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[Introduction]

The collective motion is a coordinated behavior of self-propelled particles (SPP), which is
often associated with the formation of large-scale patterns [1]. The in-vitro gliding assay,
where cytoskeletal filaments are propelled by biomolecular motors immobilized on a
surface, has drawn much attention as a model system for demonstrating such collective
behavior of SPP in-vitro. Recently, our group has studied the collective motion of most
widely used biomolecular motor system microtubule (MT)/kinesin [2]. Nonetheless, the
effect of length and rigidity of single MT filaments on the collective motion is still not
unveiled. In this work, we will present the collective motion of MTs of different lengths

and rigidity.

[Results and discussion]
The effect of MT length on the collective

motion was firstly investigated using

structurally flexible MTs prepared by
polymerizing tubulins in the presence
guadine-5 ‘triphosphate (GTP). We found
that, regardless of lengths, the flexible
GTP-MTs organized to local stream like
patterns due to their collective motion [Figure 1. (A)]. Next, the rigidity of MTs was

Figure 1! Emergence of different patterns by
collectively moving (a) flexible MTs (GTP-MTs)
and (b) rigid MTs (GMPCPP-MTs).

increased by polymerizing tubulinsin presence of  guanosine-5*[(a,B)-
methylenoltriphosphate (GMPCPP). Emergence of a large spiral pattern [Figure 1. (B)]
was observed in high-density motility assay where comparably rigid GMPCPP-MTs was
used. Thus, this study reveals that rigidity of MTs rather than their length is the

regulatory factor of emergence of different types of patterns from collective motion.

[References]

1. T. Vicsek, A. Czirdk, E. Ben-Jacob, I. Cohen and O. Shochet, Phys. Rev. Lett., 1995, 75,
1226-1229.

2. D. Inoue, B. Mahmot, A. M. R. Kabir, T. I. Farhana, K. Tokuraku, K. Sada, A. Konagaya,
and A. Kakugo, Nanoscale, 2015, 7, 18054-18061.

Copyright (C) All Rights Reserved.



PA-02

AR ETERBI S NIcz v FRO Y X LER)
UuKRBeE) OmMEEAR, ARFEZ

[ixt®»iz]

TRy L 7oR NI, AR AER B < 72012, BRI UIE LIREMER 28 %
AT, ZOERIZ, BRI TRELSETHZENMbLNTND, TNET, Fxiddhn
777 4 v 7Ry NTER LI ERE HWT, HEREIC—HRICEE L-ESoaa
A FRi+OEMEEC OV THFZEEZ T CE (1,2, 2oL &, v FhiMIcE< A
TEFR D=0, B ) X A &2 R4 2 EBnhbho T D, ABFZE T, #EvL %
WT, BEEES TOav A ROEMREEROBIRZITo7c L 2 A, 7Ly L3RR ) X NE
®Aa D L7,

[=5x]

EERIE, R 3.0um O U DRI LT KR 2, HEE/L (6pm,10um) OHIZE
L2, Awr7 I 74y 70ty PTHERLIEY V7B T—EDMER &% 5 2 T,
T PRI JE EEE) S e, BEE O OREA 2L ST, R OEMRER A B LT,
(R L BE]

3 KL 1-% THIE SN EREC OV TR T 5, BEmROEN 2RI T, 2R3 7 F
28 —HEVEET S (K1) , 2O, 207522 — X 1R L0 b AEEREHNZD,
ATORLFIZIBVD L, ZD%, RITFOANERZNBEZ Y, §iD 2 KNI T AX— L7020 B
N5, BEHEOFENR R TIE, ERROBEI YIRS Y X AEHN R o7z, EEEL
DA, B pEENEE T& -, BrfhrChirZEAEES S5 L, M2 IR T X
N, BEROFEN QWKL E R C L D2 2 KRN T A2 —ZEVEET 5, LavL,
ZOWE, 1RIFIE7 FAZ— X0 b AEENELS 2D | 2RhF D7 T AL —TIBWVWDL, £D
B, VITAX—OMBZ DD . FIEO 1 RN D, R+ E2REmRNHmE ST 5 &
HEEIT— RAED Y, 3 R HIXTITEME CHEEN 21T 7, = OfZdEEN T, @M,
JEHIZ &2 FATIRILOB K L RAEMH AR OERIRO L5 bDIEEBEZbND,

@ @ O
P D P S
W OO Q-0

B 0 B B L 72 55

X 1. BEmED HEENEVGS X 2. BEEN O DEENH ZEE
[2%3CiR]

(1) Y. Sassa, S. Shibata, Y. Iwashita, and Y. Kimura, Phys. Rev. E 85, 061402 (2012).
(2) S. Okubo, S. Shibata, Y. Sasa Kawamura, M. Ichikawa, and Y. Kimura, Phys. Rev. E

92, 032303 (2015).

Copyright (C) All Rights Reserved.



PA-03

AEARTE 53 F DAY ST ZFERIBRIT 0T B I B 28D

bbb kBEEE 2) p4J11E2 ') Tanjina Afrin', Arif Md. Rashedul KABIR?,
{EEE]%DEA 1,2 %ﬂﬁ/ 1,2

[ixt®»iz]
AYNINRENODBEEZEET IO ORBEICHKELZVATAEBELTBY, ZOFTH
AINVETTEER & L COREIZRT=T (1], BUINEIXZ OIZHHEIEDOREEER O 72 ORIKE R
E LT &, Z2< OMIRTIEE) Tl x REBI 2R3, £OIEBIOF THUMEIXRB, 7MY
REBAA LA EBBEEREZREI L, ZOBEERICHE VW EREEENETE L
B LNIZRoTND2], IDIZZDEEX, TN, <v—RIRAEZEDE S OMREM
REBLEBERBRID D EALNTWVS[3], LML INE TIZHNE OBELE S MRNY
BRI RIETREEIC OV T+ RRES R I TI oz,
(R L B£]
AWFFETIZ, WAL DA N L RIZ K DWMNEDERRE—F—Z NI ETHLF R X
DYEEIC RIETEOMAZ BN L5, O 0MINE OEEE 2 R BL S 5 EBR R & 5
L. EJE L7=MuNE EComERREZ Y 7AZ A MBS LT, REFRTIEF R VI3NE
ERREIT 52X 1y (Ksps) &S Ry M(Q Ry M) ZHiikd 5 % % (SNAP-Kinesin) D 2 FffH
W, BUNEITE I E AT B 2 EM LT b O EER LT, 1ZUDICH 7 AR R
Ks;s KOVA L7 R 7 BV (SO Z IR RS S 872 (Fig. 1), CO%RMUNEZ A, UNE Lo
Bt & AR Lo St & OIEHAFEAMEOMHAENEM (Kd=10" M) 12 LY Bt E/FHBAL O % FERR 12 [
iE LTz, BUNE O Bt RIEMERNLIEL ATP 2% 5 & Ksps OBEENC L 2 1EE 21X U b, Bt & St DOFH
HAERIZ X 50072 IS X 0 U INE ITHIOIS 13 o 0 | DRSS Lz, Z Ok L
7o VE | C SNAP-Kinesin 1255 Q Ky bWk a#8lg Lz & Z A (Fig. 2(a)) . #5/INE O Ji B
TIEQ Ky hOlgk s TN T A MR L7z, £72. Image], MARKII Z W\ T Q Ny h&EFEAT
SNAP-Kinesin 23/ NE D E DOy 288 LT 5 )2 i@t L7245 2 (Fig. 2(b)) . SNAP-Kinesin
I NE DR TR — S OREBE L T D Z LA RS,

St-Bt interaction

Direction of MT & Streptavidin (St)
movement o :Biotin (Bt)

A — : Microtubule (MT)
= Y : Kinesin

Glass substrate

— :Qdot \!
— : Center of MT

120+ T T T T T T T T T T
100 120 140 160 180 200 220 240 260 280 300
X position (pixel)

Fig.1 Schematic illustration showing the experimental Fig. 2 (a) Fluorescence images of Qdot transportation along a
design used for demonstrating buckling of microtubule. buckled microtubule. (b) Trajectory of the Qdot moving along
MT (red) Black line is the center position of a microtubule.
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Fig.1 aging time dependence of viscosity at
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1. Introduction
Biomolecular motor system microtubule-kinesin can perform mechanical work by
consuming the chemical energy of adenosine triphosphate and has been considered a
promising candidate for developing artificial nanotransport devices. Recently we
integrated microtubules into assembled structures, e.g., bundles by employing a DNA
based interaction among the microtubules. In this study, by introducing a
photoresponsive moiety to the DNA! and spatiotemporally regulating photo irradiation,
we aim to control the active self-assembly and mobility direction of the microtubules. This
work will widen the future nanotechnological applications of biomolecular motor systems.

2. Experiment

Microtubules were polymerized from azide modified and fluorescently labeled (Alxa488 or
TAMRA) tubulins in the presence of GMPCPP at 37 OC for 30 min. Two types of
microtubules modified with two types of DNA (CAA8Azo7 and T12TTG4Azo3) each
containing a photoresponsive moiety were prepared by using the azide-alkyne
cycloaddition reaction. The photoresponsive moiety underwent isomerization to cis- or
trans- form upon visible and UV radiation respectively which consequently allowed the
assembly and disassembly of microtubules gliding on the kinesin coated substrate. The
photoregulation of the assembly of microtubules was monitored under a fluorescence
microscope (1 =335-345 nm) and YFP-filter (1 =490-510 nm).

Visible light irradiation UV irradiation

3. ReSUltS a {A>400 nm} (300 nm<A<400 nm)
The design principle used to controlling the ¢

active self-assembly and mobility direction of

microtubules is shown in the Fig. 1. The

DNA-modified microtubules exhibited b Visibl? J\lig;g nirrad,ialiun VisibI? ;\”%;:; nirrac;iatiun
gliding motion on a kinesin coated substrate : — [ ;

. . I—L X =3
in the presence of ATP. The gliding ‘

microtubules formed assemblies under

NN

visible light irradiation and the microtubule

S Microtubule = Photoresponsive DNA 1 Kinesin

assemblies were dissociated upon UV light i et ' _
Fig. 1. Schematic illustration showing the

regulation of active self-assembly and
mobility direction of microtubules.

irradiation (Fig. 1a). Experiments are now
underway to control the movement direction
of microtubule assemblies through
regulation of the self-assembly by spatially
regulated visible or UV irradiation (Fig. 1b).

4. Refference
[1] Asanuma et al. Nature protocols 2007, 212, 203-212.
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[1] W. Li et al., Macromolecules, 45, 6618 (2012).
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(1) Ujiie, S., Shimada, G., & Nata, M. (2015) Chem. Lett., 41, 351-353.
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Fig.1 Plots of shear stress vs. shear rate at different voltages under (a) stress control
and (b) shear rate control.
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DNA assisted control of swarming of a biomolecular motor system
J.J. KEYA1, A. M. R. KABIR2, D. INOUEZ?, K. SADA 2, A. KUZUYAS3, and

A. KAKUGO? 2
1Grad. Sch. of Chem. Sci. and Eng., Hokkaido Univ, 2Fac. of Sci., Hokkaido Univ.,
Sapporo 060-0810, Japan, 3Fac. of Chem. and Bioeng., Kansai Univ., Osaka,
564-8680, Japan

[Introduction]

Swarming, a collective behavior observed in living organisms, emerges some unexpected
functions which cannot be achieved by a single organism [1]. Being inspired from nature,
construction of swarm robots with artificial swarm intelligence is rapidly growing. To
widely apply the concept at higher scalability, designing of robots at the molecular level
with sufficiently powered actuator and task selective processor is desired. Latest
technological advancements permit the fabrication of functional molecules which can be
used as molecular devices [2]. In this work, we used biomolecular motor protein kinesin
as swarming molecular actuator which can propel microtubules (MTs) in an in vitro
motility assay. We controlled the swarming of MTs using a highly selective and

programmable material DNA to operate the logical operations.

[Results and discussions]

. £
To demonstrate swarming, the :D_o_. No signal LIS ==
1 . =

molecular devices were constructed

by conjugating DNA strands to the ks, - 9

y jug g . T — é’l”ﬁ'.'r‘,;‘,;,‘ — \\’
MTs through copper free click Do =)

reaction. The bioactivity of DNA-MTs 1

was confirmed from their motility on Fig 1. Control of swarming by logic gate operation.
kinesin which was observed by epifluorescence microscopy. The swarming of MTs was
controlled through reversible AND logic gate operation by input DNA signals which was
monitored from the resulted yellow color of groups of MT's formed by the self-assembly of
red and green colored single DNA-MTs (Fig. 1) and their reversible dissociation of swarm
pattern into single DNA-MTs. Tuning of mode of motion was possible from translational
to rotational by changing the length and rigidity of MTs. Using high selectivity of DNA
molecules and their hybridization property, orthogonal swarming of the DNA-MTs of
different patterns was demonstrated. This work would benefit the development of swarm
robotics at molecular level in near future.

[References]

(1) Bonabeau E., Dorigo M., Theraulaz G. Oxford: Oxford University Press; 1999.

(2) Seeman N. C. Trends Biotechnol.1999, 17, 437-443.
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(1) S.Milner, Soft Matter, 2011, 7, 2909.
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[1] Tamura, Y.; Kawamura, R.; Shikinaka, K.; Kakugo, A.; Osada, Y.; Gong, J. P.; Mayama, H. Soft
Matter 2011, 7, 5654.
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Graduate School of Chemical Sciences and Engineering, Hokkaido University, Japan!,

Faculty of Science, Hokkaido University, Japan?
[Introduction]

Mechanical stress has profound influence on many biological processes. Recently
biomolecular motor driven intracellular transportation, an indispensable cellular event to
living organisms where microtubules (MTs) serve as the rail and MT-associated motor
proteins work as a transporter, has been reported to be modulated by mechanical stress
[1]. But how MTs are able to take part in mechanoregulation of associated cellular
processes and whether MTs themselves can serve as mechanosensor remain illusive yet.
Here we develop a system that allows investigating the response of MTs to compressive
mechanical stress [2]. By monitoring motor protein driven transportation of cargo along
deformed MT we unveil the effect of compressive stress on the dynamics of transportation
by motor protein.

[Results and Discussion]

Calculated strain
01 2 3 4 5 6 7

We have systematically investigated the impact
of compressive stress induced MT deformation, i.e. 0.25

buckling, on the motor protein-based transportation @ . ‘ O Afer reloasing strain
of Quantum dot as cargo. The kinesin driven § 0.2 —
transportation 1is significantly retarded by the EMS- Co
buckling of MTs (Fig.1). There exists a critical ‘g ’ m”’eswo,, .
strain (25%) for MTs beyond which the kinesin g 01 i e
driven transportation is substantially affected. For : I 5 $

. : ) S 005 R
MTs deformed by relatively low compressive strain § e Xation #

o

[*]e ]

the transportation could be reinstated on release of

the compressive strain, which was not successful 0 5 10 15 20 25 30 35

beyond the critical strain (Fig.1). Interestingly, the
binding affinity of kinesin for the buckled MTs was
found stronger compared to that for undeformed
MTs indicates that depending on the mechanical
state MTs may have variable affinity states for
kinesins. When dynein was used Qdot
transportation was found to be accelerated along the
buckled MT track which indicates that the effect of

Applied strain (%)

Fig. 1 Retardation and restoration of
kinesin driven transportation along
buckled MTs applying (closed circle)
and releasing (open circle) compressive
strains  respectively.  Error  bar:
standard error. * & ** represent
student t-test significance at P< 0.05
and P< 0.10 respectively.

MT deformation is not universal. Collectively all these results clearly reveal that MTs can
work as a mechanosensor. This work will help understand the modulation of intracellular
transportation by mechanical stress in cells and may shed light on the roles of
biomolecular motor systems in cellular mechano-transduction.

[References]

(1) Ahmed, W. W. & Saif, T. A. Sci. Rep. 4: 4481, DOI: 10.1038/srep04481 (2014).
(2) Kabir, A. M. R., Inoue, D., Afrin, T., Mayama. H., Sada. K. & Kakugo, A. Sci. Rep.
5:17222, DOI: 10.1038/srep17222 (2015).
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ZARBIZ L, B4 el ~ LIS TV 5,

LSPR DOHI#IZIX. €BDF /EELEHIITFA L TAZLBNELLRE, FOFEL
LC. MM TI & b, EX - BEOKFELR LITBWTRE 278085 5 B C/EBE
ZRALZLOBMONTNS  BRIRV U DRIFOBFETE / LA v—% B HEBICER
L. TOLICERBEHRETDHZ L TERROERBEZFFORLT (PX RRLT) BEF| LG
BERIND, ZOEEIIEBEROX ¥ v FIZRB W TRIZRIZIETFE L7- LSPR JHE /RT3
D —FTEBEOEEII —RICRESICRELIKEFET D, 22T, (i) KFOEE
Wk, BREREREDFEZEZXT Au ZREL, BREIND&EBEDOHEE L LSPR IEED
B EZAEAT 5, £ 72, 2 OFHEIIRF 0 B 8B bEEZT 7 L— MZHWTWA R,
TDXIHNRER - BEAY X AR FIZBATERBICBWTRHEOREE LR LES P,
ZDK;, ZOBEEZIBRENG R EICX o TEHMICHIET A Z L3 TE, $ERDBH2EBE
CIXFE<ERDLSPR R LKV ED, £ZC, 4ENX (i) £/ VA v—0DIREET LSPR >
BaRTRF2RAWTEEEEZER L. £0oEEE2ZERCENICHETS 2 & 2 HiET,

QD : [ 1) R D&M TIER LTz Au lROHITH D, M. RFREICT 4 —
LVEBRL, BREEE - BEZCRET 2 X 10)0 X ) REERYEREIRD Au ERT
&, AT MRHIEEITD LBEAD LSPRISERR bz, —FH., HORETIEIR 1(b)D X
HSWEREOMIMARE L, BHETIRFOEE Y LLESLTLEY, BED LSPR X
BRRONRPoT, ZDX T, BIREMER X OEOME & LSPRJEE DOBEENR S > T2,
M@ : IBEC X o> CRIFEIMEER ZH#E c& 2RIk F2 0838 (K 20) ., T
HE. BIAIDKE SICEVEBERDY A4 XEAHRICHETAEZ LTI LEZ, ZDLE X,

X 2(b)D & 9 IZ&RBEZ NN Lz 1 kot EOREERD B SRR STV 3,

X 1. SEM Eifg : R FREICTA—AEEZE K 2. XFER : (Y X ARFOLBORE L (b)
L, BWEEL— b CEERE L, MERE BERE, B7OREIL 700 nm, AuKOE
FF—NEEBRLTCOARVRIFICENE  EiX40nm) R —AN—0R XL, 2 um,
EL— FTRERE L, CRToRRiT 330

nm, AufEDE XX 50 nm) A —NR—DF

1. 500 nm,

(2% 3CHR]

(1) K. Sugawa, T. Tamura, H. Tahara et al. 4CS Nano 2013. 7(11), 9997-10010.
(2) Y. Iwashita and Y.Kimura Soft Matter 2013. 9 10694-10698.
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DIRT A— B PSS 2 D TS DDNZDOWTAFZE L TN E 720,
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2] == \d B vigi d v¥/
X 1 HEE o -~ 7 16 R 4 IR¢fH 12 HEf
SRS A FHER ©  6=246%  6=533%  &=984%
[ i R T w=104rpm ©=104rpm ©=29.4rpm
[ TR K 2: 7AW —Fy v RIZBIT 2R 7oy k

(1) V. Frette and J. Stavans, Phys. Rev. £'56, 6981 (1997)

(2) S. Inagaki and K. Yoshikawa, Phys. Rev. Lett. 105, 118001 (2010)

(3) O. Zik et al., Phys. Rev. Lett. 73, 644 (1994)

(4) K. M. Hill, A. Capnhan, and J. Kakalios, Phys. Rev. Lett. 78, 50 (1997)
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Rectification mechanism of electroosmotic flow pumps with thin porous polymer
membranes driven by alternating electric field

Yoshihito Matsuzaki', Yasushi Okumura?, Hiroki Higuch?, and Hirotsugu Kikuchi?

IInterdisciplinary Graduate School of Engineering, Kyushu University, Kasuga-koen, Japan
’Institute for Materials Chemistry and Engineering, Kyushu University, Kasuga-koen, Japan
(okumura@cm.kyushu-u.ac.jp)

Introduction
The electroosmotic flow pumps are non-mechanical
pumps consisting of a porous material and a pair of

electrodes. These pumps have drawn attention from [ 1 T
many scientists because of their simple structure (Fig.1). %oroésmaatcm:l

In these pumps, an electric-field-induced current of
counter ions, which is forming electric double layer with
fixed charge, induces the electroosmotic flow of water
within the pores of the porous material. However,
generations of gases like hydrogen and oxygen and pH
change are caused by electrolysis of water under direct
current driving. Recently, alternating current (AC) driven ~ £ig-1- Principle of electroosmotic
electroosmotic flow pump using track etched membrane, ~ floW pump
whose zeta potentials on the both surfaces were different, was proposed by us. Since the
cross-section of pores through the membrane and profile of applied voltage are symmetric,
other asymmetric effect would be responsible for the AC-driven unidirectional electroosmotic
flow"). Track etched membrane with pores of 400 nm, which was made of polycarbonate film
with 10 pm thick, was used. By zeta potential meter, asymmetric zeta potentials at both
surfaces of the membrane were estimated to be -12.1 mV and -10.5 mV, respectively.
Results and Discussion

We measured Lissajous curves of the membrane sandwiched with a pair of electrodes under
AC driving at 25 Hz to evaluate the electrolysis of water that can supply direct current of ion.
But, the curves were symmetric without direct current component. The result showed that
time-averaging of reciprocating current by counter ion is zero in AC driving.

Asymmetric nature of Zeta potentials and the hydrodynamic radius of the pores were
obtained by streaming potential measurements and

Elediric double layer

S £

water-flow measurements under application of water £ 40 - - 40

pressure from both sides of the membrane. As shown in 3 20 20 Z
. . . . . © — L

Fig. 2, obtained Zeta potentials and hydrodynamic radius & =
were asymmetric. Here, asymmetric hydrodynamic €20 | [FAOER ECER - 20 £
o : . .8 oo oills B T g
radius indicate that thickness of electric double layers in  § @ 2< pg@ 2< o g
the pores depend on the direction of pressure applied to £ 0 ek EeEE | ° 2
. . A > [T L L L N

the membrane in the streaming potential measurement. It = L o

. . . . ~ Hydrod ic Zet
is considered that asymmetric electric double layers on Ve potential

the both side of membrane affected the thickness of Fig.2. Asymmetric hydrodynamic
electric double layer in the pore also under AC driving. radiuses and zeta potentials in track
The asymmetric thickness of electric double layers in the etched ~membrane obtained by
pore should have caused asymmetric electroosmotic flow Streaming potential measurements.
without electrolysis.

Reference

1) Manabu Taniguchi, Interdisciplinary Graduate School of Engineering, Kyushu University
Master's thesis, 78 (2013).
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Sustainable Division in a Model System of Self-Reproducing Vesicles

(Tohoku University) Thomas Boeddeker, Yuka Sakuma, Masayuki Imai

Taking a step towards the understanding of the origin of unicellular life, we investigate the self-
reproduction mechanisms in binary giant unilamellar vesicles (GUVs). Following previously reported
results on self-reproducing vesicles by our group [1,2], we investigate the extension of reproducibility
of the vesicle division and its limiting factors.

The GUVs used in this study consist of inverse-cone-shaped DLPE (1,2-dilauroyl-sn-glycero-3-
phosphoetanolamine) and cylindrical DPPC (1,2-dipalmitoyl-sn-glycero-3-phosphocholine). Heating
the GUV above the chain melting temperature results in shape deformation to a limiting shape and
finally complete budding. Upon cycling the temperature below the transition temperature, the vesicles
form a pore to expel excess volume and recover a spherical shape. Iterative heating cycles result in
sustainable division of both daughter vesicles. While shape deformation towards the limiting shape
can be explained in the framework of area-difference-elasticity (ADE) model, an additional energy
term, taking into account changes in local lipid composition is needed to describe vesicle fission. This
term is a result of the different lipid’s molecular geometry coupling to local Gaussian curvature [3].
Indeed, fission is not observed in single component vesicles.

At the current state of our work, we aim to illuminate the extension of sustainable vesicle division
and its limiting factors. A reproducible experimental routine has been established and vesicle division

proved to be surprisingly robust 45

with as many as 12 generations _
observed so far. We find a 4 »—{—u—n—i
relationship between the size 3.5 ——
ratio of two daughter vesicles 3 + B
and the size of the mother + +
vesicle at each division of i% 2.5

vesicle. Preliminary data are = -

2
lotted in Figure 1. While 1 *h:w
plotied mm rigure 11€ large 15

vesicles tend to bud more
asymmetrically and sometimes 1
form multiple buddings, smaller
vesicles show a single, more
symmetric division until a 0
limiting size is reached, below
which further division is not
possible. We aim to illuminate
the underlying physics of this
observation.

0 5 10 15 20 25
RO/ um

Figure 1: Ratio of larger daughter vesicle radius R1 and smaller daughter
vesicle radius R2 plotted against the radius of the mother vesicle RO.

[1] Sakuma Y., and Imai M. Phys. Rev. Lett. 107, 198101 (2011).
[2] Jimbo T., Sakuma Y., Urakami N., Ziherl P., Imai M. Biophys. J. 110, 1551 (2016).
[3] Chen C.-M., Higgs P.G., MacKintosh F.C. Phys. Rev. Lett. 79, 1579-1582 (1997).
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Mechanical Oscillation of Dynamic Microtubule Rings

(‘'Graduate School of Chemical Sciences and Engineering, Hokkaido University;
*Faculty of Science, Hokkaido University;
*Department of Computational Intelligence and Systems Science,
Tokyo Institute of Technology)
Masaki Itol, Arif Md. Rashedul Kabir® , Md. Sirajul Islaml, Daisuke Inouez, Shoki Wadal,
Kazuki Sada" %, Akihiko Konagaya® and Akira Kakugo'

[Introduction]
Mechanical oscillation is a ubiquitous phenomenon observed in living systems, which
emerges from a wide range of well-organized self-assembled structures, and plays important
roles in many biological processes. We have reported an energy consuming self-assembly
process of multiple microtubules (MTs) beneath an air—buffer interface that resulted in MT
rings with a narrow size distribution and a high yield [1]. However due to the low mobility of
MTs, the process of rings formation was kept unclear.

[Result and Discussion]

ﬁ
a | / \ Cross-section b
of the flow cell

with air-bubble

Air-buffer interface

Microtubule
Kinesin

Fig.1: (a) Schematic image of the
experimental  design used for active
self-assembly of MTs at an air-buffer interface. €
(b) Fluorescence image of MT rings. (c) Time
lapse images show dynamic reorganization of

the MT rings.

In this study, using established inert chamber system (ICS) and newly developed air-buffer
control method, we have successfully observed the dynamic conformational transition
between MT rings and bundles at the air-buffer interface (Fig.l a, b). Surprisingly, the
circular MT rings were not stable rather they continuously changed their sizes over time
(Fig.1 c) and also exhibited autonomous oscillation through changes in size and shape. In this
presentation, detailed investigation on the dynamic behaviour of oscillating MT rings will be
discussed.
[References)
[1] Kabir A. M. R. et al. Soft Matter 8, 10863. (2012)
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WRAEN EIEME, HPEE

[1ZTDIZ] 7V L FERAA 7 — L TER SRR L A bR b, Fy hT—
JIROMEEY T D, Bih, AR, BEHZRE AEBICRD TEL R o 5WER
HET. ZOMEIETERHAE O BRARIL, FERMIC L EXE CTHLEETH 2(),

anaA RpHRTIEREND ZVREBICEWT, BRFERRSNZR Yy MU — 7 #E,
EHMICIE, amA RU o FHEEEY v FH~O R ) —Z )V fRB O FE 53 Bl DS BRI IZ 3]
FESNTRERIER SN D IFFHIRE L L TASB#HRINTWAQ), LonL, 202 LIXFEFE
2. Z OEBNHEFEENE IS Z OB OB TWA Z L ARB LTS, o, Z
DIEB)HFEHAE D BRI A 7 — /W2 I61T DFIRE) OWARAY 22 S BI L <, il o BRI IA5
BTV RVONEIRTH D,

ZOZEEZITT, Txld, 2vA ROBCROTMALE A T I 7 RO T, MIEAH A
DO R E G, BRI EZIT 72, BRI, HESL— -+ A
WT, arA FOBCRO 3WITHEEDREIFEEA | 1 i FofEe CrdlicHie 32 2 & T,
T ACETE & FERICIISE LT, RRICHII D T o & N7 iRIEFR B 7 VIRREE ., il x DRL1-
ZEHGERICIBNT D 2 & T, FURICHE S EEERE O A O NS T 5 Z L AR KD BR
L L,

[RREZE] ZOfRE. FUbF A F I 7 ZAITEIT 591 0 M fEisk & s fe g 2
P72 CERT H 2 LI LT, EBIRSRITS OM KA A Lo & 2 A, Bl
OKACAHEST T 5 REFIEIRIZ W TR T DEEIC VR v b U — 7 HIENE O K FG 5 %
IEE &I B R 5 2 & o, EBIRREL LR IL, T O 2 1 A R ONLKFRT)
XV HESNABETFRHR SN, ZNDLOMEIT, ZUbIZBT 5 EHRBIREEER O 2
0—X ORI, KAM5ICERE S RATRIC L E 23w & v ZIRBE DR )N B
IREEE D Z EERIBELTVND,

[ 3C#k]
(1) J L Drury et al Biomaterials 24 4337 (2003); R Mezzenga et al Nat Matter 4 729
(2005); M E Helgeson et al Nat Matter 11 344 (2012)
(2) Peter J Lu, et al Nature 453 449 (2008)
(3) E Zaccarelli J Phys Cond Matt 19 323101 (2007); V Trappe et al Nature 411 772
(2001); J. Sabin et al Phys Rev Lett 109 195701 (2012)
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WNERMEB BB~ OM/NERE L8 DR R

(AbRBEk(b AL ABER 2) TR\ 1. 4K |, Tamanna Ishrat FARHANA!,
Arif Md. Rashedul KABIR?, {ZHfIC 12, AHE 12

[1IZC®iz])

HerRTECRICADND X O REMERS L1X. BETAEBEEBICHEERN I L
L TCHREE o ES R TRTHATH D, Viseck EF MWITIEZRITLETIR 2 EE) 4 5 Ak
FIZX-oTEEEZHHL., BB FbEMEBSNEENDZ L2 R LE, 2L
in silico TITEREB) ~DIMIED SN TV B, ERAICERES 2 FHH L7-613ED T
DRV, HARBTIXINETIZ, BETHEEE LTEKSFE—F—ThHMNE/F X
LUk, BARREREERLE LTAFAEA R —ARHRTIMEHNZHAND - L TR/INEE
HEBNOBRICEKTI LTV 51, KR T/ NEEFAES~DOER2BHMEEEME L, &
INETREE L AEB I DR E SNEFEBRRICEZ BB OV THRNZITo D THET 5,

(5]

WY L mF 2 —7 U & GTPAFE T, 37ICTHET L Z L TMINEEZEAS L, AN
—AZALWMET 7AW 77—tV EER L, Zo7a—kMIhEL L, TRV
V. BUNE, AT L E—REETe ATP ZIEICH LAFVECEEMSEIC L W Bl 21T -7,
S 5T INE OB E % Image J & V72 BIEMAEATIC KX 0 B L7z,

[FER & E%]

WGBS ZZ DR ATP IRINEZIZHUN 0 min 120 min
B OEBDBEE I, BUNEDTERCT DS
FEfRam & & I LTz, A F L m—R
FEVRMNIE, F 721 TMR D TR (0.05 wt%) D5
Rz TIEL, ATP R0 120 4314 & 30 INE D 1E Pt | B

7 XL Thole, —FH, AF kLo —

A0 ~ 0.3 Wt%) 272 B & . ATP AN Figure 1. Fluprescence images ofm.icrotubules
BRONE LT X MSEET B B 0O O ESE just after adding ATP and for 120 min.
(CHEWEL A Z2 il 2 THEBEN T 2R F 2 A b7

(Figure 1), S HIZAF LB —=ANGERE TH > Th, MBUNEDMERRE O S0k TITUNE
DR 2 2 DR ITBIE SN, AT bbb m— Rk IO NE 1 B 0 i 7 S0 NE
EFMEBORBUCHTEH LT D 2 LAVRIBE ST,

BV T Image J (2 & D BHEMRATIC &0 UVE OBLEE ] R e
(Nematic order parameter, S) & 5t L7, #5275 b . /i R Y
ATP ¥AI 120 Sy DR & BT 5 & BUNEDE  goo [/ o
R & R BT 5 BB (A T e A m— Al B /)

FUENIFIET 5 2 E RSN E 22 o7, SHIZZ DR o /
I NEREICIR U TERT DI ERROENT 0

0.1 ';:x I ,ri_iitﬁr\"*ﬁrf—*ff_i
(Figure 2) !
g o 0 0.05 0.1 0.15 02 025 03
Methylcelulocse concentration (wt%o)
[2E 3R] Figure 2. Orientation of microtubules

after adding ATP for 120 min.
Concentration of MTs and MC have
profound influence on the kinetics of
the collective motion of MTs.

[1] Vicsek, T.; Zafeiris, A.; Physics. Reports 2012, 517, 71-140.

[2] Inoue, D.; Kabir, A. M. R.; Farhana, T. I.; Tokuraku, K.; Sada,
K.; Konagaya, A.; Kakugo, A. Nanoscale 2015, 7, 18054-
18061.
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HERE N C O EIE D — DI 7 W X DEEDBFIET D, E DX 7 WZIFJE Ok
FWEOREABIEE L THET 250055 LEX LN TS, (LFEMICIE R ERER
ICEPNIZIE S 2 2 A MR- OBREIBIGUILRTIN G SN TE Y | ZOBEEIA 1 =X A
LT, WO IIE~ 7 v A=R], ae A FOLGEITITIEEKBRIAR < mbn T
W5, LinL, RNU 7 VEE ORI ROt OFHEMIERAEKE CEON TR Y | BERETO
— 7R TRV EANIEI SN D, D=0, BREI A = X MIMHEO L 5 e~ T
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L OB 72N 7 L ORIARELT N Y 7 ANaOR K E A v Y= s v art bz
ETRU 7 VORI pH ARCZEV L, £OAE T TR 7 V2 — B ERE+ 25 Z
LTI LT B3], Fex i, ZOBEIA H =X LE2 KDL HITEZTWD, £F. &V pH
BREGICA_T I DBl END Z & TRU I INVEEZRNRT 2 U IEE DK S BRI D &
W Lyso-PC CHRIAEE N ER S D [4], £ LT, ZNO OAERMINC L0 o7 V3Kl O L m =
FNFX—IZARNIER S I, N7 VEZEDOZR VX —NME T T 5 FmcBE+5, LLEo
X9 R = VX — O AEIC K D BREN A 1 = X A EHE LTV A [3],

Fio, BaIFEEMKERUAMNCS . — o) N U U ANaCOKER, Mok ks
v L(CaCla)/KiAi, — Ml 7 > % > (LaCls) KRR 72 k< Il & > & B LY
KIEW % DOPC Ry 7 VR LT~ A 70 A P =7 3 a v E{TWE DRI S % RIS
PRIz, EOFER, NaCl KiEHk, CaCly KIFIK 72 £ TRY 7 VO @RER~DOBEEh 3 Bl S
iz, bV 7 AEKCDAKEK, LaCls KER T 7 VOBENTBIE IR0 T,
N TV OERE) X T = X LDBIEBKBEI O G, £ OBEEE X, X7 o8 —ZEN, A
YV a VIRIROGA A A A DIEBIR D EDOKRE S, £ L CREAROKRE
SR T 5 [6], HETIX, FRCSMIERIFRIR A A AT D 7 VERBI B G % E BT
HIE LRI DN T, RUZVED OA 4 OREARIZ LV Bl & 2 S b Lk EI D
BRERAO T & i 5,

[2%5 3R]
(1) N. O. Young, J. S. Goldstein, and M. J. Block, J. Fluid Mech., 1959, 6, 350.
(2) J. L. Anderson, M. E. Lowell, and D. C. Prieve, J. Fluid Mech., 1982, 117, 107.

(3) A. Kodama, Y. Sakuma, M. Imai, T. Kawakatsu, N. Puff, and M. I. Angelova, Soft
Matter, 2016, 12, 28717.

(4) C.R. Kensil and E. A. Dennis, Biochemistry, 1981, 20, 6079.
(5) D. C. Prieve, J. L. Anderson, J. P. Ebel, and M. E. Lowell, J. Fluid Mech., 1984,
148, 247
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Regulatory effect of ROS on the dynamic instability of microtubules
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*Faculty of Sci., Hokkaido Univ., Japan)
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Introduction

Microtubules (MTs) are cytoskeletal biopolymers that play significant roles in cell division, cell
morphogenesis and cell motility. To accomplish these cellular events, MTs depend on an intrinsic
non-equilibrium dynamic behavior called ‘dynamic instability’ in which the two ends of MT switch
between phases of growth and shrinkage'. Recently, reactive oxygen species (ROS) has been suspected
to modulate MT dynamic instability in cells. However, due to complicated cellular environment and
unavailability of any in vitro investigation, no detail is understood yet. Here, by performing simple in

vitro investigations, we have unveiled the effect of ROS on MT dynamic instability.

Results and Discussion

To study the dynamic instability of MTs, rhodamine-labeled MT seeds were immobilized on a

cover-slip through the interaction with protein A and anti-tubulin antibodies. Then a polymerization

mixture containing Alexa 488-labeled tubulin and

(a) Experimental scheme
Microtubules

Tubulin

Microtubule

guanosine-5'-triphosphate (GTP) was added in the flow cell
to allow the polymerization of MT seeds. The dynamic MTs 2282

were observed under total internal reflection fluorescence
(b) In the presence of ROS (c) In the absence of ROS

microscopy (TIRF) (Fig la). We monitored the dynamic o
instability of MTs both in the presence and absence of ROS?.

The growth and shrinkage rate of MTs were found much

Fig. 1 E 1 h fi
higher in the ROS free environment than that obtained in '8 . AP erlmente-l . 5 er-n.e o
observing MT dynamic instability (a),

the presence of ROS (Fig. 1b and c). The rescue and  kymograph of a single MT observed in
catastrophe frequency of MTs were also found to be largely ~ the presence (b) and absence of ROS (c¢).

affected by the ROS. Moreover, the ROS free environment ensured prolonged observation of dynamic
instability of MTs in vitro. Our results have clearly revealed that MT showed enhanced dynamics in the
ROS free environment’. The findings pinpoint the importance of maintaining a ROS free environment in
the in vitro study of dynamic instability of MTs in order to obtain a more realistic scenario of the

dynamic behavior of MTs.

References:

(1) Mitchison T. J., Kirschner M. W., Nature, 1984, 312, 237.
(2) Kabir A. M. R., Inoue D., Kakugo A., Kamei A., Gong J. P., Langmuir, 2011, 27, 13659.
(3) Islam M. S., Kabir A. M. R., Inoue D., Sada K., Kakugo A., Biophys. Chem., 2016, 211, 1.
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[ % 3CHk)
(1Y. Guo et al., Adv. Mater. 28, 2353 (2016)
(2) Y. Sasaki et al, Nat Commun. (in press)
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B 1. = SR a A RS
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(1) Y. Tamura and Y. Kimura, Appl. Phys. Lett. 108, 011903(2016).
(2) Y. Tamura and Y. Kimura, Soft Matter 12, 6817-6826 (2016).
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Uy MEIZRR DTN EZ A LT E 0, BROETFREZ TN T 58, 1ERITHEA ek 1
Bl 7 L— kb y hOWPEZRH L T\ a2, Al & EROE T RHE O BRI A
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(KR L BE]
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BELTZL 2 A, Fig. 1 IRT X o R 2 BED ¥
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D(111), (b) 1L#EE BED He23V2: 100 & & 4 R
L7z728%, (110) & [FE ST, F = mNEL RIS
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(2% 3]
(1) H. Kikuchi, M. Yokota, Y. Hisakado, H. Yang and
T. Kajiyama: Nature Materials, 1, (2002), 64.

Figure 1. CLSM observation images of
platelets. (a) : (111), (b) : (110)
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Figure 2 Definition of angle & between
electric-field and blue phase lattice on (110)
(a)and (111) (b).
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Figure 3. Electric field-induced maximum
light transmission vs. angles between
electric field and blue phase lattice on (110)
and (111). High-performance domains are
surrounded by a dotted line.
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[RER & EE] Fire 1 Reflection (a) and ﬂuoresenc;: (b)A

e 3% BBOT I OFE Tl et sy images of the same texture in BBOT-doped blue
B S N8, W L7843 PSBP phase obtained by CLSM at low magnification.

D L5k SRR 2 & I HOE IR o E 2 AL

Sn=Fig. 1), F7=. &HE— FTrIgiss ’ - . i [ “Polarization plane;

of excitation llght

LW FRAICEDE T L —Y R & %
T VAR 2 ST 2 BN B o T3 HOGE
— R TIEZ OFRIIARE T, Do g L v
POFRRRS Ry MROJEEIGE S Bl S T,
S DR ORI A s S5 & i . o

R _ Figure 2 Reflection image (a) and fluorescence
oM N LIz, T b OBIEOE(LIL, image with stripe pattern (b) of BBOT-doped
Vial—valilEAEKEFEHF DX A L blue phase obtained by CLSM at high

7 5 —DlE & ROEBIE T LTz, magnification.
AHFFEIE JST-CREST ORI L 0 fFbh i L,
[Z&30]

(1) H. Kikuchi, M. Yokota, Y. Hisakado, H. Yang and T. Kajiyama, Nat. Mater., 1, 64-68 (2002).
(2) R. Yamaguchi, K. Moriyama, S. Sato, X. ZhangT, Thiemann and S. Mataka, Mol. Cryst. Lig.
Cryst., 433, 87-95 (2005).
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T, Case I ® ZWILRFFEIZHEWTIE, REMEHLBLZ 3bb:AEGE) LTI LS
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[&%3CHk]
(1) M. W.Matsen; Macromolecules, 45 (2012) 2161-2165.

(2) Y.Norinoe, T.Kawakatsu; Furophys Lett,72(2005) 583-589
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(1) T.Dotera, H.Tanaka & Y. Takahashi,
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Anomalous diffusion induced by active molecules in viscoelastic medium

(Tokyo Metropolitan University) S. Komura, K. Yasuda, and R. Okamoto

With the use of the “"two-fluid model", we discuss anomalous diffusion induced by active
protein molecules in viscoelastic media. Active proteins in living cells generate non-thermal
fluctuating flows that lead to a substantial increment of the diffusion in the cytoplasm [1].
Using the Green's function of the two-fluid model, we first obtain passive (thermal) two-point
correlation functions including the displacement cross-correlation function between the two
point particles separated by a finite distance. We then calculate active (non-thermal) one-point
and two-point correlation functions due to active force dipoles representing proteins. The time
correlation of the force dipole is assumed to decay exponentially with a characteristic time
scale. We show that the active component of the displacement cross-correlation function
exhibits various crossovers from super-diffusive to sub-diffusive behaviors depending on the
characteristic time scales and the particle separation. Our theoretical results are intimately
connected to the microrheology technique, and also reproduce the experimental result [2] by

adding both passive and active contributions to the mean squared displacement.

Figure 1: Active proteins in a viscoelastic media

[ References]
[1] A. S. Mikhailov and R. Kapral, Proc. Nat. Acad. Sci. USA 112, E3639 (2015).
[2] M. Guo, A. J. Ehrlicher, M. H. Jensen, M. Renz, J. R. Moore, R. D. Goldman, J.

Lippincott-Schwartz, F. C. MacKintosh, and D. A. Weitz, Cell 158, 822 (2014).
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® Budding BT 2 —TEBOA =X L7 ERREHESCERIC L EMICH
BN ENTE(2, 8), —FH T, BETOLRLTWVWE X REFWICEICENR ) A
A B5xr X B AEDHEOBHICOVWTOBEBBFRICH L TCEROFRIZH
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TH5—FT, BEEENREVWL ERXIRLERT
2—THRERTZER o, BEBBT S
WhEEEEOMBEERIZL2HEEZZEICAR,
NFETNVOREREWEBIT» O TF 2 — 7] »
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CBITOIEFRESL EORERDOEBIEGFEEZE o—oLorxFyvFray b,
WLTEEPLEDZEN L ERBMICHEBEL, £> 24— —35 um
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(1) U. Seifert, Adv. Phys. 46, 13 (1997).
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MTEhnEEZONS O BEBEBEORRIL, SHABEICEGTIREDEAETHD D
ﬁh Yy TRET DI ENTE pITEEREICL VRO D Z LN TE D0 K% Tl
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20 wWt% B 7 F % 60CH 6 7k (25.9C) L F~2&m L, G & et Ea] DRI L
ZRE LTz, B AR 1y = ([@)e—[0dso)/ ([@dne—[0]so) TRE SIS . 2 2T, [@)gets [@sol> [0]hel
L, TNENEB T F U7, 60CIZHBITHET F U AKEK, 0.3MHCI KK D=7 —5
KEEDOHENRETH L. G'L 1T EBLOLHEME & HITHEML, ZREHEKOHEINfE-> T
RN 5 Z ENRIR I T, BENMIWNIEE Gy OEINTHEL Zeo 72, GE gy
LT ey b5 &, BEIEKF LN AX = —T7 TRITHZ LA TE 7 (Figure) .
G'& yDOBMRIZG ~(—y) TRISH, 1T 2 THoTz.
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Figure: Correlation between G’ and y during the isothermal aging of a gelatin gel at 5.0 °C (@), 10.0 °C (O),
15.0 °C (W), 17.5 °C (), 20.0 °C (A).

[2E& k]
(1) A. Parker, V. Normand, Soft Matter 6, 4916-4919, (2010).
(2) S. Ross-Murphy, Gums and Stabilisers for the Food Industry 7, IRL Press, Oxford (1995).
(3) C. Joly-Duhamel, D. Hellio, A. Ajdari, M. Djabourov, Langmuir 18, 7158-7166 (2002).
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(R L BE]

2 v 2R B FER IS R MR E+1 DR RS 2 AT DA DA &Y — =
7 Ul Fr A i & L72iRy, R Eoldmas St ¢ =tan'(ay/x) & LT, n(x,y) = (coso,
sing) E KEXND A E L, a 2B firx DY — B LI, "NZ—=2T LT 2
KoEREEREDE T R v TFBAVEER L, x~7 1 > 7 i (5CB, Merck) ZEf A L
Tt RCHEMBEC LV RTOBIEEITo7, o, B0 ETEREZT LT Z & TREMA
IRzl S, ZORIREBIZE LT,

M1iZa=1,2,4,6 285, ETFERETS LIEHROFZTORCEMESZ R, RS
ERESE D7 2 ROBURE U TRIBABIZE Sz, BIE SN XIBERIIFBEHARTHY |
DRELRDIZONT, ZOMAFENFAD T2 Z LRI N, RRTITETEERE A7
Yy hTHZETETORABESEM NNE —AAZEZNEL, XA L7 ZORUNNBEL DD,
NUNANEICEEZ DI T R—=AV A X SRAET D70, ZONEIZKRMESAFEAES
LETPRIND, £ZTLENMERBOKS T FORUNADMEZTHEL, U A=Y A X |
DRENE L EBRE LT DL, BO—HERMHoN7, 202 end, ERERICET HHEd
MBS A 2 —= 73 2% 2 L THREMEZHIE LI KGRI DT TE 5 2 L3 i
o7,

1 ER L 72 RFOmCEMBES
[5%& k]
(1) B. Senyuk et al., Nature 493, 200 (2013).
(2) H. Yoshida K. Asakura, J. Fukuda, and M. Ozaki, Nat. Commun. 6, 7108 (2015).
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DHBTRLX—% FF o2 Z &0, MHEXNEERN DR E OROENNE] o
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DD O RITIHETE D, L LR s, Ky T9ERREICAAEXMGEIZ L > Thl & %8
S5EL MO T, thm5~®m%#;@@% BRHOTRT L HPTEHRWD
B OWFE[2] T, S EiEPER T A R BRI B W CRIRIICEE T 5 Z L0 6T S
W=, FEIEER 1 OF )~ — I KM OTFEE L T ERIC RIS AT 5 2 & b IF
RRIC RSN TWD . RIFRETIE, — D (e TIE W) AR W8 03 i dt - OALAE KBRS
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[R & B£]

s & TN DRSS FIENBRE L TVD 2 2RE2EZ, B FMEONE riZBIT5
KRS HEE pne T2 (RBOEREDFEIL 1-90r) . AW TIT2 9 BLITHEMTHY, R
DHHTRLX—HEED I LOXEMRIEL, Ky rwEolEozy h e —0%5
(cpr)ng(r) &, K TWENBEA L TWDIEEO BB RV —FE (M2 S0 8
HT R VX —EELE (e TDE, 1-9)inEETD) THDHETDH (OFEEBRNSH S MMEIX
hh AR FE S B NI DBEE L 2 WSRO T, = Z e — @@%iﬁ%f&@
W) L EEOWE ORISR EEACCIHME LIS 25, REOHFIIBIT S ¢ Offlx, S
DIEE Y 16%RRERE N ERHLNIR-T. Thbb, Koz bl-b4+z by
— DRI B> T, B TEARWEEDOKS TWE OBEENIHENCAELD Z EBbho
7o, WETITHEGROFEM L, K T REOELWE & SR M, B X OSSR M A v
THOLWVE D & TG R 23 2 [8].

(22 k]
[1] 7= & % 1E T. Ohzono and J. Fukuda, Nature Communications 8, 701 (2012).
[2] X. Wang et al., Nature Mater. 15, 106 (2016).
[3] T. Ohzono, K. Katoh and J. Fukuda, submitted.
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