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Due to the heterogeneity of the plasma membrane, measurements down to the molecular level are essential to characterize different membrane components and their dynamics to gain a fundamental understanding of many cellular processes. Photonic Force Microscopy (PFM) is a new technique allowing such measurements on live cells providing information on membrane viscosity at the nanometer scale and on interactions of molecular membrane components. PFM measurements on intact cells at the nanometer scale for the first time gave protein diffusion coefficients, which are comparable to values measured with artificial lipid films. Furthermore, the technique can be used to determine very locally the elasticity of the lipid bilayer and in this way local change in its composition, also the binding properties of molecular membrane components to the cytoskeleton and ligands to receptors can be characterize. The technique evolved from the combination of optical tweezers with Atomic Force Microscopy (AFM) replacing the mechanical cantilever by the focus of a laser and using nanoparticles as a probe, very much like a cantilever tip. A three-dimensional detection system to observe the position of the particle in 3D space allows the measurement of the thermally driven position fluctuations of the probe with a spatial and temporal resolution in the nanometer and microsecond range, respectively. These position fluctuations can be used to extract information about the local environment of the probe and with the probe linked to membrane molecules about specific interactions of these molecules.
