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Advanced functionality on materials induced by Intense THz
pulse irradiation

Takeshi Nagashima Setsunan University

Recently, generation of intense terahertz (THz) wave in the ~100 pum wavelength region has
rapidly progressed. Since the intense THz wave can apply high electric field to materials in
picosecond time duration, it allows non-thermal material processing that would induce a ultrfa-
fine structuring and creation of novel functionalities on various material surfaces. The purposes
of this study are as follows: 1. development of intense THz pulse sources and 2. observations of
material processing and nonlinear optical effects by irradiating various materials (Si wafer and
water film) with the intense THz pulses.

Developments of intense THz pulse sources

Two types of THz pulse sources utilizing the tilted pulse front scheme with TS laser in Sakabe
lab. that generates fs optical pulses with a pulse energy of 500 mJ at maximum were developed.
In both setups, large LiNbO3 (LN) crystals (up to 40x25 mm?) were used for obtaining greater
THz pulse energy. One of the setups was constructed in ambient air. This setup in which the
available energy of the excitation optical pulses was less than 40 mJ generated THz pulses with
a THz pulse energy of 120 pJ at maximum. To further gain the THz pulse energy, another setup
was developed in a vacuum chamber allowing the use of the full laser pulse energy. We obtained
1.6 mJ THz pulses when the energy of the excitation optical pulses was greater than 200 mJ.
Experiments of irradiation with intense THz pulses

The THz pulses from the setup in the air were focused on a Si wafer, but there was no damage
on the surface of the wafer. We conducted the THz pulse irradiation experiments using THz-FEL
at Osaka Univ. and found that the damage threshold for Si was 13 J/cm? that corresponds to a
THz pulse energy of 1.8 mJ, which confirms that the THz pulse source in the air was unable to
damage the surface of Si wafer. In addition, we conducted z-scan experiments for
semiconductors and a water film, however no effect caused by nonlinear refraction was observed
because of the lack of the THz pulse fluence. The water film was prepared by Prof. Hatanaka
and Huang from Academia Sinica, Taiwan as the international collaborators. Spectra of the THz
pulses measured at a position just after the LN crystal show that the central frequency of the
dominant component is ~0.1 THz. One of the reasons of the lack of higher frequency components
would be absorption of the THz pulse by the thick LN crystal used in this study. The experiments
of the surface processing and nonlinear optical effects with the THz source in the vacuum
chamber and mid-infrared FEL are to be conducted.

Publications and presentations

[1] C. Hosokawa, M. Hashida, T. Nagashima et al., “Development of Intense Terahertz Light
Source for Forming Periodic Structures on Material Surface,” The Papers of Technical Meeting,
IEE Japan, LAV-19-018(2019).

[2] H.-H. Huang, T. Nagashima, K. Hatanaka et al., “Giant enhancement of THz wave emission
under double pulse excitation of thin water flow, ” arXiv2001.11753 (2020).
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Ultra directional neutron beam generation by using laser driven
x—ray and spin polarized deuterium target

Yasunobu Arikawa Osaka University

Neutron is a unique particle source having numerous application capabilities in
scientific researches, industrial applications, and medical applications. Neutron sources
such as large scale accelerator J-PARC, nuclear reactors, compact accelerators have
been widely used for these purposes. Laser driven neutron sources have been recently
recognized as an alternative neutron source having a point source, and ultra-short pulse
and thus effective for the applications. The directionality of neutron beams has not able
to be controlled in present technologies unfortunately. If we could generate a highly
directional neutron beams like electrons or protons we can realize various neutron
sciences which have been expected. We have been proposing highly directional neutron
beam might be generated by using a spin-polarized deuterium and laser. Since a small
target can generate neutrons in laser neutron sources, such a new neutron generation
method can be easily innovated. In this study we aimed the potentially highly
directional neutron generation from spin-polarized deuterium target by using ultra-
short pulse laser.

At present, the Spin-Polarizer for deuterium has not been completed which is
unexpectedly. In our latest test, only a few % of the deuterium in the target was
polarized which is not sufficient for our neutron generation experiment. We are ongoing
on this work.

On the other hands, an ultra-fast, high efficient, and Polarization-sensitive neutron
detector is required for demonstrating our scheme for generating ultra-short directional
neutron beam. We developed an such neutron detector based on Pockels effect. Small
Pockels (ZnTe) crystal was attached to a single-mode optical fiber, and the tip of the
fiber will be placed very close to the neutron generation target (~2mm away from target).

T6 laser system. Kyoto-Univ T6 laser has been used to generate neutrons (for the first
time experiment we use electron alternative to the neutrons because it is much easier
to generate). The probe laser was picked up from the second stage T6 laser amplifier.
The preparation of the system has been almost completed and the timing between the
T6 laser and the probe laser was adjusted at the same time. The electron generation
experiment has been still going and will be completed within 2020 March. This work
has been supported by Dr. Inoue, Prof. Sakabe, Prof. Hashida, Kyoto Univ.
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Research on the high-performance superconducting cavity and the cost
reduction by noble inner-surface processes

Takayuki Saeki KEK

(1) Objectives: Realization of compact and efficiency Superconducting Radio-Frequency
(SRF) particle-accelerators by the accelerating cavities with thin-film inner-surface coating of
various new SRF materials like NbN, Nb3Sn and so on. The thin-film coating technology
might achieve drastically higher accelerating gradient and lower power consumption than the
conventional bulk-Nb accelerating cavity.

(2) Experimental methods: The team of ICR (Y. Iwashita, H. Tongu), CEA-Saclay (C. Antoine),
KEK (T. Saeki, T. Kubo, R. Katayama) and QST (R. Hajima, M. Sawamura) studies on this
subject. At KEK, the resonant frequency of accelerating cavity is normally set at 1.3 GHz. The
team fabricates several elliptical-shaped single-cell Copper (Cu) and Niobium (Nb) cavities at
the resonant frequency of 3 GHz, whose dimension/size is smaller by about half than that of
1.3-GHz cavity. Such small-sized and high-frequency cavities are important for the realization
of compact and efficient accelerators. The thin-film creation on the inner surface of cavities
and coupon-samples are performed by KEK in collaboration with industry. The SRF
characteristics of the coupon-samples with NbN/SiOz thin-film structure on pure Nb substrate
is measured at ICR by using the third-harmonic voltage method.

(3) Experimental results: Nine 3.0-GHz single-cell Copper (Cu) cavities and six 3.0-GHz
single-cell Niobium (Nb) cavities were fabricated for the studies of thin-film technology [1]. It
was proven that an optimum film-thickness of the NbN layer exists for the maximum effective
critical magnetic-field (Hci-effective) of NbN/SiO2/Nb multilayer sample. The corresponding
coupon-sample results in the increase of Hci-effective by 23.8%, being compared to that of
bulk-Nb [2]. The principle of measurement method and the experiments at CEA-Saclay are
described in [3].

(4) Discussions: Theoretical calculations were compared to experimental results. We confirmed
that the experimental results are qualitatively consistent with the theoretical prediction. The
results imply the possibility that the acceleration gradient of SRF cavities might be effectively
enhanced by controlling the multilayer thin-film structure, and the possibility to realize
high-performance SRF cavities with thin-film technology in mass-production consistently.

(5) Publications: [1] T. Saeki et al., Proc. of SRF2020 in Dresden/Germany, 30 June — 5 July
2019, Paper ID: MOPO054. [2] R. Katayama et al., Proc. of SRF2020 in Dresden/Germany, 30
June — 5 July 2019, Paper ID: THFUAZ2. [3] “Optimization of tailored multilayer
superconductors for RF application and protection against premature vortex penetration”, C Z
Antoine, M Aburas, A Four, F Weiss, Y Iwashita, H Hayano, S Kato, T Kubo and T Saeki,

Published on 5 July 2019, Superconductor Science and Technology, Volume 32, Number 8.
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Study on magnification of the pulsed-neutron transmission image using the
sextupole magnet, aimed at visualization of charge and discharge in the
electrode materials of Li-ion batteries

Koichi Kino AIST

We are studying on magnification of the pulsed neutron transmission image for
non-destructive analysis of charge/discharge distributions in the electrode of the lithium ion
battery (LIB) . The pulsed neutron beam is irradiated on a sample and the transmitted neutron
image is magnified by the modulated-Permanent Magnet Sextupole (mod-PMSx) and observed
by a 2D neutron detector. We have already succeeded in a magnification of an image of a
cadmium mask sample using the mod-PMSx with a bore radius of 15 mm for a neutron
wavelength longer than 8 A. However, we have to shorten the lower limit of the neutron
wavelength since the Bragg cut off of the 002 reflection of graphite, which is a negative
electrode of LIBs, is 6.7 A. For the shorter wavelength, the magnetic field has to be increased
and it is inversely proportional to the square of the bore radius. On the other hand, a neutron
yield becomes smaller as the bore radius becomes smaller. Therefore, we calculated with a bore
radius of 7 mm taking into account a balance of them.

Distances from a neutron source to a sample, mod-PMSx, and focal plane are 1.35 m, 3.9 m,
and 9.0 m, respectively. The magnification percentage was set to be 2 due to the limitation of
the size of an experimental facility. By the calculation, we found that the magnetic field has to
be modulated twice faster than our previous experiments in order to keep the magnification
percentage constant in the required wavelength region. The relation of the required relative
strength of the magnetic field to focus neutron images and relative mod-PMSx modulation is
shown in Fig. 1. They are almost synchronizing. Calculated neutron tracks are shown in Fig. 2.
The neutrons emitted from different positions of the sample are bent in the magnetic field at
3.9 m and make an inverted image at 9.0 m of magnification percentage of 2. From these

calculation results, we could make a magnet with a 7 mm bore radius.

3
80. o . —/w\ A=6.7 [A] 6=70.7°
78] ; —
76 % Fig. 1 Synchronization E -1 Bl S
- =~ of the new mod-PMSx. —i '
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66 "°P Hz] line shows the relative Fig. 2 Neutron tracks of a 6.7 A wavelength from the
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Crystal structure analysis of GraE protein from root-nodule-forming bacterium

Tadao Oikawa Kansai University

Rhizobium is a genus of tubercle-forming bacteria. It grows in the root of a plant in symbiosis with other
bacteria to fix nitrogen from the air. Although considerable attention has been paid to Rhizobium genes and
gene products, there is still little information available regarding the molecular structure, function, and
detailed properties of the enzymes involved in its metabolic pathways. In the course of a screening
experiment, Rhizobium sp. strain MTP-10005 was isolated from natural river water. Enzymological and
genetic studies showed that the translational products of the gene cluster graRDAFCBEK in the bacterium
(GraR, GraD, GraA, GraF, GraC, GraB, GraE, and GrakK, respectively) were probably involved in the
degradation pathway of y-resorcylate. To reveal the structure and function of all these proteins, I have
collaborated with Dr. Tomomi Fujii and Prof. emeritus Dr. Yasuo Hata, Institute for Chemical Research,
Kyoto University, and have performed already X-ray structural studies of GraA, GraC, and GraD. In this
study, we focused on GraE, whose function and role in the degradation pathway of y-resorcylate are
currently unknown. The X-ray crystal structure of GraE is expected to reveal its function and role in vivo.

N-terminal His-tagged GraE was overexpressed in Escherichia coli BL21 (DE3), purified, and used for
crystallization. The protein solution consisted of 5 mg/ml GraE, 150 mM NacCl, and 50 mM Tris-HCI pH 8.0.
Initial crystallization experiments were performed by the sitting-drop vapor-diffusion method using several
screening kits. Thin plate-shaped adequately sized crystals for X-ray diffraction experiments were obtained
using a reservoir solution consisting of 3 M NaCl and 0.1 M citric acid buffer pH 3.5. Diffraction
experiments were performed on beamline BL-5A, Photon Factory, KEK, Japan. A crystal was soaked in a
cryoprotectant solution consisting of 23% (v/v) glycerol, 3 M NaCl, and 0.1 M citric acid buffer pH 3.5. The
crystal was mounted with a cryoloop and cooled with a cold stream of nitrogen. Diffraction data were
collected up to 1.8 A resolution. The crystal belonged to space group P2;, with unit-cell parameters of a =
3431 A,h=80.90 A, c=43.38 A, and B = 107.36°.

The collected diffraction data have been improved, in terms of diffraction quality, compared to the data of
crystals from other crystallization conditions. The diffraction limit of the collected data has been extended
from 3.0 A to 1.8 A resolution. Based on the molecular mass of the protein and unit-cell volume, the
existence of two subunits in the asymmetric unit gave a Matthews coefficient (V) of 2.02 A3/Da and solvent
content of 39%, each of which was within a range of values frequently found in protein crystals. This case
appeared to be more likely than other cases, wherein ¥y values of 4.03 and 1.34 A%/Da for one and three
subunits per asymmetric unit were obtained, respectively. Structure determination trials utilizing the
molecular-replacement method using homologous models of monomers/dimers are currently carrying out.
Moreover, crystallization of seleno-methionine-labelled GraE for the multiple anomalous dispersion method
and the preparation of heavy-atom derivative crystals for the isomorphous replacement method are presently

under way.
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Development of a fast and efficient neutron trigger device for
electron—RI scattering experiments

Akitomo Enokizono RIKEN

The main goal of this study is to research and develop a fast and efficient neutron trigger device for the
SCRIT (Self-Confining RI Ion Target) experiment which is aiming at the world first facility for electron-RI
scattering experiment at RIKEN. One of the future plans of the SCRIT project is to measure inelastic
scattering processes and the neutron trigger device will be utilized for the future experiments. Since the
SCRIT has the RI trapping device inside the electron storage ring, the neutron trigger device has to be
installed in a high gamma background environment and a limited space. Therefore, a pulse-shape
discrimination (PSD) type plastic scintillator, Eljen Technologies EJ-276 which is commercially available, is
employed for the gamma/neutron detector. In addition, a compact ADC digitizer card with FPGA chip
on-board (Tokuden Cosmo-Z 100MHz) will be used for the readout.

As the first step, the PSD capability was measured using EJ-276 and a conventional VME 100MHz
digitizer board (V1724). Figure 1 (a) shows a sample of signal with 22Cf source. Since the scintillator make
PSD possible using a different amount of delayed scintillation emissions between gamma and neutron
interactions, one can characterize the PSD as the ratio of the tail/total charges as shown in the figure (b). The
integration times for total and tail regions have been optimized to maximize the PDS in the result, and the
gamma and neutron peaks can be observed at ~0.22 and ~0.23 respectively. Here the capability of the PSD
can be quantified as the figure of merit (FoM) = (The distance of the center of peaks)/(The sum of FWHMs).
In this study the FoM was estimated as ~1.7.

The detector has more room be improved with respect to FoM. The most effective improvement will be
achieved by reducing the noise level on the detector since the tail region is very sensitive to it. A low noise
power supply for the PMT is used for the study, but it was found that there were many other noise

contributions which have to be suppressed.

Total

(a) .
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O o0 ! i i
= 1000 i ; Tail
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Figure 1 (a) A sample of 252Cf signal taken with EJ-276 and 100MHz ADC digitizer. (b) The ratio of

Tail/Total using the optimized integration parameters.

_11_



2019-12

LR DBET-Hl#E% B8 L7 CEP RELEHET L —F D0
A ENBENNE 2R ORUYEST RO EAL
PR R~ TR AR R

NCFRBIE S 7z B RE T L — & FEBL 5 72 DI 3704 78 R AR BN 223 o S5 He it
B EALIZIANT T, 4 K CEMERTRE /R ABIRE A R — 7 MR ZEIR O RIS BN O et % B s L= 5t % i
Wi,

BT — L% (EBBW) SMEH LRBREZIT, ZOME, EArESHE LT, £5mm, A4
I 20 ELNTHNE, EHEEASICREREWVIIRONRN L 2R L, 1 [ THRET 56
PHA RN 3EIT 5 LA ETNOCARAE LN THZENTE LN, FELEMHEZ, &
RSB EL DT, HELL R, O, TNENOEEREIIHEL FITRKE 2D

NI ZAT 9 it L Lz, EBW SE DRGSO AR —27 O =Ll OF 7 v b Bl
AEZNRT A= L LT, BRMETHLCARAEZ/ NS TORFZRLEREZK 117,
MIEE LA R — 7 MERR CEARSLCHINR EH O REORE EOXEICHEITLHZ LICk0 | &
SOLE T AT 3.8mm LATFIZ, ARAEIT 173 EUTICT 22 R TE D, EBRouoHniE 2 5%
THZ IR, BAEMETL2.6mm LU FIZ, ARAEIZ19.1 BLTIZTHZ LN TE D,

INDORFEE S LT NVAR— I EEO O DOIREZRUEL, 7VAR—7 BRIZT D720
EBW D 2t s 7z,

====Focus Aberration (mm) =====focus aberration (mm)
=== Spoke Shape === Spoke Shape
Injection Angle (deg) - ERW Injection Angle (deg) = ERW

20 4 30 3

Injection Angle (deg)
=
\\{ [
l:‘
)
L)
=T

(W) UOTYRLIBQY SN0,
Injection Angle (deg)
>
\ “‘
\\/‘ ]
- j=]
(WW) UOYEBLIdQY SNI0]

IS
S
IS

]

................. ——

@
3

-6 -40 -4
0 20 40 60 80 100 120 140 110 112 114 116 118 120 122 124
Position (mm) Position (mm)

1 AR—7 ZROMEE S () SRy () @ EBW MRS & fERALE -,
NG EE DI

FEF 3L
[1] VR B i, 25 16 8] B A A 2 FES7m S, pp.709-711 (2019).

_12_



2019-13

7577 A MUEIRT — 7R 2 e b— 3 —BEEh A 4 A R

UTHERERER BT R R BT FE P e

HEHIED 10" Wiem? &8 2 2 @IRE L —V — LW & O BAERILE WIRE O BRSO /E
ZHIEH T L& BT, MeV RO A A L OMXIERAE T S HI2iE X BEOEMIENFAEL, WE
BREHKRS S22 LN bICHIEIZEW TS BERED. b—— L HlEYE & O E/ERICXL D
AT UNEOH T, HEHIZ DIE A B = X ORI A TUV D TNSA (Target Normal Sheath
Acceleration) 1%, FHMENE L, IR INT-A A DEM AL — LUK BIFCTH 5728, RH#F
AF =AW ERICHEZ GOMRICE L FIETH L. L, TNSAIZEWT, #HK
DRBIAFET DRICKFEEZRKR L T LWEHREN O DA A, FrlZEME B D@V IKHEA A
UNESRE L — Y —IC X VIEN TR OEA A Lo TR SN D 728, KRFEA A 21T
e LIEEA T OREB I OIMENROK TR EEZ SNTND.

T, WAIXATIIZE T B AL TV BN K B BBBESS L D 15 Y8 O P L A it L
TZFRETIE RS, ML —F—REIC LY, BB ERE L-EEEHWS 2 LT, EA A
RO E2E@EEZR Y. BRAICIE, XeCl =% v~ L—F—Z i S8, RIEOSHIHIND
AU A I RT—TEBEEIEN E L THWS. —J7, BRI eime — o /R et 2 —-
L — — W BRI N T D TR T = ANP L — W — X EIRE DY 10" Wiem? 22 5720,
MeVu kDA AL a3 ESHDLIEINTED. $EMeV/u DIRFEA AL R A% BRI ESEDHIENTE
R, BRI o 7aba NSO AT 2R E L COR B REHC A DT, Z0D/_3TA—2— kTR F#
AFUFAEDOME, F4E R, TXVFX —DEELENDIEDBRITIEF ITREWV. AT, XeCl™
Fov b — P — LW E SE ST O RALE FZBRIIZHSNC T 518, ZOMBRENZ A
TESREL — Y —BREh D IR A AL N O K B 459

RIRPESERE TR0, U RS GE T & O3[R - B FFRIC LY, XeCl =F v~ L —H—
PRI SR Y A I FORBICPB T ~ 3Rk & 0 FBRIICHER S D & & BIg, KFERR
JEHIENZ R T D LA 72[1]. 7z, IESN DA 3 OAESMHB L OGS DA 4= xL
T O/ LY R T R T o5tk & PFE[2] LTz BRRURAEL ORFAfi s L ORIkl O F 12
£V, =X = =Y —IT Ko TRAL SNV IR &2 FI 72 b — P —BRE) A 7 o s SR oD Y
INIE o T A AR RIS R AL BT e AT e e — AT B e o & — o L — Y — W B B 2 52 Rk )8
BT DEEET = AMPL —HF —Z VTR FEAFVINED EERZITO T E THS.

[1] B5HDE, Wy 52, Uopk FEKES, PPN w7, WhZeE, WlEe, fE a8, BamE —, &
ST LS A (2020) HE#TE

[2] Sadaoki Kojima, Shunsuke Inoue, Thanh Hung Dinh, Noboru Hasegawa, Michiaki Mori, Hironao Sakaki,
Yoichi Yamamoto, Teru Sasaki, Keiichiro Shiokawa, Kotaro Kondo, Takashi Yamanaka, Masaki Hashida,

Shuji Sakabe, Masaharu Nishikino, and Kiminori Kondo, submitted.
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High pressure approach to the synthesis of
novel ferroelectric photovoltaic transition metal oxides

Wei-tin Chen National Taiwan University

Introduction

Although the photovoltaic effect in ferroelectric oxides has been known for decades, the low power
conversion efficiency (PCE) due to large band gap (typically ~3 eV) make these transition metal oxides
(TMO) undesirable for photovoltaics. The renewed interests were stimulated owing to recent discovery of
photovoltaic effect in ferroelectric BiFeOs single crystal and thin film samples, where their efficient
ferroelectric polarization-driven carrier separation and the large above-bandgap generated photo-voltages
may enable PCE beyond the maximum in a conventional p-n junction solar cell. Therefore, searching for
ferroelectric TMOs with large electric polarization, small band gap and final high output power is of great
interest and can lead this scientific curiosity toward the future solar energy applications. Among recent
studied polar transition metal oxides, ScFeOs; shows multiferroic properties and is one of the promising
ferroelectric photovoltaics materials. With high pressure high temperature techniques, it is promising to
explorer and modify ScFeO; related materials with potential ferroelectric photovoltaics properties.! With this

purpose, Shimakawa Lab at ICR is one of the most experienced facility to conduct such researches.

Results and discussion

The target ScFei..CrcO3 solid solution (SFCO) with x = 0.1, 0.15, 0.2 and 0.5 were prepared with 8 and
10 GPa and 1300 C HPHT synthesis conditions. The preliminary result indicated that the substitution limit
for LiNbO;s-type SFCO is below x = 0.2 with conducted synthesis conditions. Further extreme condition
synthesis were carried out with 17 GPa and 1000 C HPHT synthesis condition, and it was shown that the
solid solution with x = 0.1, 0.15, 0.2 and 0.5 were all crystalize in GdFeOs-type structure (Fig.1). The
resultant lattice constants and volumes followed Vegard’s law and confirmed that substitution were
successful. The GdFeOs-type instead of LiNbOs-type structure, however, indicated that the obtained SFCO
compounds would be lack of desired spontancous

. . . 1 17 GPa/ 1000C / 30m
polarization. In order to obtain the target compounds I 17 GPa/ 10006 /30m

1 17 GPa/1000C / 30m
| 08 GPa/ 1300C / 30m

exhibiting ferroelectric and photovoltaic behaviors, it is
essential to explore SFCO compositions with various : | —
[ e D || EOTRTDUNY VRV WY V1 it Wi
synthesis conditions. Further systematic experiments
™ e ij ahlok __'J-__u___'._l‘__p_'_\_:‘u e o'm._h':fi
are in schedule to construct detailed compositional- l | yAwsis o
i SRS 58 (S | 1 Y S o | Y NN 0 i WO
pressure-temperature phase diagrams. F_ i J_r_ v M L x=0a0 nacr
References Figure 1 In house XRD patterns of solid solution

) synthesized with ultra HPHT conditions.
1. T.-Y. Cai et. al., Phys. Rev. Applied., 8, 034034

(2017)
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Catalysis research of transition metal oxides
Haichuan Guo Ningbo Institute of Industrial Technology

Introduction

The catalysis properties of transition metal oxides are strongly related with the
crystal structure and band gap of bulk materials. Transition metal oxides synthetized
under extreme conditions (high temperature and high pressure) always exhibit unusual
structure and band gap. In this research, we synthetized A-site ordered perovskite-
structured oxides CaCuszSnsO12 (CCSO) and SrCuszSnsO12 (SCSO) using high-pressure
equipment in ICR and investigated the properties of catalysis reaction.
Experiments and results

Raw materials of CaCO3/SrCO3, CuO and SnO> were mixed and calcined at 1000 °C.
Obtained powder was packed in Pt capsule and treated at 6 GPa and 1000 °C for 30
minutes using cubic-anvil high-pressure equipment in ICR. Because the redox reaction is
always accompanied by electron transfer, catalysis properties were investigated by
measuring the resistance change of sample in different organic gas specimens. Powder
sample was coated on Al2O3 substrate, where Au electrodes were precoated. The ratio of
resistance of sample measured in 100 ppm organic gas (Rg) to that measured in air (Ra)
was used to appraise the catalysis activity. As shown in Fig. 1, SCSO exhibits higher
resistance change than CCSO, which indicates the higher catalysis activity of SCSO than
CCSO. The substitution of Ca®" using larger Sr** changes the lattice parameter from
7.6424 A to 7.6761 A, and also affect the bond length, bond angle as well as band gap in
the oxide, thereby increases the catalysis activity.

250

200

< 150
&
5 100
&
50
0

ethanol acetone xylene trimethylamine dimethyl sulfide

mCCSO mSCSO

Fig. 1 resistance changes of CCSO and SCSO in organic gases
In addition, a new iron carbide catalyst used in oxygen-reduction reaction was also
investigated using Mossbauer spectrum equipment in ICR. The research paper has been

submitted.
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“Small molecule activation using anionic crypto-FLPs”

Rainer Streubel University of Bonn

This collaborative research project was carried out with Prof. Norihiro Tokitoh (ICR, University
of Kyoto) including 3 PhD exchange students (Florian Gleim and David Becker from Bonn and
Kento Iwai from Kyoto).

Objectives: The purpose of the project is to develop novel chemistry using anionic FLPs,
featuring group 14/15 elements with an anionic phosphorus as Lewis base and a group 14
element (E = C-Pb) in tetravalent coordination with E-halogeno functionality, in small molecule
activation.

Experimental methods: Inert-gas synthesis techniques, analytical methods (NMR, IR, UV/vis,
CV, X-ray)

Experimental results: The studies focused on 1) reactions of crypto-FLPs containing B (1) and
Si(ClI) (2) LA centers with carbon disulfide and i1) synthesis of new derivatives (3) bearing Si(Br)
LA centers.

Discussion: Reactions of 1 with CS; led to the targeted product which was confirmed as co-

crystal with KCI.

B (COWy  Bis
(COWy  pis CS2 (2 equiv.) s=<-K
4 — &0 P
N4 1,0 /
OBCy, —40 °C, 1 day s—?‘Cy

+. - - cy
K**18-crown-6 K**18-crown-6

1 *94%
*determined by 3'P NMR

In case of 2, the reaction with CS, may have yielded the targeted product according to >'P NMR
spectroscopy, but could not be isolated. The newly targeted SiBr-substituted derivative 4 might

have been formed, too, but couldn’t be isolated due to time constraints.

(Co)sW

_ . Bis
(C0)5W\ _Bis CS2 (2 equiv.) s P( (CO)5W\ _Bis -
LN Et,0 0 4
0Si(Cl)Me, RT 17 h S=Si<pe 0SiBr;
K*+18-crown-6 Me K**18-c-6
2 4

*33%

Next terget d
*determined by 3'P NMR X1 terget compoun

Publications: R. Kunzmann, Y. Omatsu, G. Schnakenburg, A. Espinosa Ferao, T. Yanagisawa,
N. Tokitoh, R. Streubel, A synthon for unknown I,3-zwitterions? — A K/OR phosphinidenoid
complex with an additional Si-Cl function, Chem. Commun. 2020, submitted; Synthesis and
Reactivity of Siloxy(organyl)phosphane Metal(0) Complexes, presentation at the 99th Chemical
Society Japan Meeting, 16th -19th March, 2019, Kobe/Japan by Y. Omatsu, R. Kunzmann, A.
Schmer, Y. Mizuhata, R. Streubel, N. Tokitoh; workshop “In Pursuit of Unprecedented Heavier
Main Group Element Compounds” by Prof. N. Tokitoh, Bonn, October 23-25, 2019; scientific
lecture & discussion “Chemistry of tricyclic 1,4-diphosphinines and bis(N-heterocyclic
carbenes)” of Prof. R. Streubel, Kyoto, November 25-30, 2019).
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Development of unsymmetrical n-electron systems of heavier main group
elements and elucidation of their property

Takeaki Iwamoto Tohoku University

Objectives: We aimed at the development of novel n-electron systems of heavier main group
elements that have multiple bonds between two different elements, especially group-14 and -13
elements, which are still scarce compared to other m-electron systems.

Experimental methods: To synthesize the unsymmetrical n-electron systems R2Si=AIR', we
investigated the preparation of the corresponding dihalogenated precursor R2SiX—AIR'X by the
insertion reaction of isolable silylene 1, which was developed by our group (group-14 element
part), into the Al-X bond of halogenated aluminum compounds (group-13 element part).
Experimental Results and Discussion: We examined the reactions of 1 with several
haloalmanes such as 2a, 2b, and 3 that contain a bulky aryl protecting group under various
reaction conditions. However, the reactions did not proceed even upon heating. Interestingly, the
reaction of 1 with less bulky AlBr3 proceeded cleanly to provide the silylene-coordinated AlBr3
(4), which was identified by NMR spectroscopy and X-ray diffraction analysis, in a moderate

yield in contrast to the expected Al-Br insertion product 5.

Me3Si
MesSi. SiMej Me;Si Me38| SiMej Me3Si. SiMe;
Br Br
Sit t-Bu A"Br t-Bu S| —>AI Br Si—Al
N\ _ B Br N\ Br Br
Ad Me;Si . t-Bu Ad
Me;Si 3
1 2a (L = Et,0) 4 5

2b (L = :C(NMeCMe),)

The present results, especially the formation of 4, imply that the insertion reactions of silylene 1
into the aluminum-halogen bond to provide the desired precursor R2SiX—(AIR'X) are difficult
reflecting the stronger aluminum-halogen bond compared with the corresponding silicon-
halogen bond. However, 4 can provide a promising precursor for R2Si=AIR'. As a preliminary
result, we found that one bromine group in 4 can be replaced by an amido group (NR"2) to
provide R2Si—AIBr2(NR"2) which may provide the desired species R2Si=AIR' after the
reductive debromination.

This project was done in collaboration with Professor Norihiro Tokitoh (ICR Partner
Researcher) and Professor Shigeyoshi Inoue (International Collaborating Researcher, Technical

University of Miinchen, Germany).
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Mechanistic studies of C—H bond functionalization reactions catalyzed by
3d transition metals

Naohiko Yoshikai Nanyang Technological University

Objective

This research project aims at the development of highly efficient C—H bond functionalization
reactions catalyzed by 3d transition metals, especially cobalt, through collaboration with the
group of Prof. Masaharu Nakamura (Kyoto University, ICR). Combining the expertise of both
the research groups, the project intends to gain deeper mechanistic insight into cobalt catalysis
and translate the knowledge into more efficient and selective cobalt catalysis.

Results and Discussion

Our earlier study on the cobalt-catalyzed, chelation-assisted hydroarylation of alkynes provided
insight into the nature of low-valent cobalt species generated from cobalt salts, monodentate
phosphines, and Grignard reagents. This insight, along with literature precedents on the
mechanism of C—H activation by 3d transition metals such as nickel and cobalt, inspired us to
explore the potential of low-valent cobalt catalysts for C—H activation without chelation
assistance. Upon extensive screening study, we have found that a catalytic system comprised of
a cobalt salt, a diphosphine ligand, and trimethylaluminum (AIMes) promotes the addition of
formamides to alkynes with high syn-selectivity (see below scheme). A series of control
experiments suggest that AlMe3; not only acts as a reductant to generate a low-valent cobalt
species but also as a Lewis acid to activate the formamide. The C—H activation is assumed to
proceed via a so-called ligand-to-ligand hydrogen transfer mechanism. The scope of this
cobalt/aluminum catalytic system has been extended to the addition of other Lewis basic
substrates such as pyridones, pyridines, thiazoles, and oxazoles to alkynes via site-selective C—
H activation. The nature of the catalytically active low-valent cobalt—diphosphine species is

currently under investigation.

Co(acac); (5 mol%)

0 dppp (5 Mol%) Me O
AlMejs (20 mol%) N H
Me\ N )J\ H + Bu — Bu IVIe/ N
I\I/Ie heptane, 60 °C Bu Bu
96%

Reference
Wang, C.-S.; Di Monaco, S.; Thai, A. N.; Wang, C.; Yoshikai, N. ChemRxiv 2020, DOI:

10.26434/chemrxiv.11760519.v1.
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Development of iron-catalyzed strategies for
diversity oriented synthesis of heterocycles and carbocycles

Alakananda Hajra Visva-Bharati University

Objective: Fe-catalyzed synthesis of Steroidal Imidazo[1,2-a]pyridines

Imidazopyridine, an important class of nitrogen containing heterocycles,

shows a wide range of biological activities such as antitumor, antiparasitic, antiviral,
antimicrobial, fungicidal, anti-inflammatory, hypnotic etc. In addition, this motif is
the core structure of some marketed drugs such as necopidem, zolpidem, olprinone,
saripidem, zolimidine, alpidem, etc. Furthermore, few of them exhibit excited-state
intramolecular proton transfer.

An efficient and practical method has been developed for the synthesis of
steroidal imidazo[1,2-a]pyridines via cost-effective and environmentally benign
FeCls-catalyzed tandem C-H functionalization/oxidative amination. A library of
imidazo[1,2-a]pyridines were directly synthesized from readily available

2-aminopyridines and sterodial ketones in aerobic conditions.

)
=
N/

rG ® Fe Catalyst
® Aerobic O, as Oxidant
® Steroidal Imidazopyridine
® Water Only Benign Byproduct

Presently we are focusing on the precise role of FeCls and late stage modification
of the compound. To the best of our knowledge this is the first report for the
synthesis of steroidal imidazo[1,2-a]pyridines via iron-catalyzed tandem C-H
functionalization/oxidative amination. Easily available basic chemicals as starting
materials, less expensive metal catalyst, aerobic reaction conditions, tolerance of a
wide range of functional groups, operational simplicity and practical applicability

on a gram-scale are the notable advantages of this present protocol.
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Iron-catalyzed carbometalation of heterobicyclic alkenes:
development of asymmetric reactions and application to synthesis of
polycyclic aromatic hydrocarbons

Shingo Ito Nanyang Technological University

Objective

We previously developed the iron-catalyzed diastereoselective carbometalation of
heterobicyclic alkenes that proceeds without undesired P-heteroatom elimination.! In this
collaborative research, we developed an asymmetric version of this carbometalation reaction,

which could provide important building blocks in organic synthesis.

Results and Discussion

In order to develop enantioselective carbometalation of oxabicyclic alkene 1 with
phenylzinc reagent 2, the reaction conditions were screened. As a result it was found that
(S,S)-chiraphos (L1) and its 3,5-xylyl analogue (L.2) afforded the carbometalation products in

good yields with high enantiomeric excess values of 76 and 80%, respectively.

R R
PhyZn-2MgBrClI
(1.5 equiv)
FeCls (1 mol %)

L1 or L2 (2 mol %) Ph D/é i\Q
THF, 0 °C
1 2

with L1: 92% y, 76% ee L1: R = H (Chiraphos)
with L2: 81% vy, 80% ee L2: R = Me (Xyl-Chiraphos)

With the established method in our hand, the scope of the carbometalation reaction of
oxabicyclic alkenes 1 was investigated, as shown partially in the figure below. A variety of
alkene substrates and arylzinc reagents could be used. The highest enantiomeric excess value

0f 90% was achieved when the o-tolylzinc reagent was used.

97% yield 96% yield 97% yield 97% vyield
76% ee 80% ee 76% ee 90% ee

Reference
1) S. Ito, T. Itoh, M. Nakamura, Diastereoselective carbometalation of oxa- and azabicyclic

alkenes under iron catalysis, Angew. Chem. Int. Ed. 2011, 49, 454-457.

_20_



2019-21 ([FHE)

Open-cage fullerenes incorporating hydrogen as n-type composite materials for
polymer solar cell applications

Shih-Ching Chuang National Chiao Tung University

Solar cell have been attracting considerable attention for several years. Organic photovoltaics (OPVs)
is a potential photovoltaic devices for the development of solar technology. Thin-film organic photovoltaics
(OPVs), which embed poly(3-hexy Ithiophene-2,5-diyl) (P3HT) and fullerene derivative,' [6,6]-phenyl-Cg,
butyric acid methyl ester (PCeBM) in the active layer,” have been recognized for generating power
efficiently under illumination.’ For higher power conversion efficiency (PCE) of OPVs, we are focused on
active layer which requires n,p-materials with balanced carrier mobility for reduction of the space charge
which causes carriers recombination. Therefore, we have explored derivatives that is a series of open-cage
fullerenes as n-type materials’ and intended to incorporaing hydrogen in a n-type open-cage fullerene
material in order to improve photovoltaic properties by examing the aggregation behavior of n-type

materials in a thin film.

First, we prepared open-cage fullerenes 6 according to a reported method.* For Hp-insertion into the
cage, the derivative 6a-b was exposed to 445 atm of hydrogen at 200 °C for 8 h to provid Hy@é6a-b, which
were determined to be 70/66 (Figure 1).

b) 6a+H,@6a || ¢ . 2 6b+H,@6b H@6a | . . H@6b

W& W5 a: 70% A2 __oHy
7 T v

T ¥ T
6 66 65 72 213 74

H, (445 atm)

H,@6a-b
200 °C, 8 hr

e
L

o0 B0 70 60 S0 40 50 20 106 0 <10 20 30 40 L0 80 -10 -84
X : parts per Million : Frodos

Figure 1. "H NMR spectroscopy of the encapsulation ratio of Hy@6a-b

In summary, the open-cage fullerene derivatives 6a-b have been synthesized and the encapsulation ratio
of H, inside 6a-b is 70% and 66%, respectively. Future encapsulation of H, inside 6a-b at higher ratio and

application study in OPVs are in progress.

[1] Thilgen, C.; F. Diederich, Chem. Rev. 2006, 106(12), 5049-5135.

[2] Hummelen, J. C.; B. W. Knight; F. LePeq; F. Wudl; J. Yao; C. L. Wilkins, J. Org. Chem. 1995, 60(3), 532-538.

[3] Kim, J. Y.; K. Lee; N. E. Coates; D. Moses; T.-Q. Nguyen; M. Dante; A. J. Heeger, Science 2007, 317(5835), 222-225.
[4] Chen, C.-P.; Y.-W. Lin; J.-C. Horng; S.-C. Chuang, Adv. Energy Mater. 2011, 1(5), 776-780.
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[1] Hideki Hirori, Peiyu Xia, Yasushi Shinohara, Tomohito Otobe, Yasuyuki Sanari, Hirokazu Tahara,
Nobuhisa Ishi, Jiro Itatani, Kenichi L. Ishikawa, Tomoko Aharen, Masashi Ozaki, Atsushi Wakamiya, and
Yoshihiko Kanemitsu, "High-order harmonic generation from hybrid organic-inorganic perovskite thin films",

APL Materials, 7, 041107 (2019). [doi: 10.1063/1.5090935, Editors' Pick]
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Study on the mechanism for the stability of an In-doped novel Fe-Pd phase

Yasutomi Tatetsu Meio University

Transforming crystal structures of materials by adding pressure, heat, or other elements is one of the key
methods to discover novel physical properties. Many scientists have been investigating the possibility of
creating novel materials by introducing third elements into stable binary nanoparticles with advanced chemical
synthesis techniques. Recently, a new Z3-type Fe(Pd,In); crystal structure, which is shown in the figure below,
was discovered by Teranishi’s group in Kyoto University. The new structure was synthesized by introducing
a third element of In into L1,-FePds, which is the thermodynamically stable phase of binary Fe—Pd systems.
Although the addition of In might be the key behind this new finding, the physical aspects of In in stabilizing
the new structure is unclear and cannot be understood deeply only through experiments.

In this study, we performed theoretical analyses for the stability of an In-doped novel Fe—Pd phase. We
calculated formation energies of In-doped Fe—Pd systems using first-principles calculation code, OpenMX, to
check the systems’ stability. The model structures for the calculations were based on the chemical composition
ratio of Z3-FePd; obtained from experiments. The In sites were chosen by replacing Fe or Pd sites with a
special-quasirandom-structure method implemented in the Alloy Theoretic Automate Toolkit. We investigated
stable sites for In in the Z3-FePds structure by comparing formation energies and we found that an In stably
occupies the Pd site rather than the Fe site. There are two different Wyckoff positions of Pd labelled by 2e and
2g in Z3-FePd;. From detailed analyses, we concluded that the new Z3-type Fe(Pd,In)s structure, in which a
Pd atom at a 2e site is replaced with an In atom, is more stable than In-doped L1,-FePd; structures. We reached
this conclusion by checking the formation energies. These results are consistent with the experimental results
from XRD, EXAFS, and STEM-EDS analyses. This represents that
the In atoms replace Pd atoms at the 2e sites in Z3-FePds. Further
experimental and theoretical analyses are needed for deeper
understanding of how an In effects the physical properties of Z3-
type Fe(Pd,In)s.

We presented the results at the following three conferences
below;

+ May 17" ~ 19" 2019: 20" Seminar on magnetism in Kyusyu-

Yamaguchi-Okinawa 2019 (Kumamoto)

» Nov. 23, 2019: 19" Seminar on solid state physics at University

of the Ryukyus (Okinawa)

Figure : Novel structure of
* Mar. 2" ~ 6 2020: APS March meeting (Denver, USA). Z3-type FePds
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Study on nickelate complexes constructed by a monoanionic tridentate
pincer-type ligand

Yoshitaka Yamaguchi Yokohama National University

Transition metal-catalyzed cross-coupling reactions are one of the most powerful tools for modern synthetic
organic chemistry. The reactions of allylic electrophiles with aryl metal reagents provide reliable procedures for
the construction of C(sp?)-C(sp?) bonds. Allylic electrophiles bearing efficient leaving groups such as allylic
halides, acetates, and phosphates are commonly used in these reactions. In contrast, allylic ethers have been
considered less-reactive electrophiles in the reaction, whereas these electrophiles are easily accessible, cheap,
and easy to handle. Therefore, the development of an effective metal catalyst for the cross-coupling reaction
utilizing allylic ethers as electrophiles has attracted considerable attention.

In recent years, tridentate pincer-type complexes have generated a lot of interest because the pincer-type
ligand stabilizes the metal complexes and its properties can be tuned to achieve the best reactivity of the complex.
We have recently reported the synthesis of a series of pincer-type nickel(Il) complexes utilizing a combination
of B-aminoketonato or -diketiminato frameworks with a third donor such as an amino or phosphino group. Our
systematic study on these nickel(II) complexes revealed that the modification of the ligand framework has a
significant influence on the catalytic performance in the cross-coupling reaction of aryl halides with
arylmagnesium reagents (Dalton Trans. 2018, 47, 8003. Eur. J. Inorg. Chem. 2019, 126.). In these reactions, we
presumed that an anionic nickel(0) species, namely nickelate complex, derived from the reduction of nickel(II)
complex with an excess amount of a Grignard reagent is an active intermediate in the reaction. Therefore,
activation and smooth scission of the C-X bond in the electrophiles will be achieved. In order to elucidate the
reactivity of the nickel(II) complex toward the relatively robust C-O bond in an allylic ether, we investigate the
cross-coupling reaction of allylic ethers with arylmagnesium reagents using nickel(I) complexes.

To evaluate the catalytic activity of four types of nickel(Il) complexes, we carried out the reaction of
cinnamyl phenyl ether with 3 equivalents of p-tolylmagnesium bromide using 2.5 mol% of nickel complexes in
THF at room temperature. Complex Ni-ONP showed high catalytic activity to give the coupled product in 86%
yield. The choice of the solvent used is essential to produce the coupled product in satisfactory yield. After
several examinations, Et;O provided the t@/ tQ/
best result, affording the product in 99% ﬁ Cl), ﬁ Cl), ﬁ ’T ﬁ ’T
yield, from which the product was isolated N_T[_C' N_T[_C' N_T[_C' N—Ni—Cl
in 94% yield. We also investigated the NEt, PPhy NEt, PPhy

. . . Ni-ONN Ni-ONP Ni-NNN Ni-NNP
substrate scope of the reaction using various

allylic ethers with arylmagnesium reagents o~ "~ga + Bng@ RM» RN
(see reference [1]). ELO. 1t /\/\@

In this program, we have investigated the cross-coupling reaction of allylic aryl ethers with arylmagnesium
reagents catalyzed by pincer-type nickel(Il) complexes. Complex Ni-ONP bearing a B-aminoketonato
framework tethering a PPh;, group showed excellent catalyst performance. The reactions of a range of cinnamyl
ether derivatives proceeded with high regioselectivity to afford the linear coupled products in high yield. Further

investigations on mechanistic aspects are currently underway in our laboratory.

[1] Hashimoto, T.; Funatsu, K.; Ohtani, A.; Asano, E.; Yamaguchi Y. “Cross-coupling reaction of allylic ethers
with aryl Grignard reagents catalyzed by a nickel pincer complex”, Molecules 2019, 24, 2296.
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Network analyses for data-driven exploration and hypothesis testing in microbial ecology

Samuel Chaffron CNRS UMR6004

Microbial communities fulfill important ecological and biogeochemical roles in our environment. Continuous
technological developments in nucleic acids sequencing are revealing the under-explored diversity of microbes
forming these communities. However, little is known about their functioning and how the various community
members interact with each other, and how they affect and are affected by their surrounding environment. The
purpose of this research project was to implement and use network analyses to elucidate the ecological roles of
microbial communities and associated viruses in the global ocean, as well as within the human gut.

In collaboration with Romain Blanc-Mathieu and Prof. Hiro Ogata, we first analyzed Tara Oceans global
omics data to infer associations between viruses of eukaryotes and carbon export efficiency (CEE) in the euphotic
layer of the global ocean. This work revealed significant associations between 62 viruses (out of 1523 tested) and
CEE. A partial least squares (PLS) regression model based on the relative abundance of viral sequences (large
dsDNA and smaller RNA and ssDNA viruses) explained a substantial part of variation in the measured CEE. In this
model, 58 and 25 viruses were positively and negatively associated with CEE, which support the view that two viral
modes of activities likely operating simultaneously can increase or decrease carbon export, respectively. Most of
the identified viral lineages were either new or previously not associated with carbon export in the ocean. To gain
insight into the host of these viruses, we developed a phylogeny-guided co-occurrence based viral host prediction

method (TIM, for Taxon Interaction Mapper; https://github.com/RomainBlancMathieu/TIM). Using this method,

several viruses were predicted to infect ecologically important hosts such as green algae, haptophytes, diatoms,
copepods, and fungoid protists. Our results, recently published as a pre-print article

(https://www.biorxiv.org/content/10.1101/710228v 1), demonstrate that network analyses applied to metagenomics

data is a powerful approach to predict new virus-hosts interactions in the global ocean, and potentially across other
ecosystems. Thus, we also started to explore and mine human microbiomes and viromes using network-based
modeling in order to better understand the ecological functions of prophages in association with Inflammatory
Bowel Disease (in collaboration with Hiroki Nishiyama, D3, ICR).

Scientific presentations

1. Ogata H., Blanc-Mathieu R., Kaneko H., Endo H. Global genetic data reveal lineages of giant viruses and other
eukaryotic viruses associated with the carbon export efficiency. 4th Ringberg Symposium on Giant Virus
Biology [November 17-29, 2019, Ringberg Castle, Tegernsee, Germany, Oral presentation on Nov 19 by Ogata
H.]

2. Meng L., Endo H., Blanc-Mathieu R., Ogata H. NCLDV host prediction with marker gene co-occurrence
analysis in marine metagenomes. Environmental virus seminar [November 2, 2019, Uji Campus, Kyoto
University; Oral presentation by Meng L.]

3. Blanc-Mathieu R., Dahle H., Ogata H., Sandaa R.-H. A persistent algal virus with an unprecedented amount of
metabolic genes. Annual meeting of the Japanese Society of Microbial Ecology [September 10-13, 2019,

Yamanashi University, Oral presentation on September 11, by Blanc-Mathieu R.]
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Distribution of prasinoviruses and their association with natural host in the
global ocean

Nigel Grimsley CNRS UMR 7232

Prasinoviruses are members of the nucleocytoplasmic large DNA viruses (NCLDVs) and typically infect
unicellular green algae in the class Mamiellophyceae such as Bathycoccus, Micromonas, and Ostreococcus.
Since the Mamiellophyceae is a major component of marine phytoplankton assemblages, it is important to
elucidate the biogeography of prasinoviruses at the global scale. Previous studies revealed that the prasinoviruses
are commonly present in the surface ocean with higher contribution levels to overall NCLDV community'?2,
However, the sampling sites in the previous report were restricted within narrow oceanic area and thus we do
not have comprehensive information on the global distribution and diversity of prasinoviruses. In this study,
we elucidate the global patterns of the distribution and diversity of prasinoviruses.

To assess the community structure of prasinoviruses, we used type B DNA polymerase (PolB) as marker
gene. We have extracted prasinovirus PolBs from the non-redundant gene catalog (OM-RGC.v2) constructed
from 370 metagenomic samples from T7ara Oceans projects by using HMM search and subsequent
phylogenetic mapping onto reference sequences. As a result, we detected 395 PolB sequences classified as
prasinoviruses. We are now analyzing the detailed phylogenetic position of prasinoviruses, the global pattern
of their distribution, as well as the association with their potential host organisms. Additionally, we made use
of these environmental PolB sequences to design new PCR primer set specified to the oceanic prasinoviruses.
I and my colleagues have been working on isolating prasinoviruses from the natural environments, and now
we have 29 PolB sequences from the isolates. From the alignment combining PolB sequences from the isolate
cultures and those from the global metagenomes, we detected a highly conserved domain across prasinoviruses
in the ocean. We are planning to design a new prasinovirus-specific primer set based on the consensus
sequences of this domain, by using the bioinformatic pipeline developed in a previous work>. It would cover
prasinovirus species in the a wide range of oceanic habitats, and contribute to the targeted detection and

evaluation of overall prasinovirus community in the ocean.

References

1 Hingamp, P. et al. Exploring nucleo-cytoplasmic large DNA viruses in Tara Oceans microbial metagenomes.
ISME J 7, 1678-1695, doi:10.1038/ismej.2013.59 (2013).

2 Derelle, E. et al. Diversity of viruses infecting the green microalga Ostreococcus lucimarinus. J Virol 89,
5812-5821, doi:10.1128/jvi.00246-15 (2015).

3 Li Y. et al. Degenerate PCR primers to reveal the diversity of giant viruses in coastal waters. Viruses 10,

496, doi:10.3390/v10090496 (2018).
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Integrating omics data and module—based network with deep learning
to develop cancer type predictive models

Jinn-Moon Yang National Chiao Tung University

Research Purpose: Cancer classification has been a crucial topic of research in cancer treatment. To classify
cancer types, various machine learning approaches have been developed to reduce the dimensionality of
mRNA expression data and improve the classification accuracy. However, current studies focus on dealing
with unbalanced data, but not emphasize on exploring mechanism across multiple cancer types. A crucial
step toward understanding cellular systems properties is to analyze the topology of biological networks and
biochemical progress in cells. To construct the protein-protein interaction (PPI) network as completely as
possible, genome-scale interaction discovery approaches, such as high-throughput yeast two-hybrid
screening and co-affinity purification, have been proposed. However, current network analysis approaches
usually used the comprehensive but complicated PPI network to describe cellular behaviors. To address these
issues, we will collaborate with Professor Tatsuya Akutsu, who has years of experience in mathematical
analyses of biological networks. We will propose a deep learning model and study module-based
mechanisms across multiple cancer types, and propose a modularity structure matrix, called MS-matrix, to

identify functional modules for studying cancer mechanisms.

Results : We have developed novel deep learning-based methods, feature-based strategy (FES) and
image-based strategy (IMS), for identifying cancer subtypes by integrating evolutionary profiles and gene
expression data. Evolutionarily conserved genes/proteins were identified and utilized in FES whereas the
distances were computed for all pairs of genes based on the coevolutionary correlation score and were
transformed into image data using multidimensional scaling (MDS) analysis. We demonstrated the
effectiveness of these methods by comparison with existing methods through breast cancer subtype
classification and multiple cancer type classification [1], where integration of PPI data is left as future work.
In addition to this study, three students in my laboratory in NCTU visited ICR and discussed the possibilities
of collaborations on identification of binding atoms of ligands for protein kinases, deep learning-based
approach for analysis of phosphopeptide binding domains, and identification of consensus contact regions in

protein interacting interfaces.

Publication:
[1] C-Y. Lin, P. Ruan, R. Li, J-M. Yang, S. See, J. Song, and T. Akutsu: Deep learning with evolutionary and
genomic profiles for identifying cancer subtypes, Journal of Bioinformatics and Computational Biology,

17(3), 1940005, 2019.
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Next-generation bioinformatics approaches for the accurate identification of
protease-specific substrate cleavage sites

Jiangning Song Monash University

In collaboration with Prof Tatsuya Akutsu and his research group at the Bioinformatics Center,
Institute for Chemical Research, Kyoto University, we have carried out research activities and
generated research outcomes, which are briefly summarized as follows:

Objectives:

Understanding of the mechanisms of regulation of proteolysis by proteases is very important for
elucidation of cellular processes. The key to this understanding is to identify the complete
repertoire of specific substrates that each protease targets.

Experimental methods:

Substrate cleavage site prediction can be formulated as a binary classification problem, i.e. being
classified as either a cleavage site (positive) or non-cleavage site (negative). We employed a
machine learning technique- support vector regression (SVR) to build the iProt-Sub models to
predict the substrate cleavage probability of proteases.

Experimental results and discussions:

We have developed the iProt-Sub tool and constructed protease-specific prediction models for 38
proteases. Our experimental evaluations indicate that the proposed iProt-Sub method outperforms
those previously developed methods. After its publication in Briefings in Bioinformatics in 2019,
iProt-Sub has been utilized as a powerful tool for proteome-wide prediction of protease-specific
substrates and their cleavage sites. The paper has been cited for 106 times in Google Scholar and
the web server has been accessed by 10,000+ visits worldwide.

Publications:

[1] J. Song, Y. Wang, F. Li, T. Akutsu, N. D. Rawlings, G. 1. Webb, K-C. Chou: iProt-Sub: a
comprehensive package for accurately mapping and predicting protease-specific substrates and
cleavage sites. Briefings in Bioinformatics 20(2): 638-658 (2019)

[2] F. Li, Y. Wang, ..., J. Revote, T. Akutsu, K.C. Chou, A.W. Purcell, R.N. Pike, G.I. Webb, A.IL
Smith, T. Lithgow, R.J. Daly, J.C. Whisstock, J. Song. Twenty years of bioinformatics research for
protease-specific substrate and cleavage site prediction: a comprehensive revisit and benchmarking
of existing methods. Briefings in Bioinformatics 20(6):2150-2166 (2019)

[3]J. Wang, B. Yang, ..., M. Hayashida, T. Akutsu, G. I. Webb, R. A. Strugnell, J. Song, T. Lithgow:
Systematic analysis and prediction of type IV secreted effector proteins by machine learning
approaches. Briefings in Bioinformatics 20(3): 931-951 (2019)

[4] J. Wang, J. Li, B. Yang, ..., T. Akutsu, Y. Zhang, ..., J. Song, T. Lithgow: Bastion3: a two-layer
ensemble predictor of type III secreted effectors. Bioinformatics 35(12): 2017-2028 (2019)
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Viral impacts on microbial ecosystems in the highly-enclosed inlet,
Uranouchi Bay, Kochi

Keizo Nagasaki Kochi University

Viruses are important regulators of the marine microbial communities such as bacteria, protists, and
metazoans. Through the selective infection and cell lysis, viruses are thought to increase the recycling rate of
materials for the microorganisms, and consequently contribute to the homeostasis of marine ecosystems.
Megaviridae is a proposed virus family, which infect mainly autotropic and heterotrophic protists in the ocean.
Recent studies revealed the extremely high taxonomic diversity of Megaviridae in the marine environments
(Li et al., 2018; 2019), suggesting the potential diversity of their host organisms in the sea. Analyzing the
temporal variations in detailed community structures of Magaviridae and their potential hosts would be a
feasible solution for evaluating the potential impacts of the viruses to the eukaryotic communities as well as
predicting unknown virus-host associations in the sea.

In this study, we conducted a short-term, high-frequency sampling (1 sampling per day, 9 days) in the
Uranouchi Bay (Kochi, Japan), a semi-enclosed inlet where massive algal blooms by several species occur
every year, during a bloom event in May-June 2019. Additionally, we performed a long-term, low resolution
sampling (1.5 samplings per month on average) from January 2017 through June 2019 at the same area. By
using the DNA samples collected in these observations, detailed community compositions of Megaviridae and
eukaryotes were analyzed with amplicon sequencing targeting the marker genes. We found that the community
composition of Megaviridae changed dramatically over time, and was more pronounced with the
developments of algal blooms. This suggests that Megaviridae might infect various eukaryotic microbes
including bloom forming algae than previously elucidated, and have potential to control the dynamics of red-
tide events in the study site. Further analyses are in progress to elucidate the causality of community dynamics
between Megaviridae and their potential host organisms.

With these results, a presentations was made for research conference as below.

e Prodinger F., Endo H., Takano Y., Li Y., Tominaga K., Isozaki T., Blanc-Mathieu R., Gotoh Y., Nagasaki
K., Yoshida T., Ogata H. Exploring community changes of bloom forming eukaryotic phytoplankton and
Megaviridae in Uranouchi Inlet, Japan. Research meeting on environmental viruses [November 2, 2019,
Uji Campus, Kyoto University; Oral presentation by Prodinger F.]
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Background: Red tide is a phenomenon of discoloration in seawater, caused by the algal bloom of some
phytoplankton species. Previous studies have demonstrated that nucleocytoplasmic large DNA viruses
(NCLDVs) are involved in red tide and infect unicellular microalgae. Co-culture with their host is the “Gold
Standard” for the identification of virus-host relationship but limited by our ability to cultivate microorganisms
(thus hosts). Therefore, consideration should be put into cultivation-independent approaches.

Methods: We used cell sorting and samples collected from red tide outbreaking seawater at Uranouchi Bay to
identify the hosts of NCLDVs. Samples were collected from the surface (SRF) and deep chlorophyll maximum
water (DCM) layers. Sorting of cells was done with a S3e cell sorter (Bio-Rad) and triggered on the gates
based on FSC (cell sizes), SSC (internal complexity), FL4 (chlorophyll).

Results: Microalgal cells and smaller cells (or particles) were sorted out of the environmental community.
Microscopy observation confirmed sorted microalgal cells are Caratium sp.. For virus detection, we used
Megaprimers pair PP45 to investigate the presence of “Megaviridae”. It was shown that besides complete
Caratium sp. cells, “Megaviridae” signals could be detected from other sorted groups and original sample.
This on-going study has shown the ability and potential of cell sorting to identify the hosts of NCLDVs in the
marine environment. This work was performed mainly by Lingjie Meng (PhD student) of Ogata laboratory

(ICR) using the laboratory equipment of the PI (Takashi Yoshida).

Publication:
Li Y., Endo H., Gotoh Y., Watai H., Ogawa N., Blanc-Mathieu R., Yoshida T., Ogata H. The earth is small for
“leviathans”: long distance dispersal of giant viruses across aquatic environments. Microbes Environ. 34, 334-

339 (2019).

Presentations:
Meng L., Endo H., Blanc-Mathieu R., Ogata H. NCLDV host prediction with marker gene co-occurrence
analysis in marine metagenomes. B 5 7 A /L A WG4 2 [November 2, 2019, Uji Campus, Kyoto

University; Oral presentation by Meng L.]
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Control and analysis of complex networks via minimum dominating sets

Jose C. Nacher Toho University

Research Purpose: Different from random networks, many biological information networks including
metabolic networks, protein-protein interaction networks, and ncRNA-protein interaction networks have the
scale-free property (i.e., power-law degree distribution). We have been developing theory and methods for
analyzing these scale-free networks. In recent years, we have been focusing on controllability of scale-free
networks and developing theory and methods based on the minimum dominating set (MDS), which is a
well-known concept in graph theory. In particular, we developed a new concept, the probabilistic minimum
dominating set (PMDS), by extending the MDS for handling weighted networks in which edges have some
weights. However, PMDS is not enough to analyze such networks as metabolic networks because metabolic
networks have another type of parameters: stoichiometric matrices. Therefore, it is needed to combine

PMDS with stoichiometric matrices.

Results : We have developed a novel method for analyzing metabolic networks by combining PMDS with
stoichiometric matrices [1]. The method consists of the following steps. (1) The stoichiometric matrix is
constructed from a given metabolic network and used to compute the orthonormal kernel matrix. (2) The
reaction correlation coefficient, which is the cosine of the angle between the reaction rows in the kernel, is
computed for each pair of reactions and is used as the strength of control between both reactions. (3) PMDS
is computed based on the strengths of edges. We applied the method for analysis of metabolic networks
corresponding to four healthy and cancer tissues. The results suggest that cancer metabolism is easier to be
controlled. In addition to this study, we developed a deep learning-based method for lung cancer
classification integrating protein interaction network and gene expression profiles [2]. Furthermore, we
studied how human protein-protein interaction networks are affected by virus infection from a viewpoint of

controllability via MDS [3].

Publications:

[1] J-M. Schwartz, H. Otokuni, T. Akutsu, and J. C. Nacher, Probabilistic controllability approach to
metabolic fluxes in normal and cancer tissues, Nature Communications, 10, 2725, 2019.

[2] T. Mastubara, T. Ochiai, M. Hayashida, T. Akutsu, and J. C. Nacher, Convolutional neural network
approach to lung cancer classification integrating protein interaction network and gene expression profiles,
Journal of Bioinformatics and Computational Biology, 17(3), 1940007, 2019.

[3] V. Ravindran, J. C. Nacher, T. Akutsu, M. Ishitsuka, A. Osadcenco, V. Sunitha, G. Bagler, J-M. Schwartz,
and D. L. Robertson, Network controllability analysis of intracellular signalling reveals viruses are actively

controlling molecular systems, Scientific Reports, 9, 2066, 2019.
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Application of s-tetrazines in guanidine functionalization of fullerenes

Davor Margetic Rudjer Boskovic Institute

Objectives

Synthesis of novel guanidinium tetrazine reagents and investigation of their reactivity for
fullerene derivatization with partner ICR researcher Professor Murata Yasujiro.

Experimental results. Aminotetrazine 4 was prepared by condensation of 2-cyanopyridine and
5-amino-2-pyridinecarbonitrile with hydrazine hydrate and oxidation 1,4-dihydrotetrazine with
diacetoxyiodobenzene. Diamino tetrazine was prepared in an analogous manner. Guanylation
reactions of tetrazine showed that reactivity of aminotetrazine is smaller than of previously used
aromatic amines. The screening of reaction conditions and reagents showed that N,N’-Di-Boc-
S-methylisothiourea (BSTU) is reactive enough to provide guanidinyl tetrazine 7 in small yield.
BSTU reagent was also employed in the synthesis of symmetrical, bis-guanidine tetrazine 9.
Several experiments were carried out to investigate cycloaddition reactivity of tetrazines 4, 7 and
9. High pressure promoted cycloadditions of tetrazines 4, 7 and 9 with alkene 10, irrespective of

tetrazine used provided two products: 2:1 bisadducts 21-23 and pyridazines 24-26 (Scheme 1).

_—
OMe Z IN Et;N
N 25°C, 3d
10 Ry 21 Ry=NHy, Rp=H (11%) 24 Ry=NHy, Ry=H, (7%)
4 R4=NH,, Ry=H 22 Ry=Boc,Gu, Ry=H (25%) 25 Ry=Boc,Gu, Ry=H (12%)
Gu=Guanidine 7 Ry=Boc,Gu, Ry=H 23 Ry=Ry=Boc,Gu (19%) 26 R,=R,=Boc,Gu (11%)

9 Ry=R,=Boc,GU
Scheme 1. Cycloaddition reactions of tetrazines 4, 7 and 9 with alkene 10.
Cycloadditions of bis(2-pyridyl)tetrazine 11 and 7 with fullerene were carried out in different
reactions conditions and complex mixtures of products were formed. Invariably, guanidinyl
tetrazine 7 showed lower cycloaddition reactivity in comparison with 11 and fullerene reactivity
was lower than alkene 10.
Theoretical results. B3LYP/6-31G* calculations were carried out to predict reactivity of s-
tetrazines. Relative Diels-Alder reactivity of tetrazines was estimated by the examination of
frontier molecular orbitals (FMO). All tetrazines react in DA reaction with norbornadiene in an
inverse electron-demand fashion. The presence of amino or guanidine substituents at s-tetrazine
does have a small effect on the FMOs. The transition state calculations of reactions with two
dienophiles (norbornadiene and fullerene) afforded TS structures corresponding to concerted,
synchronous mechanism. Overall, activation energies for cycloadditions with Ceo are higher than
reactions with norbornadiene, which is in good accordance with experimental observations.
Electron donating amino and guanidine substituents on tetrazine raise the FEact, whereas
protonation provided the similar effect as predicted from FMO analysis: increase of reactivity.

Four lectures were delivered from 3-6 February at Universities in Japan.
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Coupling of planar and curved m-systems for the development of novel
functional materials

Akimitsu Narita Max Planck Institute for Polymer Research

Objective: For the project purpose of coupling the planar n-conjugated molecules developed at
the Max Planck Institute for Polymer Research (MPIP) with unique curved m-systems
synthesized by the ICR partner researchers, Prof. Takashi Hirose and Prof. Yasujiro Murata, the
project goal in FY2019 was to achieve proper functionalization of the n-systems for enabling
the coupling reactions. To this end, we have studied direct borylation of dibenzo[Ai,sf]ovalene
(DBOV), which is a planar polycyclic aromatic hydrocarbon (PAH) with promising optical
properties, such as strong red emission and capability of stimulated emission and single-photon
emission.

Results and discussion: Iridium-catalyzed direct borylation of DBOV with two mesityl groups
(DBOV-Mes) was carried out. After optimizing the reaction conditions, the borylation reaction
proceeded by heating DBOV-Mes and pinacolborane in a mixture of tetrahydrofuran and
mesitylene (1:1) at 90 °C, under the presence of 10 mol% Ir(cod)(OMe)]> and 20 mol%
di-tert-butylbipyridine (dtbpy) (Figure). MALDI-TOF MS analysis indicated formation of a
mixture of four producdts, namely mono- to tetra-adducts. Selective formation of a product
with a certain number of functionalization could not be achieved, suggesting limited difference
in the reactivity of C—H bonds at different positions. Nevertheless, this achievement of the
direct borylation of DBOV will be a basis for the coupling of this promising pla