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S. Pospielov Lectins, or hemagglutinins, are protein compounds that are capable of selectively and reversibly binding

E-mail: carbohydrates without their chemical transformation, exhibiting the property of agglutinating cells and particles.
sereii.pospielov@pdau.edu.ua Owing to their different functions, they have significant theoretical and applied importance in biology and medicine,
which makes the search for new sources of these substances topical. Ginkgo biloba (Ginkgo biloba L.), the only
modern representative of Ginkgopsida class, is known for its rich phytochemical composition, which determines the
use of its raw materials in the pharmaceutical industry. The purpose of the study was to determine the pH profile of

Poltava State Agrarian

University,
Skovoroda Str., 1/3, phytohemagglutinins’ activity in cone berries, buds, leaves and one-year shoots of female and male ginkgo trees.
Poltava, 36000, Ukraine The objects were the samples collected from plantings in Poltava. The study was conducted using the standard

method for assessing the degree of human hemagglutination. The accumulated experimental data showed that
agglutinins were present in all the studied plant organs however their activity varied significantly depending on the
tissue and sex of the trees. In cone berries, the maximum activity was recorded in the pedicle and collar, while in
seeds proteins were concentrated mainly in the sclerotesta. The vegetative organs also showed sexual differentiation:
in female trees, the lectins’ activity in the buds, shoots, and especially in the leaves was significantly higher than in
male trees. At the same time, in the leaf blades of female trees, the level of hemagglutination in the pH range of 6.0—
8.0 reached 12.3 points, while in male trees it did not exceed 6.5 points. The most pronounced differences were
observed in the alkaline pH zone, where the activity reached the maximum values. The obtained results confirm the
new fact for the science — the presence of agglutinins in Ginkgo biloba L. and their different localization depending
on the organ and sex of the plant. The revealed conformities to the laws of nature may have practical significance as
marker traits for identifying female and male plants in the pre-reproductive period of ontogenesis, which is promising
for pharmacognostic and biotechnological research.
Keywords: Ginkgo biloba, Ginkgo biloba, lectins, proteins, agglutination, sexualization of trees.

Oc00,1MBOCTI AKTUBHOCTI ATJIIOTHHIHIB Y KIHOYMX i YOJIOBIYMX POCJMHAX FHKIO
aBoJionareBoro (Ginkgo biloba L.)

B. M. Camopoos | C. B. ITocrnienos

TTonTaBcbKuii AepKaBHHt JlextnHH, 200 TEMArdIOTHHIHU, € OLIKOBUMH CIIOIyKaMH, IO 374aTHI BHOIPKOBO Ta 3BOPOTHO 3B’S3yBaTH

arpapHHii yHiBepCHTET, BYTIIEBOIM 6€3 IXHHOTO XiMiYHOTO NEPETBOPEHHS, IPOSABIIAIOUH BIACTUBICTh ArTIOTHHALIT KIIITHH i 4aCTOK. 3aBSAKH

. Honrasa, Yipaina PI3HOMaHITHUM (QYHKI[SIM BOHU MAlOTh 3HA4YHE TCOPCTUYHE il MPUKIIAJHE 3HAYCHHs Y O10JI0Tii Ta MEIULIUHI, 10
3yMOBJIOE aKTyaJbHICTh MOIIYKY HOBHX JUKepel IUX pedoBHH. I'iHkro mBomomnarese (Ginkgo biloba L.), enunuit
cydacHHH mpencraBHHK kiaacy Ginkgopsida, Bimommii OaraTuM (QITOXIMIYHHM CKJIQJOM, IO OOyMOBIIOE
BUKOPUCTAHHs HOr0 CHUPOBUHH Y (hapMaleBTHYHIH HMPOMHCIOBOCTI. MeToro AOCTimkeHHs OyJIo BH3HAUCHHS
pH-npodinto akTHBHOCTI (HiTOreMarmOTHHIHIB y MIMIIKOATOAAX, OPYHBKAX, JMCTKaX i OJHOPIYHUX IaroHax
XKIHOYMX Ta 4OJIOBIUMX JepeB rinkro. O6’ekramu Oynm 3pasku, 3i0paHi 3 HacajpkeHb y Ilonrasi. JlocmikeHHs
MIPOBOJMIIM 32 CTaHAAPTHOIO METOJMKOIO OLIHKHM CTYIICHS AarjIOTHHAINI epHTPOLMTIB JoauHu. Hakonwdeni
EKCIIepHMEHTANIbHI JIaHi ITO0Ka3alM, 0 arTIOTHHIHU NMPUCYTHI B YCIX JOCHTIIKEHHX OpraHaX POCIIMHH, OJHAK iX
AKTHBHICTh 3HaYHO BapiroBayia 3aJ€)KHO BiJl TKAHHHH Ta CTaTi AepeB. Y MMIIKOAT0aX MaKCHMaJbHAa aKTHBHICTH
Oyna 3adikcoBaHa B HIXKIII Ta KOMIpLi, TOAl SK y HAaciHHI OLIKM 30CEepemKyBalliCh MEPEBAYKHO B CKIEPOTECTI.
BereraTtuBHi OpraHu TaKOX BUSIBHIIM CTAaTEBY TU(EPEHLIALi0: Y )KIHOUMX AePEB aKTUBHICTD JICKTHUHIB y OpyHbBKaX,
MaroHax i 0coOJMBO B JIMCTKaX OyJa 3HAYHO BMIIOK, HDK y 4osoBiuuX. [Ipu 1pOoMy y JIMCTKOBHX ILTACTHHKAX
JKIHOYMX JIepeB piBeHb remMarimtoTuHauil y aianazoni pH 6,0-8,0 noxoaus mo 12,3 6anu, Toxi 5K y 4OJIOBIYMX HE
nepeBuiLyBaB 6,5 6anu. Hai0inbin BupaxxeHi BIAMIHHOCTI CIOCTEPIraucs y JIy>kHii 30Hi pH, 1e akTHBHICTB csirana
MaKCHMaJIbHUX 3Ha4YeHb. OTPUMaHI pe3ysIbTaTH 3aCBiAYyIOTh HOBHil I HayKH (DakT HAsSBHOCTI ariIIOTHHIHIB y
Ginkgo biloba L. Ta TXHr0 pi3Hy JOKai3allifo B 3a1€KHOCTI BiJ Oprasy i cTaTi pociiHH. BusiBIeHi 3akoHOMipHOCTI
MOXKYyTh MaTH HPAaKTHYHE 3HAYCHHS SK MapKepHi O3HAaKW Ul igeHTH]ikamii jKIHOYMX 1 YOJIOBIUMX OCOOMH Yy
NIPeTeHEePATHBHUI epioJ] OHTOreHe3y, W0 € IEPCIEeKTHBHHM Ui (hapMaKOTHOCTHYHHX 1 Ol0TEXHOJOTiYHMX
JIOCTiJKEHb.

Knrouoei cnoesa: rinkro nsononarese, Ginkgo biloba, neKTHHY, GLIKH, aTTIOTHHALLIS, CEKCYai3allis IepeB.

Bi6aiorpadiununii omuc aas nuryBanus: Camopooos B. M., Ilocnenos C. B. OcoOIHBOCTI aKTHBHOCTI arNIIOTHHIHIB y JKIHOYHX 1 YONOBIUHX
pocnHHax TiHKro ABonomareBoro (Ginkgo biloba L.). Scientific Progress & Innovations. 2025. Ne 28 (3). C. 69-73.

Scientific Progress & Innovations e 28 (3)
69


https://doi.org/10.31210/spi2025.28.03.11
https://journals.pdaa.edu.ua/visnyk
https://doi.org/10.31210/spi2025.28.03.11
https://doi.org/10.31210/spi2025.28.03.11
https://doi.org/10.31210/spi2025.28.03.11
https://doi.org/10.31210/spi2025.28.03.11
mailto:sergii.pospielov@pdau.edu.ua
https://www.pdau.edu.ua/
https://www.pdau.edu.ua/
https://www.pdau.edu.ua/
https://www.pdau.edu.ua/
https://www.pdau.edu.ua/
https://www.pdau.edu.ua/
https://www.pdau.edu.ua/
https://doi.org/10.31210/spi2025.28.03.11
https://doi.org/10.31210/spi2025.28.03.11
mailto:sergii.pospielov@pdau.edu.ua

Introduction

Lectins or hemagglutinins are substances of protein
nature that have the unique property of selectively and
reversibly binding carbohydrates without their chemical
transformation. This is the most simply manifested in the
form of agglutination of particles and cells, for example,
erythrocytes [1]. It has been determined that any living
cell contains not one, but several lectins. Their functions
are different and important, due to which lectins are
increasingly used in many theoretical and applied fields
of biology and medicine [1-2]. This is evidenced by the
fact that the catalogs of well-known world
biotechnological and chemical companies offer a large list
of commercial preparations of lectins and their
components, the number of which increases annually.
That is why the search for new sources of these
compounds is a topical task of biological science [3].

Ginkgo biloba (Ginkgo biloba L.) is the only
representative of Ginkgopsida class, Ginkgoaceae family
of Pinophyta section [5]. This tree is considered to be the
oldest among the trees in the world, as it appeared on the
Earth 250 million years ago. During this historical period,
various climatic cataclysms and disasters occurred, but
the species remained in natural biocenoses [6—8]. The
trees even survived in the epicenter of the nuclear
explosion in Hiroshima [8]. Such resistance to
environmental factors is associated with the unique
phytochemical composition of this species, which
contains a large number of biologically active substances [4].
In different countries of the world, various medical
preparations with pronounced cerebral protective effects,
as well as bio-active dietary supplements, are produced
from ginkgo raw materials [4, 6—8]. As to their popularity,
they take the first places in various ratings. In addition to
leaves, ginkgo cone berries and seeds are used [8, 10].

Ginkgo has been cultivated in Ukraine since 1809
and its popularity is growing [10-14]. It is worth
mentioning that the first plantations of the crop have
already been created, which should provide
pharmaceutical production with its own raw materials. At
the same time, phytochemical research in Ukraine needs
to be deepened [9,15].

The aim of the study

The purpose was to investigate the pH profile of
phytohemagglutinins’ activity in different parts of Ginkgo
biloba cone berries, buds, leaves, and one-year shoot
growths of female and male trees.

Materials and methods

The object of the studies were buds, one-year shoot
growths, leaves and cone berries of one-year-old Ginkgo
biloba (Ginkgo biloba L.), trees that entered the
generative phase of development. They grow in different
locations in the city of Poltava: the Arboretum of Poltava
State Agrarian University (No. 1); the Botanical Garden
of V.G. Korolenka Poltava National Pedagogical
University (No. 2); Vaviloviaria — the memorial park of
M. L. Vavilova Poltava Agricultural Research Station of
the Institute of Pig Breeding and Agro-Industrial

Complex of the National Academy of Agrarian Sciences
(No. 3) [14]. The raw materials were harvested at
different times: buds in April, leaves and one-year shoot
growths from male and female specimens, as well as cone
berries from female plants — in October (Figure I).

The activity of hemagglutinins was determined by the
generally accepted method according to the level of
agglutination of human erythrocytes [16, 17]. The raw
materials were dried to an air-dry state, crushed and
extracted with physiological solution in a ratio of 1 : 10.
The intensity of agglutination was defined and evaluated
in immunological plates, visually in points in a series of
eight dilutions. The maximum activity in the experiments
made 8 x 3 points = 24 points [17]. It was previously
established that the lectins’ activity depends on the pH of
the medium and the appropriate method was developed
according to which the intensity of the agglutination
reaction was determined in the pH range from 4.0
to 8.0 [18]. For this purpose, 0.05 ml of buffer solution
was added to each of the eight cells of the plate, 0.05 ml
of extract was added and a series of consecutive two-fold
dilutions was conducted. After that, 0.05 ml of 2%
suspension of washed-out human erythrocytes was added
to each cell, the plate was incubated at a temperature of
+25°C for one hour. The assessment was made visually
according to a five-point scale: 0 points — agglutination is
absent; 3 points — maximum agglutination [17].

Results and discussion

Agglutinins’ activity in the cone berries of Ginkgo
biloba. 1t is known that the cone berry of ginkgo has three
clearly expressed coatings [5, 12]. The outer one is juicy,
yellow-amber colored with a waxy cover and an
unpleasant odor (sarcotesta or arilus). The middle one is
hard, ridged (sclerotesta); the inner one is film-like. Under
the coatings, the seed is found, which contains an embryo
with 2-3 cotyledons and the developed endosperm [10].
The analysis of the obtained research results allows us to
state the presence of phytohemagglutinins in the above-
mentioned cone berry coatings and seed elements.
However, the proteins’ activity in each of them differed
significantly. It was the lowest in freshly harvested seeds.
In all female plants, the lectins’ activity equaled 0.1—
0.3 points, and was determined only in the acidic zone, at
pH of 4.0-4.5. It is noteworthy that practically almost all
seed agglutinins are concentrated in the sclerotesta, which
practitioners call the “stone”. As for the sarcotesta, the
activity of lectins in it is higher than in the sclerotesta and
seeds. Depending on the studied location of each tree, it
varies from 6.8 to 8.3 points, and the maximum values
were determined at pH=7.0-8.0.

It was found that the agglutinins with the highest
activity were localized in the cone berry pedicle (Table 1).
At the same time, we practically did not observe any
difference between the locations of the studied trees. It is
also worth mentioning that a high activity was determined
in almost the entire pH range, from 4.5 to 8.0. A general
conformity was observed: in the acidic zone (pH=4.0-6.0)
the activity made from 6.0—15.0 to 21.0-24.0, and in the
alkaline zone (6.5-8.0) — from 21.0-24.0 to 22.2-24.0.
Even at the highest dilutions of the extracts, the
agglutination reached its maximum value.
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The similar conformities were also revealed at
determining the activity of hemagglutinins in the collar —
the base of the cone berry pedicle. Therefore, in the future,
all of the above mentioned makes us think about the
physiological nature of the places of lectins’
concentration, their role in the processes of fertilization

and embryogenesis in ginkgo. This is all more interesting
due to the fact that undeveloped cone berries, which fall
off at different stages of their formation, have almost the
same lectin activity as normally formed ones —
20.5 points.

©
©
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Figure 1. Cone berries (A-C) at different periods of ripening and seeds (D) of Ginkgo biloba
(photo by S. Pospielov)

Table 1

pH profile of agglutinins’ activity in extracts of Ginkgo biloba pedicle (M+m, n=4)

. pH
Ll 4.0 45 5.0 55 6.0 6.5 7.0 75 8.0
No. [ 146512 23405 235807 232407  233+0.7 233409  23.6:05  23.1%07  23.040.9
No.2 89409 219405  22.8+1.0  23.1207 23408  22.1£0.7  233+1.0  23.0:0.4  22.6:1.0
No.3 58407  11.840.7 199412 205:0.6  20.6:0.8  20.840.7  20.140.7  223+1.0  22.0+15

Agglutinins’ activity in the vegetative organs of
Ginkgo biloba. Important conformities that had not been
previously described in the literature available to us were
discovered during the study of lectins in the buds, shoots,
and leaves of male and female Ginkgo biloba trees
(Figures 2, 3). It has been found that there is a relationship
between the intensity of hemagglutination and the
sexualization of trees.

The analysis of the pH profile in the buds indicates a
low level of agglutination in the range of pH=4.0-5.5

(the maximum of up to 0.83 points), with an increase in
pH from 6.0 to 8.0 in the buds of female plants, the
activity increased to 3.67-9.83 points, and in the buds of
male plants, it was significantly lower — from 1.83 to
4.33 points. In one-year-old shoots the indicated pattern
was preserved, at the same time, the activity of lectins was
observed almost in the entire pH range from 4.5 to 8.0. In
the shoots of female plants it made 3.67—7.33 points, and
in male ones — 1.67-3.83 points.

Scientific Progress & Innovations e 28 (3)
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Figure 2. pH profile of agglutinins’ activity in bud extracts and one-year growths of Ginkgo biloba shoots
of different sexes
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Figure 3. pH profile of agglutinins’ activity in leaf extracts of Ginkgo biloba of different sexes

In the leaves, the difference in lectins’ activity was
even more expressed, especially in leaf blades. In the
latter ones, the activity was determined in practically the
entire pH range: in female plants — from 5.17 to
12.33 agglutination points, in male plants — 1.67—
6.5 points. In the leaf petioles of female plants,
agglutination was the minimal at pH=4.0-5.5 (up to
0.67 points) and it rapidly increased to 11.83 points in the

range of pH=6.0-8.0. In the leaf petioles of male trees,
agglutination was absent in the range of pH=4.0-6.5, and
the maximum made 9.67 points at pH=8.0.

There have already been reports of certain differences
in the chemistry of heterosexual ginkgo plants. The
scientists from Yuriia Fedkovycha Chernivtsi National
University have proven that the leaves and roots of
cuttings from female ginkgo trees accumulate more
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protein substances in comparison with male ones [19].
The researchers from O. V. Fomina Botanical Garden of
Tarasa Shevchenka National University of Kyiv have
found that ginkgo plants of different sexes accumulate in
their leaves unequal amounts of such an important protein
component as proline amino acid. Its amount was almost
twice as high in the leaves of female trees as in male ones.
It is interesting that the maximum difference was
manifested in October during the leaf fall [20]. The
similar conformities were established earlier for sea
buckthorn. Ye. M. Herhel’s studies have proven that
female plants accumulate more lectins in their leaves in
comparison with male ones [21].

The conformities to the laws of nature described
above suggest a possible applied significance of the
research. It is quite obvious that the assessment as to
lectins’ activity will help to distinguish female and male
plants at the early stages of ontogenesis not only in
ginkgo, but also in other types of fruit, rare, and medicinal
crops, which will allow the formation of highly
productive plantations.

Conclusions

The conducted studies allow us to state the previously
not described fact of the presence of agglutinins in Ginkgo
biloba both in cone berries and buds as well as in one-year
shoot growths and leaves. It has been found that the place
of maximum activity of lectins in cone berries is the
pedicle and collar. In the seeds, agglutinins were localized
in the sclerotesta. In the leaves of female ginkgo trees, the
hemagglutinating activity of the extracts was higher than
in male plants. According to the assessment of the pH
activity profile, the highest values are recorded in the
alkaline zone, with a pH range of 6.5-8.0. The revealed
features can be marker signs for recognizing female and
male Ginkgo biloba plants in the pre-generative period of
ontogenesis.
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