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[Introduction] Microtubule (MT), the most rigid component of cytoskeleton, plays
important roles in many cellular processes such as cell shape regulation, cell division,
intracellular transportation, etc.! The mechanical properties of MTs, which are inevitably
important for maintaining MT’s functions in cells, have widely been studied in order to
understand the involvement of MTs in the cellular events. Recently MTs have been
drawing much attention for their responsiveness to mechanical stress. It is suspected
that mechanical stress modulates the biochemical functions of MTs although any solid
evidence 1s lacking yet. In this work we systemetically investigate the
mechanoresponsiveness of MTs and functionality of the mechanically deformed MTs in
an 1n vitro condition. We found that despite their superior mechanical integrity, MTs
undergo mechanical deformation when subjected to mechanical stress.2 The mechanical
deformation of MTs is found to significantly modulate their biochemical functions. This
work may offers a new insight in the mechanoregulation of cellular activities related to
the cytoskeletal component.

[Results and Discussion] To investigate the mechano-responsiveness of MTs in an in
vitro condition we recently developed an experimental set up named mechanical chamber.
By using this device we investigated the effect of tensile and compression stress on the

MTs. Under compression or tensile (i< > (b)—> pE——

stress MTs underwent buckling and {} Fragmentation L} Buckling
fragmentation respectively. Next we
addressed how the response of MTs to Cargo 10 pm
mechanical stress consequently enables () = —
the MTs to modulate their functions for O A Qf\f '
which we focused on the motor protein = é- o ‘

based transportation along MTs, which Fundblelgap

is one of the important physiological ' Fragmented MT

functions of MTs. By monitoring kinesin  Figure 1: Mechanical deformation of microtubules
driven transportation of Quantum dot wunder tensile (a), and compression stress (b).
(Q-dot) as cargo along buckled MTs
(Figure 1) we unveil the effect of
compression stress on the dynamics of
transportation by a motor protein. The
cargo transportation was hindered due to the MT buckling which was found tightly
correlated to the extent of MT deformation. More importantly, the affinity between
kinesins and MTs was found to increase due to the buckling of the MTs, which clearly
figures out how the responsiveness of MTs to mechanical stress allows them to work as
mechanosensors. This work would help understand the role of MTs as mechanosensor in
regulating the cellular mechanotransduction process.

Schematic illustration showing experimental design
for investigating the motor protein driven cargo

transportation along mechanically deformed MTs.
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[Introduction]

Collective motion is a fascinating example of coordinated behavior of self-propelled objects,
which is often associated with the formation of large scale patterns. Nowadays, in vitro
gliding assay is being considered a model system to experimentally investigate various
aspects of group behavior and pattern formation by self-propelled objects. In this work,
we have demonstrated the collective motion of kinesin driven microtubules by regulating
mutual interaction among the gliding microtubules, by employing depletion force among
them.! Proper regulation of the mutual interaction among the gliding microtubules
through employment of the depletion force was found to allow the exhibition of collective
motion and stream pattern formation by microtubules. We also discuss how collectively
moving microtubule on kinesin coated elastomer substrate response to external stimuli

such as mechanical stresses.

[Results and Discussion]

By employing a macromolecule (methylcellulose) induced depletion force, we
demonstrated the first-ever collective motion and stream pattern formation by
microtubules on a kinesin coated surface. This method offers a simple and
universal technique to investigate the coordinated behavior of self-propelled
objects using biomolecular motor systems. Consequently, this will be helpful in
understanding not only the collective behavior of self-propelled objects such as
birds, animals or fishes, but also may provide new insight into emergent
structures  obtained through a non-equilibrium  process. Recently
microtubule/kinesin system has attracted attention in the field of molecular
robotics as the smallest self-propelled objects. Molecular robots, relying on a large
number of collectively moving self-propelled objects such as gliding microtubules,
enables parallel processing in transporting a large number of small cargos and
assembling building blocks into an ordered structure. Therefore, ideas obtained
from the present study on collective motion of gliding microtubules are expected to

expand the boundaries in the field of molecular robotics.
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Relaxation dynamics of a vesicle containing highly viscous fluid
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(Indian Institute of Technology Madras) P. B. Sunil Kumar

For biological membrane bound compartments, the internal environments could be
vastly different from the external [1]. Assuming that these environments are made of
simple fluids of different viscosities, we discuss the relaxation dynamics of a
compressible bilayer vesicle. We analyse the stability of a free-energy model [2] which
includes a coupling between the membrane curvature and the local density difference
between the two monolayers. The linear stability analysis reveals two new types of
instabilities (i) a large wavelength instability and (ii) a smaller wavelength instability
depending on the coupling parameter. Considering two important dissipation sources,
the inter-monolayer friction and the bulk fluid viscosity, we solve the coupled
hydrodynamic equations both for the bilayer membrane and the surrounding bulk fluid
in order to derive the dynamical equations for the vesicle. We find that the three
relaxation modes are coupled to each other due to the bilayer architecture. The
difference in bulk viscosity between the inner and outer fluid medium alters the coupled
relaxation rates by shifting the mode crossing point. As the vesicle approach toward the
unstable regions, the relaxation dynamics is dramatically slows down, and the mode

structure changes significantly.

|. - lipid 7 - polymer
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[iZT®ic)

GRS i ok o SR Y e ol A EL I i AR L )
NFEFNERRT D, Z0E X KTOBRNPEET 5177
5, Ble LRI T 252 5, B1ICHbn%5 % Cﬂ ﬁ)
51T, DT HA AR 1R 7 O AR B iRk 1 LA AT,

EBEZ DT HIEDT 222 M 11230 GBIk @ (_;{4)
BRICHTLY) & % AR oSS AR (RS HEs | \=) \=) \=) T 7]
ThY . EHCHRBFBERENEIRT S, AT, WK | -
DT AT RN KE W E X SRR IO 728 B -7-[H] @ @

DB IHIEAERIZE D D, FRHDER L 22570, I v O

IR CHMEBEM S IR R 2N RET 5 2 ENHIRF S 1+ B O 748 B VEF 1A
bHe ZDOXEIIT, KITFDRREEZT-EE, FOLXOH7 SH B D S N ARTET B 72
FREN, PO LI L TETIZNZH%ET 5, KT OFIREE 2 5 = L T
B A B CX 2,

[FER L EE]

DTEFOETVE LTCL, CHkL,2IcBWTRELZET A EHWD, ZOFET /LT
. RO EAER SRR L TR D . IIREGWZ G4 5 /37 A X —%28 A
THZ LT, K rOREGHEEZFHHRICHFEICTEL L 2ICL TS, ZOR bR 5fEMmIcE
W, JBIRBEGEARIE Lz & &, s FOEE CITEFESSEE A ELIV R . ks
PRGBS ET D23, RIRICB W T, EHERTFHWGEITRFEERFNE L, BN RN
GrE I SGEFERFNET D5 2 E 2 W LT, FRCEOEFEBRFNAET S & & — R
BPOLENBSFEEL, L2 RICKAFEIRELREL TS DLW 2 EEDOAMERHIN
HHiD, TOR D R EZMERIIMEAEEDOEICHRT 5, DFE D Z OMERILHE
paEIE O LA O EEERE CH Y | mIROFFHER G Tl FCC H 5 WX HCP #iETh
L3, BEAEMATIQ1IDEmAICEB W T 1 FRNCS] & X 47z Rhombohedral #2720 | <
B TIZE HICAIDE DA AT A K92 Z & T Body-Centred-Monoclinic fH~ & #i5f%9
%o BHEHTIIBRRTZ EO L DRI T 20, BRI LOEN 1L 2D E ZDORF AT —)v
TOEH), ELLE. 7= VHEPEBELT 5 Al OV TELRT D,

=3¢y
[1] K. Takae and A. Onuki, Phys. Rev. E 89, 022308 (2014).
[2] K. Takae and A. Onuki, unpublished.
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SERNBEFAEE T DR R ERB

[T ¥i]

FER /W i S A T B 0 B FRE O AV R T 5 /BT A m R, v 3oL B %
NEIFRR D2 v, FlzX, WIKICBT 2R ETOFREUR~T 1 v 7 BRFCHEE A
AT 4y RSB FTH S [1-3]. 2D REICHEHE LB ORESCER O L
RT3, BICEKREEROMEEFEHOME LBIICE > TRED, EfetEz /LT Ly
DY KR EREEL 525, —KIZ, 29 LEFEBRFBEZRELRWEA~YT 4 v 7
idh (NLC) Z AP E OIRRBICH M S 25 &, IREZ 2L THEMOKREE D b DT
T TR TRBENMRED FRE L BT RD. ZHUE, REOF—F— /T A =%
D FH & HER/RAE OB OB EITERT L EEX TS, LnL, FrEAAR
SRR DN FIEL TS &, —RIZRELN « 7oAV > TREICIED IR VR IR 5 B %
AT ZEDNHDH4-6], AFEERTIE, X~T 14 v 7 #EE(NLO) 287 v FRFRE 5y Kl THED A
AT 4 v ZASmA)RIVEEN Y —F XA T I v 7 ICELTHZ L8 -T, L7 DM
B 2R T 2 BRICHONWT, EBREFRONS S OFERIZOWTHENT 5.

[FEFR L EBE]
AWFGETIE, 7 v FRED T(CYTOP CTX809, JEM T ZELMAM & L CAE Yy a— Mk L,
e /VAAER LT, IR RN, ADFFEER ML -DOCCNAT(FH%F1: SmA (303K) N
(331K) DZ HW=. RFAROBLAPRAEIE, NAHERBIC I W CKERLM(P), NAKIRIEIZ )T
EELA(V)Z R L, BRI XD EICREREE T 5. 20X —KREBIHNTHY,
FISKERERE VT U ZA%LE D (Trov~321K@FEIR, Ty_p~326K@F-1i). A% O S 4 Tl
FRRREENETTEBY, BIFNICEOEEE T ITY A AN L TV D TERW, &
THIESND., ZNZHRT D7D, BN ARXHREITER(GIXRD)Z{T-72. 75 &,
CYTOP/K AR EIZ BT, #R 70 DN RIS A B 72 o 7o FUm BHU SmAREE(ISWS) 2 5L L,
DY A XPNREE &I T D Enbhrote. FETREL, ZOISWSIEINLC/ MV
7R BBERELS HY AL, NLCHIZEITH L BT, IRERT L L BITHELRNS
BEIHFETHZ L THD. GIXRDIZL Y BAED HATISWSD VYA XOIREKRF T e
ATV RA%ERL, BT~ BB INIRARECREE ATV VA E—HT5HZ
LD, ISWSDOIEEDR SV BLAMREED BRI KR E R B2 52 TWDL Z ERH 6N E -
7o. 383 ™M H TlX, Rapini-Papoularam|Z 55 < BUEFHR & Tk & OBEME, KOG HED)
NOBEBDT 7 TREICOW TR Z T2 TETHD.

[#&E] AWFIE1E, JSPSEHIFE 16H06037 DBk %32 (F 726 D TY,

[£% C#k] 1.S. Bardon et al., Langmuir 14, 2916 (1998). 2. K. Kocevar et al, Phys. Rev. E 62,
R3055 (2000). 3. S. Aya et al., Phys. Rev. Lett. 106, 117801 (2011). 4. J. S. Patel and H. Yokoyama,
Nature 362, 525 (1993). 5. T. Shioda et al, Phys. Rev. E 67, 041706 (2003). 6. S. Dhara et al., Phys.
Rev. E 79, 060701 (2009).
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BN X RBLF - K - M 3RGFR TR IS
PNERHEE DR AR LR F

(LKEe#) BORRE, 5 TEFE, ANEZ

[Ixtwic]

WM Y X 2 3 v 4 BRiF(ATP) . BUKNER & BK BRI 2 B> o v 7L 7 B Mg
KT 5 (Fig. 1), € DORLFAHEIE D STEME S & OFEMER T OA Y 27— ki1 A
XinG, FRRIEHE « R EOTEMCEN =~ LY a BB HIfF S, e ST
D, LrL72id B AIP - 7K - i1 3 B0 RICEN T, TEAK S U S 1S DR L SORL i 1E ~ D
EIFEIZ IO DTSN TIZW R, & 2 TR TIE, Frcilkit (AP &%k
FHOMRMEL) (TER L, EBRICE Y Z2OREMRZMAT 222 BiE Lz, AIP LK, n-
dodecane Z /KD VHEFE & 725 X O ICRBIAERL L 72, ¢ (= KOEF/AIP OFEFE)EZE(b S
. BEMEE AW TR SN BEZ B LT,

[FER L EE]

KIFE 3.0um OERIR S U IR F OFEKIIZ&E2 75 L. £ D% 1-octadecanethiol THEHT
LBAKRMEZ 5T 52 21280 AJP Z{ER L7=, Ziu &K, n-dodecane Z M H I IZ & - THY
HUZIRG L, 20L&, KITAIP O A ZLD b/hSBEEL TV e, Z0%, k%
FRRO LB O T THEE AL S T2,

TERR S T2, gOEENNZ & 72 > T, micelle-like cluster 7> 5 spherical swollen micelle(ER
W)~ & 24k LT=(Fig. 2), ¢<0.7 O & & HUKE SN Z A 7238 2 /1RO micelle-like
cluster ZERK S A7z, F£7o. ZHUTSDEIMN & & HIT—RICHIIZAKE L rod-shape & 72> 7,
T AT AIP - BUKIEHE 2 5oy R DIEATHIZE 2 & Rk ATP O BRI D 2 EREE ) DM T2 72
HEEZOND, —H, 0.7 DL E | BRI NEREEIXIZZ T TORERRIER & 720 |
W O R IL gD I & & BIZHFAITHE M L 72, ZOfERIZ, @EOFEHRFI2X D
Pickering emulsion O FEEGEFE TR 541 % limited coalescence (23D < i HL7eE 7 /L C X < FHiH
TEDLZEenmhote, Eio, WK ORL OB LIRFH R mICWE Lokl &% A
b ol fi R, REHHOT R TOR T RICIFFE LW L3 otz, Ko T, AJP 1X4h:
F0K - R O EIZ T 5T 2 BN R R EEEEE 2~ 2 LR oo T,

(@) (o) Iy o © “
hparophobic
NyOrophmG
10 —
- R 10pm

Spum
Fig.1 AJP DX, Fig.2 TERR ST BREMROREEZ, (a)lE micelle-like cluster (¢= 0.09),
(b)IX rod-shaped cluster (¢=0.27), (c)iZ spherical swollen micelle (¢=2.24),

[Z2E 3R]
(1) S. Jiang, Q. Chen, M. Tripathy et al. Adv. Mater. 2010, 22, 1060-1071.
(2) Q. Chen, J. K. Whitmer, S. Jiang et al. Science 2011, 331, 199-202.
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A Ak

TIT AT AL w— ~BRENIKSEE» DHEY~
(FA%E - HEHAER) ) ER
[IZC®iz]

KL A VZEERTIE, B X2 =3 —HRBRE <, HIHITEEDOENT
VW, EDTed, FEEEFA T CRUINRLF 3 Rt BB 3 2 72 121X, BRE) LiseiT 2853 44
BEThb, TORLARBENREEHEZ b OMEIIT 754 T~ F—L bETh, ExD
EHSCEMAPRTEBEBERS 2 EOMANEAZ RS TWDE, EMILBLAATIT 4T ~H
—DHFTHROLEHER AT LATHY, BREVFEARTHD, LirL, ol nEA
YTHLHEBEMGERNTIRCEEMICESH LTV H LAMESL R, ETAVRELTRZED
FEW/ oD EWVCHKRZ BN TIHIENEAC R 2 TETWS, FilziE, EREECRE-
RANRERDOBRFHIZE > THENIZ) ZLHERERHELI LS HEShTWBI], Y4
Rl 0 TS EBERIZBE LB TWED, 20%, AT HLRIBVERE LR L
HbEAIN, ERZ2EEIEZRLO0H5(2.8], BITEE, ERO ETIERAFTERY
WK SHER O AHENTETWVWS, Z2OFD—D2 LT, {bFEFVyI=FRICL->THZE
ERE) ¢ A4/ AEA BT SN B[4], Z DAL, 27 VEPBREEZE LD LEXED,
BEHEEE TS, L 1T. 27 VRICE D ERED bREWVWT A XDOKEE AV TEREZITV,
BEEES L IR R IFERSESHZ T I L EHICAH Uis, 2 O KF Tk SR,
MEBRE LW ERTHED L T2 LHEENRE DY, TORBETNLFRL LTHH
BRED0h LRy,

ZDX S REK BROWFRELHH L oo, KO ATMIE, MEHRE, Fxr OFFHD
iE i s Y 51

[2E k]

(1) M. Ichikawa, et al., Phys. Rev. E 88, 012403/1-8 (2013), and references there in.

(2) Y. Sumino, et al., Phys. Rev. Lett., 94, 068301/1-4 (2005).

(3) Ken H. Nagai, et al., Phys. Rev. E, 71, 065301/1-4 (2005).

(4) Izri, Z., et al., Phys. Rev. Lett., 113(24), 248302 (2014).

(5) F. Takabatake, et al., J. Chem. Phys. 141, 051103 (2014); H. Ito, et al., Phys. Rev. E 92,
062711/1-8 (2015); Y. Nishigami, et al., Sci. Rep. 6, 18964/1-11 (2016).
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HMEWN Ry 759 —Eic kb LA o—WtnZEfafh o EE AL
(Ab¥BE R TR AHthi—, FHHEE HRRE

[IZC®IiZ]
TR ETITEAN EIRE R DIREWE DO VA r U—tE % dHlT 28 LW TEZBR L.
BURICE AW Z B2, ZOMESMNOEMEILHGTERNEZRH L TRDLHETH DL, 2
OMESAAFHINITE & K> 77—yl oA EE(UVP: Ultrasound Velocity Profiler)
ZHWD . AU KD AREBBAR T & NERHLL D ZE I AT PE 5 B AWTRREE, BRI )72 &
OYVEEDOSAARIGTE 5. ZHVETICEE bIE1~[6]DFika BBz L T & 2.
FRIZ, REHMERIARCRTEIR GRS LT, FERNREEE, MRS, RIS & b3 088 T —
FELTRHAEE CH D Z EDBRECTH D . ALFLUSREYN L2 E TRIFFZM A2 HEIT
WHAERELS, T4 CEHICHEIR ST S,

[FE5 & B 2]

AENEE SRR O LA a O — W AT R BT
o7z, ERIZ b~ B 1 2% MEAREICOIL 4AMHz O &
PIVADEY IR ULIZEY Ky 7T —v 7 Mtz L, i
INEMREEERICE T LD THD. ZOKIET—/, b~ bD CT BEBIZLE T D,
h~ FRESHWEOBFEA B —F o ZDIFWMBEMR SN TN D, BIZIEREOHEL Z D
B HEIEHL, LOWTCIHEE L HBEOEmWEELZHET T 2 E b AREL 225, ZDIE)
HF, =N, TUTUEKR, FVRES GERaETr—F =), BEELIL—0
—72 BT bR A L, ERE DS, T u——7 CREE R
Tu—H—7 = A CHiMER ) Rl oLt n Y=t T 5 2 LIgkEh Lz

(2% 3CHR]

(1) T.Shiratori, Y.Tasaka, Y.Murai, Rapid rheological characterization of a viscoelastic fluid based on

spatiotemporal flow velocimetry, Experimental Thermal and Fluid Science, Vol. 71, pp. 1-13 (2016)

(2) Y.Murai, T.Shiratori, [.Kumagai, P.A. Ruehs, P.Fischer, Effective viscosity measurement of
bubble/particle mixture at high volume fraction by interfacial rheometry, Flow Measurement and
Instrumentation, Vol. 41, pp. 121-128 (2016)

(3) T.Nakashima, T.Shiratori, Y.Murai, Y.Tasaka, Y.Takeda, E.J.Windhab, Viscoelastic responses of flow
driven by a permeable disk investigated by ultrasound velocity profiling technique, Flow Measurement
and Instrumentation, Vol.48, pp.97-103 (2016)

(4) Y.Tasaka, T.Kimura, Y.Murai, Estimating the effective viscosity of bubble suspensions in oscillatory
shear flows by means of ultrasonic spinning rheometry, Experiments in Fluids, Vol. 56: 1867(p13) (2015)

(5) T.Shiratori, Y.Tasaka, Y.Oishi, Y.Murai, Ultrasonic velocity profiling rheometry based on a widened
circular Couette flow, Measurement Science and Technology, Vol. 26: 085302 (2015)

(6) T.Shiratori, Y.Tasaka, Y.Murai, Y.Takeda, Development of ultrasonic visualizer for capturing

characteristics of viscoelastic fluids, Journal of Visualization, Vol. 16, pp. 275-286 (2013)
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BIRFEEEE 7 n AR B KEEAE T Ofth & R
(uRBe#) &Il F, AT B

[1ZC i)

TRLEEABL T CE D 5 SN D4 (SoretZhF) 1ZFEFHT R OWEL A0 FULERED
— 2T 5, Polyethylene glycol(PEG) &5 T Cid, IREABL N DSoretZh e & kY
RPEGIEE AR L D ILHIKEI OB A 218 U C, WHD FITkEA 7R ZBW /2 — L THfiT 5
M7 o AENE T H1,2], Loy LAEROBFZEIIE A7 15 E AR T C D5y T-Hiik & k4
ELTEbDORITEALETHY, B HIRES TR Z 2BRICEHT 2 0%81X+5 Thew, &
ZCAME TR, #h<IREAR T OV 7 0 AR HOWTERMY - EERIEAT 21T -
776

[=ZEiER]

FERIZFB W TIL PDMS F v > 23— 5.0% PEG20000 /K& &2 E A L, IR L — % —
(R 1480nm)% —EHE CHEA X v L, BIKIREARZEH L (X1 a[2], 0k
B BEARNEN FW & FWimE IR OmMNANEL D Z & L—Y—BEIEE 2500 u
m/s THRARDFIHE 10.56 pm/min (ZET D Z Enbno7- (K 1b), B <IEEAB T TILIEE
;7 v 2R OHBI2 BT, ANGOEENKT LEmBIBG N A LD Z EA2R LTS,

[(BEimeT ]
By < REAR T OTBBROMRET LML, Wiku,, & L TR &R,

Uy = =2 (40, e AT (1)

Le lZRT £ DUS, uy,, =P —OBBHEL & & HITHEMT D03, & 25 THOE
b D, ZORRIL. WEZ O A TWEAEIED NEEAR O GRER) Oz X2 E,
MR « KEPEZML « BYEBO 7 B A =2 | ZHDHZEEEHRLTWD,

WEh & A A TR NIBEO BRIk T 5, MEAS N5 FBE CIXBWAE /], = yAT 3
& BRAEMT 5B CHRIEDEEIZAV IV, =y(1—e VAT I LIHEn 5,

— 7. TRAROREEITIRBEOIREZAL — PAT L E PEG DIREZAL 0Ac DR IFTITHKAT L
An/n =—(B+3c,SpHAT L7 %, R a)
DWNHMTE L D REABLIE R TH D 0
IR T — B E A D 72 |
HE DI L Stokes HREX AL L
T, RS & i) & IR S LT R B A3 AE e
L2 (K1d). AW

oI, L= —0B®EE Y, , O
DIZOFVRENTIREZD A TEE Y | BWE
UKV RE LT S L B bh e A ,ff
> 72, W21 Glycerol AR H T DL EN%E D e R R
E[BIN N H TN D A8, TR AR A % R i b
SEITIE T L AT A8 c kT B 5 1 xR 5% b)ER TR S v 7z itis
ML E L NS, OV EE D JE I B TE  DERGRE T L O EX

[Z2E 3R]
[1] H.R. Jiang, H. Wada, N. Yoshinaga, M. Sano. Phys. Rev. Lett. 102, 208301 (2009).
[2] Y.T. Maeda, A. Buguin, A. Libchaber. Phys. Rev. Lett. 107, 038301 (2011); Y.T. Maeda.

App. Phys. Lett. 103, 243794 (2013).
[3] F. M. Weinert and D. Braun. J. App. Phys. 104, 104701 (2008).

k. U je [N 0
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TEHBLRD b RICEFE DY AT FE DB A
HPERF - VAT LMMEHRR) =8 M

[IxT®iz]

T2 81T 5 ORIGAMI % % — 7 — R & L7BFZERs, dn4E & < IZESNCTREAZAT DI
TBY, BeHFoTEEIEL T EL OBV L) A A—U BRIV [P0 HE 23, HrLw
Rk A il 2 TV b, 2012 A2 NSF(T 2 U 7 ENLRHEFEDIZ L - T, Origami Design &
Self-assembling System % % — U — K & L72AFZRIS 5T B HALO K & WHIBI &I 54T
PBE, L <izmRT 4 7 20538 THCHT Y (Self folding) (2RI 5 BUER N RILIED TV D,
ek, PO BHITH N TIE, MERIZ 72N S £V R SN THRED TR, 20
BILIC L o T, HFENEH L LENEOMEFICL DILFETOMY AN RO D K 51Tk
ST RITERICMET 5, AR TIE, DLFICHEA54r VR B0 Ic >\ T, EFED
WFZEE AN DWW TR D,

[ v DLl & B 5]

RIES B LENL TSIV ROL ATV 2o EN D, FEERREICR 5400
AT DREHEPro#) EFEE, FEICR SN 0HROZ—2 (BHKX) &, Zhvakiio
B OBBRBIMER ARSI TE L, BUETIE, BRNOERHEZ RO L O ITEKEAITY
izt Z ERAREE 220 . THT O KRG ORI TOI Y 2o b0 (K 1) <, #7
DEMEOBIRICBIT 2B OWMNRE, LV EERNENE RSN L IITR-oTETWND,

X1 SEEFTOMERGEY 7 v v =7 Y () b SESRIZERIBOSLRIT ()

[froKoBEHTY ]

Pro Moz EMET 21072 >TE, ZOHY O 7 v ZDMRRR TRV,
ZITEFEMERNRET HHEITIL, K2 XA MTHY TREZEBRTHZENMHATHY, AF
ENSIRWITD I2ANEEND, L LR, vl y MIE MOV 7272 A ITFREN
ZLEMITIEFESTWRWY, £ 2T, FHAREM RICRS2V) 280 ADOFOEMIC LD
PO EAEZ N ST BRSO 727 E D K 9 I T DAFERBEAAT DI TN D, & <IZ,
AR 24T 0 #EIX, R TIIREERIZ EOWUN2IT ) BDUERGEIZ AN TH D,

[ k]
(1) Jun Mitani, ORI-REVO: A Design Tool for 3D Origami of Revolution,
http://mitani.cs.tsukuba.ac.jp/ori_revo/, (2016/08/24 7 7 & )
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Ultra-Soft Potential #&{& D 7 T X ¥ — 7 T R#rf

@BHBRE - HF - ) BRNE, SRR, )IREE

LE U] BARKAD 1 T 2B, i ( —920 N
W T VER Th 512 b 5T, p = 4.

LT, #ERDIT L AL OHEGRIFEN, LT — ers__+D|mers
Reva—y XET o AORIEERD & 5 ey

I M T LVIRIRIE AN Y BRI LT ~

2 eNFETFoNL S, ZhbiTnTFnbE
FERBE R B2 Th D03, M4 & C
HTL AF—ZICV AT AMEGEERHE Y
HTZF, P20 Fo720 Of&im LovE ) 7
WDTE, &2 TR, Fxld, WANARA
FENGERE OINAEGIZTED X7
LW FEE R L T D, FRZIEA LT
WHDN, FoTe<FHLWHAERZ WS
ZEThD, AEHETL DL, Tk
Hertz €7 /] EMHIND —HOET VORI TH S, — Mk Hertz €7 /L &%, fHA
TERART v um, vio)= 12 (> 1DTHEZLZDK9RDZETHD, ZZITH
TE7-F80T. a=2 OBEITFTRIAR T 2 ¥ L, a=5/2 DEE 1T Hertz BT v v L LT
THEY, LiFUiZaas R ZADHRTHWSONTWS, ZORT v /LRIE r=0 Tk
NDBFBES DB K ZONFERICERD Z & S X TE 5HDT, ultra-soft potential
AR & PRI TN S, ultra-soft potential #kiKIL, 2D [FHLNE ] ODIT, L EITHEB
I T Dkk % R R BT FRIRD TN ETHZ RO TND, YRZDFRDT T A
B LRFRIZRDTHAH, LWV OREA OEO—D>TH -7,

(R e Z£]

Fex L, Fric—Mb Hertz E7 VO a N 2L T ThDGHDOHN 7 AEBICHER Lz, %
ITHFZEC, ZOGEAOREEIRIEIC [7 7 X% —F]) LTS, (ifE S ORL 2R E/ZR - T,
— KT REMKT DL 57, BEMEER TSI TN THD, BXIXOREN T
ZE LT WE DI TR RIC L TEIEERZ1To72 L 2 A, ARINTRT X 9720 T AFEM
EHTDHZEERA LT, TOXAF I 7 A0 (R FRLE) 72 & & iMIc i~ 7z hs 5,
BEOHERKE L BIZ, BEO—RT (F/~—) DORHATT AN, B k1 (¥
A=) OHTA, "PIS—HIFIANEET LI ENDbrosTc, WbWwD glass
polyamorphism 7 f-2M o 72T 1223, Z Okk 13, IR - IR O Z s L<ETn s,
SEOICRRDN T AEOMERD XA F I 7 AN, BIRH T A5 & I D RICEA O
2RO b anolz, WIS IEROREEE TIXR N> T HHER TH 5,

(2% 3R]
(1) Ryoji Miyazaki, Takeshi Kawasaki, and Kunimasa Miyazaki, Phys. Rev. Lett. (in
press), arXiv:1604.05886

Copyright (C) All Rights Reserved.



10/26 9:40

T AR DHF-BRFEE
(BEHBRRFE REREZEMER) K 4 MHMEFER

ABEECTHEHZRTEEORF-BRFEEEBLOBEEND, ZROROT F
2AEXB - ZGELEIEVWOIRBRERNTS. BLADRZIL, ZHoe&IcBiT
PHFEEEERFEEOEAXEZX 1 1T L 'YX XXX X
. BHEFEEMTIX, BAOKRTIIRNEFD
BTOWVWTHICEXoTHEHDLENTHWTH RV, 0006 0000
— 5, mEAeMHTR, faourries @000 10000
HMF TN ZEhRE-EBFORELEDZ-E OO0 00 | 0000
BRHXD. #mETHIE, ERFesl it ¥ E: (DBEESS H)EESS
DUECHTAEHEEITERBLTWVWERRFOBEORZHIIHT 5 H HEDR
BolIREETHY, BFEAE&LIX, TE LR FOBBORBDOTE S O HHEN
B LZETHD, LSO LIHKS.

Txixv7 ) hBERNEREIN2BH/mEHNDZLICE - T, ZTOEERF
B EDHAEE T T ANLIRT S LR BT, V) hikEH TIRKRE
AT AERBTHHIT, TOREFFCHSHAEIERATLIHEH (LS B)

k£ 25, REHETIR, B P = 4
LY IIEEL MILICE X "‘.‘. ‘"::;r ‘.;::"
3“ L X YN X X |

B2z LR (K2E).
— 5T, HZAMTEHRZEDO

T FERBN D HIC R B2 (K (RRBEA TR (BBREFEH TR
BV OEBICHE™NEEND. ZORE, VU DEOMETRITHE < FE
LT, RFORBBEIZOWTIIHERNENVERFT T A 2 )L, KiFDNL
BLEEOHFICOVWTHERGAIBEFFI TR (K2A) O_BEOMEEE X
HILEBRHEKD., BARIOZOOMHICKIET 2BEER L, FHEHERE
AWTZEDOROEBEZMITHICHE L., Z0/E, PR L L EHRBB T
X, ZODHIXRANFEFNICER-TZHTHY, RBESLCEEZE/{LIETWN L
FHMPOLIRTDOHTAMEANDH T AT T ABBREZ D2 EHNHLNIC
ol BETIIEEDOI I2L—3a UvRERICBVWTZOBRLLZEBHAT S
HIZEDL O YBEEZBATHLIEIRVONTOVWTHEKRT 5.

[&%& k]
[1] G. Parisi and F. Zamponi, Rev. Mod. Phys, 82, 789 (2010)
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JEI A BT T T e B S BIGR ORI F BB (2 B3 5 P« RSN ERERS

(BT BRFEZLLMBEHE) JIREE

[IZt®ic])

anAf FHBRIC, RERIEOREXZAMNW 22T 5 L, 1 AMERTHRFIITOR
FTCR > TRARWAFRHEE CES T 5. —F4, REBREN/NSWVWREE, BFREBIZEBNT
21 AHERTTRTORFRTORFTICES, T AAHEENEOND Z L BRREESNT
W31, 22T, —HEIRTORTARFHECTESTILOCRkd L, ZELRA#HR
BEICIIR LRV 0D, ZORMWHHERSZEORMRETHSLEXE. —F, KK
BrBEoanS FHERIZBWTL, RERIECK LT, H2HEHNRIRRIELELS L
RATWELIE 2 AR TN EGRICHAT A Z ERBEINTVAE(2). ZORZRIEE VI,
D% < OWIVRIBEB L BELIL TEY, ZNHOMICIIEBEERTFET I bDEEXDN
T35 (Directed Percolation ¥E 27 7 A7 EL#H I D). LEEDOR FHEIZEET 551,
DERLT BB LT VVEBEESRORTELNIZERTH DM, —F, RTFREEMIZR
HEEBESHRICBIT ZMEIIDRV. 22 THha1I, HEEERCL Y BEESBRICE
iF DR BIE OBRIPARRBEER IZ DOV TRER 72 (3).

[R5 53R & B52)

AT, 3 REDOHDFEINFEY I 2L —a r2{Tolk. BT %2HEHA Langevin 2
X CERE) =, Lees-Edwards ERS&M4EZ AV, BMOT R y(f) = y,(1-cosar) & EHIHIZE
b3 BB E 5 2 72 KT RIS 2 RO BMRAIRT v X v UG) =(e/2)1-(r/a)} &5
Z, BLIFOEREIEITp=80%ICEE LK. 2k, ARIBITHVY IVI&EBAIX BLE
@, =65% ThHY, BoTLRIIEFRNTHDH, ARITITHERBESTFEL, BRIGHPEH S
h3., 22T, OTHORBIEEy, 2B SEBOMFIELANIRER, BEESBRT
HRLTEEICEI T 2 A - RAFEBIBHI SN, L2 A8, EITHMR (L, 2) TRENEE
ERMEVEE L IXRRY, RTEERE, OTHORERIE y iIox L TRERICEBTHZ L
Bahofe. DT, TOREREBIX, /- 0T H (y,) HBRITBIT3BERRAUTIBNT
BZBHZEBHALNE o, THE BRBRRIT, BEROMMERELR & BEERE 5T 5 5R
Thd. £, RPN TN SR D — VG2 ET OICLER T XVX —REEE L
BRETOBET XL E—REVES. 202 ehd, LEOTXLX—[EELEBIS LW
9 EBRIX, BARHICHIBOFERMBECTHEEEXDND. FHEEREHIFICLD L,
BUEMEALIBRIC K Y, AR EOREGERE (1 RIEEE) NHAINS. £-TC, BEE
DERTORFEER, TXNVX—[EEZEZSEVIRELEIMEEEZ L ODIZ, FE
BB RTHDOEELDLNS (3). TR, M EORRIX, RICKRIEES OIS
LFT—mEN VRS bOLHFINS.

(2% 3CHR]

(1)D. J. Pine, J. P. Gollub, J. F. Brady, and A. M. Leshansky, Nature 485, 997 (2005).
(2)L. Corté, P. M. Chaikin, J. P. Gollub and D. J. Pine, Nature Physics 4, 420 (2008).

(3)T. Kawasaki and L. Berthier, Phys. Rev. E 94, 022615 (2016).
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HBEBREEEN—V AT U NFRER Y — 2 W RATHEE O
H

(BRIER AIMR, JST-& X 231F) Ak iH:Ad

[zt ®iz]

W=V ATV FFERv Y=L FENTEEBEDORZNICTEDAEIN TV D ROKF#EE
EHHT S FETHHQ), ZoFETEELAODRERT -2 oEBRENS 0,1,2
RIEDFT(T FAZE— VT F¥ET 1) ORESEERNKT D, X—TV ATV |
FERY—IIROREEEZ2ODERTEREMAL 2 REOBARTREINS, KiX
ZPORTFZLVBRENIOT. ZOHARIL 2 BEROSELSMEEL R2TEN
T&5(2), BRREOIIN—TRHFARATRACHbbh 2 HEREKFREEEZ -V X
FUMNKRERY—RHAVAIETCHR—HCEIERNTAETHILVIELZRERLL
(3)y —FH. BRI T AREDIIRFEBPXEN L RDIITABETCEOIRTFEF
e L7 20 HE#EES FCC,HCP OB ENEH T 2@ ETH Y ik & BN
BREINTVWBEWQ), FVPFADR—VRF U MR ERY—TCRIICERIND &
IRFLEBZEFBRH S RABEIRIERNTERY, ZhiI V7 20BEEZTERT
5 ECHEE STV,

(R & &)

BL2QEIR—V ATV MFER Y —OFREEEETIEICLY, 20X RFEEDK
FnTr MVYBELRIBELZERTIHZRFELZHEB L, BRCEIESBEI T X
D20 HARBEOHMEEZ Bl LTIOFEORMEITI., i, BEFOZTFORY
2 —RE~NDIEHIZOWTHERE T 5,

[2Z k]
(1) H. Eelsbrunner and J. Harer, Computational Topology: An Introduction (Providence,
RI: American Mathematical Society, 2010)
(2) T. Nakamura, Y. Hiraoka, A. Hirata, E. G. Escolar and Y. Nishiura, Nanotechnology 26,
304001, (2015)
(3) Y. Hiraoka, T. Nakamura, A. Hirata, E. G. Escolar, K. Matsue and Y. Nishiura, PNAS,
113, 7035, (2016).
(4) A. Hirata, et al., Science, 341, (6144), 376-379, (2013)
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Slippery Interfaces -lubrication of director rotation-

CRoRBeE) IUAS i

[IZC®IZ] BEFEDOZLDIRET TR T T, BIHICIVER U REDEL R %, B Off KEZH)
HREBICRT D, FIARBMTOT AV T IIREBREEEZHS, — 5 T, MBFEMKS
(FLC) (SmC*#H) %0, B FRELT NV —HTIE, RS FOREFEIEHE AT > TH IR
CAIRIRBICE IR T2, RETOTY A7 TS T LLSBETIIRN, FI TR 1T, 7
EDT VT F1% 0123 % Slippery REEEBRL , ¥ AL 7% —DRIEREE) O IFIZL2ERENE
EDER L FmEISE ATV SEBREEZRE L, FiC, BOFREELT V—HETIE, AES
NAEED - RO T/ FE % Slippery L AN ERH D, T, RELHFHR D TGS
12&% Disoder h 5% VT, Slippery A E D B AR AERE TTRES 2R ARE L,
[ 5LE22] 1. Disorder Zh X H CURARL Slippery F I ZERL W ABARIC AR MM Z N2 5
FRERRS MK T T 22 LT BLAIBI TN D, EDITIZ T AW DR E O R A i te b
SR DO ARFIR LD EH 325, W& ORRITIY, 7 — RS ST T,
FEROE NIRRT 22812705, 22T, R A - iR GL D 3 B OMAE
DEREERGRSE, MR L7257 (AR A8 23 FE Rz iy, SHITHRIRE
JBE B CURARAR 23AEEL I L7 B2 FEBLCE 5 (K 1), Zhve B CARkL Slippery St e
eSS, Fox 1T, 57 — RSB T C, 7o ) 7 = x X —2NEE 0 £720 . Slippery
WEENFEB SN TNDIEEFEH LT, T BV 7N FAELIRN T2, Slippery St OB
IRIRBEZ ARk T IRERIE 2 XD REEMEZRIE L, ) 2 1R T I, ZED DO
PEMV T WG ZH DR DEIDE DG Bl 58 FE T85O [RIHE 4 3 FE ol 2 He il L T
KELRY, ZOMEZX SR EEMENs=2x10-TNs/m LRDOND, SHIZ, REICT Y e f
T57 7V —RME/ ¥ —IZXVIR TV E L SIS RS IR R D D720
Slippery S I DA RITHEIL T D,
2. Slippery 5 HIZ LD TBKE) SmC*L PS-ChBP
W BN O KBS T —R(DHFLOR, B FEE
b7 /L—4A(PS-ChBP)i%, 100msec LA FORVEREZAL T
WAHEBNMEICHDEM, ZhET, IEFICHVEREELES
VLT A7 CEAanotz, | 3 IRT I,
Slippery St #i% H\ /2 DH-FLC £—RiZ, 1V/um LWVOIRE
RCO @ RSSO N A LT,

A

(LU TRV E TR

{urd g ) afges Supanag

{iaks] Pulse width (msec)

W .« 0w w w X3 Slippery SmC*iZ k%
' "' BRE)EEE DR L (X -
4 " Slipper FHEH &, TX :
1 Disorder Zh3E 2 REAHREIE Slippery & A)
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B & FUINS 2 EBEm 5 RN — F iz alfiz 4 5
H40% Lehmann [A]#5 & MR I TV D08, O

D THE < R BB 7 & M LIREWER, MRRIEARR IS 2 2UHE)
[ ﬁih(ﬁ'ﬁﬁrﬂ.%ec‘ ?fﬂ{;lm.OmW/mmz)

NTWEEEZRW1], T4, Z O Lehmann [H]
GEOEELTRT b0 L LT, mEafmEme 2 @ ,:, .f;
¥ o THEFHEABE IO LTV S Ch il ' - -

oSN EEET A RENRE Sh (K 1,2) K 2ORERER. CC BRI 35 1 2 Z\ERE)
21031, —a@ﬁ%i TR D BRI 5 D R B (It E([E R 1.2sec.  ZA3E:6.0mW/mm?)
(RAHRMR) (2B 225 ()M & Ch OO LT COIGFRERE V) | b TIRES -
%mT?®ﬁﬁwﬁﬁ%énfwéo%@tw\L%@%Lkwf®@%ﬁ#é%£&ﬁ%f%
L, BDOINNIXFT VT A EH LB ARATIZAHIUIRE LG EEN2BHLETH D0, HH
MONTNR, 2 TARBIECIE, BG0—BMEEREET 2728, RGNS O % 7RI % K
FR TSN OWE ., BARRNZIE T v FHFHRA U S~ —PF656 |ZE#H L RIESES 2 FET 5 L%
ATz (VY Tv— - HRIRER) .
[FREEBE] A4VI~— & @é%c
BT ChikpiE R L7 2 A X34
mTiOLMm%LLU%x8®%%®ﬁﬁ

. e . 3:.U AR fhi 12 ULE)?}L%[:@J[E@B L))
AFEBLL (U, 8 OFRIRET) | REAE (k§:400msec, %zwm.aofnwxmma

ZEVINT 5 & Z 6l 512380 T RIHRES) 3
PR SV, T E | [EERHE IZEIN L 72 L
T L U7z 728D | AR IRIRE DA 3 B o BN
THIS T2 b D ZE IR R o) & EFR LIRS E
iy Do U T 8 OF AR IZ I T ]

X 4:8 OFRIE AT 01T 2 AR [ 6
(#IFR:400msec, ZN7i:6.0mW/mm?)

Sk s TN
ERFE | RATRRICB N TRERT 2k L0 cC b oo T e
RIS 2R L Lz b = A, M5 IORT & Eu. hAmwﬁa.ﬁ%@%
512 U FARIB LU 8 OFRESEICIS O TIRR LY § Uirigen f o)
b, CC BEVBERE VI EAHALE, 202 5 | . faneg
LiE, EESES) 2 FHEL T B DI R AR E VB 4 SR SR
T < | YA DRIEIT L o T EEO B AL, R B

Droplet diameter [umn]

FENAHAL, REAL L Vo T Fix O RIS CTRE LY g 5:4i 8 00 R 0 Hoe (LA

L TE D Z &Rt 5, IR ETERD, NOBEF 3 7 )VEIAIRE)
[Z3%E3CHR] [1] S. Chandrasekhar, “Liquid Crystals”, Cambridge University Press 2" edition (1992)

[2] P. Oswald and A. Dequidt, Phys. Rev. Lett. 100, 217802 (2008)

[3]J. Yoshioka, F. Ito, Y. Suzuki, H. Takahashi, H. Takizawa and Y. Tabe, Soft Matter, 10, 5869 (2014)

Copyright (C) All Rights Reserved.



10/26 12:00

BHANBE TICBI NI VAT Y v 7 k5 OB A B

(1 BRET, 2 KFERAMENHEH T HIs LE ©8 "M M %0 mEk?

[Iztwic]

AL AT Y v 7 (ChREEICIREARZHINT 5 &, L—~ VEHRE PRI D — 5 O/ M)
MR U5, SN O, FEHHEFITSH LT Ch FE(EA:R~10pum) (2R EE AR 2 FIn4
HEL—< U REENEET L LA LMCLEN oS CIREELRIC L 0 AT DB
iz kv ﬁﬂlﬁ@%?ﬁ@[@béﬂé —Ji. L=~ AR T VR IS @ T D R B o —
DTH Y, Leslie | X 28FTld, BYURICIR S 3 52203 As ChICHIINE s L Bdm)
FHEERE S D & THISITWD, £ 2 TARFFETIEL, 2YioRbo 0 ITWE T2 vz id
A [alds DO ERE &2 5k A 72, BARAICIE, 7Y R & ChiREsICIin L, 462 v o J |
MOMKT LR EToT, T X BUD N T v A3 X BMAREER TERANSE ORI A1 5
W THDHTD, Ji‘éﬂﬁﬁ’:@ﬁ@%ﬂ‘{ﬁl N HEVRI F RN,  AEROREAFNET 5 &
HffEshod, ZOARIZH > Tc Y AEOFIIC L 2 Ch i OB AR 2 G~ 7,

(R L BE]

1 IZ BRI TR 1,75 6% & 12%D AN DO T hJL 7 (ZHAEL U 7= Bl 1] [ 5 0> 5
RPoDHNT S NP U MBEE ROC:T Y NP U BENC T DI 2Rt 7Y _o¥
‘/?%ﬁ?@iébu IZFE Rol3IE L, +oRENEL 2D Ly 5, Z OXE) & 58500 6B

CEDAEL D AKOWE A2 Z[E LT- Leslie BIFgIC DB L=, E7 /L OFEMITAFZE
/\él HIZEEAT D2, Fx OFEFT L CIEERBE S b R%&t.’c%t@ftf% bbb,

Rrowx I,(1-exp(2GRC)) (1) Br——"=%
I \ — ;=12 %

STARHEHCTH B, ROEM L
WTEREREZ 7 v T4 7Lz E12 s =
HRAR | PIARTRLE, Re o o 516
OEGRE T VLERAERE R S g |
LTWBZ Eabhs, Kic, fafn g Of. M o Tt E“ _
FEEE Ro(RC=0)D L ikfEia™ 1 & (87 E bt
AT, Ro(RC=0)E I, IZH o | & U ?U[M']” 13
Bl LIES 5, = OFEEIER() T D{) ] 2 3
W 2R E K LTS, B RC [um wt%]

FEORERNG . FAOEREIZ L A4 .ﬁéfﬁ%gﬁ%ﬂ%ﬁ@r@ﬁfﬁT//\/t VB ﬂi
NN ey . DARLENE SRR EANT T 4 v T 4 v T BT T
LoV AROWHIIZ LD Ch O Roc 7, AR R D ARIEAEIREN AT 5
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- ) :—o

[Z%C#R] [1]7. Yoshioka, et al., Soft Matter, 10, 5869 (2014)
[2] P. G. De Gennes and J. Prost, “The Physics of Liquid Crystals” Clarendon Press, Oxford (1993)
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