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Production of O,~ by manganese peroxidase (MnP) in the
absence of freeradical intermediates was analyzed by ESR spin
trapping experiments with 4-POBN and DMPO. MnPs from
Pleurotus ostreatus and Bjerkandera adusta produced O, after
addition of an excess of H,0, independently of the presence of
organic acid chelator for Mn(l1) and Mn(I11). This is the first
report demonstrating direct production of O,~ by MnP.

A heme-containing Mn(l1)-oxidizing enzyme, manganese
peroxidase (MnP) is implicated to be involved in lignin
biodegradation by white-rot fungi. In the catalytic cycle of
MnP, ferric enzyme is oxidized by H,0, by two electrons to
generate a ferryl-rm-porphyrin cation radical, compound I, fol-
lowed by a one-electron reduction to compound Il and then
back to ferric enzyme.?2 Thus, catalytic cycle of MnP is simi-
lar to conventional peroxidases, except that Mn(I1) is the oblig-
atory electron donor for reduction of the one-electron deficient
enzyme to its resting state. MnP is known to produce O, via
free radical intermediates from substrates. In the free radical
reactions, compounds such as oxalate,® glyoxalate,* malonate®
and NADH?® were oxidized by MnP to yield free radicals, which
in turn reduce O, to form O,~. However, there has not been any
report demonstrating direct production of O, by MnP. Rate of
O, reduction by Mn(ll) 7 was estimated to be about 6 x 10°
M-1S1 (M = mol dm3). Due to the high rate of Mn(I1) oxidation
by O,~, O, generated by MnP is readily consumed by Mn(I1)®
unless an excess amount of O, is produced. This makes detec-
tion of O, difficult in the enzymatic reactions containing
Mn(I1). By using ahighly reactive scavenger of O, under mini-
mal concentration of Mn(l1), we found that MnP generated O,~
with an excess of H,0,.

MnP was purified from liquid cultures of P. ostreatus and
B. adusta.®1® The purified MnP from P. ostreatus was allowed
to react with 0.5 mM H,0O, in the presence of 50 uM Mn(l1)
and spin trapping agent, 0.1 M 4-POBN in sodium tartrate
buffer.'! The ESR spectra demonstrated that a POBN spin
adduct with hfc, A(N), 1.42 mT, A(HB) 0.17 mT was produced
at 1 min (Figure 1). Hfc of the sextet signals observed was
identical to those of O, adduct of 4-POBN.1? Addition of 80U
SOD suppressed the formation of the spin adduct. The same 4-
POBN spin adduct was observed when the reactions were car-
ried out in sodium acetate buffer (Figure 2) or in agueous solu-
tions that did not contain any buffer salts. The production of
O, was not observed when any of the reactants were omitted
from the complete reaction system (Data not shown). In the
MnP reactions shown in Figures 1 and 2, the spin adduct
appeared within 1min but increased signals were not observed
after 1 min although the MnP maintained Mn(l1)-oxidizing
activity even after 1 min.’® This indicates that oxidation of 4-
POBN by MnP is not involved in the O, formation. There was
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Figure 1 ESR spectra of POBN spin adducts formed by the
reaction of P. ostreatus MnP in sodium tartrate buffer.

The complete reaction system (A) (200ul) contained
400mU MnP from P. ostreatus, 12.5mM sodium tartrate
buffer (pH 5.0), 50uM MnSO,, 0.5mM H,0, and 100mM
4-POBN. The reaction system (B) contained 80U of SOD.
The spectra were recorded at 1 min.
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Figure 2 ESR spectra of 4-POBN spin adducts formed by the
reaction of P. ostreatus MnP with H,0, in sodium acetate
buffer.
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The reaction system (200 pl) contained 400 mU MnP
from P. ostreatus, 12.5 mM sodium acetate buffer (pH
5.0), 50 UM MnSO,, 0.5 mM H,0, and 100 mM 4-POBN.
The reaction was initiated by addition of H,0,.
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Figure 3 ESR spectra of DMPO spin adducts formed by the
reaction of MnPs with H,0, in sodium acetate buffer.

The reaction system (200 pl) contained 400 mU MnPs,
12.5 mM sodium acetate buffer (pH 5.0), 50 uM MnSO,,
0.5 mM H,0, and 90 mM DMPO. The reaction was
initiated by addition of H,0,.

no spin adduct produced when 50 uM Mn(l11)-tartrate!* was
mixed with 0.1M POBN as reported by Shi.’> Addition of H,O,
to the Mn(l11)-tatrate solution did not change the ESR spectra.

To confirm the direct generation of O, by MnP, spin trap-
ping experiments were carried out with DMPO (Figure 3).
When the MnPs were reacted with H,O,/Mn(I1) in sodium
acetate buffer in the presence of DMPO, formation of DMPO-
OOH (A(N) 1.43mT, A(HB) 1.15mT, A(Hy) 0.13mT) was
observed at 30 sec. At three minutes after addition of H,0,,
DMPO was oxidized by enzymatically-generated Mn(l11) to
yield a DMPOX (A(N) 0.72 mT, A(H,) 0.41 mT). In the reac-
tion with MnP from P. ostreatus, signals from DMPO-OOH
were also detected in the spectrum recorded at 30 sec. Thus,
direct formation of O, by MnP was demonstrated with two spin
trapping agents, 4-POBN and DM PO.

Khindaria reported that reduction of ferric ion was
observed in reaction mixtures containing MnP, Mn(l1), oxal ate,
H,0, and ferric chloride. They reported reduction of Fe(l11) by
O, is dependent on formate radical from oxalate. As they
reported, Fe(l11) reduction did not proceed in the absence of
oxalate when the MnPs were mixed with Mn(I1), Fe(Ill), 1,10-
phenanthroline and H,O, (Data not shown). This is consistent
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with our observation that formation of O, was not involved in
the consecutive catalytic cycle. No decrease in O, concentration
below the starting level was observed in the MnP reactions
(Data not shown). These results suggest that O, formation by
MnP is not related to reduction of molecular oxygen but to
decomposition of Fe(l11)-superoxo complex, compound 1
formed by the excess of H,O,. In contrast to release of O, from
compound I11 of lignin peroxidase,® the O, formation by MnP
required Mn(l1). This suggests that reactivation of compound
Il to a resting state proceeds not only by O, generation with
Mn(I11)Y” but also through dissociation of O, with manganous
or manganic ions, as reported by stimulation of O, dissociation
from myeloperoxydase compound Il by adrenaline.’® The
detection of O, in MnP reactions raise a new issue of how the
O, affects on Mn(I1)-oxidizing processes of MnPs.
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