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ABSTRACT:

Single-molecule force spectroscopy using atomic force microscopes, laser
optical tweezers, etc. has the potential to provide unprecedented insights
into the structure, dynamics, interactions, and mechanical properties of
individual molecules. However, the theory used to extract the kinetics of
molecular transitions from single-molecule force experiments remains
highly contentious. We present a unified framework for extracting kinetic
information from single molecule pulling experiments at constant force or
constant pulling speed. Our procedure, based on Kramers theory of
diffusive barrier crossing, provides estimates of not only the intrinsic rate
coefficient and the location of the transition state, as in the widely used
phenomenological approach based on Bell's formula, but also the free
energy of activation. A guantitative relation between the data collected in
two types of measurements - at constant force and constant force-ramp
speed - is established. We consider the uniqueness of the extracted
kinetic information and suggest guidelines to avoid over-interpretation of
experiments. We demonstrate the efficiency of our theory by analyzing
nanopore unzipping measurements of individual DNA hairpin molecules
under voltage.
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