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1 Cell Mechanics
Acto-myosin cytoskeleton
Dynamics of cytokinesis

2 Mechanics and growth of tissues
Macroscopic theory of tissues
Fluidization by cell division and apoptosis
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Cell Mechanics Acto-myosin cytoskeleton
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Cell Mechanics Acto-myosin cytoskeleton

Actlin filament structure

micrographs
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Cell Mechanics Acto-myosin cytoskeleton
Actin in vivo
Actin interacting proteins
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Cell Mechanics Acto-myosin cytoskeleton

Molecular motors

. Motor structure
Motor proteins

General properties
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Cell Mechanics Acto-myosin cytoskeleton

Cytoskeleton mechanics

Actomyosin gel
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Cell Mechanics Acto-myosin cytoskeleton

Violation of the fluctuation dissipation theorem

Fluctuations of acto-myosin
networks
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Cell Mechanics Acto-myosin cytoskeleton

Red blood cells

Fluctuations of red blood cells
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Cell Mechanics Acto-myosin cytoskeleton

Tissues

Bacterial colonies

Vibrated granular materials
Active colloids, Active nematics
Bird flocks, Fish shoals

Marchetti et al, Rev.Mod.Phys. 2013
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Cell Mechanics Acto-myosin cytoskeleton

Actomyosin layer

Polymerization from the
surface (formins)

Treadmilling time ~ 30s
Cortex tension )

Dense actin layer
Thickness ~ 1um

Filaments parallel to the cell
surface
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Cell Mechanics Acto-myosin cytoskeleton

Oscillations depend on actin

Detachments of the contractility
membrane form the cortical Oscillations depend on
layer calcium (threshold density)

Bleb lifetime 30s
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Cell Mechanics Dynamics of cytokinesis

Ring closure due to actin
contractility

Local enhancement of myosin

activity due to astral
‘ microtubules

Separation between daughter
cells

See urchin
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Cell Mechanics Dynamics of cytokinesis

Cytokinesis driven by myosin contractility in the actin cortical layer
Excess of contractility at the equator of the cell.

Actin cortical layer described by active gel theory

Constant density in cortical layer

Ignore polarization effects

Viscoelastic actin layer

Active stress (Ap non homogeneous, increases at the equator

Cortical flow due to active stress gradient

Numerical solution of active gel equations, using Lagrangian
coordinates

Impose cylindrical symmetry of the cell
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Cell Mechanics Dynamics of cytokinesis
Dynamics of Cytokinesis
[/ '

Cytokinesis completion
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Cell Mechanics Dynamics of cytokinesis

Kinetics of ring closure
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Cell Mechanics Dynamics of cytokinesis

Qualitative interpretation
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Mechanics and growth of tissues
Qutline

Macroscopic theory of tissues
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s and growth of tissues Macroscopic theory of tissues

Multicellular spheroids

Nature Reviews | Molecular Cell Biology

Intestinal epithelia

& lumen of mesenchymal bottom of
B intestine  core crypts
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Mechanics and growth of tissues
Epithelial tissues

Macroscopic theory of tissues

Epithelial structure

Tissue mechanics
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Mechanics and growth of tissues
Homeostatic pressure

Macroscopic theory of tissues

Moving Compartment Wall

Spring Balancing
Tissue Pressure
L)
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Mechanics and growth of tissues Macroscopic theory of tissues

Spheroid

Spheroid 1

[V
ke,
)
—
)
[ e
[=3
w

Joanny (Institut Curie) Mechanics Boulder 26 /45



Mechanics and growth of tissues Macroscopic theory of tissues

Competition between two tissues

~ Tissue with larger homeostatic pressure invades the other one
~ Final state: homeostatic density
~ Numerical simulation of tissue invasion
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Mechanics and growth of tissues
Qutline

Fluidization by cell division and apoptosis
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Mechanics and growth of tissues Fluidization by cell division and apoptosis

Dividing or apoptotic cells exert a force dipole f,ds
Force dipole density Q.z = > d! 5 o(r— r,)

Force balance ago'aﬁ +3fs(r—rp) =

Total stress 045 = 02 — Qup SO that 8gaa5 =0

Change in internal stress due to division and apoptosis
Cell division coupled to stress
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ulticellular spheroids

Multicellular spheroids

Nature Reviews | Molecular Cell Biology

Tissue spheroids in micropipettes

Joanny (Institut Curie) Mechanics Boulder 31/45



Outline

Multicellular spheroids

Tissue surface tension
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Multicellular spheroids Tissue surface tension

Surface tension of Tissues

Relaxation measurements Relaxation measurements
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Multicellular spheroids Tissue surface tension
Interfacial tension
Interfacial tension between tissues

Surface

Adhesion between cells
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Metastatic Inefficiency

Probability
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Multicellular spheroids Spheroid growth

Spheroid growth F.Montel, M.Delarue

Growth experiments
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Multicellular spheroids
Surface growth

Spheroid growth

Pressure dependence

@Caspase-3 clived
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Multicellular spheroids Spheroid growth

Cell flow

(b)
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Growing Spheroid

- e
16

300 350 400
Radius (um)

1 (um)
— convergent flow
= 000 Pa — divergent flow

= DA
Joanny (Institut Curie) Mechanics Boulder 39/45



Multicellular spheroids Spheroid growth

Particle distribution

Steady-state Growing
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Multicellular spheroids Spheroid growth

Volume change after a pressure step
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Multicellular spheroids Spheroid growth

Constant pressure both in outer dividing layer and in inner layer
Pressure jump, larger pressure in the outer layer
Upon pressure jump, cell contraction in the outer layer

Viscoelastic spheroid. Elastic short time response
Active stress because of cell orientation o—gﬁ = (ApPaPs
Active stress depends on pressure

Joanny (Institut Curie) Mechanics Boulder 42/ 45



Multicellular spheroids Spheroid growth

Active hydrodynamics of tissues
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Multicellular spheroids Spheroid growth

Volume decrease and cell division

Pressure (kPa)
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Multicellular spheroids Spheroid growth
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