Semiflexible Polymers: Polymer Physics Meets Cell Biology

Polymer physics meets cell biology

= Polymers (filamentous proteins) in the cell?
= Outline of topics and problems
= Properties and phase behavior in bulk
Model polymers, biomaterials, ...novel rheology

= Single filament properties
dynamics & response --- a toy problem

= Active gels & force propagation
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Plant and animal cells
have acytoskeleton,
consisting largely of
polymer, for structure,
organization, and
transport

Alberts,... 1994

Why biopolymers?

= SIZE: can visualize basic polymer
physics in an optical microscope!

JKas, P Janmey,
1995
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Viruses (fd, tmv, ...)

Elasticity of semiflexible polymers
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Topics

= Phase behavior (liquid crystalline phases)
order from entropy

= Rheology (flow properties, viscoelastic response)
in Bulk
microrheology (theory and experiment)
composites of biopolymer + membrane

= Dynamics & response of single filaments

=  Geometry of twist and writhe

= Collapse and condensation of biopolymers
= Active gels! (with molecular motors)

= Force generation, transmission in vivo

When should we have a nematic?

Onsager: )
excluded volume of onerod vV UL"a
concentration for nematic Q Oa/L Dal ¢ 0 (Khokhlov,Semenov)
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When should we have a nematic?

Onsager: 5
excluded volume of onerod VUL a

concentration for nematic pla /L Oal? 0 (Khokhlov,Semenov)
Isotropic, flexible solution?
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0] DNA c=1-10mg/mi
semiflexible F-actin c¢=(0.01) - 2mg/ml
entangled

flexible
entangled
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Viscoelasticity of (bio)polymers
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Experiments (actin):
Gittes, ...; Schnurr, ...
B ) 97, Xu, ... 98,
P , Gisler, Weitz’ 99

: Theory: Morse’ 98;
Gittes, FCM ’'98;
Pasquai ... ‘01)

Single-filament dynamics/response: a toy problem
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Morse '98; Gittes ... '98; Pasquali ... ‘01
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High ¢ rheology
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Experiments Theory
Gittes, ...; Schnurr, ... '97 Morse ‘98; Gittes ... 98;
Xu, ... '98; Pasguali ...01
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Simulations
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Topics

= Phase behavior (liquid crystalline phases)
order from entropy

= Rheology (flow properties, viscoelastic response)
in Bulk
microrheology (theory and experiment)
composites of biopolymer + membrane

= Dynamics & response of single filaments

= Geometry of twist and writhe

= Collapse and condensation of biopolymers
= Active gels! (with molecular motors)

= Force generation, transmission in vivo
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