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1. Introduction

Copper-containing proteins without oxidase or
electron-carrier activities have been detected in a num-
ber of animal tissues (brain, liver, heart, erythrocytes)
[1—8]. McCord and Fridovich [9, 10] present evidence
of these proteins possessing superoxide dismutase ac-
tivity, catalysing the following process:

03 +03 +2H" - H,0, + 0,

Thus, the physiological role of superoxide dismutase
may perhaps be protection of aerobic organisms against
damage by free radicals normally generated in the
course of the one electron transfer from substrate to
oxygen molecule,

In recent works [11, 12] it was shown that the dis-
mutase activity in a large number of aerobic organisms
correlates with the catalase activity and that not in all
organisms the dismutases are copper-containing pro-
teins, Investigation of the dismutase-hydrogen peroxide
reaction is of certain interest because H, O, is a prod-
uct of the dismutase reaction. In this report some
preliminary observations on the interaction of H, O,
with bovine erythrocyte dismutase are presented.

2. Materials and methods

The dismutase was isolated from bovine erythro-
cytes by a slight modification of the method of
McCord and Fridovich [9]. The protein isolated was
electrophoretically homogeneous and had A, 59/ Aggo
absorption ratio of about 30,
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The hydrogen peroxide concentration was deter-
mined by potassium permanganate titration. Peroxide
was added at room temp. to the dismutase solution in
0.05 M phosphate buffer, pH 8.0. After incubating the
solution 3 min with H; O, , optical and EPR spectra
were recorded. Spectra obtained after 30 min incuba-
tion were similar to those obtained after 3 min in-
cubation,

Optical measurements were carried out at room
temp. in 10 mm cells, The concentrations of the dis-
mutase solutions were determined, using a molar ex-
tinction of 300 at 680 nm. EPR-spectra were recorded
on a Varian E-4 instrument at 77°K. Quantitative data
were obtained by comparing the double integrals of
the dismutase low temperature EPR-spectra with the
double integrals of frozen standards (Cu(I1)-EDTA).

3. Results and discussion

Our results showed that addition of dilute hydrogen
peroxide to a dismutase solution immediately caused
irreversible bleaching of the protein. The extent of the
bleaching depended on the concentrations of the H,0,,
being linear up to 50% bleaching. After that a certain
deviation from the linear dependence is observed. The
results of the spectrophotometric titration of dismutase
by H, O, presented in fig. 1 showed that one mole of
the dismutase is bleached to 50% by one mole of hy-
drogen peroxide.

Bleaching of the dismutase by H, O, may be due to
the reduction of the protein copper. This possibility is
suggested by EPR-titrations of the dismutase by dilute
solutions of H, O, (see fig. 2). The EPR and optical data
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Fig. 1. Spectrophotometric titration of 3.5 ml superoxide dis-
mutase by 1.1 X 1072 M hydrogen peroxide. Spectral changes
after addition of H, O, (above) and titration curve (below).

shown in fig. 3 correlate well with each other. No sig-
nificant changes in the shape of the EPR-signal of the
dismutase were found in the course of the titration by
dilute H, O, solution. However, concentrated H, O,
solutions (107! M and more) lead to an EPR-spectrum
of which the parameters differ from those of the native
protein, while 680 nm band here also-disappears. Hence
in the titration with concentrated H, O, there is no cor-
relation between the EPR and optical data, Turbidity
of the protein solutions on incubation with concen-
trated H, O, has been observed. The EPR-spectra of
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Fig. 2. EPR-titration of 3.5 ml superoxide dismutase (Aigéi&-nm =
0.29) by 1.1 X 10°2 M hydrogen peroxide, Recording condi-
tions: receiver gain, 3.2 X 10°2; time constant, 3 sec; scan time,

4 min; T = 77°K; modulation amplitude, 6.3 gauss.
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Fig. 3. Corzelation between optical () and EPR (o) titration
data,

native dismutase and of the dismutase following addi-
tion of concentrated H, O, are shown in fig. 4.

The results suggest that in the presence of dilute
hydrogen peroxide solutions, reduction (bleaching) of
the dismutase proceeds according to the scheme:

2CL12+ + H202 -> 2Cu1+ + 2I'I+ + 02

In concentrated peroxide solutions, however, inac-
tivation of the protein takes place with retention of
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Fig. 4. EPR-spectra of native (A) and Hj O,-inactivated (B)
dismutases. The native protein sample was in 0.025 M phos-
phate buffer, pH, 7.0. Inactivation was carried out by addi-
tion of 0.2 mi 10% H, 04 to 1 ml dismutase solution, After
10 min incubation at room temp, the EPR-spectrum was re-
corded. The recording conditions were the same as those for
the case shown in fig. 2 with the exception of receiver gain
being 1.6 X 102, EPR-spectral parameters of native dismutase:
A| = 140k; g = 2.26g; g, = 2.07g. EPR-spectral parameters
of inactivated dismutase: A | = 172«; g) = 2.254; g, = 2.043.
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the valency of the copper atoms but with change in
the environment of the cupric copper in the protein.

Recent studies [13] have shown that H, O, partial-
ly reduces the so-called “blue” copper atoms of laccase
and a complex of the H, O, with the “non-blue” cop-
per atoms of this protein are formed. We have also ob-
served the reduction of this “blue” atom in other blue
copper-containing proteins such as ceruloplasmin and
plastocyanine., However, this occurs slowly whereas
bleaching of the dismutase is a rapid reaction.

Detailed kinetic studies of the reduction of dismu-
tase copper by hydrogen peroxide are in progress,
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