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Heme oxygenase (HO) is the central enzyme of the microsomal
heme degradation pathway. The enzyme binds one equivalent
of hemin to form the ferric hemeHO complex? The hemin
iron in the complex is reduced to its ferrous form by the first
electron donated by NADPH-cytochrome P-450 reductase. The
molecular oxygen then binds to form a metastable oxy-form.
Electron donation to the oxy form initiates the three consecutive

cycles of mono-oxygenation through tbkemesehydroxyheme Biliverdin Verdoheme
an_d ve(dohemelu intermediates during which CO, iron, and
biliverdinIXa are produced (Scheme 4). The first mono- heme pocket in the HO heme degradation reactibnthe

oxygenation cycle of the HO catalysis, where heme is converted interaction of bound oxygen with the distal amino acid residue
to a-mesehydroxyheme, has been proposed to proceed by has not been identified. In this study, we have carried out EPR
reduction of the pseudo-stable®ound complex to a hydro-  measurements of the cobalt(ll) porphyrin HO complex. We report

peroxide active intermediate.This is different from the ferryl-  that the bound-@forms hydrogen-bond interactions with distal
oxo active form of cytochrome P-450 enzynte3he formation amino acid residues.

of the ferric hydroperoxide active intermediate is consistent with  Cobalt(ll) porphyrin HO complex (cobatHO) was prepared
the neutral imidazole axial ligation of the heme compiekOne by combining the cobalt(ll) porphyrin with HO under anaerobic

of the axially coordinated oxygen atoms, presumably the terminal condition and purified with an anaerobic Sephadex G-25 column
oxygen, then attacks the-meso carbon of the porphyrin ring  equilibrated with 0.1 M phosphate buffer, pH 7%0.Optical
and hydroxylates it. The structure of the-F@, unit, a direct absorption spectra of the oxy and deoxy forms of cobilD
precursor of the oxygen-activated form, is expected to reflect the are similar to those of the cobalt(ll) “porphyrin-substituted
distal interactions present in the activated complex. myoglobin (cobalt-Mb).12 Figure 1 shows the EPR spectra of
On the basis of resonance Raman spectra of thgo0nd form the deoxy forms of cobattHO and cobatt-Mb. Deoxy cobalt

of the heme-HO complex, a highly bent FeO—O geometry has  HO exhibits an EPR spectrum of axial symmetry which is typical
been proposedl. The terminal oxygen atom could be placed ina  of a five-coordinate cobalt(ll) complex with a nitrogenous base
van der Waals contact with theemeso carbon of the porphyrin - axjal ligand. Theg, signal of deoxy coba#tHO exhibits an
ring, thereby facilitating the regiospecific hydroxylation. While  octaplet hyperfine structure due to the hyperfine interaction with
H NMR studies of hemeHO complex and model studies of  the53Co ("= 7/,, 100%) nucleus. Each of the hyperfine lines is

heme degradation reaction have suggested the importance oOfyrther split into triplet by hyperfine interaction with a nitrogen

hydrogen-bond interaction between the bound ligand and the distalatom ¢“N; | = 1, 99.6%) of the proximal axial ligand. The
T Case Western Reserve University School of Medicine. values and hyperfine coupling constants of deoxy cetidd are
* Institute for Molecular Science. Y esa‘gnated agn = 2'3.10'9“ = 2'027’A”(59C0.) = 8'.00 mT’ and
§ Yamagata University School of Medicine. A((**N) = 1.80 mT using a computer EPR simulation (Figure 1c).
"' Tohoku University. _ . The EPR parameters of deoxy cobatO are close to those of
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4420. His25 proximal axial ligand in the hem#dO complex determined
(4) Yoshida, T.; Noguchi, M.; Kikuchi, Gl. Biol. Chem1982 257, 9345~ in our previous studiegé_

9348. Figure 2 shows the EPR spectra of oxy cob&D and oxy
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Figure 1. EPR spectra (20 K) of deoxy cobaldO and deoxy cobatt

Mb in 0.1 M phosphate buffer, pH 7.0. Conditions: frequency, 9.453
GHz; incident microwave power, 0.10 mW; modulation amplitude at 100
kHz, 0.51 mT; receiver gain, 5.0& 10 (a) Deoxy cobaltMb. (b)
Deoxy cobalt-HO. (c) Computer simulation of (b).
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Figure 2. EPR spectra (20 K) of oxy cobalHO and oxy cobatt Mb
in 0.1 M phosphate buffer, pH 7.0. Conditions: frequency, 9.453 GHz;
incident microwave power, 0.10 mW; modulation amplitude at 100 kHz,
0.20 mT; receiver gain, 2.50 10 (a) Oxy cobalt-Mb. (b) Oxy—cobalt-
HO. (c) Oxy cobalt-HO in deuterated buffer.

binds to Co(ll) in a manner similar to that in the oxy cobaith
system'® The spectral parameters of oxy cobatO was
estimated by computer simulation gs= 2.104,9, = 2.007,9s
=1.990;A; = 1.76 mT,A; = 0.98 mT,A; = 0.83 mT. The oxy
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two aspects. First, thg-anisotropy of the cobaltHO spectrum
is different from that of cobattMb. The g, componentg;, of
the cobalt-HO spectrum is more anisotropic than that of oxy
cobalt-Mb, while thegy componentsg, andgs, are slightly less
anisotropic. This is an indication of the different €0—0
geometry between cobalHO and cobal-Mb and is consistent
with the resonance Raman results of the iron counterparts.
Second, the spectrum of oxy coballO consists of a single
paramagnetic species as opposed to the presence of at least two
species in oxy cobattMb spectrum'* The bound dioxygen in
oxy cobalt-HO is confined to a well-defined single geometry
due to the strong distal pocket interactions as proposed in the
resonance Raman studies on the oxy hem® complex®

To explore possible hydrogen-bonding interactions between the
bound oxygen and amino acid residues in the distal pocket, we
have measured the EPR spectrum of oxy ceta( in deuterated
phosphate buffer (Figure 2c). Measurement pOBignificantly
sharpens the hyperfine structure of the oxy cobEID spectrum.
Similar spectral changes have been observed for oxy cebalt
Mb, which is interpreted as evidence for the hydrogen-bond
formation between the bound dioxygen with the distal histidyl
proton by the EPR, ESEEM, and ENDOR experiméhts. It is
likely that a hydrogen-bond interaction is also present between
the bound dioxygen and an amino acid residue in the distal pocket
of HO. While the hydrogen bond between the bound oxygen
and the distal histidine in Mb is known to stabilize its oxy
form,!213the oxy form of HO autooxidizes much faster than oxy
Mb.2 The consequences of the hydrogen bonding are different
between HO and Mb. We believe that the hydrogen-bond
interaction in HO plays significant roles in thehydroxyheme
formation (Scheme 1). The hydrogen-bond interaction can orient
the bound oxygen to a position which is favorable to regio-
specifically oxidize theo-meso carbon of the porphyrin rifg.
The hydrogen bond interaction is also favorable to the HO
catalytic reaction, because the interaction of the bound dioxygen
with a proton decreases the reduction potential of oxy HO to form
a putative ferric hydroperoxide active species. In fact, when oxy
cobalt-HO is reduced by sodium ascorbatepshydroquinone,
bound oxygen is reduced to hydrogen peroxide via the cobalt(IIl)
hydroperoxide compleX.*® The proton donation via hydrogen-
bond interactions, as proposed for cytochrome P2486pnverts
oxy HO to the ferric hydroperoxide HO complex, which then
leads to the formation of the-mesehydroxyheme HO complex.
As the reactivity of cytochrome P-450 is modulated by a hydrogen
bond to the bound oxygéfi,the heme oxygenase activity may
be controlled by the hydrogen-bond interaction revealed in this
study.
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