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The paper covers the role of lectins of legumes in the establishing
of nitrogen fixing symbiosis with nodule bacteria. The positive influence
of these proteins in initiation of rhizobia binding to the roots of legume
plants was proved. It was established that level of hemagglutination
activity of lectins of soybean and lupine nodules directly relate on the
activity of nitrogen fixation. Treatment of soybean seeds with the rhizobial
suspension combined with homologous lectin promoted nitrogen fixation
in nodules and has considerably increased crop yield thus indicating
perceptiveness of use of legumes lectins in compositions of bacterial
fertilizers for legume plants.
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It is well known that formation of symbiotic relations of legumes
and nodule bacteria is the complex multi-step process. Most scientists
consider lectins (carbon-binding proteins of legumes) to play special
role in interaction of symbioses partners [1, 4, 7, 10]. Lectins are the
group of non-immune proteins capable of selective and reversible
binding of carbohydrates preventing their chemical transformation.
They may interact both with mono- and oligosaccharides, as well as
with carbohydrates residues entering the composition of glycoproteins
and glycosides [8, 11]. Such interaction of cell surface components
of different organisms can provide mutual recognition of certain
species at the formation of various microbial-plant associations [3].
Occurrence of such tight contacts between these organisms allows
use of their metabolites on their own needs. Nitrogen fixing legume-
rhizobial symbiosis formed in the assistance of legume plants lectins
and polysaccharides of nodule bacteria might be taken as an example of
such interaction [2, 6]. The importance of studying of lectins role in the
functionality of legume-rhizobial symbioses corresponds to the fact that
the results obtained might clarify theirs functions and, furthermore, define
means for optimization and improvement of symbiotic interrelations.
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That, in turn, will certainly have the significant practical accent.

Hence, the main aim of our investigation was studying the role of
lectins in the processes of formation and functioning of legume-rhizobial
systems, as well as clarification of their application possibility in order
to invoke symbioses and increase legume plants yield.

Materials and methods. In our experiments we have used soybean
(Glycinemax L. (Merr.)) and lupine (Lupinus luteus L.) plants. Seeds were
sterilized during 15 minutes in ethanol, afterwards washed in flowing
water and inoculated with the rhizobia strains of various efficiency
prior to their sowing. The Bradyrhizobium japonicum strains 634b,
631 (active) and 604k (inactive) were used for inoculation of soybean
seeds. The lupine seeds were inoculated with strains Bradyrhizobium sp.
(Lupinus) 359a (active) and 400 (inactive).

Plants were grown in 11 kg Vagner pots. Washed river sand
enriched with Hellriegel nutrient solution (0.25 of nitrogen norm) was
used as the substrate. Study of the microbial preparations enriched with
lectins was conducted in field experiments.

In order to determine indices of rhizobial cells adsorption the
sterile seeds were grown on the poor agar, afterwards root cuts (1 cm)
were incubated in the bacterial suspension (107 cells/ml) during 1 hour.
Then seeds were washed out with sterile water and homogenised. The
number of adsorbed cells was determined in homogenate.

Isolation of phytohemagglutinin from root nodules and other
plant organs was performed by the ethanol elution method [11] with our
modifications [9]. Hemagglutinationreaction was made inimmunological
planes with U-shaped wells. Lectin titre was determined by wells with
visible agglutination reactions and expressed in agglutination units (AU).
Nitrogen fixation activity of root nodules was measured by acetylene
reduction method [5]. Effect of exogenous lectin on nitrogen fixation
activity and plants productivity was studied. The inoculum was prepared
by 20 hours incubation of rhizobial suspensions with various lectin
concentrations under the temperature +28 °C. Correlation of incubated
components volumes was 1:1. Final bacterial concentration was no less
than 107 cell per 1 ml of suspension.

Results and discussion. Binding of nodule bacteria to the roots
of host-plant is considered to be one of the important stages preceding
the bacterial infection of legumes. This is following by activation of
enzymes synthesis, damaging cell walls of root fibrils resulting in its
deformation and rhizobia penetration to the root cells of host-plant.
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Experiments studying the ability of most specific to lectin sugars
(haptens) to decrease the binding level of nodule bacteria to the roots of
host-plant have proved the lectins participation in rhizobia adsorption
to the roots of legume plants. As is seen from the table 1, incubation of
lupine roots in the solution of lupine lectin’s hapten, D-galactose, has
resulted in the decrease of the number of adsorbed on their surface cells
of Bradyrhizobium sp. (Lupinus).

Table 1. The influence of lectin hapten on the adsorption
of Bradyrhizobium sp. (Lupinus) strain 359a on lupine roots

Number of cells per 1 cm of root, x10°

Variant . tme (?f % to . tme (?f % to
incubation incubation
“1h control “oh control

62,8+2,3 100 82,8+2,3 -

Control (preincubation of
roots in water)
Preincubation of roots in
0,1 mol D-galactose

25,9+1,5 41 13,8+1,3 16

Moreover, the number of the attached bacterial cells has depended
on the duration of incubation. Thus, in control variant the number of
adsorbed bacteria was 63x10° cells after the 1 hour incubation of
roots in rhizobia suspension, while their preliminary treatment with
D-galactose has decreased it to 26x10° cells. After 2 hours of rhizobia
incubation in the solution of this lectin’s hapten the number of bacterial
cells adsorbed on the root surface was reduced to the 14x10° cells
(table 1). Since galactose is a carbohydrate specific to the lupine’s lectin,
it blocks active centre of given protein and prevents its adsorption with
the polysaccharides of bacterial cells followed by the decrease of their
number on the root surface. Effect of lectin haptens on the adsorption
level has confirmed their active role on the initial stages of symbiosis
formation.

We have also studied the changes in lectin activity in different
plant organs dependently to plants age. It was established that nodules
have the most considerable activity of lectins.

Analysis of nitrogen fixation and lectin activity of protein extracts
isolated from the lupine nodules has revealed the dependence of
hemagglutination activity of nodules lectins on the activity of rhizobia
strain used for plants inoculation (fig. 1). As is seen from the figure the
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high level of nitrogen fixation activity of strains corresponds to the high
lectin activity of protein isolated from the nodules. At the low level of
nitrogen fixation (inoculation with inactive strains 604k B. japonicum —
fig. 1A and 400 Bradyrhizobium sp. (Lupinus)—fig. 1B) the insignificant
lectin activity of root nodules was observed. Direct relationship between
nitrogen fixation and lectin activity testifies the direct participation of
lectins in the processes of nitrogen fixation. In addition, as was shown
for the first time, the activity of inoculum strain also influences on the
level of lectin activity of protein extracts isolated from the other organs
of host-plants. The results obtained have testified participation of lectins
not only in fixation of atmospheric nitrogen in nodules but in various
other physiological processes in plant.
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Fig. 1. Nitrogen fixation (umol C ,H ;plant’-h') and lectin activity
(AU/50 ul) of soybean (4) and lupine (B) nodules inoculated
by Bradyrhizobium strains with various activity
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Taking into the account the high activity of lectin in different parts
of lupine and soybean plants and basing on the literature data regarding
their biological role in plants growth and development processes we have
made a conclusion on the appropriateness of exogenous application of
lectins at presowing inoculation of legume plants.

It was revealed that combined treatment of soybean plant seeds
with suspension of B. japonicum 634b (specific) and 631 (non-specific,
promotes nodule formation on both soybean and lupine) strains and
lectins of soybean and lupine, homologous to these strains consequently
activate nitrogen fixation activity of formed nodules.

Though, the soybean lectin promotes nitrogen fixation activity
of both studied strains while lectin isolated from the Iupine plants had
increased the activity of 631 B. japonicum strain (used for inoculation of
soybean and lupine plants) only (fig. 2). Enhancement of such activity
might be related to the effect of homologous lectin of host-plant on the
metabolism of bacterial cell, as well as on the synthesis of enzymes
participating in the process of nitrogen fixation, and nitrogenase in first
place.
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Fig. 2. The influence of specific and nonspecific soybean nodule
bacteria lectins on soybean nitrogen fixation activity
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Preincubation of soybean rhizobia with the lectins not specific to
the legume plants, namely lectins of bean (Phaseolus vulgaris L.), pea
(Pisum sativum L.) and jack bean (Canavalia ensiformis L.) has showed
the suppressive effect of these agglutinins on the nitrogen fixation
activity of nodules. In particular, general nitrogen fixation activity of
root nodules was decreased up to 40% depending on the lectin type and

inoculum strain. At the same time heterologous lectins almost in all
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variants has a positive effect on the mass of root nodules, in other words
— on the «plant part» of the symbiotic system.

It can be assumed that presence of exogenous lectin in inoculum
effects not only microsymbiont but also the host-plant. Thus, we can
consider that lectins might be used as the biological active substance
positively influencing on symbiosis productivity and plants yield.

Investigation of nitrogen fixation activity in nodules in plants
inoculated with rhizobia suspensions with different lectin concentrations
(2, 20, 200 mcg/ml) has revealed the 20 pg of lectin per 1 litre of
bacterial suspension to be the most efficient dose. At budding and
flowering periods this index in soybean plants was almost 4 times higher
comparing to control value. Fruiting stage had revealed a little bit lower
difference but still it has twice exceeded the control variant.

Table 2. The influence of different concentrations of specific lectin
on nitrogen fixation activity (umol C,H  plant’ h”) and yield
(centner per ha) of soybean inoculated by strain B. japonicum 634b

(field experiments)
Lectin concentration, . . Yield increase to
. Nitrogen fixation .
pg/ml bac.terlal activity (budding) Yield control
suspension centner/ha| %
Control (without lectin) 5,13+£0,24 27,9+1,6 - -
50 4,37+0,29 32,3822 4,4 15,8
100 4,93+0,15 32,7£1,7 4,8 17,2
200 9,8540,38 33,3419 5,4 19,4
300 7,7840,28 34,5£2,1 6,6 23,6
LSD,, 3,9

In order to examine whether lectins preserve their effect (on
nitrogen fixation, in particular) in natural conditions we conducted a
number of field experiments. At this, analysis of nitrogen fixation
activity of soybean plants has shown, that the application of bacterial
suspensions containing 200 and 300 pg/ml of lectin was the most
effective at budding stage (table 2). The level of nitrogen fixation in
these variants was 91 and 51 % higher comparing to control. The same
dependencies were observed during the other ontogenesis stages.

Influence of various factors on productivity of plants is measured
by their yield. In our experiments use of exogenous lectins in different
concentrations has ensured the considerable yield increase (table 2). At
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this the tendency to its increase at the rise of lectin concentration in
the inoculation suspension was noticed. Moreover, the most economical
concentration was 200 pg of lectin per 1 ml of bacterial suspension.

Hence, lectins, as multifunctional compounds are considered
to be the signal molecules used to control formation and functioning
of legume-rhizobial system. The nature of their influence on nitrogen
fixation and plants productivity allows their examination as the effectors
of plant growth and development. In addition, the data obtained indicates
the perspectives of the application of bacterial preparations including
homologous lectin and might be used in the improvement of agricultural
crops production technologies.
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JEKTUHHU TA IX POJIb Y ®OPMYBAHHI 1
OYHKIHIOHYBAHHI bOBOBO-PU30BIAJIBHUX
CHUMBIO3IB

Koup C.51., Mannuenko C.M., Mamenko I1.M.,
Boukoron M.B., MuxaJkis JI.M.

IactutyT dizionorii pocimn i renernkn HAH Vipainu, M. Kuis

YV cmammi poszensoaemvcs numanns poni 1ekmunié 60606ux y
CMAHOBNIEHHI A30MPIKCYBANbHUX CUMOIOMUYUHUX CUCTIEM YUX POCIUH
i3 Oynvoouxosumu 6axmepiamu. Hagoosmucs Ookazu nosumuerozo
BNAUBY OOCAIONCYBAHUX OIIKIE HA NPUKPINAEHHST pu300itl 00 Kopeme
00606ux pocauH. Byno 6cmanosneHo, wo pigeHb 2emaiiomuHy4ol
AKMueHOCMI 1eKMunie coi ma OYIbO0HOK NONUHY NPSIMO 3ATLEHCUMNb
8i0 axmuenocmi azomeixcayii. Obpobra HACiHHA O pu300iaIbHON
CYCNEH3IEI Pa30M i3 2OMONOSTUHUM JeKMUHOM CAPUSIA NIOBULEHHIO
asomepikcayii 6 Oy1bOOUKAX T 3HAYHO NIOBUWLYBANA NPOOYKMUBHICb
pocaun, wo niomeepodicye nepCneKmueHiCms 3acmocy8anis 1eKmuHie
bobosux y Komnosuyii 3 OaxkmepianrbHuMu 00Opusamu 0is 00pPoOKU
HACiHHs D0O0BUX POCIUH.

KimrouoBi croBa:  zekmunu  600606ux, 6006060-pu306ianbHulL
cumoios.
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JEKTHUHBI U UX POJIb B ®OPMHUPOBAHUU U
OYHKIIUOHUPOBAHUN BOBOBO-PU30BUAJIBHBIX
CUMBHUO30B
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IHctuTyT Qusnonoruu pacrenuii u renerukn HAH Ykpaunsr, 1. Kues

B cmamve paccmampusaiomes 6onpocul, Kacarowuecs poiu
JeKMuHo8 00006bIX 6 (HopMUPOBAHUU  A30MPUKCUPYIOUWUX — CUM-
OuOmMuUYecKUX cucmem IMux pacmeHull ¢ KI1yoeHbKo8bIMU OaKmepusmu.
IIpusoosimesi doxkazamenbcmea NO3UMUEHO20 GIUSLHUS UCCTE0VEMbIX
benkos Ha npuKpenienue puzooull K Kopusam 60006wvlx pacmenuil. boiio
VCMAHOBIEHO, YMO YPOBEHb 2eMMATIOMUHUPYIOWeld AKMUSHOCMU
JIEKMUHO8 COU U KIYOEHbKOG JIONUHA HANPIMYIO 308UCUM  OM
axmusHocmu azom@urcayuu. Obpobomra cemsiH cou pu300UATbHOU
CYCReH3Uell COBMECMHO ¢ 2OMONIOCUYHbIM TeKMUHOM CNOCOOCMBO8ANA
VCUneHuro azomeukcayuu 8 KiyOeHbKax u 3HAYUMENbHO NOGbIULALA
NPOOYKMUBHOCMb PACMEHUU, YMO NOOMEEpIHcOaenm nepcnekmueHoCb
UCNONL308AHUSL IEKMUHOE DOOOBHIX 8 KOMNOZUYUSX C OAKMEPUATbHBIMU
VOobperusimu 015t 00pabomxu cemsii 60606bIX pacmMeHUil.

KitroueBble ciioBa: sekmunbl 00006b1x, 000060-pu300UAIbHYLU
cumbios.
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