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Aim. To study the biological activity of wheat germ agglutinin (WGA) relative to the spring
wheat plants under the influence of N-acetyl-D-glucosamine (hapten of WGA, GIcNAc) at
pre-sowing treatment of seeds. Methods. Inhibitory analysis as well as physiological (pot
experiments, estimation of the plants growth and development, wheat grain productivity) and
biochemical (chlorophyll a+b content) methods. Results. It was shown in the pot experiments
that WGA (100 nM) at the pre-sowing of seeds stimulated the growth processes and the plants
vegetative mass formation (shoot mass increased from 10 to 24 % in different ontogenesis
phases) as well as the chlorophyll (a+5b) accumulation in leaves (from 1.2 to 1.4 times), which
led to an increased level of realization of wheat grain productivity (the grain number, weight
per plant and 1000 grain weight increased by 26, 26 and 6 % respectively). Hapten of WGA
N-acetyl-D-glucosamine (100 mM) inhibited the positive effects of wheat lectin on the plants:
from 5 to 19 % (by the vegetative mass), from 0 to 18 % (by the level of green photosyn-
thetic pigments), from 3 to 13 % (by the grain productivity). The maximum inhibitory effect
of hapten was noted in the tillering and boot development phases of wheat ontogenesis.
Conclusions. The biological activity of WGA at the pre-sowing treatment of spring wheat
seeds was expressed in the intensification of plant growth and development, the active accu-
mulation of chlorophyll in leaves and an increase in the wheat grain productivity. Hapten had
a significant reducing effect on the biological activity of wheat lectin resulted in inhibition of
positive lectin’s effects on physiological and biochemical parameters of the spring wheat plants
development. It is one of the arguments in favour of the lectin nature of these effects.
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Introduction

The use of ecological biotechnology elements
(microbial inoculants and biologically active
substances of natural origin) in the rural econ-
omy in order to increase the crop productivity
of culture plants is the urgent issue of sustain-
able agriculture. Microbial biotechnology and
biologically active substances of natural origin
(plants and microbial metabolites) are em-
ployed in agriculture to fulfill environmental
and industrial tasks [1, 2]. Phytolectins are
natural substances, the products of plants me-
tabolism [3, 4]. Lectins are the molecules with
a wide range of biological activities [5-9].
They are glycoproteins or oligomeric proteins
with one or more sugar-binding sites per sub-
unit. Lectins bind reversibly with specific sug-
ars [10]. Carbohydrate specificity is a funda-
mental characteristic of the phytohemaggluti-
nin molecules [10, 11]. Wheat germ agglutinin
(WGA) belongs to the group of N-acetyl-D-
glucosamine (GlcNAc)-binding plant lectins.
WGA has two primary and two secondary
independent sugar-binding sites and possesses
sugar binding specificity for two types of
N-acetylated sugars — N-acetyl-D-glucosamine
and N-acetylneuraminic acid [4].

Recently, it has been shown the inducing
effects of WGA on the RNA amount, enzyme
(peroxydase and catalase) activity of antioxi-
dant system of plant protection, endogenous
lectin activity and flavonoids content in wheat
leaves and the content of plant hormones (cy-
tokinins and IAA) as well as on the nitrogen
fixation activity of rhizospheric microorga-
nisms [7, 12].

The aim of the present investigation was to
study the biological activity of wheat germ

agglutinin (WGA). It was investigated an
influence of N-acetyl-D-glucosamine (hapten
of WGA, GIcNACc) at the pre-sowing treatment
of spring wheat seeds on the wheat plants
characteristics: growth parameters, chlorophyll
(Chl) atb content and grain productivity of
Triticuma estivum L. in greenhouse conditions.

Material and Methods

Spring wheat (7riticuma estivum L.) cv Rannya
93 plants [13] were grown on sand soil with
components of Pryanishnikov nutrient medium
containing (g/kg): 0.12 NH4;NO;, 0.269 CaSO,,
0.172 CaHPO,, 0.16 KCl, 0.025 FeCl;-6H,0,
0.123 MgS0O,-7H,0O and microelements —
0.007 (NH4)»Mo0O,, 0.007 H;BO;, 0.0012
MnSO,-5H,0, 0.0025 CuSO,-5H,0 as a
0.5 mineral nitrogen norm, which was added
to the substrate for plant growth. The experi-
ments were performed in Wagner pots (7 per
variant, 20 seeds per pot) in greenhouse ex-
periments during three years.

Preparations of wheat germ agglutinin
(100 nM) and aminosaccharide N-acetyl-D-
glucosamine (100 mM) (“Lectinotest”, Lviv,
Ukraine) were used [14]. The ratio for com-
position of lectin with hapten was 1:1, where
lectin was pretreated with hapten for 1 h. Water
was used as control, while WGA and
WGA+GIcNAc — as experimental variants for
pre-sowing treatment of wheat seeds for 1 h.

The shoot weight (fresh weight, FW) and
chlorophyll (Chla+b) content in wheat leaves
were estimated at seedling development
(10 day-old plants), tillering (30 day-old
plants), boot development (45-50 day-old
plants) and head emergence — flowering (55—
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60 day-old plants) of wheat vegetation phase
[15]. Chl(a+b) content in wheat flag leaves
was determined according to Arnon after ex-
traction of leaves with dimethylsulfoxide[12].
The level of Chl was measured in four replica-
tions and expressed in mg g'! FW leaves. The
grain productivity (dry weight, DW of plants
and grains) of spring wheat was estimated at
ripening phase (90—100 day-old plants) of
plants vegetation [15]. Yield structure param-
eters (weight of one spike, grain number and
weight per spike, weight of 1000 grains and
harvest index) were estimated.

Statistical evaluation of the results was per-
formed according to Statgraphics software
statistical package 5.0. All data presented in
the paper are Mean =+ standard error of mean
(SEM).

Results

The obtained results demonstrate that pre-
sowing treatment of spring wheat seeds with
WGA has stimulated the growth processes and
formation of plants biomass, Chl (a+b) content
in wheat leaves and wheat yield, but GlcNAc
has reduced the stimulatory effect of lectin at
all developmental phases under greenhouse
conditions (Table 1-3). Shoot mass formation

(Table 1) increased by 10-24 %, while GIcNAc
has inhibited a positive biological effect of
WGA at different phases of wheat plants on-
togenesis by 5, 19, 12 and 6 %. Hapten had a
significant reducing effect on the wheat lectin
biological activity regarding growth of spring
wheat plants in the phases of tillering and boot
development . At the same time no difference
was observed in the phases of seedling deve-
lopment.

Pre-sowing treatment of spring wheat seeds
with WGA has increased Chl (a+b) content in
the wheat leaves at the phases of seedling
development by 21 %, of tillering by 38 %, of
boot development phase by 26 %, of head
emergence — flowering by 19 % (Table 2).
Hapten had a significant inhibition effect on
wheat lectin at the tillering and boot develop-
ment phases of wheat plants: caused a reducer
in Chl content by 18 and 11 % compared with
effect of WGA, however, no difference was
observed in the wheat at the seedling develop-
ment and the head emergence — flowering
phases.

The analysis of the yield structure has dem-
onstrated that the grain productivity of spring
wheat was enhanced due to an increase in the
weight of spikes by 25 %, number and weight

Table 1. Effect of N-acetyl-D-glucosamine on biological activity of wheat germ agglutinin: shoot
formation of spring wheat plants (average for three years)

Phases of wheat plants ontogenesis
Treatment of seeds | Seedling development [FW] | Tillering [FW] | Boot development [FW] | Ripening [DW]
Shoot weight per plant [g]
Control 0.41+0.02 2.31£0.12 4.16+0.22 2.14+0.11
WGA 0.45+£0.012 2.87+0.112 4.80+0.302 2.42+0.132
WGA+GIcNACc 0.43+0.02 2.33+0.14" 4.24+0.24 " 2.27+0.10°

Table 1-3: 2— statistically significant difference (P<0.5) with the control variant, b — statistically significant difference
(P<0.5) with the WGA variant, “— — values were not detected.
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Table 2.Effect of N-acetyl-D-glucosamine on biological activity of wheat germ agglutinin: chlorophyll
content of spring wheat leaves (average for two years)

Phases of wheat plants ontogenesis
Treatment of seeds Seedling development | Tillering | Boot development | Ripening
Chl (a+b) content in leaves [mg g'! FW]
Control 0.87+0.02 1.27+0.03 1.72+0.03 2.05+0.01
WGA 1.05+0.022 1.75+0.03 2 2.16+0.06 2 2.44+0.052
WGA+GIcNAc 1.0540.04 2 1.44+0.012b 1.93+0.03 2P 2.514+0.022

Table 3.Changes of biological activity of wheat germ agglutinin under the influence of its hapten N-acetyl-
D-glucosamine: grain productivity of spring wheat (structure of harvest, average for three years)

Treatment of seeds Welgh[tgo]gowni: spike Gsr;illl(len[l; Tg?eff r nglii:/[egl%l\;})]er \;,r?i%}: [c;f];%)]() Harvest index [HI]
Control 1.19+0.04 22.8+0.09 0.88+0.02 40.91+0.51 0.36+0.01
WGA 1.49+0.06 2 28.7£1.02 1.11+0.022 43.45+0.642 0.41+£0.022
WGA+GIcNAc 1.3140.08 26.3+1.52 0.97+0.07° 41.87+0.67° 0.40+0.012

of grains per spike by 26 and 26 % respec-
tively (Table 3).

An increase in the DW of 1000 grains was
insignificant (by 6 %). The harvest index in-
creased by 14 %. This effect suggests that the
potential maximum of wheat plants formed in
the presence of WGA was directed rather to-
wards the production of wheat grains but not
to the plant vegetative mass. GIcNAc has in-
hibited the activation of biological effects of
WGA regarding to spring wheat productivity
by 12 % (weight of one spike), by 8 % and
13 % (number and weight of grains per spike
respectively). However, no difference has been
shown in the values of 1000 grains and harvest
index in its variants (by 4 % and 3 % respec-
tively).

The intensification of plant shoot formation
(Table 1) and chlorophyll content in leaves
(Table 2) as well as the spring wheat yield at
WGA use for pre-sowing treatment of seeds

(Table 3) was shown in greenhouse experi-
ments during three years.

Discussion

Our recent results provide an evidence of the
considerable role of exogenous phytolectins
as regulators of plant growth and development
and physiological activity of the soil nitrogen-
fixing microorganisms [2, 7, 12]. The response
of spring wheat and soil rhizospheric nitrogen-
fixing microorganisms to the pre-sowing treat-
ment of seeds by wheat germ agglutinin was
expressed in the metabolic changes of plants:
an increase in RNA amount and endogenous
lectin activity in wheat seedlings and leaves,
enzyme activity of antioxidant system of plant
protection (peroxydase and catalase), endog-
enous lectin activity and flavonoids content
and the amount of endogenous plant hormones
cytokinine and auxine nature in wheat leaves
[7, 12], enhanced accumulation of plant bio-
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mass (Table 1) and an increase in Chl (a+b)
content in the wheat leaves (Table 2) as well
as the nitrogen-fixing capacity of the rhizo-
spheric microorganisms [2, 7]. As a result, the
wheat grain productivity increased (Table 3).
Hapten of WGA, aminosaccharide GlcNAc,
binds to the active centers of wheat lectin on
the level of molecular interaction [14] and
partially decreases the activation effects of
WGA on the plants physiological and bio-
chemical parameters. It is one of the arguments
in favour of the lectin nature of these effects.

It is know that lectins are the molecules
exhibiting a wide range of biological activities
regarding micro- (virus, bacterium, fungi) and
macroorganisms (insects, plants, animals) [2,
5, 7, 8, 16—19]. Both endogenous and exoge-
nous lectins have many physiological functions
in the plants [3, 4, 6-8, 16, 18]. Literature data
confirms the results of our investigation, which
have shown that pretreatment of WGA with
GIlcNACc has inhibited the positive effect of
lectin on the wheat plants. It was shown that
haptens of lectins blocked the lectin effects on
the metabolism activity, physiological and bio-
chemical parameters (like enzyme activities,
membrane potential e. a.) of plants. It was re-
ported that treatment of Nicotiana tabacum
pollen grains with lectin concanavalin A
(Con A) applied at concentrations of 10—
1000 pg ml-! has induced hyper polarization of
plasma membrane in the vegetative cells and
has enhanced pollen grain germination. Con A
at a concentration of 100 ug ml-! increased the
intracellular pH by 0.3 units. These effects of
Con A were blocked with saccharide methyl-
mannopyranoside at a concentration of 100 mM
[16]. Pretreatment of the bacterial lectins with
L-fucose has decreased the effects of lectins
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[17]. It was shown that incubation of bacterial
lectins isolated from the microsymbiont of
wheat plant — soil nitrogen-fixing microorga-
nisms Azospirillum brasilense sp.7 and its mu-
tant defective in lectin activity (4. brasilense
sp.7.2.3) with the exocomponent, membrane
and apoplast fractions of wheat root increased
the enzyme activities of a-glucosidase, - glu-
cosidase and B-galactosidase. Lectins of wild-
type and mutant strains had stronger stimula-
tory effect on the activities of all exocomponent
fraction enzymes studied and of the apoplast
fraction of B- glucosidase.

Thus, our data (table 1-3) have demon-
strated that pre-treatment of WGA with
N-acetyl-D-glucosamine changes the biologi-
cal activity of protein at the pre-sowing treat-
ment of wheat seeds in relation to the spring
wheat plants. It is in agreement with previ-
ously demonstrated literature data on the in-
hibitory effect of haptens on the biological
activity of lectins. Our research completes and
provides the additional evidences for the lectin
nature of stimulation effect of the molecules
as the biologically active ones on the growth,
development and grain productivity of spring
wheat plants.

Conclusions

The biological activity of WGA at the pre-
sowing treatment of spring wheat seeds was
expressed in the intensification of plant growth
and development, the active accumulation of
chlorophyll in leaves and an increase in the
wheat grain productivity. N-acetyl-D-
glucosamine — hapten of wheat lectin had a
significant reducing effect on the wheat lectin
biological activity that resulted in inhibition
of positive lectin effects on physiological and
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biochemical parameters of the spring wheat
plants development. It is one of the arguments
in favour of the lectin nature of these effects.
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BioJsioriyHa aKTHBHiCTh ANTIOTHHIHY 3apoAKiB
NIIeHMIi 00 POCJNH NMIeHUuli Apoi 3a aii
ranteHy N-ameTui-D-riioko3aminy

O. B. Kupuuenko

Mera. JlocnikeHHs 6i010TYHOT aKTHBHOCTI arTIOTHHIHY
3aponkiB mmeHwuti (A3IT) 11010 poCIIiH MIICHHUIT IPOi 3a
nii ranrreHy N-aretmi-D-mroko3amMiHy 3a epearnociBHOl
00poOku HaciHus. Metoau. [HribGiTopHUit aHanis, ¢izio-
JIOTi4HI (BereTawiiiHi JOCIiIN, OliHKa POCTY ¥ PO3BUTKY
POCIHH, 36pHOBOI MPOAYKTUBHOCTI MIIICHUIII) Ta 610XiMid-
Hi (BMICT XJIOpodisly B JIMCTKax) MeTtoau. Pesyabrarm.
VY BereramiifHuX ymMoBax 1mokasaHo, mo A3II (100 HM) 3a
TIepPEaOCiBHOT OOpPOOKH HACIHHS CTHMYIIOBAaB POCTOBI
porecH i (hopMyBaHHS BET€TaTUBHOI MacH POCIIHH (HaI-
3eMHa Maca 30utsimiachk Bix 10 1o 24 % y pizHi dazu
OHTOTEHE3Y), a TAKOXK HAKOITIMYCHHS XJIOPO(IUTY Y IUCTKAX
pocnud (Bix 1,2 10 1,4 pasu), 1110 00yMOBHIIO MMiBUIIICHHUI
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piBEeHb peadizallii 3epHOBOi MPOIYKTHBHOCTI MIIICHUIT
(xiIBKICTH 1 Maca 3epeH y Konoci Ta maca 1000 3epen
30UTBIIMITCE Ha 26, 26 1 6 % BignoBiaHo). anten A3I1
N-anermn-D-mrokozamin (100 MM) npurHidyBaB mo3H-
TUBHI e()eKTH JIEKTUHY Ha pociuHu: Big 5 1o 19 % (3a Be-
TeTaTUBHOIO Macolo), Bix 0 1o 18 % (3a piBHEM 3esieHuX
(hOTOCHHTETHYHHX MIrMEHTIB), Bix 3 10 13 % (3a moxas-
HHUKa MH3EPHOBOI IIPOAYKTHBHOCTI pOCIHH). MakcuMab-
HUH 1HriIOyrounii edekT ranTeHy Bin3HaueHWH y daszu
KYIIiHHS Ta TpyOKyBaHHS mineHuili. BucHoBku. biono-
TiYHA aKTUBHICT alIIOTHHIHY 3apOJKiB IIIIEHHMIII 32 Iepe/-
TMIOCIBHOI 00pOOKYM HAaCIHHS HPOSIBISIIAcS B iHTEHCH(IKallii
pocty i pO3BUTKY POCIIHH, aKTUBHOMY CHHTE31 XJIOpOdi-
JIy B JIACTKAX 1 MiJBHUIICHHIO 3€PHOBOI IMPOIYKTUBHOCTI
TIIeHuI sipoi. ['anteH cyTTeBo 3MeHIIyBaB OloNOrivHy
AKTHUBHICTB JIEKTHHY, Y PE3yJIbTaTi 40T0 OJIOKYBAJINChH TIO-
3UTHBHI €(eKTU HOTO JIii Ha POCIUHH, 10 € OJHHM i3
JIOKA3iB X JICKTHHOBOT IIPUPOTH.

Kaw4yoBi ciaoBa: amIoTHHIH 3apOIKIB IMIIICHUIT,
ranteH, Triticum aestivum L., 00poOka HaciHHs, XJI0pO(iL,
3€pPHOBA MPOIYKTUBHICTb.

Bbuosornyeckasi aKTHBHOCTh arrIOTHHHHA
3apo/bliiei MIeHUIbl OTHOCUTEIbHO PACTEHH
SIPOBOI1 MIIEHUUBI O] BJIMSIHUEM ranTeHa
N-anernia-D-riiroko3aMuH

E. B. Kupuuenko

eap. M3ydenne OMOIOrHYIECKOM aKTHBHOCTH arTIIOTH-
HUHa 3apoapieit mueHnis! (A3IT) nox BausHuEeM ramnre-
Ha N-aneTwi-D-nimokozamMuHa IpH peoceBHON o0pa-
0OTKE CeMSTH OTHOCHUTEIIFHO PACTEHHUH ITIIICHHUIIBI SIPOBOIA.
Metonbl. THrMOUTOpHBIH aHaIM3, (PU3NOJIOTHUSCKHE
(BereranmoHHbIE SKCIIEPHMEHTHI, OIIEHKa POCTa M Pa3BHU-
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THSI PAaCTCHHI, 3PHOBOH MPOMYKTUBHOCTH IIIICHUIIBI) U
OmoxuMHUIecKre (CcolepikaHnue XJIOpohHilia B JIUCTHIX)
Metonsl. Pe3yabTarhl. B yCloBusIX BereTallMOHHBIX OITbI-
ToB mokazaHo, uto A3IIl (100 HM) npu npenmnoceBHOM
00paboTKe CeMsH CTUMYIIMPOBAJI POCTOBBIC MTPOIIECCHI U
(hopMupOBaHKE BEreTaTUBHOM Macchl pacTeHUH (Ha13eM-
Hast Macca yBenuumiack ot 10 o 24 % B pa3Hsle (azbl
OHTOTEHE3a), a TAKKE HAKOTUIEHHE XJIOPOQIILIA B JTUCTHSIX
pacrenwuii (ot 1,2 mo 1,4 pasa), yTo 00yCIOBUIIO TIOBBI-
MICHHBIA YPOBEHD peai3allii 3epHOBOM MPOXYKTHUBHOCTH
TIIICHHUITB (KOIMYECTBO M Macca 3epeH B KOJIOCe, a TAKXKe
Mmacca 1000 3epeH yBenmuuuirch Ha 26, 26 u 6 % cooTBeT-
crBedHo). I'anten A3Il N-amerun-D-rimroko3aMuH
(100 MM) nHTEOMPOBAJ NOJIOKHUTEIHHBIE dD(HEKTHI JISK-
THHA Ha pacTeHus: oT 5 10 19 % (1o BereraTUBHON Macce),
ot 0 110 18 % (110 ypoBHIO 3eNIeHbIX (POTOCHHTETHIECKUX
MUTMEHTOB), OT 3 10 13 % (1o 3epHOBOM MPOAYKTHBHO-
ctr). MakcumanbHbIl THrHOUpytomuii adekT ranrena
oTMedeH B (ha3pl KyIICHHS U TPyOKOBaHHSI MIIICHHUIIEL.
BoiBoabl. buonornueckas akrusHocTh A3II ripu nipearmo-
CEeBHOM 00pabOTKe CEeMsTH SPOBOM TMIIICHUIIBI TIPOSIBIISIACH
B HHTCHCHU()MKAIIMK POCTA U Pa3BUTHS PACTCHHI, aKTHB-
HOM HaKOIUICHUHU XJIOPO(MIIIA B JIUCTHSAX U MOBHIIICHIH
3epHOBOH NPOJIyKTHBHOCTH MIIEHUIIBL. [anTeH cyrie-
CTBCHHO CHIDKAJI OMOJIOTHYCCKYIO aKTUBHOCTH JICKTHHA,
B pe3yNbTaTe 4ero OJIOKMPOBAIMCH MOJIOKUTENBHBIE -
(beKTHI ero AEHCTBUS Ha PaCcTEHUS, YTO SIBISICTCS] OJIHUM
W3 TOKA3aTeJIbCTB X JICKTUHOBOW TIPUPOIBL.

KiawueBble €J10Ba: ariiOTHHUH 3apOJIbIIIEH TIIIe-
HUIBL, TanTteH, Triticum aestivum L., 00paboTka ceMsH,
XJIOpO(HILII, 3epHOBAsT TPOAYKTHBHOCTD.
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