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Abstract:

Force spectroscopy is an important single-molecule technique to study the energetics and
dynamics of biological systems. Both optical traps and atomic force microscopes (AFMSs)
can measure the dynamics of individual molecules. My talk will focus on two
intellectually distinct ways to improve these experiments: passive force clamps and an
optically stabilized AFM.

To increase measurement precision, feedback is used to maintain a constant force on a
molecule — often called a force clamp. Yet, active feedback is inherently bandwidth
limited. Here, we show that a passive force clamp — where the bead is held at the position
of maximum force in a trap, not the linear region (F = -ktrap-xbd) — eliminated the short-
lived spurious transitions present in active force clamps. Overall, the dynamics
determined in force clamps can be significantly altered by the mechanism of force
feedback.

In a typical AFM-based force spectroscopy experiment, this sensitivity to drift — in all
three dimensions — is exacerbated by the short contour lengths of proteins. We developed
an ultrastable AFM by scattering a laser off the apex of a commercial AFM tip, not its
back side. A second laser was used to detect and thereby stabilize the sample. These two
lasers established an optically based, differential reference frame. This reference frame
was stable to 0.02 nm in 3D. This new tip measurement capability will enable operation
in force- or position-clamp modes that are essentially insensitive to long-term drift of the
AFM assembly.
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