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Transport in complex environments - from 

non-equilibrium phase transitions to cellular crowding   

Intracellular transport exhibits a variety of complex phenomena that allow for a description in terms of physics. The two fundamental ingredients are non-equilibrium driving and spatial heterogeneities. The emerging features can be rationalized within the framework of generic models. 

First, it will be shown that phase separation may occur as result of a non-equilibrium phase transitions in the collective motion of molecular motors, e.g. kinesin moving along cytoskeletal filaments. A minimal model  based on the totally asymmetric exclusion process (TASEP) is developed that  accounts for the fact that a small number of  particles may leave or enter the system also in bulk. The phase diagram now exhibits extended regions of phase coexistence characterized by a localized domain wall. 

Second, I present extensive molecular dynamics simulations for the random overlapping Lorentz model introduced as a minimal model for transport in heterogeneous and disordered media and discuss the anomalous relaxation close to the localization transition.  The long-time behaviour of the velocity autocorrelation function is shown to exhibit a cross-over scenario from critical relaxation to hydrodynamic anomalies. The Lorentz model is then generalized to rod-like objects to mimic the dynamics of semi-flexible polymers in a stiff polymer network. Within our simulations we find a new regime of enhanced diffusion that can be rationalized in terms of  a string-like zig-zag motion.  
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