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Proteins do not behave always as simple two-state systems, native and denatured states. Under stress conditions (heat, extreme pH values,…) many proteins do not completely unfold but their structures relax into partly unfolded conformations, equilibrium intermediates, deprived from biological function, whose structure and energetic are poorly understood. These equilibrium intermediates have been related to human diseases, such as different types of amyloidosis, and proposed to play physiological roles in some proteins. In spite of its interest, the structural study of intermediates is very difficult. X-ray crystallography is of little use because partly folded proteins do not crystallise. NMR is the technique of choice, but its applicability is complex because the intermediate state may never be dominant in solution, coexisting in equilibrium with the native and the denatured states. 

Thermal unfolding of apoflavodoxin from Anabaena PCC 7119, an (/( protein, exhibits an intermediate. Its native state has been determined by X-ray1 and also investigated by NMR2. Using this protein as a model, a method based on equilibrium phi analysis has been recently proposed as a tool to obtain low resolution information on the structure of partly unfolded states3. The method was validated by partial assignment of the NMR signals in an apoflavodoxin mutant whose thermal intermediate accumulates at high temperature. Based on these results, we have designed an apoflavodoxin mutant whose native structure, the structure that the mutant has at room temperature, is partly unfolded. Here, we describe the NMR structural study of this apoflavodoxin mutant. Its structure is compared with the native structure of wild type apoflavodoxin and with the thermal intermediate. The correspondence between the structure of the mutant and that of the thermal intermediate is excellent.
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