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Single molecule force spectroscopy using the Atomic Force Microscope (AFM) can yield
important information on the behaviour of single molecules to force. An example of this is the
mechanical unfolding of proteins using the AFM in a constant velocity setup. By unfolding a
concatenated protein at differing velocities a dynamic force spectra can be built up which
allows reconstruction of the energy landscape that the protein traverses during unfolding. This
procedure has lead to new insights into the determinants of mechanical strength. However,
certain factors limit the information that can be gathered by this technique.

In a constant velocity experiment a protein is tethered between a substrate and the AFM tip,
and the deflection of the cantilever is used as a measure of the force. The use of a deflecting
cantilever is non-ideal for a number of reasons. Firstly, due to the deflecting cantilever the rate
at which force is loaded onto protein is non-uniform and the maximum loading rate is limited
by the soft AFM cantilever. This limits the dynamic range over which dynamic force spectra
can be measured. Secondly, after unfolding of a protein the deflected cantilever recoils, during
this time little information can be gained about the dynamics of the protein. Thirdly, the
thermal fluctuations of soft cantilevers limit the force resolution.

To circumvent these issues a force sensor has been developed that does not rely on the
deflection of the cantilever. Instead a secondary laser is used to control the deflection of a
cantilever. When the secondary laser is controlled by a feedback loop the deflection of the
cantilever can be ‘locked’, and the laser power required to keep the cantilever locked now
becomes a measure of the force acting on the lever. This setup has been applied to constant
velocity experiments using Protein L and has revealed features in the energy landscape not
detectable in conventional experiments. Additionally new features attributable to refolding
intermediates are observed immediately after unfolding.
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compléte unfolding of protein L (not shown).
* CD-AFM - bimodal AL distribution
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