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which has been implicated in catalysis. ·what was completely
unsuspected. however. is that two of the ligands to the zinc come
from one monomer and two from the other. Indeed. the whole of
the active site is formed only on dimerisation. Each monomer
contains two structurally very similar domains. Of the eight strands
making up the beta-sandwich, four strands are from theN-terminal
domain of one monomer and four from the C-terminal domain of
the other. ·what is most remarkable, however. is that if theN- and
C- terminal domains are superimposed, the two zinc ligands of
one domain overlap almost exactly with the those of the other
domain. This has important implications for the evolution of the
enzyme.
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Formate dehydrogenase-His a key redox component of the
formate hydrogen lyase complex of E. coli, oxidizing fom1ate to
carbon dioxide with the release of two protons and two electrons
under anaerobic conditions. This 80 kDa protein contains a 4Fe4S
cluster and a molybdenum atom that is coordinated by two
molybdoterin guanine dinucleotide (MGD) cofactors and an essential selenocysteine residue. The three-dimensional structure of
both the reduced (Morv, 4Fe4Sred) and oxidized (Movr, 4Fe4S 0 x)
forms of formate dehydrogenase-H have been detem1ined by xray crystallography using multiple isomorphous replacement and
multi wavelength anomalous scattering methods to a resolution of
2.3 A and an R=21.9% for the reduced form and a resolution of 2.8
A and an R=20.0% for the oxidized form. Both structures are comprised of four 2./I domains including two MGD cofactor binding
domains that are related by a pseudo two-fold rotation axis. Examination of the structure of the oxidized form of the enzyme reveals a 27 degree rotation of one of the MGD cofactors bound to
the molybdenum relative to the reduced form with comparatively
little movement observed in the rest of the protein. This rotation
creates a strained molybdenum coordination geometry in the catalytically active oxidized form so that it is poised to accept the substrate formate as an additional molybdenum ligand. This is the
first three-dimensional protein structure of a selenium and molybdenum containing enzyme determined to date. A catalytic mechanism is proposed based on both oxidation states of the enzyme,
which inc011Jorates all three of the co factors revealing a probable
electron flow.
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Enzymes containing the molybdenum cofactor (Mo-co) constitute a class of oxotransferases which are widespread in organisms ranging from bacteria. to higher plants and animals, including humans. These enzymes catalyze the transfer of an oxogroup
between the substrate and water in a two-electron redox reaction.
Dimethylsulfoxide (DMSO) reductase is found in a variety of bacteria, including Escherichia coli, Rlzodobacter splzaeroides and
Rhodobacter capsulatus. In these organisms, the enzyme serves
as a terminal electron acceptor during anaerobic growth in the pres-

ence of DMSO. The crystal structure of DMSO reductase from
Rhodobacter sphaeroides has been determined in the oxidized,
Mo(VI), and reduced, Mo(IV), forms and contains aMo-co comprising two molybdoptelin guanosine dinucleotides as organic
components. The fold of the polypeptide chain can be roughly divided into four domains, which, with the exception of the first
domain, are all involved in cofactor binding. The second and third
domains share structural homology. despite the absence of any
sequence homology and each coordinates one guanosine. The
fourth domain which mostly interacts with the two pterin moieties, has an unusual topology, since it consists of a six-stranded
~-bane! containing parallel as well as anti-parallel ~-strands. The
two molybdopterin guanosine dinucleotides asymmetrically coordinate the molybdenum with their dithiolene sulfurs. Notably, a
serine sidechain oxygen is coordinated to the metal in both oxidation states, while in the reduced enzyme, in addition to the absence of the oxo-ligand present in the oxidized form, one of the
dithiolene sulfurs no longer remains coordinated to the molybdenum. Differences in the coordination of the molybdenum between
the oxidized and the reduced states provide valuable clues about
the reaction mechanism of this enzyme. Sequence comparison of
DMSO reductase with enzymes containing a molybdopterin guanine dinucleotide suggests similarities in both the protein ar·chitecture and the presence of two molybdopterins, thus defining
DMSO reductase as the archetype of this group of bacterial
oxotransferases.
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The crystal structure of the Aldeyde Oxid?-Reductase (MOP)
has been solved by the MIR method at 2.25 A resolution and refined to an Rfactor of 16.5% [1]. MOP, isolated ii·om the sulfate
reducing bacterium Desulfovibrio gigas is a homodimer of 907
aminoacid residues per subunit. It contains a molybdopterin cofactor (mo-co) and two different [2Fe-2S] centers and is folded
into four domains. The first two bind the two iron sulfur clusters
and the others are associated with Mo-co. Mo-co is a
molybdopterin cytosine dinucleotide and is deeply buried in the
protein and acessible through a 15 A deep tunnel. The Mo is pentacoordinated by two dithiolene sulfur atoms of the molybdopterin
and three oxigen ligands. MOP oxidizes aldehydes to car·boxilic
acids. It belongs to an electron transfer chain, consisting of four
proteins from D.gigas - flavodoxin, cytochrome c3 and hydrogenase - so that the oxidation of aldehydes may be linked to the
generation of hydrogen. MOP sequence reveals homology to the
xanthine oxidases. In xanthine oxidases (ca 1300 residues) the
electron transfer occurs from the Mo site to a flavin group, which
is absent in MOP. The crystal analysis of MOP shows the structure of Mo-co in detail and allows a first look at a member of the
xanthine oxidase family. A structure-based catalytic mechanism
for the xanthine oxidase family of molybdenum enzymes is proposed.
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