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Balancing forces: archltectural control T
of mechanotransduction

Christopher C. DuFort*, Matthew J. Paszek* and Valerie M. Weaver**
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Dalby, M. ], Riehle, M. O., Johnstone, H., Affrossman, S. & Curtis, A. S.
Investigating the limits of filopodial sensing: a brief report using SEM to image
the interaction between 10 nm high nano-topography and fibroblast filopodia.
Cell Biol. Int. 28, 229-236 (2004).



A Machinery of mechanotransduction: fast dynamics
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P rOte 1N fO | d 1N g @ Reversible Unfolding of Single RNA Molecules by
o Mechanical Force

Jan Liphardt'*, Bibiana Onoa', Steven B. SmithZ, Ignacio Tinoco Jr., Carlos Bustamante'2*

trap bead

ceemmm—]

trap bead

laser trap handle

RNA

/ molecule

actuator
bead

e

actuator bead

actuator

Figure 6.9: (Schematic.) Optical tweezer apparatus. A piezo-electric actuator controls the position of the bottom
bead. The top bead is captured in an optical trap formed by two opposing lasers, and the force exterted on the
polymer connecting the two beads is measured from the change in momentum of light that exits the optical trap.
Molecules are stretched by moving the bottom bead vertically. The end-to-end length of the molecule is obtained as
the difference of the position of the bottom bead and the top bead. Inset: The RNA molecule of interest is coupled to
the two beads via molecular “handles.” The handles end in chemical groups that stick to complementary groups on
the bead. Compared to the diameter of the beads (= 3000 nm), the RNA is tiny (= 20nm). [Figure kindly supplied
by J. Liphardt.]
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Detecting stiffness
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that 1s, determining any deformation as

v,

a result of applied force.

For example,



Distance over which mechanosensing occurs

where,

(Brown and Discher,
2009). Examples of proteins implicated in force or substrate
stiffness responses are talin (del Rio et al., 2009), vinculin (Ezzell
et al., 1997; Grashoff et al., 2010) and (Byfield et al.,

2009b; Gehler et al., 2009; Kasza et al., 2009), which-

few nanometers and the
suggesting that

mechanosensing requires only very small movements and
that

Tesolution: Other models of mechanosensing suggest that the sensor
involves transmembrane ion channels that are linked mechanically
_(Glogauer et al., 1997; Koivusalo et al., 2009)

and, therefore, the

considerably lager than nanometer scale: Alternative models suggest

a delocalized distribution of stresses throughout the cytoskeleton

‘or the presence of sites within the actin stress fiber, possibly distant

from the membrane adhesion complexes, that can act as
mechanosensors.
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Timescales
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