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Fig.1 (Left)Low-frequency vibrational spectra for various bending rigidity. We plot the
vDOS divided by ®?. The horizontal lines indicate the Debye level. The chain length is L =
50. (right) Scaled vibrational spectra for various bending rigidity in the scaled form: we
scale the reduced vDOS g(w)/®? and the frequency o by the Debye level Ap and the Debye
frequency wp. The scaled vDOSs nicely collapse for different bending rigidity. The chain
length is L = 50.
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1) Harada et al., Nature Chem., 8, 946, 2016

2) Tang et al., Phys. Rev. Lett., 119, 207602, 2017
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Fig. 2. Orientation distribution of HQ™*
dipoles: 300K (black), 350K (blue),
380K (red)
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Fig. 3. Trajectory of an HQ" dipole
orientation: 300K (black), 350K (blue),
380K (red)
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ppdbEFE Y X 2 —Ey 7/ (QHH) LFO—oThd, I QHTIIYYy Al K (G)
DOHBBHIEN LN, MR QHETIZFTIITFT 47 (P) M, ¥A47ERF (D) B, GAD 3
D RS STV D, T HRITIE 2 70 FREO IR A & 2 HO i A3 il B ArE L
T3 WL CRMMIZ SRS, —5 T 1 AT O HO mm 23 il = hrE S 5,

Ferx 7N —7TIHITH Q*HT%%H“’W‘E/%V% YKFOQM (1) L T4 H MY
F—/KFD QAR (2) THNEIUITOW T/ X BRERE S EMITIC R B L, EFH S
AP IS 2 B & M2 LT, A BIEA A o FUEiEEA, /KR T TR Q MO/ BL X i di
EE AT IR L= D CTHE 3%,

[FER L EE]

I 7Y Q FH D Hi#E & A 1R L SPring-8 ¢ BL40B2 T. [AlfiEkE LA AW TEITT — & 2
Lo, ZOTFT—=ZIKLTEERO Y 7 U =7 2 HWT, BHBEROREDST, MEFRES
7 EEITo T, BFONTBERIBICR L CET VOKIELEIT> T2, AWz ET /UL, bk
— FER P S S TR JE R N R S T PS BTV, R SRR E i E IS 2 > T
% CMCS 5V Th 5, Bt DOfER, PS 7 /LITE LN -MERIE S R AT 0.05 2
EL X< —F LA, CMCS ET /LT 0.2 FRE L —E A2 /RI Do T2, RICHE DTSR
g & ET LONMMEE AW TEFBEZ RO, 2O &0 LBEERIZY ¥ v Rihim E
A& LT Y ot — ek S X = E M i o G il AT ThoTe, FEA
U SEIEHA S T OBUKEOEET Y hrE—2 K& $5720I12, 20X ) &Il
STWNDHEEZ BN,

=N
(1) Oka, “Polar-nonpolar interfaces of inverse bicontinuous cubic phases in
phytantriol/water system are parallel to triply periodic minimal surfaces.” , J. Phys.
Chem. B, (2017), 121, 11399
(2) Oka, Ohta, and Hyde, “Small-Angle X-ray Crystallography on Single-Crystal Regions
of Inverse Bicontinuous Cubic Phases: Lipid Bilayer Structures and Gaussian
Curvature-Dependent Fluctuations”, Langmuir, (2018), 34, 15462
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(2% 3R]
[1] J. D. Ferry, Viscoelastic Properties of Polymers (John Wiley & Sons, 1980); 2 F#F51ih
[&sfomE & mit]  GEstt, 2013) .
[2] H. Tanaka and T. Araki, Phys. Rev. Lett. 78, 4966 (1997); L. Grassia, A. D'Amore, and S.
L. Simon, J. Rheol. 54, 1009 (2010).
[3] P. Olmsted, Rheol. Acta 47, 283 (2008); T. Divoux et al., Annu. Rev. Fluid Mech. 48, 81
(2016); S.-Q. Wang, Nonlinear Polymer Rheology (John Wiley & Sons, Inc, 2018).
[4] B. J. Edwards and A. N. Beris, J. Non-Newtonian Fluid Mech. 36, 411 (1990); P. C. Boll
ada and T. N. Phillips, Arch. Rational Mech. Anal. 205, 1 (2012).
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[Z2ECHk]

[1] H. S. Muddana, S. Sengupta, T. E. Mallouk, A. Sen, and P. J. Butler, J. Am. Chem. Soc.
132(7), 2110-2111 (2010).

[2] I. Sou, Y. Hosaka, K. Yasuda, and S. Komura, Phys. Rev. E 100, 022607 (2019).
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(1) Charbonneau et al., PRL 117, 045503 (2016)

(2) Mizuno et al., PNAS 114, E9767 (2017)

(3) Shimada, Mizuno, Berthier, Ikeda,

arXiv:1910.07238 (2019)
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[ 3C#k]
(1) K. L. Ngai, Relaxation and diffusion in complex systems. (Springer, Berlin, 2011).
(2) M. Saito, R. Masuda, Y. Yoda, M. Seto, Sci. Rep. 7, 12558 (2017).
(3) M. Saito, S. Kitao, Y. Kobayashi, M. Kurokuzu, Y. Yoda, M. Seto, Phys. Rev. Lett. 109,
115705 (2012).
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(1) H. Yoshino, SciPost Phys. 4(6), 040 (2018).
(2) H. Yoshino, arXiv:1807.04095 and in preparation.
(3) M. Lets, R. Schilling and A. Latz, PRE 62, 5173 (2000).
(4) Donev et. al., Science 303, 990 (2004).
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(1) R. A. Omari et al, PRL 103, 225705 (2009)
(2) R. Okamoto, Y. Fujitani and S. Komura, JPSJ 82, 084003 (2013)
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%< DALFIERICBNT, HHZ RV X —Z EREICHE 52 L TEHAFI 7 A% ELL
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A T, (@ F AREH= R X — i o A & L TRBHKIZEIT 2 KEFBEHE 7 =2
A, (b)aI v & —L TN DI & E DRI X 2 BUSEERRIZOW T, Fx Ol
DR EFRIT LT,

(R L BE]

(@ HFENFEY I 2 —2a kD BBHESNTKIZBIT D KFBREEHAHRZ LA T3
7 AERENT LTz, & 2 TR TRIOKBREA IR L TR T 2 Bk sy 7R R &1/
FEER D 2 B A A=, 155077 E o 0L — 0l S R BliSEE) 2 £ 5 A EE B BN
F o TKEBRANWMT 52 L2 THIL TV, & ZA0, EEOMETRE B BT R LX
—MiE 2 DL BB L T ONEIT L& 2 A, mnHsnREBICRs L, B
= /L3 — il O 5 A Tl L e VBB RRIR Ry SR T D T e b o T, T OB
BITARE B OERKTIE /e EICHBER 2 KRI850 FOWEERHICL>TRZIAHLDOTH
olc, Thbh, BRREA BB T L0 &SV E BT )L —FREE 2 8 5 B Ay
MRS HZ L E2E%RT D (1),

(b) & /R EO_YPHEEDOIMEC, FHE EA 6, ¢ ASONEREE LG Ty KT
2y FOSHEGERAY - EBROICESHOWLN TS, RFFETIET 7 =0 VX7 F RO BMELK
JGE B =y b L TRIGHBEIER A B 2o T, (EE OSSR L TARY B ~BBT 5
FREraI v X—L\), BERKY TV 7T E% I ab—yva A AED
HHZoiZkalys—2FaaEERlb L, EMEICET L MERE LThTrNOoR
TO_mAaOT—2tEy b LTHWD, a3 v X —%ElbT 2R EHEEIZL D, EBIR
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[ 3R]

(1) Kikutsuji, T., Kim, K., & Matubayasi, N. J. Chem. Phys., 148, 244501 (2018).
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Hydrodynamics of sedimenting squirmers with rotlet dipole

Federico Fadda, John Jairo Molina, Ryoichi Yamamoto

Department of Chemical Engineering, Kyoto University, Kyoto 615-8510, Japan

The squirmer model is theoretical model introduced to study microorganisms like algae
and bacteria. It consists in a spherical particle whose self-propulsion is ensured by a
surface velocity field (1).

It is well established in literature that the presence of walls can strongly modify the
motion of microorganisms. The bacterium E£. Coli, indeed, is known to perform clockwise
trajectories near a solid boundary (2). On the other hand the gravity force, ubiquitous in
nature, represents another factor that can affect the motion of microorganisms (3).

In this work, using the Smoothed Profile Method (4), we combine all of these features
studying the dynamics of a sedimenting squirmer under the effect of the gravity force,
near a solid boundary taking into account the rotlet dipole term (5).

Computing quantities like the stationary swimming velocity, the stable swimming height,
the stationary orientation and curvature radius we are able to characterize the dynamics
of the single squirmer.

In case of neutral squirmers and pullers, the gravity causes both of them to sediment to
the bottom wall, arresting their motion and reorienting them in a direction perpendicular
to the wall. Pushers, instead, exhibit continuous motion with tilted direction.

When the rotlet dipole term is neglected and the “classic” squirmer model is considered,
all of types of squirmers swim in straight trajectory. When the rotlet dipole term is
introduced, it causes a deviation from the straight path in circular trajectories whose
radius of curvature strongly depends by the magnitude of the rotlet dipole term.

After studying the single squirmer, the dynamics of a multitude of squirmers is

considered.
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Learning the constitutive relation of non-newtonian fluids with memory

CRAERR AR BHE A T2 Naoki Seryo, John J. Molina, T. Taniguchi

[(Z U ®IZ] Describing the dynamics of polymeric flows is a challenging problem due to the
separation of length- and time-scales between the microscopic dynamics of the polymer chains
and the macroscopic dynamics of the flow. The current state-of-the-art techniques resort to
Multi-Scale Simulation Methods in which both degrees of freedom are coupled to each other.
However, this requires incredible computational costs. In this study, we extend a recently
developed learning strategy to polymeric systems with memory. We use training data obtained
at the microscopic scale to learn the corresponding constitutive relation. This allows us to solve
for the (fast) macroscopic model, while still maintaining the necessary microscopic information.’

[ & B2

The current standard approach for studying polymeric flows is to use a Multi-Scale
Simulation Method (MSS) to directly couple the microscopic and macroscopic degrees of
freedom through the stress and strain rate fields. This can be achieved, for example, by
employing Lagrangian fluid particles containing polymer chains(1). Instead, we propose to
use the microscopic model to “learn” the corresponding constitutive relation. This constitutive
relation can then be used to perform macroscopic flow simulations, without having to
consider the microscopic degrees of freedom explicitly, but still maintaining the appropriate
information about the stress/strain relationship.

This learning strategy was first proposed by Zhao et al.(2) to consider Non-Newtonian flows,
but memory effects were not taken into account. In this work, we show how to extend this
procedure to include memory effects and thus consider more realistic polymeric flows. Using
a suitable microscopic model of the polymer chains, simulations at fixed strain-rate (y) are
performed to generate training data consisting of stresses (o) and their time-derivatives (6).
This training data (7, o, 6) is then used within a Gaussian-Process Regression (GPR) to infer
the constitutive relation, i.c., 6(y, 6). This constitutive relation can then be used to predict
how the stresses in the fluid are changing in time. We note that (a) no assumptions are made
regarding the functional form of the constitutive relations, and (b) at the end of the training
we cannot say what the functional form is, but we can predict the value of & given the values
of ¥ and o. To validate the method, we used Hookean dumbbells as our microscopic polymer
chain model, and considered the case of simple-shear flow between flat parallel plates, which
is effectively a 1D problem, for which analytic solutions are known. We obtained very good
quantitative agreement with the MSS results at a fraction of the cost (3). Current work is
underway to consider more complicated flows (e.g. contraction-expansion), for which all
components of the stress-tensor are required.

We acknowledge support by the Japan Society for the Promotion of Science (JSPS)
KAKENHI Grant No. 17K17825 and 19H01862 and the Ogasawara-Foundation.
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RA KB ETIE, SV 7 ZTERE—ME2RTICHED LT, /NS CIE 2 #1508
MAETTZY . MBOBED /S — 2 YA REF L TR LZD 35 (2-4)
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T, 1 om0 TR D B 72 DURTE T O TR DN 0> | A ZARAFH 72 AR D3 A
CHFER~T 7a—F45Z LI Lz, ZNETIC, @BERD FRETOSFIEgE, W
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[BD= kA E—BtE] Fhrid, 37 oM s 2—g _ 1op T
] 3
(FURY =D NVER M, BIE o A% prilETE &
©)

0
Thy, »oOlFEY—-72MEBEELF>ED 7V sl To=147) K
(Tetra-PEG 7' /v [4]) ZHW T, [G=Gs WO ISED>DH]  _1of ‘

VO BT AT, FBROMER, @aT7 M B 215055700 150 200 250 300
HTEXRWVIEERERAD Gy WIFETDHZ EE2 A LT, Temperature T' (K)

[(BEOWHOBALIEK] & 610, p DREBLSEE
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150 A o
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X —BENEGTE D (Gs >> |Gu) LW IOTERDHR EBEET L, WHIZED &, ADTX
X BTk TH D Z L 2T 5, £, W a i, oot K OVERT — 4
N5 a=cRgIM L ET5H, 22T, RIFREEETH Y | g=g(p, cle®)iE, HERILD —ZHEIEL,
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Inverse overlap parameter ¢*/c

[3&30Hk]
(1) Flory, P. Principles of Polymer Chemistry. (Cornell University Press, 1971).
(2) M. Zhong, et al., Science 353, 1264-1268 (2016).

(8) T. Sakai, et al., Macromolecules 41, 5379-5384 (2008).
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Physical models of active membranes in Biology
(Kyoto University & University of Warwick, UK) Matthew Turner

Abstract

We analyse the coupling between hydrodynamic flows and geometry on fluid
membranes. We study biological membranes that are associated both with the
formation of organelles and in the topology changes associated with vesicular
transport. We identify a new class of hydro-osmotic instabilities (1) that may be
responsible for the de novo emergence of an organelle known as the Contractile
Vacuole (2), responsible for osmoregulation. We also identify a shape instability
that occurs for sufficiently large membrane shear gradients on curved geometries,
hydrodynamic in origin (3), see Fig 1.

p

Fig 1 We predict a helical instability on membrane tubes when sheared (twisted)
above a critical rate. Color shows normal stress (blue out, green in).

This may play a role in cutting the neck of a budding endocytotic vesicle under the
action of a motor protein called Dynamin (4). Our predictions can be tested in
vitro, e.g. using magnetic tweezers on membrane tubes pulled from aspirated
giant vesicles.
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Glass stability changes the nature of the yielding transition under
oscillatory shear

Wei-Ting Yeh !, Misaki Ozawa 23, Kunimasa Miyazaki *,
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Z_aboratoire Charles Coulomb (L2C), Universite de Montepellier, CNRS, Montpellier, France
3 Departement de Physique, Ecole Normale Superieure, Paris, France

Amorphous solids, such as concrete, colloidal glasses, and metallic glasses, have been
proposed as novel material for industrial and commercial applications nowadays thanks to their
excellent mechanical strength and lack of “defect” of the systems. However, their applications
are largely limited due to their brittleness and low plasticity after large deformation.
Understanding the way of controlling brittleness, or equivalently the yielding behavior, is thus
important for guiding material design. Recent simulations studies have revealed that the
yielding behaviors of glassy systems depend sensitively on the extent of both mechanical and
thermal processing. In particular, thermal annealing generally involves quenching the system
from different equilibrium temperature, and mechanical processing involves the cyclically
shearing or compressing the system. It is interesting to understand the difference and
limitations of those two annealing processes. We carry out molecular dynamics simulation to
study glass-formers under athermal quasi-static oscillatory shear. By changing the initial
thermal annealing degree of the system, we are able to comprehensively understand the
interplay of mechanical and thermal processings on the systems. Our results suggest that the
extent of mechanical processing on the system depends crucially on the initial degree of thermal
annealing. In particular, there exists a critical degree of thermal annealing so that the effect of
mechanical processing on the system can be separated into two regimes. For initially poorly
annealed system, oscillatory shear is able to stabilize the systems into more stable configuration.
In other words, the initial memory of the system is gradually wiped out due to mechanical
processing. On the other hand, for initially well annealed system, it is found that mechanical
processing ceases to function anymore, meaning that system’s initial memory is maintained.
Our analysis also reveals that the separation of two regimes could be originated from the
fundamental properties of potential energy landscape of the model of glass-former. Some
predictions from this aspect are proposed and tested in this work.
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Shear viscosity of two-state enzyme solutions

! Department of Chemistry, Tokyo Metropolitan University,
2 Raymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv University
Yuto Hosaka!, Shigeyuki Komura!, David Andelman?

(Introduction]

We discuss the shear viscosity of a Newtonian solution of catalytic enzymes and substrate
molecules [1]. The enzyme is modeled as a two-state dimer consisting of two spherical domains
connected with an elastic spring (see Fig. 1). We take into account the enzymatic conformational
dynamics, which is induced by the binding of an additional elastic spring that represents a bond
between the substrate and enzyme [2, 3]. Employing the Boltzmann distribution weighted by
the waiting times of enzymatic species in each catalytic cycle, we obtain the shear viscosity of
dilute enzyme solutions as a function of substrate concentration and its physical properties. The
substrate affinity distinguishes between fast and slow enzymes, and the corresponding viscosity
expressions are obtained. Furthermore, we connect the obtained viscosity with the diffusion
coefficient of a tracer particle in enzyme solutions.

(Results and Discussion]

By analytically solving the constitutive equation, we find that the enzyme solution viscosity,
7Ne, presents both decreasing and increasing behaviors as the substrate concentration is increased,
depending on the physical properties of the binding substrate. For a substrate larger than the
enzyme, we see that 7, behaves as if no substrate were present because it does not affect the

size of the enzyme.

S o0 S

Y

%b..\...%o

FIG.1 Schematic representation of a dilute solution of two-state dimers under steady shear
flow with shear rate ¥
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Control of cell migration and colony growth by contact inhibition

(REFAREE BH#—TRE&MFE L ¥ —) Simon Kaspar Schnyder

[iX T ®IiZ] The collective motion and proliferation of cells are behaviors which are central to
biological processes such as the formation of embryos, the closure of wounds, and metastasis of
tumor cells. Essential for the regulation of these processes is contact inhibition, which describes
the tendency of cells to stop migration, or change direction, or stop cell divisions, when coming
into contact with other cells. In order to reduce the complexity of the systems under study, it is

valuable to investigate well controlled model systems.

[#R L E2] We developed a minimal model for cells which proliferate and crawl on a
substrate. Each cell consists of two disks, modeling the cell body and a protrusion such as a
pseudopod. The disks are connected by a finitely extensible string and the motility of the cell
is proportional to the spring’s extension. The model naturally exhibits contact inhibition of

locomotion and proliferation.

Despite the model’s simplicity, the collective migration behavior of the cells is non-trivial and
depends on the shape of the cells and whether contact inhibition is enabled. Cells with a small,
i.e. weakly repelling, pseudopod tend to cluster, while cells with a large, i.e. strongly repelling,
pseudopod tend to collectively align [1]. The cells naturally arrest at a high density. At
intermediate to high density, the cells develop strong density waves [1-2], analogous to traffic
jams in traffic models. The model also reproduces the typical growth characteristics of cell
colonies [3], see figure. At early times, the colonies grow exponentially in time. At long times,
the colony boundary moves at a constant speed, determined only by the maximum migration

speed of a single cell and independent of the proliferation rate.
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