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Aim. To investigate the effect of prolonged drought on the changes in the content of
hydrogen peroxide and catalase activity in the soybean roots and root nodules by ino-
culation Bradyrhizobium japonicum strains and Tn-5 mutants with contrasting symbiotic
properties. Methods. Microbiological, physiological, biochemical, gas chromatography,
spectrophotometry. Results. It has been established that effective symbiotic systems formed
with the participation of soybeans and active strains of the B. japonicum 646 and Tn-5
mutant B1-20 differed for the manifestation of catalase activity and the content of hydrogen
peroxide in the roots and root nodules during the effects of drought. However, these
changes were accompanied by the development of stress — protective reactions and had an
adaptive nature that led to the preservation of the effective functioning of their symbiotic
apparatus in conditions of drought. In symbiotic systems formed with soybean and low-
active Tn-5 mutant 107 and inactive strain 604k, increased hydrogen peroxide content
and unstable activity of the enzyme under stress, as well as a poor recovery of their level
to optimal in the post-stress period, were found. Conclusions. Efficiency of functioning
of symbiotic systems Glycine max — B. japonicum for prolonged exposure to drought is
marked by adaptive changes in the activity of catalase in the roots and root nodules that
induce the regulation of the content of hydrogen peroxide and are accompanied by the
preservation the work of symbiotic apparatus.

Keywords: Glycine max (L.) Merr., Bradyrhizobium japonicum, hydrogen peroxide,
catalase, reactive oxygen species, drought.

Plants are constantly exposed to the external environment, so they must
quickly and effectively respond to environmental fluctuations. It is now
consider that reactive oxygen species (ROS) take part in signaling the response
of plant growth and development processes to biotic and abiotic stresses [1].
At the same time, the change in ROS level may be a signal of a change in the
physiological and biochemical processes in cells [2, 3]. The ROS, especially
hydrogen peroxide (H,O,), plays an important role in signaling processes in
various cellular processes. It was revealed that H,O, accumulation is indirectly
associated with a cascade of reactions in the movement of calcium ions and
activation of mitogen activated protein kinase (MAPKSs) [4, 5]. In particular,
it was investigated that the influence of different stressors on the soybean cells
caused the formation of H,O,, which in turn induced a rapid influx of calcium
ions and changes that led to apoptosis [6]. Another way is the MAPK-cascade,
which can be activated by H,0O,, and then transmit the signal to the nucleus for
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the activation of specific transcription factors [7]. There is persuasive evidence
that ROS play an important role in signaling processes for the establishment
of legume-rhizobium symbiosis [8, 9, 10, 11, 12]. This interaction involves a
complex molecular signaling between the host plant and the symbiont, which
leads to infection of the root hairs with rhizobia and the formation of nodules
in which nitrogen fixation occurs [13]. It is known that rhizobia (free-living
forms) have a higher sensitivity to H,O, than other types of bacteria [14, 15].
However, they are symbiotic microorganisms, and during differentiation in
bacteroids, they can use the host plant’s protective responses against toxic
oxygen species, such as H O,. In order to overcome oxidative stress during a
symbiotic interaction, plants and rhizobia possess a complex of antioxidants,
ROS-metabolizing enzymes such as catalase (CAT), superoxide dismutase and
peroxidase [16, 17, 18].

It is consider that rhizobium infection of legumes substantially modifies the
metabolism of host plants, which results in the creation of optimal conditions
for infection and nodulation [19] and may be a precondition for the further
effective functioning of legume-rhizobium symbiosis. In this aspect, special
attention should be paid to the study of the role of ROS and antioxidant
enzymes in the regulation of the symbiotic relationship between macro- and
microsymbionts for optimal and adverse environmental factors.

The aim of work was to investigate the effect of prolonged drought on
changes in the H,O, content and the activity of CAT in the soybean root and
root nodules by inoculation B. japonicum strains and Tn-5 mutants with
contrasting symbiotic properties.

Materials and methods. The objects of the study are chosen symbiotic
systems, formed with the participation of soybean (Glycine max (L.) Merr.)
Diamond variety, various on the effectiveness of strains Bradyrhizobium
japonicum 646 (active, virulent) and 604k (inactive, highly-virulent) and
Tn-5 mutants B1-20 (active, virulent) and 107 (low-activity, virulent). We
used Bradyrhizobium japonicum strains and Tn-5 mutants from the museum
collection of symbiotic nitrogen fixation of the Institute of Plant Physiology
and Genetics of the National Academy of Sciences of Ukraine.

Before sowing, soybean seeds sterilized with ethanol (70 %), then washed
for 1 hour and inoculated with rhizobium culture (the titre of the suspension
was 10® cells / ml). The culture of rhizobium was grown on solid mannitol -
yeast medium for 9 days at 26 — 28 °C.

Plants were grown in sand pots in the application of a nutritional mixture of
Gelrigel with 0,25 nitrogen rates from natural light and optimal water supply
(60 % of full water capacity). The combined model drought was created by
stopping the watering of the plants into the stage of three true leaves to 40 %
of full water capacity and the budding stage to 30 % of full water capacity.
After the termination of the drought, the moisture content of the substrate
was brought to 60 % of full water capacity in the stage of mass flowering —
the watering restoration. The control was provided by non-inoculated and
inoculated rhizobium plants that grew for optimal watering (60 % of full water
capacity). For research, soybeans roots and root nodules were selected in the
stages of three true leaves, budding and mass flowering.
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The nodulation ability of B. japonicum was determined by counting the
number and weight of the root nodules. Nitrogen fixation activity (NFA) by
acetylene method on gas chromatograph «Agilent GC system 6850» (USA)
with flame-ionization detector [20]. The separation of gases was carried out
on a column (Supelco Porapak N) at a thermostat temperature of 55 ° C and
a detector - 150 ° C. The carrier gas was helium (20 ml per 1 minute). The
volume of the analyzed sample of the gas mixture was 1 cm’. As a standard,
pure ethylene (Sigma-Aldrich, No. 536164, USA) was used.

To obtain the enzyme extract, the weight of the plant material (1:2) was
homogenized with cooled 0,5 M tris-HCI buffer (pH 7,8) containing 5 mM
B-mercaptoethanol and 0,1 % polyvinylpyrrolidone. The homogenate was
centrifuged at 10,000 rpm (4 °C) for 20 minutes. The supernatant used to
determine the activity of the CAT (EC 1.11.1.6.) by the development of a
color reaction with ammonium molybdate according to the modified method
of Doliba et al. [21]. The enzyme activity was measured at optical density of
410 nm on the Smart Spec Plus spectrophotometer (USA). The results presented
in units of activity of the enzyme (U) on the protein concentration (mg) in the
supernatant. The content of total soluble protein in the enzyme extract was
determined by Bradford [22].

The content of H,O, was determined by ferrocyanic method [23]. Extraction
of the plant material was carried out (ratio 1:3) with a cooled solution of
5 % trichloroacetic acid. The supernatant was obtained by centrifugation at
14,000 rpm for 5 minutes (4 °C). The concentration of H,O, was determined
by color reaction with potassium thiocyanate at optical density of 480 nm and
calculated using a gauge curve with known concentrations of H,O,. The results
are presented in umol per gram mass of dry matter.

The results were statistically analyzed by Student’s t-test. The data are
presented as mean values and standard errors and are considered significant
at P < 0,05. The tables and figures show the arithmetic mean values and their
standard errors (x + SE).

Results. It was found that with moderate drought effects in the stage of
three true leaves in soybean, inoculated with the active strain of rhizobia 646,
there was no decrease in the number of root nodules. However, their weight
decreased almost twice. At the same time, in plants inoculated with active Tn-5
mutant B1-20, there was a decrease in both the mass of nodules (up to 57,1 %)
and their number (up to 33,4 %) (Table 1).

For the subsequent influence of the moisture deficit in the stage of budding,
in these symbiotic systems there was a slight inhibition of the nodulation
ability of rhizobia. In particular, the mass of root nodules decreased by 34,4 and
37,8 % for inoculation by strain 646 and Tn-5 mutant B1-20 and their number
even increased by 63,2 and 14,5 % respectively.

The inhibition of the nodulation processes in soybean root nodules,
inoculated with the low-activity Tn-5 mutant 107 detected at the initial stages
of dehydration, which was due to a significant reduction in the mass of root
nodules (up to 92,2 %) and their number (up to 68,4 %). The same tendency
to inhibition of nodules formation was remain also under strict conditions of
drought in this symbiotic system.
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For moderate water stress, soybean plants in symbiosis with an inactive
strain of rhizobium 604k did not undergo noticeable changes in the num-
ber of root nodules, however showed a significant decrease in their mass
(by 94,1 %). For prolonged dehydration in the budding stage there was an
inhibition of nodules formation — a decrease in the number (by 59,7 %) and
mass (by 94,6 %) of nodules on plant roots, inoculated with inactive strain of
rhizobium 604k.

It was investigated that moderate drought in the stage of the three true
leaves resulted in a decrease in the total NFA of the root nodules (by 18,5 %)
in the symbiotic system formed with the active strain of rhizobium 646 (Fig. 1).
For prolonged exposure to stressor in the stage of budding NFA of symbiotic
apparatus reduced by 54,8 %. In the symbiotic system formed with the ac-
tive Tn-5 mutant B1-20, the total NFA of the root nodules was suppressed by
45,2 — 58,6 % during the effects of drought.
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Fig. 1. Influence of drought on the total (A) and specific (B) nitrogen fixation activity
of soybean root nodules by inoculated with B. japonicum strains and Tn-5 mutants
1 — strain 646, 2 strains 646 + drought, 3 — Tn-5 mutant B1-20,
4 — Tn-5 mutant B1-20 + drought, 5 — Tn-5 mutant 107, 6 — Tn-5 mutant 107 + drought,
(7 — strain 604k, 8 — strain 604k + drought)*. (x = SE, n = 8), the data compared with the
control are reliable at?®c — P < (0,05, @b — P <(,0],%abbbeccp<(),001 (*— relative to the
variant by inoculated with strain 646, ®and © — relative to the variants by inoculated with
Tn-5 mutants B1-20 and 107). Stages of ontogenesis: 7 — the three true leaves, /7 — the bud-
ding, /1] - the mass flowering (* — in variants 7 and 8 not detected nitrogen fixation activity)

At the same time, the specific NFA of the root nodules increased in
plants, which were inoculated by B. japonicum strain 646 and Tn-5 mutant
B1-20, respectively, at 69,8 and 28,7 % at the initial stages of dehydration
and decreased by 31,1 and 33,4 % for prolonged dehydration (Fig. 1). This
indicates the preservation of the functioning of the symbiotic apparatus in
effective symbiotic systems in conditions of drought. Drought led to a signifi-
cant decrease of total (by 98,3 — 99,7 %) and specific(by 78,5 — 98,9 %) NFA
of root nodules in plants inoculated with a low-activity Tn5 mutant 107.

After the restoration of the watering of plants into the stage of mass
flowering, the restoration of water balance and the functioning of the symbiotic
apparatus was observed in plants, inoculated by the active strain of rhizobia
646 and the Tn-5 mutant B1-20. In spite of the fact that in effective symbiotic
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systems, the processes of nodulation and total NFA were almost twice lower,
but the specific NFA of the root nodules was reduced by only 30 %. This indi-
cates the restoration of the symbiotic apparatus under the optimal conditions
for water supply. In post-stress period, there was no restoration the processes of
nodulation in plants by inoculated with an inactive strain of rhizobia 604k, as
well as inhibition of the processes of nodulation and nitrogen fixation in plants
inoculated with low-activity Tn-5 mutant 107.

In the symbiotic system formed with the participation of soybean plants
and the active strain of rhizobia 646, the content of H,O, in the root nodules
increased during the drought effect by 73,4 % in the stage of the three true
leaves and by 61,6 % in the stage of budding (Fig. 2). Obviously, this was a
protective response of the symbiotic system to the action of a stressor (drought),
which was accompanied by adaptive reorganization of the metabolism, since in
the post-stress period the H O, level was restored to the optimum.

In the symbiotic system formed with the active Tn-5 mutant B1-20, there
was a significant increase in the H,O, content in the root nodules under the
effects of drought by 26,9 and 16,2 % respectively in the stages of three true
leaves and budding. After the restoration of watering, its contents was rising
to a plants that grew for optimal water supply. Such data indicate a slight de-
velopment of oxidation processes in the initial stages of dehydration and rapid
adaptation of plants in symbiosis to growing conditions.

During the drought, accumulation of H,O, in soybean root nodules, inocu-
lated with low-activity Tn-5 mutant 107 (by 85,9 — 96,4 %) and its level de-
crease by 49,1 % in post-stress period was revealed. In the symbiotic system
formed with the participation of soybeans and the inactive strain of rhizibia
604k, an increase in the content of peroxide (by 128,8 %) recorded during
prolonged droughts, the content of which has not been restored to optimal in
the post-stress period. Such changes were due to the significant development
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Fig. 2. Influence of drought on the content of hydrogen peroxide (H,0,) in soybean root
nodules by inoculated with B. japonicum strains and Tn-5 mutants
1 — strain 646, 2 strains 646 + drought, 3 — Tn-5 mutant B1-20, 4 — Tn-5 mutant
B1-20 + drought, 5 — Tn-5 mutant 107, 6 — Tn-5 mutant 107 + drought, 7 — strain 604k,
8 — strain 604k + drough. Stages of ontogenesis: / — the three true leaves, /I — the budding,
111 — the mass flowering). (x £ SE, n = 5), the data compared with the control are reliable
at*cd — P < 0,05, @bbeedd —p < () (],abbbeecddd p< () 0] (*and °— relative to the variants
by inoculated with strains 646 and 604k, ®and ¢ — relative to the variants by inoculated with
Tn-5 mutants B1-20 and 107)
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of oxidative processes and the inability of soybean plants in these symbiosis to
mobilize their own protective systems and adapt to drought conditions.

In the symbiotic system, formed with the participation of soybean plants
and the active strain of the rhizobia 646 observed a decrease in CAT activity
in the root nodules during the drought and insignificant increase in its activity
after the restoration of watering the plants (Fig. 3). This indicates the stability
of the enzyme in this symbiotic system.
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Fig. 3. Influence of drought on the catalase activity (CAT) in soybean root nodules by
inoculated with B. japonicum strains and Tn-5 mutants
1 — strain 646, 2 — strains 646 + drought, 3 — Tn-5 mutant B1-20, 4 — Tn-5 mutant
B1-20 + drought, 5 — Tn-5 mutant 107, 6 — Tn-5 mutant 107 + drought, 7 — strain 604k,

8 — strain 604k + drough. Stages of ontogenesis: 7 — the three true leaves, /7 — the budding,
111 - the mass flowering). (x £ SE, n = 5), the data compared with the control are reliable at
abed — P < (05, 2bbecdd — P <()(],mabbbeccddd p<() )01  (*and °— relative to the variants
by inoculated with strains 646 and 604k, ®and ¢ — relative to the variants by inoculated with
Tn-5 mutants B1-20 and 107).

For moderate drought in the stage of three true leaves in soybean plants,
inoculated with active Tn5 mutant B1-20, the activity of CAT in root nodules
decreased by 50,7 %. For prolonged water stress in the budding stage, the
enzyme activity increased by 112,1 % and remained at a high level in the
post-stress period. This indicates the inclusion in the work of the enzyme with
an increase in the action of stress (drought) and the reorganization of plant
metabolism in symbiosis with nodule bacteria.

An increase in CAT activity by 12 times in soybean root nodules inoculated
with low-active Tn-5 mutant 107 under conditions of prolonged drought was
recorded. This intensification of the enzyme activity was accompanied by an
elevated level of H)O, in the root nodules (as described above) and indicates
a significant development of oxidative stress in plants in this symbiosis. In the
post-stress period, the activity of the CAT remained at an elevated level. In the
symbiotic system of soybean and the inactive rhizobia 604k strain CAT activity
in root nodules was increased by 117,7 % in the stage of three true leaves and
decrease 28,2 % in the budding stages. This indicates the development of a
protective reaction of enzyme for moderate dehydration and the depletion of its
pool of stress. The obtained data are consistent with an increased level of H O,
in root nodules. In the post-stress period, in the stage of mass flowering, CAT
activity was practically restored to the level of plants with optimal watering.
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It was shown that the initial stages of dehydration in a symbiotic system
formed with the participation of soybean and the active strain of rhizobia 646,
the H,O, content in the roots increased by 34,1 % and remained almost at the
same level with a prolonged water shortage, as well as after the restoration of
watering the plants (Table 2). A moderate drought caused an increase in H,0O,
level by 45,1 % in the roots of plants inoculated with the Tn-5 mutant B1-20.
With prolonged exposure to water stress, its content raised by 34,4 %. In the
post-stress period it was restored to the level of plants with optimal watering.

In a symbiotic system with a low-level Tn-5 mutant 107, an increase
of H,O, content by 47,1 % was found during long-term dehydration in the
budding stage and a weak recovery of its level in the post-stress period. The
content of H,O, in the roots of plants, inoculated with an inactive 604k strain,
increased twice during the period of drought, however was restored partly
after the restoration of watering the plants. This suggests a disturbance in the
balance of prooxidant-antioxidant processes in these symbiotic systems.

Table 2
Influence of drought on the content of hydrogen peroxide in soybean
roots by inoculated with B. japonicum strains and Tn-5 mutants,
nmol / g dry mass

Stages of ontogenesis

Variants three true leaves | budding mass flowering
drought watering restoration
Non-inoculated plants 241,71 £14,52 | 266,82 £16,02 263,08 + 15,81
Non-inoculated plants + drought | 252,12 + 15,14¢ | 384,61 +=23,01¢ 190,51 + 11,44¢
Strain 646 114,74 + 6,82 120,74 + 7,23 122,83 £7,32
Strain 646 + drought 153,91 £9,23¢ | 171,51 +£10,34¢ 156,32 £9,41¢
Tn-5 mutant B1-20 100,32 + 6,06 125,65 + 7,51 133,44 + 8,05
Tn-5 mutant B1-20 + drought 145,53 £8,71> | 168,94 + 10,12° 148,71 + 8,91
Tn-5 mutant 107 115,86 + 7,02 128,81 +7,74 126,91 £ 7,62
Tn-5 mutant 107 + drought 147,34 + 8,83¢ 189,42 +11,42¢ 159,93 £9,61¢
Strain 646 139,01 + 8,34 137,13 £ 8,21 167,52 + 10,04
Strain 604k + drought 216,12 + 13,01 [ 205,35 + 12,324 | 200,04 + 12,024

Note: data compared to the control are reliable at ¢“?¢4 — P < (,05, ccaabbecdd — P < (), (], e aaabbbece
ddd p < 0,001 (¢ — relative to non-inoculated plants with optimal watering, ¢ and ¢ — relative to the variants
by inoculated with strains 646 and 604k, ® and © — relative to the variants by inoculated wiht Tn-5 mutants
B1-20 and 107).

It has been proven that prolonged drought in the budding stage induced
an increase in the content of H,O, in the root of non-inoculated plants by
44,1 % compared to plants that grew in optimal watering conditions. After
watering restoration, the level of H,O, decreased by 27,6 %. This is evidence of
oppression in the functioning of plant metabolism and significant development
of oxidative processes induced by insufficient water supply.

At the same time, CAT activity in the root of non-inoculated plants increased
(by 228,1 %) even with moderate drought in the stage of three true leaves
(Table 3). For prolonged drought in the budding stage, the enzyme activity
decreased (by 75,1 %), compared to plants with optimal watering. Changes in
CAT activity during the period of drought and restoration of its activity level up
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to 48,5 % in the post-stress period were recorded. This is indicate a significant
disruption of the antioxidant enzyme and low protective properties of plants
that were not inoculated with rhizobia.

Table 3
Influence of drought on the catalase activity in soybean roots by
inoculated with B. japonicum strains and Tn-5 mutants,
unit. act. / mg protein

Stage of ontogenesis
Variants three true leaves | budding mass flowering
drought watering restoration
Non-inoculated plants 0,025 +0,0011 | 0,036 +0,0021 0,035 £+ 0,0022
Non-inoculated plants + drought | 0,082 + 0,0052% | 0,009 = 0,0013% | 0,052 + 0,0031¢
Strain 646 0,075 +0,0043 | 0,047 +0,0032 0,052 +0,0034
Strain 646 + drought 0,129 +0,0074¢* | 0,056 +0,0031¢ 0,072 £+ 0,0042¢
Tn-5 mutant B1-20 0,040 +0,0021 | 0,025+ 0,0011 0,033 +0,0021
Tn-5 mutant B1-20 + drought 0,095 £+ 0,0063% | 0,019 +0,0012° 0,031 +£0,0014
Tn-5 mutant 107 0,037 +=0,0021 | 0,053 +0,0031 0,096 £+ 0,0062
Tn-5 mutant 107 + drought 0,140 = 0,0081« | 0,042 + 0,0024¢ 0,123 +£0,0071¢
Strain 646 0,061 +=0,0042 | 0,025 +0,0017 0,050 +0,0031
Strain 604k + drought 0,103 +0,0063¢ | 0,009 +0,0006% | 0,028 + 0,0024¢

Note: data compared to the control are reliable at¢“?<? — P < 0,05, ccaebbecdd — P < () ()], cceaaa bbb cec ddd
P < 0,001 (¢ — relative to non-inoculated plants with optimal watering, ¢ and “— relative to the variants by
inoculated with strains 646 and 604k, and ¢ — relative to the variants by inoculated wiht Tn-5 mutants
B1-20 and 107).

Soybean inoculation involving active strain of the rhizobia 646 resulted in
the activation of protective systems in conditions of drought. In particular, CAT
activity in roots increased by 72,1 % with moderate drought and 19,1 % un-
der prolonged conditions of dehydration. In the post-stress period the enzyme
activity was restored to an optimum level.

During the effects of drought on plants, inoculated with active Tn-5 mutant
B1-20, the activity of CAT in the roots increased by 137,5 % in the stage of
three true leaves and decreased by 24,1 % in the budding stage. After a stressful
period, its activity achieved the level of plants with optimal watering. The
obtained data testify to the different nature of the manifestation of the activity
of the antioxidant enzyme — CAT due to the effects of drought in effective
symbiosis formed with the participation of soybean plants and the active strain
646 and Tn-5 mutant B1-20. At the same time, changes in the activity of the en-
zyme in the roots of plants of both symbiotic systems were characterized by a
protective effect and were aimed at regulating the content of H O, under stress.

In the symbiotic system formed with the participation of the low-level Tn-5
mutant 107, CAT activity increased by 278,4 % in the roots under moderate
stress and the enzyme activity decreased by 20,7 % for a prolonged shortage of
water. For exposed to drought in the stages of three true leaves, CAT activity
was also increased by 68,8 % in the roots of plants inoculated with the inactive
rhizobia strain 604k and its activity decreased by 64,0 % during the budding
stage. After the restoration of watering the plants, the level of CAT activity
in soybean roots the inoculated Tn-5 mutant 107 was increased by 28,1 %,
whereas the enzyme activity was reduced by 44,0 % in the roots of soybean,

70 ISSN 1028-0987. Mixpobion. scypn., 2019, T. 81, Ne 4



inoculated with inactive strain 604k. Such an unstable enzyme reaction was
obviously associated with a disruption in its functioning due to the action of
water stress.

Discussion. Changes in water balance induced by drought were accompanied
by significant dislocation in the work of the symbiotic apparatus. This is evi-
denced by the decrease in nodulation ability and the nitrogen fixation activity
of B. japonicum in symbiosis with soybean plants. The degree of negative im-
pact of drought on the processes of nodulation and nitrogen fixation depended
on the duration of the stressor and the adaptive potential of the formed symbi-
otic system. In particular, with moderate drought in the stage of the three true
leaves, there was no significant suppression of the processes of the nodulation
and total NFA, and even a slight increase in the specific NFA of root nodules
in soybean plants inoculated with active strain 646 and Tn-5 mutant B1-20.
Despite the fact that in effective symbiotic systems, the total NFA was sup-
pressed with stress, that is, the sensitivity of fixation of molecular nitrogen
at the plant level was elevated, their specific NFA root nodules did not suffer
much, indicating the preservation of the work of the symbiotic apparatus. In
addition, the rapid restoration of the processes of nodulation and nitrogen fixa-
tion to the optimal level in the post-stress period in effective symbiotic systems
is an obvious consequence of the inclusion of protective systems and adapta-
tion in conditions of drought. In ineffective symbiotic systems, in the initial
of dehydration, the inhibition of the nodulation ability of B. japonicum (strain
604k and Tn-5 mutant 107) and even inhibition of NFA of the root nodules
(Tn-5 mutant 107) was observed. These symbiotic systems were not able to
mobilize their own defense systems and realize their symbiotic potential for
drought effects after the restoration of watering.

It has been proved that H O, is induced in response of plants to the envi-
ronment, in particular the action of abiotic stressors. It can act as a signaling
molecule and induce expression of “protective” genes (apparently by activating
protein kinases and phosphorylation of proteins), which is essential for adap-
tation of plants to stress [5]. Methodological approaches using DNA have al-
lowed to evaluate the expression of genes in response to the ROS. In particular,
the exposure of Arabidopsis cells in the presence of H O, resulted in a change
of about 175 genes, of which 113 were encoded for proteins with antioxidant
functions or associated with protective responses to stress, and the remaining
genes were encoded for proteins with signaling functions [24].

The regulation of the nodulation process in the interaction of macro- and
microsymbionts is associated with the formation of NFA and the activity of
antioxidant enzymes [8, 9, 10, 11, 12]. One of the key antioxidant enzymes is
CAT. It protects the acrobic cell from the toxic action of H,O,, which is formed
in biochemical reactions with ROS [19].

It was shown that the studied symbiotic systems realized their protective
mechanisms in different ways and adapted to the conditions of drought. In par-
ticular, in the symbiotic system formed with the participation of soybeans and
the active strain of rhizobium 646, an increase in H,O, content was observed
and a slight decrease in the activity of CAT in the root nodules during drought.
It was recorded that in the symbiotic system formed with the participation of
the active Tn-5 mutant B1-20 there is the inclusion in the work of protective
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systems for the long-term effects of stress, drought. This indicates an increase
in CAT activity and an insignificant increase in H,O, content. At the same time
there was a rapid restoration of their level to optimal after the restoration of
watering the plants. This underlines the ability of effective symbiosis to quickly
mobilize their own defense systems and adapt to growing conditions.

Investigated that the symbiotic system, formed with the participation of
soybean plants and the low-activity Tn-5 mutant 107, was characterized by
high content of H,O, and intensification of CAT activity in the root nodules
during the period of drought. At the same time, in the symbiosis of plants
with an inactive strain of rhizobium 604k, an increase in H,O, content and a
decrease in the activity of CAT in the root nodules for prolonged dehydration
was observed. Both symbiotic systems had a low capability to restore the level
of prooxidant and enzyme to control in the post-stress period. This indicates
a significant dislocation of the prooxidant-antioxidant balance due to the
development of oxidative processes in plants in these symbiosis, as well as the
inability to realize their symbiotic properties in conditions of drought.

We noted that in all the studied symbiotic systems there was tendency to
gradually increase the content of H,O, in the roots with increasing drought
and its partial restoration to the level of control in the post-stress period. It
should be noted that under optimal conditions of plant growth, the total level
of hydrogen peroxide in soybean roots, inoculated with rhizobia, was lower
compared to plants that were not inoculated. This indicates possible changes in
the prooxidant system in the roots of plants by inoculation of rhizobia.

It was proved that, regardless of the effectiveness of the symbiotic system,
CAT activity in soybean roots, inoculated rhizobia increased with moderate
drought. With the increase in stress, the level of CAT declined, especially in
the roots of soybean, inoculated with an inactive strain of rhizobia 604k. Obvi-
ously, this could be due to the depleted enzyme pool due to the active involve-
ment of the H,O, in the work, as well as reduced synthesis and (or) increased
degradation of its molecules (in the case of an ineffective symbiotic system).
In the post-stress period, the restoration of the CAT activity in the roots to the
optimal level is noted only in effective symbiotic systems.

Thus, the efficiency of the functioning of the symbiotic systems Glycine
max — B. japonicum under drought conditions is marked by adaptive changes
in CAT activity in root nodules and roots, which induce regulation of the H,O,
content and are accompanied by the preservation of the work of the symbiotic
apparatus.
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BMICT HEPOKCHUAY BOAHIO TA AKTUBHICTb KATAJIA3BU Y
PI3HUX 3A ECEKTUBHICTIO CUMBIOTHYHUX CUCTEMAX
GLYCINE MAX - BRADYRHIZOBIUM JAPONICUM
B YMOBAX ITIOCYXH

CA. Kouw, T.II. Mamenko, 10.0. Xomenko

ITnemumym ¢hizionoeii pocaun i ecenemuxu HAH Ykpainu,
8y1. Bacunvkiscoka, 31/17, Kuis, 03022, Ykpaina

Pesome

Merta. JlociiguTy BIUIMB TPUBAJIOL IIOCYXH HA 3MiHH BMICTY MEPOKCHIY BOIHIO Ta
AKTHBHICTh KaTajla3n y KOPEHSX 1 KOpeHEeBHX Oy;Ib00YKax COi 3a IHOKYISLIT mTaMaMu i
TnS-mytanramu Bradyrhizobium japonicum i3 KOHTPaCTHUMHA CUMOIOTHYHUMH BIIaCTH-
BocTsamu. Metoau. Mikpo6iosoriuni, isionoriuni, 6ioximiuHi, ra3oBa Xpomarorpadis,
crekrpodoTomerpis. PesynbTaTi. BeraHoBneHo, 1110 e(heKTUBHI CUMOIOTHYHI CHCTEMH,
YTBOPEHI 3a y4acTio coi Ta aKTUBHOTO ITaMy pu3o0iit 646 i Tn5-myranta B1-20, Bin-
PI3HSINCH 32 MPOSBOM aKTHBHOCTI KaTaja3W Ta BMICTOM IEPOKCHIY BOIHIO Y KOPEHSX i
KOpeHeBUX Oy Ib00uKax BOPOAOBXK il mocyxu. OHaK 11i 3MiHH CYPOBOJKYBAJICh PO3BH-
TKOM CTpPEC-3aXMCHHUX PEaKIii 1 MaJIi aJaiTHBHAN XapakTep, 0 00yMOBHIIO 30epekeHHs
e(eKTHBHOI POOOTH IX CUMOIOTHYHOTO arapary B yMOBaX IOCyXH. Y CUMOIOTHYHUX CHCTe-
Max, YTBOPEHHX 32 y4acTIO Col Ta MaJIOaKTUBHOTO TnS-myranrta 107 i HEaKTHBHOTO ILITAMy
604k, BUSBJICHO TIiIBUIIEHHS BMICTY IEPOKCHIY Ta HECTaOlTbHY poOOTY aKTUBHOCTI €H3H-
MYy 3a JIii CTpecy, a TaKOK CJIA0Ke BITHOBIICHHSI X PiBHA IO ONITUMAIIFHOTO Y MICIACTPECO-
Buii nepioq. BucnoBku. EdexTruBHICTh QyHKIIOHYBaHHS cUMOioTHYHUX cucteM Glycine
max — B. japonicum 3a TpuBanoi Aii MOCYXH Bi3HAYAETHCS aJaNTalliiHUMK 3MiHAMH aK-
TUBHOCTI KaTaJla31 Y KOPCHSX 1 KOPEHEBHUX OyIh00UYKaX, M0 iHAYKYIOTh PETYIIAIII0 BMICTY
TIEPOKCHUTY BOJIHIO Ta CYTIPOBOIKYIOTHCS 30€peKeHHSIM pOOOTH CHMOIOTHYHOTO arapary.

Kniouosi cnosa: Glycine max (L.) Merr., Bradyrhizobium japonicum, IEpOKCHIT BOTHIO,
Karasasa, akTHBHI (POPMH KHCHIO, TIOCYyXa.

COIJEPKAHUE NIEPEKUCH BOJOPOJA U
AKTHUBHOCTD KATAJIA3bI B PA3JIMYHBIX 11O
IPPEKTUBHOCTU CUMBUOTHYECKHUX CUCTEMAX
GLYCINE MAX - BRADYRHIZOBIUM JAPONICUM
B YCJIOBUAX 3ACYXH

C.A. Kous, T.II. Mamenxo, FO.A. Xomenko

Hucemumym ¢huzuonoeuu pacmenuii u eenemuxu HAH Ykpauno,
yi. Bacunvrosckas, 31/17, Kues, 03022, Yxpauna

Pesome

Heas. Mccnenosars BIMAHUE [UINTEIBHON 3aCyXH Ha M3MEHCHUS CONEPKaHMS Iie-
PEKHCH BOIOpOJa ¥ aKTMBHOCTD KaTajlas3bl B KOPHSIX M KOPHEBBIX KIyOEHbKaxX COM IpH
WHOKYJISAINK ITaMMaMu U TnS-mytantamu Bradyrhizobium japonicum ¢ KOHTPaCTHBIMH
CUMOMOTHYECKUMH cBOMcTBaMu. MeToabl. MukpoOHonornieckne, (hu3noaorniecKue,
Ouoxumuueckue, razoBas xpomarorpagus, cnekrpodoromerpus. Pesyabrarsl. Ycra-
HOBJICHO, 4TO 3((heKTHBHBIE CUMONOTHYECKHE CHCTEMbI, 00pa30BaHHbIC C Y4aCTHEM COU
W aKTHUBHOTO IITaMMa pu3obuii 646 u Tn5-myranta B1-20, oTmn9anuce mposBieHUEM
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AKTUBHOCTH KaTasla3bl U COJCPKAHUEM NEPEKHCH BOAOPOJA B KOPHIX U KOPHEBBIX KITy-
OeHbKax Ha MPOTHKEHUH JeicTBUS 3acyxu. OZHAKO 3TH M3MEHEHHsI CONPOBOXKIAINCH
pa3BUTHEM CTpECC-3alUTHBIX PEaKUi 1 UMEIHN aIallTUBHBIA XapakTep, 4To 00yCIOBUIIO
coxpaHeHnue 3()(HEKTUBHON pabOThl KX CUMOMOTHYCCKOIO ariapara B YCJIOBUSAX 3aCyXH.
B cumOnoTtnyecknx cucreMax, 00Opa3oBaHHBIX C yU9aCTHEM COM M MAaJIOAKTHBHOTO TnS5-
myTtanTa 107 n HeakTnBHOTO mtamMmma 604k, BEISABICHO TOBBIIICHUE COJICPKAHUS Tepe-
KHCH U HecTaOmiIbHasi paboTa aKTUBHOCTH SH3MMa MPHU BO3JIEHCTBUU CTpECCa, a TaKKe
cnaboe BOCCTAHOBICHHE MX YPOBHA JI0 ONTHMAIBHOTO B MOCIECTPECCOBBIM IEPHOA.
BuiBoabl. D(pdeKTHBHOCTD GYHKIMOHUPOBAHUS cUMONOTHYECKHX cucteM Glycine max —
B. japonicum nipu AMUTEIHHOM BO3CHCTBUH 3aCyXH OTMEYAETCS afanTallMOHHBIMU H3Me-
HEHUSIMU aKTHBHOCTH KaTaja3bl B KOPHSX U KOPHEBBIX KIIyOSHBKaX, KOTOPHIE HHIYIIHPYIOT
PETYISIHIO CONIep KaHMsI IEPOKCH/Ia BOJOPOAA M COMPOBOXK/IAIOTCS] COXPAHEHHEM PaOOThI
CUMOHMOTHYECKOTO arnmapara.

Knioueswie cnosa: Glycine max (L.) Merr., Bradyrhizobium japonicum, nepexuct 6000-
pooda, Kamanasa, akmugHvle opmuvl KUCI0pOOd, 3acyXd.
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