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Evolution of the aromatic amino acid hydroxylases

Tyrosine hydroxylase (TyrH) evolved from phenylalanine hydroxylase (PheH) about 700
million years ago; prior to that, only phenylalanine could be hydroxylated by ancient
hydroxylases. Critical in the evolution of the new activity was a mutation in a flexible loop
containing aspartate425. In PheH the homologous loop has a valine in that position. We have
studied the function of this loop by making site-directed mutations. We studied variant forms of
TyrH with every other amino acid at position 425 and found that the more hydrophobic the
substitution, the less able the variant is to hydroxylate tyrosine. While such variants cannot
hydroxylate tyrosine, they can hydroxylate phenylalanine. Furthermore, they are still able to
react with oxygen and cofactor tetrahydropterin in the presence of tyrosine. We propose that the
flexible loop containing position 425 folds tightly onto substrates to prevent the entry of water
into the active site. We speculate why the amino acid R group at position 425 is critical for this

purpose when tyrosine is bound but not when phenylalanine is bound.



