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INFLUENCE OF METHYL JASMONATE

AND SALICYLIC ACID AS COMPONENTS

OF THE CULTIVATION MEDIUM FOR RHIZOBIUM

ON FORMATION OF DIFFERENT-EFFICIENCY SYMBIOTIC
SYSTEMS GLYCINE MAX — BRADYRHIZOBIUM JAPONICUM

Phytohormones are important in the main pathways of transduction of symbiotic signals between macro- and microsymbi-
onts, and understanding of their participation in integration with other metabolic pathways, including prooxidant-antiox-
idant systems, is crucial in the formation of different-efficiency symbiotic systems. Aim. To investigate the effect of salicylic
acid (SA, 50 uM) and methyl jasmonate (M], 0.75 uM) as components of the cultivation media of different in the activity
and virulence rhizobia 604k and B1-20 on the peculiarities of the formation of symbiotic systems in terms of intensity and
activity of catalase, as well as on the course of nodulation and nitrogen fixation. Methods. Microbiological (cultivation of
nitrogen-fixing microorganisms, seed inoculation), physiological (vegetation experiment), biochemical (spectrophotometry,
gas chromatography), and statistical. Results. It was found that the use of SA (50 uM) as an additional component of the
culture medium of active rhizobia Tn5-mutant B1-20 for seed inoculation induces increased levels of peroxide production
and catalase activity in soybean roots in the early stages of symbiosis, which contributes to the effectiveness of its symbiotic
apparatus. Addition of MJ (0.75 uM) to the culture medium of rhizobia BI1-20 does not affect changes in peroxide content
and catalase activity in the roots, however, stimulates the processes of nodulation and reduces nitrogen fixation. It has been
shown that modification of the cultivation medium of inactive rhizobia of the highly virulent strain 604k using SA (50 M)
or MJ (0.75 uM) does not change the peroxide content and leads to an increase in catalase activity in soybean roots dur-
ing the formation of an ineffective symbiotic system with activation of nodulation processes. Conclusions. When using SA
(50 uM) or MJ (0.75 uM) as components of the culture medium for rhizobia of different activity and virulence (604k and
B1-20), differences were recorded in the levels of functioning of pro-antioxidant systems, in particular, in the production of
peroxides and active catalase complexes, at the early stages of the formation of symbiotic systems of Glycine max — Brady-
rhizobium japonicum, which affects the intensity of the processes of nodulation and nitrogen fixation.
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During the formation of legume-rhizobial sym-
biosis, there is a clear regulation of the interac-
tion between the partners of symbiosis: rhizo-
bia with their associated molecular patterns
(MAMPs) and a plant that forms two types of
immune response to infection, namely MAMP-
triggered immunity (MIT) and effector-trig-
gered immunity (ETI), which leads to the activa-
tion of the main pathways for the transduction
of symbiotic signals in the host plant and inhibi-
tion of the functioning of its defense systems [1].

The development of protective reactions of le-
gume plants to the invasion of rhizobia is signifi-
cantly similar to the processes of pathogenesis
accompanied by the intensification of oxidative
processes in plant cells and increased generation
of reactive oxygen species (ROS) [2]. Despite
their toxic potential, ROS are key components
of signal transduction pathways that trigger
protective responses and participate in plant
development processes and plant-microbial in-
teractions [3]. It has been shown that peroxides
are produced in response to exogenous factors
of various natures and can act as signaling mol-
ecules and induce (apparently through protein
kinase activation and protein phosphorylation)
the expression of «protective» genes, which is
important for adaptive plant responses, includ-
ing the establishment of mutualist interactions
[4]. Antioxidant enzyme systems play a crucial
role in maintaining homeostasis and utilization
of excess ROS production by cells [5], a key role
among which is played by the catalase enzyme
complex, which prevents the accumulation of
peroxides — products of the superoxide dis-
mutase reaction [6].

Nodule bacteria are highly sensitive to ROS;
however, they are symbiotic microorganisms
and, during differentiation in bacteroids, use the
host plant’s defense reactions against toxic forms
of oxygen [1]. Therefore, it is believed that this
stage of legume-rhizobial symbiosis is one of the
most important for the successful infection of
bacteria in the root system and the formation of

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

nodules, which depends primarily on regulation
by macrosymbionts [7].

In establishing the immune response of
plants, phytohormones occupy a special place —
salicylic and jasmonic acids and ethylene, the
transduction pathways of which are associated
with cytokinin and auxin signals, as well as
with DELLA proteins, as described in scientific
studies [8, 9]. In this case, the cross-interaction
between the transduction pathways of ethyl-
ene, jasmonic and salicylic acids modulates the
response of plants to infection and leads to the
formation of systemically acquired resistance
induced by rhizobacteria [10].

To date, it has been proven that jasmonates
and salicylates are primarily involved in pro-
tecting plants from pathogenic microorganisms,
and there have been many studies on their high
efficiency in the formation of increased plant re-
sistance to extreme factors [11—13].

Jasmonic acid (JA) and its derivatives, in par-
ticular methyl ester MJ, can act as positive and
negative regulators of the processes of nodula-
tion and nitrogen fixation depending on the
type of legumes, concentration of JA, and phyto-
hormone application [14, 15]. However, it is not
clear whether the reaction of plants, the reaction
of rhizobia, or combination of both partners is
responsible for certain effects of JA on the pro-
cesses of nodulation [16, 17]. Therefore, addi-
tional research is needed to clarify the role of JA
in the establishment of symbiotic relationships.

SA is one of the key molecules involved in the
formation of systemically acquired resistance,
which is due to the accumulation of a group of PR
proteins (pathogenesis-related) and has been stud-
ied in detail in plant responses to infection with
phytopathogens [15, 18, 19]. The negative role of SA
in nodulation, as well as the possible need for com-
patible rhizobia and/or signal of their Nod-factor
to inhibit SA-dependent defense mechanism to
facilitate the penetration of bacteria into the plant
and the successful establishment of symbiotic re-
lationships with legumes, was shown in [15, 20].
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In particular, treatment of roots with a 0.1 mM
SA solution completely inhibited the formation
of nondeterministic nodules and mitogenic effect
induced by Nod factors in peas (Pisum sativum),
alfalfa (Medicago truncatula), and creeping clover
(Trifolium repens), but did not affect the formation
of determined nodules in beans (Phaseolus vulgar-
is), soybeans (Glycine max), and Lotus japonicus
(14, 16, 19]. However, the molecular mechanisms
that mediate SA-induced protective signaling dur-
ing nodulation are definitively unclear.

In this aspect, the study of the influence of SA
and JA when used in combination with nodule
bacteria of different activity and virulence on the
activation of prooxidant-antioxidant systems will
reveal special aspects of their participation in the
formation of different-efficiency symbiotic sys-
tems. Such studies are promising for establishing
the possibility of regulating the prooxidant-anti-
oxidant balance through the use of growth regu-
lators as components of the rhizobia cultivation
environment to create effective symbiotic systems
Glycine max — Bradyrhizobium japonicum.

The aim of the study was to investigate the
effect of SA (50 pM) and MJ (0.75 pM) as com-
ponents of the cultivation medium of different
activity and virulence of rhizobia 604k and B1-
20 for inoculation of soybean seeds on the per-
oxide production and catalase activity, as well as
nodulation and nitrogen fixation in the forma-
tion of different-efficiency symbiotic systems.

Materials and methods. The objects of the study
were selected symbiotic systems formed with the
participation of soybeans (Glycine max (L.) Merr.)
Almaz variety and different in efficiency rhizobia
(Bradyrhizobium japonicum) of the Tn5-mutant
B1-20 (active, virulent) and 604k (inactive, highly
virulent). Strains. The authors used nodule bacte-
ria from the museum collection of nitrogen-fixing
microorganisms of the Institute of Plant Physiol-
ogy and Genetics of the National Academy of Sci-
ences of Ukraine (IPPG).

The active virulent Tn5-mutant B1-20 was cre-
ated at the IPPG by transposon mutagenesis with
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Esherichia coli S17-1 with plasmid pSUP5011
containing transposon Tn5 (pSUP5011 :: Tn-
5mob). It was deposited at the Zabolotny Insti-
tute of Microbiology and Virology of the Na-
tional Academy of Sciences of Ukraine under
registration number B-7538 [21].

The inactive highly virulent strain of B. ja-
ponicum 604Kk is a mutant that has lost the abil-
ity to effective symbiosis and is isolated from the
nodule during the passage of strain 604 through
soybean plants in the area of high radiation —
«cesium spot» [22].

Almaz soybean variety — early ripening, rec-
ommended for cultivation in the Forest-Steppe
of Ukraine, created by hybridization of Molo-
davo line 3/86 and the Swedish variety Fiskeby
840-5-3 on the basis of the Poltava State Agrar-
ian Academy [23].

Before sowing, soybean seeds were inoculated
with rhizobia cultures of inactive strain 604k
and active Tn5 mutant B1-20 strain to which
50 uM SA (Bingospa, Poland) or 0.75 uM M]J
(Fluorochem Ltd, UK) were added to the culture
medium at experimental concentrations. Some
of the soybean seeds were inoculated with cul-
tures of rhizobia 604k and B1-20 without adding
growth regulators to the cultivation medium.
The inoculation load was 200—300 thousand
rhizobium cells per seed. The other part of the
seed treated with growth regulators was not sub-
jected to bacterization with rhizobia.

Cultivation of nodule bacteria was carried out
in flasks (750 ml) on a rocking chair (220 rpm) at
26—28 °C on liquid mannitol-yeast medium (MD)
of the following composition (g/L): KH,PO, —
0.5; MgSO, — 0.2; NaCl — 0.1; yeast extract —
1.0; mannitol — 10.0 [24]. B. japonicum cultures
in the exponential growth phase (92—96 h) were
used as seed material. The number of seeds add-
ed to the flasks was 2% of the medium volume.
The number of rhizobia in the suspension made up
to 200 mL of nutrient medium was 108 cells/mL.
The purity of bacterial cultures was checked by
seeding on meat-peptone agar.
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Plants were grown under strictly controlled
conditions of a vegetation experiment in pots
with a sterile substrate (sand) including the in-
troduction of a nutrient mixture of Herligel (0.25
nitrogen norms) under natural light and optimal
moisture (60% of the total moisture content). For
research, soybean roots were selected at the early
stages of ontogenesis, i.e., etiolated seedlings, coty-
ledon leaves, primordial leaves, and the first true
leaf. The control was symbiotic soybean systems
with different in activity and virulence rhizobia
604k or B1-20 without adding growth regulators
to their cultivation media, as well as a model soy-
bean system including seed treatment with growth
regulators in the absence of rhizobia bacterization.

Biological Nitrogen Fixation (BNF) was mea-
sured on an Agilent GC system 6850 gas chro-
matograph (USA) with a flame ionization detec-
tor [25]. Separation of gases was performed on
a column (Supelco Porapak N) at 55 °C and a
detector — at 150 °C. The carrier gas was helium
(20 mL/min). The volume of the analyzed sam-
ple of the gas mixture was 1 cm?. Pure ethylene
was of Sigma-Aldrich, No 536164 (USA).

The total nitrogen fixation activity is presented
in molar units of ethylene formed (umol C,H,)
per plant per hour. Its specific value was calcu-
lated per unit mass of root nodules from one
plant and is presented in molar units of ethylene
formed in one hour (umol C,H, / g of nodules- h).

The content of peroxides was determined by
the ferrothiocyanite method [26]. Extraction of
plant material was performed with a cooled 5%
solution of trichloroacetic acid (TCA) in a ratio
of 1:3 (weight: volume). Supernatant was obtained
by centrifugation at 14,000 rpm for 5 min at 4 °C.
The hydrogen peroxide concentration was deter-
mined by a color reaction with potassium thio-
cyanate spectrophotometrically at 480 nm and
calculated using a calibration curve with known
concentrations of hydrogen peroxide. The results
are presented in umol per g of dry weight. The
dry weight was obtained by drying the samples
at 105 °C to a constant value of weight.
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To obtain an enzyme extract, a portion of
the plant material was ground in a ratio of 1:2
(weight/volume) with a cooled 0.5 M Tris-HCI
buffer (pH 7.8), which contained 5 mM p-mer-
captoethanol and 0.1% solution of polyvinylpyr-
rolidone. The homogenate was centrifuged at
10,000 rpm for 20 min at 4 °C. The supernatant
was used to determine the activity of catalase
(CAT) (EC 1.11.1.6). The activity of the enzyme
was determined by the development of the color
reaction with ammonium molybdate at 410 nm
according to a modified method of Koroliuk et al.
[27] using a scanning two-beam spectrophotom-
eter «UV-1900» (Shimadzu, Japan). The results
are presented in mmol of hydrogen peroxide in
terms of the content (mg) of total soluble protein
per minute, which was determined by Bradford
[28]. Determination of BNF was repeated 10 ti-
mes, peroxides and CAT — 6 times.

Data analysis was performed using Statistica
6.0 (StatSoft Inc., USA). The data are presented
in figures as x + SD (x + standard deviation). Dif-
ferences between values in the control and ex-
perimental groups were determined using the
Tuki test, where the differences are considered
significant at P <0.05 (taking into account the
Bonferroni correction).

Results. It was shown that inoculation of
seeds with different activity and virulence of
rhizobia (604k and B1-20) led to a decrease in
peroxide production in soybean roots in the
early stages of formation of different-efficiency
symbiotic systems, compared with their accu-
mulation in soybean roots without seed bacte-
rization (Figs. 1, a; 1, b; 1, ¢). At the same time,
a significant decrease in the peroxide content
(from 20.0 to 38.4%) was recorded in soybean
roots during the formation of effective symbiosis
with rhizobia of active virulent Tn5-mutant B1-
20, compared with ineffective symbiosis formed
with B. japonicum 604k.

The addition of SA (50 pM) or MF (0.75 pM)
to the culture medium of inactive high-virulence
strain 604k did not affect changes in peroxide pro-
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Fig. 1. Production of perox1des in soybean roots upon seed treatment with SA (50 uM) and MJ (0.75 uM) without
bacterization (a) and inoculation with rhizobia 604k (b) and B1-20 (¢) during their cultivation with growth regulators.

Stages of ontogenesis: I — etiolated seedlings; I — cotyledon leaves; III — primordial leaves; IV —

the first true leaf;

(x+SD, n = 6). Here and in Figs. 2—4, different letters indicate the mean values of indicators, which differ significantly
within the column of the chart compared to the Tukey test, P <0.05 (adjusted for Bonferroni correction)

duction levels in soybean roots during the forma-
tion of an ineflicient symbiotic system (Fig. 1, b).
When using SA as a component of the culture
medium of active rhizobia Tn5-mutant B1-20,
there was observed an increase in the peroxide
content in soybean roots in the formation of an
effective symbiotic system by 143.2% (etiolated
seedlings), 184.2% (cotyledon leaves), 62.7 and
66.6% (primordial and first true leaves), com-
pared with their concentrations in soybean roots
inoculated with rhizobia B1-20 without adding a
growth regulator during their cultivation (Fig. 1,
c). At the same time, the use of MJ (0.75 uM)
to modity the culture medium of active rhizobia
B1-20 did not cause significant changes in the
levels of peroxide production in soybean roots in
the early stages of effective symbiosis (Fig. 1, ¢).
Inoculation of soybean seeds with different-
activity and different-virulence rhizobia 604k
and B1-20 did not affect the change in the activ-
ity of CAT in soybean roots in the stage of coty-
ledon leaves, compared with the activity of the
enzyme in soybean roots without bacterization
(Figs. 2,a, 2, b, 2, ¢). Differences in the function-
ing of the soybean catalase enzymatic complex
in symbiotic systems formed with the participa-
tion of B. japonicum 604k and B1-20 were ob-
served during the period of primordial initiation
and nodule formation (Figs. 2, b and 2, ¢). In the
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formation of an ineffective symbiotic system
with rhizobia strain 604Kk, there was observed a
decrease in the activity of CAT in soybean roots
at the stages of primordial (62.8%) and the first
true leaves (29.0%), compared with enzyme ac-
tivity in soybean roots without seed bacteriza-
tion (Figs. 2, a, 2, b). For effective soybean-rhizo-
bial symbiosis with the participation of virulent
Tn5-mutant B1-20, an increase in the CAT levels
in soybean roots was recorded during the laying
of primordial (by 153.9%) and first true leaves
(by 164.5%), compared with the enzyme in soy-
bean roots inoculated with ineffective rhizobia
of highly virulent strain 604k (Figs. 2, b, 2, ¢).

Using growth regulators (SA or MJ) as com-
ponents of the culture medium of rhizobia strain
604k revealed a significant increase in the CAT
levels in the roots, compared with the activity of
the enzyme in soybeans without the addition of
growth regulators, in particular, by 4.7 times (eti-
olated seedlings) and 2.5 times (cotyledon leaves)
for SA and by 2.3 times (etiolated seedlings) and
3.6 times (cotyledon leaves) for M] (Fig. 2, b).

At the stages of primordial and the first true
leaves, in comparison with the previous stages
of ontogenesis, a decrease in the overall CAT
level in soybean roots in symbiosis with ineffec-
tive rhizobia of strain 604k was recorded. With
the use of ineffective rhizobia 604k modified
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Fig. 2. Catalase activity in soybean roots upon seed treatment with SA (50 uM) and M]J (0.75 uM) without bacteriza-
tion (a) and for inoculation with rhizobia 604k (b) and B1-20 (¢) during their cultivation with growth regulators.
Stages of ontogenesis: I — etiolated seedlings; II — cotyledon leaves; III — primordial leaves; IV — the first true

leaf; (x+SD, n = 6)

with growth regulators (SA or MJ), the CAT
increased in the roots by 84.4% (SA) and 68.5%
(M]) in the stage of primordial leaves and by
146.9% (SA) and 162.2% (M]) in the stage of the
first true leaf, compared with the enzyme activ-
ity in the soybean roots without adding growth
regulators to the culture medium of nitrogen-
fixing microorganisms (Fig. 2, b).

The formation of effective symbiotic systems
involving active rhizobia of virulent Tn5-mutant
B1-20 and adding SA (50 uM) to their culture me-
dium revealed a significant CAT intensification
in the roots of etiolated soybean seedlings by 3.9
times compared to that in the absence of a growth
regulator. At the following stages of ontogenesis,
i.e., cotyledon and primordial leaves, an increase
in the enzyme activity in soybean roots was ob-
served by 43.7 and 33.3%, whereas during the ap-
pearance of the first true leaf, there was revealed a
decrease by 39.2% in the variant with inoculation
of seeds with effective rhizobia B1-20, modified
with SA during their cultivation (Fig. 2, ¢).

The use of MJ as an additional component to the
culture medium of the effective rhizobiavirulent
Tn5-mutant B1-20 showed a slight increase in CAT
in soybeanroots by 33.4% at etiolated seedlings and
by 59.6% in the cotyledon leaves, compared with
the CAT level in the soybean roots for the vari-
ant without using a growth regulator (Fig. 2, o).
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In the stage of primordial and first true leaves,
there were no significant differences in the CAT in
soybean roots between the experiment’s variants
with adding MJ to the culture medium of effec-
tive rhizobia B1-20 and without using this growth
regulator. Significant activation of the nodulation
process in the stage of the first true leaf was ob-
served due to the formation of symbiotic systems
of different efficiency with the participation of
growth regulators. Thus, adding SA (50 pM) to the
culture medium of rhizobia of the inactive high-
virulence strain 604k caused an increase in the
number of root nodules by 29.1%, and in the case
of using M] — by 41.8%, as well as an increase in
nodules mass by 23.4% (SA) and 33.2% (M]), com-
pared with the same indicators for soybean plants
grown without those growth regulators (Fig. 3).
Inoculation of soybean seeds with active rhi-
zobia of the virulent Tn5 mutant B1-20 cultured
with the addition of SA (50 uM) led to an increase
in the number of root nodules in the stage of the
first true leaf by 22.8%, while their weight was
at the level of nodules without a growth regula-
tor (Fig. 3). In the case of adding MJ (0.75 pM)
to the culture medium of active rhizobiaB1-20,
we recorded an increase in the number of root
nodules by 18.9%, whereas their wight was 16.1%
lower, compared with these indicators for the
variant without a growth regulator (Fig. 3).
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Fig. 4. Influence of SA (50 pM) and M]J (0.75 uM) as components of the cultivation medium
for effective rhizobia B1-20 on the total (a) and specific (b) nitrogen-fixation activity of
soybean root nodules at the stage of the first true leaf; (x+ SD, n = 10)

Modification with SA (50 uM) added to the
rhizobia culture medium of active virulent Tn5-
mutant B1-20 provided an insignificant increase
in the total BNF of root nodules by 12.4% and
a significant increase in the efficiency of fixing
molecular nitrogen per unit mass of nodules by
129.2% at the stage of the first true leaf, com-
pared with BNF of soybean root nodules for the
variant without a growth regulator (Fig. 4, a).
The use of MJ (0.75 uM) in the culture medium
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of active rhizobia B1-20 led to a decrease in the
total BNF of root nodules by 25.5% and slight
changes in its specific value, compared with the
same indicators in the variant without using a
growth regulator (Fig. 4, b).

Discussion. Regulation of the nodulation
process in the interaction of macro- and micro-
symbionts is associated with the formation of
ROS and the activity of antioxidant enzymes [4].
Invasion of rhizobia in the cells of the root hairs
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of legumes, similar to the process of pathogen-
esis, causes an intensification of oxidative pro-
cesses in plant cells, accompanied by increased
generation of ROS, which induces a number of
reactions in plants [29]. It is believed that in the
formation of symbiotic relationships, ROS can
be involved in the regulation of rhizobia root
infection both due to direct antibacterial effects
and by regulating the functional activity of the
protective systems of the host plant [30].

Analysis of the results showed that inocula-
tion of soybean seeds with rhizobia of different
activity and virulence (604k and B1-20) leads to
a decrease in peroxide production levels in soy-
bean roots in the initial stages of soybean-rhi-
zobial symbiosis. In an effective symbiotic sys-
tem with the participation of rhizobia of viru-
lent Tn5-mutant B1-20, a lower concentration of
peroxides in the roots was revealed as compared
with their content in soybean roots in the for-
mation of ineffective symbiosis with rhizobia of
highly virulent strain 604k.

Significant differences are shown in the func-
tioning of the catalase enzymatic complex in
soybean roots during the establishment of nod-
ule primordia and the formation of nodules in
rhizobia of different efficiency (604k and B1-20).
At the same time, a decrease in CAT activity in
soybean roots was shown during the formation
of an ineffective symbiotic system with rhizobia
of strain 604k and an increase in enzyme activ-
ity — during the formation of an effective soy-
bean-rhizobial symbiosis with the participation
of B. japonicum B1-20.

In the transduction pathways of plant cells in
response to external factors of various natures,
peroxides serve as a local signal for the develop-
ment of hypersensitive cell response associated
with cell wall strengthening by increasing regu-
lation of phenylpropanoid genes expressing lig-
nin proteins and fenone compounds [31]. It has
been suggested that the accumulation of phen-
ylpropanoid compounds in the cells of some le-
gumes, especially lignin, may form a mechanical
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barrier to infection by microorganisms [32]. At
the same time, it is believed that the activity of
CAT may reflect the metabolic changes that oc-
cur in the cells of the root bark when infected
with rhizobia of different activity and virulence
[33, 34]. It is obvious that the changes we record-
ed in the levels of peroxide production and cata-
lase activity in soybean roots, induced by inocu-
lation of seeds with rhizobia of different activity
and virulence, could be due to a complex of the
above biochemical processes.

The obtained results are consistent with the
literature on the possible influence of virulence
and activity of the bacterial strain nodules on
changes in the CAT levels in soybean roots at
the early stages of symbiosis. We noted changes
in the accumulation of peroxides and catalase
activity in soybean roots in the early stages of
the formation of different-efficiency symbiotic
systems indicatinge significant changes in meta-
bolic processes in the roots of the host plant in
response to rhizobia invasion, which depends on
the activity and virulence of the rhizobia.

It has been shown that the addition of SA
(50 uM) or MJ (0.75 uM) to the culture medium
of inactive rhizobia of the highly virulent strain
of B. japonicum 604k induces an increase in CAT
activity in the roots, however, does not lead to a
significant change in peroxide accumulation in
soybean roots. Their production remains at the
same low level as in an inefficient symbiotic sys-
tem without the use of growth regulators. Such
changes in soybean metabolism in the formation
of ineffective symbiosis (strain 604k) with the
participation of growth-regulating compounds
(SA or M]J) are accompanied by stimulation of
nodule formation in soybeans during the forma-
tion of the first true leaf.

A number of studies have shown that jasmo-
nates are involved in increasing the resistance
of plants to infection by phytopathogens, reduc-
ing the CAT level and increasing the activity of
oxalate oxidase, which leads to the accumulation
of hydrogen peroxide [35]. Earlier we noted the
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similarity of some reactions of legumes to inocu-
lation with rhizobia, to infection with pathogenic
microorganisms. However, in the formation of
nodules, the result of these reactions is not the
inactivation of the microorganism, but the regu-
lation of its reproduction and metabolic activity
in symbioses. It is possible that the role of jasmo-
nates in the formation of symbiotic interaction,
in contrast to their participation in pathogenesis,
is to induce the opposite chain of biochemical
reactions, including increasing CAT activity and
reducing peroxide accumulation, which affects
the stimulation of nodulation in the formation of
an inefficient soybean symbiotic system.

It was shown that the increase in the levels of
synthesis of SA and MJ occurs along with a slight
decrease in the content of cytokinins and aux-
ins, as well as the accumulation of abscisic acid,
which plays an important role in triggering pro-
tective reactions of the plant [8]. In addition, it
was shown that SA affects the generation of ROS,
as well as the activity of antioxidant enzymes
(superoxide dismutase, catalase, peroxidase),
causing intracellular changes in the antioxidant
system in plants [19, 13]. Our use of growth reg-
ulators (SA or M]J) as additional components of
the rhizobia cultivation medium could induce
changes in the functioning of the host plant me-
tabolism due to the modification of the phyto-
hormonal balance, in particular, an increase in
the endogenous content of SA or MJ in cells, and
also cause the activation of protective complexes
in the host including the CAT level.

However, the effect of SA and M]J on changes
in the activity of pro-antioxidant systems in le-
gumes during inoculation with rhizobia of dif-
ferent activity and virulence has not been suf-
ficiently studied. It is known about the negative
role of SA in nodule formation, as well as the pos-
sible need for homologous rhizobia and (or) their
Nod-factor signal to inhibit the SA-dependent
defense mechanism to facilitate bacterial pen-
etration into the plant and successfully establish
a symbiotic relationship with legumes [14, 20].
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Thus, when inoculated with Medicago sativa by
a complementary strain of Rhizobium meliloti,
the level of SA in plant roots either decreased or
did not change. Inoculation of Medicago sativa
with a strain of Rhizobium leguminosarum or a
mutant of Rhizobium meliloti, defective in the
biosynthesis of Nod-factor, led to the accumu-
lation of SA in the roots [16, 18]. Consequently,
Nod factors synthesized by homologous rhizobia
were involved in the suppression of SA-mediated
defense in leguminous plants. At the same time,
it was shown that SA-dependent protective sig-
naling is quickly activated at the early stages
of symbiotic interaction (pre-infection), but is
suppressed over time, which contributes to the
growth of an infectious thread into the root cor-
tex and the formation of nodule primordia [36].

We have shown that the addition of SA
(50 uM) to the culture medium of rhizobia ef-
fective virulent Tn5-mutant B1-20 increases the
levels of peroxide production and CAT intensifi-
cation in soybean roots, accompanied by stimu-
lation of nodulation and efficiency of molecular
nitrogen fixation on root nodule’s stages of sym-
biosis formation. This indicates the important
role of SA (50 uM) in the activation of pro-an-
tioxidant defense systems and regulation of soy-
bean metabolism in the formation of symbiosis
with active rhizobia B1-20, which leads to a more
effective level of its functioning.

The addition of MJ to the cultivation medium
of active rhizobia Tn5-mutant B1-20 did not af-
fect the changes in the levels of peroxide accu-
mulation and CAT in soybean roots, compared
with the values of the same indicators in an ef-
fective symbiotic system formed without the use
of a growth regulator. At the same time, an in-
crease in the number of nodules and a decrease
in their mass and nitrogen-fixing activity in soy-
beans were recorded when seeds were inoculat-
ed with active B1-20 rhizobia modified with M]J
during their cultivation. Our studies have shown
that the use of MJ (0.75 pM) in the culture me-
dium of active rhizobia B1-20 induces a complex
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of biochemical processes, which primarily affect
the reduction of nitrogenase enzyme complex in
soybean root nodules at the early stages of the
effective symbiotic system formation, which re-
quires further thorough studies.

The transduction of the jasmonate signal to
the genetic apparatus of the cell has not yet been
sufficiently clarified. It was shown that one of
the key components of jasmonate signaling is
specific proteins, in particular, COIl (coronative
insensitive 1) protein, which is necessary for the
removal of repressor proteins of transcript fac-
tors of FJ signaling genes [35]. At the same time,
there is evidence that a number of effects of M]
are realized with the participation of mecha-
nisms dependent on ROS [13]. However, the par-
ticipation of ROS and their signaling pathways in
the integration with the metabolic pathways of
the phytohormones studied by us, including jas-
monates, in the transduction of symbiotic signals
in the formation of different-efficiency legume-
rhizobial symbioses remain poorly clarified.
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Incturyt disionorii pocnuH i reneruxy HAH Vkpainn,
By BacwibkiBebka, 31/17, Knis, 03022, Ykpaina

BIUIVIB METMJDKACMOHATY TA CATIIMJIOBOI KMCJTOTU IK KOMITIOHEHTIB CEPEJJOBUIIIA
KYJIBTUBYBAHHSA PU30BI HA OCOB/IMBOCTI ®OPMYBAHHSA PI3HMX 3A EGEKTUBHICTIO
CYMBIOTUYHNMX CUCTEM COSI—BRADYRHIZOBIUM JAPONICUM

B axTuBauii OCHOBHMX IUIAXIB TPAHCAYKII CMMOIOTUYHIX CUTHAJIIB MK MaKpo- i MIKpOCHMOIOHTaMy BaXX/IMBe
3HAYeHH BiflirpaoTh GpiTOropMOHY, a iXHsI y4acTh B iHTerparii 3 iHIIMMY MeTabO/IITHUMY IIUIIXaM U, 30KpeMa IIPO-
AQHTMOKCUJAHTHNUX CUCTEM € BU3HAYa/IbHOIO IpU (POPMYBaHHI Pi3HUX 3a e()eKTUBHICTIO CUMOIOTUYHMX CHCTEM.
Mera. Jocnigntu Binus caninunosoi kucnotu (CK, 50 MxM) Ta MetnpkacmoHatry (MJK, 0,75 MKM) SIK KOMITOHEH-
TiB CepeloOBIUIIIa KY/IbTYBYBAaHHS Pi3HMX 32 aKTMUBHICTIO Ta Bipy/IeHTHICTIO pu3o6iit 604k i B1-20 Ha ocobmuBocTi
dbopMyBaHHA cMMOiOTHYHUX cucteM cos—Bradyrhizobium japonicum, pisHUX 3a iHTEHCUBHICTIO TPOAYKYBaHHSA
HEepOKCHAIB Ta aKTUBHICTIO KaTalasy, a TAKOX Iepebirom mporeciB Hopgy/anii ta azordikcanii. Merompu. Mikpo-
6ioyorivyni (KynbTUBYBaHHA a30TIKCYI0UNX MiKpoOpraHisMiB, iHOKy/IALiA HaciHHA), disionoriuHi (BererauiitHmii
eKcIepyuMeHT), bioximiuni (cexTpodoromerpis, rasoBa xpomarorpadis) Ta cratucrudsi. Pesynpraru. Bukopuc-
taHHA CK (50 MKM) K JOIaTKOBOrO KOMIIOHEHTa CepelOBMIIA Ky/IbTMBYBaHHA aKTUBHUX p1306iit Tn5-MyTaHTy
B1-20 inpyKye mifiBUILleHHA PiBHIB IPOAYKYBaHH:A IIEPOKCUIIB Ta aKTMBHOCTI KaTa/las) y KOPEHAX COl Ha paHHIX
eTamax QopMyBaHHs c1M6i03y, [0 crpusie eeKTUBHOCTI poOOTH CHMOIOTUYHOrO amapary 3a paXyHOK IIiIBHU-
I[eHH: IPOIlecy HOMYALIl Ta eeKTUBHOCTI (hiKcallil MOTEKYIAPHOTO a30Ty Ha OAVHUIIO Macy 6ynb6ouky. Otpu-
MaHi fjaHi foBogATh, mo CK y koHnenTparnii 50 MKM iHAYKye akTHBaLilo po6OTH IPO-aHTMOKCUJAHTHNUX CUCTEM
1o 6imbin epeXTUBHOrO piBHA iX QYHKIIOHYBaHHS, IO IO3UTVBHO BIUIMBAE HA PeTyIALil0 MeTaboIi3My col Ipu
¢dopmyBanHi edpexTHBHOrO CM6i03y 3a yuacTio akTUBHMX pusobiit B1-20. 3actocysanus MK (0,75 MxM) mist Mo-
nudikanii cepeOBUIIIA KY/IbTUBYBAHHS aKTUBHUX pr3o6iit B1-20 He BIIMBA€ Ha 3MiHY BMICTY IIEPOKCHUIB Ta aK-
TMBHOCTI KaTa/asy y KOPEeHsX, OAHAK BUK/INKAE CTUMYIIALIIO IIPOLeCy HORY/IALIL Ta sHIDKeHHs a3oTdikcanil. Oue-
BUJHO, 110 3a fopaBauus MK (0,75 MkM) 1o cepeoBuia KyIbTUBYBaHHs pu306iit B1-20 ingykyoTecs 6ioxiMiuHi
IpOLieCH, SAKi B IepIily Yepry MO3HAYAI0ThCSA Ha 3HIDKEHHI pOOOTH HITPOreHa3HOTO eH3MMAaTUYHOTO KOMIUIEKCY COl
Ha paHHIX eTanax cuM6ioTi4HOI B3aemozii. IlokasaHo, 1o Mopydikalis cepefoBuila Ky/IbTUBYBaHHA HEAKTUBHIX
p1306iit BUCOKOBipyneHTHOrO 1TaMy 604k 3a gonomororo CK (50 MxM) a6o MK (0,75 MKM) He cipudyHsie 3MiHN
BMICTY IepOKCU/iB Ta IPUBOAUTD IO MiABUIIEHHS aKTMBHOCTI KaTaasy y KOpeHs:AxX coi npu ¢opMyBaHHi Heedek-
TUBHUX CUMOIOTUYHUX CUCTEM i3 CYTTEBOIO aKTHUBaIli€l0 mporecy HoxgyALii. Bucnoku. 3 ukopucranuam CK
(50 MmxM) a6o MK (0,75 MKM) 5K KOMIIOHEHTIB CepefjOBNIIA Ky/IbTUBYBAHHs p1U300ill pisHOI aKTMBHOCTI Ta Bi-
pynenrHocti (604K i B1-20) sahikcoBaHO BifMIHHOCTI Y PiBHSX (PYHKLIOHYBAaHH MPO-aHTUOKCUAAHTHUX CUCTEM,
30KpeMa IPOAYKYBaHH:A MEPOKCUJIIB Ta aKTMBHOCT] KaTa/lla3HOTO €H3MMAaTMYHOIO KOMIUIEKCY Ha paHHIX eTamax
dbopMyBaHHA CUMOIOTUYHMX cucTeM cost — Bradyrhizobium japonicum, 110 TO3HAYAETHCS HA IHTEHCUBHOCTI IIPO-
TiKaHHA NpoLeciB HOXyIALI Ta asoTdikcarii.

Knouoei cnoea: Glycine max (L.) Merr., Bradyrhizobium japonicum, cumbiomuuna cucmema, eipynenmuicmo,
A30M@iKcysanvHa akmueHicmy, pezyisimopu pocmy.
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