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Report:

Background - The mitochondrial outer membrane enzymes Monoamine Oxidases A and B (MAO A and
MAO B) have been targets for drug research over the past 40 years since they play important roles in the
catabolism of neurotransmitters such as serotonin and dopamine. These enzymes are target of antidepressants
and neuro-protective drugs against Parkinson's disease. A key to our understanding of the mechanism and
function of these enzymes is the knowledge of their respective three-dimensional structures. Until this past
year, structural determination of either enzyme have been precluded due to their membrane-association and
difficulty in purification of sufficient quantities from either animal or human tissues. With the development
of high level expression systems for both human enzymes, we have succeeded in the crystallization of human
MAO B and have solved its crystal structure at 3 A resolution.

Results - MAO B is a membrane bound enzyme and the choice of the detergents was crucial for
crystallization. Two crystal forms were used in structure determination; a triclinic crystal form was obtained
using the detergent lauryldimethylamine oxide while a second orthorombic form was grown using the
pargyline-inhibited protein and zwittergent 3-12 as detergent. The crystal structure (Fig. 1) reveals that MAO
B has a two-domain topology similar to that observed in other flavoenzymes, such as polyamine oxidase. In
both crystal forms, the enzyme crystallizes as a dimer which indicates that this oligomeric arrangement
probably occurs also in the physiological membrane environment.



Both A and B forms of MAO are membrane bound proteins localized to the outer membrane of the
mitochondrion. A prominent structural feature is related to the 60-residue C-terminal tail. This region forms
an extended segment that traverses the protein surface and then folds into an o-helix. This helix protrudes
from the basal face of the structure with its axis approximately parallel to the molecular twofold axis in an
orientation suited to anchor the protein to the outer mitochondrial membrane. In addition to this
transmembrane helix, two apolar loops located at different positions in the sequence form two hydrophobic
patches on the protein surface which are probably involved in membrane binding. This is one of the very few
known structures of a monotopically inserted membrane protein to be completed revealing a different method
of insertion than that of other monotopically inserted proteins, such as prostaglandin synthases and hopene-
squalene cyclase. It may be similar to that for insertion of mammalian P450 reductases, but those structures
were obtained after removal of their hydrophobic tails, whereas the MAO-B structure is for intact, full-length
protein.
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