




inset of Fig. 4�b��. After 24 h of cell loading, all indentations
were carried out in the CO2 independent media with 10%
FBS and 1% pen-strep at a chamber whose temperature is
maintained at 36 °C.

The tip deflection as a function of AFM base displace-
ment for the retracting subcellular region �Fig. 4�b�� shows
the elastic modulus �ktotal=k1k2 / �k1+k2�� is about
1320�310 Pa, averaged from ten measurements. The in-
dentation results were combined with the above normalized-
strain profile so that k1, k2, and c of the retracting cytoskel-
eton of fibroblasts were determined as 6567 Pa, 1652 Pa,
and 300 37 Pa s, respectively. Compared to the previous
results7,11 of ktotal�4000 Pa and c�100 Pa s obtained for
the stationary fibroblast cells, the retracting cytoskeleton
showed a threefold decrease in elastic modulus and a 30-fold
increase in damping coefficient. These results suggest that a
retracting cytoskeleton may become softer, and consequently
has remarkable increase in damping coefficient after a few
seconds of subcellular detachment. This phenomenon is
likely owing to the gel–sol transition of actin filaments at
subcellular detachment which changes the viscoelastic prop-
erties of the retracting cytoskeleton of fibroblasts. At subcel-
lular detachment, the cross-linked network of actin filaments
�coupled to focal adhesion� is likely depolymerized in the
retracting cytoskeleton. Therefore, the stiffness of the cytosk-
eleton decreases while its viscous damping capacity in-
creases.

In conclusion, this is the first report to measure the vis-
coelastic properties of the retracting cytoskeleton of 3T3 fi-
broblasts. The experimental results demonstrate that our
method, combining the time-sequential images of subcellular
retraction with AFM indentation experiments, can measure
the viscoelastic properties of the moving cytoskeleton, offer-
inf better insight on cellular dynamics.
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FIG. 4. �Color online� AFM indenta-
tion. �a� Experimental setup. �b� Tip
deflection as a function of AFM base
displacement for the detached cell.
The AFM tip is initially located above
the cell when the AFM base displace-
ment is zero. The AFM indentation is
performed with decreasing the dis-
tance between AFM tip and cell �mov-
ing to the right along the plot�. The
symbols of + and � are indentation
and cell-holding positions, respec-
tively. Scale bar is 20 �m.
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