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            Abstract
How the interplay between protein structure and internal dynamics regulates protein function is poorly understood. Often, ligand binding, post-translational modifications and mutations modify protein activity in a manner that is not possible to rationalize solely on the basis of structural data1. It is likely that changes in the internal motions of proteins have a major role in regulating protein activity2,3,4,5,6,7, but the nature of their contributions remains elusive, especially in quantitative terms. Here we show that changes in conformational entropy can determine whether proteinâ€“ligand interactions will occur, even among protein complexes with identical binding interfaces. We have used NMR spectroscopy to determine the changes in structure and internal dynamics that are elicited by the binding of DNA to several variants of the catabolite activator protein (CAP) that differentially populate the inactive and active DNA-binding domain states. We found that the CAP variants have markedly different affinities for DNA, despite the CAPâˆ’DNA-binding interfaces being essentially identical in the various complexes. Combined with thermodynamic data, the results show that conformational entropy changes can inhibit the binding of CAP variants that are structurally poised for optimal DNA binding or can stimulate the binding activity of CAP variants that only transiently populate the DNA-binding-domain active state. Collectively, the data show how changes in fast internal dynamics (conformational entropy) and slow internal dynamics (energetically excited conformational states) can regulate binding activity in a way that cannot be predicted on the basis of the proteinâ€™s ground-state structure.
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                    Figure 1: 
                        CAP sampling of the active and inactive DBD states and the energetics of DNA binding.
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Figure 2: 
                        Conformational entropy strongly enhances binding.
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Figure 3: 
                        Conformational entropy inhibits binding.
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Figure 4: 
                        Conformational entropy dominates the total entropy of binding.
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The static view of protein structure that is provided by X-ray crystallography gives only a partial picture of the aspects of protein conformation that influence a molecule's function. For instance, it takes no account of the interplay between protein structure and internal dynamics. Using nuclear magnetic resonance spectroscopy, Shiou-Ru Tzeng and Charalampos Kalodimos demonstrate that the proteins' internal dynamics over a broad range of timescales â€” from picosecond to microsecond â€” determine their binding to DNA in ways that cannot be predicted from their ground-state structure. The authors demonstrate that some variants of the bacterial gene-regulator CAP (catabolite activator protein), engineered by introducing mutations at sites remote to the proteinâ€“DNA binding site, do affect DNA binding without any perturbation of the binding interface.
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