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THE three mammalian lipoxygenases are named according to the
carbon position (5, 12 or 15) at which they catalyse the oxygenation
of arachidonic acid'; they are implicated in inflammatory dis-
orders, for example 15-lipoxygenase is induced in atherosclerosis®
and can oxidize low-density lipoprotein to its atherogenic form>*,
To identify what determines this positional specificity, we have
exchanged conserved differences in the isoforms of 12- and 15-
lipoxygenases. Substitution of methionine with valine at position
418 of human 15-lipoxygenase results in an enzyme that performs
12- and 15-lipoxygenation equally. This effect can be mimicked
by incubating wild-type 15-lipoxygenase with a synthetically
altered substrate which has its doubly allylic methylene carbons
shifted by one carbon relative to arachidonic acid. Other mutations
at the neighbouring amino acids 416 and 417 give an enzyme which
performs 12- and 15-lipoxygenation in a ratio of 15:1. These
results indicate that this region might position the substrate in the
active site.

At present we have no high-resolution three-dimensional
structure for_any lipoxygenase, and as the lipoxygenases do not
sljare extensive homology with any other proteins, computer-
aided modelling of critical areas of the enzyme is not feasible.
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We have therefore relied on the identity and variation in
sequence alignments of the lipoxygenases to locate amino-acid
residues essential for catalysis and substrate specificity. The
lipoxygenases constitute a family of highly homologous
enzymes: isoforms of 12- and 15-lipoxygenase are the most
similar (65-90%) but there is no apparent pattern of significant
differences. Among the sequences of the three 12-lipoxygenases
however, 414 out of 661 amino acids are identical>~". Of these,
47 amino acids differ from their counterparts in 15-lipoxygenase.
In this set of 47 differences between the 12- and 15-lipoxy-
genases, only four amino acids are conserved between the two
known 15-lipoxygenase sequences®” (Fig. 1). These four conser-
ved differences, or a subset of them, are candidates for position-
ing the substrate relative to the active site and hence may
determine either 12- or 15-lipoxygenation.

When these four amino acids in human 15-lipoxygenase are
changed to amino acids found in 12-lipoxygenase, the enzyme
performs 12- and 15-lipoxygenation equally (Table 1). Analysis
of enzymes with single, double, triple and quadruple mutations
showed that Met 418 is the primary determinant of positional
specificity. When Met 418 is replaced with a Val (15-LOX,
M418V in one-letter amino-acid code), either by itself or in
combination with other changes, the resulting enzyme catalyses
12- and 15-lipoxygenation equally, but not 5-lipoxygenation
(Fig. 2a, b). None of the other amino-acid changes is responsible
for the positional specificity change (Table 1).

The resultant change in specificity of the M418V variant
implies a shift in the binding of the substrate in the active site.
This shift may indicate that the atoms of the side chain at
position 418 are in contact with the substrate. Replacement of
a methionine with a valine results in a 17% reduction of side-
chain volume'?. This would lead to a shift in substrate binding
if the atoms of this side chain were to interact with the substrate.
As Met and Val are both hydrophobic amino acids, they could
participate in binding a fatty acid substrate.
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