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CHARACTERISTICS

OF STENOTROPHOMONAS RHIZOPHILA
LIPOPOLYSACCHARIDE, A REPRESENTATIVE
OF ANTARCTICA

In 2002, Wolf described a new species of Stenotrophomonas, Stenotrophomonas rhizophila, which is a non-pathogenic plant
inhabitant. The defining characteristics of the new species, in contrast to S. maltophilia, were the following: growth at 4 °C,
but its absence at 37 °C; the use of xylose as a carbon source; low osmolytic tolerance. S. rhizophila is isolated exclusively
from the rhizosphere or from the internal tissues of plants, in particular from the vascular tissues of the root and stem. In
2014, a number of authors, studying cultivated heterotrophic bacteria and yeasts, which dominate in plant samples collected
from various terrestrial biotopes near the Ukrainian Antarctic station on Galindez Island in Marine Antarctica, isolated a
number of bacterial isolates. The authors’ phylogenetic analysis using only BLAST analysis made it possible to determine the
approximate phylogenetic affiliation of the bacterial isolate to the family Gammaproteobacteria (genus Stenotrophomonas,
species S. rhizophila). It is known that many processes that determine the biological features of microorganisms, the nature
of their relationships between them, as well as micro- and macroorganisms in biocenoses, are carried out with the partici-
pation of the surface structures of the bacterial cell, which are in direct contact with the environment. Among them, of par-
ticular interest are lipopolysaccharides (LPS), components of the outer membrane of Gram-negative bacteria. However, to
date, we have not found any works devoted to the study of S. rhizophila lipopolysaccharides in the literature available to us.
The aim of the work was to clarify the phylogenetic position of the 6p5m bacterial strain isolated from the Antarctic region
by constructing dendrograms, to study some of its phenotypic properties, to isolate lipopolysaccharides and study chemical
and component composition, serological, and biological properties. Methods. Identification was carried out via ribosomal
phylogeny. A fragment of the 16S rRNA gene of bacterial strain 6p5m was amplified by PCR using primers 8F and 1492R.
The phylogenetic position of the strains was determined by construction of dendrograms, which show the position of the in-
vestigated strains among closely related and typical species and type species (programs ClustalX 2.1, Mega v. 6.00). LPS was
obtained from cells by water-phenol extraction, electrophoresis was carried out in polyacrylamide gel, monosaccharide and
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fatty acid composition was determined by chromato-mass spectrometry, antigenic activity was studied by immunodiffusion

in agar. Results. Phylogenetic analysis of the nucleotide sequence of the 16S rRNA gene revealed a high level of homology
(99.8%) of the bacterial strain 6p5m with typical strain S. rhizophila DSM 14405 from the GenBank database, which al-
lows us to classify it. Comparing phylogenetic analysis with phenotypic data, we can assert that strain 6p5m belongs to the S.
rhizophila species. When studying the biopolymer composition of LPS by specific reactions to each component, it was found
that the carbohydrate content was relatively low and amounted to 27.42% and 13.34% for LPS1 and LPS2, respectively.
The content of characteristic LPS components: heptose and 2-keto-3-deoxyoctonic (KDO) acid was 1.78% and 0.034%, as
well as 5.38% and 0.09%, respectively, for LPS1 and LPS2. Analysis of the monosaccharide composition of LPS preparations
showed that fucose (72.57%) is present as a dominant monosaccharide in LPS1 and rhamnose (65.04%) in LPS2. The main
monosaccharides of the extracellular component were galactose (39.92%) and rhamnose (24.36%). Analysis of the lipid
part of the studied LPS indicates significant differences between them. In the composition of lipid A LPS1 and LPS2 of S.
rhizophila 6p5m, anti-iso-pentadecanoic acid (a-i-C15:0) was predominant (25.58% and 39.24%, respectively), and 3-hy-
droxydodecanoic acid (3-OH-C12:0) in LPS2 (26.21%), hexadecanoic acid (C16:0) (27.06% and 10.51%, respectively) for
LPS1 and LPS2. Cyclic acids were present only in LPS1, while i-C15:0 and 9-C16:1 only in LPS2. Electrophoretic analysis
showed heterogeneity characteristic of an LPS molecule, manifested by a plurality of bands in the form of a «ladder» when
the gel was stained with silver ions, which is associated with the presence in the composition of LPS preparations of O-
specific polysaccharide structures with different lengths of oligosaccharide chains, which determine their different molecular
weight. On the electropherogram of LPS1 and LPS2, bands were not visualized in the upper part of the electrophoretic
track, which indicates the absence of S-forms of LPS with long O-specific chains, but a significant predominance of SR-form
molecules in the membrane LPS pool. S. rhizophila 6p5m LPS showed significantly higher pyrogenic activity compared to
pyrogenal, a pharmaceutical preparation, an active ingredient of which is Shigella typhi LPS. The extracellular polymer did
not exhibit pyrogenic activity. In the double immunodiffusion reaction in agar according to Ouchterlony, it was found that
the studied LPSs in the homologous system exhibit antigen activity. The antigens present in both LPS1and LPS2 and the ex-
tracellular component are identical: the antigen present in each of the wells binds to all antibodies that can interact with the
antigen from the other well. It was shown that pre-sowing treatment of seeds with LPS preparations of S. rhizophila 6p5m
stimulates the energy of seed germination. LPS1 (+2.82 cm) showed the greatest impact in comparison with the control. A
significant stimulatory effect of LPS1, LPS2, and extracellular polymer was observed when studying their effects on mustard
seedlings. Conclusions. The taxonomic position of bacterial strain 6r5m of the ecosystems of the polar region (Antarctica)
was determined via the phylogenetic analysis taking into account the phenotypic features of the strain. The bacterial strain
is represented in the phylum Proteobacteria, class Gammaproteobacteria, family Xanthomonadaceae, genus Stenotroph-
omonas, species S. rhizophila. From S. rhizophila cells, LPS preparations were obtained, which differed in monosaccharide
and fatty acid composition, but showed high pyrogenicity. S. rhizophila represents a promising alternative to S. maltophilia
for applications in agricultural biotechnology and biological control due to its ability to both stimulate plant growth and
protect roots from biotic and abiotic stresses.

Keywords: phylogenetic analysis, Stenotrophomonas rhizophila, 16S rRNA, lipopolysaccharides, monosaccharide, fat-
ty acid composition, heterogeneity of lipopolysaccharide molecule, serological activity, germination energy and growth
of seedlings.

In 2002, Wolf described a new species of Ste-
notrophomonas, Stenotrophomonas rhizophila,
which is a nonpathogenic plant inhabitant [1].
A polyphasic taxonomic study conducted on 16
Stenotrophomonas strains from environmental
and clinical sources showed that a group of three
plant isolates was phenotypically distinct from
other strains. This group formed a separate phys-
iological cluster (B1) with 42% heterogeneity
relative to other isolates. The defining character-
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istics of the new species, in contrast to S. malto-
philia, were the following: growth at 4 °C, but its
absence at 37 °C; the use of xylose as a carbon
source; low osmolytic tolerance. S. rhizophila is
isolated exclusively from the rhizosphere or from
the internal tissues of plants, in particular from
the vascular tissues of the root and stem. To date,
they have been found in associations with various
plants. Thus, it was shown [2] that they constitute
the main microbiome of tomato roots, where they
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coexist with representatives of the genera Pseu-
domonas, Bacillus, and Rhizobium. Moreover, S.
rhizophila was identified as one of the species
colonizing decaying alder nodules [3]. The ability
of S. rhizophila to grow at 4 °C and the inability
to reproduce at 37 °C reduce the likelihood of it
infecting humans, and no pathogenic strains of
S. rhizophila have been reported to date.

In 2014, the authors of [4] studied cultivated
heterotrophic bacteria and yeasts that dominate
in plant samples collected from various terrestrial
biotopes near the Ukrainian Antarctic station on
GalindezIsland in marine Antarctica. Theauthors’
phylogenetic analysis using only BLAST analysis
made it possible to determine the approximate
phylogenetic affiliation of the bacterial isolate to
the family Gammaproteobacteria (genus Steno-
trophomonas, species S. rhizophila). S. rhizophila
synthesizes a number of metabolites involved in
the processes of symbiosis with plants such as
spermidine, which stimulates plant growth and
is also a precursor for other polyamines involved
in protecting plants from drought and salinity. It
is also known [5] that during growth, S. rhizophi-
la produces glucosylglycerol and trehalose in the
soil, which have a high water-retaining capacity
and increase the resistance of plants to salinity.
In addition, S. rhizophila synthesizes dodecanal,
which inhibits the growth of fungal mycelium,
and chitinases, which destroy its cell walls. It is
known that a lot of processes that determine the
biological characteristics of microorganisms, the
nature of their interrelationships, as well as mi-
crobe and macroorganisms in biocenoses, are
carried out with the participation of the surface
structures of the bacterial cell, which are in di-
rect contact with the environment. Among them,
of particular interest are lipopolysaccharides
(LPS), components of the outer membrane of
Gram-negative bacteria. However, so far, in the
literature available to us, we have not found any
works devoted to the study of S. rhizophila lipo-
polysaccharides. This determined the purpose of
our work to clarify the phylogenetic position of
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the 6p5m bacterial strain isolated from the Ant-
arctic region by constructing dendrograms, to
study some of its phenotypic properties, and to
isolate lipopolysaccharides to study their chemi-
cal and component composition, serological and
biological properties.

Materials and methods. The object of the
study was the bacterial strain Stenotrophomonas
rhizophila 6p5m, isolated from a sample of moss
sampled at the biogeographical polygon (Antarc-
tica, Galindez Island) at 5 °C. The phylogenetic
affiliation of bacterial isolates was determined by
the analysis of 16S rRNA gene sequences. Puri-
fication and PCR sequencing of rRNA products
were performed by Macrogen Inc. (South Korea).
The rRNA small subunit gene was amplified from
the extracted DNA using 16S rRNA gene-specific
oligonucleotide primers 8F (5'— 3": AGAGTTT-
GATCCTGGCTCAG) and 1492R — (5'—3":
GGTTACCTTGTTACGACTT) according to
[6]. The obtained nucleotide sequences of the
bacterial isolate were compared to the homol-
ogous sequences deposited in the GenBank da-
tabase using the BLAST program to determine
their closely related species and phylogenetic
affiliation. The correction of the 16S rRNA gene
sequences was carried out using the BioEdit ed-
itor. The phylogenetic position of the strains was
determined by constructing trees (dendrograms)
showing the position of the studied strain among
related and typical species using ClustalX 2.1,
Mega v. 6.00 programs. The tree was built by
the nearest neighbor comparison method with
bootstrap analysis (bootstrap NJ tree) using 1000
bootstrap trials (1000 alternative trees).

To isolate LPS, the culture was grown on
meat-peptone agar (mattresses) at 28 °C for 24
h. LPS was obtained by the classical water-phe-
nol method [7]. Determination of the chemical
composition of LPS was carried out by conven-
tional methods: total carbohydrates — accord-
ing to Dubois [8], proteins — according to Low-
ry [9], nucleic acids — according to Spirin [10].
The presence of 2-keto-3-deoxyoctonic acid
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(KDO) in LPS was determined by the reaction
with thiobarbituric acid [11].

The monosaccharide composition [12] was ana-
lyzed as polyol acetates on an Agilent 6890N/5973
inert chromatography-mass spectrometry sys-
tem equipped with a DB225mS column (30 m x
x 0.25 mm X 0.25 pm); the carrier gas was helium
at a flow rate of 1 mL/min. The identification of
monosaccharides was performed by comparison of
the retention times with the authentic samples.

The 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 Agilent 6890N/5973 inert chromatogra-
phy-mass spectrometry system equipped with an
HP 5ms column (30 m x 0.25 mm x 0.25 nm) us-
ing 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 tem-
perature was 250 °C, and the flow distribution
was 1:100. To identify fatty acids, the standard
mixture of fatty acid methyl esters and the avail-
able databases were used [11].

The quantitative content of individual mono-
saccharides and fatty acids was expressed as% to
the total sum of peak areas.

Polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulfate (SDS-PAAG
electrophoresis) was performed according to
Laemmli [13] (4% concentrating and 12% sep-
arating gel, current 30 mA). The load on the gel
lane was 20 pg. To visualize LPS, the gels were
stained with silver salts according to Tsai’s rec-
ommendations [14] as modified by Kulikov [15].

In the study of biological and functional activi-
ty, the following LPS concentrations were used: the
minimal pyrogenic dose was 7.5 x 10—3 pg/mL
per 1 kg of animal weight (pyrogenicity); 1 mg/mL
(serological studies). The work was conducted in
accordance with the «General Ethical Principles of
Animal Experiments».

The LPS pyrogenicity was determined in rab-
bits (breed Chinchilla, age of 1.0—1.5 years)
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weighing 2.0—3.5 kg. Animals with an initial
temperature within a range of 0.2 °C were used.
The temperature was measured in 30 min in-
tervals before the injection and in 1 hr intervals
after the injection. The LPS solutions under test
were considered apyrogenic if the temperature
did not increase more than byl.4 °C for 3 hr.

For the O-antiserum preparation, heated cells
were used (2.5 h, boiling water bath); the cell con-
centration was 2x10° CFU/mL. Rabbits were im-
munized intravenously five times at 4-day inter-
vals (from 0.1 to 1 mL). The antigenic activity of
LPS was studied by the method of double immu-
nodiffusion in agar according to Ouchterlony [16].

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

The phytotoxicity of LPS preparations was test-
ed by immersing young yellow mustard seedlings
cut underwater in a solution of LPS and extracellu-
lar component (1 mg/mL). The experiments were
repeated 3—4 times. For two days, the appearance
of any signs of preparation toxicity was monitored
[17]. To detect the effect of LPS preparations on
the germination energy and germination of agri-
cultural plants, yellow mustard seeds were soaked
for 2 hr in preparation solutions with a concen-
tration of 1 mg/mL, then the seeds were dried on
filter paper at room temperature. Seeds soaked in
sterile water served as a control. The seeds were
germinated in Petri dishes on a wet bed of cot-
ton wool and filter paper first (before the first re-
cording) at 27 °C, then at room temperature [17].
25 seeds were placed in each cup. The number of
seeds that germinated on the 3—5 day was con-
sidered as laboratory germination energy, and
those that germinated after 10—14 days (second
count) — as germination. The arithmetic mean of
all repetitions was taken as an accounting result.

Results. In order to determine the taxonom-
ic position, morphological-cultural and molec-
ular-biological analyses of the bacterial strain
6r5m isolated from the extreme region of Ant-
arctica were carried out. Primary identification
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T

I: 6p5m
NR 028930 Stenotrophomonas rhizopholia DSM 14405T
NR 041577 Stenotrophomonas malthopholia IAM JPN 12423T
NR 040804 Stenotrophomonas malthopholia ATCC 19861T
NR 074875 Stenotrophomonas malthopholia R551-3
_E NR 042569 Stenotrophomonas terrae DSM 18941T
NR 042568 Stenotrophomonas humi DSM 18929T
{ NR 104949 Xanthomonas dyei ICMP 12167T
NR 074936 Xanthomonas campestris pv. campestris ATCC 33913T

— NR 104957 Xanthomonas alfalfae subsp. alfalfae LMG 495T

NR 104964 Xanthomonas citri subsp. citri LMG 9322T

NR 104964 Xanthomonas citri subsp. malvacearum DSM 3849T
NR 026383 Xanthomonas vasicola LMG 736T

NR 074937 Xanthomonas axonopodis pv. citri 306

H
0.002

Fig 1. Phylogenetic position of strain 6r5m among closely related representatives of
the genera Stenotrophomonas and Xanthomonas (family Xanthomonadaceae, phylum
Proteobacteria). A scale of 0.002 corresponds to 2 substitutions per 1000 bp.

of the studied strain was carried out by generally
accepted methods. The strain is a psychrotol-
erant chemoorganotroph that grows in aerobic
conditions in a wide temperature range from 5 to
30 °C. Colonies are light brown, convex, smooth,
and up to 3 mm in diameter. Cells are gram-neg-
ative rod-shaped bacteria, the size of which var-
ies within 1.5—3 x0.8—1 pm. Comparative and
phylogenetic analyses of the aerobic chemoor-
ganotrophic strain 6r5m based on the nucleotide
sequences of the 16S rRNA gene revealed close-
ly related species (Table 1), which were further

used for phylogenetic analysis. The phylogenetic
position of the strains was determined by con-
structing trees (dendrograms) which show the
position of the studied strain among closely re-
lated and typical species.

On the phylogenetic tree (Fig. 1), the nucle-
otide sequence of the bacterial strain 6p5m is
clustered together with typical strain S. rhizophi-
la DSM 14405 (homology 99.8%), which makes
it possible to attribute the strain 6p5m to this
species. Considering the low percentage of ho-
mology with S. maltophilia 551-3 and S. malto-

Table 1. Comparative analysis of pairwise similarity of 16S rRNA genes
of bacterial strain 6p5m with 16S rRNA genes of bacteria in the GenBank database

Bacteria species that are closest to the studied strain according to the program BLASTN 2.2.28+
. . . Similarity, Compared gene fragments
GenBank accession. Species No., strain No. % 165 rRNA
NR_028930 Stenotrophomonas rhizophila DSM 14405T 99.8 1048/1050
NR_074875 Stenotrophomonas maltophilia R551-3 97.6 1025/1050
NR_041577 Stenotrophomonas maltophilia IAM JPN 124237 97.3 1022/1050
NR_074937 Xanthomonas axonopodis pv. citri 306 97.1 1020/1050
NR_104964 Xanthomonas citri subsp. citri LMG:9322T 97.1 1020/1050
NR_026383 Xanthomonas vasicola LMG 736T 97.1 1020/1050
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philia TAM JPN 12423T strains and with rep-
resentatives of the similar genus Xanthomonas,
as well as the great depth of branching, the bac-
terial strain 6r5m cannot be attributed to these
species. Comparing the obtained results with the
data of phenotypic studies, we can state that the
strain 6r5m belongs to the S. rhizophila species.
Taxonomic position: Bacteria; Proteobacteria;
Gammaproteobacteria; Xanthomonadales; Xan-
thomonadaceae; Stenotrophomonas.

LPS was isolated from cells of S. rhizophila
6p5m grown at 28 °C by the water-phenol meth-
od [8]. The supernatant of the culture liquid,
obtained after the sedimentation of the cells,
represented an extracellular component that
may contain LPS or polysaccharides. In the pro-
cess of isolating LPS from the cells, three frac-
tions were obtained, which differed visually: two
aqueous fractions: the upper (milky) and the
middle (transparent) and the lower - phenolic. It
is known that LPS passes into the aqueous phase
during extraction, therefore, in further work, the
aqueous fraction (LPS1) and the milky fraction
(LPS2) were studied. The phenolic fraction was
discarded. Since the studied LPS preparations
contained a significant amount of nucleic acids
(22.2%), they were additionally purified by ul-
tracentrifugation (LPS1) or trichloroacetic acid
precipitation (LPS2) with further dialysis. The
preparations were lyophilized. The yield of LPS1
was 0.49% of the dry cells and LPS2 — 18.2%.

When studying the biopolymer composition
of LPS by specific reactions for each component,
it was established that the carbohydrate content
was relatively low and amounted to 27.42% and

13.34% for LPS1 and LPS2, respectively. A small
amount of carbohydrates may be due to the pres-
ence of hexosamines, which in the reaction with
phenol and sulfuric acid, used to determine the
total amount of carbohydrates, do not give a
positive reaction. The content of the character-
istic LPS components: heptose and 2-keto-3-de-
oxyoctonic (KDO) acid made up 1.78% and
0.034%, as well as 5.38% and 0.09%, respectively,
for LPS1 and LPS2 (Table 2).

Thus, it is shown that the cell membrane of the
studied S. rhizophila 6p5m contains LPS, which
includes all the components characteristic of
these biopolymers.

Analysis of the monosaccharide composi-
tion of LPS preparations showed that fucose
(72.57%) is present as a dominant monosaccha-
ride in LPS1 and rhamnose (65.04%) in LPS2.
The main monosaccharides of the extracellular
component were galactose (39.92%) and rham-
nose (24.36%) (Table 3).

Analysis of methyl esters of fatty acids of
studied LPS lipids A by the method of chroma-
to-mass spectrometry indicates significant dif-
ferences between them (Table 3). In the compo-
sition of lipids A LPS1 and LPS2 of S. rhizophila
6p5m, anti-iso-pentadecanoic acid (a-i-C15:0)
was predominant (25.58% and 39.24%, respec-
tively), and 3-hydroxydodecanoic acid (3-OH-
C12:0) in LPS2 (26.21%), hexadecanoic acid
(C16:0) (27.06% and 10.51%, respectively) for
LPS1 and LPS2. Cyclic acids were present only
in LPS1, while i-C15:0 and 9-C16:1 only in LPS2.

LPS is a heterogeneous population of mole-
cules, which is clearly seen on the PAAG elec-

Table 2. Characteristics of LPS of Stenotrophomonas rhizophila 6p5m

Mass Carbohydrates Protein KDO Heptoses Nucleic acids
Preparations
mg % of the dry weight of the preparation
Exracellular component 560.0 12.08 13.12 — — 3.48
LPS1 473 27.42 2.5 0.034 1.78 4.34
LPS2 58.0 13.34 3.33 0.09 5.38 6.23
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trophoresis (Fig. 2). Electrophoretic analysis
showed heterogeneity of LPS, manifested by
a plurality of bands in the form of a «ladder»
when the gel was stained with silver ions, which
is associated with the presence of preparations
of O-specific polysaccharide structures with dif-
ferent lengths of oligosaccharide chains, which
determine their different molecular weights. On
the electrophoregram of LPS1 and LPS2, bands
were not visualized in the upper part of the elec-
trophoretic track, which indicates the absence of
S-forms of LPS with long O-specific chains, but a
significant predominance of SR-form molecules
in the membrane LPS pool.

For a comparative assessment of the pyro-
genic properties of S. rhizophila 6p5m LPS,
the minimum pyrogenic dose was established,
which was 7.5 x 10 pg/mL of a pyrogen-free
isotonic solution. The results of thermometry
showed that LPS solutions caused an increase in
temperature in experimental animals by more
than 0.45 °C, which is beyond the physiological
norm of healthy animals (Fig. 3). An hour after
the injection of LPS1 and LPS2, a sharp increase
in the temperature of the experimental animals
was observed and the temperature increased for
two hours. At the third hour, there was a slight
decrease in temperature with a tendency to its
normalization. As evidenced by the results, the
LPS of S. rhizophila 6p5m showed significant-
ly higher pyrogenic activity than pyrogenal, a
pharmaceutical preparation whose active ingre-
dient is LPS of Shigella typhi. The extracellular
polymer did not exhibit pyrogenic activity.

LPS is the main thermostable antigen of a
microbial cell, the serological activity of which
is determined by its composition and structure.
Immunization with LPS or gram-negative bacte-
ria induces the formation of antibodies only to
the O-specific chain of LPS, which has antigenic
properties. When conducting serological stud-
ies, rabbit polyclonal antisera obtained to the
heated culture of S. rhizophila 6p5m were used
as antibodies, and as antigens — LPSI, LPS2,
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Fig. 2. Electropherogram of LPS pre-
parations in 14% SDS-PAGE: 1 —
LPS1, 2 — LPS2

1.5 AT, °C

1.0+

05 o X

\g

0 0.5 1.0 1.5 2.0 25 3.0

—e— Pyrogenal =~ —e— The pyrogenicity threshold
—— LPS1 —— LPS2

—=— Extracellular polysaccharide

Fig. 3. Pyrogenic activity upon administration of LPS pre-
parations of S. rhizophila 6p5m to experimental animals

Table 3. Monosaccharides and fatty acid
composition of LPS of S. rhizophila 6p5m

Extracellular
Monosac- LPS1 LPS2 component
charides
% of the sum of the area of peaks
Rha 6.76 65.04 24.36
Fuc 72.57 — —
Man — 18.01 17.99
Gal 20.67 3.98 39.92
Glu — 12.97 15.36
Fatty acids
3-OH-C,,, — 26.21 —
i-Cq — 11.15 —
a-i-C 25.58 39.24 —
9-Cieq — 12.83 —
Cieo 27.06 10.57 —
cyclic acids 19.29 «— « —
28.07 “«— « —

«—» — not detected
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Fig. 4. Double immunodiffusion reaction in Ouchterlo-
ny agar O-antiserum S. rhizophila 6p5m (central well) to
LPS1 (1), LPS2 (2), and extracellular polysaccharide (3)

and an extracellular component. In the ring pre-
cipitation reaction, the antiserum titer was de-
termined, which was 1:160 000. In the double
immunodiffusion reaction in agar according to
Ouchterlony, it was found that the studied LPS
in the homologous system exhibit antigen activ-
ity (Fig. 4). An identity reaction is observed: the
precipitation bands completely merge, which in-
dicates the identity of the antigens present both
in LPS1, LPS2, and in the extracellular compo-
nent. The line of identity indicates that the anti-
gen in each well binds to all antibodies that can
interact with the antigen in the other well.
Bacterial lipopolysaccharides have the recog-
nized status of pathogenicity factors. However, a

Table 4. Effect of S. rhizophila 6p5m
preparations on root growth (cm)

Effect Control Extracellular LPS2 LPS1
component
A 2.51 2.67 3.82 5.33
max 4.90 5.90 10.90 12.50
min 0.10 0.10 0.10 0.30
10

more detailed analysis of the data on the effect of
these biopolymers on plants indicates that they
can exhibit both toxic activity and growth stim-
ulators for plants. Thus, Table 4 and Fig. 5 show
that pre-sowing treatment of seeds with prepara-
tions of S. rhizophila 6p5m stimulates the energy
of seed germination. LPS1 showed the greatest in-
fluence in comparison to the control (+2.82 cm).

A significant stimulating effect of LPS1, LPS2,
and extracellular polymer was observed when
studying mustard seedlings (Fig. 6).

Discussion. In their natural habitat, bacteria
face both seasonal and sudden changes in many
environmental conditions. Therefore, they have
developed very sophisticated acclimatization
strategies to deal with such situations. Represen-
tatives of Gram-negative bacteria of the genus
Stenotrophomonas have been found in a wide
variety of environments and geographic regions,
and are also associated with humans as a nos-
ocomial pathogen [2, 6]. Although Stenotro-
phomonas strains are effective biocontrol agents,
their use in the field raises doubts because some
of them, in particular S. maltophilia, are also as-
sociated with humans as nosocomial pathogens.
Recently, a new non-pathogenic species S. rhizo-
phila has been described, which includes strains
isolated from the plant rhizosphere. Representa-
tives of this species have great potential for ap-
plications in biotechnology and biological con-
trol due to their ability to both stimulate plant
growth and protect roots from biotic and abiotic
stresses, but little is known about the role of LPS
in these processes. Since the strain we studied
was isolated from Antarctic mosses, it is neces-
sary to clarify its taxonomic position, as well as
to characterize the main component of the outer
membrane of gram-negative bacteria, in partic-
ular lipopolysaccharide, since it plays a signifi-
cant role in plant-microorganism interactions.

Phylogenetic analysis of the nucleotide se-
quence of the 16S rRNA gene revealed a high level
of homology (99.8%) of the studied bacterial strain
6r5m with the typical strain from the GenBank
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Control

Extracellular polysaccharide

LPS-1

Fig. 5. Effect of LPS1 and the extracellular component on seed germination (day 6)

Fig. 6. The effect of the extracellular component LPSI (1), LPS2 (2), and LPS1 (3) on the growth of seedlings (day 4)

database S. rhizophila DSM 14405T, which allows
it to be assigned to this species. Having compared
the phylogenetic analysis with the data of pheno-
typic studies, we can state that the studied strain
6r5m belongs to the species S. rhizophila.

The isolated LPS and the extracellular poly-
mer of S. rhizophila differed little from the other
species of this genus in terms of monosaccharide
composition. The fatty acid composition of the
studied LPS was unexpected for us. Thus, LPS2
contains 3-OH-C12:0 (26.21%), which was not
detected in LPS1. According to the literature
[18], various fatty acids are identified in most
Stenotrophomonas species, however, the iso-
branched C15:0 is present as the main fatty acid,
indicating that it is a trait common to members
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of the Stenotrophomonas genus [1]. In particu-
lar, in the strain of S. rhizophila studied by us,
anti-isopentadecanic acid predominated: 25.58
and 39.24% in LPS1 and LPS2, respectively. If
for most species of gram-negative bacteria the
composition of LPS fatty acids is a species prop-
erty, for Enterobacteriaceae it is characteristic
of representatives of the family-wide property,
while for representatives of Stenotrophomonas
it is characteristic for the genus. Our result on
the serological activity of antiserum against a
heated culture of S. rhizophila, with not only of
both LPS but also of the extracellular compo-
nent, was unexpected, which indicates the pres-
ence of common antigenic determinants in their
composition. It is possible that the extracellular
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component contains LPS, which is easily bound
to the outer membrane of S. rhizophila cells.

The majority of Stenotrophomonas representa-
tives are well adapted to harmful and nutrient-lim-
ited environments. Several factors are known or
predicted to affect the ability of Stenotrophomonas
to colonize and survive on plant surfaces. Interac-
tions between plants and microorganisms in the
rhizosphere are preceded by the movement of
free-living microorganisms to plant roots and may
involve chemotaxis to attractants present in plant
root exudates. In addition to flagellar motility,
other factors favoring the colonization of plant tis-
sues by S. rhizophila include high bacterial growth
rates, vitamin B1 synthesis, NADH dehydrogenase
synthesis, the ability to produce extracellular en-
zymes such as proteases, lipases, nucleases, chiti-
nases, and elastases, and also bacterial lipopolysac-
charides [19]. We have shown the ability of LPS
of the studied strain of S. rhizophila to positively
influence both the energy of seed germination and
the growth of mustard seedlings.
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XAPAKTEPUCTHKA JIITOIIOIICAXAPUAY STENOTROPHOMONAS RHIZOPHILA,
INPENCTABHUMKA AHTAPKTUKU

Y 2002 poui Bonbd onmcas Hosuit Bup Stenotrophomonas, a came Stenotrophomonas rhizophila, sxuit € Hemnaro-
TeHHVM MeIIKaHIleM POCIVH. BusHaua/IbHUMM XapaKTepUCTUKaMM HOBOTO BMAY, Ha BifMiHy Bix S. maltophilia,
6y Taki: pict mpu 4 °C, ase iioro BifcyTHICTb mpu 37 °C; BUKOPUCTAHHS KCUIO3M SIK JKeperia ByITello; HI3bKa
OCMOJITMYHA TOJIEPAHTHICTD. S. rhizophila BUAIIAIOTH BUKIIOYHO 3 prusocdepn a60 BHYTPILIHIX TKAaHMH POC/INH,
30KpeMa i3 CYAMHHVX TKaHVH KOopeHs i cTebna. Y 2014 poui pAx aBTOPiB, JOCTIIKYIOUN KY/IbTUBYBaHHA IeTepO-
TpodHMX 6aKTepill Ta APDKIKIB, 10 JOMIHYIOTh Y 3paskaXx pPOC/IMH, 3i0paHuX i3 pisHMX HazeMHUX 6ioTOIiB IIO-
6113y YKpaiHCBKOI aHTapPKTUYHOI CTaHIfil Ha ocTpoBi [amiHae3 y MOPChKilt AHTapKTU/AL, BUAIININ HU3KY OaKTe-
pianbHux isomaris. [IpoBefenHa aBTOpaMu QiIOreHeTNYHOrO aHasIi3y yulle 3a gornoMoroo aHanisy BLAST mano
MO>/IUBICTD BUSHAYUTH IPUOIU3HY (DiTOTeHeTUYHY [IPUHAIEXKHICTb OHOTO 3 6aKTepia/bHIX I30/IATIB 1O POAUHI
Gammaproteobacteria (pin Stenotrophomonas, Bug S. rhizophila). Bigomo, 1o 6arato mporiecis, sIKi BI3HAYAIOTH
6iomoriuHi 0co6MMBOCTI MIKPOOPraHi3MiB, XapaKTep IXHIX B3a€EMOBIFHOCKH, a TAKOX 3 MIKpPO- Ta MaKpOOpraHis-
MaMmu B 6i0IleHO3aX 3IiMICHIOIOTHCS 32 YIaCTIO IOBEPXHEBUX CTPYKTYP OaKTepianbHOI KIITHHH, 5AKi 6e310cepefHbo
KOHTAaKTYIOTh 3 HABKOJIMIIHIM cepepoBuieM. Cepen HUX 0COOMMBUIL IHTEpeC MPeCTaBIAITD TIIONOoTicaXapyuay
(JITIC), xoMnOHeHTH 30BHIIIHBOI MeMOpaHy IpaMHeraTuBHMX 6akTepilt. OfHak foTenep y JOCTYIIHIN HaM JiTepa-
TYpi MU He BUABWIN po0iT, mpucssadenux BusdeHHto JIIIC S. rhizophila. Metoro po6otu 6yno yrounutu ¢inorete-
TIYHE IOJIOKEeHHsI OaKTepia/IbHOrO IITaMy 6p5m, i30/IbOBAHOTO 3 PalloHy AHTAPKTUKY, IT0OOYZOBOIO AEHAPOTPaM,
BUBYNTH fIesIKi 110ro perotnmnosi BractnBocti, Buginuty JIIIC, BUBYMTH IX XiMITHMIT | KOMITOHEHTHMIT CKJIaf, CEPO-
noriuni ta 6ionorivni BractuBocti. Meromu. Inentndikanito nposoannn 3a pubocomuow dinorexiern. PparmeHT
rera 16S rRNA y 6akrepianbHoro mramy 6p5m I P-ammtidikoBanmii 3 BukopuctaHusaM nparimepis 8F ta 1492R.
dinoreHeTVYHE MOJIO>KEHHS MITaMiB BIU3HAYa/M T0OYTOBOIO fepeB (AeHApOrpaMm), sKi MOKa3yITh IIOTI0XKEHHA JI0-
CIPKYBaHOro LITaMy cepeli 6m3bKkocropinHenyx i tunosux Bupis (mporpamu ClustalX 2.1, Mega v. 6.00). JITIC
OTPMMYBa/INU 3 KJITUH BOJHO-(QEHONIBHOI0 eKCTpaKIi€lo, enekTpodopes NpoBOAWIN B MOiaKpUIaMifHOMY Tei,
MOHOCAXapUIHNI 1 >)KMPHOKUCIIOTHUI CK/IaJ] BU3HAYa/IM XPOMATO-Mac-CIEKTPOMETPUYHIM METOIOM, aHTUT€HHY
aKTVMBHICTDb BYBYa/IM iMyHOMY3i€lo B arapi. PesynmpraTn. ®inoreHeTMyHNII aHa/Ii3 HYKJICOTUIHOI TOCIiOBHOCT]
reHa 16S rRNA BUsIBMB BUCOKMII piBeHb roMorIorii (99.8 %) focmimKyBaHoro 6akrepiaIbHOro MITaMy 6p5M 3 TUIIO-
BUM 1ITamMoM 3 6asu jannx GenBank S. rhizophila DSM 144057, 1o nossonse BinHecTn itoro jio 1poro sumy. [Topis-
HI004Y (i/ToreHeTYHMIT aHaTi3 3 JTaHUMMU (PEHOTUIIOBUX NOCII/PKEHb, MU MOXKEMO CTBEP/KYBATH, 110 TOCIIIHKY-
BaHWIT IITaM 6p5M HaleXXnTh 10 BUAY S. rhizophila. Ilpu BuBdenHi 6iononimMeproro cxaany JIIIC cnenydivanmu
peakLifAMy Ha KOXXHMII KOMIIOHEHT BCTAHOBJICHO, LII0 BMICT BYIVIEBOAIB OyB IOPIBHAHO HEBMCOKMM i CTAaHOBUB
27.42 % Ta 13.34 % pna JIIICI Ta JIIIC2 BignosigHo. BmicT xapakrepHux komnoHeHTiB JIIIC: renros i 2-keTo-3-
ne3okcnokToHoBoi (KIIO) xucnoru cranoBumm 1.78 % ta 0.034 %, a Takox 5.38 % 1a 0.09 % Bignosiguo mia JIIIC1
ta JIIIC2. Ananis MoHOCaxapuHOTo cKnaxy npenaparis JITIC nokasas, mo sk gomiHyrounit MoHocaxapup y JIIIC1
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npucyTHA dykosa (72.57 %), y JIIIC2 — pamHuo3a (65.04 %). OCHOBHMMM MOHOCaXapuUAaMI IIO3aK/TiTHHHOTO KOM-
noHeHTa 6ynu ramakrosa (39.92 %) ta pamHosa (24.36). AHai3 XMPHUX KUCIOT MimigiB A gocmimpkysannx JITIC
CBIfYMTDb IpO 3HaYHI BigMiHHOCTI MK Humn. Y cxaapi ninipis A JITICI i JITIC2 S. rhizophila 6p5M mepeBaXkHOIO
Oyna aHTH-130-TIeHTaieKaHoBa KucnoTa (a-i-C15:0) (25.58 % i 39.24 %, BinmoBifHO), a TaKOX Oy/K ineHTHiKOBaH]
3-rippoxcupopnexanona kucnora (3-OH-C12:0) y JITIC2 (26.21 %) i rexcagexanosa kucnora (C16:0) (27.06 % Tta
10.51 %, Bignosiguo) mia JIIIC1 ta JIIIC2. Huknivyni xucrmoru 6ynmu npucytHi tinsku B JIIICI, Togi sk i-C15:0
ta 9-C16:1 — Tinbku B JIIIC2. EnexrpodopeTnynnii aHanis nokasas xapakrepHy g JIIIC rereporeHHicTs, mo
[IPOSIB/ISIETHCST MHOXKVMHHICTIO CMYT Y BUIVISIAL «CXOAIB» Iif 9ac (hapOyBaHHs rejo ionamu cpiba, o OB I3aHO
3 mpucyTHicTio y cxaazi npenaparis JIIIC cTpykryp O-crenudivnoro moicaxapuay 3 pisHO JOBXIHOIO OIIro-
CaxapMIHUX JIAHIIIOTB, 110 3YMOBJIIOIOTh I0T0 PisHY Mo/eKy/IsipHy Bary. Ha enekrpodoperpami JIIICI i JITIC2 y
BepXHiil acTMHi eneKTpoOPeTUIHOTO TPEKy He Bi3yamisyBaanucsi CMYTH, 110 CBIfYNUTH PO BiACYTHICTD S-dpopm
JITIC 3 goBrumu O-crenyivHMMM TaHIIOTaMM, ajle BKa3ye Ha 3HauHe IlepeBakKaHH:A B myni Mem6panHoro JIIIC
mornexyn SR-popmu. JITIC S. rhizophila 6p5M BuABMIN 3HAYHO OiNIBIIY MIPOreHHY aKTMBHICTD, HDK MiporeHam —
(dapMaLeBTMYHNIT IIpelapar, YMHHUM KoMIoHeHToM sikoro € JITIC Shigella typhi. Ilo3ax/IiTMHHNMIT KOMIIOHEHT He
BUABJIAB MiporeHHO]I Aii. Y peakuii moxsiitHol iMyHopudysii B arapi 3a OyxTepsioHi 6y10 BCTaHOBJIEHO, IO HOCIi-
mxysa#i JITIC y romonoriuHii cuctemi BUAB/AIOTD aKTVBHICTh aHTUTeHY. AHTUTeHN, npucyTHi sk B JITIC1, JITIIC2,
TaK i MO3aKITHHHOMY KOMIOHEHT], € ifenTnunnmu. ITokasaHo, 1110 nepefnociBHa 06pobKa HaCiHHS Ipemaparamn
JITIC S. rhizophila 6p5M cTUMYITIOE eHepriio IpopocTaHHs HaciHHsA. Hait6inpiumil BIVIMB ¥ MOPIBHAHHI 3 KOHTP-
onem nposiBuB JIIICL (+ 2.82 cm). Ictotamit ctumymorounit Bivtus JIIIC1, JITIC2 Ta mO3aKIiTHHHOTO MOTIMEPY
CIIoCTepiray Iijf 4ac BUBYEHHs X BIVIMBY Ha IIPOPOCTKY ripuniii. BucHoBKm. 3rifHo 3 dinoreHeTMyHMM aHaIi30M
3 ypaxyBaHHAM (pEHOTUIIOBMX BIaCTMBOCTEll BUSHAYEHO TAKCOHOMIYHe IIOTIOKEeHHA OaKTepiabHOroO mTaMy 6p5M
eKOCHCTeM HOJIAPHOIO periony (AHTapKTUKa). bakTepianpumit mTaM mpefcTaBieHo y ginymi Proteobacteria, xnac
Gammaproteobacteria, pogyna Xanthomonadaceae, pin Stenotrophomonas, Bup, S. rhizophila. 13 xnitun S. rhizophila
otpumanu npemnaparu JIIIC, Axi BigpisHAMMCA 3a MOHOCAXapUIHMUM Ta XUPHOKVCITOTHUM CK/IAZIOM, IIPOTE BUABIA-
JIM BUCOKY HiporeHHicTb. S. rhizophila € mepcrekTuBHOIO anbrepHaTnBOI0 S. maltophilia fs 3acTocyBaHHA B CiNb-
CbKOTOCIIOAAPCHKiit 6ioTexHosoril Ta 610/10TiYHOMY KOHTPOJI 3aBAKM CBOIN 3JaTHOCTI CTUMY/IIOBATH 3POCTAHHS
POCINH i 3aXMIIaTy KOPIHHA Bif 6i0TUYHMX Ta abiOTUYHNX CTPeCiB.

Kntouoei cnosa: ginozenemuunuii ananis, Stenotrophomonas rhizophila, 16S rRNA ninononicaxapuou, moHocaxapu-
OU, CK1A0 HCUPHUX KUCTIOM, 2emePOeHHICHb MOTIEKYIU IINONOoicaxapudy, ceponioziuia akmusHicmp, eHepeis npopoc-
MAaHHA ma picm npopocmxie.
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