Functional analysis of lauric acid hydroxylation in human cytochrome P450 4A11 C347A, C347S, C375A, C375S
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Human cytochrome P450 (P450) 4A11 is only functionally active in the 4A subfamily. P450 4A11 catalyzes the conversion of arachidonic acid to 20-hydroxyeicosatetraenoic acid (20-HETE), a bioactive mediator preventing hyperpolarization of the vascular smooth muscle and enhancing the vasoconstrictor responses. P450 4A11 has eight cysteine residues including a heme coordinate one. Mutagenesis and proteomics analysis suggested that the redox status of cysteine residues in P450 4A11 may be changed and the reducing agents can convert the oxidized cysteine residues to be functionally active. Five cysteine residues are oxidized to be sulfenic acids and two cysteine residues may participate in the disulfide bonds. In this study, P450 4A11 C347A, C347S, C375A, and C375S mutants are generated and their enzymatic functions were characterized. The recombinant enzymes of P450 4A11 wild type and mutants were expressed in Escherichia coli. Only P450 4A111 C347A was successfully expressed with typical P450 features. The expression level of P450 4A11 C347A was 84 nmol/liter culture. P450 4A11 wild type and C347A were purified using Ni2+-NTA affinity column chromatography. The purified P450 4A11 protein exhibited the type I binding spectra with lauric acid. Lauric acid binding to CYP4A11 C347A yielded a Kd value of 13.69 μM. Catalytic activities of P450 4A11 wild type and C347A in lauric acid hydroxylation were analyzed using gas chromatograph-mass spectrometry system (GC/MS). Kinetic parameters were estimated from the fitted curves to the Michaelis-Menten equation using GraphPad Prism for nonlinear regression analysis. The purified 4A11 enzyme produced 12α -hydroxylated lauric acid as a major metabolite. Steady-state kinetic analysis of lauric acid hydroxylation showed that the catalytic efficiencies (kcat/Km) of CYP4A11 C347A was 0.00003.

Keyword: Cytochrome P450, CYP4A11, SDM, Lauric acid, GC/MS 
