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Abstract—The lipopolysaccharide (LPS) of Escherichia coli M-17 was isolated, studied, chemically identified,
and shown to be an apyrogenic compound of low toxicity. Investigation of the effect of this LPS on T- and B-lym-
phocytes suggests that it can be used as a mitogen in blast transformation reactions, as it is only slightly less
active than the commercial preparation. Double immunodiffusion in agar by Ouchterlony revealed that the
LPS of E. coli M-17 in a homologous system exhibited an antigenic activity and did not interact with the anti-
sera against representatives of other Enferobacteriaceae species (Budvicia aquatica, Rahnella aquatilis, and
Pragia fontium) in serological cross-reactions. Mild acid hydrolysis yielded the following structural compo-
nents of the lipopolysaccharide molecule: lipid A, core oligosaccharide, and O-specific polysaccharide. The
structure of the O-specific polysaccharide determined using the data on the monosaccharide composition
and the 'H and "> N'MR spectra was found to be typical of representatives of the E. coli serogroup O2:
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Lipopolysaccharides (LPS) are specific compo-
nents of the cell envelope of gram-negative bacteria,
located at the external surface of their outer mem-
brane and performing a number of important physico-
chemical and biological functions: they play a signifi-
cant role in the maintenance of membrane integrity,
regulate its permeability for various substances, and
participate in the contacts of the microorganism with
other micro- and macroorganisms. Due to the surface
location and structural properties, LPS determine the
O-antigenic specificity of bacteria [1].

An LPS molecule consists of three structural ele-
ments: an O-specific polysaccharide (OPS), a core
oligosaccharide (OG-core), and a lipid A. Lipid A, the
most conservative part of the LPS molecule, contains
unusual fatty acids; their composition is rather stable
within a species and, therefore, can be used as one of
additional chemotaxonomic criteria. Lipid A is bound
to the core oligosaccharide, a less conservative part of
the LPS molecule, which contains specific monosac-
charides such as 2-keto-3-deoxyoctonic acid (KDO)
and heptoses [2].

The O-specific polysaccharide chains, the most
variable part of LPS molecules varying in composition
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and structure in different bacterial strains, are respon-
sible for the antigen specificity of bacterial cells. Since
they are easily recognized by host antibodies, bacteria
modify the OPS structure in order to avoid the
response of the host immune system.

Since LPS are the endotoxins of a microbial cell,
their presence in the organisms of higher animals and
humans causes a wide range of endotoxic activities,
which may result in septic shock. Due to these proper-
ties, LPS contribute to the pathogenic potential of
gram-negative bacteria and are therefore among the
factors of development of severe infectious diseases.

At the same time, LPS are known to be able to acti-
vate B- and T-lymphocytes, granulocytes, and mono-
nuclear cells [3]; hence, they are considered as poten-
tial immunomodulators. A number of companies
(e.g., Sigma, Serva) produce commercial LPS prepa-
rations, mainly Escherichia coli LPS; however, these
preparations are rather expensive.

The goal of the present work was chemical charac-
terization of the F. coli M-17 lipopolysaccharide and
assessment of its biological activity.
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MATERIALS AND METHODS

Research object was the strain E. coli M-17 (a com-
ponent of the Bificol and Colibacterin probiotics).
Bacteria were grown on meat infusion agar for 24 h at
28—30°C. The cells were harvested by centrifugation
(20 min, 5000g) and dried with acetone and ether.

LPS isolation. LPS was extracted from dried cells
with 45% aqueous phenol solution at 65—68°C. Aque-
ous fractions were dialyzed against tap and then
against distilled water for phenol removal [4].

Determination of the content of carbohydrates,
nucleic acids and protein. The amount of carbohy-
drates was determined by the method of Dubois [4].
The results were assessed spectrophotometrically
(490 nm) by color change resulting from the reaction
of phenol with sulfuric acid. The content of carbohy-
drates was determined in accordance with the stan-
dard calibration curves plotted for glucose.

The content of nucleic acids and proteins was
assessed by the methods of Spirin [4] and Lowry with
the Folin reagent [4], respectively.

Identification of neutral monosaccharides was car-
ried out after hydrolysis of the preparations in 2 N HC1
(5 h, 100°C). Monosaccharides were analyzed as aldi-
tol acetates [5] on an Agilent 6890/5973N chromatog-
raphy—mass spectrometry system with a DB-225mS
column (30 m x 0.25 mm x 0.25 um), with helium as
a carrier gas, and a flow through the column of
1 mL/min. The temperatures of the evaporator, inter-
face and thermostat were 250, 280, and 220°C,
respectively (isothermal mode). Monosaccharides
were identified by comparing the retention time of
alditol acetates in the experimental and standard sam-
ples and using the ChemStation database. The quanti-
tative ratios of individual monosaccharides were
expressed as percentage of the total peak area.

Fatty acid composition was determined upon sam-
ple hydrolysis in 1.5% acetyl chloride solution in
methanol (100°C, 4 h); fatty acid methyl esters were
analyzed on an Agilent 6890N/5973 inert chromato-
mass spectrometric system with a HP-5MS column
(30 m x 0.25 mm x 0.25 um), at the temperature mode
of 150—250°C and temperature gradient, 4°C, with
helium as the carrier gas at the flow rate of
1.2 mL/min). The evaporator temperature was 250°C;
flow distribution was 1 : 100. Fatty acids were identi-
fied using the PC database and the standard mixture of
fatty acid methyl esters.

NMR spectroscopy. NMR spectra were recorded
for the OPS solution in 99.95 D,0 at 30°C on a Bruker
Avance 11 600 spectrometer (Germany) using Ethyl-3-
(trimethylsilyl)propionate-2,2,3,3-d, (6H 0 ppm) and
acetone (6C 31.45 ppm) as internal standards. Before
spectrum recording, the samples were lyophilized
from 99.5% D,O.

LPS pyrogenicity was determined in rabbits weigh-
ing 2.0—3.5 kg [4]. Thermometry was performed with
an electronic thermometer (Omron Matsusaka Co.

MICROBIOLOGY Vol. 81

No.3 2012

325

Ltd., Japan), which was inserted into the rectum to a
depth of 5—7 cm (depending on the weight of a rabbit).
All rabbits were pretested for immunoreactivity by
intravenous injection of 10 mL/kg of 0.9% sterile apy-
rogenic sodium chloride solution. The tested LPS
preparations were dissolved in a sterile apyrogenic iso-
tonic solution, incubated for 10 min at 37°C before
the injection, and introduced intravenously (1 mL/kg
of animal weight). The minimal pyrogenic dose of
LPS preparations was determined in a series of dilu-
tions from 0.5 to 1.0 x 10~2 mg/mL. Each series of the
solutions was tested in 3 rabbits of similar weight (at a
difference not exceeding 0.5 kg).

Prior to injection of the LPS solution, the temper-
ature of the rabbits was measured twice with a 30-min
interval. Since the difference between temperature
indices should not exceed 0.2°C, the animals not sat-
isfying this criterion were not used for investigation.
The result of the last measurement was taken as the
initial temperature. LPS solution was injected not
later than 15—20 min after the last temperature mea-
surement. After the injection, the measurements were
made three times with 1-h intervals. The tested LPS
solution was considered apyrogenic if the total tem-
perature increase during 3 h did not exceed 1.4°C.

LPS toxicity was determined in healthy white non-
pedigreed mice of both sexes weighing 19—21 g, not
used previously for any experiments and sensibilized
with galactosamine. For this purpose, 0.5 mL of 3.2%
D-galactosamine hydrochloride solution in apyro-
genic sterile 0.9% NaCl solution was injected intrap-
eritoneally into all mice (both control and experimen-
tal ones). Immediately after that, 0.2 mL of LPS in
isotonic sterile apyrogenic saline solution heated to
37°C was injected intraperitoneally at a rate of
0.1 mL/s. In the series of LPS dilutions, the prepara-
tion dose causing death of 50% tested animals (LDs;)
was determined and its value was used for assessment
of LPS toxicity. The control and experimental groups
consisted of 10 mice each. The control mice were
injected with 0.2 mL of sterile 0.9% NaCl solution.
The animals were observed for 48 h [4].

Immunological studies. O-antiserum was obtained
to heated E. coli cells (2.5 h, boiling water bath). The
rabbits were immunized intravenously five times with
4-day intervals; cell concentration was 2 x 10°/mL (0.1
to 1 mL).

The antigenic activity of LPS was studied by the
method of double immunodiffusion in agar according
to Ouchterlony [6].

The effect of LPS on different lymphocyte popula-
tions was assessed by the level of expression of CD;
and CD,, receptors on T and B lymphocytes by the
reaction of rosette formation with the monoclonal
antibodies to the above receptors. CD-diagnosticum
for the antibodies was introduced into round-bottom
wells of immunological multiwell plate by 0.25 mL
(25 pL), supplemented by an equal volume of lym-
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Table 1. Fatty acid composition of the LPS from E. coli M-17

Acid Amount
(% of the total peak area)

Ci2o 14.5
Ciso 21.6
3-OH-C, 4, 46.6
i-Cig:0 1.3
Cie:1 2.0
Cie0 9.6
c-Cig -

+-Cig: 3.0
Ciso 1.4

Note: “—” not revealed.

phocyte mixture, incubated for 25 min at 37°C, cen-
trifuged at 500—1000g for 3 min, and placed into a
refrigerator for 1 h at 4°C. Lymphocyte precipitates
treated with the monoclonal antibodies were dried,
fixed with alcohol, and stained by Romanowsky—
Giemza so that the nuclei of the lymphocytes were
clearly visible.

For the reaction of blast transformation of human
blood lymphocytes (blast transformation is a transi-
tion of small lymphocytes from a dormant state into
blast forms capable of proliferation and further differ-
entiation), LPS of the tested strains was used as a
mitogen in the following dilutions: 1 mL of LPS per
10 mL, and 1 mg of LPS per 100 mL of sterile saline
solution. The reaction was performed with 0.2 mL
each of the LPS preparation, medium 199 [7], antibi-
otic preparation, bovine serum, and human blood; the
mixture was incubated for 2 days at 37°C. After incu-
bation, acetic acid (10% solution) was added for pre-
cipitation of lymphoblasts, which were separated by
centrifugation. The pellet was separated from the
supernatant, transferred onto slides, and stained by
Romanowsky—Giemza; the cells were counted by
direct microscopy [7].

Statistic studies. The experimental results were sta-
tistically processed by the method proposed for phar-
maceutical preparations [7].
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RESULTS AND DISCUSSION

The studied LPS of E. coli isolated by the phenol—
water method was characterized by a relatively high
content of nucleic acids, which may be due to the
method of isolation. LPS was purified from nucleic
acids by ultracentrifugation (4 h, 105000g, 3 times).
The purified LPS contained 52% carbohydrates and
7.5% nucleic acids; protein was not detected. The
yield of LPS was 3.5%, being less than the average val-
ues typical of other representatives of Enterobacteri-
aceae (5%).

Analysis of the monosaccharide composition dem-
onstrated that the predominant monosaccharides of
the LPS from E. coli M-17 were rhamnose (45.4%),
glucose (18.9%), and ribose (17.8%). The typical LPS
components of gram-negative bacteria, heptose and
KDO, were 7.9 and 0.25%, respectively.

Analysis of the fatty acid composition of the lipids A
of the LPS (Table 1) showed the presence of fatty acids
with 12 to 18 carbon atoms in their chains. Among
hydroxy acids, only 3-hydroxy tetradecanoic acid was
detected (46.2%); tetradecanoic (21.4%), dodecanoic
(14.3%), and hexadecanoic (9.4%) acids were present
as well.

The presence of only one hydroxy acid (3-hydroxy
tetradecanoic acid, which acylates both amino and
hydroxyl groups of glucosamine residues) is a charac-
teristic feature of the whole family Enferobacteriaceae.

The generally known and best-studied role of LPS
is its functioning as the main thermostable antigen of
microbial cells. LPS introduction into the organisms
of higher animals and humans results in production of
complementary antibodies directed against specific
structural regions in the LPS molecule is used for
immunization [4]. The working titer of O-antisera to
the heated culture of the tested strain E. coli M-17
determined by the ring precipitation reaction was
1:40000.

During the double immunodiffusion in agar by
Ouchterlony, LPS of the tested E. coli strain in a
homologous system exhibited an antigenic activity
(Fig. 1). In cross-reactions, LPS of the tested strain
did not interact with the antisera to representatives of
other Enterobacteriaceae species: Budvicia aquatica,
Rahnella aquatilis, and Pragia fontium (Fig. 2), which
indicated the absence of common antigenic determi-
nants.

Since O-specific polysaccharide is the molecular
basis of serological affinity, its structure was investi-
gated. O-specific polysaccharide was isolated by mild
acid hydrolysis of the LPS.

The study of OPS monosaccharide composition
showed the presence of rhamnose (Rha), N-acetylglu-
cosamine (GIcNAc), and Fuc3NAc.

The NMR spectrum of the OPS (Fig. 3) con-
tained the signals of five anomeric carbon atoms at
98.4—103.9 ppm, one hydroxymethyl group (C-6
GIcNAc) at 62.5 ppm, methyl groups at 18.0 ppm
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Fig. 2. Reaction of double immunodiffusion in agar by

Fig. 1. Reaction of double immunodiffusion in agar by Ouchterlony between the LPS of E. coli M-17 (1), E. coli
Ouchterlony between the LPS of E. coli M-17 and homol- F-50 (2), B. aquatica 23270 (3), B. aquatica 124 (4), P. fon-
ogous O-antiserum. LPS dilutions: 1: 100 (7), 1: 5000 (2), tium 20125 (5), R. aquitilis 33071 (6), and O-antisera to
1:10000 (3), and 1:20000 (4). E. coli M-17.

|
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Fig. 3. The '3C-NMR spectrum of the OPS from E. coli M-17.

MICROBIOLOGY Vl. 81 No.3 2012



328

||

VARBANETS et al.

JJ J U

e

3.5

3.0 2.5 2.0 1.5 ppm

Fig. 4. The '"H-NMR spectrum of the OPS from E. coli M-17.

(C-6 Rha) and 16.8 ppm (C-6 Fuc3NAc), two nitro-
gen-bound carbon atoms (C-2 GIcNAc and C-3
Fuc3NAc) at 56.0 ppm and 52.5 ppm, and other car-
bon atoms of monosaccharide cycles at 67.5—
81.3 ppm. The '"H NMR spectrum of OPS (Fig. 4)
contained the signals of five anomeric protons 4.76—
5.16 ppm, the protons of methyl groups (H-6 Rha and
Fuc3NAc) at 1.26—1.32 ppm, and other protons of
sugars at 3.41—4.23 ppm. The absence of signals in the

region of 83—88 ppm in the 3C NMR spectrum sug-
gested a conclusion that all monosaccharides were in
the pyranose form [8].

Comparison of the monosaccharide composition
and NMR spectra of the OPS with the data for O-spe-
cific polysaccharides of other tested E. coli strains
showed that OPS had the following structure typical of
representatives of the E. coli serogroup O2 [9]:

—»3)—(1—L—R2hap—(1 — 2)-a-L-Rhap-(1 — 3)-B-L-Rhap-(1— 4)-B-D-GlcpNAc-(1—

!

1
a-D-Fucp3NAc

Table 2. Effect of the LPS from E. coli M-17 in different di-
lutions on the quantity (%) of blast-transformed lympho-

cytes

Preparation 1:10 1:100
LPS of E. coli M-17 45.6 £ 2.6 56+4.2
Commercial LPS 62.6 2.0 63.8+1.7

LPS are biological signal molecules able to activate
the innate and acquired protective systems of the
organism. It is known that T-lymphocytes play a key
role in the regulation of practically all elements of
immunity. In particular, they synthesize pro- and anti-
inflammatory cytokines and regulate their synthesis by
other cells. The ratio of these cytokines determines the
direction of metabolic processes in the cells, their
resistance to the action of apoptogenic factors, and
many other physiological functions of the organism,
which have a direct effect on the reparative processes
in the tissues. B cells are a functional type of lympho-
cytes playing an important role in providing humoral
specific immunity. The functional activity of T and
B cells is assessed by the results of the reaction of lym-
phocyte blast transformation (RBTL). Introduction of
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Table 3. Effect of the LPS from E. coli M-17 on the expression of CDj; receptors on T lymphocytes and C,, receptors on

B lymphocytes

Indices of expression of CDj; receptors

Indices of expression of CD,, receptors

Preparation

LSP dilution 1: 10

LPS of E. coli M-17 452+0.8 24 +0.8

Control (intact lymphocytes) 50.6 2.7 12+0.5
LSP dilution 1 : 100

LPS of E. coli M-17 342+ 1.3 10.7+£ 0.6

Control (intact lymphocytes) 38.6 1.7 12+0.5

mitogens or antigens into a culture of lymphocytes
causes a series of morphological and biochemical
changes in the cells. These include DNA synthesis and
transformation of lymphocytes into blast forms (large
dividing cells). RBTL determines the proliferative
potential of the cells under study. Phytohemaggluti-
nin, concanavalin A, bacterial lipopolysaccharides,
enzymes, etc. are used as RBTL activators (mitogens).

The mitogenic activity of the LPS of the tested
E. coli strain was studied in comparison with the com-
mercial LPS preparation produced by the Diagnosti-
cum Company at the Lviv Institute of Hematology
and Blood Transfusion. The results showed (Table 2)
that the commercial LPS preparation, irrespective of
concentration, stimulated the formation of lympho-
blasts to a somewhat higher extent. The tested LPS at
a 1: 100 dilution was more active than the LPS diluted
1:10.

The characteristic feature of B- and T-lympho-
cytes is the presence of a number of antigenic markers,
in particular, CD,, and CD; receptors, respectively. It
is known that the CD; protein complex associated
with an antigen-specific T cell receptor is a major
functional marker of T lymphocytes. It promotes sig-
nal transduction from the cell membrane to the cyto-
plasm. Our studies have shown (Table 3) that the
expression of CD; receptors on T lymphocytes
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decreased in the presence of the LPS from E. coli
M-17in1:10and 1 : 100 dilutions.

The B lymphocyte receptor CD,, is a carbohy-
drate-binding transmembrane protein from the lectin
family. It is a regulatory molecule, which prevents
over-activation of the immune system and develop-
ment of autoimmune processes. Analysis of the results
presented in Table 3 demonstrates that in the 1 : 10
dilution of the LPS of the tested FE. coli strain, a two-

Table 4. Determination of LDs for E. coli LPS

LDs
LPS of the strain
pg/mouse pe/keg
E. coli M-17 40.0 2000
E. coli O55:B5 0.14 7.0
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Table 5. Pyrogenic activity of E. coli LPS

VARBANETS et al.

. Pyrogenic dose of LPS, Total temperature rise (°C)
LPS of the strain pg/rabbit after LPS injection during 3 h
E. coli M-17 0.021 1.97
LPS of Shigella typhi (pyrogenal) 0.022 1.99

fold enhancement of the expression of CD,, receptors
on B lymphocytes occurred. At the same time, the
LPS from E. coli M-17 diluted 1 : 100 suppressed the
expression of CD,, receptors on B lymphocytes by
more than 80%.

Thus, the expression of CD; and CD,, receptors on
T and B lymphocytes depended on the LPS dilution.

Although LPS, as is known [2], show an immuno-
modulating effect, their application as therapeutic
preparations is prevented by their properties such as
toxicity and pyrogenicity.

Our experiments with nonpedigreed mice showed
that the LPS of E. coli M-17 was characterized by a
much lower toxic effect than the LPS from E. coli

Af°C
09r

0.8 -

0.7
0.6
0.5

- — - —

055:B5 (Table 4). Moreover, the toxicity of LPS of the
tested strains was lower by an order of magnitude than
the toxicity of the LPS of the new Enterobacteriaceae
species: R. aquatilis [10] and P. fontium [11].

The study of pyrogenicity (Table 5, Fig. 5) showed
that the LPS of E. coli M-17 lost its pyrogenic proper-
ties after 2 h of the experiment.

Thus, the LPS was isolated from E. coli M-17,
chemically identified, and shown to be an apyrogenic
compound of low toxicity. It is not surprising, since
this strain is a component of the Bificol and Colibac-
terin probiotics. Investigation of the effect of the tested
LPS on T and B lymphocytes suggests that it can be
used as a mitogen in blast transformation reaction,

0.4
0.3
0.2
0.1

0

Fig. 5. Pyrogenic activity of the LPS from E. coli M-17: the time after LPS introduction, X-axis; the mean deviations of temper-
atures, Y-axis; pyrogenicity threshold (7), pyrogenal (2), LPS from E. coli M-17 (3).
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because its activity is only insignificantly lower than
that of the commercial preparation.

ACKNOWLEDGMENTS

The authors are grateful to A.S. Shashkov for
recording the NMR spectra of the polysaccharide and
to Yu.A. Knirel for critical comments.

REFERENCES

1. Struktura i biologicheskaya aktivnost’ bakterial’nykh
biopolimerov (Structure and Biological Activity of Bac-
terial Biopolymers), Pozur, V.K., Ed., Kiev: Kievskii
universitet, 2003.

2. Varbanets, L.D., Endotoxins of Gram-Negative Bacte-
ria: Structure and Biological Role, Mikrobiol. Zh.,
1994, no. 3, pp. 76—98.

3. Lutsyuk, N.B., Biokhimiya i immunologiya mikrobnykh
polisakharidov (Biochemistry and Immunology of
Microbial Polysaccharides), Tomsk: Tomsk Gos. Univ.,
1984.

4. Varbanets, L.D., Zdorovenko, G.M., and Knirel’, Yu.A.,
Metody issledovaniya endotoksinov (Methods of Investi-
gation of Endotoxins), Kiev: Naukova Dumka, 2006.

MICROBIOLOGY Vol. 81 No.3 2012

5.

10.

11.

Sawardeker, J.S., Sloneker, J.H., and Jeans, A., A
Quantitative Determination of Monosaccharides as
Their Alditol Acetates by Gas Liquid Chromatography,
Anal. Chem., vol. 37, no. 5, pp. 1602—1603.

. Ouchterlony, O., Diffusion in Gel Methods for Immu-

nological Analysis, Prog. Allergy, 1962, no. 6, pp. 3—15.

Belen’kii, M.L., Elementy kolichestvennoi otsenki far-
matsevticheskogo effekta (Elements of Quantitative
Assessment of the Farmaceutical Effect), Leningrad:
Medgiz, 1963.

. Bock, K. and Pedersen, C., Carbon-13 Nuclear Mag-

netic Resonance Spectroscopy of Monosaccharides,
Adv. Carbohydr. Chem. Biochem., 1983, vol. 41,
pp. 27—66.

. Stenutz, R., Weintraub, A., and Widmalm, G., The

Structures of Escherichia coli O-Polysaccharide Anti-
gens, FEMS Microbiol. Rev., 2006, vol. 30, no. 3,
pp. 382—403.

Ostapchuk, A.N. and Varbanets, L.D., Biological
Activity of Rahnella aquatilis Native and Modified
Polysaccharides, Mikrobiol. Zh., 2004, no. 6,
pp. 31-36.

Shubchinskii, V.V,, Varbanets, L.D., and Brovarskaya, O.S.,
Endotoxic Activity of Pragia fontium Lipopolysaccha-
rides, Sovr. Probl. Toksikol., 2007, no. 4, pp. 35—38.



