MAE 545: Lecture 6 (10/6)

Growth dynamics of actin
filaments and microtubules




Cytoskeleton in cells

Cytoskeleton matrix gives the cell shape
and mechanical resistance to deformation.

Actin filament

Microtubule

(wikipedia)



Actin filaments
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Distribution of actin filament lengths
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Distribution of actin filament lengths
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What is steady state distribution of actin
filament lengths at low concentration?
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Actin filament growing against the barrier
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Actin filament growing against the barrier
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Microtubules

Tubulin dimer

——
a-Tubulin

Cross section MicrOtUbUle

4+
25nm

Persistence length {, ~ Imm
Typical length L < 50pum



Microtubule dynamic instability
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Simple model of microtubule growth
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Typical values in a tubilin
solution of concentration 10uM:
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First let’s ignore all molecular details
and assume that microtubules
switch at fixed rates between
growing and shrinking phases
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(for simplicity ignore diffusion during
individual growing or shrinking event)
What is the average growth speed
and average diffusion constant
for such dynamic system?

M. Dogterom and S. Leibler,
11 PRL 70, 1347-1350 (1993)



Fokker-Plank equation in Fourier spectrum

Master equation
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Microtubule length (um)
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Simple model of microtubule growth
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Simple model of microtubule growth
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Simple model of microtubule growth
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