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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. Th ey produce a variety of biologically active com-

pounds of various orientations. Th e growth conditions of medicinal plants aff ect 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. Th e 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 offi  cinale Wigg.), 

and wild chicory (Cichorium intybus L.), which are used in offi  cial medicine to obtain herbal medicines, were taken. 

Th e 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 identifi cation of Pseudomonas 

aeruginosa), Scharlau MacCONKEY AGAR (B), and Scharlau XLD Agar (C) (for the identifi cation 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 identifi ed on an Agilent 6890N/5973 chromatographic-mass spectrometric system, 
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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. Th ey 
produce many biologically active compounds 
of various orientations. Th us, they are used for 
i) reductive therapy, which restores the activity of 
enzymes, ii) additive therapy, which introduces 
insuffi  cient intermediate metabolic products into 
the body, and iii) detoxifi cation therapy  (Kunakh, 
2005). Th e growth conditions of medicinal plants 
aff ect 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. Th eir number and activity 
depend on the conditions of drying and storage 
of herbs. Th e number of microorganisms in dry 
medicinal herbs is regulated by relevant quality 
and hygiene standards, which establish permis-
sible levels of microbial contamination. Diff erent 
countries and regions have diff erent regulations 
that defi ne 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-

tions, and the number of Enterobacteriaceae, in-
cluding Escherichia coli, usually should not exceed 
a certain number, in particular 102 CFU/g. Th e 
plants used for the study were hypericum (Hyper-
icum perforatum  L.), meadow clover (Trifolium 
pratense L.), plantain (Plantago major L.), dande-
lion (Taraxacum offi  cinale Wigg.), and wild chic-
ory (Cichorium intybus L.). Th ese plants are used 
in offi  cial 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. Th ey are known to 
inhabit the gastrointestinal tract of humans and 
animals. Th e 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). Th e 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 airfi eld in the Kyiv region and the Nizhyn 

and heterogeneity was determined by SDS-PAAG electrophoresis. Results. As a result of analysis of the microbiota that 

grew on selective nutrient media aft er inoculation of plant material on them, 35 isolates of microorganisms, representa-

tives of Pseudomonas aeruginosa and Escherichia coli, were isolated. Th ey were isolated from plant material, regardless 

of where the plants were collected — near the Zhuliany airfi eld, Nizhyn, or from the pharmacy network. In the LPS of 

E. coli 43, isolated from hypericum, which grew near the Zhuliany airfi eld, 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 identifi ed in its composition. Th e studied LPS turned out to be 

toxic, like the LPS of previously studied representatives of E. coli, but apyrogenic. Th is 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 profi le 

in the form of a ladder on electrophoresis. Conclusions. Medicinal herbs collected from diff erent ecological niches: the 

pharmacy network, near the Zhulyany or Nizhyn airfi elds, are contaminated to varying degrees with representatives of P. 

aeruginosa and E. coli. E. coli LPS isolated from hypericum diff ered in biochemical characteristics and biological activ-

ity from LPS isolated from other sources. Most likely, these diff erences 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.
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airfi eld 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: 
fl owering tops of shoots of hypericum (Hyperi-
cum perforatum L.), infl orescences and grass of 
meadow clover (Trifolium pratense L.), leaves of 
plantain (Plantago major  L.), and roots of dan-
delion (Taraxacum offi  cinale 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 fl ask 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-
fi cations. Isolation of LPS was performed by 
adding equal volumes of hot (65—70ºC) 90% 
phenol and water and incubating the mixture 
in a water bath at 70 ºC for 30 min with vigor-
ous stirring. Th e mixture was cooled and cen-
trifuged at 5000 rpm for 30 min to separate the 
aqueous phase from the phenolic phase. Th e 
phenolic phase was re-extracted by adding 300 
mL of distilled water. Th e aqueous phases were 
combined, dialyzed against tap and distilled 

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). Th e 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) .

Th e 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 × 0.25 mm × 0.25 μm); the carrier 
gas was helium at a fl ow rate of 1 mL/min. Th e 
identifi cation 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). Th e identifi cation 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 × 0.25 mm × 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 fl ow 
rate of 1.2 mL/min. Th e evaporator temperature 
was 250 °C, and fl ow distribution was 1:100. For 
identifi cation 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). Th e loading 
per gel lane was 20 μg or 50 μg. For visualization 
of LPS, the gels were stained with silver salts ac-
cording to the recommendations of Tsai (Tsai et 
al., 1982) in the modifi cation of Kulikov (Ku-
likov et al., 2019) .
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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 
purifi ed LPS. Rectal temperatures were measured 
using a rectal thermometer and recorded before 
injection and 3 hours aft er 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. 
Th e value of the null hypothesis p < 0.05 was 
taken as the critical level of reliability.

Results. As a result of the analysis of the micro-
biota that grew on selective nutrient media aft er 
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 diff erent 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 airfi eld, 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. Th e most con-
taminated were clover (all samples), chicory and 
dandelion from the areas near both airfi elds (clean 
control), hypericum from the area near the Zhulia-
ny airfi eld, 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).

Th e 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. 
Th e phosphate content as a percentage of the total 
mass of LPS was 0.53%. Th e monosaccharide com-

Table 1. Selected isolates

Plant
Microorganism, strain number

P. aeruginosa (А) E. сoli (В) E. сoli (С)

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 airfi eld, N — from the terri-

tory near the Nizhyn airfi eld.

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

Structural components 
of lipopolysaccharide

% to total sum 
of peaks area

Мonosaccharides (% to total sum of peaks area)

Fucose 2.01±0.1

Х 2.26±0.11

Mannose 30.62±1.5

Galactose 36.64±1.83

Glucose 24.13±2.08

Heptose 4.34±0.07

Fatty acids (% to total sum of peaks area)

С12:0 (dodecanoic) 22.56±1.13

С14:0 (tetradecanoic) 32.58±1.95

3-ОН-С14:0 (3-hydroxytetradecanoic) 44.86±2.24
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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 unidentifi ed monosaccharide 
(2.26%). Th e 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 
aft er LPS administration, while aft er 2 and 3 h, the 
temperature was lower than in control animals. 

As for toxicity, we used an indirect method of its 
identifi cation. It is known that the relative molar 
fraction of KDO in the LPS molecule can vary de-
pending on the degree of its toxicity. Th us, 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 shift s 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 diff erent wavelengths (Fig. 2), it 
can be assumed that E. coli 43 LPS is toxic.
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Fig. 1. Pyrogenic eff ect 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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KDO molecule at diff erent wavelengths 
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Purifi ed 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. Th e silver stain-
ing profi les of various E. coli strains and the LPS 
under study (Fig. 3) indicate that LPS forms the 
classic ladder-shaped profi le 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 specifi city, controls resistance to 
antibiotics, etc. Th is is due to the heterogeneity of 

the LPS molecule, which includes both polysac-
charide and lipid parts, each of which performs 
specifi c 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. Th us, 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. 
Th e 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). Th e dominant fatty acids of E. coli 
43 LPS were 3-hydroxytetradecanoic (44.8%), 
tetradecanoic (32.6%), and dodecanoic (22.6%). 
But it diff ered 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%). Th e 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. Th e 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 diff ers in this 
indicator from the LPS of other strains. Th us, 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-

1 2 3 4 5

Fig. 3. Diff erent concentrations of E. coli LPS: 1 — 20, 

2 — 30, 3 — 40, 4 — 20, 5 — 30 ng
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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 diff erences 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 signifi cant eff ect on the submo-
lecular organization of the LPS molecule in the 
membrane. Th is 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 insignifi cant and 
amounted to only 0.014%, and charged groups of 
lipid A. Th e studied LPS turned out to be toxic, 
like other representatives of E. coli, but apyro-
genic. Th is distinguishes it from the LPS of other 
representatives of E. coli, which exhibit high py-
rogenicity (Brovarska & V arbanets, 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 diff erent lengths 
of polysaccharide chains and R-form molecules, 
which lack polysaccharide chains. Th e results of 

SDS-PAGE electrophoresis indicate that E. coli 43 
LPS forms a signifi cant number of fractions with 
diff erent degrees of electrophoretic mobility: fast 
and slow mobile. Th e fractions that travel a greater 
distance during the electrophoretic distribution 
correspond to the unsubstituted oligosaccharide 
core, and the less mobile ones correspond to the 
oligosaccharide core substituted with diff erent 
numbers of O-specifi c polysaccharide chains, 
from one to 40. Th e heterogeneity of the slowly 
mobile components can be explained by the dif-
ferent lengths of the O-specifi c polysaccharide, 
namely, the mobility decreases with the addition 
of one repeating chain. Th e heterogeneity of LPS 
is manifested in its formation of a classic profi le 
in the form of a “ladder” on electrophoresis. Such 
heterogeneity of LPS is due to the peculiarities of 
its biosynthesis and may contribute to the dense 
packing of LPS molecules, which creates a certain 
topography of the cell surface, which is necessary 
for the functioning of the bacterial cells.

Conclusions. E. coli LPS isolated from hyperi-
cum diff ered in biochemical characteristics and 
biological activity from LPS isolated from other 
sources. Most likely, these diff erences are due to 
the peculiarities of each strain studied.
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ХАРАКТЕРИСТИКА ЛІПОПОЛІСАХАРИДУ ESCHERICHIA COLI 
ВИДІЛЕНОГО ІЗ HYPERICUM PERFORATUM

 Дикорослі трав›янисті рослини являють собою цінний природний ресурс, що є джерелом рослинної харчової 
і лікарської сировини та відіграє важливу роль у функціонуванні природних екосистем. Вони виробляють 
безліч біологічно активних сполук різної спрямованості. Умови  росту лікарських рослин впливають на їхню 
мікробіологічну чистоту, активність біологічних сполук, які вони синтезують, а також на придатність цих 
рослин для подальшого використання. Зокрема, сухі лікарські трави можуть містити різні мікроорганізми. 
Метою даної роботи було дослідити склад мікробіоти цих рослин та властивості ліпополісахариду (ЛПС), 
ізольованого з одного із штамів Escherichia coli, виділеного зі звіробою звичайного. Методи. Вивчалися 
рослини звіробою звичайного (Hypericum perforatum L.), конюшини лучної (Trifolium pratense L.), подо-
рожника великого (Plantago major L.), кульбаби лікарської (Taraxacum offi  cinale Wigg.) та цикорію дикого 
(Cichorium intybus L.), які використовуються в офіційній медицині з метою отримання фітопрепаратів. 
Аналіз забруднення рослин мікроорганізмами проводили шляхом їх посіву на загальновживані (МПА) 
та селективні поживні середовища: Scharlau CETRIMIDE AGAR (A), (Тверде середовище для ідентифікації 
Pseudomonas aeruginosa), Scharlau MacCONKEY AGAR (B) та Scharlau XLD Agar (С) (для ідентифікації E. coli). 
ЛПС з одного із штамів Escherichia coli 43, ізольованого зі звіробою звичайного, одержували водно-фенольним 
методом; моносахаридний і жирнокислотний склад ідентифікували на хроматомас-спектрометричній сис-
темі Agilent 6890N/5973; гетерогенність визначали SDS-PAAG електрофорезом. Результати. У результаті 
аналізу мікробіоти, яка виросла на селективних поживних середовищах після посіву на них рослинного ма-
теріалу, було виділено 35 ізолятів мікроорганізмів, представників Pseudomonas aeruginosa та Escherichia сoli. 
Ці мікроорганізми виділялись із рослинного матеріалу, незалежно від того, де були зібрані рослини, біля 
аеродромів Жуляни, Ніжин, або одержані з аптечної мережі. В ЛПС E. coli 43, ізольованого зі звіробою зви-
чайного, який ріс біля аеродрому Жуляни домінуючими моносахаридами були галактоза (36.64 %), маноза 
(30.62 %) та глюкоза (24.13 %). Тільки три жирні кислоти, 3-гідрокситетрадеканова (44.8 %), тетрадеканова 
(32.6%) та додеканова (22.6 %), були ідентифіковані в його складі. Досліджений ЛПС виявився токсичним, 
як і ЛПС раніше досліджених представників Е. coli, але апірогенним. Це відрізняє його від ЛПС інших пред-
ставників Е. coli, які проявляють високу пірогенність. Можна припустити, що це обумовлено тим, що він 
ізольований з рослин, зокрема, звіробою звичайного. ЛПС є гетерогенним, що проявляється в утворенні 
ним класичного профілю у вигляді “драбини” на електрофореграмах. Висновки. Лікарські рослини, зібрані 
з різних екологічних ніш — аптечної мережі, територій поблизу аеродромів Жуляни та Ніжина  — були 
контаміновані представниками P. aeruginosa та E. coli різною мірою. ЛПС E. coli, ізольований зі звіробою 
звичайного, за біохімічними характеристиками та біологічною активністю відрізнявся від ЛПС, ізольованих 
з інших джерел. Скоріше всього ці відмінності обумовлені особливостями кожного дослідженого штаму. 

Ключові слова: мікробіота лікарських рослин, Escherichia сoli, ліпополісахарид, моносахаридний, жирнокис-
лотний склад, гетерогенність, пірогенність, токсичність.


