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� U.S. President: Ronald Regan

� Lebanon war begins

� Graceland opens
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� USA Today is first published

� AT&T “monopoly” is broken apart

� Compact discs hit the market 

� First artificial heart implanted in Barney Clark
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�Because cells function 

mechanically by changing shape, 

the forces that control shape 

(e.g. actin polymerization) must 
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(e.g. actin polymerization) must 

be relate to the forces that drive 

mechanical activities 



�Direct measurement of cellular 

mechanical properties

�Microfilaments (actin) determine 
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Microfilaments (actin) determine 

cellular mechanical properties
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� Two springs in series

� Poker: kp(modulus, dimensions)

� Cell : kc(strain rate, temperature, CSK structure)
Mx
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� k  = 3.8 millidynes/µm

� 1 dyne = 1 x 10-5 N

� 1 millidyne = 10 nN
On
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� Metals deform elastically (recoverable) but after 

yielding they deform elastically and plastically 

(unrecoverable) 
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� Rubber has S-curve

� Mechanics depends on 
polymer chains

� Hysteresis is path-
dependence

� Vulcanizing promotes cross-
linking between polymer 

σ

ε

(a)

(b)
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� Vulcanizing promotes cross-
linking between polymer 
chains

(lo X-linking)

(a) (b)



� J-curve

� Behavior due to increased 

alignment of fibers

� Think of stretching your 

earlobes

σ
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earlobes

� J-curve is an S-curve with 

pre-stress

ε
σ

ε



� Arrows 
indicate point 
of contact

� Low hysteresis 
in thinner 
regions 
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regions 

� Initial kcell =0.6 
millidynes/µm

� Increased kcell

with depth of  
penetration
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� 21 vs 2.1 µm/s

� Near nuclear (A)

� Hi strain rate, hi 

stiffness

� Lo strain rate, lo 

1 m
illid

y
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� Lo strain rate, lo 

stiffness

� On nucleus (B)

� Hi or Lo strain 

rate have same
1 µm
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� Previous tests at 22º C 

� Lower hysteresis at 37º C

� Lower stiffness at 37º C

� Thermal expansion 

37º C

33º C
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Thermal expansion 

problem? 33º C

30º C



� Two cells incubated 

with 10 µg/ml for 1 hr 

� Cell 1 (tested 8-14 min 

after wash-off)

Cell 2 (tested 23-32 min 
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� Cell 2 (tested 23-32 min 

after wash-off)

� No effect to nuclei

� Cytoskeleton is softer



� Tension from glass 

microneedle can form 

neurite extension 

from chick sensory 

neuron cells 
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neuron cells 


