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Two-dimensional model for the cell

Conclusion

Key terms

the immune system of astronauts is severely 
impaired after return from space flight [1]
in vitro experiments during space flight show 
disruptions of the actin cytoskeleton of 
immune cells [2]
such severe microgravity-induced cytoskeletal 
alternations have been shown to impact cell 
shape and motility [3]
microgravity leads to changes of, e.g., cortical 
thickness and distribution of focal adhesion 
proteins [3,4]

Question: What are the effects of such 
microgravity-induced changes on the ability of 
the cell to migrate, polarize, and deform?
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The cell cortex is a thin layer 
of actin filaments on the inner 
face of the cell membrane. It is 

cytoskeleton.
Actin is a filamenteous protein 
which dynamically polymerizes 
and depolymerizes. Actin 
polymerization creates 
membrane protrusions which 
are essential for cell migration.
Focal adhesion proteins link 
the cortex to the extracellular 
environment, transmitting 
forces which allow for 
migration.
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Introduction

cortex is described as a closed, one-dimensional contour of 
compressible viscous fluid which forms the cell surface
cortex force includes membrane tension and cell area conservation

 surface tension , maximum perimeter , reference perimeter , 

radius of circular reference cell shape , curvature of contour , area 

modulus , cell area , reference area , unit normal vector 
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depends on actin concentration  [6]

 polymerization speed , reference concentration 

full velocity describes motion of 
filament end points and cell shape evolution

Non-motile base state: circular cell (radius ) with homogeneous actin 
concentration  along the cortex

Spontaneous onset of motility

Linear stability analysis:
first circular harmonic: No cell shape changes
stationary instability for polymerization speeds above

  

spontaneous onset of cell polarity and motility: 
Retrograde flow of cortex from cell front to rear 
see also three-dimensional case [9]

polarityno polarity

Summary:
the developed physical model for a cell allows to study the effects of 
microgravity on cell migration
linear stability analysis reveals spontaneous symmetry breaking, 
leading to cell polarization, motility, and dynamic shape changes
numerical simulations allow investigation of large cell deformations

Outlook: 
include anisotropic diffusion of cortical filaments to account for 
microgravity-induced disruptions of cortex
study effects of external forces on cell migration
include coupling of the cortex to extracellular environment using a 
focal adhesion model

Shape dynamics

Linear stability analysis: 
higher-order harmonics: Shape changes
consider small perturbations , of 
circular cell shape and homeostatic 
concentration
coupled dynamics of shape and concentration
complex growth rate  of perturbation
oscillatory instability (Hopf bifurcation) for 
polymerization speeds above

Numerical simulations:

time-evolution of actin concentration due to filament advection, 
diffusion, and restoration (due to, e.g., depolymerization) [7,8]

 contour Laplace operator , homeostatic actin concentration , 
diffusion coefficient , restoration rate  
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