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Analysis of CYP21A2 gene mutations on structural changes in 21-
Hydroxylase to understand causes of congenital adrenal hyperplasia.  
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Background/Introduction: 
Deficiency of 21-hydroxylase enzyme (21OHase) represents 90% of cases in congenital 
adrenal hyperplasia (CAH), an autosomal recessive disease caused by defects in cortisol 
biosynthesis. The 21OHase is encoded by the CYP21A2 gene and has more than 300 
known mutations. Computational prediction along with functional studies are often the only 
way to classify mutations to understand the links to disease causing effects. 
 
Methods: 
We constructed computational models of mutated 21OHase protein structures to understand 
the effect on the 21OHase structure and activity from the six amino acid mutations found in 
the Brazilian population. We then performed molecular dynamics simulations to study the 
structural changes caused by mutations in CYP21A2. The amino acid substitutions were 
done in the human 21OHase protein structure (PDB ID: 4Y8W) with the WHATIF program. 
Molecular dynamics simulation and the refinement of the models was done with AMBER. 
The structural models were analyzed with YASARA and visualized with PyMOL. 
 
Results: 
21OHase models were constructed for each mutation to be analyzed (L199P, W202R, and 
E352V).   Details of changes 21OHase stability, steroid binding and structure were analyzed. 
The Leucine 199 is located 3.8Å from bound steroid in CYP21A2 and its mutation to proline 
was found to affect protein stability. The Tryptophan 202 is located on M-helix, close to C19 
methyl group of steroid (progesterone) and hydrogen bond interactions were ween during 
simulations. A mutation to W202 to proline is likely to disrupt substrate binding as well as 
structural stability by disruption of M-helix. The glutamine 352 is located of E-helix and is part 
of structurally important ERR triage in CYP21A2 along with R355 and R409. Mutation E352V 
disrupts the salt bridges of ERR triage. In the MD simulations, R409 was found to move 
away and a complete disruption of the salt bridges was observed, indicating structural 
instability and loss of function for CYP21A2 activity.  
 
Conclusion: 
We have determined how the selected CYP21A2 gene mutations modify the 21OHase 
activity through structural modification. Structural analysis along with computational 
molecular dynamics can be a useful tool for predicting the disease causing effect of 
mutations in steroid metabolizing enzymes. Functional characterization of structural changes 
further assists in understanding the molecular basis of mutations in CYP21A2 protein that 
cause congenital adrenal hyperplasia. 
 


