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ABSTRACT. Distribution of mannose-specific lectins has been studied in physiologically distinct
underground and aerial parts of the Georgian endemic plant species - the mountain plant Solomon’s seal
(Polygonatum obtusifolium Miscz. ex Grossh.). The highest content of lectins was registered in the
underground storage organ of the plant – the rhizome collected in autumn. Content of lectin in rhizome
was 2 times higher than in the root and 10 times higher than in the bud. Content of lectins in all
underground parts of the Polygonatum plant collected in spring is equal and it is 10 times lower than in
the same organs, collected in the autumn period. Extracts of aerial parts of Polygonatum (stem, leaf,
flower and seeds) made in spring caused lysis of rabbit erythrocytes, thus making impossible detection
of hemagglutination activity in their extracts. Hemagglutination activity of Polygonatum lectins towards
trypsin-treated rabbit erythrocytes was 8-10 times higher than towards native rabbit erythrocytes. The
obtained results show that the manifestation of hemagglutination activity of Polygonatum lectin requires
screening of mannose-specific receptors on rabbit erythrocyte surface by the method of treatment with
trypsin. Data presented in this study unambiguously evidence that lectins from Polygonatum plant do not
react with native erythrocytes of any of human blood groups I(0);  II(A); III(B) and IV(AB) and,
correspondingly, do not possess agglutination activity towards them. © 2014 Bull. Georg. Natl. Acad. Sci.
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Lectins belong to the versatile groups of
polypeptides with the capacity of specific binding
with saccharides. Lectins mainly are associated with
a wide spectrum of pathological processes proceed-
ing in an organism. A number of researches aimed at
identification of new lectins and study of their bio-
logical properties is being intensively increasing [1].

Georgian endemic, medicinal plant Polygonatum

obtusifolium - Solomon’s seal - widely used in folk
medicine in Georgia, with a broad spectrum of cura-
tive properties to different diseases, has been cho-
sen as object of investigation.

Infusions of Solomon’s seal are widely used for
the treatment of lung diseases, diseases of the upper
respiratory tract, acute bronchitis, hepatic diseases,
gastric ulcer, arthritis, radciulitis, sciatica, diabetes
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mellitus, gynaecological diseases, impotence, heal-
ing of wounds, abscesses, dermatitis and other dis-
eases. Solomon’s seal is especially intensively used
for the treatment and prevention of tumours.
Polygonatum is also used for improvement of weak-
ened immune system, thus contributing to the reju-
venation of an organism and raising its potential in
the senile age. Despite this active substances, caus-
ing curative effects actually remain unstudied so far
and not incorporated in the modern medicinal prac-
tice [2].

The above reason prompted us to chose the Geor-
gian endemic species of mountain Polygonatum
(Solomon’s seal) as object of study of biologically
active lectins.

The present work implies the second necessary
step in the research of lectins of the mountain
Polygonatum. It is the study of distribution of
mannose-specific lectins in physiologically sharply
distinct underground and aerial parts of the plants
and establishment of their properties.

Objects of Investigation and Methods.

Aerial parts (stems, leaves, flowers, seeds) and un-
derground organs (roots, rhizomes, buds) were used
as objects of investigation. Plant material was har-
vested in autumn, when the plant passes to the dor-

mant state, and in spring, in the stage of active growth
and development of the plant.

Separate underground and aerial organs of
Polygonatum plant were crushed and homogenized
in the homogenizer of the blender type or on the
porcelain cup. Extraction for the obtaining of soluble
protein fraction was made using the extracting solu-
tion: 0.9% NaCl, 0.1% b-mercaptoethanol (b-M),
0.04M K+ phosphate buffer, pH 7.4; ratio between
the raw material and extracting solution (w/v=1/5).
For the maximum extraction of soluble proteins the
homogenate was placed to the magnetic stirrer for 30
minutes in conditions of room temperature (20-25ºC).
The extract was filtered through the double gauze
and the filtrate was centrifuged at 16000 r/m for 15
minutes. The supernatant was filtered through the
Whatman CF/C and Sinpor-0.45-0.22mM filter. Excess
inorganic ions were removed by means of dialysis on
G-10 Sephadex column (50x2.7 cm). Extracts were kept
in the fridge at +4ºC.

Lectin activity was determined visually on immu-
nological plates using the hemmagglutination test
on native and trypsin-treated rabbit erythrocytes and
native erythrocytes of human blood of O, A, B and
AB groups, by the microtitration method by
Takatsy [3]. Lectin activity, hemagglutination activ-
ity (HA) was evaluated according to the minimum

Autumn 

Underground 

parts of 

Polygonatum 

C 

mg/ml 

 

T 

HA 

mg/ml 

 

SHA 

mg/ml 

 

LC 

Root  0.85 25 0.007 37.6 121.4  

Rhizome  0.76 26 0.003 84.2 253.3  

Bud  0.98 23 0.031 8.16 31.4  

Spring 

Root  1.56 24 0.070 10.25 22.28  

Rhizome  1.63 25 0.045 19.63 36.22  

Bud  1.70 22 0.080 2.35 21.5  

Table 1. Result of analysis of extracts of underground parts: root, rhizome and bud of mountain Solomon’s
seal (Polygonatum obtusifolium) obtained in spring: (C) – protein content,   hemagglutination titre (T), lectin
(hemagglutination activity) activity (HA), specific hemagglutionation activity – (SHA) and lectin content
(LC)
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concentration of protein (mg/ml), which caused ag-
glutination of trypsin-treated rabbit erythrocytes
(Fig.). According to the results of research also the
hemagglutination titer (T) was determined. This in-
dex is indicative of the highest dilution of the agglu-
tinin, which still causes visual aggltutination of eryth-
rocytes. T=2n, where n is number of wells, where
agglutination is visible. For evaluation of lectin ac-
tivity also specific hemagglutination activity – (SHA)
(mg/ml) was determined, which is a reverse value of
the lectin activity. It represents the maximum dilution
of 1 mg protein, which still causes agglutination:
SHA=T/C, where C is protein concentration in mg/ml
units. Lectin content (LC) was judged about by the
ratio of total protein concentration to the lectin activ-
ity (conventional Hemagglutination Unit (HU). LC=C/
HA.

Protein content was determined according to [4].

Results and Discussion

In the first series of experiments we investigated dis-
tribution of mannose-specific lectin (SABA-1) in
physiologically distinct underground and aerial parts
of mountainous Polygonatum (Solomon’s seal) and
studied its properties (Table 1).

As seen from the Table, protein content is the

highest in the extract of autumn bud. At the same
time the highest values of such lectin indexes as T,
HA, SHA and LC were registered in root and rhizome
extracts. In particular these values are 5 times higher
in root extracts and 10 times higher in rhizome ex-
tracts compared with the bud extract.

Data presented in the Table show that in spring,
in the period of active vegetation and growth, the
protein content is almost 2 times higher in under-
ground parts of Polygonatum plant, though lectin
indexes T, HA, SHA and LC are 10 times less in root
and rhizome extracts, and only 2 times reduced in the
bud extract compared with autumn period.

In separate experiments the aerial parts: stem, leaf,
flower and seeds of Polygonatum plant harvested in
spring were studied. The study revealed that extracts
form aerial parts of Solomon’s seal plant caused lysis
of rabbit erythrocytes. Due to this it was impossible
to reveal hemagglutination activity in these extracts.
As it is known from scientific literature, Solomon’s
seal plant contains big amount of saponins [5], which
in our case caused active lysis of erythrocytes. De-
spite this, the method used by us did not yield evi-
dence, proving absence of lectins in aerial parts of
the plant. Further experiments require different ap-
proaches for getting precise answers.

Fig. Content of lectins in underground parts of Solomon’s seal (Polygonatum obtusifolium)  in autumn and spring
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The results of research allow to conclude that the
highest content of lectins is registered in under-
ground part  -  rhizome of Solomon’s seal, collected in
autumn. It should be noted that its physiological state
corresponds to the transition to dormancy.

The Figure showing distribution of lectins in un-
derground parts of Polygonatum plant harvested in
autumn and spring, demonstrates the conclusion,
drawn on the basis of results, presented in the
Table 1.

As seen from the Figure lectins content is the
highest in autumn rhizome which 10 times exceeds
lectin content of spring rhizome. The obtained re-
sults point to the high mobility of Solomon’s seal
rhizome lectin. Positive correlation of the latter with
physiological dormancy of the plant allows us to make
supposition about protective biological functions of
lectins in rhizome tissues of Polygonatum in autumn.

In the next series of experiments lectin indexes (C,
T, HA, SHA) towards native and trypsin-treated rab-
bit erythrocytes were determined in extracts of un-
derground parts of Polygonatum plant.

According to scientific data some lectins do not
require treatment of erythrocytes with trypsin , iso-
lated from the rabbit peripheral blood for manifesta-
tion of maximum hemagglutination activity [6]. These
lectins equally express hemagglutination activity to
both native and trypsin-treated erythrocytes. Because
of this, study of lectin activity using native erythro-
cytes simplifies the method of determination of
hemagglutination activity and allows to save time
and chemicals. Considering this in the next series of
experiments indexes of lectin activity (C, T, HA, SHA)
towards native and trypsin-treated rabbit erythro-
cytes were studied in underground parts of Solo-
mon’s seal, harvested in autumn.

Underground 

parts of 

Polygonatum 

 

C 

mg/ml 

Hemagglutination of native erythrocytes of human peripheral blood 

Group I (0) Group II (A) Group III (B) Group IV (AB) 

Root 0.85 - - - - 

Rhizome 0.76 - - - - 

Bud 0.98 - - - - 

Table 3. Hemagglutination activity extracts of underground parts of Solomon’s seal (Polygonatum
obtusifolium) harvested in autumn towards native erythrocytes of human peripheral blood of I(0); II(A);
III(B) and IV(AB) groups

Underground 

parts of 

Polygonatum 

Rabbit erythrocytes T HA SHA C 

Root Native erythrocytes, without 

treatment with trypsin 

 

23 0.08 5.1 1.56 

Rhizome 23 0.029 10.5 0.76 

Bud - - - 1.70 

Root 
Trypsin treated erythrocytes 

 

25 0.007 37.6 0.85 

Rhizome 26 0.003 84.2 0.76 

Bud 23 0.031 8.16 0.98 

 

Table 2. Lectin activity (C, T, HA, SHA) of extracts of underground parts of Solomon’s seal (Polygonatum
obtusifolium) , harvested in autimn, towards native and trypsin-treated rabbit erythrocytes
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As seen from Table 2 all indexes (C, T, HA, SHA)
of lectins extracted from underground parts of Solo-
mon’s seal plant, collected in autumn were 8-10 times
higher in case of using trypsin-treated erythtocyes as
compared with cases, where native erythrocytes were
applied. The obtained results indicate that for the nec-
essary condition for the manifestation of
hemagglutination activity of Solomon’s seal lectins is
screening of mannose specific lectins on the surface
of rabbit erythrocytes by means of treatment with
trypsin.

Hemagglutination activity of autumn extracts of
underground parts of Polygonatum towards native
human erythrocytes  was studied in special experi-
ments.

Data presented in Table 3 unambiguously show
that lectins isolated from Solomon’s seal (Polygonatum
obtusifolium)  do not react with native erythrocytes of

either group of human blood and, correspondingly,
do not have the capacity for their agglutination. Lit-
erary data show that many plant lectins reveal
immunotropic, anticancerogenic, antimicrobial and
other interesting biological activities in experiments
carried out in vitro, though their implementation in
traditional medicine is limited due to toxic effects of
lectins on human organism, among which is aggluti-
nation of erythrocytes in the blood.

The obtained results are significant in terms of
future application of Solomon’s seal (Polygonatum
obtusifolium)  lectins as curative means in medicine.
Of special interest is the fact, established by us, that
maximum content of Polygonatum lectin is registered
in autumn period in rhizome, whose extracts, as it
was mentioned in introduction, are widely used in
folk medicine for the treatment of a wide range of
diseases.

bioqimia

manoza-specifikuri leqtinis ganawileba mcenare
mTis svintris (Polygonatum obtusifolium Miscz. ex
Grossh.) fiziologiuri mdgomareobiT mkveTrad
gansxvavebul nawilebSi

n. dumbaZe, n. aleqsiZe, g. aleqsiZe

saqarTvelos sapatriarqos wmida andria pirvelwodebulis saxelobis qarTuli universiteti,
Tbilisi

saqarTvelos endemur mcenare mTis svintrSi (Polygonatum obtusifolium Miscz) Sewavlil
iqna manoza - specifikuri leqtinis zogierTi Tviseba da misi ganawileba fiziologiuri
mgdomareobiT mkveTrad gansxvavebul miwisqveSa da miwiszeda nawilebSi. naCvenebia leqtinis
yvelaze maRali Semcveloba Semodgomaze mopovebuli svintris miwisqveSa nawilSi -
fesuraSi. leqtinis Semcveloba fesuraSi 2-jer ufro maRalia vidre fesvSi da 10-jer
ufro maRali vidre kvirtSi. gazafxulze mopovebuli svintris miwisqveSa yvela nawilebSi
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leqtinis Semcveloba Tanabaria,  Tumca 10-jer ufro mcirea Semodgomaze mopovebul
miwisqveSa nawilebTan SedarebiT. gazafxulze mopovebuli svintris miwiszeda nawilebis
Reros, foTlis, yvavilis da Teslebis eqstraqtebi axdenen bocvris eriTrocitebis
liziss, ris gamoc SeuZlebeli gaxda maT eqstraqtebSi hemaglutinaciuri aqtivobis
gamovlena Cvens mier gamoyenebuli meTodiT. svintris leqtinis hemaglutinaciuri aqtivoba
8-10-jer meti iyo tripsinizebuli eriTrocitebis gamoyenebisas, vidre natiuri
eriTrocitebis gamoyenebis SemTxvevaSi. miRebuli Sedegebi miuTiTeben, rom svintris
leqtinis hemaglutinaciuri maxasiaTeblebis gamosavlenad, aucilebel pirobas
warmoadgens bocvris eritrocitebis zedapiris manozis Semcveli receptorebis ekranireba
tripsinizaciis meTodiT. naSromSi warmodgenilia monacemebi, romlebic erTmniSvnelovnad
miuTiTeben, rom svintris leqtini ar reagirebs adamianis sisxlis arc erTi I(0); II(A);
III(B) da IV(AB) jgufis  natiur eriTrocitebTan da Sesabamisad mas ar gaaCnia
aglutinaciis unari.
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