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Background. Streptomycetes were and remain a source of new antimicrobial compounds of various nature. A
new wave of interest in such research is associated with the possibilities of applied genomics to reveal the
hidden biosynthetic potential of streptomycetes, and therefore the discovery of new practically valuable an-
timicrobial products. The problem of antibiotic resistance of pathogens can be solved by creating composi-
tions of active substances of different nature to overcome the protective mechanisms of pathogens.

Objective. The purpose of the work was to establish and evaluate the antimicrobial and cytotoxic characteris-
tics of the new antibiotic streptofungin, synthesized by Streptomyces albus 2435 (CMIM-S-668) and its mu-
tant strains 2435/M, UN44, 4S, US101, AE6, 105, 80/5.

Methods. To establish the characteristics of streptofungin, the antagonistic activity of selected S. albus pro-
ducer strains was determined (by the radial streak method), the minimum inhibitory concentration of the
antibiotic (by the serial dilution method), and cytotoxicity was determined by the MTT test with resazurin.
Results. The activity of the antibiotic streptofungin against Candida fungi (C. albicans, C. utilis) is shown.
Minimum inhibitory concentrations of streptofungin were determined for C. albicans ATCC 10231
(10 pg/ml), B. subtilis ATCC 6633 (200 ug/ml) and P. aeruginosa ATCC 9027 (500 pg/ml). According to the
resazurin test, streptofungin does not show a cytotoxic effect in a wide range of concentrations from 2.5 to
500 pg/ml, and therefore can be considered potentially permissible for humans and animals in the studied
concentrations.

Conclusions. The antagonistic activity of mutant strains of S. albus culture is due to the action of a complex
of antimicrobial products that have a different antimicrobial spectrum and mechanism of action. The ob-
tained results give reasons to consider streptofungin as a promising pharmaceutical substance with antifungal
action, as well as to consider the possibility of its combination with the bacteriolytic enzyme complex of the

same culture for the development of an antimicrobial agent with a wide spectrum of action.
Keywords: antimicrobial activity; cytotoxicity; antibiotics; pathogens; antimicrobial substances; streptomycetes.

Introduction

Over the past decades, antibiotics have re-
mained among the main active pharmaceutical in-
gredients (APIs) used in the development of anti-
microbial drugs. The relevance of the search for
new antibiotics is noted by the World Health Or-
ganization as one of the components of the fight
against resistant pathogens, despite ongoing discus-
sions about the effectiveness of this approach in
addressing the global problem of antibiotic resis-
tance [1, 2].

Chemically synthesized and modified antibio-
tic substances occupy a significant place in the list
of APIs, but microorganisms remain a natural "de-
pository" where researchers turn to find producers
of new antibiotics. The practical significance of

such research is given by the latest opportunities of
applied genomics to reveal the often hidden bio-
synthetic potential of microorganisms — the use
of highly sensitive screening methods, genetic en-
gineering of producers, the use of combinatorial
biosynthesis, etc. [3—5].

Among known producers of antibiotics, acti-
nobacteria have long been predominant, and the
new possibilities mentioned above have renewed
interest in them, primarily in streptomycetes [6, 7].
This was facilitated by the decoding of the com-
plete genome of the typical species Streptomyces
albus with the identification of tens of gene clusters
of the secondary metabolites synthesis, as well as
its use as a host for the heterologous expression of
genes for the synthesis of a number of antibiotics
(moenomycin, staphamycin, triocoralin, etc.) [8, 9].
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The analysis of the mentioned information by
the authors of the presented work in previous years
caused a new look at the natural strain Streptomyc-
es albus 2435 (formerly Streptomyces recifensis var.
Iyticus) and its mutants (2435/M, UN 44, etc.),
which for a long time were studied only as produc-
ers of a complex of bacteriolytic enzymes active to
varying degrees against such pathogens as S. aureus,
P. aeruginosa, E. coli, Proteus rettgeri, etc. [10, 11].
The result of such consideration was the discovery
of the ability of Streptomyces albus producer to syn-
thesize a complex of antifungal and antibacterial
antibiotics (derivatives of phthalaldehyde), which
may be interesting as a potential API [12]. Addi-
tional interest in complex development using this
producer is the possibility of simultaneously ob-
taining two products (enzymes and antibiotics) and
combining them into a broad-spectrum antimicro-
bial agent. Such combination of APIs with diffe-
rent mechanisms of action is noted as an effective
technique for increasing the effectiveness of anti-
microbial drugs against resistant pathogens, and
most importantly, for inhibiting the development
of their antibiotic resistance in general [13, 14].

Therefore, the purpose of the work was to es-
tablish the antimicrobial and cytotoxic characteris-
tics of the new antibiotic streptofungin, which is
synthesized by the Streptomyces albus strains.

Materials and Methods

The selected strains of Strepfomyces albus cul-
ture from the museum of the Department of In-
dustrial biotechnology and biopharmacy, Igor Si-
korsky Kyiv Polytechnic Institute, was used in the
work: strain 2435 (CMIM S-668), strain 2435/M
(IMV Ac-5001), strain UN44 (IMV Ac-5030), and
strains 4S, US101, AE6, 105, 80/5 (work museum
of the Department).

This culture synthesizes a complex of biologi-
cally active substances, which includes glycosidases,
Iytic endopeptidases, muramidases, non-lytic protei-
nases, amylases, as well as complex of antifungal and
antibacterial antibiotics — streptofungin [11, 12].

To determine the antagonistic activity of Strep-
tomyces albus producer strains and the minimum
inhibitory concentration (MIC) of the obtained an-
tibiotic used the test-strains from the museum of the
antibiotic department of the Zabolotny Institute of
Microbiology and Virology of the NAS of Ukraine:
Staphylococcus aureus ATCC 6538, Candida albi-
cans ATCC 10231, Candida utilis LIA-01, Bacillus
subtilis ATCC 6633, Proteus vulgaris ATCC 6896,
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Pseudomonas aeruginosa ATCC 9027, Escherichia
coli ATCC8739.

Method of antagonistic activity determination.
On Petri dishes with Gause medium to the cul-
ture of Streptomyces albus (a circle with a diameter
of 1-2 cm), test-strains were seeded radially with
strokes, using their suspension at a concentra-
tion of 10° cells/ml in a physiological solution. The
seeded cups were incubated for 24 hours at a tem-
perature of 37 °C. After that, the growth inhibition
zones of the test-strains were measured from the
edge of the producer colony to the beginning of
the growth of the test-strain.

Samples of antibiotic streptofungin were obtai-
ned according to the following scheme: cultivation
of the producer was performed in 750 ml rolling
flasks with 150 ml of nutrient medium based on
glucose and soya flour, for 72 h at 28 £1°C and
stirring at 180 rpm [12]. Nutrient medium (g/1):
glucose — 6.0; soybean flour — 8.0; NaCl — 14.0;
CaCl, — 4.5; MgSO,47H,0 — 5.8; MnCl, — 0.04;
K,HPO, — 1.5; H,O — up to 1 1. After completion
of the biosynthesis process, and antibiotic was ex-
tracted with chloroform in a ratio of 1:1, and the
resulting extract was dried by the vacuum method.

Methodology for determining of the minimum in-
hibitory concentration (MIC). A series of antibiotic
dilutions was made using its 1% (10 mg/ml) solu-
tion. A series of Petri dishes was prepared, in each
of which 10 ml (total volume) of pre-melted and
cooled to 40 °C MPA (Meet-peptone agar) me-
dium was added, containing the appropriate
amount of the antibiotic itself (serial dilution me-
thod). The following final antibiotic concentrations
were obtained in Petri dishes: 1, 5, 10, 20, 50, 100,
200, 500 pg/ml. The cups were dried at room tem-
perature for 2 hours and a suspension of test-
cultures (concentration 5x10® cells/ml) was applied
to the surface of the medium with a bacteriological
loop. The sown cups were incubated in a thermos-
tat for 24 hours at a temperature of 37 °C. MPA
medium without antibiotic used as reference. The
maximum dilution of the antibiotic where there is
no growth of the test-strain is the MIC.

Antibiotic concentration was determined by the
Bouguer—Lambert—Bere formula [15].

1

=—— . D.P,
Elsml%'b

where C — antibiotic concentration, mg/ml; E,'"* —
2.1 (extinction of a 1% alcohol solution of an anti-
biotic, the optical path length is 1 cm); b — thick-
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ness of the substance layer in the cuvette (1 cm);
D — optical density of the antibiotic solution at a
A =275 nm; P — total dilution of the sample.

Method of determining the cytotoxicity of an an-
tibiotic preparation [16]. Cells of the MDBK lines
(Madin—Darby epithelial cells obtained from bull
kidneys) and A549 (epithelial cells obtained from
human lungs) were previously grown in a CO, in-
cubator at 37 °C on a standard Minimum Essential
Medium (MEM Eagle, Sigma-Aldrich) nutrient
medium with growth factors in 96-well plates for a
day to form a monolayer. The nutrient substrate
was carefully deleted, and the cells were washed
twice with phosphate-salt buffer (FSB, pH 7.2,
Sigma #P4417) and left in 200 ul of FSB for intro-
duction of the antibiotic sample.

The antibiotic solution was prepared in 96%
ethanol at the rate of 10 mg/ml. From this solu-
tion, appropriate volumes were added to MDBK
and A549 cells, so that the final concentration of it
was 2.5—500 pg/ml. Cells treated in this way were
kept in a CO, incubator for an hour. After that,
the cells were repeatedly washed twice from the
antibiotic in FSB and left in 200 ul of FSB for in-
troduction of resazurin.

A stock solution of resazurin (sodium resa-
zurinate 85.6%, pure, China) was prepared at the
FSB at a rate of 0.15 mg/ml. The solution was
filtered through a filter with a pore diameter of
0.2 um and stored in an opaque bottle at 4 °C.
Before use, the resazurin solution was warmed to
room temperature and 20 ul was added for every
100 ul of FSB in the wells of the plate. The plate
with cells and resazurin was placed in a CO, incu-
bator for 2-3 hours. After that, the optical density
of the solutions in the wells of the plate was de-
termined at 538 nm using a plate photocolorime-
ter Multiskan FC Microplate Photometer (Thermo
Scientific, USA).

Table 1: Antagonistic activity of S. albus strains
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The obtained data were processed statistically
using the Statistica v.10 program (StatSoft Inc.,
USA). The reliability of the differences between
the average values of the effectiveness indicators
of different concentrations of the substance under
study was established using the method of variance
analysis in accordance with the #-criterion. The
samples were compared using two methods, which
differ in their mathematical approach and therefore
complement each other: the LSD method (method
of least significant differences) and the Tukey-HSD
(method of true significant differences). Differen-
ces between mean values were considered signifi-
cant at p<0.05.

Results

At the previous stages of work with the Strep-
tomyces albus culture a collection of mutants with
increased and/or modified biosynthetic ability of
the bacteriolysins synthesis was obtained by various
methods from the original strain (2435) [17]. The
revealed ability of the culture to produce antibio-
tics led to the urgency of additional study of the
spectrum of the culture antimicrobial metabolites
action in general and the properties of the actual
new streptofungin antibiotic complex.

The results obtained at the first stage of the
study of the antagonistic activity of . albus against
selected test-cultures (typical causative agents of
inflammatory processes) indicate a similar spec-
trum of antimicrobial action, but differences in the
productivity of different strains or the ratio of indi-
vidual antimicrobial metabolites (Table 1).

All strains are antagonistic to S. aureus and
the represented Candida species. The highest an-
tagonism towards S. aureus was found by S. albus
strains UN44, AE6 and 105, forming zones of
growth inhibition from 11 to 15 mm. Regarding re-

Test-cultures

Strains of S. aureus C. albicans C. utilis B. subtilis P. vulgaris
S. albus ATCC 6538 ATCC 10231 LIA-01 ATCC 6633 ATCC 6896
Zone of growth inhibition, mm
2435 6 = 0.06 9+ 0.1 16 £ 0.2 14 £ 0.2 0
2435/M 9+0.2 15£0.3 11 £ 0.07 7 + 0.06 0
UN44 11 £0.2 23 £ 0.5 11 £0.1 0 0
4S 7+0.1 14104 2+0.03 3 +0.02 0
US101 10 £ 0.2 25109 4+0.1 11 £0.04 0
AE6 15 0.5 30+ 1.2 20 £ 0.5 0 12 £ 0.3
105 14 £0.2 7 +£0.07 9103 251209 0
80/5 10 £ 0.3 18 £ 0.4 13 +£0.2 6 = 0.09 0
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presentatives of Candida, there is a noticeable dif-
ference in antagonistic activity not only between
strains, but also a difference in the ability to delay
the growth of different species. In general, high an-
tifungal activity was found in most of the studied
strains of S.albus (zones of growth inhibition of
C. albicans 20—30 mm and C. utilis from 11—20 mm),
among which strain AE6 is the most active.

The mutants with a high level of antagonism
against 5. aureus and the presented Candida species
under these conditions did not show the ability to
suppress B. subtilis (spore-forming bacteria), which
was characteristic of the original strain 2435. And
one of the mentioned mutants (strain AE6) turned
out to be the only one that suppressed the growth
of P. vulgaris.

At the next stage of the work, deep cultivation
of the S. albus 2435 strain was carried out, extrac-
tion of the antibiotic from the culture liquid with
chloroform (1:1) and a sample of the streptofungin
preparation by vacuum drying was obtained for
further analysis [12].

The impact of varying concentrations of
streptofungin was assessed concerning to the
spectrum of microbial test-cultures strains as
recommended in the European Pharmacopoecia
(https://pheur.edgm.eu/subhome/11-3), and the
presented research results allow us to establish
one of the defining characteristics of any anti-
biotic — the minimum inhibitory concentration
(MIC) (Table 2).

Table 2: Activity of streptofungin against test-cultures strains

Streptofungin was the most active against
C. albicans, and at the concentration of 10 pg/ml
in the medium, there was no growth of the test-
strain. As for the spore culture of B. subtilis, a simi-
lar picture was observed on the medium with a
streptofungin concentration of 200 ug/ml, and the
growth of P. aeruginosa was absent at an antibiotic
concentration of 500 pg/ml.

It is obvious that streptofungin can be attri-
buted to antifungal antibiotics by its specificity,
and its MIC against a typical strain of C. albicans
indicates its high activity. Such pharmaceutical
substances as antimycotics are considered highly
active and promising for development if their MIC
is 4—16 pg/ml [18].

Along with such an important characteristic
for an antibiotic as MIC, another indicator that
determines its practical prospects is toxicity for the
human. Analysis of these two characteristics can
provide an answer to the question of the potentiali-
ty of a certain substance as an API.

Therefore, at the next stage, the cytotoxicity
of the antibiotic streptofungin was investigated on
cell lines MDBK (Madin—Darby epithelial cells ob-
tained from bull kidneys) and A549 (epithelial cells
obtained from human lungs) using the resazurin test.

The interaction of cells with resazurin leads to
a change in the color of the solution from the orig-
inal (blue) to pink (Fig. 1), which indicates the
presence of metabolic activity and corresponds to
the concentration of living cells [16].

Antibiotic concentration, pg/ml

Test-cultures strains

1 10 50 100 200 500
B. subtilis ATCC 6633 + + + + - -
C. albicans ATCC 10231 + - - - - -
E. coli ATCC 8739 + + + + + +
P. aeruginosa ATCC 9027 + + + + + -
S. aureus ATCC 6538 + + + + + +
Notes. "+" — the presence of growth of the test strain; "-" — no growth of the test strain.
Cell lines MDBK A549
Without cells Replicas 1 2 3 1 2 3
Without cells | 0.528 | 0.501 | 0.893 | 0.616 | 0.611 | 0.718
E — 2.5 | 0736|0797 | 0.808 | 0.634 | 0.668 | 0.774
¥ -E. 50 | 0811 | 0.794 | 0741 | 0.685 | 0.651 | 0.663
z:": 'ég 7.5 0.899 | 0.942 | 0.803 | 0.652 | 0.683 | 0.647
;é -.E 25.0 | 0773 | 0.842 | 0.759 | 0.626 | 0.706 | 0.662
& ‘6 50.0 | 0.768 | 0.802 | 0.766 | 0.665 | 0.235 | 0.724
E 0 0.815 | 0.786 | 0.782 | 0.615 | 0.628 | 0.705
Regiichs 500.0 | 0.871 | 0.862 | 0.779 | 0.755 | 0.686 | 0.664
a b

Figure 1: Color change of resazurin in the presence of MDBK and A549 cells pretreated with streptofungin in different concentra-
tions (a) and corresponding optical density (b). The black frame and gray priming marks the wells and the corresponding optical

indicator for the wells without cells and antibiotic
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Figure 2: The effect of the antibiotic streptofungin on the via-
bility index of Madin—Darby epithelial cells: o — mean; | —
mean + SE; T — mean + 25D

Taking into account the specific features of
light filters installed on different devices, we ana-
lyzed the light absorption of all available light fil-
ters (405, 450, 492, 538, 620 nm) and determined
that the highest optical absorption values were rec-
orded at wavelengths of 538 and 620 nm, however,
at the wavelength of 538 nm, the optical value in-
creases linearly together with the metabolic activity
of the cells, while at a wavelength of 620 nm these
indicators are reversed.

According to statistical processing, the activity
of MDBK cells (without antibiotic treatment) was
0.84 £ 0.06; the activity of A549 cells was slightly
lower and amounted to 0.65 + 0.05. Under the ac-
tion of the antibiotic, the activity of MDBK cells
mostly decreased (except of concentrations of 7.5
and 500 pg/ml) by 7-8% (Fig. 1), but this decrease
was not of a significant (p > 0.5) (Fig. 2).

The data represent the corresponding results
of the statistical analysis of the data for the detec-
tion of a significant difference between the average
activity indicators of the cells without treatment
with the antibiotic (0 pg/ml) and treated with anti-
biotics at different concentrations (2.5—500 pg/ml).

For A549 cells, treatment with the antibiotic
had a weak stimulatory effect, as the average values
increased by a maximum of 14% at a compound
concentration of 50 ug/ml, but these changes were
not of a reliable nature (Fig. 3).

Thus, according to the data of the resazurin
test, the studied antibiotic in concentrations of
2.5—500 pg/ml did not show a cytotoxic effect, and
therefore it can be considered a potentially per-
missible compound for humans and animals in the
studied concentrations.
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Figure 3: The effect of the antibiotic streptofungin on the via-
bility index of A549 cells: o — mean; || — mean + SE; T —
mean + 25D

Discussion

The object of the presented research is the
culture of the streptomycete Streptomyces albus,
which has been studied for more than one decade
in a numbers of scientific laboratories and used
in development, primarily as a producer of a com-
plex of bacteriolytic enzymes [11, 12, 17]. Sub-
sequently, its ability to positively influence the
growth of some agricultural plants, as well as in-
hibit the development of acarids, was shown [19].
All this, as well as the return of interest in strep-
tomycetes in general among researchers over the
last ten years [5—9, 20], caused the authors to
turn to the analysis of the antibiotic activity of
the culture. The result was the establishment of
the culture's ability to synthesize a complex of
antibiotics (called streptofungin), its nature and
methods of isolation [12]. Interesting from a prac-
tical point of view is the possibility of simulta-
neous production of two different antimicrobial
products of this producer — a complex of enzymes
and a complex of antibiotics — in one producing
cycle due to their different nature, localization,
and therefore methods of isolation from the cul-
ture liquid.

Such approaches are modern and relevant, as
shown, for example, using some antibiotic-produ-
cing streptomycetes, which simultaneously synthe-
size peptidase complexes. The main advantage of
streptomycete peptidases is their thermal stability
and a wide pH range of action. Peptidase prepara-
tions are obtained as a by-product from the culture
liquid of S. fradiae, S. griseus, and S. rimosus during
the biosynthesis of antibiotics [21].
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Therefore, at the next stage of our work, the
task was to determine the main characteristics of
streptofungin, which is actually a complex of a
number of individual antibiotics that can be iso-
lated together (as the sample obtained for this
study) or can be extracted in various organic sol-
vent systems shown by the authors [12] and obtai-
ned as separate substances. The latter can obviously
be promising plans, especially if the main characte-
ristics of streptofungin are established, which will
show its potential as a pharmaceutical substance.

The relevance of the indicated direction of
research is confirmed by the introduction of new
antibiotics into production, despite the discussed
problems of antibiotic resistance and the high cost
of such developments. Thus, the fifth generation of
cephalosporins on the pharmaceutical market is re-
presented by Zeftera (ceftobiprole medokaril) and
Zinfor (ceftaroline). The peculiarities of the drugs
are their activity against methicillin-resistant Sta-
phylococcus aureus and penicillin-resistant causative
agent of streptococcal pneumonia. In the USA the
new antibacterial drug Zerbax, a combination of
ceftolozane (5th generation cephalosporin) and ta-
zobactam (beta-lactamase inhibitor) was registered
and approved by the FDA [22].

The study of the antagonistic activity of dif-
ferent strains of the S. albus culture showed their
close specificity (see Table 1), and the result of
stepwise selection using various mutagens contri-
buted to an increase in the synthesis of certain
substances in antimicrobial complexes, but did not
fundamentally affect their qualitative changes. From
a practical point of view, this makes it possible to
choose producers for different developments with
increased target antimicrobial activity against dif-
ferent pathogens or with broad specificity. At the
same time, the question of the activity of the final
form of the same product of biosynthesis of differ-
ent strains (for example, streptofungin), even in the
case of a certain quantitative difference in their
biosynthetic ability, is a question of the purification
and concentration methods used for isolation.

We note that when analyzing the antagonistic
activity of the producer of several antimicrobial
compounds at the same time, especially of differ-
ent nature (as in the case of the studied culture), it
is difficult to separate the contribution of these
components to the result. Also, of course, it will
depend on the concentration of the component
that is secreted into the agar nutrient medium.

A clear confirmation of such a "cautious" atti-
tude to the conclusions regarding the biosynthetic
capacity of cultures is the example of the strain
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S. albus UN 44, which in this study did not show
antagonism against B. subtilis (see Table 1): in our
previous work [12], fractions of antibiotics synthe-
sized by it, active against another reference test
strain of B. subtilis, were isolated, but at the same
time, antagonism against it was not detected on
the agar medium either. Obviously, the question is
the amount of antibiotic produced and secreted by
the culture when grown on an agar medium and
the effective concentration in relation to different
test strains.

The mutant strains of S. albus used in the
study were obtained using various mutagens and
their combinations, which determines the differ-
ences in the spectrum of their antagonistic activity.
So, most remarkable is the biosynthetic activity of
the S. albus AE6 (the only one among others, obtai-
ned by HNO, treatment), which lost the ability to
inhibit of B. subtilis (spore-forming bacteria), and
synthesizes metabolites active against P. vulgaris.
According to our previous analysis of the effect of
various mutagens on the S. albus genome, which
leads to the rearrangement of its nucleotide se-
quences, only in this type of mutants was the ap-
pearance of a fragment of 650 pairs of nucleotides,
which can determine the above-mentioned changes
in metabolism [17].

S. albus UN44 that obtained by treatment
with a combination of HNO, and N-methyl-N-
nitrosourea, like the AEG6 strain, lost its ability to
inhibit spore-forming bacteria, but does not synthe-
size metabolites active against proteus (see Table 1).
However, it is obvious that both mutants have an
increased synthesis of antibiotic, which determines
the maximum growth inhibition zones of C. albi-
cans (23—30 mm), and therefore this ability may
also be related with the effect of the HNO, to the
culture genome.

Important characteristic of any antibiotic,
which will determine its practical value as an API,
is the MIC, which we determined for streptofun-
gin in relation to several test strains. The activity
of streptofungin at low concentrations (less than
10 pg/ml) against C.albicans makes it a promising
antimicrobial agent, and the limited range of anti-
fungal agents in general adds to this importance.
Regarding higher MICs for pathogens such as
P. aeruginosa and spore bacteria (B. subtilis), this
issue can be further explored with a streptofungin
substance of a higher degree of purification than
the currently obtained test sample.

A comparison of the streptofungin MICs and
other recently isolated antibiotics from streptomy-
cetes shows their close values, and some studies
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show the possibility of combining different com-
pounds and lowering their MICs. For example,
echinomycin from Streptomyces sp. LS462 demon-
strated antifungal activity (MIC of 6.25 ug/mL)
and synergistic antifungal activity with a signifi-
cantly reduced dose (up to 60-fold) in combination
with posaconazole on C. albicans 5314 [23].

Therefore, the activity of streptofungin against
P. aeruginosa, B. subtilis may be manifested diffe-
rently in combination with other antimicrobial
compounds, including bacteriolysins of the pro-
ducer S. albus itself. Such a difference in the spec-
trum of activity of various antimicrobial metabo-
lites of the culture is noticeable if you compare its
antagonistic activity (see Table 1) and the activity
of streptofungin (see Table 2) against S.aureus: sig-
nificant antagonism (10—30 mm zone of growth
inhibition) is shown by all strains, and streptofun-
gin even at a concentration of 500 pg/ml does not
affect the growth of the test strain. The answer is
clear, because staphylolytic activity is the leading
specificity of the enzyme complex of the culture,
the strains of which were selected based on this
feature [11, 17]. Therefore, the shown antagonism
against S. aureus is due exclusively to the action of
bacteriolysins produced by the culture, which are
also active against P. aeruginosa.

The different spectrum of antimicrobial activi-
ty of S. albus products along with different me-
chanisms of its manifestation opens the possibility
of creating antimicrobial compositions based on
them. The presence of enzymes in such a composi-
tion will not only determine a certain spectrum of
antimicrobial action, but also "help" the antibiotic
to act, destroying individual defense mechanisms
of pathogens. For example, we previously showed
the ability of the S. albus enzyme complex to de-
stroy the P. aeruginosa biofilm due to the content
of proteinases, which can allow streptofungin in
much lower concentrations (than shown in Table 2)
to inhibit its reproduction.

But no one substances can be used as an anti-
microbial agent if its effective doses against micro-
bial pathogens are toxic to humans. For example,
the antibiotic cycloserine isolated from streptomy-
cetes S. orchidaceus, S. garyphalus, and S. lavendulae
inhibits the biosynthesis of peptidoglycan of the
cell wall of bacteria and is active against G+ and
G- microorganisms. However, its use is limited
due to high toxicity, which causes serious negative
side effects [24].

High toxicity (including against human cancer
cell lines) was shown by three new complexes of
angucycline-type antibiotics isolated from Strepto-
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myces sp. XZHGY9T, which obviously have poten-
tial mainly as antitumor agents despite their signifi-
cant activity against Mycobacterium smegmatis and
S. aureus [25].

Therefore, in this work we analyzed the cyto-
toxicity of streptofungin in doses that were deter-
mined as MIC for different test strains. The chosen
method of studying the cytotoxicity of an antibiotic
with resazurin allows to detect a wider range of its
effect on cells than the known MTT test, since re-
sazurin is restored (changing its color) by a greater
number of living cell enzymes. The established ef-
fect of streptofungin on the used epithelial cell
lines MDBK and A549 allows us to talk about its
lack of cytotoxicity in concentrations effective
against microbial pathogens, and therefore about its
potential as an API in antimicrobials.

Conclusions

Antagonistic activity of investigated S. albus
strains is due to the action of two different antimi-
crobial products — antibiotic complex streptofungin
and complex of lytic enzymes, which have a differ-
ent antimicrobial spectrum. The leading activity of
streptofungin is determined against Candida fungi,
and lytic enzymes actively destroy bacterial cells,
primarily S. aureus.

Minimum inhibitory concentrations of the
antibiotic streptofungin were established for C. al-
bicans ATCC 10231 (10 ug/ml), B. subtilis ATCC
6633 (200 pg/ml) and P. aeruginosa ATCC 9027
(500 pg/ml). According to the resazurin test, strep-
tofungin in concentrations of 2.5—500 ug/ml does
not show a cytotoxic effect in relation to MDBK
and A549 epithelial cells, and therefore can be
considered potentially permissible for humans and
animals in the studied concentrations.

The obtained results give reason to consider
the new antibiotic streptofungin as a promising
API with antifungal action, and its combination as
an antimicrobial agent with the S. albus enzyme
complex can create an antimicrobial composition
with a wide spectrum of action and enhance the
effectiveness of each of these components.
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Il im. Iropst Cikopcbkoro, Kuis, Ykpaita

2lncTuTyT Mikpobionorii i Bipyconorii im. [1.K. 3a6onoTHoro, Kuis, YkpaiHa
XalHaHbCbKWUI MeanyHui yHiBepcuTeT, Xarikoy, Kutan

*HalLiioHanbHWit TPaHCNOpTHWIA yHiBepcuTeT, Kuis, Ykpaia

SHauioHanbHWit MeaUyHwiA yHiBepcuteT imeHi O.0. boromonbus, Kuis, YkpaiHa

AHTUMIKPOBHI TA ULUTOTOKCUYHI BJIACTUBOCTI AHTUBIOTUKA CTPEMTO®YHIH

Mpo6nemartuka. CTpenTomiueTn 6ynu i 3anuLialnTbCa [KEPENnoM HOBUX aHTUMIKPOBHUX crnonyk pisHoi npupoan. HoBa xBuns 3auikas-
MEHOCTI y TaKMX OOCNISKEHHSIX NOB’Si3aHa 3 MOXIUMBOCTSMU NPUKIaAHOT FEHOMIKM LWOoA0 PO3KPUTTS NMPUXOBaAHOro GiOCMHTETUYHOrO
noTeHuiany CTPenToMILEeTIB, a OTXe, BIAKPUTTA HOBUX MPAKTUYHO LiHHWX aHTUMIKpOOHMX npoaykTie. [pobnema aHTMbioTMKOpE3nc-
TEHTHOCTi 30yAHMKIB MOXe OyTW BUpilleHa CTBOPEHHAM KOMMO3ULLA AiloUYMX PEYOBMH Pi3HOT Npupoau Ans NOAOMNaHHSA 3aXMCHUX Mexa-
Hi3MiB NaToreHis.

MeTa. BcTaHoBReHHSA Ta OuiHKa aHTUMIKPOOHUX i LIMTOTOKCUYHMX XapaKTepUCTUK HOBOTO aHTUBIOTNKa CTPENTOQYHriHY, O CUHTE3YETbCA
Streptomyces albus 2435 (LIKINMM-S-668) i noro mytaHTHumMm witamamm 2435/M, UN44, 4S, US101, AES6, 105, 80/5.

MeTtoaun. [1na BCTaHOBNEHHS XapaKTEPUCTUK CTPENTOMYHIiHY BU3HAYanu aHTaroHiCTUYHY akTMBHICTb CenekuioHOBaHMX LT aMiB-
npoayueHTie S. albus (meTogom pagianbHuMX WTPKXiB), MiHIManbHY iHriGylO4y KOHUEHTpaLUilo aHTMbioTMKa (MEeToAoM CepiiHnX po3Be-
OeHb), UMTOTOKCUYHICTb — MTT-TecToM i3 pe3a3ypuHoMm.

Pe3ynbTatn. Moka3aHo akTUBHICTb aHTMBIOTMKa cTpenTodyHriHy wopao rpmbis p. Candida (C. albicans, C. utilis). BctaHOBNEHO MiHi-
ManbHi iHribytoyi koHUeHTpauii cTpenTodyHriHy wopo C. albicans ATCC 10231 (10 mkr/mn), B. subtilis ATCC 6633 (200 mkr/mn) i
P. aeruginosa ATCC 9027 (500 mkr/mn). 3a faHMMu pe3asypyvHOBOrO TeCTY CTPENTOMYHriH He MPOSBNAE LMTOTOKCUYHOI Aii y LUMPOKO-
My Aiana3oHi KoHUeHTpauin Big 2,5 go 500 MKr/mMn, a ToMy MOXe BBa)aTWUCsl MOTEHLINHO 6e3nevyHM Ans NoauHW | TBapUH Y BUBYEHNUX
KOHLEHTpaLisiX.

BucHOBKM. AHTaroHiCTU4Ha akTUBHICTb MYTaHTHUX WTamiB KynbTypu S. albus obymoBneHa Aieto KOMNeKkcy aHTMMIKPOOHMX NPOAYKTIB,
sIKi MatoTb Pi3HUIA aHTUMIKPOBHWIA cnekTp i MexaHiam aji. OTpumaHi pe3ynbTaTv AaloTb NiACTaBM Po3rnsiaaTv CTPENTOYHriH Sk nepc-
NeKTMBHY hapmaLleBTUYHY CybCTaHLji0 aHTUMYHranbHOi Aii, @ TakoX MOXIUBICTb NOro NOEAHAHHSA 3 GaKTepIoNITMYHUM (DEPMEHTHUM
KOMMIIEKCOM L€ XK KynbTypu Ansi po3pobku aHTMMIKpOOHOro 3acoby 3 LUMPOKMM CNEKTPOM fii.

KniouyoBi cnoBa: aHTUMIKPOOHA aKTUBHICTb; LMTOTOKCUYHICTb; aHTUBIOTWKM; 30yAHUKY iHDEKLiN; aHTUMIKPOOHI peYOBMHM; CTPENTOMILETH.



