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1. Imiredariion

Fungal laccase (p-diphenol: O, oxidoreductase,
EC 1.10.3.2), Iike other blue copper-containing ox-
idases, contains a co-operative two-gleciron acceptor

-1, 2]. This, together with kinetic evidence [3] for
muitieleciron steps in the catalytic mechanisin, has -
led 1o the snggestion {4, 5] that the reduction of
oxygen with this enzyme involves consecnlive iwo-
electron steps. Such a reaction path could provide
an efficient way to OVRICOmE the kinelie ineringss of
oxygen [6, 7]. ,

- M the proposed lacease m@«:hamﬂm is correct.
rEnzymﬁ-hu-md H;,E[}; must be formed as ap inter-
mediate. We here present kinstic and spectroscopis
evidznre for the existencs of an intermediate in the

reaction of reduced lacrase with oxygen. The opiical

and EPR spectra of this new species, recorded by
stopped-llow and rapid-freeze technigoes, are simi-
lar 10 those of the H,05 complex with Typs 2 Co®
in the oxidized’ enzyme j[E] ,
A preliminary acconnt of some of 1 the optical Te-
: sul’[s has been given at a recent conference [9]. An
intermediate with similar optical properties has been

_deseribed for ceniloplasmin by Manabe /I/Eﬂl nop

_!z:mmﬁama mé‘ﬂmds E

Fumga} ?\am:ase A ﬁmﬂ B weie prepareﬁ ‘ny ﬂm Ime

; t’hnd of Fahraeus and Reinhammar [11] snd were -
: freed fmm conlaminating FT as: described earlier [E] L

The ﬁ}m&em concentration was determined spectro.

phﬁiwomemcally at 619 nm z\n mn 'bams nf an’ a‘bsm‘- N
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'I—"Jg 1. Optical spemmll @hangas nbserveﬁ in the reaciion bﬁ—
- “tween partislly reduced lavcase and 0y, The experiment was

carried opt in the Bi'ﬂppﬁﬂ-ﬁﬁ’w #pparatns {2-cmy optical path, -
2.5 msec ﬁead—‘hme} at 25°C 1n 0.1 M phosphate, pH 5.5.-Lae- -
eagi: B was reducsd mzaambmally with: hydmgmm;mﬁ: o' 0% £ SR

- Sponﬂmg 1o 2.3 electon eguwglems per mole of. lar:case ani

~was mixed with sirsaturated buffer. The concenlrationsof -
laciase and Op after mixingwere 66 and 125 M, :rzspectn'e- :

'1y. The figore shaws the spct‘mﬂ t’.hmlf'ES a3 1he indicated -

wzve}esagﬁm at 5@ mses {Dw -G} fﬂnﬂ 7 sec ‘IM"‘} ;aﬂer :mx*
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flow resuhs dusplayed spectral chanaes which cannot
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- The reoxidation of laccase, which had been re-
duced anaeroblcaliy with about 2.3 electron equiva-
lents of hydroquinone and then mixed with 05-con-
taining buffer, was followed in a stopped-flow appar-
atus.and by:'the ‘rapid- t‘reeze technique ‘The. stopped-

he described in terms of the absorption properties of
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Some results from rapid-freeze expcnments car-
ried out with enzyme reduced to the same extent
as in the stopped -flow measurements, are. shown i in

was obtained

4. Discussion

It has earlier been proposed (see Introduction and
[4, 5]} that laccase reduces oxygen in consecutive
two-electton steps with the formation of bound H,0,
as an intermediate. To test this hypothesis we have
here studied the reoxidation of partially reduced lac-
case. Under the conditions used one would expect
any intermediate formed 1o decay slowly, as the addi-
tional reducing equivalents required to form water

can enly be provided through intermolecular reactions.

The resultsindeed do show the formation of a new
molecular specics with a sufficient life time for a spec-
tral characterization by the stopped-flow and rapid
freeze techniques (figs. 1—3). 1t is notable that its op-
tical and EPR properties are similar to those of the
complex with Type 2 Cu?* formed when H50, is
added to the native enzyme [8]. An intermediate
with a similar optical spectrum has been described for
cenuloplasmin [10], so that the formation of sucha
compound may be a common property of the blue
oxidases. It may be noted that the observed changes
iri the EPR spectrum of Type 2 Cu?* cannot be re-
lated to the redox state of Type 1 Cu?*, as this is al-
most completely oxidized in the experiment of fig. 3
whlile in an earlier rapid-freeze experiment {fig. 2 in
[i2]) there was no change in the low-field line when
Type 1 Cu:*“ff:was-nearly..fully!tcduced. o

“The. results !

new sfmélea a8 ‘aﬂfuzoa intermediﬁte formed durlng :
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the reductmn of oxygen w111 however requue a-much
more detailed characierization of its spectroscnpm .
properties.as well as of its kinetics of formation and
de:cay,

Thls study has been supported by a gram fmm
Statens naturvetens: =pliga forskningsrdd. We:
debled to Miss'A.-C. ‘Carlsson for the preparatmn uf S
taccase from fungal cultures.
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