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            Abstract
A long-standing challenge is to understand at the atomic level how protein dynamics contribute to enzyme catalysis. X-ray crystallography can provide snapshots of conformational substates sampled during enzymatic reactions1, while NMR relaxation methods reveal the rates of interconversion between substates and the corresponding relative populations1,2. However, these current methods cannot simultaneously reveal the detailed atomic structures of the rare states and rationalize the finding that intrinsic motions in the free enzyme occur on a timescale similar to the catalytic turnover rate. Here we introduce dual strategies of ambient-temperature X-ray crystallographic data collection and automated electron-density sampling to structurally unravel interconverting substates of the human proline isomerase, cyclophilin A (CYPA, also known as PPIA). A conservative mutation outside the active site was designed to stabilize features of the previously hidden minor conformation. This mutation not only inverts the equilibrium between the substates, but also causes large, parallel reductions in the conformational interconversion rates and the catalytic rate. These studies introduce crystallographic approaches to define functional minor protein conformations and, in combination with NMR analysis of the enzyme dynamics in solution, show how collective motions directly contribute to the catalytic power of an enzyme.
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                    Figure 1: 
                        Room-temperature X-ray crystallography and Ringer analysis detect conformational substates in CYPA.
                      


Figure 2: 
                        The structure of the Ser99Thr mutant resembles the minor conformer of wild-type CYPA.
                      


Figure 3: 
                        The Ser99Thr mutation shifts the equilibrium towards the minor wild-type conformation and slows motions in the dynamic network in free CYPA.
                      


Figure 4: 
                        Impeded motions in the dynamic network severely reduce the catalytic power of a chemically competent enzyme.
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                Atomic coordinates and structure factors for the reported crystal structures have been deposited in the PDB under accession codes 3K0M, 3K0N, 3K0O, 3K0P, 3K0Q and 3K0R.
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