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Superoxide dismutase (SOD) was isolated from sheep erythrocyte. SOD activity was measured under

the optimized assay conditions by observing the variations of autoxidation rate of 6-hydroxydopamine (6-

OHDA). The enzyme was characterized as containing copper and zinc and was insensitive to chloroform-

ethanol mixture but inhibited by cyanide and hydrogen peroxide.

The activity variations and stability properties of sheep erythrocyte Cu, Zn-SOD were investigated

under the optimized activity assay conditions by observing inhibition change at the autoxidation rate

of 6-OHDA. The optimum pH and temperature of sheep erythrocyte Cu, Zn-SOD were found to be 9.4

and 30◦C respectively. The enzyme showed high pH- and thermal-stability properties around neutral

pH and up to 37◦C after 2.5 h incubation. Variations in the inhibition percentage of autoxidation were

investigated in 0.2-0.9 mM range of 6-OHDA. The same procedures were repeated by adding catalase

also.
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Introduction

Superoxide dismutases (SODs) are oxidoreductase enzymes (EC 1.15.1.1) catalzing the disproportionation of

highly reactive superoxide anion radicals (O2̄̇) in living cells to molecular oxygen and hydrogen peroxide1−3.

The O2̄̇ is an intermediate reduction product of oxygen produced by a variety of biological reactions. The
major process for production of reactive oxygen species under physiological conditions include the following:
electron transport chain of mitochondria, lipid peroxidation, radiation, metabolism of quinones by redox-
recycling and reactions of enzymes xanthine oxidase, amino oxidase, cytochrome P-450 and prostaglandine

synthase4−6. Superoxide radicals have been shown to cause damage to nearby cells by peroxidation of
membranes, proteins and DNA and also by inhibition of some critical enzyme activities. Thus, it is very
important to have SOD activity which can remove the toxic radicals.

Based on their metal content and on sequence similarities the superoxide dismutases are divided into
three groups: the Cu, Zn-SOD found in the cytosol of eukaryotes, in chloroplasts and also in some bacteria,
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the Mn-SOD occurring in prokaryotes and in the mitochondrial matrix and Fe-SOD found in prokaryotes

and some plant families7−10.
Quite a few methods such as pyrogallol, cytochrome c, 6-hydroxydopamine and nitro blue tetrazolium

regarding the determination of the activity of superoxide dismutases were developed11−15. However, while

studying the determination of kinetic parameters of the enzymes, some difficulties were encountered16 . In
this study the determination of some kinetic parameters of superoxide dismutase from sheep erythrocyte

was accomplished by exploiting the autoxidation of 6-hydroxydopamine to form O2̄̇ and its conversion into
quinone derivatives through semiquinone radicals under modified and optimized assay conditions.

Experimental

Chemicals: 6-Hydroxydopamine (6-OHDA; 2, 4, 5 trihydroxyphenylethylamine), catalase (CAT; E. C.1.11.1.6

from Aspergillus niger), H2O2, pyrogallol, chloroform, ethanol, ethylenediamine tetraacetic acid (EDTA)

were supplied from Sigma, St. Louis USA. All chemicals used were analytical grade.

SOD Activity Assay

The activity of SOD was measured by a modification of the method of Heikkila and Cabbat. The
method is based on the mesurement of the inhibitory effect of SOD on the spontaneous autoxidation of

6-hydroxydopamine (6-OHDA)17.

Stock solution of 6-OHDA was prepared daily in 1 mM KC1, at pH 2.0. The soluble oxygen was
removed from the stock solution by passing pure N2 through pyrogallate solution. During the experiments

stock solution was reserved in N2 media at +4◦C. Autoxidation rate of 6-OHDA (0,4mM) in 0.1 M phosphate

buffer pH 7.4 which was saturated by air O2 (8.2 mg/l) at 20◦C was determined by observing absorbance

changes depending on time at 490nm and 20◦C. 1 IU of superoxide dismutase activity is the amount of

superoxide dismutase required for 50 % inhibition of the initial rate of 6-hydroxydopamine autoxidation.

Catalase Activity Assay

The activity was calculated by measuring the period of the time in seconds necessary for a decrease in optical
density of a 10.5 mM H2O2 in 50 mM phosphate buffer, pH 7.0 from 0.450 to 0.400 at 240 nm and 25◦C
18. 1 IU is the enzyme activity which decomposes 1 µmol H2O2 per minute at 25◦C under strictly defined
conditions, especially with regard to the H2O2 concentration.

Preparation of the Crude Enzyme Extract from Sheep erythrocytes

The blood samples were supplied from Tansaş-İzmir. 25 ml of venous sheep blood (9.26 Red Blood Cells

× 1012/L) was collected in a tube containing 2.5 m1 of EDTA (185 mM) and then centrifuged at 2000 rpm

for 10 e min. In equal volume of 0.9 % NaCl (w/v) was added to the rest after removing the plasma phase

at 4◦C. The mixture was turned upside down and then centrifuged at 2000 rpm for 5 min. This procedure
was repeated three times. Stock hemolysate was obtained by fivefold dilution of packed erythrocytes with
bidistilled water and kept at 4◦C. Volumetric activity of SOD and CAT in sheep erythrocytes were determined

to be 145 IU/ml min and 1200 IU/ml min respectively. Hemoglobin was precipitated from hemolysate by
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addition of an equal volume of chloroform/ethanol (1/5, v/v) pre- cooled in the deep-freeze. No activity

variations were observed after removing the hemoglobin.

Results and Discussion

Superoxide dismutase from sheep erythrocyte was not susceptible to denaturation by chloroform-ethanol.
Hemoglobin was removed from hemolysate with full activity yield. According to the reports, Cu, Zn-SOD

and Fe-SOD are resistant to organic solvent19.
Complete loss of SOD activity of hemoglobin free hemolysate was obtained by adding 3 mM KCN to

the assay medium. Cu,Zn-SOD can be distinguished from the Mn-SOD and Fe-SOD by the inhibition of

only Cu,Zn-SOD in the presence of mM levels of cyanide20,21. It can be said that sheep erythrocyte SOD is
a Cu,Zn metallo-enzyme.

Effect of H2O2 Concentration on the Cu,Zn-SOD Activity

The effect of various H2O2 concentrations on the residual activity of sheep erythrocyte Cu,Zn-SOD was
investigated in 0.5-2.0 mM concentration range under standard activity assay conditions. Two mM azide

was added into the reaction mixture in order to inhibit the catalase activity (Figure 1).
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Figure 1. The inhibition effect of H2O2 on sheep erythrocyte Cu,Zn-SOD in 0.1 M phosphate buffer pH 7.4 and at

20◦C.

Increasing inhibition of Cu,Zn-SOD activity was observed by increasing H2O2 concentration. Activity
decrease against H2O2 concentration was almost linear within the concentration range studied. The inacti-

vation of the Cu,Zn-SOD has been attributed to the reduction of the enzyme-bound Cu+2 to Cu+1 by H2O2,

followed by a Fenton’s type reaction of the Cu+1 with additional H2O2 to form Cu+2-OH. The modification
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of tryptophan, histidine and cystein residues has also been reported previously for the possible explanation

of the inactivation of Cu,Zn-SOD and Fe-SOD by H2O2 treatment22−25.

pH and Temperature Activity Profiles of Cu,Zn-SOD Activity

pH-activity profile of sheep erythrocyte Cu,Zn-SOD was investigated in the range of 7.0 to 10.0 at 20◦C. At
pH values 7.0-8.0, 0.1 M phosphate buffer and at pH values 8.0-10.0, 0.1 M borate buffer were used. The pH
activity profile of enzyme was estimated at the varying concentration of 6-OHDA that provided the same
initial absorbance value at 90 sec.

Optimum pH of sheep erythrocyte Cu,Zn-SOD was found to be 9.4, similar to bovine erythrocyte

Cu,Zn-SOD (Figure 2)26. This value has been reported as 10.2 for Ascaris suum Cu,Zn-SOD27.

Figure 2. The pH-activity profile for sheep erythrocyte Cu,Zn-SOD at [02] = 8.2 mg/L and 20◦C.

As can be seen from Figure 2, the catalytic activity of sheep erythrocyte Cu,Zn-SOD was very low
and pH independent in the pH range 7.0 to 8.0. At pH values higher than 9.4 a sharp decrease was observed

in the rate of dismutation reaction with O2̄̇. The possible reason of this decrease may be the loss of positive
charges on the surface and in the active center of SOD when pKa values of amino acids such as lysine and

arginine are considered27,28. The existence of the positively charged resudies on the surface, in combination
with the electrostatic repulsive effect of the negatively charged residues, serves the activity to guide the

anionic substrate O2̄̇ radicals to the active site of the enzyme.
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Temperature-activity profile of enzyme was investigated in the range of 20 to 40◦C in 0.1 M phosphate

buffer at pH 7.4 and constant O2 concentration (8.2 mg/l). The solubility of oxygen at different temperatures

was controlled by O2-meter by passing pure O2 or N2 through the buffer solution before adding 6-OHDA.

Figure 3. Temperature activity profile for sheep erythrocyte in 0.1 M phosphate buffer pH 7.4 and at

[O2] = 8.2 mg/l.

Figure 4. Time dependent pH-stability variations of sheep erythrocyte Cu,ZnSOD incubated at 30◦C: 4· pH 6.5, �
pH 7.0, � pH 7.4, H pH 8.5, � pH 9.0, • pH 9.5 ∗ pH 10.0 (a) pH-dependent stability incubated at 30◦C for 2.5 h

(b).
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Figure 5. Time dependent thermal-stability variations of sheep erythrocyte Cu,ZnSOD incubated in 0.1 M phosphate

buffer pH 7.4: � 20◦C, 4· 30◦C, � 37◦C, H 45◦C, � 55◦C (a) and temperature-dependent stability incubated in 0.1

M phosphate buffer pH 7.4 for 2.5 h (b) �.

Figure 6. Concentration dependent inhibition variations of 6-OHDA autoxidation: � sheep erythrocyte Cu,Zn-SOD

and 4· Cu,Zn-SOD+CAT
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The Effect of Cu,Zn-SOD Inhibition on the 6-OHDA Autoxidation

The inhibitory effect of Cu,Zn-SOD on the autoxidation of the different concentrations of 6-OHDA in the

range of 0.2-0.9 mM were investigated at the constant concentration of crude enzyme extract (95 µl)

in standard assay medium. The inhibition measurements were repeated by adding 10 µl catalase from

Aspergillus niger (2500 IU/ml) to each reaction medium (Figure 6).

As can be seen from Figure 6, the decreasing percent of inhibition caused by Cu,Zn-SOD was observed
at the increasing concentration of 6-OHDA. Addition of catalase to the reaction medium increased the
inhibitory effect of Cu,Zn-SOD in the autoxidation of 6-OHDA.

The increase of the inhibition percentage was the result of the reduction of Fe+3-catalase to Fe+2-

catalse by reacting with O2̄̇ and the transformation into the inactive compound-III (Figure 6). The exper-

iments performed by increasing SOD concentration suggest that the efficiency of this conversion, of which

the mechanism is explained by Fenton reactions, decreased due to the competition with catalase 30−31.
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