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e |ntroduction: filamentous viruses and F-adin as
model semiflexible polymers

o| sotropi c-nematic phase transition and filament
dynamics

*Rheology and mechanical manipulations

«Cell motility: molecular mechanism of force
generation and movement
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fd virus

ffilament length =0.9um
i diameter = 7nm

| molecular mass=16.4x10° Da
o |1near charge density = —10e/nm

Holmeset al.
Nature, 1990
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F-actin

/ ATP=ADP +Fi+energy

O

-actin

e EXxercise:

a. The aiticd concentration o
adinis 3 uyM at 10°C, which
deaeasesto 0.5 uM at 25°C.
Calculate dhanges of baoth

& ?

b. Isthe actin pdymerizaion
an or
process?
F. Oosawa, 1975

Thermodyramics of the
Polymerizaion d Proteins

MW=
G-F transition
Condensation model

Binding energy

Criticd concentration
< . or

ATP hydrolysis

e Solution:
a Kgc, => Inc=G/RT =>
In c.= AH/RT-ASR =>
=20 Kcd/mal,
=28 Kcd/mol

b. Actin pdymerizaionis an
process The process
absorbs hea and gains entropy,
via dhanges in interadions among
protein, ions & water (hydration).
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yosinhick Flamants reverse polarty
at midlng of sarcomere fthe M ine)

phus end of actin laments minus and of detn flaments
endondisc

* Alberts et al., Moleaular Biology of the Cell

http://expmed.bwh.harvard.eduwprojeds/motilit y/neutroph|.htmi
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actin corlex lamellipodium  substratum

actin polymerization at
plus end extends
lamellipodium

Protrusion
Attadhment
Retradion

Reped Protrusion

* Alberts et al., Moleaular Biology of the Cell
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Bright

8 mm
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Biological motivation
Semiflexible filamentsin network
Particle tracking microrheology
Mechanical manipulation by AFM
Nanoeledronics and mineralization
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» Filamentous networks occur
In many physiologicd settings
Cell isnat just abag of
enzymes, but instead has a
filamentous keleton

Cytoskeletal structureis
esential for scafording,
transport, signaling, force
transmisgon, motility, etc.

/
/

i N

Svitki na& Bdrisy, JCIB, 19

9

Theory of palymer dynamics

de Gennes, 197G
TUBE MODEL & REPTATION

Receant treaments for network of
semiflexible poymers

A. Maggs, 1994 PRE
F. MadKintosh et al, 199, PRL
R. Granek, 1997, J. Phys

E.Frey eta, PRE& PRL, 1998 ]
D. Morse, Phys. Rev. E; Mago., 1998 The stresstensor and resporse times
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 Maaorheology
— Parallél plates (cone-plate) medchanicd rheometer
— Magnet driven rotating dsk rheometer (Sadkmann)

* Microrheology
— Magnetic tweezes (Sadkmann)
— Diffusing wave spedroscopy (Weitz)
— Particle tracking microrheology (PTM) (Schmidt, Kuo)

* Medanicad manipulation using AFM

Schmidt, Hinner
Sadkmann & Tang
PRE 2000

freq [ Hz ]

Jay X. Tang, Indiana Univ (I TP Complex Fluids Program 2/19/02)




Physical properties of F-actin and filamentous phages: ...

@ Quadra detector

@ Fourier transform

ﬁ apply GSER
@ P

Theory  Levine & Lubensky, PRL 2000

o Separating locd and buk properties

» Measurement of compresshility

» Probing long range arrelations of network dynamics

Experiments Crocker, et d., 1999
Addas, Levine, Schmidt & Tang, in progress
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* Alberts et al., Moleaular Biology of the Cell

Cantilaver
Force

Cample Pasilion
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» Single filament conductivity
» Nano-fabrication by mineraization

o Interest and controversy of DNA conductivity
(Fink, Nature, 1999; de Pablo, PRL, 2000)
 |Importance of protein filamentsin scaff ording

and transport in cell s
o |onic flux and physiological functions

o Cable-like properties of F-actin in solution will
be measured using conducting AFM tipsin
combination with the micro-patterning technique
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 Video segments on cell motility

» Understanding the li sterial head rotation by
extending a symmetry breaking concept

» Current eff ort towards understanding the
helical tail growth

Listeria
monaocytogenes
moving in PtK2
cdls (150x)

http://cmgm.stan
ford.edu/theriot/
movies.htm
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van Oudenaarden & Theriot, Nature Str. Bio., 1999

http://crngm. stanford.edu/theriot/movies.htm
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Feaures of |-N phase
transitions for F-adin

Polyeledrolyte properties
of viruses and protein
filaments

Viscoelasticity of
biopdymer network
Actin network dynamics
and force generation

Self-asseembly of bio-complexes (protein
filaments, lipids, DNA, viruses, €tc.)
Rheologicd properties of semiflexible
filament network

Protein filament nano-eledronics and
transport properties

Understanding physicd medanisms of
cdl motility

» Applying physics of protein-assembly and

networks to cdl biology and disease
intervention
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