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Abstract

We developed and included video-based axial force analysis into our previously described optical tweezers setup [1]. By measuring the radius of a trapped microbead
we achieve an overall force resolution along the z-axis in the range of 0.2pN with a bandwidth of 120Hz, only limited by our CCD camera. With this video-based method
we overcome the remaining weak interference effects in backscattered light based force analysis when operating a microsphere in the vicinity of an interface.

We tested our setup by investigating the controlled threading and translocation of individual lambda-DNA molecules with and without attached DNA-binding ligands
through solid-state nanopores and comparing these results with previous measurements realized with photodiode intensity detection [2, 3].

Theory Size Detection

Optical tweezers generate a three dimensional harmonic potential. Applying an
axial force at an optically trapped microbead moves the bead out of the trap and
thereby defocuses it. This can be used to measure the applied force, either by
analyzing the intensity of the transmitted or reflected trapping light, or by
monitoring the apparent size of the bead.
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We measure the size of the microbead with a commercial CCD camera using a
total magnification factor of approximately 600 and fiber-optical illumination. The
size Is determined by edge detection: The intensity profile along multiple spokes
In a circular ROI is interpolated and the steepest rising and falling slopes are

averaged.
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Experimental Setup Results

3.04 um bead in vicinity of SisN4 nanopore with applied voltage of 50 mV, laser power 250 m\W
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Conclusion

Our video-based force analysis system is capable of performing axial force
measurements up to approximately 10pN with a force resolution of up to 0.2pN. The
maximum force range can be extended to approximately 70pN with a remaining

resolution of 1.5pN.
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Currently, the camera is the limiting factor both in bandwidth due to the limited
framerate and in resolution due to relatively high noise. However, better cameras
usually have larger pixels, which might impede the force resolution due to smaller
radii.
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All calculations are carried out by a hexacore CPU near the limit of performance.




