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Summary. Modulation of the effect of wheat germ agglutinin
(WGA) with hapten, N-acetyl-D-glucosamine (GIcNAc),
in case of pre-sowing treatment of spring wheat (7riticum
aestivum cv Rannyaya 93) seeds, on the biological components
of the system plant — soil — microorganisms” was studied.
The application of WGA (100 nM) stimulated root formation,
biomass production, total chlorophyll content and wheat grain
productivity. A positive effect of WGA on the amount of soil
nitrogen-fixing microorganisms, their nitrogenase activity
and the growth-activating ability of rhizosphere soil was also
established. The stimulatory effect of 100 mM GIcNAc on the
plants and the soil nitrogen-fixing microorganisms was lower in
comparison to wheat lectin. The binding of hapten to the active
centers of wheat lectin inhibited the effect of WGA in relation
to 7. aestivum development parameters and nitrogen-fixing
microorganisms in the rhizosphere soil.
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glucosamine, total chlorophyll, soil nitrogen-fixing microorganisms,
nitrogenase activity, grain productivity.

Abbreviations: WGA - wheat germ agglutinin; GIcNAc - N-acetyl-
D-glucosamine, FW - fresh weight, DW — dry weight, NA -
nitrogenase; Chl - chlorophyll; LC - liquid chromatography.

INTRODUCTION

Plant lectins are polyfunctional molecules participating in the formation
and functioning of plant-microorganisms symbioses. Lectins are molecules
exhibiting a wide range of biological activities (Singh et al., 1999;
Peumans et al., 2001; Rudiger and Gabius, 2001). Phytohemagglutinins
are multifunctional compounds that can play a role of receptors by binding
microsymbiont polysaccharides at the stage of host-plant recognition
(Singh et al., 1999; Laus et al., 2006), the molecular signal, or the factors
controlling development and functioning of the plant-microbe symbiosis
(Brencic and Winans, 2005; Lodeiro et al., 2000; Antonyuk and Evseeva,
2006).

Lectins belong to a class of (glyco)proteins which are capable of binding
carbohydrates selectively and reversibly without causing their chemical
transformation (Bouckaertetal., 1999; Loris,2002). Carbohydrate specificity
is a fundamental characteristics of phytohemagglutinin molecules. Wheat
germ agglutinin (WGA) is one from series of N-acetyl-D-glucosamine-
binding plant lectins as hevein, pseudohevein, Urtica dioica agglutinin
and has four selective carbohydrate binding centers for hapten (Komath
et al., 2006). Additionally, WGA is a protein with two primary and two
secondary independent sugar-binding sites and has sugar binding specifity
for 2 types of N-acetylated sugars, N-acetyl-D-glucosamine (GlcNAc) and
N-acetylneuraminic acid (Karpati et al., 1999). Interaction of hapten with
the active centers of WGA can reduce or completely block the lectin effects
(Yegorenkova et al., 2001; Kyrychenko, 2006).

It has recently been shown that the inducing effects of WGA on
endogenous lectin activity of wheat plants as well as on the functional
activity of Triticum aestivum genome are partially inhibited by GIcNAc
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(Kyrychenko and Tyshchenko, 2005).

Little information is available on the modulation of the biological
activity of WGA by GIcNAc in relation to the components of the system
“plant - soil - microorganisms”. The aim of the present investigation was to
study the growth parameters of 7. aestivum plants, total chlorophyll content,
grain productivity and the growth-activating ability of rhizosphere soil,
the amount of soil nitrogen-fixing microorganisms and their nitrogenase
activity under greenhouse conditions.

MATERIALS AND METHODS

Spring wheat (7riticum aestivum L.) cv. Rannyaya plants were grown
on soil with components of Pryanishnikov nutrient medium (Grodzinsky
and Grodzinsky, 1973) containing 0.12 g NH,NO,, 0.269 g CaSO,, 0.172
g CaHPO,, 0.16 g KCI, 0.025 g FeCl,.6H,O, 0.123 g MgSO,.7H,0,
microelements: 0.007 g(NH,),M00,,0.007gH,BO,,0.0012gMnSO,.5H.0,
0.0025 g CuSO,.5H,0 L' as a 0.5 mineral nitrogen norm which was added
to the substrate for plant growth. The experiments were performed in
Wagner pots (7 per variant, 20 seeds per one pot) in a greenhouse.

Preparations of wheat germ agglutinin (WGA, 100 nM), aminosaccharide
N-acetyl-D-glucosamine (GlcNAc, 100 mM) and hapten of the wheat lectin
(“Lectinotest”, Lviv, Ukraine) were applied. The composition of lectin with
hapten was 1:1, where lectin was pretreated with hapten for h and water
was used as control for pre-sowing treatment of wheat seeds for 1 h.

The biomass of plants, total chlorophyll content in wheat leaves and
grain productivity, amount of rhizosphere diazotrophe microorganisms
with their nitrogen-fixing activity (NA), and growth-activating ability of
rhizosphere soil were estimated at various periods of wheat vegetation
(different developmental phases of wheat plants) (Kirby et al., 1999).
Plants and rhizosphere soil were sampled during the following phases:
tillering (30-day-old plants), boot (55-day-old plants), flowering (70-day-
old plants) and ripening (110-day-old plants). The harvest index (HI) was
calculated as the ratio of grains DW to plant DW.

Total Chl content in wheat flag leaves was determined according to
Arnon after extraction with dimethylsulfoxide (Hiscox and Israelstam,
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1979). Total Chl was measured in four replications.

Nitrogenase (NA) activity measured by acetylene reduction was detected
in wheat root with rhizosphere soil according to Hardy et al. (1968) by gas
chromatography using a Chromatograph 504 device (Mera Elwro, Poland)
equipped with a flame-ionization detector. Analyses were conducted using
a column (1.3 m by 4 mm) packed with the Paropak N at 80 °C. The column
was calibrated against ethylene. The carrier gas was nitrogen at a flow rate
of 50 ml/min. Acetylene-reducing activity (ARA) was registered after 1
h incubation of roots of 30- and 55-day-old wheat plants with acetylene
injected in hermetic sealed flasks. The final acetylene volume was 10 % of
flask volume. ARA was determined in three-four replications and expressed
in nM ethylene (C,H,) produced by the enzyme from added acetylene per g
FW of plant root.

Microbial density of rhizospheric diazotrophes and oligonitrophiles was
expressed as colony forming units (CFU). Microbial cultures were grown
in the agar selectivity nutrient Eshbi medium containing 0.2 g K. HPO,,
0.2 g MgSO,, 0.2 g NaCl, 0.1g K,SO,, 5.0 g CaCO,, 20.0 g saccharose,
16.0 g agar and 1 ml microelements I, pH 7.3.

The growth activating ability of rhizosphere soil was determined by the
phytotest using watercress (Nasturtium microphyllum) seedlings as a test
object grown in the rhizosphere soil (Grodzinsky and Grodzinsky, 1973).

Experiments were performed in three replications. Statistical evaluation
of the results was performed according to Statgraphics software statistical
package 5.0.

RESULTS

The obtained results demonstrate that pre-sowing treatment of 7
aestivum seeds with wheat lectin, hapten and their composition stimulated
growth processes and formation of biomass of plants at all developmental
phases under greenhouse conditions (Table 1). Treatment of wheat seeds
with the above preparations led to increased plant biomass of the above-
ground parts and roots of 7. aestivum plants, but 100 mM GlcNAc reduced
the stimulatory effect of 100 nM WGA concerning the FW of shoots (by
15-6 %) and DW of shoots (by 19 %), FW of roots (by 2-19 %) and DW of



145

Effect of hapten and N-acetyl-D-glucosamine on wheat lectin

cooFesn LOOF GE'D E00F 990 ooFLa L CO0FOZE  IFRA0 I Q0T e 7044 IU 001
e0oFLE0 LO0F LF0 FOOF LE0 EO00FLE L & FOGE T I 001
FOOFBE0 LO0F S0 FOOF 020 O O0FIE | 9L 0F2SE IFRATD AW 001
cooFein LOOF EE°0 E0DFFLD eOooFIs L L OFEFE To;
1009
Qo0oF L20 LOOF 210 OL'0F #ED cO0FzeE D FEOFFE0 IFRA0 A O0T e 7044 INU 001
LOF LE°0 LOOF FL'D cO0FoFD cO0FeEE D SOFSED T I 001
LOF 220 LOOF L0 cOF e cOOFFED a00FLED IFRATD AW 001
LOF F2°0 LOOF 210 c0FZED LOOFLED FOOFEL D To;
RO

[mq 3 5] [mas] [was] w1 3] [ma3]

saaea] I nrepd sad nred 1ad repd xad repd xad

D oL N[STaM 100y JSTaM 001§ N[S1aM 100y N[STaM ) 001 JBuUnEaI]

‘syuerd yeoym Jo Judiuoo [[AydoIo[yo 1103 pue Jy31om J00I pue J00ys
Uo QuIWesooNn[3-(I-[A1908-N PUB VO UYIM SPIas (g6 eAeAuuRy "AD) WnASaD windijLif JO JUSWILAI) JO 1091 H T dqeL



SANEA [OMTOD A1) Il 23TAIAINR JUE U A[[Eans TR —

IFHATD W 00T kA
00 0FIF0 FEFSLEE  LELVIFLERL Ll00FIE0  LEOFZEES SO0FELL CELFILEE 6 FE Bl TFOM T 00T

LO0FLFD L FFEBLYF  LLOFEEBL LLO0FLE'0 LOFERC EOOFEE' L BB OFCLFC L IF0BL TFOM T 00T

LO0FIF0 LS9F0ELF LSFEOFELSL LZ00FLED E'0FLFE SO0FLLL B9 (FOSCE COFE'EL M1 MW 00T

Kyrychenko and Perkovska

146

cO0'0FOF 0 6 6FE GRE BE oLl cO' FOE0 E0FS e COOFELL 60" LF00°LE COFesl [ERAEIN
[ma sl masl [Mmag5s]apds aqpds [masl [ma3]iediad  jod.aad
Xapun surers gogr  1od adnSram  radnSram  gad raqumu  sypds &ro N[STaM Jaquumu
1SaATR] NSTaM urers) s mer)  JoNEwp axprdg anpudg JIsunEary,

‘Kiranonpoid ureis uo udydey pue yOA\ YIm Spads (g6 eABAUURY ‘AD) WiNAISID WNI1LL] JO JUIUNLIL} JO 109134 *T dqeL



Effect of hapten and N-acetyl-D-glucosamine on wheat lectin 147

Table 3. Effect of treatment of Triticum aestivum (cv. Rannyaya 93) seeds with
WGA and N-acetyl-D-glucosamine on nitrogen-fixing activity and amount of
rhizosphere diazotrophic microorganisms.

Treatment Nitrogenase activity CFU
[nmol CaHy h'lgl FW]  [cell g1 soil]

Tillering
Control 187720223 496+56 - 1012
100 mh GleMTAc 30180260 94 5+4 5. 1012
100 b WGA 53510107 964435 102
100 ndd W GA with 100 mM GleMAe 24870280 96827 1012
Boot
Control 0672+0.078 3.0+04 - 101
100 mbd Gl Ac 0.958+0.189 8.9+1.7- 10"
100 b WGA 1411201086 17707 1014
100 nb WGA with 100 mbd GleMAc 0.898+0.090 156216 10
Flowering
Control - 34017 - 101
100 mId GlelAc - 17511 10"
100 ol WG4 - 35017 1014
100 nb WGA with 100 mbd GleMAc - A3 7+14 - 101
Ripening
Control - TA42+68 - 109
100 mId GlelAc - 822+71- 109
100 b WGA - 160.9+11.3 -108
100 oI WGA with 100 mMf GleAe - 89456 108

Mata: CFTT — colontes formation units; "= — nitrogenase activity was not detected
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Table 4. Effect of treatment of Triticum aestivum (cv. Rannyaya 93) seeds with
WGA and N-acetyl-D-glucosamine on growth-activating ability of rhizosphere
soil.

Treatment Nasturtinm micrephyllum seedlings,
[mg FW]
Tillering Flowering Ripening
Control 11.49£0.18 23352094 2542+078
100 mIf Glellic 11.62£0.25 2315045 2999090
100 o W GA 12.60+013 2343+066 26 160 56
100 o W GA with 100 mM GleIAc 11.06+0 41 22 95+087 25814133

roots (by 4-18 %) for two different phases of plant development. The trend
of an increase in the FW of wheat roots was observed in all variants.

Treatment of seeds with WGA increased total Chl content in the
wheat leaves (DW) at the phases of tillering and boot by 54 % and 21 %,
respectively whereas GIcNAc led to increased total Chl content by 33 %
and 22 %, respectively (Table 1). Hapten had a significant modulating
effect on wheat lectin in the phase of tillering and caused a reduction in
total Chl content by 21 % compared with WGA, however, no difference
was observed at the boot phase.

Analysis of the yield structure demonstrated that the grain yield was
enhanced due to the increase in the weight of spikes by 620 %, number
and weight of grains per spike by 10-12 % and 14-21 %, respectively
(Table 2). DW of grains per pot exceeded the control values by 12-24 % in
all treatments. The increase in the DW of 1000 grains was insignificant (by
1-6 %). The harvest index (HI) increased by 15—18 %. This effect suggests
that the potential maximum of wheat plants formed in the presence of WGA,
hapten and the composition was directed rather towards the production of
wheat grains, but not to plant vegetative biomass.

Studies on the nitrogen-fixing activity of the rhizospheric microbe
complex in association with wheat roots demonstrated high activity of
the diazotrophic microorganisms in the rhizosphere soil (Table 3). In the
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tillering and boot phase of the wheat development these values were 1.4—
3.6- and 1.4-2.6-fold higher, respectively. WGA had a stronger stimulatory
effect on the nitrogen-fixing microorganisms. Soil microbiological analyses
showed that the maximum stimulatory effect on the amount of nitrogen-
fixing microorganisms in the rhizosphere soil was observed after treatment
of seeds with WGA. Hapten decreased the effect of wheat lectin on the
NA of rhizosphere microorganisms as well as their amount. The amount of
diazotrophs and oligonitrophils in the wheat rhizosphere zone in all variants
was 1.2 —12.0-fold higher during the vegetative period.

The growth-activating ability of the rhizosphere soil after treatment
of seeds with WGA and GlcNAc was increased by 3—10 % and 18 %,
respectively, as compared to controls and did not change under lectin
modulation effect exerted by hapten (Table 4).

DISCUSSION

Ourresults demonstrated that pretreatment of WGA with the carbohydrate
hapten modulated the effect of wheat lectin. Hapten inhibited the positive
effect of WGA in relation to 7 aestivum development parameters as
root formation, growth, grain productivity and physiological activity
of nitrogen-fixing microorganisms of rhizosphere soil due to binding to
the active centers of lectin. WGA applied to the culture of Azospirillum
brasilense sp. 245 at concentrations of 1-10 nM enhanced indole-3-acetic
acid production, dinitrogen fixation and ammonium excretion by bacterial
cells. Lectin promoted also the synthesis of proteins, both new and those
already present in bacterial cells (Antonyuk and Ignatov, 2001). WGA was
found to serve as a molecular signal for the rhizobacteria and the bacterial
response to the plant lectin was pleiotropic: WGA applied at concentrations
from 0.1 nM to 1 mM exerted a dose—dependent effect on a number of
processes in the bacterium that were important for the establishment and
functioning of symbiosis (Antonyuk and Evseeva, 2006).

Data exist in literature confirming our results that pretreatment of WGA
with GlcNAc lowered the effects of wheat lectin. It was shown that two
haptens of the wheat lectin, GIcNAc and chitotriose, blocked the WGA
effects on metabolism activity, growth in pure culture of microorganisms
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and plant biochemical parameters, like enzyme activities, membrane
potential or the effect of polysaccharide-containing complexes from the
Azospirillum capsule on bacterial adsorption kinetics by 7. aestivum roots.
A. brasilense cells deprived of capsular exopolysaccharides completely
lost their ability to bind WGA and much of their ability to attach to wheat
seedling roots (Yegorenkova et al., 2001).

It was reported that treatment of Nicotiana tabacum pollen grains with
lectin concanavalin A (Con A) applied at concentrations of 10 — 1000 pg
ml"' induced plasma membrane hyperpolarization in the vegetative cells
and enhanced pollen grain germination. Con A at a concentration of 100 pg
ml" increased the intracellular pH by 0.3 units. These effects of Con A were
blocked with sugar methyl-mannopyranoside at a concentration of 100 mM
(Matveeva et al., 2004).

Pretreatment of the bacterial lectins with hapten and L-fucose decreased
the effects of lectins (Alenkina, 2006). It was shown that incubation of
bacterial lectins isolated from the nitrogen-fixing soil microorganisms
A. brasilense sp. 7 and its mutant defective in hemagglutinating activity
A. brasilense sp. 7.2.3 with the exocomponent, membrane and apoplast
fractions of wheat roots increased the enzyme activities of a-glucosidase,
B-glucosidase and B-galactosidase. Both wild-type and mutant lectins were
most stimulatory to the activities of all exocomponent fraction enzymes
studied and to the apoplast fraction of B-glucosidase.

Root-rhizosphere communication is an important process that
characterizes the underground zone and local changes within the rhizosphere
can include the growth and development of microorganisms (Martin and
Plassard, 2001; Walker et al., 2003). The attachment of nitrogen-fixing
microorganisms to the roots is essential for the establishment of an efficient
association with the host plant (Bashan and Holguin, 1997; Barea et al.,
2005; Vande and Vanderleyden, 1995). Our data showing a stimulatory
effect of WGA on the functioning of the population of soil nitrogen-fixing
microorganisms, their nitrogen-fixing activity and the growth-activating
ability of rhizosphere soil are in agreement with previously demonstrated
results. Legume lectins affect positively the realization of symbiotic
properties of soil microorganisms (nodulation, nitrogen-fixing activity
and effectiveness) during the formation and functioning of the legume-
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rhizobium symbiosis (Lodeiro, 2000; Kyrychenko and Titova, 2005).
Presowing treatment of soybean seeds with soybean lectin stimulated
growth of soil microorganisms under conditions of pure culture and the
development of soil nitrogen-fixing population. The number of diazotrophs
and oligonitrophils in the soybean rhizosphere soil, their nitrogen-fixing
activity and the nitrogen-fixing activity of soybean root nodules increased
up to 2.7-fold, 1.3-2.0-fold and 1.3-3.0-fold, respectively (Kyrychenko
and Titova, 2005). Kim et al. (2005) reported that there was no correlation
between pure culture and plant-associated nitrogenase activity of the
different nitrogen-fixing bacteria isolated from the rhizosphere of different
crops, but the isolates of Azospirillum brasilense CW301, Azospirillum
brasilense CW903, and Azospirillum lipoferum CW1503 showed higher
nitrogenase activities associated with wheat roots. Literature data confirm
the stimulatory effect of WGA on nitrogenase activity in Azospirillum
lipoferum cells (Karpati et al., 1999). The capability of A. lipoferum
for nitrogen fixation was efficiently increased in the presence of WGA.
The highest (3.4-fold) nitrogenase activity was obtained with WGA
and lower effect was observed after treatment with WGA together with
N-acetylneuraminic acid (1.3-fold).

Our data showed that maximum wheat yield was obtained after treatment
of 7. aestivum seeds with WGA. This result confirm again the modulating
function of plant lectins during growth and development of plants which is
directed to the realization of plant potential leading to increased grain yield.
Pretreatment of lectin with hapten led to an inhibition of WGA biological
activity resulting in decreased grain productivity and harvest index of 7.
aestivum plants.

Thus, our results suggest that pretreatment of WGA with wheat
hapten, GIcNAc, led to a reduction of all stimulatory effects of wheat
lectin on the components of the system “plant — soil — nitrogen-fixing
microorganisms”.

References

Alenkina, S. A., O. A. Payusova, V. E. Nikitina, 2006. Effect of Azospirillum
lectins on the activities of wheat-root hydrolytic enzymes, Plant Soil,



152 Kyrychenko and Perkovska

283, 147-151.

Antonyuk, L. P., V.V. Ignatov, 2001. The role of wheat germ agglutinin
in plant-bacteria interactions: a hypothesis and the evidence in its
support, Russ. J. Plant Physiol., 48, 364-369 (in Russ.).

Antonyuk, L.P., N.V. Evseeva, 2006. Wheat lectin as a factor in plant—
microbial communication and a stress response protein, Russ. J.
Microbiol., 75, 470-475 (in Russ.).

Bashan, Y., G. Holguin, 1997. Azospirillum-plant relationships:
environmental and physiological advances (1990-1996), Can. J.
Microbiol, 43, 103-121.

Barea, J. M., M. J. Pozo, R. Azcon, C. Azcon-Aguilar, 2005. Microbial co-
operation in the rhizosphere, J. Exp. Bot, 56, 1761-1778.

Bouckaert, J., T. Hamelryck, L. Wyns, R. Loris, 1999. Novel structures
of plant lectins and their complexes with carbohydrates, Curr Opin
Struct Biol., 9, 572-577.

Brencic, A., S. C. Winans, 2005. Detection of and response to signals
involved in host-microbe interactions by plant-associated bacteria,
Microbiol. Mol. Biol. Rev., 69, 155 - 194.

Grodzinsky, A. M., D. M. Grodzinsky, 1973. An Abridged Handbook
on Plant Physiology. Naukova Dumka, Kyiv, Ukraine, 371 p. (in
Russ.).

Hardy, R. W. F., R. D. Holsten, E. K. Jackson, R. C. Burns, 1968. The
acetylene — ethylene assay for N, fixation: laboratory and field
evaluation, Plant Physiol., 43, 1185-1207.

Hiscox, J. D., R. J. Israelstam, 1979. The method for the extraction of
chlorophyll from leaf tissue without maceration, Can. J. Bot., 57,
1332-1334.

Karpati, E., P. Kiss, T. Ponyi, I. Fendrik, M. de Zamaroczy, L. Orosz, 1999.
Interaction of Azospirillum lipoferum with wheat germ agglutinin
stimulates nitrogen fixation, J. Bacteriol., 181, 3949-3955.

Kim, C., M.L. Kecskés, R. J. Deaker, K. Gilchrist, P.B. New, [.R. Kennedy,
S. Kim, T. Sa, 2005. Wheat root colonization and nitrogenase activity
by Azospirillum isolates from crop plants in Korea, Can. J. Microbiol.,
51, 948-956.

Kirby, E. J. M., J. H. Spink, D. L. Frost, R. Sylvester-Bradley, R. K. Scott,



Effect of hapten and N-acetyl-D-glucosamine on wheat lectin 153

M. J. Foulkes, R.W. Clare, E. J. Evans, 1999. A study of wheat
development in the field: analysis by phases, Eur. J. Agr., 11, 1, 63-
82.

Komath, S. S., M. Kavitha, M. J. Swamy, 2006. Beyond carbohydrate
binding: new directions in plant lectin research, Org. Biomol. Chem.,
4,973-988.

Kyrychenko, O. V., 2006. Change of the wheat lectin activity and degree
of its interaction with different components of compositions of lectin
nature, Ukr. Biochem. J., 78, 105-112 (in Ukr.).

Kyrychenko, O. V., O. M. Tyshchenko, 2005. Effect of exogenous specific
lectin on lectin activity in the wheat seedlings and leaves, Ukr.
Biochem. J., 77, 133-137 (in Ukr.).

Kyrychenko, O.V,, Titova L.V., 2005. The influence of exogenic soybean
lectin on the development and nitrogen-fixing activity of the root
nodules and diazotrophic microorganisms in a rhizospheric zone of
plants, Physiol. Biochem. Cult. Plants, 37, 139-146 (in Ukr.).

Laus, M. C., T. J. Logman, G. E. Lamers, A. A. N. Van Brussel, R. W.
Carlson, J. W. Kijne, 2006. A novel polar surface polysaccharide from
Rhizobium leguminosarum binds host plant lectin, Mol. Microbiol.,
59, 1704-1713.

Lodeiro, A. R., S. L. Lopez-Garcia, T. E. E. Vazquer, G. Favelukes, 2000.
Stimulation of adhesiveness, infectivity and competitiveness for
nodulation of Bradyrhizobium japonicum by its pretreatment with
soybean seed lectin, FEMS Microbiol. Let., 188, 177-184.

Loris, R.,2002. Principles of structures of animal and plant lectins, Biochim.
Biophys. Acta, 1572 (2-3), 198-208.

Martin, F, C. Plassard, 2001. Nitrogen assimilation by ectomycorrhizal
symbiosis. In: Nitrogen assimilation by plants. Physiological,
biochemical and molecular aspects, Ed. Morot-Gaudry J-F, Science
Publishers, Enfield (NH, USA), Plymouth (UK), 169—183.

Matveeva, N.P., D.S. Andreyuk, E.A. Lasareva, I.P. Ermakov, 2004. The
effect of concanavalin A on membrane potential and intracellular
pH during activation in vitro of tobacco pollen grains, Rus. J. Plant
Physiol., 51, 494-499 (in Russ.).

Peumans, W. J., E. J. Van Damme, A. Barre, P. Rouge, 2001. Classification



154 Kyrychenko and Perkovska

of plant lectins in families of structurally and evolutionary related
proteins, Adv. Exp. Med. Biol., 491, 27-54.

Rudiger, H., H.-J. Gabius, 2001. Plant lectins: Occurrence, biochemistry,
functions and applications, Glycoconjugate J., 18, 589—613.

Singh, R. S., Tiwary A. K., J. F. Kennedy, 1999. Lectins: Sources, activities,
and applications, Critical Rev. Biotechnol., 19, 145-178.

Vande Broek, A., J. Vanderleyden, 1995. The role of bacterial motility,
chemotaxis and attachment in bacteria-plant interactions, Mol. Plant-
Microbe Interact., 8, 800-810.

Walker, T. S., H. P. Bais, E. Grotewold, J. M. Vivanco, 2003. Root exudation
and rhizosphere biology, Plant Physiol., 132, 44-51.

Yegorenkova, I. V., S. A. Konnova, V. N. Sachuk, V. V. Ignatov, 2001.
Azospirillum brasilense colonisation of wheat roots and the role of
lectin—carbohydrate interactions in bacterial adsorption and root-hair
deformation, Plant Soil, 231, 275-282.



