Single Molecules Tell Many Tales
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We normally think of a chemical reaction in single-molecule terms, but in experiments an average behavior from a large number of molecules is often measured. However, in recent years, several detection schemes were employed to observe the dynamics of individual molecules, most of them of biological origin. I will review some of the latest results in the field of single-molecule biophysics and introduce an innovative detection method implemented in a confocal microscope for measuring correlated fluorescence lifetimes and spectra. Fluorescence photons emitted from a sample are imaged through a dispersive optical system onto a custom-built time- and position-sensitive detector. For each photon, the apparatus records the wavelength, the emission time relative to the laser excitation pulse and the absolute detection time, so that correlations among all fluorescence parameters are maintained. After a measurement, photon events can be histogrammed according to each of their property, so that a full emission spectrum and a correlated decay can be plotted for every pixel in the fluorescence image. The data acquired can be used to map the time- and space-dependence of multiple fluorophores in a heterogeneous sample, or to monitor the dynamics of single molecules on a time scale that spans from picoseconds to minutes. Correlations between intensity, spectrum and lifetime are valuable tools to explore the physical-chemistry factors responsible for changes in the local chemical environment of single molecules. The detection method also provides a more complete description of the fluorescence resonance energy transfer (FRET) than conventional microscopy techniques, as demonstrated by single-pair FRET experiments between dyes spaced apart by short polypeptides and DNA duplexes. 

