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Abstract—The cell extracts (i.e., intracellular metabolites) and culture liquids (i.e., extracellular metabolites)
of microorganismsisolated from various ecotopes were found to inhibit the catalase activity of Saphylococcus
aureus ATCC 6538 P, which resulted in a considerable inhibition of the growth of metabolite-treated S aureus
cells by hydrogen peroxide. The inhibitory effect of microbial metabolites on S. aureus catal ase can be consid-
ered as a mechanism of intercellular interactions responsible for the formation of microbiocenoses.
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Interbacteria interactions, antagonistic in particu-
lar, are essential in the formation of microbia bio-
cenoses[1, 2]. Microbial antagonism is due to the pro-
duction of lysozyme[3], organic acids[4], bacteriocins
[5], and hydrogen peroxide [6]. The regulatory effect of
hydrogen peroxide on the intracellular level of low-
molecular-weight thiols and potassium ions mediated
through the inhibition of membrane transport and the
protective role of catalase in bacterial defense against
oxidative stress have been described in a number of
publications [7—10]. It remains, however, unclear
whether or not exogenous microbial metabolites can
affect the antioxidant protective systems of bacteria,
including catalase. The answer to this question would
provide insight into the mechanisms of intercellular
interactions and their role in the formation and mainte-
nance of microbial biocenoses.

The aim of the present work was to study the effect
of exogenous microbial metabolites on the catalase
activity of Staphylococcus aureus and its growth in
vitro under peroxidation conditions.

MATERIALS AND METHODS

The microorganisms used in thiswork were isolated
from women’'s genital tracts and the anterior portion of
the human nose. Vaginal isolates were as follows: 21
Lactobacillus spp. strains, 42 Corynebacterium spp.
strains (19 C. minutissimum strains, 14 C. agaticum
strains, and 9 C. equi strains), 23 Micrococcus spp.
strains, 86 strains of coagulase-negative staphylococci
(CNS) (34 S. epidermidis strains, 27 S. haemolyticus
strains, 14 S. hominis strains, and 11 S. capitis strains),

14 Escherichia coli strains, and 12 Staphylococcus
aureusstrains. Nasal isolatesincluded 22 Corynebacte-
rium spp. strains (13 C. minutissimum strains and 9 C.
agaticum strains), 19 Micrococcus spp. strains,
56 strains of coagulase-negative staphylococci (27 S epi-
dermidis strains, 18 S haemolyticus strains, and
11 S hominis strains), and 12 S. aureus strains. The
strain S aureus ATCC 6538 P was used as the catalase
producer. The isolates were identified based on the
definitive classification scheme presented in Bergey's
Manual [11], using the respective test systems pur-
chased from Lachema (Czech Republic).

The effect of exogenous microbial metabolites on
the catadlase activity of S aureus was studied as
described earlier [12]. For this purpose, lactobacilli
were grown in MRS broth (Sifin, Germany) for 48 h,
and corynebacteria, staphylococci, micrococci, and
E. coli were grown at 37°C in 2% nutrient broth (NPO
Pitatel’ nye Sredy, Makhachkala, Russia) for 24 h under
microaerobic conditions (specifically, in a desiccator
with a burning candle). The culture liquid (CL) was
separated from bacterial cells by centrifugation at
3000 g for 15 min and sterilized by adding 0.2 ml chlo-
roformto 2.5 ml CL. To prepare cell extract (CE), the
bacterial cells obtained by centrifugation were washed
twice with 0.9% NaCl (physiological saline solution)
and resuspended in the same solution to an optical den-
sity of 0.27 (optical density was measured at 591 nm
using a Dombi plate photometer and a 0.2-ml cuvette).
The suspension (3 ml) was mixed with 0.2 ml chloro-
form. The mixture was incubated at 37°C for 60 min
and centrifuged at 3000 g for 15 min. The supernatant
represented cell extract.
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S. aureus ATCC 6538 P suspension (OD = 0.2) in
0.9% NaCl was prepared by suspending 24-h-old cells
grown on an agar medium. The experimental mixture
contained 0.2 ml of the S, aureus suspension and 0.4 ml
of the CL or CE of the microorganism whose effect on
the catalase activity of S aureus was studied in the
given experiment. Instead of the CL or CE, the control
mixture contained 0.4 ml of MRS broth, nutrient broth,
or 0.9% NaCl supplemented with chloroform in the
amount corresponding to its concentration in the exper-
imental mixture. After incubating at 37°C for 60 min,
S aureus cells were washed twice with 0.9% NaCl and
resuspended in this solution to the original optical den-
sity (OD =0.2). The catalase activity of S aureus cells,
both experimental and control, was measured as
described earlier [12]. The results were interpreted in
terms of the presence or absence of catalase inhibitors
in the microorganisms tested.

One of these microorganisms (C. minutissimum),
which inhibited the catalase activity of S aureus cells
to the maximal degree, was studied with respect to its
ability to affect the sensitivity of S aureus cells to
hydrogen peroxide. To thisend, 24-h-old S. aureuscells
grown on agar medium were suspended in 0.9% NaCl
to OD = 0.27 and incubated with the CL or CE of
C. minutissimum in the same way as described in the
previous paragraph. After incubating at 37°C for
60 min, the experimental cell suspensions were mixed
with 0.4 ml of 0.0125, 0.125, 0.25, 0.5, and 1% H,0,
solutions. The control suspensions were mixed with the
same volume of physiological saline. Both experimen-
tal and control suspensions were supplemented with
3 ml of fresh 2% nutrient broth and incubated for 24 h,
after which theincreasein the biomass of S aureuswas
evaluated.

All experiments were performed in triplicate. The
results were processed using Student’s t-test statis-
tics [13].

RESULTS AND DISCUSSION

Experiments showed that the CL and CE of all Lac-
tobacillus spp. and Corynebacterium spp. strains,
89.53% of CNS, 73.91% of Micrococcus spp. strains,
42.86% of E. coli strains, and 41.67% of S aureus
strainsisolated from women’s genital tractswere inhib-
itory to the catalase of S aureus ATCC 6538 P. In this
case, the metabolites of the firsts three groups of bacte-
riawere more inhibitory than the metabolites of the last
three groups (Fig. 1). Among the nasal isolates, all
Corynebacterium spp. strains, 98.2% of CNS, 78.9%
Micrococcus spp. strains, and 41.5% S. aureus strains
were found to inhibit the catalase of S aureus ATCC
6538P. The most inhibitory metabolites were those of
Corynebacterium spp. and CNS, whereas the metabo-
lites of Micrococcus spp. and S. aureus strainswere the
least inhibitory (Fig. 2). The CL of the microorganisms
studied inhibited catalase more severely than the CE of
the same microorganisms. At the sametime, we did not
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Fig. 1. Theeffect of (a) the cultureliquid and (b) cell extract
of vaginal isolates on the catalase activity of S. aureus
ATCC 6538 P: 1, control (nutrient broth and 0.9% NaCl
instead of CL and CE, respectively); 2, Lactobacillus spp.;
3, Corynebacterium spp.; 4, coagulase-negative staphylo-
cocci; 5, Micrococcus spp.; 6, S aureus isolates, and
7, E. coli isolates. The ordinate shows catalase activity in
pmol/(min OD unit). The asterisks mark data whose differ-
ence from the control valuesis statistically significant with
p < 0.05.

reveal significant differences in the catalase-inhibiting
activity of the microorganisms with respect to the type
of ecotope from which they were isolated.

The results presented suggest that the microbial
inhibitors of the S. aureus ATCC 6538 P catalase are
located both inside and outside cells. In lactobacilli,
catalaseinhibitorsare primarily extracellular. The num-
ber of catalase-inhibiting strains and their activity were
greater among the dominant bacteria of the ecotopes
studied (Lactobacillus spp., Corynebacterium spp., and
CNS [14, 15]) than among the minor bacteria of these
ecotopes (E. coli and S aureus). These observations
indicate that catalase-inhibiting activity istypical of the
autochthonous microfliora.

The inhibition of the S. aureus catalase by normal
human microflora can be considered to be amechanism
of intercellular interactions responsible for the forma-
tion and/or stabilization of microbiocenoses dueto sup-
pression of the self-defense systems of catalase-posi-
tive microorganisms, both allo- and autochthonous.
The inhibition of the antioxidant activity of microor-
ganisms promotes the detrimental effect of active oxy-
gen species and may influence the survival and growth
of these microorganisms in microbiocenoses. This sug-
gestion is confirmed by the fact that intra- and extracel-
lular microbial metabolites, except for those of Lacto-
bacillus spp., do not directly affect the growth charac-
teristics of staphylococci but, as is evident from the
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Fig. 2. Theeffect of (a) the cultureliquid and (b) cell extract
of nasal isolates on the catalase activity of S aureusATCC
6538P: 1, control (nutrient broth and 0.9% NaCl instead of
CL and CE, respectively); 2, Corynebacterium spp.;
3, coagulase-negative staphylococci; 4, Micrococcus spp.;
and 5, S. aureus isolates. The ordinate shows catal ase activ-
ity in pumol/(min OD unit). The asterisks mark data whose
difference from the control valuesis statistically significant
with p < 0.05.

experiments on the effect of the CL of C. minutissimum
and hydrogen peroxide on the growth of S aureus
ATCC 6538 P, enhance the susceptibility of staphylo-
cocci to hydrogen peroxide (Fig. 3). Different effects of
corynebacterial metabolites on bacterial growth and
catalase activity suggest that the inhibition of the anti-
oxidant systems of microorganisms may occur without
influencing their growth.

Thus, autochthonous microorganisms, which deter-
mine the state of microbiocenoses, influence other spe-
cies of these cenoses not only through antagonistic
activity but also through their action on the enzymatic
systems of these species. The inhibitory effect of intra-
and extracellular microbial metabolites on S. aureus
catalase can be considered to be a mechanism of inter-
cellular interactions responsible for the formation of
microbiocenoses.
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