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Development of total internal reflection fluorescence lifetime correlation
spectroscopy and its application to the study of biomembrane
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[Abstract] Biological membrane is a complex lipid bilayer which is composed of lipids,
membrane proteins, cholesterol, and so on. To fully understand the relationship between the
complexity of the membrane and various biological functions expressed on the membrane,
one needs to analyze the dynamics of multiple molecules simultaneously. To this aim, we
developed fluorescence lifetime correlation spectroscopy with total-internal reflection
microscopy (TIR-FLCS). High depth resolution achieved by the evanescent-wave and the
correlation analysis of fluorescence lifetime in TIR-FLCS enables us to elucidate the diffusion
and the conformational dynamics of multiple molecules in/on a supported lipid bilayer (SLB),
a model membrane formed on a glass coverslip, without suffering from the substantial
background signals from the bulk phase. The usefulness of TIR-FLCS is demonstrated by
analyzing the diffusion of fluorescent lipids in inner and outer leaflets of SLB.
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Fig.2. (a) Schematic of photon data. (b) 2D FLCS. (c) FLCS.
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Fig.3. (a) Independent lifetime distributions. (b) Fluorescence decay curves of compl (red, lower) and comp?2
(red, upper) as well as those of TRITC-DHPE (blue, lower) and TopFluor PC (blue, upper). (c) Autocorrelations
of comp1 (red) and comp2 (blue), and the cross-correlation between these components (green).
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