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The work was aimed to study the synergy of the antimicrobial activity of the prodigiosin pigment
with antibiotics against bacteria of the genera Bacillus, Staphylococcus and Streptococcus. The serial
dilution method was used to evaluate antimicrobial compositions, which included inhibitors of cell wall
synthesis: ampicillin, benzylpenicillin, vancomycin, cefazolin, and metronidazole (nitroimidazole
derivatives) in combination with the pigment prodigiosin isolated from Serratia marcescens. Each
combination was tested against the studied strains. The fractional inhibitory concentration index
(FICI) for each combination was calculated to determine synergy, and the results were interpreted as
follows: FICI <0.5 — synergism; FICI> 4.0 — antagonism; and FICI> 0.5-4 — neutralism.

It was shown that the ethanol extract of prodigiosin in combination with benzylpenicillin,
vancomycin, cefazolin, and metronidazole interacted differently synergistically depending on the type
of microorganism. The combinations of prodigiosin and metronidazole showed a synergistic effect
against Bacillus subtilis, vancomycin and cefazolin against Staphylococcus aureus and benzylpenicillin
against Streptococcus pyogenes. Other combinations of prodigiosin and antibiotics showed a neutral
effect, and in the case of cefazolin against Str. pyogenes, even an antagonistic effect.

Thus, the study showed the synergism of prodigiosin with antibiotics depending on the type of
microorganism, contributed to a several-fold decrease in the minimum inhibitory and bactericidal
concentrations of each component separately, and the results indicated that prodigiosin acted
separately more efficiently against gram-positive non-spore-forming bacteria. This synergistic

combination of antimicrobial agents had great potency to prevent bacterial resistance.
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Prodigiosins seem to be ubiquitous
secondary metabolites with a great variety
of producers and even greater variation in
production yields reported so far. In addition
to the best known and studied prodigiosin-
producing strains (Serratia and Streptomyces),
representatives of Pseudomonas, Vibrio,
Alteromonas, Actinomadura, Saccharo-
polyspora, and Streptoverticillium were also
identified as producing one or a mixture
of prodigiosins [1, 2]. A boom in marine
microbiology and the search of the extreme
habitats showed a considerable number of
marine microorganisms and extremophyles,
especially from family Hahellacea and
Pseudoalteromonas, to be producers of
prodigiosins [1, 3]. Notwithstanding the
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scarce knowledge of its mechanism of action,
prodigiosin appeared as a pluripotent molecule
with wvarious health-related properties.
The most important being: an anticancer
agent [1, 4], an immunosuppressant, an
antiprotozoal and an antibacterial agent, while
also offering protection against UV [1, 3, 5], as
well as inhibition of the growth of a wide range
of gram-positive (Staphylococcus spp., Bacillus
spp., etc.) and gram-negative (Escherichia coli,
Salmonella enterica, etc.) bacteria [6].
Nevertheless, the antimicrobial properties
of prodigiosin have often been questioned,
particularly because of the high concentrations
required for it to be effective, as these exceed
the levels causing toxicity in mammalian
cells. For this reason, it has been studied in
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greater depth for its use in anticancer and
immunosuppressive therapy, than as an
agent to fight infectious agents [1, 4, 7], but
antimicrobial resistance threatens a resurgence
of life-threatening bacterial infections and the
potential demise of many aspects of modern
medicine. Despite intensive drug discovery
efforts, no new classes of antibiotics have been
developed into new medicines for decades, in
large part owing to the stringent chemical,
biological and pharmacological requisites for
effective antibiotic drugs. A new option for
combating such pathogens is combination
therapy. Combinations of antibiotics and
antibiotics with non-antibiotic activity-
enhancing compounds offer a productive
strategy to address the widespread emergence
of antibiotic-resistant strains [8, 9]. The
purpose of the study was to investigate the
synergism of antimicrobial activity of the
prodigiosin pigment in combination with
antibiotics against gram-positive test strains
of bacteria.

Materials and Methods

Isolation and identification of pigment-
producing strains of bacteria. As a pigment
producer, we used the species S. marcescens,
namely the pigment-forming strain, which
were isolated in the laboratories of the
Department of Microbiology, virology,
and immunology of Bogomolets National
Medical University from the bentonite clays
of Kurtsivskyi deposit (Crimea, Ukraine).
Red color pigment-producing bacteria with
different morphology and individual colonies
were picked up separately and purified by
quadrant streaking in nutrient agar plates for
the isolation of bacterium S. marcescens. The
pigmented colonies of bacteria were selectively

isolated and transferred by the method of
loop inoculum on nutrient agar surface of the
following composition: peptone — 10 (g/1),
glycerol — 10 (ml/1), K,SO, — 10 (g/1), yeast
extract — 2 (g/l), MgCl, — 1.4 (g/1), agar
15 (g/1), pH 6.5-7.0 (Fig.). Then Petri dishes
with inoculated strains of S. marcescens
were incubated in a thermostat at +28 °C
for 24-72 h in an inverted position for the
screening of pigment-producing strains.
These obtained isolates were taken and
identified by morphological and biochemical
characterization using Bergey’s manual of
systematic bacteriology [10, 11].

The method of obtaining purified
prodigiosin. The extraction of prodigiosin
pigment from biomass of bacteria was carried
out by double processing of biomass with 96%
ethanol. The resulting preparation dried in air
and reextracted. The procedure was repeated
several times before the release of insoluble
admixtures. The resulting homogeneous
solution was designated as a crude pigment
complex or ethanol extract. The ethanol
extract was evaporated dry in a drying
oven at a temperature of +45-50 °C and the
residue dissolved in chloroform (10 ml/l1 of
precipitate). The resulting solution was mixed
with an equal volume of a water-ethanol
mixture (4:1) and emulsified on a magnetic
stirrer for 1 hour at room temperature. A
water-ethanol mixture containing water-
soluble admixture separated by a separating
funnel. The procedure was repeated by
increasing the volume content of ethanol by
half. The drug was then redried in a vacuum
oven and redissolved in ethanol (10 ml/g
precipitate) [3].

Quantification of prodigiosin. The purity
of prodigiosin isolated from the pigmented
strain was determined by high-performance

Serratia marcescens isolated from the bentonite clays on nutrient agar surface
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liquid chromatography (HPLC-MS) on the
Agilent 1200 device (Agilent Technologies,
USA) with diode-matrix and mass-selective
detectors. Detection was performed using a
diode-matrix detector with 315 and 535 nm
signal recording. The molecular weight of the
compounds determined on a massive detector
with ionization in positive and negative
APCI mode. Determination of the absorption
spectrals of the isolated pigment determined
by UV/VIS spectrophotometry method.
Absorption spectra of the extract were tested
by Portlab 512 spectrophotometer in the range
400-700 nm. Absorption of bacterial cells
before extraction noted at each stage. The
concentration of pigment was calculated using
the following equation [12]:

Concentration [OD534 — (1.381x0Dg5;)]x1000
of prodigiosin =

ODgyg

where OD — optical density; ODy54 —
represent pigment absorption; ODgyy —
represent bacterial cells absorption; 1.381 —
constant.

Evaluation of antibacterial activity. To
evaluate the antimicrobial properties of
prodigiosin pigment in combination with
antibiotics, we used the next reference strains
of microorganisms: Bacillus subtilis ATCC
6633, Staphylococcus aureus ATCC 25923
and Streptococcus pyogenes ATCC 21059.
The strains obtained from Gromashevsky
Institute of Epidemiology and Infectious
Diseases of the National Academy of Medical
Sciences of Ukraine and Zabolotny Institute
of Microbiology and Virology of the National
Academy of Sciences of Ukraine.

Antimicrobial activities and synergistic
interaction with antibiotics of the obtained
purified prodigiosin pigment were determined
at the Department of Microbiology, Virology,
and Immunology of Bogomolets National
Medical University. The minimum inhibitory
and minimum bactericidal concentrations
(MICs and MBCs) were determined by the
micro broth dilution method. The broth
microdilution format is traditionally set up
as 2-fold dilutions of the compounds in sterile
polystyrene plates at a lower volume of the
drugs and nutrient medium used in the study.
Each tube of a 96-well plate (except control) in a
volume of 150 ul was injected with a suspension
of microorganism cells in a liquid nutrient
medium in the amount of 1x10% CFU/ml.
The compounds were added in the same amount
to the first tube, followed by 2-fold dilutions,
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and then incubated at + 37 °C for 24 h. The
MIC and MBC were determined after 24 hours.
The MBC was determined by adding 50 pl of
the suspensions from the wells, which did
not show any growth after incubation during
MIC assays, to 150 ul of fresh broth. These
suspensions were reincubated at +37 °C from
72 to 96 h. The MBC was determined as the
lowest concentration of extract which inhibited
100% growth of microorganisms [13].

To evaluate the effect of the combination,
the fractional inhibitory concentration
index (FICI) calculated for each antibiotic
combination [14] by computing the ratio of the
MIC of the combination divided by the MIC of
the antimicrobial alone for each agent and then
adding those two ratios together (Equation A).
Briefly, FICI was calculated as follows:

Equation A : FICI = MIC 13 + MICy.a)
MIC, MIC,

where MIC, 5 = MIC of A in the presence
of drug B; MIC, = MIC of drug A alone;
MICg(,4) = MIC of B in the presence of drug
A; MICy = MIC of drug B alone. The FICI
data were interpreted using the following
criteria: Synergy defined as a FICI of < 0.5;
No interaction: > 0.5 to 4.0 (additive: > 0.5
to < 1.0; indifference: FICI > 1.0 to < 4.0) and
antagonism by FICI of > 4.0. Discrepant MIC
results and those combinations with FICI<1
were confirmed by performing an additional
duplicate synergy test.

All studies performed in triplicate and the
statistical processing of the obtained results
carried out by using the specialized software
Statistica 9.0 (StatSoft Inc., USA). A value
of P < 0.05 was considered as statistically
significant [15].

Results and Discussion

Combinatorial compounds sensitivity
assays showed that metronidazole,
vancomycin/cefazolin, and benzylpenicillin
with prodigiosin (in ratio 1:1) presented
remarkably synergistic activities against
B. subtilis, St. aureus, and Str. pyogenes,
which were selected for the study based
on differences in the structure of their
cell walls and differents sensitivity to
antibiotics, and FICI values were ranging
from 0.279 to 0.498. The MICs of five
antimicrobials and FICI combinations
of prodigiosin against test strains of
microorganisms are shown in Table 1.
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Table 1. Value of MIC (range) of combined effect of antibiotics and prodigiosin relative
to test strains of microorganisms
Antimicrobial MIC (range). ne/ml FICI Interpretation
compounds MIC4 MIC () MICg MIC
Bacillus subtilis ATCC 6633
Prodigiosin 11.2 - - - - -
Ampicillin - 22.5 250° 250° - -
Benzylpenicillin - 11.2 250° 15 1.006 Indifference
Vancomycin - 11.2 125 62.5 1.500 Indifference
Cephazolin - 5.6-11.2 250° 62.5-125 0.499-0.999 Indifference
Metronidazole - 2.8 62.5 15.62 0.498 Synergy
Staphylococcus aureus ATCC 25923
Prodigiosin 1.4 - - - - -
Ampicillin - 0.7 0.78 0.78 1.500 Indifference
Benzylpenicillin - 2.8 250° 1.87 2.014 Indifference
Vancomycin - 0.05 0.05 0.01 0.279 Synergy
Cephazolin - 0.35 1.95 0.24 0.373 Synergy
Streptococcus pyogenes ATCC 21059
Prodigiosin 2.8 - - - - -
Ampicillin - 2.8-5.6 6.25 6.25-12.5 3.000 Indifference
Benzylpenicillin - 0.35-0.7 250° 0.46-0.93 0.126-0.252 Synergy
Vancomycin - 0.35-0.7 | 0.19-0.39 0.19-0.39 0.611-1.249 Indifference
Cephazolin - 1.4-2.8 1.95-3.90 | 15.62-31.25 | 4.503-9.012 Antagonism

Hereinafter: MIC, — prodigiosin pigment; MICy — ampicillin, benzylpenicillin, vancomycin, cephazolin,
metronidazole; MIC,, gy — prodigiosin (+ ampicillin, benzylpenicillin, vancomycin, cephazolin, metronidazole);
MICg; o) — ampicillin, benzylpenicillin, vancomycin, cephazolin, metronidazole (+ prodigiosin); "— the absence
of inhibitory effect when making the maximum test concentration; * — P < 0.05.

These results reflect a > 4-fold decrease
in MIC for metronidazole and vancomycin,
> 8-fold decrease for cefazolin and more
than 250-fold for benzylpenicillin, and a
greater than 4-fold decrease in prodigiosin
(synergistic MIC) compared to the MIC of each
compound. Other combinations of antibiotics
with prodigiosin did not show synergistic
activity.

Ampicillin, benzylpenicillin, vancomycin,
cefazolin, and metronidazole in combination
with prodigiosin were tested in vitro to
determine whether they were bacteriostatic
or bactericidal against the test strains of
microorganisms. The MBC of five antimicrobial
compounds and FICI combinations of them
with prodigiosin against test strains of
microorganisms are shown in Table 2.

In determining the MBC/MIC ratio
for individual compounds, four different
combinations of antibiotics with prodigiosin
had a bactericidal action of 0.05 to 31.25 ug/
ml. Interestingly, when prodigiosin was
assayed in a combination with a different
fixed concentration of antibiotics, the
MBC of prodigiosin was in the range 0.1 to
5.62 ng/ml, probably because the bactericidal
nature of prodigiosin was not dominant in
the combination, due to the selective effect
on the target structure different in the
bacterial cell.

The first area of research is the combined
use of prodigiosin with antibacterial drugs,
presented in this publication, reproduced
by the simultaneous effect of the pigment
of S. marcescens and inhibitors of cell wall
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Table 2. Value of MBC (range) of combined effect of antibiotics
and prodigiosin against test strains of microorganisms

Antimi . MBC (range), pg/ml FICI Interpretation
él(f:lln]l)l(fll;;)ll()llsal MBC, MBCy. 5 MBCy MBCg, 4
Bacillus subtilis ATCC 6633
Prodigiosin 22.5 - - - - -
Ampicillin - 22.5 250° 250° - -
Benzylpenicillin - 22.5 250° 30 1.120 Indifference
Vancomycin - 22.5 125 250° - -
Cephazolin - 22.5 250° 250 2.000 Indifference
Metronidazole - 5.6 125 31.25 0.499 Synergy
Staphylococcus aureus ATCC 25923
Prodigiosin 2.8 - - - - -
Ampicillin - 1.4 0.78 1.56 1.500 Indifference
Benzylpenicillin - 5.6 250° 3.74 2.021 Indifference
Vancomycin - 0.1 0.19 0.05 0.298 Synergy
Cephazolin - 0.7 3.90 0.48 0.373 Synergy
Streptococcus pyogenes ATCC 21059
Prodigiosin 5.6 - - - - -
Ampicillin - 11.2 250° 25 2.101 Indifference
Benzylpenicillin - 1.4 250° 1.87 0.256 Synergy
Vancomycin - 1.4 0.78 0.78 1.249 Indifference
Cephazolin - 5.6 7.80 62.5 9.002 Antagonism

synthesis on gram-positive non-spore-forming
bacteria. The results of the synergistic effect
confirm and supplement the literature on
the potentiation of conventional antibiotics
and antimicrobial agents from natural
resources. The combinations of prodigiosin
and cephazolin or vancomycin had synergistic
effects on St. aureus. The same result for Str.
pyogenes, but in the combination of prodigiosin
with benzylpenicillin was obtained. On the
opposite side, the combinations of prodigiosin
and inhibitors of cell wall synthesis had no
shown synergistic effect on gram-positive
spore-forming bacteria.

The second area of research, presented
in the paper, was on evaluate in the
susceptibility of spore-forming bacteria to
antimicrobial preparations, due to the impact
of prodigiosin and nitroimidazole derivatives
on B. subtilis. The combinations of prodigiosin
and metronidazole had synergistic effects
on B. subtilis, and the mechanism of action
combination can associate with inhibiting
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nucleic acid synthesis by disrupting the DNA
of microbial cells.

The study of the interactions of the
compounds showed that prodigiosin may be
competing for the same cellular target as
antibiotics, leading to a neutral or antagonistic
effect. Thus, the results of studies indicate
that prodigiosin by peptidoglycan hydrolysis,
which is predominant in the cell walls of gram-
positive bacteria and/or accumulation inside
the bacterial cell by mediating redox reactions,
leads to impaired membrane permeability and/
or disruption of DNA structure. We have
demonstrated that prodigiosin can enhance the
activity of individual antibiotics depending on
the type of microorganism and possibly other
non-clinically effective antibiotics against
pathogenic bacteria while providing lower FICI
values, which is an important finding of our
study. The results indicate that prodigiosin
acts more effectively against gram-positive
non-spore-forming bacteria, and synergistic
combinations of antimicrobial agents have
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great potential for preventing resistance.
Summarizing, a set of five antibiotics
with different structures was analyzed in the
presence of prodigiosin and found that in total
only four combinations had synergistic activity
against test strains of gram-positive bacteria.
The study has indicated that synergistic
combinations of antimicrobial agents being
susceptible to pathogenic bacteria had a great
potency to prevent resistance. The resultant
synergy in the combination of prodigiosin and
inhibitors cell wall synthesis is a novel concept,
as such combinations will have identical or
different mechanisms of action, which may
lead to new choices of therapeutic agents for
the treatment, especially infections caused by
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AKTUBHICTb in vitro ITIPOAUTIO3UHY,
BUOIJEHOIO 13 Serratia marcescens,
Y KOMBIHAIIIL 3 IBOMA I'PYIIAMHA
AHTHUBIOTUKIB ITPOTHU
TPAMIIOSUTUBHUX MIKPOOPTAHISMIB

. A. Isanuernko

HamiomanbHuil MeguuHMNI yHiBEepCUTET
imeni O. O. Boromossiisa, Kuis, YKpaina
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MeToio pob6oTu OyJsi0 BUBUUTU CUHEPTi3M
AHTUMiKPOOHOI AaKTUBHOCTI HMirMeHTY IPOIMU-
riodmHy 3 aHTHUOiOTMKAaMU IMoAo OGaKTepii po-
niB Bacillus, Staphylococcus Ta Streptococcus.
BukopucroByBasim MeTO cepiiHUX PO3BeIEeHDb
IS OI[iHIOBAHHS aHTUMiKpPOOHUX KOMOiHAIiil,
AKi BKJIOYaau iHribiTOpuM CcHMHTE3y KJIiITHHHOI
CTiHKM: aMoinuain, OeH3UIIeHIINIiH, BAHKO-
MinuH, medasoJrid Ta MeTpoHiazo (moxigui Hi-
TPoiMiZasoJy) y IOeqHAHHI 3 TirMeHTOM IPOAH-
riosmuoOM, BuAideHUM i3 Serratia marcescens.
Koxxuy xombOiHamiro TecTyBaJsm mpoTH TOCJi-
I:KyBaHUX ImTamiB. IHgekc (parmininoi iH-
rioyBaasuoi KounenTpaiii (FICI) gas xo:xHOI
KoMOiHamii obuucaOBAJM [OJA BU3HAYEHHS
cuHeprii, a oTpuMaHi pes3yJbTaTU iHTEPIPETYBA-
au tak: FICI <0.5 — cunepriam; FICI > 4.0 —
anrarouiam; FICI > 0.5—4 — me#iTpaiiam.

IToxkasaHo, IO €TAaHOJJOBUI €KCTPAKT IPO-
IUTio3uHy B KoMOimaIii 3 OeH3uameHiuIiHOM,
BaHKOMIIIMHOM, Iledas3oJiHoM Ta MeTpaHigaso-
JIOM II0-Pi3HOMY CMHEPTiUYHO B3aEMO/I€ 3aJI€KHO
Bix Buay mikpooprauismy. Kom6inarii mpogurio-
3UHY Ta METPOHIIa30J1y IPOSABJIAIN CUHEPTIUHUH
eexT — mporu Bacillus subtilis, BaHKOMIiIIMH
i medasosnin — mporu Staphylococcus aureus
i Oensunnmeninmuain — nportu Streptococcus
pyogenes. Innri kombinanii npoxguriosnny Ta aH-
TUOiOTUKIB BUABIIAIU HEUTPaIbHUNA e(PeKT, a ¥
BUIIAAKY Liedaszoniny mporu Str. pyogenes — Ha-
BiTh aHTATOHICTUYHUH e(PEKT.

TakuM YMHOM, JOCITiIKeHHA TOKa3aJI0 CUHep-
risM IpPOAUTio3UMHY 3 iHIIMMU aHTHOIOTHKAMU
3aJIe’KHO BiJ BUAY MiKpPOOpPrauismy, M0 CIPUSE
3MEHIIIeHHIO ¥ KiJlbKa pasiB MminimanbHOI iHTiOY-
BaJIbHOI Ta 0aKTepUIUAHOI KOHIeHTPAIlil KOXK-
HOTO 3 KOMIIOHEHTiB OoKpemo. OTpuMaHi pe3yib-
TaTHU BKA3yIOTh Ha Te, IO IPOAUTIO3UH OKPEMO
Iie OiabII e()eKTHUBHO MO0 T'PAMIIO3UTHUBHUX
HEeCIIOPOYTBOPIOBAJIbLHUX OAKTepiili, Ipu ILOMY
cuHepriu"i KoMOiHaIii aHTUMIKPOOHUX areHTiB
MaloTh BeJINKY IIOTEHI[i10 A1 3amobiraHHs pesuc-
TEHTHOCTi 6aKTepii.

Knwuoei cnosa: mpoauriosvH, aHTUMiIKPOOHi
CIIOJIYKHU, CHHEePri3M aHTUMiKpPOOHOI mii.
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AKTHUBHOCTSD in vitro IIPOOJUTHO3HUHA,
BBIAEJEHHOTI'O U3 Serratia marcescens,
B KOMBUHAIINU C ABYM{A I'PYIIIIAMIA
AHTHUBUOTHUKOB B OTHOIIIEHUU
TPAMITIOJOKHUTEJBHBIX
MHUKPOOPTAHU3MOB

. A. HeaHueHKO

HamnmuonanbHBIN MEAUITUHCKUIT YHUBEPCUTET
umenu O. A. Boromoubiia, Kues, Ykpanua

E-mail: ivanchenkol190889@gmail.com

ITenrro paboTHI OBLIO U3YUEHUE CUHEPTU3MA
AHTUMUKPOOHOM aKTUBHOCTU TUTMEHTA ITPOJAUTHU-
031HAa C aHTUOMOTHUKAMHU B OTHOIIIEHNN OaKTepuii
poxnos Bacillus, Staphylococcus n Streptococcus.
Hcmonb3oBaiy MeTO CePUNHBIX Pa3BeeHUN IJIs
OIleHKN AHTUMUKPOOHBIX KOMIIO3UIUII, KOTO-
pble BKJIIOUAJIN UHTUOUTOPHI CUHTE3a KJIETOUHOM
CTeHKU: aMIUIUJIJINH, OeH3UITNEeHUITUIIINH, BaH-
KOMUIIUH, 1e()as30IrH 1 METPOHKULA30.I (IIPOU3BO-
IHBbIe HUTPOMMUIA30J1a) B COUETAHUU C ITUTMEH-
TOM HPOAUTHUO3UHOM, BHIJEJEeHHBIM us Serratia
marcescens. Kaykayio KOMOMHAIIMIO TECTUPOBAIN
TIPOTUB UCCIEYEeMbIX IIITaMMOB. MHIEKC QpaKIu-
oHHOI mHTHOUTOpPHOUN KoHIeHTpanuu (FICI) nasa
KayKJ0l KOMOMHAIINY BEIYUCIAIN OJIS OIpeaeie-
HUS CUHEPI'UH, a IOoJIyUeHHbIe Pe3yIbTaThl MHTeP-
npetupoBaau Tak: FICI < 0.5 = cureprusm; FICI
> 4.0 = aurarouusm; FICI > 0.5—4 = meiiTpanusm.

ITokasaHO, UTO 9TAHOJIOBBIN HKCTPAKT IIPOIU-
THMO3MHA B KOMOWHAIINY C OeH3UIMEeHUIIUIINHOM,
BaAaHKOMUITUHOM, I1e(ha30JUHOM ¥ METPOHUIA30JI0M
TI0-PA3HOMY CHMHEPTIUUYeCKU B3aMMOIEHCTBYeT B 3a-
BHICHMOCTH OT BHJia MUKpoopranusmMa. KomouHaum
MIPOAUTHO3MHA I METPOHUIA30JIA IIPOABJISIN CHHED-
ruueckuii a)deKT rmpotus Bacillus subtilis, BaHKOMU-
1uH U 1edas3oanH — npotus Staphylococcus aureus
u OeH3WJINEHUIIWJIJINH — TpOTuB Streptococcus
pyogenes. [Ipyrme KOMOWHAIIMYU IPOAWTHO3WHA U
aHTUOMOTHUKOB MPOABJISIN HEUTPATbHBINA 9Q(eKT, a
B cayuae 11ed)a3osiHa IPOTUB Str. pyogenes — nake
aHTarOHUCTUUYECKUIT 9h(PeKT.

Taxkum o6pasoM, uccaefoBaHUE MOKA3aJI0 CU-
HeprusM IPOAUTHO3WHA C aHTUOMOTUKAMU B 3aBUCH-
MOCTH OT BUJ]Ja MUKPOOPTaHU3Ma, YTO CIIOCOOCTBYET
YMEHBIIIEHNIO B HECKOJIbKO Pas MUHUMAJIbLHON MH-
TUOUTOPHOI 11 OAKTEPUITIHON KOHITEHTPAITUY KasK-
IOTO 13 KOMIIOHEHTOB B OTZeJIbHOCTH. IloTyueHHbIe
PpesyIbTaThI YKa3bIBAIOT HA TO, UTO IPOAUTHIO3UH OT-
IeJIbHO JeticTByeT 6osee a(heKTUBHO B OTHOIIIEHUH
TPaMIIOJIOKUTEIbHBIX HECIIOPOOOPA3YIOIINX OaKTe-
puii, Ipu 5TOM CUHEepruYecKrue KOMOMHAIIIN aHTH-
MHKPOOHBIX areHTOB MMEIOT OOJIBIIYI0 MOTEHITHIO
LIS TIPEIOTBPAIIIeHN s Pe3UCTEHTHOCTY OaKTePIUIA.

Knrwouesvle cnoea: mpoaurnosuH, aHTUMUKPOOHBIE
COeUHEHNSI, CHHEPT3M AaHTUMUKPOOHOIO IeCTBI.



