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Protein motion in living cells —
anomalous is normal

Diffusion is the basic means of intracellular transport, e.g. for
membrane-bound and soluble proteins. However, due to macromolecular
crowding and oligomerization processes, the random walk may be
obstructed and a change in the diffusion characteristics towards
anomalous diffusion (‘subdiffusion’) is anticipated. Using fluorescence
correlation  spectroscopy (FCS) in combination with computer
simulations, we were able to determine and quantify the subdiffusive
motion of transmembrane proteins in the endoplasmic reticulum and the
strongly anomalous diffusion of fluorescently tagged, inert tracer
particles in the cytoplasm and the nucleus of living cells. While the
observed anomalous diffusion of membrane proteins is most likely a
signature of a dynamic oligomerization process, subdiffusion in the
cytoplasm and the nucleus is a consequence of the highly crowded state
of the respective fluids. In the latter case, quantifying the anomalous
diffusion allows one to determine the viscoelastic properties (i.e. the
complex shear modulus) of the fluids on the nanoscale in vivo. Based on
the observation, that anomalous diffusion is indeed a fairly common
phenomenon, we finally discuss how generic cellular processes (e.g.
complex formation) are altered in the presence of subdiffusion.
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