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CHARACTERIZATION OF AZOSPIRILLUM BRASILENSE
LIPOPOLYSACCHARIDES

Azospirillum brasilense is a gram-negative, nitrogen-fixing bacterium that colonizes the rhizosphere of various types of
grasses and cereals. Lipopolysaccharides (LPS) are a class of complex glycolipids present in the cell membrane of gram-
negative bacteria and mediate plant-bacteria interactions. Although the effects of LPS of pathogenic plant bacteria on
the induction of plant defense mechanisms have been characterized, the role of LPS of beneficial rhizobacteria on plant
growth is less clear. Therefore, a very important point is the study of the chemical, biological, and functional activities of
A. brasilense LPS, which was the aim of this work. Methods. A. brasilense LPSs were isolated from dry bacterial mass
by the phenol-water method. The carbohydrates were analyzed by the Dubois method, nucleic acids — by Spirin, pro-
tein content — by Lowry and 2-keto-3-deoxyoctonic acid (KDO) — by Osborn. Pyrogenicity of LPS was tested observ-
ing the rules of bioethics in rabbits. Serological studies were performed by the Ouchterlony method. The identification
of monosaccharides and fatty acids in LPS preparations was carried out on an Agilent 6890N/5973 inert chromato-
mass spectrometry system. Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate (SDS-PAAG
electrophoresis) was performed according to Laemmli. Results. LPS of 3 strains of A. brasilense were isolated from dry
bacterial mass and purified from nucleic acids by ultracentrifugation. The purified LPSs were characterized by different
relative yields from 2.44% to 4.75%, which is slightly higher than other strains of the A. brasilense (1—3%). The studied
preparations were characterized by a rather high content of carbohydrates from 50.1% to 72.1%. All LPS contained up
to 0.17% KDO, which is a specific component of the LPS of gram-negative bacteria. Analysis of the monosaccharide
composition indicates that the LPSs of the studied A. brasilense strains turned out to be heterogeneous. At the same
time, such monosaccharides as mannose, galactose, glucose, and heptose were recorded in the LPS of all tested strains.
The study of the fatty acid composition of LPS showed the presence of fatty acids containing from 14 to 18 carbon at-
oms. Hydroxylated, saturated, and monounsaturated acids and their cis isomers were found. In the investigated LPS,
the dominant fatty acids were 16:0, 18:1, 14:0(3-OH), and 16:0(3-OH), which coincides with the literature data. The
research of the pyrogenic effect of LPS of A. brasilense studied strains showed that LPS solutions are apyrogenic. The
double immunodiffusion reaction in Ouchterlon agar showed that all tested LPS in homologous systems exhibited an-
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tigenic activity. Serological cross-reactions can be used as an approach in classifying different bacteria. Thus, we found
that antisera to A. brasilense 18-2 and 61 react with all LPSs of the studied strains, which may indicate the presence of
common antigenic determinants in them and that these strains belong to the same serogroup. The electrophoretic distri-
bution data indicate that A. brasilense produces S-forms of LPS which differ in the length of O-specific polysaccharide
chains. Conclusions. For the first time, LPS were isolated from cells of A. brasilense 10/1, 18-2 and 61. A characteristic
feature of these LPS is their heterogeneity in monosaccharide and fatty acid composition, all of them were apyrogenic.
The results obtained during biological-functional studies of three strains of A. brasilense LPS contribute to the biologi-
cal characteristics of this species.

Keywords: Azospirillum brasilense, lipopolysaccharides, monosaccharide and fatty acid composition, serological and

pyrogenic activity.

Nitrogen-fixing bacteria of the genus Azospi-
rillum, due to their potentially high nitrogen-
fixing activity and ability to produce phyto-
hormones and other physiologically active
substances, are classified as growth-stimulating
rhizobacteria. They can be used as a convenient
model for identifying the mechanism of asso-
ciative symbiosis formation, as well as an effec-
tive component of biofertilizers used for many
crops [1]. A well-studied species of this genus
is Azospirillum brasilense, whose representatives
are closely related to many important agricul-
tural crops and have a beneficial effect on plant
growth and productivity [2—4]. Despite inten-
sive research into the physiology and molecular
biology of this genus of rhizobacteria, the exact
mechanism of the action of Azospirillum on
plants remains unclear.

In the associative interactions of Azospiril-
lum with plants, an important role is played by
the surface structures of microorganisms that
recognize the host plant and interact with their
cells. The initial and most important stage in the
formation of an association is the attachment
of bacteria to roots involving both nonspecific
sorption, which is determined by the charge and
hydrophobicity of the bacterial surface, and spe-
cific interactions, which at different stages are
mediated by surface localized proteins and car-
bohydrate-containing polymers, in particular,
lipopolysaccharides (LPS), one of the main com-
ponents of the outer membrane of gram-negative
bacteria. The data available in the literature allow
us to consider LPS as an active component of the
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Azospirillum cell surface, which not only deter-
mines bacterial contact interactions with plant
roots but also participates in the induction of
plant response to these interactions. Fedonenko
et al. [5], studying the Azospirillum LPSs, found
a correlation between the induced mutational
changes in their structure and bacterial activity
against the roots of a partner plant. A number
of studies have shown that LPS can act as an
elicitor of plant innate immunity and, depend-
ing on the genesis of these molecules and host
plant species, can also induce plant cell reactions
such as oxidative burst, NO synthesis, entry of
calcium ions into cells, and induction or inhibi-
tion of the hypersensitivity reaction [6—8]. This
fact determines the relevance of further studies
of the functional role of LPS as a promising trend
for elucidating the molecular mechanisms that
promote plant growth and development.

Therefore, the aim of the work was to study
the properties of LPS of a number of Azospiril-
lum brasilense strains.

Materials and methods. The objects of the
study were strains A. brasilense 10/1 (isolated
from the washed roots of the spring triticale va-
riety “Oberig Kharkovsky”), 18-2 (isolated from
the rhizosphere of buckwheat), and 61 (isolated
from the nodules on mulberry roots), obtained
from the cultures collection of the laboratory of
plant-microbial interactions of the Institute of
Agricultural Microbiology and Agro-Industrial
Production of NAAS of Ukraine. Bacteria were
grown on a potato agar with the addition of suc-
cinic acid for 48 hours at 28—30 °C. After culti-
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vation, the cells were collected by centrifugation
(20 min, 5000 g), washed with saline, and dried
by treatment with acetone (2 times) and ether
(1 time).

LPSs were extracted from dried cells with
45% aqueous phenol solution at 65—68 °C.
The resulting aqueous fractions were dialyzed
against the tap and then washed with distilled
water to remove phenol [9]. LPSs were puri-
fied from nucleic acids by ultracentrifugation
(104.000 g, 4 h).

The quantity of neutral carbohydrates was
determined by the Dubois method [10]. The re-
sults were evaluated by the color change during
the reaction of phenol with sulfuric acid on a
spectrophotometer SF-26 at 490 nm. The car-
bohydrate content was determined according
to standard calibration curves pre-built for glu-
cose. The content of nucleic acids was assessed
by the Spirin method [11], proteins — by Lowry
using Folin’s reagent [12], 2-keto-3-deoxyocto-
nic acid (KDO) — by reaction with thiobarbi-
turic acid [13].

Neutral monosaccharides were identified af-
ter hydrolysis of preparations in 2 M C,HF,0,
(6 h, 100 °C). Monosaccharides were analyzed as
polyol acetates [14] on the Agilent 6890N/5973
inert chromatography-mass-spectrometry sys-
tem equipped with a DB-225mS column (30 m x
% 0.25 mm x 0.25 um); the carrier gas was he-
lium at a flow rate of 1 mL/min. Monosaccha-
rides were identified by comparing the retention
time of polyol acetates of the studied samples
with standards, as well as using the ChemStation
computer database. Quantitative ratios of indi-
vidual monosaccharides were expressed as % to
the total sum of peak areas.

The fatty acid composition was determined
after sample hydrolysis in 1.5% acetyl chlo-
ride solution in methanol (100 °C, 4 h), and
fatty acid methyl esters were analyzed using
the above system; the carrier gas was the same.
Fatty acids were identified using a personal
computer database and a standard mixture of
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fatty acid methyl esters. The quantitative ratios
of individual fatty acids were expressed as % to
the total peak areas [15].

The results of the study of monosaccharide
and fatty acid composition were obtained using
the equipment 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 administration of
the minimum pyrogenic dose of 7.5- 10— ug/mL,
which was established in a series of LPS dilutions,
followed by animal thermometry for 3 hours. LPS
was considered non-pyrogenic when the sum of
the temperature increase in three rabbits was less
than or equal to 1.4 °C; when it exceeded 2.2 °C,
LPS was considered pyrogenic [16]. The work
was conducted in accordance with the “General
Ethical Principles of Animal Experiments”

O-antiserum was obtained against heated (2.5 h,
boiling water bath) A. brasilense cells. Rabbits
were immunized intravenously five times, with
an interval of 4 days; the cell concentration was
2-10°CFU/mL (from 0.1 to 1 mL). The antigenic
activity of LPS was studied by double immunodif-
fusion in agar according to Ouchterlony [17].

Polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulfate (SDS-PAAG
electrophoresis) was performed according to
Laemmli [18] (4% concentrating and 12% sepa-
rating gel, current 30 mA). The load on the gel
lane was 30, 40, and 50 pg. To visualize LPS, the
gels were stained with silver salts according to
Tsai’s recommendations [19] modified by Ku-
likov [20].

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

Results. Chemical identification of the puri-
fied LPS preparations showed (Table 1) that they
were characterized by a high enough content of
carbohydrates from 50.1% to 72.1%, an insignifi-
cant amount of nucleic acids (3.25—4.34%) and
protein (3—9.39%). In the composition of all
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Fig. 1. Monosaccharide composition (% to the total sum of peak areas) of A. brasilense: a — 10/1 LPS; b — 18-2 LPS;

¢ —61LPS

LPS, up to 0.17% of KDO was found, which is a
specific component of the LPS of gram-negative
bacteria. It was also found that the purified LPSs
were characterized by different relative yields
from 2.44% to 4.75%, which is slightly higher
compared to other strains of the A. brasilense
species (1—3 %).

Analysis of the monosaccharide composition
indicates that the LPS of the studied A. brasi-
lense strains were quite heterogeneous (Fig. 1).
In addition to mannose, galactose, glucose, and
heptose, LPS of all studied strains also contained
other monosaccharides: fucose (10/1 and 18-2),
xylose (10/1), and ribose (10/1).

The LPS of A. brasilense 10/1 and 18-2 were
similar in their monosaccharide composition,

Table 1. Chemical composition
of Azospirillum brasilense LPS

Yield of LPS Content (% to dry mass of LPS)
Strains | to dry mass
of cells | 2 | broein | NA* |KDO™
hydrates
10/1 4.75 72.1 3 3,52 | 0.13
18-2 4.33 50.1 9.39 | 325 | 0.17
61 2.44 55.6 6.73 | 4.34 | 0.05

Note: * NA — nucleic acids; ** KDO — 2-keto-3-de-
oxyoctonic acid.
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and the dominant monosaccharide for them
was fucose (28.03% and 48.0%, respectively),
while in the LPS of A. brasilense 61 it was absent
(Fig. 1). In addition, these LPSs were characte-
rized by a lower mannose content (1.61% and
2.53%, respectively). Ribose (22.46%) and xylose
(14.87%) were also identified in A. brasilense
10/1 LPS, while they were not found in A. brasi-
lense 18-2 and 61 LPS. Depending on the strain,
the content of heptose varied from 1.61 to 4.73%.

The study of the fatty acid composition of LPS
showed (Fig. 2) the presence of fatty acids con-
taining from 14 to 18 carbon atoms. Saturated,
monounsaturated, and hydroxy acids and their
cis-isomers have been found. The dominant fatty
acids in the studied strains were hexadecanoic
(16:0), cis-9-octadecenoic (18:1), 3-hydroxy-tet-
radecanoic (14:0(3-OH)), and 3-hydroxy-hexa-
decanoic (16:0(3-OH)) acids, which coincides
with the literature data [21], since (14:0(3-OH)),
(16:0) and (16:0(3-OH)) are characteristic of the
LPS of most A. brasilense strains.

The presence of 3-hydroxy acids in the fatty
acid composition of lipid A is used as one of the
additional chemotaxonomic criteria for species
differentiation. Lipid A of A. brasilense is char-
acterized by the presence of two hydroxy acids
(3-hydroxytetradecanoic and 3-hydroxyhexa-
decanoic), which acylate both amino and hy-
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Fig. 2. Fatty acid composition (% to the total sum of peak areas) of A. brasilense: a — 10/1 LPS; b — 18-2 LPS;

c—61LPS

droxyl groups of glucosamine. Thus, the pres-
ence of these acids is characteristic of represen-
tatives of the species A. brasilense.

It is known that bacterial LPSs exhibit such bio-
logical activities as toxicity, pyrogenicity, endo-
toxin tolerance, leukopenia, adjuvant, mitogenic
stimulation, component activation, etc. Since
lipid A, the endotoxic center of the LPS molecule,
is responsible for all those types of physiological
and pathophysiological reactions, we conducted
pyrogenicity studies. For a comparative assess-
ment of pyrogenic characteristics, the minimum
pyrogenic dose of LPS was established to be
7.5-1073 ug/mL of pyrogen-free isotonic solu-
tion. The results of thermometry showed (Fig. 3)
that with the introduction of LPS solutions, no
increase in temperature in experimental animals
by over 0.5 °C was observed, which is a limit of
the physiological norm of healthy animals. Thus,
it was established that LPS solutions of the stu-
died strains are not pyrogenic.

As known, the components of the structure
and composition of LPS determine its serologi-
cal specificity as the main antigen. The immuno-
chemical properties of LPS were studied by using
polyclonal O-antisera, which were obtained by
immunizing rabbits with heated cultures of the
studied strains of A. brasilense. LPS of 3 strains
of A. brasilense were used as antigens.
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Fig. 3. Pyrogenicity of A. brasilense 10/1, 18-2, and
61 LPS

The double immunodiffusion reaction in agar
according to Ouchterlony showed (Fig. 4) that
all studied LPSs in homologous systems showed
antigen activity. As one of the approaches in the
classification of different bacteria, cross-serolo-
gical reactions can be used. Thus, we found that
antisera to strains 18-2 and 61 react with all LPS
of the studied strains. And the antiserum ob-
tained against A. brasilense 10/1 cells reacts only
in a homologous system and does not give cross-
reactivity with A. brasilense 18-2 and 61 LPS. The
revealed by us discrepancies in the serological
activity of LPS may indicate that the activity is
due to the presence in O-specific polysaccharide
(OPS) of minor components of a carbohydrate
or a not carbohydrate nature, which can be lost
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Fig. 4. The reaction of double immunodiffusion in agar by Ouchterlony with O-antiserum against A. brasilense 10/1,
18-2, and 61 (central holes) and LPS from A. brasilense: a — 10/1; b — 18-2; ¢ — 61. The white bars between the holes

indicate the presence of antigen-antibody complexes

Fig. 5. Electrophoretic distribution in the SDS-PAAG system of A. brasilense: 1 —
10/1 LPS; 2 — 18-2 LPS; 3 — 61 LPS; a — 30 pg, b — 40 pug; ¢ — 50 pg

during LPS degradation. Further studies related
to the determination of the OPS structure by
NMR spectroscopy are required to confirm or
refute this assumption.

It is known that the LPS molecule is hetero-
geneous and includes three structural compo-
nents: OPS, core oligosaccharide (OG-core), and
lipid A. PAAG electrophoresis (Fig. 5) showed
that A. brasilense synthesizes the S-type LPS,
presented in the form of a large number of bands
characterized by different molecular masses and
represent core oligosaccharide (the most mo-
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bile band) and core oligosaccharide, substituted
by O-specific chains of different lengths (slowly
moving zones). Apparently, LPS of A. brasilense
10/1 and 18-2 differ in electrophoretic profiles
from LPS of A. brasilense 61. Thus, additional
bands were found in A. brasilense 10/1 and 18-2.

The heterogeneity of slowly moving compo-
nents can be explained by the presence in the
molecule of several side chains that differ in mo-
lecular mass.. This feature causes the formation
of a classical profile in the form of a stepladder
on electrophoregrams.
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Discussion. A. brasilense is one of the well-
studied plant-growth-promoting bacteria. De-
spite the efforts of researchers to unravel the
issues of the mechanisms of plant-microbial
interactions, there is no knowledge about cel-
lular structures that provide effective interac-
tion. LPSs are considered to be factors that play
an important role in establishing the symbiotic
relationship between bacteria and plants. It has
been shown that the LPS cell envelope and its as-
sociated glucan located in the periplasmic space
perform their important symbiotic functions as
intracellular components of bacteria and deter-
mine the specificity and efficiency of the Azospi-
rillum/plant association.

In this context, the study of the structural fea-
tures and biological activity of A. brasilense LPS
associated with plant roots can contribute to un-
derstanding the mutual influence of “partners”
at the stage of association formation.

LPS preparations of A. brasilense 10/1, 18-2,
and 61 bacteria were isolated, purified, and cha-
racterized. When studying the biopolymer com-
position, it was shown that the amount of carbo-
hydrates in the studied LPS was higher than in
other strains of A. brasilense [22]. In the compo-
sition of all isolated LPS preparations, KDO was
identified, which is the only structural element
that is invariably present in LPS. It is known
that phosphate groups attach to KDO shield the
acid-labile bond, hindering the hydrolysis of LPS
and, accordingly, the determination of KDO.
This may be the reason for the low KDO content
previously reported for LPS of some strains of
A. brasilense and A. lipoferum [21].

An analysis of the monosaccharide composi-
tion indicates that the LPS of the studied strains
of A. brasilense were quite heterogeneous, and
all three strains had differences. The presence of
such monosaccharides as mannose, galactose,
glucose, and heptose was recorded in LPS of all
studied strains. The predominant monosaccha-
ride for A. brasilense 10/1 and 18-2 LPS was fu-
cose, while for A. brasilense 61, it was glucose.
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This fact is not consistent with the literature data
that the predominant monosaccharide for most
A. brasilense strains is rhamnose [23].

The peculiarities of the fatty acid composition
of lipid A are often used as additional chemo-
taxonomic criteria in the taxonomy of Gram-
negative bacteria. Our results for the presence of
saturated, monounsaturated, and hydroxylated
acids with a chain length of C14—C18 in the
composition of LPS of the studied A. brasilense
strains with the dominance of 3-hydroxytetra-
decanoic, hexadecanoic, 3-hydroxyhexadeca-
noic, and octadecenoic acids, as well as minor
amounts of tetradecanoic, pentadecanoic, and
octadecanoic acids, are consistent with data on
the fatty acid composition of LPS of another
Azospirillum [21, 24].

On the basis of serological studies, strains of
A. brasilense can be divided into two subgroups.
Such division based on thermostable antigens
corresponds to the ability of bacteria to form as-
sociations with different host plants. The chemi-
cal heterogeneity of A. brasilense LPS is in good
agreement with the serological data. A small
number of studied strains of A. brasilense makes
it difficult to unambiguously divide them into
subgroups. Our results show that Azospirillum
strains belonging to different host plant groups
may differ in the LPS composition. This fact can
have a significant impact on the interaction of
Azospirillum with the plant.

The electrophoretic profile of LPS, along with
chemical composition, is a generally accepted
chemotaxonomic criterion that is often used
to establish relationships between large bacte-
rial taxa, as well as between species and strains
within individual genera. It is known that LPS
can be represented by S- and R-molecular forms.
The S-form molecules include lipid A, core oli-
gosaccharide, and OPS, while the R-form lacks
OPS and is represented only by lipid A and core
oligosaccharide. Although the wide variability of
OPS in terms of the number of repeating units
and component composition leads to significant
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differences in LPS migration during SDS-PAGE
electrophoresis, the electrophoretic profile of
LPS is characteristic of individual species and
even strains [25]. It showed heterogeneity typi-
cal for other strains of A. brasilense. All studied
LPSs are represented by a wide range of mole-
cules of different sizes. SDS-PAGE followed by
visualization of the glycopolymer with silver ni-
trate showed that the investigated LPSs consist
of molecules of various masses and contain a
large number of S-form molecules. This result is
consistent with a fairly high content of carbohy-
drates in LPS (50.1—72.1%), which is consistent
with the previously studied LPS of other strains
of azospirilla [26].
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XAPAKTEPUCTUKA JIITIOITOIICAXAPUIIB AZOSPIRILLUM BRASILENSE

Azospirillum brasilense — 1je rpaMHeraTuBHa a3oT¢ikcyoda 6aKTepis, siKa KOTOHI3ye pusocdepy pisHux Tpas i
3nakiB. Jlimonosnicaxapyau (JITIC) — e K1ac CKIaAHMX DIKOMMIAIB, IPUCYTHIX y KNITUHHIN MeM6paHi rpaMHe-
raTMBHMX OaKTepiil i sKi OIOCEpPefKOBYIOTh B3aEMOAII0 pocnnH-6akTepiit. Xoua oxapakrepusosaHo Bius JIIIC
[IATOTeHHMX POCIMHHMX OaKTepilt Ha IHAYKIII0 3aXMCHUX MeXaHi3MiB pocnuH, ponb JITIC kopucHux pusobaxre-
piit Ha picT poc/nnH € MeHII 3po3yMino. ToMy ny»e BaKIMBYM MOMEHTOM € BUBYEHHS XiMiYHIX XapaKTePUCTIHK,
6ionoriuHoi Ta ¢pyHKioHanbHOI akTuBHOCTI JITIC A. brasilense, mo i 6ymo MeToo sanoi po6oru. Meromu. JITIC
A. brasilense Bupninamm i3 cyxoi 6akTepiabHOI Macy BOZHO-()EHOIbHIM MeTOIOM. ByrieBonn ananisyBamyu MeTo-
rom [r06ya, HykeinoBi kucnotn — 3a Cripinnm, Bmict 6in1ka — 3a Jloypi Ta 2-KeTo-3-e30KCHOKTOHOBY KIIC/IOTY
(KIO) — metomom Ocbopaa. [Tiporennicts gocaimkysaunx JIIIC mepeBipsii 3 JOTPUMAHHIM PaBUI 610 TUKM
Ha Kpossax. CepoyIorivHi JOCTIPKeHH 3/iICHIOBA/III METOZIOM TI0ABIITHOI iMyHOAM(Y3ii 3a OyxTepoui. [nenTn-
¢ikariro MOHOCaXapuAiB Ta XXMPHMUX KUCTIOT y mpenaparax JIIIC mpoBoauan XpoMaro-Mac-CIeKTPOMeTpi€ B
cucteMi Agilent 6890N/5973. Enextpodopes y momiakpumaMifHOMy Teli B IPUCYTHOCTI fofenmicynbdary Ha-
Tpito (enexrpodopes SDS-PAAG) — 3a Jlemmii. Pesynpraru. JIIIC 3-x mtamis A. brasilense Bupinsim i3 cyxol
6akTepiaJbHOI Macu Ta OYMILA/IM Bil HYKIeIHOBYUX KUCIOT yabTpaueHTpudyrysanuaM. Ounieni JIIIC xapaxTe-
PU3YBaIUCh Pi3HUM BiTHOCHUM BUXOZOM Bift 2,44% 1o 4,75%, 1o melo Bulle, HDK y iHmmx mramiB A. brasilense
(1—3%). HocmimxKyBaHi IpernapaTy XapaKTepU3yBalIuUCh HOCUTb BUCOKUM BMICTOM ByI/IeBOfiB Bif 50,1% no
72,1%. Yci JIIIC mictumu go 0,17% KO, sikuit € cnenudivanm kommonentoM JIIIC rpamMHeraTuBHUX 6aKTepiit.
AHais MOHOCaXapuUIHOTO CKIafy Bkasye Ha Te, mo JIIIC gocmimxyBanux mramis A. brasilense BusBunucs re-
TeporeHHUMu. Y Toii e dac y JITIC ycix fJocmipKyBaHuX WTaMiB peecTpyBaiy TaKi MOHOCaXapuiy, IK MaHO-
33, TaJIaKTO3a, I/II0K03a Ta TeNTo3a. JJocmimKkeHHs )XpHOKMcnIoTHOro cknany JIIIC nmoxasano HagBHICTD XXMPHUX
KICTIOT, 1[0 MicTATb Bif 14 fo 18 aroMis Byriento. BusApieHo rifpokcy, Hacu4eHi, MOHOHEHACMYeHi KUCTIOTH Ta
ix nuc-isomepu. Y Bcix JIIIC goMinyrounMu >xupHUMY Kucnotamu 6ymu 16:0, 18:1, 14:0(3-OH), 16:0(3-OH), mo
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Y3TOIKY€ETbCA 3 TaHUMU JTiTeparypu. Busuenns niporennoi gii JIIIC wramis A. brasilense 10/1, 18-2 i 61 mokasa-
710, o posunun JITIC He € niporenunmu. Peakuiero moasiitHoi imyHoaudysii B arapi 3a Oyxrep/oHi I0KasaHo, 1[0
Bci focnimkysani JIIIC y roMonorivHux cucreMax BUABIANN aKTUBHICTb aHTUreHYy. CepoJIoTiuHi epexpecHi pe-
akuil MOXKHa BUKOPUCTOBYBATH 5K OfMH i3 IiaxopniB y knacudikanii pisHux 6akrepiin. TakyuM 4MHOM, MU BUSABIIII,
1[0 AHTUCUPOBATKM 10 A. brasilense 18-2 1 61 pearyioTs 3 ycima JIIIC gocmipkyBaHUX LITaMiB, 110 MOXe CBifUnTH
IIPO HAABHICTD y HUX 3araj/IbHMX aHTUTEHHUX [JETEPMiHAHT i IPUMHAEXKHICTh MUX IITAaMIB IO OfIHi€l ceporpymm.
JaHi enexTpodopeTNYHOro po3NOAiNTy BKa3yloTb Ha Te, o A. brasilense npopgykye S-popmu JIIIC, axi Binpis-
HSIOTHCS TOBXMHOW O-crenmivHmx monicaxapujHux aaHuoris. Bucaosku. Yuepute JITIC BupineHo 3 KiiTuH
A. brasilense 10/1, 18-21 61. 3a MOHOCAXapUAHUM 1 XMPHOKICIOTHUM CK/IfJOM BOHY BUSIBI/IVCS T€TEPOT€HHIMIL.
Hocnimxysani JIIIC He mpoABIAIM MiPOreHHICTD, 10 A€ MOXK/IMBICTb BUKOPMCTOBYBATH iX K aHTArOHICTiB TOK-
cnunmx JITIC. Opepskani pesynbraty mopo sractusocteit JITIC Tppox mramis A. brasilense po6nsaTh CBiit BHECOK
y 6ionoriuyHy XapaKTepuCTUKY BULY.

Kntouoei cnosa: Azospirillum brasilense, ninononicaxapudu, MOHOCAXAPUOHUTL | HUPHOKUCOMHUTI CKIA0, NipozeHHa
ma ceposnioziuna akmuesHicmo.
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