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CHARACTERISTICS OF LELLIOTTIA NIMIPRESSURALIS
F9A1 LIPOPOLYSACCHARIDE OBTAINED
BY DIFFERENT METHODS

Bacterial wetwood, bacterial dropsy, or bacterial slime is a common disease caused by Lelliottia nimipressuralis, which
affects the central core of many conifers and deciduous trees. Representatives of this species have been isolated from a
variety of trees showing symptoms of the disease, as well as from water and, less commonly, from clinical samples. Impor-
tant aspects of pathogenesis is the process of pathogen recognition and the protection mechanisms of bacterial cells from
plant’s antimicrobial substances. It is known that lipopolysaccharides (LPS) take an active part in these processes. They
provide the barrier function of the outer membrane, helping to protect bacteria from plant antimicrobial compounds,
and the attachment of bacteria to plant cells. Therefore, the aim of the work was to study the peculiarities of the chemi-
cal composition and functional and biological characteristics of Lelliottia nimipressuralis F9al LPS obtained by different
methods. Methods. LPS was isolated from dry bacterial mass by phenol-water method (LPS I), extraction method with
0.85% NaCl solution (LPS II), and phenol-water extraction of LPS insoluble in NaCl solution (LPS III). The carbohydrates
were analyzed by Dubois method, nucleic acids - by Spirin, protein content - by Lowry and 2-keto-3-deoxyoctonic acid
(KDO) - by Osborn. The identification of monosaccharides and fatty acids in LPS preparations was carried out on an
Agilent 6890N/5973 inert chromato-mass spectrometry system. The pyrogenicity of LPS was tested keeping the rules of
bioethics in rabbits. Serological studies were performed by the Ouchterlony method. Results. LPS II of L. nimipressuralis
F9al was characterized by low relative yield (2.12%), low content of carbohydrates (9.16%) and nucleic acids (3.7%), and
high protein content (26.44%), while the studied preparations of LPS I and LPS III were characterized by a high yield, a
rather high content of carbohydrates (46.68 and 38.4%, respectively), an insignificant amount of protein (up to 6.72%)
and nucleic acids (up to 4.06%). All LPSs contained up to 0.27% KDO, which is a specific component of the LPS of gram-
negative bacteria. The monosaccharide composition indicates that the LPS of the studied L. nimipressuralis strains turned
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out to be heterogeneous. At the same time, such monosaccharides as fucose, galactose, and glucose were recorded in the
LPS of all tested strains. The fatty acid composition of LPS was represented by the presence of fatty acids containing from
12 to 18 carbon atoms. Hydroxylated, saturated, and monounsaturated acids were found. In LPS I and LPS II1, the domi-
nant fatty acid was 14:0 (3-OH), which is a kind of marker for the entire family of Enterobacteriaceae. In addition to the
marker acid, a 16:1 acid was also predominant in LPS III, whereas in LPS II, 16:1 (32.7%) and 16:0 (22.6%) fatty acids
dominated. The pyrogenic effect of L. nimipressuralis LPS studied showed that LPS solutions are pyrogenic. The serological
studies showed that tested LPS in homologous systems exhibits antigenic activity. Antisera to L. nimipressuralis F9al react
with LPS strains IMV 8791, LGK1, and L14b, which may indicate the presence of common antigenic determinants and
belonging of these strains to the same serogroup. Conclusions. The LPSs of L. nimipressuralis Foal were heterogeneous
in both monosaccharide and fatty acid composition, which is explained by the use of different methods for their isolation.
To isolate LPS from L. nimipressuralis cells, the water-phenol method is better than sodium chloride extraction since with
using the latter, the LPS yield is very low and very contaminated with proteins. At the same time, the isolation method
does not affect the serological activity of the studied LPS. The results received during these biological-functional studies of
L. nimipressuralis LPS contribute to the biological characteristics of this species.
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pyrogenic activities.

As a result of the negative impact of complex fac-
tors of abiotic and biotic origin, the phytosani-
tary state of forests has deteriorated sharply. This
process is acquiring features of a global character.
The etiology, symptoms, and bacterial pathogen-
esis of forest woody plants are diverse. The litera-
ture contains data on various species and genera
of phytopathogenic bacteria that are the causative
agents of a common and harmful disease — bacte-
rial wetwood, among which one of the pathogens
is Lelliottia nimipressuralis (synonyms Enterobac-
ter nimipressuralis and Erwinia nimipressuralis)
(1]. Currently, this species is considered to be one
of the main pathogens of bacterial wetwood of
forest woody plants in Ukraine [2, 3].

The phytopathogenic polybiotrophic bacte-
rium L. nimipressuralis infects many species of
both shade and forest trees. But with the normal
growth and development of the tree, it performs
useful functions. When the vital state of trees
is disturbed, such bacteria become a powerful
endogenous vector for the occurrence of diseas-
es — epiphytotic vascular (for forest trees) and
tracheid (for shade trees).

At present, bacteriosis of forest woody plants
and their pathogens have not been studied prop-
erly, although in recent decades there has been
increased attention to this problem [4—6]. Re-
search should be aimed at deepening the study
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of bacteriosis in order to elucidate the complex
relationships between representatives of vari-
ous systematic and functional groups of micro-
organisms in the infectious pathology of forest
woody plants.

As known, important aspects of pathogenesis
are the pathogen recognition process and the
mechanisms of bacterial cell protection from
plant’s antimicrobial substances. These proces-
ses are actively involved in lipopolysaccharides
(LPS), which are the key structure that ensures
the establishment and development of associa-
tion with a partner plant. They are not only of
fundamental importance for the viability of bac-
teria but also make a significant contribution,
both directly and indirectly, to many aspects of
plant-microorganism interactions [7—9].

LPS provide an outer membrane barrier func-
tion, helping to protect bacteria from plant an-
timicrobial compounds, as well as bacterial at-
tachment to plant cells. This fact determines the
relevance of further studies of the LPS functional
role as a promising direction in elucidating the
molecular mechanisms of the bacterial patho-
genesis. Therefore, the purpose of the work was
to study the peculiarities of the chemical com-
position, functional and biological characteris-
tics of Lelliottia nimipressuralis LPS obtained by
different methods.
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Materials and methods. The object of the
study was strain of L. nimipressuralis F9al isola-
ted from affected common oak (State Enterprise
«Fastivske Forestry» in the Kyiv region) in 2020.
Bacteria were grown on potato agar for 36 h
at 28—30 °C. After cultivation, the cells were
collected by centrifugation (20 min, 5000 g),
washed with saline, and dried by treatment with
acetone (twice) and ether (once).

Lipopolysaccharide LPS I was extracted from
dried cells with a 45% aqueous phenol solution at
65—68 °C. The resulting aqueous fractions were
dialyzed against tap and then distilled water to
remove phenol [10]. LPS was purified from nucle-
ic acids by ultracentrifugation (104.000 g, 4 h).

The method of extraction of LPS with a weak
solution of sodium chloride [11] makes it possible
to isolate the native O-antigenic complex. 10 g of
raw bacterial mass was suspended in NaCl for
3—4h on a mechanical (magnetic) mixer at room
temperature or overnight at 4 °C (extraction was
carried out 3—>5 times). Each suspension was cen-
trifuged at 5000 g for 30—40 min. After that, the
combined extracts were dialyzed against distilled
water, centrifuged, and freeze-dried (LPS II). The
residues were extracted by water-phenol method
as described above (LPS III).

The amount of neutral carbohydrates was
determined by the Dubois method [12]. The re-
sults were evaluated by the color change dur-
ing the reaction of phenol with sulfuric acid
on a spectrophotometer SF-26 at 490 nm. The
carbohydrate content was determined accord-
ing to standard calibration curves pre-built for
glucose. The content of nucleic acids was as-
sessed by the method of Spirin [13], proteins -
by Lowry using Folin’s reagent [14], and 2-keto-
3-deoxyoctonic acid (KDO) - by reaction with
thiobarbituric acid [15].

Neutral monosaccharides were identified after
hydrolysis of preparations in 2 M C,HF,0, (6 h,
100 °C). Monosaccharides were analyzed as polyol
acetates [16] on an Agilent 6890N/5973 inert chro-
matography-mass spectrometry system equipped
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with a DB-225mS column (30 mx0.25 mm X
x0.25 pm); the carrier gas was helium at a flow
rate of 1 mL/min. They were identified by com-
paring the retention time of polyol acetates of the
studied samples with standards, as well as using
the ChemStation computer database. Quantita-
tive ratios of individual monosaccharides were ex-
pressed as% to the total sum of peak areas.

The fatty acid composition was determined after
sample hydrolysis in a 1.5% acetyl chloride solution
in methanol (100 °C, 4 h), and fatty acid methyl
esters were analyzed on an Agilent 6890N/5973
inert chromatography-mass spectrometric sys-
tem with an HP-5MS column (30 mx0.25 mm X
x0.25 um); the carrier gas was helium at a flow rate
of 1.2 mL/min. Fatty acids were identified using a
personal computer database and a standard mix-
ture of fatty acid methyl esters. The quantitative
ratios of individual fatty acids were expressed as %
to the total sum of peak areas [11].

The results of the study of monosaccharide
and fatty acid compositions were obtained using
the equipment for research work of the Center
for Collective Use at the D.K. Zabolotny Institute
of Microbiology and Virology, NAS of Ukraine.

Pyrogenicity was studied on rabbits (weighing
up to 3.5 kg) by intravenous injection of the mini-
mum pyrogenic dose of 7.5-107 ug/mL, which
was established in a series of LPS dilutions, fol-
lowed by animal thermometry for 3 h. LPS was
considered non-pyrogenic if the sum of the tem-
perature increase for three rabbits was less than
or equal to 1.4 °C; if it exceeded 2.2 °C, LPS was
considered pyrogenic [17]. The work was con-
ducted in accordance with the «General Ethical
Principles of Animal Experiments».

O-antiserum was obtained against heated
(2.5 h, boiling water bath) L. nimipressuralis
cells. Rabbits were immunized intravenously five
times, with an interval of 4 days; the cell con-
centration was 2-10°/mL (from 0.1 to 1 mL). The
antigenic activity of LPS was studied by double
immunodiffusion in agar according to Ouchterl-
ony [18]. As an antigen, we used LPS L. nimipres-
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Fig. 1. Monosaccharide composition (% of the total sum of peak areas) of L. nimipressuralis LPS: a — LPSI; b —

LPSIL; ¢ — LPS III

suralis F9al extracted by different methods, as
well as LPS of other strains of this species (IMV
8791 (collection strain of the department of phy-
topathogenic bacteria), LGK1 (isolated from af-
fected white fir, State Enterprise «Kutske Forest-
ry» in the Ivano-Frankivsk, region in 2019), and
L14b (isolated from affected oak, State Enterprise
«Fastivske Forestry» in the Kyiv region, in 2018),
isolated by us using phenol-water methods.

Statistical analysis of the data obtained was
carried out using the current statistical methods,
as well as the Excel 2000 computer program.

Results. The L. nimipressuralis F9al LPSs iso-
lated from dry bacterial mass by different meth-
ods were characterized by different relative yields,
from 2.12 to 11.69% (Table 1): the lowest yield
was observed for LPS II and the highest — for
LPS III. In the studied preparations of LPS I and
LPS III, a rather high content of carbohydrates
was determined — 46.68 and 38.4%, respectively,
along with an insignificant amount of protein
(up to 6.72%) and nucleic acids (up to 4.06%). At
the same time, LPS II was characterized by a low
content of carbohydrates (9.16%) and nucleic ac-
ids (3.7%) (Table 1), as well as a high content of
protein (26.44%). All LPS, independently of their
bacterial origin, contained at least one KDO resi-
due or its derivative. The content of KDO, a spe-
cific LPS component of gram-negative bacteria,
in the studied preparations ranged from 0.068
(LPS II) to 0.27% (LPS III).
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The chromatography-mass spectra of aldi-
tol acetates (Fig. 1) revealed rhamnose, fucose,
mannose, glucose, and galactose as components
of the carbohydrate moiety of LPS I and LPS 1II
and fucose, glucose, and galactose for LPS IIL
The dominant monosaccharides in LPS I, LPS I,
and LPS III were: fucose (38.83%); glucose (55%);
and fucose (43.4%), glucose (32.6%), and galactose
(24%), respectively. The percentage of other mono-
saccharides was significantly lower. The LPS T and
LPS II preparations differed only in the quantita-
tive content of monosaccharides. While LPS IIT
differed from the other two preparations not only
in quantitative but also in qualitative composition.

The structure of lipid A, the endotoxic cen-
ter of LPS, influences its immunomodulatory
properties. The study of the fatty acid composi-
tion of LPS showed the presence of fatty acids

Table 1. Chemical composition
of Lelliottia nimipressuralis F9al LPS

Yield of LPS Content (% of dry mass of LPS)
Prf}) 413 | (% of drymass | -, 40
ton of cells) | 1" rates | PrOtein | NA*| KDO™
LPSI 10.09 46.68 | traces |4.06| 0.22
LPSII 2.12 9.16 | 26.44 | 3.7 | 0.068
LPSIII 11.69 384 6.72 [1.63| 0.27

* NA — nucleic acids; ** KDO — 2-keto-3-deoxyocto-
nic acid.
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Fig. 2. Fatty acid composition (% of the total sum of peak areas) of L. nimipressuralis F9al LPS: a — LPSI; b —

LPSII; c — LPSIII

containing from 12 to 18 carbon atoms in the
chain. The dominant fatty acid in L. nimipres-
suralis F9al LPS I and LPS III was 14:0 (3-OH),
which is a kind of marker for the entire family
of Enterobacteriaceae. In addition to the marker
acid, 16:1 (25.7%) acid was also dominant in the
LPS III preparation. Also, a significant amount
of 14:0 (23.7%) acid was identified in the LPS III,
and in the LPS I, 14:0 (15.5%), 16:1 (18.7%), and
16:0 (11.05%) acids were identified. In LPS II,
16:1 (32.7%) and 16:0 (22.6%) acids were domi-
nant, and 14:0 (12.36%), 14:0 (3-OH) (12.2%),
and 18:1 (12.6%) acids were identified in signifi-
cant amounts. Other fatty acids were found in
much smaller amounts. Lipids A of all studied
LPS differed in the qualitative and quantitative
composition of fatty acids.

It is known that LPSs of gram-negative bac-
teria, regardless of the source of their isolation,
are characterized by endotoxicity, in particular
pyrogenicity and toxicity. The studies of the py-
rogenic effect of LPS were carried out according
to the biological method of qualitative control
regarding the presence of bacterial endotox-
ins in medical preparations. For a comparative
definition of the pyrogenic characteristics of the
tested LPS, the minimum pyrogenic dose was
established, which was 7.5 10 pug LPS/mL of a
non-pyrogenic isotonic solution.

The thermometry results (Fig. 3) showed that
the L. nimipressuralis F9al LPS solution caused
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an increase temperature in experimental ani-
mals by more than 0.5°C (which is beyond the
physiological norm of healthy animals). Within
the first hour after LPS administration, a sharp
increase in animal’s temperature was observed.
Within the second hour, a slight decrease in
temperature was established, and at 3 h, an in-
crease in temperature was again observed. Ac-
cording to the manifestation of the pyrogenic ef-
fect with intravenous injection of the minimum
pyrogenic dose, the studied strain was similar
to «Pyrogenal», a pharmaceutical preparation
whose active ingredient is Shigella typhi LPS.

It is known that LPS is the main antigen of
gram-negative bacteria. To study its immuno-
chemical properties, polyclonal O-antisera were
used. It was found that the studied L. nimipres-
suralis F9al LPS showed antigen activity in the
homologous system by double immunodiffusion
reaction in agar according to Ouchterlony. In
addition, we have found that antiserum to L. ni-
mipressuralis F9al reacts with LPS of strains
IMV 8791, LGK1, and L14b, as well as with LPS
of strain F9al, which were isolated by different
methods. This indicates that they have common
antigenic determinants and that all of these
strains belong to the same serogroup. It can also
be seen that the isolation method did not affect
the serological activity of the studied LPS.

Discussion. Bacterial wetwood disease of
plants occurs when bacterial pathogens enter
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Fig. 4. The reaction of double immunodiffusion in agar by Ouchterlony of O-antiserum
against L. nimipressuralis F9al (central holes) and LPS from L. nimipressuralis F9al
((LPS T (1), LPS I (2), and LPS III (3)), IMV 8791 (4), LGK1 (5), and L14b (6). The
white bars between the holes indicate the presence of antigen-antibody complexes

through damage and multiply in branches and
trunks. It was originally studied by Carter (1945),
and L. nimipressuralis was described as the sole
causative agent of the disease [19]. As mentioned
above, LPSs, glycopolymers of cell membranes
of gram-negative bacteria, are actively involved
in processes of pathogenesis. LPSs have been the
subject of intensive research for more than half
a century [20—22]. They are glycolipids with
carbohydrate sequences unique to each species
and serotype of bacteria. In addition, LPS is an
endotoxin and a major stimulator of innate im-
mune cells in mammals, which makes it an ideal
candidate for early pathogen detection. Until
now, no report on the the structure and chemi-
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cal composition of the L. nimipressuralis LPS
has been found in the literature. In this context,
studies of structural features, chemical compo-
sition, serological and biological activity of L. ni-
mipressuralis LPS are relevant.

LPS preparations of L. nimipressuralis were
isolated from dry bacterial mass by phenol-water
method (LPS I), extraction method with 0.85%
NacCl solution (LPS II), and phenol-water extrac-
tion of LPS insoluble in NaCl solution (LPS III).
Purified LPSs were characterized by different
relative yields from 2.12 to 11.69%, which for the
two preparations exceeds the average values for
the other representatives of Enterobacteriaceae
(5%). LPS isolated by extraction with a weak so-
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lution of sodium chloride was characterized by
low contents of carbohydrates, KDO, and nucle-
ic acids, as well as a high content of protein. At
the same time, LPSs isolated by the other meth-
ods were characterized by rather high contents
of carbohydrates and KDO along with small
amount of protein and nucleic acids.

Galanos et al. [23] pointed out the internal
variability of the physicochemical properties and
biological activity of LPS extracted by different
methods from different bacterial sources. Com-
monly used extraction methods produce prepa-
rations contaminated with other biologically ac-
tive molecules such as proteins and ribonucleic
acids, which was observed for the LPS prepara-
tion isolated by extraction with a NaCl solution.

One of the factors responsible for the viru-
lence of gram-negative bacteria is endotoxin, an
integral component of their outer membrane.
These polymers are characterized by a common
structure consisting of three regions: a polysac-
charide O-antigen, an oligosaccharide core, and
lipid A. The carbohydrate moiety of LPS is the
most structurally heterogeneous region affect-
ing bacterial virulence. Its loss can lead to a de-
crease in the pathogenicity of microorganisms.
The O-specific part of LPS consists of repeating
oligosaccharide units that are characteristic (by
their composition and structure) for a certain
type of microorganisms and usually consist of
2—6 and sometimes 7 or 8 monosaccharides
forming straight- or branched-chain oligosac-
charides.

The chemical structure of LPS of many micro-
organisms has not been completely studied to
date. At the same time, nothing is known about
the structure of the carbohydrate part of L. nimi-
pressuralis LPS. We have isolated LPSs and stu-
died their monosaccharide composition, analy-
sis of which showed the presence of rhamnose,
fucose, mannose, galactose, and glucose in LPS I
and LPS II and only fucose, galactose, and glu-
cose in LPS III. The monosaccharide rhamnose
is commonly found in many LPSs. For example,
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there have been found Salmonella arizonae O62
[25], S. enteritidis [26], Shigella dysenteriae [27],
and Pseudomonas syringae [24, 28]. Three hex-
oses (mannose, glucose, and galactose), which
were present in the polysaccharide chain of the
studied LPS L. nimipressuralis, can be part of not
only the O-antigen but also the outer part of the
oligosaccharide core.

Lipid A is the endotoxic center of the LPS
molecule [29] and is responsible for its biologi-
cal effects. The study of the fatty acid composi-
tion of Lipid A showed the presence of hydroxy,
saturated and monounsaturated acids with a
chain length of 12 to 18 carbon atoms. In LPS I
and LPS III, the 3-OH-C14:0 acid dominates
(47.5 and 37.5%, respectively), which is a kind of
marker for the whole family of Enterobacteria-
ceae. Whereas, in LPS extracted with NaCl so-
lution, 16:1 and 16:0 acids were dominant. LPS
extracted with NaCl was characterized by an in-
significant yield and fatty acids contaminating
it, which are not part of the lipid part of LPS, but
are components of the cell membrane, as shown
by the researchers [1]. Small amounts of non-
specific for lipid A fatty acids 12:0 (1.64—3.1%
in all studied LPS), 15:0 (4.6% in LPS II), 17:0
(5.6% in LPS I) and 18:0 (1.3 and 0.5% in LPS I
and LPS III, respectively) were found. Probably,
these fatty acids are not included in the compo-
sition of lipid A of the studied strain, and their
presence in the analyzed samples is the result of
their strong connection with LPS.

LPS serves as a biomarker to help distin-
guish gram-negative bacteria serologically. The
double immunodiffusion reaction in agar ac-
cording to Ouchterlony established that the
studied LPS of L. nimipressuralis F9al in the
homologous system showed antigen activity. It
was found that antiserum to L. nimipressuralis
F9al reacts with LPS strains IMV 8791, LGK1
and L14b of this species. This indicates that they
have common antigenic determinants and that
these strains belong to the same serogroup. Al-
though LPS were isolated from different regions
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and host plants, they were serologically similar.
The method of isolation of LPS from the bacte-
rial mass did not affect the serological activity.
These data can be used to develop a serological
classification scheme.

Thus, the LPS of L. nimipressuralis F9al were
isolated by different methods, purified, and
chemically characterized. The studied LPS were
heterogeneous in both monosaccharide and
fatty acid composition, which are explained by
the methods of their isolation. The study of the
pyrogenic effect showed that the L. nimipres-
suralis F9al LPS solution was more pyrogenic

than «Pyrogenal». Antisera to L. nimipressura-
lis F9al react with LPS strain strains IMV 8791,
LGK1 and L14b of this species, which may in-
dicate their common antigenic determinants
and belonging of these strains to the same sero-
group. For isolating LPS from L. nimipressuralis
the water-phenol method is better than sodium
chloride extraction. Since, when using the latter
method, the LPS yield is very low and very con-
taminated with protein. The results obtained in
the course of biological and functional studies of
LPS L. nimipressuralis contribute to the study of
the biological characteristics of this species.

REFERENCES

1. Brady C, Cleenwerck I, Venter S, Coutinho T, De Vos P. Taxonomic evaluation of the genus Enterobacter based
on multilocus sequence analysis (MLSA): Proposal to reclassify E. nimipressuralis and E. amnigenus into Lelliottia
gen. nov. as Lelliottia nimipressuralis comb. nov. and Lelliottia amnigena comb. nov., respectively, E. gergoviae and
E. pyrinus into Pluralibacter gen. nov. as Pluralibacter gergoviae comb. nov. and Pluralibacter pyrinus comb. nov.,
respectively, E. cowanii, E. radicincitans, E. oryzae and E. arachidis into Kosakonia gen. nov. as Kosakonia cowanii
comb. nov., Kosakonia radicincitans comb. nov., Kosakonia oryzae comb. nov. and Kosakonia arachidis comb.
nov., respectively, and E. turicensis, E. helveticus and E. pulveris into Cronobacter as Cronobacter zurichensis nom.
nov., Cronobacter helveticus comb. nov. and Cronobacter pulveris comb. nov., respectively, and emended descrip-
tion of the genera Enterobacter and Cronobacter». Syst Appl Microbiol. 2013; 36(5):309—319.

2. Tavniy MI, Puzrina NV. Bacterial disease of ulmus glabra huds in stands of kiev polissya of Ukraine. Microbiol Z.
2018; 80(1):66—76.

3. Shvets MV. [On the situation of birch plantations in the forests of Zhytomyr Polissia of Ukraine]. Materials in-
tern. Scientific-practical conf. KhNAU. 2015; 8:193—196. Ukrainian.

4. Shelukho VP, Sidorov VA. [Bacterial dropsy of birch and the effectiveness of measures to combat it in the stands
of mixed and deciduous forests]. Bryansk: BGITA. 2009. Russian.

5.Khodaygan P, Sedaghati E, Sherafati E. Isolation of Enterobacter nimipressuralis associated with bacterial wet-
wood from elm (Ulmus spp.) in Rafsanjan. Iranian Journal of Plant Pathology. 2011; 47(4):481—482.

6. Hoichuk AFE, Drozda VE Kulbanska IM. [Tuberculosis of ash-trees in Western Podillya of Ukraine: etiology,
symptomatology, pathogenesis]. Naukovi pratsi Lisivnychoi akademii nauk Ukrainy. 2018; 16:31—39. Ukrainian.

7. Alexander C, Rietschel ET. Bacterial lipopolysaccharides and innate immunity. ] Endotoxin Res. 2001; 7:167—
202.

8. Newman MA, Dow JM, Molinaro A, Parrilli M. Priming, inductionand modulation of plant defence responses
by bacterial lipopolysaccharides. ] Endotoxin Res. 2007; 13:68—79.

9.Silipo A, Molinaro A, Sturiale L, Dow JM, Erbs G, Lanzetta R, et al. The elicitation of plant innate immunity by
lipooli-gosaccharide of Xanthomonas campestris. ] Biol Chem. 2005; 280:33660—33668.

10. Westphal O, Jann K. Bacterial lipopolysaccharides: Extraction with phenol-water and further application of the
procedure. Methods Carbohydr Chem. 1965; 5:83-91.

11. Varbanets LD, Zdorovenko GM, Knirel YuA. [Methods of endotoxin investigations]. K: Naukova Dumbka, 2006;
237. Russian.

12. Dubois M, Gilles KA, Hamilton JK. Colorimetric method for determination of sugars and related substances.
Anal Chem. 1956; 28:350-356.

13. Spirin AS. Spectrophotometric determination of total nucleic acids. Biokhimiia. 1958; 23:656662.

14. Lowry OH, Rosenbrough NJ, Farr AL, Randal R]. Protein measurement with the Folin phenol reagent. J Biol
Chem. 1951; 193:265-275.

ISSN 1028-0987. Microbiological Journal. 2022. (6) 23



T.V. Bulyhina, L.A. Pasichnyk, K.G. Garkava

15. Osborn MJ. Studies on the gram-negative cell wall. I. Evidence for role of 2-keto-3-deoxyoctonate in the lipo-
polysaccharide of Salmonella typhymurium. Proc Natl Acad Sci USA. 1963; 50:499.

16. Albershein P, Nevis DJ, English PD, Karr A. A method for analysis of sugars in plant cell wall polysaccharides by
gasliquid chromatography. Carbohyd Res. 1967; 5(3):340—345.

17. Bennett IL. A study of the relationship between the fevers caused by bacterial pyrogens and by the intravenous
injection of the sterile exudates of acute inflammation. ] of Exp Med. 1948; 88:279-284.

18. Ouchterlony O. Diusion-in-gel methods for immunological analysis. Prog Allergy. 1962; 6:30-154.

19. Carter CJ. Wetwood of elms. Illinois Natural History Survey Bulletin. 1945; 023(04):407—448.

20. Bennett IL, Cluff LE. Bacterial pyrogens. Pharmacological Reviews. 1957; 9:427—475.

21. Westphal O, Westphal U. The history of pyrogen research. Microbiology. 1977; 1977:221—238.

22. Beutler B, Rietschel ET. Innate immune sensing and its roots: The story of endotoxin. Nature Reviews Immunol-
ogy. 2003; 3:169—176.

23. Galanos C, Liideritz 0, Westphal 0. Zeitbl Bakt Hyg. 1979; A243—226.

24. Zdorovenko EL, Ovod VV, Shashkov AS, Kocharova NA, Knirel YA, Krohn K. Structure of the O-Polysaccha-
ride of the Lipopolysaccharide of Pseudomonas syringae pv. garcae ICMP 8047. Biochemistry (Moscow). 1999;
64(7):765—773.

25. Vinogradov EV, Holst O, Thomas-Oates JE, Broady KW, Brade H. The structure of the O-antigenic polysaccha-
ride from lipopolysaccharide of Vibrio cholerae strain H11 (non-O1). European Journal of Biochemistry. 1992;
210(2):491—498.

26. Rahman MM, Guard-Petter J, Carlson RW. A virulent isolate of Salmonella enteritidis produces a Salmonella
typhi-like lipopolysaccharide. Journal of Bacteriology. 1997; 179(7):2126—2131.

27.Brahmbhatt HN, Lindberg AA, Timmis KN. Shigella lipopolysaccharide: structure, genetics, and vaccine devel-
opment. Current Topics in Microbiology and Immunology. 1992; 180:45—64.

28. Ovod VYV, Zdorovenko EL, Shashkov AS, Kocharova NA, Knirel YA. Structure of the O polysaccharide and sero-
logical classification of Pseudomonas syringae pv. ribicola NCPPB 1010. European Journal of Biochemistry. 2000;
267(8):2372—2379.

29. Meredith TC, Aggarwal P, Mamat U, Lindner B, Woodard RW. Redefining the requisite lipopolysaccharide struc-
ture in Escherichia coli. ACS Chemical Biology. 2006; 1:33—42.

Received 28.06.2022

T.B. Bynuzinal, JA. Ilaciunux', K.I' [upxasa?

! TucturyT Mikpobiosnorii i Bipyconorii im. [I.K. 3a6onornoro HAH Ykpaiun,
By AkazieMika 3a6onoTHoro, 154, Kuis, 03143, Ykpaina

2 HaujionanpHuii aBialiitauii yHisepcuer,
up-1 JIrlo6ommpa Iysapa, 1, Kuis, 03680, Ykpaina

XAPAKTEPVMCTVKA JIITIOITIOJIICAXAPU Y
LELLIOTTIA NIMIPRESSURALIS FOA1, OTPMMAHOI'O PISHVMV METOIOAMMN

BakrepiasbHa BOAsHKA € MOIIMPEHOI0 XBOpoboto, cripuunneHoro Lelliottia nimipressuralis, ska Bpaxkae LleHTpaIb-
He Anpo 6araTboX XBOHMX Ta IUCTAHUX JiepeB. IIpecTaBHUKY IIbOTO BUAY BUAIIAIOTD i3 pi3SHOMAaHITHUX Jepes,
110 BUSIB/IAIIOTD CUMIITOMH Iii€l XBOPOOU, a TAKOXX 3 BOAM Ta pijllle — 3 KIiHIYHMX 3pasKiB. OFHUM i3 BaXK/IMBUX
aCIeKTiB ITaTOreHesy € Ipoliec po3IisHaBaHH:A 30yIHNKA Ta MeXaHi3MI 3aXuUCTy OaKTepia/bHOI KIITHHY Bl aHTH-
MIKpOOHUX pedOoBUH POCIMHM. BiffoMo, 110 ¥ 1juxX Ipoljecax akTUBHY y4acTb OepyTs ninononicaxapupu (JIIIC) —
DIIKOMIONTiMepH KITITMHHUX MeMOpaH 6GakTepiil. BoHu 3abesmedyiots 6ap epHy QyHKIiI0 30BHIIIHBOI MeMOpaHu,
CIIPUSIOUN 3aXUCTY GaKTepiil Bifj pOCTMHHNMX aHTUMIKPOOHMX CIONYK, a TAKOXK IPUKPIIUIEHHI0 6aKTepiit Ko poc-
MMHHYX K1t ToMy MeToro po60oTu 6y/10 BUBYEHHS 0COOMMBOCTEN XiMIYHOTO CKIaAy, PyHKIioHaMbHOI Ta 6io-
noriunoi xapakrepuctuku JIIIC Lelliottia nimipressuralis, oTpuManux pisuumu Metopamu. Metopgu. JIIIC Bupi-
sy i3 cyxoi 6axTepianbHoi Macu geron-BogHuM MetopoM (JIIIC I), MeTomom excrpakiii 0.85 % posunHoMm NaCl
(JIIIC1I) i penon-Boguomw excrpakuieio JIIIC, HeposunuHoro B posunHi NaCl (JITIC III). Kinbkicanit BmicT ByTite-
BOJIiB BU3HAYa/Il METOJIOM H}Oéya; HyK/IeiHOBMX KucioT — CripiHa; 6inka — Jloypi; 2-KeTO-3-1e30KCMOKTOHOBOI
kucnoru (KIIO) — Oc6opua. Metnnosi edipy >KUPHMX KMCIOT Ta MOHOCAXapuay Y BUIVIAL alleTaTiB MOMiosiB
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aHa/Ii3yBa/Ii Ha XPOMATO-Mac-CIIeKTpoMeTpuuHiit cucreMi Agilent 6890N/5973 inert. IliporenHicTs gocmipKyBanu
Ha KPOJIAX LIIAXOM BHYTPILIHbOBEHHOTO BBEEHHA MiHIMaIbHOI IipOoreHHOI 703u 7,5- 1073 MKI/M/I 3 HORA/IbIIO0
TepMOMeTpi€0 TBAPUH MPOTATOM 3-X rofyH. AHTUTeHHY akTUBHICTb JITIC focnifKyBanu MeTogoM MOABilHOIL iMy-
Hopuysii B arapi 3a Merogom Oyxreprnoni. Pesynpratu. JIIIC II L. nimipressurali F9al xapakTepusyBaBcs HU3b-
KM BiJHOCHUM BUXOAOM (2.12 %), HUSBKMM BMiCTOM BYI/IeBOZIB (9.16 %) i HykmeiHOBuUX Kucnot (3.7 %), BMCOKUM
BMicToM Oinka (26.44 %), y Toit yac sk gocmimxysani mpenapary JITIC I i JITIC IIT xapakTepusyBamncs BUCOKUM
BUXOJOM, JOCUTbh BICOK/M BMICTOM BYIIEBOAIB (BiamoBifHO 46.68 Ta 38.4 %), He3HAYHOI Ki/lbKicTiO Oinka (1o
6.72 %) Ta HyKIeiHOBUX KUCIOT (o 4.06 %). Yci JITIC mictimm o 0.27 % KJJO, sxa € crienudiyaiM KOMIIOHEHTOM
JITIC rpamueraruBHuX 6akTepiit. 3a Monocaxapuguum ckiaagom JITIC gocnimpkennx mramis L. nimipressuralis Bu-
SIBUJINCS TeTePOTeHHUMI. Y TOT Xe 4ac TaKi MOHOCaxapuyl, K (yKosa, rajlakTo3a i [/II0K03a, 6y/1u 3apeecTpoBaHi
B JITIC ycix gocnmimxennx urramis. XKupHokucnoruuit ckiaz JITIC 6yB npencTaBieHnit psfgoM XUPHUX KICIOT, IO
MicTATb Bif 12 o 18 aToMiB ByI/Ielio. BusapneHo rifpokcunboBaHi, HacuyeHi i MoHoHeHacuyeHi kucnotu. Y JIIIC I
i JITIC III pominyio4oro >xMpHOMI KicmoToo Oyna 14:0 (3-OH), sika € cBOro popy MapKepoM i BCbOTrO ciMericTBa
enrepobaxrepiit. Kpim mapkepnoi kucnoty, y JITIC III Takox nepeBakana 16:1 kucnota, topi sk mns JIIIC II go-
MIHYIOUMMYL XKUpHUMM KuicoTamu 6ynn 16:1 (32.7 %) ta 16:0 (22.6 %). Jocmimkenns miporennoi aii JITIC mramis
L. nimipressuralis moxasano, o posuns JITIC e miporennnm. CeponorivHi foC/IipKeHHS BUABIIIY, IO FOCTIAKYBa-
Huit JITIC y roMostorivHiit cucreMi Ma€ aHTUIeHHY aKTUBHICTb. AHTUCHPOBaTKa 10 L. nimipressuralis F9al pearye i3
JITIC mwrramis IMB 8791, JITK1 i L14b, 1110 MoyXe BKasyBaTH Ha CII/IbHI aHTUTeHH] IeTepMiHAHTI Ta IPUHATIKHICTD
LUX [TaMiB o ofHiel ceporpymm. BucuoBku. JITIC wtamy L. nimipressuralis F9al He ofHOPIAHI SIK 3a MOHOCaxa-
PUIHMM, TaK i 3a XMPHOKMC/IOTHUM CK/IaZlOM, WO TOSACHIOETbCSA BUKOPMCTAaHHAM Pi3HMX METOJIB iX BUIiNEHHA.
Insa Bupinenns JITIC 3 knituH L. nimipressuralis BoOHO-(GeHONbHNUI METON OYB KPAIM, HIXK eKCTPAKLifA XIOPULOM
HATPil0, OCKIIbKM IIpU BUKOPYUCTaHHI ocTaHHbOro MeTony Buxin JITIC py>xe HUSBKUIL i fy>ke 3a0pyaHeHMIT 61TKOM.
ITpu nbomy croci6 BuIiNeHHA He BIVIMBAB Ha CEPOJIOTIYHY aKTUBHICTD FocmimpkyBanoro mTamy JIIIC. Pesynbraty,
oTpyMadi 1if; 9ac 6ionoro-dyuxuionansaux gocnimkens JITIC L. nimipressuralis, POOTIATD CBilt BHECOK Y BUBYEHHS
6io/morivHNMX 0CO6IMBOCTEN LIHOTO BUAY.

Knouosi cnosa: Lelliottia nimipressuralis, ninononicaxapuou, MOHOCAXapUOHULI Ma HUPHOKUCTIOMHULL cKaad, cepo-
7102iYHA Ma NipoeeHHa aKmusHoOCMi.
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