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Methane-oxidizing bacteria (methanotrophs) are extremely attractive from a chemist’s perspective
because these organisms convert methane to methanol. A detailed understanding of the conver-
sion reaction, which occurs at ambient temperature and pressure, could lead to new methods for
producing methanol, a potential alternative fuel source. Oxidation of methane is catalyzed by
methane monooxygenase enzymes, which exist in both soluble (sMMO) and membrane-bound
(PMMO) forms.* ? While the structure, biochemistry, and mechanism of sMMO are well under-
stood,® studies of pMMO are less advanced due to difficulties in solubilizing and purifying active
protein. The Methylococcus capsulatus (Bath) pMMO comprises three polypeptides: a (—47 kDa), p
(—24 kDa), and y (—22 kDa). It is not
known how these three polypeptides are
arranged in the pMMO holoenzyme.* ° 12
The active site for methane oxidation is
proposed to be located in the B subunit
and might also involve the o subunit.®’

The metal composition of pMMO has been
extensively analyzed with varied results.
The enzyme contains primarily copper
with metal/protein stoichiometries 0.2
ranging from 2 to 15.”°  Previously
published data on partially purified pMMO 5970 6950 5990 9000 9010 9020
indicate bound copper exists as a mixture Energy (eV)

of the Cu(l) and Cu(ll) oxidation Frigyre 1: XANES Spectra of the as-isolated (dotted line) and
states.’® Based on the appearance of a  reduced (solid line) pMMO. Dashed line identifies position of the
type 2 Cu(ll) EPR signal, some portion of  1s—4p transition.

the copper must exist in the mononuclear
Cu(ll) configuration.” ® The presence of
trinuclear Cu(ll)/Cu(l), centers in pMMO
was suggested based on XANES analysis
and the observation of a hyperfine split-
ting pattern of an isotropic EPR signal at
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g = 2.06.*° In addition, pMMO often con- 0.5 |
tains a small amount of iron, suggesting ] |
the active site may be heterometallic.”" ® - |
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We recently reported the structural char- R+A (A)

acterization of copper centers in highly
s Figure 2: Fourier Transforms of as-isolated and reduced pMMO
purified Methylococcus capsulatus pMMO EXAFS Data. Dashed line identified metal-metal signal in the

using X-ray absorption spectroscopy.’  gxars.

The as-isolated purified protein contains

a mixture of Cu(l) and Cu(ll), but can easily be reduced using dithionite (Figure 1). Fourier trans-
forms of EXAFS data for purified and reduced purified pMMO indicate the presence of a rigid Cu-
metal interaction at approximately 2.6 A in both (Figure 2). Simulations of the EXAFS data for
both indicate the presence of a distinct Cu-Cu interaction in pMMO at 2.57 A, while the remaining




nearest neighbor ligand environment around the copper is
predominately constructed of oxygen and nitrogen based
ligands. N/O\ /NIO

Based on our structural results, we propose the active site of  N/Q " Cu m— Cll(?)“"'“"-N/O
pMMO is constructed partially (with 50% of the copper) of a

multinuclear copper complex, although the nuclearity of the Cu N/O N/O
cluster in pMMO is still unknown. Based on the short copper- |

copper distance, the active site in pMMO may resemble that .

seen in the catalytic Cuy cluster of nitrous oxide reductase.*? A 2.57 A

similar complex has also been proposed by Lemos et al., in

which a symmetric active site is constructed by two B subunits  Figure 3: Proposed model for the Cu-

(Figure 3).'* Although additional studies are necessary to ;nheta}:j'”tt?tfac';'cm we Obsdervet'rl‘ _PM'\I"WO-
- H B e ldaentity o e second metal Ion has

elucidate the s_tructural_ detal_ls of the multlr_luclear center, - yet been confirmed and could

these data provide the first evidence for a multinuclear cluster  possibly be iron. The complex is not

in pMMO. necessarily binuclear in metal (i.e., n=1
or 2, etc.)
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