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The cell membrane is an interface at which many vital processes take place. In particular, the
existence of nanoscale, cholesterol-enriched lipid domains of higher order and decreased
polarity remains of capital interest, though their characterisation further than the "liquid
ordered/liquid disordered" phase partition concept remains difficult [1]. We seek finer
understanding of the impact of the chemical nature of the lipid bilayer on membrane order,
fluidity and polarity. For this, we measure these parameters independently in a single
measurement, by combining time-domain fluorescence lifetime and polarization in a multichannel confocal-FLIM microscope [2]. Artificial bilayers and live cells are stained with
environmentally-sensitive membrane dyes such as laurdan and di-4-ANEPPDHQ, chosen for
the sensitivity of their fluorescence lifetime to membrane polarity. Membrane order parameters
are probed simultaneously by measuring time-resolved fluorescence anisotropy (TR-FAIM).
The lateral diffusion of molecules is also measured using simultaneous photobleaching (FRAP)
experiments [3]. We have developed novel global analysis techniques for low-intensity FLIM
and TR-FAIM image data using Principal Component Analysis with a noise correction specific
to photon counting experiments (NC-PCA), allowing us to resolve several distinct
microenvironments with limited photon capital [4]. Our experiments show that membrane
polarity and molecular rotational diffusion are correlated and sensitive to lipid composition and
temperature; however, membrane rigidity, i.e. the range of freedom for molecular rotation,
appears to be predominantly phase-dependent. These results show that our method offers a
promising tool to obtain precise understanding of the multi-scale molecular dynamics of lipid
bilayers. We hope to apply this method to identify the chemical and physical modifications of
the membrane during physiological processes in cells, such as cell division, signaling, and
apoptosis.
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