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CHARACTERISTICS
OF ESCHERICHIA COLI LIPOPOLYSACCHARIDE
ISOLATED FROM HYPERICUM PERFORATUM

Wild herbaceous plants are a valuable natural resource, which are a source of plant food and medicinal raw materials
and play an important role in the functioning of natural ecosystems. They produce a variety of biologically active com-
pounds of various orientations. The growth conditions of medicinal plants affect their microbiological purity, the activity
of biological compounds that they synthesize, as well as the suitability of these plants for further use. In particular, dry
medicinal herbs may contain various microorganisms. The aim of this work was to investigate the composition of the
microbiota of these plants and to investigate the properties of lipopolysaccharide (LPS) isolated from one of the strains
of Escherichia coli isolated from Hypericum. Methods. For the research, the plants of hypericum (Hypericum perfora-
tum L.), meadow clover (Trifolium pratense L.), plantain (Plantago major L.), dandelion (Taraxacum officinale Wigg.),
and wild chicory (Cichorium intybus L.), which are used in official medicine to obtain herbal medicines, were taken.
The analysis of plant contamination with microorganisms was carried out by inoculating them on commonly used MPA
and selective nutrient media: Scharlau CETRIMIDE AGAR (A), (Solid medium for the identification of Pseudomonas
aeruginosa), Scharlau MacCONKEY AGAR (B), and Scharlau XLD Agar (C) (for the identification of E. coli). LPS from
one of the Escherichia coli strains isolated from hypericum was obtained by the water-phenol method; the monosaccha-
ride and fatty acid composition was identified on an Agilent 6890N/5973 chromatographic-mass spectrometric system,
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and heterogeneity was determined by SDS-PAAG electrophoresis. Results. As a result of analysis of the microbiota that
grew on selective nutrient media after inoculation of plant material on them, 35 isolates of microorganisms, representa-
tives of Pseudomonas aeruginosa and Escherichia coli, were isolated. They were isolated from plant material, regardless
of where the plants were collected — near the Zhuliany airfield, Nizhyn, or from the pharmacy network. In the LPS of
E. coli 43, isolated from hypericum, which grew near the Zhuliany airfield, the dominant monosaccharides were ga-
lactose (36.64%), mannose (30.62%), and glucose (24.13%). Only three fatty acids, 3-hydroxytetradecanoic (44.8%),
tetradecanoic (32.6%), and dodecanoic (22.6%), were identified in its composition. The studied LPS turned out to be
toxic, like the LPS of previously studied representatives of E. coli, but apyrogenic. This distinguishes it from the LPS of
other E. coli representatives, which exhibit high pyrogenicity. It can be assumed that this is due to the fact that it is iso-
lated from plants, in particular, hypericum. LPS is heterogeneous, which is manifested in its formation of a classic profile
in the form of a ladder on electrophoresis. Conclusions. Medicinal herbs collected from different ecological niches: the
pharmacy network, near the Zhulyany or Nizhyn airfields, are contaminated to varying degrees with representatives of P.
aeruginosa and E. coli. E. coli LPS isolated from hypericum differed in biochemical characteristics and biological activ-
ity from LPS isolated from other sources. Most likely, these differences are due to the peculiarities of each strain studied.

Keywords: microbiota of medicinal plants, Escherichia coli, lipopolysaccharide, monosaccharide, fatty acid composi-

tion, heterogeneity, pyrogenicity, toxicity.

Wild herbaceous plants are a valuable natural
resource that are a source of plant food and me-
dicinal raw materials and play an important role
in the functioning of natural ecosystems. They
produce many biologically active compounds
of various orientations. Thus, they are used for
i) reductive therapy, which restores the activity of
enzymes, ii) additive therapy, which introduces
insufficient intermediate metabolic products into
the body, and iii) detoxification therapy (Kunakh,
2005). The growth conditions of medicinal plants
affect their microbiological purity, the activity of
the biological compounds they synthesize, as well
as the suitability of these plants for further use. In
particular, dry medicinal herbs may contain vari-
ous microorganisms. Their number and activity
depend on the conditions of drying and storage
of herbs. The number of microorganisms in dry
medicinal herbs is regulated by relevant quality
and hygiene standards, which establish permis-
sible levels of microbial contamination. Different
countries and regions have different regulations
that define maximum permissible levels of mi-
croorganisms. According to the requirements of
the State Pharmacopoeia of Ukraine, the presence
of Staphylococcus and Pseudomonas aeruginosa
is not allowed for medicinal plant raw materials
used for the preparation of infusions and decoc-
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tions, and the number of Enterobacteriaceae, in-
cluding Escherichia coli, usually should not exceed
a certain number, in particular 10> CFU/g. The
plants used for the study were hypericum (Hyper-
icum perforatum L.), meadow clover (Trifolium
pratense L.), plantain (Plantago major L.), dande-
lion (Taraxacum officinale Wigg.), and wild chic-
ory (Cichorium intybus L.). These plants are used
in official medicine to obtain herbal medicines,
so the analysis of their contamination by micro-
organisms is relevant. One of the most common
plant contaminants is E. coli. They are known to
inhabit the gastrointestinal tract of humans and
animals. The main components of the outer mem-
brane of gram-negative bacteria, including E. coli,
are lipopolysaccharides, which are characterized
by a wide range of biological activity, including
endotoxicity, in particular pyrogenicity, and lethal
toxicity ( Al-AAlim et al., 2022). The aim of this
work was to investigate the composition of the
microbiota of these plants and the properties of li-
popolysaccharide isolated from one of the strains
of Escherichia coli isolated from Hypericum and
compare them with those of lipopolysaccharides
isolated from the human body.

Materials and Methods. Medicinal plants were
collected in the territory adjacent to the Zhu-
lyany airfield in the Kyiv region and the Nizhyn

ISSN 1028-0987. Microbiological Journal. 2026. (1)



Characteristics of Escherichia coli Lipopolysaccharide Isolated from Hypericum perforatum

airfield in the Chernihiv region, in compliance
with the requirements for the collection and
preparation of plant raw materials established
in pharmacognosy (Kobzar, 2004). As a control,
pharmacy herbal preparations of plants in a dried
form without foreign impurities were taken. For
the study, individual parts of plants were selected:
flowering tops of shoots of hypericum (Hyperi-
cum perforatum L.), inflorescences and grass of
meadow clover (Trifolium pratense L.), leaves of
plantain (Plantago major L.), and roots of dan-
delion (Taraxacum officinale Wigg.) and wild
chicory (Cichorium intybus L.).

Plant material was washed in sterile water to
remove contaminants. Dry plant residues (10 g),
crushed into small pieces (1—2 cm), were placed
in a sterile flask with sterile water (150 mL).
Samples were incubated at room temperature
for 2 hours to release bacteria from the surface
and from inside the tissues. Serial dilution was
performed with subsequent primary plating on
commonly used meat-peptone agar (MPA) and
selective nutrient media: Scharlau CETRIMIDE
AGAR (A), (Solid medium for the isolation of
Pseudomonas aeruginosa), Scharlau MacCONK-
EY AGAR (B), and Scharlau XLD Agar (C) (for
the isolation of Escherichia coli), (Scharlab S.L.,
Spain). Petri dishes with crops were incubated at
28—37 °C for 24—48 hours. Individual colonies
were subcultured on agar media to obtain pure
cultures.

LPS from E. coli cells was extracted using the
classical water-phenol method of O. Westphal
and K. Jann (1965), with some minor modi-
fications. Isolation of LPS was performed by
adding equal volumes of hot (65—70°C) 90%
phenol and water and incubating the mixture
in a water bath at 70 °C for 30 min with vigor-
ous stirring. The mixture was cooled and cen-
trifuged at 5000 rpm for 30 min to separate the
aqueous phase from the phenolic phase. The
phenolic phase was re-extracted by adding 300
mL of distilled water. The aqueous phases were
combined, dialyzed against tap and distilled
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water to neutral pH, concentrated by evapora-
tion, and then lyophilized.

Chemical characterization of LPS was carried
out by standard methods: the presence of 2-ke-
to-3-deoxyoctanoic acid (KDO) was determined
by reaction with thiobarbituric acid (Chaby et
al., 1993), and heptose (Dische, 1953). The total
carbohydrate content was determined by Du-
bois (Dubois, 1956), proteins by Lowry (Lowry,
1951), and nucleic acids by Spirin (Spirin, 1958).

Phosphorus was determined by the Fiske-
Subarov method (Fiske & Subbarow, 1925).

The monosaccharide composition (Albersheim
et al,, 1967) was analyzed as polyol acetates on an
Agilent 6890N/5973 inert chromatography—mass
spectrometry system equipped with a DB 225mS
column (30 m x 0.25 mm x 0.25 um); the carrier
gas was helium at a flow rate of 1 mL/min. The
identification of was performed by comparison of
the retention times with the authentic samples.

Fatty acid composition was determined by
methanolysis of LPS with 1.5% acetyl chloride in
methanol (100 °C, 4 h). The identification of fat-
ty acids was performed as methyl esters by GLC-
MS on an Agilent 6890N/5973 inert chromato-
mass spectrometric system equipped with an HP
5ms column (30 m x 0.25 mm x 0.25 nm) using
the temperature program from 150 to 250 °C at 4
°C/min; helium was used as a carrier gas at a flow
rate of 1.2 mL/min. The evaporator temperature
was 250 °C, and flow distribution was 1:100. For
identification of fatty acids, the standard mixture
of fatty acid methyl esters and the available data-
bases were used (Varbanets et al., 2006).

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAAG electrophoresis)
was performed according to Laemmli (Laem-
mli, 1970) (4% concentrating and 12% separat-
ing gel, current strength 30 mA). The loading
per gel lane was 20 pg or 50 pg. For visualization
of LPS, the gels were stained with silver salts ac-
cording to the recommendations of Tsai (Tsai et
al., 1982) in the modification of Kulikov (Ku-
likov et al., 2019).
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Table 1. Selected isolates

Microorganism, strain number
Plant
P. aeruginosa (A) E. coli (B) E. coli (C)
Clover 36(C), 14(Zh), 13(N) 1(C), 3(Zh), 2(N) 33(C), 20(Zh), 19(N)
Hypericum 37 (Zh) 4(C), 5(N), 43(Zh), 34(C), 22(Zh). 21(N)
Chicory 38 (Zh)15(N) 18(C), 17(Zh), 7(N) 23(C), 25(Zh), 24(N)
Plantain 42 (C) 12(C), 9(Zh), 8(N) 26(C), 27(Zh)
Dandelion 35(Zh), 16(N) 11(Zh), 10(N) 29(Zh), 28(N)

C — control: herbs from pharmacy chains, Zh — from the territory near the Zhuliany airfield, N — from the terri-

tory near the Nizhyn airfield.

Table 2. Monosaccharide and fatty acid
composition of E. coli 43 LPS

% to total sum
of peaks area

Structural components
of lipopolysaccharide

Monosaccharides (% to total sum of peaks area)

Fucose 2.01+0.1
X 2.26%0.11
Mannose 30.62+1.5
Galactose 36.64+1.83
Glucose 24.1342.08
Heptose 4.34%0.07

Fatty acids (% to total sum of peaks area)

C,,,, (dodecanoic) 22.56+1.13
C,,, (tetradecanoic) 32.58+1.95
3-OH-C, , (3-hydroxytetradecanoic) | 44.86+2.24

Pyrogenicity was tested under vivarium con-
ditions. Rabbits (weighing 1.7 to 2.3 kg) were in-
travenously injected with 5 ng/kg body weight of
purified LPS. Rectal temperatures were measured
using a rectal thermometer and recorded before
injection and 3 hours after pyrogen administra-
tion. One rabbit was injected with sterile saline
solution as a control (Varbanets et al., 2006).

All experiments were performed in no less
than 3—5 replications. Statistical processing of
the results of the experimental series was carried
out by standard methods using Student’s t-test.
The value of the null hypothesis p < 0.05 was
taken as the critical level of reliability.
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Results. As a result of the analysis of the micro-
biota that grew on selective nutrient media after
inoculation of plant material on them, 35 isolates
of microorganisms were isolated, probably they
are representatives of P aeruginosa and E. coli
(Table 1). Very interesting were the cultures of E.
coli, the colonies of which were of different colors:
red or pink, as well as opaque yellow with a yellow
zone around. For further studies, the culture of E.
coli 43, red in color, which was isolated in the area
located near the Zhuliany airfield, was selected.

In our studies, representatives of E. coli were ob-
tained from all medicinal herbs (except dandelion).
P, aeruginosa was found in 9 isolates. The most con-
taminated were clover (all samples), chicory and
dandelion from the areas near both airfields (clean
control), hypericum from the area near the Zhulia-
ny airfield, and plantain from the pharmacy chain.
LPS was extracted from E. coli 43 cells, the colo-
nies of which were red in color, using the classical
water-phenol method (Westphal & Jann, 1965).

The yield of LPS was quite high (22.12%). Nu-
cleic acids and protein, which are contaminating
components of LPS, were absent. LPS contained
39.8% carbohydrates, which is less compared to
LPS isolated from E. coli strains isolated from
the human body. Characteristic components of
the LPS molecule 2-keto-3-deoxyoctanoic acid
(0.014%), as well as heptose (0.11%) were detected.
The phosphate content as a percentage of the total
mass of LPS was 0.53%. The monosaccharide com-
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position (in % to total sum of peaks area) of LPS is
represented by fucose (2.01%), mannose (30.62%),
galactose (36.64%), glucose (24.13%), heptose
(4.34%), and an unidentified monosaccharide
(2.26%). The dominant fatty acids of LPS E. coli 43
were 3-hydroxytetradecanoic (44.8%), tetradeca-
noic (32.6%),0 and dodecanoic (22.6%) (Table 2).
Pyrogenicity studies (Fig. 1) indicate that the
LPS of the studied E. coli 43 strain was apyrogenic:
a slight increase in temperature was observed 1 h
after LPS administration, while after 2 and 3 h, the
temperature was lower than in control animals.

As for toxicity, we used an indirect method of its
identification. It is known that the relative molar
fraction of KDO in the LPS molecule can vary de-
pending on the degree of its toxicity. Thus, when
non-toxic LPS is oxidized by thiobarbituric acid,
the maximum absorption of the chromophore is
recorded at 550 nm, and in toxic LPS it shifts to
the short-wave region to 534 nm. Based on the
analysis of the absorption values of the chromo-
phore formed as a result of the oxidation of the
KDO molecule at different wavelengths (Fig. 2), it
can be assumed that E. coli 43 LPS is toxic.
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Fig. 1. Pyrogenic effect of E. coli LPS in the minimum pyrogenic dose.
Note: control — temperature readings in rabbits that were not injected with LPS
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Fig. 2. Absorption values of the chromophore formed as a result of oxidation of the

KDO molecule at different wavelengths
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Fig. 3. Different concentrations of E. coli LPS: I — 20,
2—30,3—40,4—20,5—30ng

Purified LPS from most strains of Gram-nega-
tive bacteria is known to be heterogeneous in the
composition of the individual LPS subunits that
make up the LPS macromolecule. Evidence of
heterogeneity is readily apparent by SDS-PAGE
electrophoresis followed by silver staining to
detect individual LPS subunits. The silver stain-
ing profiles of various E. coli strains and the LPS
under study (Fig. 3) indicate that LPS forms the
classic ladder-shaped profile characteristic of S-
LPS on the electrophoresis.

Discussion. LPS is the main structural com-
ponent of the outer membrane of gram-negative
bacteria, characterized by a wide range of biolog-
ical activity, including endotoxic, in particular
pyrogenicity, lethal toxicity, and is the main anti-
gen of the bacterial cell, which is responsible for
its serological specificity, controls resistance to
antibiotics, etc. This is due to the heterogeneity of
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the LPS molecule, which includes both polysac-
charide and lipid parts, each of which performs
specific functions. A number of methods are used
to isolate LPS that ensure high purity and bio-
logical activity: extraction with trichloroacetic
acid, aqueous butanol, a mixture of chloroform
with methanol and petroleum ether, EDTA, as
well as extraction with hot phenol. Although the
hot phenol extraction method involves the use
of some dangerous and toxic substances, in par-
ticular, such as phenol, today remains the best
method for obtaining biologically active, pure
LPS. Thus, the studied LPS E. coli 43 did not con-
tain impurities of nucleic acids and proteins. No
unsaturated fatty acids were found in the com-
position of lipid A, which are not characteristic
components of LPS lipid A, but are impurities
from other lipid components of the bacterium.
The fatty acid composition of E. coli 43 LPS was
similar to that of the previously studied LPS E.
coli 2890 and E. coli 2892, obtained from the
bodies of practically healthy patients (Brovarska
et al.,, 2020). The dominant fatty acids of E. coli
43 LPS were 3-hydroxytetradecanoic (44.8%),
tetradecanoic (32.6%), and dodecanoic (22.6%).
But it differed from the fatty acid composition of
LPS E. coli 58, isolated from the body of a practi-
cally healthy patient, and which is represented by
only two acids: 3-hydroxytetradecanoic (79.3%)
and hexadecanoic (20.7%). The presence of only
one 3-hydroxytetradecanoic acid, which acylates
both amino and hydroxy groups of glucosamine
residues, is a characteristic property of lipid A of
representatives of the Enterobacteriaceae fam-
ily. The carbohydrate content was 39.79% of the
dry weight of the preparation, which is less than
that of LPS isolated from E. coli strains,isolated
from the human body (Brovarska & Varbanets,
2019). Analysis of the monosaccharide compo-
sition shows that LPS E. coli 43 differs in this
indicator from the LPS of other strains. Thus, if
in LPS E. coli 43 the dominant monosaccharides
were galactose (36.64 %), mannose (30.62%),
and glucose (24.13 %), then in LPS E. coli K, iso-
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lated from chestnut leaves, into which it entered
with the feces of the caterpillars of the chestnut
transient moth (Cameraria ohridella Deschka
& Dimic) — rhamnose (70.9%) (Varbanets et
al., 2024) In the composition of LPS E. coli 58
isolated from a healthy patient, the dominant
monosaccharides were glucose and galactose
(50.5 and 33.9%, respectively) (Brovarska, 2019).
Most likely, these differences are due to the pe-
culiarities of each strain studied rather than
due to the source of the microorganism strains.
Since 0.53% of phosphates were found in the
composition of LPS, this indicates the presence
of ethanolamine phosphate or ethanolamine py-
rophosphate in the core oligosaccharide or lipid
A, which has a significant effect on the submo-
lecular organization of the LPS molecule in the
membrane. This part of LPS is characterized by
a very high density of charged groups, which
include carboxyl groups of KDO, the content of
which in the studied LPS was insignificant and
amounted to only 0.014%, and charged groups of
lipid A. The studied LPS turned out to be toxic,
like other representatives of E. coli, but apyro-
genic. This distinguishes it from the LPS of other
representatives of E. coli, which exhibit high py-
rogenicity (Brovarska & Varbanets, 2019). It can
be assumed that this is due to the fact that it is
isolated from such a plant as hypericum.

It is known that LPS preparations are always
heterogeneous, which is associated with the pres-
ence of S-form molecules with different lengths
of polysaccharide chains and R-form molecules,
which lack polysaccharide chains. The results of
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XAPAKTEPUMCTHUKA JIITIOIIONICAXAPUTY ESCHERICHIA COLI
BMJIVIEHOI'O 13 HYPERICUM PERFORATUM

JMKOpOCTi TpaB THUCTI POCTVMHY ABJIAIOTH COOO0I0 LiHHMII IPUPORHUIL PECYPC, L0 € IPKePeTIOM POCTMHHOI Xap40BO1
i mikapcbKol CHPOBUHM Ta Biflirpae Ba>K/IMBY pojb y GYHKIIOHYBaHHI IPUPOJHUX eKOCKCTeM. BoHM BUpO6IAI0TH
6e31i4 6i0/I0TiYHO aKTMBHUX CIIONYK Pi3HOI CHIPAMOBAHOCTI. YMOBY pPOCTY /IiIKapChKVX POC/IVH BIVIMBAIOTD Ha TXHIO
MiKpo0io/IOri4Hy 4MCTOTY, aKTUBHICTD 6iomoriyHmMx CIIONYK, AAKi BOHM CMHTE3YIOTb, @ TAKOXXK Ha IPUJATHICTh IUX
POC/INH /151 IOJAIbLIOTO BUKOPUCTAHHSA. 30KPEMa, CYXi IKAPCLKI MPasu MoxXcymo MiCthumu pi3ni Mikpoopeanismu.
Merto1o gaHOi poboTu 6y/10 FOCHIANTI CKIak MIKPO6IOTH LIUX POCINH Ta BIacTUBOCTI ninononicaxapuny (JIIIC),
i3onpoBaHoro 3 omHoro i3 wramis Escherichia coli, BupineHoro 3i 3Bipo6oto 3BuuariHoro. Meromm. BuBuanucs
pocnuHu 3Bipob6oto sBuuaitHoro (Hypericum perforatum L.), kontomnun nyasoi (Trifolium pratense L.), mogo-
poxuuka Benmukoro (Plantago major L.), kynb6abu nmikapcbkol (Taraxacum officinale Wigg.) Ta IUKOpil0 AMUKOTO
(Cichorium intybus L.), ki BUKOPUCTOBYIOTbCA B OQiLiiiHIi MegMLMHI 3 MeTOI OTpUMaHH:A ¢iTomnpemnaparis.
AHaji3 3a6pyfHEeHHS pOCIMH MiKpoopraHisMaMu IpOBOMVIIM LUIAXOM iX HOCiBy Ha 3arajpHOBXuBaHi (MIIA)
Ta ceneKTNBHI mokuBHi cepenosuiia: Scharlau CETRIMIDE AGAR (A), (Tsepze cepemoBuiie s igeHTndikarii
Pseudomonas aeruginosa), Scharlau MacCONKEY AGAR (B) ta Scharlau XLD Agar (C) (mns igentndixauii E. coli).
JITIC 3 oguoro i3 mramis Escherichia coli 43, i301p0BaHOr0 3i 3Bip06 010 3BIYAITHOT0, OIeP>KyBa/Ii BOJHO-(PEHOTbHIM
METOJIOM; MOHOCAXapUAHUIL i SKMPHOKMCIOTHMI CKIaf ifeHTU(IKYBaIM Ha XPOMAaTOMAC-CIIEKTPOMETPUYHIl cuc-
temi Agilent 6890N/5973; reteporennicts BusHadamu SDS-PAAG enekrpodopesom. PesynpraTu. Y pesynbrarti
aHasi3y Mikpo6ioTH, Sika BMPOC/Ia Ha CeIeKTUBHIUX IIOXKMBHUX CepPeOBUIIAX ITiC/IA MOCIBY Ha HUX POCMHHOTO Ma-
Tepiainy, 6y1o BuizeHo 35 i30/14TiB MiKpOOpraHi3MiB, IpeAcTaBHUKIB Pseudomonas aeruginosa ma Escherichia coli.
11i MixpoopraHismMy BUAUIAIICD i3 POCIIHHOTO MaTepialy, He3aJIeXXHO Bif Toro, ge 6y 3i6pani pocnunu, 6ins
aepogpowmis XKymstau, Hixknh, abo ofepxxani 3 anreunoi mepexi. B JITIC E. coli 43, i30/1p0BaHOrO 3i 3Bip06010 3B1-
9alfHOro, SIKUIT pic 6111 aepogpomy XKymsanu gominyounmu MoHOcaxapugamu Oymu ranakrosa (36.64 %), maHosa
(30.62 %) Ta rmoko3a (24.13 %). Tinbku Tpu XuUpHI KUCTOTH, 3-TigpoKcuTeTpasiekaHoBa (44.8 %), TeTpajekaHOBa
(32.6%) Ta momexaHoBa (22.6 %), 6ynu igentudikosaHi B jtoro ckaani. Jocmimxernit JIIIC BUABUBCSI TOKCUYHNM,
sx i JITIC panirte gocnimkennx mpepctaBHuKIB E. coli, ane aniporennnm. e Binpisusie toro Big JITIC inmmx mpep-
cTaBHUKIB E. coli, SIKi IIPOSBIAIOTb BUCOKY nipoceHHicmy. Mo>KHA IPUITYCTUTH, IO 1ie 0OYMOBIEHO TUM, 110 BiH
i3onpoBaHMII 3 pOC/INH, 30KpeMa, 3Bipo6oto 3BuyaiiHoro. JIIIC € reTeporeHHNM, 10 NPOABIAETHCA B YTBOPEHH]
HYIM KJIaCMYHOTO Ipoinio y BUIAxi “npabunn’ Ha enekrpodoperpamax. Bucnosku. Jlikapcbki pociniuy, 3i6pani
3 pi3HMX eKOJIOTiuHMX Hill — anTeyHoi Mepexxi, Teputopiit mo6m3y aepoppomis XKynaun Ta Hikuna — 6ymm
KOHTaMiHOBaHi mpefcraBHuKamu P, aeruginosa ta E. coli pisHoro mipoto. JITIC E. coli, i3onboBaumii 3i 3Bipo6oro
3BMYAITHOTO, 3a 6i0XIMIYHMMM XapaKTeprCcTUKaMu Ta 6ioorivHo0 akTUBHICTIO BifpisHaBcs Bif JITIC, isonpoBanmx
3 iHmmx mxepen. Ckopiiie BCbOro 1ii BifMiHHOCTI 00YMOB/IEHI 0COOMMBOCTSMM KOXKHOTO JOCIKEHOTO LITaMY.

Kntouoei cnosa: mixpobioma nixapcoxux pocnun, Escherichia coli, ninononicaxapuo, moHocaxapuoHuti, HuUpHoKuc-
JIOMHULL CK1a0, 2emepoeHHICMb, Nipo2eHHICMb, MOKCUYHICMD.
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