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Modeling Complex Material Properties
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Typical Eukaryotic Cell

1 mm = 10-6  m
1 nm = 10-9  m
1  Å   = 10-10m

10-30 mm



Plasma Membrane

~5 nm

2-D Elastic Plate

Plasma Membrane



Cytoskeleton

Diameter (nm) Persistence Length (mm)
actin 6-8 15

microtubule 10 60,000

intermediate 20-25 1-3
filament 

“rigidity”

Cytoskeletal
fibers
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When stressed, cells form
stress fibers, mediated by a

variety of actin-binding
proteins.

TEM of
cytoskeleton,
Hartwick,
http://expmed.bwh
.harvard.edu

Structure of actin,
http://www.scripps.edu/mb/wrigge
rs/projects/actin/

Actin filament: a force of 10
pN supported by a single actin
filament (E~109 Pa) produces

a strain of ~2x10-4!!)



Measuring Complex Material Properties

Aspiration Cell Poking

Thermal tracers

-6

-4

-2

0

2

4

-6 -4 -2 0 2 4



Cell Adhesion

Physical forces effect bond association/dissociation

Finite contact times

Cell deformation




