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Chiral Active Matter
KA R *
RSBl PNE

Active matter is a class of out—-of-equilibrium systems composed of self-driven
individuals, which are widely found across scales from the macroscopic to the
microscopic. Typical examples include animal groups, cell tissues, micro—nano
machines, and molecular motors. The individual components of these systems break
detailed balance by consuming locally stored free energy to achieve self-propelled
motion, and through interactions, they exhibit a rich variety of collective behaviors
In many active matter systems, the structure or motion of individuals exhibits
chirality (i.e., mirror asymmetry), a feature that further extends the dynamic
characteristics of active matter, enhancing the complexity of both individual and
collective behaviors. This has thus attracted significant research interest. This
talk will focus on a series of works from our research group on chiral active matter,
including disordered hyperuniform states in chiral algal systems, chiral boundary
flows in bacterial systems, and chiral emergence phenomena in non-reciprocal robotic
systems. We reveal the out—of-equilibrium characteristics of these chiral dynamic
phenomena from both theoretical and experimental perspectives, while also exploring
the potential impacts and practical applications of chiral active matter in fields

such as biology, mathematical modeling, and engineering.
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A Journey Toward Designing Al-Facilitated Intelligent Active Particles
Lailai Zhux
Department of Mechanical Engineering, National University of Singapore

In this talk, I will present our group’ s recent progress in developing AI-
facilitated swimming active particles in viscous fluids
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[1] Changzhu Lv, Hang Guo, Shengyao Feng, Qi Yan, Chunlei Xu, Wancheng Yu, Liangbin
Li, Kunpeng Cui*. Deformation Mechanism of Amorphous Plasticized Poly(vinyl butyral).
Macromolecules, 2023 56 (7),.2663-2674

[2] Erjie Yang, Rongyao Ji, Jibin Miao, Qi Yan, Liangbin Li, Hang Guo*, Kunpeng
Cui*, Deformation and Fracture Behaviors of Tough Plasticized Poly(vinyl butyral)
across Broad Temperature and Strain Rate Ranges. Macromolecules 2024, 57, 16, 8123 -
8133

Phase separation mechanisms of amyloid proteins and material properties of their
resulting condensates

Guanghong Weix

Fudan University
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Bacterial swimming motility near solid surfaces
Junhua Yuanx

University of Science and Technology of China

In natural environments, solid surfaces present both opportunities and challenges
for bacteria. On one hand, they serve as platforms for biofilm formation, crucial for
bacterial colonization and resilience in harsh conditions. On the other hand,
surfaces can entrap bacteria for extended periods and force them to swim along
circular trajectories, constraining their environmental exploration compared to the
freedom they experience in the bulk liquid. Here, through systematic single—cell
behavioral measurements, phenomenological modeling, and theoretical analysis, we
reveal how bacteria strategically navigate these factors. We observe that bacterial
surface residence time decreases sharply with increasing tumble bias from zero,
transitioning to a plateau at the mean tumble bias of wild-type Escherichia coli (
0.25). Furthermore, we find that bacterial surface diffusivity peaks near this mean
tumble bias. Considering the phenotypic variation in bacterial tumble bias, which is
primarily induced by noise in gene expression, this reflects a strategy for bacterial
of fspring persistence: In the absence of stimulus cues, some bacteria swiftly escape
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from the nearby surface in case it lacks nutrients, while others, with longer surface
residence times, explore this two—dimensional environment most efficiently to find
potential livable sites
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Thermal and active fluctuations of a compressible bilayer vesicle
Shigeyuki Komura=

Wenzhou Institute, University of Chinese Academy of Sciences

We discuss thermal and active fluctuations of a compressible bilayer vesicle by
using the results of hydrodynamic theory for vesicles. Coupled Langevin equations for
the membrane deformation and the density fields are employed to calculate the power
spectral density matrix of membrane fluctuations. Thermal contribution is obtained by
means of the fluctuation dissipation theorem, whereas active contribution 1is
calculated from exponentially decaying time correlation functions of active random
forces. We obtain the total power spectral density as a sum of thermal and active
contributions. An apparent response function 1is further calculated in order to
compare with the recent microrheology experiment on red blood cells. An enhanced
response is predicted in the low—frequency regime for non—thermal active fluctuations.
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Fluidization and anomalous density fluctuations in 2D Voronoi cell tissues with
pulsating activity

Fik. FHAx DRE
KA

Cells not only can be motile by crawling but are also capable of non—motility
active motions like periodic contraction or pulsation. In this work, based on a
Voronoi cell model, we show how this non-motility activity affects the structure,
dynamic and density fluctuations of cellular monolayers. Our model shows that random
cell pulsation fluidizes solid epithelial tissues into a hyperuniform fluid state,
while pulsation synchronization inhibits the fluidity and causes a reverse
solidification. Our results indicate this solidification is a BKT-type transition
characterized by strong density/dynamic heterogeneity arising from the annihilation
of topological defects in the pulsating phase space. The magnitude and length scale
of density heterogeneity diverge with the pulsating period, resulting in an opposite
giant density fluctuation or anti-hyperuniformity. We propose a fluctuating
hydrodynamic theory that can unify the two opposite anomalous fluctuation phenomena.
Our findings can help to understand recent experimental observations in MDCK
monolayer.

Reference:

[1]. 7Z.-Q. Li, Q. -L. Lei, Y.-q. Ma, Proc. Natl. Acad. Sci. U.S.A, 122, e2421518122
(2025)
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Gaussian curvature—guided pattern formation of active fluids on curved surfaces
Rui Ma=
Xiamen University

In this talk, I will present our recent study of pattern formation in active
fluids confined to curved surfaces, motivated by the dynamics of the actomyosin
cortex in cells, where myosin motors generate contractile active stresses. These
motors, which diffuse along the cortex, are advected by actin flows arising from
stress gradients. We focus on motor and flow dynamics on a prolate surface that
mimics the geometry of a cell cortex. As motor contractility increases, we observe
the formation of a motor cluster at the poles of the prolate, where the Gaussian
curvature is high. Remarkably, upon further increasing contractility, the cluster
shifts from the poles to the equator, where the Gaussian curvature is lower. This
transition arises from the distinct ways in which Gaussian curvature influences
diffusion and advection. Our results reveal a general physical mechanism for

curvature—guided pattern formation in active systems on curved surfaces
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[1] D. Xu#, S. Zhang#t, H. Tong, L. Wang* and N. Xu¥, Low—frequency vibrational
density of states of ordinary and ultra-stable glasses, Nat. Commun. 2024, 15, 1424.

[2] L. Wang*, G. Szamel, and E. Flenner#*, Scaling of the non-phononic spectrum of
two—dimensional glasses, J. Chem. Phys. 2023, 158, 126101.

[3] L. Wang*, L. Fu, and Y. Nie*, Density of states below the first sound mode in 3D
glasses, J. Chem. Phys. 2022, 157, 074502

[4] L. Wang*, G. Szamel, and E. Flenner*, Low-frequency excess vibrational modes in
two—dimensional glasses, Phys. Rev. Lett. 2021, 127, 248001.

FEETH: ExAaRFFFIELTE (N0, 12374202 and NO. 12004001) .
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Mesoscale simulation approach for odd fluid

Yuxing Jiao, Mingcheng Yang=
Institute of Physics, Chinese Academy of Sciences, Beijing, 100190

A fluid, with breaking time-reversal symmetry, would exhibit odd transport
coefficients, such as odd viscosity, thermal conductivity and diffusion coefficient,
which may fundamentally alter the fluid properties and significantly influence the

structure and dynamics of immersed objects. Here, we develop an efficient coarse-—

8



R A4 K2 2025 D48 W

grained simulation approach for the odd fluid that captures all essential features of
real odd fluids. Based on microscopic kinetic theory, we analytically derive the
transport coefficients for the mesoscale odd fluid. Furthermore, we validate our
approach by performing both simulation and theoretical calculation to explore the

intricate transport phenomena of the odd fluid under various external fields
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Elastic active matter—also called an active solid—consists of self-propelled
units embedded in an elastic matrix and it resists deformation. This shape—preserving
property and the intrinsic non—equilibrium nature make active solids an attractive
potential component for self-driven devices, but their mechanical properties and
emergent behaviour remain poorly understood. Here, using a biofilm—based living
active solid, we observe self-sustained elastic waves with wave properties not seen
in passive solids, such as power—law scaling of wave speed with activity. Under
isotropic confinement, the active solid develops two topologically distinct global
motion modes that can be selectively excited, with a step—-like frequency jump at the
transition between the two modes. Our findings reveal spatiotemporal order in elastic
active matter and may guide the development of solid-state adaptive or living
materials.
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Study on deformation of cell membranes under abnormal physiological conditions
Hao Wu=
Wenzhou Institute University of Chinese Academy of Sciences

Cell morphology is an important signature for real-time analysis of cell death
and metabolism, cellular differentiation and formation of structures, and disease
early warning. Most of the previous studies on cell morphology have focused on that
of normal cells and artificial vesicles in lab. In this work, we propose a novel
tangent angle perturbation approach to analytically calculate large deformation of
cells under abnormal physiological conditions. We obtained three main analytical
solutions in axial symmetry case: biconcave shape, peanut shape, and two types of
myelin shapes in which one resembles to dendrities of neural cells and the other is
similar to spiked or necklace-like cell membrane of echinocytes. These axial
symmetric shapes are in agreement with those experimentally observed 1in
nonphysiological neural cells and red blood cells with myelin—like tubular membranes
by dark—-field light microscopy.
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Single-molecule biosensing with framework nucleic acid materials
Honglu Zhang*
Shanghai Jiao Tong University

Biological study at the singlemolecule level enables real-time, dynamic
monitoring of processes such as the conformational changes, and interactions of
biomolecules like DNA and proteins. Framework nucleic acid technology exploits the
self-assembly of DNA to build nucleic acid architectures with precisely defined
scaffolds, offering unique advantages in singlemolecule bioanalysis: the programmable
and highly specific recognition properties of nucleic acids allow the rational design
of scaffolds with tailored structures and mechanical properties; the valence and
spatial arrangement of sensing probe molecules can be precisely controlled; and, when
coupled with dynamic self-assembly methods, dynamic sensing and intelligent analysis
become possible.

In this report, we describe the construction of programmable framework nucleic
acid structures combined with singlemolecule manipulation tools (e.g., optical
tweezers) and AlphaFold. By designing and building mechanically responsive sensing
probes, we have developed a singlemolecule manipulation and analysis system with
ultrahigh spatiotemporal resolution. Using this platform, we performed real-time,
dynamic observation and control of the folding process of a calciumbinding protein,
capturing previously unresolved “hidden” intermediate states.
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Non—Reciprocal Interactions between Passive and Active Particles
Ziluo Zhang="’, Shigeyuki Komura' Rosalba Garcia-Millan’
1. Wenzhou Institute, UCAS
2. Xiamen University

3. King’ s College London

In this work, we study a three—particle model, composed by a passive particle
coupled to two active Brownian particles via non-reciprocal harmonic interactions.
By using the Doi-Peliti field theory, and introducing Hermite polynomials as the
corresponding eigenfunctions, we analytically obtain the bare propagators and
perturbative vertices, and subsequently represent them diagrammatically. By summing
all relevant diagrams through geometric series summation, we calculate correlation
functions of the distances between particles and their orientations in closed form.
Using these correlation functions, we further calculate the entropy production rate
of this model exactly. We support our analytical results with simulations, and
comparing with previous results in odd elasticity.
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Mechanically weak and highly dynamic state of mechanosensitive titin Ig domains
induced by proline isomerization

Yukai Wang. Shimin Le=
Xiamen University

Titin, essential for mechano—homeostasis in cardiac and skeletal
sarcomere, contains numerous mechanosensitive immunoglobulin-like (Ig) domains in its
I-band region. However, how proline isomerization and cysteine—mediated disulfide
bond collectively regulate Ig domain dynamics within the physiological force range
remains unclear. Here, we use single-molecule force spectroscopy to quantify the
proximal Igl domain, revealing that proline isomerization leads to two native
states - trans and cis states-with distinct mechanical and thermal stabilities. The
trans—Igl unfolds at forces of ~ 5 pN, which is over 50 pN lower than that of cis—Igl,
and unfolds 1000 times faster under physiological forces. Furthermore, such proline
induced dual-state is likely shared feature across majority of I-band Ig domains.

Additionally, reduced cis— and trans—Igl exhibit catch—-slip bond unfolding, while
14
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oxidized forms display slip—catch—slip unfolding. This study offers insight into
effective modulation of proline isomerization and disulfide bond in regulating

mechanosensitive proteins within the physiological force range.
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Harmonizing Competing Intermediates: A Unified Free Energy Landscape of Protein RNase
H

Ping Yu. Hu Chen=

Xiamen University

While single—domain proteins often exhibit two—state behaviors, some proteins
demonstrate complex folding pathways with intermediate states. Here, we investigate
force—induced conformational transitions of RNase-H using magnetic tweezers and
reveal structurally distinct intermediate states in the folding and unfolding
processes. The unfolding intermediate, observed at forces above 8 pN, represents a
partially unfolded state with the C-terminal helix detached, while the folding
intermediate, observed below 6 pN, corresponds to a partially folded state with only
the core region formed. Despite these structural differences, our comprehensive
kinetic analysis demonstrates that both intermediates can be integrated into a
unified quantitative free energy landscape along a single transition pathway. This
reconciliation of competing folding intermediates provides fundamental insights into
the complex dynamic behaviors of proteins in which different intermediate states are

observed.
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