Probing mechanical properties of living cells with AFM
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Abstract

Mechanical properties of cells play a critical role in many essential biological functions including migration,
contraction, differentiation and gene expression. Moreover, cells feel and actively respond to adhesive forces
and deformations exerted by the adjacent cells and the extracellular matrix. The cell mechanical behavior is
increasingly recognized as a key determinant of the normal cell function and of its alteration under
pathological conditions. However, quantitative knowledge of the mechanical behavior of the cell remains
largely incomplete. Atomic force microscopy (AFM) allows 3-D manipulation of cells and molecules with
nanometric resolution with simultaneous measurement of the applied force with pN sensitivity. These are the
displacement and force scales suitable for probing single molecules and cells. Moreover, measurements can
be carried out in liquid with controlled environmental conditions and the cell response to pharmacological
agents can be monitored in real time. Therefore, AFM is a powerful tool for probing the mechanical behavior
of living cells. Nevertheless, accurate measurements require consideration of both the characteristics of the
technique and the features of the biological sample. Cell stiffness is probed by indenting the cell surface with
the cantilever tip. The force-indentation curve provides an estimation of the apparent Young modulus of the
cell. A robust approach for probing cell viscoelasticity is to apply small amplitude sinusoidal oscillations
[1,2]. Accurate computation of the cell viscoelastic modulus demands the correction of raw force-indentation
oscillatory data for the cantilever viscous drag [3]. Nevertheless, the relative magnitude of the hydrodynamic
artifact increases with frequency, which makes it difficult to obtain reliable measurements of the viscoelastic
modulus at frequencies higher than a few hundreds of Hz. Computation of cell mechanical modulus requires
precise knowledge of the tip geometry and the use of a correct tip-cell contact model. Conventional AFM
pyramidal tips can be used for both cell imaging and mechanical measurements [5]. On the other hand,
sharper tips used for high resolution imaging have poorly defined geometry and are not well suited to
mechanical measurements. Cell adhesive properties are probed by binding a ligand-coated tip to cell
membrane receptors and retracting the cantilever until tip detachment. Tip-cell contact models of
conventional tips under adhesive conditions are poorly defined. We have recently developed flat-ended
cylindrical tips nanofabricated with ion beam technology [6] that provides a well defined and constant tip-
cell contact area, which facilitates cell measurements.
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