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Preface

Welcome

OCARINA, the OCU Advanced Research Institute for Natural Science and
Technology is a cross-disciplinary research organization in Osaka City University.
Currently, seven research projects that cross the three departments of the
Graduate School of Science, Graduate School of Engineering, and Graduate School
of Human Life Sciences are participating in OCARINA. OCARINA will host the
10th International Symposium on March 5-6, 2019, where the advanced research

results of these projects will be presented.

This year we are planning two mini-symposiums entitled "Progress and future of
photosynthetic research" and "Catalysts (tentative)", and invited active
researchers in the world. We also will produce the poster session from many
younger scientists including students (age under 35) to increase opportunities for
lively and informative exchange of views. Approximately 20% of posters will be

awarded the poster prize and it will be announced at the banquet.

On behalf of the organizing committee, we encourage the submission of abstracts
for the poster session and we hope many people will participate in this symposium

and contribute to active discussions.

We look forward to welcoming you to Osaka.

Chair organizer

Michio MIYANO

Adviser to the President of OCU
Director of OCARINA
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Date

5th March (Tue.), 2019 (Registration:09:00-) 09:30-18:10
6th March (Wed), 2019 (Registration:09:00-) 09:30-16:50
*Symposium Photo: 18:10 on 5th March (Tue.), 2019 at conference room (10th Floor)

Venue

Conference Room (10t Floor) , Media Center, OCU

Banquet
Sth March (Tue.) , 2019 18:20-
at Meeting Room for Researching Staff (10t Floor) , Media Center, OCU

Organizer
The OCU Advanced Research Institute for Natural Science and Technology (OCARINA)

Organizing committee

e Dr. Michio MIYANO (Adpviser to the President of OCU / Director of OCARINA / Specially Appointed Professor,
Graduate School of Human Life Science, OCU)

e Dr. Nobuo KAMIYA (Vice Director, OCARINA/Professor, OCARINA)

¢ Dr. Naoteru SHIGEKAWA (Vice Director, OCARINA/Professor, Department of Physical Electronics and Informatics,

Graduate School of Engineering, OCU)

e Dr. Yutaka AMAO (Director, ReCAP/Professor, OCARINA)

¢ Dr. Tomoko YOSHIDA (Deputy Director, ReCAP/Professor, OCARINA)

® Dr. Ritsuko FUJII (Associate Professor, OCARINA)

® Dr. Keisuke KAWAKAMI (Specially Appointed Associate Professor, OCARINA)

® Dr. Shusaku IKEYAMA (Specially Appointed Research Associate, OCARINA)

® Dr. Muneaki YAMAMOTO (Specially Appointed Research, OCARINA)

® Dr. Yoshihiro YAMAGUCHI (Tenure-track Specially Appointed Associate Professor, OCARINA)

Invited speakers

e Dr. Alain BOUSSAC (Senior Researcher, Centre national de la recherche scientifique, France)

¢ Dr. Jian-Ren SHEN (Professor, Research Institute for Interdisciplinary Science, Okayama Univ., Japan)

e Dr. Jian-Ping ZHANG (Professor, Renmin University of China, China)

e Dr. Miwa SUGIURA (Associate Professor, Proteo-Science Center, Ehime Univ., Japan)

© Dr. Takumi NOGUCHI (Professor, Grad. Sch. of Science, Dept. of Material Science, Nagoya Univ., Japan)

® Dr. Yutaka BANNO (Professor, Faculty of Agriculture, Kyushu Univ., Japan)

e Dr. Leny YULIATI (Principal Investigator, Ma Chung Research Center for Photosynthetic Pigments (MRCPP), Indonesia)
e Dr. Hsyueh-Liang WU (Professor, Dept. of Chemistry, National Taiwan Normal Univ., Taiwan)

e Mr. Syunichi NAKAMURA (Deputy Manager for Energy Policy, Environmental Policy Division,

Environment Bureau, Osaka City Government, Japan)

Speakers in OCARINA project team

e Dr. Makoto MIYATA (Professor, Department of Biology and Geosciences (Functional Biosciences), Grad. Sch. of Science, OCU)
e Dr. Akihisa TERAKITA (Professor, Department of Biology and Geosciences (Science of Biomolecules), Grad. Sch. of Science, OCU)
® Dr. Nobuo KAMIYA (Vice Director, OCARINA/Professor, OCARINA)
® Dr. Taro NAKAMURA (Professor, Dept. of Biology and Geosciences (Functional Biosciences), Grad. Sch. of Science,0CU)
® Dr. Yasuyuki TSUBOI (Dept. of Molecular Materials Science, Grad. Sch. of Science, OCU)
¢ Dr. Seiya KOBATAKE (Dept. of Applied Chemistry and Bioengineering, Grad. Sch. of Engineering, OCU)
e Dr. Soichi SAEKI (Associate Professor, Dept. of Mechanical and Physical Engineering (Mechanical Engineering),
Grad. Sch. of Engineering, OCU)
e Dr. Yasuhisa NAKASO (Special Researcher, OCARINA, OCU)
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Programme of 10" OCARINA International Symposium

Venue: Media Center, Osaka City University, 3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan
All the Presentations & Symposium Photo: at Conference Room L (10F)
Banquet & Poster Awarding Ceremony: at Meeting Room for Researching Staff (10F)

5" March (Tue.), 2019 9:20-18:10

09:00-09:20 Registration

Opening
09:20-09:30 ik sz (KA - BERAIFE)
Hiroyuki SAKURAGI (Vice President of OCU)
Session 1: %iw/{r# (Frontier Biclogy)
EH HEA EFWAASLYERRER - 20%) [XEHE
09:30-10:00 | Makoto MIYATA (Department of Biology and Geosciences, Graduate School of
01 Science, OCU) [English lecture]
Amazing molecular motors in Mollicutes !
b BBA (BEWHAAEYHERREY - #UR) [KEHE
10:00-10:30 Akihisa TERAKITA and Mitsumasa KOYANAGI (Department of Biology and
g %’; : Geosciences, Graduate School of Science, OCU) [English lecture]
Animal Opsins: Non-Visual Functions and Optogenetic Applications
10:30-10:40 4@ (Break)
Poster Session [Presentations in English]
10:40-12:10 | k25 mmsick 85 a— R ILEYT—3 2V [RERE]
Short Presentations [Presentation in English]
12:10-13:10 B4 (Lunch Break)
: < BHESOIWAY —FEk
13:10-13:50 | poster Viewing 1 (odd number)
: . BRESORZAY —HFHE
19:90-14:30 | pocter Viewing 2 (even number)
14:30-14:40 ¢ (Break)
AR - ATHARI =V VRIS A
Mini-Symposium "Progress and Future of Photosynthetic Research”
FRIRE 1 (BRIl L B8 SHEERR)
14:40-15:30 Sp_e:cial Lecture 1 (Chair: Keisuke ISAWAEQMI)
31 FZv TYvy (RFABRHAER. 770 2R) [KEFR

Alain BOUSSAC (Centre National de la Recherche Scientifiqgue, France)
[English lecture]

New Insights on the Oxygen Evolution Mechanism and ChlpsFunction in
Photosystem |l

N



15:30-15:40

15:40-16:00
i

16:00-16:20
12

16:20-16:30

16:30-16:50
i3

16:50-17:10
14

17:10-17:20

17:20-18:10
S2

18:10-18:20

18:20-20:30

tk# (Break)

BEEE 1 (ER )Lk B8 SEEEER)
Invited Lecture 1 (Chair: Keisuke KAWAKAMI)

EEH E (BERE 70704 A2y — - #3815 [EEEEH
Miwa SUGIURA (Proteo-Science Center, Ehime Univ.) [English lecture]

New Insights on Chlps Function in Photosystem Il from Site-Directed Mutants
HALER 1 [CEIT B Chpy DR

BEsE 2 (BRI E B FDESE)
Invited Lecture 2 (Chair: Keisuke KAWAKAMI)

FO I/ (ALHEKE K¥ERBERWRE - 8% [FEEEE)
Takumi NOGUCHI (Graduate School of Science Division of Material Science,
Nagoya Univ.) [English lecture]

Infrared Analyses of Photoreactions in Photosystem |l
FALER I ICH T B HRIDOTRA AT

7@ (Break)

BEwmE 3 (R B 87 #30R)
Invited Lecture 3 (Chair: Ritsuko FUJII)

& BT (FEAERXZ, TE) FEFE
Jian-Ping ZHANG (Renmin University of China, China) [English lecture]

Light Conversion in Bacterial Photosynthesis

BEAR 4 (BRI L B8 SHEERR)
Invited Lecture 4 (Chair: Keisuke KAWAKAMI)

u BC (AUXE RNBERNFTRA . BF) [FEEER
Jian-Ren SHEN (Research Institute for Interdisciplinary Science, Okayama
Univ., Japan) [English lecture]

Mechanism of Water-Splitting Catalyzed by the MnsCaOs-Cluster of
Photosystem ||
HAEZE R Il MnsCa0s 7 2 A9 — I & BKIMED RGHE

78 (Break)

BRIEE 2 (BRI L B8 SDEHR)

Special Lecture 2 (Chair: Keisuke KAWAKAMI)

M X (ESERIEE - AR - 208) (=FEFE

Nobuo KAMIYA (Vice Director, OCARINA) [English lecture]

Structure of the Oxygen-Evolving Complex and Valences of the Manganese

Atoms in Photosystem Il Functioning in Photosynthesis
KO THREET 2 2R - BRREY 7 A9 — 0SS Mn RF O

B 42
Symposium Photo at Conference Room L (10" Floor), Media Center, OCU

MAY —RERRA - BE=
Banquet & Poster Awarding Ceremony



6™ March (Wed.), 2019, 9:30-16:50
09:00-09:30 Registration

Session 2: /{1 A Y —2X (Bio-Resource)
09:30-09:50 | mpt xEp EYWANAEVHRARTE - 202 [AXZHE]

Taro NAKAMURA (Department of B o ogy and Geosc ences, Graduate Schoo of Sc ence, OCU)
[Japanese ecture]

B | ryvarunsAuy—27aves BB
| Natona B o Resource Project-Yeast
BEEE 5 (R PR AR 08)
09:50-10:30 | Inv ted Lecture 5 (Cha r: Taro NAKAMURA)
 HE 2 WMXZE B - 8i%) [BFFEFHE]
| Yutaka BANNO (Facuty of Agrcu ture, Kyushu Un v.) [Japanese ecture]
15

AAANRAAYY R EVA TV ADEMD

| Contrbuton to Sc ence us nga S kworm B o-Resources

10:30-10:40 {7 (Break)

' Session 3: 7/~ 7 U 7L (Optical Control of Nano-Material)

10:40-11:10 :
Wi Fo (KRTIAY - BYWMRAYELTREY - %i8) [BAZESE]
Yasuyuk TSUBOI (Department of Mo ecu ar Mater a s Sc ence, Graduate Schoo of Sc ence, OCU)

04 [Japanese ecture]

|
F/PERI-_Pal—arvEBETHEXE Y Y NORR

| Session 4: 5t~ 7Y 7 JL (Frontier Materials)

1101190 | hg gt (T¥WRALSEPRER - #18) [AREHE
Se ya KOBATAKE (Department of App ed Chem stry and B oeng neer ng, Graduate Schoo of
: Eng neer ng, OCU) [Japanese ecture]

TARNIOZVIRTFREDT A FAHZHILESE)

| Photomechan ca Behav or of Photochrom ¢ Mo ecu ar Crystas

05

11:40-11:50 47 (Break)

Session 5: /{4 A XF 1 N ILFGIHERTE (Frontier Bio-Medical Engineering)
901230 | fef 4— (TEARAUMMURRER - #50R) (AAEHH]

Souch SAEKI {Department of Mechan ca and Phys ca Engneer ng, Graduate Schoo of
| Eng neerng, OCU) [Japanese ecture]

S48 OCT 2I5A L L BAERSERORER & TEEROMA

| Deve opment of Support Instrumentat on n Regenerat ve Med c ne app y ng Mut -functona OCT

12:50-13:50 Ef###@ (Lunch Break)

06

]



13:50-14:20

o7

14:20-14:50
08

14:50-15:00

15:00-15:40

S3

15:40-15:50

15:50-16:30
S4

16:30-16:40

16:40-16:50

Session 4: FHIRILF— - BAk (Urban energy)

FE RE (KRHIZKT - ESomifFikes - FilER) [BFEFRE]

Yasuh sa NAKASO (OCARINA, OCU) [Japanese ecture]

BADRFHRHTEICERAT 2FKEER X7 L O FRRFERE
R&D Resu ts of Aqu fer Therma Storage System App ed to Urban Coasta Areas n Japan

Fit R— (KERHREE RBERSRERRR - TxIL¥—BiRELRER
H) [BFEER]

Syun ch NAKAMURA (Env ronment Bureau, Osaka C ty Government) [Japanese ecture]

REERHEICE T 2 FRKEERNAOERREICONVT

Promot on of Aqufer Therma Energy Storage n Osaka Metropo tan Area

t# (Break)

=S Ry L

Mini Symposium on Catalysis

#®E a0 FEHFHELATEESE TIRABHYAERATUE 0 E L EFAMTE
Supported by the 2018 OCU Professional Development Program

FepllEEEE 3 (R - 5H BBH)
Special Lecture 3 (Chair: Tomoke Yoshida)

Leny YULIATI (Ma Chung Research Center for Photosynthetic Pigments,
INDONESIA) [English lecture]

Metal Oxide Photodeposition towards High Activity of Titanium Dioxide
Photocatalyst

t#8 (Break)

FREE 4 (BR RS 3§)
Special Lecture 4 (Chair: Masumi [tazaki)

Hsyueh-Liang WU (Department of Chemistry National Taiwan Normal
University, Taiwan) [English lecture]

Enantioselective Rh-Catalyzed Syntheses of Chiral Nitrogen Containing
Compounds

## (Break)

Closing
e EX (KK - Ao ERERES - BifRR)

! Nobuo KAMIYA (Vice Director, OCARINA/Professor, OCARINA)
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Guidelines for Poster Presentations

(1) Preparation for the poster
@® The poster board provided is approximately 160 cm height x 110 cm width.
@ Please limit the size of your entire poster or poster sections in it. (Recommended poster size is AO.)
@ Please place your poster on the poster board numbered for you.
@® Push pin will be available at the site.
@ Poster viewing will be start from odd number, and then even number (40 min each). During your time,
please stay around the poster.

@ Display your poster during OCARINA symposium (5 March, 9:00 - the end of the poster session).

(2) Preparation for the short oral presentation
@ All the poster presenters can present own short oral presentation.
® One separate file (pdf or power point format) is available to show during your presentation.
@ No animation. Submit the file to the conference secretary.
@ Gather and make a queue in front of the stage before starting of the short oral presentation.
Allocated time is 1 minute including set up time. Please stand up nearby the microphone and be

ready before finishing of the previous talk.

RARZ—=FERICDONT

(1) Wi R A Z—IcDWT (JiGE
O RARZ—Y A X A0 (R— R4 X1 W110 x H160 cm FfE )
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o= i FERY Y X — I0F KEHE
OIif A (3 A5 H (K 9K~ RAZ—tky ¥ a K TET
O RAX—BEOREZHET 5 /51E. NIREE T LTIZE,
O RAX—DWEF., THETHBBHWLET, MEINZARAZ—ICDONTRTHEL TV
LET,
O RAX—FK | gt/ wfks %Y RS
> B OFREXORHHIE, BEORAZ—DZFIINTLEE W,
(2) RAZ—a— b T LEBYT—v g VDT (EEE, B 10 (D)

Ya— LY T =Y a YORBRZNCIE, HEAHEICEE D BRI AT ZE 0,
® R A X —HEHR ATk BRFREHE N O 2N E S IR 70y £ 7 b X = HEDOE
HEICKBEE, BOBOWMIFICHSOWMAZIEITEZ TR0 E D D,

(7o - HN - 238 - HOZHR LT 50V, §izd%,.)
O KAX—EREX3 H5H (k) 181K 20 /7FRDIERLIC TITVER I, HEkE S T TS
IEEW,
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Oral Presentations
March 5t (Tue), 2019
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Amazing molecular motors in Mollicutes !!!

Makoto Miyata
1) The OCU Advanced Research Institute for Natural Science and
Technology
2) Graduate School of Science, Osaka City University

There are numerous species of lifes on the earth. However, if we focus on the structure of
force generating molecules, the motility discovered so far can be classified into just 18 types.
Interestingly, three of them are found in a small group of bacteria called the class Mollicutes.
The class Mollicutes is thought to have been established after unique evolution through
parasitic on higher animals and plants in a short time from Gram positive bacteria,
represented by Bacillus subtilis var. natto. Recently, we succeeded in clarifiying the core part
of the motilities, through a process including (i) analyzing the movement of cells and
molecules in detail, (ii) identifying protein molecules involved, (iii) clarifying the structure of

motility machinery. Then, we saw unimaginable

\0

secrets! '\(
" ¢
Spiroplasma eriocheiris (right figure) has a regular d

helicity in the cell and pushes water backward by )

reversing the handedness from front to back, and W
swims forward. We isolated the ribbon structure responsible for helix formation and its
component "Fibril protein", and clarified their structures at nanometer level. We found that the
reversal of cell helicity is caused by the structural switch in Fibril protein, and its structure

depends on MreB, which is an actin homolog dictating the shape of cells in other bacteria, and

the intracellular energy state.

Mycoplasma mobile (right figure) forms an organelle on a

cell pole, binds to the host surface and shows gliding

motility. Previously, we revealed that a complex including

legs composed of four huge proteins works on the surface

of cell membrane, and motors hydrolyze ATP on the inside of cell membrane. We isolated the
motor and clarified its structure to the atomic resolution by using electron cryomicroscopy. A
“Monster" appeared as the combination of phosphoglycerate kinase and ATP synthase which

are responsible for ATP synthesis in many organisms, associated with several novel proteins.

References
[1] Miyata, M.; Hamaguchi, T. Frontiers in Microbiology 2016, 7, 960.
[2] Miyata, M.; Hamaguchi, T. Current Opinion in Microbiology 2016, 29,15-219.
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Animal opsins: non-visual functions and optogenetic applications

Akihisa Terakita and Mitsumasa Koyanagi
Department of Biology and Geoscience, Graduate School of Science, Osaka City University,
Osaka, Japan’ OCARINA, Osaka City University, Osaka, Japan

Most animal opsins bind to a retinal as a chromophore to form photosensitive pigments
and serve as light-sensitive G protein-coupled receptors (GPCRs), which constitute a large
protein family of receptors that sense molecules outside the cell and activate inside signal
transduction pathways and, ultimately, generate cellular responses.

Many animals capture light through opsin-based pigments and utilize the light information
for visual and non-visual functions including regulation of circadian rhythms. Thousands of
opsins have been identified from a wide variety of animas thus far. We have characterized
diverse opsins, including novel ones, spectroscopically, biochemically, molecular
physiologically and evolutionally [1-4], and also investigated their contribution to biological
function [5, 6]. Interestingly, we found that some non-visual opsins have unique molecular
properties and such unique peroperties might be suitable for optogenetics applications, which
are the combination of genetics and optics to control well-defined events within specific cells
of living tissues.

In lower vertebrates, pineal and its related organs in the brain discriminate UV and visible
light. A pineal UV-sensitive opsin, parapinopsin has been considered to be involved in this
color discrimination [1, 3]. We recently found that a signle photoreceptor cell containing
parapinopsin alone generates color opponency, which is essential cellular photoresponse to
detect different wavelenght of lights [6]. Because it has been discussed that maltiple opsins
are requiered for color opponency, this finding could propse a new concept for the mechanism
of color detection and its evolution. We also found that UV and green light illuminations
activate and deactivate parapinopsin, respectively to regulate G protein-mediated signal
transduction cascade in the mammalian cultured cells [7]. Therefore we suggest that
parapinopsin has optogenetic potentials to control cellular responses and animal behaviours in

a light wavelength-dependent manner.

References:

[1] Koyanagi, Kawano et al., Proc. Natl. Acad. Sci. U.S.4 2004, 101, 6687 [2] Koyanagi et
al., Proc. Natl. Acad. Sci. U.S.4 2013, 110, 4998 [3] Koyanagi, Wada et al., BMC Biology
2015, 17,73 [4] Gerrard et al., Proc. Natl. Acad. Sci. U.S.A 2018, 115, 6201-6206

[5] Nagata et al., Science 2012, 355, 469 [6] Wada et al., Proc. Natl. Acad. Sci. U.S.4 2018,
110, 4998 [7] Kawano-Yamashita et al., PLoS One 2015, 10, e0141280



New insights on the Photosystem II O; evolution mechanism:
The S: to S; transition.

Alain Boussac!, A. William Rutherford?, Miwa Sugiura®
'PBC, UMR CNRS 9198, CEA Saclay, 91191 Gif-sur -Yvette, France. *Department of Life
Sciences, Imperial College, London SW7 2AZ, United Kingdom. 3Proteo-Science Research
Center, Ehime University, Bunkyo-cho, Matsuyama, Ehime 790-8577, Japan.

Abstract:

Oxygenic photosynthesis provides the main input of energy into biology. This process
produces food, fibers and fossil fuels, and energizes the atmosphere with Oz. Photosystem II
(PSII) is the unique water-oxidizing enzyme of the cyanobacteria, algae and higher plants that
is at the heart of oxygenic photosynthesis. The active site of PSII, a MnsCaOs-cluster,
advances through five sequential oxidation states (So to S4) before water is oxidized and Oz is
generated. Both the Sa-state and Ss-state exhibit different EPR properties showing there are
several structural conformations for both of them. The S:-state can be present in either a low
spin (S=1/2) or a high spin (§=5/2) configuration. The S3-state has at least two configurations.
one exhibiting an EPR signal from a spin S=3 state and one that is EPR silent but detectable
upon near-infrared illumination at 4.2 K by inducing a so-called “split signal”. The S2 to S3
transition is a complex state because several events occurs as the preloading of water, the
binding of water to the cluster, deprotonation steps and possible structural changes in the
cluster. In the present work, the transition between the Sz and S3 state has been studied by
using EPR spectroscopy, quantum chemical calculations using Density Functional Theory
(DFT), and time-resolved UV-visible absorption spectroscopy.

The EPR experiments show that the equilibrium between S2' and S:S is pH
dependent [1], with a pKa = 8.3 (n = 4) for the native Mn4sCaOs and pKa = 7.5 (n = 1) for
Mn4SrOs. The DFT results suggest that exchanging Ca with Sr modifies the electronic
structure of several titratable groups within the active site, including groups that are not direct
ligands to Ca/Sr, e.g., W1/W2, Asp61, His332 and His337. This is consistent with the
complex modification of the pK. upon the Ca/Sr exchange. By studying a Vall185Thr mutant
[2] it is shown that Vall85 contributes to the stabilization of the Sz into the low spin
configuration. Indeed, in the V185T mutant a high proportion of Sz exhibits a high spin, S =
5/2, configuration. By using bromocresol purple as a dye, a proton release was detected in the
SiTyrz — S»™STyrz transition in the V185T mutant in contrast to the WT*3-PSII in which
there is no proton release in this transition. Instead, in WT*3-PSII, a proton release kinetically
much faster than the S2"STyrz — S3Tyrz transition was observed, and we propose that it
occurs in the S2"Tyrz — S:MTyrz intermediate step before the S:™Tyrz® — S3Tyrz

transition occurs.
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By studying the temperature dependence of the $2'° to S3 transition [3] it is found that
i) upon illumination at 77 K, the S>™° state is able to progress to the Sa state (S2°) state in a
proportion of centers and if) in another proportion of centers, illumination at low temperature
advances the S$2''° state to form the S; state that lacks the S35 EPR signal (S3*), and this still
occurs down to 4.2 K.

On the basis of the model proposed (in blue) and drawn by Pantazis [4] and from the
present data, the following suggestions are made (in red) for the Sz to S3 transition.

Similar cw X-band $=3 signal but
different hyperfine coupling constants

EPR invisible, ! A \
Sensitive to NIR
§=3 §=3
Apt "
Woen J ‘j :‘ 198 .,/"'
P B = 99 =
“‘" 1., N!_ q.
5,8 S,B W §AW

Can be formed from Can be formed from Can be formed from S,"*
S,Hat4.2 K S,!8 at 77 K at pH 8.6 (via S,"S) at RT by 2 F

|

Binding of H,0 (OH") occurs in S,%Tyr, at pH 8.6 and
therefore in S,"5Tyr,* — S,"5Tyr,* at pH 6.5.

In conclusion we suggest from the present study that both the proton release and the
water binding occur in the S:"5Tyrz" — $2M5Tyrz" step. It would remain to establish by Pulsed
ENDOR measurements if the S3 state induced at low temperature exhibits or not the same
hyperfine coupling constants than the Sz state induced at room temperature (see [4] for a
discussion on this point).
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New insights on Chlp; function in Photosystem II
from site-directed mutants

Miwa Sugiura
Proteo-Science Research Center, Ehime University, Bunkyo-cho,
Matsuyama, Ehime 790-8577, Japan.

The monomeric chlorophyll, Chlpi, which is located between the PpiPp2 chlorophyll
pair and the pheophytin, Pheopi, is the longest wavelength chlorophyll in the heart of
Photosystem II and is thought to be the primary electron donor. Its central Mg?" is liganded to
a water molecule that is H-bonded to D1/T179 [1]. Here, site-directed mutants on D1/T179H
and D1/T179V, were made in the thermophilic cyanobacterium, Thermosynechococcus
elongatus, and characterized by a range of biophysical techniques [2]. The MnsCaOs cluster
in the water-splitting site is fully active in both mutants. Changes in thermoluminescence
indicate that /) radiative recombination occurs via the repopulation of *Chlp: itself; i)
non-radiative charge recombination reactions appeared to be faster in the T179H-PSII; and ii7)
the properties of Pp1Pp2 were unaffected by this mutation, and consequently iv) the immediate
precursor state of the radiative excited state is the Chlpi"Pheopi™ radical pair. Chlorophyll
bleaching due to high intensity illumination correlated with the amount of 'Oz generated.
Comparison of the bleaching spectra with the electrochromic shifts attributed to Chlp1 upon
Qa” formation, indicates that in the T179H-PSII and in the WT*3-PSII, the Chlp: itself is the
chlorophyll that is first damaged by 'O2, whereas in the T179V-PSII a more red chlorophyll is
damaged, the identity of which is discussed. Thus, Chlp1 appears to be one of the primary
damage site in recombination-mediated photoinhibition. Finally, changes in the absorption of
Chlp1 very likely contribute to the well-known electrochromic shifts observed at ~430 nm

during the S-state cycle.
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Infrared analyses of photoreactions in photosystem I1

Takumi Noguchi
Graduate School of Science, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya, 464-8602, Japan

Abstract:

Photosystem [I (PSII) ts an enzyme that has a function of water oxidation and quinone

reduction utilizing light energy. It provides electrons necessary for CO: fixation, and
molecular oxygen that is the source of oxygen in the atmosphere. The structure and the
reactions of PSII have long been studied using various spectroscopic methods such as
fluorescence, electron spin resonance, X-ray absorption, and Fourier transform infrared
(FTIR) abscrption measurements. In 2011, Kamiya, Shen, and coworkers resolved the X-ray
crystallographic structure of the PSII core complexes from a thermophilic cyanobacterium at
a high resolution of 1.9 A [1]. In this structure, oxygen atoms in the water-oxidizing Mn
cluster and water molecules were first resolved and the overall structure of the catalytic center
of water oxidation was revealed. After the report of this structure, PSII researches, especially
on the water oxidation mechanism, entered a new era. Quantum chemical calculations using
the density fictional theory (DFT) and quantum mechanics/molecular mechanics (QM/MM)
methods based on the atomic coordinates of the X-ray structure became available, and
detailed analyses of spectroscopic data have been performed to provide accurate information
on the structure and reactions in PSII. Here, [ will introduce our results of FTIR studies on
PSII in combination of QM/MM calculations based on high-resolution X-ray crystallographic
structure. FTIR analysis of vibrations of water molecules around the Mn cluster provided
crucial information of the proton transfer mechanism during water oxidation [2]. In addition,
vibrations of carboxylate groups and histidine residues interacting with the Mn cluster
revealed the role of amino acid residues in the water oxidation mechanism [3, 4]. Furthermore,
our FTIR study in combination with genetic introduction of a hydrogen bond to Ppi and Pp:
and QM/MM analysis clarified the distribution of a positive charge on a chlorophyll dimer
P680 (Ppi1/Pp2) [5].
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Light Conversion in Bacterial Photosynthesis

Jian-Ping Zhang
Department of Chemistry, Renmin University of China, Beijing 100872, P. R.
China

Abstract: In bacterial photosynthesis, light harvesting antennae and reaction centers are
responsible for harnessing sunlight. The photosynthetic bacterium Thermochromatium (Ich.)
tepidum is a thermophile growing at optimal temperature of 48—50 °C. Its light harvesting
antennae exhibit remarkable thermal stability and nearinfrared absorption. It is important to
study the primary excitation dynamics of both isolated and membrane-embedded light
harvesting complexes of Tch. tepidum, so as to understand the mechanisms of light absorption,
thermal stability, photoprotection and resistance to environmental stresses.

We have investigated, by the use of triplet excitation profiles (TEPs),!!! the roles of
multi-compositional carotenoids (Cars) in the core light harvesting complexes (m-LH1-RCs)
from a mutant strain of Rhodobacter (Rba.) sphaeroides.”) Transient absorption kinetics
revealed the triplet excitation transfer from spheroidene (Spe, major composition~85%) to
spirilloxanthin (Spx, minor composition ~8%), implying that the two different kinds of Cars
coexist in individual m-LH1-RC complexes. TEP results showed that Spx is involved in
photoprotection by quenching *BChl*, whereas Spe does so merely for BChls of relatively
low site energy. The Spe-to-Spx triplet excitation transfer and their inequivalence in
quenching *BChl* constitute a mechanism of cooperative photoprotection.

We have also investigated, by the using femtosecond time-resolved absorption spectroscopy,
the uphill excitation energy transfer (EET) from the core antennae (LH1s) to the reaction
centers (RCs) by comparing the m-LH1-RC to the native LH1-RC of Tch. tepidum. The
former exhibits a substantially large RC-LH1 energy difference (AE = 630 cm™!, ~3kgT). The
semilogarithmic plot of the EET rate is found to be invresely proportional to AE, which
consolidates a thermal activation mechanism for the uphill EET. The results are discussed on
the basis of the newly reported LH1-RC structure of Tch. tepidum,®! which allows us to
propose the presence of specific doorway BChls in LH1 in promoting the uphill EET.
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Mechanism of water-splitting catalyzed by the Mn4CaOs-cluster
of photosystem II

Jian-Ren Shen
Research Institute for Interdisciplinary Science, Okayama University, Japan

Light-driven water-splitting catalyzed by photosystem II (PSII) produces molecular oxygen
indispensible for aerobic life on the earth. The structure of dimeric PSII from a thermophilic
cyanobacterium Thermosynechococcus vulcanus has been solved at a resolution of 1.9 A [1]
using synchrotron radiation (SR) X-rays, which revealed a clear picture of a MnsCaOs-cluster,
the catalytic center for water-splitting assocaited with the protein matrix of PSII. The
MnsCaOs-cluster is organized in a distorted chair form in which, a Mn3CaOas cluster
constitutes the main body of the chair with a cubic shape, and the forth Mn ion is attached to
the outside of the cubane by two p-oxo-bridges O4 and OS5. Due to high sensitivity of the Mn
ions to radiation damage, some of the inter-atomic distances within this cluster were
suggested to be slightly longer than those deduced from EXAS spectroscopic measurements
as well as QM/MM calculations. In order to avoid possible radiation damages and eliminate
the uncertainties in the inter-atomic distances, we used femtosecond X-ray pulses from an
X-ray free electron laser (XFEL) facility SACLA, Japan, to solve the structure of PSII. To
obtain a high resolution structure, we used large PSII crystals, and adopted a “fixed-target
rotational method” to collect the X-ray diffraction data. This approach required a huge
number of large, isomorphous PSII crystals, but allowed us to solve the PSII structure at 1.95
A resolution [2]. This structure confirmed the unique position of O5, and therefore suggested
its possible involvement in the O=0 bond formation. We further used a pump-probe approach
with a combination of small PSII crystals and serial femtosecond crystallography (SFX) by
XFEL to solve the structure of the S3 intermediate-state induced by 2-flash illumination [3].
The results showed an insertion of a new oxygen in the S3-state, giving rise to a MnsCaOe
cluster. The newly inserted O6 is located close to OS5, suggesting a mechanism of O=0 bond

formation between O5 and O6.
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Structure of the oxygen-evolving complex and valences of
the manganese atoms in Photosystem II functioning in
photosynthesis

Nobuo Kamiya, The OCU Advanced Research Institute for Natural
Science and Technology (OCARINA), Osaka City University, Osaka
558-85835, Japan. E-mail: nkamiya@sci.osaka-cu.ac.jp

Oxygen-evolving complex (OEC) of photosystem II (PSII) extracts electrons from water
molecules using solar light energy in photosynthesis. Crystal structureS of PSII and the OEC
have been resolved at a high resolution of 1.9 A [1]. Based on the structural information
(PDB-ID: 3WU2), researchers make efforts to elucidate the mechanism of oxygen-evolving
reactions in the OEC according to the Kok cycle model. Because the OEC is highly sensitive
to X-ray irradiation, X-ray reduction and structure changes induced on the OEC have been
discussed on the results mainly from DFT computational calculations. In order to overcome
the X-ray reduction problem, we improved the quality of PSII crystals and the procedure of
post-crystallization treatments, and succeeded in collecting datasets from highly isomorphous
crystals at extremely low X-ray doses. By using 10 and 3 of the isomorphous crystals at pH
6.6, we collected two datasets of diffraction intensities at 0.03 and 0.12 MGy (0.43 MGy for
the 3WU2 dataset) and at resolutions of 1.87 and 1.85 A, respectively [2]. Obtained structures
were compared with each other, and a threshold of X-ray dose was found below 0.12 MGy,
under which large structural changes were not observed. Furthermore, two alternative OEC
structures were found in the two PSII monomers (A, B) in an asymmetric unit of crystal.

According to the same strategies, we collected six datasets from several isomorphous
PSII crystals, pH values of which were adjusted at 5.0, 5.7, 6.0, 6.3, 7.0 and 8.0. X-ray doses
were at 0.21-0.11 MGy and resolutions, 2.19-1.85 A. In comparisons of the six structures
against the 0.03 MGy structure mentioned above (pH 6.6 and resolution, 1.87 A), atomic
distances in the OEC showed very interesting behaviors depending on the pH values. The five
oxo-bridging oxygen atoms (O1-O5) bind four Mn and one Ca atoms in the OEC. The
hydrogen-bond distances from O1 to one water molecule (W5) elongated at pH 6.0 from 2.5
A t0 2.8 A in both of OECs in the A- and B-monomers. The similar behavior was found at the
distance from O4 to another water molecule (W6) in the A-monomer, but no change was
observed from 2.4 A in the B-monomer. In the pH range of 5.0-8.0, the distances from O3 to
Ne atom of D1-His337 were constant as 2.4 A and 2.8 A for the A- and B-monomers,
respectively. These are indicating the pH-dependent structural flexibility of the OEC in PSII.

The anomalous dispersion studies have been conducted recently in order to determine
valences of the Mn atoms directly in the OEC. These studies showed that the S-states of the
Kok cycle were Si1 and So for the A- and B-monomers, respectively. Based on the
pH-dependent flexibility and the S-states of the OEC, the oxygen-evolving mechanism of
PSII will be discussed in my talk.
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National BioResource Project-Yeast

Taro Nakamura

Graduate School of Science, Advanced Research Institute for Natural

Science and Technology, Osaka City University, Sugimoto 3-3-138, Sumiyoshi-ku, Osaka

The National BioResource Project (NBRP) starts in FY 2002 to comprchensively promote lifc
sciences. In the project, the systems of collection, preservation, and deposition have been
established for bioresources, such as experimental animals, plants, and microbes (systems,
groups, tissues, cells, and genetic materials of animals, plants, and microbes and thetr
information as rcsearch and development materials) that are important for the nation to
organize strategically.

Yeast is an important cukaryotic model organism. This is especially true of the
fission yeast Schizosaccharomyces pombe and the budding yeast Saccharomyces cerevisiae,
which are making significant contributions to research in a variety of arcas within the life
sciences. NBRP-Yeast has established a framework to collect, stock and distribute strain and
DNA resources of mainly the two species. Through phases 1 and 4 (FY 2002 - 2018) of the
NBRP, the NBRP-Yeast has become one of the top international yeast resource ceniers. Here,
I will intreduce the recent activity of NBRP-Yeast.
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Contribution to Science using the Silkworm Bio-Resources

Yutaka Banno
Institute of Genetic Resources, Graduate School of Bioresources and
Bioenvironmental Kyushu University
Motooka 744, Nishi-ku, Fukuoka 819-03935, Japan

The economic importance of stlk has prompted exhaustive research on the Silkworm, Bombyx
mori. There are also many kinds of silkworm strains, collected from world. The Japanese
breeders and scientists have developed advanced strains for sericulture and academic
resources. These strains are core resources in National-Bio-Resource Project (NBRP)
started mn 2002 with support by the Japanese government. Now, 29 species including
sitkworm are open for worldwide use. Purpose of NBRP is Collection, Preservation and
Distribution of bio-resources that are basic matenals for life science researches. Following
resources are available by contact to NBRP silkworm (http:/silkworm.nbrp.ijp/). 1.

Domesticated silkworm (Bombyx mori): mutant strains, consomic strains and transgenic
strains. 2. Wild silkworm: 8 species within 6 genus (Bombyx, Antheraea, Samia, Rhodinia,
Actias, and Trilocha). 3. Genome: cDNA clone of B. mori and S. cynthia ricini, Fosmid clone
of B. mandarina, Assembled RNA-seq data of B. mori, S. cynthia ricini, and Trilocha varians.
Before starting this project, available season of resources supply of silkworm strains was
limited in spring. However it is available to access to resources during all seasons with
progress of NBRP. Development of genome editing technology in Bombyx mori has resulted
in the rapid increase in number of strains. It is an urgent issue to establish effective systems
for the preservation of increasing strains. Because diapause egg of Bombyx mori cannot be
preserved more than one year. and all strains should be reared once a year. There are two
kinds of long time preservation methods in B. mori. One uses frozen sperm and the other uses
frozen ovaries. The former are artificially inseminated to female moths and the latter are
implanted to castrated female larvae. In 2013, we have started to provide transgenic strains
which were restored by using frozen ovaries. Practical applications of cryopreservation help
us to reduce the labor of rearing silkworm and the risks of losing particular strains through
unexpected accident such as disease or contamination.



Optical Tweezers for Manipulation of Nanomaterials

TSUBOI, Yasuyuki
Centered Graduate School of Science, Osaka City University, 3-3-138
Sugimoio, Sumivoshi, Osaka, 558-8585, Japan

Light can exert a mechanical force on a small object. It is called optical force or radiation
pressure, by which light can trap and maniputate a small ohject. The optical manipuiation science falls
in 3 categories in accordance of the size of object. In the regime of smallest size, it is known as the
laser cooling for trapping atoms, for which the Novel prize in Physics 1997 was given. In a regime of
a larger size where light wavelength is sufficiently larger than the object, nowadays optical tweezers
are commercizally available and widely used to manipulate living cells in medical science.

On the other hand, an optical manipulation study in an intermediate regite of nanomaterials
has hitherto been limited. Optical manipulation of nancmaterials such as DNA, proteins, artificial
polymers, molecular clusters, quantum dots and so on would be fruitful and intriguing, because
various chemical processes involving phase transition, ordering, crystallization, molecular aggregation,
patterning, chemical reactions, etc. should be induced and controlled due to intermolecular interactions
in the manipulation processes. Under such situation, we expect the birth and growth of “the optical
manipulation chemistry™.

However, it is rather difficult to stably trap nanomaterials since trapping potential energy (I/ =
(1/2) aE?) should be much smaller than the thermal energy (|U| << kT). For stable and efficient
optical manipulation of nanomaterials, we have proposed and developed novel techniques for optical

manipulation, whose details are described in the following.

1) Resonant optical manipulation Using a traditional optical tweezes with a focused laser beam,
we succeeded in optical trapping of a smail protein (egg white lysozyme) and amino acid lusters in
aqueous solution!!. However, trapping efficiency was low. Long time and intense laser fight was
necessary to detect a sign of trapping of these molecules. For enhancing the trapping force F, we
proposed a method of resonant frapping whose concept is like this. When trapping laser light
resonantly excites a targeted particle, F should be much enhanced due to an increase in & (or in other
words, light-matter interactions should be enhanced). As a frapping target, we single out a heme
protein, myoglobin. The trapping behavior was analyzed using a confocal Raman micrescope. Only
under a resonant condition where laser light electronically excite the cofactor heme, myoglobin
molecules were obviously trapped at a focal point with great efficiency™™. Such behavior was well
consistent with a theeretical model proposed by pref. Hajime Ishihara. These are direct evidence of the

resonant optical manipulation.

2) Plasmonic Optical Manipulation Plasmonic enhanced electromagnetic field is applicable not only

[3

to SERS but also to chemical reaction promotion'®, and also even to optical trapping!®. Plasmon-based
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optical trapping is guite intriguing and is currently attracting mmich attention in nano-photonics and
relaied research fields, since optical trapping based on surface plasmon can potentially overcome
several disadvantages of conventional optical trapping technique using a focused laser beam. For
example, small palm-top lasers with low light intensity are applicable to plasmonic optical tweezers
for trapping of nanomaterials.

So far, we have succeeded in efficient plasmonic trapping of quantum dots”), polymer

beads'®, artificial chain polymers!”

and revealed trapping behaviors using microspectroscopies.
Moreover, we developed a femtosecond plasmonic optical tweezer. This enables us switchable

trapping for DNA in a persistent fixation mode or a irap-and-release mode®.

3) NASSCA Optical Manipulation According to these previous studies on plasmonic optical
manipulation, it has several practical issues that need to be overcome. In many cases, it has suffered
from thermal effects (Marangoni convection and thermophoresis) that frequently hindered stable
trapping of nanomaterials'”.

Here, we proposed an alternative approach using a nano-structured material that can enhance
the optical force and be applied to optical tweezer!'®). The material is metal-free black silicon (MFBS),
the plasma etched nano-textured Si. We demonstrate that MFBS-based optical tweezers can efficiently
manipulate small particles with characteristic features. The MFBS-based optical tweezers can
overcome disadvantages of plasmonic optical tweezers, because of no detrimental thermal forces, and
so on. We call this iechnique NASSCA optical tweezers (Nano-Structured SemiConductor Assisted
optical tweezers). The concept of NASSCA optical tweezer is illustrated in the figure shown below.

T
A
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Thus we have proposed novel concepts to enhance optical forces for manipulation of vancus

e im s

molecular nanomaterials. These 3 optical manipulation techniques wili open a new channel to the
optical manipulation chemistry.
1 would like to express my sincere thanks to all our codlaborators, supervisors, and all the members of

my lab.
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Photomechanical behavior of photochromic molecular crystals

I - Seiya Kobatake
‘ . . Graduate School of Engineering, Osaka City University

Photochromic compounds undergo a photochemically reversible transformation reaction
between two isomers. Such molecules in organic crystals, which are regularly oriented and
fixed in the crystal lattice, may be potentially useful for optoelectronic devices. To apply
photochromic diarylethene crystals to photonics, electronics, mechanics, and medical fields,
the materials are required to change large physical property by photoirradiation. We have so
far reported on photoresponsive crystal shape change of diarylethene crystals [1]. In this paper,
we have focused on recent development of novel photomechanical phenomena of crystals.

A crystal of diarylethene 1a was found to undergo a reversible thermodynamic
single-crystal-to-single-crystal phase transition accompanying a change in crystal length,
which was clarified by differential scanning calorimetry measurement, X-ray crystallographic
analysis, and direct microscopic observation of the crystal length. Furthermore, upon
irradiation with UV light, the diarylethene crystal exhibited an unusual photomechanical
behavior [2]. The photoinduced reversible crystal twisting of diarylethene 2a was observed
upon alternating irradiation with UV and visible light [3]. The crystal twisting takes place in
both a left-handed helix and a right-handed helix. A ribbon-like crystal of diarylethene 3a
exhibited bending, cylindrical helix, and twisting depending on the illumination direction [4].
The control of photomechanical crystal deformation by illumination direction provides a
convenient and useful way to generate a variety of photomechanical motions from a single 0-5
crystal. Moreover, tiny nano-rod crystals with a thickness of a few hundreds nm were
fabricated using an anodic aluminum oxide filter as a template, in which diarylethene
molecules was crystallized [5,6]. The nano rod also underwent photoinduced bending.
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Figure 1. Unusual! photomechanical behavior of diarylethene crystals.
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Q Development of Support Instrumentation in Regenerative Medicine

applying Multi-functional OCT

Souichi SAEKI!
Y Graduate School of Engineering, Mechanical & Physical Engineering, Osaka City
University. 3-3-138, Sugimote, Sumivoshi-ku, Osaka, 558-8385

Abstract:

In recent years, the regenerative therapy of ostecarthritic cartilage [1] and skin equivalent [2]
has attracted attention due to clinical transplantation of 3-dimensional autologous cultured
cartilage and skin. However, a non-contact and invasive diagnosing method of bio-mechanical
functions, e.g. viscosity and elasticity, has never been established yet. In this study, we have
constructed and validated the ultrasenic-assisted Doppler OCT system (UA-OCDV), which can
provide viscoelastic and pharmacokinetic characteristics inside tissue tomographically and non-
contactly using a high intensity focused ultrasound transducer as a loading devise. The proposed
system was applied to 3-dimensional human dermal equivalent, then the tomographic phase
map could display the discrimination of tissue viscoelasticity. This phase difference could be
caused by the spatio-temporal interaction between elastic shear wave and acoustic streaming,
which are generated by acoustic radiation pressure. In conclusions, UA-OCDV has good
potential to visualize tissue function tomographically and non-contactly.
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of fibroblasts in a fibroblast-populated stretched collagen gel culture, Biochimica et
Biophysica Acta - General Subjects, 1861, (2017), pp.2261-2273.



Development of Aquifer Thermal Energy Storage System with
q—"‘. High Performance Thermal Well and future spread measures

“. Yasuhisa Nakaso
)

Research Fellow, 3-9-11 Sugimoto, Sumivoshi-ku, Osaka City, Japan

Abstract:

Large urban areas in high energy consuming density are required to applicable practical
scale renewable energy technologies without damaging urban environment like global warming
and heal island problem. From 10 years before, we are trying to develop ground waler utilization
as 'ubiquitous’ heat spurce.

Now, we can realize direct groundwater heat source utilization under iron and salt ion
rich location in the coastal urban area, that lcads hard well clogging easily and so on which was
difficult to use, and this technical development project is assisted by Japanese Ministry of the
Environment and Osaka city government,

Wc set up the well in the Umckita redevelopmcent arca in the northern part of JR Osaka
Station, and we can pump up groundwater total 550,000m’, get a heat power and
immediatcly recharge the groundwater from another well to original same aquifer.

This is better way that reduce the influence of land subsidence problem in the urban arca

with keeping groundwater level in local area, and we confirmed it could be operated stably {or a
long period by using airtight structure.

In this presentation, we show the background and the outline of this technology
development and introducing the next project in Maishima as (Osaka bay area.
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| Promotion of aquifer thermal energy storage in Osaka metropolitan area

‘ ' Shunichi Nakamura
Deputy manager, Osaka City Government, 1-5-1, Abenosuji, Abeno-ku, Osaka, Japan

Abstract:

Aquifer thermal storage (ATES) is a technology that extracts thermal energy from
groundwater and efficiently air-condition the building, and is expected as a measure for
energy saving, COz emission reduction, and urban heat island. Osaka City, with its abundant
groundwater in shallow aquifers, promotes aquifer thermal storage, taking advantage of the
feature of the area that large commercial buildings are concentrated.

As a part of its efforts, Osaka City Government, in the commissioned research for the
Minisiry of the Environment, conducted a research project of ATES in the development
district of Umekita, in collaboration with academia, industry and government. As a result,
energy saving effect of 35% compared with the conventional air conditioning system has been
confirmed without causing impact on the surrounding environment such as ground

subsidence.

However, in Osaka, groundwater collection has been strictly restricted due to ground
subsidence caused by pumping groundwater excessively in the past, so large-scale ATES
cannot be installed. Accordingly Osaka City Government examined the data of the
demonstration experiment in Umekita district with academic experts and submitted to the
Ministry of the Environment the deregulation measures that allow groundwater collection
subject to restoring same amount of groundwater to the same aquifer only for the purpose of
heating and cooling the building.

When this deregulation is approved, large-scale aquifer thermal storage will be able to
installed in Osaka metropolitan area where urban development will be planned in the near
future such as Umekita or Yumeshima, and it is expected to contribute to significant energy

saving and COz reduction in Osaka.



Metal Oxide Photodeposition towards
High Activity of Titanium Dioxide

Leny Yuliati'?

IMa Chung Research Center for Photosynthetic Pigments, Universitas Ma Chung,
Villa Puncak Tidar N-01, Malang 65151, East Java, Indonesia
?Department of Chemistry, Faculty of Science and Technology, Universitas Ma Chung,
Villa Puncak Tidar N-01, Malang 65151, East Java, Indonesia

Heterogeneous photocatalysis is one promising approach to solve environmental problems via
safe and green technology. Titanium dioxide (Ti02) has been recognized as a highly active
photocatalyst for degradation of organic pollutants. Various approaches have been made to
improve the performance of TiO: photocatalysts such as by deposition of metal oxide as
co-catalyst. One promising method is photodeposition method, which offers mild conditions
as the process can be carried out at room temperature, and thus, would not affect the original
properties of TiO:z photocatalyst in terms of crystallinity, particle size, and anatase-rutile ratio.
In this talk, the photodeposition of copper [1], lanthanum [2], and iron oxides [3] on the TiO2
will be discussed at the point of view of properties and photocatalytic activity for degradation
of 2,4-dichlorophenoxyacetic acid.

The TiO: was modified with copper species by the photodeposition method at room
temperature under UV light irradiation [1]. The X-ray absorption near edge structure
(XANES) analysis showed that copper species existed as Cu?". Exploring the photocatalytic
activities of copper oxide photodeposited on TiOz under UV, visible, and solar light irradiation
resulted in different trends. Under UV light irradiation, the photocatalytic activity increased
by a maximum factor of 4.3 compared to the unmodified TiO2 when TiO: was loaded with
0.75 mol% CuO. In contrast, under visible light and solar simulator irradiation, the optimum
loading of CuO was much lower (0.1 mol%) and enhancements of 22.5 and 2.4 times higher
activities were observed, respectively. These results showed that the different masking effects
due to the different light sources led to different optimum amounts of CuQ, and the added
CuO mostly contributed to the visible light activity of TiO2. Therefore, in addition to the
increased charge separation and improved visible light absorption, the masking effect shall
also be considered in designing highly active photocatalysts under visible and solar light
irradiation. In the proposed mechanism, the Cu®" species was suggested to be the active sites
to accept the excited electrons from TiOx.

Different from copper species, in the case of using lanthanum species photodeposited on TiOz,
the lanthanum species only improved the UV photocatalytic activity of TiOz up to 5.5 times
higher photocatalytic activity [2]. X-ray photoelectron spectroscopy (XPS) analysis showed
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that photodeposition of lanthanum increased the formation of Ti**, while the electrochemical
impedance and photocurrent results showed that the enhanced TiO: photocatalytic activity
was caused by the increased charge separation in the TiO:z photocatalyst, owing to the
additional formation of Ti*" states. Therefore, the optimum amount of lanthanum species that
gave the optimum photocatalytic performance under UV light irradiation could be also related
to the optimum amount of Ti*~, which can additionally act as an acceptor for the excited

electrons.

As for the iron oxide photodeposited on TiOz, it was confirmed that the iron species would
exist as Fe20s [3]. The formation of a heterojunction between FezOs and TiO2 nanoparticles
was suggested to promote the good charge transfer and suppressed electron-hole
recombination. Under UV light irradiation, the photocatalytic activity of TiO2 could be
enhanced up to 3 times higher when 0.5 mol% Fe203 was photodeposited on the TiO2. The
photocatalyst was shown to have good stability and reusability for the 2,4-D degradation. A
further investigation on the role of the active species on Fe203/Ti0; confirmed that the crucial
active species were both holes and superoxide radicals. All these studies demonstrated that
photocatalytic activity of TiO2 can be enhanced by photodeposition of copper, lanthanum, or
iron oxides. While the photodeposited copper oxides contributed to the visible light harvesting
of TiOz, the addition of lanthanum and iron oxides gave higher enhancement on the activity of
TiOz2 under UV light irradiation.

[1] Siah, W. R.; Lintang, H. O.; Shamsuddin, M.; Yoshida, H.; Yuliati, L. Catal. Sci. Technol.
2016, 6, 5079.

[2] Siah, W. R.; Lintang, H. O.; Yuliati, L. Catal. Sci. Technol., 2017, 7, 159.

[3] Lee, 8. C.; Lintang, H. O.; Yuliati, L. Beilstein J. Nanotechnol. 2017, §, 915.



Enantioselective Rh-Catalyzed Syntheses of Chiral Nitrogen Containing
Compounds

Hsyueh-Liang Wu
Department of Chemistry, National Taiwan Normal University

Absiract: An enantioselective Rh(I)-catalyzed conjugate addition reaction of
a-substituted p-nitroacrylates with various arylboronic acids using Rh(I)-chiral diene catalysts
is described. The addition reaction proceeds under mild conditions in a range of common
organic solvents and additives offers the corresponding quaternary carbon-containing
a,a-disubstituted B-nitropropionate products in up to 63% yield with up to 99% ee (eq 1).11
While 2,5-dinaphthyl substituted chiral diene L1 is proved optimal for the asymmetric
arylation of c-substituted B-nitroacrylates, employing Rh/L1 catalyst in the arylation of
f-nitroacrylates sees only moderate selectivity. Enhanced asymmetric induction, in the
arylation of -nitroacrylates, is observed when applying Rh/L2a catalyst (eq 2).[2]

23 axamplas
Ar 7-63% yield
4 T2-39% oo

Ar
L1 : Ar = 1-Kaphthy]

KIOH (10 mal %)
wluene 60*C. 24 h 29 axs_rnplas
38-70% yiald
90—»99 6% oe
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Iridium-Catalyzed sp’ C—H bond Alkylation of Indoline
Delivatives with Terminal Alkenes

Ikumi Nakamura,” Daisuke Yamauchi,? Takahiro Nishimura®
“ Graduate School of Science, Osaka City University,

Y Graduate School of Science, Kyoto University

Recent progress of the transition metal-catalyzed direct functionalization of nactive C—H
bonds has enabled a highly efficient C—C bond formation in synthetic organic chemistry.
Recentry we reported Ir-catalyzed sp® C—H alkylation of N-methyl-N,N -diphenylurea with
terminal alkenes [1]. However, the alkylation of a secondary C—H bond of
N-ethyl-N, N '-diphenylurea did not occur. We report here Ir-catalyzed sp® C—H alkylation of
indoline derivatives with terminal alkenes [2]. The reaction proceeded in the presence of a
hydroxoiridium/1,5-cyclooctadiene catalyst to give the corresponding 2-alkylated indoline
derivatives in high yields,

Previous Work

o [Ir(OH)(cod)), (5 mol%) ,?L
. o 1
Ar\N/LkN..A_r' P dippbz (5 mol%) - ArxN N,Ar
Ve H 1,4-dioxane, 70 °C, 20 h k/H\R
. Y
This Work 0
0 /LL Ar
Ir(OH)(cod)]5 (5 mol% N~ "N~
NN Grin, JHORNC o) N
H toluene, 80 °C, 20 h
H R
H >99% yield
\, A

dippbz: 1,2-Bis(diisopropylphosphino)benzene, cod: 1,5-cyclooctadiene

[1] Yamauchi, D.; Nishimura, T.; Yorimitsu, H. Angew. Chem., Int. Ed. 2017, 56, 7200.
[2] Nakamura, I.; Yamauchi, D.; Nishimura, T. Asian J. Org. Chem. 2018, 7, 1347.
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Acid-Catalyzed Chirality-Transferring Intramolecular
Friedel-Crafts Reaction of a-Hydroxy-o-alkenylsilanes

Shunichi Kubota, Wataru Akagi, Naoko Tkeda, Masato Higashino, Tetsuro
Shinada, Yasufumi Ohfune, Kazuhiko Sakaguchi and Takahiro Nishimura
Graduate School of Science, Osaka City University, Sugimoto, Sumiyoshi, Osaka 558-8585,
Japan

The treatment of optically active a-hydroxy-a-alkenylsilane (S)-1 with catalytic amounts of
trimethylsilyl trifluoromethanesulfonate (TMSOTY) as a Lewis acid in the presence of 3A
molecular sieves (MS) gave enantio-enriched intramolecular Friedel-Crafts cyclization
product, vinylsilane-tethered tetrahydronaphthalene (S)-2 (82%), together with allylic
rearrangement product, y-hydroxyvinylsilane (R)-3 (15%). In spite of the acidic reaction
conditions, the chirality of 1 (>99% ee) was completely transferred to 2 (98% ee) and 3
(>99% ee). Contraly to this, the reaction of the Ph-substituted analog 4 (>99% ee) under the
same reaction conditions gave racemic 5 (0% ee) in 92% yield. The silyl group attached to the
chiral carbon played a crucial role in the chirality transfer probably due to the destabilization

of the adjacent carbocation (o-silyl cation) [1].

TMSOTY (0.2 equiv)
CH,Cl,, MS3A

PhMesSi -78°C,21h PhMe,Si X PhMe,Si
(8)-1 (5)-2 (R)-3
>99% ee 82%, 98% ee 15%, >99% ee

same conditions

OH
Ph 4 Ph =R
(S)-4 5
>99% ee 92%, 0% ee

[1] Apeloig, Y and Stanger, A. J. Am. Chem. Soc. 1985, 107, 2806-2807.



Iridium-Catalyzed Enantioselective Hydroarylation of
Chromene Derivatives

(OKana Sakamoto, Takahiro Nishimura*
Graduate School of Science, Osaka City University, Sumiyosi, Osaka 558-8585

Hydroarylation, which is the direct addition of aromatic compounds to unsaturated bonds,
has attracted much attention in view of facile and efficient synthesis of alkylated aromatic
compounds. Recently, we reported iridium-catalyzed regio- and enantioselective
hydroarylation of alkenyl ethers such as allylic ethers and homoallylic ethers with
2-phenylpyridine derivatives.['!] The reaction involves olefin isomerization of alkenyl ethers
to 1-alkenyl ethers resulting in the instrallation of the aryl group at the a-carbon atom of the
alkoxy group. Here we report the enantioselective hydroarylation of chromene derivatives
with aromatic ketones catalyzed by an iridium/chiral bisphosphine complex.®! The reaction

gave a variety of 2-arylchromane derivatives in high yields with high enantioselectivity.

R
o [IrCl(cod)l, (5 mol% Ir) R
@ (R)-DM-segphos (6 mol%) o)
+ NaBAr", (10 mol%) @ 0
O toluene, 80 °C, 48 h @

54-98% ee

[1]1Y. Ebe, M. Onoda, T. Nishimura, H. Yorimitsu, Angew. Chem., Int. Ed. 2017, 56, 5607.
[2] K. Sakamoto, T. Nishimura, Adv. Synth. Catal. 2019, in press.
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Rhodium(IIT)-Catalyzed 1,4-Addition of Arylboronic Acids to
a,pf-Unsaturated Carboxylic Acids

Risa Yoshimoto, Yoshinosuke Usuki, Tetsuya Satoh
Department of Chemistry, Graduate School of Science, Osaka City University, 3-3-138
Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan

Transition-metal-catalyzed 1,4-conjugate additions of organometallic reagents to
a,B-unsaturated compounds have been regarded as useful synthetic tools for preparing
B-substituted carbonyl molecules. Among various organometallic reagents, organoboron
reagents were widely used due to their ready availability, stability, and low toxicity. In this
type transformation, palladium(II)-, rhodium(I)-, or ruthenium(II)-catalysis is usuallu utilized.
[1] In contrast, the rhodium(IIT)-catalyzed version has been less explored.

In this work, we have found that treatment of arylboronic acids with a-trifluoromethylacrylic
acid in the presence of a rhodium(IIl) catalyst gives 1,4-conjugate addition products,
B-aryl-a-trifluoromethylpropanoic acids, selectively. Furthermore, we have developed the
rhodium(IIT)-catalyzed p-alkenylation of «a-trifluoromethylacrylic acid to produce
5,5,5-trifluoro-1,3-butadiene derivatives selectively through C-H bond cleavage and

decarboxylation.
CF
Ar—B(OH), 3
" A"\/l\
1,4-conjugate CO,H
addition
CF, Rh(III)-cat.
)\COZH Ag salt
R
; YA
P-alkenylation

References

[1] For reviews, see:

(a) Fagnou, K.; Lautens, M. Chem. Rev. 2003, 103, 169.
(b) Hayashi, T.; Yamasaki, K. Chem. Rev. 2003, 103, 2829.
(¢) Miura, T.; Murakami, M. Chem. Commun. 2007, 217.



Iridium-Catalyzed Dehydrogenative Coupling of Aromatic
a Carboxylic Acids with Internal Alkynes
—

‘ ' Keishi Hirosawa, Yoshinosuke Usuki, and Tetsuya Satoh
Department of Chemistry, Graduate School of Science, Osaka City University,
3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558-8385, Japan

Transition-metal catalyzed dehydrogenative coupling of aromatic substrates with unsaturated
compounds is a useful method for synthesizing = -conjugated molecules from readily
available, stable starting materials,. In this work, we have found that
5,6,7,8-tetraphenyl-1-naphthol derivatives can be prepared through the iridium-catalyzed
dehydrogenative 1:2 coupling of salicylic acids with diphenylacetylene (eq. 1). 1-Naphthol
derivatives possessing a phenyl group at their 8-position have attracted attention due to their
luminescent properties.!!]

Ph

COOH S Ph Ph
@[ + Ph—=——FPh (1)
OH ’ Ph
OH

Interestingly, the same product as in eq. 1 can be obtained as a major product in the reaction

of p-hydroxybenzoic acid (eq. 2). Plausible mechanism for explaining these regioselectivities

observed will be presented.

Ph
i Ph Ph

Ph Ph
/O/COOH s : if-cat. O ‘
- ——P! -+
HO O Ph O oo~ 2
OH

major minor

OH

[1] H. Nakajima, M. Yasuda, K. Shimizu, N. Toyoshima, Y. Tsukahara, T. Kobayashi, S.
Nakamura, K. Chiba, A. Baba, Bull. Chem. Soc. Jpn. 2011, 84, 1118.



Catalytic Asymmetric Synthesis of p-Hydroxy DOPA

Kohei Yasuda, Yoko Yasuno, Tetsuro Shinada
Graduate School of Science, Osaka City University
3-3-138 Sugimoto, Sumiyoshi, Osaka 558-8583, Japan

Phomopsin A (1)[1] and ustiloxin D (2)[2] are the natural products which exhibit
potent tubulin polymerization inhibitory activity. In this presentation, we would like to report
the stereoselective syntheses of (25,35)-5 and (25,3R)-6 as their B-hydroxy DOPA units from
ketone 3 and 4 by Ru catalyzed asymmetric transfer hydrogenation via dynamic kinetic
resolution.[3]

Asymmetric transfer hydrogenation of 3 provided (25,35)-5 under the condition
using Ru catalyst with a (S,S)-chiral ligand, HCO>H and EtsN. On the other hand, switching
the stereoselectivity of C3 was achieved when N-methylated ketone 4 was subjected to the
asymmetric transfer hydrogenation using a (R,R)-ligand.

" CO,H

HN HN l HN, HN"/"
%28 N CO.H L) S NH
HO: - O [} El Me El HO={:r O OIEt 2 H
OH
Phomopsin A (1) Ustiloxin D (2)
R P
BocH N,‘_ 24 BocN BocNﬂ -
COMe Ru cat. CO,Me Ru cat. —CO,Me
HO"(as (8.S)-Ligand 0 (R,R)-Ligand HO=2r
——————————
OH HCO,H/Et;N - HCO,H/Et;N Oac
OBn oBn OBn
(25,35)-5 4. il ek (25,3R)-6
87%, dr = §1:19, 89% ee 85%, dr = 83:17, 94% ee

4:R'=Me, RZ= Ac

[1] Culvenor, C. C. J.; Beck, A. B.; Clarke, M.; Cockrum, P. A.; Edgar, J. A.; Frahn, J. L.;
Jago, M. V,; Lanigan, G. W.; Payne, A. L.; Peterson, J. E.; Peterson, D. S.; Smith, L. W_;
White, R. R. Aust. J. Biol. Sci. 1977, 30, 269.

[2] Koiso, Y.; Narita, M.; Iwasaki, S.; Sato, S.; Sonoda, R.; Fujita, Y.; Yaegashi, H.; Sato, Z.
Tetrahedron Lett. 1992, 33, 4157.

[3] Brinton, S. L.; Piret, V.; Christine, H.; Peter, S. Org. Lett. 2010, 12, 5274.
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Short Step Syntheses and Properties of
a Nitrogen-Containing Pyrenes

-
‘ é/ . Yuta Omura,’ Yoshimitsu Tachi,' Keiji Okada,!? Masatoshi, Kozaki'?
'Graduate School of Science, Osaka City University, *Osaka City University,
Advanced Research Institute for Natural Science and Technology (OCARINA)

Abstract: Incorporating nitrogen atoms into pyrene frameworks can create valuable materials
that are drawing extensive attention as organic semiconductors, potential DNA intercalators,
and main building units in molecular machines. We developed a short-step synthesis of
2,4,10-triazapyrene 3a involving two sequential C-H substitutions: Pd-catalyzed
cross-coupling reactions via C—H arylation followed by intramolecular Cu-catalyzed C—H
functionalization (Scheme 1).

Scheme 1. Synthesis of 2,4,10-triazapyrene 3a

~HCI
-~
g Pd(OAc)z PCys Ns
2-Ethylhexanoic acid |
Br K;C05 = 1) p-Tol-MgBr (2a)
+ NC CN 2) Cu{OAe),, O

NG CN
1

This method was successfully applied to the preparation of 1,4,10-triaza- 4, 4,10-diaza- §, and
1,3.4,10-tetraazapyrenes 6 (Figure 1).

Triazapyrenes Diazapyrene Tetraazapyrene

g C O
i
wjﬁ‘; i @ @
p-Tol ’K©/j\p-‘ra! p-Tol p-Tol p-Tel O a-Tol p-Tal
3a 4 {72%) 5(11%) 6 (15%)

Figure 1. Synthesis of nitrogen-containing pyrenes.

Crystal structure analysis of 5,9-di(4-methylphenyl)-2,4,10-triazapyrene showed that the
planar triazapyrene core have zstack packing. Incorporating nitrogen atoms into the pyrene
framework bathochromically shifted the lowest energy onsets of the absorption bands and
increased the first reduction potentials. The nitrogen-containing pyrenes showed
fluorescenece with a weaker intensity (@; = 0.041-0.12). The number and position of nitrogen
atoms influenced the extents of these effects.

Reference

Y. Omura, Y. Tachi, K. Okada, M. Kozaki J Org. Chem. 2018, in press. DOL
10.1021/acs.joc.8b02962
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Synthesis and Properties of Unsymmetrical Dinuclear Copper
~ Complex

‘ 5 . Yasunari Kamada, Masatoshi Kozaki, Yoshimitsu Tachi
Graduate School of Science, Osaka City University

Abstract: Unsymmetrical dinuclear metal complexes are expected to have unique properties
through cooperative effects between metals in different coordination environments.
Symmetric dinuclear copper complexes reacted with oxygen molecules (0;) to produce active
oxygen complexes with CuzO2 cores bridged in a -7 77-peroxo and frams-u-1,2-peroxo
shapes (Figure 1)!']. On the other hand, a novel active-oxygen complex (x-7':77°-peroxo)Cuo
was obtained using unsymmetrical dinuclear copper complexes®l. In order to investigate the
ligand effect and the reactivity of dicopper-dioxygen complexes in unsymmetrical
coordination environments, we designed and synthesized unsymmetrical pentapyridine ligand
{L) that provides a tetradentate and a tridentate coordination site (Figure 2). Unsymmetrical
dinuclear copper complexes were prepared with unsymmetrical ligand L and their properties

Q_N/'@-\_(ﬁ?

were investigated.

n 0 o
Cu(O::Cu Cu\o/ ~Cu CU\A:CU

N-:j N;(._
L f-peroxe  trans-g-1,2-peroxo gl f-peroxo N A & 4
L
Figure 1. Cu;0z core structure Figure 2. Structure of L

[Cu'(MeCN)4]PFs and L were reacted in a glovebox

to form dinuclear copper(I) complex [CuL(L)]J(PFs) 2.5, — g

(la), 1a was identified by means of various 24 ——

spectroscopic methods and redox potentials of each Cu 21_5. Ao
site were determuned by cyclic voltammetry (CV). The E 1

formation of the Cux0:; complex by the reaction of 1a 20 s

with dioxygen molecule was monitored by UV-vis

spectroscopy, and it showed the absorption band around %30 340 350 360 370 380 390 400
349 nm, corresponding to the Ligand-to-Metal Charge Wavelength / nm

Transfer (LMCT) transition. The details of these findings will be reported.

References:

[1] Jacobson, R.; Tyeklar, Z.; Farooq, A.; Karlin, K. D.; Liu, S.; Zubicta, J. J. Am. Chem. Soc.
1988, 110, 3690-3692.

[2] Tachi, Y., Aita, K.; Teramae, S.; Tani, F.; Naruta, Y.; Fukuzumi, S.; Itoh, 8. /norg. Chem.
2004, 43, 4558—4560.



Regulation of catilytic acitivity of N-methylpyrolidine by
g the stumulaus-resposible zinc porphyrin receptor
" *. Tomeaki, Nishimura; Yoshito, Sasaki; Yoshimitsu, Tachi;

Keiji Okada,; Masatoshi, Kozaki
Graduate School of Science, Osaka City University

Abstract: A stimulus-responsive molecule 1 was designed and prepared to control
ligand-binding ability of multiple receptor sites, two zinc tetraphenylporphyrin (ZnTPP) and
one zinc diethynyldiphenylporphyrin (ZnDEDPP), by effector molecule 2. Spectroscopic
titrations indicated that stable supramolecular complex 1+2 (K = 6.7 x 10° M™!) was produced
via the cooperative formation of multiple hydrogen bonds and coordination bonds. As the
result, the binding of a ligand to ZnTPP was competitively inhibited by 2. In additton, the
formation of 1+2 brought about conformational change of the side anms to cover both faces of
ZnDEDPP with shielding panels (HAB). As a result, the binding constant of ZnDEDPP in 12
with 4-phenylpyridine was decreased to 8.9% of that in 1. Namely, the ligand-binding ability
of ZnDEDPP was suppressed by allosteric mechanism. The effector molecule can reduce
ligand-binding ability of both ZnTPP and ZnDEDPP in 1 by competitive and allosteric
mechanism, respectively. The catalytic activity of N-methylpyrrolidine in Michael addition
was successfully regulated by 1, We will present molecular design and the allosteric effect in
detail.
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[1] Sasaki, Y.; Suzuki, S.; Okada, K.; Kozaki, M. Tetrahedron Leit. 2016, 57, 40824085,
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Synthesis and Properties of
a Condensed Phenoxazine Dimer
-
‘ ’3. Takayuki Miyamae,' Makoto Haraguchi,! Yoshimitsu Tachi,!

Masatoshi Kozaki,'* Keiji Okada'*
'Graduate School of Science, Osaka City University, *Osaka City University Advanced Research
Institute for Natural Science and Technology (OCARINA), Sugimoto, Osaka 558-8585,

Abstract: Phenoxazine (PXZ) is a good electron donor, and can be used as a building block of
the electron rich condensed materials. We have previously prepared phenoxazine-condensed
trioxytriphenylamine (TOT),") which is a stronger electron donor than PXZ, and takes a planar
form in radical cation state. The planarity in radical cation state is very important to apply to
magnetic materials.

Recently, Higashibayashi and coworkers reported 1.1',9,9',10,10'-biphenothiazine (BPTZ)
as phenothiazine (PTZ) derivative, which was shown to be a butterfly-shaped molecule and has
a low oxidation potential 2} We expected that 1,1',9,9',10,10'-biphenoxazine (BPXZ) could
have a planar form in the radical cation state.

In this work, we designed BPXZ, which was obtained as a stable compound in 3 steps from
known compounds. Cyclic voltammogram showed that BPXZ had a low oxidation potential
(Eox = —0.20 V vs Fc/Fc' in THF). Furthermore, we successfully prepared radical cation
BPXZ™sSbFs~. X-ray crystallography revealed that neutral BPXZ was in a shallow butterfly-
shape and BPXZ™ had a highly planar form (Figure 2). The detailed synthesis and properties
of BPXZ and BPXZ " *SbFs are reported.

G0 &3 S0 3 3

s 0
PXZ TOT BPTZ BPXZ

ks
Z-Z

Figure 1. Phenoxazine and phenothiazine derivatives

(a) (b) (c) (d)

Figure 2. ORTEP views for (a), (b) BPXZ and (c), (d) BPXZ™SbF," (set at 50% probability
level): (a), (c) top and (b), (d) side views, respectively, Counter ions and hydrogen atoms were
omitted for clarity.

[1] Okada, K. et al. Angew Chem., Int. Ed. 2005, 44, 4056—4058.
[2] Higashibayashi, S. et al. Asian J. Org. Chem. 2018, 7, 1797—-1801.
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Syntheses and Properties of Ortho-bridged Triphenylamines
Q by Two Oxygens and Sulfur or Nitrogen Atoms

4 _ , _ . o
‘ 2 . Naoki Yokoyama, Nobuaki Tanaka, Masatoshi Kozaki, Daisuke Shiomi,
Kazunobu Sato, Takeji Takui, Keiji Okada
Graduate School of Science, Osaka City University

Abstract:

Triphenylamines, typical electron donors, have been widely investigated as functional
materials. We have hitherto prepared trioxytriphenylamine (TOT) and isolated its radical
cation species as a stable compound under an aerated condition.! Furthermore, the (nitronyl
nitroxide)-substituted TOT radical cation (NNTOT?*) has been found to undergo magnetic
phase transition into an organic weak ferromagnet at low temperature.?

In this work, we designed and synthesized monothio- and monoimine-TOT analogues
(DOTT, DOIT, respectively). We here report on the synthesis of neutral and radical cation
species for DOTT and NNDOTT and the synthesis of DOIT. DOTT and DOIT were
synthesized in 4 steps from known (Anis):X (X = S or MeN) and characterized by '"H NMR
spectra and MS. DOTT showed two reversible oxidative waves in cyclic voltammetry at
+0.15 V and +0.99 V (vs Fc/Fc¢™); DOIT showed two reversible oxidative waves at —0.28 V
and +046 V (vs Fe/Feh),

respectively,. ~ NNDOTT  was ~- -
N, N NN
prepared by cross coupling reaction® o* © o ©
of NN-AuPPhs with i0do-DOTT
o

and characterized by MS, ESR f I f f l i l N ﬁ
spectrometry, and elemental o o Ej Ij [ Is -
TOT

analysis. The detailed synthese of NNTOT poTT NNDOTT

these compounds are reported. The /@\ -
Q Q DMe N

X-ray structure analyses  and f N ~ j: S Au—P(Ph)y

. ' o)
magnetic properties of NNDOTT & X=5 or MeN “
radical cation species will be also D“O":.’r (Bnis) X NN-AUPPh,
presented.
Reference:

[1] Okada, K. et al. Angew. Chem., Int. Ed. 2005, /17, 4124-4126.
[2] Okada, K. et al. Chem. —Asian J. 2012, 7, 1607—-1609.
[3] Okada, K. et al. Chem. Letr. 2014, 43. 678—680.
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High Stability of Ir(OH)3 Supported on a Bottom-Up
Mesoporous Silica During Photocatalytic Water Oxidation

Gentaro Sakamoto', Hiroyasu Tabe'?, Yusuke Yamada'

|Graduate School of Engineering, Osaka City University, *Advanced Research
Institute for Natural Science and Technology, Osaka City University
3-3-138 Sugimoto Sumiyosi-ku, Osaka-shi, 558-8385, JAPAN

Abstract: Artificial photosynthesis using visible light is a promising method to convert solar
energy into chemical energy. Artificial photosynthesis consists of four processes: light harvest,
charge separation, water oxidation and substrate reduction. Among them, the water oxidation
reaction is the most difficult process, because this reaction accompanied with transfer of four
electrons and four protons. Therefore, the development of highly efficient and high durable
water oxidation catalyst is strongly demanded to realize practical artificial photosynthesis.

Iridium hydroxide (Ir(OH)3) nanoparticles known as a highly active catalyst for water
oxidation were incorporated into a mesoporous support composed of the bottom-up
mesoporous silica to suppress catalytic deactivation.!!! The supported Ir(OH); catalyzed
photocatalytic water oxidation by visible-light irradiation in a buffer solution containing
persulfate ion (820:) and tris(2,2’-bipyridine) ruthenium(Il) ion ([Ru(bpy):]*’) as a
sacrificial electron acceptor and a photosensitizer, respectively. The O, yields at the fourth run
were 80 % and 30 % for Ir(OH)s with and without the support, respectively (Figure 1).
Ir(OH): nanoparticles were also incorporated into bottom-up mesoporous silica-alumina
(Al-S102), resulting in further enhancement of the stability with the yield (95 %) at the fourth
run (Figure 2).
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Figure 2. Immobilization ol IrffOH): nanoparticles in
the pore of Al-8i0: nanoparticles assembly

References: [1] Yamada, Y.; Tadokoro, H.; Nagshbandi, M.; Canning, J.; Crossley, M.;
Suenobu, T.; Fukuzumi, S. ChemPlusChem 2016, 81, 521.
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Synthesis of coordination polymers involving 1,10-
phenanthroline-5,6-diolate iron(IIT) complex
as a monomer unit
Yuka Kimoto', Hiroyasu Tabe'?, Yusuke Yamada'
'Graduate School of Engineering, Osaka City University, *Advanced Research
Institute for Natural Science and Technology (OCARINA), Osaka City University
3-3-138 Sugimoto, Sumiyosi-ku, Osaka-shi, 558-8585, JAPAN

Abstract: Coordination polymers composed of metal ions and bridging ligands have recently
emerged as promising candidates for heterogeneous catalysts because of their high activity and
tunability with defined active sites. Especially, bridging ligands with an asymmetric structure
can bind two different metal ions, resulting in a coordination polymer catalyst with highly
tunable degrees of coordinative saturation and electronic structures by choosing an appropriate
combination of the metal ions. The catalytic activity of coordination polymers can be tuned by
not only combination of metal ions in the framework but

also introduction of functional groups to bridging ligands. 2

We report herein synthesis of a metal complex composed oy

by iron(IlI) ion and 1,10-phenanthreline-3,6-diolate (L) as Ous /D

a building block of a heterometallic coordination polymer v Fi\\o

(Figure 1). Formation of [FeLs]*~ complex by selective & <

coordination of O atoms of L to Fe(IIl) ions were confirmed SIN]
N

by UV-visible spectroscopy (Figure 2a).['l The absorbance

at 480 nm assignable to LMCT band was gradually Figure 1. The structure of

increased by the addition of Fe(III) ion up to L/ Fe(Ill)=3.  tris(1,10-phenanthroline-5,6-
diolate)iron(I1T) complex.

@y ©)ses ,

No further increase in the absorbance
was observed at L/ Fe(IIl) > 4, strongly

supporting the formation of [Fe"'Ls]*" =
(Figure 2b). Then, we added another i — i jnm, /

A — 3 &g s
metal ion (MY) to a solution containing : I\ & —4eq #

\ —fe=q a2
[Fe"L;]*" ion to obtain a coordination M /
N\
polymer having selective coordination 4 gg_* g
N 200 300 400 500 B e T Z 3
bonds between M™ and N atoms of L. Wiarslenger. L Feil

4 =

Figure 2. (a) UV-visible spectra of an aqueous
References:; [1] M. I, Sever; I. J. solution (3.0 mL) containing Fe™(NOs)z (7.36 uM)
Wilker Dalton Trans. 2004, 1061, and 1—5 equivalent of 1,10-phenanthroline-5,6-diol.
' ' The peak at around 480 nm indicates the formation of
tris(0,0’-1,10-phenanthroline-5,6~diolate )iron(III)
ion. (b) The plot of the absorbance at 480 nm vs. L /
Fe(I1I).
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Structure analysis of the solid organic molecule-hydrogen
= peroxide adducts

Mayu Maetani', Hiroyasu Tabe!?, Yusuke Yamada'
\Graduate School of Engineering, Osaka City University, *Advanced Research
Institute for Natural Science and Technology (QCARINA), Osaka City University
3-3-138 Sugimoto Sumiyosi-ku, Osaka-shi, 558-8585, JAPAN
Introduction

Hydrogen peroxide (H20») is a useful oxidizing agent for various selective oxidation
reactions, pulp- or paper bleaching, disinfectant. H2O» is produced by the anthraguinone
process in industry or the direct synthesis from gaseous hydrogen and oxygen using a Pd
catalyst in a laboratory. H20: is also found in biological systems. For example, H202
produced in plant roots are used for nutrient absomption, control of root elongation and tissue
reinforcement, however, excess H20: is decomposed
by disproportionation catalyzed by catalase,
Adsorption of the excess H:(: from biological
systems without decomposition can be a novel
method to produce H20a.

Urea and sodium bicarbonate are known to form
clathrate compounds with HaO2 in which amino,
carbonyl and carbonate groups strongly interact with
H,Q: in the crystals by hydrogen bonds (Figure 1).[!!
We report herein that several orgamic molecules
having functional groups available as the hydrogen

=i

bond donor and acceptor were examined to
scrutinize a relationship between the structures of  Figure 1. Crystal structure of the
organic molecules and the amount of adsorbed urca-hydrogen peroxide ~adduct.

E Hydregen bonds are represented by
H:20a2, dashed lines.

Various organic molecules were recrystallized

from an aqueous solution of H202 (30 vol%). The amount of Hz(2 molecules immobilized in
the crystal were determined by the weight gain after the recrystallization, the
thermogravimetric  analysis  (TGA), and the  spectrometric  change  of
0x0[5,10,15,20-tetra(4-pyridyl)porphyrinatoJtitanium(IV) of an aqueous solution of the
crystals. X-ray single-crystal structure analysis of the H;0O: adduct suggested that H.0O:
molecules are tightly bound to amino groups and carboxylate groups of the organic molecules

by hydrogen bonds.

[1] Fritchie, C. J.; McMullan, R. K. Acta Crys:. 1981, B37, 1089.
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pH-dependent catalytic activity of
Prussian blue analogs with CN-deficient sites
for hydrolysis of organophosphates

Mari Yamane', Hiroyasu Tabe', Yusuke Yamada'
' Graduate School of Engineering, Osaka City University, *Advanced Research Institute for
Natural Science and Technology (OCARINA), Osaka City University
3-3-138 Sugimoto Sumiyosi-ku, Osaka-shi, 558-8585, JAPAN

Organophosphates used as agricultural chemicals sometimes cause poisoning incidents all
over the world. The toxicity of organophosphates can be lessened by hydrolytic
decomposition. Recently, polymeric cyano-bridged metal complexes known as Prussian blue
analogs (PBAs) have been reported to act as heterogeneous catalysts for hydrolysis of
organophosphates."! The active sites of PBAs are usually metal ions coordinated by N atoms
of cyano ligands (M™). On the other hand, metal ions coordinated by C atoms (M) are not
active sites because M® forms coordinatively saturated sites. Lack of some cyano ligands
from the framework results in formation of coordinatively unsaturated sites on MC, where
enhancement of catalytic activity per unit area 1s highly expected (Figure 1, left).

Nas[Fe™(CN)s(H20)] was prepared through a ligand exchange reaction of
Nas[Fe™(CN)s(NH3)] in HEPES buffer solution containing NaCL!'?! Cu" s[Fe"(CN)s(H20)],
Cu"1.s[Fe™(CN)s(NH3)] and Cu™2[Fe"(CN)s] were prepared by mixing an aqueous solution
containing each precursor complex and Cu”(NOs).. Hydrolysis of organophosphates was
demonstrated in the presence of catalysts (10 mg) in HEPES buffer solutions (pH 6.0 or pH
8.3, 100 mM) containing disodium 4-nitrophenyl phosphate (NPP, 25 mM) (Figure 1, right).
The conversion of NPP was observed by monitoring the increase of absorbance of the
4-nitrophenolate ion at 400 nm using UV-visible absorption spectroscopy.
Cu" s[Fe™(CN)s(L)] (L = H20, NH3) showed the higher catalytic activity for NPP hydrolysis
than Cu"™>[Fe"(CN)s]. Hydrolysis reactions examined in buffer solutions at various pH
suggested that the reaction mechanism depends on the acidity or basicity of the reaction

solution.
- o 8 g
,-'l"‘-/-ﬂ =E.--.c-—-a|n-fc J;@_“_P-O L L P P '!'_Q_O" + Ho—§-0"
s B e . & ¢ e
U Na' Na'
T o H
T t hqunt® Figure 1. (left) A coordinatively unsaturated site on M® produced by
N
c’“-: =N —we -_’_",:,"‘ deleting a part of CN ligands and (right) a scheme of hydrolysis of
i L4
| | ¢¢N L. disodium 4-nitrophenyl phosphate.
= —m

[1] Tabe, H.; Terashima, C.; Yamada, Y. Catal. Sci. Technol. 2018, 8, 4747.
[2] Gutierrez, M. M.; Olabe, J. A_; Amorebieta, V. T.; Inorg. Chem. 2011, 50, BB17.
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Preparation of Mesoporous Assemblies Composed of Prussian
Blue Nanospheres

Shoma Yorozu', Mari Yamane', Hiroyasu Tabe'-%, Yusuke Yamada'
'Graduate School of Engineering, Osaka City University, *Advanced Research
Institute for Natural Science and Technology (OCARINA), Osaka City University
3-3-138 Sugimoto Sumiyosi-ku, Osaka-shi, 558-8585, JAPAN

Abstract: Several pesticides used all over the world are a class of organophosphates.
Residual organophosphates found in foods and soils can be efficiently removed by adsorbents
at low concentrations. However, organophosphates at high concentrations should be
catalytically decomposed to assure safety. Prussian blue analogues have been reported to act
as efficient catalysts for organophosphates hydrolysis (Figure 1a).[Y However, the catalytic
activity is insufficient for organophosphate hydrolysis at low concentrations because of weak
interaction between organophosphates and the catalyst surfaces. The binding of
organophosphates can be enhanced in confined spaces, such as mesopores. Adsorption ability
can be provided for a catalyst by assembling the catalytic nanospheres in a densely packed
form, in which interparticles spaces act as mesopore. In this research, size-controlled Prussian
blue nanoparticles were hydrothermally synthesized to prepare a mesoporous assembly. The
particle sizes were precisely controlled as small as 80 nm under optimized conditions (Figure
1b). The nanospheres assemblies of Prussian blue were examined for their activity for

adsorption and hydrolytic decomposition of organophosphates.
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Figure 1. (a) Scheme of hydrolysis of
disodium p-nitrophenylphosphate.

{b) Scanning electron microscope (SEM)
image of a mesoporons assembly
composed of Prussian blue nanospheres.

100 nm

Reference:[1] Tabe, H.; Terashima. C.; Yamada, Y. Catal. Sci. Technol. 2018, 8, 4747,
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Immobilization of Enzymes in a Bottom-up Mesoporous Silica
Nanoparticles Assembly

Hiroyuki Oshima', Hiroyasu Tabe'-?, Shusaku Ikeyama?,
Yutaka Amao?, Yusuke Yamada'
'Graduate School of Engineering, Osaka City University, *Advanced Research
Institute for Natural Science and Technology (OCARINA), Osaka City University
3-3-138 Sugimoto Sumivosi-ku, Osaka-shi, 558-8585, JAPAN

Abstract: Enzymes are biological catalysts composed of proteins and prosthetic groups. A
huge number of enzymes are used not only in biological processes but also in industrial
processes, because they exhibit excellent catalytic activity under atmospheric pressure and
room temperature. Enzymes are a kind of homogeneous catalysts, indicating that they are
usually in the same phase of substrates. Catalyst separation and recovery without enzyme loss
and denature are realized by using the catalyst supports such as mesoporous silica, however,
enzyme immobilization is not always successful, because of tremendous multi-step
procedures including preparation of a mesoporous support suitable for each enzyme under
harsh reaction conditions. Herein, we focus on a bottom-up mesoporous silica nanoparticles
assembly as a support suitable for various enzymes. [ The nanoparticles assembly can be
prepared by evaporation of colloidal silica nanoparticles under ambient conditions.
Interparticle spaces in the nanoparticles

assembly can be regarded as flexible = p — 'r"“.‘.';;‘_;'-.

" 1 - ‘,’ st ] g

mesopores for various enzymes. Thus, Y waree | ‘h}? ™ -4 -
i g - ' ) L] ]

: % ‘ ) . - -

enzymes were immobilized by simple ™ &) . - :

------------

Ihaprsion vt

evaporation of a mixed dispersion of
Figure 1. Immobilization of enzymes in a
bottom-up mesoporous silica nanoparticles
assembly by air-drying a dispersion of

as formate dehydrogenase, alcohol colioidal silica nanoparticles and enzymes.
dehydrogenase and acid phosphatase,

colloidal silica nanoparticles and enzymes
(Figure 1). We immobilized enzymes such

which have different size and charge properties, in the bottom-up mesoporous silica
nanopatrticles assembly. The diffuse-reflectance UV-visible spectra and the infrared (IR)
spectra of the assemblies suggested the successful immobilization of enzymes.

Reference: [1] Yamada, Y.; Tadokoro, H.; Nagshbandi, M.; Canning, J.; Crossley, M.;
Suenobu, T.; Fukuzumi, S. ChemPlusChem 2016, &1, 521.
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Selective hydrogen production based on the formate
decomposition with platinum nano particles dispersed by
polyvinylpyrrolidone

Yusuke Minami!, Shusaku Ikeyama?, Yutaka Amao'~
IFaculty of Science, Osaka City University
’The Advanced Research Institute for Natural Science and Technology, Osaka City University

The society that depends on fossil fuels has serious environmental and energy problems. In
recent years, the concentration of carbon dioxide in the atmosphere has been increasing
rapidly. To solve those problems, hydrogen has attracted attention as an alternative energy.

Hydrogen is a gas at a room temperature and an atmospheric pressure, so it has a problem in
safety when it is transported and stored. Formic acid is a liquid at a room temperature and
contains a 4.3 wt.% hydrogen, so it is suitable for a hydrogen carrier.

Platinum nano particles dispersed by polyvinylpyrrolidone (Pt-PVP) catalyze hydrogen and
carbon dioxide production from formic acid decomposition at a room temperature. However,
the catalytic mechanism for the hydrogen and carbon dioxide production from formic acid
with Pt-PVP has not been clarified yet. To clarify the mechanism with Pt-PVP, we
investigated pH and formate ion concentration dependability of hydrogen production rate with
Pt-PVP. Hydrogen production rate was increased with increasing proton concentration up to
100 uM, and then reached constant value. Hydrogen production rate was also increased with
increasing formate ion concentration up to 1 M. Moreover, the electronic state of Pt-PVP were
also observed by EXAFS and Pt L3-edge XANES. These results indicated that electron-rich
platinum nano particles have a high catalytic activity of formic acid decomposition into
hydrogen and carbon dioxide.

From these results, we suggested the possible catalytic mechanism for the hydrogen and
carbon dioxide production from formic acid with Pt-PVP(Figure 1). An elementary reaction
which has an elimination process of carbon dioxide caused by B-hydrogen elimination

suggested as a rate limiting step.

Figure 1. Catalytic mechanism of hydrogen production based on formic acid decomposition

with Pt-PVP
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Photocatalytic CO: reduction with water including methanol
over Ag loaded Ga:0s

Kokoro Yoshioka'; Muneaki Yamamoto?; Akiyo Ozawa'; Tetsuo Tanabe?;
Tomoko Yoshida®

! Applied Chemistry and Bioengineering, Graduate School of Engineering, Osaka City

University, ‘Advanced Research Institute for Natural Technology, Osaka City University

Gallium oxide (Ga:0s) photocatalyst can promote CO: reduction with water to produce CO,
H; and O; under UV light irradiation. It had been reported that Ag loading on Ga0; as a
co-catalyst (Ag/Gaz0s) significantly improves the photocatalytic activity for CO; reduction to
CO([1, 2]. However, the role of Ag co-catalyst is unclear. In order to clarify the role of Ag, it is
necessary to control and understand chemical and physical characters of Ag co-catalysts
loaded on Ga;0s. In preliminary work, we have found that the aggregation and dissolution of
Ag were suppressed with using reducing agent of methanol solution. In this study, we have
investigated the effect of methanol addition in water on photocatalytic CO2 reduction with
water over Ga;Os with Ag co-catalyst. In the photocatalytic reduction tests, the prepared
sample was dispersed into either “1 M NaHCO:” or *1 M NaHCOs:+ 20 vol% methanol”
aqueous solution under COz gas flow and irradiated with photons given by a 300 W Xe lamp.
Reaction products dominated with CO, Hz and O2 were analyzed by GC-TCD. The loading
state of Ag co-catalyst was investigated by UV-vis DR measurements and SEM.

In photocatalytic CO: reduction tests, the addition of methanol showed higher CO selectivity
than the case of without methanol. Fig. 1 compares UV-vis DR spectra of Ag/ Ga;0s sample
before and after the reaction. After the reaction with methanol, the localized surface plasmon

resonance (LSPR) peak became larger. This x

suggests that the addition of methanol enhaced (a) Ny Ginrh_lncfiarr

; ; 4 o () —— Ag iU imetiaicdy nfle
reduction of Ag species to make metallic % 2 © S
nanoparticles and also inhibited elution of Ag. 3,,
Thus, we have tentatively concluded that methanol ;:f . / "'\
assists the reduction of Ag deposited on Ga:03, ¢« 4 | —
enhancing Ag nanoparticles formation and » — .

. 2 H ] - Pl dimd niiLd (17T

suppressing their aggregation or dissolution. We Wavelenzdi (]

will also discuss about relationship between Ag Fig. 1 UVevis DR spectra of Ag/Ga:0: sample ,
(a) before the reduction test, and after 5 hous

loading  state and  photocatalytic — activity o vests ywith and (c)wituout methanol.

quantitatively in OCARINA symposium.

References:

[1] K. lizuka, T. Wato, Y. Misaki, K. Saito and A. Kudo, J. Am. Chem. Soc., 2011, 133,
20863-20868

[2] N. Yamamoto, T. Yoshida, S. Yagi, Z. Like, T. Mizutani, S. Ogawa, H. Nameki and H.
Yoshida, e-j. Surf Sci. Nanotech., 2014, 12, 263-268
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The study on photocatalytic CO; reduction
over Gax0; photocatalyst with water
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@ Graduate School of Engineering, Osaka City University.
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Gallium oxide (Ga;Os) photocatalysts can reduce CO; with H2Oto produce CO, however
the reaction rate of CO production is very low. It has been reported that the loading of Ag on
Gaz0s promoted CO production [1], on the other hand, improvement of Ga20s structure
should be also essential. Recently, we found that the photocatalytic activity of GayOs
depended on the calcination temperature for a Ga;0s precursor in the preparation stage.
Therefore, in this study, we will discuss the reason why the CO production was enhanced by
controlling calcination temperature.

Gay0; samples were prepared by calcination of Ga(NOs):-8H2O powder in the air at given
temperatures (673 - 1173 K) for 4 h. We carried out photocatalytic COz reduction with H>O
over the Ga;O; samples. Fig.1 shows CO production rate for each Ga;0s; sample. Gax0s
prepared by calcination at 823 K (Ga203(823 K)) showed a specifically high activity for CO
production, although the H> production rate for this sample was comparable with those for
Gax0s (673, 773, 873 K). It was found that the Hy production rate increases with the surface
area of the sample.

In XRD measurement of Ga;03(823 K), very weak and broad diffraction peaks were
observed, suggesting the formation of P-GapOs phase with low crystallinity. Taking into
account that a low crystalline photocatalyst has many defects to promote the recombination of
excited electron-hole pairs, high CO production activity for Ga;03(823 K) would be resulted
from an improvement of CO; adsorption process rather than electrons and holes diffusion
process. Here we performed FT-IR measurements for chemisorbed species on Ga;03(823 K)
by introduction of CO:. Fig.2 compares FT-IR spectra of as prepared Gaz03(823 K) and
Ga»03(823 K) after one week evacuation for the removal of adsorbed water molecules. Large
absorption peaks of CO; as monodentate bicarbonate were clearly observed for the latter
sample, showing the strong influence of water adsorption. It was also revealed that the
photocatalytic active Ga;03(823 K) can adsorb much more CO; amount than the inactive
Ga>05(973 K).
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Fig. 1 CO production rates for Ga;O3 Fig. 2 FT-IR spectra of Ga203(823 K) and
samples prepared by calcination at Ga205(823 K) after one week evacuation
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The crystalline structure of black phosphorus (BP) is puckered honeycomb with out-of-plane
ridges in which each phosphorus (P) atom is covalently linked to three neighbouring
single-layer P atoms, while individual layer sheets are stacked vertically by van der Waals
interaction. Zhu et al. have demonstrated that BP nanosheets prepared by a facile solid-state
mechanochemical method or ball-milling of bulk BP has photocatalytic activity on hydrogen
evolution from water [1]. However, synthesis of BP usually needs high temperature and high
pressure, which is costly and difficult to synthesize in large amount. Additionally, BP
degrades rapidly when exfoliated to nanoscale dimensions.

Tian et al. prepared BP nanosheets consisted of few layers with one-pot solvothermal
synthesis using white P as a starting material [2]. They claimed very high efficiency of the
prepared BP nanosheets on photocatalytic water splitting. However white P is difficult to

handle. Because it spontaneously ignites in air at above 40 ° C, and is toxic to the human body.

In this study, we have tried to synthesise BP nanosheets safely with the one-pot solvothermal
method using another phosphorus source. X-ray diffraction analysis of the synthesized sample
confirmed the formation of BP. And the sample clearly showed layered structure as depicted
in its images of a scanning electron microscope and transmission electron microscopy(Fig.
1(a) and Fig. 1(b), respectively). Absorption edge of the sample in diffuse reflectance spectra
was around 850 nm. All these results indicated success in the BP synthesise. Furthermore, we

have clarified necessary conditions for the synthesis.

Figure 1. SEM image (a), TEM image (b) of synthesized BP nanosheets.

References

[1] X. J. Zhu, T. Zhang, Z. Sun, H. Chen, J. Guan, X. Chen, H. Ji, P. Dy, S. Yang, Adv. Mater.
2017, 29, 1605776

[2] B. Tian, B. Smith, M.C. Scott, R. Hua, Q. Lei, Y. Tian, Nat. Commun. 2018, 9, 1397

P-21

63



P-22

64
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Abstract: Recently Ga;03 has attracted a lot of interests as a photocatalyst for CO; reduction
with water [1]. However, its photocatalytic activity for CO; reduction remains still low. In
previous work, we have succeeded to improve the photocatalytic activity of GaOs: employing
AlO; as catalysis support. In the present study, we have tried to improve the CO; reduction
activity of Gaz0s changing Al,Os support to other metal oxide suport.

Metal oxides supported GaOs; samples were prepared by an impregnation method of metal
oxides with aqueous solution of gallium nitrate followed by dry and calcination in air at 823 K
for 4 h. As for the metal oxide support, MgO, AlbO3, ZSM-5, TiOz, ZnO, Y20;, ZrO,, La:z0s,
CeOz, Nd;0s, and Yb20 were employed. The weight ratio of Ga;O3 and a metal oxide suport
was set to be 40 wt% because 40 wt% Al;O; supported Gax03 (Ga203:/Al0s) showed the

highest CO production rate. The photocatalytic CO, + e
reduction with water using the prepared sumples as a E:, = ' *
catalyst was carried out and compared their photocatlytic % r “%
activity. ,;,‘ . 0 1T j
The results are showin in Fig.1 and Fig.2 which compare g; =
the CO production rate and CO selectivity for all prepared . ll_[ :
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Gallium oxide (Ga20:) is well known as a photocatalyst having relatively high catalytic
activity with the assistnce of Ag co-catalyst for water splitting and CO; reduction with water.
We have suggested that the photocatlytic reduction very likely proceeds at the interfaces or
boudaries between small grains of Ga;0; and Ag nanoclusters on them [1]. Accordingly, we
have tried to improve the catalytic activity with replacement of Ga;Os grains to submicro- to
nano- sized GaxOs; sheets (referred as nanofilms), which would allow uniform and dence
dispersion of Ag nanoclusters. To realize this, we have developed a method to fabricate Ga;Os3
nanofilms with using graphene oxide (GO) as a template. Then Ag was loaded on the nanofilms
and examined their activity for photocatalytic reduction of CO. with water.

Gay0s nanofilms were fabricated by following procedures. At first, gallium tri-n-butoxide was
deposited (adsorbed) on GO, then the GO was autoclaved in cyclohexane at 453 K for 6 hours
[2], followed by calcination at a given temperature of 823 — 1123 K.

TEM images of thus fabricated Ga;O: nanofilms are shown in Fig. 1. The images confirm full
removal of GO template and formation of nanofilms for samples calcined at 823 — 1123 K.
Their crystal structures were analysed by XRD measurements as showin in Fig.2. The
nanofilms calcined at 823 K and 1123 K were consisted of single phase, y-Ga;03 and p-Ga;0s,
respectively, while those calcined at 923 K and 1023 K, mixed-phases of - and y-Ga;0;. At
the conference, we will show the reaction activities of the Ga;Os nanofilms with loading Ag
cocatlyst for photocatalytic reduction of CO; with water.

Intensityla.u)

Figure 1. TEM images of Ga;0Os nanosheets » @ » & s w wm W

. ; : 2 theta{deg)
fabricated by calcination at 823 K (a) and Figure 2: XRD patteris of «GisOs
1123 K (b).

nanosheets fabricated by calcination at 823

References: K (a), 923 K (b), 1023 K (c) and 1123 K

[1] Yamamoto, M. et al., J. Mater. Chem. A 2015, 3, 16810.
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In-situ UV-Vis diffuse reflectance measurements of silver loaded
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It is well known that photocatalytic reduction of CO, with water is enhanced by Ag
co-catalyst. Nevertheless its role on the photocatalytic reduction process is not understood
well. Furthermore the Ag co-catalyst is often subjected to change its chemical and physical
state during the reduction, i.e. it is oxidized in water and dissolved as Ag', and Ag’ is
photodeposited again resulting in the aggregation to be larger Ag particles, and accordingly
lose its photocatalytic activity. Therefore, it is quite important to know physical and chemical
state of the Ag co-catalyst and their change during the photoreaction process. In the preset
work we have tried to observe in-situ UV-Vis diffuse reflectance (DR) for the surface of
Gay03; with Ag co-catalyst (Ag loaded Ga>O3) during the photocatalytic reduction of CO;
with water, because UV absoption edge gives information on Ga;Os3 and the absorption
caused by localized surface plasmon resonance (LSPR) of Ag nano-particles gives
information on themselves. In this study, in-situ DR measurements have been conducted at
four different atmospheres either Ar, CO2, Ar/H2O or CO2/H>0 under light irradiation.

Fig. 1 compares time courses of the intensities of LSPR peaked at 450 nm under the light
irradiation. As seen in the figure, the LSPR peak appeared immediately after starting the light
irradiation and increased with the irradiation time. It found that the peak intensity increased
even after 120 min when water vapor was introduced. Fig. 2 shows DR spectra normalized
with the highest intensity of each peak after 120 min of the light irradiation. The peaks
appeared around 350 nm, 450 nm and 600 nm are attributed to Ag small clusters, Ag
nanoparticles and larger Ag nanoparticles, respectively. Main difference among all spectra
appears in the intensity of longer wavelength region which is caused by the absorption of
larger Ag particles. The peak intensity at 600 nm was low at CO; atmosphere. This suggests
that the adsorption of CO; on the surface of Ga,Os; and/or the Ag particles suppressed the
appearance of large Ag particles or size growth of Ag nano-particles.

Fig 1. Time course of the LSPR absorption Fig 2. Normalized DR spectra measured

intensity at 450 nm under light irradiation. at 120 min at four different atmospheres.
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Detection of “color changes” with a single kind of opsin in the
zebrafish pineal organ.
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Pineal and its related organs in lower vertebrates discriminate UV and visible light. Our
previous studies revealed that a pineal opsin, parapinopsin (PP) is responsible for
UV-sensitivity in the wavelength discrimination of lamprey and teleost pineal organs [1-3]. PP
has a unique property called bistable nature; upon UV light absorption, the dark state of PP
converts to the visible light-sensitive photoproduct, which reverts to the original dark state by
visible light-absorption. Accordingly, PP forms different “photoequilibrium-like states”,
depending on various spectral distributions between UV and visible light region [4]. In this
study, we investigated how the PP-photoequilibrium is involved in the color opponency under
natural light-like conditions with calcium imaging using transgenic zebrafish. We further
investigated how the intensity and spectral distribution of natural sunlight varies depending on
several factors. We found that the zebrafish pineal organ might respond to changes in the
spectral distribution of natural light and discuss a physiological relevance of the pineal
wavelength discrimination involving parapinopsin.

[1] Koyanagi M.; Kawano E,; Kinugawa Y.; Oishi T.; Shichida Y.; Tamotsu S.; Terakita A.
PNAS 2004, 101, 6687-6691

[2] Wada S.; Kawano-Yamashita E.; Koyanagi M.;Terakita A. PLoS One 2012, 39003

[3] Koyanagi M.; Wada S.; Kawano-Yamashita E.; Hara Y.; Kuraku S.; Kosaka S .;
Kawakami K.; Tamotsu S.; Tsukamoto H.; Shichida Y.; Terakita A. BMC Biology 2015, 13.
73.

[4] Wada S.; Shen B.; Kawano-Yamashita E.; Nagata T.; Hibi M.; Tamotsu S.; Koyanagi
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Behavioral investigation of non-visual photoreception with
pineal-specific opsin-knockout zebrafish
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City University, Osaka, Japan; *OCARINA, Osaka City University, Osaka, Japan

Pineal organs of most lower vertebrates capture light and the light information is utilized for
regulating various physiological functions. Secretion of melatonin, which is known as a
hormone that modulates locomotor activities in various animals, is one of major pineal
functions. In teleosts, it was reported that melatonin secreted in the dark (night) is suppressed
by light illumination. Previous reports including our recent works suggest that three kinds of
light-sensitive proteins, opsins expressed in pineal organs might be involved in the melatonin
suppression [1]. In this study, by using opsin-knockout zebrafish, we first investigated the
contribution of a major opsin of the three to the light-induced melatonin suppression and then
to light-modulated behaviors. We found that the opsin was largely responsible for the
light-induced melatonin suppression. We also obtained evidence that suggested the opsin was
involved in a light-modulated behavior(s). Functional relationship among the opsin, the

light-induced melatonin suppression and the light-induced behavior is discussed.

[1] Koyanagi, M.; Wada, S.; Kawano-Yamashita, E.; Hara, Y.; Kuraku, S.; Kosaka, S.;
Terakita, A. BMC biology 2015, 13, 73.
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Pineal and related organs in lower vertebrates discriminate UV and visible light. We
previously found that a pineal opsin called parapinopsin (PP) is responsible for UV-sensitivity
in the wavelength discrimination of the lamprey and teleost pineal organs as well as the lizard
pineal related organ [1-3]. Recently, our caleium-imaging studies with PP-knockout zebrafish
and a visual opsin introduced PP-knockout zebrafish revealed that a single kind of opsin PP
generates color opponency in a single kind of pineal photoreceptor cell [4]. The PP-based
color opponency depends on the unique molecular property called bistable nature; upon UV
light absorption, the dark state of PP converts to the visible light-sensitive photoproduct,
which reverts to the original dark state by visible light-absorption. Accordingly, PP forms
different “photoequilibrium-like states” between the dark state (UV-sensitive) and
photoproduct (visible light-senstive), depending on various spectral distributions between UV
and visible light region. We found that PP-based color opponency requires “background light™
with an intensity of approximately 1% or more of natural sunlight in the early afternoon. In
this study, by using PP-knockout zebrafish we evaluated contribution of PP-based pineal color
opponency to zebrafish behaviours under background light condtions containing different UV
and visible light lintensities. Based on obtained results, we would attempt to discuss behavial
relevance of the PP-based pineal wavelength discriminaiton.

[1] Koyanagi M.; Kawano E,; Kinugawa Y.; Oishi T.; Shichida Y.; Tamotsu S.; Terakita A.
PNAS 2004, 101, 6687-6691

[2] Wada S.; Kawano-Yamashita E.; Koyanagi M.;Terakita A. PLoS One 2012, €39003

[3] Koyanagi M.; Wada S.; Kawano-Yamashita E.; Hara Y.; Kuraku S.; Kosaka S _;
Kawakami K.; Tamotsu S.; Tsukamoto H.; Shichida Y.; Terakita A. BMC Biology 2015, 13,
73.

[4] Wada S.; Shen B.; Kawano-Yamashita E.; Nagata T.; Hibi M.; Tamotsu S.; Koyanagi
M.;Terakita A. PNAS 2018, 115:11310-11315
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Opsin-Based Photopigment as a Potential Dark-Active and
Light-Inactivated G Protein-Coupled Receptor
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Peropsin or retinal pigment epithelium-derived rhodopsin homolog, found in many
animals, belongs to the opsin family. Most opsins bind to 11-cis-retinal as a chromophore
and act as light-activated G protein-coupled receptors (GPCRs). In contrast, we previously
reported that peropsins from an amphioxus and a spider bind all-frans-retinal and isomerize
it into 11-cis form by light {1, 2]. Such a photo-isomerization activity is also found in a
retinal photoisomerase retinochrome, which serves to produce 11-cis-retinal chromophore
in squid retinas. However, our comparative analyses of catalytic enzyme activity of
peropsin and retinochrome as a retinal photoisomerase revealed that the catalytic efficiency
of spider peropsin is much lower than that of squid retinochrome, suggesting a possibility
of a peropsin function other than a retinal photoisomerase [3]. On the other hand, peropsin
has amino acid sequence motifs that are highly conserved among GPCRs. In this study, we
therefore asked whether peropsin acts as a GPCR. We conducted cultured cell-based assays
for G protein activation but did not detect any significant activation of major G proteins by
peropsins. Interestingly, however, chimeric mutants of peropsins constructed by replacing
the third intracellular loop region with that of Gs- or Gi-coupled opsin were active and
drove Gs- or Gi-mediated signaling in the dark, respectively, and were inactivated upon
illumination in cultured cells. These results suggest that peropsin could act as a dark-active,
light-inactivated G protein-coupled receptor. In addition, the chimeric peropsin mutants

would be useful as novel optogenetic tools that enable light-inactivated G protein signaling.

[1] Koyanagi, M.; Terakita, A.; Kubokawa, K.; Shichida, Y., Amphioxus homologs of
Go-coupled rhodopsin and peropsin having li-cis- and all-frans-retinals as their
chromophores. FEBS Lett 2002, 531 (3), 525-8

[2] Nagata, T.; Koyanagi, M.; Tsukamoto, H.; Terakita, A., Identification and characterization
of a protostome homologue of peropsin from a jumping spider. .J Comp Physiol A 2010,
196 (1), 51-9.

[3] Nagata, T.; Koyanagi, M.; Lucas, R.; Terakita, A., An all-frans-retinal-binding opsin
peropsin as a potential dark-active and light-inactivated G protein-coupled receptor. Sci
Rep 2018, 8 (1), 3535
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Pineal and related organs in lower vertebrates discriminate UV and visible light,
independently of ocular color vision. We previously found that in the pineal
wavelength discrimination, a pineal-specific opsin, parapinopsin serves as a UV
-sensitive pigment [1-4] and has a unique molecular property called “bistable nature”
different from that of visual cone opsins: upon UV-light absorption, parapinopsin
converts to a stable photoproduct, which reverts to the dark state upon subsequent
visible light absorption whereas the visual opsin photoproducts are unstable, release
chromophores and become colorless , showing the molecular property called *bleaching”
nature [1]. Therefore, it i1s of interest to investigate how the different photoproduct
stabilities relate to photoresponses or sensitivities of photoreceptor cells. In order to
obtain a clue to this issue, we established a mutant zebrafish, which expresses UV-cone
opsin instead of parapinopsin in the pineal photoreceptor cells. We performed calcium
imaging of photoreceptor cells of the mutant and wild-type zebrafish with a multiphoton
microscope. Based on the obtained results, we discussed how the different opsin
properties are involved in a light adaptation process of the pineal photoreceptor cells.

[1] Koyanagi, M.; Kawano, E.; Kinugawa, Y.; Oishi, T.; Shichida, Y.; Tamotsu, S.;
Terakita, A. PNAS 2004, 101, 6687-6691.

[2] Wada, S.; Kawano-Yamashita, E.; Koyanagi, M.; Terakita, A. PLoS One 2012,
£39003.

[3] Koyanagi, M.; Wada, S.; Kawano-Yamashita, E.; Hara, Y.; Kuraku, S.; Kosaka, S.;
Terakita, A. BMC biology 2015, 13, 73.

[4] Wada, S.; Shen, B.; Kawano-Yamashita, E.; Nagata, T.; Hibi, M.; Tamotsu, S.;
Koyanagi, M.; Terakita, A. PNAS 2018, 115, 11310-11315.
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Gliding ghost of Mycoplasma gallisepticum
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Cytadherence and/or motility are essential factors to exert pathogenicity in many infectious
bacteria. Mycoplasmas are commensal and occasionally pathogenic bacteria which lack a
peptidoglycan layer and have small cell and genome sizes!!!. Mycoplasma gallisepticum is an
avian pathogenic bacterium causing a chronic respiratory disease in chickens and an
infectious sinusitis in turkeys. The infected cells transmit to their eggs from breeder birds.
Mycoplasma gallisepticum is a related species of human pathogenic mycoplasma,
Mycoplasma pneumoniae. They bind to sialylated oligosaccharides on host tissue surfaces and
glide to spread by using unique gliding system, which is completely unrelated to other
bacterial motility systems including Mycoplasma mobile gliding system or eukaryotic
motility!?],

A previous study has shown that the gliding motility of Mycoplasma mobile is driven by
ATP hydrolysis on the basis of gliding ghost experiments. In this experiment, Mycoplasma
mobile cells were permeabilized with Triton X-100 and stopped for gliding, then gliding was
reactivated by the addition of ATP®]. However, the reactivation of permeabilized cells of
Mycoplasma pneumoniae-type gliding has not been succeeded so far!!l,

In the present study, we permeabilized Mycoplasma gallisepticum cells with Triton X-100,
Triton X-100 containing ADP or Triton X-100 containing ATP, and observed the behaviours
of permeabilized cells. The cells permeabilized with Triton X-100 or Triton X-100 containing
ADP did not show gliding. The cells permeabilized with Triton X-100 containing ATP showed
gliding at a speed of 0.014 + 0.007 pum/s that is only 4% of intact cells, and 63% of
permeabilized cells continuously glided through 17 min. Next, we permeabilized cells with
Triton X-100 containing ATP and vanadate ion which gradually inhibits ATP hydrolysis. The
cells permeabilized with Triton X-100 containing ATP and vanadate ion showed gliding at a
speed 0of 0.011 £ 0.010 um/s, and 33% of permeabilized cells continuously glided through 17
min. These results indicate that Mycoplasma gallisepticum gliding is also driven by ATP
hydrolysis.

References
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Structural dynamics of epi-genome related heterochromatin
protein HP1 studied by spin labeling ESR spectroscopy
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Heterochromatin protein (HP1) is evolutionally conserved, and binds to epigenetic mark,
lysine9 methylated histone H3 as a transcriptional repressor [1]. Here, we introduced
site-specific spin labeling on HP1 and examined the dynamics of human HP1 with continuous
wave (CW)-ESR and pulsed electron double resonance (DEER/PELDOR) spectroscopy [2,3].
HP1 has the chromodomain (CD) and the chromoshadow domain (CSD), which are linked by
the flexible HR. It dimerizes via CSD to form NTE-CD-HR-CSD-CSD-HR-CD-NTE, where
NTE is an N-terminal extension of CD. The ESR spectroscopy from the nitroxide spin label
fixed at a cysteine of the CD or CSD of human HP1 indicated a highly flexible structure of
HP1 molecule on nanosecond time scale. Different from yeast HP1, dimerization via
CD-CD interaction is reported, CD was freely mobile by CW-ESR and the distance between
two CD domains in the HP1 dimer was beyond the limit of DEER (>7 nm). HP1 is reported
to bind lysine9 methylated histone H3 peptide (H3K9me) at CD domain and also bind DNA
at HR domain while HP1y does not bind DNA. The rotational dynamics of CD slowed down
1.5-fold by H3K9me either as CD alone or in full-length HP1, and also indirectly by DNA
while that in HP1y did not. Preliminary results showed that phosphomimic mutation of NTE
slowed down CD dynamics 1.5-fold in full-length HP1 but made it apparently insensitive to
DNA and H3K9me binding. The NTE region will play an important role for HP1 function by
controlling the CD dynamics in phosphorylation-dependent manner. The HR which links
between CD and CSD was highly dynamic on subnanosecond time scale as detected by
CW-ESR. Dynamics of spin label located at several residues of HR in HP1a was restricted
weakly with DNA only under high viscosity in glycerol. This weak motional restriction
suggested loose translational diffusion of HP1a on DNA and vice versa. In contrast, the other
domain (CSD) stably formed a dimer, while the interdomain distance was just expected based
on crystal structure. In addition, the CSD dimer in full-length HP1 exhibited nearly free but
isoform-specific motion; HP1a was 1.5-fold slower than HP 1y, but became identical when the
N-terminal domain including HR was deleted. The distinct dynamics is due to the fact that
HR is different between HPlo and HPly in length and sequence. It is likely that distinct
dynamics contributes to the isoform-specific function of HP1.

[1]Mishima,Y .et al.Nuc.Acid Res.2015,43,10200.[2]Abe,J.et al. Appl. Mag.Reson.2018,42,473.
[3]Arata,T. (In Japanese) Seibutsu Butsuri 2012, 4, 172; Bunko Kenkyu 2006, 54, 245.
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Abstract: Mycoplasma mobile, a fish pathogenic bacterium glides on solid surfaces based on
ATP energy by a unique energy-conversion mechanism. Four huge proteins clustering on
the surface of gliding machinery are essential for this mechanism. (li349 shaped like an
eighth music note ( ), acts as a leg protein by binding to sialylated oligosaccharides on solid
surfaces. (Gli521 shaped an interrogation mark (?), transmits the force to G1i349 as a crank
protein [1]. We focused on the structure of Glil23, a 123 kDa protein responsible for the
assembly of surface gliding proteins [2].

Gli123 showed two ditferent conformations under rotary-shadowing electron microscopy
(EM), i.e. globular and rod structures in high and low ionic strength conditions, respectively.
This conformational shift occurred reversibly as monitored by light scattering. We clarified
the globular structure by single particle analysis of negative staining EM, as a
"White-mushroom" with dimensions, 20.0, 14.5, and 16.0 nm. Reconstruction of higher
resolution is undertaken by using cryo-EM. We clarified the rod structure by Small Angle
X-ray Scattering (SAXS) analyses, as chained five masses about 34 nm long and 4 nm wide,
We are currently also trying SAXS modeling of globular structure.

On the surface of gliding machinery, four proteins are organized to form a large complex.

The conformational change of (Gli123 may be involved in this organizing process.

Keywords
Mycoplasma mobile / Electron Microscopy / single particle analysis / SAXS
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Mycoplasma mobile, a fish pathogenic bacterium, glides on host cell surfaces with a unique
mechanism. The gliding machinery is divided into two parts: internal and surface structures.
Our previous study showed that the motor in the internal structure including an ATP synthase
homolog and phosphoglycerate kinase (PGK) forms chains along the cell membrane [1, 2].
Both ATP synthase and PGK are essential enzymes for life in most living organtsms and
synthesize ATP in electron transport chain and glycolytic pathway, respectively. Recently,
electron cryomicroscopy (cryoEM), which can visualize biomolecules in a frozen hydrated
state has been developed drastically, resulting in resolving biomolecular structures at near
atomic resojution. In the present study, we determuned the structure of the intemal motor by
single-particle cryoEM at 7.4 A resolution. The structure showed that two hexamers are
paired by a rectangular frame with eight arm-like extensions. This structure allowed us to
dock the crystal structure of ATP synthase catalytic subunits from Bacillus sp. into the two
hexamers at secondary-structure level. PGK was assigned to each of four arms extending
horizontally from the homolog of ATP synthase catalytic subuits. A coiled-coil structure
deeply penetrates the center of hexamers, as seen in ATP synthases generally. The coiled coil
should be composed of MMOB 1630, which has no homology with any subunit of ATP
synthase, based on analyses of isolated single hexamer including the coiled coil. Our data
suggested that the motor of Mycoplasma mobile evolved by the combination of two essential
enzymes for life with several novel proteins.

Figure. CryoEM structure of the intermal motor
fitted with atomic modeis of ATP synthase from
Bacillus sp. (u-subunits, red; B-subunits, yellow;
PDB ID code 2QE7 [3]) and PGK from Thermus
sp. (blue; PDB 1D code 21E8 [4]).

[1] Miyata, M.; Hamaguchi, T. Curr. Opin. Microbiol. 2016, 29, 15-21.

[2] Nakane, D.; Mivata, M. Proc. Natl. Acad. Sci. USA 2007, 104, 19518-19523.

[3] Stocker, A.; Kcis, S.; Vonck, I.; Cook, GM.; Dimroth, P. Structure 2007, 15, 904-914
[4] Lee, J.H.; Im, Y.J.; Bae, I.; Kim, D.; Kim, M.K.; Kang, G.B.; Lee, D.S.; Eom, S.H.
Biochem. Biophys. Res. Commun. 2006, 350, 1044-1049
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Internal Ribbon Structure Driving Helicity-Switching
Swimming in Spiroplasma
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Spiroplasma eriocheiris, a helical-shaped swimming bacterium lacking peptidoglycan layer,
a bacterial cell wall, swims in a high viscosity solution by reversing its helical orientation
from front to back [1, 2, 3]. In the present study, we analyzed the ribbon of about 110 nm in
width that exists inside the helical helix by electron microscopy, to elucidate the mechanism
of helical reversal. The isolated ribbon had 840 nm pitch very similar with the cell. The
protofilament obtained by separating the ribbon was a double helix composed of fibers in a
ring-like repeating structure, the pitch of which was roughly consistent with the pitch of the
ribbon and the cell. Based on these observations, we concluded that the swimming is caused
by the structural change in Fibril protein forming protofilaments of about 11 nm in diameter.
When the ribbon containing three kinds of MreB protein in addition to Fibril was treated with
A22, MreB polymerization inhibitor, separation of each bundled protofilament was observed,
suggesting that the MreBs orient fibril filaments to the ribbon. Therefore, any of these four
proteins is expected to be responsible for the helical switch. We are clarifying the structure
and its changes of isolated Fibril by using electron microscopy and single particle analysis.

2ROk %%

Helicity-switching swimming in Spiroplasma
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[1] Miyata M and Hamaguchi T. Frontiers in Microbiology. 2016, 7, 960.
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Abstract: MreB is a bacterial protein capable of polymerization using ATP (adenosine
5'-triphosphate) and Mg”" [1]. The polymer of MreB play a critical role to form rod
shapes of bacteria by binding to the inside of the cell membrane [2]. MreB is coded as a
single copy of gene in many bacteria, and its role has been considered to be conserved.
A novel type MreBs were discovered in genus Spiroplasma belonging to the same class
with Mycoplasma [3]. Each Spiroplasma species has more than five classes of MreBs.
These MreBs are thought to be involved in making Spiroplasma helical shapes and
twisting their bodies for swimming motility [4]. To clarify the characters of these novel
MreBs, two kinds of MreBs (MreB3 and MreB5) among five derived from Spiroplasma
eriocheiris were purified and analyzed for the structures and the polymerization
dynamics. When these MreBs were put into a polymerization condition, paired two
filaments were observed under electron microscopy. The structure was similar to MreBs
of other species. Both MreB3 and 5 required 1.5 to 2 hours for the equilibration of
polymerization although conventional MreBs needed only 20 - 30 minutes as traced by
light scattering technique. Polymerizations by using GTP (guanosine 5"-triphosphate)
were faster than by using ATP. Addition of Mg”* slowed the polymerization of these
MreBs, although increase of Mg2+ made polymerization of conventional MreBs faster.
Sedimentation experiments suggested that more than half of the MreBs remained as
monomers although more than half polymerized in conventional MreBs [1]. These
results suggest that MreBs from Spiroplasma
eriocheiris have evolved a unique reaction
mechanism and lower polymerization ability.
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The class Mollicutes, a small group of bacteria, is thought to have caused extraordinary
evolution. Spiroplasma, belonging to class Mollicutes, performs a unique swimming motility
by switching the helical core of cell clockwise and counterclockwise. The cell helicity is
composed of Fibril protein unique to Spiroplasma genus and five classes of MreB
homologous to eukaryotic actin [1]. MreB is a universal protein in bacteria and acts as a
scaffold for cell wall synthesis by forming short filaments [2], but interestingly it is involved
in swimming motility in Spiroplasma which does not have a cell wall. In this study, for the
purpose of reproducing swimming motility, a group of genes involved in Spiroplasma
eriocheiris swimming was introduced and expressed in synthetic bacteria (Mycoplasma
mycoides JCVI-syn3.0B) having no motility at all [3]. Synthetic bacteria made from
mycoplasma have a genome designed only with essential genes.

When Fibril protein was expressed, about 30% cells elongated 4.4 times longer than the
original. In addition, about 26% of the elongated cells formed a clear helicity with a pitch of
0.66 wm, similar to that S. eriocheiris shows in the starved state. The filaments isolated from
these synthetic bacteria and observed by electron microscopy were very similar to the Fibril
filaments from S. eriocheiris.

In addition, when MreB2, the most abundant MreB in S. eriocheiris was expressed, about
11% of the cells expanded to filamentous form with a length of 3.0 times. When MreB2 fused
with mCherry was expressed, intense fluorescence was observed in the filamentous part.

As the cell shape can be changed by expressing genes in synthetic bacteria, the Spiroplasma
swimming motility can be reproduced by further expressing the genes involved in swimming

in the future studies.

[1] Liu, P. et al. Front Microbiol. 2017, 8, 58.
[2] Shi, H. et al. cell. 2018, 172, 1294-1305.
[3] Hutchison, CA 3rd. et al. Science. 2016, 351, aad6253.
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Fatty acid kinase (Fak), which has been identified recently [1], consists of two subunits,
FakA and FakB. FakA phosphorylates the fatty acid bound to FakB. Fak is essential for
synthesis of membrane lipids in bacteria such as Mycoplasma that do not have fatty acid
synthase. Furthermore, Fak is reported to be involved in gene expressions of virulence factors.
However, the structure and reaction mechanism of Fak remain largely unknown. In this study,
we analyzed the subunit composition and domain organization of Fak from Thermus
thermophilus HBS (ttFak). Fatty acid kinase subunit of ttFak, TTHAO0214 (ttFakA), was
overexpressed in E. coli and purified to homogeneity. ttFakA was shown to be monomeric,
which differs from the result of the previous study [1]. Pull-down assay using the cell extract
of T. thermophilus coupled with mass spectrometry revealed that ttFakA interacts with
TTHAO0951 (ttFakB1), which is a fatty acid binding protein belonging to DegV family. Native
PAGE also detected interaction of ttFakA with another DegV family protein TTHA0950
(ttFakB2). These results suggested that these three proteins, ttFakA, ttFakBI1, and ttFakB2
constitute ttFak. Limited proteolysis of ttFakA with two proteases yielded two fragments of
almost the same sizes each of which corresponded to the N- and C-terminal fragments. This
agreed to the sequence-based prediction that ttFak A consists of two domains. The observation
that the resulted fragments could not be separated by gel filtration suggested that the N- and
C-terminal domains strongly interact with each other. Unexpectedly, when ttFakA was
incubated with ATP in the presence of divalent cations, ttFakA was auto-phosphorylated. By
mass spectrometry, the major phosphorylation site was identified as Ser249, which was
reported to be phosphorylated in the previous proteomic analysis [2]. In the predicted structure,
N-terminal domain might be the catalytic domain containing the ATP-binding site and Ser249
might be located in the loop region between the two domains. Based on these results, we

discuss the structural organization and the role of auto-phosphorylation of ttFakA.

[1] Parsons, J. B., Broussard, T. C., Bose, J. L., Rosch, J. W., Jackson, P., Subramanian, C.
and Rock, C. O. Proc. Natl. Acad. Sci. U. S. 4. 2014, 111, 10532-10537.

[2] Wu, W,, Liao, J., Lin, G., Lin, M., Chang, Y., Liang, S., Yang, F., Khoo, K. and Wu, S. Mol.
Cell. Proteomics 2013, 12, 2701-2713.
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Quick-Freeze and Deep-Etch (QFDE) replica microscopy is an electron microscopy method
in which a sample is frozen and fixed in a moment by hitting a sample against a cooled metal
and metal corted to exposed sample surface, and observed the metal membrane with
resolution of nanometer order and time resolution of submillisecond.

In this technology, it is possible to observe the microstructure on the sample surface with high
contrast, and it is particularly suitable for the surface of microorganisms.

This technology was developed and implemented in the new academic field, Ministry of
Education, Culture, Sports, Science and Technology in 2012 - 2016. As technical support
from 2018, 24 researchers and students from 16 research groups inside and outside the
campus conducted a rapid freeze replica method and related electron microscope observations
for 180 days in total.

1, E. coli infected with T phage (Fig. 1)

2, S-layer structure of Caulobacter crescentus

3, Intracellular structure of vesicle-releasing bacteria (Fig.2)
4, Detailed structure of artificial synthesis life Syn 3.0 (Fig. 3)

5, Surface structural change during germination of fission yeast spores (Fig 4)

Fig.1 Fig. 2 Fig.3 Fig.4
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Poly-y-glutamic acid (PGA) is one of high viscus constituents of Japanese traditional
fermentative food Natto. When PGA is left at room temperature, gradual decrease in its
molecular mass is observed as incubation period increasing. Decrease in the molecular
mass is accelerated by heat treatment at 100°C. We previously reported that decrease in
molecular mass occurred by heat treatment is restricted by divalent metal cation
chelating agents such as EDTA and citric acid. In addition, the restrictive effect is
enhanced by the Ca?'-specific chelating agents such as BAPTA and EGTA. Based on
the results, we assumed the involvement of Ca®" in decrease in molecular mass of PGA
occurred by heat treatment and increase in molecular mass during fermentative
production of PGA. In this study, PGA was fermentatively produced using a synthetic
culture medium with or without Ca®" and we then estimated the molecular mass of PGA
obtained.

We found that viscosity of the culture supernatant disappeared and the molecular mass
of PGA was relatively low in the case using Ca®" less synthetic medium. The low
molecular mass is thought to depend on low L-glutamic acid concentration in the
synthetic medium. Therefore, L-glutamic acid concentration was elevated to 10 fold in
the medium. As a result, viscosity still disappeared in the culture supernatant. However,
the molecular mass was equally high as compared with a control PGA sample. These
results obtained above could not explain the involvement of Ca®" in heat sensitive
nature of PGA molecules. Therefore, further investigations are in progress to prove the

involvement.
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Abstract: Recently, drug-resistant fungi have been frequently emerged by abuse of antifungal
drugs. Especially resistant fungi against azole drugs are the problem in clinical sites [1].
Combining drugs that restrict drug resistance mechanisms with already approved drugs is one
of the superior methods for overcoming infection caused by drug-resistant fungi. We have
reported that trans-anethole (anethole), which is the principal component of anise oil, inhibits
the drug efflux [2]. When S. cerevisine cells were treated with dodecanol, viable cell number
temporally reduced. Anecthole restricted over-expression of multidrug efflux pump’s gene
PDRS5 induced by dodecanol to control levels thereby expressing durable antifungal effects.
However, the detailed mechanism has been unsolved.

At first, we cxamined the susceptibility of dodecanol in genc-deficient strains related to
regulation of intracellular Ca’" levels. Among them, pmrid was highly susceptible to
doecanol. Next, we examined the change in cell viability of pmrid. The recovery of the cell
viability delayed in treatment with dodecanol. We indicated that the involvement of PMRI in
over-expression of PDRS induced by dodecanol Increase in intracellular Ca®" levels was
significantly observed m treatment with dodecanol and combination of dodecanol with
anethole. Furthermore, pmrIlA maintained elevated Ca’* levels as compared with the parental
strain. The expression of PMR! was restricted in the treatment with dodecanol and drug
combination. Dodecanol did not induce the expression of PDRS in pmrid. Above all, we
suggested that elevated Ca®* levels provably depend on the decreased expression level of
PMRI caused by dodecanol. In addition, the elevated Ca’" levels possibly restrict
ovet-expression of PDRS.
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Spores of fission yeast are dormant cells resistant to various stresses such as heat and
alcohol. To date, we have found that the outermost layer of the fission yeast spore wall is
composed of a protein called Isp3 (Isp3 layer) and that the Isp3 layer plays an important
role in spore tolerance to environmental stresses [1]. Isp3 is a protein that 1s specifically
found in fission yeast and has very characteristic regions (Fig. 1). Isp3 15 expressed

MGLGNLCSYKQDDSLDILQKKVLIDAFNKYTIDC

PNVQHQQPTYWY ! " F P RHHKEHKKSHHHWE

SDDDSSDDEES| (PHCEEKH _ES Blue: the basic amino acid-rich region.

EQNNGCGRRNQLARRLAFLGSFGDGDCDGCN Red: the acidic amino acid region.
Pink: the repeat sequence. Green: the

AFTVTGPITYFRTCPDPLTGITPAVAAAALATREA alanine=rich region.

AATFATPAAAATPAAPAA

specifically during sporulation, accumulates in the forming spores and subsequently
exported to the outside of the spore, i.e. the cytoplasm of the ascus. Since signal sequence
is not found in Isp3, it is possible that Isp3 may be transported by an unknown mechanism.
The aim of this study is to address the novel mechanism of protein transport using Isp3
as a model.

The various deletion mutants of Isp3 were constructed and their localizations were
observed. Surprisingly, the characteristic regions as described above were not involved
in the export. Isp3 lacking the N terminal 45 amino acids accumulated in the spores. These
data suggest that the N-terminal region is necessary for export of Isp3(Fig. 2).

ire 2. The images show the
rescence of Isp3-GFP and

AN=terminal region-GFP in

[1] Fukunishi, K. et al., Mol. Biol. Cell 2014, 25, 1549-1559
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Introduction: Fission yeast spore surfase is coverd by the characteristics spike structure.
How is this spike structure constructed? mdel0” was idenified as a gene involved in the
construction of the spike structure''! (Figure). mdel0" encodes an ADAM family protein
which is conserved widely in higher organisms including human. ADAMs are responsible for
important life phenomena on cell surface such as membrane fusion of sperm and egg or
signaling, in association with various proteins, Therefore, we assumed that the additional
genes cooperate with mdel0" to construct spike structure. The aim of this study is to identify
and characterize the additional genes involved in constructing the spike structure and
elucidate its molecule mechanism.

Results: To identify target genes, we observed 191 deletion strains of genes whose expression
are upregulated during sporulation (mug and meu) *'°), At first, we roughly selcected 40
mutants whose spore periphery was different from wild-type by phase contrast microscopy.
Next, we observed the fine structure of these strains by electron microscopy and identified 10
mutants, two of which (mug57 A and meu30 A) exhibited abnormal surface morphology.
mug57" and meu30" encode a fasciclin I domain protein which is involved in cell adhesion
and an a-amylase homolog, respectivly, Interestingly, although spike structure remained in
these mutants, they were smaller and a number of spike was increased. These data suggest
that the presense of pathway to surpress the number of spike structure on the spore surface.
WwT mdel0A

_'._. - I 3 ", ’-‘

Figure. Fission yeast spore by electron microscopy
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The major carotenoids accumulated in chloroplast of higher plants and algae are highly conserved:
B-carotene, lutein, violaxanthin (Vx) and neoxanthin. Solo conformatien of neoxanthin as 9’-cis has
been reported for more than 140 species [1], but several “primitive” green algae were reported to
contain all-frans neoxanthin (tNx) [2]. Our group has shown for the first time that the accumulation of
tNx is associated to the strong illumination during cultivation for Codium intricatum [3]. Codium sp.
belongs to the “siphonous alga™ which is a branch of green algae accumulating siphonaxanthin (Sx)
and/or siphonein (Sn), and a-carotene instead of lutein and B-carotene, respectively. These species

show negligible “xanthophyll cycle” [4], which is a well-known
photoprotective adaptation of green linage including
accumulation of Vx upon strong light exposure. Therefore, we
addressed a question that accumulated tNx may be involved in
an unknown photoprotective adaptation representative to the
xanthophyll cycle.

In this study, we focused on to clanfy the precise
relationship between accumulation of tNx and photosynthetic
photon flux density (photon flux density of 400 to 700 nm
photons, PPFD, in pmol photon m sec™). We cultivated the
gametophyte of C. fragile having 50 pm i.d. filamentous form
(Kobe University Macro-Algal Culture Collection, KU-0654).
Approximately 0.7 g (wet weight) aliquots of the cultivated cells
were put into glass vials (32 mm inner diameter) and were
incubated under four different irradiation strengths of 50, 100,
200, 300 PPFD from white LED for 7 days. Pigment
compositions were determined by using HPLC system [3] and
normalized with eight molecules of chlorophyll 5.

As shown in the Fig. (a), the relative number of tNx
increased with the incubation days at all irradiation strengths
tested. It also increases with irradiation strengths as plotted in
Fig. (b). Interestingly, the increment of tNx accumulation was
large for 0-100 PPFD and about one sixth for 100-300 PPFD.
This may indicate that the numbers of tNx may reach a sort of
saturation in thylakoid membranes between 100-200 PPFD, and
the photoprotective adaptation also reaches the maximum at the
irradiation condition if tNx plays photoprotective function.
Further experiments are necessary to clarify this.

<References>
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Abstract:

Diamond is the best potential candidate as the next generation semiconductor material for
high power and high frequency devices!'?], Diamond devices with high frequency, high
thermal stability, high-curtent and low-loss capability have been reported®%. The high
operating electrical power in such devices would result in an increase m temperature near the
active region, which would degrade devices performance and reliability.

Power devices were generally directly mounted onto the heat sink by solder bonding or
hydrophilic bonding. However, the thermal conductivity of the solder materials is very low in
comparison with those of metals such as Cu and Al. The thermal resistance of the solder layer

limits the heat dissipation of the devices. We previously &

reported the direct bonding of diamond and Al using surface
activated bonding (SAB) at room temperature and obtained
diamond/Al bonding interface with high thermal stability!®!.

In this work, we present the direct bonding of diamond and
Cu using SAB at room temperature. The optical microscope
image of the diamond/Cu bonded sample surface without
annealing is shown in Fig. 1. Although a small 4.mm

unbonded region was observed on the upper left side of Fig 1. s gphicall xiceosoons

the bonded sample, an about 99 % area bonding of Bt Of the diamond/Cu. bansled

Aernant AT T vk arkieed. sample surface without annealing.
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Abstract:
The thermal tolerance of widegap semiconductors, which largely outperforms of that of

conventionally-used Si, has not vet fully exploited in the present power electronics modules
since the highest temperature of normal operations of such modules is limited by several
factors such as the thermal tolerance of die attaches and the thermal resistance of ceramic
plates!'l. We previously fabricated Al-foil/AIN and SiC-die/Al-foil/AIN junctions by using the
surface-activation bonding (SAB), i.e., without using die attaches, and confirmed that no
fractures appeared at the AI/AIN interfaces even after annealing at 600 °C. We also showed
that bonded SiC Schottky diodes normally operated in an ambient temperature up to 300 °CL2.

In this work, we fabricated an Al foil/AIN junction by An Al foil/AIN junction is fabricated
by bonding a 30-um Al foil and a 650-um AIN plate at room temperature and 473 K. The peel
strengths of the two junctions were evaluated by a 180 ° peel test in a schematic shown in Fig.
1. The relationship between the peel strength and the stroke of the respective junctions is
shown in Fig. 2. The peel strength, which revealed ununiform features, was ~30 and ~60 N/m
for the junctions fabricated by the room-temperature bonding and the 473-K bonding,

respectively.
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Fig. 1. Schematic of 180° peel test. Fig. 2. Peel Strength of Al foil/AIN junctions.
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Abstract: It was reported that the reaction between Schottky contacts and SiC layers limits

their thermal tolerance [1]. The usage of heavily doped Si substrates as substitute for Schottky
contacts is a practicable method to solve the problem. We applied the surface-activated
bonding (SAB) to fabricate the SiC/Si heterojunctions [2]. During the irradiation of fast atom
beam (FAB) of Ar, damages were introduced to the substrate and the electrical properties of
the SiC/Si junctions were largely affected. We previously found that the effects of damages
were recovered by the thermal treatment. In this research, the variation in properties of SiC/Si
bonding interfaces due to the thermal treatment is investigated by using X-ray photoelectron
spectroscopy (XPS).The process of experiment is shown in Fig.1. We annealed the SiC/Si
junctions at 400, 700, and 1000°C, and measured their current-voltage characteristic at room
temperature. Then we removed the Si substrate and analyzed the exposed surface of SiC by
using XPS. The C1s core level spectra of the respective SiC surfaces are shown in Fig.2. By
fitting the XPS spectra, we find that the annealing of junctions brings about the shift in
binding energy of C-Si bonding, which is in correlation with the reverse-bias current of SiC/Si
heterojunction. The change in the binding energy is assumed to be attributed to the shift of
Fermi level at the SiC surface due to the annealing.
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Fig.1 Schematic of the process applied to SiC/Si heterojunction. Fig.2. Spectra of C 15 core level of SiC surface
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Diarylethene crystals exhibit various photomechanical
behaviors such as contraction, expansion, bending,
fragmentation, and twisting, which are expected to be
applied to photoactuators [1]. In particular, crystals

consisting of a diarylethene with a long alkyl group exhibit

DE-(C11)

unique photomechanical behavior accompanying a reversible
thrmodynamic single-crystal-to-single-crystal phase transition [2]. In this study. we
investigated on crystal shape changes of a diarylethene having undecyl group at both sides
(DE~(C11)2) upon photoirradiation.

Upon irradiation with UV light, the crystal bent toward the incident light, but the degree
of bending depended on the illumination directions (1.e. left or right) as shown in Figure 1.
Furthermore, when another plane of the rod-like erystal was irradiated with UV light, the
crystal twisted toward the incident light. The degree of twisting also depended on illumination
directions as shown in Figure 2. Moreover, in the course of study, it was found that crystals of
DE-(C11); were "twin crystal”, as can be seen from single crystal X-ray diffraction analysis.
The crystals always have striations at twin boundaries as observed by scanning electron

microscopy. The two crystals in the twin crystal have different thickness. The mechanism of

these

photomechanical W = b w
behaviors will be =4 Vis. Vis_ )
discussed based S

on the molecular Figure 1. Photoinduced bending behavior depending on illumination sides.
packing of a UV irradiation was performed for 10 s.
diarylethene and | !

each thickness in & wv

—
-—

the twin crystal. j N l Vis. -
L L 3 ; Y b

Figure 2. Photomduced twisting behavior depending on illumination sides.

UV uradiation was performed for 10 s.
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Diarylethene (DE) is one of the

photochromic compounds which o

has excellent properties such as fast
response and high repeating
durability'l, Quantum dots (QD)
have high emission quantum yield
band?l.
Research on photoluminescence
on/off switching of QD coated with

and narrow emission

| F_r:._\r[_j-,-
Transfor
e UV
| —
S re—
Vis.,

Figure 1. Schematic illustration of photochromism and
photoluminescence ON/OFF switching of QD-DE.

DE has been conducted so far, but no report shows the high quenching ratio®l, In this study,
CdSe/ZnS core-shell type of QDs coated with DE (QD-DE) were synthesized (Fig. 1) and the
photoluminescence on/off switching behavior accompanying with the photochromic reactions

was investigated.

The photoluminescence intensity
drastically decreased with increasing
absorption intensity of the DE closed-ring
form, as shown in Fig. 2. The
photocyclization conversion increased
with the irradiation time, but the rate of
the conversion became
increasing coated number of DE, as
shown in Fig. 3a. On the other hand, the
FrFy relative to the photo-
cyclization conversion largely decreased

slow with

value

with increasing coated number of DE as
shown in Fig. 3b. We succeeded in
fabricating quantum dots coated with
diarylethenes exhibiting fast quenching
speed and high contrast of photo-
luminescence on/off switching.
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Figure 2. (a) Absorption and (b} photoluminescence
spectral changes of QD-DE (DE/QD = 87.4) in toluene
upon alternating irradiation with 313 nm light and visible
light.

Figure 3. (a) Photocyclization conversion relative to
irradiation time and (b) normalized photoluminescence
intensity relative to photocyclization conversion of
QD-DE.
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Bright and Tunable Emission of BODIPY in Solid State
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Boron dipytro methene (BODIPY) shown in Figure 1 has attracted
much attention because of high fluorescence quantum yield (@) and
molar extinction coefficient (¢) in solution. However, @r significantly
is red-shifted due to
intermolecular interaction such as z-r stacking and reabsorption of

decreases and the emission spectrum

fluorescence derived from high planarity and a small Stokes shift in

=
® B’
FF

Figure 1. Typical
structure of BODIPY.

concentrated solution and in the solid state [1].  If it is easily possible to change the emission
color using a single fluorophore without melecular modification and to create solid emissive
BODIPY, then that strategy would be very useful for application to optoelectronic materials
for solid-state dye lasers and organic light-emitting diodes. Here, we report on the design and
fabrication of random copolymers (poly(BO:-co-5t,)) consisting of BODIPY monomer {(BO)
and styrene (St) to achieve multi-color and efficient emission in the solid state using St as a
spacer (Figure 2). As shown in Figure 3, the emission color of the resulting copolymers
changed from green to red by changing the content of BO from 0.042 to 100 mol%. @y also
increased with the content of St (@r= 0.05-0.88) because the intermolecular distance between
the BO fluorophores became longer. In particular, poly(BO.-co-Sty) (v/x = 2400) exhibited a
very high @; (0.88) which is the highest value among BODIPY derivatives in the solid state

reported to date [2].
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Figure 2. Synthetic scheme of Figure 3. Fluorescence spectra of poly(BOco-Sty) in

poly(BO,~co-8t,). the bulk powder excited with 480 nm light.
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Gold nanoparticles (AuNPs) are widely used as catalysts and biomedical materials.
Femtosecond laser irradiation to gold (III) chloride trihydrate (HAuCls) aqueous solution has
been reported as one of the single-nano-sized AuNPs synthesis methods [1]. However, a
dispersant, which is indispensable to control particle size, might contaminate the resultant
AuNPs. We recently succeed synthesizing single-nano-sized AuNPs in hexane/water mixture
by femtosecond laser irradiation. The key to form single-nano-sized AuNPs without the use of
dispersant is the emulsion formed by stirring HAuCls aqueous solution and hexane. In this
study, we try to observe both AuNPs and hexane droplets in water by quick freeze replica
electron microscopy to clarify the AuNPs production mechanism.

Hexane / HAuCls aqueous solution was exposed to femtosecond laser pulses (0.8 pm,
40 fs, 0.4 mJ, 1 kHz). The AuNPs collected from water layer was observed by a transmission
electron microscope (TEM). The mean diameter of AuNPs was 6.1+2.0 nm (Fig. 1a, n = 300).
[t is emphasized that the probability of capturing droplets is extremely small since the quick
freeze  replica  method
samples only a small part (b) |
of solution. Therefore, we |
optimized pre-freezing
operation procedures,

freezing tools, fracturing
position, and  sample

sublimation time. As a 100 nm
result, the shape of hexane
droplet and AuNPs was
successfully transferred to the replica made of platinum (Fig.1b, thickness 1.3 nm). The mean

Fig. 1| TEM images of (a) solution and (b) replica.

diameter of AuNPs on the hexane droplet was 12 nm (n = 65). We are now planning to
improve the experimental conditions for better statistics.

[1] Nakamura, T.; Mochidzuki, Y.; Sato, S., J. Mater. Res., 2008, 23(4), 968—974.



P-51

Study on Micro-Tomographically Functional Imaging of
Blood Flow in Vascular Plexuses
using Optical Coherence Doppler Velocigraphy

Daisuke FURUKAWA', Souichi SAEKI,
, Takafumi ITO?, Yoshiaki NISHINO?, Yusuke HARA!?
- Graduate School of Engineering, Mechanical & Physical Engineering, Osaka City
University. 3-3-138, Sugimoto, Sumiyoshi-ku, Osaka, 558-85835
2 TOKOTAKAOKA Co., Ltd, Hamamatsu, Japan
A SHISEIDO Research Center. Yokohama, Japan

Abstract:

The skin aging process, c.g. wrinkles and saggings, caused by not only aging but also
ultraviolet irradiation, could be related to the depression of metabolic function. The
microcirculation system should be an important guideline of skin care for the anti/smart-aging.
Rheological behavior of interstitial in epidermal and dermal tissue, including blood
micro-circulation, can vary skin mechanics in micro scale, i.e. visco-elasticity. Therefore, an
in vivo quantitative measurement of capillary blood flow velocity is crucial to clarify their
properties. The purpose of this study is to visualize the tomographic flow velocity of red
blood cell in capillaries below human epidermal skin using Optical Coherence Doppler
Velocigraphy, i.e. OCDV [1]. This is constructed on a low coherence interferometer [2],
which is based on Hilbert transform and adjacent auto-correlation. In order to validate OCDV
system, this was in vivo applied to human forearm skin under the condition with or without
vasodilation, respectively. As a result of skin tomography obtained by OCDV, A en-face
cross-sectional MIP can display horizontal networks of capillary blood vessels. Additionally,
it was confirmed that capillary vasculature and blood velocity can be visualized
tomographically even in the upper subpapillary layer. In summary, OCDV system could be
quite useful for a micro-tomographic imaging of blood flow velocity of capillary vessels

inside skin.
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Abstract:

In recent years, the regenerative therapy of osteoarthntic cartilage has attracted attention due
to clinical transplantation of autelogous cultured cartilage. However, a non-contact and
invasive diagnosing method of bio-mechanical functions, e.g. viscosity and elasticity, has
never been established yet. The purpose of this research is to construct and validate the
ultrasonic-assisted Doppler OCT system (UA-OCDV), which can provide viscoelastic
characteristics inside tissue tomographically and non-contactly using a high intensity focused
ultrasound transducer as a loading devise. UA-OCDYV was applied to porcine cartilages with
or without collagenase treatment. Figure 1 shows tissue discrimination via tomographic phase
map, where left and right sides are normal and digested cartilage, respectively. Consequently,
UA-OCDYV can visualize water permeability Inside fissue micro-tomographically.
Furthermore, this i1s effective to a non-contact diagnosing tool of viscoelastic properties
correlated with water permeability.
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Fig.1 Cross-section color map of phase difference to acoustic radiation pressure
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Abstract:

Medical diagnosis using near-infrared fluorescence emitted from a photosensitizer [1], e.g.
Indocyanine green (1CG), has attracted attention as a clinical and surgical visualizing tool of
tumor and vasculature. The purpose of this study is to construct and validate an in vivo
micro-tomographic visualizing system of pharmacokinetics of delivered drug, namely
PT-OCDV. The proposed system, based on Doppler OCT, can provide tomographic detection
of photo-thermal effect by a photosensitizer inside tissue. in vivo animal experiment was
carried out using a mouse administered intraperitoneally with ICG. As a result, PT-OCDV
displayed the tomographic distribution of not only capillary blood flow but also drug
diffusion to tissue. It was proven that the present system had good potential as a diagnostic

modality of various disease and Drug Delivery System.
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