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1. Introduction 

In studies of activity of superoxide dismutase 
(SOD), see [l] , two kinds of methods have been 
used. For routine detection of activity, the inhibi- 

tion by the enzyme of some 0; dependent reac- 
tions has been utilized [2-41. For studies of the 
catalytic mechanism and when a precise evaluation 
of rate constants is needed, pulse radiolytic methods 
have been the only successful ones so far [S--8]. 

Recently we have applied the polarographic method 
of the kinetic currents to kinetic studies of the 
dismutation of O;, which allows the determination 
of the rate constants by a very simple procedure 
[9]. Moreover it presents some advantages with 
respect to pulse radiolysis in so far that the compo- 
sition of the solution under study can be varied in 
a way which would disturb straightforward pulse 
radiolysis experiments. For example, variation of 

ionic strength and type of ions of the solution, can 
be somewhat limited in pulse radiolysis, because of 
the possible production of secondary radicals. In 
this report we present results on the effect of 
ionic strength and different species of anions and 
cations on the activity of SOD as a part a program. 
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aimed to study SOD activity by the kinetic currents 
method systematically. 

2. Materials and methods 

Superoxide dismutase was prepared from bovine 
blood according to McCord and Fridovich [2]. The 
protein concentration was determined by the extinc- 
tion coefficient at 680 nm (e: 300 M- ’ cm-’ ; see [ 21). 
Catalytic rate constants were measured in different 
conditions as described elsewhere [9]. The activity 

of SOD was tested at 25°C in air saturated buffer- 
ed solutions (borax 0.025 M, pH 9.90) in which 
were added different salts to realize the desired 

ionic strength. All the solutions were prepared 
from analytical grade chemical dissolved in twice 
distilled water. An AMEL mod. 461 polarograph 
and AMEL mod. 331 pH meter were employed for 
the polarographic and pH measurements respectively. 

3. Results 

Fig. 1 shows the effect of increasing ionic strength 
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Fig. 1. Effect of ionic strength on the SOD activity: (o-o-o) 
NaClO, ; (+ + +) Na, HPO, ; (O-o-o) Na, SO, ; (A-A-A) NaCl. 
Borax 0.0025 M, pH 9.80; T = 25°C. 

by varying concentrations of different sodium salts. 
The data are plotted in the usual way for ionic strength 
effects on ionic reactions, that is according the Brons- 
ted’s equation [lo] which at low concentration pre- 
dicts that the plot of log k vs the square root of the 

ionic strength is a straight line, with the slope nearly 
equal to the product of the ionic charges of the ions 
involved in the formation of the activated complex. 
From fig. 1 it is evident that in all cases the rate con- 
stant decreases with the ionic strength. The slope is 
very near to -1.5 for ClOi, SOi-and HPOi- while 
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Fig. 2. pH dependence of SOD activity at constant ionic 
strength: borax 0.025 M; T = 25°C; p = 0.16 adjusted by 
addition of NaClO, . 

it is -2.23 for Cl-. The inhibition by Br-is very 
strong and the plot is not linear. No changes were 
observed by varying the cationic species: Li’, Na+, 
K’, Mg”, Ca++, Ba++. 

The observation of the ionic strength effect prompt- 
ed us to reevaluate the pH dependance of the enzyme 
activity in the alkaline range, where a reversible loss 

of activity was shown to occur by a pulse radiolytic 
investigation [ 111. 

Also when the ionic strength of the solution was 
carefully kept constant, a reversible decrease of 
activity was observed (fig.2). 

4. Discussion 

The effect of ionic strength on superoxide dismutase 
activity allows further considerations on the nature of 
the catalytic reaction. In fact Bronsted’s theory predicts 
that a reaction proceeding via the formation of a tran- 
sition state complex involving charged species, should 
be affected by ionic strength in a way depending by the 
number and the sign of the charges. On the basis of re- 
sults from pulse radiolysis measurements [ 5,6] the 
reaction catalysed by superoxide dismutase has been 
suggested to occur via a ping-pong mechanism involv- 
ing two reactions with similar rate constants: 
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1) E-Cu2+ t 0; --+ E-Cu’ t 02 

H’ 

2) E-Cu’ t 0, ~-> E-Cu2+ t Hz02 

where E-Cu2’ and E-Cu’ represent the active site of 
the enzyme in the oxidized and reduced state respec- 
tively. If it is assumed that reactions 1 and 2 require 
the formation of activated state complexes between 
copper and 02, the product of the charges is -2 for 
reaction 1 and -1 for reaction 2. The value of -1.5 
obtained from the dependence of the overall reaction 
on ionic strength is a confirmatory evidence that the 
mechanistic scheme obtained from pulse radiolytic 
measurements is correct. Moreover it points to a 
direct interaction of charges at the active site with 
possible formation of intermediate complexes for 
which no evidence was obtained so far [5,6]. It has 
been confirmed in this work that the enzyme rever- 
sibly loses its activity in the range pH lo- 12 showing 
that the decrease observed by pulse radiolysis [ 111 
was not simply an ionic strength effect. This is 
further evidence that the active site reversibly changes 

its geometry in this pH range as already indicated by 

EPR [ 121 and pulse NMR [ 131 measurements. 
Results which are presently object of further 

investigation are the effects of Cl- and Br- which do 
not tit in with the scheme presented above. Br- does 
not give a linear plot, while Cl- still give a linear plot, 
but in both cases the slope is always higher than 1.50 
indicating that beside the ionic interaction should ex- 
ist a specific inhibition by the halide ion. 

A marginal consideration which arises from these 

observations is that the inhibitory effect on bovine 
SOD reported by Forman and Fridovich [ 141 for 
guanidinium chloride is at least partly due to ionic 

stength and Cl- effects, as evidenced by a simple com- 
parison of their data with the plots of fig. 1. 
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