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Cytoskeleton

cytoskeleton motor proteins

F-actin myosin

microtubule dynein, kinesin

intermediate 
filament
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Objective:
To investigate the nonequilibrium statistics and dynamics of actin-
myosin network.

Fluorescent picture of a cell

http://upload.wikimedia.org/wikipedia/commons/0/09/FluorescentCells.jpg


Microrheology of Actin-Myosin Network

sample chamber (26 mm x 7.0 mm x 0.2 mm)

F

F

myosin minifilament
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Particle’s trajectory?



Particles’ Trajectories
Actin Network Actin-Myosin Network

1.0-m particle; 3.5 mMATP

Passive gel Active gel

Gaussian Non-Gaussian



Motivation

Fluctuations of 
probe particles 
in active gel

Second Moment Analysis (MSD or PSD)

-won’t tell the exact shape of the distribution

Whole Displacement Distribution
- a model is developed for the displacement distribution

in active cytoskeleton 

Non-Gaussian



Displacement Distribution

equilibrium 
point
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Instantaneous Distribution
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Displacement in Active Cytoskeleton
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: the displacement field of the myosin.

r: the separation between the probe and myosin.
: strength of force dipole
: elastic modulus
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Force distribution in the universe

(Taken from: 
http://astrophotographia.blogspot.jp/2009/10/m31-
andromeda-galaxy.html)
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considered as one force dipole

Analogy
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Numerical Simulation by I. Zaid
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Model extended for N myosins
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So, the probability density is an N-fold convolution of

in real space:

Each myosin has independent 
effect on the particle.

NkwkW )()( 

(in Fourier space)
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The probability density function due to N
myosins (in Fourier space calculation)

Mathematical Model for Instantaneous Distribution
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c = 4.0 x 1017 m-3

g0 = 3.2 x 10-19 m3

ID for Active Gel and the fitting curve

For 1.0-m particle at 2.9 mM ATP concentration. c is the effective myosin concentration
and g0 indicates the myosin’s strength.

consistent to experimental conditions:
c ~ [1 active myosin aggregate/1 m3] ~ 10 18

g0 ~ [((F=10pN)x 300nm)/10Pa] ~ 10-19
F

F

10Pa



The Dynamics of the Fluctuations

Van Hove Distribution (VHD)

Strength rate of the force dipole



Displacement Distribution
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Interaction between Actin and Myosin

* random in nature

* Poissonian processMyosin is processive.m
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Visualization of the hypergeometric function terms
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Van Hove Distribution with fitting curves
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Conclusion

• The developed model can described well 
the experimental data.

• Fitting parameter values are consistent 
with the experimental conditions.



Prospective Work

• Investigation of how the athermal 
fluctuations of probe particles in cells 
related to active cytoskeletal network.

Thank you for your attention.






