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(1) M. Heil and A. L. Hazel, Annu. Rev. Fluid Mech. 43, 141 (2011).
(2) T. J. Pedley, J. Biomech. Eng. 114, 60 (1992).
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(1) H.Dale et al., Annals of Botany, 114, 629, (2014)
(2) T.Sano et al., Phys. Rev. Lett., 118, 178001, (2017)
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(1) G. E. Morfill and A.V. Ivley, Rev. Mod. Phys. 81, 1353 (2009).
(2) S.-R. Yeh, M. Seul, and B. 1. Shraiman, Nature 386, 57 (1997).
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(4) T. W. Secomb, Annu. Rev. Fluid Mech. 49, 443 (2017).
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(1) O. Gottesman, E. Vouga, S. M. Rubinstein, and L. Mahadevan, “Localized patterns in

crushed conical shells,” Europhysics Letters, vol. 124, p. 14005, nov 2018.
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(1) P. G. de Gennes, F. Brochard-Wyart & D. Quére, BAT MIGHER) [FmiEIOWEY) &
i) 5 (2008).
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(1) K. Qi, et al., Communications Physics, 5(1), p. 49 (2022).

(2) BULFEE, fi)IER, HAMEY S 5 78 RIFERKE (2023 4) |, 17aB202-2
(8) BLILFL, IR, AAMAIFRFER 2023, G9-04

(4) M. Pachitariu and C. Stringer, Nature Methods, 19(12), pp. 1634—1641(2022).
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KEHAT « HEE & FTREIC T 2/ B R T ¢ 7 ZDOBHZEICIE, mm~cm A7 — L Ok 4 7R
DOENIPEREN TA L 72 5. Bl 21T, BHAFEDONL L OHRITERAEBHSELZ L TA=ZAD A
LR LUEANLBETS. ZO5A, A=A D ABOERA L DHEEE HRRE L TW\D, —
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970 pm) 157, £7-7E# PDMS 7 4 /L AL 3D 7 U U Z TERIL 728 — /L RO B BRI L,
FKOFI 5 2 FEE (R 0.35 em™ (Fig.1 (a)), 0.70 cm™ (Fig.1 (b)) #4572, 2B 7 4 L LK - I -
FEEIE4 T 30 mmx5S mmxl mm EfE— L72. F72F v A MEIZLVYEHT o VAL REEED K
TITHELEE. HEZIZ LM 7 4 v A Z/NREI0 Y, &7 4 )V D8 Lc. T 0%~
AV B EREE YD 25 mm B U 72K BICEHE S, ARk 230 VAT &0 TR G
808 nm) Z Mg L T~ T v I filEZ AR L ISmmHEE L ZATT 7 A4 SN—%HEL,
HREIIR A=A AT T4 I TEEBEBZE L. 0 T 7 A~ BEHT L 2 BUKLEL R
THHR L.

ZDORER, ST 4 L DI A = A ABEHNIZIT
S ERFE LT, — 5, B 7 ¢ b AT REm T
STMERLA=ZAD AT T4 I T HER L.
BUKAERRT UL, W # 7 ¢ v A OHfEEZRENC K
XTI o T, BRI T 0.35 em™ 7 o
JU DT HEEHEE BB R L, 0.70 cm™ 7 ¢ L A TR
& PHE UTo. SEMRNT 21T o 7oA 5, 7 ¢ v

i—iﬁﬁ???&‘% LTWBHDIExt LT, &~
A IV DT TEEE 2D < U223 THEEBAEIIC
EH LT Z ERGho Ttz HEEEOE WL, A
SANARmISRAENEEG L TND Z LR
Nz B —87 77 0 —fT G, 27 /LA Fig. Photographs of (a) 0.35 cm™ and (b) 0.70
3\ T I AR B O UL 7% 5~ 10 °C FLE [ 5. cm™ bent film on the desk and water surface.
LTSI LR LTz
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TU— MERTITEE T L — D OEl SN2 AN Y B EEALTEY, £ iR
FESRIFEDZALIZEN KN O Y I OHFHIZ K o THE O@EAKFENENT HZ L T,
A —HWEORAMREZEMIEDLZ EIRBREINTWA[L] 29 LRz ks L
du P—0EA L RE OB E AT 272012, KA T A-EBEKER R & O RIG
ICE DWW ETERRT 5 2 MAERIZE DIEAERB TOITCWDI[2]. Aok %
AL va UV EMTN B Rt E/VICHEREL, il
FOWKETENT D2 T, KISEREBPHEET 5% @
NEBLIND. WBEOHIEIZEBWTIE 2 MAERBEIC pillar
HAWNWSHNTEY, KINZED 7 40T A2 MROJEELD

AETHZERBESNTHDN, THOEADOI 57 spacer

BEsE ) DB STV s e
AFRETHE, BEEFAL R AFAT VE=D L q :

(CTABJKIER &~V a /M HEEL, ¥V FE !

F b U & s (NaSal) K % 78 4 HUE THEAT 5 525 e —
ot 2T, BAORH LR LESOESE TR '

DOREZEAL, HOMEEZ LI TEREIT- (K A } \. N
1). ZORRENDE LRI T s RBRE .
ETNVE, BEOOMERIZEET D TEA LE)

” % - 1 FEBRERE
DFFE & FEATHY « BUEAYIZ B L 7.

[R5 L 22]

BRI 728 N 2 — 2 M 2 (R Lz, HEOMBEARE KA KD EEZ T 20
LA, AT CTHE SN TVWDE LI, 747 Ay MRIZAR DI v 72 i
LR T DR R I N, —
T, HoOMREZ/N NS < T 25 &, Privih
230 Nl S A, EET DARMEEL
LaAn. BEHEIZLY oo
FEEGERAZFI L, fiithns v o
EWN T 4T A2 N OFG UL R
LTWbZ &l EEMEDOHEMRNE
U2 ik o Mg 2 d#am L=,
(22 3] X2 KEER. FEREESIRENEE(h)E
(1) P. Audet and R. Burgmann, Nature INENEE(T)DURERIA.
510, 389-392 (2014)
(2) S. Wagatsuma et al., Phys Rev E, 95, 052220 (2017)
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Y —HDOKFHEZIEH LTI T AZ—=NTE, MRETIINN—aL— LT MET %, 7
T AL —ITHEBER 2T D, £o, anA PRLFIIERRORLT T, KPTT 7 U L EET 5,

AMFETIX, TAHAr =AD& FHOER & 2 v A 707 T 0 @Ed) & 0BRSS %
W LTz ML L TWRWRIREDT T —XRIZa v A FRF- (U BT/ ki, B

50nm) Z iR A L. BREHGEL (D L S) HIE T L 7=,

[FER L EE]

T, THu—ARE(0.05wth) . 2 A RFIEDD
L SHIE% 30°CTITV, W bEsm 2 B4
B L7, IEBEBIXENZED =5.8%10712,9.4 X
107 [m2/s]72 7=, THBIE, ZRFhan A NhT
DT T EBLT R —AD T T AE—DE X
KI5 EE XD,

WIT, MHEDRBER Can A ROREEZEXTD
LSHEEIToT, auA RBERE (wth) O & X%
auA REDOREWVEEF (D =3.0 X 10712[m?/s]) @
TR S A, IR (0. 2wt%) D & XA R LY
RCEEVVEEFN (D = 3.0 x 10712 [m?/s]) & 7 Hr—RAIZ
YTWEERD (D = 4.1 x 107 %[m?/s]) ® Bl &
niz(X 1, 2), ZOEWL, aveA RRERECLE
BB~ D a1 A RO X D TGS
w7 A —ZADFEMPBI S o To—T . AR
JE DA IR ~D 3 v A NRLFOREFIC L 5%
Bp/NEL 20 7 H e — 2O S AE B BIER I ) e
SNz ik TELELEEZS, BRARKTIZ=
v A ROEMBERN 2 v REMAR LY HiELS 2o
TBY, 7He—2A0xy NU—27IZLYavAf RO
77U EHBNGIRINICEE XD,

Fo. av A NRAOFMEEMOSAMIL. IREEIK
(zvaA FimEE oFRaa A REMEKRL D HIA
NoTWe, THR—ADFRy NT—27ZLYandg
RZ T D HIRICIT AN E LT B XD,

AT T AIBERIZ BT DEIIRE S D55 F VO OMFSE
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Microrheology of Active Suspensions

(Dept. Phys., Univ. of Tokyol, IIS, Univ. of Tokyo?2)
Takahiro Kanazawal, Akira Furukawa?

[Introduction]

In active suspensions of pusher-type microswimmers, like E. coli, an anomalous
reduction in viscosity is frequently observed (1). Such a rheological anomaly can be
attributed to the weak orientational order of the microswimmers along the extension axis
of an externally imposed flow field (2). For a deeper understanding of the underlying
physical mechanisms behind this phenomenon, a comprehensive analysis of the local
viscoelastic properties is essential. One promising approach for this is microrheology, an
experimental technique that measures rheological properties of a medium by tracking the
motion of small probes. However, there remains ambiguity regarding whether the
viscoelasticity determined by microrheology is identical to the material's intrinsic bulk
viscoelasticity in many soft matter systems.

[Results and Discussion]

We perform hydrodynamic simulations of a dragged probe particle in suspensions of rod-
like pushers (Fig. 1(a)) (8). Remarkably, the friction coefficient in the active suspensions
is lower than in the bare solvent for relatively small drag forces with HIs (Fig. 1(b)). The
mechanisms of the reduction can be explained in terms of local swimmer states around
the probe particle and the subsequent net force induced by the swimmers. Furthermore,
the magnitude of the reduction varies with the probing conditions (Fig. 1(b), (c)). This

indicates that microrheology is sensitive to local probing details.

2 T T 2 T
lmacti\'e(E‘:Q(J, without HIs)¢ =0.032—6—

passive(Fa=0, with HIs)$=0.032 - active( F4=20,¢ =0.016,with Hls)
- B F R=5 —— R
o =]
U |10 o
\ - \ L
N N 20—

active(Fu=20, L=256, with HIs)

- $ =0.016 -
1p------ x\- -------------------- B 1
- $=0.016 —— F
g . 0.032 ——
L active( Fa=20, with HIs) ¢ g4s |
! !

10° 10! Fo. 102 10° 10! 10! Fl.u 10°

Fig. 1: (a) A probe particle, immersed in active suspensions, is dragged along the x-direction
by a constant force Fex. (b) The friction coefficients {/o vs. Fex, where o is a friction coefficient
in the bare solvent. (¢c) Dependence of the friction coefficients on probe radius R.

[References]

(1) D. Saintillan, Annu. Rev. Fluid Mech. 50, 563 (2018).
(2) H. Hayano and A. Furukawa, Phys. Rev. Research 4, 043091 (2022).
(3) T. Kanazawa and A. Furukawa, submitted.
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BESI=2V—a it 2BHORDO5| &R X ITET 28T

A mAEL AR AE M B R S BRIl E L
[IZC i)
HERIRBEAL PR 72 2 BREEAENC L 2 RMINSERCH A2 S X
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— AR AT, P ICEEY X S BARICL -T2 L
KEDOHIE~DEXICEBRL TWAZ ERmbNTHAM L
L. 80 B0 29 D0 MR 2o Extg L Lo o
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—varERHOWERTICE Y, TEPORO5| ZHXITBIT S
SRR A T = X LR ERL Y FH e,

1:BoEF L

[ IR & 542

1 i, RONEEREZ B E LY I 2L —va
TEROROET IV E LT, B 283mm QR 2272 X Hbt
THIEAE 60°D 4 pIGET NVEER LT, HHEOET L ELT
IE. B 2.83mm & 2mm ORI 1% 3.7 OEIETHEA L, K105
OB F-DOPICRAZEE L, Imm/s OFEETH EHhEDo I 2 b
—YarEi{Tolm, F7o. HEIZRANL TR % UKL g
LN EFZENT S 2 LT, BERED BEOFEZRART,
FEROMELNERZ R CAh D &, A Tol hEBltRE % 2:v3al—va LT
IR RTEZ M %2, FORMEIZEFICED T2 2 En”0nd,
F PRI UIRERED T, KW EOMESA /NS VR E 72
S, YIalb—varOETEBEL CADLE, BEootiE
ZE S TH & ENDERRORIZE L ORI BT 5 X 9 28l
THE VR TERDP ST, KL OEENDED 722 &
RERBEZHLND,

2. #HTOEFELZIY ANy Ialb—rvay
ﬁ%@%zlgiﬁ%@*ﬂ(li\ gl%ﬂib)héﬁ%@:f:bﬁ@gﬁfg& \
Wb 5, 22T, BRABOSRDENOERFAfEIcT 27 X3 MFORE AT
DICHITOEHRZRY ANV I ab—va VIRV BARE, =74

BARBIZIX, AR T 20+ 0Y o 7% 1.0X108—2.55 X

107 ICEE, FTMRE25|& RIF27-OICHELEX DR 5
T OESE AT S5 Z & CHITEROEBUTHK AT,

——dry

e \\/E 1

(&% k]
1) CPEFASSA. BFOSEORER, Ki&EGIL (2020) “FROBRD
AERESE” pp. 3-36. HAT Hifilk
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B o 72BBR D H 5 HET O QCHBBEOBEY I 21— a v
(UM KEREBREER) €7 W88, #\H JE—

[iZC®iz])

WRIEAN 2 7 ) TP ClE, IEERE CHRFP imEH AR o s, C OEEIIFEN R E
IRT=AEHLTEY, 7774 7THIREMIENT S, —7, FALADREEY L v
ORI ZBEANT L L, NI TV TREFEL AN CTERE IR B ERT.

T T4 TERERE ORI 27 — VBT 2 X9 BN RR IR — v ERio2HL
ADCIEEYOEAEITH & T, EHWRMEES 20 1225 Z BRI N TWS [1,2].
AWFEE, DFENFERS T2 —vavEHwT, BRFPRNZIRERDO X 7 =X LOfFHE
235 72 R DB 2FHHNO NI TV TOXAL F I 7 A0 HIET DD TH DL, N7 T
U7 HRHEWCICEA S 5 HECE R R LS T X 22 2 MEE 2 ERT 57201,

Kxz~o 7Y 7%, SRAEEE T2 HCH @R LT MLL. ZoETAEZH L
T, LA 2RI (K1) LEEVIHFET 2R (K2) icB T8l T2 —v
a VE{To 7.

[R5 & =)

Tz ix, (DHEAFRONE, (2)8 il EiEOIR, (3)
B 22 [ 72 5o & 2L & B 72 R 0 H CEREIE 0 S I 70
R2EFOZLICOWTIHRT LAY 21T - 72BRIT,
YOS CREICHE LEIA kb2 7 AX—DBK
BERONZ (K1) . ZOXIBRREZY I L2V TAR
—1X, HOEEWELR A WICER Y A2 5 X ) RN ZER 1: BERATE coBE I
WCHEFENICA b -, MBOEEY LS 5K1E, 5 L7z 722 —FERK
CREWHCHEBE TR I N AR R IR Lz 7
AR —DBEEYCE O Y, BEEYRE L 2ERT 2L
EABT L RMHERL (K2) . LaL, FHuEHCHK
Bt cIXEELEE) 2 IR X, SUREY - 7 ARIR S
oA oz, oo, RTHECLIEFTN A
MHAEMER D, B2S - 728 R0 b 2 588 B0 5 5 CERE)
BOXAF I 7 RICHBEREEZRZLTWE 2R
BLCW2, ]

70 A

60 -

50 A

40 -

30

0 10 20 30 40 50 60 70
[2% 3R] X 2: FIHEE O o PR 7
(1) Beppu, K. et al., Soft Matter 13, 5038 (2017). G IS E )

(2) Nishiguchi, D. et al., Nat. Commun. 9, 4486 (2018).
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Do T T, JAKRDY A RARMRIE R EHIEH AT A—2 & LT, BRFBELHKRDOFE
(ZDOW TR,

[#RLEBE]
TR EREIE —EI2 725 X OB LAY, SRE AL CTREE L, EHFIREBIC
HIBFEABIZR LT, JAKE S LIRS L - T AR~ KT B854 & L
BRI han (M2), YKOFEDEEBIITIHe = (—E) TEXHRELH &
WNbnoT-, BT CIERE KRS0 Ao TRV, R TIREEN RKAE
272 %, ZNEFAT D L, IIROKIREBICE T 2 RKRBEMEEZEHT D 2 L ava
RETH D, Y HITARFEROME L ELIZHOWVTEHT,
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0.00 0.05 0.10 0.15
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(1) L.Cantat, S.Cohen-Addad et al. Foam:structure and dynamics. Oxford University Press, Oxford.(2013).
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BRSBTS 22 8EE,. V7 b~ —Ea TR Z T, BFEa
BHAICBWTHEHZED T 5, Mo HE D FAH I Bt (X, Flory-Huggins B
ICX DI N TE 72, BAR A2 ot S, 2 BRI < Sk FESIc
B (y = yoe'50)—F T, B SGEEE C IR IE ) OB FIER0 R © TR 9 5 = RJT Ising
T VDAY = yoet20) 2Ol T 5 2 LG I N1, £/, COEDTHEER» O D
17 0TI, BVPEREES NV 2 R L 3R R s L DG I N[2], chboMEe
LCEDTDOI OO0 TFEMW DL HEERTEH I TV, HAEHOKE %2R T 3
52— 2 —F Mw ICIEHBIT 3 2 &, % = RE~0EHHEE Mw 300 & W AE - 2 & 2348
XT3, Mw EUEDBCEERREE~ R TR BT K 5, 2 2 TRIFFET
X, " T O Mw S0 SEER MG COIRL A~ RITTHE L, Srre~f vk
TET T2 L HIME LTz,

[ER L BE]

Fi4rF& 6,000, PDI=1.1 ©KY =51 v 7Y a—(PEGek). T4 & 500,000,
PDI=3.1 ®7 % X } 7 v (Dex500k) & . PDI=2.4 ® Dex20k % f\T Mw JELD R 3 %
(PDIpe~3.1, 8.6) #{EHLL 7=, 2N Z NoHfE L -MHDOJEITR & O HIE 2 & MK % 15 724
B, OEDOKRKE VR TIEECEESSED PEG-rich fHD Dex i2E2S FR L 72(X 1(a)), 2
DEEAN 0 L2 BEZHASEE C, & LR ~~—BEZHB LA, HTED
BORENRIZENHEL 72 2 HHOBEEZ & RmE ) O 4EE0 LR L. 03084 3 % [
R E N2 (K 1(b),(c)., iENEDE W Mw D/N X WED T DRI~ D FIED K L T
W3 EBbisg, 72 PEG6k-Dex500k R ICH L, #tygett PEG5k & Dex500k % FvsTZE
AR Z B L 72655, N7 RICBEWT Mw DK & WiESD I3 2> S B4 72 Dex-rich
MO OEICREL. Mw O/NS WED IR LS £ Tofm 3 2 Hm3 H S 7z (1K
1(d), EBEZH WA I 7 0lmEN TR, X0BuOmELBE~DFENRER S 7z (K
1(e), KFERTIE V2, 2 LTIREBIC X 2~4 7 094 XE/CcoWt, HZEEH~D
Mw % D EEDFE % Mw O R 2 F 2 HWCEHHE L. 2 DERZ G35,

(a) " ) @
e ) wriso P = R () Mw S & 30 B,
H ot o he 4 > (b)(c) Mw % 43kt ic & 2 AEE S ©
= - | & — B SAR R D L5
T et o ()50 7 TO Mw (K17 D ZERI 1.
Il e (e) , (OIREMEI X 2~ 4 7 04 4 X2
© - g 1 = co Mw ki o 22 M.
E. © ] ewee sw [\l | (FITC:Dex500k, Rhodamine :PEG5k)
3 0.001 . i 2 -
2 | D 0.05 05 5 um g L) ]
gL e=clcy — 1 R
«a Sharp  Wide Distance
[ 3R]

(1) Liu, et al., Frontier Chem. 7:213 (2019)
(2) C. Watanabe, et al., ACS Mater. Lett. 4, 1742-1748 (2022)
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Rayleigh-Plateau (RP) N2 EVE & 1%, MR OSHE A D2n L BV E OB EL P
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T D, TOBRERILT, A7V y T X —OMRERN LB O G 4
DEH), L CHERREOEANEADZEE R L fkx RICHBIRH 5, ZOBRIE~ 7 vtk
MBI aRFETRIVFLIZD, ERPEMERE, T LT Ialb—ra il o TH
PFranTnsg, RO FEINFETIE, SREAOZEEZ /37 LIV THAD Z LA HEE,
[ (2S8R CHIE T E 2V aBl e Bl & 2 E TE 2720 Bm & OXIS ST R ARETH D,

Y72 RP ANLEDOHGE LT, LA U —ICXatrnd 5, ZOBEGTIL, FERMED
DIEEMEZAE U TR L BT 2T 5 Z LI X o THEELO R EMEO 4 B RER 2 1~ 7=,
Z DEMTHRERIE~ 27 2 MBI OZR TEWD & EOMENIENRHIAN TH D, TDO—FH T,
7 0 IR RO RERT TITEND & EAEME DRI H D 72 DIZFER A R e\, 2072, K
MR TIE A TRIARICK T D RP A EEMEE B 2, KEBERSFEVIFEY I 2L —T
KO TRERZREL, B b EDRELTHT,

(R L B£]

CROTRIARICET 5T U v AT S, [AfERL 7 & L CIX Lennard-Jones (LJ) 7R
Ty XV BRERL T[] Tld Weeks-Chandler-Andersen (WCA)RT > o v V&R E Lz,
Vialb—yaroky N7y E LT, FANTHEEDTA TERREZITWVEM S &, [fEIR
DA E 72D KON 2k E Lz, @RiF8Z 800 7, v Ialb—Yar Ry 7 ADYA
2% (Ly, Ly, L) = (100,100,1000), 4 0.8 & L CRHHLEAT o 72, BB L OREICHB VT,
1D X DT DR E DB I Sk DEELZ T 7= MR 2 0IHREE L Lz, 2 ORIIREET,

r(z,0) = 1y + e cos(kz) @Y

EESZENHKRD, 2L, JAMERSEMFICL > TkL, =2nnk 725 X 5 k& E LT,

AL Z BT 72 ISR LT B E AT DS 3 D L ARGE LT
r(z,t) —ry = € cos(kz) exp(wt) (2)

EESZENHKRD, ZOK, KERIZoTH D, AR TITR@ICESTHRE L EE

DR ZH T, BRTIIZOMENHTwRE EDO X I IZ—HT DB L Tk~ %,

M1 vIal—varoky b7y

(2% k]
(1) Lord Rayleigh, Proc. London Math. Soc., s1-10 1-4 (1878)
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CNF DBEMEIC L 2B AMIDORET, MEEZENT 70BN 5D. —HiREH LR E
T, MBI K> TEHIBTINZT 2 Z LRI, WO EoERITIZ N T,
FIMEOTEEFM 21T o7 b D) Fig. 2 THD. ZOFRERND, WA A —T 0 7 TR
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Fig. 1 The result of polarization imaging at Fig. 2 Birefringence at expansion section in

expansion sectionin ¥y, = 5.0 x 102s71, all typical shear rate iy,
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(1) Fuller, G. G. “Optical Rheometry of Complex Fluids”, Oxford University Press (1995)
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[1] F. Bowden and D. Tabor: The friction and lubrication of solids, Oxford, Clarendon Press,
Oxford (1964).

[2] T. C. Askwith, A. Cameron & R. F. Crouch: Proc. Roy. Soc. Lond. A, 291 (1966) 500.
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Impact of void morphology on compressive yield stress of sticky spheres

Michio Tateno, Yinqiao Wang and Hajime Tanaka

Research Center for Advanced Science and Technology, University of Tokyo

[Introduction]

Gels and attractive glasses, both non-equilibrium and non-ergodic states formed by sticky
particles, appear in various soft matter systems, including colloids, emulsions, proteins,
and wet granular materials. Previous research [1,2] has uncovered intriguing similarities
and differences in their structural, dynamic, vibrational, and mechanical properties.
Nevertheless, the transition between gels and attractive glasses with increasing volume

fraction (Figure 1) and the clear distinction between the two remain ambiguous.

[Results and Discussion]

Here, we address this issue by examining the continuous volume fraction variation
during the wuniaxial compression-induced gel collapse. Combining confocal
microscopy observations with Brownian dynamics simulations, we identify a two-
step structural transition in gels: from gels with space-spanning percolating voids
to those with closed isolated voids, ultimately leading to attractive glasses without
any voids. Notably, these first and second structural transitions exhibit a strong
correlation with a rapid increase in normal stress and normal stress difference,
particularly evident at lower temperatures. This finding offers novel insights into
the categorization and understanding of disordered non-equilibrium, non-ergodic
materials from a mechanical standpoint.

g Gel s Attractive

CIC.) Sol /" 000003008000GLG T I .9 iSS
v+ compression
(U,(_D \
EE K /\
58 5
I .
¥ G| Fluid . >\

2 Repulsive
glass —4,

volume fraction =9

Figure 1. The typical phase diagram for sticky spheres. The vertical solid and dashed arrows
represent two pathways to reach arrested states (gels and attractive glasses) through temperature
guench. In this study, we examine how gel states transition towards attractive glass states as the
volume fraction increases due to compression (as indicated by the dotted line).

[References]
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Dynamics of Crack Propagation in Drying Sessile Droplets Containing
Protein and Glucose

(Univ. Tokyo) Shingo Tabuchi, Anusuya Pal, Gen Honda, Miho Yanagisawa
500um -~ -

[Introduction]

Drying patterns of colloidal droplets,

such as the “coffee-ring” patterns, are

explained by the pinning of droplets and|

the colloidal transport by Marangoni and Figure 1: Tracked crack propagation.

capillary flow (1). However, the underlying dynamics, such as the crack
propagation, growth rate, the location where the cracks form, and the origin of
crack-forming forces, are still unclear, especially in the bio-relevant drying
droplet systems. Previous studies have mainly analyzed the crack patterns at the
dried states (2). However, this does not allow us to elucidate the mechanism of
different types of cracks. In this study, we study the drying sessile droplets
containing protein and glucose, focusing on crack dynamics and analyzing the
correlation between crack growth and local viscoelasticity.

[Results and Discussion]

The droplet consists of a two-component aqueous solution consisting of lysozyme at
a fixed concentration and different glucose concentrations. Image analysis tracks
the propagation of cracks in the droplet as it dries (Figure 1). We find that the
crack growth speed is slower in droplets when more glucose is added. When we
measured the kinematic viscosity of the aqueous solution before drying, we found
a positive correlation between the amount of glucose and the viscosity.
Furthermore, measurements of the viscoelasticity of the droplet taken while
drying using atomic force microscopy (AFM) confirmed that the droplet changed
from liquid to solid before cracking occurred. These results suggest that the
initial solution viscosity before cracking is significantly involved in the crack
dynamics. We also find that the crack propagation rate is not constant, starting
slowly from the edge of the droplet and growing faster as it reaches the central
regions. This could be related to the bump-like height profile at the droplet edge.
In the future, we plan to find the local viscoelasticity and the protein distribution
within the droplet, which changes during the drying process, and investigate the
mechanism of crack formation by finding the correlation between them.
[References]
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Effects of Deformability on the motility-induced phase separation
(MIPS) in an active deformable cells model
Duc Dam T.1, Kiwamu Yoshii!, Nen Saito?,
Takeshi Kawasakil, Kunimasa Miyazaki!
(Department of Physics, Nagoya Universityl;
Graduate School of Integrated Sciences for Life, Hiroshima University?2)

[Introduction]

In recent decades, physicists have increasingly focused on a diverse class of many-body
systems where components extract energy from their environment to drive irreversible
dynamics. These systems, collectively termed “active matter” , exhibit unique
phenomena relevant to various biological occurrences, such as bird flocks, fish schools, and
migrating cell populations. Examples include the anomalous enhancement of large-scale
density fluctuations known as giant number fluctuations (GNF), active jamming, and
motility-induced phase separation (MIPS), which is the central theme of our current work.
MIPS typically occurs when a dense phase and a dilute active gas phase coexists,
particularly when the particles’ speed decreases sharply in regions of high local density
[1]. Yet, the studies of these phase-separated active systems are usually limited to cases
of molecules or particles with fixed shapes. Conversely, deformable active particles are
prevalent in many physical systems such as cell populations, developing tissues, bacteria,
etc. In the current study, we aim to explore the fate of motility-induced phase separations
in a model of active deformable particles.

[Results and Discussion]

In this study, we employ a model of self-driven deformable cells recently proposed by Saito
and Ishihara [2]. Their study reveals that at high-density conditions close to unity,
altering the motility and deformability of the cells leads to the emergence of three distinct
phases: a crystalline rigid phase, a fluid phase characterized by nearly circular particles,
and a soft-fluid phase where particles exhibit significant deformation. Here, we focus on a
lower density regime where motility-induced phase separation is conventionally observed
at large Peclet numbers and conduct a numerical investigation into the collective behavior
of such deformable cells. We will examine the influence of deformability on phase
separation, analyze evolution of cluster size, and explore the structure and dynamics of
the dense phases, among other aspects. During our research, we became aware of a
relevant study [3]. We also intend to compare our results obtained with a particle-like cells
model to their findings using a multi-phase field model.

[References]

[1] Cates, Michael E., et al., Annu. Rev. Condens. Matter Phys. 6.1 (2015): 219-244.

[2] Saito, Nen & Shuji Ishihara. arXiv preprint arXiv:2303.03580 (2023).
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Molecular dynamics study of long-range spatial correlations
in nonequilibrium simple fluids

(Institute for Solid State Physics, University of Tokyo) Hiroyoshi Nakano

[Introduction]

Nonequilibrium systems exhibit a variety of cooperative phenomena that does not occur
in equilibrium systems. One example is the occurrence of long-range spatial correlations.
Extensive theoretical studies have been performed since the 1980s using driven lattice
gases and fluctuating hydrodynamics. These studies have demonstrated that the long-
range correlations are a common feature of anisotropic nonequilibrium systems with the
conservation law [1]. In addition, experimental observations have confirmed the existence
of the long-range correlations in fluids subjected to temperature gradient [2]. Nevertheless,
the numerical verification of this phenomenon remains scarce, particularly, in the context

of nonequilibrium fluid systems.

[Results and Discussion]

Recently, we attempted to directly observe long-range correlations using molecular
dynamics (MD) simulations [3]. We focused on the fluids subjected to temperature
gradient (Fig.1 left) or shear flow (Fig.1 right), which are the simplest nonequilibrium
setups. By performing the large-scale MD simulations involving about ten million
particles, we successfully observed the long-range correlations without ambiguity.
Moreover, we found the presence of strong finite-size effects, which makes the numerical
verification difficult. We compared the MD results with the theoretical predictions of the

fluctuating hydrodynamics and discussed the origin of the finite-size effects.
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Figure 1. Fluid subjected to temperature gradient (left) and shear flow (right).
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IRARBIE £C. $EIS O TE EORIE A % Yo TERIE(L)

/£ vs |Al/Y,
30 '

251

=N
[1] H.- C. Spatz, B. Theckes, Plant Science 207, 66-71 (2013).
[2] K. James, Journal of Arboriculture 29,165-171 (2003)
[3] J. Senden, et al., Computers and Electronics in Agriculture 196,106860 (2022)
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STEBEEOBILBRICEIT S v FOEE

(REAER (BR) | ALK ED) o A 9
(S RWEE) ZEHEy

[IZC ®iz]

K72 E DAL L ETRREEN D 2 o o ROECRIZ, EL< MBS N TV, 4y
MRS E D @b L, Zulbd b au A Rolchi, BERCESRIE LTT¥
FICHWSE N TWA R, SO LEETOa g A4 ROSEIREOZILICHONWTIZE AL
SN TR, aa A REEERCEAEAIT CIEFEITHREMN 5 ORECHEHA I TR,
LD a0 A ROSEREEIC L 0 JR PR REME N LT 5 Z E b TV 5 (1,21,
ALEE CTOaa A ROSBUREDZE L 2 BRI 5 2 Lk, TRMNICHERFICEETH D,

auA ReEE20A) T~v—OLBRRICE L OIS TR0, M{Li#EfE cRE—
RBRER y NU— 7 IR L., BIARY A2 " 2 E R I LTV B[S, 4], R x
v hU—sHican, RRFELESLSG, 204 ROBELZFET LI LRBREEINS, £
ZC, LB TR SN D RE) BBy N — 7 Ran A ROSEIRIEIC S 2 5 B
BIRDT0, MDY 2 b—va X VbR coav A ROSEIRED (L 29T
L7,

OSBRI R0, DR T, 2 a A RIThIRe, ORI T & L, kifklto, /o, = 5& Uiz, RiT-HIAT
YUx ML WCA AT vy vz vz, W bLRIGE, ERICEVFEEERT 2ET VAR
HALTEY, —EDOFPHNIZ D Bk I3V THESREP,. = 0.003 THE B 24K T 5, A5
A LT B 7 CIE, SR AR 238 < o S0 EEhn 1130 st AL B o 2 B F(E L,
FEADOAERIZABRITULMNERLRWE Lz, #{bEa (IS LTEERER/SEELS) 7
0.9 LEICZR 5 FTCREFE LTz, amA FOUEIIHP = 0.0366 & LTc,

[ & &%)

R A 3 R & L2 LBR T 2 v A FoL B, 02 AR 1 IRT, 2Rk,
04<a<06llBWNTanaAf RPREEELLTUVMHANCH D . IR EIIZEET 5008 9 0
SIS BREF DR STz, Z O iRy S 2 L— a3 % 156 o 7 VFER L, 105 Y
VTVTHEME UTe, BEEERERIT 0.67 TH D 12
T LB LT WEIIC 5 B D LA E nﬂ <~ sample A
25, ZORELLTVERAORIEE IS ]

ST D7z, 2 RRFEICH < A% w'}
RT3y VEBBLE TR L, %H 0 bl

sample B

1T, BORT v LORER S I TRFE
T 5,

g
=

oc

-

[ =% CHik] ] ____L Ul NotAggregafion
[1] J. Oberdisse, Soft matter (2006). h | I L LR
[2]R. Farahani, et. al, Materials & ?).-0 02 0T 0% 0.8 1.0
Design (2015). a
[8] T. Hoshino, et al, Scientific reports, .1 T OHEITICLED 214 R R
Eézl]og)ﬁ.{amamoto, et al., Macromolecules Hid e DAL, KW 2 DOY T
(2023). ZRLTEY ., sample B D X 9 ki

5 0.67 DRERTHAELT,
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BAGET TN T U TERP R Ty Uh LY b DRENIZOWVT
OURBEED) ATE FEEE, fEH e
[IZT®iZ]
NITIUTNE, TI2T4T7<F—DFTNVAEYE L TESMRESNTWD. FRCEREDN
77 U T REEWR SR T RFZE T3 A AW IR IR D BTN 7 U T ELE & FEEA,  RREED 7oA
R fEo7p &, WA ELiE & 3R DR A FFOBIG L L CGEFEEHZED TND. 20
NI T TR BRI CIAD D Z LW Lo TR T U TELRD A A 725 5 H &
FEIL LD EWVWHIFENREAITONTEY, TOBZ ULy b EMEIND, BERITHD
XS ATV T OEEBNEETHD Z ENNOPOEBRICBWTHEMBINL TS
ek, @72 L) . —H T, NI T U TEROE LI T Ztid T 5 Ekk R TH S
Toner-Tu-Swift-Hohenberg (TTSH) 52 CGLHk(3)) @, HRHFAETTOY I 2L — 3
TN OO RATHFIZEIZC BN TITOhNL TV A2, WL h non-slip BERSM 2 W= 0
ThHY, Ry P Ly FERITE QRN T. £ 2 TARETIE, slip BB
M FTOTTSH ROV 2 b—ya U FEERRE L, SERKENRNI T Y THELRO X
AT T AT T RE T~

[#ER L EBE]
Vialb—valORER, Ty VALV NEEBTAHZENTE (M1) , SHIZZyIh
Ly homE SRERIICIREIT 2 2 L 2% A L (M2) . [ERR, T o0, MiE
EEMD 3BYVDOTAARIDOLETYIal—Ta a2, Tb0OWNnTRThT vy
ALY NOMEPRET L L 2R L. I5IC, =y Uh Ly MEBIOIREIEIZOWT,
BIORE, BIOFE, T X0 ERFMFOT VAR A~ DR EZ T~ T2,

\ //‘ | \ //\\ \ \
/ " / \. //.\ [ / ‘l /"
' ,‘ [ [ \ ]

(v'n)

| AVIERN RV FAV RN RN BN

]

: EE— : X2 :xy ULy DR E 2RI B ORFH]JE

B1 o AF Yy gy b, DTS- (v >0 (< O)ALEEDY (FEIVY) =y Th
Lo MRS 5. FREIER 1 ORAF Yy 7 v a v MERR
LR &R T

[2% 3R]

(1) Wioland, Hugo, et al., Nature physics 12.4 (2016): 341-345.
(2) Beppu, Kazusa, et al., PNAS 118.39 (2021): e2107461118
(3) Wensink, Henricus H., et al., PNAS 109.36 (2012): 14308-14313
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DNA Xy b —7CXFENzm< /i ar ORBIZx 5/ RHRE

O e ', PR 2 GROR#EE ' FURBe & 30k %)

[1ZC®iZ]

VBN CRE D VT ik <o
Ay — L (BLF ., AN LAf) 1, A4
FR O B BRSPS 1 7
VOIS AT THFgES LT
WD, M E R D LS 72D
LG e sy ANVt oW E SRR
DA EOFREEE72> TS, Frex
IXTAVETIT, NIFEE FICH AL
A L7z DNA v hY—7(Fig.1a)
A 3D N TR 2R A R
SINHZEEHAEL[1], LrUIE
Hxa%&z225 ETix, AT
FRFEIZOW TRy NI — 7 OIS
CRIE I3V~ 5
ZEMARRI R THD, £ TR
Tl #5538 850%FF> DNA
JHEEIRIZEY DNA Ry v — 2%
et L (Fig.1b) , ThOZIRE T
DN TR 1R EE1T-

(a) Sticky-end (b)
ol Nanostructure  Network

{66@\ '\\ o 3 A LY,
LN %—» PO II
" R, 1T

YYY" Y-motif

B

X-motif  Six-branched

s Cooling

—_

Q

=
[}

120 15 ©

S > g

Z 80 10T T4

£ =7

@40 -5 D% 2

] o

) 0 mo
0 5 100 12 3 4
Time (sec) Aspiration times

Fig.1 (a)liEmEIC LRV B CH#kIE 92 DNA v b U —
7 (D)% 72 F B EHD DNA F /&R Db 2y T —7
OIS EAREE DAV T~ —2 HE T HIE T & 7275k
DOREERZANERR T HZEMNTED, (C)DOTAP &N ERTD
DNA Ry T —2, FAM S Ik a2 AL TV,
B BERIC X0 F A M DOTAP JEE FIZ DNA %
Y RT =7 IFEL TODE), v A7 ae Xy M E RO
XA, W5l EEW 5 DRSS/ HEE T 528
ITED, (A)RFMEIE T, W5 EOBIFR(E) &AW 5| RF D
PEROMECR), FIEIZIE X—motif (Sticky—end8)Zf# FH L 7=,
W5 | EZ BN~ LW 5 | SRR AE L CRL R DR E
WA R ONDINTR0 RT3, — 5, —EEM

i< SEAME T LT B EEBIE 28 K BRI RSN A R O JE /) C
0B LR I,
[FRLEE]

BUIZHET D DNA Ry T —2 % EICH ST DI E (DOTAP)R CE LI ICNE 528
T, DNA Ry hT—7 THAIREDI N TilaE R L7=(Fig.1c), ZIVE~AZ7ae Xy N Tl F|
L (Fig.1c) . W51 T A PERFIE A L DSEIEINE S 200 NETE RIS B £ %157 (Fig.1d) .

P ARXPNEEEFELN AN THIAICRL T, BN R 2L OFvE TV —%2 W T E 23Rzt
AR5 pm KO/NSWERRZ ENBIRIC ER3528% BTz, ZAUX, DNA Ry b — 273
B AMERICEVIERS A9 528 T, i@H O—AREH DNA OFHfE(@nm, [3)EVb@EnicEun~A2
RA—MLVA—F —OFift R Eb DAl RetE 2 RIE 95, £, o #7505 DNA Ry N —2713%
DM RZDE DT T, T LAFDL PN T A TE WAL T-HT AT RN G5, Fo 2 1L /b D
)10 [EREE DR SWBI LB B ERERMEE 5 20720 L 10 23R TOB R L 72 ik =R 4 Ll
L7e ZO%ER, AEE A ICEVME T U HMER N H O EH 728+ b2 72, ZBiTETF—
T OREEITE KT HHDTHY, DNA Ry M — 7 DOFEFENEL CWAATREME A RIBL TWD, 5
BV TR A IR F IS ARSIUVZ DNA Ry N — 780 DRl Bl 9572912, BIE S TS
% AT R N SR T DNA v T — 7 DR OBIER 23 A TD,

[3&3C#R]
[1] Kurokawa, C. et al.; (2017). PNAS, 114(28), 7228-7233.
[2] Q. Chi, et al.; (2013). Physica A.
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RBIZED a- X7 LA UBHEIL A I =X L DEH

EKpE) mHt EEY, EH &
(HEZH) T &

[IZT®IiZ]
2023 FFOEEE NERA O D 29.1% L EREOEE 72D . BARTIEER LA S
2725 T D, mlv I e NS e KIK - C o 2 B AVE BE B b #HEIMEICH 5, £ 2
TERBAEOH D 1 D ThHhDH L E—/MERERANEICER L, EE21T>o T\ 5, LE—/h
(ARIZRENE DIRAR R IBRIEIZ E IR0 > TR L, IRIRIEHNL OO LR E TO
2 ADKRHANRMLETH S, L E—/MEEERIEX L E—/MERFRIR E STy, LE—
IMRDERRF N @V X7 LAV EMEEND Z X0 BT I uA FifETHH1), ZDa-
VR IUA ARG T DT TR LT 5 Z L BRRBREICA ST\ A, AR TR, IRE
IZEDa-V T bA VOBMILD A D = XL ERATHZ L2 A E LT,
[FER L ZE]

a-UXT LA UERBL, 3TCT—EILHEE L o3, MM kA 8lgE Lz, 848 (WT)
a- VAT LA E ABIT R -2 X7 LA D 2 ODOREIEEE 4 BEBIEZ L7, WT
X3 HHE., 4 HEICHRHMELABIZTE, ARSTIZ2HH, SHH., 4 HAICBETE T, K
THZLET, ELE60a-v X7 LA UbHfET 2 2 EDRMRTE ., S 51T, MMk LR
ViR ORRZ D722 Orpm 7> 1000rpm DO TR IHE 2728 2 TR T o0 E
I MERNT, REDNEWD ERHACIT R o 72y, REBEERD DN O KREL D &
BHALNBIERCTE D L0 0 ot, 2O D, BHLT 2 720 OIEEEE I XBMENT
£ LTV 5 ATREMEDS R S iz,
AFERTIE, ZNDDOFBRIBEICOVTERET D,

X X XXO @)
| | 11l |
| I 111 |
0 500 630 690 750 1000
(rpm)
2. a- X7 LA (AS3T) DFRHEAL &
L a7 LA v ORFELORRT TR OBME (XIS LB T X 2
(A53T o -Syn, 750 rpm THR¥a, A7 — Mol OBl TE L X
JR—L 50 umEET, ) % ET)
[ k)

(1) Stefanis, L. a-Synuclein in Parkinson’s disease. Cold Spring Harb. Perspect. Med. 2,
2009399 (2012)
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HWHER Y b U — 7 OREBBICET 5T bo e —Z
OXERZ BEEMFTTETT) £H A

[ixT®»iz])
fESE D X 5 1IN oy THIT = R L F— D00 B 20 L TS A LT 5, 20X 573k
AT AR OREE X A T2 7 AR T HDICHEER Y P U7 BT ARRESINT
W5 (1], AR VBT S OO SO R 0 & R L, BRI~ D = R L F —1E A2 KRBT 5 (2],
AR TITAHER Yy N —27 T VOREBEEREZE X, TS =y brE—2 ki X
NEDFx a7 MRIBEEEHE LT,
[EF7 0 EMER]
WIS OIRBEIINEHZ DR Y M Ax TR TE . ZOE /12213
TOHFFEELR v b U —27 T LIHE 9 (K 1),

x = —fkLKx + Fy(t)
Z 2 CeITEmSAREL, LIS 1A CIEEMEMFMTAICH D, kILHH
PECRER, KIFBIETTHI 2 29, BT A R3S & SO Rk 4 A
RS DL, K=S+AAL 720 NEHFHIEOM S 2£T, Fidw L2
HEDIRRAR L, fEEBORERLFTF = 2kgTALIZHE D, T 2 Tkg
IEARLY < UER, TIZBVRDIRETH S, y(OIIHT IR/ A XT
H Y (y(©) = 0,(y(0)y(0)) = IN6(¢) & 7=, Wity & TOAFHME
Xy NU—JET VOB br E—2{bAsIZLLFTO X 5125
2 BHND, >

€

t

TAs = _kj fdt TRx X 1 (#/NMERETT v
0

) AR Y FU—7,
ZZTCIREERX - X 2 E 2D L FOREKIE Onsager-Machlup N T m

BT L » THRE SN DRI ST, T F Lo T

(X 1), FhizfEv, = hr E—Z{L L EENIZRY . TOX 2 AT 2 MERESUT
Onsager-Machlup &%y D f {8 (Varadhan theorem [4) 22 S E T2 HE N TE 5, 2D
B CRIEZ i < To oo, MR AEH Lz, iz PR & ik iexS & 5%
REMEL LTI LT, BRORERKEZRDTZ, ZORBEREOMENS 247 M
BEE LT, FOREE, HFHMAUTEROF 25T MCEEREEL 52 = ho b —
ZACLDWLE R O AR T 2 Z LR ST,

[2%3iR]

[1] A. Kobayashi, K. Yasuda, K. Ishimoto, L.-S. Lin, I. Sou, Y. Hosaka, and S. Komura, J.
Phys. Soc. Jpn. 92, 074801 (2023).

[2] C. Scheibner, A. Souslov, D. Banerjee, P. Surowka, W. T. Irvine, and V. Vitelli, Nat.
Phys. 16, 475 (2020).

[3] L. Onsager and S. Machlup, Phys. Rev. 91, 1505 (1953).

[4] H. Touchette, Physics Reports 478, 1-69 (2009).
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REWRYA X5 E b OEFRE T TKRKEED LA a T —
CRAMEIE) HRE, IBAKH, MIHEER

[1IZT i)

EMHIIRINIZ G D50 11E, K1 (~nm) D> B AR (~pm) F TOMD TR E 2 A X
DHEAL TS, ZOX D RELGBCRN G OFARME Z BT 572018, REIEAR LI,
KoY A XN REGH & 72 HIEB 72 2 RoehL TR A MR & T A, VA XL 50N H 5
FeE mlk Clx, Bkl F oMt EoE b0, Pxy IV TEBEN ERTLHE Vo T,
LR OPEE NN D Z E RSN L] w2, &S0 X 5 B Ak (4
TIRIZBNT Y, ZHHRFEOWENFET HZ EAMfFENS. < kibkx X, 7V
FH7 v~ N TT7 40— LB TERSMEND, TROBKE S T ThHR) =F L
7 ) a—L(PEQN, HHREOSTEOEEZ L - TNWDH I LIZER L, BEMED PEG %
W4 pEE TR LAY 10°F '
52 LT, prESMN 10 r
REGAGIZHE S (oc Ma)
#555 T OIFRZ R LT _ ] ;
(B 1). 2 2 TABET ot 1w ]
[, ~ERTROMGED : 10° 1;3 1d04 1:»5 1:16 1:17 " ‘1(‘); 10310‘1 10“10‘ 107
2 PEG KFEDO VA1 M g/mol] M g/mol|
C—WEEITHI LT, Bl :RE{Eka=108E) L, a=20R)%bo%28PEC Oy
EOWMEN T RGO FROM.

HOMRIZES.
(R L B8]

REEH a DRI S PEG Z2/ER L, PEG /KIEWK DKL
FE D AWHHER G EZ R 2 A, a>2 Tld=a—
bofifh, a<2 TR T v=v S AR e by G 7
(X 2). F£7o, REFAIHE D KD/ T8 Mmax & a D W' W
IR Z T2 & 2 A, Mmax > 105 g/mol 7> a <2 OGE rls
T =L IBRES DL AMR LE. SbiT, v=ry B2 EHEa = 10 5wtk
BN BRI 21T o2k 25, b oM EDEKT  SABPEC KBRICI I DK
I, AT B EBRS OB X i LIR,3l g cia  EOTARTRERTAE.
HTE W= T DEDLENVERT I ENDLNY, SHHREA OMEDOFELE RET D
FERNEONTZ, ABETIIIND OFEMICIN A, HEBERBEOR R LR 2T, ZoiE
DR D VA v O—RHEIC OV TR T 5.

[2%& 3R]

(1) D. S. Shimamoto and M. Yanagisawa. Phys. Rev. Res. 5, L012014 (2023)
(2) K. W. Ebagninin et al. J. Colloid Interface Sci. 336, 360—367 (2009)

(3) E.G. Blanco-Diaz et al. J. Mol Liq. 268, 832—839 (2018)

-3
10 : J r T r

5
10 [

AT
10 [

N(M) [mol]
N(M) [mol|

10" F

10'F (o)
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RO Y TIVESINE—REEREER T Z X OB F R4k
R#R%S HEWER V7 h~x —WHRHRE) EkE

[Ixtwic]

HTADTA TV TEOBINIT £V 7 7 AR OBEES LB LS NEEE O il 1%
DBRNPBRETH B[], BEEE TEH LIZEERIEERY 7 2 TR REBER R bh,
Z0 TERE RIOBALIXEITHAETRIES N TE =, T, REBEORY—E AEH
WP U 7= RIYERIEERD [$— 45 2] (uniform glass) CHREMZRT A V0 7N I &
NTNBZ EEREINTBl, U7 ADOBREMEBEEROHEICESEDN2FH»1Y &
NEBATDZ ENTESD, LA L uniform glass iXESBOEREERT 7 2 &R E LK
%57 % AA Clrdidis T & 22, B 21X k45 @ Lennard-Jones & TII &Rk DO XEE) TR E
BDRESERY, RTBEDHZH—L L TboA VU 7R L, HElkoR TIE
BISFTHRPTEEZ DS DTN 7 2 DMBHLZEICBNTRER2ZE 2 R L T2
WZ ERGHD, £ T TEIRRIZEEICERBER T MR E ) TVEH DO —LEE T
pressure uniform glass (PUG)H % 1ERL L THA 7 2L & RREE L T=,

[FER & &%)
ARHFSE Tl 43D Lennard-Jones 2 (Wahnstrom mixture) % T IEMICKHL
T Ohifko; Z AcZE T L7273 5 FIRE 1% H\ T inherent structure &K TV < [ 1], =%
X —RBE(CRICRATE OBRMERED @) i, <0 o000
BTSSR NS T 5, Ty TR

N ) XL BFTEARITEOFRD 10 Minimize XU
S0 TR ORI 1093821 —
JEMR T2 T ANGERT Do <[,‘m=[)|
B LW PUGHR & oLd T T ZFRIZIA T T —
heat ramp 52T :%'Eéﬁl % ;k ) 712—0 ,9,” (2)if APy, T Aa = 0.5Aa, resize from old state

5D EIEDIT T AMEBIRE XD @EITE
WE TR 7 AR 5 Z L3RS
iz, H— >0 7L ultrastable
glass FrF DIRLB|ENTH Y [4], BV 7L L= .
JE 71 D ¥ — PN M O R PRI I B b v
STWAHZ ENRBRIND, X 1 (@PUG ERT V=Y X b, ORFESDSF, REZ LT
IR LTWL . () PUG HOKES T, (QRFBED ST,

—All T |—ca
type

Titer = 5 ——type 1 —PUG
o 20 0.08 type 2 0.08f__pug, type 1
S PUG, iype 2
o~ —0.08 3 - 0.06
£ f\ =
T 0.04 | A 0.04 M,
/ | A
A

0.02 J \ 0.02
/ hal

[ 3CK]
(1) C. Royall, et al, 2023, arXiv: 2305.02452
(2) E. Sanz et al., 2014, Proc. Natl. Acad. Sci., 111 (1) 75-80
(3) T. Yanagishima et al., 2021, Phys. Rev. Lett., 127, 215501
(4) C. Herrero et al., 2023, Proc. Natl. Acad. Sci., 120, e2220824120
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BUEHBEICE SV R—ZF)V k RAAL VOEER X O XV X —3HE

FKHLEEFEMZER) HIET $h5k
[1ZzT®iz]

Yo RA » FRIL VP CAEELR LT 2~ T v 7RIS M OBSZ M2 5 &, U 3—
AF ) s RAAL Y (RTD)ERRIEILD RAAL VAR SIS, RTD AMED K A A BEIZ XK
DOEPET RV —ICHRT DRI DT 5 X, K] & &SI LTRSS 5.

FIINEE & K & < T2 & RAL VBEORBIRITML 220, #EEOEB R 6D, WihEFl
M LTEERDOBFZEIZEB N T S, GO > T R A A BEDHR KR~ & #55 (pincement)
T DR DM B ETIC L Bl s =), WX A F X 7 AIZx3 5 pincement D22 %
HONZTH701I21E, MEZIENELIMELEZRET LI ENMETHDH. LL, B
WMBBR DI b E BN RFHEZAT 5 Z LITHNEETH o 72,

Z ZCAMIZE TIREEF B L > T R A A VEBEDOREE & = %L ¥ —Z 3R, pincement 734
CHMEEARE LIz, £7- RTD OUUHEIRFE 2 FEERAICBIZZ L, pincement DFEN~ 7 1
REAFT I RAZED XD ITHN D DRE AT T2

[KR L EE]

KMoz aGERVRAL VEBEL, RiEEGTe FAA ‘/E#*&@IZ‘/W?~7E%2&1 FHEIC X D &
ket & L CRENRIEEWE TH D 5CB @ 250 C IZBITAHE AV, ELAXy v 7%
16um & L7z, ®iRZX 1I27R7. kﬁ@%aim\%é\@izzwe~ 06V & 07V ORT
SHERVIILD D, ZHULEBRRICEIT S Fréedericksz B4 ORIfENS 0.67 V THDH Z &I
RIGET D, TRAX—TBEL EHITHML, 14V & 16V OB TRIbE G KA A VBED
1*/»?*@%&&%#5. >, pincement |% 1.4~ 16V OHFPHATEL D ENHN5.

WHET D KA A VEBEO AR R 2 FERINIZRD, R LTy ry FLEEHDOEK 2
_/Tﬂ— FERIZIF 5CB L, 1RJE 25.0 °C, HIMNEEZ 0.8 ~ 3.0 Vims (AC 1 kHz) & L 7=.

EOBME & BITHBOMEEIT/NEL Y, 1.6 Vims A ETHBIZEZR > TS, ZOEE
FEMEHREICLVEONEE —FKLTEY, pincement [IZ X B EEE N A A UBED~ 7 17y
AT ITAPLHTEDLZ EARBELTND.

60 T T T T T T T T .'08|Vrms
50+ n - F'-.""'-., @®: 1.0 Vrms
....."'-\ 11.2Vrms
3 40+ . - 1 e 405, Frneers .""”'-:."""-.. ®:1.4Vrms T
~ ° o =1 focS 855050000, % +1.6 Vrms
g 30 R . 1 Z 30r ""'*-..::..""'-'Q:..._ ®:2.0Vrms |
e ad se’0e '-.'- @:3.0Vms |
g 20+ [ - 20 °o.., .,"'
10k ] W REEEL RAA R 10 % 7
@ RFEH KAA B 3
0l | I I 1 I 0 ! 1 1 1 1 (]
0.5 1.0 15 2.0 25 3.0 3.5 0 2 4 6 8 10 12 14
VIV t/s
1 BRICKVRDIZ RAAL BED 2. MR R OB IRAEE
IZ‘\/V?*‘AFtotaI e %E \% @Eg{%
[2%& 3R]

(1) de Gennes and Prost, The Physics of Liquid Crystals, 2nd ed. (Clarendon Press, Oxford, 1993).
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BIEEE X DU T AR DR B 5 G E L OfFH
(BRAEHET) RE RAKS, %8 A, & 0, ik fe

[IzC®iz]

RAEZBAIL CHAEREAEIND &, BlUSELT ORMEIRREDSHERF S LT 7 A2/ 5.
7T AR AR OREIEEFREENTIRE OIK T & & HICRMMITEL 72 0 F 7 A B IRE CHEHR
BREENHFET D, ZOHT AEBREE L7 5T O OB BE R HHIREEN H D00 L
IRIZONTIEZ L ORI T WD, T8, HBTHE 2 HW T 7 AR IROREEC
BT R MEZHE T2 RN ZERE I N TS, HATREE, BAHRAAL=2—T L3R
v F T —Z( CNN)R/ T T =a—F /L%y hU—Z7(GNN) &\ o =i O 5B il
IGHENTWEZ ETh D, BlziE, GNN ZHWIIES 7 AR IA oSG & 8 h5 % %
B, 1RO E TEL Y BV TI 2 R4 2 E G S Tna[L, 2], &5 CNN
WX D EG R AISHAT S &, BT A LIRIEORESE L T OSFRINL 22 5
FEOREER I S D 2 & b S nTz[8], AR TIL GNN IZk->THRZRS 2 SEE
DH T ATGRIRIRDOREE 2 45FE L, HIZ Self-Attention ks & M4 0ATe = & TR 2 4
/T o2 xR L, £ ORI % $##5-51F7 %2 Bond order parameter (Qs
X OQ) E DRI XY H T AR DIRE AT LE O HEE R 2 FH Lz,

AMFGETIIH T AERIBAEDET L L LT 3 Wit 2 K4y soft-sphere &5 /L[4] 28 L,
SFENFEY I 2L —varEBIRoz, GNN 1377 725 -0 ORBEFEEFIETH
0, 777 L, BEE— K, EEMOBRETZ VL L THERINET 4 BETH D,
GNN (379 7F =22 ANNETHZLZENL, ANNTTTD)—REZ vy POFEROFE
HaEmoiRL, AORBMEZEVHI LN TE D, GO FEEBEICOWT, kKifis /
— F, HF—EBEUTORFEOSRN D2y P LTETIME LY T 7GR L
7o R ORIE &R RO 2 75 71T Rk 5 2 & T, 825 2 SOREOHE
SE(CAESIE) 2B Zo7-, £72. GNN EF/UZ / — FREOBRM % & BT DT
B 5 Self-Attention[5] ZE A L7=Z & T, GNN TF/LOHFERILE I S M Lz,
[#HFREEBE]

GNN %, 7T ARBIEEIREO#E S IREOBEVWVREEOEWE 100 %ikil T& 5 2
EEHALIC L, 2L, —H CEIBOREHEER LIGRICXenWZ EB¥bhotz, =
D EIFREOEIC LN > T, H T ALK L THMZREEELZ GNN 1358 LT
5HZ L HETRMET S, 72, Self-Attention IZ X W HEH IR FRIOEEEIZOWTHIET
IR FBOEBEFEIZIESSENALN, KRICRDICONTEDEEE MR 25 2
Loz, E 5T Self-Attention (25 W I SN2 G E DS EVRL 1, Qe D3 /NS U ME
MIZHDZEERH LT, LDz E2vh, GNN 134 T AR OIRE DFEWE, Qs )Y
INEL JRETBNCRE R OE SO/ NI ORI T 2RI L TS EEZ NS (6],

[2%E30ik]
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Distinct elastic properties and their origins in glasses and gels

(University of Tokyo) Yingiao Wang
[Introduction]

Glasses and gels, widely encountered amorphous solids with diverse industrial and everyday
applications, share intriguing similarities such as rigidity without crystalline order and
dynamic slowing down during aging. However, the underlying differences between these two

fascinating materials have remained elusive.

[Results and Discussion]

Here we uncover distinct elastic properties concerning observation and aging times in glasses
and gels, while delving into the underlying mechanisms. In glasses, we observe a gradual
decrease in the shear modulus, while the bulk modulus remains constant throughout the
observation time. In contrast, gels exhibit a decrease in both the shear and bulk moduli over
the observation time. Additionally, during aging, glasses exhibit a steady trend of stiffening,
while gels demonstrate initial stiffening followed by softening. By unravelling the intricate
relationship between structure, dynamics, and elasticity, we attribute these differences to
mechanisms that minimize free energy: structural ordering in glasses and interface
reduction in gels. Our work not only uncovers the distinct behaviors of glasses and gels but
also sheds light on the origin and evolution of elasticity in non-equilibrium disordered solids,

offering significant implications for the application and design of amorphous materials.
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Condensate-membrane wetting and capillary forces in cells

Roland L. Knorr

(Interfacial Cell Biology Lab, Humboldt-Universitit zu Berlin, Germany
Institute of Innovative Research, Tokyo Institute of Technology, Japan
Graduate School and Faculty of Medicine, The University of Tokyo, Japan)

Membrane-bound organelles have long been considered solely responsible for intracellular
compartmentalization, but more recent work has demonstrated that condensates also
organise the interior of the cell. Forming from localised, liquid-like concentrations of
biomolecules condensates are often described as ‘membrane-less organelles’ due to
their lack of a bounding membrane. Our recent research has shown that these
compartments can in fact wet membrane-bound compartments, resulting in remarkable
condensate-membrane morphologies, the physiological importance of which is only just
becoming apparent [1].

Evidence suggests that condensate clearance involves autophagy, a highly-conserved
cellular recycling system in which membrane sheets expand, bend to isolate and degrade
portions of the cell interior. Here, we investigate the mechanisms of condensate
sequestration by membrane sheets in both living and synthetic cells. A minimal
theoretical model shows that capillary forces determine whether membrane sheets isolate
condensates in a whole or piecemeal fashion [2]. Further, we also find that wetting
condensates induce local changes in membrane properties, resulting in the reversal of the
bending direction of membrane sheets and, thus, in cytosol sequestration. Our
identification of condensates as potential autophagosomal assembly platforms is
consistent with our additional study reporting that the pre-autophagosomal structure is a
condensate containing various autophagy-related proteins [3]. Further, we demonstrate
that the morphogenesis of protein storage vacuoles in plants underlies similar physical
principles [4]. T propose that condensate-mediated autophagy and vacuole remodelling
represent a novel class of cellular processes controlled by capillary forces.

[1] Kusumaatmaja H, May AI, Knorr RL. Intracellular wetting mediates contacts between
liquid compartments and membrane-bound organelles. Journal of Cell Biology.
220(10):e202103175. doi:10.1083/jcb.202103175

[2] Agudo-Canalejo J, Schultz SW, et al., Knorr RL. Wetting regulates autophagy of phase-
separated compartments and the cytosol. Nature. 2021;591(7848):142-146.
doi:10.1038/s41586-020-2992-3

[3] Fujioka Y, Alam JM, Noshiro D, et al. Phase separation organizes the site of
autophagosome formation. Nature. 2020;578(7794):301-305. doi:10.1038/s41586-020-
1977-6

[4] Kusumaatmaja H, May Al, Feeney M, et al., Knorr RL. Wetting of phase-separated
droplets on plant vacuole membranes leads to a competition between tonoplast budding
and nanotube formation. PNAS. 2021;118(36):€2024109118. doi:10.1073/pnas.2024109118
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