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What is active matter and why is it interesting?
Background 1: nematic liquid crystals

Background 2: low Reynolds number hydrodynamics
Active nematics and active turbulence
Self-propelled topological defects

Confining active turbulence

Bacteria: the hare and the tortoise

Eukaryotic cells as an active system



(Epithelial) cells: which are the important forces?
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Active turbulence: eukaryotic cells
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Topological defects in cell layers
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Isotropic stress around a topological defect

experiment

/
-0 Y
—80—(0-40— 0 20 40 60 80
80-60-40 20X (g m%O 40 60 80 X (1t m%
e f L WY :

simulations




Blebbistatin 50 uM and washout
Total defect density (/10000 um?)

Simulation
Activity decrease thenincrease

1.0
0.9 -
0.8 —
0.7 -
0.6 —
0.5 -
0.4 —
0.3 —
0.2 -
0.1 4

0

o
o N

S A i
bt L

Defect areal density

—
L

=

“Turning off’” motility

0 120 240 360 480 600 720 840 960
Time (min)

10

2 4 6 8
Simulation time (/1000 time steps)

Topological defects in epithelia govern the
extrusion of dead cells

T. Beng Saw, A. Doostmohammadi et al,
Nature 544 212 (2017)



Topology in biology?

Positions of apoptosis correlated with +1/2
topological defects

High stress drives YAP from nucleus to
cytoplasm which is a signal for cell death

Cell dies and is ejected from the monolayer



Questions

Why do isotropic cells give nematic defects?
Why are the defects extensile?

Can we model cell mechanics as an active system?



(Epithelial) cells: which are the important forces?




1. Phase field model

2. Unjamming

3. Velocity and flocking



frame index: 30
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Equations of motion

Each cell is described by a phase field SDZ

OF
0p;

Orp; +v; -V, =

£ vi(xi) = f}Ot(XZ‘)



Passive forces => relax to minimise free energy

Cahn-Hilliard term: fixes p 1 inside a cell and 0 outside
and imposes a surface tension

Fou=3"7 [ dx{acil- )t + X))

Soft constraint on the area

1 )
Fareazglﬁ 1—77—}22 dx ;



Passive forces => relax to minimise free energy

penalises overlap between cells

X

frep:xxx/dxwfso?
i i

favours cell-cell adhesion

Fodh = >: }:m / dx Vi - V;
)




Passive forces => relax to minimise free energy

assive 0F
fzp (x) = 5—90.V90z'

Equilibrium is identical hexagons, but the system can get stuck
In a jammed state.



Active forces

Diraction of movement
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Active forces

(a) extensile

Polar intercellular forces



Polar force

|
PO (x) = ap;(x)p;

Choice of polarisation?

1. Gaussian noise
2. Aligns with velocity of cell (+noise)

3. Aligns with long axis of cell (+noise)



Polar force

|
PO (x) = ap;(x)p;

Choice of polarisation?

1. Gaussian noise
2. Aligns with velocity of cell (+noise)

3. Aligns with long axis of cell (+noise)



Polar force

|
PO (x) = ap;(x)p;

Choice of polarisation?

1. Gaussian noise
2. Aligns with velocity of cell (+noise)

3. Aligns with long axis of cell (+noise)

alignment time ~ time to
move a cell diameter




Polar force

|
PO (x) = ap;(x)p;

So far we have found little
Choice of polarisation? difference except that 2
gives flocking.

1. Gaussian noise
2. Aligns with velocity of cell (+noise)

3. Aligns with long axis of cell (+noise)



Inter-cellular force

)

(a) extensile (b) contractile
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Inter-cellular force
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Phase diagram
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Phase diagram: polar force in direction of velocity
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1. Phase field model

2. Unjamming

3. Velocity and flocking



unjamming

jammed state liquid

centre of mass trajectories of the cells
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unjamming
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Near unjamming: inter-cellular vs polar driving

frame index: 30
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unjamming
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Nematic field
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Active turbulence
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1. Phase field model

2. Unjamming

3. Velocity and flocking



Inter-cellular
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Malinverno et al Nature Materials 16 (2017)
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Drosophila egg chamber

Egg chamber rotation

From Sally Horne-Badovinac’s lab:
Cetera et al. Nature Comms. 5, 5511 (2014)



Drosophila egg chamber




frame index: 30
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Phase diagram: polar force in direction of velocity
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Why can circular cells show topological defects
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Why can circular cells show topological defects
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extensile inter-cellular interactions

bootstrapping nematic order => active turbulence



Topological defects turn up in biological systems — and, at least
in model systems, have biological relevance

* nucleation sites

t = 60 mins

~Time
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1. What is active matter and why is it interesting?

2. Background 1: nematic liquid crystals

3. Background 2: low Reynolds number hydrodynamics
4. Active nematics and active turbulence

5. Self-propelled topological defects

6. Confining active turbulence

7. Bacteria: the hare and the tortoise

8. Eukaryotic cells as an active system
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