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Growth, form and active mechanics in biology
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Soft Matter Physics: mesoscale 
phenomenon
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The interaction between components

Gradients of
Signalling molecules

Adapted from:
Taber, Larry A. Applied mechanics reviews 48, no. 8 (1995): 487-545.
Stooke-Vaughan et. Al Current opinion in genetics & development 51 (2018): 111-119.
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Active matter: what it is?

“Each active particle consumes and dissipates energy 
going through a cycle that fuels internal changes, 
generally leading to motion”



Dense active matter: active fluids

Turbulent phase in a quasi-2D homogeneous B. subtilis

Meso-scale turbulence in living fluids
Henricus H. Wensink et. al PNAS

Active nematic



Dense active matter: active fluids

Meso-scale turbulence in living fluids
Henricus H. Wensink et. al PNAS

Hard rod model of active 
nematic

Hydrodynamics of soft active matter

et al



New physics in cell monolayers
Glass-like dynamics of collective cell migration
Thomas E. Angelini et al. PNAS (2011)

An active glass is 
an amorphous 

material which can 
undergo into 

reversible transition 
from a “solid-like” 
into a more viscous 
“liquid-like” state 
when “activity” is 

increased

New class of materials



The new old physics

A glass is an 
amorphous material 
which can undergo 

into reversible 
transition from a 

“solid” state into a 
“liquid-viscous” 

state as the 
“temperature” is 

increased

Amorphous solid: 
A solid that lacks the 
long-range order that 
is characteristic of a 

crystal. 
  



What can we learn from the dynamics of inert glasses?

 Dynamic heterogeneity

MDCK cell monolayerInert glass-forming

 Particle/Cell mobility

A physics point of view: Active Mechanics



Cell Monolayers



Active drivers in cell monolayers

• Cell migration on substrate
• Cell division and death
• Cell ingressions
• Chemical signaling
• Cell-type interactions
• Junction contractions
• Shape fluctuations
• Boundaries and topology

LeLeGoff, L. et al Cg Harbor Perspectives in Biology, (2016)
Farhadifar, et al., Current Biology (2007)



Modeling cell monolayers



A very simple model

• Cell migration on substrate
• Cell division and death
• Cell ingressions
• Chemical signaling
• Cell-type interactions
• Junction contractions
• Shape fluctuations
• Boundaries and topology

Matoz-Fernandez, D. A et. Al Soft matter 13, no. 17 (2017): 3205-3212.

Soft Elastics Particles (Adhesion and Repulsion)



Cell division a main driver for morphogenesis



A very simple model

• Cell migration on substrate
• Cell division
• Cell ingressions (removal)
• Chemical signaling
• Cell-type interactions
• Junction contractions
• Shape fluctuations
• Boundaries and topology

Cell division Cell removal

*Courtesy of Prof. Kees Weijer Lab. University of 
Dundee



A very simple model

Cell division Cell removal

*Courtesy of Prof. Kees Weijer Lab. University of 
Dundee



A very simple model
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oval/D
ivision

Confluent
Matoz-Fernandez, D. A et. Al Soft matter 13, no. 17 (2017): 3205-3212.



A very simple model: MSD
Mean squared displacement of three idealized systems



A very simple model

MSD: deviation of the position of a “cell” with 
respect to a reference position over time

Cell Migration Cell Migration + Division/Removal

Solid-like behaviour Liquid-like behaviour

Matoz-Fernandez, D. A et. Al Soft matter 13, no. 17 (2017): 3205-3212.



Rheology

Matoz-Fernandez, D. A., Elisabeth Agoritsas et. al Physical review letters 118, 
no. 15 (2017): 158105

Newtonian Fluid

Shear thickening

Shear thinning

Yielding Herschel - 
Bulkley solid

In silico cell monolayer under shear



A very simple model: Rheology
In silico cell monolayer under shear

  Cell divisions

Shear rate

St
re

ss
“Cell division makes the cell monolayer more 

fluid depending on the observation time 
scale”

Matoz-Fernandez, D. A., Elisabeth Agoritsas et. al Physical review letters 118, 
no. 15 (2017): 158105



A very simple model: Rheology

  Cell divisions

Shear rate

St
re

ss Liquid-like

Solid-like

“Cell division makes the cell monolayer more 
fluid depending on the observation time 

scale”
Matoz-Fernandez, D. A., Elisabeth Agoritsas et. al Physical review letters 118, 
no. 15 (2017): 158105

In silico cell monolayer under shear



How can we explain this phenomenon?



Mean-field models for active dynamics

Flow Curve            Theory

PLASTIC NOISE

VARIATION OF STRESS = ELASTIC SHEAR + MECHANICAL NOISE

MECHANICAL NOISE

CELL ACTIVITY NOISE

E. Agoritsas et al. 2016
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