vated olefins with methyl sulfides. Both aryl and ali-
phatic thioethers together with a variety of dienes
and unactivated olefins could be employed to afford
the desired products with high yields. This protocol
standing out for the advantage of simple reaction
conditions and atom economy is of great signifi-
cance for sulfide motifs which widely exist in natural
products, functional materials, organocatalysts and
water-reduction catalysts. Now, I am preparing the

manuscript of this project.

@ Publications

1. Teng H.-L., Luo Y., Wang B., Zhang L., Nishiura M.
and Hou Z.: Synthesis of Chiral Aminocyclopro-
panes by Rare-Earth-Metal-Catalyzed Cyclopropene
Hydroamination, Angew. Chem. Int. Ed., 55, 15406-
15410 (2016)"

2. Luo Y., Teng H.-L., Nishiura M. and Hou Z.: Enan-
tioselective C(sp®)-H Addition of 2-Methyl Pyridines
to Cyclopropenes and Norbornenes by an Yttrium
Catalyst, manuscript preparation (2017)"

3.Luo Y., Hou Z.: Scandium-Catalyzed Intermolecular
Hydrothiomethylation of Unactivated Olefins with
Methyl Sulfides, manuscript preparation (2017)"
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@ Oral Presentations

Domestic conferences

1. Luo Y., Hou, Z.: “Enantioselective sp3 C-H Bond
Addition of 2-Methyl Pyridines to Alkenes Cata-
lyzed by Chiral Half-Sandwich Rare-Earth Com-
plexes” The 96th CSJ Annual Meeting, Japan, 2016,
March 22-27.

2. Luo Y., Hou, Z.: “Enantioselective C(sp)-H Bond

Addition of 2-Methyl Pyridines to Cyclic Olefins
Catalyzed by Chiral Half-Sandwich Rare-Earth
Complexes” 63rd Symposium on Organometallic
Chemistry, Japan, 2016, Sep. 14-16.

3.Luo Y., Hou, Z.: “Scandium-Catalyzed Intermolecu-
lar Hydrothiomethylation of Unactivated Olefins
with Methyl Sulfides” The 97th CSJ Annual Meet-
ing, Japan, 2017, March 16-19.

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

During Translation in vivo

Name: Chien-Wen Chen

Host laboratory: Laboratory for Protein Conformation Diseases

From FY2014 to FY2016, I have established a new
strategy for isolating translating ribosomes, and suc-
cessfully generated the cellular and ribosome-bound
tRNA profiles. By using the new technology, we also
able to accurately identify and define the location of ten
RNA modifications on a single tRNA molecular. Very
recently, I tried to examine the tRNA usage profilings
and mRNA translation in yeast under different environ-
mental stresses. The results suggested a rapid alteration
of translation occurs likely within one hour after stress.
Now the results have been submitted for publication
(Chen and Tanaka, manuscript in preparation).

Current technology can also help us to address the
relationship between tRNA usage and mRNA codons.
A fundamental biological question is “how a ribosome
coordinates 61 genetic codon with only 47 tRNA spe-
cies?” In FY2016, 1 focus on refining current methodol-
ogy, testing a new approach for purifying ribosomes

from a single mRNA, examining tRNA-usage-bias and

Brain Science Institute
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Wobble Hypothesis. Unfortunately, due to the time
limit as well as some technical problems, the detection
was not successful.

The biggest problem fells into the ribosome purifica-
tion. Many unwanted ribosomes seen to largely con-
taminate the sample, results in a high background sig-
nal in the sequencing reaction. To overcome this, other
method to purify arrested ribosomes is needed. The
second problem is that the tRNA usage is very dynam-
ic, causes an inconsistency result that cannot be ana-
lyzed. A further refining of the technology is urgently
needed to address this proposed biological question.

To sum up, the methodology to examine tRNA usage
as well as mRNA codon during translation has been
established. However, the methodology to address
tRNA usage in response to mRNA codon in translation
is still difficult. Nevertheless, after refingin the method,
the technology will greatly help people who interested

in translation biology.
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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

Name: Sheena Claire Leoncio Li

Host Laboratory: Molecular Ligand Target Research Team

The goal of my project was to assign function to
compounds with unknown modes of action using
chemical genomics in Saccharomyces cerevisiae. This
fiscal year, I built on previous chemical-genetic data
generated from a high throughput screen of 14,000
compounds from the RIKEN NPDepo and NIH Open
Compound Repository. We designed and constructed a
diagnostic set of 310 DNA-barcoded, non-essential
yeast deletion mutants for high throughput screening
(HTS) of large compound libraries using next genera-
tion sequencing. I assessed 14,000 compounds for tar-
get specificity, and identified high confidence target
predictions for ~1500 unique compounds. Functional
diversity of different compound libraries was charac-
terized by mapping predicted targets onto the yeast
global genetic interaction similarity network. Global
and targeted validation studies have confirmed predic-
tions at the biological process level and also at the spe-
cific gene target level, including compounds with mul-
tiple predicted modes of action. A manuscript describing
this work is now under review at Nature Chemical Bi-
ology. Compounds from collaborators in Canada (Dr.
Raymond Andersen, University of British Columbia)
and China (Dr. Ming Wei Wang, National Center for
Drug Screening) were also screened with our system,
and I am currently analyzing the data resulting from
these studies.

In FY2016, I conducted and analyzed data for chem-
ical genetics screens against three new S. cerevisiae
mutant collections that I constructed in the previous fis-
cal year. The first is a drug-hypersensitive deletion col-
lection for all non-essential genes which I used to iden-
tify deletion mutants that improve the dynamic range
of chemical-genetic interactions and result in more ac-
curate target predictions for the HTS diagnostic pool.
The second and third collections contain temperature-

sensitive (hypomorphic) and heterozygous diploid mu-

Center for Sustainable Resource Science
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tants, respectively, for S. cerevisiae essential genes. To
screen these three new collections, I focused on ~800
RIKEN NPDepo compounds that had high confidence
target bioprocess predictions from our previous work.
Chemical genetic signatures were generated using es-
sential gene temperature-sensitive mutants, and the re-
cently published global genetic interaction network
(Costanzo, 2016) was used as a key to identify cellular
target pathways. Discrete essential gene targets were
identified from screens for drug-induced haploinsuffi-
ciency using the heterozygous diploid mutant collec-
tion. In summary, I used the chemical genetic informa-
tion from these essential gene studies to complement
the general bioprocess predictions that we generated
from the HTS project, and to identify the precise modes
of action for these compounds. Validation of gene-level
target predictions will be done using two strategies:
The first is a genetic approach using spontaneous com-
pound-resistant mutants to identify genetic loci that
cause resistance, while the second approach uses bio-
chemical methods to probe physical interactions be-

tween compounds and target gene products.

@ Publications

Papers

Costanzo M,--- Li SC, *-- Boone C (24™ out of 54 au-
thors). A global genetic interaction network maps a
wiring diagram of cellular function. Science. 2016
Sep 23; 353(6306).*

@ Oral Presentations

International conferences

Li, SC, et al. Unbiased functional annotation of com-
pound libraries using yeast chemical genomics. Post-
er Presentation at The Allied Genetics Conference,
Orlando, USA. 2016 July 13-17.

Li, SC. Unbiased Functional Annotation of Compound
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Libraries Using Yeast Chemical Genomics. Invited
lecture at the Queenstown Molecular Biology Meet-
ing, Shanghai, China. 2016 March 17.

Domestic conferences

Li, SC. Target Identification of compounds using an in-

tegrated chemical genetic approach. Invited lecture

at the 9th HiHA International Workshop. Hiroshima
University, Japan. 2017 January 13.

Li, SC, et al. Target identification of compounds using
an integrated chemical genetic approach. Poster Pre-
sentation at the 3'4 CSRS-ITbM Joint Workshop. Na-
goya University, Japan. 2017 January 12.

Olfactory Coding Strategy of Second-order Olfactory Neurons

Name: Meng-Tsen Ke

Host Laboratory: Laboratory for Sensory Circuit Formation

Dendritic spines are specialized protrusions from the
dendrite that serve as postsynaptic recipient of excit-
atory synaptic input. Being the major sites of informa-
tion processing and storage in the brain, increase or
decreases in spine numbers may correlate with the ac-
tivities of afferent synaptic terminals. Although their
geometrical distribution is crucial to understand synap-
tic integration mechanisms within a neuron, the distri-
bution at a whole-neuron scale is not fully established.
In previous light microscopy studies, quantification of
dendritic spines has been limited to the distal part of
dendrites or thin basal dendrites. Due to diffraction
limit of light, it is difficult to resolve spines emanating
from thick dendrites using conventional light micros-
copy. Electron microscopy (EM) provide nanoscale
segregation of dendritic spine protrusion. However, in
the EM, quantification has been limited to just a part of
a neuron due to difficulty in large-scale reconstruc-
tions. To fill in the gap between EM-based and light
microscopy-based connectomics, we recently estab-
lished a tissue clearing agent, SeeDB2, which is opti-
mized for deep-tissue high-resolution imaging. A com-
bination of SeeDB2 method and volumetric
super-resolution microscopy enabled light microscopy-
based connectomics at the synaptic scale, with rich ge-

netic and chemical information. We performed com-

Center for Developmental Biology

Laboratory Head: Takeshi Imai

prehensive mapping of dendritic spines in layer 5
cortical pyramidal neurons. Because resolution was
constant throughout >100 micron thickness with super-
resolution microscopy, we could trace a long apical
dendrite at high resolution and reliably count the num-
ber of spines on apical, oblique, and basal dendrite. We
found that spine density is highly biased along long
apical dendrites, demonstrating >10-fold differences.
Spine density biases were less evident within basal and
oblique dendrites. Size distribution of dendritic spine
heads was consistent throughout all dendrites. Cortical
layer rather than dendritic shaft diameter better ex-
plained the biased distribution of spine density along
apical dendrites. The characteristic spine density pat-
tern was gradually established during postnatal devel-
opment. Our results provide an important platform to
understand synaptic integration in different types (api-
cal, basal, and oblique) of dendrites in cortical pyrami-

dal neurons.

@ Publications

Ke M.-T., Nakai Y., Fujimoto S., Takayama R., Yoshi-
da S., Kitajima S. T., Sato M. and Imai T.: Super-
Resolution Mapping of Neuronal Circuitry with an
Index-Optimized Clearing Agent. Cell Reports 14,
2718-2732 (2016)
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Fear-Induced Hippocampal Remapping in a Spatial Navigation task

Name: John Ormond

Host Laboratory: Neural Circuitry of Memory,

The hippocampal place cell system is thought to en-
code memories for distinct places and the events that
occur within them by using unique spatial maps. How
memories for events which take place against a static
spatial background are encoded is less well understood.
To address this question, rats were implanted with eye-
lid shock electrodes and tetrode recording electrodes
targeting the dorsal hippocampal area CAl. Animals
were then run in a spatial task in which they could
choose any one of three maze arms to reach a goal loca-
tion for food reward. Eye-lid shock was introduced on
two of the arms and animals learned to avoid those
arms in favor of the “safe” arm. Remapping was ob-
served after during learning, but surprisingly, only in a
subset of the population of recorded neurons. This re-
mapping covered the entire maze; however, if after
learning, the identities of the arms were switched such
that the “safe” arm became a shock arm, additional re-
mapping occurred only at the specific locations where
the shock contingencies were changed. Interestingly,
after this second manipulation, those cells which re-
mapped did so in such a way that they developed con-
text encoding, meaning the encoding of the two shock
locations became similar. We found that remapping

cells were over-represented in hippocampal reactiva-

Brain Science Institute
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tion events occurring during sharp-wave ripples during
rest periods between trials. Likewise, of the remapping
cells, context-encoding cells were over-represented
relative to non-context encoding cells in these events.
Taken together, these data indicate that hippocampal
reactivation events to not specifically correspond to
preferred or future trajectories, but likely serve an im-
portant role in consolidating newly encoded spatial and
contextual information into the existing spatial map. In
support of this, in a final analysis I examined remap-
ping cells for 8-16 hours after learning. I found that
those remapping cells that were most active in hippo-
campal reactivation events during the initial learning
were also the most stable over time. Thus, fear-learning
induces remapping in a small population of neurons,
and the resulting changes to the hippocampal map of
space are integrated in to the existing map during hip-

pocampal ripple-associated replay events.

@Oral Presentations

Invited presentation

Fear-induced hippocampal remapping in a spatial navi-
gation task. November, 2016. Department of Psychol-
ogy, University of New Mexico, Albuquerque, New
Mexico, USA

Epitaxial Growth and Device Characterization of AlGaN-Based Deep-Ultraviolet LEDs with
Transparent p-AlGaN Contact Layer Grown on 6-Inch Si(111) Substrate

Name: Tinh Tran

Host Laboratory: Terahertz Quantum Device Laboratory

Deep ultraviolet light emitting diodes (DUV-LEDs)
base on AlGaN materials have attracted considerable
attention due to their wide range of applications in air,

water purification, disinfection, chemical sensors, bio-

Center for Advanced Photonics

Laboratory Head: Hideki Hirayama

medical, non-line-of-sight communication, etc. Al-
GaN-based DUV-LEDs on sapphire substrates have
been already commercialization recently. However, the
growth of AlGaN on silicon substrates for DUV-LED
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applications have been extensively studying due to fac-
ing a lot of challenges. AlGaN-based DUV-LEDs need
an AIN template on the Si substrate which will provide
many advantages since it can transmit the very short
wavelengths (~210 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
DUV-LEDs. Besides these advantages, 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 dis-
location density and crack initiating stress, the pres-
ence 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 surface in-
hibits the structure rearrangement, or a main hindrance
to the development of AIN film is the low growth rate,
etc. Thus, conventional bulk AIN grows on Si is trou-
blesome for researchers. Metal organic chemical vapor
deposition deposited AIN nucleation layers at low tem-
perature typically show a mosaic structure with a very
high edge and screw dislocation densities of about 10°
and 103/ cm?, respectively, for a thin AIN template (~
0.5 pm). 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
layers, modifications of growth mode and high tem-
perature growth, etc. However, there were a few re-
ports on the growth of AIN on stripe patterned-AIN/Si
or -AlN/sapphire substrates and almost no report on the
direct growth of thick AIN templates on circle pattern-
Si substrates have been issued.

After 3-year research and development, we have
successfully grown and fabricated a DUV-LED on pat-
terned Si substrate with highest external quantum effi-
ciency as compared to other currently reports.

The latest result has been presented at 3 abroad, 5 do-
mestic conferences and published 3 original papers as

shown below.

@ Publications

Papers

1.Tran B. T., Hirayama H., Maeda N., Jo M., Toyoda
S. and Kamata N.: Direct Growth and Controlled Co-
alescence of Thick AIN Template on Micro-circle
Patterned Si Substrate. Scientific Reports, 5 14734
(2015)

2.Tran B. T., Meada N., Jo M., Inoue D., Kikitsu T.
and Hirayama H.: Performance Improvement of AIN
Crystal Quality Grown on Patterned Si(111) Sub-
strate for Deep UV-LED Applications. Scientific Re-
ports, 6 35681 (2016).

3.Tran B. T., Meada N., Jo M., Inoue D., Kikitsu T.
and Hirayama H.: High-Quality AIN Template
Grown on a Patterned Si Substrate. Journal of Crys-
tal Growth (In Press, 2016).

@ Oral 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 OpticstPhotonics: Fourteenth International
Conference on Solid State Lighting and LED-based
[llumination Systems, San Diego, California, United
States, August 9-13, 2015.

2.Tran B. T., Hirayama H., Maeda N., Jo M. and Toyo-
da S.: “Direct Growth of Thick AIN Template on
Micro-circle  Patterned-Si  Substrate”, CLEO-
PR2015, Busan, South-Korea, August 24-28, 2015.

3.Tran B. T., Hirayama H., Meada N., Jo M., Inoue D. and
Kikitsu T.: “Improvement of AIN Crystal Quality on Si
Substrate for Deep UV-LED Applications”, Internation-
al Workshop on Nitride Semiconductors (IWN2016),
Orlando, California, United State, October 2-7, 2016.

Domestic conferences

1.Tran B. T., Meada N., Toyoda S., Hirayama H.:
“Characterization of Thick AIN Templates Grown on
Micro-circle Patterned Si Substrates”, The 62 Ja-
pan Society of Applied Physics, Shonan Campus,
Tokai University, Japan, March 11-14, 2015.

2.Tran B. T., Meada N., Toyoda S., Hirayama H.:
“Growth and Optical Properties of AIN/AIGaN Het-

erostructures on Patterned Si Substrate”, The 76
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Japan Society of Applied Physics, Nagoya Congress
Center, Nagoya, Japan, September 13-16, 2015.
3.Tran B. T., Maeda N., Jo M., Hirayama H.: “Growth
of Optical Properties of AIN/AlGaN Heterostruc-
tures on Patterned Si Substrate”, Nagoya Congress
Center, Nagoya City, Japan, September 13-16, 2015.
4.Tran B. T., Hirayama H., Maeda N., Jo M.: “Growth
of AIN Template and AlGaN MQWs on Micro-circle

Patterned Si Substrate”, the 6th International Sympo-
sium on Growth of III-Nitrides (ISGN-6), Hamamat-
su City, Nagoya, Japan, November 8-13, 2015.
5.Tran B. T., Hirayama H., Meada N., Jo M., Inoue D.,
Kikitsu T.: “Effect of Patterned-Si Substrate on
Crystalline Quality of AIN Template”, The 18 Inter-
national Conference on Crystal Growth and Epitaxy
(ICCGE-18), Nagoya, Japan, August 7-12, 2016.

Functionalization of Plasmonic and Terahertz Metamaterials for Tunable Structural

Colouration, Perfect Light Absorber and Optical Sensor Applications

Name: Renilkumar Mudachathi

Host Laboratory: Metamaterials Laboratory

This research was focused on the engineering of res-
onant behavior of plasmonic and terahertz metamateri-
als for possible device applications as controllable
structural colouration, perfect light absorption and op-
tical sensing. It has long been the interests of scientists
to develop ink free colour printing technique using
nano structured materials inspired by brilliant colours
found in many creatures like butterflies and peacocks.
Recently isolated metal nano structures exhibiting
preferential light absorption and scattering have been
explored as a promising candidate for this emerging
field. Applying such structures in practical use, how-
ever, demands the production of individual colours
with distinct reflective peaks, tunable across the visible
wavelength region combined with controllable colour
attributes and economically feasible fabrication. In this
project we have designed and realized a simple yet ef-
ficient colour printing approach employing sub-mi-
crometer scale plasmonic pixels of single constituent
metal structure which supports near unity broadband
light absorption at two distinct wavelengths, facilitat-
ing the creation of saturated colours. The dependence
of these resonances on two different parameters of the
same pixel enables controllable colour attributes such
as hue, brightness and saturation across the visible
spectrum. As part of this work we also realized a near
unity broadband light absorber for the entire visible

spectrum with less than 10% reflectivity, which can

Laboratory Head: Takuo Tanaka

also be used as a thin film solar absorber. The linear
dependence of colour attributes on the pixel parameters
eases the automation; which combined with the use of
inexpensive and stable aluminum as functional materi-
al will make this colour design strategy relevant for use
in various commercial applications like printing micro
images for security purposes, consumer product colou-
ration and functionalized decoration to name a few.
An isotropic perfect light absorber in the terahertz
(~30THz) frequency region is also designed and realized
using 3D split ring resonator (SRR) architecture. An in-
digenous technique has been developed for the fabrica-
tion of 3D metamaterial structures utilizing the stress
induced self-folding of suspended metal beams. A high
Q resonant absorption is demonstrated using the incor-
poration of a mirror layer in the 3D SRR architecture.

The research has resulted in the following publications.

@ Publication

Original Paper

1.Renilkumar Mudachathi and Takuo Tanaka “Up
scalable full colour plasmonic pixels with controlla-
ble hue, brightness and saturation” Sci. Rep. in print*

2.Renilkumar Mudachathi and Takuo Tanaka “Broad-
band plasmonic perfect light absorber in the visible
spectrum for solar cell applications” Advances in
Natural Sciences: Nanoscience and Nanotechnolo-

gy, in print*
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@ Presentation

International Conference

1. Renilkumar Mudachahi and Takuo Tanaka “High
contrast structural colour printing with arrays of
plasmonic nano antennas” SPIE Photonic west, Plas-
monic nanostructures 1, Jan28-Feb2 2017 (to be pre-
sented)

2. Renilkumar Mudachathi and Takuo Tanaka “Broad-

band plasmonic perfect light absorber in the visible

spectrum for solar cell applications” The 8™ Interna-
tional Workshop on Advanced Materials Science and
Nanotechnology (IWAMSN2016), 8-12 November,
2016 [ Dong Hoi City, Vietnam

3.Renilkumar Mudachathi and Takuo Tanaka and
Manoj M Varma “Engineering the photonic band gap
for simultaneous multi-parametric sensing” The Op-
tics & Photonics International 2016 Congress, Yoko-
hama, Japan, May. 17 - May. 20, 2016

Alternative Promoters, Biomarkers and Gene Regulatory Networks in Cancers

Name: Bogumil Kaczkowski

Host Laboratory: Genome Information Analysis Team

Genes that are commonly deregulated in cancer are
clinically attractive as candidate pan-cancer diagnostic
markers and therapeutic targets. In our previous pan-
cancer study, we integrated the data from FANTOMS
project - Cap Analysis of Gene Expression (CAGE)
profiles of 225 different cancer cell lines - with data
from The Cancer Genome Atlas (TCGA) project -
RNA-seq profiles of 4,055 tumors. We identified a core
transcript set (of both coding and non-coding tran-
scripts) with therapeutic and diagnostic potential. In
this study, we aimed to extend the analysis by integrat-
ing epigenetic data (DNA methylation and histone
modifications) in order to find epigenetically regulated
biomarkers and drivers.

We performed integrative analysis of promoter-level
gene expression profiles from Cap Analysis of Gene
Expression (CAGE) of 16 cancer cell lines and 16 nor-
mal primary cell samples with DNA methylation pro-
files of 69 NSCLC cell and 6 normal lung epithelial
cells. This way, we identified a set of 49 coding genes
and 10 non-coding RNAs that are up regulated in
NSCLC cell lines due to promoter hypomethylation.
We validated the 22 out of 59 epigenetically regulated
genes (up-regulated genes with hypo-methylated pro-
moters) in LUAD and LUSC lung cancer datasets from

TCGA. Our unbiased, genome-wide analyses also al-

Division of Genomic Technologies
Center for Life Science Technologies
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lowed for discovery of epigenetic activation of promot-
ers located within repeat elements.

In our previous pan-cancer study, we showed the
transcriptional activation of the REP522 interspersed
repeat in cancer. In this study, we demonstrated that the
transcriptional activation is accompanied by parallel
epigenetic changes - DNA hypomethylation and his-
tone modifications characteristic to promoter activa-
tion. We also showed that the activation of REP522
promoters is coordinated and occurs at multiple
REP522 elements in the genome at the same time. With
TCGA data we confirmed the DNA hypomethylation
and transcriptional activation (up-regulation of associ-
ated transcript) of REP522 element in clinical lung tu-
mors (both LUSC and LUAD datasets). Our previous
research indicates that REP522 activation is a pan-can-
cer phenomenon occurring in a fraction of tumors of
various origins, thus the epigenetic activation is likely
to occur in other cancers; however, further analyses are

needed to document it.

@ Publications

Papers

1.M. Horie, B. Kaczkowski, M. Ohshima, H. Matsu-
zaki, S. Noguchi, Y. Mikami, M. Lizio, M. Itoh, H.

Kawaji, T. Lassmann, P. Carninci, Y. Hayashizaki,
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A.R.R. Forrest, the FANTOM consortium, D. Takai,
Y. Yamaguchi, P. Micke, A. Saito, T. Nagase: “Inte-

grative analysis of CAGE and DNA methylation pro- 2.

filing identified epigenetically regulated biomarkers
in non-small cell lung cancer”, submitted.

Other (invited commentary)

1. B. Kaczkowski, K. Hashimoto, & P. Carninci: “Epi-
drivers and cancer-testis genes.” Translational Can-
cer Research, 5(3), 334-336-336, 2016.

and cancer biology”. CLST Educational Program,
Kobe, Japan, July 7, 2016

B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin,
R. Andersson, M. Itoh, T. Lassmann, FANTOMS
consortium, Y. Hayashizaki, P. Carninci, and A. R.
Forrest: “CAGE as a tool for cancer research and
biomarker discovery”. RIKEN Symposium: Cancer
research by CAGE method, Yokohama, Japan, Sep-
tember 13, 2016

@ Oral Presentations @ Poster Presentations
International Conference International Conference
1.B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin, 1.B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin,

R. Andersson, M. Itoh, T. Lassmann, FANTOMS5
consortium, Y. Hayashizaki, P. Carninci, and A. R.
Forrest: “Transcriptome analysis identifies genes,
enhancer RNAs and repetitive elements that are re-
currently deregulated across multiple cancer types”.
Human Genome Meeting (HGM 2016), Houston,

R. Andersson, M. Itoh, T. Lassmann, FANTOMS
consortium, Y. Hayashizaki, P. Carninci, and A. R.
Forrest: “Recurrent transcriptome alterations across
multiple cancer types”, Molecular American Associ-
ation for Cancer Research (AACR) Annual Meeting
2016, New Orleans, Louisiana, USA, April 19, 2016

USA, February 29, 2016 Domestic
Domestic B. Kaczkowski, D. M. Sivaraman, Y. Tanaka, L. C.

1.B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin,
R. Andersson, M. Itoh, T. Lassmann, FANTOMS5
consortium, Y. Hayashizaki, P. Carninci, and A. R.

Forrest: “Cap Analysis of Gene Expression (CAGE)
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Origin and Evolution of Planetary Systems in the Milky Way

Name: Steven Rieder

Host Laboratory: Particle Simulator Research Team

Simulating the evolution of planetary systems re-
quires knowledge of how and where these formed.
When stars are born, they are embedded in a cloud of
gas and dust, together with many other stars. These
clouds dissipate after some time, and the region may
become unbound, letting the stars escape. While em-
bedded in the cloud, stars have a high probability of
interacting with other stars, whereas after escaping, the
chances of this happening are negligible. Shaping of
planetary systems by their environment therefore oc-
curs at a young age of the system, and understanding
this process requires knowledge of how such environ-
ments evolve.

To this end, I work with Prof. A. Sills (McMaster
University) to reproduce a wide range of observed
young stellar environments from the MYStX survey in
a simulation environment. This allows us to study how
such environments evolve, how often stars interact and
to what degree their planetary systems would be af-
fected by such interactions, while also giving us a bet-
ter understanding of the different stages in evolution of
the stellar environment. Our simulation environment is
now able to handle the formation of bound pairs of
stars (binaries), an important improvement on our ear-
lier model.

At the same time, the planetary system itself forms.

Observations by new telescopes like ALMA show this

Advanced Institute for Computational Science
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formation in progress in several young systems, pro-
viding us with a better understanding of this process.
Since planetary systems may not have completed their
formation at the time of interaction with other stars,
simulating this process is an important step as well.

I am using the J7/407 system as a pilot for understand-
ing this step. In many ways, J1407 can be seen as a
miniature version of a young planetary system interact-
ing with a star: its companion has a large disk in orbit,
which is being disturbed by interactions with the star.
In the article I published in Astronomy & Astrophysics
with Dr. M. Kenworthy (Leiden University), we
showed that the direction of the orbit (or encounter) has
a significant effect on the shape of the disc: if this direc-
tion is co-rotating, it is much more likely to be disrupt-
ed.

@ Publications

Papers

Rieder S., Kenworthy M. A.: Constraints on the size
and dynamics of the J1407b ring system, Astronomy
& Astrophysics, Volume 596, id.A9, 5 pp.

@ Oral Presentations

International conferences

Rieder S.: “AMUSE-ing Initial Conditions”, MODEST
16-NYC, New York City USA, August 6-9 2016

Quantum Chromo Dynamics in extreme conditions

Name: Vladimir Skokov
Host Laboratory: Theory Group

The first correction to the quadrupole operator in
high-energy QCD beyond the transverse momentum
dependent (TMD) limit of Weizsdcker-Williams and

Nishina Center for Accelerator-Based Science
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linearly polarized gluon distributions were determined.
These functions give rise to isotropic, respectively,

~co0s2 ¢ angular distributions in deep inelastic scatter-
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ing (DIS) dijet production. On the other hand, the cor-
rection produces a ~cos4 ¢ angular dependence which
is suppressed by one additional power of the total dijet
transverse momentum scale (squared).

Previously, a matrix model of the region near the
transition temperature, in the “semi”’quark gluon plas-
ma, was developed for the theory of SU(3) gluons
without quarks. In this paper we develop a chiral ma-
trix model applicable to QCD by including dynamical
quarks with 2+1 flavors. This requires adding a nonet
of scalar fields, with both parities, and coupling these
to quarks through a Yukawa coupling, y. Treating the
scalar fields in mean field approximation, the effective
Lagrangian is computed by integrating out quarks to
one loop order. As is standard, the potential for the sca-
lar fields is chosen to be symmetric under the flavor
symmetry of SU(3), XSU(3), XZ(3)., except for a
term linear in the current quark mass. In addition, at a
nonzero temperature T it is necessary to add a new
term, ~m T-. The parameters of the gluon part of the
matrix model are identical to those for the pure glue
theory without quarks. The parameters in the chiral ma-
trix model are fixed by the values, at zero temperature,
of the pion decay constant and the masses of the pions,
kaons, 7, and 1’ . The temperature for the chiral
crossover at T =155 MeV is determined by adjusting
the Yukawa coupling y. We find reasonable agreement
with the results of numerical simulations on the lattice
for the pressure and related quantities. In the chiral
limit, besides the divergence in the chiral susceptibility
there is also a milder divergence in the susceptibility
between the Polyakov loop and the chiral order param-
eter, with critical exponent f3-1. We compute deriva-
tives with respect to a quark chemical potential to de-
termine the susceptibilities for baryon number, the
X ».- Especially sensitive tests are provided by y ,- x
and by x ,, which changes in sign about T y . The be-
havior of the susceptibilities in the chiral matrix model
strongly suggests that as the temperature increases
from T , that the transition to deconfinement is signifi-
cantly quicker than indicated by the measurements of
the (renormalized) Polyakov loop on the lattice.

We also consider how tetraquarks can affect the chi-

ral phase transition in theories like QCD, with light

quarks coupled to three colors. For two flavors the tet-
raquark field is an isosinglet, and its effect is minimal.
For three flavors, however, the tetraquark field trans-
forms in the same representation of the chiral symme-
try group as the usual chiral order parameter, and so for
very light quarks there may be two chiral phase transi-
tions, which are both of first order. In QCD, results
from the lattice indicate that any transition from the
tetraquark condensate is a smooth crossover. In the
plane of temperature, T, and quark chemical potential,
W, a crossover line for the tetraquark condensate is
naturally related to the transition line for color super-
conductivity. We stress that including tetraquarks is es-
sential in using effective models to determine the posi-
tion of a critical end point in the plane of T and p . For
four flavors we suggest that a triquark field, antisym-
metric in both flavor and color, combine to form
hexaquarks.

We modify the McLerran—Venugopalan model to in-
clude only a finite number of sources of color charge.
In the effective action for such a system of a finite num-
ber of sources, there is a point-like interaction and a
Coulombic interaction. The point interaction generates
the standard fluctuation term in the McLerran—Venugo-
palan model. The Coulomb interaction generates the
charge screening originating from well known evolu-
tion in x . Such a model may be useful for computing
angular harmonics of flow measured in high energy
hadron collisions for small systems. In this paper we

provide a basic formulation of the problem on a lattice.
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Nuclear Transmutation for the Long-lived Radioactive Waste

Name: He Wang

Host Laboratory: Radioactive Isotope Physics Laboratory

In the present work, spallation reaction for the long-
lived fission product (LLFP) '97Pd has been investi-
gated for the purpose of nuclear waste transmutation.
The spallation cross sections on proton and deuteron
were obtained at 200 and 100 MeV/nucleon for the en-
ergy dependence. Among LLFP, palladium is one of
the promising metals which could be separated for in-
dustrial use. One of the promising metals is palladium.
However, the palladium metal has a radioactive isotope
107pd, which is a typical long-lived fission product with
a half-life of 6.5 x 10° years. The present work aims to
find a possible mechanism for the reduction in the ra-
dioactivity of '97Pd. In our previous study on LLFP nu-
clei ¥7Cs and °Sr, it was found that the spallation reac-
tion could be an option for the LLFP transmutation. In
this work, we have studied the spallation of '97Pd at the
different reaction energies for a further understanding
in the reaction mechanism.

The experiments were performed at the RIKEN Ra-
dioactive Isotope Beam Factory. The inverse kinemat-
ics technique was adopted. The '°7Pd beams, produced
at the in-flight separator BigRIPS, were used and pro-

ton/deuteron-induced reactions were conducted using

Nishina Center for Accelerator-Based Science
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the proton and deuteron targets. Such technique allows
us to study systematically on the target and energy de-
pendences of reactions, and to unambiguously identify
the LLFP beams and the reaction products event-by-
event.

The energy dependence of spallation reaction was
systematically investigated. It is found that the produc-
tion of silver isotopes, which have a larger nuclear
charge than '97Pd, increases as the energy decreases.
For the light-mass products, the deuteron-induced
cross sections (g,) at 100 MeV/nucleon are almost the
same as the proton-induced ones (o) at 200 MeV/nu-
cleon. The production of these light products depends
on the energy deposited. Because deuteron has two
nucleons, the deuteron-induced reaction at 100 MeV/
nucleon dissipates similar energy to the proton-induced
one at 200 MeV/nucleon, resulting in a similar produc-
tion. The results on the energy dependence of cross sec-
tion yield valuable information in the mechanism of the
spallation reactions.

The results on the energy dependence are useful to
optimize the beam species and energy for an accelera-

tor-driven transmutation system for LLFP. It was found
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that the production of other LLFP nuclei becomes
smaller when the reaction energy decreases. Thus, the
spallation at a low energy might be suitable for the
transmutation of 197Pd. In addition, it was found that
the deuteron-induced reaction might be promising to
reduce the transmutation cost while providing a small
production ratio of the other LLFP nuclei.

The high-quality data obtained in the present work
provide useful information on the reaction mechanism
as well as towards a possible solution for the transmu-

tation of 107Pd.
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The Contribution of Thermal Particles to Gamma-ray Burst Afterglows

Name: Donald Warren

Host Laboratory: Astrophysical Big Bang Laboratory

The standard model for the afterglows of gamma-ray
bursts is that a population of electrons forms a power
law distribution with a constant spectral index. These
electrons then produce synchrotron radiation in the in-
tense magnetic fields downstream of the relativistic
forward shock, which we observe as the afterglow. In
spite of its success in being matched to observations of

afterglows, the standard synchrotron model makes two

Laboratory Head: Shigehiro Nagataki

assumptions at odds with current models of relativistic
shocks and shock acceleration. First, there must be a
population of particles (both protons and electrons,
though only the electrons are observationally signifi-
cant) that does not enter the shock process. There is no
way to satisfy the Rankine-Hugoniot conservation
equations across the shock if these particles are exclud-

ed; either number flux conservation or energy/momen-
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tum flux conservation must be violated. Second, the
magnetic instabilities present upstream from these
shocks facilitate energy transfer between ions and elec-
trons. Instead of, as previously thought, electrons
crossing the shock with energies of a few MeV, they
instead cross the shock with energies of tens of GeV.
These particles, called the “thermal” population to dis-
tinguish them from the “non-thermal” population that
was further shock-accelerated through the Fermi pro-
cess, have important observational consequences that
must be taken into account. Compared against the pre-
dictions of the standard model, the thermal particles
cause an increase in radio, optical, and gamma-ray
emission by factors of 100, 100 and 30, respectively.
Additionally, because the thermal population has a dif-
ferent spectral shape than a pure power law, the spec-
tral index of the afterglow should vary with time in a
non-monotonic way. Precisely these variations have

been observed in the X-ray band in several afterglows.

@ Publications
Papers
Warren D. C., Ellison D. C., Barkov M. V. and Nagat-

aki S.: Nonlinear particle acceleration and thermal
particles in GRB afterglows. Astrophysical Journal,

in print*

@ Oral Presentations

International conferences

Warren D. C.: “Shock acceleration of cosmic rays in
GRB afterglows”. 8" Huntsville GRB Symposium,
Huntsville AL USA, October 2016.

Domestic conferences

Warren D. C.: “GRB afterglows produced by nonlinear
shock acceleration”. CTA Consortium Meeting 2016,
Kashiwa, May 2016.

Warren D. C.: “Nonlinear cosmic ray acceleration in
GRB afterglows”. RIKEN-RESCEU meeting, Tokyo
University, July 2016.

Warren D. C.: “Nonlinear cosmic ray acceleration in
GRB afterglows”. Kyoto Meeting on Ultra-High En-
ergy Cosmic Rays, Kyoto, October 2016.

Warren D. C.: “A nonlinear diffusive shock model for
GRB afterglows”. Transient Universe in the Big Sur-
vey Era, Kyoto, January 2017.

Research topic: Study on the Cluster Structure of Carbon Isotopes Using Direct Reactions

Name:

Host Laboratory:

When approaching the neutron-drip line (the limits
of stability) many new types of phenomena will
emerge, e.g. neutron halo and clustering, which are
challenging the modern nuclear theories. Structure and
reaction properties of neutron-rich nuclei are of funda-
mental importance to understand the nature of nuclear
force and also nuclear matter with extreme densities
and isospins.

We have studied the Borromean nucleus '’B by us-
ing the quasi-free (p,pn) reaction with state-of-the-art
liquid hydrogen target, MINOS. From the preliminary
data analysis, excited states of '°B, located at around
0.05 MeV and 2.4 MeV, are clearly identified by ana-

Zaihong Yang
Spin-isospin Laboratory
Nishina Center for Accelerator-Based Science
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lyzing the invariant-mass excitation energy spectrum
and the coincidence with the gamma ray. And they are
assigned as d-wave resonances based on the missing
momentum spectrum of the knock-out neutron. Signifi-
cant s-wave component was also observed in the cur-
rent measurement, and the strength was determined to
be around 30%. Significant s-wave component is the
key for the formation of neutron halo in "B, and the
current study is hitherto the first direct measurement of
the s-wave component in '7B. Analysis of cross sec-
tions for each !°B state is still in progress, from which
the spectroscopic information of 7B will be entangled.

We have also been studying the four-neutron neutral
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system, tetraneutron (*n), for which we will carry out
experimental study in around June of 2017 by using the
(p,2p) reaction on ®He with MINOS. These multi-neu-
tron systems, whether existing as bound or quasi-bound
(resonance), have fundamental importance in nuclear
physics, and provide the possibility to investigate
“purely” the nucleon-nucleon interaction which is free
from Coulomb interaction, and serve as the most strin-
gent test of our knowledge of nuclear interactions. The
first direct measurement of the four decay neutrons of
tetraneutron system will be carried out in this experi-
ment. Low-lying tetraneutron states will be unambigu-
ously identified from the invariant mass spectrum re-
constructed from the kinematical information of the
four neutrons, and the correlation between the four
neutrons will also be investigated through angular and
energy correlation analysis. We have finished prepara-
tion of the detectors and the supporting frame, and a
test experiment of the proton detectors has also been
carried out at CYRIC (Tohoku University) in Feb of
2017.
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Investigations of Electromagnetic-Field Induced Effects in Strongly Coupled Gauge Theories

Name: Di-Lun Yang

Host Laboratory: Quantum Hadron Physics Laboratory

Our research has been recently focused on novel
quantum effects in chiral systems pertinent to quantum
anomalies. One of our recent works is the derivation of
chiral kinetic theory (CKT), which is crucial to delin-
eate non-equilibrium transport of a particle when the
interaction and background fields are sufficiently weak,
including both background fields and collisional effects
from quantum field theories. Although relevant studies
have been carried out in equilibrium systems and an
effective theory with a predominant chemical potential
without collisions, our study is more general and ap-
plicable for non-equilibrium conditions. On the other
hand, our derivation manifests the side-jump phenom-
ena from the field-theory point of view, which supports

the previous findings in semi-classical approaches.
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In our work, we follow the standard approach in the
real-time formalism. By solving Dirac equations, non-
trivial side-jump terms coupled to background fields
and self-energy from collisions naturally appear in the
perturbative solution for Wigner functions with the
leading-order quantum corrections in terms of the gra-
dient expansion as the long-wavelength approxima-
tion, which allude to modified Lorentz transformation
of coordinates and momenta for distribution functions.
Our study further generalize the semi-classical analysis
to incorporate the influence from both background
fields and collisions on side jumps simultaneously. For
free fermions, we further show that the side-jumps are
related to reparametrization of distribution functions.

From field theories, a self-consistent expression of the
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CKT with collisions expressed in terms of self-energy
in the presence of background fields is systematically
derived. In the absence of background fields, we di-
rectly find the presence of a no-jump frame as the cen-
ter of mass frame, which validates the argument re-
garding the no-jump frame proposed from the
semi-classical approach. In summary, our study pro-
vides and systematic treatment to investigate quantum
effects for Weyl fermions, which can be easily extend-
ed and applied in both theory and phenomenology.

In addition to the theoretical study of chiral systems,
we also worked on the phenomenology of photon pro-
duction in heavy ion collisions. We successfully built
the collaborations between string theorists working on
the AdS/CFT correspondence and experts in hydrody-
namic simulations to investigate the direct-photon
emission in RHIC and LHC. In our work, the thermal-
photon emission from strongly coupled gauge theories
at finite temperature is calculated using holographic
models for QCD in the Veneziano limit (V-QCD). The
emission rates are then embedded in hydrodynamic
simulations combined with prompt photons from hard
scattering and the thermal photons from hadron gas to
analyze the spectra and anisotropic ow of direct pho-
tons at RHIC and LHC. The results from different
sources responsible for the thermal photons in QGP in-
cluding the weakly coupled QGP (wWQGP) from pertur-
bative calculations, strongly coupled N =4 super Yang-
Mills (SYM) plasma (as a benchmark for reference),
and Gubser’s phenomenological holographic model
are then compared. It is found that the direct-photon
spectra are enhanced in the strongly coupled scenario
compared with the ones in the wQGP, especially at
high momenta. Moreover, both the elliptic ow and tri-
angular flow of direct photons are amplified at high
momenta for V-QCD and the SYM plasma. Despite the
model dependence, the V-QCD slightly improves the

agreement with experimental data.
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Quantum Limited Measurement using Superconducting Circuits

Name: Zhirong Lin

Host Laboratory: Superconducting Quantum Electronics Research Team

Quantum engineering, encompassing both funda-
mental physics and the engineering, inspires many re-
searchers from different areas to explore what can be
done with quantum systems, instead of being satisfied
with what nature hands us. For instance, efficient de-
tection of single microwave photons, a requisite tech-
nique in microwave quantum-optics experiments, is
extremely challenging by using conventional technolo-
gies. In this study, we planned to develop a high-effi-
ciency itinerant microwave-photon detector using arti-
ficial quantum systems based on superconducting
circuit.

As reported in last year, we demonstrated efficient
time-gated-mode photon detection of a single micro-
wave photon propagating through a waveguide with a
detection efficiency ~0.7 and abandwidth~27 X 16 MHz.
In this fiscal year, we are developing a new device to
extend the detection from the time-gated mode to the
continuous-mode operation. The continuous micro-
wave-photon detector is more attractive and practical
for quantum-optics experiments. I improved the coher-
ence time of superconducting qubits by improving fab-
rication process of the qubit. I mainly focused on re-
ducing the loss comes from the capacitor. For example,
I employed low-loss substrate and improved the loss in
metal-substrate interface. After several-month efforts,
our coherence times of quantum bit device are in-
creased by one order, which would make our detection
efficiencies reaching ~0.9. We also fabricated and mea-
sured the continuous single microwave-photon detec-
tor. In the sample, we have observed that both continu-
ous monitoring of quantum state and capturing
microwave photons can work simultaneously. Further

experiments will be carried out in the coming fiscal
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year.
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Structural Dynamics of Biomolecules Studied by Novel Single Molecule Spectroscopy

Name: Bidyut Sarkar

Host Laboratory: Molecular Spectroscopy Laboratory

The “softness” or the ability to fluctuate among sev-
eral alternate conformations often regulates the func-
tion of biopolymers such as protein, DNA or RNA. The
timescale for such conformational interconversions can
vary from microseconds to seconds or minutes. While
millisecond and slower dynamics are well studied,
methods to study microsecond dynamics remain sparse.
Here, I employ two-dimensional fluorescence lifetime
correlation spectroscopy (2D FLCS), recently devel-
oped at RIKEN, to study the ps-ms conformational
dynamics of biopolymers. In the following, I describe
my efforts to (I) understand the ligand sensing mecha-
nism of PreQl riboswitch, (II) combine the dynamic
fluorescence quenching technique and 2D FLCS, and
(I11) further improvement of 2D FLCS by implement-
ing pulsed interleaved excitation (PIE).

(D) Ligand sensing mechanism of PreQl1 riboswitch:
We use the ligand binding ‘aptamer’ domain of
PreQ1 riboswitch from Bacillus subtilis to study the
ligand binding mechanism. 2D FLCS measure-
ments on FRET-pair labeled aptamer show ps-
conformational dynamics between two ensembles
of states in (1) ligand-free apo-state, (2) in presence
of divalent metal ion Mg2" (an essential co-factor in
RNA folding), and (3) in presence of the ligand
preQl. Interestingly, the folding mechanisms in
presence of Mg?" and PreQ1 seem to be different.
While Mg?" prefers ‘conformational selection’ of
the folded state, PreQ1 introduces new folded con-
formation via the ‘induced fit’ mechanism. How-
ever, only a small population of molecules (10-
20%) undergo this fast p s-dynamics, while others
may follow slower (>10ms) dynamics. Presently,
we are working on to generate a complete kinetic
model for folding/binding events, with further veri-
fication of the model using simulated photon data.

(Il) New method combining dynamic quenching and
2D FLCS: Conformational dynamics of biopoly-
mers are widely studied using FRET probes, which

Laboratory Head: Prof. Tahei Tahara

report the inter-dye distance (~1-5 nm). Here we
combine 2D-FLCS with collisional quenching of a
single fluorophore labeled biopolymer to study dy-
namic changes in the solvent accessibility around
the fluorophore. We demonstrate the newly devel-
oped method in a single-stranded DNA-hairpin.
The results suggest ~100 ps dynamics, compara-
ble to the results from FRET-based measurement.
In complementary to the FRET-based distance
measurements, this new method can be used to
study dynamic changes in the microenvironment of
biopolymers.

(II1) Implementation of PIE-2D FLCS: Typically, sin-
gle molecule FRET measurements are performed
by exciting donor fluorophore and observing the
signals from donor and acceptor fluorophores.
However, it is difficult to obtain pure doubly (fluo-
rophore) labeled molecules. Contaminating signals
from singly donor or singly acceptor labeled mole-
cules can often make the analysis and/or interpreta-
tions difficult. One possible way for in situ evalua-
tion of the dye contents of an individual biopolymer
is pulsed interleaved excitation of the donor and
acceptor fluorophores using two excitation lasers.
Here, we develop the analysis protocol for this PIE-
2D FLCS measurements. This new method can
readily separate the signals of FRET pair-labeled
molecules from singly donor or acceptor labeled
molecules. Additionally, the leak of donor fluores-
cence into acceptor signal, and the signal form di-
rect excitation of acceptor by donor excitation pulse
can also be quantitatively evaluated. Overall, the
use of 2 color excitation-2 color detection makes

the analysis more robust.
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Catalytic N, Fixation to Diamine with Titanium Complex

Name: Ching Tat To
Host Laboratory: Advanced Catalysis Research Group

In this fiscal year the reactivity of tri- and tetra-nu-
clear titanium hydride and titanium imido-nitrido-com-
plexes were investigated. Firstly, the reactivity of tri-
nuclear titanium hydride complexes bearing sterically
bulky cyclopentadienyl ligand, (Cp™®'Ti);H,, towards
N, was studied and compared with the reported
(Cp’Ti);H;. The use of sterically bulky Cp™ ligand
avoided the formation of tetra-nuclear titanium octa-
hydride, which showed inertness towards N, activa-
tion, during the synthesis of the active tri-nuclear heta-
hydride. Indeed, hydrogenolysis of CpBUTi(CH,TMS),
yielded exclusively the (Cp™'Ti);H, complex. It read-
ily activated N, at room temperature conditions to give
the titanium imido-nitrido-complex (Cp™BUTi);(N)(NH)
(H),. The reaction progress was closely monitored by
'"H NMR spectroscopy and two intermediate species
were observed. The two intermediates were preliminar-
ily identified as (Cp™®'Ti);(u*n>-N,)(H); and
(Cp™UTi);(N),(H)(H), in C¢Dy. The Cp’ analogues of
these two intermediates have been reported, suggesting
that the N, activation with (Cp™®"Ti);H, went through
the same reaction pathway as (Cp 'Ti);H,, albeit the
(Cp™BTi);H, reacted with slower rate which is account-
ed by steric reason. In addition, it was observed that the

solid state (CpB'Ti);(u2:n2-N,)(H); underwent conver-
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sion to give the (Cp™B'Ti);(N)(NH)(H), under argon
atmosphere at room temperature. Further heating of
(Cp™¥Ti);(N)(NH)(H), with N, initiated second N, ac-
tivation to yield (CpB'Ti);(N)(NH);. Both
(Cp™UTi)y(NY(NH)(H), and (Cp™Ti)y(N)(NH), react-
ed with aromatic acyl chloride to yield the correspond-
ing aromatic nitrile as organic product and CpB'TiCl,
was identified as the organometallic product.

It has been reported that (Cp’Ti),(N),(NH), reacted
with a series of acyl chloride to yield the corresponding
nitriles. In regard to this transformation, several kinetic
studies were performed. It was discovered that
(Cp’Ti)4(N),(NH), and acyl chloride are both first or-
der dependent. Moreover, the reactivity order of steri-
cally different (CpHTi),(N),(NH),, (Cp*Ti)4(N),(NH),,
(CpETi)(N),(NH), and (Cp’Ti),(N),(NH), followed
(Cp*Ti)y(N),(NH), > (Cp'Ti)y(N),(NH), >
(CpF'Ti)4(N),(NH), in a linear relationship based on
initial rate data.

The reactivity of (Cp’Ti),(N),(NH), towards other
organic substrates in an attempt to initial nitrogen
transfer into organic products was investigated. Unfor-
tunately, screening of substrates containing oxygen and
chlorine moieties led to products either without nitro-

gen incorporation or intractable fates.

Role of Group 2 innate lymphoid cells (ILC2) in Obesity and Adipose Tissue Homeostasis

Name: Kafi Ealey

Host Laboratory: Laboratory for Innate Immune Systems

Type 2 immunity maintains white adipose tissue

Center for Integrative Medical Sciences

Laboratory Head: Kazuyo Moro

(WAT) homeostasis and is mostly comprised of alterna-
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tively activated macrophages, eosinophils, convention-
al and regulatory T cells and type 2 innate lymphoid
cells (ILC2s). ILC2s are most abundant in mesentery
fat. They constitutively produce the type 2 cytokines
IL-5 and IL-13 at steady state and rapidly produce large
amounts of these cytokines in response to stimulation
with IL-33 or IL-2 +IL-25. ILC2-derived type 2 cyto-
kines maintain the immune cells in WAT to initiate ho-
meostatic responses but the mechanism by which
ILC2s facilitate communication between adipocytes
and their precursors and immune cells are not known.
The ongoing aim of this project is to identify molecular
signals that mediate cellular crosstalk between ILC2s
and the major cell types in WAT. We used an in vitro
transwell co-culture system to co-culture naive ILC2s
isolated from mesentery fat with adipocyte precursors.
The adipocyte precursors used were mouse embryonic
fibroblasts (MEFS), 3T3-L1 preadipocyte commercial
cell line or primary adipocyte precursors isolated from
inguinal fat pads of mice. The preadipocytes were
treated with a differentiation cocktail to induce differ-
entiation. Soluble factors from IL-33-activated ILC2s
upregulated C/EBP f3- and C/EBP-§ that are critical
genes in the early stages of adipocyte differentiation
but inhibited expression of C/EBP @ and PPAR vy, two
key genes in adipocyte differentiation, resulting in re-
duced adipogenesis. MEFS and adipocyte precursor
cells co-cultured with ILC2s exhibited significant dif-
ferences in morphology and adipocyte quality. Com-
pared to adipocyte precursors cultured with DMEM or
DMEM +IL33, those cultured with IL-33-activated
ILC2s developed smaller lipid filled droplets and had a
more fibroblast-like phenotype. Furthermore, collagen
secretion in the medium was significantly higher in
adipocyte precursors co-cultured with ILC2s suggest-
ing that ILC2-derived soluble factors may regulate re-
modelling of the extracellular matrix in adipocytes. In
addition, secretion of adiponectin, which is a marker of
mature adipocytes, was significantly lower in adipo-
cytes co-cultured with ILC2s, suggesting that the adi-
pocyte quality differs in adipocyte precursors differen-
tiated to adipocytes in the presence of ILC2-derived
factors. Co-culture of activated ILC2s with mature adi-

pocytes in vitro significantly altered the cytokine and

chemokine secretion profile of mature adipocytes. In
particular, secretion of Eotaxin, a potent chemoattrac-
tant for eosinophils, was significantly increased in
MEFS co-cultured with IL33-activated ILC2s com-
pared to those cultured in medium containing 1L-33
alone suggesting the possibility that the interaction of
ILC2s with adipocytes may alter the metabolic milieu
to facilitate migration of other immune cells, such as
eosinophils, into WAT. My ongoing studies are focused
on identifying the in vivo mechanisms for cellular
crosstalk between ILC2s, adipose precursors and adi-
pocytes and how these pathways interact to maintain

adipose tissue homeostasis.

@ Publication

Original Paper

Moro K., Ealey KN., Kabata H. and Koyasu S.: Isola-
tion and analysis of group 2 innate lymphoid cells in
mice. Nat. Protoc. 2015 10(5): 792-806*

Ealey KN., Koyasu S.: How many subsets of innate
lymphoid cells do we need? Immunity, 2017
46(1):10-13

@ Oral Presentations

Ealey KN., Koyasu S. and Moro Kazuyo.: “Role of
Group 2 innate lymphoid cells in regulation of adi-
pose tissue homeostasis” The 45" Annual meeting of
the Japanese Society for Immunology Okinawa Ja-
pan 2016, Dec 5.

@ Poster Presentations

International conferences

Ealey KN., Koyasu S. and Moro Kazuyo.: “Role of
Group 2 innate lymphoid cells in cellular crosstalk,
metabolism and homeostasis in adipose tissue” Key-
stone conference on Obesity and Adipose Tissue Bi-
ology Keystone Colorado 2017, Jan 22-26.

Domestic conferences

Ealey KN., Koyasu S. and Moro Kazuyo.: “Role of
Group 2 innate lymphoid cells in regulation of adi-
pose tissue homeostasis” The 37" Annual meeting of
the Japanese Society for the study of Obesity Tokyo
Japan 2016, Oct 9-10.

Ealey KN., Koyasu S. and Moro Kazuyo.: “Role of
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Group 2 innate lymphoid cells in regulation of adi-
pose tissue homeostasis” The 45™ Annual meeting of
the Japanese Society for Immunology Okinawa Ja-
pan 2016, Dec 5

Ealey KN., Koyasu S. and Moro Kazuyo.: “Role of
Group 2 innate lymphoid cells in regulation of adi-
pose tissue homeostasis” Chronic Inflammation

Symposium Osaka Japan 2017, Jan 20-21.

Establishment of the Drug Screening System for the Treatment of NGLYI Mutation Patients

Name:

Host Laboratory:

To establish the doxycline (Dox)-inducible ENGase
expression in the ENGase and Ngly1 double knockout
mice embryonic fibroblast (MEF) cell, in the first step,
A tet-on plasmid expression cell was planned to be es-
tablished, in which the tet-responding element will be
stably expressed in the cell. Monoclonal cell was ob-
tained in the FY2015, however, the cells turned out to
be unstable, in which the Tet-sensitive activity was not
detected after recovering of the cell from frozen stock.
In the present study, the screening was carried out from
the beginning, with a monoclonal cell to be picked
from 60 cell lines separated. And the second plasmid,
pTER-ENGase, was expressed in the cell to get a stable
cell line in which ENGase will be expressed by Dox
induction.

Meanwhile, the ENGase-specific pattern has been
investigated. RTAAN236Q, the model glycoprotein
prone to get aggregated when its single glycan was
cleaved during the ERAD in my precious study, was
added by EGFP at the C-terminus. Living cell image
did not show significant difference between the glyco-
sylated RTAAN236Q-EGFP and the non-glycosylated
RTAAN236QN10Q-EGFP and the solubility of the
non-glycosylated from in RIPA buffer was increased
when detected by biochemical assay. The C-terminal
EGFP was then switched to RFP and the non-glycosyl-
ated RTAAN236Q-RFP decreased its solubility, sug-
gesting an increased aggregation in the cell. To further
increase the identical screening element for the expres-
sion of ENGase in the cell, httQ91 a molecule that
forms aggreosome in the cytosol was kindly provided
by Dr. Kopito (Stanford University). The httQ91-

Chengcheng Huang
Glycometabolome Team

Global Research Cluster
Laboratory Head: Tadashi Suzuki

mcherry formed aggreosome has been reported to re-
cruit ERAD substrate when the degradation has been
compromised. Co-expression of the two substrates was
carried and small part of the RTAAN236Q showed in
the same position was the httQ91 formed large aggre-
gates in the cytosol in a preliminary experiment. while
the result needs to be confirmed by higher efficiency of
the co-expression of the two molecules. Also, Thiofla-
vin T, a fluorescent dye that was used for the staining of
amyloid aggregates, was reported to be increase its
staining by the addition of Ngly1 inhibitor Z-VAD as
reported by others, in my present study the staining was
examined in Ngly1-KO cell and the result did not show
significant difference between Nglyl-KO cells and
wild type cells.

As for the in vitro screening of the ENGase inhibi-
tors, a collaboration with Dr. Matsuo (Gunma Univer-
sity) and RIKEN had been carried. And a FRET-based
probe has be synthesized by Dr. Matsuo (Gunma Uni-
versity) for ENGase activity. Cytosol of double knock-
out MEF cell expressing mouse ENGase was extracted
and send for high throughput screening in RIKEN. Of
4159 drugs detected by RIKEN, 12 drugs that picked up
by the screening was further checked by its cleavage
upon RNase B in vitro, during which the 4 of the drugs
showed inhibitory effect on ENGase, containing one
candidate showed relatively high inhibitory effect opon
ENGase with a IC50 of 1.3uM. The inhibitory effect of
the candidate was futher examined in vivo, by checking
the cleavage of RTAAN236Q in Ngly1-KO cells, how-
ever, on significant inhibitory effect was detected by

two-day treatment by a high concentration of 10uM.
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The screening will further be carried to find a effect in-

hibitor that effectively inhibit ENGase activity in vivo.

@ Publications

Original paper

Harada Y., Huang C., Yamaki S., Dohmae N., Suzuki
T.: Non-lysosomal Degradation of Singly Phosphor-
ylated Oligosaccharides Initiated by the Action of a
Cytosolic Endo- f3 -N-acetylglucosaminidase.

@ Presentations

Domestic conferences

Huang C., Harada Y., Hosomi A., Masahara-Negishi
Yuki., Seino J., Fujihira H., Funakoshi Y., Suzuki T.,
Dohmae N., and Suzuki T.: Studies on the pathologic
mechanism of NGLY'| deficiency. Biochemistry and
molecular biology 2016(Sendai, Japan) 2016, Sep

25-27 poster presentation

Functional study of the Decision-Making Networks in Zebrafish

Name: Merlin Lange

Host Laboratory: Laboratory for Developmental Gene Regulation

We have elucidated that zebrafish Danio rerio, a
small tropical fresh water fish member of the teleost
class, has partially the equivalent structure as the mam-
malian corticobasal ganglia. It has been documented
that neuronal circuits of the corticobasal ganglia are
critical for decision-making. The aim of our study is to
determine the function and the connectivity of the ze-
brafish corticobasal ganglia.

During the past year I developed a technique to per-
form retrograde synaptic tracing in fish, in a defined
genetic population of neurons. We combined the virus
transsynaptic tracing with a clearing tissues method
and the selective plane illumination microscopy to en-
ables a comprehensive analysis of the whole central
nervous system (Collaboration Dr. Miyawaki RIKEN
BSI). We determined the input circuits providing infor-
mation to the so-called indirect pathway of basal gan-
glia. I discovered that the homologous area of the
mammalian cortex in fish, the teleost amygdala, and
the zebrafish thalamus are sending inputs to the indirect
pathway. I am now confirming this data and I started
recently investigation on the other main corticobasal
ganglia the so-called direct pathway.

Using a genetically encoded calcium indicator a re-
porter of the brain activity (GCaMP7, we observed a

learning depend increase in neurons of the indirect

Brain Science Institute
Laboratory head: Hitoshi Okamoto

pathway of basal ganglia activated during an active
avoidance paradigm (punishment based decision mak-
ing). The result suggests that the activity of the zebraf-
ish indirect striatal neurons, a key component of the
corticobasal ganglia, is enhanced during the NoGo ac-
tion selection. Then I started to record the indirect path-
way of basal ganglia activity during a conditioning
place preference (reward based decision making).

In order to facilitate the recording I developed a
highly reliable surgical protocol for cranial window
implantation procedure and in vivo chronic two photon
imaging in zebrafish. We can therefore perform chronic
recording after different learning session to observe the
recruitment of neurons during the improvement of the
decision making process. We are now combining this
procedure to record the activity in the two-corticobasal
ganglia (i.e direct and indirect), during either punish-

ment or reward-based decision-making.

@ Oral Presentations

Invited symposium speaker the International Neu-
roethology Meeting 2017 “Functional study of the
decision-making networks in zebrafish” Lange, Kak-
inuma, Islam, Aoki, Tsuboi and Okamoto. Montevi-
deo, Uruguay, Avril 2016.
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Understanding Translation Control and Delay in Circadian Rhythms

Name: Arthur Millius
Host Laboratory: Laboratory for Synthetic Biology

Life is remarkably adapted to the 24-hour rotational
movement of the Earth. Although 10% of mammalian
genes are rhythmic in the liver, de novo transcription is
only responsible for a small fraction of this rhythmici-
ty. Thus, gene expression studies using microarrays
and RNA-sequencing may not correlate with transla-
tion of the corresponding mRNA nor with protein
abundance. We are taking a systems approach using
next-generation sequencing of ribosome-protected
mRNA fragments to observe how ribosomes bind and
translate mRNA at different times of the day. Specifi-
cally, we isolated ribosomes from the mouse liver at
different circadian times, generated cDNA libraries
from ribosomal-bound mRNA, and used high-through-
put sequencing to characterize rhythmically-translated
transcripts. We will compare translation levels to
mRNA expression by qPCR and total protein abun-
dance as measured by mass spectrometry in the same
liver samples to understand protein flux through circa-
dian pathways. Additionally, we will examine ribo-
somes bound to evolutionarily-conserved upstream
open reading frames (uUORFs) in the 5' upstream re-
gions of many circadian mRNAs. We plan to explore
the function of these uORFs in circadian clock genes in
luciferase reporter cell lines and in knock-out rescue
experiments in mouse embryonic fibroblasts, ES cells
and whole animals. We hypothesize that uORFs in the

5' regions of clock genes are important for high-ampli-

Determinants of Gene

Name:

Host Laboratory:

Gene expression displays considerable variation

when measured at the single cell level, however the key

Quantitative Biology Center
Laboratory Head: Hiroki Ueda

tude, robust circadian rhythms. Our work ultimately
aims to understand how modulation of mRNA transla-
tion might affect the clock, which will be important for
reducing the symptoms of jet-lag and in understanding
and treating circadian-related diseases such as cancer

and depression.

@ Publications

Millius A., and Ueda H.R.: Systems Biology-Derived
Discoveries of Intrinsic Clocks. Front. Neurol. 8:25.
doi: 10.3389/fneur.2017.00025 published*

@ Oral Presentations

International conferences

Millius, A., Narumi R., Ukai-Tadenuma, M., Shimizu
Y., Perrin D., and Ueda, H.R. “Quantitative analysis
of mRNA-protein flux in circadian rhythms by ribo-
somal profiling and mass spectrometry” Society for
Research on Biological Rhythms, Palm Harbor,
Florida USA 2016, May 21-25.

Domestic conferences

Millius, A., Narumi R., Ukai-Tadenuma, M., Shimizu
Y., Perrin D., and Ueda, H.R. “Quantitative analysis
of mRNA-protein flux in circadian rhythms by ribo-
somal profiling and mass spectrometry” QBiC Re-
treat “Researchers on-site”, Awaji Yumebutai Inter-
national Conference Center, Awaji City, Hyogo
2016, June 20-21.

Expression Noise

David Priest

Laboratory for single cell gene dynamics
Quantitative Biology Centre

Laboratory Head: Yuichi Taniguchi

determinants of this noise remain unclear. The present

study includes a set of projects investigating the sourc-
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es of gene expression noise in bacteria. A key technique
for measuring gene expression noise is fluorescent mi-
croscopy, where 1000s of single cells are imaged for
their level of a fluorescent reporter gene. Previously, E.
coli cells were imaged by sandwiching them between
an agarose pad and a coverslip, however this method is
problematic because cells tend to clump together,
which precludes their automatic quantification via im-
age analysis. To solve this, I initiated a collaboration
with Yo Tanaka from the Laboratory for Integrated
Biodevice, QBiC. We designed and fabricated a mould,
called Capsule Hotel, which creates a micro-patterned
agarose gel surface that holds the E. coli cells in place,
allowing automatic detection of ~100 cells per image
frame. One Capsule Hotel device has 24 separate pads,
making it possible to image 24-48 E. coli strains per
day. During 2016 I have been testing Capsule Hotel
and it is now optimised to acquire reproducible data on
different days. As a culmination of these efforts, I am
currently writing a method paper to describe Capsule
Hotel.

I have two projects applying Capsule Hotel to a bio-
logical question. The first of which involves a collabo-
ration with A. prof Abhyudai Singh from the University
of Delaware. Based on his mathematical modelling I
have been acquiring some preliminary data investigat-
ing the dependence of gene expression variability,
measured at the level of YFP fluorescence, on the time
spent in the cell cycle, using cell size as a proxy. We are

continuing discussions and hope to see the project ma-

ture through 2017.

As a second project, I have initiated a collaboration
with Robert Sidney Cox (Kobe University) to investi-
gate the contribution of promoter architecture on gene
expression noise. Dr Cox is providing me with a panel
of E. coli reporters where the spacing between between
operator sites for two repressor proteins is shifted by 1
base pair (bp) increments. We will therefore interrogate
the effect of operator spacing, at the highest-possible 1
bp resolution, on gene expression noise. I will soon
commence measurement of this set of ~100 E. coli
strains, and will collaborate with Dr Cox over the com-
ing months to write the manuscript.

Another project in the Laboratory for single cell
gene dynamics is the development of a method, called
Hi-CO, to measure high resolution chromatin structure
in Eukaryotic cells. During 2016 I have become closely
involved with this project, and have worked with Dr
Masae Ohno and Yuichi Taniguchi to discuss data and
write and submit the manuscript. We will soon submit

a revised version of the Hi-CO manuscript.

@ Publications
No papers accepted for publication during period April
Ist, 2016 to January 3rd, 2017

@ Presentations
QBiC Retreat - Awaji Yumebutai International Confer-
ence Center, 20-21 June 2016. Poster presentation

introducing Capsule Hotel.

Trans-family Grafts between Parasitic Plants and their Hosts

Name: Thomas Spallek

Host Laboratory: Plant Immunity Research Group

Achieving sustainable food security requires an in-
depth knowledge of factors negatively effecting crop
growth. One of these factors are plant diseases, which
are a major yield constrain for agricultural systems.
Plant disease are caused by many different pathogenic

organisms such as viruses, bacteria, fungi, oomycetes,

Center for Sustainable Resource Science

Laboratory Head: Ken Shirasu

insects, nematodes and even by other, so called, para-
sitic plants. Parasitic plants are particularly noxious in
Sub-Saharan Africa, but also of local importance in the
Mediterranean and in parts of Asia. At the same time,
parasitic plants are also an integrated part of most natu-

ral ecosystems. One of these parasitic plants, Phtheiro-
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spermum japonicum, is native to Japan, the Korean
Peninsula and parts of China. We used Phtheirosper-
mum japonicum to establish a model system, which al-
lowed us to study parasitic plant - host interactions at
the molecular level. During my research, I was able to
show that Phtheirospermum japonicum infects other
model plants such Arabidopsis thaliana and that
growth reduction of parasitized Arabidopsis thaliana
and growth benefits for parasitizing Phtheirospermum
Jjaponicum resembled other agricultural important host-
parasite interactions. I was further able to directly mon-
itor and visualize solute fluxes from host to parasite,
which are fundamental to understand the observed
growth reduction of host plants infected by parasitic
plants. Using Arabidopsis thaliana allowed us also to
investigate if mechanisms underlying parasitism are
shared with grafting. Grafting may occur naturally dur-
ing wound healing, but is more commonly known as
horticultural technique of promoting growth of one
plant onto another plant of close genetic relationship by
successfully connecting their vascular systems with
each other. I used different Arabidopsis mutants and
fluorescent plant hormone response markers to show
that similar to grafting, plant hormones are central
components of the infection process used by parasitic
plants. Some of these hormone responses were dramat-
ically enhanced and sustained throughout parasitism
and resulted ultimately in alterations of host root archi-
tecture. My data suggest thereby that these hormonal
changes are produced by the parasite itself and are pos-

sibly of relevance across different evolutionary lineag-

es of parasitic plants. I am currently studying how these
hormonal changes are established; why these mecha-
nisms evolved in different parasitic plants species and
if this mechanism could be applied to improve graft

efficiency.

@ Publication

Papers

Mbengue M., Bourdais G., Gervasi F., Beck M., Zhou
J., Spallek T., Bartels S., Boller T., Ueda T., Kuhn H.
and Robatzek S.: Clathrin-dependent endocytosis is
required for immunity mediated by pattern recogni-
tion receptor kinases. Proc Natl Acad Sci 113:11034-
11039*

@ Presentation

International Conference

Spallek T., Melnyk C., Wakatake T., Kiba T., Yoshida
S., Sakakibara H. and Shirasu K.: "Multiple Trans-
port Routes along Vascular Junctions in Haustoria of
Parasitic Plants" The Fourth International Confer-
ence on Plant Vascular Biology (PVB2016), Shen-
zhen China 2016, July 19-23.

Domestic Conference

Spallek T., Melnyk C., Wakatake T., Kiba T., Yoshida
S., Sakakibara H. and Shirasu K.: "Multiple Trans-
port Routes along Vascular Junctions in Haustoria of
Parasitic Plants" Workshop: Frontiers in host and
parasitic plant interactions, Nara Japan 2016, July
30.

Neural Circuit and Molecular Mechanisms in Lateral Amygdala

for Fear Memory Consolidation.

Name: Bao Zhen Tan

Host Laboratory: Neural Circuits of Memory Laboratory

Cued fear conditioning is a powerful model for the
study of neuronal substrates of associative learning and
mechanisms of memory formation in the mammalian

brain. An aversive unconditioned stimulus (US; elec-

Brain Science Institute

Laboratory Head: Joshua Johansen

tric foot shock) was paired with a neutral conditioned
stimulus (CS; auditory tone). During this acquisition
phase, the tone acquires aversive properties and on sub-

sequent exposure (memory test phase), will elicit a fear
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response (freezing). Pathways transmitting the CS and
US converge in the lateral amygdala (LA), and occur-
rence of synaptic plasticity and concomitant activation
of neuromodulatory afferents to the LA underlies the
acquisition of fear conditioning. One such neuromodu-
lator is noradrenaline (NA). The locus coeruleus (LC)
is a prominent source of NA in the brain. Using a Cre
recombinase-dependent-targeting with retrograde virus
approach, I targeted the LC neurons that project to the
LA and blocked NA release in the LA specifically dur-
ing US period using inhibitory opsins and laser inhibi-
tion. I found that temporally specific inhibition of NA
nerve terminals in the LA during acquisition is suffi-
cient to attenuate long term memory 24 hours later,
compared to fluorescent controls, showing that LC is
the source of NA to the LA, and the specific temporal
epochs during fear conditioning in which these inputs
are important.

In the brain, encoding and storing of associative
memories requires the detection of different input sig-
nals and translation of these associations into changes
in the number, structure, or function of synapses. Thus,
transient coincidences result in the transcriptional acti-
vation of genes encoding factors required for enhanced
synaptic transmission. CRTC1, a transcriptional cofac-
tor, senses the coincidence of two important second
messengers - calcium and cAMP, and via its nuclear
translocation, dramatically increases CREB's transcrip-
tional activity and neural plasticity. Using immunohis-
tochemical studies, I found that fear learning (and not

just sensory experience) produces a significant increase

in CRTCI nuclear translocation in the LA neurons im-
mediately after, and nuclear localization is maintained
and enhanced even after 1 hour, suggesting that CRTC1
may serve to regulate long term memory acquisition
and consolidation in the LA. Indeed, when CRTC]1 ac-
tivity or expression was decreased via viral expression
of a dominant-negative version of CRTC1 or shRNA
targeting CRTC1 respectively, cued long term memory
was attenuated. Furthermore, the effect was restricted
to LA pyramidal cells, but not inhibitory interneurons.

It is well established that synaptic plasticity in the
LA plays a critical role in the association of CS and US
inputs, and thus the acquisition and maintenance of fear
learning and memory. The molecular and circuit pro-
cesses discovered in our studies could represent gen-
eral mechanisms for how memories are formed and
modulated in other neural circuits. In addition, because
fear conditioning is an established model for anxiety
disorders such as post-traumatic stress disorder, these
findings could have important clinical implications.
Understanding how the LA neural circuit connections
and intracellular signaling pathways in this circuit en-
gage fear memory may provide important insights into
how these disorders occur and offer potential therapeu-

tic targets for drug treatment.

@ Oral Presentations (International Conferences)
Tan, B.Z. and Johansen, J.P.: Neural Circuit and Mo-
lecular Mechanisms for Noradrenergic Modulation
of Memory Formation. EMCCS 2016, Copenhagen,

Denmark.
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Nanofluidic Device Embedded with Metamaterials for Ultra-sensitive Infrared
Nanospectroscopy
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@i LEHEX Publications
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(1) Le Thu H. H., and Tanaka T.: “Novel nanofluidic
configuration with metamaterials integrated for ul-
tra-sensitive infrared absorption spectroscopy”, , The
proceedings of the 20" International Conference on
Miniaturized Systems for Chemistry and Life Sci-
ences, 1112 (2016)*

@OEEHK Presentations

(HBR =D

(1) Le Thu H. H., and Tanaka T.: “Design of plasmonic
metamaterials for novel photothermal spectroscopy”
SPIE Optics+Photonics 2016, SanDiego, USA, Aug.
(2016)
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