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Actin-driven cell shape changes

actin patches actin cables

motile fibroblast (GFP-actin)
Watanabe lab, Kyoto Univ.





Motility of cancer cells causes metastasis



Actin network within a motile cell

Svitkina et al. J. Cell Biol. 139 397 (1997)



Actin polymerization:  driving force for cellular motions
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http://www.nytimes.com/2009/06/09/science/09cell.html



CHD-GFP
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actin filaments

spindle poles  

Spb1 
Jian-Qiu Wu (Pollard lab, Yale Univ 2007)

Vavylonis, Wu, et al. Science 2008

Actin Cytoskeleton in Cell Division

fission yeast cdc25-22 cell

Zhou and Wang 

Mol. Biol. Cell 2008

GFP-actin kidney cell

Pollard and Earnshaw, “Cell Biology” (2002)
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Cell polarization and establishment of cell center

Padte et al. Curr. Biol 2006

Celton-Morizur et al. J. Cell Sci. 2006

Wu et al Dev Cell 2003
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Martin and Chang, Dev. Cell, 8, 479 (2006)

Kamasaki et al., Nature Cell Biol., 7, 916, (2005).

actin cables: bundles of actin 

filaments

nucleated by formin For3p
retrograde flow

Formin For3p and actin cable assembly

EM: bundles of ~ 10 actin 

filaments

1.7 mm

short filaments ~ 100 subunits

actin filament: 370 sub/mm

Yang and Pon PNAS (2002)

v ~ 0.3   m/sec ~ 110 actin subunits/secm

budding yeast

cables nucleated

by formins 

Bnr1p, Bni1p



Actin cable turnover model 

(based on model proposed by Martin and Chang)

~ 50

depends on actin polymerization

Wang and Vavylonis, PloS ONE (2008)



Fluorescence recovery after For3p photobleaching

Martin and Chang (2006)

comparison of simulated recovery to experiment:

LatA: sequesters actin



Contractile ring assembles from ~ 63 myosin II nodes in ~ 10 min

~ 40 myosin II (Myo2p) molecules/node

~ 2 formin Cdc12p dimers/node 

Wu and Pollard, Science 2005

Rlc1p-3GFP 

Vavylonis, Wu, Hao, O’Shaughnessy, Pollard, Science 2008

spinning disk confocal microscopy

Node intensity distribution



Actin meshwork establishes connections among nodes

red: nodes (Rlc1-RFP1)

green: actin filaments (GFP-CHD)
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actin filament

polymerization

m/sec2.0~ m

actin filament capture

nm 100~cr

traction on filaments 

between nodes

pNF 4

lifetime of connections

lifetime of filaments

sec 20~

sec 20~

Dynamic reestablishment of connections  plasticity of network

Search,  capture, pull and release model



Simulations with search, capture, pull and release

30x time lapse,

20min

Simulated radial projection

red: nodes

green: actin

0 2pR experiment:

 model reproduces many observed features



Dependence on parameter values

red: nodes

green: actin filaments

m/sec2.0 mpolv

m/sec04.0 mpolv



Hachet and Simanis, Genes and Development, 2008

Formin Mutant: clump formation

Wild type: robust ring formation

Some mutant cells form clumps

ring

clumps



Clump formation kinetics
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Monte Carlo Simulation of 2D bulk of nodes

Scaling arguments:



Actin meshwork in the middle of a dividing yeast cell

4D confocal microscopy experiments (Jian-Qiu Wu, Ohio State)



skeletonization

(ridge point detection)

Tracking of polymerizing

actin filaments in vitro

Li et al. (ISBI 2009, MICCAI 2009) 

Actin filament network in the middle of

dividing cell

Systematic image analysis of actin in cells and in vitro
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