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SUMMARY: The reconstitution of Neurospora apotyrosinase was
studied in the presence of Cu(I) or Cu(II) ions. The kinetics
and the mechanism of reactivation were found to differ markedly
for the two metal ions. Thus the reconstitution with Cu(I})

was found to be very fast and complete following an all or none
process; in contrast the reaction with Cu(II) proved to be
rather slow and incomplete with the two Cu(II) ions binding
with different rate constants.

Tyrosinase is a copper containing enzyme which catalyzes
the o-hydroxylations of monophenols and the oxydation of
o-diphenols to o-quinones (1,2). The enzyme contains at the
active site a pair of antiferromagnetically coupled Cu(II) ions
(2,3). In the reduced state the binuclear center binds
reversibly molecular oxygen giving rise to oxytyrosinase (3,4).
This binding is responsible for the appearance of two charac-
teristic absorption bands in the visible region (A = 345 nm,

e v 17'000; A = 590 nm, € ~ 1000). The copper at the active
site of tyrosinase can be removed by cyanide treatment
resulting in an apoprotein devoid of enzymatic activity (5,6).
In previous studies (5,6), apotyrosinase was shown to be
reactivated by Cu(II) ions. In the present paper we report
on the influence of the metal valency state on the reconsti-
tution reaction of Neurospora apotyrosinase. The kinetic

behaviour of Cu(I) and Cu(II) ions is compared.

MATERIALS AND METHODS

Neurospora tyrosinase was purified as reported previously
(7) . The enzymatic activity was measured using L-dihydroxy-
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phenylalanine as substrate (8). Protein concentration was
measured spectrophotometrically using the coefficient A280

(1% 1 cm) = 22.0 (7). Concentration of oxytyrosinase was
determined by measuring the ratio A345/A280, the value of 0.17
corresponding to the fully oxygenated protein (7). Apotyrosi-
nase was prepared according to (5). Reconstitution experim%nts
were carried out in 0.15 M potassium phosphate buffer at 0°C,
using CuSO4 (pH = 7.5), CuSO4 in the presence of a 2-fold
excess of ascorbate (pH = 5.8) or using the complex

Cu(CH3CN) 4C104 in buffer containing 1 - 1.5 M acetonitrile

(pH = 5.8) . If not indicated otherwise the Cu concentration
was in 10-fold excess with respect to the apoenzyme concen-
tration. The Cu(CH3CN)4Cl04 complex was prepared according to
(9) . Copper concentrations were estimated by atomic absorption.
All spectroscopic measurements were carried out as reported
previously (10).

RESULTS
Neurospora apotyrosinase can be reactivated by incubation
with Cu(II) ions. The reconstituted enzyme binds 2 moles of
copper per mole of enzyme and its specific activity is about
83% as compared with that of the native enzyme (Table I). Part
of the reconstituted tyrosinase is recovered in the oxygenated
form as shown by the presence of an absorption band at 345 nm

(Fig. 1A, ----).Based on the ratio Aj45/Ajgg the amount of

oxytyrosinase is found to be about 40%. This fraction increases

Table 1: Physico-chemical properties of native, apo and reconstituted Neurospora

tyrosinase
Tyrosinase native apo reconstituted reconstituted reconstituted
cult cut(CH4CN) 4ClO,  Cu2+/ascorbate

activity 1200 10-20 1000 1200 1200

-1
(U mg ™)
A345/R2g0 0.172) 0 0.071(0.1408)) 0.170 0.170
Cu/protein 2.0 < 0.1 2.0 2.0 2.0
(g atoms/mol)
A emiss. 322 330 332 332 332
0 0.051P) 0.129 0.050b) 0.051b) 0.0500)

a) after treatment with Hy04 (7)

b) yalues corrected for quenching of the protein emission excerted by the
345 nm band (10)

A emiss.: wavelength of the emission maximum, Q: fluorescence quantum yield.
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Fig. 1l: Absorption (A) and fluorescence (B) spectra of native,
apo, and reconstituted Neurospora tyrosinase.
A: oxy- (), apo (-*-), Cu(II) reconstituted tyrosi-
nase (---). The solid line describes also the spectra
of the Cu(I) reconstituted tyrosinase. All spectra are
normalized to the same protein concentration (0.5 mg/ml) .
B: emission spectra of apo (a) and native {(b) Neurospora
tyrosinase. The dots represent the emission spectrum of
reconstituted tyrosinase. A, absorbance; F, fluorescence
intensity (arbitrary units).

to about 80% on Hy0, treatment (Table I). Incubation of apotyro-
sinase with Cu(CH3CN)4ClO4 or with Cu(II) ions under reducing
conditions leads to a reconstituted enzyme in the fully

oxygenated form, showing the specific activity of native

tyrosinase (Table I; Fig. 1A, ). The binding of copper at
the active site of the reconstituted enzyme discloses the same
large quenching on the tryptophan fluorescence as documented
for the native tyrosinase (10) (Fig. 1B; Table I). In Fig. 2 are
shown the kinetics of the reconstitution reaction performed
with Cu(II) (A) or Cu(I) (B) ions. In both cases the experi-

mental values can be fitted as first-order processes, however,

the apparent rate constant strongly depends on the metal
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Fig. 2: Kinetics of the reconstitution reaction of Neurospora

tyrosinase with Cu(II) (A,®; value after 20 hrs,OQ ),
Cu (CH3CN)4ClO4 (B, ) and Cu(II) ascorbate (B, A).
The solid lines refer to first order kinetics with
rate constants of 0.123 x 10-3 sec-l (a, e Y, 25.0 x
1073 sec”! (B,® ) and 80.0 x 10-3 sec-l (B, A).

Ayec and Ap,¢ indicate the specific activity of the
reconstituted and native tyrosinase, respectively.

valency. With Cu(II) the calculated Kapp = 0.123 x 1073 sec™?
is about two orders of magnitude smaller than the one obtained

for Cu(CH3CN) 4Cl0,4 ( = 25.0 x 1073 sec™!) . Cu(II), upon

Kapp
reduction with ascorbate, leads also to very fast reconstitu-

tion with a rate constant in the range of 80 x 1073 sec™l.

Fig. 3 shows the dependency of the specific activity of Neurospora
tyrosinase in function of the copper-to-protein ratio (A) or of
the fluorescence quenching resulting from copper binding (B).

In these experiments, apotyrosinase is incubated with sub-
stoichiometric amounts of Cu(I) or, using an excess of Cu(II),
protein samples at various stages of the reconstitution reaction
were treated with 5 mM EDTA and dialyzed against buffer con-
taining EDTA. The experimental data are compared with two models:

an all-~or-none model (plots a} or a random binding model (plots b).

It is evident that, in contrast to Cu(I), the regain of activity
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Fig. 3: Dependency of the specific activity of the reconsti-
tuted Neurospora tyrosinase in function of the metal-
to-protein stoichiometry (A) and of fluorescence
quenching (B) . The solid lines refer to the plots
expected in the case of a all-or-noreprocess (a) or
of statistical binding (b) . Ayec and Apat as in Fig. 2;
Qapos Qrecsr Qnat indicate the quantum yields of the
apo, reconstituted and native tyrosinase, respectively.
The symbols refer to reconstitution experiments carried
out with Cu(II) (O}; Cu(CH3CN)4Cl04 (®); Cu(II)/ascor-
bate (A) .

with Cu(II) is not a linear function of the copper content or

of the observed fluorescence quenching in the reconstituted

enzyme.

DISCUSSION
In agreement with previous results (5,6) Cu(II) ions are
competent in reconstituting apotyrosinase. As the enzyme
can bind molecular oxygen only when the two copper ions are
in the reduced state (3,4), the formation of oxytyrosinase
during the reconstitution reaction stronly indicates reduction
of the Cu(II) ions to Cu(I). This finding is in agreement with
the data of Kertesz et al. (6), who explained the disappearance
of the EPR signal of Cu(II) in the presence of apotyrosinase
as the result of metal reduction, catalyzed by endogenous

groups of the protein. The metal reduction, however, is not
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strictly required for the reconstitution reaction. As shown
in this study, the reconstituted Neurospora tyrosinase has,

in fact, a specific activity higher than that indicated by

the amount of oxytyrosinase; as a consequence part of the
enzyme has to be in the met state [Cu(II)-Cu(II)] (3). The
increase of the 345 nm band by addition of H,0, is in agreement
with the conversion of met -+ oxy via copper reduction (4).
Hence the Cu(II) reconstituted tyrosinase is similar to the
native protein which is mixture of the met and oxy form (4,7).
As expected in the case of Cu(I) binding, Neurospora apotyro-
sinase is reconstituted by Cu(CH3CN)4C104 or Cu(II)/ascorbate
to the oxygenated state. The Cu(II) and Cu(I) ions strongly
differ in their reconstitution kinetics, reflecting also the
difference in the binding constants for the active site of
tyrosinase: 1015 M1 and 1013 M1 for the cuprous and the
cupric ions, respectively, (11). A marked difference between
the reconstitution kinetics of Neurospora apotyrosinase and
Cu(II) or Cu(I) ions was reported also in a study of the metal
transfer from Neurospora copper metallothionein and Neurospora

apotyrosinase (12).

From the data presented herein it is evident that the
cuprous and cupric ions differ not only kinetically in their
reconstitution reactions but also in their reconstitution
mechanism. The reconstitution with Cu(I) follows an all-
or-none course demonstrating that the population of the
partially reconstituted enzyme is composed of fully active
and of apo-molecules. Hence the two Cu(I) ions are bound in
a pairwise fashion. 1In contrast, in the case of Cu(II), the
nonlinearity between enzymatic activity and copper content
indicates that the two copper ions are bound with different

rate constants and that half-apo species (3) are present as
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intermediates. Furthermore, the binding of the second copper
ion at the active site could be the limiting step in the
reconstitution reaction. Finally, the non-linear dependency
of the recovery of protein fluorescence quenching strongly
indicates that the single copper ion present at the active
site of the half-apo species contributes to this quenching

effect.
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