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The protein MMACHC is a key factor for cellular vitamin B12 (cbl) processing. This enzyme can transform various cbl forms into two that are essential for mitochondrial and cytoplasmic reactions. When rare pathological mutations impair MMACHC, these reactions halt, causing cblC disease.
Experiments show that human MMACHC's melting temperature rises from 38°C, near physiological levels, to 52°C with AdoCbl, a cbl analog. The pathological mutant R161Q, lacking an Arg residue at the glutathione (GSH) binding site, has a similar melting temperature in its apoform. However, bioinformatic tools and experiments characterize this mutation as a destabilizing one.  Moreover, we recently showed that the variant R161Q has a lower affinity for cbl. 
To understand the molecular causes of these behavior we performed equilibrium molecular dynamics at room and high temperatures on wt and mutant MMACHC, both apo and vitamin-bound. We found that the R161Q mutation primarily disrupts MMACHC’s tertiary structure, altering the orientation of large unstructured loops. Furthermore, simulations of the MMACHC-MeCbl-GSH complex revealed an interplay between cofactors and a reduced GSH binding affinity in the mutant. 

