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Among the exotoxins mediating the pathogenicity of [~- 
hemolytic streptococci, streptolysin O deserves special 
attention. It is a 60-61 kD protein, which can be in- 
activated by oxidizers, including molecular oxygen 
[1,5]. Streptolysin O induces erythrohemolysis, causes 
damage to leukocytes, macrophages, fibroblasts, cells of 
Ehrlich's ascites tumor, and a number of other cells 
[1,51. It does not possess proteolytic or lypolytic ac- 
tivity. The mechanisms of the streptolysin O-mediated 
cytolytic effect are widely disputed. The capacity of 
cholesterol and some other steroids for inhibiting the 
car di.'otoxic and hemolytic effect of streptolysin O [1,5] 
invited a hypothesis about its detergentlike effect on 
biomembranes. At the same time, there are indications 
[8] that streptolysin O can alter the metabolic proc- 
esses related to the osmotic stability of erythrocytes. 
The reactions of free-radical oxidation are known to be 
important mechanisms in membrane destab'llization and 
the realization of cytolysis [7]. In this connection we 
proposed that the cytolytic effect of streptolysin O may 
be mediated via active forms of oxygen. 

The goal of this work was to study the effect of 
scavengers of active forms of oxygen on the strepto- 
lysin O-induced lysis of rabbit erythrocytes. 

MATERIALS AND METHODS 

Partially purified (400 times enriched in specific ac- 
tivity) specimens of streptolysin O were obtained 
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from the culture fluid of [~-hemolytic streptococcus, 
strain H46A, grown on a nutrient medium of com- 
plex composition supplemented with casein hydro- 
lysate [4]. The biomass was sedimented by centrifu- 
gation, the supematant was fractionated by the addi- 
tion of ammonium sulfate, and the protein sediment 
was treated with polyethylene glycol-4000 as de- 
scribed earlier [6] and subjected to chromatography 
on a column with DEAE-cellulose (C1--form). Elu- 
tion was performed with 0.25 M veronal buffer, pH 
7.0, containing 1 M NaC1. Active fractions were dia- 
lysed against distilled water and stored at -20~ . The 
specific activity of the streptolysin O specimens cor- 
responded to 60,000-80,000 hemolytic units per mil- 
ligram protein. Electrophoresis in 12.5% polyacry- 
lamide gel in the presence of Na-dodecylsulfate and 
2-mereaptoethanol [14] revealed two protein bands 
possessing hemolytic activity. This is in agreement 
with the ability of streptolysin O to form aggregates 
[5]. Hemolytic activity was determined by 50% lysis 
of rabbit erythrocytes suspended in NaCl-containing 
0.126 M phosphate buffer, pH 6.5 [12]. Streptolysin 
O was activated using 0.2 M Na thioglycolate. Pro- 
rein content was measured after Lowry [11]. The 
reagents used in the experiments were L-hisfidine, L- 
tryptophan, riboflavin, reagents for polyacrylamide gel 
(Reanal, Hungary), D-mannitol, nitrotetrazolium blue 
(Chemapol, Czechoslovalda),and sodium azide (Serva, 
Germany). Streptokinase was purified from the Rus- 
sian-manufacture commercial preparation "Tseliase" 
by chromatography on a column with Cibacron blue 
F36A-Sepharose 6B sorbent as described in detail 
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earlier [2]. Other domestic reagents of especially pure 
or chemically pure quality were additionally purified 
before use. All experiments were performed in four 
or more replications. The results were statistically 
evaluated using Student's f test. 

RESULTS 

The investigations showed that all the scavengers and 
complexones studied appreciably inhibited the strep- 
tolysin O- induced  lysis of rabbit erythrocytes (Table 1). 

For instance, scavengers of singlet oxygen (so- 
dium azide, tryptophan, histidine), of the hydroxyl 
radical (ethanol, mannite), and of superoxide (nitro- 
te t razol ium blue) inhibi ted s t reptolys in- induced 
hemolysis by 40-70%. Earlier we showed that an- 
other protein of B-hemolytic streptococci, strepto- 
kinase, can interact with the superoxide radical, 
which participates in the realization of its activatory 
function [3]. It was found that the addition of 
streptokinase to the reaction mixture also inhibits the 
intensity of hemolysis, with an efficiency comparable 
to that of nitrotetrazolium blue. 

These data  enable us to conclude that the 
hemolytic action of streptolysin O may be realized 
with the aid of singlet oxygen and the hydroxyl and 
superoxide radicals. 

It has been established that the processes of for- 
mation and transformation of active forms of oxygen in 
most cases are mediated by the participation of ions of 
metals with variable valency. Introduction into the re- 
action mixture of the complexones O-phenanthroline 
and, gspecially, Na diethyldithiocarbamate markedly 
inhibits streptolysin O-mediated hemolysis. 

Finally, the hemolytic activity of streptolysin O 
is sharply inhibited in the presence of potassium 
ferricyanide and riboflavin ( Table 1), which are 
oxidoreductants and serve, most probably, as electron 
acceptors. 

Thus, streptolysin O-induced hemolysis is real- 
ized with the participation of active forms of oxygen. 
The pattern of scavenger action allows us to assume 
a role of several types of active forms of oxygen or 
else complex reactions of their mutual interconver- 
sions in hemolysis. Erythrocyte lysis is known to be 
able to occur via the combined action of H202 and 
O(,  the interaction of which results in the formation 
of .OH. and singlet oxygen [101. On the other hand, 
H202 and O 2- rather freely pass across the cell mem- 
brane, and the situation is changed only in the pres- 
ence of a number of metalloproteins promoting .OH- 
generation [131. In general, this is in agreement with 
the inhibitory effect of phenantl irol ine and Na 
diethylthiocarbamate on the hemolytic activity of 
streptolysin O. 

IABIE 1. Changes in Hemolytic Activity of Streptolysin O 
Caused by Active Oxygen Scavengers, Complexones and 
Oxidoreductants 

Agent Hemolytic activity, 
% of control level 

Control (no agents) 
Sodium azide, 10 .3 M 
L -  histidine, 10 -a M 
L -  tryptophan, 10-~ M 
Ethanol, 1.7 M 
3.4 M 
D-mannitol, 10 -2 M 

100 
67.74-10.6 
32.4--4.8 
39.4---9.4 
38.44-9.4 
28.4 4-9.1 

47.44-I3.8 
Nitrotetrazolium blue, 10 -~ M 
Streptokinase, 5000 IU 
O - Phenanthroline, 6• 10 -4 M 
Sodium diethyldithiocar- 

bamate, 10-3 M 
K~Fe[CN]6 , 5• .5 M 
Riboflavin, 4• -6 M 

43.24-5.9 
47.74-9.2 
32.44-2.9 

17.54-4.8 
21.3--4.0 
30.64-8.8 

The revealed effects of active oxygen scavengers 
may reflect their action both on the toxin molecule 
and on the metabolic processes in the erythrocyte. 
There is no information in the literature regarding the 
presence of metal ions in the streptolysin O mol- 
ecule, nor on its participation in oxidative-reduction 
reactions. The functional role of the toxin for the 
streptococcal cell is unclear. However, the processes 
of generation of active forms of oxygen in the eryth- 
rocytes are well known. The notion about their par- 
ticipation in the hemolytic action of streptolysin O 
does not contradict the known data on the inhibition 
of such hemolysis by cholesterol. Toxin-cholesterol 
interaction is considered to be the initial stage of 
hemolysis [8,9], whereas the subsequent mechanism 
remains obscure. 

The data obtained open up prospects for the 
study of the role of streptolysin O in the electron- 
transport processes and the processes dependent on 
active forms of oxygen, and allow us to envisage new 
approaches to working out ways of control l ing 
streptolysin O-induced toxic damage to tissues and 
organs. 
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In !ecent years immunomodulators enhancing nonspe- 
cific r~sistance have been increasingly more widely used 
for a directed influence on immune reactions and for 
the correction and regulation of immune processes [3]. 
This poses the problem of the  optimal choice of agents 
in the context of a given infection, and the elaboration 
of optimal dosages and regimens. At Kuban State Uni- 
vemity a new immunomodulator of microbial origin has 
been obtained. The preparation, named SK, represents 
a mixture of polypeptides with a molecular weight in 
the range of 500 to 4000 D [6]. 

Our aim was to study specific features of the 
immunomodulatory effect of SK in mice of different 
strains. Immunomodulatory activity was assessed ac- 
cording to the changes in: a) the 5'-nucleotidase (5'- 
N) activity in the peritoneal exudate macrophages 
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(PEM) and b) the susceptibility of mice to infection 
with Staphylococcus aureus strain Wood-46. There is 
some information indicating significance of 5'-N for 
nucleotide assimilation, energy supply of the cells, 
and the  implementa t ion  of  genet ic  informat ion  
[5,9,10]. The product of  the enzymatic reaction, 
adenosine, is considered today to be one of the main 
regulators of  vital physiological functions, including 
the work of the immune system [7,11]. 

MATERIALS AND METHODS 

Male mice of  the CBA and C57B1/6 strains weigh- 
ing 16-18 g were used. The animals received a sin- 
gle subcutaneous (sc) or intraperitoneal (ip) injection 
of SK, 0.2 gg or 5 ~tg per mouse. The following day 
ecto-5'-N activity in the PEM was determined ac- 
cording to a modified method [4]. At this time the 
mice were given sc 2.5• 5x109 or 10xl09 cells 
from a one-day culture of  St. attreus strain Wood- 
46. The mice were observed for 15 days. The effect 

0007--4888/93/0003--0300512.50 �9 1993 Plenum Publishing Corporation 


