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Lipoxygenases (LOX) are non-heme iron-containing dioxygenases, which catalyze the regio- and stereospecific peroxidation of polyunsaturated fatty acids. In previous studies, we identified two LOX isozymes in Cyanothece sp. CspLOX2 represented an ideal model to study the dioxygen insertion at the pentadiene, because it first catalyzes the formation of bis-allylic hydroperoxides. The crystal structure of CspLOX2 could be solved for the iron as well as for a manganese-substituted version of CspLOX2 (Mn-CspLOX2). Despite a virtually identical coordination geometry of manganese in the metal binding site, Mn-CspLOX2 was inactive, indicating that iron and manganese cofactors are not interchangeable. CspLOX2 exhibits a substrate-binding channel with a smaller diameter than other LOX. Increasing the space in the active site decreased the relative amount of the bis-allylic 11-hydroperoxy octadecadienoic acid (HPODE) formation from linoleic acid substantially. Substitution of other amino acids in the core of the active site by smaller residues shifted the major products of linoleic acid to either 9R-, 9S-, 13R- or 13S-HPODE, depending on the amino acid position. Furthermore, in a gain of function approach, the active site of CspLOX1 was constricted by two point mutations to mimic the CspLOX2 active site. This in turn induced 11-HPODE formation in CspLOX1. These results strongly suggest that steric shielding plays an important role in the formation of the individual products, which was also supported by computational modelling approaches. They revealed that confined active site may induce a torsion of the pentadiene system, thereby increasing the reactivity at C11. Our data suggest that steric shielding is probably a so far underestimated factor to explain the dioxygenation specificity of LOX. It is therefore likely that amino acids in the core of the active site of this group of enzymes play a more important role for controlling the dioxygenation specificity than previously assumed.

