Rare genetic diseases often originate from gene mutations that alter the conformational landscape governing protein folding, stability, and interactions. Here, we examined the impact of pathogenic mutations on the energetics of the MMACHC protein —whose dysfunction causes homocystinuria and methylmalonic aciduria (cblC type)— by integrating differential scanning calorimetry and isothermal titration calorimetry. These techniques allowed us to dissect how single-point mutations alter the population of intermediate conformational states during thermal unfolding and modulate ligand-binding thermodynamics. Calorimetric data were complemented with structural insights from circular dichroism, light scattering, synchrotron small-angle X-ray scattering, and molecular-dynamics simulations. By comparing wild-type and mutant proteins, we unveil new links between conformational energetics, structural features, and pathogenicity, providing a basis for the rational design of pharmacological chaperones or stabilizers.
