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Cytoskeleton of cells

Complex dynamic machinery,
based on polymer networks
and membranes
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Single filament dynamics
semiflexible: Ip >>a

I, = persistence length,
a = monomer radius

E = Young’s modulus,
| = area moment of inertia
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Shear deformation of a viscoelastic object

stress = G x strain
complex shear modulus: G*(w) = G’'(w) + i G"(w)

| l

storage modulus loss modulus

Microrheology

/

1um

Advantages:
— study inhomogeneities
— study small samples, biological cells
— reach high frequencies (-> MHz) w/o inertial effects
— probe scale dependent material properties
by varying probe size
— active vs. passive, single bead vs multiple bead (Weitz &Co.)
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Gittes, Schmidt, (1998), Opt. Lett. 23: 7-9.
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Experiments with semidilute semiflexible polymer networks

Parameters: For larger beads and higher frequencies:

Bead diameter >> ee oo oo oo generalized Stokes-Einstein:
Entanglement length > mesh size —
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Power spectra of thermal bead motion in actin gel
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Single bead microrheology with actin solutions
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Apparent shear elastic moduli of trapped bead in water
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Effects of cross-linking, bundeling etc.
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Storage modulus for actin gels of different concentrations
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Artifacts with 1-bead microrheology/2-bead microrheology
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Relation to Lamé-coefficients

A @ = H(@=6)

mi _ - nm nij 12) = 1 DRO ((A)) + 3“0 ((A)) i
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n,m: particle index, In incompressible limit:
L] =XY,Z

2-bead microrheology:

Mutual compliance:

a(lZ) (w) 5
at? ()

See: A. J. Levine, T.C. Lubensky, PRL, 85: 1774 (2000)

1-bead/2-bead microrheology
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Data evaluation for 2-bead microrheology

Time series position data: i), ri) , i=xyl

_ 2 T
Power spectral density of position cross-correlation: SxﬁZ(w) =R(@R{(w)

Fluctuation-dissipation: (Rl(w)Rf(w)*):A'—maf(w)
w

Kramers-Kronig: al (@)

Elastic coefficients: U(w) = G(w),A(w)

Uniformlength= 0.9um
Persistenelength= 2.2um
Diameter 7nm
Molecularmass=16.4x10° Da

Linearmasglensity= 18,200k—[
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Mutual compliance as function of bead distance d,
a,", fd solution 18 mg/ml
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Shear elastic storage modulus for fd solution 18 mg/ml,
measured by two-bead microrheology
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—s mg/ml
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— 5 mg/ml
— 7.5 mg/ml
— 10 mg/ml
—12.5 mg/ml
— 15 mg/ml
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Gel (in)compressibility measured by 2-bead microrheology
fd solution 18 mg/ml
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Translational Brownian motion: optical tweezers
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Translational Brownian motion: optical tweezers

Host =rods (L/D = 10) Host = spheres (R =15 nm)

L =202.7nm D £ 15nm (DLS, SLS)
D =17.8nm =
_ Dprobe/L 83
L/D=114 0=2gmL
Dprobe/L =6
Dprobe/D =70 Material = dlica
p=17845g/mL Negative charge from Si-OH

Core = AIOOH
Shell = slica (4 nm) _ HC H,C
Negative charge from Si-OH \N,

7 N
H O
£ =36.7
n=1.4305

Ny = 0.796 mPas
PK a0 ~ 29

Solvent = DMF (N,N-dimethylformamide
Salt=LiCl (k1=2-22nm)

Depletion attraction
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Optical tweezers: host rods in DMF, 0 mM LiCl

0% rods
2% rods
|| —— 3.5% rods

OmM LiCl
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Conclusions

— sampling of um volumes is possible with microrheology

— frequency range can be extended to 10s of KHz and even MHz (DWS)

— wide frequency range makes it possible to probe different dynamic regimes

— especially interesting for semiflexible polymers, complex transitions, w34scaling
— effect of electrostatics, not understood.

— data interpretation has to be done with caution: depletion layers,
different dynamics at low frequencies etc.

— two-bead microrheology avoids depletion layer effects and measures
compressibility directly

— open questions: plateau values,subtleties of transitions regimes,
cross-linking, non-linearities, single-filament dynamics
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G'[Pa] - Munich
G"[pa] - Munich
G' - Amsterdam
G" - Amsterdam
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