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which osteoblasts respond using both microindentation and micropipette
aspiration. First, we microindented cells with an atomic force microscope
and used the increase in intracellular calcium concentrations as a read-
out for detection of the mechanical stimulus and identified two pathways
for the response to mechanical stimulation. One, consequent upon contact,
depended on activation of mechanosensitive ion channels; the second,
following stress relaxation, required an intact microtubular cytoskeleton.
The cellular responses could be modulated by selectively disrupting
cytoskeletal components thought to be involved in the transduction of
mechanical stimuli. The F- actin cytoskeleton was not required for
responses to mechanical stress, whereas microtubules and vimentin
networks were. This technique provided an estimate of the cellular strain
magnitude needed to elicit intracellular calcium responses ("2.5%). To
get a second estimate of this strain magnitude, we used aspiration of
cells into micropipettes combined with patch-clamp electrophysiology,
video-microscopy and finite element modeling to determine the magnitude
of membrane strain and tension needed to open mechanosensitive channels.
To achieve this, we aspirated part of the cell membrane into a
micropipette and simultaneously recorded the evolution of membrane
extensions into the micropipette, applied pressure, and membrane currents.
Non-selective mechanosensitive cation channels with a conductance of 15
pS were observed in primary osteoblasts. Aspiration into the micropipette
was simulated using finite element models incorporating the cytoplasm,
the actin cortex, the plasma membrane, cellular stiffening in response to
strain, and adhesion between the membrane and the micropipette. Using
this model, we examine the relative importance of the different cellular
components in resisting suction into the pipette and estimate the
membrane strains and tensions needed to open mechanosensitive channels.
Radial membrane strains of 800% and tensions of 5 10 -4 N.m-! were needed to
open 50% of mechanosensitive channels. Due to the discrepancy in strain
magnitudes needed to elicit mechanical responses in the two techniques,
we concluded that mechanosensitive channels detect membrane tensions
rather than membrane strain. Finally, using a combination of experimental
and modeling techniques, we compare the strain magnitudes exerted in
these two techniques with those exerted by other commonly used mechanical
stimulation techniques and those exerted on  osteoblasts and osteocytes
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