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Lipoxygenases (LOXs) are non-heme iron-containing dioxygenases which catalyze the regio- and stereospecific peroxidation of polyunsaturated fatty acids that contain at least one (1Z,4Z)-pentadiene system. These enzymes are ubiquitous in mammals and higher plants. Recently, LOXs have also been identified in some bacteria. In previous studies two LOX isozymes were identified in Cyanothece sp.: While CspLOX1 is similar to plastidic LOXs from plants, CspLOX2 converts linoleic acid primarily to the bisallylic hydroperoxide 11-hydroperoxy octadecadienoic acid (11-HPODE). Until then, this product had only been reported for the reaction catalyzed by a manganese LOX from Gaeumannomyces graminis. The crystal structure of CspLOX2 could now be solved with a resolution of 1.8 Å. The model revealed that this enzyme has a boot-shaped channel and is more similar to LOX structures from mammals than from plants. An unusual characteristic of the CspLOX2 reaction is the observation of two distinct reaction rates measured at 234 nm. HPLC analyses indicated that a rather unspecific mixture of 9-, 11-, and 13-HPODEs is formed during the first fast reaction, followed by the slower isomerisation of 11-HPODE to the conjugated 9- and 13-hydroperoxides, explaining the second reaction rate. In order to find determinants for the oxygenation at C-11 of linoleic acid, the amino acid environment of the active site was analyzed by site-directed mutagenesis. A highly conserved residue that most likely positions the fatty acid close to the iron was exchanged by a smaller amino acid to increase substrate flexibility in the tunnel. As a result, almost no 11-HPODE was produced by this mutant. Our results shed new light onto the initial reaction steps of LOXs and will be discussed in relation to the general reaction mechanism of these enzymes.

