Structure—phenotype correlations of human CYP21A2
mutations in congenital adrenal hyperplasia
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Mutations in the cytochrome p450 (CYP)21A2 gene, which encodes
the enzyme steroid 21-hydroxylase, cause the majority of cases in
congenital adrenal hyperplasia, an autosomal recessive disorder. To
date, more than 100 CYP21A2 mutations have been reported. These
mutations can be associated either with severe salt-wasting or sim-
ple virilizing phenotypes or with milder nonclassical phenotypes.
MNot all CYP21A2 mutations have, however, been characterized bio-
chemically, and the clinical consequences of these mutations remain
unknown. Using the crystal structure of its bovine homolog as
a template, we have constructed a humanized model of CYP21A2
to provide comprehensive structural explanations for the clinical
manifestations caused by each of the known disease-causing mis-
sense mutations in CYP21AZ2. Mutations that affect membrane an-
choring, disrupt heme and/or substrate binding, or impair stability
of CYP21A2 cause complete loss of function and salt-wasting dis-
ease. In contrast, mutations altering the transmembrane region or
conserved hydrophobic patches cause up to a 98% reduction in en-
zyme activity and simple virilizing disease. Mild nonclassical disease
can result from interference in oxidoreductase interactions, salt-
bridge and hydrogen-bonding networks, and nonconserved hydro-
phobic clusters. A simple in silico evaluation of previously uncharac-
terized gene mutations could, thus, potentially help predict the
often diverse phenotypes of a monogenic disorder.



