Bulletin of Experimental Biology and Medicine, Vol. 153, No. 1, May, 2012 BIOPHYSICS AND BIOCHEMISTRY 41

Iron-Dependent Synthesis of Hemolysins

by Staphylococcus aureus

V. V. Leonov#, V. V. Kosterina, V. V. Varnitsina,

T. Kh. Timokhina, and N. A. Kurlovich

Translated from Byulleten’ Eksperimental ’noi Biologii i Meditsiny, Vol. 153, No. 1, pp. 49-51, January, 2012

Original article submitted August 18, 2010

We studied the effect of Fe?* on hemolysin synthesis by Staphylococcus aureus. Hemolytic
activity of staphylococci was shown to be iron-dependent. Addition of Fe*" to the nutrient
medium induced the synthesis of a-hemolysin by staphylococci. Increasing the concentration
of Fe?* was followed by an increase in hemolytic activity of staphylococci. Inducible synthesis
of a-hemolysin probably serves as an important pathogenetic factor in the development of
staphylococcal infection in patients with excessive iron accumulation in the body.
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Despite intensive studies of biochemical properties
of Staphylococcus aureus (S. aureus), this bacterium
remains the major pathogenetic agent of inflamma-
tory purulent and septic processes. Hemolysin produc-
tion by staphylococci is an important factor of their
pathogenicity. Hemolytic activity provides bacteria
with an additional source of iron (hemoglobin from de-
stroyed erythrocytes) [1]. Surface proteins of S. aureus
capture hemoglobin, release heme from hemoglobin,
and transport it across the cell wall and plasma mem-
brane into the cytoplasm [8]. Previous studies showed
that hemolysin synthesis in Vibrio cholerae increases
under conditions of iron deficiency, but is inhibited by
excess iron in the nutrient medium [4]. However, the
effect of iron in various concentrations on hemolysin
synthesis by S. aureus remains unknown. These stud-
ies will elucidate the specificity of hemolysin expres-
sion by S. aureus under various conditions.

Here we evaluated the effect of Fe?" in various
concentrations on hemolysin synthesis by S. aureus.

MATERIALS AND METHODS

Experiments were performed on standard strain S.
aureus ATCC 25,923 and 2 isolates from the blood
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(372) and wound exudate (4844) of patients at the
Khanty-Mansiysk regional clinical hospital. Baseline
hemolytic activity (HA) was measured photoelectro-
colorimetrically by lysis of human erythrocytes (0(I),
Rh(+)) by bacterial supernatants [2]. The solutions
and nutrient media were prepared on deionized water.
The effect of Fe?* on HA of bacteria was studied using
iron-deficient nutrient medium (IDM) in meat-peptone
broth (scientific production association “Pitatel’nye
sredy”) [5,6]. Iron concentration in the original IDM
was taken as zero. The study was conducted with Fe?*
in concentrations of 0, 4.0 (optimal for growth), and
50.0 uM (excess). Fe?* was added to the nutrient me-
dium in the form of iron sulfate (II).

Bacteria were grown a meat-peptone agar slant at
37°C for 12 h and washed with physiological saline.
The microbial suspension was titrated to an optical
density of 0.500-0.510 optical units.

Iron sulfate (II) in the specified concentration,
0.5 ml 5% human erythrocyte suspension (0(I), Rh(+))
in physiological saline, and 0.1 ml microbial suspen-
sion were added to 2 ml sterile IDM. In the control,
sterile physiological saline (0.1 ml) was added instead
of microbial suspension. The inocula were cultured at
37°C for 0, 3, 6, 9, 12, and 24 h and centrifuged at
3000g for 15 min. Optical density of the supernatant
was measured against water (A=543 nm). HA was ex-
pressed in percentage and calculated as follows:

HA=((D-(D,,+D,,))/D,)*100,
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Fig. 1. Hemolysis curves for S. aureus 25,923 (a) and 4844 (b) at various concentrations of Fe?* in the nutrient medium. Dotted line: baseline
HA; HA in the medium without Fe?* (7); HA in the presence of Fe?* at concentrations of 4 (2) and 50 uM (3).

where D_ is optlcal density of treated samples; D, is
optical den51ty in the control for meat-peptone broth
(mixture of 2 ml broth, 0.5 ml 5% erythrocyte suspen-
sion, and 0.2 ml physiological saline); D,, is optical
density in the control for 5% erythrocyte suspension
(mixture of 2.2 ml physiological saline and 0.5 ml 5%
erythrocyte suspension); and D, is optical density of a
completely hemolyzed sample (mlxture of 0.5 ml 5%
erythrocyte suspension, 2.2 ml physiological saline,
and 2 mg saponin).
The results were analyzed by Student’s # test.

RESULTS

Baseline HA of staphylococci was 1.8-2.2%. This low
level of HA is usually considered as insignificant and
is interpreted as the absence of activity. The test strains
produced no hemolytic zones after 12-h culturing on
blood agar.

Figure 1 shows hemolysis curves for 2 strains of
S. aureus at various concentrations of Fe?". Staphy-
lococcal hemolysis in iron-containing medium was
described by S-shape curves, which is typical of a-he-
molysin [7]. HA of ATCC strain 25,923 and isolate
4844 remained practically unchanged in the absence
of Fe?* in the nutrient medium (0.2-2.2 and 0.8-7.8%,
respectively). Addition of Fe** to a concentration of 4
UM in the nutrient medium was followed by a signifi-
cant increase in HA (compared to the control). HA of
ATCC 25,923 and isolate 4844 was maximum after
24-h culturing (29 and 39%, respectively). HA increa-
sed more significantly in the presence of Fe*" in a
concentration of 50 uM (as compared to 4 uM Fe?").
HA of ATCC 25,923 and isolate 4844 was highest after

24-h culturing under these conditions and reached 29.7
and 72.8%, respectively. Fe** was shown to induce
HA of S. aureus isolate 372 (from the blood), ATCC
25,923, and isolate 4844. HA was highest after 24-h
culturing with 50 uM Fe** (21.9%).

Comparison of the results showed that standard
strain S. aureus ATCC 25,923 and isolates from the
blood and wound exudate did not differ by HA at Fe?*
concentration of 4 uM. Increasing the concentration
of Fe?* to 50 uM had little effect on HA of the stan-
dard strain S. aureus ATCC 25,923, but significantly
increased this parameter for isolates 372 and 4844.

Our results indicate that addition of Fe*" to the
nutrient medium induces production of a-hemolysin
by staphylococci, which were initially classified to
non-hemolytic agents. These data explain the specific-
ity of hemolysin expression under various conditions.
Previous observations showed that humans with ab-
normally high accumulation of iron are predisposed
to infectious diseases induced by attenuated pathogens
[3]. Inducible synthesis of a-hemolysin by staphylo-
cocci serves as an important pathogenetic factor in the
development of staphylococcal infection.

Therefore, a-hemolysin synthesis by S. aureus is
iron-dependent. These results can be used to evaluate
the role of hemolysins in biological activity of staphy-
lococci. Probably, staphylococcal a-hemolysin is an
iron-containing protein. Hence, a-hemolysin synthesis
is stimulated by bivalent iron ions.

We conclude that the use of blood agar with exog-
enous iron (not less than 4 uM) or preparation of the
nutrient medium with tap water (preliminary estima-
tion of Fe** concentration) holds much promise for the
standard measurement of S. aureus HA.



V. V. Leonov, V. V. Kosterina, et al.

REFERENCES

1. A. P. Anisimov, Mol. Genetika, No. 3, 3-23 (2002).

2. 0. V. Bukharin, A. A. Stadnikov, B. Ya. Usvyatsov, and E. A.
Khanina, Zh. Mikrobiol., No. 4, 25-28 (2006).

3. D. P. Kozyrev and N. A. Vasinova, Tsitologiya, 46, No. 5,
465-472 (2004).

4. E. A. Men’shikova, A. V. Mironova, L. S. Podosinnikova, et

A

43

al., Zh. Mikrobiol., No. 3, 78-81 (2004).

A. V. Sgibnev, Ibid., No. 4, 20-22 (2006).

Data for Biochemical Research, Eds. R. Dawson et al. [in
Russian], Moscow (1991).

S. Bhakdi and J. Tranum-Jensen, Microbiol. Rev., 55, No. 4,
733-751 (1991).

E. P. Skaar, A. H. Gaspar, and O. Schneewind, J. Biol. Chem.,
279, No. 1, 436-443 (2004).




	Abstract
	MATERIALS AND METHODS
	RESULTS
	REFERENCES

