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NaPis E~T 7Y U T T HRENR BB —ThH D LN ahoTo, EERIZ, YikRIh A
X — AOIEME(L = R F—1FX 53.3 keal/mol &, fLDISHEEE (~180-210 keal/mol) £ 1 & L <K<,
L—P =X — (233 eV) EEEATDHI LN, LFMTELMICHEITT D MISHEME TH
HEBZONT, ZDO~T Oy 7Y K0 AR LTz NaPis $HITRIRIZSOSMHED @ Pr &R EF L,
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' e g

a |

o oA 5 ¢
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(Amorphous)

Normalized Intensity (a.u.)

d OAIAE
Orange P

150200250 300 360" 400 - 450 500 10 1/nm
Raman shift (cm™) ——— L
BJ1.(a-d) 7E/NT 7 X NaPie, ftignfl L7z NasPie. AT NaPys, & ERHTHL ALY
L@ Raman A7 RV EXHET 550 TS, (e, ) AL PV v % [100] 3L [0-10] FFlhH 58
22 L7- HAADF-STEM #., HAET = — 7SR L O RonsHigE N HRIcBiZ SR 5, (gh) i
ZENOBEITHTHE LN SAED X — 2 by ab—v g Al BERE—,

RIT, NaPis NA L D) BT 5 BB BT DR DKEN 2T L 2 A, MED Oy BAAH]
RTHDHZENPALINIIR 2Tz, 1~5Pa D Oy FTEAEITIRILEIT S & NaPisiIA LU o
ZEMA L7275, 10 Pa LA B TIZIZ R ANES A ZERRMI ST % Z & DR ETe, DFT (2 & 2 WoAsfiitT
Tl O lE Na'fHirici 30 < W& L (~18.46keal/mol) . B BEA LT 0,7 L NaxO ZEA LD
D Na'Z#HNOFRETHZ ENRBI N, ZOWET [PSIP2[P3IP2 iGN b v, JRpriy7e
“unzipping” |2 & > THEEDNES, SEAIZERKOPSIP2[HT 2bbA L YU VSR SN D &
Exbhb,

4 TBRXHERV AR BEXO TDEERY X b Z2o0T

[im XLFE Y A B

P. Qiu, J.M. Wang, T. Kojima, K. Sathiyan, K. Kazumi, K. Fukami, H. Sakaguchi, Formation Mechanism of
Orange Phosphorus via Photoassisted Bottom-Up Synthesis, Inorg. Chem. 2025, 64, 23679—23688,
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B ko THIEFORAETRET N2V E VI BER LD D,

KEFFE 7 N—7"Tlid, THEFERMEENEL 77 A~ L0 FEHICHEND Z E BRSNS R Y
BB 72T ATHER L, BEREE EESOMEEENE 1) B 10 7 i BB 2 2 1D TV 5, W-B Rk
RERIT M BRI EMHEZ 2 G A TR Y | MatkrY 72 2 51k 3 2 7 121308 U 70 /i 1 <0
BEICRBELEZLNDN, BMRTHLIZE LT THORBEREE L ERTE TV RVON
BIRTH D, 2 TARLFEIZE TIL, YIRS L — 7 TRERS B M & Z Ik o 8t EA - T
B ZHED DRI H v 7T AT > Cuth— A » MMk L TEPMA 94T 24T 9 2 L1121V Cu OIF/EIRTE
ZH LU, SBROMEBBEHEZG2 2N E LT,

2. EBER

RALE 72T UHERIC Cu R AIES LT 1100°CIZ B W CEEMEEERE 21T - 12 fE 8. Cu R
Ik (BERREEEELE 76%) L0 LD 10%FEE ) U7 BERS RN S S iz, EPMA HrfRIC L D &
K 2DECCulIHFviby v 7 AT R ERERIZE S T ¥ 3R Z R L TR, —A >
MAEEE U COMBEN I SN D BERERN GOz, LvL, Cu DRENAFYRBRAL RN TEH
0. Cu DRV NFEAVEDBERE B L M EOFRFUCE G LT\ A Z LRI S LT,
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>
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x

¥ : J XN 50 um
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3. SBOTE

&ﬁfi*#&fﬁi%ﬁotﬁﬁﬁmmm\%%Lwékk% . TR U EOLTFARAE A B = R
JL X —B T 558 HT D EPMA |C %éht%xﬁ%”“”ﬂ%(w%)%mwfﬂm\fﬁm%WR&
#:éﬁﬁ%%$®%w_omfﬁ%m 25, RFEFITEEIC ZE2020A-13, ZE2022A-02 (23 THLOD &
SR 7 A D EPMA-SXES 434 % F2ki L &> O EFmim L b HIREA TH Y | BLERROFER G O
HH0 WSS,

4, TERCHEEBV AP BEW® TOBERRKRY R M)

[Fm SCFER Y A B

1. K.G. Yamamura et al., “Development of Tungsten Boride Cermet for Enhanced Radiation
Shielding in Compact Fusion Reactors” , (¥fat)

[ABEFRERY X ]

1. K.G. Yamamura et al.,” Optimization of Sintering Conditions for Tungsten Boride Cermets
for Application as Radiation Shielding Materials” , 22th International Conference on Fusion
Reactor Materials (ICFRM-22), Shizuoka, Japan. Sep. 28 to Oct. 3, 2025 (“f’%? )

2. UK & /NRUEERELEIE O BRI WxBy—Cu Y — A~ N OB EMREIZ KT T Cu &4 b D
B T A BEREA T 2025 R AL LEMMER T, 2025 42 12 A 14 H
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EREEGL Y, Scoss !, EIEET Y IR EZ ?, B

NN S R e
2 R R R RV X — B T 22 SE A

1. iXLwic

iR FE A OREIZ T THAFMRBT R —OFFIHANUL SN TEY ., ZO7DIZiTm MR
@kmiﬁm*$m®%%¢% ETHDH, VU LA L UE m(mmiﬁﬁmﬁﬁ#ﬁw & (ke
R K:2.14%, Li: 0.0018% )2 %, EEVEIED U F U LA A4 U EMICILET 5 (EEUEEMELL K/K:
—2.94V, Li/Li:-3.04 V)72, ELVHBOEET A AL L THETHL, 7 FEY (ShHTEW
HFRA R (660mAhg )& AT 5720 KEM M7 KIB BMIEWME CTHh 50, K W — iz s 6729
RKEBREBEEICERN L TEMPRELTLE I ZDOZ LWEKEY A 7 VB LELRZY, £
T, fixDOFHETIET > TFEFA K (RESb)E Sb LA LS ar A Yy Maxt LT, #HEEADL
AE AT DB LT KIB A A U RAKEME K[FSA]-[CsCipyrr][FSA)ZT@ A L7z & 2 A 1 FriZ
CeSb/Sb FEHiAY Sb HMEMD 3 FLL Lb EW A 7 Vv FmandT 22 RHELTE, £7-, fixD
Sb A AEDAMEEZ IR & 2 A, KR FeSby BN LI @ WA B L BTV A 7 VEENE %2 3K
A TNDZ EBHLMMI L TE 2, 54X RESH/Sh 22 R Y » MIEBIT HEARD Sb % FeSb,
ICEEHZ, SR EHFMEER-T,

2. EE

WE RN — L 2 V% T RESb/FeSb, (10/90 wt.%, RE: Y. La, Ce, Sm, Gd)= > 7R v hilklz 2
B TR LT, 1BEBEBEE L TAI=AT aA 2 7LD RESD 36 L TN FeSb, 5l 2 ITFRHEL L |
2 BEREH & LTl AR S LB OIEWE 2157, EERICTEF LT 7 v 7 (AB)% .
#5E G Styrene-butadiene rubber (SBR)% ., HEKLEHIIZ Carboxymethyl cellulose (CMC)% HWTIEME
AB:SBR:CMC=70:15:5:10 DEELTER LIZAT IV —%2FT A7 F vy 7B THE (FRE, HSCM-
MJS02) |2 LV fEFM BIEAm Lkt a /FR L 7o, ¥ T&1E 0.93£0.08 mgem > & L7z, K @@ % xf
fiz (2 . K[FSAJ-[CsCipyrr][FSA] (20:80 mol.% . CsCipyrr: N-methyl-N-propylpyrrolidinium, FSA:
1mmmmmmmmmmq%4ﬁyﬁm%é%&bf%w2%2@:@ﬁ:4ytw%%%btoﬁﬁ%
ARBR T BT L 200mA g ', FENLIE 0.005-2.000 Vvs. K/K, JIEIEEE 303 K O 5 CHMi L7z,

3. FERLEBL

Fig. 1 1% YSb/FeSb, B D S B R 2 7~9, W7 > FF zz’wmb
FA RO F /L F— (YSb: -231 kI mol™', FeSby: 20k] % ;5|
mol!, = DEAAICKE WIEELER(LAMICES &, £
YSb XTI RICY 30 KO SOARICIT TS — )7 TFeSb, 5 11| SbiKtie
12 Fe 35 L 0% Sb #fll J\*BTE) LRSS, TOZLEE | e .
D BT I SRR B ok e B E T 2% s
%(EMWJDﬁ%Lt& A, THEY YSbFHITHE L ol ]
TR o T=DIZx) LT FeSb, D #8345 48 L ER D Sb fH 0 100 200 300 400 500 600
BELTWDZ ERMER LT, £, P A2 U v 7Rz v Capacity /mAh g™
A B U —REORR G, YSb/Sh AT Sb HUAR AR k Fig. 1 Charge—discharge curves of YSb/FeSb,
(XA UEAL T K 2Bl — I L T2 0k LT, YSb & electrode. For comparison, the results of Sb

and FeSb; electrodes were also shown.
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MR D EMN TR L TWDZ ERbhoT, L

72735 T, YSb/FeSb, &M (Z351F % FeSb, (X hiXE

%)Jﬂ;ﬁ 2T Fe fHE ShARIZAFE L, A U 7= Sb A
MRBEORKEFSHH-STWNWBEEEZ BNLD,

Charge capaC|ty Ilmltatlon of 400 mA h g(Sb)
600 - 200 mA g(Sb)

500 §
YSb/Sb (10/90 wt.%) YSb/FeSb, (10/90 wt.%) ]

Fig. 21X Z OEMO YA 7 NVFdna T, g s 400 ~
L T Sb. FeSby 35 XU YSb/Sb BEO#KH &~ a0l % : Fesb, s‘ ]
ek, T DOFERIT FeSb, D %B KDL 2 HIRD Joob \ ‘ ]

Sb DEEH7-Y 400 mA h g' THRER=L HH L
THhE L7, Sb %@a*ﬂ?@%é}f 1% 50 1 7 LRz
THRENMBRELTCLESTZOIZX LT YSh &2 TR TR T
N // }‘ﬂﬁéﬂ‘é e 7/1/ﬁ N 4 {J‘fﬁaﬁb Charge-discharge cycle number

72o E72. YSb/Sb DHAK®D Sb % FeSb, IZfE iz

é N CE G:J: D 550 _]j_/r 7/1/*5152: ) {%ut%}‘l\iﬁgﬁ§ Flg 2 Cycle life of YSb/FeSb, electrodes in K[FSA]—
Y J)fﬁznmu\ ié:ﬁﬁ'ﬁ< ﬁu\ ié:%%znu\’ & %i‘%b“(b\éiﬂ 200
B, REZMS SbFH Ll LT Fe AR < . YSb AHIEZE 5 H 0
WEIMEEZ A L TWD Z ERbhro7 (Fig.3), L7z~ T, Feflix

TEMRJE O T FRFER E U CHERE L. YSb fIZ A FERFIC Sb AR B3 A
T OIS AR T D72, WAHOFRENFIZ L0 BRI TH S
WA 7 NFEamm b LT RIS,

Fiix D RESb % FeSb, & 2R v MEEHE7- & Z A, GdSb, LaSb,
CeSb. SmSb ¥ L' YSb DRI YA 7 VFFamnsm L35 2 & avioh
o7z, TOPEREDIEMT RESb DHMAYIEE OB ITERT 2 &?’E?‘%
L, A 7 NVFama ZBMREREICF LT ey ML, WMEICE
W*ﬁﬁagf EGHLD) %jﬂ,fcﬁfpo 77 ﬂﬁji et 7/1/%1%%;@&%@%}]%%%@5}3 Fe Sb YSb
J:U\B‘E}j&'ﬂ?ﬁu{ﬁ Sk EHEO TEM BUEEORIRN D, GdSh &L Fig. 3 Reference breaking strength
71; i FeSb, ™D \1:& ﬁ‘]ﬁé < YSb & %,EA’ijA%) L /\4‘5 ZP l/ Nk %f ofI*;e, Sb and YSb phases.

S Lto ATE CIISCRrER & L THRET 5 Fe AR 72 <TEWHE

W, OWTITEMARAESEZ VLTV EE R %2@6 fmji %AE TIL Fe fHIC L B FFEHS & LT
DORER XV YSb HHIZ K DS TR OFERZE D+ 7I2GF 6N, bRV 7 A FmpFons
ftiam L7z,

Sb
100

Discharge capacity / mA h g(Sb)™

o
o

-

a

o
T

100+

a
o
T

Reference breaking strength / MPa

275 Lk

1) T. Yamamoto, K. Matsumoto, R. Hagiwara, and T. Nohira, J. Phys. Chem. C, 2017, 121, 18450—18458.

2) Y. Domi, H. Usui, K. Kuritani, N. Wada, K. Nishikawa, T. Takayuki, T. Nohira, H. Sakaguchi, ACS Appl.
Energy Mater., 2023, 6, 11583-11591,

4. TERXHERV AN BIO THEHERY A M IZ2WT

[F@3% & U A +] Y. Domi, H. Usui, N. Wada, T. Takayuki, T. Nohira, K. Nishikawa, H. Sakaguchi,
“Electrochemical Potassiation/Depotassiation Properties of Rare-Earth Antimonide/Antimony Composite
Electrodes”, ACS Appl. Energy Mater., 8, 15952-15960, 2025, 1T .

[RE. TUARRE] EL

(DR Y A M EREEIL, “BYV U LA T EMBRAREO 2O OILEMREAMDRIR L A A4 KK
Eﬁﬁ’”’r"“ O AEVEZEET DA, 2025 FERK ZE HLEFS, 2025412 H 11 B, mUHD.  [MEGE]
=R, B RSN, EHEAT, IUAREZ, B, EJH% ST #eAE, “FeSby Rt AR Y AR
DAY rﬁzw FomEth B RrERE”, 5 66 BIEME RS, 2025411 H 18 H, £ L=,
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PARFHS |, BORR LSRRG Y, B oA, R AT
ANCER !, TR, KSR, RFEIEAN®
1 FREAEAFENTIERT, 2 AR L — B T2 e

1. &=

HERERRAAL-CE A BIIEZ I = & L C, BREEHRAL OB 72 SOSSIE CTARM D U 7 = 2 il <o
A 2B L, ARSI 2 2 E N EERFEE 72> TV D, Ml A~ AT, K&KF O
CO: ZWRIN « [EHE L TR SN IEATEERTHY, ¥rnxI v g U ESBRICBWLTEER %
B o TND, BT, BEASA T ADOKE % HODIKRERNA A~ AN, EfIMEEO A
FMERIH L oo A=AV X —FFRFICAEET S Z & T, 7ot AR e L TORFME L IRERE
AMEWNSELZENEETHD, ZOXIITLT, WA I~ 2 2GR FNER+T 52 &
X, PoxoI vy a URIHSORESCH — R 20T 4 TOERICESTLHEELBND, £-, K
MEELRmIZIIT Ve A REe EoFARER > Z50 5000 . 2 OffFTE L OFNE
X, Wl AA A~ ZADRAEVFIAZ#ED D L THEHETH D,

2. ik

U7 7 m—ANRA v R L OE OLEWGED o 1 HEE & fifpT - B3 2 728, A NMR 1E%
W7o, fibretgel LT, SHEER - IRIEM 2 50K ARE A A~ A0z, MY E LRI S
T E TR~ (Phellodendron amurense) DAREE J OB EREZ W -, 216 0iEHZD
W, U7 e — 28 IO O TS RRNT 21T > T2,

KNG NA A~ A HEDHTT DA AW E S W o T ERREHE T& 572 HEMZR &M T
W 20BN D H T2, WERBIAR — /L I VIEE 2 F T 3-6 FE OB FHMLEL 217\ Bk~ &
A=V E i/ NRICI Z T, Ikttt OFEHEL, NMR A EKFBEFRAS. (DMSO-ds) (2L, 5 mm
NMR GEHE (2 500 uL OFEHAEK 2 B L TRIEZIT > 72,

NMR HI7E 213 Bruker f-4% 600 MHz NMR #4{& (cryoprobe 235 AVANCE III) Z#fiH L, E& LT
2 /It NMR (HSQC) MIE & Ehi L=, F/o. INFITEENHES FHHRICHOWTH, [FEED
NMR HIESAME T CHEERNT 21T > 7=,

LREREEBLE

AW TIE, ZNETIZY 7B — 200 FREERIT 28 U C, RKEA 4~ 2 DOEHE Ml
BEREIS . RIS 7 =0 LB B D E RS OBRfiR 2 D C & 7=, fEWIEEER IR SN D U S
== M) w7 R E, NA AT AEHICBITHORE2EEEL L THLNTEY, Z0owRIE, V7=
V. BERKGY. & DITIIER Y 2 A S FRE 3 2 BREEAFAL 7 2 & XA OFENLIZARRI R Th 5,
WA A~ ZFKREH CO ZEET HHAEFMRBERTHY ., ZOEEFHIEI—ARr=a— NI 04
BHEER OBLAN D b EERERE RO,

INHEDOHERDE L AR TIE. T E TR X BT ENFZERT - R IE AE SR & L& o LR
TR TCEBLTEE TREAAS I~ ADEER 2D-NMR fEffrE] 2 [V 7= -2k OfE
AT BT AR AL LT, U Y il n— 2R OREEIRAE X OO L S, HEF L
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B SAU72 NMR ZEE IR S 7o M B ORE - ST FIEZIEHT 5 2 & T, M5tk T o
LTeAREREHZOWT, 50 F Lo-UL TOMEF R SO HBME TR 5 Z LR RE L o7,

SEEOR Y A E LT, JREER %% (Phellodendron amurense) % %}5:(Z, LDI-FT-ICR-MS A
A= T DTk L~V T O RS AR 24T B E L TGN~ e 8D
TTra A RENFEDOHMBICETEL TWADZ 2B 6N Lz, HHE T, 2D-HSQC NMR f#HTIC
L0, IO OREERIEEIT->72 (HBRE 1) . IANFITIHARICB T 2REOREAEY TH
D, TONBRICEEND T Ve A REITEHESOORHINTE 720, Bk 50286132
SIRHILTWD, ARBFZEIC LV T35 AH R ORI SR 0 AR 2 1018 5 2 72 8O O FLR a0 7035
iz, U 7= OEIEGEIENT & ARG Ry ORISR A2 DR CHEL 5 2 & T i akE o
FHEBER T > N T — 27 L ABNEEY)E OFTEREICEE T 2 B 218D 5 72 & O IR H BLAME H i
77
4. fRFRY R b

[F@sC U A K]

1. Chen, Q., Mikame, K., Ohashi, Y., Nishimura, H., Koike, K., Watanabe, T. Characterization of an

Oligomeric Lignin-Derived UV Absorber Produced from Hardwood Beech. ACS Omega, 10, 22960-
22969 (2025)

[HEAREK Y X N

1. Fujimoto, M., Nishimura, H. “Enhancing the Utilization of “Kihada” (Phellodendron amurense):
Distribution of Medicinal Alkaloids.” The 10th ARN Symposium, National Cheng Kung University
(NCKU), Tainan, Taiwan, 2025 4F 9 7 17 H (KA X —%%£)

2. Nishimura, H. “B81 GX \Z X DM 3 A A~ Z B AL, B nl e/ TR BR A& 2 L
TECHNIUM Global Conference, 2025 4= 5 A 8 H (A1 #1H)

3. AR E “FEW A A~ A DEETES ) B IETHE ORI SRAL S 2 FEE 55 1 8] [T
S =TT TS - RV (BE/MEALR g T Yy NBIME) , 20254E9H 5 H (3
%)

4, PG B rlge /it ictkte. 2V —2 A I AN AFX— N T TR INNOVATION
LEADERS PROGRAM PEAK TRIAL (A > 71 ) , 202545 H 29 H (#4%)

5. VEREE “HEMANA T~ AD 55 SARVEDH < IEERUAL S 2025 F2JE JPEC 7 A —TF & (11—
Ry =a— T VBB Z—) , 202545 H 13 8 (FE4%)

6. TEk#E B A A~ ZFFEM T, BIRE T L= K¥K %A 5” MEET UP CHUBU, 2025 4-
10 H 9 B (JRfrkEH)

7. FEHBE M A, A~ A SEBEFHA S a2 THOL AV =V FBM A ) _"— 5 )
— A —XH% 3w b (ILS2025) 20254 12 H 2 H

8. WK “HKIE~T U TIVIiEfN, HEM U 7 = DMEBRTE S 24 < 7 ILS2025 1/ it A
H— N7 w7 wF (ILS2025) 2025412 H 2 H

[EFEE]

1. ARRE (fH#HE) [V 7=rof%] (V7= #iih, 2026 4. ISBN: 978-4-
86099-408-2

2. VARG (&) TRESCKRFAEFEETT (R KRR Thons A7 e 7 4] #
— A, 2025 4F. ISBN: 978-4-274-23347-0
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FOSTEMEF B2 E i) 72, AEFREENm A A2 525 LIS D,

2. EBRBIUOWER

FERVEEN S OELD 23D & LT, EHEIEA SRR 26 3 2 &Rt XL OE#nE 1Rk
EWMOD . K ERESE T D CHT X° TRP i FD~DEANZITV, ZDONEABE - =)L —BH)
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[HEA¥ER Y R b

1) Hiroshi Takashima * Shoko Yamazaki * Yoshitane Imai * Norimitsu Tohnai - Eiji Nakata, “CPL Properties of
Bis-1,8-Naphthalimide Derivatives and Their Analogues Based on Intramolecular Excimer Fluorescence”,
International Conference on Chiroptical Science 2025, 202549 H 19 H, FHEFFIVLKRF (KA HZ—)
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U 7= IR B 2 A/ NGB O LUV TREBIIZAT > T D, 2 by KU 77 EOMiaN/ M MsE N O
TR DRI M A 2 I ET D EN R, MOV TVW A RIERO RN R — AT
LK ARG B, IGHIZER D LB HNAH, HIIBANOIRE Z B FHT 25 IR
LTS, F7o, WABHOBFEAICE L TL, FPEOMBIN/INRE b OBGEANREBINTND
D, ZHEEHEANCEHET D FIEN RS Th o722 L0 b, BEA D TR -CEE D RIEZE
E~DOFHIRIZE AV SN TR o T2, HEFHEDIZZNETIZ, PR T HEHROIRE R
2RI ThD TlpA & GFP Z@hG Lz, MldNE L OVIaN/ IR E OIREE G 2 RTEE & 9 DR
T — % XY (tsGFP) & B L C & 72, TIpA I&, IR LRIV, 2O a4 )L RaA uagdEssml
WHNC LT DEEHIE 2 o IV TH D, ZD TlpA DA )L KaA VEERO—E% . GFP @ N R
B LN C RIRICHEAE® D Z L TtsGFP v —X&i%Et Lz, =D 9 HD—>, tsGFP1 1L, MiFLEh
W ORPIREE A2 95, 37°CAHT OIREZEAL 2 iU L, i A7 R ro 2 DOk (400 nm
£ 480nm) OB bE LA A N w7 R bl LTRIET A2 ENTE 2, £, TIpA BEKLT 5 =
AN RIAANEBORERT I VB ZEEL . BZEnL B E5Z LT, SiuIEmTE 5
BRI A T 5 Z L BARETH D,

INETIZH., HINOIREZLZX S tSGFPl;(%%s ER-Tracker Red Merge DIC
Tt —& LT, BERSHRY ~—f
BNy 1. BT Ry M ERmE ST
D, TILD OMEPIRE & — & X
72 tsGFP DR EZ7efl|mie LT, ¥\
R—ATHDHIENDL, Bl TEEATD
720 CIHRBERYIC AR - KRR CHEBL
SHHZENTE, ILICHEN/INGE R
T 7 FNAESNE 52 LT, &/haw

BIZB TR RORBIENFRETHDL &
nERFLNS (K1), —h b0 tsGFP1 T X1 AENRES 7 vz Mm L, EEOMRN/NRE 25

BN - Bl X 72 tsGFP1 #F 8RO BAMEBE M4, (Kiyonaka et al.,
Y= OFEEENT, R DI/ Nature Methods, 2013 L ¥ —¥#ck &) .

B RBpEESC, X Far KUY TRHOARE—

RIRESMOAFEILIZH I LTS, D2 bITWT s, MIENIZIEELT 5 tsGFP1 TldiR
HTERVWERTHY | B RV X—DEAIN D E IICZOLIT CIREFHM AT FOREEI %
AL TWD, 6T, Hela M@ I b= KU T OHTIE NEHIC=RLX—FEE (ATP #EAE) %
1T T DBEBITIREA EV) E WO FBIRRAAET 52 &%, X b= R U 7R tsGFP1 (tsGFP1-
mito) & U NTEERE L TV 5 (Kiyonaka et al., Nature Methods, 2013, Kiyonaka et al., Nature Methods, 2015) ,

tSGFPe!(-ﬂ;go MitoTracker Orange DIC

_22_



ZE2025A-06

ABFFETIE, WETE DEEEROIEELZ BfE L C. # VX0 BT %O FETtsGFPL Ho T 2 /R
~OERE N ZH I T, tsGFP1 FO A )L RaAf fgEidn A v oYy _—iiEsH L TE0, 4 F&
HouA o o RENBUKMEHAEENZSI ST 2212k, oo~ v 7 2R 8fbT 5, 2o &1k
ROBLZENZL T S®5H L, GFP $iy O s A b MRIRAc > 7 b B2 bhd, 22
T.ZouA v rE7 ) NOEEMA DERERE L, 70 Y AIKERBEDERTE RN,
7u ) CREETIE -~ v 7 AREERIRND ZEDRMOENT WD, ZTOBREZFHFATHZ LITE- T,
tsGFP1 _L137P —10°Cc 5 2&%@ H /l) v ‘\/lﬁj j: @*ﬁfl_ﬁz}zﬁ ﬁ){%% L/\ = /f
Tiee IV R oA UG & AL B S B, RE

@

—20°C tsGFP1 L137P

=]

gt LR X B RRBED IR WIS T X 5. 1sGEPL 0
£ ° N aA N Raf VRIS END 20 HOa A
z u.o_gmo_é—souc 33-5 s _tséFP1L190P BENERT R L A~ERSEE L XDRE

Wavelengh (o) g i WO ET I alb—2ar Ll h, 137

@
w

tsGFP1 L190P —10Cc
—15%
—20°C

ZH.190FH. 208 FHOR A L oA EEHZ
j;éug 2-51‘0 1‘5 2IO 25 :;0 3‘5 4I0 4‘5 5‘0 f:%ﬁf\ :/I)/I/ F‘:Tl/f/l/ﬂﬁjﬁ@ﬁgﬁ‘lﬁbij(\%
,mog Temperature (°C) <{}ﬁ/}\‘§—6:£ﬁ3b7§)07‘10 %:"G“ %h%n
o B2 BUGPRLLP ZRMOHR op Rz ER L, ZhooLRikE L3P

5 a0 40 40 X X B OIR R R 72 il
Wavelength (nm) AR }x/l/@/%g'ﬂj (/) k. 392 L19OP, L208P & Lf:o

Fluorescence Intensity

g o o %K§§%$%§%%%§Q$ WA, VERL L 7= 28 BAR IR BE R AF A 72 L

£, f R OR) . L3P R YAMEARIE Lz & 2 A LI3TPITE T, 20

8 e O sGFP LI LT I0CIEL R vk 30COR THOL L o A AR E < b+

2 2 _ig“c VB BEAE I AR G ::mlﬂ‘/j:m N . 5

: i CRRERCCHRBUSIEREE kg R Ui, 5, L190P, L208P IR |-
0 w0 40 @0 FHIHED, BR2 ITESEREDN A L, FFET R

Wavelength (nm)

TR IIR O o7 (K2),

S BT, GFP #5 O Z&WERAE I3 2 ZBROMERZ AT, ZNETOREIZLY, GFP O
206 FEHOT 7 =% DU (A206K) 75 &, GFP O 8L HESND Z LB TN
%o fERLLTZ LI37P IZXF LT A206K ZZE & A AT 5 Z & T, GFP O &AKIZ & 2 SEAH) 7 A5 A T
SH, DFINZ a-~V v 7 2EO " wba R 232 MRS e, Lar L, GFP T A206K 25 %
AN L EBRARTIE, E8L UA OB BN ER L, ZOR RS | IR R M 230t
L AL OS2I, GFP O BB RA[ R TH D Z LR ST,

GaseRY A M, [RE, 7V ARERE]
W bEEe L

[A8A%ERY X ]
OW O, HHZEFE,  THIEN/NE OmEERT 2L X — 4 il O i |
2025 4EJE ZE LRSS RUERKRS:, 25/12/11.
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FOABHEFL—F—ZRAV DS EHR

Il e 4 e

i L — AT O IR SRS R
PR L X — L LR SERT

1. B

TIHIN A DEIFEIZRDPEROVUTFEHTH LD, ool BEORFITANER IS Z
ERLKBEEINTVD, BROWIX COHEHIZ D72’ D | ﬂ%‘ T O ARG Y 2 5 &l
ZLTWD, ZDX ) RBEEELOIRIEZ B IED B 72 O 12138 7 ke 2 A T ERET 5
HANBR N LI TH D, AWFIETIL, i 2 o fif LF%MSJEH T E AT DT D DT I
BiZ 35 Z & & HA & LT KU-FEL & W7 3L [EFIH - LRFE 2 3406 L 7=,

2. Fik

1) AU T 2T NVEDICTFHBHEKR N F X7 ERBHEDO RN A 7 v (FT-IR) ZHE L (T3
OB ZHEH) . WINOIROIEE 2 FE LTz,

2) BABHERUER 1 g ZRUCHAIZIRIMN L, RN DRV R T KU-FEL 237 4R U v 7 I 7 —
ZHAWTEEFMNLEL LN 10~30 7 HHHEM BHZ RS LTz, Z0% T 7 2 EF Ik %
[mI L7,

3) =L 7 huaRFb—A A AUEESHT (ESI-MS) 28 (W' - MPEMIFZes o SL[FR FHE) &
OV YR A SE (UVSOR @ BL6B) % H VN C KU-FEL PR Ol DS & fifdT L 7=,

3. BWREUVEE
B R BREHEDE B ALY h L TClE, KU-FEL BB IITE & 1000 (G D 7 T 7 A FE—27 )%
PHEICHR L2 ENHBALZ (E1),

6000

6000

5000 | 5000 |

4000 4000 -

3000 3000

2000 | 2000 |
1000 1 1000 - “ U‘
o | st dui N TINRV T

0 500 1000 1500 2000 0 500 1000 1500 2000
m/z m/z

Intensity
Intensity

X1 X7 ERHED ESI-MS A7 L
(F2) BREH% ) FREAD
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b ZFeftiife O 1R AR ANVETE A~ 7 R L Clid, KU-FEL FREHZ X T 400-600 cm D/ RO K&
<L (K2),

3 3
5 25 5 25
L L S,
<5 Q
Q
c 1.5 | S 15 -
o 3
[ 1 — 1 +
o e}
a8 s 38
< © . 05 -
0 0 I 1 L 1 L
300 350 400 450 500 550 600 650 300 350 400 450 500 550 600 650
Wavenumber (cm?) Wavenumber (cm-?)

B2 AL O ARSI A <7 R L
() My () MRl

PLEDFER > KU-FEL O BBHHIZ X o THHEFSE N R E LS BT 2 2 ERHL N E o7, 51T
NMR % % W CREIZHENT 21T 5 TETH D,

4, THRIXBERV AN BXO TAEBEY X M 20T

[Fm SCFER Y A B

(1) T.Kawasaki, A. Nagase, K. Hayakawa, F. Teshima, K. Tanaka, H. Zen, F. Shishikura, N. Sei, T. Sakai, and Y.
Hayakawa, “Infrared Free-Electron Laser: A Versatile Molecular Cutter for Analyzing Solid-State Biomacromolecules”
ACS Omega, 2025, 10, 13860—13867. FE1T#

(2) T. Kawasaki, H. Zen, K. Nogami, K. Hayakawa, T. Sakai, and Y. Hayakawa, “Direct Analysis of Solid-Phase
Carbohydrate Polymers by Infrared Multiphoton Dissociation Reaction Combined with Synchrotron Radiation Infrared
Microscopy and Electrospray Ionization Mass Spectrometry” Polymers, 2025, 17, 2273.  Z8{T#

[AEAFE Y A ]
JIGSFERE, sk, Rasck, BIE, sk, FIA85, 2, T8, B

OSTIEERERSE WL e — 2RO TF O klu— R 32 EUEKRAKS. b
WRHESNGERIEEE % — 202547 A 10-11 A
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BEEREEICRE DV - IEEZFE T DHREERTF FD
Bl&E(Zm@ (T1-8F2F

Mgkt ' REon 'L K EFRER ' JKHSE2
VESL AR HE R BT TERA . 2 R e L — B AT SR

1. TR

ZIVETOILAEBREINS 7 U — 2 703 FREIAZEHL L . RO CO, ZHIIRT 5 Z & i3 HhEkiRBE
B ECTERETH D, £z, A FREHE 72 DR O R 26l 5 31 AHdfix, 7V —rx=x
NX—DEFIZEATHY, FuexIvia o x VX —ICHEMTX 5 LSS, VA LVAEH
BoRZi3EEERE EEEHEAER LT, MEHEZE#ETCEZ20008350, TOUA NV AEHE
HERXTF L EEEELFERICERETE 22RO TS, 2FD, TOLHIRTANVAEH
BT T RIL, Rk, MY DO RE % HE3 DEEEEME T F RIZE D 52 FTaetEnm <, Er = v
VAV ERAX RO ENHGEN D, TO—f#lE LT, BEFAYA LA (HBV) X EAE
(HBx) (%, MIfusEFEf|#EIKF LC3B & EEH AEH UMIfEiE 2 3589 %, 2%V, HBx ~7F K
VLA AREESE 2 I C X 28 e EEME T T RICR D 5D AliEE R mun e B2 b, 2N E T, Fx
X, LC3B & HEAEA T& 2% HBx OEIK A [RE L, EBIZ Z O A2 & Te~X7F KA LC3B IZFEE T
HZLlEGST 7V E Dy HREEIe ) —* MU — (ITC) . RS ILIE (NMR) fi#tr & vy CH
5T L TC&E 7 (ZE2024A-23) , [AIFIZ, NMR 12 X 5 HBx X7 F R-LC3B #H& S fENT 2 37 C
X7, AEEX, HBx X7 F R-LC3B @A KEEZIRE L. TOHEAEREE ISV T, HBx X7 T
K (AR X0 LC3BIZH# L FEET 5 HBx WK TF ROAIEZ B E LTt E DT,

2. F:

[V 7 iffl] HBx <79 K (5% 116-127) [HBx(116-127)]. 3 2D N RKM7 2 /g [23V > 116
(Vall16), 7 ==L 7 7 =2 117 (Phell7), U > 118 (Lysl18) 1% 7 A/XT X g (Asp) IZiE#HL
7o @ 78 1K [HBx(116-127)-K118D (KD) . HBx(116-127)-F117D/K118D (FKDD) . HBx(116-127)-
V116D/F117D/K118D (VFKDDD], 120 HH ® s U 7' h 7 7 > (Trp120) & 123 FH D u A > (Leul23)
T T =Tk @A LT HBx(116-127)-W120A/L123A (WLAA), LC3B % GST Bl&EAERBR T
Haf{ifl L=, GSTINAX 7T vt A D=, GST-HBx(116-127), kit 3 2® GST-HBx(116-127)k
2R, GST-HBx(116-127)-W120A/L123A % GST 77 4 =7 4 —H 7 LA THR L 7=, NMR &l &
ITC AT O 7=, FEREFRIA & PC/PN UL PN CLERN AR L 72 HBx(116-127) & LC3B, EFE3
D IEEEFRAR HBx(116-127) 2K % TR L 5 ITHHE L7z, GST-HBx(116-127), 3 -2 GST-HBx(116-127)
AR, GST-LC3B % GST 7 7 4 =T 4 — A7 ATHRL72%, o B T GST A EREND
HBx(116-127), % D&ZR, LC3B 21V Bt L7z, AT A AR m~ 87T 7 4 —THY 7
VAR LTz,

[NMR #1EfEHT] HBx(116-127) & LC3B O G 1Ak S 2 R E 3 5 72 % Bruker £t 600MHz AVANCE 111
HD (FMEIR ERE 7 — 7 358) 2 v, JIEIREE 25°CT NMR HIE % 50 L7z, NMR JIE %
BERIE 20mM U S U T AEEER (pH 7). 50mM NaCl, 10%D,0. 0.02mMDSS & L7, & 5IZ,
LERNLARIER L7- HBx(116-127)& LC3B Z#iRA Lz 7 iz o\ C—# o 3 B NMR HIE %
Fhi L7z, 557 NMR HIBRIE#R %2 T CYANA TREEH R 21T WK 20 8 08 & RS
UG L7,

[FE5AEBR] B L7 GST-HBx(116-127). 3 > ® GST-HBx(116-127) tkZ &, GST-HBx(116-127)-
WI20A/L123A, LC3B #MH\WT GST FNE U7 v A 2E Lz, £/, HBx(116-127), 3 DD
HBx(116-127) thZ81K, LC3B % AT ITC FEBr % Fhi L 7=,
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3. MRBIUVUEBE

HBx X7 F RN ED L I IZLC3B LFEA LTV DN EMIAT 5725, NMR (12 X D EAAMEE &2 R E
L7z TOFEE, HBx X7 F R Trpl20 705 Leul23 £ T& N KM Z RV = LC3B O ITE < IUH
LCWe, £72, HBx X7 F RIZLC3B LA Lz & MO ME ) 2452 &, 2 OBkt
FEIE Trp120 & Leul23 728 LC3B OBKMAR 7 > MIAVIAL Z LRI (F—FKER) .
J5C, HBx X7’ F KD N KMl 3 7% (Vall16-Phel17-Lys118) DK EAVNIEHE K >T-, £ D
i & LC, HBx @ N KA 3 FEEEIC1E LC3B O HEMET 2 /% (Argl0, Argll, Lys51) 23MFFEL
TRV, TOMRE, HBx OMFEMET I /B8 Lys118 & 3T 2 alfetEAvVRIE S vz, £ 2 C, HBx X7
FRD 118 FH D Lys & Asp (ZEH#: L 7= HBx(116-127)-K118D, 117 %FH & 118 % H ® Phe & Lys %
Asp |2 H ~ EHa L7z HBx(116-127)-F117D/K118D, 116 FH. 117 FH. 118 & H @ Val, Phe, Lys % Asp
(ZH 2 [EHL L 7= HBx(116-127)-V116D/F117D/K118D 27 %A > L (X 1A) . LC3B & OfEAHER GST
TINE T T A TR

77 TOFEHE  HBx X7 F K A B : A
5 ] i > g g 3 = 8 S 3 =

(ETEEEF%)O&J:”‘E:;O@HBX Name Sequence Z toEfsg sofisy

WARTF Fi% LC3B & HBx WT VFKDWEELGEET =~

ERETHIENRBEINT HBx KD oD e —

- g -
(5 1B) . —% . HBx(1l6- ~ HBx FKDD  -DD--------- = —
- 2 HBx VFKDDD DDD---—-—--—--- .

127)-W120A/L123A ﬂ:io [ HBx WLAA  ————n A--A-—e 15 -

T.LC3B & D& Z -3

\/ }‘\\ cj:ﬁ E j”biﬁf))/) 7L: ( c D E Elution F Input

IB) o Yka:\ ITC ﬁgﬁf\%"f [ H“[[
7@ LC3B 12X % Kp T H

fiEz ko7 (M 1C-F) , £ o wr o Ko . FKOD o VFKDDD

DGR BT Ko E2

P (pcalfs)
é
!
|
i

P (pcalfs)

3 L ]
Time (min] Time (min) Time (min] Time (min]

654 nM | HBx(116-127)- I = S L _
K118D (I Kp fEAY 40 nM, N I f /
HBx(116-127)- F117D/K118D = Neoso L f NeoB1 % _In=10s  : N =051

Ko =40 nM ‘ T Kp=5AnM e/ Kp=4.2nM
71—

I% Kp fE2Y 5.1 naM, HBx(116-
127)-V116D/F117D/K118D |
KpflE72342nM &9 fs B 1 HBxREHEATFRELCIBOEEERMRIT
BoRT. D ORI, (A)HBX EEARTFRED 1 REF . (B)GSTIINA I F7ytA ., (C-F)ITCREHT.
HBx ~X7°F KD N K % fig
M7 I D Asp FRILITIERL L, 51T Asp FREOENIE X 5 Z LI2 LD, LC3B & DOFEAE RS 72
HZEER LI, ZiuL, BRI Asp FEIEDY LC3B O IR SE Argl0, Argll, ArgS1 Ofifiui»
EA T URERETER LT D ATREMEDS B, ABFSEICI VT, Fex id, Bl s s, BRI I
D LC3B Li< #EE TE % HBx WA KRN TF ROAIAETHZ ENTE7z, LC3B L L fEE T
% HBx BT F Rk, AN I 0 (KRE TR A HI cx 2 Z L3 WiFF s b,

A0, B U7z HBx tRBIERTF RRED L 912 LC3B LHEA L TWAH % NMR KT MD
VIialb—Ta UL LMNNITATETH S,

2 H H 05 1 1
Molar Ratin Molar Ratio Molar Ratio Molar Ratin

4, T[EmXHEERY R M)
L

5. RRIU X

fagetst, KEfio., K EFRER, KM

ARSI Z FE D W T AR 58 2 I8 9~ 2 BEREE A~ 7" R OAIA I AT 7o R4t
2025 4 ZE HLSAES, 202542 12 A 11 B, BHERSE RA X —3HK
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D4 RX vy THERKIZEITS
ake—LY 74/ ODOEESRIEEME

EHASE, e, B, KiEsm?

VREARRPESER T v 2 —  APEE - MRS
PREBRYE LR —BTEASERT AR =L R —RER R

1. HEER

BROKE IR (74 /) X, ZOMEIOYELR « BXPIEE 2R ET 2 EERINTTH D, ITH
X, 74 CORIPERAZHIET 5 =RV X —DHEFT HHRI SV AL —F =1 L0 KFEHD
DOIEBNZHFED 7 /) o F— ROEPRHEE (Mode-Selective phonon excitation: MSPE) 23 AIHE & 72 - C
VW5 [1-4], MSPE 1Z, BEEME OGBS, B0, ik &S omrEflEZ2 28T, =L
F—MEOBRICEELRFHME L THEB SN TV D, BIRERLEHRIRERE 72 & OMMETIE 2 6%
AT 9 1=012iE, FRAA LA L —F—BENC L > TR SNARED 7 + /) o OE R,
726 MSPE TbE S5 7 + / v OhEEE AR OBRINEE 705, ZVETIZ, FRIL—
— (KU-FEL : FEL) # T SiC 1281 % MSPE @ FEL = 3L ¥ —{K{FM 2 #iEE L. FEL O RS 3%
NX— LT g URhEES QREBRE) & OMBIEZI LM Lz, AFZETIEL, 7~ VB EEE O
[BIHTAS T D LRI A GE kL 2 £% (600 line/mm) (2 L, BT 25 AT Mo Eofifielb X5 2
T, LUBERae—L U N7+ VOEEMMEOEBREZHFE LT

2. EBRFHE

AWFFETIE, MSPE FFD 7 4+ /L DFEEAEEL DB D7D, T~ WAL xS, T~ #GiL i,
Fht LRI = — DL A —EELDE, DT RIIL X =N T 4 /o DL X — D4 PSS -
T U TF AN AT CHGELASRY, D =R =R T 4 ) DR F =R T LI AN—2 R
BEL(SR) D STRDO JE B BLHISND, ZZ T, ASR Y& SR ST, HIER R DOIRE(NEDOH T FRRORTES
NBEALRIZHD[5], Ve Q. A,y kB, Lisg. Isg 13, hiE Y (LAY —HGELYE) O JE RS, 74 /> JE S, 7 Z2 7
ER O, RV~ B JEI R Q O ASR YEOFREE | JEI % Q O SR YOI E THho,

lasr _ (”R+ﬂ)4 exp (_ @) - (1)

ISR ‘IJR—Q. kBT

A (DITRTHES, ASRYEE SR EDIRE LT, Yo 7 VDR EITARFEL THAIEN DD, T7205 . ASR
Y& SR HEDFERE SO/ UL, o TV OIRFE (74 /> DR E) O & &R FTRE L 725, AWFSE
T, 7NV OIREE LS EDIRED ASR Y& SR DR b Al E UM EMRAER T 5, Dk,
MSPE Z1To72£&MD ASR & SR JEDFREE NG | M s 2 VN CEOFREE Tt s T DR E A DN

L. MSPE 07 /> DB A B SN T2, “ cnEy

3. EREE | el
HSELT R AR 1SR, L L C 532 nm OO Vi
HEFIRT D NY VO L —H— (Fr—T L) 2, cistal R = 1
BBLLT 5 SIC (i 6H-B ALY (% 6H-SIC)I, iR N Bt
AT FTREZR T v o /S —NITERE L, SK ETWAIL7, FEL D kLA

F% 10.4um (FLO 74 /> OWILE ) | FEL OFSREZ 0.5 e

m) A5 8.0 mJ ETHH| LI IEDT ~AELARIMAZ SN T, e

FEL OMEMRAFREARIELT, T S—DBHELT, P e

SN AL —H —(KU-FEL)B L O r—7 L —H—Z &l T %5 KBr, Al#ETHLT v HED A ZR T 5
CaF, Z o, 7~ BELDEZ L A TENXLTZDOL | 73 ftas i L O Hi#s (Intensified CCD f# Hi#5(ICCD)
[ZEO AT IVRIEEL T2 o T, ARFZETIE, DI85 600 line/mm, 7' L — X5 500 nm C, JEA% 6 mm &
IINERD IR I LS [BTs 28 AL, AT VO & S fRae bl -7z,
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4 RR e
AR CRIMS I AR — 7 AT~ AT MR 2 157, = — 52

— R#WIa1vb

E—L T4/ O BRI S T T TR B ERL D721, 6H-SIC | "°f
T \OIEEE 220 K ~ 300 K O TELSE AM—I AT~ %
ELBLOT v F AN—I AT~ AELAST VD FLO 74 /AT S
% 965 cm™ DY — 7 DR FERAFMEATE LT, K2 RT I, Ah—7
AT ELIC BV TE— 2 Cyal X — N BUS -, ZOYaZ— st
1%, 990 cm™ [T — 27 & FFD | LOPC E—RICH KT 57~ HELETH

50 -

Intensity (arb.unit)

HIEWBDPoTZ, LOPC B—RIE, LO 74/ LIS RARDIRERITNED o smteomsand o Satamin ot
INTZENRALNE 72 TND, Lo T, MEMRIERFIZ LOPC E—R D ‘ Ramanshift (cm)

E— IR B, ARERLD, B ICEA LR T O~ X 2 FELARRMROX bosa
ARESPEME DR ATRE THDZENIIBD LA T, 77V RELARS R AB300K

FEL ¢7u—7 L —Y—% R 228 TC, SiC 75BF)E 0 (SEG) &7 (DFG) N AE4 528 H
ONEIRSTND, Thbh, ab—L U 74 /oA RS 572812 6H-SIiC |2 FEL 2532524 C, SFG &
DFG 7% ASR :BL O SR LR =R NLF—D—7 L L TART 5, £ZC. SFG & DFG D58 b Ao
WETHONLOHEIEL, ab—L "7 /AR DTZD D FEL &7 a—7 L —H —D RN TRA TS
SFG & DFG O LA ~7z, Z D55, SFG,/DFG I, 2.80 L7252 L3 oTz,

A2, 10.4 um @ FEL JREHRFO A R—27 2 (IR 2L F —{f]) DT~ U BELARY MVE — 2 HifE)> 5, FEL
R FFDO AN ZH DO — 7 [HFED #5252 EC DFG #EA R H L, SFG/DFG ORIV T F Ak
— 7 [ (F =L — ) CELAIES DAY —2 0 SFG 58 (Hf) #53t% L7z, FEL BBEREOT o FAN—7
A O — T HFED D %m%nt SFG DIRIE D74y a HHZE T, ASR HDFRE (Lisg) & R H L=, HH# o
T4/ DIHEAEEE HOT=D121%, SR FEOREDF HBAMEEL/ D, Z2C, SR T, IBEICLLT—
Pl c& 5, Lo T, FEL ﬂ%ﬁgﬁfﬁj{:@ 10f
R x VX —[{DOT < BHELOE — st
7% SR JEEL T, D@L SR D 00
BRI (Isg) L7z, Z2CL FTEDFEL  $7°°f
DIV AZ IV —E g & Isg DFR
JFE b (In(Lasw/Isr)) DFEBEPE(X] 3(a)&. 20l
ER L= Bftic kv FEL BRETIRD .|
ALV T DIREBOIA ol R I I R SR
ZIREORBEBELTHEBLE (K 3 FELenergy (m)) FEL energy (mJ) o
(b)), & 3 12" F 552, FLO 74 /2 3(a)FEL 7NV A =X)L X— & In(Luse/Isr) DFERE, (b)FEL /3L A TR /L
Dav—L R+ /2 DRI Sy —lab—VL 7 x/ OEEESA GREH#E)

fild, FEL O/SV AT RF =I5 U CL IS 52 L3 B E o7, E7o, iR /100 FEL(8
m)) T, BLZ 1500 K [TH Y T 2REMBOa—L o b3 2o VERESNAZ LA RIBS -, 4%, Bl
PEDOWMERRE | BhEL EE A0 O BRI 7R RFE AT,

[1]Kyohei Yoshida, et al., Appl. Phys. Lett., 103, 182103 (2013)[2]Muneyuki Kagaya, et al., Jpn. J. Appl. Phys., 56, 022701 (2017)[3] Oji Sato, et al., Phys.
Lett. A, 384, 126223(2020)[4] Rei Akasegawa, et al., Jpn. J. Appl. Phys., 60, 102001(2021) [5] Hirotaka Fujimori, et al., Appl. Phys. Lett., 79, 937 (2001)

5. TRXRKRV AL BLO TABERBKRY X b 1221 T

[ SR Y A ]

1 ATE A, HEOISE 2 R, B w, n‘ﬂ# fRlE, W B, K KB, BT o F A F—27 A
T < UEEL R W TR RIS SV A L — 2 LB RIRAY T 4/ Vi O EEEIFER], Journal of the Japan
Society of Infrared Science and Technology, (FJill EP)

[HEEZER Y A ]

1) Kyohei Yoshida, Heishun Zen, Kan Hachiya, Hideaki Ohgaki, “The quantitative estimation of coherent phonon on
Wide—bandgap semiconductors” ZE 5SS 2025412 A 11 H, FEB 21X 7% (TX 2 —)
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BCThHobH, H—Rr=a— KT/ 2050 OFHEE Y (ALAREE 2B L CENFEENRZETHZ L7k
E, BAROBREEZEOEBEM 25T, MRICHEIZE DL TV Z &2 diEA9, 2o X5k
DL G U7 B EE BP0 L STy HURITFIE 2023 4R1C, R0 ORI 2B O EERIHIK 2 R L
7o BRI FMAIEIET 2 L IIWMEETH L0, MEMRFMEAIEITE 2O ThHIULX, il
T2 liFewn, ENRBTIEEMEEICH D720, WYL A2t iE, RESLEYV Y N5
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2018 4E 2 AT kAL, v o T HOMEKTLEKST (VVER-1000) DJFE 18R g % BB 3 2 i &
FAT D Z LIZEI L7z P, VVER-1000 (XVEMIOAIEARTL#E AL (PWR) &4 XFIEE LT
HY, B AT FAZPWRICHDEHAARETH D EARIZT T AL TS Y, LvLans, 2022 4
Wy TN I IA FICRNMBR LI EICE-»T, ZOHEMMIAARTHHATEAR>TLE 72, &
B2 2 GBRT 5O THIVR, EEFALE TITORVRERINIMNETEA 9, FNETIENER
RO MEACITEFITHETT 5, v AT b ANTEERIE S 30 FRRE OIF I Z OBVGLPE 2 Jii L CHR %
FFTWER, 60 FEBOFIZH L TEZETHIONIRMETH D, TNEMHT D Z & BRARIFIED
HHCTH D,

JE1 R (B) OREMboOFE72 TR, PRI X > TEA S SR MA SOG40
FZOWWERT LIk o T, FNONFT )P A XDkl THHTA2ZETHD, HITHWON
AL, EERBRE D SEAERITAHMY (Cu) TH DN, 30 FBOEM#EIE CI3A4t#E (Ni,Si,Mn) T
5, Ni-Si-Mn AL, BAKEIIZ G #8 Ni6SisMne 72 E OB EULEWNZ 2 D13, L OFE. =D
AIBREE S CH DIRE LRI T AL —DREBICEEF > TVDH EEZLNTWD, lHE OB I SEE
THDHN, FrH OV A XIS W28, HRIT 5 2 SI3REFTOmirEE 2 E L THLAES T
72y, B AT N AOBBLBLS T OB RER i & O T2 BVLEL SR ) D L7 ETH D B3,
ZORBRAIZE ENTWTATH DML GG, ALEM TH LD BIXEDILEW DI T
b5, MO DOESLEESEME (565°C100 REfE) 1%, SICHTH L7 GHZ~ RV v 7 RZHEESEHDIC
WHL L I HBVLBRSE (750°C100 FEE) YR 0 HIRENRR VAR, WEILR T T A X —TEI1F
BNCHEZERIREETH D720, Hin b, (bEME 0 bEHEERWIEE T~ Y v 7 ZICHEET D,
F MDA TH - 12856 BFEROEFEE LAY OREIC L > TYRERIETH D,

AWFFED BARH) 72 A NI AT HED M AW/ > T LESTZHETH 2 27 b ADOEWLEE (565°C100
RFfH]) CTHEE S22 EIERENE, TNERETHZ L THDH, Ml XX (baWix, G H%E
EHT 10 FEH D, WIS DILEMENTHESE-ET VEEEHE TE 20 ThIUTEEMN
N, M OREEE 2 br—LT 5 Z LIRS TidnWizd, BHENRERT T o Tidin, A
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5, RBETIEH D0, ZOFETITIREICE 2 AJL# % EPMA CREAIZ T C&E 5729, Hk
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&, JIBIR 72 WVRATH 5,

WEERE & T3 FIC G (Nii6SisMne) & 'y A1 (Ni3SiMny) (ZOWTHEI L7z, Z D2 >Dfbam%
FWTZHEBo DFEBRIZE > T, v 2T F AOBVLERSEETHf L CHEAT AW & LIV EEY
WD ENHLMERoT=, GHITATE. T HIIBETH D,

SAEREIX G FHE DL SN D 8 FRIEDILAWICHOWT, HFEA Ty b EHEHoT e+ 5 2 L &
%it]%fio %*H'ﬂﬂlﬁk% Lf:@@i 8 *ﬁiﬁqj 4 *ﬁiﬁf&% %) (S *H NiSian\ r 1 *H Ninigan\N *E NiqSing\
E #8 NiSiMn) . AT, LB ERUC R LD 4 FEEDO 9 B SFHOLTH 7=, T FHICEAL
TiE, BRI TEIENE TEDIEENE LAY —TH Y, I ERICIIRNERIRETH 7=, N
& E M, BEAIREEDS 850°C (Migk7S bee HEEZ R> TV B LD BIRIREE) WO HK T TIX, #6
HIENARARETZ 572, ZAUINFE EAHZY, 0 AT h LAOBSLFEE L0 HiE0I & 850°CE T
BLTH, Off - HEIE LW EEZERL TN D,

DB, TNETAFEES LA T —~2RfET o & ALEWMORMEA > Ty N E/ERIcE -
DIX 10 FIET 6 FEHO R TH o720, 095D 2313 a A7 h LDOBILHLAETH R « FEE L7
WZ ERH BN E T oTe, ZHUIEIIRZRO ERFALDHEIT U THT M AT/ > T L E -T2
B O 23 [FEVLBETIIEY BRI a2 L2 ERT 5, ST EEMICHENT D22 A4 I TR
ER AR U CE B IS T2 OIREHA L TIH ARV, WPFIZ LT, EMmEVLEL
AIREZRIR Y M E L= N LE R THDEWVI ZENRHLMNE o7, EBHIT, HIEA Ty bR
ECX 7o TefbBEMN A L b oTo &V ) FENS, BHFOREKIIANEETH D Z N L
METeoT, WWEKIFBAFT — 2 X— A E 2 W+ 168 Ch 5, REROKEE Zm Exw5
Z i, A TRIT 2 ET VO ERKEEZ M LS EA7-DICBERAIRTH D, WEBELREL, IR
RRAZEETDHZ EaH —OHME LEFHROMET —~ & LT, AW a#itET 5,

(2% 3CHR]

1) https://www.neimagazine.com/features/featurerenewal-by-annealing-7171272/

2) https://www.rosatom.ru/en/press-centre/news/rosatom-has-piloted-an-innovative-annealing-technology
-enabling-life-extension-of-large-capacity-rea/?sphrase_id=550945

3) https://rosatomnewsletter.com/2021/02/25/taking-care-of-old-plants/

4) J M. Vitek et al., Metall. Trans. 18A (1987) 1987—-1195.

[FEFERY R b

1-2) EFESHEICTIFOEERER (N2 IR AmEEE)
IGRDM2025 @ Nara, Japan (Invited), Thermec2025 @ Tour, France (Invited), ICFRM-22 @ Shizuoka,
Japan

3-5) ENSEHICT 3 nsERE (N1 IR RERR)
JRF 7152 2025 4K, B4R 2025 AR, AL R P& BAMEIIZERT K- 7 v 7 7 B RINFES 2025
(Invited)
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DOAGETTEMN LV HEEN TH D LLTO O T / — FMAFIITEIZB W TH Tiv ORIt 5 =
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BT NI Ay v a@ERElliET 52 & T, LifER@EITHE L

AR L7, —RAANCIE 4 mol/L o LiOH /KIEHE, —IRMNZITEHIK Z Z L E el LTe, Wik ez i

BRI D720, MBI O RMOB GRS T ENG 2 7 8 LT (X 1), LLTO FEMaME X
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2. EBRFE - R
T hECIREED b OFIEREFIEAR & | FHE R H HE L — Y —lEiX (KU-FEL) THATX 5 HR
7 (MIR) 7~V A % W FHRENNE 2 A G b, ED X 5 RIRETE— RO E « 2
WCHELTWLON, 7 0RAHN=ALERET D, K1 ITRTRUY T v/ kR E AR
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L. ZOWRENRE 21T 9 KB A I L7z, BEimstE 2 HOW T =EHIRED EOREE— FRBLoH
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BB R B 23 70 < | Yok DNA EOBERIBALE S 2 ED X H IR L TV DD E W D 4 TR AR
HThD, T, 77 = UEH (GQ) WMiEZIFRAIRE/R V7 = T ETe DNA EHIA, b h @
B4R R ORI 80%ITAFAET D Z LB LN STz, 2N ETIZFx 1L, & F ORCI (hORC1) A3 —A4H
KHED DNA ° " HHMHEIED DNA LV &, GQ &L AL T\ % DNA (GQ-DNA) (ZHEFE/IC
TAHZEERALTWD (Hoshinaet al., J. Biol. Chem.,2013; Eladl et al., Int. J. Mol. Sci.,2021), ZiLH D
FRICHS X hORCI 2AYLEK DNA RIS S 472 GQ #E A58k L CTHEE 9 5 2 & ¢, DNA il
Bt ARET DLW ET N ERE L CTE o, AEFRIETIE EFROET NV EZ S BITHGEET D720
hORC1 ® GQ FiA I & GQ-DNA & DBEAIKIZHOWT, NMR EZIZ LD & L& TS t{ﬁkﬁzﬂ:%
HITFEZ A DE TR 2D T 5,

ZAVE T, NMR £ X 5 hORC1 @ GQ A hORC1(413-511)& GQ-DNA & OH AAEHfENT %
1TV, GQ-DNA & OE# O AAMEMIZE D 5 5% % [F & L 7= (Eladl et al., Biochem. Biophys. Res. Commun.,
2023), L2>L7e23 5, hORCI(413-51)ERAEMEFEIK TH 7272, NMR ¥ 7 F VO EEIZL T
BEKREEORENRETH 7=, 2T, LR THELHEER L TV A EEES0EMHORT

(hORC1 fragment) % @%Ft L. hORC1 KDL 7 F N HAER ST 2 LT, LV HEITIZHE L7 NMR A
X7 MVERGTASZEEBIR L,

£/, UAE, ERIEALE S IR THRE S U7 RNA 723 hORC1 12 & B BERBRIANL B O EIZH G- LT
HAREMENME S-S0 H D, TDI=H, AWFFETIE G4-DNA OA72 53, DNA & RNA OfiHE N5
72% DNA-RNA A7V v K77 = JUEH

(HQ) #&i& & DI AAERIZ DUV T b fifHT 2 3K G—-7-|~-3v‘y|~°
Bfc. WH, HQ ZHET HICIZS T = ICH RJ'L
Tr DNA & RNA ZRAT 523, 2 ORAFEHH = e
([Z1% DNA OATEMEN S GQ (DQ). RNA /%
PHTREND GQ RQ). HBLUDNA & * @
RNA Oi#E &t HQ 23447 L. HQ DfFEHT _<, ' /)\ ,,,,,,,,, :S#
Rt L 72D, RWFZETIL, 77 = IZE T DNA ¢ ! 3
L RNA Bl ZfEd 5 2 & TF A 7%
Zaxal L, HQ OA AT T D SE & fife st LTz,

J7-—UMEH (GQ)

1. 77 = EH (GQ) FEDHEXK. 4 >0
T =TI END LiEES (GALVT > b, £ .

Z ® HQ & hORCI fragment & OFHHVEM % fif
Hrilie,

GhNVTy FFER L TERIND GQ fE (f) .
JKEDMUAIZG LTy haRLTWS
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Parallel-type DQ. 3+1-type DQ, —A&#H (ss). _H#H (ds) DOKHEEEZ LT D4 DNA 35 L O parallel-
type HQ Z T 5 % A T e A4 d oAk L, gAY » A 128 VD hORCI fragment & DOFE A HE
Z 7l L 7=, hORC1 fragment Z /i1 X% (2241, parallel-type DQ, 3+1-type DQ. ssDNA 5 & TF dsDNA @
WICRGVEN EH Lz, ZOREEIEL, hORCI fragment NEEMEFEEICHEASTHZ L EZRLTEY,
hORCI fragment 234> hORC1 35 X OV hORC1 @ GQ #5E 88k hORC1(413-511)DME ZHEFF L T\ 5 Z
EEEKRL TV,

BLIEZRU N Z &2, hORCI fragment D SANZLEV Y, parallel-type HQ Z BT 5 ¥ A ZEBEIZ OV T
RGO FRENBER I, 2 OfERIL. hORCI fragment 73 DQ D72 59", parallel-type HQ (2
biiaT05Z EEERLTVD,

SO, A=T 74T 4 I Ko TEMEA ORBEER 2R DT, 150N T fRBEER A i+ 2
& . hORCI fragment (I parallel-type DQ 3 £ T 3+1-type DQ (Zxf L, ssDNA 35 X (OVdsDNA X 0 # 5 fi%
PLERES BT IENES WD ENRS e, £z, parallel-type HQ ZELT 5 % A 7 EBEIZ%T LTI,
parallel-type DQ 3 J U8 3+1-type DQ LV & & HITHE WS GBI AN 2R LTz,

ARFFENC LD . GQ HEEIZ =W RF RN 2 7R 5 hORC ORSHNT T 2152 Z ST Uiz, AWML,
ZIVE THA BEENTICH VT & 72 hORC1(413-511) L 0 HIZ 50 TH 572D NMR ¥EI12 XL 5 DQ-
DNA & hORCI fragment & OEEA parallel-type DQ 3+1-type DQ Parallel-type HQ

>
014 0.14 S 014

f%%@ﬁg*ﬁ‘ %{Eiﬁ-ﬁ— 5 & %1%? é ns o % 042 g 0.12 § 0.12
ZHUZE D, hORC IZ LD GQ MR § ow gmf,a*w ﬂﬁf“'*+4
R . 0.06 g 0.06 g 0.06
FRAEE D /ﬁ%"ﬁ’% BRZ BT, Aok 0.04 Kg=7.4 M g 0.04 Kq=6.6 M g 0.04 Kq=2.6 iM
0.02 S o002 S o002
3 /> =3 1] 44 - 2 2
}E%E,j f;ﬁ éﬁﬁfﬁ‘%f % 5 DNA @%*ﬂ%*ﬁ ° [ho::c1 Vr::ment;s(uM) ® ’ [hO1;C1 'r:;ment;pr) ® ’ [h01!:C1 'r:;ment]‘?uM) ®

DR Z BT AN BE6ND

. dsDNA o ssDNA
MBI A F~ ZERE LTOFM £ o £ o
RIS SN DT 2 DA OMBRTE  § Keczam | § oo Ke= 448
B Om LICH 55 2 E RIS | £ o
oo o et

2. HOERGMET v A K2/ HEE 2T S SRz &

hORCI1 fragment & DFESAEHT.
EBGN

[1]. S. Hoshina, K. Yura, H. Teranishi, N. Kiyasu, A. Tominaga, H. Kadoma, A. Nakatsuka, T. Kunichika, C. Obuse,
S. Waga, J. Biol. Chem., 288, 30161, (2013).

[2]. A. Eladl, Y. Yamaoki, S. Hoshina, H. Horinouchi, K. Kondo, S. Waga, T. Nagata, M. Katahira, Int. J. Mol. Sci.,
22,3481, (2021).

[3]. A. Eladl, Y. Yamaoki, K. Kamba, S. Hoshina, H. Horiouchi, K. Kondo, S. Waga, T. Nagata, M. Katahira,
“NMR characterization of the structure of the intrinsically disordered region of human recognition complex
subunit 1, hORC1, and of its interaction with G-quadruplex DNAs” Biochem. Biophys. Res. Commun., 683,
149112 (2023).

[FRFERY A F]

[1]. S. Waga [Pre-RC forming proteins commonly have G-quadruplex binding activity in the intrinsically

disordered regions | CSHL Meeting for Eukaryotic DNA Replication & Genome Maintenance (Sep. 2-6, 2025,
NY, USA)
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BRSIFICE T 5 EEPHEFIREMD
TK 3R W 7 Ry Bl 25 B 0D SRER RO 75 AR B

ML S RBLL AR AR UK EES 2, A A
VR REHAT IR A . C AU R R X — B LA SRR, R E R AT ERT

1. HEERLEH

ERarCid, BEMasTEL LTS Z ) FULIHTTEET LD, LRI R E4
PET DT, DDA 28> TWDHT T 7y FRIZRBW THIET OB Z #0972 8 OFEREM BT
0o PTG BRI RTH D, T OHPMEFIEM OBRMHM TH LNV U 7 L0 T4 FiE, b
UFULEERBTERICER L TWDTD, ZOMBHIIT 5K FE FNAR D W& I BEZE) A3 AR D T
HERPETH D, AWETIE, NV Y '7A<‘:/\U 74 FzmiimEksg (H2) OFRPHK I 5T
L. MO « Weog28h 2 FBRAICHGEES 2 Z L2 BN E T 5,

2. WrERFE

AENE, BHEKFEDET) % 10MPa ([TINEAGIF A e K 400°CE TITHHEE L, NU T4 NioEREARL
1TV, KFEWE - W L TWDHRY T4 K (Bel2Ti) $rr 7z HWT, FEbipEalii (HiEs
1, 2. 5K/s) BFEN L, KBEWIRFEE & B FREZ <7,

3. WRLEZ

SEERYE TS TH D XY T A RITEIT D KBIRNAR DO AE BB 23RO CHE/ZRFRETH
B, KRB TIX, RVU T4 FOKBRBEABREZITV, KEWEK - HREZ R~ B3, |
AKFE (10MPa) THEELZY F4 F BenTi) v 7o F gl s £l 2R 2R 1I1TR L

Too FUEESR T TR WIZE, AilRlEie — 27 28miRfilice 7 F 3525 2 e 0igd oz,

5E+19

—e—DBel2Ti HP _H2
yas 1K s TDS
i) 4E+19 ¢ [ —— ®
= emmmBc12Ti HP H2 *®
—
%) as 2K s TDS
§ 5 3E+19 o ’ %
é <8 &—Bel2Ti HP H2 ®
= gas_bK_s_TDS
S 3 2E+19 S
T
D]
o
a 1E+19

Tempera7tl71§e (K)
1, MEKRERBELEANY T4 FOFENBEE—2
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ZOEY—ZIREL ., FIREEORSRNS, Fied Kissinger & HWT, AREME L /L% —
R, R: HAFEE., B : FEFEE, Tp: FEEEE—72)

(%)

E=-R
dT, !

KT OB BB 22 FEMAL = R VX —EIX, 0.97eV 2R L7z, & OffIE, #@EOMIeFIH
IN—T b bEKFEAF VIBE L2 v FAh bRk 72T 2 F—0.14eV X 0 13, KE W
flic® 2 —7 . HIDOBE[2] D s MG ek % o SRR ER 0 55K 0> 515 & 7z id L = 2 v
F— (3.1~4.2eV) XVIF, MNE T &b ol, S KIRWE - WK 272V 74 FH v
N T, B ohieEfid 2 FETDH 5,

4. ZEIR

[1] Jae-Hwan Kim, Taehyun Hwang, Suguru Nakano, Mitsutaka Miyamoto, Hirotomo Iwakiri,
Masaru Nakamichi, Deuterium desorption and retention of Beryllium intermetallic compounds for
fusion applications, Journal of Nuclear Materials 550 (2021) 152936

[2] V. Chakin. et al. Fusion Engineering and Design 161,(2020) 111938

5. FER

[1] Jae-Hwan Kim, Taehyun Hwang, Yutaka Sugimoto, Hiroyasu Tanigawa, Keisuke Mukai, Juro
Yagi, Hydrogen isotope absorption and desorption properties of advanced neutron multipliers for
fusion applications, The 16th International Symposium of Advanced Energy Science, Dec 11-12,

2025
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ER-ERERAAOBRICE DS F MYV AFREMRIOEIR

HOFFEAT !, EREEL Y Bk, IAEZ 2, RO

PRSHURSERAEBE TAAWETE L
HHEOR A 2OV X — B AARIRE T

1. iEL®Iic — P——————
RURDFLE AL AN E— O | orooane 11 cem :FJE”Z.E e
MM D7, ZiicEtEiEz e EHEERD W v e oo | | :
WRABEEN TS, NaA A Vil (NIB) ;,“(d - Qgé-&’g«‘;; 0% o2 = %‘boepp & ;
%, A b EFAPOMIT Li A Al (LIB) | 88 BB | © @@b ;
KBNS ERLE LIS AT, BT TO Binamio B | “o fagsn
FON—FH— R EalilE 450 mA h g ' O] [ ORI RGN ) NRRRORSSC TN )
L’ﬁ-%% 35 VA 7 OVIREHERFT 5 2 LD

THEEINTwS, 7L, NIB DERDT
BHITIE, 545 EARLY RS nA
Th 5. ABMEOBFICIE, OFERE
ZEMICHITTE 2 X 9 L8 ke Ak — E R
BREAET22 L L, @% % Na WF _-_----_----_-NE%Z@@%L??E‘?.&%Z ..............
BOGHRE (K1) (1CIE U 2 BRGS0 1, Na A 4 v Bl E R 3 fE0 G, ik
HThsd, Y/ v—=7FnEzclicrs LD o, %h%ﬂ@%?ﬁx%ﬁﬁﬁ B L 7R qurbi‘
TiO, 234 v H—3 a VIBZ D NIB falii & L Roons.
TEMEL, Nb D F =712k D ZOHW2LETELZ L2 WO THBLTE
72D, INZISICHEIELHHNIB @itk & LT, @5z Nb & Ti
BZ N ZPURANELS L 72V LAY TiNbO, ALY (M 2) DAIEIZ I L
TE T35 Y, TiNDO4 1F Na fhHEEE D5 4 RTINS 211D a il 03K =
W ED S EHIEEICHTITH 5. TINDO, IZA RO BERIRIE D 72 5 &,
a WEDIERT 52—/ T, TV A RLWERIT L2 Lo nTnwg, -,
b HIIEREZIRD TiO, B & DN EMAKEZ AT 2 ok
NIB Elitlfe 2R3 2 L bHS I L TE LD, 2 2 TAIETIE, LF LR
TINDO4 12D\ CARAAEOBHE & D Na s & §55 0% 4 R4Z5 2, 2. JLF LI TiNbO,
X 51T, 2R TIHEZBRIEIRE T 5 2 L CaAmMERED I 2R at, Dt

2. EBR
TiNbO4 (Z VL —FILIEIC K DB L 72, =F L v 7Y a—) )L, TiJi (Titanium tetrabutoxide)
& Nb Ji (Niobium ethoxide) ZMMA THHEL, MOrHEIC X DS N7 7 WIRIEBY 2 Veis - il L
THIBRAE R R 21372, 21k E22HI2 BT 600-1000°C T 2 IRFREIBE § % 2 L i X D v F LAl TiNbO;
WARZHREL 72, BEMACHEEAZLIEL LEWHATRY Y a3 VIKICTK D, TiNbOs % Cu §EHEMR
FICBIBEL 7o, T % s IV CRHRIC 1 Na D08 % MO L Wit 3 £ v 2L 2 M558 L 72, NIB )
BRI IZBLRIL AL EE BN LA T VAP EITH 2 2 2R L TE T30, AWfRT
I EBABLEE AN TdH % 1 mol dm > d NaPF¢/EC:DMC (NaPFg: Sodium hexafluorophosphate, EC: Ethylene
carbonate, DMC: Dimethyl carbonate) (ZXf L "CEEMlR— B E S DL ELIZH A7 FEC (Fluoroethylene
carbonate) % 10 wt.% ARSI ¥ 72 bDE MW7, EERAMEREL, BIHIPIZ 0.005-3.000 V vs.
Na'/Na, FEHEBREE® 0.19-100C (1C=262mAg") , HIE% 30°C & L CHEMiL 7.

3. WRELEZE

AVN—DAVRIG r- e s
Fe,053, MNO, CuO7i&
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I T (TEM) BIZDF5ER, 700°C TBERL L 72 TiINbO4 13 HLfE S D — KK 723 5EE L 7o 8k
HIBRZET 2 2 E03bo o7z, XERPHHIEIZ XD, TiNbOs DBERIRLEE DY 600 °C 2>5 1100 °C ¥ T
R 212240T TiNbOs D Na fEEFEIE D A4 ZDILDI D (234.0—2352pm) , ffb 9 A ADEK
T5 ($3—24nm) 2 EA2MER L7z, K3 1%, FIREOME L2 2 75 BRIC B T % TiNbO, B D i
(Na' i) EE2 R, EEARE (0.190) IcB W T, BERIREOMTICE b2V, HER BB
M$ 22 EDHEDD SN, T, ZAEMENICERIEINRET 570, s A X871 5
LR & OBEMERE AR L, TINbO, DR L L2720 L& 2 6N b, —J7, BEFEHE (50)
DL E W T FARRICHESGRE DR NI & D BEEREEM L 72 DD, 600 °C (T4 L,
700 °C CTRHERK L 72 TINDO, 3 b i WIE R m 2 /R~ L7z, ZOFEHRIZ, 700°C Tl 600°C DA
THEHIET Na 2K T E B804 ZAOIEEREE ZH L, 200, i FI A X035 2FE/N I WD
WEORMHERAM E L2282k 3bDEHEZ 505, 700°C THEK L 72 TiNbOs 2> & 7% % i1 1000
A7 0bOEBBEICH

7z b 210 mA h gfl O)ﬁﬁ?% 7@ 300 F_CC” 300 700 °C ' 1310 mA'g" (50)
EHERET B RN T s
YA 7 NVFEmERLE E,y 3200 ]

(K4) 9. DlEofEss £ s

5, BEERIREORELIC 8§ g
XD NafhiR O 4 B 00 § 100 800°C
R EFERHTTA ZOHIH S g 0
UG E 2 D, FEFER © 8 , e .
BRI & A4 7 LV FEfnkr 0 500 760T 860t /9go 1000 0 Cf/g?e L
e )~ - R Y H T emperature / °
g %ﬁﬁ;%{;z@g\g %‘ Small <Diﬁusiponfp—atrf§iz?:| Big 4. fEx @i}%)ﬂiiﬁf&“@é)ﬂiéﬁ 7z
E Small ——=Crystallitesize——_] Big  LINbO4 %> 5 7% 2 BN D A
EDHED O STz, A 7 VR,

%3, 52727 KGN F T TINDO,

References BURR O IR B D B EE AR A7

1) H. Usui, S. Yoshioka, K. Wasada, M. Shimizu, H. Sakaguchi, ACS Appl. Mater. Interfaces, 7 (2015) 6567.

2) H. Usui, Y. Domi, T. Tanaka, M. Takemoto, N. Oishi, N. Nitta, H. Sakaguchi, Electrochem. Commun., 155
(2023) 107579.

3) Y. Tanaka, H. Usui, Y. Domi, M. Ohtani, K. Kobiro, H. Sakaguchi, ACS Appl. Energy Mater., 2 (2019) 636.
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4, T@XFEEVAb) BLO TOEAERY R M
[ECHEHRY A ]

[1] N. Ikemoto, H. Usui, Y. Domi, M. Takemoto, T. Tanaka, H. Sakaguchi, ACS Nanosci. Au, 5 (2025) 369.
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[(ZH, 7L AFES]

[1] AR, HErT, JEVLRETA, <FRTEEMS, OB, RO %% 2 Bi-Sb [EEAE & Snp; D 2 >~
RY v Fpo k28D Li A A v &b amRE, 5 15 Bl cSI 7 = 2 4 2025, P9-109 (4rfll 7 4F
1024 H ¥ 7 —F—finl) REFRERAY —FHRE (CSIMLY:7 = A5 H) (MEHLYA )

[2] MARZSH, WHVET, EREEA, HP®RfT, RO, BEEIRE 69 5L F LV TiNbO, 205 7%
2D bV 7 LR — BURRE, 2025 AEREES 3 MBI E A LAATSES, Pe (BFITAE 12 H e H
KRNI RAE) BIVE T A2 B E
[HgEFER Y 2 B ]

[1] Yuto Sohma, Hiroyuki Usui, Yasuhiro Domi, Yoshitatsu Itoda, Takayuki Yamamoto, Toshiyuki Nohira,
Kazuhiko Matsumoto, Hiroki Sakaguchi, “Charge—Discharge Performances of Composite Electrodes Composed
of Bi~Sb and P for Na—lon Batteries”, 2025 £} ZE #llrifE2 (R 74 12 H 11 H SEERAETIEE D
E 7Y EFZEF—) (FRY—),
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BRLYM DRI S EMEROBEILICRITT
2A-ALTFOA U TNBOEE

EHER L, R, BRNERS 2, JURERR S
VARR TR S A R A T A TR
P HAL R BRI SE AT
SRR R RV X — B TR T

1. TRELEW

[ 3BT, BEEET CO, ZHH LAV b, BNV AT AOESRZ BT
TN G A HEES LTV 5, b r kit (ODS) Si%. i /- miRsREE RetE, marEs
L OB PEREZ RTZ LN MONTWD, DD, mES R hRERESEEE2 T
T T v hORGETRET DT, BRI R E SRR B O S R T ) v AT A RE
W s DA SMEib e U CBIRAHED ST\ 5, ODS i, @5 O EHZ BRI L nm D
HZRB bk A2 @B E, o, WM ESE648Ths, £/, ZoET 0 & A 3@ DOk
PR R & 1T Y | FFEER IR R L WIS ZE R bk &2 MR LT, A =T e
A7 (MA) LB ZFIH Lo RIgSEIic L v hE I 5, Z OSBMEN - HERE 2 B9 2 BRI,
PG B S BT ERL - DO A XL BEEFE TH VY . Z OOEURIEIL MA AAFECEE R 72 &
DT 1 AFEMIEATFT B,

BEBA%E ODS SO BLEIZI VTR, bWk 7R E LT Y, 0, ™MER S TS, Zhn ) v
AL IMTENT—HIERE L 20 . TOHOIMEIC L 0 HOES & LT MA BRIP4
HZENHESNTWD, —FH ., MA R ZE2ME L U728/ 5T 2 Y-Ti Eame (7o & 20,
Y,Ti,07, Y,TiOs 72 &) ZiiA L7-di513248H 575, ODS #flo—RIFEICTH D 7L I v 7 AR
WFEFCH D MA ¥y R OBETE R kI8 L LTZiFRIZbT 0 CTh b, ZDZ Lhn, ODS HiEE
MR S5 Y-Ti EEFIEY DIAGEFRIZ OV TI 32 B AL TV,

T ZCARMITE TIE e T mh R 2 BRI & rTHE & 3 5 ODS $iJFEH K O B4l oy & Et LTz,
Z® T, ODS HiDJFE & R HIREMAB L NODS A4 M RZ/ER L, b % Ar IS T TINEL
THZLIZEY, ODS G KDABICIZ HIET MA RO BLZTESTHZ L2 HME Lz,

2. EBHE

ARFFEIZ BN TIX, Fe-16Cr-2W-0.1Ti-0.35Y,0; (wt%) ZEEAHE L CEE L, ZOMEE b &
2, CraaAET. TiEs Y0, B2 EEHITE DTS DIREMAR L ODS &4 K% 2 Zh Eh/ER
LTz, 269, EHiE Ar AR FRHERE LT —7 Ry 7 AP T, TEEOKEBELEBILEH AL LU
Y. 0- My REME - 7L I v 7 AL, BREMESE Lz, kIZ, ITEER—LINVERNT, ZORAHEK
IZ MA LB Z 0t L. MA By R &2 Y% L7z, 7288, MA S&fhid, BHKEZEME Ar A, 2 U v 7R
% 48 h, [FIHEEE A 180 rpm, MR — LB LU KOE R E 15:1 & Lz, B o= mARENL,
SRS EE 10°C/min, ' A& 200 mL/min @ Ar 255 T T 1200°C £ TMEL 7=,

A E R E BRSSOV X — B X ot E (FE-SEM/EDS) (250, MA Bk
WL D TTFEAT 2 B U=, ByoRWTESUEHE. MA ByoR 2 BAE AR IR (O HE% U, S5 maE 2 i L <
b=, Fiz, ERRoOMEE R USMHET, BVEE - R (TG/DTA) %5 L, SRR EO
B 2T LT-, SHIC, CuKaZfRe L= X #BEHr (XRD) HIEAITV., IR ICHBIT 5
At dmtH & [FE L=,
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3. fERLEE

—— 1A powder
== Mixed powder

Intensity / a.u.
Heat flow / pV
bh e wu

-2
28 £ £ 40 % 50 L1 0 200 400 600 800 1000 1200

20/ deg. Temperature | G
1 MA¥RERBLIUEAKRD XRD X 2 ODS A& RBINEAEHRD TG/DTA #hig

%%Xﬁﬂ@XM)l%rﬁ BAEBMRIZITTRTOERTEH KL Y051 w&smé@m
ﬁﬂﬁ%héﬁx MA By RiZiFa-Fe & W ORIPTHERDBIHER I 1L, Ti X° Y,0; DEIPFHRTFE D H i,
Y,0;0%, 48h DI U 7 ;of# EN= RN a&ﬁ_AMwaék%z%né F72. a-Fe O
=M U TRBRITERAEANC 7 P L, S HICEORENEMLTZZ E D, Ti 2a-Fe FHIZER
L7eZ &R L CW5, TG/DTA HIEZ i L7-fES (X 2), HmARREHZIBW T, INEBHAGIE %
ﬁ>5mcﬁﬁifﬁ%ﬁ%ﬂﬁM#ﬁMéMto_mmrﬁﬁfwﬁ%Xﬁﬂ®%@£®ﬁmﬂ
MA B3R TiE, SV 71k 0L s RKAfROEBENRE Z > T\ &b s, %zhu[ﬁnp\
DTA #ifR I35 900°CE THECMNIC TR L. &S 52 50 FH- & L bl %w%ﬂWMﬁﬁﬁf%Ehko
:miwmysx@wm@@%ﬁ}zc:@Lm\zn BN D D, 1z, IRAAD DTA HifIZIX, 927.5C

(ZEVE — 7 338 BTz, ZAUL, a-Fe 2> Hy-Fe ~OFIEEIC ié%@T%D\MA%KTﬁ:G
FEERITAE U2 & 2R LT,

XRD (H'J/E%:ﬁb\ B ARFEL O MBS FE S OB L 2T~ T2, IBABARD XRD KIZi%, 800°C
M5 1100°CITT T, TiO, £ 0 HEEEN D720 TigO DIFHWE—T NE 57z, F£72. 1200CT TiO
DOETHERNHE % . TiO, TiO,, Y,Ti,O; DA D3RR X 4172, TicO, TiO, TiO, 72 & @ Ti FR{L ISR S 7=

DIE, Ti BEEFR & OBFIERE W=D TH D, — 5. MAETIL, =i Ta-Fe & W ORIPTHRA R
N7z, F£72. 800°CT Y,0; DEFFHENAHILL, S OICEIREKTIIW O — 7 MERKREIIKTT 5
L EBHIT, o-Fe & Y0, DFRENREEIM L7, £72. 11000CTW DO — 7 3% L, Y.TiO; DR FL
BTz, 12000CETMET 5 Z & T, WTFNLOMEKFEHZ S Y.TO MR I D Z ERbiroTz,

4 &9

Fe-16Cr-2W-0.1Ti-0.35Y,05 (wt%) ZFHEAFMEE LT, Crz2a 7. Ti BX O Y0 2\ I d —F
i%bk%ﬁ@ﬁ%%$&mmé&%%%%ﬂ%ﬂ@@bto%#Xﬁﬂ%AdM@FﬁHm@if
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2R DI, Yoo vy a v m xR —2 R RIGERTE 5 2 LSR5,

T T H =X, FEEDEER T L TR 2 SRR S 2 TR AR L W 2o 9 AR B
BFTHY, RBRENS T (SELEX) EICk > THESN D, 2008 =I5k v, Hik
RIS DO EEEM 2 BT 5720, & R IgGl ® Fe KA A > (hFel) IZF5E 95 RNA 774 ~—3HL
BN, S5, FiRERBRT 27007 T X <v—h T AORED A N FIF57-H. RNA 7 7 ¥
=D % DNAIZEM L7 A T 7 ¥~ —2MER I TEBY, £ AT 7 7% ~—|3 hFcl L DH
FIMEZRFFL TV D Z DR SN TS, Fo, FA X RNA 7 7% ~—& hFel OEAIRORS
EEHALHZLTWS, LML, RNA T X ~—L X XT3 7 X< —DOERAKFDOENIZOWTIEHA
ST o Ty, £ 2T SR EEERE (ITC) . A AL (NMR) B X OV F8171% (MD)
AEEZHNC, Zhb0 77— DOERAEFICOVWTH LN THZ LA HE LT,

2. Hik

RNA 7 72~ —B X OF AT T 7 X ~—|Z 2 TIL, GeneDesign ft L VHEA L7z, & F IgGl Fc 8
% (hFel; 120~330 7% J%) 2 22— N9°2% DNA Wi/ 2 PCR THiME L. FLEER B2 > 2 T 7 b pcDNA-
SecreconAA-P01857(120~330)-His % {EHL L 7=, Expi293GnTI cells (277 A3 KZ#E AL, Fcl & K&
FHL L7, Ni-Sepharose BfiFl L OV Vg 7 Lo va~ 7o 7 012k, FBRLE,

ITC HIFEIZ 2V TIE, MicroCaliTC200 A7 2 (Malvern Panalytical #E#Y) % T 25°C TIT- 7=,
ITC )& FHAEER & L C. 20 mM Tris-HCI (pH 7.5), 145 mM NaCl, 5.4 mM KCl, 14.4 mM CaCl,, 6.4 mM
MgCl, & Fv 72, 10 pM hFcl (2% LT 100 uM DT 7 ¥ ~— &€ L=,

NMR A7 R AVORPEICIE, BEEES 94 4T n—7 L 2 @7 7Y k%4 x2 7= Bruker
AVANCEG600 33 & Y AVANCE 111 HD 600 43 Y63t % Hv 7=, NMR JIE HfEE R & LT, 20 mM U g
7 b U @ A(pH 6.5), 50 mM NaCl, 95% H.0/5% D0 #H\ e, 7 7 Z~—DA I ) Ta b v 77 v,
NOESY A~ kL (JREWH =150 ms) (2L > Tmi® L7, 'H Ry, relaxation dispersion (RD)328R35
& Y phase-modulate CLEAN chemical Exchange experiment (CLEANEX-PM)3EERIZ LV, 77 % ~—0DH
EXOLEMB L OA X 7 u h K EDZHREIZOWTHIT L, 7 7% ~— ORiE O ik Iz
DUNTHRMT LT,

412, RNA 7 7% ~—& hFel OB EEROFEREEE I, ¥ AT 7 7% ~—L hFel OEAED
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X <—DJFN, hFel & OFEMRERENARKE N EARIBINTZ, ZHUE, FATT I H~—IZB\TAH
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2 X7,
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e 42
< SN
*u € / AH Small
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Chimeric aptamer

o e
’ \_( f.,q?;y/ AH Large
T ﬂaﬂ -TAS Large

1 RNARANTHENR & % A TN TR OB 2RI T A — 2 DLk & B4

4. WRREE
[HEE5ER U A b

1) EWIR, BERER, BRAER, MNIERE, A)IIES, ARFEAN, KBS, WEER, SRR,
RNA & DNA OPEALFRIFEDEVITHIK T % RNA aptamer & RNA-DNA Chimera aptamer OfF
FIBEFF DIV, 2025 4R AR BIRCGR G, 2025 46 H, BT

2) IWAERE, R, MEEEME, TH, APIEAN, KB, WAKRR—, HIV-1 O Vif Z 7 E%x
BUOEA IR IER & LT aptamer 0 NMR AT, 25 72 [Bl H AR 7 A L 2224l 2s, 2025 4210 H,
Wekr, RAHZ—

3) Tomohiro Shinozaki, Kentaro Tozawa, Kazuyuki Kumagai, Keisuke Kamba, Li Wan, Masato Katahira,
Takashi Nagata, Taiichi Sakamoto, The inhibition of interaction between VBBCC complex and A3G by RNA
aptamer, The 52nd International Symposium on Nucleic Acids Chemistry, 2025 4= 11 H, &, "NA X —

4) Taiichi Sakamoto, Takuya Hasegawa, Yusuke Nomura, Masataka Horiuchi, Hisae Yoshida, Tomoki
Sakamoto, Masato Katahira, Takashi Nagata, Kenji Yamagishi, Biophysical analysis of the interaction
between aptamers and human IgG, The International Chemical Congress of Pacific Basin Societies 2025, 2025
F12H, KL

5) Taiichi Sakamoto, Ryo Amano, Yusuke Nomura, Yoichiro Tanaka, Kenji Yamagishi, Masato Katahira,
Takashi Nagata, Biophysical analysis of the interaction between aptamers and AML1 Runt domain, The
International Chemical Congress of Pacific Basin Societies 2025, 2025 4 12 H, &/ /W)L, IRA KX —
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R?=Ph) 734U (X FAAZ 2 Y L—F) (PMMA) OMBHZAH# L7 RIEC T }—@—(
BOFENERETIER 033 BLO 030 TRILZEEEZHLMNZLTND 2, ¥ 01
FALAXTT LT ZAEDT AT L0 PMMA FEIEZ 408 L 7= B C oMot & R'O
TR & AL T1 OEHIER P RICESE T L FAEEEAT LT 1

WE AT > THFORIRMEER S &, HiFREY 1a<°1b LD b EWEDEEFIENER TEH 2 &
OGN LT, UF, BETAXINVEGHES T Va7 L7 X NBRY T AT )0 1e~1f DE Rk & &
M PEIZ SN TR E T 5,

2. BRLEBE
B TIFROAF =L LTERNAR LTz, T7hbb, YA RSV T LI XA T ATV 1¢
OMe R20H OMe
MeO 0 LiOH/H,0 SocCl, 3 R20 0
o) OMe THF DMF (cat.) pyridine o] OR?
MeO reflxu CH,Cl, CH,Cl, MeO
2 reflux reflux 1c (R = 2-ethylhexyl, 83%)
1d (R = 1-butylpentyl, 70%)
B%}_\ B%%—\ 1) socCl Bu>__
2
OH g Br Et O  1)2BuLi DMF (cat.) E O
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! ' ke, ! !
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BEOdIE, DA NIV TUVIEZABI AT (2) KLY T LTIAKSHELTIA R T
VI ZNBIZENT-0, TEELT A= VTR & L, RRRIZ 2-2TF AT ) —HH 0
X I-TFN_H ) — L ERKEAET D2 LI ZNTUCE 83% B LN 70% TEA L=, Fi=.
T FNAF LA R MR 1le BL ML, 2,5-VF— Rt Fax /v 4) ZHBEEWIZ L TAK
L7z T 412 1-7rE2-F~FHy (5) Z2EHSETCITAXIMELEZDDL (U 63%) .
TIFNVFTLE 2 BEEHIE TV FAHELTHOL RIATAREMADHZ LI, xHnd 5
T L7 ZNVERFRER IR 76% TEz, I aiifbT A= VTt LA % 7 —n1 b LT 7 =
=V EBKIEETHZEICED ., 1e BE O 2R 75%5 LN 87% THAL L7,

AR LT 1e~1f OEWMEE L OOt 2 % 1 1R (Bl
DlzH1a B LM 1b OF —% R 7), REEEEE (DSC)
AT LD BT VX VOB T 5 1e~1f 1T T 70 b Fl
ZHT-T 40 C LT OH T AGBIRE (T) 2HA T 2iRIET
HHLZEBHBENI T, Bl LT1e ® DSC Fv¥— b #&
1IZRT, £72, 1aR1b IZEFEND AT IVHEN 2-=F /L
ANF VNIRRT TF AR TF IO D & 1e~1f OE;
il S%EEHRLR) 1IxET51axC1b L Em< (1a L
1c~1e DG, 1b & 1f D) . TAFALEOESIEAEE 100 80 60 40 20 0 20 40 60
WY IZBEZEMEDOR L2 L7592 L LR, Temp (°C)

CARFUTFLIAABEY AT A 1c £ 1d 1, PMMA © K1 T LT XUEV ATV 1e D
WIS LIREE (1 wi%) IchBWCEhZhapskp g DSCTv—h
Z 400nm, 411nm &4 5HFAENEZR L2, 1a DEEMKIERIL402nm THH7-D T, T/aFxy
HIVIR= VDO T VR IV EOESFILITIREEIITITE A EHELE X N2 ENbhoT-, ED—J7,
1c & 1d OHENEETFINRIT 0.53 £ 0.62 THY . 1a D 033 [T T2 fEEVEVVETH 7=, Fi-.
1e DHEOEMH KK ERB L OEFICGRIT 408 nm BL VN 0.62 ThHotz, T78bbH, 2B IS5 (LI E#
THT NV axVEEREHET S & BLRICITIEEL B XV —F, EFIERIIKIEICH ETHZ L
DNoMmoT-, ZONWHEZREENTIY 7 2= LT AT )L Af ORI LB SN, UEOZ b, 1D
TNax LT NN afd v DNRNVIEERET L 2 813, BEZENELA M EEXE5 &L HIZ PMMA
B ABLTZIREE TR LS \EAFRILIE LD TFHRBE L TREFNTHDL Z W LNE ST,

T,=-74°C

Endothermic

F1 FLIEZABEIT AT L1 OEE L Ok

. . In PMMA
1 T, (°C) Tq (°C) Jom (nmm) @
1a — 162 402 0.33
1b - 250 418 0.30
1c —74 247 400 0.53
1d -65 243 411 0.62
1e -72 217 408 0.62
1f —40 288 420 0.69

3. MXEKRIY AL

Shimizu, M.; Tosabayashi, Y; Nakagawa, M.; Kawamura, T.; Sakurai, T.; Sakaguchi, H. “Synergistic Effects of
Siloxy and Silylmethoxy Moieties on Room-Temperature Phosphorescence of 1,4-Dibenzoylbenzene
Luminophores.” ChemPhotoChem 2025, 9 (9), €2025000609.
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_47_



ZE2025A-19

VI ZERDEOOEHNT TO0—F  BIRMWRERALE
R & HIEE RIS E BT

MTERE, AT, &=L hPEAN?
VIR TR PR F B Ak e b
2B R kL — B TSR

1. HEERLEERH

eI viag VERICAT, A A ZAORGFAITET ETEHEEELHE L TWD, TOHFTY
WRBRGFELZHEDLV 7=21F, #HERET 2 BHICZWARLLED THLIZL b bLT, +okE
S DA TV,

V7= 0%, £ V77—V EMTNDEIBEEN T Nl ) o 7 EEDIRTZ EIZE - T
S5, FEHFI @%&%L%ﬁﬁémﬂ%f%é V7= ZEEND E Ra o id, (b2
ICBWTEERBRETOHLIZ 6, FIHICB TS 177 —X hFaA X)) EfEMTLND, B F
m#v%m7z/—W@k7»3—»@K%ﬁéhéﬁ\71/—w@tkm#v%®ﬁﬁém@%
NTCNWBEFD, I —RICEFEET AT va— ke Fa X RoBEBHRRIERARD 5T b
LML NS, V7 =vSFhoTra—itte Rax o ok oW TiE, 2k TIgqE
FZ2RREINTE & A E1THIL TV,

ARG TIE, Ta—nthe RaxvEa2HT 25 Y 7= OMISHENL 2 SR 22 E RN L
T2V 7= FT AT EER L. ALFEBED A = AL EFITT 52 L2 B E Lz, ARAFZEIC
Lo, V= PICEET AT v a— ke Ra % o e b RS B9 D A En 7L
BoNDZENHEIND,

| /\%ximﬂufa
) T %WMﬁ

Twﬂ%w%tkmk/%%ﬁ#é)7 Ay ORIBHIT Son o mo

T, DT RIS L 4 T-PIRIEY” 0)2@5”%%7“#6 (l °°H3
Doﬁﬁnfi%h%h®ﬁﬁi%%&b,%ﬁTét
%%X%M%y&@&%@ﬁ%ﬁﬁﬁﬁ&%@%bt%?»k
AW, T NS TOMISE o i & y A& 2 E RN AAERE L7
FIEEDE AR LTz, 26 DTT LAY A ERHINIKE
AU U, ASEREE O SO DWWt L7z, M1 V7= Stofss

OCH3

OCHs

2.1 RIS AEIRAIC L E MR L) 7= 7 L &K
INAES Do AWFZETIE, T ra—
e Fe v ERFEdsa=7=Y

V7 = OREHEBICIE, 7=
é:ocm HO
OCH3
OCH3 O ‘ 130
JVT IV 3 — )V R i A SR A I RR R L 72

J—tEe FeX s Ref4 57 =/
COUMERBE T L a— e Fad s o 0 90
HA2EHE+THra=7z) L7 La—LR %’K (;
OCH;
OCHg3
) S = EF AR AR LI (212), B2 SCRRLLY 7S veT LRIk OAR

2.2. %W@%%%Eﬂﬁ%@ﬁbt Y7 = TR ~—
V7= O0FPABEIZIE, afifE yALIZ 290 Ra XU ERFEET D, TEND RGN % G
TH70IZ, affE Xy MELRERMAER L) V=T AR ~—2 5 L7z (K3),

_48_



ZE2025A-19

3.
B LT
MV R,

fasin (K4A),

A

B
o

H3CO

OCH3

X 3

FER L BE

0.
0 O
¥ &
ONa
OCHj > _— — HO
OH OCH3
OH OCH3
OBn
OCH3
OCH3
s
OCH3

BCE#H LY =V BT NARY =—DER  A: o MAZH, B:y MAZH

OCH3

OCH3

OH
HO
o
OCH3

OCH3 OH
o
HO
HO
OH
OH OCH3
n

OCH3 OH
o
HO
HO
OH
OH OCH3
n

.2130

EFNLARTRR Y 7 = =7 bW L OMRINK R EE USE LD HSQC A~

53 F AR IEA

xF Loy PRI & Tl

o o
A < <
ol
o &
.. 0" . o
(S OCH, o=
- < BEN
-9
4 L . BARES g
-
]
e] P - .
-
g4 @ 8 g
; ;
& 65 6.0
b T T T T
7.0 6.0 5.0 4.0 3.0
o
B ¥
A -
. BEN
o oo | BOKRES
@ @
- o
8- 8
o | % -
8 = 8
. .
s T T T 3
7.0 6.0 5.0 4.0 3.0
o o
c < <
ooooo
Ho. Ho” - -
& E -
o .J\@om " e&:% ©
L g S
- BARES o
@0 @0
N -}g
-
81 = ]
o o
S T T T T 3
7.0 6.0 5.0 4.0 3.0

60 40 140
L

IEE R AWK SR E A PRI

BT, 77— ERT7 L7 REE~L
%@ﬂﬁ ﬂQﬂ?E@t 775 ﬁﬁﬂ‘h\éﬂf&—o ﬁf\ ni‘fmfﬁﬁ**ﬁ%?fofb\é %j/l/
FEHITFRD BT LAY 2 E 7o T db % I

Lo

EMEVRIR S L7 (X 4B,0),

- B-labeled DHP
B = OH @®:"C
) - OCH3 VAR A=EF %
51
i ~ xo,gf
: o
4 :s 84
—i= -
65 60 Hs
T T T TLTFEFE
7.0 6.0 5.0 4.0 3.0
a-labeled N
DHP R mmm Unassigned
=

- OH
1%. }‘gi

k.

HO
0N
70 60 50 40 30 i N
y-labeled DHP $ . —0O—4 substructure
® :

<<

13
B—B substructure
70 60 50 40 30

mmm  Aromatics

rrr{"ﬂ-r/rr OCH3

HO, o

3—5 substructure

BCE#RY =T MMEEMOBERMIBIKRESHD HSQC A7 MV A: 4T RIERISHIER

V=BT VB, B:a iR F=V ETNARY ~v—, C:y VR V=L ETARY ~v—

4.
[AgEREFRY A ]
1) Z=F .

BRI & IV B

T2 “BERBKEESICE
%75 Bl HARAMF2

FAXHEFU RN BXLO TOEREEY X M)

F % B-0-4 e B
Rz (B R=)

_49_

ZEEVRT « L RALAR



ZE2025A-20

Wavelength-Selective MIR-FEL Surface Modification of
Electrochemically Grown Quantum Dots for Perovskite Solar
Cell Interfaces

Sukrit Sucharitakul!, Siripatsorn Thanasanvorakun',?, Vasan Yarangsi', Monchai Jitvisate®, Hideaki Ohgaki*,
Heishun Zen*, Sakhorn Rimjaem®,%, Supab Choopun'

! Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai 50200,
Thailand

2 Research Unit for Development and Utilization of Electron Linear Accelerator and Ultrafast Infrared/Terahertz

Laser, Chiang Mai University, Chiang Mai 50200, Thailand
3 School of Physics, Institute of Science, Suranaree University of Technology, Nakhon Ratchasima 30000,
Thailand
* Institute of Advanced Energy, Kyoto University, Uji, Kyoto 611-0011, Japan

ABSTRACT Mid-infrared free-electron laser irradiation was applied to electrochemically grown TiO: quantum
dots, graphene quantum dots, and TiO>—graphene nanocomposites to control surface electrostatics relevant to
perovskite solar cells. FEL exposure induced large zeta-potential shifts and modified photoluminescence without
structural damage. The results demonstrate wavelength-selective FEL processing as an effective non-contact
surface engineering method for quantum-dot-based transport layers.

1. Main text

Quantum dots (QDs) are widely used in optoelectronic and photovoltaic devices due to their tunable
electronic structure and strong surface sensitivity. In perovskite solar cells (PSCs), oxide- and carbon-based
QDs, including TiO2 QDs, graphene quantum dots (GQDs), and TiO-—GQD nanocomposites, have emerged as
promising electron transport materials. However, their performance is critically limited by surface chemistry,
ionic environment, and defect-related trap states that are difficult to control using conventional treatments. This
ZE2025 project explored mid-infrared free-electron laser (MIR—FEL) irradiation as a non-contact, wavelength-
selective surface engineering approach for electrochemically synthesized QDs relevant to PSC interfaces.
Experiments were conducted at the Kyoto University Free-Electron Laser (KU-FEL) facility using tunable MIR
wavelengths around 5.7, 8.0, and 9.1 pum, corresponding to vibrational modes of surface functional groups and
metal-oxygen bonds.

Electrochemically grown TiO2 QDs, GQDs, and TiO.—GQD nanocomposites were prepared in aqueous
colloidal form and characterized before and after FEL exposure. A key finding is that MIR-FEL irradiation
induces large and reproducible zeta potential shifts of approximately 40-50 mV, accompanied by a reduction in
hydrodynamic size. These changes indicate a reorganization of the electrical double layer and surface ionic
environment rather than bulk structural modification. The resulting photophysical responses are summarized in
Figure 1. Optical measurements reveal material-dependent behavior following FEL exposure. TiO2 QDs exhibit
systematic modulation of photoluminescence (PL) intensity without spectral distortion, consistent with changes
in non-radiative recombination pathways. In contrast, GQDs and TiO-—GQD nanocomposites show enhanced PL
intensity after irradiation (Figure 1), indicating suppression of surface trap states and improved electronic
passivation. Transmission electron microscopy confirms preservation of crystalline cores across all samples (not
shown), demonstrating that FEL processing selectively modifies surface states without inducing structural
damage.

The relevance of these surface modifications to device performance is reflected in PSCs incorporating FEL-
treated QDs, which show improved photovoltaic metrics compared to untreated controls (Figure 2). These results
establish a direct link between FEL-induced surface electrostatic control and enhanced interfacial charge
extraction in PSCs. Overall, this work demonstrates that MIR-FEL irradiation using KU-FEL is a powerful and
gentle method for tuning QD surface electrostatics and interfacial properties, offering a unique capability beyond
conventional thermal or chemical treatments and providing a solid foundation for high-performance PSC
applications. This work was supported by the Joint Usage/Research Program on Zero-Emission Energy
Research, Institute of Advanced Energy, Kyoto University (ZE2025A-20).

2. Figures and tables
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Figure 2. Performances of Exposed QDs in PSCs
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JEEETIL, Spl ODEERATHART v 7 U ps sBIRG 20 85 7 2 7 FRld s Cid7e < | #9 90 72 HE D zf domain
OEFITIH D LB BN LTz, SHIC, MIAEHNTO Zn B & D 2f SR OB OB T~
B5- R L7- (X 1A), L2>L. Spl OB zf ST E OB ICITE > T <. Zn? B DI
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N F T B OESIRERLE L TRINT 5, Fexld, IAv U AFEAA 4 F ¢ kL TRPCS O
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W2 % . EGFP O R L & LTI Uiz, ABFFE T, Spl @ zf £IKICIE 5 VL IRHE
ERH OO, Spl @ 338 zf domain % % D F ARG R A A & LT, #¥ /37 'E EGFP O
FHTEICE AT D Z LT, Spl @ zf #iEF A EGFP O e E 2L CEERE T 531 4 W
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1 (A) Spl D TFHEEINDHEBITIRE., (B) Zinc finger /34 A& L — DX,
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zf-EGFP % KIGHIC CHBIG, A AR a~ N 7T7 7 4 —IC X DR L72 (W 38%), = O zf-
EGFP |Z%F LT, ¥ L —% —EDTA ORI LD Zn> OFfEEECEE 5 (1) EGFP EILOEEINE . KT(2)
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zine finger i DHEAEZE L O FE 7> B AL L 7=, 19 FEDTA
(1) HEICIEE R ]

EDTA #INZ X 5 zf-EGFP @ 395 nm Jihit 5
JRIE (F.Lgs), M ON 466 nm [t D E IR (F.1.466)
DOELZERE LTz, TOfER, EDTA 77E Pz
T, FlLyos A U, Flae S EF35 2 & ER S
iz, ke LT, ﬁ%%ﬁﬁ@ LA (F.Lago/F.l3os) 50
IZBWT ER (13%) 23 RS- (K 2), "0 10 20 30 40 50 60

. Time (min)
(2) zinc finger OFEHEFEAM .
‘ . 2. zf-EGFP O Yeif & L o A DO 2L, 20-25 43
EMSA {£I12 XV, EDTA ImINZ & % zEEGFP @ 2.7 SOLR g el 7

, IZ 5 mM EDTA (7R) % 7= 13 buffer (F) % i
M AN IR =\ - M AN NiiiTe
DNA e RO ZAL 27 L 72, Spl 2f O &Ry DNA (Cy5 channel) EGFP (Cy2 channel)

DNA %ttt Cy5s Ciftagk L, zfEEGFP & DNA @ 1 2 3 1 2 3
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Y ROY 7 FaFHI L7z, ORI, EDTA JEAFE ‘ t

Ratio (466/395)
» »
o o

o ¢

TCIEMERR S 4172 DNA & EGFP HRD R R
7 b (1K 3, lane2)7%, EDTA {#(E F ClIfEiR &7
Motz (M3, lane3), ZDZ &5, EDTA 7 F
Tl. zf-EGFP | ian* FHEIC L W DNA fiARER &
HELTWD Z EnfER s,

e\ T, EDTA RN & % zf-EGFP OffEZ Ak
Z CD AT MVINBEHIT 5 72 G B D 1) 3. zfEEGFP @ EMSA, (%) DNA (Cy5 channel),
FEKY | HE 82%D zf-EGFP Z MG L7, Z @  (4) EGFP (Cy2 channel), Lane 1: DNA 7%, lane 2:
Zf-EGFP |Z%f L C. Fiidk & FEEDEi 21T~ 7~ & = W/ zf-EGFP, lane 3: w/ zf-EGFP + ETDA, Free | Free
7. WML LA D EH (24%). DNA fEAHED DNA. Bound /% zf-EGFP #5 & DNA D/ R&ERT,
RIEDER SNz, S HIT, CD AT MG,

Bound—»

Free —»

EDTA TF#1E F Ta helix O/ 23HERR S v, zf ik ”
DEHE L CWD Z ENREInz, kLY, zft- 7.0
EGFP | zf #EDMEHZ # g L > 4D LR & .
L CRIITTAE: = & AR S iz, P
X512, Zf-EGFP M AW 72 3 A A v W — <E B0
L CHEEERTRE T % 1R 5 720 | Z BRI -
DS E LT L2, ERCOREE zf-EGFP :ﬂ
U C, Zn? fF(E N CHEEHREE L A (FLago/F.l3os) D 50

Zn () e f#)

4. zf-EGFP DHCEIRE L v A4k, 10 uM
ZnCl, (#R) & 721 buffer () & RN,

HREIZHEAD LZ (K 4), Z0Z bix, ik 2f

TEMREIC K DHOEIRE L o A DB L L Wi & Tho
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EORRZ BN LA D EFH-& U CTRIFTREZR FARE S 1172,
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ZENMIRIB I NI, ARIL, A AL LT T 572, Zn?NLIC K AHOEIRE L v
FDOWD B zf domain FINLD zf FEETEARIZIN D Z & % CD AX7 h)V LN EMSA A2 X 0 §EHlid 5,

_53_



ZE2025A-22

ABEBERNASKICE D ZEXRBIEDH —R v MERIZE
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0.5% CTholz, B E 7 T4 AL MY I TEZEHICERE L CHEAIL 72, KU-FEL IC3%E Sz
T/ NAYAG L —HF = 2T A HOH 3 @il EZ /T A M » 7 BIRBICAH L THE 2.2
eV 25 29eV O 1E R 7 E LT, FEL O OH RN N~7 a V2% 7 a—7%E LTHN
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ICRRE LTz, FFRA e~ gV 22 E—LA AT Y v Z—2 X0 SIRAER & FlE s o8 L,
ZHLELEE MCT Mgz HOW TR L7z, @l MCT ftds O NEFIZT V24V A hL—Y
FonmAa—FIC AN L=V F v ar B a—F— TRV AN TN L7-, FEL OARZEMIZ X 5 H
IMEFDOEBZ 2 DO MCT MHEROHIIEFOLMEZTS Z & Tx v 2L, ZOMOFRRKIC
T HHIMESDOEEOREL 100 >3 v FOYHZ2 LD 2 L TR L7,

3. ERHERLELE
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_54_



ZE2025A-22

YENL Y & BV — T 5[2], BHE T 7 A~ DR 50 : : : : 25
SRIUEFEICE A~ 1 7 e DO EER TR T 5 R “ o 2

FRTIN S22 = b TIARER T R ML 2N
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ENMZIERCTHLZ ENHIA L, BHIS Y U 7TIRILORERISE NS | RE & RGEM OMIZE
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1. ArEEERE BEY
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AL D 2 & TIEF L ENEZ RN L 7=,
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N ARRED X REHT (XRD) $ LY — byt 20
NMENTFRER A X 11T, (EEERTIL Ry = 1 BB O Y — h UL RN RS 5
3.44 %, Ry,=2.32%,5=590 T o7, ZOFER.
fHE U TRTdE v-LiBeSiOs &/ 5D BeO 6725 Li,BeSiO,
THRMEIRNTER L TV D 2 E BN E T, fEA A 13— : :
M3 L ONDFT IC K DB EENAAENT 25, Li-O _ Two-phase 5
BLEO BeO OFAITEL LTA A AR, Si 1.2 (Li)BeSIO, +BeO)  #%
O IEAIAM AR B, Li % Be OMIEFRBAMC o | //
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0, EEAEKERECENT, ZhL EOBLEIE  § 40l //3
R LIS WEFHEE RO 2 LAVRIR SN, T
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3. bV FU AR —=—90% °Li enrichment

PHITS =1— | & JENDL 7 — % % i e — e 08 S s 0 7o 80 e 100
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HEFEMERE S FIT S vz (K12), BeO &H %% 40-99

at. % DEIFH CEAL S 7AE R, BeO 97 at. %23\ T,
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ROVBAICBWT Y., kM (LiaTiOs. LisSnOs, LisPbOs. FLiBe) &[5 & 5\ L2 LL E ol

PEREZ R LTz,

4. KEAKIFHIT CTOKRRE
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P T COFERBR M X, 3L A L72K
RIHTA I~ N7 7 =XV PESNT, &R
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o7 70y Pkt 2 RICT AR TH D LAESIT 6D, Lo Lanb, AMEHTZ
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UF U LB A2 I 5002 T D72, ENAOERRIF AL LR B A 5HE LT b,
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2 HR R L 2 — B TSRS ET

1. &S

TR, RIRERME BB L OMHEA T 7 AF v 7 BEEHIOBE O BRI T 7 2F v 7 1Rk
DEBNPRKD SN TS, WHT T AF v 7 M CTHLR) =F LT L7 XL —KPED) DU A 2
JEZIEZ 3 SOEM R H 5, FOHTEERZ AN A 7 I L) B A 7 AN E A LB B
BFREZ—EZ V7 LIEBERE TS TWDE, ZOXRAL T I NP A 7 NEIC XD TELDER
WZIEKREL 200 RN H o7z, 121%, BERERODMHEDEN & ThHoTeh, 2D 20 FFDORON
AFA LT H~T 47 ALBIGT T FRORBEIZ LY T 215 2 R0 f 5 o @i L3 R
Nlce 9 1 HOOREREN, BRI PET OMNTERNWZ EThDH, LiL, Ziudige
A R ST, D F D | PET AR R LROKAR 722 & OREHME7R & OfEds PET 2 U YA 7 VAL L7e &
FREF DI TRRIZEE 2N EN, XA FT I N B A T NEOTENDO RS RIS > T
Do & ZT, ARFEMFIEE PONS, MRS T E OREE PET MBI RIALERBE B IFZE M T T D,
AWFFRIZBNT, TRIEHET L —F—% A= PET &R h D5y FBL AR F OREERHIE 24T
PET 78 NV OEEFR 3R DERRE HIE T,

2. EBRIF

BN T Y LI X T L7 o — & —PET AR M AORRERAS O8I H (8 10 mmx20 mm) % V7=,
HHEE L — BRI T R L —8 T2 98T KU-FEL (2 CTiT o 72, E ORI, HE
VIOEATHRZE (1026 7.22 / 9.83 / 11.40 um D 3WEEZBIRL-, 7L AT R/LF— 30 - 50 m],
2OV ARG 2 Hz D7V AP 2 B — AEAK 2 mm TEBRRE L7z (200 um@IZER), BEYHF DA
/N X BREIRERE (WAXD & SAXS) 13 SPring—8 @ BL40B2 TiTo7- (X#EEIZ1 A), MHSdik
A7 # b =27 A flatpanel (WAXD) & Pilatus 3S2M(SAXS) Z T, 4 A T RIZFNFH 0. 05 m(WAXD) .
1.8 m (SAXS) THIE L7,

3. WRLEW

BEIREY PET AR M LU OBEHE X, 7.22 um S TIEIBEHER T - & 0 D0 hd, @R EM TR A
W E-T2, F/2, HHETFL——Z2Z R MAUIFICHBETLE IXF T v Lo ERT S
23, 11,40 um R CIEZOFIXTEAEE SR> 7=, 7.22 pum (1385 cm’) HREHIPET T L~
S VBRI Sy 2 7RI Z — Sy b E L TWT, ®F LT, 11.40 um (875 cm') HUHIX PET O=F
Vo) a— Ll E XY —T vy hELTWD, DF0, = F Lo 7Y a— iz RNg—57 >
ET RN EEZRET 2 & &R O TITRENER Do T2,

X 1 IZHEIRES PET AR R L) o WAXD #ifR &2/~ L=, R E HE L —V—RREHC L - T, #HHD
bragg B— 7 23N L7z, 7.22 / 9.83 umMBHIE. g ~ 30 nm'OE—7 23BN L7=A, 11.40 um
FRE I L2222 o72, q ~ 17.5 nm ' OB — 2713 7.22 / 9.83 / 11.40 um MRS CTHEIN L7223,
IR 11,40 pm BBEDAKE o720 11,40 pm BBETIX A 0 0) @IS T D5RENEML7Z
ABIHRED)

PET 7R h Wiz &M a2 W= H 7 o —lENTiIc ko ClibiEsh, AR TEHTHLD T, 7 AT
BREED X 5 R RBEY A X2 old-o& 0 L L&z cE Ty, £L T, 7%
T 7 AT —TRETNL OO E—7 R0 g LA —NFEL (M2 FHH) . SAXS (® 3d) TiEH -
THELEEFNREENALN D202, B TOBAMLZ MR- 72 F THEERICE D 7 A 7 HiRIK
FOREED S L WD Ko7, HHE T L—V—MBEIZ L 5 bragg B— 7 MEOHIN & v — 27 HBLE,
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1. Outline of Research Project

This research project focuses on investigating the effects of mid-infrared free-electron laser (MIR-FEL)
irradiation on polymer-based nanoparticles intended for drug delivery applications. The study utilizes
biodegradable polymers, poly(lactide-co-glycolide) (PLGA) and poly(lactide-co-glycolide-co-caprolactone)
(PLGC), which are widely recognized for their biocompatibility, low toxicity, and controlled drug release
capabilities. By applying selective MIR-FEL wavelengths corresponding to characteristic infrared absorption
bands of the polymers, the research aims to induce controlled structural modifications such as chain scission or
cross-linking. These modifications are expected to influence molecular structure, thermal stability, particle size,
and colloidal behavior of the nanoparticles. The ultimate goal is to optimize nanoparticle properties for enhanced
drug delivery performance while supporting the development of sustainable materials aligned with zero-emission
energy research initiatives. The research is performed through collaboration between Chiang Mai University
(CMU) and Kyoto University (KU-FEL) under the Zero-Emission Energy Research framework.

2. Introduction

Polymer-based nanoparticles are submicron colloidal systems widely employed in pharmaceutical and
biomedical applications. Their ability to encapsulate both hydrophobic and hydrophilic drugs, combined with
tunable surface characteristics and degradation behavior, makes them highly suitable for advanced drug delivery
systems. Among available polymers, PLGA and PLGC have been extensively studied due to their biodegradability,
compatibility with various tissues, and predictable degradation through hydrolysis.

Previous studies have demonstrated that irradiation techniques can significantly modify polymeric materials by
altering crystallinity, thermal behavior, molecular weight, and morphology. Quantum beam irradiation, in
particular, may cause cross-linking or chain scission depending on irradiation conditions, thereby influencing
mechanical strength, degradation rate, and drug release profiles.

Mid-infrared free-electron laser (MIR-FEL) irradiation offers a unique advantage because of its wavelength
tunability, allowing selective excitation of specific molecular bonds. In this project, MIR-FEL irradiation was
applied at wavelengths corresponding to CH stretching, C=0 stretching, and C-O—-C stretching vibrations of
PLGA and PLGC polymers. This selective approach may provide insight into structure—property relationships and
may offer a promising pathway for tailoring nanoparticle performance for controlled drug delivery while
maintaining biocompatibility

3. Methodology

PLGA and PLGC polymeric nanoparticles were synthesized at Chiang Mai University using established
nanoparticle fabrication techniques. The prepared samples included blank polymeric nanoparticles, Nile red—
loaded nanoparticles, and paclitaxel-loaded nanoparticles. All samples were prepared in two physical forms: dry
powder and aqueous solution at a concentration of 1 mg/mL, to allow evaluation of irradiation effects under
different sample conditions. Prior to irradiation, comprehensive physicochemical characterization was performed
to establish baseline material properties. Fourier transform infrared (FTIR) spectroscopy was employed to analyze
the chemical structures of the polymers, with particular focus on characteristic absorption bands corresponding to
CHs, CHz, and CH stretching vibrations at 2,900-3,030 cm™ (3.3-3.5 um), C=O0 stretching vibrations at 1,660—
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1,880 cm™ (5.3-6.0 um), and C—O—C stretching vibrations at 975-1,110 cm™ (9.0-10.2 um). Molecular weight
variations were estimated using viscosity measurements, while thermal properties were examined by differential
scanning calorimetry (DSC). Particle size distribution and colloidal stability were evaluated using dynamic light
scattering (DLS) and zeta potential analysis.

Mid-infrared free-electron laser irradiation was conducted at the Kyoto University Free-Electron Laser (KU-
FEL) facility. The MIR-FEL system provided tunable wavelengths corresponding to the infrared absorption peaks
of the polymers. Samples were irradiated at wavelengths of 5.0, 5.8, and 9.3 um with pulse energies ranging from
approximately 50 to 54 mJ. A parabolic mirror was used to focus the laser beam to an area of approximately
2.0 x 1.0 mm?. During irradiation, samples were continuously shaken to ensure uniform exposure, and irradiation
durations of 1 and 5 minutes were applied.

Following irradiation, post-treatment analyses are carried out to evaluate laser-induced modifications.
Changes in chemical structure will be investigated using FTIR and nuclear magnetic resonance (NMR)
spectroscopy to identify potential bond scission or cross-linking events. Thermal behavior and stability will be
reassessed by DSC to determine alterations in glass transition temperature and degradation patterns. Variations in
particle size, surface charge, and colloidal behavior will be analyzed using DLS and zeta potential measurements.
This systematic approach enabled direct comparison between pre- and post-irradiation properties, providing
insight into the influence of selective mid-infrared irradiation on the structural and functional characteristics of
polymer-based nanoparticles.

4. Results and discussion

Pre-irradiation characterization confirmed successful synthesis of polymeric nanoparticles. FTIR spectra
showed characteristic absorption peaks corresponding to functional groups of PLGA and PLGC. NMR analysis of
PLGC indicated a monomer composition ratio (LL:GL:CL) of approximately 63.62:27.51:8.86. DSC thermograms
revealed glass transition temperatures in the range of 3540 °C, while DLS measurements indicated nanoscale
particle sizes of approximately 250 nm.

During MIR-FEL irradiation, strong interaction between the laser wavelengths and polymer functional groups
was observed, as evidenced by physical responses such as smoke generation. These observations suggest efficient
vibrational excitation of targeted molecular bonds. Post-irradiation analyses are ongoing; however, preliminary
findings indicate that MIR-FEL exposure can induce structural modifications in polymeric nanoparticles. Such
changes are expected to influence molecular weight distribution, thermal behavior, and colloidal stability. The
ability to selectively modify chemical bonds using wavelength-specific irradiation represents a powerful approach
for tuning nanoparticle performance without introducing chemical additives. Overall, the results demonstrate the
feasibility of MIR-FEL irradiation as an advanced tool for engineering polymer-based nanoparticles with tailored
physicochemical properties suitable for controlled drug delivery applications.

5. Conclusion

This study demonstrates the application of MIR-FEL irradiation to modify the structural and functional
properties of PLGA and PLGC nanoparticles. The goal is to optimize nanoparticle properties for drug delivery
by irradiating selective wavelengths of MIR FEL, providing insights into the design of more efficient drug
delivery systems with controlled release profiles and enhanced stability. Comprehensive characterization before
irradiation confirmed suitable nanoparticle size, thermal stability, and chemical composition. Ongoing post-
irradiation analyses indicate that MIR-FEL treatment has strong potential to tailor nanoparticle properties.
Future work will focus on optimizing irradiation parameters, fully correlating property changes with functional
performance, and evaluating in-vitro biocompatibility. The outcomes of this research contribute valuable insight
into sustainable nanomaterial design and support the advancement of zero-emission energy research through
precision quantum-beam technologies.

6. List of Research Achievements

[1] N. Khammata, N. Khammata, J. Kongsuk, H. Ohgaki, S. Rimjaem, H. Zen, W. Punyodom*, Impact of
Irradiation on the Structural and Functional Properties of Polymer-Based Nanoparticles for Drug Delivery
Applications, Poster presentation at the 2025 Annual Meeting of ZE program, December 12th, 2025, Kyoto,
Japan.
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NMR 27 MV &G, A2/ 7a by, HEOFa by, AFL7a broffbFy 7 hBLIOA
NRY NN E— B SATRRGE[1] & BB LT RE SR, AR DNA 8 2 DO AT A— —TEEE o4 o~
NAREEZ TR L T D Z EDVURENTZ(X 2), & o~ IT AT AULERIC 5 & 3 URAMLE 95
72, =v 7 DNA DET )V L5, BREVGE LT, 0.14mg/mL O CREEMIES FHLVE
— 7 OHBLE Z OEEOHIMAHER STz, B SAXS EBROFEREZRFE 25 &, AWEAICLD
NMR A7 MVELEZE 2 HiIVD,

(78 1%y S 21— 3] §-d(CGCACACA)-3' & 5'-d(TGTGTGCG)-3' D AR H 725 B Al
YU 7 AE1ER w3DNA 2.0[2) CRESE L7, THRREBOMEIL (C>T, A>G) % DSSR[3]% VW CiEfi
L. Chimera[A[\Z#LAIA £ AV T2 minimize structure &Y = — )L C—AKEHD = v 7 DNA ~ME&E @b L7,
ZOETIVEYBEEE L LT, CHARMM-GUI[5]? solution builder % Fi\ N CT¥Af# L. CHARMM36m /)
WM Lz, 0.1 MKCl £7EF. 25°C, pH 6.5 OFAMT, GROMACS 2024.4[6]% 1=y 18 117
Va2 lb—va il kY 100 ns O L EITo 72, DNA OBEH /O Sl C1-G8 HEEXxT DO IE
BEIZIE & A EBIL L0 DT L3O T9-A16 HEIERT OB O BT K& < BEd 5 2 ElbhoT,
T9-A16 T DEZ DD B ENAWRAD LT SO N->TNDH I ENRBEIND,

13 14 1516 1 2 3 4
12 1 10 9 8 7 6 5
2. %15 DNA OFHIFE LU L T 5 & o~ LR S ORI

3. BEM
[1] Rinkel L. J., Tinoco I., Nucleic Acid. Res. 19, 3695-3700 (1991)
[2] Li S., Olson W. K., Lu X.-J., Nucleic Acid. Res. 47, W26-W34 (2019)
[3] Lu X.-J., Bussemaker H. J., Olson W. K., Nucleic Acid. Res. 43, e142 (2015)
[4] Pettersen E. F., Goddard T.D., Huang C.C., Couch G.S., Greenblatt D.M., Meng E.C., Ferrin T.E., J. Comput.
Chem. 25, 1605-1612 (2004)
[5]Jo S., Kim T., Iyer V.G., Im W., ] Comput Chem 29, 18591865 (2008)
[6] Abraham M.J., Murtola T., Schulz R., Pall S., Smith J.C., Hess B., Lindahl E., SoftwareX, 1-2, 19-25 (2015)
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)T DEESHIE L LFEE DR

REAEFE !, AFIEN? FASE

VR KA AT B AR T
2 TSR R L X — TR AT

1. 3UHIZ

A7 DV 7 v a—ARNA T ADEERTO—DTHDLHY 7= 0%, A Fo 4 —F

%7/ﬁ PR P OBLELZDOHFET, a=7 AT ba—IL (BE /) ~—) RV AT La—
V(ST ~—) o) 7= (K1) BPRAKEES LIEFICERE S L LT RRE

%Mé%f%éoUﬁ:V@%/7~ﬁ®%AiBO4BSBB]M 4-0-5, 5-5fEE7e E% < Off

ERD DL, V7= ROEREN (B ~—) OFIEGLHEMFFEAOFIEIX I E TITHaIcfii S

NTWVDEBR, ZNOLNRED XD BRIEFTHAE L TWANhE WS T

FIORBIIARMIAO FFHRINTND, Fxld, ZNET, MED MeO S~ o
Ta—~Arm )7 72— PR %K) O, B0, &REHRLUZHET IijAV«
EREEHNT, B/ U7 ) — LOBRNBAZRES 21T, U2 Consorst aconol (GHE /9 )
= U ORET 21T - CE 72 ), BEAOIHREEEZ LN L
KIRDY 7= Db L T 2 2 Lk UV =v 0Es MeO NN
A=A LEMA L, HEOHRANEIZES Y 7= ofbZEED HO
FEAMEZALG NI T A2 2 HE LTV 5D, OMe
FyERIAVRE T REDAL XBMOY 7= 21%, p- Sinapy! alcohol (S#E/¥ =)

hydroxyphenyl (H) 23 & £ CE Y, ZDOHIBATH 5 p-coumaryl
alcohol (X 1) DO/KFEEIZEET HHFIEN ﬂif A ST
WD N2 o V7= LR L T, FalcRE ST pggmeammdm&E/Qﬂ
5 EIFXWZ 2, RHEFEIL, p-coumaryl alcohol DEESR /KSR EH A %
B Lz, RO NTEHEMNOA Y AV 7 — /L ZHEEL . NMR : NI

. . . - M1. V7 =rDFdEs ) ~v—
CEDBEERIELE, $Diz P04 WO LHMERCEE s

OH

;

2. ER

p-coumaryl alcohol % £ & LT, HRP (Horseradish peroxidase) 35X OV H.0:% FW 7=l kKFEEE % 5E
i Utze BOGEBEZIX, K7 & F v (90/10,v/v) DRSS mﬁ%%wtoﬁméﬁ%iM%i%wT%
HL. ﬁ%nt&f%&% A%z HSQCNMR (XD 3ffr L7z, SHiZ, W TLCICL D A ) F~—
ZHBEEL , WS 21T o T,

3. WRLBZ

Wi AKFBEED NG, B-O-4, B-5. B-B A —FfK, monoepoxylignan Z#HEEL7= (X2, 3), TNEh
DOEEIX, T/ ~—MBHTEIC L > THETEND 728, 1 FiE (H02 0.5 eq.) TiE p-0-4 28%. B-5
42%. B-P 25%. monoepoxylignan 5% T > 7=, 7=, B-O-4 ﬁugiﬁ‘ IR EMARTH D erythro A
threo TLOIREM T -7, FIGHAIED HSQC NMR (Z31F % Ha/Ca, ki@mwﬁw/&%»ﬁ
FEIN S OIFE 2R UT-RE R, ervthro 8 28%. threo 8! 712% T - 7=, RO P/KBEA L%
coniferyl alcohol (G £%) 35 X U sinapylalcohol (S %) TIT o 72855 ervthrolthreo FIEZE I ZE 1L 49/51,
90/10 TH Y V. FHERED A b VIO erythro BIOEIGNHEINT 5 Z LR ENTZ, ZD
BRI, P MERERENR &2 VN T2 p-coumaryl alcohol D RL/KBRE S D B-O-4 FEE 23T threo T HMEZS
ThoHEeWVnHIHE B, ¥/ U AF RPEES~OKMIMEEROFER &G LR, £, IREEH
U7 =TSN, A M EOHEIIIIE erythro TLOFEIG HSINT 5 #0963 D/ R &
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polz, IHIT, ZEMENEEE L7 e b o REAHBE A2 8L T & 5 NOESY HIEIZ & ¥ monoepoxylignan
D BALE BALOSAREE Z FFMGE LTz, HEBEOMEET 240 M7 m b o % FEUE | TFE B B 2 b
L7=fE 3. cis BAfR TR < | trans PR THIWVFERE A2 7”9 Z & 225 monoepoxylignan @ B-B' f& & H#R0 1%
trans K CHDH = & MR LT,

ppm

B. | s
-ﬁ’ Lso
|55
v Lo
[-65
- o
.Q |75
[-80
q,. L 85
90
monoepoxylignan B-0-4 CD(?IE' I — — o
55 5.0 4.5 4.0 3.5 3.0 25 2.0 ppm
2 HEEL7=T U 7 ) — 3 Monoepoxylignan ® HSQC NMR A~X7 /L
4. BEIHER

1) Yamaguchi, A., Kishimoto, T. Urabe, D. Initial stage of syringyl lignin formation from sinapyl alcohol, J. Agric.
Food Chem. 71, 14666-14677, 2023.

2) Nakatsubo, F., T. Higuchi. Enzymic dehydrogenation of p-coumaryl alcohol I. Structure of dimeric compounds,
Holzforschung, 29, 64-68, 1975.

3) Nakatsubo, F., T. Higuchi. Enzymic dehydrogenation of p-coumaryl alcohol. III. Analysis of dilignols by gas
chromatography and NMR spectrometry. Wood Research, 58, 12-19, 1975.

4) Akiyama, T., H. Goto, D. S. Nawawi, W. Syafii, Y. Matsumoto, G. Meshitsuka, Erythro/threo ratio of -O-4
structures as an important structural characteristic of lignin. Part 4: Variation in the erythro/threo ratio in
softwood and hardwood lignins and its relation to syringyl/guaiacyl ratio Holzforshung, 59, 276-281, 2005.

5. TEXERIU AT BLW TOEFBRY X b
[Fm SCFER Y A B
L
[ZH., 7V AFELE]
L
[PgazEZR Y A b
1) Ayu Yamaguchi, Daisuke Urabe, Takao Kishimoto, Guaiacy-Syringyl Lignin Formation Mechanism

Revealed by Copolymerization of Coniferyl and Sinapyl Alcohols, International Symposium on Wood, Fiber
and Pulping Chemistry, ISWFPC 2025, Ralgh, USA, June 2025.

2) Takao Kishimoto, Elucidation of the polymerization mechanisms and chemical structure of lignin,
RISH/BOKU Joint Seminar, Uji, Sep 17, 2025.

3) RHAFE. BARE  Ip 7/~ I AT Na—VORAKFEERICIVAERT LAV AV 7 ) —ne %
DONLAREYE], B 70[EY 7= Ftimes, H. 20254 11 H T H

4) {ﬁ7}<$€<ﬁi\ HERIr, ARG Ta=7 = VA7 L a—LORKEESIZE D565 KEMER

ODﬁMﬁJ\ 5576 [ A AR PR RS, JRR. 2026 423 H 17 H

5) SMHEE. WM. kWS AFEIEAN HERIT. Fﬁxm D o= = U AT L a— L OREE

ik & A OACFHEERT . 55 76 [0l A AR FRRE, r“%\ 2026 43 H 17 H
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BHABIEZRAWVE=2EEKR) FOLSM A VEBEILOER
(TR 5HR

EABOTARE !, T, ABREEREE Y, MR 2, BTN G, fEa OR k3, JUOREERR ¢
'FETRERFERF R TF5ER
2 A FHETSERT
SHARTRT: U F U D& S ek
ST R L X —H TS

1. TRLEH

PrEIyva X —ThboKGEHEELAMENTLOICIT, GEE, KaXFTHD
ERIRFIZ . SRR TIZBWTHZRICEE L., )OSR IS ATRE 72 i s i R 2 i o X
T LADOERNARTH D, REEREMIL, TAEEREEZ AT EWESEEZ AT 52 00, il
REEME LTHERINLTWD,

AWFFETIX, ZAVE T AR B R & g U TRWAREZ T Y F U A m IR (Li-rich)
IEMR & PR b EREME OMAGOEIZER L, RIRY 7 & 210 L5 R EElsii ot 2 o T
7o AREEIXE OGS LT, Li-rich [EMRE REROBIREEZ A L, D oEmE e L TIAL
AW STV D Li(NiysCoisMnys)0, (NCM) 1EMRA %5 & L7z, NCM 1EMR T S HERE 0L 2812 BY
TOMANGE THY . TS B, B E SR TR E RS 5 2 D B 2 T 5
IZODETAMELE LTHEL TV D,

AL Tl RO EIREER 7 7€ A (HT: Heat treatment) 35 X OMKIRREHEK 7 rE A L LT
U b—W—Z 2B A L (ELAMOD: Excimer-laser-assisted metal-organic deposition) (2 42 ¥
EEL L 72 NCM A/ L EREMRE 2 AG bl iz o T, miERRE F.L L LB
TR 21T 72 o T2 R RIS OWTHE T 5,

2. EB

NCM EMEREOFiBRARIRIL, ZhE TOWE LRI, Bk Y 7o LK, Bifg= > 7 10)
PUKFW) . BERE =30 RADKFIY) ., Bifg~ o o (D)PUKFI 2 FEE S L, RY E=1enl) K%
WML T, Bl LN 2-7" a8 — LGl L7, BB LN —V—MBEREO ) F 0 A #R %
EZEL, VT T LT 10wt fl & Lz,

LICGC (XSt ANTH) ZFEMRE L, BIBRARER Z A By 32— MNEIZ L 0 HAR EIC8A5 - g%
VI LT NCM A2 JERL L, HT CTit 600 °CTEMLEE A 1772 > 7=, —J . ELAMOD T/ 400 °CiZ
VL 72 4RBE T KeF =F o~ L—%— (85 mJem?) 4 HBET L NCM B 2 (ERL L /-,

HT 5 L OV ELAMOD (2 L 0 {EfL L 72 NCM/LICGC (2%t L C, E&EEFIHEMEE (SEM) Z FHvClrm
BlEZ2 %1772 572, NCM/LICGC O FE BB RFHERFM X, ARIZ Li-In 54 % V72 NCM/LICGC/Li-In 42 [
RV 2 ERL LRI L 7z,

3. MR -EBE

X 12, HT & ELAMOD T/E#L L7~ NCM/LICGC ®OWrii SEM #:4~4, HT IZ L Y /ERL L 7= NCM
1T, N7 4 —ROIEEELZ /R L, LICGC & O EIZITZER A B 7=, — . ELAMOD (2 X Y {E
72 NCM TR IRDOTEREZ R L CTEB Y . LICGC & OEEEMEHE Shui-,
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1 (a) HT, (b) ELAMOD |Z & v {E# L 72 NCM/LICGC Wi @ SEM {4

X 2 |Z HT 3 X TYELAMOD (Z & v /E#§Y Lt NCM/LICGC/Li-In ilﬁwxu@}ﬁﬁﬁcﬂ?%@%ra“ HT
YTV TCIERBERSNEIT Lo 7= Z &%t L, ELAMOD BV CIIEEIT/NI WDKK ERHETH
S72, ZHUE, HT TiE NCM/LICGC A HEIZZEFRNAAE LisdkPr & 72 5 —75, ELAMOD Tl NCM &
LICGC ODEEAMENRM E L7 ThHd EEZLND, ZOREND, ELAMOD |2 X A gk~ =&
2 DBAPEITTRT Z ERHSREN KRE L TEADKOENITE L . 4% ELAMOD £t 0 £t
NUETH D,

25 35
(a) (b)
2}
3
2 1.5 >
g 1 3
05 1.5-38.2Vvs. Li-In 2 1.5 -3.2V vs. Li-In
‘ 1.5 A 1.5 A
0 . . . 1.5 . .
0 5 10 15 20 0 5 10 15
Capacity / pAh Capacity / pAh

2 (a) HT, (b) ELAMOD (Z X v /E# L 72 NCM/LICGC/Li-In 4=[& A% /L o> 75 e B Kk

4. &9

HT 3 X OV ELAMOD (Z X ¥ . NCM/LICGC/Li-In &E{AEZ /L Z/ERL L, NCM O IZRE & 7 B FF
MED #2417 72 - 72, NCM/LICGC/Li-In O£ [E AR /L2 BT, HT BuicB Wit NCM/LICGC e
BN D 2 EDDREITTE /eo o7z, —J . ELAMOD &V ClIEA MO @O R mEE e m k=
L. BENAREE o7, L LANG, B/URIUIMKAR L L TEL ., 5% IS RTUER OfiffTis X
NELAMOD RO {b N iRETH D,

5. [8XERIV AN BXO IOEBEEY R b 2201 T

F@EW%N“%F/ﬁﬁ;‘nﬂi’%ﬁn‘{f%ﬁﬁu\til{MMﬁ/ . th, D /e A T e T D SR T AR G L B 2
ge) LFEFIH « LEFZERCR IR A p.42~43 (2025/3)
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BRE % A UV KRB 5 Bl B il D BF 38
bt RN BB K I BANY B

B |13 DNE PN o e 2
AR S L — B T2 SE AT

1. *&

PrEzIvyva vz XX =52 FHRIELHEEREMO -2 L LTHAMEFERE T N5, £2T
(X, KFENE (D BEIOT) 2MEEHE LTEDILD A, BUEORIEEN T, =/ F—HERK
EVLWORIBAN DD, ZOMRIZIT, AFFERKRE L, KEMLIREERZ MG DT 8T
FRUOKFFRNAR D BEEZ IR B UIFZE L TV D, £ 2Tl KREMRTRAET DKE - BBED A2 REHE
MFEIE, BEREZRXANF—OREIAEITH, 52, BEFEIC K > TAERLZEKES N F v
LEETeKEFOKBMHMIOGRRSE S, 4 TONIETIR, KIREZ AW 2B CRA RS B
AECETD, HERES & < HEBEEPMEEM ORI 20% LHR S e dro iz,

—J5 ., R TIE, KRR EITB R DA RIA R4 A H)RT 2—7T 74 A 4 (D)
DRGSR K W IKFERAENETT D, D7D, KFBEME A F = X LOENI LY | KB X
D HRERFENAEDBERED IR TE D, F72, SiROTDRISHE D RBAETHY . EHA7
SYBEERE A EN T D7 DI ERMBEE B RE R TE 5, MRE LT, VAT LAREOZ R /LF
—H% % KIGIZHIE C X 2 ATREMEZ LD T D, & 2 CARIFZE TIE, R E L 0 @ FiEE B4R
T 57280, WRIEEMZ W2 HEZ R LTz,

il

2. EBRFHE

A2 Tl LiCI-KCl iRl % THEEBR A2 1T > 72, LiCl & KCl ZZFHF 453 K T 72 B§fELL . 723K
T 24 B EZ2 i S 7= D5, LICEKCI = 58.5:41.5 mol%I272 % X 9 1TIRA& L. 673 K TR & ¥ 72,
SRR Al B, BRI ELSACFNCTER S B2 (a + B) FIIRREED Al-Li B4 2 L., &ir
(% Lit/Li EBOEN CTEIE L7z, {EAMIZIZI T T A(e=6mm)ZHEH L=, TP TLTAT L
ANRA T O EEZT D L ICHREREE ST, WREIZRIE LTz, /N7 VT N3N A T
LTALT AL Hyy Dy HAZ—EDFRE TRAIMAT L7, 1.1 Vovs. LiY/Li TEMAZITV., EIEO IS
BT P Ao H, D DL &2 18 Lz,

3. WRBLUEBE
LiCI-KCl AR P2 T8 T U0 AEMCEME(1.1 V vs. Li/Li) 24T > 72, Fig 1A 121k, a7 A% Ar
25 H lZH) 0 B 2 =B EREZA L A7, 1.6 mA em? ORFREFRICET 5 £ T2 2 FIEOERIED
B SN, TROANLHEN SN LBRMEOEIHZSMAZII T v T 4 7 FTHT LT, 1
BB HEE LTz,

o 6Dyt
ig=ig| 1 -exp (— 7)
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i, i (XEAEAVKFIRICOEIE & RAEREZ T, Duld/ N7 U LD H OYERAREL ¢ 138wk
. PO LIFTAT VT LEMOIES 24, DulFBIRD BN EROME LIRAERICEST D %
TOMEENSZNEI 6.75(£3.25)X10% em? s, 6.25(£2.25) X107 cm?s™ & 72 o7z,

500 ~ T T T T

eV Isobar at Py, = 50 Atm |

400

3 00 - 293?C

200

100
E=1 tE=2

Current density, i/ mA cm ™
IS
; w ;
D -
N
Temperture, 7'/ °C

2 -

0 01 02 03 04
Time, ¢/ hour Atomic percent Hydrogen

50

Fig. 1  Current density in constant potential Fig.2  Pd-H binary phase diagram.
electrolysis with supplying (A) H; and (B) Da.

Fig. 1B ITIFEAG T 2 % Ar 2D Do)V R 2 IR OB A 2 ~T, 22 T% 0.7mA cm? DRSE
MIZET 5 £ TIZ 2 FEOERMOEE NS Lz, Dy ERIERIZ, X7V T LH0 D OIEERE
Dp | XEWANL D BN D EZ O E LRAEMITET 5 E£ TOMME 2 HZEI 4.50(£1.50) X 10 cm? s,
2.50(£1.50)X 107 em?s! & 72 o7z, ZHUL Da DB LZ Y OMTHY , /T V7 AHFO H OB MIEH
WHER STz, REBROFERIL, T VU AFiRE W ToKRBERNARO BRI 2 &S FEEE
DHEEEMTHHEDOTH D,

Dy, DplE & HIT 2 DOEN R S 47z, Fig. 2 12 Pd-H R OMREER % ~7, Pd-H SR DIRFEXITAKFE
DIEZ LD ZET D, 673 K DIRF, 1%n@m$%rfi&@H%V?%WWM#ﬁEﬂﬁ%*ﬁT
50 atm (272 % &9 20 at %H ZHEICHZE LT 5, BUZEAHRAEIC L - TRERITKFE S ED EH L,
TV LOHEENNEZ 57272, 2 FEED Dy, Do BB S EHERI S5,

SKAEFE 1T, KRN S T3 K FTREZZLEES 2 L TRT YT AOMELZHIE L, Du. Do

DEALDIRT 0 LOMEITHKT 2R T 5. £, VA7 U v 7BV Z A Y =T,
LiCI-KCI {FRIE 23 1T 537 U0 AOFEMBESA L FHIFR b IHAET 5,

4. THEAFERY R b

1. Toranosuke Nago, Hisayoshi Matsushima, Yutaro Norikawa, Toshiyuki Nohira, “Study of Hydrogen
Isotope Separation Technology by Molten Salt”, 2025 4/ ZE #Lfi4 = — (Poster Presentation),
11/12/2025, Uji, Japan.
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FAEREEILS—FIZEKD
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PRNIERE !, ASEIEA 2 [ 42 2
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PR RS L — B LA SRR

MEDERLEHN

W R A F~ 2% TS Uiz kL — « bRk,
FEAMEE L O — X B RIS L.

HFEIZ BT,

e EE
RN #Battin—2x

TNa—R&EKa A N THLHENTOMSNLI T EE /2R ="

BTH D, R, ARESRMET TR TRE b L 7 o
DE g e asm

T 2 ORI, =L X— A EYIF OB S

AR

- ' TR
G XS AASROHE it p
GH17 GH16 l t = &)

Tht—H) REME) (~SHLE—

PThD, AR, GFETERAY RS 2 S 2 HA-2 it

WY e |:> ) D=2
g .

L L. EWETOfEEEE L e — A A KIBSME T T - _ wm
RCDET DV AT AOHELF BN E T 5, Qv o

WHIABE IR DO ZHER S DI S LD T2 D, A
WHIETIT S e 7 L e gL (K1) | €D

(B-1,3- (4EpaEe
Tht—t) HEWE)

M1 HFABERELS—FPRBIUOMmBEERZF
F LB S b D T a— R AP

R SR OB P A 3@ U TR 0 8 5% o 5 B AL 2 X

Do AL, B-1,3-T7 0T L 3 FRIZBE G- 2 WE A <

ORI L OWEREMENT Hls DR 21T - 7=,
MERBTS L UHER

(1) B-1,3-JILHh VR FEEERIEFHD in silico IRE

Hl :? L/f\_/\ﬁﬁg%?j/l/ 7%/)‘\% ﬁ}‘ +H 5208250

-0

Sclerotinia borelis 7 ) L2 2 — R X724k b
Pt L b — 2B B A R 1THL e

SHEDIRABIEE R DYRB AT o T2, CAZY 7 i
— A N—=2 W TERSIRIC LY . GHIT .,

MBEEE IC L 0 Bt S st L e — 2%
AT —FBREC LY, T2, BOSEIESES
FAMEEERIC L EEA LS D,

10

| WKGINEOATEANGACKTGTEWENOPRL 1027 PGGIDS YASSOCRT-- - --------
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T rofG LENEICHY- - KREEREAP XA I ERY L FEMFOEN<KQP - =V EKH m

GH17 {64/ ESZ96290.1 12 DWW CEESI GHL7 -
E% L DO —IRIEE LR 21T > T2 f5 5. GH17 o= ::z;:l:‘::

IR IR AEEIR S R & e (K2) e o i
X2 8. borealis 7 ) Az a— FEN7- GH17 BlEER
ESZ96290.1 & 3Ri%EER D — kg

ESZ96290.1 (Z1%. EXxGWP BCHINTE(E L. endo-B-
1,3-glucanase V&M 2 A3 % Wl HE

—7J7. GH16 {5t ESZ98398.1 (2 2W\W T, -
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Enhancing mechanical properties of PCL-based sutures using
selective-wavelength mid-infrared free-electron laser irradiation

Sakhorn Rimjaem ! Nuttawat Khammata', Nuttawut Khammata®, Jutamas Kongsukz, Hideaki Ohgaki3,
Winita Punyodom?, Heishun Zen®

! Department of Physics and Materials Science, Faculty of Science, Chiang Mai University
? Department of Chemistry, Faculty of Science, Chiang Mai University
3 Institute of Advanced Energy, Kyoto University

1. Outline of Research Project

This research project focuses on studying the mechanical enhancement of polycaprolactone (PCL)-based
bioresorbable sutures through selective-wavelength mid-infrared free-electron laser (MIR-FEL) irradiation. PCL
is widely used in biomedical applications due to its biodegradability, biocompatibility, and chemical stability, but
its relatively low tensile strength and limited toughness restrict broader clinical use, particularly in load-bearing
wound closure. The project investigates whether MIR-FEL irradiation, tuned to specific vibrational absorption
bands of PCL molecules, can induce controlled molecular reorganization, particularly changes in crystallinity,
without altering chemical composition or compromising biodegradability. We aim to demonstrate the use of MIR-
FEL as a powerful tool for precision modification of polymeric biomaterials. The work is conducted through
collaboration between Chiang Mai University (CMU) and Kyoto University (KU-FEL) under the Zero-Emission
Energy Research framework.

2. Introduction

Bioresorbable sutures play a critical role in modern surgery by eliminating the need for removal procedures and
reducing patient trauma. Among biodegradable polymers, PCL is attractive due to its resistance to moisture and
chemicals, ease of processing, and suitability for long-term implantation. In addition, PCL is derived from
renewable resources, supporting low-emission and sustainable material development. Despite these advantages,
PCL sutures often suffer from insufficient mechanical strength, slow degradation rates, and limited toughness.
Conventional post-treatment methods to improve mechanical properties may negatively affect chemical structure
or biodegradability. Therefore, a non-contact, non-chemical modification technique is desirable.

Mid-infrared free-electron lasers provide high-power, tunable IR radiation capable of selectively exciting
molecular vibrational modes such as C—H, C=0, and C—O—C bonds. Previous studies on PLA and related polymers
have shown that MIR-FEL irradiation can increase crystallinity without inducing chemical bond scission. Building
on these findings, this project applies MIR-FEL irradiation to PCL-based sutures to explore structure—property
relationships relevant to biomedical applications.

3. Methodology

PCL-based polymer sutures were synthesized at Chiang Mai University and prepared in filament form with
controlled dimensions suitable for irradiation and characterization. Prior to irradiation treatment, the samples were
systematically characterized to establish baseline physical and chemical properties. Fourier transform infrared
(FTIR) spectroscopy was employed to identify characteristic absorption bands associated with CH, C=0, and C—
O-C functional groups. Inherent viscosity measurements were performed to estimate molecular weight stability,
while differential scanning calorimetry (DSC) was used to determine thermal properties, including melting
temperature and initial crystallinity.

MIR-FEL irradiation experiments were conducted at the Kyoto University Free Electron Laser facility (KU-
FEL). The FEL wavelength was selectively tuned to 5.0, 5.8, and 9.3 um in order to target specific vibrational
modes within the PCL molecular structure. A focused FEL beam with an approximate size of 2.0 x 1.0 mm? was
scanned across both the top and bottom surfaces of the sutures to ensure uniform exposure. Irradiation was
performed under controlled conditions of pulse repetition rate and energy to avoid thermal degradation while
enabling molecular reorganization.

Following irradiation, the PCL sutures were re-characterized to evaluate structural and property changes
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induced by MIR-FEL exposure. FTIR spectroscopy was used to verify the preservation of chemical bonds, while
viscosity measurements assessed potential molecular weight variations. DSC analysis was conducted to quantify
changes in crystallinity and thermal behavior. Additional analyses, including mass spectrometry and nuclear
magnetic resonance (NMR) spectroscopy, are planned to confirm chemical integrity at the molecular level.
Mechanical testing, specifically tensile strength and elongation at break, is scheduled as a subsequent step to
correlate structural modifications with macroscopic mechanical performance.

4. Results and discussion

The experimental results indicate that MIR-FEL irradiation does not alter the chemical composition or molecular
weight of PCL-based sutures, as confirmed by FTIR spectra (shown in Fig. 1) and viscosity measurements. No
evidence of bond breakage or degradation was observed, demonstrating that the irradiation conditions are non-
destructive at the molecular level. However, significant changes in crystallinity were detected by DSC analysis.
Depending on the irradiation wavelength, crystallinity either increased or was reorganized within the polymer
matrix. In particular, irradiation at 5.8 um and 9.3 um showed notable enhancement of crystallinity in certain PCL
formulations. This structural reorganization is attributed to selective vibrational excitation, which promotes
molecular chain alignment and ordering without chemical modification.

Macroscopic observations revealed that irradiated sutures became less transparent, consistent with increased
crystalline domains. Based on established polymer physics, higher crystallinity is strongly correlated with
improved tensile strength and toughness. Therefore, the observed crystallinity enhancement is expected to translate
into improved mechanical performance, which will be verified through tensile testing in the next phase of the
project. These findings are consistent with prior MIR-FEL studies on PLA-based polymers and support the
hypothesis that MIR-FEL is a powerful tool for precision tuning of polymeric biomaterials.

N; vy

i\

0y

1,110 - 1,560 cm™ ]
(C-H bending, N - U —
C-0-C stretching) - | 1,760 cm*

(C=0 stretching) 8

Fig.1. FTIR spectra of PCL-based sutures before and after MIR-FEL irradiation.

5. Conclusion

This study demonstrates that selective-wavelength MIR-FEL irradiation is a non-invasive method for modifying
the mechanical properties of PCL-based sutures. While the chemical composition and molecular weight remain
unchanged, crystallinity can be significantly altered by appropriate wavelength selection, offering a promising
route to enhance mechanical properties without compromising biodegradability or biocompatibility. The results
highlight the potential of MIR-FEL technology for advanced biomedical material engineering and contribute to
the development of stronger, more reliable bioresorbable sutures. Future work will focus on detailed tensile
testing, comprehensive spectroscopic analysis, and correlation of irradiation parameters with mechanical
performance, paving the way toward clinical translation.

6. List of Research Achievements

[1] N. Khammata, N. Khammata, J. Kongsuk, H. Ohgaki, W. Punyodom, H. Zen, S. Rimjaem*, Mechanical
Properties of PCL-Based Sutures Using Selective-Wavelength Mid-Infrared Free Electron Laser Irradiation,
Poster presentation at the 2025 Annual Meeting of ZE program, December 12th, 2025, Kyoto, Japan.
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Fig. 2 X-ray diffraction patterns of Pbo.s-xBio.s:x(WV)o.sO4+x2 measured in the temperature range 25°C to 700°C. x =
0 indicates the composition without defects, and x = 0.1 and -0.1 corresponds to the oxygen excess and oxygen
deficiency compositions, respectively.
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Fig.3 Lattice parameters of tetragonal scheelite-
type structured Pbos.«Bios+x(WV)0.504+x2 plotted
versus temperature. O: x =0, A: x =-0.1, and
[I:x=0.1.
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Abstract

The search for environmentally friendly alternatives to chemical fertilizers and pesticides has increased interest in
beneficial soil microorganisms, particularly Bacillus subtilis, due to its strong biocontrol activity and plant growth
promoting capabilities. This study aimed to isolate and characterize B. subtilis strains from rice straw and
agricultural soil to evaluate their potential for biological control of plant pathogens and production of plant growth
promoting hormones. Samples were collected from rice fields, and bacterial isolates were obtained through serial
dilution, heat treatment, and selective culturing. Total 304 isolates were screened from straw and soil samples with
two locations Hatxayfong District and Naxaythong District (168 and 136 isolates respectively).

Keyword: Bacillus subtilis, Colletotrichum kahawae (coffee berry disease (CBD), Rice straw and Rice farm soil,
Biocontrol and Plant growth promoting.

1. Introduction:

Agriculture is a vital sector in Lao PDR, where rice cultivation plays a central role in food security and rural
livelihoods. Large quantities of rice straw are produced each season, yet much of this biomass remains
underutilized despite its potential as a source of beneficial microorganisms. As Lao farmers increasingly seek
sustainable and low-chemical farming practices, the development of locally sourced microbial solutions has
become an important priority.

Rice straw and agricultural soils harbor diverse microbial communities with significant potential for sustainable
crop management. Among these microorganisms, Bacillus subtilis is widely recognized for its ability to suppress
phytopathogens and promote plant growth through multiple mechanisms, including the production of antibiotics,
lytic enzymes, cyclic lipopeptides and phytohormones such as indole-3-acetic acid (IAA). As growing concerns
about chemical pesticides and fertilizers drive the search for eco-friendly alternatives, isolating and characterizing
native B. subtilis strains from agricultural environments has become increasingly important (Yuexia Sha et al,
2020).

This study focuses on screening Bacillus subtilis strains derived from rice straw and soil for their biocontrol
efficacy and plant growth—promoting traits. By evaluating their antagonistic activity against plant pathogens and
assessing their ability to produce key plant growth hormones, this research aims to identify promising strains that
can contribute to sustainable agriculture and integrated pest management strategies.

2. Material and Method

Rice straw and soil samples were collected from organic rice fields in Hatxayfong and Naxaythong Districts,
with 20 samples obtained from each site. Samples were placed in sterile bags, transported in ice boxes, and
stored at 4 °C prior to analysis. Rice straw was cut into small pieces (0.5—1 cm), while soil samples were mixed
with 0.9% saline solution, vortexed for 2 min, heat-treated at 80 °C for 25 min, and serially diluted. Dilutions
were cultured on LB medium, and heat-shock treatment was applied to select spore-forming bacteria. Selective
media supplemented with chloramphenicol, tetracycline, and ampicillin were used, and cultures were incubated
at 37 °C. Distinct colonies were isolated, and B. subtilis strains were identified using 16S rRNA sequencing
followed by whole-genome sequencing. Antagonistic activity against Colletotrichum kahawae was evaluated
using an agar-well diffusion assay. In addition, enzymatic activities and plant growth-promoting traits, including
siderophore and IAA production, were assessed.
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3. Results and Discussion
O Sample Collection Rice straw and soil samples were collected from organic rice field at Hatxayfong District
and Naxaythong District, 20 samples per each and place. Some activities and samples were showed in Fig. 1.

S— %

Fig. 1. 1.A. Rice field, 1.B. Sample collecting, 1.C. Rice straw sample and 1.D. Soil sample
U Isolation of microorganism: The pure isolates were selected from all samples were 304 isolates, some

different observe by colony were showed in Fig. 2. From the results showed that there are different strains of
bacteria which will be identify in the next step. And total number of isolates were screened from rice straw

Table 1. The summary number of 1solates were screened
from rice straw and so1l samples

Location Samples’ (20 points) | Number of [zolates
Hatxayfong Straw 71
District Soil a7
MNaxaythong Straw 57
District Soil 19
Total ind

2D 2E 2F

Fig. 2. (2.A, 2.B, 2.C) isolates from Soil sample code 2, 2.D isolates from straw sample code 1 and 2. E and

2.F isolates from straw sample code 3 which collected from rice field at Hatxayfong District.
From the results founded that the number of isolates from Hatxayfong District ware 168 isolates (Straw samples
71 and Soil sample 97) which showed that the number of isolates from soil sample were more than rice straw
samples and the results from Naxaythong District (136 isolates) was similar which were soil samples isolates
were more than rice straw samples, 79 and 57 isoltes respectively. Beside that, founded the number of isolates
from Hatxayfong District were more than Naxaythong District, because Hatxayfong area is agriculture land
which the soil is rich in nutrients, resulting in a high microbial population.

4. Conclusion

The study focuses on Bacillus subtilis strains isolated from rice straw and soil exhibit both biocontrol
potential and plant growth promoting ability. Selected strains could be developed into eco-friendly bioinoculants
to support sustainable and low-chemical agriculture. Total 304 bacteria isolates were screened from two locations.
Next step will be bacteria strains confirmed using morphology and 16S RNA sequencing followed by whole-
genome sequencing, then, anti-phytopathogen and plant growth hormone production activities will be tested.
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1. Introduction

Sumenep Regency, located at the easternmost part of Madura Island, has a unique geographical characteristic
consisting of both mainland and numerous small islands. This archipelagic condition creates significant challenges
in infrastructure development, particularly in electricity provision. Although electrification has reached
approximately 92 percent, many islands still experience limited electricity supply hours, largely relying on diesel-
based power plants (PLTD) and a small number of solar or hybrid systems. The uneven distribution of electricity
has had substantial socio-economic consequences, especially for coastal and island communities whose livelihoods
depend on fisheries, small-scale industries, and tourism. Limited access to reliable electricity constrains cold
storage for fish preservation, hinders business productivity, and perpetuates poverty pockets predominantly found
in island regions. In response to these challenges, renewable energy, particularly solar energy, has emerged as a
promising solution due to Sumenep’s high solar irradiation potential.

2. Findings and Discussions

2.1 Energy Access Challenges in Archipelagic Region

Local Government of Sumenep (Agency for Planning and Development Agency and Village Empowerment
Agency)

The findings highlight that geographical fragmentation is the main structural barrier to achieving universal and
reliable electricity access in Sumenep. Out of the many islands in the regency, only 21 islands currently have
electricity infrastructure, dominated by diesel power plants and limited solar or hybrid systems. This condition has
reinforced regional inequality. Bappeda Sumenep Regency confirmed that most poverty concentrations in
Sumenep are located in island areas where electricity access remains limited. The lack of cold storage facilities for
fisheries, for example, forces fishermen to discard fish during peak harvest seasons due to the absence of ice
production. This illustrates how energy poverty directly translates into economic vulnerability, limiting
opportunities for income generation and value-added activities.

In terms of utilization, one of the most critical findings relates to the sustainability of solar energy systems.
Communal solar plants often fail after several years, not due to technological limitations but because of weak
maintenance culture and lack of community ownership. High replacement costs for batteries and inverters further
exacerbate the problem. However, institutional support remains limited. Although DPMD expressed readiness to
involve BUMDes in renewable energy management, no fully community-managed PLTS has yet been
implemented. This indicates a gap between policy aspirations and actual operational frameworks.

2.2. Solar Energy Initiatives and Institutional Settings
Islamic Boarding School and Government Roof Top of Sumenep Regency

One of the most successful solar energy implementations in Sumenep can be observed at Pesantren Annuqayah,
which received a 30.73 kWp on-grid rooftop solar PV system through a CSR program initiated by PT Paiton
Energy in collaboration with IBEKA. The system supplies approximately 40% of the pesantren’s electricity needs,
supporting schools, dormitories, and religious facilities. Beyond energy provision, the installation serves as an
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environmental education tool for students and surrounding communities. A key success factor in this case is strong
local capacity building. The pesantren’s internal technicians were trained for six months, enabling them to manage
installation, operation, and routine maintenance independently.

Similarly, the Sumenep Regency Government installed a 50 kWp rooftop solar PV system at the Regent’s Office
through a grant from the Ministry of Energy and Mineral Resources. The system contributes 30—40% of the
building’s electricity consumption, symbolizing the government commitment to clean energy transition.
Nevertheless, sustainability has been weakened by limited technical capacity following staff turnover, resulting in
maintenance being reduced to simple panel cleaning without proper system monitoring. Technical issues such as
abnormal inverter noise have also emerged without adequate troubleshooting mechanisms.

2.3. Community-Based and Tourism Sector Application
Lombang Beaches

In the tourism sector, Pantai Lombang represents a localized attempt to integrate renewable energy solutions
into destination infrastructure, particularly through solar-powered public street lights and a portable charging
station provided as part of external assistance initiatives. The beach itself is jointly managed by the local
government and the community through the Pokdarwis (Tourism Awareness Group), creating a dual governance
structure. While the eastern part of the beach falls under government administration, the western side is managed
independently by Pokdarwis, resulting in visible disparities in infrastructure quality, waste management systems,
and facility maintenance.

Pokdarwis plays a crucial role as a grassroots tourism institution responsible for daily operations, visitor services,
and community-based management of the western coastal area. In relation to renewable energy initiatives,
Pokdarwis members were also involved in safeguarding and informally managing the solar-powered charging
station provided by ITS. Due to the high risk of theft and material degradation caused by the corrosive coastal
environment, the device was stored by one of the Pokdarwis administrators rather than being permanently installed
for public use. This reflects both the community’s awareness of asset protection and the absence of formal
operational guidelines for renewable energy facilities in tourism sites.

However, despite Pokdarwis active involvement in tourism management, the solar-powered public street lights
installed earlier have ceased functioning and have not been repaired. Responsibility for these lights remains unclear,
as street lighting is generally under government authority, while Pokdarwis lacks both technical capacity and
budget allocation for maintenance.

2. 4 Governance, Land Issues, and Investment Barriers
The Support of Local Government and State-Owned Electricity Enterprise (PLN)

Renewable energy transition in Sumenep Regency is primarily driven by top-down government initiatives aimed
at ensuring energy equity in island regions, rather than by market incentives. Local development planning agencies
such as Bappeda and DPMD play roles in policy coordination and limited renewable programs, while large-scale
electrification and solar power deployment remain under PLN’s authority. This fragmented governance structure
results in weak coordination, limited data integration, and unclear accountability, reducing the effectiveness of
renewable energy planning. Although communities strongly demand reliable electricity, project implementation
depends heavily on government goodwill, budget availability, and PLN’s feasibility considerations. Land
availability and legal status present significant structural barriers to solar energy investment, particularly for off-
grid and hybrid systems in island areas. Solar installations require large land areas that may belong to local
governments, villages, PLN, or private individuals. Investment constraints are closely linked to both governance
and geographic conditions. Electrification in island regions is considered high-cost and low-return by PLN due to
expensive infrastructure logistics and small customer bases.

_93_



ZE2025N-05

A High-Resolution Comparative Analysis of Appliance Usage
Behavior in Rural and Urban Malaysian Households

ChiaKwang Tan', Lingyao Xu', Christopher Wesley Ajan?, Hideaki Ohgaki®, Cravioto Jordi®, Muhammad
Asyraf Mansor*, Shoki Kosai®

'UMPEDAC, University of Malaya, *Sarawak Energy Berhad, *Institute of Advanced Energy, Kyoto
University, “Universiti Malaya Community Engagement Centre Universiti Malaya, College of Gastronomy

Management, Ritsumeikan University

1. Introduction

Residential energy consumption is a critical driver of global power demand, yet most Malaysian studies
rely on aggregated surveys rather than appliance-level monitoring. This study addresses a significant gap by
comparing high-resolution usage behaviors between rural households reliant on off-grid solar systems and
urban households with stable grid connections. Understanding these disparities is essential for designing
effective rural electrification strategies and optimizing demand-side management (DSM) in urban centers.
2. Objectives
(1) Develop a high-resolution, appliance-based analytical framework for behavioral comparison.
(2) Extract behavioral features using BULM parameters, usage probability, and Statistical Parameter Index.
(3) Compare rural vs. urban consumption to inform Demand-Side Management (DSM) and rural

electrification policies.
3. Methodology

As seen in Fig.1, We employed a multi-layered analytical framework on high-resolution logger data
collected from two representative households: a rural home in Sarawak powered by a standalone solar
system, and a grid-connected urban home in Selangor. The methodology integrates three feature extraction
techniques: Bottom-Up Load Modeling (BULM) to simulate daily profiles, state-based probability analysis
to map usage consistency, and the Statistical Parameter Index (SPI) to quantify cycle-level metrics such as
frequency and energy intensity.

Objective 1: Objective 2: State-based Objective 3:
Feature extraction probability and power Feature extraction
from BULM wvariation extraction through SPI
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Fig.1. Workflow for methodology.
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The rural household possesses 6 appliances, whereas the urban household has 13 appliances. We refer to
the shared appliances of both families as 'Core appliances', while the remaining appliances in urban
households are designated as 'Exclusive appliances'.

4. Result and Discussion

Simulated load profiles reveal distinct consumption hierarchies, as depicted in Figure 2. The urban
household exhibits a dynamic, peak-driven profile with usage exceeding 1200 W, primarily fueled by
high-power appliances like air conditioning and water heaters. Conversely, the rural household maintains a
conservative, flat load profile generally under 400 W, where the refrigerator dominates nearly half of the
total energy demand due to the absence of competing high-load devices. These patterns highlight how
infrastructure constraints in rural areas enforce energy-conserving behaviors compared to the
convenience-driven lifestyle of urban residents.

(A) Core appliances f (B) Exclusive appliances
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Fig.2. Average daily load profiles and energy distribution for two households. (a), (b): Average daily load profile. (c),
(d): Energy distribution; Fig.3. Variation of Frequency, Tcycle and Ecycle.

The Statistical Parameter Index (SPI) reveals distinct behavioral disparities, as seen in Figure 3. Rural
households rely heavily on fans, exhibiting significantly higher usage frequency (3.77 vs. 1.60 times/day)
and energy per cycle (255 Wh vs. 92 Wh) compared to urban homes, reflecting a lack of air conditioning. In
contrast, urban households demonstrate higher energy intensity for modern conveniences such as air
conditioning and water heaters. Urban TVs and refrigerators consume double to triple the energy per cycle
compared to rural counterparts, driven by larger screens and continuous grid operation. Overall, urban usage
is characterized by high-power stability, while rural patterns are defined by necessity and solar resource
constraints.

5. Conclusion

This study confirms that energy behavior is not uniform but heavily shaped by infrastructure, lifestyle,
and environment. Rural usage is defined by '"solar-constrained" simplicity, while urban usage is
characterized by "peak-driven" diversity. These insights suggest that rural electrification policies must
prioritize efficient core appliances to match solar availability, while urban energy planning should focus on
DSM strategies to mitigate peak loads caused by thermal comfort appliances.
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TeHAEmITm O mMEEZ A L TR Y | RS FREICE L TW\W5, Rt PL JIEZ AW T, =&
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eV TR 2 R 3R B S (X 2), v
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*%ﬁﬁ/‘jiﬁ:ji‘l\i@ﬁﬁo f:*@@(%%gfﬁﬁ%f% %) Z & 2 SnS ® 300K -60) PL X/\“Q |~)|,_
R L TWD, Copyright © 2025, American Chemical Society
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Ey £ VIR L X —fITIiX, RIGEM 2 Lo B A ISR 28727038060 9 K B W THEMNS
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I 228 3 FREEICHIBR N B 5 728, WRHIEIE PN OIREE /54 2 E 5 Z & NS PR ICBRA N B -
7. T CARHFZE T, TERDOMRNTIRR 2 w4 2 m 22 M/ e 2 e iR E FHASRE 2 L 72k 0 11
BH—RrF ) Fa—T(CNT) 7 4 VLD EMIEANE 5. MEEEE TONZEND, CNT fijE
7 ¢ v B ERE Y (T e EARR I ORE A%, 7 v 7 ar/"— g VI (UCPL)DEIRD 5 D
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OffiG e 7 m A%, ROSGEREHOFBEZR L3E5 2 L2 HIET.

2. EBRGE

ARFFETIE, EADK 0.7 nm OSBRI EE CNT O/ BOKIER 2 vi-=. We A% v 5
Z LT, OEUKIE ) DRI T ¢ L S A& VERLL 72PN (Fig. 1(a)). ABAO A 7 L BIC/ERLL 7=
CNT MRyl 7 4 /L % 2 mm AIZUIWT L, Y7 7 A 7 5bik BICHE D 7.

UCPL 58 Z i S 5121E, CNT ~ORNEKMEEZEANT LN THD. —FH, TDOEANT
at A, M LR E OV D FIESRRMAEE T 5 LEER H o 7. EEISHZ BT LT,
SO CRIERBICIERET, oG FENEEND. £ 2T, IWHIZREEWRTESH O UV/O;
PE 2T WiBE F— ' VT REORSZ2IT-o7-. £7-, ERL LU=l 7 ¢ L D3 (PL) AL
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(a) (b) Top view Cross-sectional view
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UV light (254 nm)
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i i «—Petri dish —»" N
1 mm L | =L
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Fig. 1 (a) #—AR T/ Fa—TINLoHK &, 1ER U TR 7 « v A7 7 A4 7 5 ) OSNBLIE E,
(b) UV BB D 0, F—v 0 7 FIEOEX. KITHREK.

3. WRLELZ

Fig. 1(b)IZ7"9" UV BBEBREZIC I T, AL 72 L (Pristine), /K72 LT UV 4LH (Air), /K&H Y T UV AL
R (Water) L7238 D PL A7 MVOFEREZ/RT. 123 eV OE—271X, (6,58 CNT O[E A ik 1
YENL E1 225D PL 2789, Air LRI, 09-12eVECT n—R=0 70N EC DI, Enh
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WEN(0.97 eV)IHBELLTWD Z ERboo7z. F£72Fig. 2(b) L v, FIERMaH IO PL GEA L UV AL
FRFE A5 Z & C, HIRTEHZ Ebnot.
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RN L2 & CTEAEMTE LRI OB 2, UCPL AR L= &2 b5, NiRER
ELTHRIATAEIZI UV LB Z RIS 5 2 & T, Mo SN e EN G T& 5.

%I, T 5o R L —% 1.03, 1.08, 1.13 eV SR A F—ANZZ(LSHT-HED,
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Fig. 3(a) UV ALBRIF[H] 2 28 L S H 72354 D UCPL A~X7 kL (iY== % /L F—I1% 1.08 eV). (b) bkl =% /L
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4. WIXHERY R T

S. Aota, Z. Liu, T. Nishihara, and Y. Miyauchi, Jpn. J. Appl. Phys., accepted.

[ 3CiK]

[1] N. Akizuki, et al., Nat. Commun. 6, 8920, 2015. [2] S. Aota, et al., Appl. Phys. Exp. 9, 045103, 2016. [3] T.
Nishihara, ef al., Nanophotonics 11, 5, 2022. [4] X. Ma, et al., ACS Nano 8§, 10782, 2014.

- 121 -



ZE2025B-14

Synthesis and optical properties of semiconductor moiré
superlattices
Wenjin Zhang', Yuhei Miyauchi?, Toshiaki Kato®, and Yasumitsu Miyata'

! Research Center for Materials Nanoarchitectonics, NIMS
? Institute of advanced energy, Kyoto University

3 School of Engineering and AIMR, Tohoku University

1. Background

Nanomaterials have attracted significant attention for energy conversion device applications. Moiré superlattices
are a promising platform for the study of novel physical phenomena and future quantum information technologies.
However, conventional moiré superlattices are typically fabricated using stacking and transfer method that relies
on micrometer sized flakes obtained by mechanical exfoliation from bulk crystals. This process often introduces
interfacial contaminations and various defects. Recently, a plasma assisted chemical reaction method has been
used to fabricate Janus moiré superlattices of transition metal dichalcogenides on SiO» substrates, introducing an
additional degree of freedom for modulating their physical properties. In this project, we develop a fabrication
strategy for semiconductor moiré superlattices that are directly prepared on hBN substrates, which reduces
substrate induced strain. Monolayer and bilayer TMDCs (WSe, and MoSe;) are grown directly on ultra flat hBN
substrates using chemical vapor deposition (CVD). An atomic substitution method is subsequently used to modify
the atomic composition of the top layer, whereby monolayer WSSe (MoSSe) and Janus heterobilayers WSSe/WSe»
(or MoSSe/MoSe») are fabricated by selectively replacing the top-layer Se atoms in WSe; (or MoSe,) with S atoms
via H, plasma treatment. Optical spectroscopy is then conducted to characterize the structural and optical
properties of the fabricated heterobilayers.

2. Experimental methods

Monolayer and bilayer TMDCs, including WSe, and MoSe,, were grown on ultra flat hBN substrates using
chemical vapor deposition (CVD) method. The hBN substrates were mechanically exfoliated from bulk crystals.
The CVD grown TMDC monolayers and bilayers were subsequently placed in a quartz tube with sulfur powder
placed at upstream, and a hydrogen plasma assisted surface chemical reaction was carried out at room temperature
using a radio frequency power source. Optical images were obtained using an optical microscope (Nikon ECLIPSE
LV100D). Room temperature photoluminescence (PL) and Raman spectra were obtained using a micro
spectrometer (Renishaw inVia) with a 532 nm excitation laser.

3. Results and discussions

Figure 1a shows the schematic of the experimental conversion process. Monolayer and bilayer TMDCs (W Se; and
MoSe») were prepared on hBN substrates. After H, plasma treatment, an atomic substitution reaction occurs in
which the top-layer chalcogen atoms are replaced by different atoms (Se replaced by S in this case), resulting in
the formation of WSSe Janus monolayers and WSSe/WSe; Janus heterobilayers. Because of the smaller lattice
constant of the upper Janus monolayer, this process leads to the formation of moiré superlattices even in non-
twisted bilayer WSe,. Furthermore, due to the weak 2D van der Waals interaction between TMDCs and hBN,
substrate induced strain is strongly suppressed, which typically results in enhanced optical quality.

Figure 1b shows an optical microscopy image of a grain composed of monolayer and bilayer regions after plasma
treatment. The image reveals stacked triangular grains with different sizes, and the opposite orientations of the
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triangles indicate the formation of 2H-like stacking. As shown in Figure 1c, the PL spectra of the MoSSe/MoSe»
heterobilayer exhibits two typical peaks corresponding to WSSe (1.81 eV) and WSe; (1.65 eV). In the bilayer
region, the peak at 290 cm™' corresponds to the A;' mode of WSSe. These optical spectroscopy results confirm the
successful fabrication of Janus heterobilayer TMDC:s.

Such Janus based heterostructures prepared directly on hBN substrates provide a new high optical quality moiré
platform with an intrinsic built-in potential, even in non-twisted heterobilayers, enabling future exploration and
functionalization of confined and correlated electron systems.

2L WSe, WSSe/WSe
Qe e o.P Shbhhhh?
jxﬁa{iw 1LW862 CUTTUTUYT qLWSSe

VuUuv Uy

ADDDDOODOH00E  Aemesusstion oL DDELNE

hBN : hBN >
b c
5900
T
>
2600}
C
2
4 € 300}
-
- o : . F .
LRk 0 R 0 R S
14151617 18 1.9 2.0 2.1 200 250 300 350
- Photon energy (eV) Raman shift (cm™)

Figure 1. Fabrication and optical characterization of MoSSe/MoSe: heterobilayers directly prepared on hBN substrates.
(a) Schematic side view illustrating the conversion of bilayer (2L) MoSe, into a MoSSe/MoSe: heterobilayer via an atomic
substitution method. (b) Optical microscopy image of MoSe, and MoSSe/MoSe, after atomic substitution. (c)
Photoluminescence (PL) and (d) Raman spectra of the MoSSe/MoSe» heterobilayer, showing two characteristic peaks

originating from MoSe, and MoSSe.
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DWTHRIEZEIT> K 1: ~A 27 affifhT A 2 ENEICE T 5 i EE 5y 12 A 2 b oI
oo VRO
AT TR 72 AR Y v & Y S ORESERET A B & LT,

EEY 3

HFOEE]
o X
o-

[ER] AV e zxd 0%, BRRFRERE S T2 L, RinxmEmWERL Ty v 7 LI#E S
FHEETH D, AT, 7 aTFFA MYV (y-CD) KA M ARYVZFL 7Y a—)L (PEG) &
FARE LT ~A 7 vtk oBIT 5 REEM 22 B Bl S (active-threading) O AIREM: A Mgt L 7= (X
2a,b) . ¥A 7 BT ¥ U RANLHH LT v -CD/PEG IR ATANR & 8 Yt oy eik. BhaUSEcELiE (DLS). IR
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R BAMEE (AFM), X BRECELE (XRD)Z W TRRAT L7z, sOGIIEICIE, & > 2V BHEST €D (Dan vy -
CD) ZARA M LTHWE, BF DO~ A7 1aF ¥ 2T, EOESCRE SICHIKR DY | RIS &
L COBEMERZ L, & ZTARFEEL, BROREIERGIAETELXYET ) —F 2 —T7 %
AL, BROEIDAR) a3 UBRICKIETRELBET L2 LI12X0, RO FA N5
A MEBAEH D & 5 720 O Fill 72 OGS D Sh A GE T 5 Z L 1IT LT,

[EBR L] EREROR;
55RO PEEK fll v 5 U
—Fa—TEMEH L, iE
UeRkaD 4 KOF ¥ 7
J—F 2 —7 ZEF 300 um
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TR~ A 7 v ER L
7o IHDH 4 ROBEWF Yy
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neLTHEEL, ROk
WXy 7Y — 3R IR
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5 2~ B iK% it & 5
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single-stranded PR

e - !
j-,——b--F—.=,—

double-stranded PR

X 2:(@) AEBRTHW-vZ7ver7FxARr)r (KA NiT) & PEG

(FAR) OFIE ; (b)y~A 7 itk Tt Z % active-threading #&A%1Z
pul/min TEAL (FEHE  LAKRY o &9 Bk,
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VsHI L7288 (y=CD ; 0.05 mM, PEG ; 1 mg/mL) ZEMI L, EHIZHIEANT hVIIES JOBIKL#
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DD E D 22 2V IAERG v -CD (v -CDDn) ZfEM] L, CLEE%sEh & MIHA0IZ A L7,

[FEBAER]  WHRIROEIEE &2 Fhi L2 fE R, BN Fa—T7 ERREWIZE, EILmER
WO EnNaholz . TORERIT, EROBANCL VAR =72 MEAAEH ORHERKT
HZEEBWT S, [FEERICDLS PIEORER., BROBANC LY | FEIIFZERNEINT 5 2 L A3 )
Do, ZORRITEIEPEDOFRERE L —HT 5, ZNOHO/BRLY, F¥ T U —EFOEEN
TN GAE DR, R v X X% OKICEEE RETZERHLNE R oTz, SRIIGLNT
WU m &Y RIS ORI RIS 2 AFM OB F-BAMMEE (SEM, TEM) Z#HWTHElEL TV FET
HD,

2. WXFERY A b

S. Fujiwara, S. Tanaka, M. Numata, “Practical polyrotaxane synthesis using capillary tubes based on active-
threading mechanism” Chem. Lett. 2025, 54, upaf123 (https://doi.org/10.1093/chemle/upaf123).
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ZHEH LT-v v REAK (LT, &y —7 > ~) 28R V7774 —L 7T X~z v F
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e 72 JEAE 2 22k L 7=,
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L2 L. EBIC, Ry v ara 2A0EEEHEOT =L TH
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ﬁ% BRI ICEHE T 5 729121, BIAS BIERB LW ICP BIEDO T v REIIKTE L 7= i 5t
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DERIDHABILOEIBFX—F7 v For vy K| ;QLL“C o from top \ fromtop |
i B IR (22.5°) L= b %0 LE A1 @) (0 F o || Mo 1N i 2

FOWE S (@) (d) OBFOZIAF—5Mi%  w % 'EE'. ' "%%;
FLTWAD, A—%—Fy McB0WTiE., &b o o | “MI
L]

i i
IZ E <0.5MeV O x/L¥—8l Tk Bk 5 MM!AL.J |
DMANEIZ X TE W —F, E > 0.5MeV DT R/)LF
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%% 2%4$§?Hi:vvaVizw%~ﬂ SUBIEHE (b)E(d) DBEFDTHILE—57,

ML R 7E2024B-14 (RS « A SH4h)
jﬁ'ﬁk : R Matsui, H. Sakaguchi, Y. Kishimoto, et al.,
Kishimoto et al., Int. Conf. of HED Sciences 2024 (HEDS2024), PACIFICO Yokohama, Japan, April 26th, 2024.
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RSN E BT L — i, BEHTRAUSEWEE AR v M E/D 720 2 ot Ui imss 2 Bl L7z, B
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M 31XV TARECBITIENRARY e~ 7aria A —XICXVHE LEEMOH T a7 7 A VERT,
2 MOERIN Ui A RS 5 Z & CTHEITIRRAOKRE SORR Yy b3fF oz, B— UL ZAOHRSAMET
=P =Dz R F—=26u]~29u] ) 2 CRENIE L7ZARE SN TIEBNI RS b7z, 1790
TN TR RSN S 2o TeNRIE 7 7 A< 35 S D AlRetEn H 5,

4 DMDOAP=S—A%%%
T T T T T L

50 pm/div 39 um ( Holizontal axis )

44 pum ( Vertical axis )

X3 HEHEITBTDEHBAEBESL—Y—DZEM A

IS AR D A B = A LIZHONWT, L=V —BBENC L Y REITER SN DI EEE T T A~ BNL—HF
— R BRI, KL=V =XV RSN EH T T A~ N EELREZE 2R LTS Z
EEHLMC LT, T L THRINEBRE L —V—RBENC L 0 B E B R SN DT L % 4
L. FOHEME A2 8RO EE (Si, Ge, SiC-4H, GaN) [ZOWTHHEISE SN D Z & 2D T,

3. HrERRRHE
[REaEFEEY A K]
(1) B, RS, FHEHE RS, 0 ¥, Ak BE. & e PR L —Y —H— L —F— L 2 R4t
V) arERmHOT T A BEEFINC BT 7B A, 5 2 [8] KU-FEL = —H— X3 —F ¢ > 7 2025 4F 12
H 12 H
(2) M. Hashida, M. Kusaba, H. Sakagami, S. Kulinich, S. Iwamori," Nanostructures formation on solid materials

irradiated with laser pulses", Tokai University University of Sussex University of Brighton Workshop on Carbon
Neutral Technologies, 28 May 2025.

(3) HBH B, “L—V—B7INTIC Xk 2 RmAE L EENEA S oREFEm & RBE”, RiFERKE~A 70 - F
RS X 2025 SEEE L R T T A, HEEREE 19 FAE 2 B 207, 10 December 2025.

(% H]

(1) FEHEM, BOK R, fopk fE, b Bl B35 O, Wb (K, T/ Py MEEERICL D
MEHEREIEST G — A TE e L— =& I L —" RIOREEILRIFI A - SEFEE ., 5745 4 23 A
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PCR |2 X% DNA HEEROSIZRE e SHEIT L, BB FHERED IR 2B FA LB L35 2 L7 B2
FIEMEZ R LT,
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(1) Hironao Munakata, Yuri Sohma, Kaito Utsumi, Rinka Ohno, Kotaro Ishida, Eiji Morita, Shin-ichi Sato,
Masaki Hagihara

Chemistry Letters, Volume 53, Issue 11, November 2024, upae212,
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(2) Hironao Munakata, Yuri Sohma, Kotaro Ishida, Eiji Morita, Shin-ichi Sato, Masaki Hagihara
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Advanced Hyperspectral Imaging for Early Detection of Coffee
Paramyrothecium Leaf Blotch

Ratchadawan Cheewangkoon!, Tomijiro Hara 2, Yumiko Takatsuka?, Sararat Monkhung®, Anuruddha
Karunarathna*, Dulanjalee Lakmali Harishchandra*

! Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University
2 Institute for Advanced Energy, Kyoto University
3 Faculty of Animal Sciences and Agricultural Technology, Silpakorn University
4 Office of the Research Administration, Chiang Mai University

This project applies hyperspectral imaging (HSI) as a non-destructive approach for early detection of
coffee leaf blotch caused by Paramyrothecium roridum, aiming to support precision disease management and zero-
emission agriculture. Field surveys were conducted to collect coffee leaves representing healthy, chlorotic, and
diseased conditions, followed by pathogen isolation and identification to confirm the causal agent (Fig. 2). A
schematic overview of the integrated methodological framework, including field sampling, laboratory preparation,
spectral sensing, and hyperspectral imaging, is presented in Fig. 1. Spectral data were acquired using CI-710s leaf
spectrometry as a point-based reference system and hyperspectral imaging platforms Specim 1Q and Specim FX,
covering the visible to near-infrared wavelength range (400—1000 nm), under controlled laboratory conditions to
ensure consistency and reproducibility.

Field
condition ;
tion: coffee leaves with Leaf Spectroscopy: point-based
healthy, chlorotic, and necrotic reflectance spectra were measured
conditions were collected for (CI-710s SpectraVue Leaf
microscopic observation and spectral Spectrometer - CID Bio-Science) to
analysis. provide reference signatures for each
' leaf condition.
Hyperspectral Imaging
Leaf hyperspectral images (400-1000 nm) were captured using hyperspectral
camera under controlled lighting.
Laboratory

condition SPECIMIQ: portable hyperspectral SPECIM FX: high-resolution
imaging (400-1000 nm) laboratory hyperspectralimaging

W SETT o

Data Processing & ROI Selection: Hyperspectral cubes were corrected, denoised,
and segmented; the regions of interest (ROIs) representing healthy and infected
tissues were selected.

Fig.1 Schematic methodological framework outlining the Fig.2 Coffee Leaf Blotch caused by Paramyro-

integration of spectral sensing and hyperspectral imaging  shecium roridum: (a—c) leaf symptoms, (d)

for early detection of infection in coffee leaves. sporodochia, (e) penicillate conidiophores, (f)
conidia, and (g) colony on PDA.

Preliminary spectral analyses revealed clear differences between healthy and infected leaf tissues. Leaf
spectrometry results showed distinct spectral profiles and vegetation index responses between healthy and diseased
leaves (Fig. 3), although conventional indices exhibited only limited sensitivity. Hyperspectral imaging with
Specim IQ further demonstrated consistent shifts in reflectance profiles between healthy and infected tissues and
enabled spatial delineation of symptomatic areas using Spectral Angle Mapper (SAM) classification (Fig. 4). High-
resolution hyperspectral imaging using Specim FX confirmed these trends, clearly separating healthy, chlorotic,
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and diseased tissues based on full-spectrum reflectance characteristics and SAM-based classification maps (Fig.
5). Across all platforms, infected tissues generally exhibited increased reflectance in the visible region and reduced
reflectance in the near-infrared region, indicating early pigment degradation and structural damage.

These results demonstrate the strong potential of hyperspectral imaging for detecting disease-related
physiological changes prior to visible symptom development, thereby enabling earlier and more targeted disease
management. By supporting timely intervention and reducing unnecessary fungicide applications, this approach
contributes to lower greenhouse gas emissions associated with chemical inputs and aligns with the objectives of
zero-emission agriculture. The project is currently advancing toward controlled inoculation experiments using
detached leaf and whole-plant systems to systematically monitor early infection stages and corresponding spectral
changes. At this stage, the work represents foundational research that establishes essential datasets, analytical
workflows, and spectral references necessary for future model development and potential translation toward cost-
effective multispectral systems for practical field applications.

_ CI-710s
3 SpectraVue

-
o S

20 .
160 :
"
120
10

q o
080 0.8 251 Al )15
b ﬂ =
___—_~_"_"_1
(o3 By BOsese

Fig.3 Spectral profiles and vegetation indices of healthy vs. diseased coffee leaves measured with a CI-710s Leaf
Spectrometer.(a) Healthy spectra; (b) diseased spectra; (c) indices (NPQI, GNDVI, CI-GREEN, LCI, NDVI)
distinguishing leaf conditions.

SPECIMIQ

Fig.4 Spectral profiles and SAM-based classification of Paramyrothecium infection in coffee leaves using Specim
1Q. (a) Healthy leaf spectra; (b) diseased leaf spectra. Right: RGB images (top) and Spectral Angle Mapper (SAM)
classification maps (bottom) generated using two reference spectra for symptomatic tissue and one for healthy
tissue to detect infection boundaries.

SPECIMFX

Fig.5 Spectral profiles and SAM-based classification. measured with Specim FX. (a) Spectral curves of healthy,
chlorotic, and diseased tissues. (b) RGB image. (c) SAM classification maps identifying symptomatic leaf regions.

Conference Presentation:

Cheewangkoon R., Haituk S., Takatsuka Y. and Hara, T. 2024. Towards Zero-Emission Agriculture: Advanced
Hyperspectral Imaging for Early Detection of Coffee Paramyrothecium Leaf Blotch. The 16™ International
Symposium of Advanced Energy Science. 11" — 13™ December 2025. Kyoto University, Uji Campus. ZE
Poster Session. ZE2025B-19.
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Residential Microgrid Design and Management

with Open-Source Tool and GIS

Dara Eam !, Yoklin Noev !, Lyhour You !, Sievlong Suk!, Sokleap Heang !, Vannak Vai !, Hideaki Ohgaki 2

! Department of Electrical and Energy Engineering, Institute of Technology of Cambodia
2 Institute of Advanced Energy, Kyoto University

1. Introduction

Rising carbon dioxide (CO-) emissions are a key driver of global warming, highlighting the need for renewable
energy integration. In Cambodia, incorporating photovoltaic (PV) systems into low voltage alternating current
(LVAC) networks can reduce emissions while improving grid reliability. Rural LVAC networks typically use a
three-phase main line, but most households connect to a single phase (A, B, or C), causing unbalanced networks,
voltage deviations, and higher power losses. Optimizing network topology and strategically integrating PV
systems are essential to address these challenges. This paper proposes a GIS-based methodology for radial LVAC
network optimization. Households, poles, and transformers are pined using the AtoE tool. The Topology Design
tool applies a shortest-path algorithm to minimize cable connections and achieve phase load balancing. Voltage
profiles are visualized with the Voltage Profile Plotting tool, and system behavior under 3% annual load growth
over a 25-year horizon is predicted using the Load Growth Forecasting tool. Simulation results are exported and
managed via the Download All Data and Plot Manager tools. The approach enables efficient network design,
reduces losses, maintains voltage stability, and supports optimal PV cluster placement. The methodology is
detailed in Section 2, the case study and results in Section 3, and conclusions are presented in Section 4.

2. Methodology

The proposed method is carried out in the following steps, as illustrated in Fig. 1. First, input data for map
locations (transformers, poles, and households) and demand (P and Q) are obtained using the AtoE tool. Second,
the Topology Design tool is used to optimize feeder routing (i.e., shortest path, SP) and phase balancing (i.e., load
balancing, LB). Third, the Voltage Profile Plotting tool is used to visualize the network voltage profile. Fourth, the
Load Growth Forecasting tool is used to predict system operation based on load growth and the planning horizon
(i.e., 3% load growth per year over 25 years). Fifth, the Download All Data tool and the Plot Manager tool are
used to export all data to an Excel file and manage the results on the map.

3. Simulation Results and Discussion
> Map View Tool b seetProvee o . The LVAC.distribqtio'n system in Boeung Raing
) Sl view provinces can be select Village, Kamrieng District, Battambang Province,
Cambodia, is selected to validate the method. Fig. 2
T Pole:mnsfom illustrates the coordination of the 160 kVA transformer,
s o s L e mainline cable of 4x150mm2, and secondary lines of
) 2x4mm2 and load profile is from the survey. This
0, Lond flow process: Backwrd LV distribution has 19 poles, to which 107 single-

: phase customers are connected.

v v Fig. 2 illustrates the GIS-based data acquisition
. Topology Design Tool | | - Flotting Voltage Profile | . Load Growth Forccasting process using the Pin tool for georeferencing
, | ] residential loads and electrical distribution poles at the
7 v village level. Fig. 3 presents the GIS map-based
- Download All Data Tool | | 1. Plot Manager Tool visualization of the network analysis results, obtained
using the topology design tool and the voltage profile

plotting tool. Table 1. Base-case results with the
Fig.1. Several step of method system operated under no load growth. The phase-
wise active power is balanced at approximately 31 kW
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per phase. Table 2. Comparison of system performance under two scenarios: (1) base case without load growth,
and (2) 25-year planning with 3% annual load growth. In the base case, the maximum voltage is 230V, the
minimum voltage is 218.5V (0.95 pu), and the total power loss is 2.38 kW. Under the load growth scenario, the
maximum voltage remains 230 V, the minimum voltage drops to 207 V (0.90 pu), and the total power loss increases
to 11.23 kW. These results demonstrate the impact of load growth on voltage profiles and system losses.

Table 1. Base case without load growth
(power balance)
Max.
Real Total of Current
Phase | Power
Households
[kW] [A]
A 31.31 33
B 31.40 37 451.18
C 31.47 37

Table 2. Result from base case with and
without load growth tool

Voltage Profile (Total Losses: 2.3816 kW) g
mvnasu»\(sw 31k O Prase 1400 Qphase C (3147 ki) 5 2
' = = = .
22 [2ES
° % T 7
2 = 5 =T R —
@» s S R VP
= 2= E|le gz 9
S 22|35 2%
— — E 50| N Bhe
Mamlme Cable 150 150
size [mm2]
|| eornn o s iy ‘ 7 ; Max. Voltage [V] 230 230
r——— . Mim. Voltage [V] | 218.5 207
' Mim. Voltage [Pu] | 0.95 0.9
Fig.3. The results from the topology design tool (minimum cable Power Loss [kW] 2.38 11.23
connection and load balancing)

4. Conclusion

All microgrid planning tasks are integrated within a single GIS software platform, enabling seamless operation
of pin-based field data collection, automated topology design, voltage profiling, and load forecasting. The topology
design tool efficiently determines the shortest cable connections and provides key outputs, including voltage
profiles and power-loss estimates. Survey and analysis data can be easily imported or exported, facilitating data
management. Overall, the platform enhances the speed, accuracy, and reliability of rural microgrid planning and
supports informed decision-making for LVAC network design and PV integration.

5. Oral presentations

[1] Dara Eam, Yoklin Noev, Lyhour You, Sievlong Suk, Sokleap Heang, Vannak Vai and Hideaki Ohgaki,
Residential Microgrid Design and Management with Open-Source Tool and GIS, The 16" International
Symposium of Advanced Energy Science, December 2025, Offline, Poster.
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KETHZETT—# A2 L. BREDRL X OB RO FEME & Sl E O E a2
HEYE L7cfikfenrse & L CRFT 21T o 70, b, AFZRITRTMEEICS DR O S E MREET 5
ZEHEHEME LT, BHEHB LOFHOTFEAE TS TICERES A ER, T2 B ElEnswE5 2
& T, BERE L OEE FRBINHI IR O FELME & RIS E 2 m O 7o RUCRHEDR B D, KR, G
SEIRIZI51T 2 7T DGPER OF B 2 T2 & NS, A7 4 )V ATERICEE 53 D[R 1~ DT DT
ZE LI ZITH) 22 i E LT,

[51%]

1. KWFETIE7 7 L5MEE & LT S mutans % ANz, B5381Z1% brain heart infusion (BHI, Beckton,
Dickinson and Company, Sparks, MD) (Z 0.5% yeast extract (Beckton, Dickinson and Company) % )l .74
% AU HE TG U T Bacto agar (Beckton, Dickinson and Company) % 1.5% ¥ TEHRINL, FEAE: i &
LHES N CHEE LT,

2. 5538 L7 S. mutans OFRINRIE & OFEMT X, 7RI R 57 6E (FT-IR) & W THT 21T > 72,
B TICTHRL, BERMEZ I Lok, HRSEEIC T BR, MRS E&, FT-IR (2T W
I = 2 AT U, BREHIRR: I OV IR ] 2 D L 7,

3. RESNT-HMTHIER D FEL ORI ZITV, MG O/ 2 A fE I @Bk, 55 LAEREE
HH{9 % Colony Forming Unit #H|iEIZ LY FEL OEEMROFNEZIT o7, £z, FELRHEZROEK
OB IO EECE#ERT A0, —HEMHICB W GEEME MR 21TV, BEERED
BAEMEHER LI, 612, 77— BKICES3 % S. mutans © glucosyltransferase 1 PEIZxT 55
BOF 21T > 72,
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[R5 - B%E] fﬂ'ﬂ”ﬂ{ﬁﬁ/\" i (FT-IR) 1T X0 EHE ORI RS R I, b @{EZE’E
FAWT S, mutans \ZxF L 543, 10 47, 15 43 FEL BB 21T > 72858, R 9.26 um IZB W THERR
BN RGO T,

i 7”:\ ATAEEE & [l — et CHRAT SRR 2 SR L7 R ARV FHINEZL & o THERE S 4L72,
SRR G OB AR BT TlE, 9.26 pm, 9.41 pm 35 1 OV 10.46 um (2350 T glucosyltransferase
C L{K% DIEBUL T 358 ??') Ei”b $F1Z 10.46 pm PRI Tl glucosyltransferase D 815+ DR EL LK T L7,
FIEEDVEAIX 10.46 um + 10 3 REHZ BV T HERD B AL, glucosyltransferase D B 1{n 112 %73 5 #Hl %h
R DOPR T mbgm&moto_mg@#%wg FEL MREHTBREBRINT A 47 1 VLT
FR B R] -~ & AT 3 ATREMEAS R S 472,

survival rate (%)

(min)
B 1 ASE BT L — ORE R
_ 25 15 min motfB
2 mEUL
% 1.5 gD
2 1 IT
2
€ 05 ”/ = :
;‘3‘ 0 I ) . I ;H I D I 2 =
cont 6.62 9.26 9.41 10.46 11.61

Wavelength [um]

K2 Znrai kT AT 57— B nREET

[#ERY R b
@ Toshizo Toyama, Heishun Zen, Jun Fujioka, Kiyoko Watanabe, Ayaka Yoshida, Keitaro Inaba, Koichi
Tsukiyama, Fumihiko Yoshino, Nobushiro Hamada, Efficient removal of infected layers by FEL irradiation
of Gram-positive bacteria infected layers : 2025 4= ZE LS. 2025.12.11 IRA X —

@ Toshizo Toyama, Heishun Zen, Jun Fujioka, Kiyoko Watanabe, Ayaka Yoshida, Keitaro Inaba, Koichi
Tsukiyama, Fumihiko Yoshino, Nobushiro Hamada, Bactericidal Effect of Infrared Free Electron Laser on
Dental Caries-Pathogenic Bacteria: 5 1 5 [F] = % /L X — B T2 90T EIRS O AR 20 AL 2024.12.10-13
2023 FFHE ARA K —

(3 Toshizo Toyama, Heishun Zen, Jun Fujioka, Kiyoko Watanabe, Ayaka Yoshida, Keitaro Inaba, Koichi
Tsukiyama, Fumihiko Yoshino, Nobushiro Hamada. Bactericidal effect of the infrared free electron laser:
1 AR F =BT EATER S AR D T L.2023.8309.1 RA L —
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BEEY—Ty FMAOEREL—Y—RBEIZKS
BIRILX—BFERICEET 5EBRHR

BSIFBEHS 12, WIFTEUR !, RUFAR—HD 2, WA 2 BOE T2, WREREE Y, AR 12
FAH —pk
R RSB T FL S — BT
KT T AR =y b
SRR
TR O R ST T
S HOA RS L — B LT

1. HEERLEB

THED L —F—HIFOERIZ LV EH L TWD, EHRED 10 Wem? f8IkD 7 = & N FRAE <
IWABRE L ——2 W (¥ —F v b)) ICBET 52 LT, kT (FaT7 A7) A—X ORES° TV/m
Z LRI ESG AL xR T 7 A~ DEKRT D, 207 T AvEHNWT, ERFAARERE T R LX
—RIFRR OB 2 B8 L7258, KT-MT (A BT 2 F) F— X OB XELT 5 F i TOMIEEHS
DR IF O EZBUZ T 72 A RAICERE S T D, Fxix, L—V—lEREA—#%
OHEEZ G5 L —57 > b (lEEY—7 > ) 28 AL, #—7 v N E#Eulceat - (55
ZET, LY=o X—4Fy NNE~OEFEERED ]
) NEHAETHDLEEML, BRIV IT 7 40—%
& el Jein O B RRLER T A BET 5 Z & T Y 7 um A
— X OMMEEEZE T v REAK (K1 5M) 2k
\ZFRE - R A FEA L LT\, BITT 5 2 koC -
SR 2 2 b —a »rTlE, vy FEAKRICE R
FEREIER S 101 Wem? O L —H — %425 Z & T, Mxf
T A R DMRE A AT D kT A — X OUEE R
RadB 8 L 2N & 2-3 M7 bB[E] 2 BRR 2 r— L CAE R » HfEHT 1 ALRIZE T 2 LR CER L 7=
SNBEZEERNVELTEY ., L—VF—Affsinrs X Y 3 ay MEREO SEM Eiff, HE
- r 1 TR = e 3 *)‘Tum\ mE 20 pm OHFRR Y @2 8
AT TIX, ONT °1 v FESKREO FtEzRoWmE W&ty —7 v ) EEmEL—3
— EDOMAEERICET EG - VI 2b—varBIOEREZERL, 77 XA~vOEFREFH & A
Fr DTN X —FHAZE LTINS OEREZRAET 5, T2, IO -8R RE T &2 VW, 3
Kowvy FEY IHICEREZ/NEL Licry RESGEROERIZHEE L, CNT LA bETH—F v bD
FRMMENAER T T X~ OfgmE - IBREDMICKIZTTHEZRRDL 2N ET 5,

Si rod assembly

2. HEOFELHBLNTZRE

WEG - S alb—va v EEEXY—Fy ME, LYl EA— SO E 26T 5720, [F
—E B O R E RS & g U C, R (ERICRT 2R mE) DNIEFITRKREI WV E W) R E R
D, FDTW, BRI X — 7 FE WA ITE%D L — = R F— IR TH D DX L,
WEM 2 — 7y R WD Z & TIRIGEPEBICEE R T 5 (80%LL ) Z &b TVWD, S HIT,
AR D ST LA 2 NGk - (ERS D5 Z &L CL BV —BE T I A~DERE, 7T X
~HICIR SN D EEFHIGC L 577 A~ OERBRRPMFEIND, 2T, AEEL—F—%
oy RESKICHBET 52 & TAERT BTN T —BE ST A~ OB E2H572H, L—Y—R
RTINS AR BRI -2 — N EPIC3D Z AW T I a2 3kchi 3 I 2 L—3
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g xFEh Lz, BRI, K 2@nd @b, EAED 025 um B LU0 um O 2 FEH, &S 28 10
um Oy RnbhpsvUarey NEGKREZRE L (AYERSREZFIHL TEEDOR v KA
). 7k, 7y MEAKOER CENASE) 3T s
b5, @IEE L —Y—1T, "R T L —Y—%245E P A(¢=1.0 m)
L. HEHREEAS 107 Wiem? THEIE 0.81 pm, /L2 . .
g (FWHM) 1% 40fs & L7,

VIial—va ok, L—¥—5iEe v Mmoo X
ETHMALAH D TMIEE LTy REIOZE B 2 (548 . | ﬂW“

AN

C (4=0.25 um)

= = y
L

L. WTFNEEDOLAIZEW TS, rmy FESED L —
P—T R F—DORILEIL 0% & IEHITmN T &
WD E6IT, By FESGKRIZBIT D L—F =3 (b)) 100 oy
AE—OUIIE T Y KOME SRR TH 5 2 & 0 1| ol o%m) ST
ERWE LT, ThEBEZ DL, =R X —RIGED
FRREOLEE, B 152570 BNZITID =R VX —I
2y FMEASROMEFICKEFI L, vy REXR/NS W
MEFRE (L= =35I L BEENE o m= v

F—msy) NMELS 2D ENTRENS, EBE. X 2Db) 100 o S
WZRT L9, vy FOMIE G AN EE T 5 E O =% Kev

=AY MVZEBWT, BEFREOERMKDIE. B M2 @3 Varoy MEAKREEHEEL—
£ 1.0 um OEA Ll LC, B 0.25 um OA TR — & OMAEFEMR 25T 2 3 ookl 3 3
o TS Z ENHERTE -, ARERIT, L—P—xx =ab—va O, b)ER 1.0 pmGR),
R —RIENEITE LA T T, vy FEREFE 025 pmE)OHBITET 5, x #iHOE
+5 L CETRE (BEKY) SEETETHE e TITTANT M (YR a e
B LTV, &)

Q) By FEAKROER . K% )77 7 a V=TI BNT, AUV a0 TR
(XD EEN 025-1.0 um THES 28 1020 pm OHARR T U =2 (U army F) NMEEERSILT- v
Varay MESEREER Lz, AMEER, 79X~z vF oy (RyvaFatR) BB THK
T2 20037 2 =2 Oifi%E GESHMET v F 0 7I281T % BIAS BE L RERDOIRE) 2%+ 25 2
EC, BN 025um TEESA 10um A —F D7 A7 b (5 S/EE ~40) On v RESIKROE
BUZRREh LT,

QYL —F—HHER : (1) THONEREZER CHRIET 5720, QO TER Lz v FESERIZHEKL
BF T U—— 2 BT 2 B A L L7, EARBY 7 um A —F OS2 A0 854, L—Y—0
T VLoV AL DA (IR DREWVWEEBEZLNDT-O, KEEITT LSV ARG OREZ B E L
T, BERHC T I XA~ I T —2H AL, ZORE, K20k 7y MiE2fksEs & Try R
Rl 7 1 O FE IR (SRS NHEFTRETH D Z L 2R TE = RLXT—AXT MABELITZ,
SKEEEIL, FAY U RIRTDEANIIVAF TR A X =AY MAZRETHZ LT, AT
A< DFEERGEL T TETH D,

[Fm SCFEXR Y A B
1. R. Matsui and Y. Kishimoto, "Transient bifurcation induced rocket acceleration leading to a relativistic bulk
medium induced by designed high-intensity lasers", Phys. Rev. Res., 7, 013119 (2025). % #f##(Z The 2023-
2024 joint research project numbers (2023-128, 2024-121) %zt
[AEERER Y R ]
1. R. Matsui, N. Hayashi, K. Kondo, K. Matsuda, K. Fukami, H. Sakaguchi, S. Masuno, M. Hashida, S. Sakabe,
S. Tokita and Y. Kishimoto, "Control of multiscale expansion/relaxation dynamics of micro-structured

designed targets irradiated with a high-intensity laser" (oral), International Conference of High Energy Density
Sciences 2024 (HEDS2024), PACIFICO Yokohama, Japan, April 26th, 2024.
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Whole genome analysis and culture method development of
Thai coffee leaf rust fungus

R. Kodsueb!, R. Cheewangkoon?, S. Haituk?, T. Hara®, Y. Takatsuka®

! Microbiology Program, Faculty of Science and Technology, Pibulsongkram Rajabhat University
2 Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University
3 Institute of Advanced Energy, Kyoto University

Our ZE project focuses on whole-genome analysis of Hemileia vastatrix, the fungus responsible for
Coffee Leaf Rust (CLR), and on the conservation of fungal strains for future research. In 2024, preliminary
DNA extraction, PCR amplification, and sequencing were performed on CLR samples containing
urediniospores collected from Mae Rim and Mae Taeng districts in Chiang Mai, Thailand. By conducting
genome identification, we established specific conditions for determining the genome of H. vastatrix via the
ITS-specific primers (Hv-ITS-F/HV-ITS-R; Wu et al., 2023), achieving 99.29% identity with other H. vastatrix
sequences submitted to GenBank. This year, DNA extraction and PCR amplification have been attempted on
severe typical CLR samples collected from Paksong, Laos, using two DNA extraction methods: the heating
method and the commercial (Favorgen) kit (Fig. 1). The gross morphology of CLR samples collected from
four sites at Paksong is also examined in this study. The morphological studies revealed that CLR samples
from Paksong displayed the typical characteristics of the disease, with urediniospores on the underside of
leaves (Fig. 2). DNA samples from the Favorgen kit and the heating method were successfully amplified with
the universal primers ITS1/ITS4; however, they yielded multiple PCR bands. Sequencing has been performed
after DNA gel purification and the result obtained is consistent with previous result of Santana ef al. (2018),
where the universal ITS1 and ITS4 primers amplified multiple bands: 950 bp fragments of rDNA regions of
H. vastatrix and 600 bp of Coffea arabica L. (Fig. 3). The DNA extraction and PCR amplification have also
been performed on the CLR samples collected from Paksong, using the specific primers Hv-ITS-F and Hv-
ITS-R at the same time. However, the PCR amplification failed. It is worth noting that for ITS1/TTS4 primers,
DNA obtained from both the Favorgen kit and the heating method could be amplified using standard PCR
conditions, and the resulting sequences have been identified as belonging to the same species as CLR strains
found worldwide.

N

H: Heating-extraction
CLR spores in TE buffer + incubated in boiling water for 15
min

K: Favorgen Kit
FavorPrep Tissue Genomic DNA Extraction Mini Kit
(https://www.favorgen.com/en/product.php?act=view&c
id=12&id=22)

where A: site 1; LAC35 — Field 1
B: site 2; LAC3S5 — Field 2
C:site 3; LAC38
D: site 4; LAC43

Fig.1. Two DNA extraction methods for CLR samples
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Fig.2. Morphological characteristics of CLR from Paksong, Laos

GeneRuler™ DNA Ladder Mix
0'GeneRuler™ DNA Ladder Mix,
ready-lo-use
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Fig.3. Multi-band PCR results obtained from ITS1/ITS4 primers
(upper band = H. vastatrix, lower band = Coffea arabica)
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F/RNIWVAL—F—REICEITEHRENED
PEZTDIGEHRAEDRFE

Developing the in-situ technique to measure the size of radioactive fragments

AVE IR R G R R P RS

VH AR IR B BRI EBRSE v # — . P ARMENE NS R g v 2 —
SHARRE: =L — B TR IEAT

1. ¥#&8

BEE R R EFREETRA P ORIEHTE T REO B EEEM AL, O KRS %R
TIFRCAE S T DR L~V BRI N 5D TV D, TS REERE L~V DRV B L 2 2D
FHNBRG U, BN EREIED & L CORKA G EZD SEDH 2 L3, BEIEFERERO 2 2 MEREO
BLEO OO TEETHD, —MRICHIH S AL FFRYSOBMER Y & it LT, b — —FRYLIIERE
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T RE £ THRIRET ILERD D, TO=H, SEBMERZE T um OFES £ THREHE
IRRYEEAR OMESI R D B TW5D, ZHE CENTIEEH ERE (CW) L —3—Z W7z Ry
FWTH o703, 2019 FAHE S — 1 I FEEFTLEIK & > 7 NEEIZxE L CEM S /o6 ik, +
BIRBYBN RGNS T 2 ENMESN TS, ZOERFRE LT, (1) BEICHES 1BRWE
D¥EFF X ORI NEBA~OILHUZ L 2 ZkIGYe, 2) ~A 71« F 7 BBEONFRNHEONEES, &
I RN R STV D,

For ., BB EZME Lo T 7 L— g VX ABRENTRER T B/ LA L —Y—TEH L,
FREHK BE DR L34, 2B AT B L ORI OEIEZ B E Lz, &5, L—W—Hl, A%y
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MO HRE LTz, RECRITBIE, FERLE LTERTTH 5,

2. EBRER

AAEFEIL, MOPA HlF ) For VA7 7 A N— L —H—% |
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ER L TS A EE  (Scanning Near-field Optical Microscope; SNOM) % F N = i@ 20 fiERERI E 21T
S TE T, AFEIT, B EOREBERAERE 217, KRG EIRE TORNHEART ML
b, RO FIREEICEIT IO ZEMBIIRN Y Z &0 fEie s A 7 CHIE Lz, K1 ICHER ORI
g, i L —%— (He-Ne L —%—) [T R — a2/ 7 0 V& % LT, i BHZ RS X
NWANEAR v MEZK > TV D, BN DORNKIT, N—T I T —THIFHT LT, ARSI hLb e
A A=V ZERFICHE L TV D, B2 ITRERRE R~T, AT MLVOIREKREN (K 2() T
%, RIRIZEBWT 173 eV MTICBIZE S 100 K IR f L F—v 7 h 5 EE— 7 PEIES
. BHEBIE ARG EEZOND, iz, KRICBWT 1.6-1.7 eV fHEIC 7 v — R —7 BREEX
oy IRE EFICHED 60K AHE THET IR BN A ONT-, ZHUIREREFICL 2R EEALN
L. PUFVCEDRAENIRELTWNDZ ELEZbND, —F, 2o (X 20b) Tk, iRE L5
IZ R o THEFOILRENELS RV BIA A=V DBIRN D Z N TFRINZN, &i@k%@wm
Bl s e o te, SRIL, BRI DAY NASRIIEZEZTO, ll 2 ORFHEX ¥ U 7 %508 L
TZEMEMEZBA LN LW EEZ TV D,

[AEEFERY A K]

(1) /IR FFE IR Sl —ak, B #, 1Si02 Fat E D ELE WSe2 (Z81F D3 DIRERE ] |
HAIS ST ) F 7T ¢ 7 AW 7 V— 7% 30 [EIRF5E ﬁﬁé\mﬁfﬁn}%BE%N\ﬁﬁ
emCAMPUS (R A X —3¢F) .

- 151 —



ZE2025B-29
ETILRNEFETOHME TS XAIHEADIGH
— TS5 AT DFEBIER—

BUTHHT Y, /REE 2, BRILHEZ 3, BURESE 4, —JRBA RS, At S, lBEs ¢
'RERFEE Y T o582 v ¥ —, 2IRERF T )L X —H T2 5EFT
SEERE RN TEITS o T GEE v 2 —, AR A

SRR LA R FREXE T L75%R, SRR TR X —FR A5 R
1. IXU®HIT
ETANGFEET, FEEOPREL TV DOEBEEET, 2T —# Rk, VAT LEET Y
VT T =R AR AR CTE D Z L E N E TV O OHIck LR L TE2[1], =
DFENEIIRINT DX GO AN TIT — 2 121 T MBTHT M 600 Mm% b AN THET 5
FHIET, 77 A~RZ2ofE~x OMBEISHTED EEZ2 0., ZNEARFEOHKE TS, BARMIC
X, HEEE D INE TRV MA TE 2T — X FAHLIC S 7T X~ O H M RIEDOFZE[2, 3] &2 & 6
T TH, LVBWHFEAEETAZLEZHMD 1 ST 5, E6ICE. 77 X~ 2omolEic+
TANOTFEEEAT L2 2RFT2Z L2 HD 250 LT 5,

2. EFLVRNASEE

XHBUTKET B FRiAEk A ET L LI H D% Partial Model EFESZ L2 5 L, BT ANEFEE
%, 112789 X 912 Learning System & Partial Model ZHlE T 5, L HITx LRI DRI L
WA UCASMES « 5 —% (Input Signal *Data) &5z, TOHNNRMRLHEOHNES - T —X
(Output Signal *Data) & —EH T2 X 2WY R FEHT /LT Y X L% HWT, Learning System @ (32
72513 Partial Model ) FIFREEAEASZMIET 52 LTk Y, REARDHEDOEF L EMET S,
UEDLIICZ ORI, ET AV ELEL—TICNEASETEE SEL 2 L TET AN EE LI
s, T AVNEFEEORMIL, 1. BEME S ONRWIEAICHRIRTE 5, 2. FHAiHkE A2
FIH T, BN EENICENT-ET V7 2RBIT5 2R TE 5, 3. b L ORENRRREME
Thorema, TNEMETED, A RFEZSZENTED, RENFETLND,

M 1 OFETVNAFEOPSAAL, 7 — X FHLORSEAIC b e V155, HHECTRBURR S AT 2%
EFV T HE, VI al—va T AMER L ICBN T, JIROERRETANESLNLRNEA R
%<, TOBET U= ETHRLNET — X EHRE ST TT I FIED, [BF00HEZ I L L
LT 3BT — X AHEDRZEE L ClED 5N T W5, T — X Ak O RREMR OFEFA AL, K 12
RTETNANOAFEOPAZE 2 OXSICEETLHZ LIV ELND, Thbb, JIROET L
LV 2 b—# (Simulator) DRENZE D E/NT AR TA AL, BRIV EOND T —X AT D &
NS PO EEAL T VTV XL TNRT A—FEF T D, HDHWITHEERS (Estimator) & 324 LRE~
AaefGondT —2EHOTRNRDEREHET D &0 ) MR OMAA TH 5,

3. T—HRMLIZE S 7T X~ DVEFERE

T—HFLIZEES L 77 X~ O EERIRREO B TEIX, ko X icEbasind, 77 X~ D
BRREEIL, —RITRM Oy TR TREIND Z B MLNTEY . TORMY HEXEBERSE BT
DRI TRRER Y 72N T A= BEALTCNT A NTARXTDH, /MRBROT T A< IEEICHE
INTEU =X 0ELNDET —HERT AN T RENTHFERLVEONIMMEIVEOND
Y —IEH L ORRZELZTHER T o . ZORBEIEZ OEE F/MET 2 ERXHIFISREAT & T 2
—EfbREE L TERMbL SN D, Z O {bRIBEOMEICIT, Bk TE, R aidih, = o —
N AEREZLL OT NI Y XARBEIN TV D ARIEICES S FiEs ARy, cnso7 v
Y XLz THBEMEE 72D OI%, FHEBIE D /X T A —Z BT 5 AL E WD L B
FETROLNPTHY, 2t BEHFRRNICES S HEEHEFRERICE S FEDO —oRE %

—-152-



ZE2025B-29

B, ENZENHNTWD, ZAET, @il b A XTI Xx gl LT, BEHREICESS
TiiE[2] 8 L OREAE RIS IS < TFIE BN & 2 FHi Pl D 1A Z IR L T D, F/o, RELE
MAHE R THAJE S M7 RFP REREE A W TER L. SO DOHENRANTHDH T L AFEIAEL TV D,
VL EDFEFEZ T CTBUE, LTOMREELZTTOTND, ZAE COMFEITEIH e A 27T X
~FebH 2 WIROMBEZSRICL TV, Zivae U Vs £ 3 kO MBIHLES 2/
NEIT>TWD, £ T A~ DOFMRREOLEVITFHICEZ B L TORWHIETH o728, BEMZ
FE LI A ORE 21T 9, S bICT —Z kD 7o O RwkiEomsb 2 By & LTk
WATEBAE RN T VT XN L, @l iR 2 24 5 T2 L T\ 5,

4. EFNVRNEIZ LD T T X~ BN RTREFENT

e 77 A<tz m ESE 5729121, MID REEMIC L - THI &k Z SN 5 BRGSO
eI L2 JIE LT 5 2 E VD CHE L 2D, TOMITOEER 1 DN AT NV T,
CTHCETNAVNEAFEEOEZ FEEAL, TETANAARY MUBTIEEZREZE L T D, BH O AN
7 MVIENT ORI 3 DX )RS ND, ThbLTIAvInEoNzT—% LEf7—1)
ERBAE T & OREN TR/ D X ) 7— U =B OB E RO D, Thulxt LIBR L TV 5 L
1L, 7 — & & DRRZEEDF/IMETE T TIEAR < L RRITHC Y 325 TW A BEM O W BRIEAI 2 i 7= 38R IS T 5,
ZOMEOEE, 7T A~OFNERITIFETHD (VXB=0) Z NIV NI>OT, ZThzimi-d L)
B 4 DX AT MURNTT 5, T72bb, 7 —X & OB LOVEIERNBRIRHI RN 72 5
£ 7=V B OREE RO D FiEEEN TS, UL EEMICH EEMICH T S f#hr
EERNELNDZ LT D,

5. =7 7 X< OWHRRRR O &b L RE O fgls

B 77 X~ OEBUBW T, ZKIE7 7 A~ OTHRIEORNT, 5k, S0 FikiH 2T 5
TERBB LIRS TWD, AR TR ST T T X~ OFEHORRECK LE DT A — X il
fKFHEJ%%EEE'fKL%@ﬁg{f%%Hj LTW5b, I XOYEREEIT 3 AORTEINTWD I &
HIVTIHEY , TSN, 7 —Z [k, 7R EOEBOTHDRT A N TA4 XS ExMx, i
ST LaFMB & 52 TR 7 2 — 2 ik a2 @b L. CoM@ET Y a4 v METHE 720
DT VaAy MHFBRAZEN L TWS, ZOEHICESEXHELTO SO L 2L Tn5b, 1.
LT FEOEREO 2R T T R~ OFEHARIEO BB~ M, 2. 8\ 2 ke 77 X<
DFEHREDT Va4 > b HEREWMABFRICERT S &, Bor 283CMB] THENTNS Grad-
Shafranov FRERUZKIT AT Va A v FHBRRALE —FHT 5 2 L ORKiL,

Output Signal
" Dat: - X, B~
—m_ 3 t Real Plasma B b Real Plasma
f 1 A
i | a
B | - Spatial Foliric | B ¢ Spatial Folirie | B +
7 hx’wn:uur —,rf Senies Exglansion Series Exgfansion
4 1
’ ! /S d Vx ()
H <% - ] Optimization <~ - ] Optimization
"= - o Learning Algotithm " = Learnin, Algorithm Algorithm Algorithm
0 — 2 SIS o — — S ° S — °
X1 =7 ANEFHE X 27—~ Rk X3 227 MVFENT X4 BT VNEALT SIVIRFT

BE CER

[I1BILEER, £7 V02740 T U V2 A—E T ANAEE 2R E LT—), FlEEHIERES
&8, Vol. 63, No.10, pp.607-614, 2024

[2] A. Sanpei, T. Okamoto, S. Masamune, and Y. Kuroe, “A Data— Assimilation Based Method
for Equilibrium Reconstruction of Magnetic Fusion Plasma and Its Application to Reversed
Field Pinch,” 1IEEE Access vol. 9, pp. 74739-74751, May 2021

[3] A. Sanpei, S. Masamune, and Y. Kuroe, “A Data—-Assimilation Based Method for Equilibrium
Reconstruction of Magnetic Fusion Plasma: Solution by Adjoint Method,” IEEE Access vol.
11, pp. 62639-62651, June 2023.

- 153 -



ZE2025B-30
40O MOV VEHLSTEAREZE ST
EEEEHTEOHEMN

PAEPETE L, PIE AR 2, KN 2, [ EE 2

AR 2T
PHER R L X —H LR R T

1. HFEOERE BN

B@E o x VX —II N RO X =i L THALERBERECTH D, KED T 7 KifE
DDA F v —TAE EEOF L7V O#EL H V| pB EMASIZIER Shvo2dH 5, pB Kk
IEHMEFHAIBNZE A EHRNTED, L0 RERBEMEF~ORMICKE R REEEZ MO TnDd, L
U, BERAIE ISR ERATINT — 2L, AMNOEBEHITKLS . BRFEFIAFIE NS, £
D=, B (@) AMIIOEE WNCEBET 200888 & 7o TWd, g, pB KGO
TDIFEAE T ki T TH DD, MESBENEB XX, BRlG 77 X~ D) %3038l
THZENTED, ZTNETOMETIE, BEBEET I Ao TCakifNBYban T %& 2
ADOAEDBEE RSN TE Y EBYLOLEIIMFI ST\ iehoTa,

AW TIZBL S TR MeV A—F —DE=Rfm NV F—a b 52 RmT T Aol 52 &
PR LTW5S, a7 T A~AEmETiE, 600keV NBI ZfHWTCHRUES I L 25077 A~HT
pB RS HE Z /UL A A ZME Lz (K<HbnTWbd X HIC, pB G HrmEL 600keV THe)
DRERE—V 2FD) AN O, BRISRICERIGERY (= akif) EHERTTAIEIT
—WEHOMMNHH T A HDE LT, MR AX—hF LG RT T A~vDNME R 5,

2. ik
BEORW (V) I XAhbOHNEFRET L7290, MDD (iRiE) & LTTiER<, WEh 1
ORI FHIE TP T 5y I 2 —2 g LTWD, BUTFIZEHED Yot 2 &R/,
. 27— bO7 7 X< INZHE USSR 2 iRIRT 5
7 A MR- OfiE & B 5
BITRNX =R LY R T T A~ DN EHRT D, HTRVWESIT. 1. IR,
BRORLE ELE), BEEZRET D
bt Bv. BTOEEZFE L, EMORFIENFE L =2 LX—EIL (FE) hFEL2HE
‘3’«

HHDOFEENRPFHFONLET, LRLOTmE 240 KT,
o, T ARBEE~DORBOELL LT,

28 W] ERENL DB

FIZ7 — v CEZRIZ K DR DOHGH
FEROREITRICAN D TETH D,
B, EEDROAFEL LT, 10% L EET 5D,

2.
3.
4.
B.
&
6. KL UNEE L REEDOMEN T TRVWEEIE, 3. £/2F 1. ITRES
7.
*
A.
B.

3. HERKRLEE

FEEFEIIRIHIO 1 & 2 D3 EEIT o7z, RFEEIL, 4 217> CTEMOBLE R &2 Lz, MEFEE
DOFRERNS, 77 X~vHOnbE TR T —h LW RT T X~ OB LG & LTh A
T E Lz, AL, HODOI T —aA Mkt d aRtaA iz, 2 7 —aA VOBEROLHDLLT
WLE LWERSN-T-DOT, BIRIE1: —0.5 (FHITEBEROME) L LTW5D,

B, X T —aA e A NVORICEME AND Z EE2B 2T, K 1 ITRT ¥ L5340 06

—154 -



ZE2025B-30

o, ZOWE, KATHANSEMOLNWEAICH_NRTHEZ KRS LTS (K2), ZORF
LR ENTE N AL L, HOMETE TEMOIELEBMPER SN TN, o KifFOx=3L
X—IMeV A —F—Th oD, BWMOEBNMNS W OF—F—L720  HAME T AR & 722 BT
Al (=% DERIND, ZOTHIl, R FHuEDN RN BED > TWTZER o7,
2T, aANELEOBITBIR BT SBEI AT OERFICERBA v 2B W& 2, TDE
MAEOIC Lz, 2975282 T, HAMEICEMOBIITZEL KT (¥ 3), AL, K T#uE
WX 7272 ERIIIA DI W (X 4), fax fxﬁﬂ%%nﬁ%&fmx oA )VEEEEEE Im & L72BIED a4
ARE TIE, BT R R FIIR SN TEBICIZA )T, 2T, sHEMERA KT CEM
TR A SV OAMA Chi - H O ORHN 1@ 2 EEF R T2, £, BRBAOEEE H OMTIC K
FERWnWk oo, 7T—RENMN GHREE 0V) OEMmEZ H 2 A L3 <Al %wtoMﬁﬁ A%
M 512, o, N7y WMol %R 6 2R, ZORECTHEZRAX—hFHuExitHET 5 L,
I—JIZ\/V“‘%*‘M% IFEMOH AN BRI A A OFLEZ®Y . HRlOEBIZET S L (l DN
%K\*%77Xv(ﬁizw% DEF. BT) ENATEEG PO H T Z & DR S, i
%&mizw%Hﬁ%®@w %ﬁmﬁfé$#A#oto

AEERRTORUAT HE PEEERTOREAT HE

M1 ATy VoA I2 ﬁ%@LL@{ﬁJ 3 AT v iAi X4 KT #uE O]

Cusp B Field Vector and lines AEERRTORUA S HE

Bl Wﬂ%ﬁﬁiﬂzmﬁﬁzﬁﬁ Z‘ﬁ I6T7//Jvzl//\7fﬁ X7 ki f-ELE OB

A FEFHRESBOBE

WV JE \ZBEGECAT O Fr TR By B T RE 72 AU 2 R L. 2 4F H OAFEE CEMOELEIZBT 5
EERERAESZ, REEIL, BMEE ((LELETE) OfEbrz Xy, =X —RINhHEEFHE
THTETHD,

5. [BXEXRVADM BXO IOEEEEY X M)

E e AN

KrlZ 72,

[AEERE Y A ]

FEEPETE, fll, “V A 7 v b a U EHENS X D AESEEA o L B EIIEOMT, Ha20T T X~
B A2 2025, 12, FURR T3EMkHE RS, ((RA X —)

PRSI, ., “V A 7 v b o E N L DR o 7

2025.12. 11 FHEEKZF (KA X —)

PRI E T O/, 20257E LS

— 155 -



ZE2025B-31

BHRES FOREREN o BHT S ERBRERE AT A

WML !, RS, PIIFHE 2, FEEE
VIR BT R
EEES S e S
3 ITE SR R L X — T AR AT

1. &&
E%mifig%ﬁ%wmﬁﬁﬁg% AREAT
/\%zﬁ N D :Z]_\S’UX/I/7/]’ S EIE o} o] 0 ; o s\ /S\ /5
& b ORHILAHORKT, AtoH o oy e T
HKEE T AEMAE X 2 CTx - 4AmE SRTFA =R TAE ;Mﬂm—zmw_ BRAL T3S
Fr LT, EERE A H 2D T e § —
5 (D, ¥, xoMEORERE  BY o PR B

2 Al 57 Wbl 5 s
BE~DORENS | EME BT DR | w2 b RAEMRENIERE
A Y2 2EFL L TChEE LS |EE ZEHE etc S FLBARAGRAE etc.

WMThsH, LIEN-T, BESTFO K1 RUALT ¢ MeAWTh 2MES 11X, EWiEn
WP BIRE & A FRHERE ~ 0D BY 45 4 B 7R AEEEVESREI D E & L CHRET D,

=

T 52 &k, HERBUE COWEIRER OB 2 R S, EEOFHG ATRERBI R HIZ (SDGs) 1281 5
NAHEREE - BIRIEERICEE T 28800 BRI E 3 2 B R 21t 2 Z L i s 5,
RBRREE Sy AN CTREA STtk Bl - Tk SN D 2 & THRET 2 LB X N TV A3, £ O
EEH) N T UAR—F =G TEREIRIZ E A EH LN STV RV, ZHVE TIZ, L, fifbk
RERMEDONABME L 7T v b7 +—2IZ LT, BIES OB & RSB 2 e 217>
TE7-, TOWET, BiisEs FoMasimEicflhs F 7 v AR—%—%FE LT,

Z ZCARMRGETIL, KERGHEIC I T DS T N T VAR —Z — Ot 2@ U T, WElbaYw
DOFMFANAENRE Z HET D 0 I EZ I 5 L, AW FRIR S ER O BRI 7= 7o 8 2 i3 %
ZEEBEET,

2. ERIGE
ASCE BRI, BiAL/KRSR 2 BAb U T s kL &

MR X DR 2 Il M ST 5 Z &N L TD
Do FEBRIT, BALKEIAE T CTAEB S BT AME %
NARZETAMEE TR T 5 &, MmN A< K- T
Blzasns (M2, —FH, BxBRELIZFT A
R—F —DOREHETIX, HIRRNIZHE RO EEN

BB, SHIT. TS O TER O/ AL % fiE
3272012, BT~ 0 THIT L7z& 2 A, 150 250 350 450 550
MINAORBEIRIL, EH0 5 SPEERSTH  pammoBBeBR R s s v 5 R
b Enbhor (H2). 2 WPAEBRCILMIIAMC B L 7 R (1
T, ST N T U AR—F—ORERRR kD 2SR R CITMIaNIc SR L,
EBEKLT Sy LA LT~ v A kAR LT,

{70 ¢ L

W

150 250 350 450 550
SS

Intensity (a.u.)

—156 -



ZE2025B-31

PER T Doy TR 2 AT D721, T OgikE M 2 3R E N CIIE 3 2 T R ORESL 2 45 L7,
LinL, KFT U AR—=F—FHEELAEIC TN TN T 2=y PR oBaHRE L THET 5720

(3), @HEOTaT A VR — 5% [T R TIEERHATE 220,

Z T R RFO R S E AR S 3% Lz, ERIAIRD DNA F / #Ek 2N L7 a7 4 U R
V— NOMEEFMAERT 5 2 & T, AT ROFEBEZ B L, BRI, WS =y ~ &AM
V7 a=my hOTRTF VR —LERZITHEL, TOEEEIEL TR IV AR—F—%
FHERT2 (4 4), Z0OF, URY—LIZNE LT DNA 7/ &R LY Xy E ) o —Thl
AEELH LT, FY T =y bORMERIZ D, X HIZ, 5O DNA F /7 &S RNICIT BT 1
DENT 0 —TENEOTEHZLE T, TusF VR —rNICESN-EE 2 ERET S (M4),

D
Outer Membrane O g

Channel

~) T34

0000

Adaptor
Protein

QQQQQQ.C

Lk

Efflux
Transporter O

X 3 AbFTUAR—H—[INEE IR
HETHHTIC=y bEZENHDY U h—nD
RERR &5, PIED B & 5 58 A /i
SMCHEH T D HERE AR © o,

3. BRERBIUEBE

DNA 7/ & R 5 Odot 7 v — 7 2@l 572012,
T REEROMELE 72D DNA L8t mn— 7 2 fEa S8, 7
J AL DNA EEEZ AT VMMM LTzt e —7 (K
5) AL, Thbafa L,

DNA tH#t7m—70%, pHS DOV /Ny 7 7 —WN TG S H
e, wT m—TOXY T VR EOT AT IOVBINKRE ST
T, TOWENKIEL T LEST, £ T, pHT TRIGZEIToT2 &
A \ENT a—T OIIIEICE 72, 7 REENIERZ 5T,
\Z & ERINED DG N2 o Tz,

UL, BEREACEMOLREMND pH ITIKF L TND Z &R
METH D70, pHITIKFE LW U » 7 RS %F]H LT DNA &

X 5

JESEN
DNA
it U 4

BREDT
EHTO—T

%}
/
< g;m
o
(e}
(e}
(e}
C;)
%)

%
HN
o o)
T
(e}

X 4 WY 7 =
=v M DHWITH
Y7 2= kD
TaTrA IR —
Lw ) =K
N CHRE S
5, EOTa T
F VIR — A~
DOUEIEIX, DNA F
J REEERNIZN T
L 7= B ¥ oy 18
Se7F o —7 TR
T 5,

0]

‘\
N .~

s~

TNF LA N — R

LT a—70 5 ALy

AR FE L E D NHS 1A,

WM T B —T EEET A EEEFE LTS, TAX AL L7 DNA &GS HA7-D12, X5 O

T —TDOIENET AT NV ET Y RERICEZ LB D ERRICETF LT,

4. WRER
[PEaRERY A ]

Bk, 8EEE, BHEL 1, WAEZ, FHRE, FIFHZ, EEEIT, HEHEE, Dahl Christiane,
Wi o8 50 DS A 2> DRI 3 5 A ARBEREFAIEI > A 7 A7, 2025 F-JE ZE LS

H, BHRFFIRF v /s A (RAHX—)

- 157 -

AN
A

“%
2025 & 12 A 11



ZE2025B-32

ZEHOEENFERAY M T I/ RIHT S
FFRAABVIRDOERR

BRAZIR 12, ILEE R 2, KHS22, REIEA 2
U HURUERR R SR SR AR R
2SRRIV X —H SRR SEAT

FIRRN O BSOS T, # X0 E - Kilig - 288 - (W72 E 2872y 03, BIRE L TR 5 25
40% & D ERE TIAAET D0 FIARAWERED b & TEIFI ERMICETT LT\ 5, ZiRiZ, &
HE AT Tl SHEHER POIMEEBE AR L, S DS OB (open/close) Z 5 &
4% 7 25 LT FREOMRE R LA 1T 9, L L, ERICEREME < Ml IZ BT, 20
DT IAFE VBRI DOREIE - XA T I 7 R - BUITFERRHEIC E D L O ITEET 5OV TOfiF
RN N T%é

AR T DNEIRE L « KSR & W D IRFN 72 550 CHBLL T D @203 G il o 5 & B R 9~ 5
Z LT, Q%ﬁ’#$%1®%ﬁmﬁ TRV AR HRTRL ﬁﬁ%ﬁu(ﬁé%@ﬁmﬁﬁﬁ%@ﬁ
B Al Vo mH LWHEROAIEA~E DR’ ES, $RERSFICBOLTH, EiRtEE L 2o
AT 27 ZAOBRIL, EREAFEIACHT KB %8 12 ﬁﬁtﬁmﬂﬁebfﬁgfkéo
ARFZECIL, BB TR, ERUE I, 7 ARZEN /R S EOBERRESN, b7V —F
74t@@%ﬁr&@%5%rénfwéDNA CEMREEICE S E Y T, BT, TR DNA —F
S (X 1A) (2B DT OB X A 52 7x(lunﬁ HIRRE NS %ﬁ#AP%FT&@iO
’WM¢6ﬁ%%%ﬁ T D AWML LT, HESOBAL A ) I 7 AT OMEICEL Bb
HIZH DT, HFIAAREVERET TORBIIINETITEAERBEHATH -7,

B CH, M ))
(B) -« /kﬁ: a o

~—N
kopen W\ H
: HN H o_ CH —_— et o
_N —Husnnm N s o, _N_ N—Hummm N
/N(\?:SN ----- N ¢ V// N H— N >

R N= )/—N aR”

@R close @R

Closed Open

1 (A) ARWFFECTHEM L7~ DNA “HE#EMEELZ R T 54U 2 DNA O —&kigE, KU 70 U8 (Bf) &

RUIEU IV OkB) BT RV -7V o 7t E Bk L C _ESEEL e, ZOKRY 7V U8

IR LT, RETRTIRIEY IVUVEHN T =T AT 4 — UG EZER L TEABO#HE LTHRA L,

:E%%Et@é (B) HEIEIBARAAX A 7 A, HH23PA U7 4kAE (Closed) & BAVM-iK%E (Open)
ZIRREAERET D,

Z 2 CARBFE T, MIIENERROIALAE N E, ﬁﬁé%ﬁm%mgl%ﬁiféy7?& A
ST H T ET, BN O S FIABEWREORZELZL Y 5 THT T2 2 & 2k H T, BARW
(20, FICHERR AR R % 50 < )R- 2 Ficoll PM 70 (43149 70,000 DL FE4r+-) & KOIERERDIK
TZ5| &k 234 PEG200 (43F&#1200 DRV =F L 7Y a—L05+) & fv, DNA =BG
W ESHBARH # A F X 7 A ZFfi 42 O NMR {512 X 0 254 L7,

%@%%\%?ﬁﬁé“%@??@ﬁ@ﬁﬁﬂ@%<ﬁr(%wﬁ&%UéLr(@wQ®&E’
MO TR L, BREOFH M (Thosea— wm)kio%kbmﬁf(%mn1mm%)%%ﬁﬁ e
CERT DI LICB Lz, SHIC, MREOPME A2 KT 2 BT R F =L L TAGSpen =
—RTInKypen Z i L 53 FIABE W DIE V (kopends & Dkerose) & BT (BGopen) DM TT &8 LT

—158 -



ZE2025B-32

WHEXSFA T I 7 AT B RIFT xR LT,

ARG VERBEIL DNA = H SIS O RS B IR 2 KE S 7aWn—C, HEEEKRBAR 2 A
T AOEEER - BHZ RNV 23R EEE 5 2 T2, ¥R, 7— 7 A7 4 — VKT
A SIS 3 I H 3% & Ficoll PM 70 OEINTIEZ < OHHSTHI I Trosed & Topen VVER L.
&Y DI T0sed DIER NI Tl o 72, iR & L TAGapen 2NN L HEEKI 2 BT 2 Bz,

—J77C PEG 200 DAL, 13 & A L DI Trooseq @ HME ST Topen ™D BT~ TIER <
AT Tl T pen 2B U ARG IT TldTopen PMEMNT 2 & W O FAAKFMEEZ R LT, 21D (Topen
DI & Te1osea P M F 721D R BMOMEE) 2LV BIKL U TAGopen ! FME T L. HEHIAR L
EALT D HMA~EL LTz, D FABREWVREORELRKRT LB RN E S L, AL -HHHEETDH
HWIEKIBHPA S A T X 7 A~DOEBEN R 5 = L% IR REE CHER - HHT= R L X —2 L)
BRI 72 R TR LT SRS ZE D FRE IR R CTH 5

AT X0 | RN TIA BB WERBEIC I 1T 2 e O IEREUERE 1E DA% « ZEME - XA T 17 R I
BT 2B K & < Al L7z, HFlC, BEHEZMIENERBE A Ficoll PM 70 X° PEG 200 72 & D4y 1A B A
WERERZ HEBLT 23K Lo TRARDIERZUID 5T THER L, KT 2L 0nWH 7 e —FI2kD,
R ORELE « ZEM « XA T I 7 A KT 2R 12 E&PNEHET 5EM 2R Lz, i, o
WP EROBEMIHT LWRE 2 5 2 27200 TR < RS, MEN TEgh=RICRG D T el
B RET AT O0EBIC L 05D,

ARFNTIRE TR & L C The FEBS Journal \Z#F L. 2026 -1 H 16 BIZ= B X172 (Sakamoto et
al., Accepted, 2026), 5k, AWFIE CHESL L7=FE A4 O NMR {EZ (A A DO T2 T O A & R %
FAEIT . X0 AT WNSE, FHEAERT D % R BRFET DR, B D WA N T o 28]
BINHWE - AT I 7RI VEBE SN DB G2 RETHEAHBILTND,

[ SCHERK]

Tomoki Sakamoto, Yudai Yamaoki, Takashi Nagata, Masato Katahira, “Contrasting effects of different molecular
crowding environments on base-pair opening/closing dynamics of DNA triplex structures”, The FEBS Journal,
2026, Accepted.

[ZE., 7L AFEFRE]
L

R ST F =
BRAS RS, “KERR oy F N EFOREIE X A T 2 7 R : DNA T B Ui T O Hoogsteen FUHG Fx, 7 7 1~
T, 2026 4E 62 % 1 B p.73

[ EAR K]

BRAS Fnfsh, Ui AR, KH 4%, R EA, “HIIENG FIARSWERRICEKT 2 —“HEMEZ XL D
& D IEEYEREE TR DR OREE & X A F 2 7 AD in-cell NMR {EIZ X DR, B ARIESLSH
146 4£42>, [EEE S 1 28-13-am07, 2026 4~ 3 H 26 H-29 H(28 HIZHEETIE)

[FH T

PRASZNASE, “NMR & CTHEZ DB IRE D+ OWEZ A T 7 27, & 64 [A] NMR #limaF =— h Y 7Lz
— 22,2025 4% 11 H 25 H
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T4 OEBRHICKSI IO —RAEEROEE#EEA D =X
LDz

mlER !, JORERR ?

BRI A Sy R 2
R kL X — B LR SR T

1. IT®HIC

~A 7 EFH UIALF RIS OMEIL, AR PHHETE, SHICHATRIALX—ThLHE
KEFHATEDOT, BLRFHEHEIBIZHHG SN TWS, 22 C A®kEEEEZ LTS
I —RREERO—H>DFE L LT, BAra—2AnE 7 ba— 2 &85E LT, BEEICHWA - &
HEZTND,

WEHRAESIE, ~A 7 a bl (F A 7 AT ) OFFTF T, Bla—ZARNfE L TT7 v
T VEBER SIS EHE LTS, ZOFERIL, TROB T LV TEREIT-TEY ., 2D 2
N =X LTe EIEH LI o TRV, ZOTD, HEEE & ORFEIETE DA N =X L O 2R
ITAER, T ATRY T AT LV KIEETH OEFEA 42 PRI~ A 7 B 2RI L T\ D 2 & 238
Sinkipolz, LonL, BAe—2AONHRERIC OV TIE, REHLMNIRSTELT, XA 4V AD
HANEEREETOWINTZTE Z LT, A — A0 0RO Z B L T\ 5,

WL, ~ A 7 N L @ E B D LR R 21T o 7=, ZDOfER, v ML — % — Tl s+
THAm—ADORFUGITET LRV, ~ A 7 B CIE L 1 — R DRSS AT LT
TH )=V ST, AEEIL, B — 2D T A BREEMER LTS 00, HDHWVIE
BT AT AT MER L TWD ONRAEFEREZT1T - 7=,

2. EBRFEIZONT

M 1iz~A 7 o RGO EREZRT, 20O
~ A 7 o IESIT TEI03 B — RO E(EN 24 B
R %, EFERIE, AR OME TITES)
Yoo, RKESHOMNMETIIBE N LD |
DT, REOFFAMLEAEZ D Z LT, BEHMN
B\ REGINEVA RIN T X 5, FiRESHE. Rk
771 150W OS8RSR A V-, E 78R
HiRw A WD Z & T, WA WIRSR IR E %
W2 T MRy NT—=I T F 74P —TF =
—=V 7T HENTE, LFRENEL
2
FEAEH A DML, Y BV BT E
W=, BELEHAZT VI HATT7r—&
., WEBAE &5 EHO TRl TR LT
HIE L7,

EEICHWEZRENL, B —R T ABE L TAT L, HDHNIT ALY T LERE LTK
W% O T2, 2 OKIEIR 2 ASRBRE ICAN T~ A 7 o RIS OB O e RALE IR E L CINEL
FKEREAT o7, MBGRELIX, & HITiha s L,
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3. EBRERLEE

X 2 \Z&5KIETRE~ A 7 a L 7=
REIZ A L2 A % U E AR SR HT
FHCHIE LR AR,

(a) DI ATEE T AT LV IKIEKD
~A 7 aINETIX, KFE, AX B
F. R bRFE, ELIRFEN. £,
RATRLIZEZAIZEH /) — VR
DA AR &z, PlbEoZ L
b a— RO RSDET LT L
EzbND,

—J5 . ATV T DIKESHR A
7o BRI, X 2 (b) IR T X 91Tk,
AL BER, B biRFE, LIRS
IR SN, = F ) — VRO A
BHIFBE S o7z,

PLEDZ D W5 DORERIC I E
WCEEND AL, B —AD%y
T LBz oD, £
7o, WE DKBRDENTH DX T A
TN T NE, TABRY T AT
VKB TOIHTH ) — L BEH T A )
SN2 b, XU T AT URtE
N —ADGREKISICRKEL FE LT
WHEEZEZTWD,

— 40

— 2 — 16 — 18 28 — 32
— 28— o5

— 44 — 4 — A8
5.00E-11

5.00E-12

0 5 10 15 20 25 30 35 40
QT AFEH T AT DOFER
— 5 — 5 —g3g 28 — 33 — 40
— 4 — 46 — 190 — 29 — 45

5.00E-11

5.00E-12
0 10 20 30 40 50 60 70 80

O 7 A BRIV 7 LD R

2 <A T v EINENE D T AGIHTRE R

4, TEHRXERV A bM] BLO THEEEXRY X K] 1220 T

(R Y 2 K]
L

[(ZH., 7L ARKE]
L

[HEEFEY A ]
L

2235 3CHK

(1) TRVEBEFETTO~A 7 aERIIC LS5 —2AWEFREOWEER L Z Ol |

SMHESE L - 93655131 DRMF s
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EFEEEADFEL BHICKB3N\AM A T4 IILLBRERDEL

TEFPTER !, SERTIRGEE Y, MM !, BEE 2, RUIARSE 2, ek s, RIS

VEARRE: fa s
PHARRS BERHIFEAT
SEEIRSE TRV —H TSRS

1. 1XC»IC

U—P—DJSHS BT E DD TR FEEFHI, AN, lE, HRemIicmz., EKES
R ETHRIHENTWD, MEROHIREITERLR Y L—Y =13, BatE, fHrtk, S L O
PR EDENTFEEZFA LTS, 72720, TR L——i28 TRAET D OWB R, JEMNR
DNWARENHDH, £ T, HEHIN-ONNEG CHRAETIAHEFZHHTLIAHEF L —
4 — (Free Electron Laser: FEL) T& %, FEL (XIERIZ T, &R H#R X #RAEE £ CFIH FT6E
ThHod,

H AR KT R AR ZEhEs¢  (Laboratory for Electron Beam Research and Application: LEBRA) T
X, B A~OWEEHREE D, W 400nm-6 um OFPH T FEL MG b5, —J7, mERFET
KX —BT 2258 (Kyoto University: KU) Tl 5 3.4 - 24 um O#iPH T FEL 2335415,
LEBRA-FEL, KU-FEL ®fij FEL fiigg Z LFRFIM4 2 2 L2k v FofaiaEsk (5-20 um) 12
KT 2 HIRMRAEIR O £ R O RS BRI RS T ZRENGEOND, £ T, Ui
JL— T X IRAMREIR D FEL 23 WO ABERIC & D X 9 7ot B% 7= &3 H . Milisk® FEL %
U5 Z & ClREET AEEOHEMEZ RIS, BT e LT, ERGAEMIT W TR R R
PRGN OAIRALREZH T 5 Corynebacterium matruchotti %8R LT=EBREIT -T2, T ORER. FF
EWE OB LY ARILEOHF & an =— OB LEBIZ L TX T,

WEA . ZAIMMMERE O AR 7R3 & 72 > TR Y AL E TR AE L7\ W ER A 70 H 0 5 il 1)
EOWMESINEH Th 5, AT, PiEAlZz2 CREAMOEWEROMBHELZHL, Er=3 vy
Va NCET DT IR G ENE ORI A B0 L LT, A T T 4 )V AR O AR &
REt L, FRERRICB T DA T 7 4 )V AEAR OB ZRGEE L T2,

2. J:

A FT7 4V AFEREORT E LT ) EhBhEE Streptococcus mutans (S.m) % Brain Heart Infusion
(BHI) (T 0.5% A7 v — A Z IR ToRAREE HUZ #EFE LAE A L7z, FEL FRSTERTE TR FIZ TR
17 LR &) L7z 95 2 THEBKS FEL Jiii% (KU-FEL) I[ZHRA L7z, 7eds, AMFIECHEMT 5 H
VX E SR YSERFZE TR R S e B B EIC BT BSL-1 Th Y . AR A FEH AL 4t
A77 4 —ZERNJEHE AR TH D,

FEGHE AT paperdisc (ZEIRZTE N L. EEREHI X X278 (7 R IL D) SOHEH, RS
Doy F 28y & LT, KU-FEL IZBW TR 11.0pum, 926 um, 8.09 pm, 7.14 pm, 6.62pum. B X
578 um (T CHRE 21T o72, BHBFOERIIN IcmBE L L, 2N E TOMEMEEZEEL
1 disc &7 0 ORBEFIT 20 &2 FEAL Lz, WIN b= R —HBEIIEEE THE D K KHE
(#130.0-50.0 mJ/em? f-13f7) TITo 7, *HFRERILFE—BREE T CIEMST & Uiz, BRETE % OF—F
NESEL, (DVEFR, Q)mu=—JFiE, B)FTIR 3L @) A 47 4V LATERRE, &M% 1
FIFEA L 72,

FEL M54 D EERRER L OSHREED £ disc 2 1mL @V U efEEiR (PBS) I THR L. &Rk
100 uL % BHI ZEKE5 M (plate) 2 MUZHEFE L=, 1 MUSHOAEGFRB I Moo =—EREROBIZEH O
Bl L, O I AITHA & Lz, % plate ILTEIESR (37 C. 5% COy) WIZTaa =—N
MR CT&E D E CREEZIT o7, BRI S W72 plate (X, 2 v =—8H4, BUSZEEIC T
V—=ZXRIAM{bLTc, 7V =X RIAMLLTZEERIL, 77—V = BWRINGENERE (FTIR, H K
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3.

FAFHA) IZTRE L, FEEEREIROD AT MV Z FERffT L7z, FImBRIE O —BIi3 1 4~
A IV DTER DI D 7o OIS A7 4 /L ATERRBERIE F » b XA A7 4 /b D EEFRSE MERE T E
F v b &AW TROLERE 21T > 72,

MRBIUEBELZE
b NEIERE O ARG EZRFET D720, Sm W TA 47 4 )V APEERES O A L T
T, TORER, SmDan=—KERERICEANLREITREO biveroTc, S HIT, WOELFERIT
& BARE 72T BIER SN P RREMEILERD DR b o T2y TR D 72N T2 D FEE R TIL RS,
Som TliX, 6.62 um FEORFITIBN TS 47 4 VAFEREEOK TRA LN (T —% KIEER)
£, MR 6.62 um @ FEL B % O Sm BEIRIZEWT, FTIR A2 kL Ed 1750 - 800 cm™
FHTIZRF R 72 & — 7 ZAED N OGRS T, R X )77 I R 1T (<1580 - 1480 cm™)
B L OHIRLEEZPESRL (=1100-1000 cm™) (ZEK T 2 EHEE SN DN RITBWT, BE— 7R &
TR DAL DNFR® & 4L, FEL IREFHIC L 5
H RS 2B DAL & 7x LT D Al REME Wavelengih (um)
75\33@5 ( 1) i :@$£6i\ FEL EIE%jL 5.}’1 6.25 6.?0 7‘?9 870 10.‘00 11‘.76
DN 2 SEIR & 7= 0 M A 1 A Al e
L= 3252 &7 WEMERT ONA
7 4 IV BTERLEE) D I % BRI RS
L CTE B A[REMED RIB I LTz, T AU,
APERN 7 v —F ONT U A ZRF LD
DI JFEMED I A HIAE 9 5 B LV RHA
RIS\ Z O 7RIN D HERAMATH D & /
B2 D B S CILE AR & L o0s |

/

o' /| Imadiation wavelength
\ \ ’/1 (‘J | = Cont joniradiation)
Wi —662um

Ay v
! \A_VI

Absorbance

DIRFEDLE T I % 2 RFRIITAL N
T S Sk s =) - 5 S ol
ﬁ%ﬂ i ?%O)@Eﬁﬁ E%%m cjﬁc 7 I 0 e e 0 T &0
FIFER I TEIE. Ero v Wavenumber (cm™)
N — AT i A=) PNy
< (ZES D Bl A & 7 0 45 % mTREME 1. FTIR spectra of non-irradiated (control) and 6.62
VAL TR um wavelength FEL-irradiated S.m
BE IR

1) [ESZAFZEBR S E AN AR ) WF R B B B BB b — Y — 2% & (08-01-03-15)
https://atomica.jaea.go.jp/data/detail/dat_detail 08-01-03-15.html (Accessed 2026-01-09)

2) Toyama T, Fujioka J, Watanabe K, et al.: Investigation of Bactericidal Effect of a Mid-infrared Free Electron
Laser on Escherichia coli, Sci Rep, 12: 18111, 2022. doi: 10.1038/s41598-022-22949-9

3) Ojeda JJ, Dittrich M: Fourier Transform Infrared Spectroscopy for Molecular Analysis of Microbial
Cells. In: Microbial Systems Biology. Methods in Molecular Biology (Methods and Protocols) (Navid
A, ed), Vol 881. 1st ed, 187-211, Humana Press, Totowa, 2012.

MFRACFEERY XA b BIO TAERERY X b 22V T
[ U A ]

* Tetsuro Kono, Toshiro Sakae, Osamu Tsuzukibashi, Heishun Zen, Takeshi Sakai, Yumiko Takahashi,
Masanori Saito, Noriko Shinozaki-Kuwahara, Hiroshi Nakada, Kanami Sato, Arata Watanabe, Takao
Kuwada-Kusunose, Kunihiro Suzuki, Takashi Kaneda, Yasushi Hayakawa, Hideaki Ohgaki, Hiroyuki Okada,
Bacterial Biomineralization: A Review and X-ray Diffraction Determination Table for Bacterial Biominerals,
J. Hard Tissue Biology Vol. 34(4): 181-198, 2025
[FHEARER Y A B]

+ Tetsuro Kono, Toshiro Sakae, Hiroyuki Okada, Takeshi Sakai, Yasushi Hayakawa, Heishun Zen, Hideaki
Ohgaki, FEL irradiation-induced changes in biofilm formation by human resident bacteria: AR, 2025

HEFE ZE JLH A2, 20254512 A 11 B
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Na'#i = %! NADH-+F/ U ER{L:EcBERDOBEXERRIEOD
fREA L HREEFIFA R

wEe &L A B Y, R E 34 KR E#R L, Danielle McFee?,
JNfE &2 4, Blanca Barquera?, —7 F5 A\ !
PROREE « B, 2 Lt T — TR - AR, R TRICR - S ZAER R, A BROKR - AT

[E®]
L 7 EORER 72 & D% < OIFIFRERE O = %L ¥

— RN METH D Na'fk! NADH-% / iR {biZ selFE R

(NQR) 1%, FE gkt & % LT Na" O REBhig %k 217
IS R ERERTH D, AERIZ6 SO T 2=
k (NqrA~F) 7> 6 kR S 41, NADH @ —FADY " —2Fe—-28"F—
2Fe-2SM P — RNV S FMNYE— 1) 5K 7 Z o (RBF) “"P— o
X U EEFBTEND (K 1A), NADH &%/ 2B L L
THIH L. ATP ARRICH B A A U REARZ BT 5 &
WO BT, WEIES Fa v R U T O Hl@gsm NADH-% /
VbR (FPRSHEAR-T) S ITEMN TOEFIX
R TH D2, EICHHRENIC S B2 5725, NQR 1
REME 5T 2 A ERAIFEERN & L THER ST
b, THNETIISEH ST, NQR i 7elEARAE LT=  (B) Na*
L3I A (IC=5 nM., 1B) #RHL, D7 a—
TGy 1 E BEE U7 A AL T RORFERC, cryo—EE 1A
W (EM) % AW EEEYFI I L 0 | A AL
NarB 7= b @ N Kigrailk & BEEE~Y »~ 7 A (TMH)
1, TMH2, TMH3 [ZPHENTfEIKCHDH Z L& /x LT, 2B
LT AL NQR HER & LHiEAIO U — MMeém & 1. (A) NQR D&,
LTHEEBINTWADENR, §TilIzam /LI v A ILmE (B) 2Lz A DIEER.
BHDHNR ZFRFOMEN LN TEBY . ZNHDa L TH
NQR T NqrB @ 141 ZH D Gly IZFYS T 57 IV EEFRIED Ala X° Leu, Thr THAHZ LN HIL TV D,
F72. NarB @ 141 FH D Gly % Ala IZ{EH L ZERAK (Glyl41A1a"%) (X, =2/ I T > A OFEEN
[C50=840 nM T, 160 f5IF EFFHEEMEMET L2 RREDO 2 vV I v UM 5 2 3G ST
5, LWL, ZOXORavabI v UMEDS FHEMIIAAREETH D, £ 2 TR TIL,
Glyl41Ala“ B B BAKN oL 2 o0 A it 2 3848 2 O 2 B 5 L7,

[F#B LI OKER] I oo o e
2 MONFMHEERT D E&IE . 00l
U BRI A N CE bR T " m [T
Fa ) AR —ZHWTEAR NQR & 1 1
Glyl4lAla"“* A RAK L Dar /LI A ]
DOfEERHFIMEL L L=, 5 uM OEER 0201
AR 200 pL (2% LT 60 pM D 211 )L

VU 2 uL ORI 5 2 L T HER . Glyl41AlaN o2 itk
g ABEAE T oy b L. T 2. FRBENAOYAN)—DBIERHER

pcal/sec
&
=

S ¢
@

pcal/sec
s
=

—164 -



ZE2025C-03

H U7z, ZOFEE, BAER T KA 67 oM TH 5 DIZ% LT Glyl41A1a" P B E TlX 4.5 M TH D |
FEEBAMERRKREIETLTWDZ EbhroTz,

WIZ, aa Iy ABFES LT Glyl41A1a" "B ZE B D cryo-EM HsE OB 4 Hi5 L7, 25 BAlEs
FlZaa I A EMA cryo-EMBIERAOZ Y » RIZ@BAT L CHfE L, ErBMsEIc I viRE L
D% cryoSPARC TEMEEMT L. 2. 68ANMREE T m/L I 20 A DMED L7- Glyl41ALla s 258 B {AAE
EEAAE L7, BAERMOaa LI A D E%Lkmﬁﬁék\%Eﬂmﬂbfm:mwivyA@
TIVXNMABEN Z X7 BREO 7 V7 MR I THEAE LTV 00, GlyldlAla™® 22 BKTIX
7 L7 MRIZALET D Alaldl™® iz L b szﬂwMﬁl EAM LS L OB THA LTV, Zhb
DFERG . GlyldlAla“® O RIZ LD a LI A OT AT UENLERE SIS L 72
V. PLEEEDIEK FIZORN > TS E&EX BT,

Glyl41AlaNBZs Rk

2. FRBEEHO)AN)—DRIERER.

(]
AWPZETHEM L7ZFREE N v U A b Y —id, = —B TR O P HRFEEAEITHED S
TWeEE Lz, REEH LT £7,

[Fax®&KV A 1]
1. Ishikawa-Fukuda, M., Kishikawa, J., Masuya, T., Ito, T., Butler, N. L., Mcfee. D., Kato, T., Barquera, B., Miyoshi,
H., and Murai, M. (2025)
Structural elucidation of the mechanism for inhibitor resistance in the Na'-translocating NADH-ubiquinone
oxidoreductase from Vibrio cholerae
Biochemistry 64, 1963—-1972

- 165 -



ZE2025C-04

AR BRSO ESERICET SR

KHEFEAN 1, &Rk 2
I&ﬂAﬂ%ﬁiﬁ?TﬁMt///ﬁi%y%
2 REPKRF /X —E T2 5E T

1. AHEDER

ARFZETIL, EEREINESE (BHEF L — P —KU-FELHEFI#ES) CAERSh G L X—&
T E— LD VIR S D AR ERG OB S 2 e L, E OEBEFIOWREITH, MF
ZERERFIT, ERICTFMM & I 2 I L7 R K B Ed B2 VT, Bl ofExtim

WES . R, 7 —v im0t (RFZERAMEHAD (ISR L, fmsUEicls LT s 1], £
ZT. é%&éﬁﬁ %*M OHWEZERFET D & 2RI TIXRET,
ZHZHLEHSIE, OB TLIENTED L7 —r iy (Fik, 3% REREE 21T

D BT DJE U | %ﬁ) 2%%%(m%ﬁﬁﬁ%ﬁﬁﬁ%ﬁ%®ﬁbw%%)o%®H%UTG
1%, FERERIY 7 —u VEIGICET 2 EBR TH - 7203, AENEE T B — A O#E 2 5 Tl T, I
FEEE) 21T 5 2 & T, xRSO EIT O, £, xRN 7 —a R O R A R
W RHIT X » TIT 5o ST T STV 2 EROGFRE L 2 BEOEE R AN 2 57200 ©
FERIHEN F[RETH D,

HHEFL—V—IPexsI vy g o g XF—iFe S oLepttm ch o . m< LEFH - HE
MRS N TND, BTRLX—ELOMED 7 —u VOGS OMEEORRITEHE L —%—
D EMERE LRSS BB THZ LR O m EEAIC BN Y . 2R EFIH L RIC L 2B = v
2 M EDOEBFICHIKT 2D TH D,

[1] M. Ota, et al., Nat. Phys. 18, 14361440 (2022).

2. WEFE

EFIA - SLREAFZEIR, FERERE BERA PR - KH) D RET 235 E2, HEE AN R
FeA) OWNEST, BHE TV —RAEHE FIER %%w1§m¢5 AFEBR T, BT xrL
X —E U — LD OEXERNENY: 2 B TR & M 5 8 EEE SR TFE TBIET 5,
ARTFIETIE, IR FRE G, GRS CH DX 7 —a VESAZHIIN L, £ OBRICAE U 5 ik
WO JEHTHRE m(#ﬁ%t%ﬂ%) ZEHIYEOREEN (EREEFIRE LT 5) & L THiam

n. EBHOBELZHET D (M1() .

AHFFETIE, JefTarge (ko simig 7 — o U ESROFHIL]) 2 FICRESE, Ml s —o
VY, FAREREO S OFHA A EHE T 5, FOBRICKNE L5 E A E— ADOMREIX, =R X —
¥t Mev, »ULVANE : 1ps LA, EBfE 5@ pC TH Y. ZOERICE 2 D EFINEEII R
HE LW, AHLEO%EE (KU-FEL figgk OEINESS) X2 zadi=9,

3. BFEERLE

ARG CEMET HEROCFREICIE, FHIDEE LT 7 2 RSV AL —HF =B L 0 %, L
L. HH&E L —#—KU-FEL (Z/E, RISz =5 ML —F =2 2T LARFEEL TV eh o T,
Z 2T, WFFRAFE L Tissapphire N—AD/ VAL —HP =L AT AEER LT, L—P =T AT AT
F1Z, Oscillator & Amplifier ® ~ D7 B IV TN D

Oscillator [%, J& % 89.25MHz (S /3> RiN#gs @bﬂL 7 JE] % 4 2856 MHz @/\H) TR F—
IX—7V 279 0.3n)] Toh 5, Oscillator 1%, Phase Lock 3 A7 A2 LV | IIEZRHICHIIN S N5 & E
BEOEYEEF 126 L CEKMICFEB SN S, Z0OF, Oscillator FOIEHRO—o>DT L R T —(%
Py A7 —V RICRESNTEY, MESRENR~A 7 a0l (37 =4 M) THESNL, b
— W — D IR JE B E & sz O IR JE e A — B ST D, Phaselock 23ERE L TV AEED, I
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Y=l R o THAINDESFEXK 2 IZR-TR, AROL Y =T 2 I a2 /<, 2024 FFED
EEClL. Oscillator DYEEZFHPEE L THWENR, HENRTHWEZD, v LFay hOEETF—X
DOEGEITI o1 LZL, Ya vy hAA v ay hOV v —RNREL, BT —Z OFEITIZE S 72
o7,
j{ﬂi};@;i\ :@ﬁ:ﬁ%%ﬁgﬁ%j—é’\< N %ﬁf:@l amphﬁer @Fﬂlﬁ%ﬁ%’f?ﬁ‘iﬁoﬁi ( l(c)) o i"g‘"\ Tlsapphlre
AHANC T B VLA 2ROV — St m] O YAG L —H— UL 2 &I L ERRIC Lo & 2 512,
Oscillator Tiﬁkéht/vv;« L—PF—% B L. FERAIC L > TR X — 2N SE 5, Boir
/I/;HZ/I/ BEZFEIINT S Z & T, Jibkd St 7z Ti:Sapphire il i 2 (TEE & 89 % &K 5 (2 (Amplifier D
% (Regen) T&MAET 2L ID) WOEREZHIE L, =X MO 3 ITRSNT
“50M$n$vi7”%“<7ﬁF54ﬁ~F®@ﬁ%%)ﬁ%%b\%%®ﬁbmbmfﬁﬁﬁ&
FOVANERR ENTZ, REEIZ, ZOL—P =3 AT AZHANT, AERZERT S,
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Figure 1. (a) Photoswitchable CENP-E inhibitor 1. (b) Arylazopyrazole-based amino acid.
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Figure 2. (a) Absorption spectral changes of stapled LK under light illumination
at 365, 385, 405, 430, 450, 470, 505, 525 nm. Inset : Absorbance changes at 335
nm under alternating 365/525 nm light illumination. (b) Circular dichroism spectra
of stapled LK with or without light illumination at 365 nm and 525 nm.
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FY2026 Institute of Advanced Energy, Kyoto University
“Zero-Emission Energy Research Base”
About the Public Offerings of Joint Usage/Joint Research

Purpose

Our research base provides relevant researchers nationwide with advanced and interdisciplinary
knowledge/information and access to research facilities/installations possessed by the Kyoto University Institute
of Advanced Energy in an effort to promote energy research on Zero-Emission Energy! with the goal of solving
global environmental problems. In this spirit, we have the following public offerings for joint usage/joint research
in FY2026.

Body
1. Description of Public Offerings:

We publicly invite applications for the following four research areas directed towards Zero-
Emission Energy: (A) Planned joint research, (B) Proposal-based joint usage/joint research,
(C) Joint usage of facilities, and (D) Research meetings. For (A) — (C), applicants may
apply for one category as either a research representative or a user representative.
Additionally, applicants may also apply as a meeting representative for (D).

NOTE: Applicants may apply to (D) in addition to one of (A) — (C).

(A) Planned Joint Research
The applicant proposes research based on the themes set by the Joint Usage Steering Committee
of the Institute (hereinafter abbreviated as “Steering Committee) to promote integrated
research among existing fields. Research in this category is conducted in collaboration with
researchers of the Institute.

(B) Proposal-based Joint Usage/Joint Research
The applicant proposes a unique research theme, which is conducted jointly with researchers of
the Institute.

(C) Joint Usage of Facilities
The applicant proposes a research plan that utilizes the facilities of the Institute.

(D) Research Meetings
The applicant proposes a research meeting on Zero-Emission Energy research hosted jointly
with the Institute.

2. Application Qualifications:

Applicants must be researchers of a research institution (e.g., university or a national/public
research institute) or persons approved by the Director of the Institute of Advanced Energy. As
a general rule, the applicants are required to have already taken the course of research ethics
education offered by either your affiliated institution or public agencies. (Depending on the
situation, you may be required to submit the certificate of course completion.)

I Energy system that reduces or eliminates carbon dioxide emissions and harmful substances.
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3.

10.

11.

12.

Application Submissions:

Applications must be submitted through Google Forms during the application period. (After your
Key Person has checked the application)

Google Form URL: https://forms.gle/xMIRqmCWA2L13dCXA

Contact Information:

E-mail: ze-shinsei@mail2.adm.kyoto-u.ac.jp Tel: +81-774-38-3413
Application Period:

For (A) — (D), applications are accepted until noon on Friday, January 9, 2026 (JST)
Application Results:

The Steering Committee determines and accepts the applications. For themes that span multiple
fiscal years, a new application must be submitted each year in accordance to the public offering
procedure.

Notification of Results:

Successful applicants are notified in late March 2026.
Research Expenses:

The Institute provides support within its budget.
Travel Expenses:

The Institute provides support within its budget and in accordance to Kyoto University’s Travel
Expense Regulations.

Insurance:

Graduate and undergraduate students, post-doctoral fellows, and industry researchers at the
Institute for joint usage/joint research must apply for the Personal Accident Insurance for
Students Pursuing Education and Research (including Incidental Liability Insurance) of the
Japan Educational Exchanges and Services or its equivalent. Students (including research
students), professors emeritus not belonging to a specific entity, and researchers from abroad
whose applied research theme has been adopted, must apply for the “Personal Accident
Insurance for Students Pursuing Education and Research” or its equivalent.

Facility Usage:

When using the Institute’s facilities, all rules of the Institute and the instructions of the
personnel in change must be followed.

Radioactive Isotopes and Radiation Generators:

A person, whose research requires the use of radioactive isotopes or radiation generators, must
acquire the qualifications of the Persons Handling Radioactive Isotopes and the Persons
Handling X-ray Equipment from your home entity prior to coming to the Institute. Additionally,
you must register compliance with the Institute. Please direct all questions to our faculty or staff.

Health and Safety:

All University rules for health and safety must be followed. For details, please contact the Joint
Usage/Joint Research Promotion Office.
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13. Handling of Intellectual Property Rights:

Intellectual property rights are managed as per Kyoto University’s Invention Regulations.

14. Accommodations:

Accommodations for researchers are not available. Please use neighboring hotels or the like.
15. Joint use Equipment:

Information on joint usage facilities and equipment is available on our website.
Website: https://zero-emission.iae.kyoto-u.ac.jp/en-summary/application/

16. Applications Submitted after the Application Deadline:

The Institute reserves the right to accept applications after the application deadline. Please contact
the Joint Usage/Joint Research Promotion Office (except for Planned joint research). Such
applications are reviewed twice a year in June and October. It is possible that research and/or
travel expenses will not be allocated. To secure funding, please apply during the normal
application period. If applying outside the normal period, a justification of why the application
cannot be submitted during the normal application period must be written in the "Reason for
application outside the normal period " column.

17. Miscellaneous:
Of the items purchased with the joint research funds, equipment other than consumables and
small assets are stored at the Institute and the key person in the facility is responsible for
management. In addition, equipment and small assets will be registered as assets at Kyoto
University and will be returned to Kyoto University after the joint research is complete. The
operation of the Dual-Beam Facility for Energy Science and Technology (DuET) was
discontinued at the end of FY2023. For other inquiries, please contact the Joint Usage/Joint
Research Promotion Office.

(A) Planned Joint Research Public Offerings

1. Planned Joint Research:
The Steering Committee selects themes for research to be conducted jointly with the researchers
of the Institute. For this fiscal year, the following three themes are selected. Prior to submitting
an application, please consult with a faculty member of the Institute.

Theme 1 Energy Systems Using Sunlight/Lasers/Biology

a) Research on solar energy conversion systems, which are Zero-Emission Energy systems,
with the aim of developing high-performance organic/inorganic/biological materials
related to power generation, storage, and energy conservation, or innovative technologies.

b) Research with the aim of developing precise analytical techniques, creating materials to
generate energy, or investigating the environment and energy using ultrashort pulse lasers,
mid-infrared lasers, or biotechnology.

Theme 2 Advanced Nuclear Power Systems and Plasma Uses
a) Research with the aim of understanding the interactions between advanced energy materials
and plasmas, creating metal/ceramic materials with the potential to realize new nuclear
systems possessing a high passive safety, including nuclear fusion, or developing energy

sources as social infrastructure.

b) Research with the aim of creating innovations related to applications of plasma/microwave
technologies or using thermal/particle energy for diverse applications of nuclear energy.
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2.

3.

Theme 3 Exploring New Frontiers in Zero-Emission Energy Science

Research on Carbon Negative, Green Transformation, or Digital Transformation related to
energy science, and not on the development of individual elemental technologies that
should be included in Theme 1 and Theme 2, but on the development of new science or
systems of Zero-Emission Energy based on the integration of multiple elemental
technologies and disciplines.

Research Period:
Less than one year.

Research Representatives:

Outside researchers as well as one or more in-house researchers, including in-house caretakers,
should participate in the research organization. A person can apply as a research representative
or a user representative for (A) Planned Joint Research, (B) Proposal-based Joint
Usage/Joint Research, or (C) Joint Usage of Facilities. Each applicant may submit one
proposal.

Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research proposal relates to Zero-Emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
six hundred thousand (600,000) JPY for Theme 1 and 2, and seven hundred thousand (700,000)
JPY for Theme 3, respectively.

Research Report:

The research representative must submit a Joint Research Implementation Result Report
[research results obtained (A4: 2 sheets), a list of published papers, and a list of oral
presentations] to the Director of the Institute by Friday, January 29, 2027. Additionally, the
research representative must report the research outcomes at the Research Outcome Meeting,
which is scheduled for the second half of FY2026.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the Joint Usage/Research Program on Zero-Emission Energy Research, Institute
of Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by
the ZE Research Program, IAE (Reference No.).”

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2026 to participate in the Outcome Meeting. Travel expenses may be denied or partially
allocated, depending on the budget.
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(B) Proposal-based Joint Usage/Joint Research Public Offerings

1.

Proposal- based Joint Usage/Joint Research:

A research project proposed by the applicant and conducted jointly with researchers of the
Institute. Prior to submitting an application, please consult with a faculty member of the Institute.

Research Period:

Less than one year.

Research Representatives:

Outside researchers as well as one or more in-house researchers, including in-house caretakers,
should participate in the research organization. A person can apply as a research representative
or a user representative for (A) Planned Joint Research, (B) Proposal-based Joint
Usage/Joint Research, or (C) Joint Usage of Facilities. Each applicant may submit one
proposal.

Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research proposal relates to Zero-emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
four hundred thousand (400,000) JPY.

Research Report:

The research representative must submit a Joint Research Implementation Result Report [research
results obtained (A4: 2 sheets), a list of published papers, and a list of oral presentations] to the
Director of the Institute by Friday, January 29, 2027. Additionally, the research representative
must report the research outcomes at the Research Outcome Meeting, which is scheduled for the
second half of FY2026.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the Joint Usage/Research Program on Zero-Emission Energy Research, Institute of
Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by the ZE
Research Program, IAE (Reference No.).”

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2026 to participate in the Outcome Meeting. Travel expenses may be denied or partially allocated,
depending on the budget.
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(C) Joint usage of facilities public offerings

1.

Joint Usage:

A research plan to utilize the facilities and/or equipment of the Institute in order to promote research
oriented toward Zero-Emission Energy. Prior to submitting an application, please consult with a
faculty member of the Institute.

Use Period:

Less than one year.

Use Representatives:

Outside researchers. A person can apply as a research representative or a user
representative for (A) Planned joint research, (B) Proposal-based Joint Usage/Joint
Research, or (C) Joint Usage of Facilities. Each applicant may submit one proposal.

Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research relates to Zero-Emission Energy. The maximum
allowable funding, which includes purchase and travel expenses, per application is four hundred
thousand (400,000) JPY.

Research Report:

The user must submit a Joint Research Implementation Result Report [research results obtained
(A4: 2 sheets), a list of published papers, and a list of oral presentations] to the Director of the
Institute by Friday, January 29, 2027.

Additionally, the research representative must report the research outcomes at the Research
Outcome Meeting, which is scheduled for the second half of FY2026.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the Joint Usage/Research Program on Zero-Emission Energy Research, Institute
of Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by
the ZE Research Program, IAE (Reference No.).”

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2026 to participate in the Outcome Meeting. Travel expenses may be denied or partially
allocated, depending on the budget.
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(D) Research meetings public offerings

1.

Research Meeting:
A research meeting to promote information exchange and communications among researchers

studying Zero-Emission Energy and to help establish a network for Zero-Emission Energy
research. Prior to submitting an application, please consult with a faculty member of the Institute.

To be Held:

Within FY2026.
Meeting Representatives:

Outside researchers. Note that a person can only apply once as a meeting representative.
Briefing:

An applicant may be required to explain the research meeting outlines, meeting period, required
expenses, and other pertinent information to the Joint Usage/Joint Research Planning Committee.
In addition, the research meeting must be organized jointly with this research base. The
application must clearly explain how the joint research relates to Zero-Emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
four hundred thousand (400,000) JPY.

Implementation Result Report:

Users must submit a Joint Usage Implementation Result Report (meeting outlines; A4: 1 sheet)
to the Director of the Institute by Friday, January 29, 2027. Additionally, users may be
required to report the implementation result outlines at the Research Outcome Meeting, which
is scheduled for the second half of FY2026.

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2026 to participate in the Outcome Meeting scheduled. Travel expenses may be denied or
partially allocated, depending on the budget.
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