Live-cell cartography: spatial mapping of biomolecular information by functional Fluorescence Microscopy Imaging (fFMI) 
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Live cells convey key information and control their vital functions via molecular interactions and transporting processes. Through molecular interactions and transporting processes, they precisely control, spatially and timewise, the concentration and mobility of biomolecules, and their local environment (pH, ionic strength, charge density). To understand the dynamic integration of molecular interactions through transport processes, quantitative methods with high sensitivity, spatial and temporal resolution are needed. Fluorescence microscopy- and correlation spectroscopy based methods have proven to be invaluable for this purpose, and advanced methods such as Image Correlation Spectroscopy (ICS) [1] and Single Plane Illumination Microscopy (SPIM; also called Light Sheet Microscopy)/Total Internal Reflection (TIR)-based Fluorescence Correlation Spectroscopy (SPIM-FCS/TIR-FCS) [2] have been recently developed. However, both methods, while very powerful, also have limitations. ICS is based on Confocal Laser Scanning Microscopy (CLSM), thus relying on the analysis of fluorescence signal acquired with a time lag (dwell time between pixels). In SPIM-FCS, fluorescence intensity is simultaneously read-out; but light sheet propagation may be affected by obstacles in the sample, giving rise to an uneven fluorescence excitation across the specimen. Also the observation volume elements are larger than in conventional single-point FCS due to light-sheet thickness. Finally, TIR-FCS use is limited as it only can be used to study processes at the basal plasma membrane. With this in mind, we were motivated to develop scanning-free massively parallel FCS with high spatio-temporal resolution (~240 nm and ~ 10 μs, respectively) and single-molecule sensitivity, which will allow us to quantitatively characterize fast dynamic processes and precisely measure the concentration of fluorescently-tagged biomolecules in live cells and in solution 


[3] ADDIN EN.CITE . To this aim, fluorescence intensity from 256 or 1024 excitation foci generated by the diffractive optical element (DOE) are recorded by a position-matched individual single-photon avalanche detector (SPAD) in a 2D SPAD camera. Autocorrelation curves are computed from time series of fluorescence intensity fluctuation to determine the concentration (reciprocal to the amplitude of the autocorrelation curve) and diffusion time (decay time of the autocorrelation curve). Our instrument allows also Fluorescence Lifetime Imaging Microscopy (FLIM), to characterize the immediate surroundings of the fluorescent tags via fluorescence lifetime, and FLIM-based Förster Resonance Energy Transfer (FRET), to assess the biomolecular interaction via donor-acceptor interaction. We have applied mpFCS/FLIM to spatially map in live cells the local concentration, diffusion and local environment of a transcription factor in the cell nucleus and have characterised the effects of an allosteric inhibitor of transcription factor dimerization 
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