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1. Introduction

Tyrosinase is 2 Cu-containing mixed-function
oxidase catalyzing the hydroxylation of monophenols
and the dehydrogenation of o-diphenols. The mush-
room enzyme has been shown to contain a copper pair
at the active site based on EPR measurements [1],
magnetic susceptibility studies {2], and on the stoichio-
metric reaction of one H,0, per two Cu-ions [3]. On
the other hand, Neurospora tyrosinase has been reported
to contain one copper per molecular weight of 33 000
.[4,5] which has been shown to be the functional unit
[5]. Since the presence of either one or iwo copper
ions per functional unit of tyrosinase is of great impor-
tance for the mechanism of this enzyme Neurospora
tyrosinase was reinvestigated.

The results of this investigation in context of
sequence studies demonstrated that the copper content
and the molecular weight are greater than previously
thought [4,5]. The spectral properties of the H,0,-
treated enzyme were found to be very similar to oxy-
tyrosinase from mushroom [3] and helix-pomatia
hemocyanin [6]. The reaction of H,0, with Neuro-
spora tyrosinase indicated a stoichiometry of one
H,Q; per two copper ions reacted as reported for mush-
room tyrosinase [3] . Based on the results presented in
this report Neurospora tyrosinase is assumed to contain

a copper pair rather than one copper per functional unit.

2. Materials and methods

2.1, Preparation of enzyme
Tyrosinase from Neurospora crassa wild-type strain

North-Holland Publishing Company — Amsterdam

(FGSC No. 320) was purified by salt fractionation and
a combination of ion-exchange and hydroxyapatite
chromatography (Lerch, K., to be published). The
enzyme was homogeneous according to the criteria of
SDS-polyacrylamide electrophoresis [7] and isoelectric
focussing [8]. Freshly isolated enzyme contained about
30% oxytyrosinase as has been reported by Gutterridge
and Robb [5] using a different purification method.
The specific activity of the purified enzyme measured
by the procedure of Fling et al. [4] was slightly higher
than the ones reported by Gutteridge and Robb [3],
Katan et al. [9], and Fling et al. [4]. The enzyme was
stored in 10 mM sodium phosphate buffer, pH 7.2, +
0.5 M NaCl at 4°C.

2.2, Molecular weight

The minimal molecular weights of the pure enzyme
and its cyanogen bromide fragments (Lerch, K., to be
published) were determined by SDS-polyacrylamide
electrophoresis [7] and by gel filtration in 6 M
guanidine hydrochloride [14] using the reduced and
carboxymethylated derivatives of bovine serum
albumin (68 000), catalase {60 000), aspartate amino-
transferase (46 000), aldolase (40 000), lactate dehy-
drogenase (36 000), chymotrypsinogen A (25 700),
myoglobin (17 200}, ribonuclease (13 700), cyto-
chrome ¢ (11 700), and insulin chain B (3500) as
marKker proteins.

The molecular weights of the three smaller cyanogen
bromide fragments were also obtained from amino acid
sequence data (Lerch, K., to be published).

2.3. Aralytical methods
Amino acid analysis was carried out according to
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Moore and Stein [10] using norleucine as an internal
standard [11]. Samples were analyzed on a Durrum
D-500 automatic amino acid analyzer after hydrolysis
in 6 N HCl at 110°C for periods of 24, 48, and 72 h.
Protein concentrations were determined gravimetrically
according to [12], refractometrically with a Beckman
analytical ultracentrifuge [13], and from amino acid
composition [14]. The copper content was determined
with 2,2-biquinoline [15] using an Instrumentation
Laboratory Inc. reference standard. Titrations of the
enzyme with hydrogen peroxide (Merck Superoxol,
30% H,0,) were carried out at 4°C using a Cary

model 15 spectrophotometer. The concentration of
hydrogen peroxide was determined titrimetrically with
a standardized KMnQ,, solution (Titrisol, Merck). All
chemicals were of analytical grade and were used
without further purification. Solutions were made
with deionized, distilled water.
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3. Results and discussion

Neurospora tyrosinase has been reported to contain
one copper atom per molecular weight of 33 000 by
different investigators [4,5] . During sequence analysis
of this enzyme it became apparent that spectrophoto-
metric measurement of protein concentration, using
the extinction coefficient Aé?m =15 at 280 nm
employed by these authors [4,5] resulted in large
overestimates. Therefore, the extinction coefficient
All?f’m at 280 nm was determined by three independent
methods. The results are shown in table 1. The data
are in good agreement with an extinction coefficient
A;;/g 1em 0f 22 % 1. Furthermore, from partial sequences
of fragments the molecular weight of the protein was
found to be significantly higher than the one obtained
by the same authors [4,5]. Table 2 presents a sum-

mary of the molecular weights of the native enzyme

Table 1

Extinction coefficient A* %
2301 C

m of Neurospore tyrosinase

Method

S . _— af
Extinction coefficient A7
2801 CIM

Gravimetric determination

after TCA-precipitation? 21.8+ 0.8
Refractometric measurements? 222+ 0.6
Amino acid compesition® 23.0z 1.0
AHaoch and Vallee [12]
bBabul and Stellwagen [13]

CCohen et al. {14}
Table 2

Molecular weights of Neurospora tyrosinas

¢ and its cyanogen bromide fragments

Gel filtration in Amino acid SDS gel
é M guanidine hydrochloride® sequenceb electrophoresis®
CNBr-1 21 500 24 00
CNBr-I1 9000 9100 9000
CNBr-111 7500 7400 7000
CNBr-1V 4000 4200 4000
Sum of
fragments 42 000 44 000
Untreated
enzyme 42 000 - 52 0009

4Determined according to Mann and Fish [16]

bl_erch, K., to be published

€Determined according to Weber and Osborn {7]
dThe higher mobility in SDS is probably attributable to its high proline content [17]
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Table 3
Copper content of 3 different preparations of Neurospore tyrosinase

Preparation

Coppet content

g atoms Cu/42 000 g protein

(nmoles copper per mg protein)

30/4
29/3
10/5

46.4
43.6
44.4

1.95
1.85
1.88

and its cyanogen bromide fragments using a number

of different methods. The data are in general agreement
with a molecular weight of about 42 000. Table 3
shows the copper content of three different prepara-
tions as well as the number of Cu ions per molecule.
Based on the new molecular weight Neurospora tyro-
sinase contains close to two g atoms of copper per
functional unit of mol. wt. 42 000. Neurospora tyro-
sinase thus resembles mushroom tyrosinase for which
the presence of a copper pair has been amply document-
ed [1-3].

The similarity to mushroom tyrosinase is also sup-
ported by spectroscopic data. In the presence of air
both Neurospora tyrosinase [5] and mushroom tyro-
sinase [3] have been shown to react stoichiometrically
with hydrogen peroxide to yield an oxygenated com-
plex, characterized by a strong absorption band at
345 nm and a weaker one at 600 nm which disappear
upon removal of oxygen. The spectra of the native and
the hydrogen peroxide treated Newrospora tyrosinase
are given in fig.1. The extinction coefficients at 345
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Fig.1. Absorption spectrum of native ( ) and H,0,

treated (- - ~ -) Neurospora tyrosinase at 4'C. The concentration
of the enzyme was 75 uM and a S-fold molar excess of H,0,
was used. The spectrum was recorded LG min after addition of
H,0,.

and 600 nm referring to the Cu content are 9-103

M em™ and 5:10° M™! cm™, respectively. These
values are in good agreement with the ones reported
for mushroom tyrosinase [3] and hemocyanin {6]
whereas the molar extinction coefficient at 345 nm
given by Gutteridge and Robb for Neurospora tyro-
sinase [5] is smaller. The reaction of H,O, with con-
centrated Neurospora tyrosinase (80—120 uM enzyme)
using small amounts of hydrogen peroxide {10 uM
H,03) is documented in fig.2. The increment in
absorbance at 345 nm was constant over several addi-
tions indicating a stoichiometric reaction of H,0Q, with
the enzyme. The extinction coefficiant with respect to
H, 0, calculated from the slope is 16.9-10°> M~ em™!
(table 4) (average from 3 titrations). This value com-
pares favorably with the one obtained from mushroom
tyrosinase [3] but is quite different from the one
reported by Gutteridge and Robb [5]. The stoichio-
metry of the H,0, reacted per Cu as given by the

Asas 1.6
b R}
124
os}
" -
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o 40 a0 120 160
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Fig.2. Determinations of the malar extinction coefficient of
the oxygenated complex at 345 nm with respect to H,0,
reacted. Aliquots of 10 uM H, O, were added to a concentrated
solution of tyrosinase (82 uM) at 4°C. The sloper {extinction
coefficient ey, p,0,}is 17.2210° M~ cm™.
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Table 4
Extinction coefficients of H,0, treated mushroom and Neurospora tyrosinase
at 345 mmn and stoichiometry of the reaction

€205, H,0, (M™ ¢!} €345, Cu (M™' em™?) H,0,/Cu
Mushroom? 17.2-10% 9.1 0.53
Neurospora 16.9-10° 9.0 0.53

olley et al. [3].

ratio of the extinction coefficients €345, oy and
€345: 41,0, is listed in the same table. Again, this value

compares favorably with mushroom tyrosinase {3] but

differs considerably from the one reported by
Gutteridge and Robb [5] for Neurospora tyrosinase.
The discrepancy of the values given by the latter
authors and the ones reported in this paper is in part
explained by the use of a different molecular weight
and a different extinction coefficient at 280 nm.
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