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In order to understand biological phenomena accurately,
single molecule techniques using a physical research
approach to molecular interactions have been developed, and
are now widely being used to study complex biological
processes. In this review, we discuss some of the single
molecule methods which are composed of two major parts:
single molecule spectroscopy and manipulation. In particular,
we explain how these techniques work and introduce the
current research which uses them. Finally, we present the oral
biology research using the single molecule methods.
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Figure 1. Single molecule spectroscopy. (A, top) Schematics representation of FRET and (A, bottom) FRET vs distance between

dye pair (R) where Ry =

5 nm. At around Ry, the sensitivity is maximized. (B) Schematic representation of single particle

localization and tracking. The precise position of the fluorophore can be determined from actual intensity data using Gaussian
fitting with sub-diffraction-limited area. After repeating the localization step on a time series of images, the positions are linked to
generate trajectories that track the motion of the single molecule. (C) The principle of STORM and PALM. (top) In conventional
fluorescence microscopy, when fluorophores exist in the diffraction limit (~200 nm), it cannot be resolved. (middle) Different
fluorescent probes marking the sample structure are activated at different time points, allowing subsets of fluorophores to be
imaged without spatial overlap and to be localized to high precision. (bottom) With multiple snapshots, a final super-resolution

image can be reconstructed from the accumulated positions.
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Figure 2. Single molecule manipulation. (A) Schematics of the optical tweezer. When the bead is displaced from the beam focus,
the larger momentum change of the more intense rays cause a net momentum pulling the bead toward the focal point. (B)
Schematics of the AFM. The change of the cantilever position which means the sample undulation is detected by measuring the
movement of a laser spot on the photodiode, which is being reflected from the back-side of the cantilever.
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