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FAI REHEATHZ LT, 2 MO Landing pad 1273
NBIBETEFEAL, PABBTELZEMIRBELIESZ
LREREL 2B, HE L. 100 FEEONABGFENE
FIIE, K T100x99)+2=4950 FEEE DHL A A DHE DN
AETNAMIREERCE A L EX NS,

Z D AF— AIZHEVY, CRISPR/Cas9 Hiffia AV CTHA
B B SR iPS A (585A1 % 19) |2 2 fE¥H 0 Landing
pad &/ w7 A4 Lz, Boi-faiErs s n— A1k
ERC, M SN BT HE /T oM u— 25
WLz, BT, ZoHMils o—r 2 AT, kiR
FEADT A N &fToTo, BEMIZITE ALY VXY
B (BFP) #a— K4 577 A &AL, EEH
L7z (X 2), BFP 22— REHIZHHAT D aTOMA
(BFP FERBUMNE) TIEFAOELDBETE RO
xtL, 4777 —8EHWTBFP 2— RESIZFAL
Ml (BFP ZEEANG) CiRrFaioereisani, =
DZEMNDH, MR LIEAF—LDWY | [LEOEE
FEFEHASELF Ty b7 r— ok BRI TEZ L
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ThdZ AR LIz, AHTIX, Landing pad IZFiAT 2
TIAI REGR L, AN L > CTRABIBT DI
B~V AR CE BV AT AEMBE LI L 2WET
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ZOWRRTIE, EREMEEDOZ A I 7T, Al
REIS CTRABBFERE ST Z R FREE 72
V. BDABGTHIHIRICE 2 5 E8% X 0 BEIZHHEC
EDHL0ITmp MR EN D, EAFFERE LT, A
SAHAENTUVS Tet-ON > 257 A 11 (X 3) 28 L
72, Tet-ON v A7 AlX, NTHREEERTEFIHL, K
FoHA27Y (Dox) ISELTALT BmE—F =
OB EENALT D2V AT A THD, ZOVAT AT
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BRT) X7 2B —2—CRES L2V, Dox AT
B L THENENLL, FToe—4—IlA L TiEE%
RS 25,

HHRD Tet-ON 77 A I RaEfAL, K7mv =7 M
WA LT, BBFEORIEE LT, 22HTHWZXS
ZBFP BT T AI REME L, Z0L X, Dox &
BN T OFESHES] (TetO) 242, 5D, 6 2L X LT
PR ANT T o —X—%ER LT,



[¥ 3. Tet-ON 3 2T HDOFEE

ZOFTAI N%& Landing pad 1241 > 7 77 —E % H
WTHEA L, Dox % 100 ng/mL % 721% 1000 ng/mL D
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WO T 6NeT 7807 L—FD L 512, EEROPIZA-TZEIEL OB E 20T, KT, ERHR
ORI D CTRWRERONLCHBBEICERET 2700, — i - PWRAMEO @O SR &%
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I, RO A IR U CE RS R T OH AR 2 FHICES M52 LN TE D L9 2otz &£
AR OB T ORRAHHBEEICERE Ty ho—AT& 5 L5122 0UE, 4 F TITHRRENR R -
Tk x 7R GBI TRE) OIREICKRESEML, TV Ay b AT 4V« == XTER DT LD
HEIC72 %, DNA ZHERY L L7 Y ERINICINZ T, RNA Z4ER) & L2 EEERIN (RNA OFRE L ~UL )
FFRERAT) 2R TENIE, 7/ ARRORENE S LIZED DT TR, 7/ Mm%
KIBIZHEETE 5, 2O X5 724K (invivo) 2B 55 7 AONEERZ T TR, flxid, NTLE6EMH
AL (GPS #ifE) 4/ . DNA OHFERSN %, N TEMICEESMMZ 5 N TED Lo IC2nX, #&
G EBRERETOIRE~OHAERBRICORESBRTEDL LB TCWD, FEBAUREIZONWTH, &7
oYz FTRETHEMNE, RN AT L2 CORENERIEEED LN TE D720, HERON
ATBIREIR L0 b RIBICHEN RO DD T AT 4 TEEAL THRAEEZHR TE LONKERFFR
Thd, K7rTxs NCTHETIHMNCL Y, 5 F THIER R LEER ORI Z T, REED
FEMRGHIZ X 2 HEFR 22 R ATRRMR FEBRTIUL, BRI ~DA X7 MIFEFICRKE <, B E DR
WCRKELSERT D2 LW EN 5,

2023 EEEE DRFFEE )

ek STk

B Z#fEd L, A L BORE - Bt SO0 A Y .

BB OB TR T D LT, P b ERE
EEZT-OX, B AR TERTEELBRICHY T2
BREAROHETH D, HYHEO L S ITERA L
THAZTODEMIL, HZHEER LTINS 7 T Ex
FFo T D, AT, EBRNT 5 L RE HEE
L7z, BoF L R7EERELIZDV T LIT8Y
BFMELBATVD, DEVHZREEIT, HickD2 A%
BN BOEEALRRE S LV o T )R T v
LCHATE DD, LarL, BAEMONZEMEIT, K
JSHEE R BN e EORMBEZIRATND Z &R %0, 1k
PITRREDO—FETHD T W/ W (Neurospora
crassa) DFFO TWDIRAFMERITER L, ZhiT LT
Fex o7 X ) BAEREZEANL TEOMHE L RIEICHE L
720, FLWEEEAM 5 L7720 3578 LT, Magnet
AT BT TN AL v TF 2N EEEFE L (B
Z ik 1), Magnet > AT AT, FERONEEZRET5 A
WIZHEG L, IR EZ00 5 LS 2 % L X B DR
7 THD, Magnet VAT KMZH L RTBFA L RIE

F7Caryikmn—nAT52 ENTESH, T D Magnet ¥ A
TLAORREFHATAZ LT, TS EE AT, BE
REODHLPDDLEZ U RIEOBEEFI-HOEDOEEIC
BIETE D X5 oT,

1EflE P CIIIEATIIEIZ & > T, Magnet ¥ A7 A% kk~
R ) AT D= T ) Y= (B ARETRIE
1B CRISPR-Cas9 v AT L7p &) LA/ HE T, S5k
RIEREHIR AR L CE e, Zhick Yy, RREEL
T E 22 - RERHIERRICES W, Ao o
WMo TN~ T2 # A L 7T, &7/ 5 DNA O
fiy|zEXHx 720 (B2, 3). ¥/ Alc=a—FK
SNTBETFOMMEZ ZFATLIEY (BECH 4, 5.
6). 7/ ABEFOREEZHHBAEICERIETE L)1
Rolm (BEXHT, SHICEETIE. ¥/ oY=
TV T VR BT, BATRFRICE A I fe7e & X
T EONEAEIZH Magnet > AT AZEB LTV (%
Xk 8)e T DX D AP O—OIIEIE, EAEA MR
ZEEHFTH IS —F V= a2 B L L BT, BEF



DIRERANT & 13 R B D, W OWBEEN (7 A
R, BARER L) IZ 0B D AlEMZ MO TN D,
ERD Y 7 A OFBRAEEANO SRR D I AR T 1
NAFWTIL, P BB LIRS v TF Xy
' “Magnet > A7 A7 IZHIL TV 5, Magnet > A7
BT, REBAEDT-D DY — L 2T x BT 570D

(778N R [TL—%] TV, kx REMIZDO
JARE A FEBLT 2 D TPLHPED m W B ELAlT & LTz
EfTHZENTED, AFay =/ hTiE, Magnet &
AT DR DT 72 B & UL A HioEE T
RO TEWVEEE OSBRI Ty b r— /L ATRER R R
Ay FHRIBEAIM L, Thafilier ) MaRE
W& BAREHINICRMET L Ex2AEMET S, TrY
=27 FN2FH LD 2023 FEE, LT HE)DE
HEZBEAEB & LTS £iE LT,

(1) SAERME O EIEH 2 o X7 BIZES RER D
WAL v TF X LRI E DRI

Q) LD THFBITFIECESS RIEEORA A v F 4
NI B DBRFE

B) Filcha e NONAL v F & NI EORRE

2. 2023 FEE DR

BUFIC, 2023 0 BRI ER R & 260 %,
() HARBMEOH AR Z 7 BIZES BEED
WAL v FZ T E D%
HONEI~NE7 o B AN ENTLE S 72, A
fkCoFmBBEIME, —FF, 650 nm 25 800 nm DT
ANEZ B EATRIN ST, ARKERRE R m VD &
BHHNTND, ZD7ed, ZOEREFIKRCHATE S
WAL v FH 7 BORFE=— X3 TEV, 2D
BLEN b, RERMEIE T 2RI Z R & 2Ok
G NTHN, BRI AAL v F 2N TEE LT
HEZHEDTWD, HEHEP I, AR D S ) KEEFDIETE
AL AT A (BB T) BT, Magnet ¥ AT A
B ZOBFOERNNAL v FZ R ETHEEHRZT
Irlmy ZOFER, ZOLEFRINAL vF & LT FITi
WETCTO U —ZiEME L W D By RIS H D Z L 23
HMNTIR 0T, ZDV — I IEMHITSEEED BT & L
TIEBMI 72 RETH D,

Ve P ISR AAL v F X LT BICT 2 AR
HWATDHZETHFTTOY =7 EEE2ERBSEL 2%
HINZIFEZ2 T o TW\Wd, S & S E R RIRE (E
L. TNWENOEREKE Y ) ZEETFONREMLS 2T
LIZEA LT, GRS & TSt Colik 41T -
7oo ZORER. BEATY — 7 iEM A KBRS &5 2 &
R L TWD, ZDOXITERIIAAL v FZ LRy
oL BIREZEAN LB EEL S 2T 5% NIR-
CPTS (CRISPR-Cas9-based photoactivatable transcription
system by near-infrared light) &4 fHiF72, FFHE ML T
DFME ATV, ITHRAICDO RS & - T, NIR-CPTS 78
EFICBREL Y M ETOREEM LTS L
ZHLMN L, 612, w7 ADAEM (invivo) TO

22

NIR-CPTS OFHli# 4T~ 7-. ~ 7 A DHFHEIZ NIR-CPTS

LT, RS DS LED /S 24l o TR 217
572 & Z A, NIR-CPTS BY T ADT ) AZa— s

BB Z2 AR D b OIHEBERN 72 LRI CIE M L T X
52 EBHBMNTR 5T, NIR-CPTS (ZMZ T, L0

HEZR BB OB & 2 HBET 2 72D OF T 2 HABRZE &
FhE LT\ D,

) ES TP FIEICESSREROAL vF 4
R G DR

WFFEEE (1) OFAA v F 2 X7 EiE, AR
OO TEBREDLDN TVWBERARDZ LR Bhl
BLCHETIHAL vF X LI ETH D, HIZEHEHE
(2) Tix, BFZETEE (1) Si3e< By, #ekn T
FHFIEICESNT, 2<HFHLOVREERORAL v T ¥
VRIEEBRBETAZEFEELE TS, EOTTEN
FIRIZESNT, 2<HLWF U7 BHEERICES
WCHAL v FZ R BERBETHZ IR, KK
DX N TEREEHAOT AV v MERRT 5 L5 72,
AL v F 2 T EPRRIETE D L OWR 2R
S>TIZOMFEE 2) ZZFTLTWD,
KEXERANATT Y T REORONSZRRE I BED
NIFTULT 4 b7 (BphP) O T, B HEHHIE
HLMEAE  (Deinococcus radiodurans) 7343 % BphP
(DrBphP) 23 H L7z, DrBphP (X FLIEHINEIC NAES
HEFOLEY LUy (BY) KT L LTHEL, R
Y (~ 660 nm) (ZEE L CTHEEN R E < B3 B HE
R T35, Z 0 DrBphP OREZ(L 2Bk L THA
THXUNIE (LUF, "My —) 2T L
T, ROKAAL v F X RIVBEFARTED EE XTI,
ZODMBphP T 7 4 RT 4 (RNAH—=) hbled
AA v F BRI B, KRR T N — T RIATIIE T
FBLIEHFOAAL v TF X R0 E “Magnet” (w7 %
R DR A= a &) BEREZIAD T “MagRed”
(w7 VY R) &E4MTTE (BB,

I B2, MagRed # W CTH /) Az a— RSB T
ERBLOSREN CTHEAIET A (Red-CPTS) Z ¥ L7-
LA, BBRET CHETRIOEEMZE ALK S
T, REXRN CHEFICDHRREERE T RIALZFHET
&5 L5, MagRed 250D T\ EHIERE 2 A9 5
ZEMbhoTz, Red-CPTS #WF%EHE (1) O —A L
FERIZ, <~ AORFICEA L TRl T o 7. ARsh
B LED /SR EAl - TR 21T -7 & 2 A, Red-
CPTS N~ ZADA ) M a— R SNI-EIGT & LK
2B OIRIRIY 72 R TIEF IR L IEHELTE D
ZEBRHLMNI o T, MMA T, BITTO Y — 7 {EEIX
1FEAEBIEINE -T2 EvD, MagRed 2MERN
THMO TEWIHIEREZ R T Z EBRH O NI -T2,
& 512 MagRed % W28 72 20 G BRERA ORFFEIC & 25
FLTWD, I MagRed NS ESERF L RIEHD
BEEHBETEIEBEEF L TVNEEDTH
%, MagRed I3, ARG 2 AMBLGOMEH<C,



AR HRABCHIIRIR R /e EAEMBNYE - B0 2 5 10E
JRWEFZE BBV TR D Z E IR SN D, FRIC,
BETIRFEA~OISHOBLE G, MagRed 238 A L7z
BERINZ T F 2 BEE 7 A L 2 (AAV) N7 & —|ZHsH
LT, vURATOMFZFEMmL TV D,

Q) Fillpa BT NOKRAL v F X LT BEORF

VERE P TIXEATIISE T, 7 /31 & (Neurospora
crassa) WFFo TWAHIZRMBIZHEB L, ZHhicxi LT
Beralo7 I JBEREZHEANL TZOMEERIBIZHE L
720, HLVREA 5 LI035 8 LT, AL v
F BRI ED Magnet VAT LEBRBELTE R, 20
Magnet ¥ A7 A2 HNWHZ & T, K THAEZE 2T, &
FREDBLWDDHL A LRI BEOBMEEFT-HLOEDEE
WCHMETE 5L 912729, PA-Cas9 X° PA-Cre &\ 572
BEY — A WMEREPICE > TERHENTWS, EIEP
TIXHIE, T D Magnet ¥ AT LDORREZHEDTND, =
OFFEOBRT, HAPHBICEEE LT, 5% TOR
Ay FHUNRTF LRI D, Hiclea BT FOK
AL o F R NRTEERRAELD>DOH D,

Magnet ¥ A7 AMISEHITL T 2 BEZ KT D EAEH
ROFAA v FH R ETHDHH, BIE, D Magnet
AT MK L C. [concatenation] &4 7=7 7 a—
FTOUBEEDTND, ZOT7Fu—FITk->T, X
FRHCHED TR K S 382 v R B G b TE . 2
ORFFATCIXIE & A ETEMEZ R0\ Hi- A iE 2 v il
DIAA »FH NI BEERIELDDOHD, MAT, Z
DAL »F & 737 BE% . PA-Cas9 R PA-Cre L\ o7z
VR P S 2 E CHA%S L C X By —VIE AT 5
LT, INBHDONRT -~ A RIEIZH ETES D
EDRHBMNIRD DD D, DT T —F & I BITHE
BeL T, Bimle A v F 2R ORI E e S '
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BLTWD (BB 10), REDAL v FH Ry
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RWEEEZRALTWATD, ZNE TOMAEERED
KAA v FH R ETIIREETE S T2 T2 72 A A v F
EIOAIHBFREIC /D EBEZ TN D, ZHUIZDNT
b, TTICHIER AZ— FEETWA5,
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BiFE, a~U v 7 AMBBART U Rl a7  A—
Ta BT A ERMBILTND, FERRIZ JigSAP 1,
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X 1: JigSAP IZ &k B A K FTHE

a, Ac-RIDARMRADIR-NH, (JigSAP) MDZEfiFiEET /L. M
ROBABEREERT. b, M ¥Ial—valitkvg
bl JigSAP DAHFELFHEEDR Ty Fav b, e
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wt%h, pH 7.4). KFUINA FrFVERT. d, JigSAP OF
BEREFHSEER. o, £, JigSAP OIFBMMEER @, )
LELEMER 7, F) OBEML. gh JigSAPOHZ
&M (CD) A% bV, h, JigSAP @ CD ¥ 7 F LR EE DR
2 (217.6 nm) .
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(1) HrHEEREREORIE

FEAIIXF TR - IROMFERCRIC CREET 203, B
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PITFIET —# REEO T OFEMITEIET 25 23, BIGHNE
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HDRIE S 7 F VI3 E D% OFEBHEFERIE I B LR
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DWRAE /T IE O HIE 72 & Ok & 7B 2 5 Ty
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D EIGHEREITIN 2 T, EEIRER T ORI & L CHEEE
FTHUE, BEMEBOFAECHEREREICHR EHfEsh
Do BaBBFE L1 T X BN 72 5 BT T
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ERE LT G E e o TR Y . RXTT ROBUKE N
MR E RS 55FTh D, JigSAP 1A pH 22D K
A 4R T CTHOCHMME L T+ / 77 A 13—
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> &
Db, HhE L R CABEMME 2 R 5 gL
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 %
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AERE A FF O M N ISR+ (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>L 7273
©. VEGF IZ LA MEFRMETTHELE WHIRIER b S S Z
EMB L WETE VEGF BEERISH ST, Eio,
VEGF 2MEZEEHK CIEE CE RV FEBORE VWS
SNIBEOS, BRI TR RS A B
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Maz B UIugepss & LR L7,
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dMCAO E 7 /v & 13578 2 tZEE T T BT 21RWR)
RERFT 2720, KINEEEE CRfieBErR o
FORIMEIREEZE (MCAO) EF VA Lz, £7-. 7F
i DA T AL 53 IENEE BE) & LT B THERE MR AT O
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Determination of the charge state configuration of PbMnOs

1. Introduction

Properties of transition metal oxides are greatly
influenced by the charge state and the ordering of the
constituent multi-valent transition metal (M) ions.
Change in the charge state induces changes in the
overall properties of the system. Therefore, external
manipulation of the charge state through carrier doping,
is an effective means of controlling and designing the
properties of these materials [1-4]. In complex oxides,
like PbMOsand BiMOs perovskite oxides, which
consist of multiple multivalent ions, this process of
external manipulation and determination of charge state
are rendered somewhat challenging and intriguing, on
of degrees of
freedomexhibited by the main-group elements, Pb and
Bi. The multiple charge degrees of freedom exhibit
6s® (Pb*>") and 6s° (Pb*") electronic configurations.
As the 6s level of Bi and Pb are close to the d-level of
3d transition metals and oxygen 2p level, subtle change

account the multiple  charge

in the crystal structure itself can lead to spontaneous
exchange of charge between the cations leading to the
generation of interesting properties in the material,
such as metal-insulator transition, negative thermal
expansion and colossal magnetoresistance [5-8]. Even
though, both BiMOsand PbMOs; series of materials
exhibit
depending on the depth of the d-level of 3d transition
metal M, this phenomenon is more profound in the later

systematic charge distribution change

series [5], as shown in Table 1. Colossal negative
thermal expansion (NTE) in
Pb>*'V#' O3 based systems, the
polar = non-polar phase transitions [9]. Polar = non-

was observed

originating from

polar phase transitions accompanied with NTE has also
been observed in Pb*'Ni**Os type systems [10]. R. Yu.
et al., showed formation of a charge glassy phase in
PbCrOs, where charge Pb?"/Pb*" disproportionation
with 1:1 ratio occurs [11]. The pressure induced charge
transfer transition is accompanied by metal-to-insulator
transition and NTE. On the other hand, even though
PbFeOs; has a of
Pb?*)sPb*(sFe3*0s, charge transfer transitions and

valence state configuration

NTE have not been observed yet [12-13]. Interestingly,
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this
high temperature rooted in the nontrivial charge pattern
of the Pb*" and Pb* ions [13]. Most interestingly,
PbCoO; shows multiple temperature and pressure
induced phase transitions originating from the complex
change in the charge and spin states of Co ions [14]. As

system shows spin-orientation transition at

N Cr Mn Fe Co Ni
Bi | Bi¥*V¥0, | Bi**Cr’*0O; | Bi¥*Mn*'0; | Bi**Fe**0; Bi**Co*"0, Bi**)sBi* 5
Ni2*O5
Pb | Pb>*V#O, | Pb* sPb* 5 ? Pb%sPb* 5 | Pb>%,5Pb*) 75 Pb*Ni**O,
Cri*0, Fe3'0, Co%5C0% 505

Table 1 Experimentally observed charge states of main-
group and transition metal ions. The yellow and orange
regions  denote the presence of  charge
disproportionation in A-sublattice and both cation
sublattices, respectively, in AMOs3 oxides.

to the charge-property relationship of compounds in the
PbMOs series,
PbMnOs, whose charge state is still shrouded in

least is known about

ambiguity.

The first case of synthesis of tetragonal perovskite
phase of PbMnO3 was reported in 2009 when the 6H
hexagonal phase was treated at 15 GPa and 1273 K[15].
Here, both the perovskite 3C and hexagonal 6H phases,
were found to be antiferromagnetic insulators. The
value of Curie constant in the former phase, however,
was 2.38 emu-K/mol which was significantly larger
compared to the value expected for Mn*" (S = 3/2) ions.
The hexagonal 6H phase, on the other hand, had a Curie
constant of value 1.87 emu-K/mol indicating the
Pb>*Mn*'Os charge distribution. Interestingly, recent
surface sensitive X-ray absorption spectroscopy (XAS)
studies have reported
Pb?%0.875Pb* 0.12sMn*0 2sMn*" 7503 charge

configuration [16], which is not in agreement with

a

previous experimental observations. We, therefore,
have examined the stability of charge state and
structural of PbMnO; as of
temperature and applied pressure by combining first-

phases functions
principles density functional theory (DFT) calculations,
self-consistent phonon (SCP) theory and genetic
algorithm, to develop higher insights into this direction.



Our findings have been experimentally investigated by
means of bulk sensitive hard X-ray photoemission
spectroscopy (HAXPES), high-frequency electron spin
resonance (ESR) measurement and local structural
investigation employing atomic pair distribution
function (PDF) analysis of synchrotron X-ray total
scattering, by Azuma Group.

2. Methods

To determine the ground state structure of PbMnOs, we
investigated more than 100 candidate structures
selected on the basis of the dynamical instability at the
high temperature, high symmetry phase. First, we
calculated phonon dispersion curve of the cubic
Pm3m phase of PbMnOs perovskite structure using
harmonic approximation based on the first-principles
density functional theory (DFT) + U [17] method as
functions of electron-electron correlation factor (U) and
occupancy level of the 3d orbital of Mn ions to
determine structural distortions leading to symmetry
and energy lowering. Second, based on the determined
pool of initial structures, the phase stability was
evaluated based on calculated enthalpy. Finally, for
optimized  structure,
corresponding phonon dispersion curve to make a

each we calculated a
thorough assessment of their dynamic instability.
Parallelly, we adopted a complementary approach,
relying on a genetic algorithm combined with DFT+U
calculations. In the set of initial structures supplied to
the genetic algorithm, around 42 PbMnO3 candidate
structures which exhibit cooperative Jahn-Teller
distortions and tilting of BOs octahedra, as reported in
Ref[18] were considered to prepare seeds which are to
be used for determination of ground state structure
utilizing genetic algorithm. Since structural differences
have a larger impact on the resulting free energy
compared to the magnetic configurations, within the
seed preparation step, all calculations are limited to

ferromagnetic configurations.

3. Results and discussions

3.1 Identification of candidate structures: By
investigating and analyzing the phonon dispersion of
the cubic PbMnOs phase, i.e. with Pm3m symmetry,
as this is expected to be the high pressure and high
temperature phase, as a function of the effective
increase in the occupancy of the e, level of the Mn
ions, we identified more than 100 candidate structural
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phases of PbMnO; and performed full structural
optimization as a function of electron-electron
correlation factor (U — Jy) at the Mn 3d states. The
evaluated phase diagram as a function of U — Jy is
shown in Figure 1. Our results indicate a strong
correlation between the electronic and structural phases
of PbMnOjs and the effective Hubbard parameter at the
Mn 3d orbitals that plays an important role to stabilize
these phases. Along with the known phases, such as
P4/mmm, Pnma and R3c,,two new structures, P1
and Pmnm, having competing energies and exhibit
cooperative Jahn—Teller (JT) distortions along with
octahedral tilts were identified, which were not
considered in the previous studies[15,16], having
competing energies and exhibit cooperative Jahn—
Teller (JT) distortions along with octahedral tilts. Based
on the calculated enthalpy at 0 K and zero pressure
P4 /mmm phase was found to be unstable compared
to the cubic structure. According to the DFT+U density
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Figure 1 (a) The relative energy (AE) of the lowest
energy phase with respect to Pnma structure as a
function of effective Hubbard parameter (U — Jy). (b)
The calculated value of the net magnetization my,
and the volume of the FM state of the lowest energy
structure as a function (U — J) of the PbMnOs3 system.

of states (DOS), the charge state of Mn ( Pb ) ions in
Pbnm and R3c phases are expected to be 4+ ( 2+ )
and 2+ ( 4+ ), respectively. Both structures are metallic
and FM in nature within the level of GGA (PBEsol)
[19], met-GGA (r?SCAN) [20] and hybrid HSE06
[21,22] exchange-correlation functional, which is not in



agreement with experimentally observed insulating
phase [15,16]. In addition to P1 and Pmnm, various
JT distorted patterns as observed in LaMnQOs3 [23] and
TbMnOs [24], have also been taken into consideration.
The Pb*/Pb?>" columnar ordering within these JT
distorted lattice frameworks tends to stabilize in the
P2, /m symmetry. However, the most stable P2,;/m
structure is 49 meV/fu. higher in energy than the P1
structure. The layered and the rock-salt Pb*/Pb**
ordered phases are also higher in energy than the P1
structure with values 100 and 24 meV/f.u., respectively.
We cross-checked the energetics of the assumed
structural phases of PbMnQOj by using hybrid exchange-
correlation functional (HSE06) and by considering
common AFM orders, like G-type, A-type and C-type,
along with the FM configuration. The lowest energy
structure was pinned down to P1 phase, where Mn
spins are ordered in FM pattern. This indicates that,
PbMnO; does not form a trivial collinear AFM order
and further investigation is required to achieve insights
into this direction.

3.2 Electronic structure of DFT predicted ground-
state phase: The cooperative JT lattice distortion
pattern of the P1 phase is complex in nature where
each MnOs octahedron is composed of pairs of long,
medium and short bonds. As a direct consequence, two
types of Pb ions ordered in a columnar pattern were
formed. The calculated DOS indicates that one half of
the Pb ions (Pb1) have almost filled 65 orbitals and form
2+ valence state while the other half (Pb2) form ligand
holes. Computed crystal orbital Hamiltonian
population (COHP) (Figure 2) shows that in both spin
channels, the bands above Fermi level (within 3 eV) are
composed of strongly hybridized Pb2 — O sp*
antibonding states and the corresponding bonding
states form at around 10 eV below the Fermi level. This
indicates the formation of 6s2L? configuration, where
L denotes ligand hole. The ligand holes are therefore
localized in the Pb2 - O bonds and form 4+ valence
state. The calculated magnetic moment at the Mn site is
mvn ~ 4.02 pp and the net magnetization of the FM
state is M ~ 4.0 pp/f.u. We also observe that while ¢,
states of Mn ions are almost filled and completely
vacant in the majority and the minority spin channels,
respectively, the e, states are half filled in the majority
spin channel. These observations indicate the formation
of 3+ valence states of Mn ions. At the level of GGA
PBEsol and meta-GGA r2SCAN exchange correlation

functional, the P1 phase was found to be half-metallic.
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At the level of HSEO6, this system is observed to be
insulating in nature with a band gap of value 1.6 eV,
which is in good agreement with previous experimental
reports. Interestingly, using genetic algorithms we
found the same ground state structure having P1
symmetry. Therefore, our theoretical investigation
strongly indicates the formation of Mn*" charge state
along with 1:1 Pb?*"/Pb*" charge disproportionation.
P1 > Pnma phase transition is expected to be
accompanied by the charge transfer and metal-to-
insulator transitions (see Figure 2). In the proximity of
the Fermi level, under the influence of the Pb — O bonds,
the states assume an antibonding sp* character, where
the ligand holes are delocalized in the Pb — O covalent
bond. This is in sharp contrast to BiNiOs, the states
crossing the Fermi level have predominantly Ni — O
pd* antibonding character. Therefore, transition to the
orthorhombic Pnma phase in PbMnOj3, in contrast to
the similar transition in BiNiOs[Ref], is not expected to
change the character of ligand hole from Pb - O to Mn
— O bonds and pressure induced weak negative thermal
expansion is not expected.

— Pb>-0

—— —
.{ Mn3* — e
= ~0-2p7]
Pb** - 6s |
-0-2p*

— Pb>-0

o

o
T

Energy (eV)
o
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Figure 2 Computed partial pCOHP for the Mn — O and
Pb— O bonds of the ground state P1 (left panel), Pnma
(middle panel) and Pm3m (right panel) phases of
PbMnOs. While —pCOHP(E) >0
bonding character between a pair of atomic orbitals,
—pCOHP(E) < 0 denotes antibonding interactions.

indicates a

3.3 Temperature Vs Pressure phase diagram: To
investigate the stability of the predicted structural
phases as a function of temperature and applied
pressure, we conducted self-consistent phonon (SCP)
[25-27] calculations by incorporating lattice
anharmonic effects. We studied P1 - Pnma -
Pm3m phase transitions. The results of SCP



calculations considering up to 4" order anharmonic
terms, are summarized in Figure 3. Our results show
temperature and pressure induced P1 - Pnma ->
Pm3m transitions, where the first transition is
accompanied by charge transfer (Mn*" - Pb*") and
metal-to-insulator transitions. The P1 phase exhibits
much smaller stability range compared to Pnma and
Pm3m at the level of GGA PBEsol exchange-
correlation functional. Note that we have conducted
SCP calculations by fixing the cell parameters to the
DFT evaluated values. To develop a comprehensive
stability of the
perovskite PbMnOj structure, other energetically close
phases that have been predicted by DFT calculations
and change in lattice parameters need to be taken into

analysis of the thermodynamic

consideration. Additionally, at the level of hybrid
functional the stability of the P1 phase compared to
Pnma
Therefore, the effect of e —e exchange-correlation
needs to be carefully investigated.

and other phases significantly enhance.
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Figure 3 Computed Temperature Vs Pressure phase

diagram of PbMnO3 using self-consistent phonon
(SCP) methods.

3. Conclusions

In summary, we have conducted detailed theoretical
investigations to determine the ground state crystal
structure and charge configuration of PbMnOs. The
predicted ground state structure has P1 symmetry
exhibiting cooperative Jahn-Teller (JT) distortions
along  with  octahedral tilts,
Pb%*)sPb*" . sMn3*O4 charge

Interestingly, by combining genetic algorithms with

and  forming

configuration.

DFT calculations we found the same ground state

structure having P1 symmetry. Therefore, our
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theoretical investigation strongly indicates the
formation of Mn3* charge state along with 1:1 Pb?*/Pb**
charge disproportionation. However, the

thermodynamic stability of the P1 phase was found to
be much weaker compared to the Pnma and Pm3m.
Therefore, further investigations are required to gain
deeper insights in this direction.
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Haptic Drill for Spinal Surgery:

Detection of Penetration based on both Thrust and Cutting Forces

1. Introduction

It is necessary to develop a surgical drill with the
ability to stop automatically to assist surgeons. Various
studies have addressed issues related to drilling bones.
Osa et al. developed a handheld bone-cutting-tool which
detected the penetration based on estimating the cutting
resistance from the response current and rotary speed [1],
(2].

singularity of the force signal for detecting the

Qi et al. suggested an algorithm to find the

breakthrough based on the wavelet transform [3]. Dai et
al. proposed a method to monitor bone cutting operations
by using an acceleration sensor and a laser displacement
sensor to measure the vibration amplitude of the bone
being cut and its adjacent tissues [4]-[6].

However, guaranteeing successful penetration
detection and auto-stop under varying drilling conditions
is challenging. To deal with this problem, this study
presents a detection of penetration method by capturing
suddenly fluctuations in thrust and cutting forces.

First, the characteristics of thrust force and cutting
force in intrusion, steady, and penetration stages of cutting
bone are investigated. Then, from these characteristics, a
detection method of penetration is developed based on a
combination of thrust and cutting forces. Additionally,
three difference cutting modes are developed and
conducted in an experiment. Experimental results validate

the performance of the method in all the developed cutting

modes.

2. Cutting bone stages
Based on the drill bit radius, drilled hole depth, and

bone thickness, cutting can be divided into intrusion,
steady, and penetration stages as shown in Fig. 1. The
intrusion stage occurs if the drilled hole is less than the
radii of the drill bit. If the drilled hole is greater than the

radii of the drill bit and less than the bone thickness, it is
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called the steady stage. Finally, the penetration stage
happens if the drilled hole is greater than the bone
thickness.

If a constant thrust force Fg is applied on the drill bit,
the penetration rate vy is very different from that in these
stages. We assume that penetration rate in intrusion,
steady, and penetration stages are Vg, Vs, and Vg3,
respectively. In reality, vy issmaller than vy, and v,
is smaller than wg3. When penetration happens, the
penetration rate V43 suddenly increases from vg,. As a
result, the cutting force F, suddenly increases. In
contrast to the increase in cutting force, the thrust force
suddenly decreases due to the rapidly decrease of
environment stiffness as the drill breaks through the bone.

The opposite fluctuation of these two forces is used as the

basis for the penetrating detection method in this study.

(a) Intrusion stage (b) Steady stage

(c) Penetration stage

Fig. 1. Cutting stages.
3. Penetration detection schedule

In general, penetration can be detected based on the
cutting force or thrust force, or both of them. This study
aims to detect penetration by a combination of both these
forces.

In the bone cutting process, the cutting force depends
on various factors such as the stiffness of the bone, the
rotary speed, the type and diameter of the drill bit, the

difference in position between the drill bit and the bone



Fig. 2. Experimental platform.
(drilled hole), and the thrust force. If the bone, the rotary
speed, the drill type, and the hole depth are identified, the

cutting force (F ) is only a function of the thrust force (Fy).

In the intrusion and steady stages, it is obvious that
the cutting force F, is increased if the thrust force from
the slave Fg increases. In contrast, if the thrust force
decreases, the load on the rotary motor decreases and the
cutting force decreases. However, in the penetration stage,
the cutting force suddenly increases due to the increase in
the penetration rate, while, thrust force suddenly decreases
due to the decrease in environment stiffness. Therefore,
the subtraction of these two forces is a good variable for
penetration detection. In addition, cutting and thrust forces
are only inversed if the penetration occurs. Thus, this

method can prevent mistakes with varying thrust forces.
4. Results and discussion

The experimental platform is shown in Fig. 2. It
consists of a Haptic drill and wooden bone models.
4.1. Cutting force characteristic in cutting bone process

For the cutting force, an experiment was conducted

with the conditions as follows: a constant thrust force was
generated to advance the drill bit into the bone model. The
cutting force was estimated based on the response current
of the rotary motor. The experimental result of the cutting
force is shown in Fig. 3. It can be seen from the
experimental result as follows:

e The cutting force increases when the drill bit gets
deeper and deeper into the wood in the intrusion
stage.

e The cutting force almost remains constant when
the drill bit fully penetrates wood in the steady

stage.

Fig. 3. Cutting force characteristic.

95

—_
=)

>

Penetration

Thrust force Fs (N)
=] (=] (=] = (=) oo

0 2 4 6 8 10 12 14 16 18
Time (5)

Fig. 4. Thrust force characteristic.
e Ifpenetration happens, the load on the rotary motor
to the increase in

suddenly increases due

penetration rate. Thus, the required current
suddenly increases to satisfy the equation of
motion. Consequently, the cutting force suddenly
increases. Then, the load reduces to zero if the drill
bit goes whole through the bone. At that time, the
cutting force reduces to zero. It can be confirmed
that cutting force can be used to detect penetration.
4.2 Thrust force in cutting bone process
This section aims to investigate thrust force. Fig. 4
illustrates the thrust force characteristics when drilling
bone model. It is difficult to conclude using this force
because it depends on the applied force from the operator.
However, the thrust force clearly decreases suddenly due
to the environment stiffness rapidly decreasing when
penetration occurs. This phenomenon can also be used as
a sign to detect whether or not penetration has occurred.
4.3. Experimental validation performance of penetration
detection method
Three drilling modes of continuous, partial, and
automatic drilling were performed to test the effectiveness
of the detection algorithm. In continuous mode, the
operator advances the drill bit continuously until it
penetrates the bone. In partial mode, the operator only
drills a thin layer of the bone, then moves back. The
process is repeated until the drill bit penetrates the bone.
In automatic mode, the drill advances automatically
without any action from operator.
Fig. 5 shows the cutting force (F.) and threshold

values (proportional to thrust force Fy) in continuous



Fig. 5. Thrust and cutting forces in
continuous drilling.

drilling mode. The detect point of penetration is the
crossed point between F. and threshold value. Fig. 6 and
Fig. 7 present experimental results when drilling in partial
and automatic modes. Good detections are obtained in all
continuous mode, partial mode.

Additionally, experimental results of partial mode on
Fig. 6 shows the detection ability even if the bone
thickness is small lefts. The wood after drilling is shown
in Fig. 8. The experimental results confirm the

performance and the utility of the developed method.

(a) Front view

(b) Back view
Fig. 8. Wood after drilling.
5. Conclusion and future works

This study introduced a method to detect penetration
based on both thrust force from the operator and cutting
force estimated from response current of rotary motor.
Three difference modes of cutting were conducted in an
experiment. Experimental results validated the
performance of the method in continuing, partial, and
automatic modes. Due to the inverse of thrust and cutting
forces when penetration occurs, the method was able to
detect penetration even if the bone was thin, avoiding
wrong detection.

However, drilling was performed while the drill was
placed horizontally. In future works, the penetration
detection algorithm should to evaluate its detection

performance when drilling in different postures.

Fig. 6. Thrust and cutting forces in
partial drilling.
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Fig. 7. Thrust and cutting forces in

automatic drilling.
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YR Y — LAWNICTERL & N2 AR REE O > T H5E % T2
T30, KELESE X v o8 7 BHiE(mAb414-
AF594) Z W 7 etk (T o 72, 3. MIRORKIEIK
JBEITo 72 RV — L% 4°C, 200 g5 pflELL, k
BHEETTHEL 100 pLic#lE LA, Ric, F2—
THRIKEICHBEL, 100 pL OFEEREZRML 72, KL
T1IEM#HELZE. ImLoszyFE%EMz, 4C,
1,000g T 5 srflEo L7z, EEREECTHEE 100
pLICEHEL, 22~1 puL ® 0.5 mg mL! mAb414-
AF594 @L<, K ECT—BiE#& L 7=, 2H, 1 mL
DY ILYFHWERML, 4C, 1,000g T 5 iz L7
%, EEBLEET, BEEZ 100 pLic L7z, RKERES
uM @ SYTO41 % fiil 2 C DNA OHOERt %2 T\, BEY
EHEH AT 4 Py 7 e i LC, S i
BxfTo7,
3. BREER

3. 1 GPEEAHEYEY — LIS

ZA=0=-B WV VNS I QDR RN S (R A (e
28 & FUHLEEEIC X 2 IHh RN E D R Y — L ERLE R
EfTolze ZORER, BRENSZVKRY — 5LV KRy
— L ~DIHHEAERIC O W T, 7 o a kL LRI
XamyrRoni, —7. FFHRER-ICo VT, TBK
URY —2BOBMCEL CoArFEAFSIRLN
Tro BFFBREMISIEC Eid, Zuu R ARINEOH
e e bicyFRy — 280K 3 L) F L UM EER
3 TxhZnicowTHERBNIBR N, —
. Zaudu LRIEOBINCH L T h s 0D
HELRBENIRD bNEh o, THHIE 7R EKALL
AN 23 S & L 22 IS RN E ) R Y — Lo
ICETH B Z &, FEBbIRFEICOWTH YR Y — L8
LT -OICEMTHEI L ERBL T 5,

3. 2 VRV —LRMEBEZEEEK
SRUTH R E % F VL CERL L 7= RS EASNdh Hk NE Y Y
— L% 22°CT 0 G L. VR Y — AN ToMIEX



K 3 REBE&EICLZIHMERAFY RV —LER. 4: 70
OFRILLRINE, 7 FHRA.

RIS FHE L 7=, 2 OFER. VR Y — LIk
BEOBR AR L 72. T OKE, B & NS
E LT AR 8 ) pHERT 2 -0, FHRICHK
17 7" F A (NLS) £t GFP(GFP-NLS) % Bl Hi i 1< a3t
L7, #0fE%E, VKV —2LMic DNA & GFP-NLS 28
FERTREST 2EFAR o (R4 L), —/. NLS 23ff
WT W7 GFP Tt U R Y — AHNTOD DNA §EfE 13 R
Lz, GFP 23 Y R Y — ARSI T 5875
Ronz(E4T), 2hb 3 n- G DNA
& RENRERE & v 5 M O B M 2 o 2 & &R
BLTWw3,

3. 3 URV-LAZBBEORERE

YR Y — AR TERE X AR I o wT, Ml
lik% & L C ORI E BN CHERR T % oo, IEILES
thz v 3 2 (NPO) Pk % F 72 S g i BBk % T -
T2o FOFER, BT LAY EY —LHICEWT, DNA
& GFP-NLS o [Fft/REIC 2. NPCHifAAZzh b oX
HORMICER L THAT TR ON(K4 E),
THE, S 2 RO IR N TIZ L L 7= AL o
EREIER L T 23 D7272(4TF), ThHIFHE

4 MRETERRLFEROMMEBERNHY RV —L 27
—Jb/N— 110 um,
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5 RFBEAHYERY —L LV IR PR R
12395, REALESHNPORGEEZAVERERE. X7 —L
N— 110 um,

R INHHFEE O RMIKBEALEAERR 6 L Tw 2
TEEREWRLTE Y, B8 NS SN ED
FEREICI X CZ ORMICKEALZ > T 5 2 & 2R
LTWw3,
(8]

KIFECH =T 7 U H A H T VBl R o 3 8
CRFEEEE L IC AV EEEE L, $ 72,
GFP-NLS (2 Tl R B L (LR IS E I 72 72
T L7, AFENEDO X, BRI ALERTseHE T
CREST TBEBEM A LYt fRk D 38R & FIH @ 72 0 O $HTHY
WF 3t ] (JPMJCR18S5) . £l #f & (JP21H05013 .
JP22K15080) DZHEIC L W iThbiE L7z, & SITIEHEF L
¥4,
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1. EC&®IC

RISt e LTEEAR G & v 7 G HEZAERK
(GPCR) b 7V AR =R EDRE R v 7 HITD T
1. Ml B T 2 WERZPMRICE T 5 v 7 F vniE
FOEMBERICELES L TWE I EBMbNTEY K
LB O E e & b Ic BB - © o BEREMRAT A3
BAIThbNTWS, LA LAads, fflkcldd—olE
2 v 28 OREHE & B -
A, NIHIREE (e —EE) »FEH I, FIHEh 3
I oTE b, ALORE —ELo <, JEMEE
BRIGHL 72 KREITHHIERI0 V4 70 X —F VRRE
OIS 4 Ko<y 7 (REZER/NMID) i <»56H
WHENTWELDD—DTH B, lFHE ZEEA /KA % NE
LBk D = > 7 it K B CIEE 2+ 23 Gk
fLic X VBT aED—>oTh 3[1], #DERIKEICE
WTEREIB~BE~ A 78X - Db DIRERN Y
I, FaRoi@ Y | R Vo8 2 BT AT
e LA T T3 [2],

ERXY 7 VORI ITFHEKMEYZL 2 b e 7
— A=y a ViEpn—BicHwL L TEZ[1], ¥E50
FHEbABEN-C# 7 2HM b, B4 & ChlRE % E
JEBIC L CHZIR X 7cth, K& ¥ B2 TRV IV EAF
WICTER &€ 225, 2hbDFRTRIIBIRSe Y 4 xRz
2o HIEILZvdBsztidTcEhhorz[1,3,4], T/,
FilEL TW»W3 Xy 7 VTR ABE TS5 Lo
BB o Tz, )i, NEE T % /& B 73K % K AH o
B L, LT &K R 2 KIS o b
XD R 7 V%G ZE LR REEEE) 5% <Al
Hansd Xdich-7[56], 72, ¥4 XHlH o FRE % i
RT 2720, ~4 7 afiET A REA XY 7 BK
JED EAETIREAICHIESTORLT W3,

ZZThivbivh, Ml TN (MEMS) ZFIH3 5
TETINLORERMBRL. X v o3 7 GiFFE - AT
R IcET 5, IR - 94 X0 s mERNT 2 %5)
EILSBHR TR 2R B0 LEIE LB ICifsE %
fToT& 7, Z DR, REEER % FR LIl 5 —=
VI TELHFERHZICAM L, 2 ofEE B O £
—vEAMEEE LI L Y MlEY 4 XoERRY 70
EHAX - JGREGIEIL CIERK - 7L 41032 2 &Y
L7, AFECIE. TOBRICOWTELFKEEREITo7-DT
ZONEERRET 5[6],

FHiiT 5 2 & IZREETH B 7m0,
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ANTHIRERE Y 27 L7 —F
RIGAFA. HRERE, TTRER

2. EBAK

AT CHF L 2B E RO MM 4 — = v 7D Fik
OWEXX la lTRT, LITHEICL D, Nx—=v X
NEEERE 2 KT 3 2 L TR ZADIBRP Y 4 X
DY MEBRETE L LIRBEINTE LS, 4], F
RO AR —= v I FHRRIREIh T AL 2, K
WFgecid, Mtk - EEEOEAESEE L =L 7 b e X
FL—ikrllatbe s LT, IEEHEOMM & — =
V7 RERL 2,

2. 1 HBEEMHEROER

B 1b icHER O EH 70 2 2 2R T, ITO HEZ&KE L
FeHTZAERIANYV L VESTT7 40ME% CVD 7t RIT
IVEE LS, 7A40LEIF 1 ym &L, 2D L
VI ANDIE, T ANV ST T 4 =T Rk R %
FAWTER 5~30 um OMFEAE X2 —=v 7 LT, &
nicky, MBIUEHRNZEEED ITO SR gL, %
NLMEHRE D) L v 7 4 v s E b T g -
B OE ARG 21572,

2. 2 BBESEEDONXZ—=V

IL 2 brRA7L—k[7C X B IEEBA oKX % X
lc TRy, WE 15 um OF T ZF v ¥ 7Y &IhicHE
L7z ) v VI ERE M2 ENTnwE, 2oy )
VIVICERSELEZHMT 32 TEFY YT ) Kl S
MEEERSEZE I ND, AT L — X NI E I L e
LEAMEEER D ITO BT L /- 88 HRE, 74
HLHMEAL AN Z — VIEHICOAHERE L, XY LY 7 4 L L
XY =R 7 INAMGERD IZERE I N, lFERF L
LT DOPC (0.5mg/mL) %, 27 L —5fF& L CHIE
J£ 0.5~2.0 kV, &A1 9% v 7z, § 72 8 ms
IZ & B2HIE%EIT S 725, DOPC icxf L T 1wt% D #HEEE
(Rhod-DPPE) %#iEA&L 7,

2. 3 BBAIEICEDINT7ILER

ILZ bR =X 2 —=v XNz RE
HEIZEZE T v — e 1 LR L. REL 7,
ERRY 7 VORI, BEKAEICE W ITo 7, B 1
Ky ) a—y TR FTORERTETF vy v %D
fFiF, F v VoS ICKBEREZE T T2 2 & TRAMIETT > 72,
KANC X 2 ERR Y 7 VB OB 1% F107 B 3L £ s B
FIC X VITo 72,



1 TL7bARTL—RICLIBEEDTFOMM N —=>7, (a) AFKICLDE—H A XEARY 7 IEROBERR, (b) /XU L
YTANLDNRR == T TAER, (¢) H\EMBPEREAODTL 7 bAXTL —DEXR, (d) ERE~DEEXT L —pikOHERE
EMREE & #ABEYETE, () AFM ICK 2EE /X — v Bk, EBGROBRTFOME /D7 741 (AL), $&—> LtOREEYD
m (BT, AFMEI&GRY 0 B2 T OFRELHE, ERIEH 7 X5, Reproduced from ref. [6].

5.9%) ® 1000 [l %z ¥ —FDODERR I V%45 2

3. BRER EICHI LT, R 2 — v BT T L
CE D, R IZAY A4 X0 —ERFONELEZOND,
3. 1 BEARRVIZILDER REEEE DKL, KB DOBEAL-7ZHICEBR L. 545

¥ 3, BEN - MRS AR Lo R S oWl DIMNICSET L7z,
Ra—volETERT (X 1d), WREFHEBES X 0HOL
SESE G & R0 ) L v iEE ECid e, EE 3. 2 Ry NLT LA
T ITO B LICORIEES T HEREL T 3b Z L &R L ERXY 720094 X3, B2 — v FolEEE%
TW3, ZLZ FPBATL—ICE D Fx T )5k s FfiT s e CcHlfiTcE 3, ThbL, AL %—vD
FEANSMEE I, HRERMICHERE T 2ATICHEBELTwb L MEAAEZ D2 TR 7 VEEZFIEL 72, K 2d-h ic
HERNICEZ b2, WHAFOFIICHES &, w471 RT X, B E R F =By 7L oBERIZ, FE
A= PALTOH A X CEZEEI NN (TA2F) 3.1 HLEeLHICRELS BB RGP oT, TZDEED
I PBLINICEEICHER T 2, KRBT TICI X M BHIT CV i3, FIBLN & — v 5~20 pm O#IFT 8%KIETH
% ZHEHEIE 500 um AT EHEE XN, AFEOF ¥ €T Y D, M—FEoxy 2 VBKEHIECX 72,
Selids O HN E COMEEE 20 mm XV b TINI WD, RICCERRV I VERRT 2IRE_ERDO I AZ ) T
BER T & LCHERICHBL T EELZLNE, 2D 4 (HJEH) oW THER L 72, #EIRE 25 URE &
LT, RS EMET (AFM) B2 5 b X h w3 Ji o> $E £ 15 BEIBEIE R 13, B JE D BUTHE - CTHERUY 72
(K 1le), AFM IC X 2 Wi 7' 0 7 7 4 LB BBIZIRTH BaRdeE2LNS, ANETHRONEZERS 71D
2L AR TERa— =) v DK% H HAEE LR L 2L A HELEZONE RV I LT
BEL, R — v R ERICE L 2 BRLT 3 HE MEEED RS I AL TIRZD 2 GOHE %

W3, AL lrb BJ@ofE _EKr L2 7N
I, FREEE A2 — v oKNIC X ERRY 7 v OTE ERcEzeEzZLNE (¥ 20),

RS (K 2), [REHE % — v FIOKBEREEAT % KA EONRM R TERT 2720, K4 K OIEE % H

ELRES TOHCHBLA B Y, EIR 34 X W ERR Y 2 AR EAT o 72, $RELE T3, DOPC 8

DRYIADBRI NI, Bohizv 7 vz, © —fg8 & DOPC/DOPS @ 1:1 E&MEE % Fv7= (M 2),

L7 brATL—iC X OHERE L ZARERICG LT, F—24 b OREE IXEEY) DML D FE AR ERTH Y |
W& (1K 2a) 2 SERIREEE (K 2b) ~&Z{LL 7z, DOPC 134 A v otk % $ 5, DOPS i3 1 2DIE
20 iRT X9 Ic, B 202512 um (ZHIFEE (CV) Ef L 2 00AEMEET S, £72.9:1 ® DOPC/DOPS
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K2 BEEME/AR— R LEZERRY 7L OEESEAXBEME R (@) F—LBERI L E(b) BRI, —BEBoHEST
RITAT A RERD SBHEE, ) W—V A XDERRYIAT LA, /X)Ly RE—VIFER22.7um, 2F8RI1E 4x5 OEKRE D%
b7, (d-g) RE—VHARELZZTEOINEIEFIERYARDORVILT LA, (h) RAR—VIZHBITERL T ILY A XHH
ERTERNIT L, FHERIE, 42203, 9.71£0.7, 20.4+0.8, 34.4%£2.6 um (FHLIZERE), BEORNIE/ YL v /g—
DER, () BEXEEOHEOMICEIVWTTFMLANY JLOEE_EEOEEN, BE—~Ry oL (§) L/hBEELRY 7L (R)
DOEREEEHN B R T L%187-, Reproduced from ref. [6].

BA&NEE # 1:1:1 DOPC/DOPS/ 2L 2 7 v — ViRATEHE fili % 38 U CARFEDZ Y MEEMGEL 72, [RE 50— 7
THH—ERR 7 V% fllc& 7 (K 3ab), THIT, Wl S 2 —= v 7 %AT S -0, EEN - e 2 — 1L
DOPC, DOPS, 27 4 vV V& (SM), 2L X7 ®m ez 7 b xS —KEHALZ BE X —v D
—NDREEEIC L 22— T ERRVIAT L EEERERR v 70— IcH 5T 5 L83 0h o
A DIEBICH L7 (M 3c-f), 2NODIEHEIZZ DR o A DAR Y FHOFFEEINARY I FECHESE
BT K o TRU I VBEBICR > 7 VN THI#ED MER L, BEIRE (CV) 13 8L T TH -7, AFikic
By, vz iy 7 RIS 3, #OEER D XOEOFE I ) A — P i REFEIRICES] X 2 S B D

b, ZOMPBHEL HFOKRT 2 RT3 TE =, B 7 VMG 6 L, #EEFRY. RERE) 43 AR 7 AT 12 8
LEERRY AT UL BEET 22 L BN TE 72, AR
4 . E ) . R INVDOH A XEMEZ EMICERIECE 2720, X

ITL 7 e X AL —FErHCTH N2 —=v 7L CIONREE R EICET BRI HTE B &
BB FOKANIC XY BERRY 700 H R & HilfH FEzond, HlziX, TvAbaInzxs 2, Hifese
FTEHBECOWTREZTOERLEZERRY 7 L 0FF WAL 22Kt TFTA L LCH T 3 0[EEER D
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FEWEEEE, (a) 9:1 DOPC/DOPS, Fi591% 1 13.7+0.9 um, (b)
1:1:1 DOPC/DOPS/aL 270 —Jb, F#4% : 15612 um,
(c) 24:23:32:21 DOPC/DOPS/SM/ 1 L 25 B — b (1wt% DilC).,
(d) 14:14:52:20 DOPC/DOPS/SM/ 3L 25 A — L (1wt% CF-

SEBRINIESER, Reproduced from ref. [6].

D, F-EE B EEN EoE & o8 28 D4R LR & BT
BT BEDICDTTv F74+—Lb LTOFEHSWAFET
%3,

CIED|
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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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RIETIER L, EMRRERARHRLY — R N T 70 Y, BARICHT 2 R0 ES, S ESERFENFEL T
b, T ZTCAMIZETIE, & N PSRN S N—RA A =B AT ) A REAERL, BTS2 L2k, /ERkOETOMR
EEMRRTHZ L2 B E LTIFEZT S,

N=RRA=HFNTT ) A RBARREEBRT 5125720 (O =22 —AHIaO K EER, @) Mlao B Rk,
@ LR OMCERE, @ A48 4 MEREE ® b MlaZ AR TRERE T AVBIMOER, (© K7 L— R
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FROEH A BRFES D Z & T RIMERIEEIRIC AT B X— R X =D AN ) A RBREIRER & fENL$ 5 72 0 O B Hik
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1. #EBERN

AR RIEGERECRE Y vy 7 EORIRMEREIRIC S L
T, — BN AN LAR—= 2 A= FHE ZIARM BT TR,
AFNT IS T DHEITAER] 4 TR (A # 2R <) 1T
DIED, UL, N Tr8—R A — Dl Z AR
TRTRIEIETIE 2 <. B EAie ) — N T 70,
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142



Cell 2013, Cell Metab 2016) . JEHGFE & R EBLEIC X 5 5%
TERSEeAbRZ (B, iScience 2020, STAR Protocols
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A FBMIGRICBWCEREISHOEER DY . DL
TH T RBRED D> T 5.

ARFFETIE, & b iPS Ml HAER L7z =2 A=
VA A REBIT 52 EI2L0 RO TOREL iR
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bt b iPS FIEIZFEEERICI T DA H A R — A
A—=NANT A RBHRRE EBHTHICHZ0, O 2
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AR ORISR, @ ANT ) A FIERYE. ©® b R
% A5 AT RE R BT VB OIERL, (O BRI 7 L — N
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Cell Rep 2023, E4),

MERES : R=ZAA—HFILH/ 4 FDEE
DA NH A B OIERIC I T, SERITHIIE O IS i
EvA 7By VT b— MR 5 2 & UM TR
L., BEEHZ RS EEZ 2180, ERL T,
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—5T, HxblE, b MREAEETIBAIZENT,
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OIFRFRIZ LD | B MR YL ORI S a7 <
R ELAEFT S Z LTS Lz (Circulation 2024 B 7)
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A FEBMT 228180 RIS AEFSED Z LA
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