Modeling approaches at multiple scales to analyze the active role of the ribosomal tunnel
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The ribosome carries out protein synthesis in all kingdoms of life. Since the structure determination in atomic detail in 2000  our understanding of the underlying mechanisms of protein synthesis has enormously increased. Several issues remain unresolved, however. These are fundamental questions related to the formation of the peptide bond, the inhibition of the protein synthesis by antibiotics, the regulation of elongation and protein targeting, and the co-translational protein folding. The ribosomal tunnel is a key player in many of these processes: It is known today that the tunnel plays an active role in several co-translational processes, which makes it an important target for antibiotics. Structure determination by X-ray crystallography provides static views of these processes. However, not much has been revealed with respect to the tunnel dynamics. Here, we present modelling approaches at multiple scales that aim at exploring this active role of the ribosomal tunnel.

First, we will present a novel topological network representation that is applicable to flexibility predictions of RNA structures. The flexibility predictions are based on the graph theoretical FIRST approach , which identifies flexible and rigid regions in biological macromolecules in just a few seconds. When applied to the large subunit of the ribosome, large parts in the vicinity of the protein exit tunnel region are identified to be rigid. This is consistent with experimental observations that show that no large-scale conformational changes occur in these parts. The flexibility analysis also detects regions inside the tunnel to be flexible that participate in the dynamic regulation of ribosomal properties. In particular, the tunnel lining protein L22 plays an important role in sequence specific gating of nascent chains by adopting one of two known conformations. With the new parameterization developed here, the underlying hinges are identified and new insights into the intrinsic mobility of L22 are obtained.

Second, all atom molecular dynamics simulations of the ribosomal tunnel are presented These simulations aim at understanding the impact of macrolid antibiotics binding, investigating co-translational elongation regulation at an atomic level, and probing co-translational protein folding.

