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Nearly all cellular processes are carried out by nanoscale assemblies of proteins that make up most of the dry mass of a cell. In addition, the architecture and function of all cells depends on the correct spatio-temporal targeting of proteins to a site of biological function different to where they are made. The magnitude of these targeting events is reflected by the fact that up to 50% of the human proteome consists of membrane proteins or proteins that have to be translocated across an intracellular membrane. It is hence not surprising that more than 50% of the current Pharma Industry targets are membrane proteins. Our focus is on the characterization of the nanostructure and function of mitochondria, the organelles that control several key cellular processes in normal physiology (ATP production, metal ion homeostasis) but also medical conditions (neurological disorders, cancer) and apoptosis. As nearly all mitochondrial proteins (on average 10-15% of the cell proteome) are imported from the cytosol, these organelles have elaborate and versatile protein machineries (called translocases) to cope with these import processes. These are dynamic assemblies that are modular (consisting of around 30 protein subunits) that are very precisely coordinated. We will present our recent data that impinge on three main areas: (i) how membrane proteins are specifically targeted to the mitochondrial inner membrane (ii) the discovery of a mitochondrial chaperone system that facilitates membrane protein assembly and functions (iii) the molecular basis of a novel oxidative folding pathway that operates in mitochondria. Our approach ranges from in vivo studies (intact cells, about 6000 proteins), through in organello studies (isolated mitochondria and subcellular structures, about 900 proteins) down to in vitro studies (isolated single proteins and reconstituted molecular machines). Potential applications of this research in nanobiotechnology and nanomedicine will be discussed. 
