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            Abstract
According to the â€˜thermodynamic hypothesisâ€™, the sequence of a biological macromolecule defines its folded, active (or â€˜nativeâ€™) structure as a global energy minimum in the folding landscape1,2. However, the enormous complexity of folding landscapes of large macromolecules raises the question of whether there is in fact a unique global minimum corresponding to a unique native conformation or whether there are deep local minima corresponding to alternative active conformations3. The folding of many proteins is well described by two-state models, leading to highly simplified representations of protein folding landscapes with a single native conformation4,5. Nevertheless, accumulating experimental evidence suggests a more complex topology of folding landscapes with multiple active conformations that can take seconds or longer to interconvert6,7,8. Here we demonstrate, using single-molecule experiments, that an RNA enzyme folds into multiple distinct native states that interconvert on a timescale much longer than that of catalysis. These data demonstrate that severe ruggedness of RNA folding landscapes extends into conformational space occupied by native conformations.
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                    Figure 1: 
                        Docking and cleavage of the oligonucleotide substrate by the 
                        Tetrahymena
                         ribozyme, observed using single-molecule FRET.
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Figure 2: 
                        Distribution of docking behaviours of individual ribozyme molecules.
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Figure 3: 
                        Catalytic activities of molecules from different parts of docking distribution are the same.
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Figure 4: 
                        Interconversion of docking behaviours.
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        Editorial Summary
Funnel vision: RNA folding and refolding
Just as the funnel hypothesis is used to describe protein folding, it has been suggested that the process of RNA folding involves a rugged energy terrain in which the molecule samples different valleys until it finds the single lowest-energy state â€” the global minimum. In this study, Solomatin et al. report the surprising finding that a group I intron RNA can stably exist in one of several catalytically active native states (representing local minima). These RNA conformations are able to interconvert, which promises interesting new avenues of study to determine how this occurs, and how the different native states vary at the molecular level.
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