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L. ERWNICEIT 2 IR EA BB ZRIEICKS) L
7=

AtRIE. X-JigSAP OYEABEF OfFIICINZ . JigSAP Hi
MTOREME - TR 2D BRI I 7= A7
BRENET DL TETH D,

) HFEEEMEORIA

ARTEOFEANL B HERFIE B - BORIZ K D AFJERRR I CRE
WD, 16k, WA NT A ROEFEIZIT~ U A0 AR
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B LR OIS BWT, Mgk~ Y v 7 %

(ECM) 1%, MiaMEZE#EE DA R LT HWH R B
DWRAE /T IE O HIE 72 & Ok & 7B 2 5 Ty
%, BEMBE~AT ECM 2HfEd 25 Z & <, EEMkR
D EIGHEREITIN 2 T, EEIRER T ORI & L CHEEE
FTHUE, BEMEBOFAECHEREREICHR EHfEsh
Do BaBBFE L1 T X BN 72 5 BT T
K JigSAP (Jigsaw-Shaped Self-Assembling Peptide) (%, fi5
By RIBE7 Va7 ) v AD BRI KA A
ERE LT G E e o TR Y . RXTT ROBUKE N
MR E RS 55FTh D, JigSAP 1A pH 22D K
B A A AFE FCHOHMMILL T+ 77 A 3 —
B L. A FuZvé o TR & LTl
%o IBIT, JigSAP ZILAHREE S W/ AR Y E Ll
FIED JigSAP ZIERET 5 Z & T, TigSAP iAW I3/
VIZRDIAENTZH, Beicitsn s g s> &
D5, B b U RET CABNGTEWE 2 IR 2 B
TF RN TH D (Yaguchi et al., Nat Commun 2021 ;
17/999,313 CK[E) ; EP21850578.2 (HkJN) ; 4§ 2022-
539576 (AA)),

A7y FTIE, BEOMBEERENS 1 BER
FERGE U 7= TR 00 B 3R 12 569~ 2 BT TR L B %
ZHELTWD, ARY—XEMFEICRBWT, &
A RE A RO MR N R RIBEEAEIR - (VEGF) & JigSAP %
B4 L7 VEGF-JigSAP %, MEZERIE 1 AHIZ OET Vv
< U AMNICHEEAT S 2 & T, BITHEO S EE R
Hi L7z (Yaguchi et al., Nat Commun 2021), L 72> L7273
5. VEGF |2 & 2 MEBEIETLEE W REIER LS S Z
EMB L WETE VEGF BEERISH ST, Eio,
VEGF 2MEZEEHK CIEE CE RV FEBORE VWS
SNIBEOS, BRI TR RS A B
LHEWHRIES L H D, £ CHEEIIEEE ] &k
x| ERARIG IS U7 LB G RTRE R AR BE M T R
X ZHWT, BRICHZ B L7-AFgEBiss & U TR L
72
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(1) X-JigSAP DBAZE
MEFAEREZFFOAEBEETF R X I3 N RKuslZ 3G

wEiEa R Rt

RAA U ZFFOT0, BEZHEE A D C Kl JigSAP
A FEA L7z VEGF-JigSAP & X HE72 0 | C Kl
JigSAP # G HA S¥ T, T—XITEIET 2, X-
JigSAP X JigSAP ZfEA L TV WAEREERTF R X
LREDIEME RO Z L 2B Lic, £2°C, Fhx 235k
SO R IMBENREAEAEZE (AMCAO) E7 /L DFAE
1 % IC X-JigSAP #[X 1 IRTRE TG L, %5 1
T RRIATHERE - RIT LT, Z OB oS R, Wik
Wi G CERE R A THRESGEZIR B b (K 1),

"X-JigSAP+JigSAP" injection at 7d after dMCAQ

Intrathecal Subdiural

; Intracortical
Tailvein |T> Intracerebroventricular

Tv) % (Icv)

l 7 days

)ﬁb& Foot fault analysis

0.0108

Recovery Rate =

4 Fault step ratio before injection (%)

Fault step ratio at 7 days post-injection (%)

Recovery Rate

X 1 : #EEAL OB

dMCAO EFNMAERL 7 H21Z X-JigSAP (¥ 5B 138 51
PIZ X o TRRZ-ODREEZ —FICLE) Z2BRED
JigSAP LIBA LEIR T @I~ E Lk, #ERB IO
5 7 RRRICHITRIT 21TV, EERZEH LR, MK
BA~OBRE THERBITEREUESIERH D Z L2 AH
L7,
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dMCAO EFNV/ER 7 B#ic, 79 7ERTRED X-
JigSAP L JigSAP & RBEANICHRE LT, BERIBIUESE
7 BRICHITHNTEER L. db¥ THilkORKRIEL % ¥
fliLlz, TNBEOTF—FhbEEERL I TIRBROEELZE
HU7fER, 400 M D X-JigSAP #5 (1uL) CEVAEE
RITHBOBEDRIBTBD bz,

e T, R GROMEF bIT o7, K2R T LD
TRIREE CREMICE G L7 R, 400 1 M X-JigSAP % 1
p LG5 2 & CHERBITHEEDUGERI R RO &
nic,

o, REERT —F OLOFEMARTIITIEL 528, £
BRE L ~ULIZ RIS B JigSAP ZLVOFRBLZIE, £H D AT
v T EENERD Y . BRBY., & ICFIRETOR
R REHlRR Doz, 22T, FIFETRHATE
% &9 7R EE R X OB R RS ORI 2 B Y
L L, BMEMHEEZRFIL, Hlfk L7 &M T JigSAP
Z RIS EBRICRE RN E 9 it Lz, BIRRY
Wi, AR L TR 22T T o Gamaix, 2
AR, Vs Vg =— N (BERGERREE
5 1 224ALBZX00031000) DA T o7z, ZD=— KL
IENEERY 300 p m EFERITHIL , B EXxI5:TH D JigSAP
Wiz @i S5 2 ENFRED, S HICRG%ETIC S
IMMEBEZ D EREEL, BEARETHD Z L 2 AL

7= (X 3),

3 : LR BEORE
RGN EWEERBEILL, S ARHBA Vs v a
ve— RS LIRS R L,

Q) AT VP2 RXT 4 7 ABOB SR

TN 2T 4 7 ABMORILIC Lo T, FEEDOH
TRBEREDOFRAR B 2\ R REIC B 59 2 AR a] o [F] 8
DEREETITAD L )T Ta i, EEhe b Z o
i 235 L C R ZE OB RERIE IS M BEAR AT R & 722 B 1k
FIEOREERAD Z EEZFH LTS, LoLaR
b, A7 NV 3T 4 7 AR - TG & i
T HEMTEAY, 500nm LA T OB O IEGI T ERE T
L - BN ST Wz, KT 7 A S—F R AT
HREHRFEMEDNTE T, T72bL, BREEOR
W ABEL 72D, 22T ARESEEICEN RGN
ROERNANE FOHIERTH T+ b - Ty TN
—Yalry (UC) MEBMRBREMEAT N =T 4 7 AD
HFiffE LTHEA SN TWD, 2 THFEET, BRK
R L OFEE T, BEERE S E VAT
Fhy e ToTarR=UarF o RTFERREL, AR
A PERAR BB UC T/ KT % VW - IR
RIRA T N 2T 4 7 AV — L& LT, E6IC,
HURUKEE - R DSBS L 7= PA-Cre Hiffi v, 4R
= 7 2 O KRB E AR CHF IS E OB T3
BFAEICRY L (K 4-6),
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B 6: TTA-UC ./ ¥iF % FV 7= in vivo Yo BIGFHRIE,
El4 ~UVRABFOMEIZS T AI FEEAZ, FEW
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_EERE T~ S2/TTBP F /) RiF %5 L, 635 nm L
—F—T 10 BIfRH L7z, ZD 3 BRICERBEEZIT
V., BETA Z{ERI L7, TurboRFP TiEfxFiEAKIK
Z[FE L. EGFP Bl Z I Cre IEHLOAEEFT
ftiL7=, PBS. TTBP, S2/TTBP M 3 &f-TEBE L.
EGFP & TurboRFP O _EB MM Z EE LT,

3. 5%0oRHE

A7mPx 7 ME AMED & LUFES — X A BLOD

JST - D-Global 71 7' ADFEEZ T D TE TN, K
EEELIE % JST » D-Global 7’1 /"5 ARk 5 2 & %
ZUF, BlEkeE . BRI AICE Lo LA R TRE e AR HE
EMERT T X ZHAWT, BBRIEMAZ B L7-0F7eR %
ELTEMT S, BRI R Eiieemi: - 2tk
BE1T O,



I EREIMEIORIA

AT T T R A NSO F N T r s

1. IC»IC

AR R AL ) A R & 7o AR RSO A3EA 5E
BIERZBORTND, —MA72R AV A RERIBRZ I,
D 3 WITAETE AL Z M8 U CHERFT 2 7201, st~
FU w72 (BECM) BHAWLID, ANH ) A RERIZH
W5 ECM 1T, MIfaEEstEe, A/ A Ra L Bmicx
R DT DREITRE S | KR x RFFEZ R TV D Z &3
BCTHD, (EROANT ) A FIEREAN T, ~ v ARE
MRC T 2~ N U Ao, Sk St s s =
T =T VEORIRECM BT UALAIE L TERICHWLNT
&z, LLARG, Bigmko 7 Wb, 45 &0
RS T L —Tide iWiEn y T LM
BHIZENMER E o TWD, £2, ARNIZEAIND
LA, ISR AT 2MER ST I X —
BN L TT VA —RORMOEGIELE T DY 27
LRET D Z LN TER, Fio, R DMk A VT A
REFMAEDOE THEIEL Ty T r A NEESCKIN
MR E LCHERT2BAICIE. AT A FIER%ZIC
ECM #BRETHAVLERS D, ~ NV FARaT7—7 0
LRI 7T e Tr 7 —BABIC LY FVESET AR, e
TT BRI AT ) A FARSRMICHEE L TLE
5 ENBET LN, —HF T, ALECM ThH 5T
FRFVE, T X BRI DR E A AT 2 & T
THEAROEERENFRETH D | BEN ORI DT
FFC L VA Fa S LOWE - LERRHE, T72b 5,
EAPRRE, B, MilaEe g M, REE, RIS E 7R & %
FESTDHZ LN TED, Farfe i, RIS ERT T, &
BFELIZ R BEFVRICTHRIHT 275 K7L
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B, SMOBEREICER L E 2 A, HIFEEY
DOHIPHEIEDFE RN G ONT-, 2D L, ADNA N
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rn A S A AR SR O A - MR R IR L.
JaFHi g9~ 23 B TH 5,

(3) b MiPSHMLIZBIT AT VRIS ) ARERK
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2022 FE\ZHEE Lz bl T U ALZEHEHT UKIS (Mature
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JAZ S0 2R B AN 2 i asUKIS A ffesr S ¥ 7
(Genes Genet Syst 100, 25-00016, 2025), asUKiS T
FCOHMHAETIE, —HFOTIVNVORERNEZ S Z
L TRIET DBIEIE RN F o F U (HD) OFF L
iPS il & VERL L 72, FRAE Z o HD &5 L HI L 2L R4
LTI CHDL-D, TOMBEOFMIREDLN, =
NETOEWHD LT 52T 72 > TV D AR B A
A ETF LA THHR SN TS, FAMEE AW
THTHEBR bEA TR Y . Ao AN R IO
b5,

—F . KT N—FTh, HD EF AN OMENT LR 5
HTND, 2025 FFERNTORIHELBHIEL TS,

(4) 7TV NVEERA iPSHIBRS ) AREEMZFEALEL
FRME R X DT VIR VERR

RO HD £ 7 VilaOF AN RENTZZ E2vb . Bl
DI B OE TV iPS MIIDBAFE DT & o 72
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WMFET—=<i%, 20 v a EBRICETINEZHT,
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JEFIZRBE L TCWD EWVWR D59,

(5) K84 DNA AR A ¥ — ADEH H Bk

JST/GteX NA FH DD VFEHETHRE LIS ) LEEE
LS TOREE DNA B A F— L D72/ C, [PCR EH DR
W) B 77X R ©227 70, (kD
FEITCOEEDEE TholTnd, BAF—LDH T
BREERE L Je o TN, 2024 BT, TNDH AT v 7R
HEMET 278 b a— L& L, sEIERIEEK 2D
OWMEITFED D, FEFMSNIZIERSITR0 . ol
DV TNV RIS X 72 Z LI RE RS TH
Bo RIN—=TDF 7 DEFEINL, GteX FHEIZHEMBL
TW5,

(6) 84 DNA o> HERaE A BT ORESL

50kb & #A X 5 K45 DNA [IERIICTH < . ZNEE TR
HRREDLEVHIEEZT THEIMLTLE S, TD7
DEIZ X, PAEY A TSRS S W7o K8 DNA & Bl i
MBIZB LT, &57% DNAKEEET &V o - fERIC
BT, A A 2D E8 DNA 2 — RS U CHEY B
WEAT D &V I RERIETIT AL . BREW A 2 BIEY
B ~E#Z DNA 2 BB SH 5 HERRD LN TV, 20
FHEE, KEEDIT—~D 12, 15 MG L DK
YESH R OBRFEIIZE ] ICBWTEHE T ANV AT ) A
EEMT 220N E LTI E TRITTE
. 2024 FEFEIT R D | REETED D KGR CBERE~, R
A STICEH DN 2 BB S M2+ 5 2 &0
TE, ZZTET—X0—HlOh%z 30, K8 DNA
Z b O EE OB (Lysate) &, KIBEORLZF
T 52T ELSEHDN ZRORBEO 2=
—EHELB/DHILRTED LTS (BB), 20D
RFIIBITE, FaCEETETH D (J Mol Biol, 2025),
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Number of colonies
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0 5
E.coli 200 200 200 200 200 200 200 200 200 200(wL)

Lyua 200 150 100 50 25 20 0 (pL)

K3 &G DNA ZRIGTHMEROBERRE S L XBREEEE
HAZBR, A RIETAMRI 10ul & RIBEREI 200 pL & W 72356 T,
RHIDNA 252 1T WL - 7o RIGE ORI L oo 72,
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WL E > TWAD, 40 A EITARD EFIEY 27 84T,
UE— NPT DIEEHFETORIEY A7 BPEED
L) U E— MIUKTFIZRFIEA Y b T LERT, T
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DT Y IVOI CAGHEZHATED L) 2T U LEHR
W7 ABEHEMARD TN D,

T THAE, ZOMEE RS 5, BERO
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PRI AR — AR LT, ALY, =T
JaAIH o ER LS IR S D,

2. EREFER
2-1. =S ) ARERF— L DR

BRSO UKIS & ' TIZAMD S AEOTm 7 U v % 1
FREEOWIEZ VB~ ——TEHB L., Thbix N
—DNA LEHT D2 LT AEEEKR L TV, 2
OFETIE, LFEEOEE Y Xy E~—T— Lo HAn
Tz, AL RF—DNAREL LT VL
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= |
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] 1
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K2 asUKiS 2 &2 HHT IR TEICX T 2B - R L OFE=Bep
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3. WE
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(%7 3k
1. Ohno, T., et al., Nat. Commun.,
2. Kurasawa, H., et al.,

25-00016 (2025)

13, 4219(2022)

Genes Genet. Syst., 100,
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2. ERELFER
2-1. FTANR—BETFOBRELIATTVHEE
FEATHFGE L THE ST 299 FEFEHO BN A KT A N—i&
BT OHFNG, Rl @&@#A@Tmﬁf TR
SINTWD 11 FEOFENABLRTZ®E LTz, TCGA 23
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TPA3IE S E I ERERDB LI, 20 AJEF ORI R
TEDOHEREN KD TV E &5, I THAMEET
b EHEE TR A I TV D EA7 20 FiXEO TP53 48 K
% NIH OF —H _X—2 (fHEBOHE TH A ; Genomic Data
Commons Data Portal) ZfRAT L. TPA3IZEREZHT D
JEGI 2T L7z, ZOFTHHEERRE VI A AL R
BLOF v AR 0 MEE2RE L (F1),

W, TP EBDOZL 50D I AU ALRIT, B
72 HHERETES: (loss—of—function, LOF), »% v 7L
—XOMWHE] OBRLT, NALEBEBANIEET 5 &
INCHFET DT 7 vAD K D RBIOBEEZEST 5 (%
REMFS ; gain—of—function, GOF) I & 5 2 & DS
ENTWD, EBE AERRIENZD AT D EEEL
A7 20 121%, LOF TIid72< GOF 2§F% 325 Z L 3 T4
SNDLERMENEENTND,

WIT, 260 20 FBEOLERE G IPE3BIETD =
— FEIFIDNA Z Ak L., EdloiFER KT A4 —F {1
B AT A (K1) THRITrcE 5595 Dox FHEAXT
TFAINKN] ELUTHE LT, £L T, & TPo3EREE I
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bR TAE TE D HMEN TR LT,

# Genomic pos DNA change AA chang C quence
1 chr17:7675088 C=T R175H Missense
2 chr17:7674220 C=T R248Q Missense
3 chr17:7673803 G>A R273C Missense
4 chr17:7673802 C>T R273H Missense
5 chr17:7674221 G>A R248W Missense
6  chr17:7673776 G>A R282W Missense
7 chr17:7674894 G=A R213* Stop Gained
8 chr17:7674872 T=C Y220C Missense
9 chr17:7674945 G=A R196* Stop Gained
10 chrl17:7674230 C>T (2458 Missense
11 chr17:7675076 T>C HI179R Missense
12 chr17:7670685 G>A R342* Stop Gained
13 chr17:7673704 G>A R306* Stop Gained
14 chr17:7674953 T=C H193R Missense
15 chrl17:7675143 C>A VIS7F Missense
16 chr17:7675124 T=C Y163C Missense
17 chr17:7674947 A>G 1195T Missense
18  chrl17:7673802 C>A R273L Missense
19 chr17:7674957 G>A Q192* Stop Gained
20  chrl7:7674216 C>A R2498 Missense
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H1 (a) VRREERET A ZAOERE, (b) BEREiS 2T 5O
EH, (o) MBEMECEIT 5 “EEPAOERIX, Reproduced
from ref. [12].
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Pl ‘eau-Gibbs

2 MO-FA B& —HEEOHEMMBEELR, (a) 100% MO, (b)15-85
MO-OA, (c)15-85 MO-PA, (d) 15-85 MO-MA, A4 —/L73—:300
pm, Reproduced from ref. [12].
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Tailoring Negative and Directional Thermal Expansion in

K,NiF4 Structured Materials

1. Introduction

While most materials expand when heated, certain functional
materials display the rare phenomenon of negative thermal
expansion (NTE), contracting instead over specific temperature
ranges. This unique behavior is vital for mitigating thermal stress
in electronics and optics by enabling composite designs with
tailored thermal responses [1]. Among various families, layered
and quasi-2D systems like the Ruddlesden-Popper (RP) series
have drawn special interest due to their structural and chemical
flexibilities. CazRuQs4, a notable Ko>NiFs-structured material,
exemplifies this with its strong uniaxial NTE linked to a metal-
to-insulator transition (MIT) near 357K [2,3], driven by
complex lattice distortions and phase transitions. In its insulating
phase, it shows colossal positive and negative thermal
expansions along the crystallographic ¢ and b axes,
respectively, in a sintered body achieving record volumetric
NTE (6.7 %) around room temperature for lead-free RP
perovskites [2]. To the best of our knowledge, this represents the
strongest volumetric NTE around room temperature reported to
date among both the Ruddlesden—Popper (RP) perovskite family
[3-7] and lead-free materials. These effects stem from the
interplay of structural anisotropy, microstructural voids, and the
cooperative motion of RuOs octahedra.

Despite extensive experimental insights, the microscopic origin
of NTE in CaRuOs remains unclear, particularly the role of
anharmonic lattice dynamics and octahedral distortions near the
MIT. Conventional quasi-harmonic models fall short for such
strongly anharmonic systems. To address this, we employ
molecular dynamics (MD) [8-10] combined with an anharmonic

model [11-13] and Griineisen theory [14-15] to capture finite-
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temperature lattice dynamics and mode evolution. By tracking

temperature-dependent phonon properties and octahedral
distortions, we reveal how cooperative lattice modes drive
directional NTE and phase transitions. This approach highlights
the crucial link between lattice anharmonicity and correlated
electronic behavior, providing a pathway for tailoring negative
and directional thermal expansion in K:NiFs-type oxides for

advanced thermal management and tunable quantum phases.
2. Results and Discussions
2.1 Ca:RuOs:

Uniaxial NTE studied using MD

simulations

Although the ab-initio molecular dynamics (AIMD) simulations
based on the GGA+U method and excluding Spin-Orbit
Coupling (SOC) overestimate the phase transition temperature,
they successfully reproduce several key features of the
temperature-driven structural transition, nature of thermal
expansion and electronic phase transitions in CaRuOa, as
summarized in Fig. 1. Key observations are the following: the
results show a first-order structural anomaly between 500 - 600
K, as shown in Fig. la. Notably, this transition is symmetry-
preserving, meaning the space group symmetry remains
unchanged to Pbca across the transition, consistent with
experimental observations [2-3]. The system exhibits a
discontinuous change in the lattice parameters, MIT and the
coefficient of thermal expansion (CTE) capturing the uniaxial
NTE along the crystallographic b-axis (i.e. a._b<0) below the

phase transition. Above the phase transition, thermal expansion

in the ab-plane is negligible, while it is positive along the c-axis.



:% E

(a) 5L (d) a
— [ —

= 5.7 LI B

= & 1 1 o= 3mo

2 5 : : 5—a byyup

% ' ) ] Aexpr

S 55 1 - ExPT

g : -

= e 1 =

5.4 = —

8 S i

© A R I I |

— 5.3

— (e)_

=T LM B B B B B =

=124} 1 1 — E

= - AL aah ! 1 ©—< Camo Eo]

f=2) - 1 — —

A ]ssceer &

5 12| ' . = ]

8 118f : i 1 £

el e

S [ 1 | 7 @ -,

. e . ] >

R R R R PRI 3 N ,\?

e T T - S L. LN s BN , , .

SIS ES= = 200 400 600 800 - 200 400 600 800
Temperature (K ) Temperature (K ) Temperature ( K )

Qg (arb. unit.)

Figure 2 (a ) Temperature-dependent evolution of lattice parameters obtained from AIMD simulations and experiments (Ref. 3). The upper and lower
panel illustrate the modulation of the in-plane (ab-plane) and out-of-plane (c-axis) lattice vector lengths, respectively, with increasing temperature.
Experimentally and AIMD determined phase transition temperatures are denoted as Tyr|**"" and Tyur|*™P, respectively. (b ) — (d ) Distortion patterns
of the normal modes that stabilize the Pbca phase. RuOg octahedral rotation (Qg around c-axis) and tilt (Q anti-phase rotation around ab-axis)
distortions transform according to the irreducible representations (IRs) X3 and X% of the 14/mmm phase, respectively. The anti-polar distortion of
Ca?" ions along b-axis (Qup associated with M7) is indicated by yellow arrows. ( e ) Variation of the amplitude of the primary modes, Qg, Qr and
anti-polar movement of Ca?* ions, obtained from the AIMD run. ( ) shows how the Ru — O bond lengths fluctuate with temperature along octahedral
local x, y and z axes. ( g ) Variation of 8Q, = %(262 — 8x — 8y) (where 6x, 8y and &z denote Ru-O bond-lengths along the x, y and z-

directions, repectively) as a function of Qg and Q.

At low temperature, RuOs octahedra exhibit cooperative

a b c . . . . s
( )4 T ( )4 B e ( )4 T T tetragonal distortions (Qq ), significant rotation (Qg) and tilting
* [ i W ) o ‘ N
2 LI DU B C AN "] 2| - (Qr), as illustrated in Fig. 1b-c. Ca?* ions are positioned between
N N — == ofw—= - - 2 I R -] - o .
2k ] L . 2| | o . the RuOs layers and exhibit anti-polar distortions (Qp, see Fig.
L L L ar 4
4 — 4 — -4 — . . . .
1 I P P . | I P 1 | I - 1.
St EEEE FEEEE ST EEEE 1d). Above 300K, AIMD simulations reveal a significant
(d) Temperature (K) (0) Temperature (K ) () Temperature (K) reduction in tilt distortion (see Fig. le) in CazRuQs, indicating
e
200 T T 200 1T 200 T T that thermal fluctuations begin to suppress the tilt modes and
< T P 15 T 12 1 M ] anti-polar Ca displacements along the b-axis. Interestingly, the
[ 1| S L Ofm—mo= === — Y ] e
£ r SO TER 1Y e am 1 octahedral rotations remain robust and nearly constant up to
3 100 - -100 |- - & -100 ¥ al:ln —
oottt ppollet ottt pppllatattata] 500 K, highlighting their greater energetic favorability compared
ER8EEE EEREEE SEEEEE
Temperature (K) Temperature (K) Temperature (K) to tilt modes, though they too begin to relax at higher

Figure 1 (a ) — (¢ ), calculated macroscopic Griineisen parameters temperatures. A notable structural signature is the inversion of

corresponding to the deformation which arises from the strain applied the tetragonal distortion (8Q,e,) near 550 K (Fig. 1), reflecting

along the a-, b-and c- axes, using QHA and MD simulations. We used a reordering of orbital energies driven by local bond

harmonic phonon calculations and the normal-mode-decomposition reconfigurations. GGA+U calculations demonstrate that this

technique to characterize phonon quasiparticles and comput€ sign change arises not from tilt or rotation alone but from their

anharmonic free energy and the temperature-dependent macroscopic nonlinear coupling (see Fig. 1g), which governs both anti-polar

Griineisen parameters. ( d ) — ( f') subsequently, the calculated coefficient Ca shifts and orbital rearrangement. This coupling mechanism is

of thermal expansion (CTE) over 0 <T <500 K, using three crucial for stabilizing the low temperature insulating phase and

techniques. offers a route to tune the metal-insulator transition by
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controlling Qg and Qy through strain, doping, or pressure.

2.2 CaRuOs: Temperature-dependent phonon

renormalization and its effect on thermal expansion

By employing the normal-mode decomposition technique [13],
we computed phonon quasi-particle (QP) frequencies and
subsequently derived the temperature-dependent macroscopic
Griineisen parameters and CTEs, following equation given
below,

(Lk=123) (1

Yk represents macroscopic Griineisen parameters

o = S,_:Zk SkiVk»
Where,
corresponding to the deformation which arises from the strain
applied along the a- , b- and c- axes, i.e. Y1 =Va, Y2 = Vb
and y3 =Y. Vp denotes the volume of the primitive cell, Cy
denotes specific heat and S represents compliance tensor.
Figure 2 shows a comparative analysis between the results
obtained from Quasi harmonic approximation (QHA) and the
normal-mode decomposition technique which considers the
temperature evolution of phonon frequencies. Even though QHA
also exhibit NTE along b-axis, due to the presence of strong
negative off-diagonal components in the compliance tensor S

(as shown in Table 1), as was observed in other RP oxides [16-

17],
a b
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Figure 3 (a ) Temperature-dependent evolution of lattice parameters
obtained from MD simulations for the orthorhombic ( O) and the

monoclinic (M) phase. (b) Temperature-dependent evolution of volume.

the inclusion of temperature dependence of phonon frequencies
shows better agreement with MD results. A key outcome of this
analysis is the strong temperature dependence of the Griineisen
parameter along the b-axis. While values remain positive at

lower temperatures, a noticeable decrease sets in above 300 K,
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eventually reaching strongly negative values as the system
approaches the structural and electronic phase transition
temperature. This behavior indicates a dominant contribution of
anharmonic phonons along the b -axis. In contrast, the

Griineisen parameters along the a- and c-axes remain relatively

Sii (] 0'3 GPG'1)
Sll
16.9

Sij (] 0'3 GPG'])
S13
-2.9

S23
-2.7

S12
-10.0

S33
7.1

S22
14.5

Table 1 The components of the compliance tensor S contributing to
thermal expansion were calculated for the orthorhombic Pbca phase, as

listed here.
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Figure 4 Temperature-dependent evolution of lattice parameters
obtained from MD simulations for the polar Ca3sRu207 ( a ) and non-polar

CaRuOs3 ( b ) systems.

unchanged with respect to their QHA counterparts. We identified
several Raman-active modes, having By, Byg and Bjg
symmetries, show strong negative contributions. Although
octahedral tilt distortions contribute significantly to the observed
NTE, the behavior cannot be strictly categorized under rigid unit
modes (RUMs), as the octahedral units themselves undergo
shape changes rather than remaining rigid. Additionally, anti-
polar distortions play a crucial role in the thermal response,
indicating that both octahedral distortions and anti-polar
displacements must be considered together. This highlights the
complex interplay between different structural distortions in

driving NTE behavior.

2.3 Ca2RuOg4: Monoclinic phase



A monoclinic phase of Ca:RuOs4 with P2;/c space group
symmetry was identified at room temperature using electron

diffraction, X-ray absorption fine structure (XAFS), and

oxides increases with layer thickness, while thermal expansion
anisotropy decreases, consistent with trends observed in similar
RP systems [4-7]. The polar compound Ca3;Rux0O7 exhibits

pronounced anisotropic thermal expansion similar to CazRuO4
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Figure 5 Temperature-dependent evolution of lattice parameters obtained from MD simulations for the Ca2MO4 (M = Transition metal) RP

oxides.

synchrotron X-ray pair distribution function (PDF) techniques
[3]. To understand its thermal behavior, molecular dynamics
(MD) simulations were performed considering this monoclinic
structure. The simulations yielded results that closely resemble
those obtained for the orthorhombic phase, as illustrated in Fig.
3a. This similarity suggests that the weak monoclinic distortion
does not significantly affect the proposed mechanism of uniaxial
negative thermal expansion (NTE) in CazRuOa.

Although MD simulations indicated an overall positive
volumetric thermal expansion (Fig. 3b), in contrast to the ~ 1 %
(31,

discrepancy is minor. The simulated expansion is modest ( ~

crystallographic NTE observed experimentally the
1 %) and appears sensitive to subtle anisotropic expansion along
different crystallographic directions. Thus, fine-tuning the

anisotropic thermal response may reconcile the observed and

simulated behaviors.

2.4 Ca;RuO4: Impact of layer thickness

As illustrated in Fig. 4, the phase transition temperature in RP
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and is anticipated to undergo a MIT at elevated temperature. The
end member CaRuOs displays negligible thermal expansion
along the c-axis and strong anisotropy in the ab plane. These
observations suggest that the in-plane (ab) lattice parameters are
expected to critically influence the volumetric thermal expansion
of CaRuOs perovskite. Thus, precise control of in-plane lattice
dimensions may offer a route to modulate the thermal expansion

properties of these systems.

2.5 Predicted thermal expansion in Ca:MOs4 (M =

Transition metal) RP oxides

We observed the structural stabilization of several RP oxides in
the orthorhombic Pbca phase. While a subset of these materials
has been experimentally examined [3-7] for their thermal
expansion behavior, a significant number remain unexplored,
representing an opportunity for further investigation.

As illustrated in Fig. 5, RP oxides incorporating 4d and 5d
transition metals demonstrate promising anisotropic thermal

expansion behavior, with several compounds exhibiting uniaxial



NTE. This behavior is similar to that observed in Ca:RuOa.
Notably, late 4 d/5d RP oxides emerge as particularly
compelling, they retain the characteristic anisotropy and NTE
seen in Ca2RuOs but are predicted to undergo metal-insulator
transitions (MIT) at higher temperatures. This shift in transition
temperature could broaden the applicability of these materials in
high-temperature or thermally demanding environments.
Among these, Ca2MoOs also stands out due to its negligible
thermal expansion along all three crystallographic axes,
suggesting a near-zero volumetric expansion over a broad
temperature range. Such behavior is rare and valuable for
applications requiring dimensional stability.

Overall, these observations underscore the potential of 4d/5d
RP oxides as a fertile ground for discovering new NTE materials
and gaining insight into structure—property relationships. Further
detailed studies, both experimental and theoretical, are essential
to understand the thermal responses and to harness their

properties for functional applications [18-24].

3. Conclusions

Our MD simulations reveal a symmetry-preserving, first-order
structural transition in Ca;RuQOs, marked by abrupt lattice
distortions and a striking reversal in thermal expansion behavior,
coinciding with the MIT. This transition is driven by
temperature-induced lattice dynamics, where coordinated
octahedral tilts, rotations, and A-site anti-polar displacements
lead to distortions in the RuOs octahedra, establishing a direct
link between structural fluctuations and the electronic phase
change. At low temperatures, uniaxial NTE arises from strong
elastic anisotropy. In contrast, near the MIT, NTE originates
from low-frequency (0—10 THz) Raman-active phonon modes
with highly negative Griineisen parameters. Importantly,
although octahedral tilts play a central role, the distortions are
not rigid-body in nature, excluding classification as rigid unit
modes (RUMs); instead, they involve intrinsic shape
deformations of the octahedra. Building on these insights from
CazRuO4, we extended our investigation to other transition metal

oxides and identified promising candidates that are likely to
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exhibit uniaxial NTE and colossal volumetric thermal expansion.
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ZhIERTAM 2 fERR 9~ 5 T2 fer L, EIBICRIT T
T EZBMNTEDZRET T TETH D,



RIET A 7V A = A S EDOEL Y #H A

LIZT®IZ

WHART A TV A = ZAFIRBRE I N —TTiE T4 7
YA 2 AT BT DB & 2R PEREREAN Y — B R DRl
R FMFFER & &8 U T, RESCKRFEDOHIEIRE O XL E
EToTW5, BRI, FiE. Sty A V2 il e,
FASA A7 4 VB IR O VLT 7 & OPERETM
PR AR L TV D, B L ST R WEHic oW
Tb, BBFEOFEEISAT 572 8 LT, K2 ek lik %12
HTEDLIICHRFEZER TV D, &I, # LOWEEERT
ERER 7 1k D BRSSP E AR UL 72 &b BIREIR & T L
R HEED TN D, BIE, FrEOMREFMI»— AL LT
B A AR 5 0 53 B O PEREREA Y — B X B BT 5 TE T
HD, ARTE, PLE - LA NV AGECORFEDOHHE
WROIFENZ DWW THET D,

2.HB F / v — N OHED BRI OV TOBE
2-1 HE

AU KkFEF ) —1 HBV— k) IE, HEKFED
FHEMIILER SN L kot ~T U 7L THY
(), TNFET, KEXX VT LELTOZRLF—/TESR
ikl 7e E~OIEHARHE TS, HB > — M, &
T HLIKFOMALR 11 DY — MkowETHY . H
FFLIEAKRFEZFR - HEICBVWTERZ ANV —DHRT
BMHTEAZEERHLTWS, R /=T U7
DREETHDHT T 7= 0d, A A AT 4 TNV E
Gtk a B CIRASNTEBY, —Wo s 77 =4k
AW, Pl - UUANAERZB T2 ERAmbNT
W5, £D7=®, HB ¥ — MIbREROMEREE 95 Al
HEMERHD EEZ BN,

—J7, #hlan) A LA (SARS-CoV-2) (X B/
TIvIIZEoT, Bl - iU A LV ARREE T L 80
PHRHNZ R S, EFEZOFTFENIME A H5< 2> T
Wh, LxLaeis, Zhbofid, BRer e
20 TERL, HL ETHPEOIEKRERIET 2 HIWT
HoH7D, ZMTEEEbE ZEZMAETHDLZ 0
kwbhsd, HB )/ v— MIRe%LEm< B mE
THY, MR ZMICERTEDZ NG, Pl - iy
ANABBA~DOISHIZHE L TWBE EEZ N, £2
T, HB v— hO#F - 72886e & U CHMA R RIS
LWF%E% . KISTEC, HERHFRT., FEKRTF I L O
THRRFE®FTITo 7, TOFE., HB v — M,
SARS-CoV-2 & te, #kAx 20 A VAWK L TEWILY
ANATENZGT DI EBHLNC ST, . UA
NI D TR MESH BICHEWPLE - P e g
REFGTLHZEWLNIR-T2 (),

WHMRT A T A = 2FRE T e =7

&1 SNV CIE O SRV 7 N SN SIS <

2-2 Hik

HB v— b (GRERERFELVERM) 27 b= UL
WCHIR L, T A (2.5 em X 2.5 cm) ([Ca—F 1>
L7bD% HB >— MINTAh & Lz, £/, 2—FT 47
LTWARWT T ZREEI LA & Uiz, FUE KR OH Y A L
2B O FEE. BEFO JIS (3) RWNIS0 (4) Hkkza s
BIZ L TT o 72, BRIIZIE, U A L A RO BRI %
HB o — ML E 723N TR (Zh2hn=3) 1250 (1
PHERL, BET 4V L ENSE, 25C FLuA LV R) £
721% 35°C (HUE) TRETERFEIEM SH7-, £ L T, SCDLP
Rl ml TUANAREITMEEZBEIL L, EREAREAT
STethk, T =03 LU ANVR) TR AR
(BUE) 1T & > TRl ST A E R E HIE U EE 2 R
7=

RBRICHER LI A VA RO IL, TRE0EY Th b,
- SARS—CoV-2/Hu/Omicron/Kng/21-3301

18 MM« VeroE6/TMPRSS2 (JCRB1892)

AL T A LA (A/Hong Kong/8/68 ¥k
ATCC VR-1679)  fi5 EfMAa : MDCK #Ef@ (ATCC CCL-34)
s xaB UL NA (F-9 k. ATCC VR-782)

18 FAHME : CRFK flifid (ATCC CCL-94)

- #A T RUEKE (NBRC12732)

« KIE (NBRC3972)

MIREERBIL, R 3 FoBEMIaIckE . 2RE T
HB > — hZUSINL 4 HIEEE Lotk, Mllao43E% LDH
7oA Lo THIE L.

2-3 #ER
2-3-1HB ¥ — b DI T A )V AShH

HB & — FDOFLT A N AR ERGET 2720, HB v — b
INLAH T 2 (2 mg/sample) ZHAWTHI U A L 2B E
1To7= (¥ 1), TOREE, SARS-CoV-2, AL T
PFoA A (Flup) KO3 BV oA LA (FCV) 1%
LT, HB ¥— M 10 53 DR T, U A )V A DREGAM 3 R
HIERFLIT (4 MLl Eold) Liheotz, oL,
HB >r— MiE, A LAICH L CHEFITEODILY A VA%
REBETDHZEDPHONE ST,

Wiz, BT ARICa—T 475 B v— FOEEH
b L., R ANV AR ET o7 (K2), ZDRER.
SARS-CoV-2 TlX, HB ¥— M D&M 4560~50 pg/sample (2
WO LTH, UA/VZADBIUER BRI L 720 | 2k
TOWRETIE, B2 ICHRNPETH LT, £/, 41 70T
YWY A VA TIE 450 pg/sample D HB 2 — FDET, ¥



A IV A DREGATITAR IR LLT T o 7223, LT O
FECIX, IRERFRICHEIET Lz, —FH, xah U v
7 A VAR LTI, 450 pg/sample Th, A /L AJEYY
MOPWIE, 1FEAER BN o7, ZO/RRLY | HB
U— ME, mrRe =T R W a B Y T A AL
Y . SARS-CoV-2 A v TN P I A NVADE H Iz
N —7%HT DU VALK LT, L DIROFLT IV AS)
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X 1 HB ¥ — kDI T A VAR
HB & — M4 (2 mg/sample, #2) K OMENT.5 (75)
VT, 10~30 EER SEZ L E DK T A LAD
Y277, (a) 1 SARS-CoV-2 DIt D 75 7 %
R, ZFOROT 77— OFT % (0) 1277, (0) KD
Dix. FhEFnNA 7o T4 NN ABIONR=
B A IV AR DY R,

B 3 HB > — h DHIEZIE
HB > — ML (2 mg/sample, 7R) K OVMEN AL ()
Z VT, 10~30 RER S B 72 & T OFE DL
T, (@ XA RUEKE (S aureus) . (b) 1EKM
W (£ coli) DEFEERT,

2-3-2 HB ¥— F DHEHE

2-3-1 L[EBRDSMET, BET FUEKE & KIBE I
LPHEREBREIT o7 (W3), ZO/FER, vVA VR LM
Bk, 10 3P OIER &9 FERITELO IR C, Wi & b
MHIRFRLLT & e o7 (4 HTLA BRI,

WIZ, B/NEEILRE (MIC) & F/ N R E
(MBC) #MIET D7, LLFOEREIT-7-, MHE;
H1Z VT HB 3 — b D 172 BEBEARIRRAN 2B L. %
ZICHEIRZ RN, 35°C T 24 R ORI R 21T 5 1=,
ZOFEF. MIC & MBC OREILE 12 1000 pg/ml TH
-7 (X 4),
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BED T T — 7 Ok % ) IR T, (o) LD X, %
nNENA L7V UL NRABLTRab ) vy
A NV A D REYAT & =T,

Concentration of HB nanosheeets (ug/ml)

X 4 HB 2— bk MIC & T} MBC DHIE
HB 2 — k% MH KEHbIZ 4000~15.6 pg/ml O#PH THR
L., 24 BERIREEE L7z, (a) MIC TiX, HEHEZOED
WE 2 B CHIE L7 (n. d. inot determined, + : 3
& V) . (b) MBC TiX, B OBRENK 0.1 ml %X
WHICBA L, BOHEL an=—0FECTHE L
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2-3-3 HB T— h DM RT3 5 iR

HB > — hASMARICR L CEDREFEELZ AT 5
DOH, MREERBRZ1T o7 (X 5), x5 &3 54
MeiZ, oA VAT Lz Tl A vz, o
FEHR. 500 pg/ml &V BB WVRE THEY 30%
FREOMRFENE TH 722 &5, Mila~0FHMx

EweEZzbN5,
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X 5 HB 3 — h DRt~ DI
KIREDHB > — M EMIRE (96 U= LT L— ) IZHR
MU, 4 BRIEEE L, 0%, LDH 7 vEA I X 0l
e F % R EAM L 7=,

3SBORBE

ARFFETIE, HB ¥ — MR O i WA TE
NETDHZEERH L, LLARL, 4%, HiFE -
FLo A A AL LT L 7201203, THHAMERZE
P EHIITE R I TR ZME L TV R &
%, F£7o. HB ¥ — FOHIE « FLUA VAR D A T =
RBZDONWTEH, EEARRAREN S D7D, FEMICAET
TOMEMERDHD, ZOXIBBRFHEENRD LT, K
WM TIFEERE L, WAk~ 2723 5 R A D T
WS FETH D,

[2%E 3]

Hiroaki Nishino, Takeshi Fujita, Nguyen Thanh Cuong et
al. Formation and Characterization of Hydrogen Boride
Sheets Derived from MgB2 by Cation Exchange. J Am
Chem Soc. Oct 4;139(39):13761-13769 (2017)

2. Nagai T, Mauliana A, Kobayashi K, et al. Broad-spectrum
antimicrobial effects of hydrogen boride nanosheets. J
Mater Chem B. 2025 May 14;13(19):5723-5733 (2025)

3. JISZ2801 HUEIN THRLG—HUEMERER 71k - FUBAR

4. 1ISO 21702. Measurement of antiviral activity on plastics

and other non-porous surfaces (2019)
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BL/SA A7 4 71 SRR O 18R ~ 15 7 e

(R T A 7V A = AEHBAZE) Ty =7 b

1. IL®IZ

PNAFT 4D LT HIE 722 E OMEDR I S A3k
TOLEMEH T N B EOMBBNE ST ME
(Extracellular Polymeric Substances : EPS) ES& L CTIEAL
SNDOEROEERTH Y . BFT. IB=E - Wl OWNEER &
TO [y | LEOREOWYE (77 —7) &, Hit
RAETRBREIT T OBIE SN D, WA T 4 v D& LR
T2 &, AN L COMmED L3 0 | 755 - BgeR & L
THBEERDZEbH Y AL F T 4V LXRITITFEHR
IhTWd,

NAFT 4 VBTN TIEE L OBBRHIE 7 v —7
2RV BHUDIE UTokk & 72 FE CHT - S 23T T
W% 23, KISTEC Tl 2023 4 7 HIZHIE - 4T S 7z 1SO
4768 (Measurement method of anti-biofilm activity on plastic
and other non-porous surfaces)V % (2 L7=HiN1 47 4 L
DTGP E B ORI — B 2 242 L T %, 1SO 4768
I, NAFT7 4 VLD 5 LICL &) OFHIiFiEEBLUE
L7 ORI T, 7 VU AZ LA F L b (Crystal
Violet: CV) 12 k2%t 2R LI=FIETH L, CVITH 1
CRTEIRNY 7 ==L A X U RIEEWTUEPS 72151
RO ANAFT 4 AP OB BN DA A7 4 LD
IR iAENTA
B - R N RO~ A g

FAALFTUIT D

I
POASE
|| '

B, ZIRITH 7RSI
K1 I7IVRZEAMNLF LY b

+

EEFRDH, 20D
BHEIRSA F T 4 VA
eREix, ZOMNE
D LIZL &R+
L@ L GEE
S5,

= AT T VAP OERKICENTS T DR EE S
ZTCWADEFHI LW, W) ==L H D, L LAl
HwOERBY, CVITHLADEPS SEH Yt L, 2@ LA
F20 T Sl bR T 5720, 1S0 4768 IS4
7o CV Refafb R & ERB AR OO 5 Z LIXREECTH 5,
RN DN B2 T D12 DI AT 4 L DRISAEET
D EE DWW & 5T D T IE K E R G S O R BR
K L LTHFEEL TV AR, Uil TlanNg 47 1 1
LIEOTZOICHEHO) 77 2 —%EHALTEY ., WIS
B DO ME L 0 D,

FZTARETIZ, A F T 4V A OAEE AT % |
ISO 4768 D F{EE N—RIBM ST 4T 4 L AT
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VKRB TP KRR, AR

AT Z 2 ODRR LTI D — 32 S92,

2. EREMR

SO 4768 2 X D434 &7 4 /b APERERHMi A SR O 22
M 2 1279, 180 4768 TiE, FHilid 238 A (3030
mm) % 40X40mm YA XDH 7 ARIZHE Y FHF, Z DfFE
EMIT T 2R &R ZIE SN, £ T~
1/5 % ® TSB (Trypticase Soy Broth) TH;# L 7=
Staphylococcus epidermidis ATCC 35984 (/7 KU EKE)
AR AR L CIEE | 35°C, 48 R OFRE R T
A FT4NDLETREE D,

2 1SO 4786 (2 X BHi/3A &7 4 /v A REHAG A BRAS 2L

B ENIZ AL E T 4 VEAOEREE IR OB
HDT-0OHIAKL, YetaD - CV IWKICET LENH Y |
BERDOTZ AN TEE Uy N TORERBIY & 72
DERGEN IV, Ll BB OS5 7 4 VAR OA
B EHNT 2 L7008 OEERNT 7 A0 bR % #
DT @R ORI TICERIET D5 MERH D,
DIz 2N TR O EE NV & RBR R E R TRER T
DNHIPIIE S DRI & 2 D3, W E E 23 i[5 1 X 5 & H
DT ONRREEE 725, £, ASTM B THES L TWS
NRAFTT 4 NVIERAY T 75— L > REENIAT
BT H B, [E
FEHH 5 ANEN L@
NREETH D, AR
DOEENEEZTRT D
WE RS T, £ T,
M 3R T Lo, [
ERA T AR &R
DOEHENENIZES

EERH 7 A1k

X 3 @Az HWRBRA OEE



1 mm fREOBA > — 20 A TR R 2 BEM T 7
AR EE U BER T 7 AR B ek 20 05 9 B 3e
BAOEEML, BAEZATA RSELHIEEER L,
Wiz 2 Z L TURBR A 2K TURT D BRSBTS
BEMH T AMMPOHPNED D Z L Lomy EE
TETWDL LT EEMRT T A6 2 FI A HE
WIE B R RTINS Z R HRT L
MARETH > 7,

PAF Wfa & AW TZ3BR B DEIE T EEDRANA A7 1 70 L
mF 0 AR B G E (8 RTRE M DWW TR RS L 72 SR o —
Rty 5,

W) RERIZE DAL FT7 4 VIAFERER X OEOHE

FE~DEEER

P, WRENEET DI EICL DA T 4 IV DTERK
R LOHBRIKFRORE (FEER) OHEMA~OEEOA K
ZHEER LTz, 1SO4768 IZ S x g T — 7 TR A & [E
ELebDL, BATRBRAZEE L OZHEL,
FZHRB (n=3) E~DOARAFT L DTBRER L O
EBRPOHEBEHE Lz, A7 4V ADOAKIT ISO
4768 \ZHLE S LD FIRICIH » TIT o 7o B & L T30
X30mm VA XAOHTTAREFEHAL, EAEL LT
S. epidermidis ATCC 3598 ZfiHl L7z, /A A7 4 /L LD
TEAL &L 1SO 4768 |ZHS % 0.1% CV HEIRIZHER T %
B, RBA LD NS AT 4V ADOYEAIZE Y S LT
CV &= % 590 nm DOW
HEEZREST D Z
ETRMML, X 4
IZ CV Yetats OFRER
Ramd, BB E
WORAY— hOD
BEOIAARIZELY, B
ARG E ClIRA I
X OEE LA
(X4B) DF PR REINTND L HITRZ DD,
£ VIR LI ERERS RO L0 | EERICRER A E
AP35 L72 CV BIIEEE T — 7 CHEE L7236 (ODsg =
4.11) LHEATREE LA (ODs0=3.97) & DRHICZE
1T HEDN o T,

Fio, BRETOEOEBA~DOEEL L X, N4
T 4 v DB DR A BRI L, RIS CAE
B EIEST 22 & TR L, ZORREE LITRT,
K1IOEBY | BRETOAEBIIRBR T 2 BET —7
THEE LS (3.7X108 cfu/mL) & Wefa CiEE L=
f (3.4X10% cfumL) (XRRETH -7z,

=

(A) (B

X 4 CV Getath DRBRT
A B35 T — 7 CHEE, B: WA CHEIE

F1 BB T HFIEC K DWE & R~ DB
. W FEEODsog [Es

AR TE E 5

ARITEIE 7R () (x10° cfml)
BET—7 4.11 £0.60 3.7+1.1
% 3.97 +0.33 34+03
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Q) RBRH EDD DAL F 7 4 NV AEIRFEOKRE

WA A CEE LR ED oA F7 4 v 5D
BN T IEE R LT, S A7 4 L ADEIFIETN L D
233 B 08 A RN E R 2RI U7 7B 055 A ATRE D % M
FEL7Z, B 2 ()& RSB LA A7 4L b
ZIERR S, MK TR L72RIC, K3 ITmRL
X0 B OBEM L, AT7A4 FESETEHERT T X
W GERER T AR L, TR E R AR~ Lo, £
TAEBRRIEK 20mL AN, BEHEEESS (40kHz) &
FIFA LT 5 SRIBEERAEZITV, TOBEERE (90
pm, 247) TR LI, HEERE, BB 2RI L., 2
(DRI 0.1%CV IR CH L, WL L BT
FIZEGFET A AT T AN EER L, K5 ITBERL
PRA L7-RBR A
D CV Y&tk D

wrpen M [ |

B mRd .5

[l s WPl STL/IN =
BEALEL A L s soAms . . .
TRBR A E, E =
FRULRE LT s ranmeic oV s LI BT
WRWERER A & b
RBEFRERB I NI oTz, Fio, BB Lo Ccv &%
WCHE CRER L7 B4 3% 2 \OR T, WG IE O f H 2

b, MERARE LR BIZI3FEE CV A LT
W T &R E T,

F2 BEWAAFLOE I L DCVIREE S O i

W% S ODsyg0 o

37 L
= ALER —) (%)
HY 0.15+0.06 4.4
L 3.48 +£0.05 100

IO, BERAHEZICHERE TR LM A7 4
IV A ENSHR W D A R 2 R EAR B 28 CHIE L7ofE S, =
7= — | XEFICER S h, EH S 7 EIE R o 4B EEUE
2.6 X108 cfu/mL T > 7=,

3. BERUVSHORBE

BENGIET DI EILE DAL AT 4 VATBRER X
OBEAR R DO B O HFEA~ DRI DN TR, 2 (D)DFERD
B0, IS0 4768 IZih-» T T — 7 TR 2 FEE L
7 E & A TRBA A EE LESA L OMCRtE S
L Lo 47 4 )V ATERE . BRI OERE RO &
HHICHAERETELS | S EORBRIZB W TIEER
MNZ LAVURIBI N, £ BAEATA RSEBHZ L
TEERT 7 AW»SFIN LB Lo 47 00
LOBEULTFIEIZ DN TR, 2 Q)DFERD & B 0 B
Z LT RWERER T IC e~ B A % U 7= 58k ok
FEEIE 95%LL BB L T2 ARG T8 E AL
HREHTHDZ e SNz, LLELy, AEBRL
Tolif & DT3B O EE T, 180 4768 O FlkE~—



ANIBRR SR T2 F T ¢ )L IR O 22 A B BT
FIATE B AREMIURIB S LT,

—F T, WA ORBEEZ T IMEDOY 0,
DREVERIE O X 5 G AN, 47 4 VARREB L O
BB R O OHIE~ O ENREIND, o, BEHE
LB DUNT b B EL, TR CALBRIRF 45 D feaii (1 Re,
FEIZ &L > TEIANAS A7 4 VL OEIHE B IR E AL
B OFENE L TWD AR H Y  AEIBR LIS
EOBEREFICOWTIIEICKRIENRLETH S & Ebh
Do

LHHYINA AT 4V DEREFHIEERIZER & 37, HUE -
FLo A L APEREREMABR & LCEET b ARELED 72
DORITRMIEZHED TV FETH 5,

(2% 3CHR]
1. ISO 4768, Measurement method of anti-biofilm activity on
plastic and other non-porous surfaces (2023)
2. ASTM E2871, Standard Test Method for Determining
Disinfectant Efficacy Against Biofilm Grown in the CDC
Biofilm Reactor Using the Single Tube Method (2021)
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30 2 wF L O g5

WA T A TV A = AR T2 =7 K

ITC®IT

FAEEFRERGIL, MORIBFRIENMAE Lo T
BB L CHEZITH Y . HBE LI ke % (Al
B RS 2RNEAT D2 ENnD. THEZO
BHIREITIER LTV D, BRIICIE, BB RS
BERERE 72 L OB ANRBREBEICHEA TR Y | TR
TIXiPS ML & W 7= R O BE 5 2 BR
MERER bHRE SN TWDH, —F T, 29 Lzl
BV T, WEEBSRRREIC BT 5 e
FHaciL SN TR b T, RRikE LCorAk
~OMFFRFEAT L, BRREL CRARRILA A +4)
REFHEHINDHIG & D,

O XD KRBT, BEMESH M OMHRIZRE
ZFELTERY ., fno—BECHBMEZHRT 27
MR DA FE L 720 TN D, RINV—T T,
P, IvA VA e, A 37 4 VA RD
Bisaze & OVEREREAR Y- — B A2, B - MfaE
JEBEFEI Y — E A DRI BV HA TN D, K
MCix, TO—FlE LT~ M~ bie A
L. 7o e iiieng, BEAForae 2 F o b b
MZERMEMIE (MSC) &4z, —fla k7%
7 U7 b — AT (—Hfd RNA fi#4T) 2 v T
ZEOREFIZ L7 THET 5,

MSC DF T 555 {LEEDFlE DI IOV T
2-1 XU ®IC

PR & 3ROl O AR & D VO ITHERES 42
WKL T Ein A VT OMRE R [E117 - FAEE
THILZHME LEERTH D, Blllaidks<
ZREMEIRAING & (RMER I I R S A, HTE ORE
Bls NTZRetki (PS) M, & OREGIDHE
REEMIE (MSC) THD, iPSHINEIE, H 55

ey & Ok W AR A

Rz oy b AT R 72 6 ReME & FF>— 5 T, ZO/ERITIE
AREE T OBABKLETHY | iSOV 270
fERAY - B ZARER R S TR v . BRI H
IR & L TEEZRRISA RO B D, —FH. &
JAELRR. . PERE7 & OBk & 2RI AAE L T
% MSC I3 B CAEREE L IRER R MRS A2, Sy
FEEAE I RCHUSIEIER . HITEIR - D /0 RE 2 I 2 C
W, TNHOREEIZEY SEIEREEET L
B W THMEESCHAE~OFENRE ST

Do ZDIz®H, MSCIL L Y Zen>ERM ML
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BRRCEERNR) . RS RIRIC K DB EHE (99%2A 1)
DM TERE (ORI, Cell Stem Cell 2013, Cell Metab
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2023),
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