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Abstract: Since the first optical detection and spectroscopy of a single molecule in condensed
matter (PRL (1989)), much has been learned about the ability of single molecules to probe local
nanoenvironments and individual behavior in biological and nonbiological materials in the
absence of ensemble averaging that can obscure heterogeneity. Using the fact that light acts at a
distance with little perturbation, single-molecule fluorescence imaging has enabled both
materials science studies as well as biophysical measurements in cells. However, the single-
molecule emitter can also act as a nanoscale light source which yields enhanced spatial
resolution beyond the diffraction limit when combined with optical control of the single emitters
(WEM, J. Microsc. (2012)). Using the native photoinduced blinking and switching of enhanced
yellow fluorescent protein (Dickson et al., Nature (1997)) we can achieve sub-40 nm super-
resolution imaging of a variety of protein structures in the bacterium Caulobacter crescentus.
With a fluorescently-labeled toxin, the locations of voltage-gated sodium channels on the surface
of neuronal cells can be observed in near-real time.

In terms of methods, a new scheme for 3D imaging based on a double-helix point spread
function enables quantitative tracking of single mRNA particles in living yeast cells with 15 ms
time resolution and 25-50 nm spatial precision (Thompson et al., PNAS (2010)), and this
approach has been used to define the 3D spatial structure in bacterial (Lew et al., PNAS (2011))
and mammalian cells (Lee et al. Appl. Phys. Lett. (2012)). Moving away from nanoscopy, it is
often important to study a single biomolecule in solution without surface attachment or
confinement. To do this, we use a machine called the Anti-Brownian ELectrokinetic (ABEL)
trap which provides real-time suppression of Brownian motion, and this device has been used to
explore the photodynamics of single copies of antenna proteins, chaperonins, and redox enzymes
(Wang et al. Acc. Chem. Res. (2012)). The examples provided here illustrate some of the
frontiers where the power of optics and lasers applied to single-molecule spectroscopy and
imaging is yielding new insights into the behavior of complex systems.
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