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The lectin activity of soybean seeds of both the sowing seeds and the yield seeds
received by the pretreatment of sowing seeds with the purified soybean lectin as
well as the lectin-rhizobium compositions on the bases of the soybean lectin and
nodule bacteria Bradyrhizobium japonicum 634b was studied. It has been demon-
strated that the application of compositions with high lectin concentrations (50 and
500 g/ml) increased lectin activity of yield seeds, whereas a composition with a
low lectin content (5 g/ml) doesn’t increase lectin activity of yield seeds as com-
pared with the sowing material (parental seeds). Application of a purified soybean
lectin in concentration 500 g/ml for the pre-sowing treatment of soybean seeds
essentially increased lectin activity of yield seeds. We suggest using of soybean seed
lectin at the concentration of 5 g/ml to modify the rhizobial inoculant for soy-
bean in order to minimize the accumulation of proteins with lectin activity in soy-
bean yield seeds.
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Phytolectins are natural substances — products of plants metabolism [1—
3]. Lectins are molecules with a wide range of biological activities [4—9].
They are glycoproteins or oligomeric proteins with one or more sugar-
binding site(s) per subunit. Lectins bind reversibly with specific sugars [10].
Carbohydrate specificity is a fundamental characteristic of phytohemagglu-
tinin molecules [10, 11]. Lectins in the plant seeds compose by 10—15 %
of the whole protein contents [1, 12]. They are located mostly in the
cotyledons, but are found also in the embryo axes [13]. Lectins perform a
much of physiological functions in the seeds. They promote protein
reserve, and participate in the immobilization of carbohydrate and protein
substances, provide aggregation and globulins packing during the process
of filling protein vacuoles and turning them into protein bodies, and par-
ticipate in the regulation of protein catabolism, show enzymatic properties
(-galactosidase of bean seeds), and influence on the functional capacity
of some seed enzymes as well [1, 12, 13].

In previous works, we showed that exogenous treatment of seeds by
plant lectin (soybean seeds lectin, wheat germ agglutinin) and bacterial
compositions including this protein is an effective way of increasing the
plant productivity. Thus, the pre-sowing treatment of soybean seeds by
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purified lectin in concentration 500 and 5 g/ml increased the seed pro-
ductivity of plants by 12 % under the field conditions [14] and lectin-bac-
terial compositions with 500 and 5 g/ml of soybean lectin led to increase
of above mention index by 10 and 8 % respectively as compared with the
variant of the inoculation of seeds only by Bradyrhizobium japonicum 634b
under the greenhouse and field conditions [7]. At the same time it was
marked the increasing level of the endogenous lectin activity in the leaves
of soybean plants [15]. 

Besides, a toxic effect of the plant lectins is known. Thus, the sepa-
rate class of toxic lectins exists — ribosomal-inactivating proteins of
type 2 (2RIPs), which has a high toxicity for eukaryotes by means of
capability to damage ribosome, and as a result of this, to repress the elon-
gation of protein synthesis and cause the cells destruction [16]. Soybean
lectin doesn’t belong to a class of proteins 2RIPs and it is low toxic for
men and animals. However, the repression of iron adsorption in the
intestine of rats by the effect of soybean lectin is known [17], and the
negative effect of this lectin in the dose more than 2 mg/g of food was
marked, which became apparent in considerable repression of the growth
of rats mass, in appearance of nitrogen in urine, decrease of the insulin
level in blood plasma. Soybean lectin in doses of 0.1—1.4 mg/g of food
has not a negative effect when using by rats, and the nitrogen balance in
animals [18]. 

Paying attention to said above, it is necessary to research the endoge-
nous lectin activity not only during the plant vegetation, but also in soy-
bean yield seeds under using the composition with lectin for the treatment
of sowing seeds to solve the problem of the possible accumulation of the
lectin-like proteins in the following plant generation as compared with the
sowing seeds.

The aim of this investigation was to determine and compare the lectin
activity of soybean seeds, which was used as the sowing material and the
yield seeds under the effect of the soybean lectin and lectin-bacterial com-
positions on sowing seeds.

Materials and methods

Soybean plants (Glycine max L. Merr) cultivar Maryana (bred by the
Institute of Plant Physiology and Genetics National Academy of Sciences
of Ukraine — IPPG NAS of Ukraine, Kyiv), soybean seeds lectin
(«Lectinotest», Lviv, Ukraine) and lectin-bacterial compositions based on
the soybean seeds lectin and the nitrogen-fixing nodule bacteria
Bradyrhizobium japonicum 634b (collection of microorganisms at the
Department of the Symbiotic Nitrogen Fixation of IPPG NAS of Ukraine)
were used in these investigations. The acting concentration of lectin in
lectin-bacterial compositions was 5, 50 and 500 g/ml, the bacterial sus-
pension contained 107 cells/ml [7]. The purified soybean seeds lectin of
concentration 500 g/ml was used also [14].

The greenhouse experiment was performed in 10-kg Wagner pots
(5 per the variant) filled with a sand, and the Gelrigel nutrient medium
(0.25 of mineral nitrogen of norm was added). Prior to sowing the seeds
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were treated for 1 h either by the compositions of lectin with bacteria (1 : 1),
or inoculated by B. japonicum 634b (bacterial control), or treated by water
(absolute control), or purified lectin. The soybean seeds yield was harvest-
ed at the stage of the complete seeds ripeness.

Proteins were extracted from soybean seeds by 76 % ethanol [12], and
their contents estimated in the samples by Whitaker and Einar method
[19]. The hemagglutinating assays [12] were performed using 2 % sus-
pension of 0 (I, Rh+) group of human red blood cells. The value, being
turned to the titre of agglutination, was taken as a real lectin activity
(RLA), which was expressed as the agglutination units (UA) in 50 l solu-
tion (UA (50 l)–1). The specific lectin activity (SLA) that as the aggluti-
nation titre, is a relative index of the quantitative lectin contents in the
samples, was calculated as the agglutination activity of 1 mg protein and
was expressed as the units of agglutination of 1 mg protein (UA mg–1). 

The statistical analysis of the results was performed with the comput-
er program Statgraphics Software Statistical Package 5.0 and the results are
presented in the paper as mean±standard error of mean (SEM).

Results and discussion

Determination of the lectin activity in soybean seeds, which were used as
a sowing material as well as yield seeds of all experimental variants showed
quite high hemagglutination activity (RLA 16—64 UA (50 l)–1 and SLA
197.3—1184.7 UA mg–1 of protein), which prove the presence of the
lectin-like proteins in soybean seeds (Table). 

Soybean sowing seeds were characterized by the indices of RLA and
SLA respectively 32 UA (50 l)–1 and 497.1 UA mg–1 of protein. The
changes in the lectin activity of soybean seeds depended on the pretreat-
ment of sowing seeds by the compositions or lectin. Thus, in the soybean
yield seeds of the control variant (treatment of seeds by water) both real
and specific lectin activity was lower respectively in 2.0- and 2.5-fold com-
pared with parental sowing seeds. The same accordance was also deter-
mined for the yield seeds lectin activity in the treatment with the inocula-
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The lectin activity of soybean seeds

Specific lectin activity (SLA)
Treatment

Real lectin
activity (RLA),
UA (50 l)-1 UA mg-1 of protein %

Water (absolute control) 16 197.3±5.7 25

Bradyrhizobium japonicum 634b

(bacterial control)

16 237.8±4.3 48

B. japonicum 634b + lectin 500 µg/ml 64 983.1±0.1 197

B. japonicum 634b + lectin 50 µg/ml 64 943.4±10.6 189

B. japonicum 634b + lectin 5 µg/ml 32 474.1±1.4 95

Purified soybean seeds lectin 500 µg/ml 64 1184.7±161.7 238

Sowing seeds 32 498.1±3.5 100

Note. UA — unit of agglutination; % — of the sowing seeds.



tion of seeds by B. japonicum: values of the real and specific lectin activi-
ty were lower in 2.0- and 2.1-fold compared with the parental seeds.
However, the SLA in the treatment with the inoculation of seeds was high-
er in 1.8-fold compared with absolute control value. This fact testifies that
the pre-sowing soybean seeds inoculation by the nodule bacteria led to
increase of the lectin activity in yield seeds.

Pre-sowing seeds treatment by lectin-rhizobium compositions with the
agglutinin in concentrations 5, 50 and 500 g/ml as well as by the purified
soybean lectin (500 g/ml) caused the changes of lectin activity in yield
seeds. The RLA values in the treatments of sowing seeds by the composi-
tions with 500 and 50 g/ml of lectin increased the RLA index in 2.0 times
compared with parental seeds, in 4.0 times compared with absolute and
bacterial control indices. The SLA of seeds in this treatments was higher
in 5.0- and 4.0-fold compared with absolute and bacterial control values
respectively.

The yield soybean seeds in the treatment with the composition con-
taining 5 g/ml of lectin was characterized by the RLA 32 UA (50 l)–1

and was equal to the RLA value in the paternal sowing seeds, while this
index was higher by 2.0-fold compared with both controls. The yield seeds
SLA in this treatment was the same as the SLA of the parental seeds and
it was higher by 3.6 times compared to the control treatments. In the yield
seeds in the treatment with the composition containing 5 g/ml of lectin,
both the real and specific lectin activities were lower by 2.0 times compared
with the seeds of the treatment with the compositions containing the lectin
in concentrations 500 and 50 g/ml. 

The obtained results demonstrate that treatment of seeds by exogenous
lectin and the incubation with B. japonicum may stimulate the metabolic
processes in both a bacterial cells and plant. Lectin as a part of the com-
positions combined with the bacterial cells changes their metabolism and
symbiotic properties [6, 7, 20, 21], whereas lectin which has not connect-
ed with bacteria, directly effect on the development and physiological sta-
tus of plants [14]. The increase of the endogenous lectin activity level in
the leaves of soybean plants can be one of the displays of this process [15].

Such effect becomes especially evident during the analysis of soybean
yield seeds lectin activity in the treatment of sowing seeds with purified
lectin (see Table). The yield seeds SLA in this treatment exceeded signifi-
cantly all the other treatments and was characterized by the maximum
index. It value were 6.0 and 5.0 times higher than the absolute and bacte-
rial controls, and 1.2, 1.3 and 2.5 times than the indices in the treatments
with the lectin-bacterial compositions containing 500, 50 and 5 g/ml of
lectin respectively, and 2.4 times higher than the lectin activity of the
parental sowing seeds. It is evident that activation of the endogenous lectin
synthesis in a plant takes place and the hemagglutination activity in the
yield seeds increased significantly under the application of purified plant
lectin and it compositions with bacteria. 

Thus, the obtained results demonstrated that using of the purified
lectin and lectin-containing compositions with high protein concentrations
for the pre-sowing seeds treatment increased the lectin level in the yield
seeds. The composition with the low lectin content doesn’t increase the
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lectin activity in soybean yield seeds compared with the parental sowing
seeds. We suggest using of soybean seed lectin at the concentration of 5 g/ml
to modify the rhizobial inoculant for soybean in order to minimize the
accumulation of proteins with lectin activity in soybean yield seeds.
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ЛЕКТИНОВА АКТИВНІСТЬ НАСІННЯ СОЇ
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Досліджено лектинову активність насіння сої як посівного, так і насіння урожаю,
отриманого за передпосівної обробки посівного насіння очищеним лектином сої та
композиціями на основі лектину сої й бульбочкових бактерій Bradyrhizobium japonicum
634б. Показано, що застосування композицій, які містили високі концентрації
лектину сої (500 и 50 мкг/мл), привело до збільшення рівня лектинової активності у
насінні урожаю, тоді як композиція з низькою концентрацією лектину (5 мкг/мл) не
підвищувала лектинову активність насіння урожаю порівняно до посівного насіння.
Використання очищеного лектину сої у концентрації 500 мкг/мл для передпосівної
обробки насіння спричиняло істотне зростання лектинової активності в насінні
урожаю. Пропонуємо застосовувати для модифікації бактеріального інокулянту під
сою лектин насіння сої у концентрації 5 мкг/мл з метою мінімалізації накопичення
протеїнів із лектиновою активністю в насінні урожаю сої.

Ключові слова: соя, лектин, композиції, фактична лектинова активність, питома лек-
тинова активність.
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