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Abstract—
Agglutinins from the coelomic fluid of the starfish, Protoreaster linckii was purified by affinity
chromatography using PSM (Porcine Stomach Mucin) coupled to cyanogen bromide activated
Sepharose 4B. The molecular weight of the lectin was 73 kDa on SDS–PAGE and showed a
single protein band. Purified lectin agglutinated rabbit erythrocytes with greater avidity and was
inhibited by the glycoproteins PSM, BSM, transferrin and sugars D- galactosamine, GalNAc and
trehalose suggesting the affinity of the lectin to sialic acid. Reduction in HA with desialylated
PSM confirms the sialic acid specificity of the lectin. Since the purified lectin is sialic acid
specific, it has the capacity to bind to altered cell structures thus paving way for lectin targeted
therapy.
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1. INTRODUCTION
Lectins are proteins/glycoproteins of non-immune origin, which have at least one noncatalytic domain that exhibit reversible binding to specific monosaccharides or oligosaccharides
[1]. The lectin-monosaccharide interactions are relatively very weak and the dissociation
constants lie in millimolar range. However, in nature for the multimeric sugars the dissociation
constants are several folds higher, indicating that multiple protein-carbohydrate interactions are
involved in the recognition and binding events [2]. Lectins are multivalent in nature and can bind
to the carbohydrate moieties on the surface of erythrocytes and agglutinate them, without altering
the properties of the carbohydrates [3]. They are invaluable tools for the detection, isolation and
characterization of glycoconjugates, primarily of glycoprotein, for histochemistry of cells and
tissues and for the examination of changes that occur on cell surface during physiological and
pathological processes, from cell differentiation to cancer [4].
Purification of the agglutinin can be done effectively only if the sugar or glycoprotein
specificity of the agglutinin was reasonably established. In affinity chromatography, the sugar,
polysaccharide or glycoprotein was converted into an immobile and insoluble matrix by coupling
to agarose activated with CNBr [5] [6]. The agglutinin, along with other proteins was passed
through the affinity column to enable it to recognize and bind to the specific sugar on the affinity
matrix. Factors promoting strong binding between the agglutinin and the sugar were often
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considered while loading the agglutinin on the affinity matrix. Such factors may include pH,
temperature and cations [7].
Literature reveals that a number of lectins have been most successfully isolated from the
coelomic fluid of echinoderms by affinity chromatography, as it gave a higher fold of
purification and percentage of recovery [8] [9] [10] [11] [12] [13] [14] [15] [16]. Based on the
selective carbohydrate-binding properties, invertebrate lectins or agglutinins with defined
specificities are being widely used as tools for purification and characterization of
polysaccharides or glycoconjugates and as probes to localize and analyse the functions of cell
surface carbohydrate moieties [17]. The purified lectins are used to specially target cancer cell
and other pathogens that express specific carbohydrates on its surface. Hence, purification of a
lectin from the coelomic fluid of starfish will be of use in identification of its therapeutic
application.

2. MATERIALS AND METHODS
Collection of coelomic fluid
Coelomic fluid was collected by cutting the tip of the arm of starfish, P. linckii with
scissors or knife and the fluid was drained into the centrifuge tubes placed on ice [18].
Purification of lectin from the coelomic fluid of Protoreaster linckii
The lectin was purified by affinity purification [19].
Characterization of purified lectin
Hemagglutination assay and Hemagglutination inhibition assay
Hemagglutination (HA) and Hemagglutination inhibition (HAI) assays were performed
in ‘U’ bottom microtitre plates at room temperature (30 ± 2°C) [20].
Physico chemical characterization of lectin
The physicochemical properties were determined by hemagglutination assays with
purified lectin samples under conditions of varying pH (5 to 10), temperature (0o to 100oC),
bivalent cations calcium, magnesium and manganese (0.01 mM to 100 mM) and calcium
chelators like di and tetra sodium EDTA and trisodium citrate (0.01 mM to 100 mM).
Sialidase treatment of rabbit erythrocytes and sialoglycoprotein
Sialidase treatment of erythrocytes and sialoglycoproteins of the lectin was carried out.
Polyacrylamide gel electrophoresis

3.RESULTS
Purification of Protoreaster linckii lectin by affinity column
The profile of a lectin isolated from the coelomic fluid of P. linckii by affinity
chromatography is shown in Figure 1. The clarified sample which was passed through the
affinity matrix and the effluent collected during subsequent washing of the matrix with tris buffer
did not contain any detectable level of HA activity against rabbit erythrocytes. This indicated
that all the hemagglutinins in the serum had been adsorbed to the affinity matrix. Further
washing of the column with HSB and LSB helped to elute all inert proteins bound to the column.
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These steps were necessary for obtaining the lectin in the homogeneous state. Further elution
with the elution buffer (EB) containing 5 mM trisodium citrate, gave a sharp peak at 280 nm
absorbance. The PSM affinity column purification of the lectin gave a 3354.76 fold increase in
the specific activity of the clarified serum (Table 1).
Figure1. PSM – affinity elution profile
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TABLE 1.
PURIFICATION OF THE COELOMIC FLUID LECTIN OF THE STARFISH, PROTOREASTER LINCKII

Protein
(mg)

Total activity
(HA units)

Specific
activity (HA
units/ mg)

Sample

Volume
(ml)

Purification
fold

Crude coelomic
fluid

50

2050

2.56 x105

124.87

1

Clarified
coelomic fluid

30

84

1.53 x 105

1828

14.63

Lectin purified
using PSM
affinity column

9

0.11

4.6 x 104

4.1 x 105

3354.76

Electrophoretic analysis and molecular weight determination
The lectin purified by PSM-Sepharose 4B column was analysed using SDS-PAGE. The
purified lectin designated PLL gave a single protein band with a molecular weight of 73 kDa
(Figure 2).

Lane A - clarified coelomic fluid; Lane B - crude coelomic fluid; Lane C- PSM- Sepharose 4B
affinity chromatography purified lectin; Lane D - Protein molecular weight markers
Figure 2. SDS-PAGE of lectin purified from the coelomic fluid of starfish, P. linckii
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Erythrocyte binding specificity
The lectin purified from the coelomic fluid of the starfish, P. linckii exhibited RBCbinding properties recognizes the sialyl epitopes of the erythrocytes. Table 2 shows the
hemagglutination titre of the purified starfish lectin with various mammalian erythrocyte
preparations.
TABLE 2.
HEMAGGLUTINATION TITRE OF THE PURIFIED LECTIN OF THE COELOMIC FLUID OF THESTARFISH, P. LINCKII
Erythrocytes
(n=10)
Rabbit
Human A
Human B
Dog

HA Titre of purified lectin
128
64
64
16

Human O
Human AB
Buffalo
Rat

32
32
16
8

Physicochemical properties of hemolymph lectin
The purified lectin was pH and temperature sensitive. The HA was stable between pH 7.0
to 8.5 and temperature ranging from 0-40°C (Table 3). Addition of divalent cations (Ca2+, Mg2+
and Mn2+) increased the HA titer at 10 mM Ca2+ which on further increase showed a decrease
in hemagglutinating activity (Table 4). Calcium chelators di and tetra sodium EDTA and
trisodium citrate reduced the HA at 5 mM concentration and a decrease was noted with further
increase in concentration (Table 5).
TABLE 3.
HEMAGGLUTINATION TITRE OF THE PURIFIED LECTIN OF THE COELOMIC FLUID OF P. LINCKII IN RELATION TO CHANGE
IN PH AND TEMPERATURE
pH
(n= 5)
5.0

32

Temperature (°C)
(n = 5)
0

5.5

64

10

128

6.0

64

20

128

6.5

64

30

128

7.0

128

40

128

7.5

128

50

64
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8.0

128

60

16

8.5

128

70

8

9.0

64

80

8

9.5

64

90

0

10.0

32

100

0

TABLE 4.
EFFECT OF DIVALENT CATIONS ON THE PURIFIED LECTIN OF THE COELOMIC FLUID OF P. LINCKII
Cation Concentration (mM)
(n=5)

HA Titre
Ca2+

Mg2+

Mn2+

0

128

128

128

0.01

128

256

128

0.1

128

128

128

1

128

128

64

10

128

64

64

20

64

64

64

30

32

64

32

40

32

64

32

50

16

64

32

100

0

64

16

TABLE 5.
EFFECT OF CALCIUM CHELATORS ON THE PURIFIED LECTIN OF THE COELOMIC FLUID AGGLUTININ OF P. LINCKII
Chelator Concentration
(mM)
(n = 5)
0

EDTA
Disodium

Tetrasodium

Trisodium
citrate

128

128

128

0.01

32

128

128

0.1

32

128

128

1

32

128

128

5

32

64

8

10

16

64

8

20

8

64

8

30

8

8

4

40

8

8

2

50

0

4

0

100

0

0

0

Hemagglutination inhibition assay of P. linckii lectin
To ascertain the nature of the binding specificity of the purified coelomic fluid lectin,
hemagglutination inhibition assays were performed with different sialoglycoprotein and sugars.
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The agglutinability of the purified lectin was inhibited by glycoproteins in the following order:
PSM = BSM = transferrin > lactoferrin (Table 6). Sugars reduced the HA titre of the coelomic
fluid lectin and N- acetyl D- galactosamine was the most effective sugar to produce complete
inhibition at 0.09 mM concentration. D- galactosamine, trehalose, D-glucose 6- phosphate,
sucrose, lactose, glucose, raffinose, L- fucose, D- fucose and melibiose were inhibitory at
concentration up to 25 mM. The other sugars tested failed to inhibit the lectin
(Table 7).
TABLE 6.
HEMAGGLUTINATION INHIBITION OF THE COELOMIC FLUID LECTIN OF THE STARFISH, P. LINCKII BY GLYCOPROTEINS

HAI Titre

Minimum concentration
required for inhibition
(µg/ml)

Relative inhibitory
Potency (%)

PSM

1024

5.273

100

BSM

1024

5.273

100

Transferrin

1024

5.273

100

Lactoferrin

128

42.187

12.5

Sialoglycoprotein

TABLE 7.
HEMAGGLUTINATION INHIBITION OF THE COELOMIC FLUID LECTIN OF THE STARFISH, P. LINCKII BY SUGARS

Sugars
HAI Titre
N- acetyl Dgalactosamine
D- Galactosamine
Trehalose
D- Glucose- 6phosphate
Sucrose
α- Lactose
Glucose
Raffinose
L- fucose
D- fucose
Melibiose

Minimum
concentration
required for inhibition
(mM)

Relative inhibitory
potency (%)

1024

0.097

100

512
512

0.195
0.195

50
50

128

0.78

12.5

128
128
32
16
16
8
4

0.78
0.78
3.12
6.25
6.25
12.5
25

12.5
12.5
6.25
3.12
3.12
1.56
0.781

Effect of neuraminidase treatment on HA and HAI

Volume 9, Issue 6, 2019

690

https://pramanaresearch.org/

Pramana Research Journal

ISSN NO: 2249-2976

The purified lectin showed a significant reduction in HA titre when treated with neuraminidase
treated rabbit erythrocytes (Table 8). The neuraminidase treated PSM, the potent inhibitor of the
coelomic fluid lectin of P. linckii showed a tremendous reduction in its ability to inhibit
agglutination with rabbit erythrocytes (Table 9).

TABLE 8.
EFFECT OF NEURAMINIDASE ON HEMAGGLUTINATION OF THE COELOMIC FLUID LECTIN OF THE STARFISH, P. LINCKII
Enzyme used

Site of enzyme activity

HA titre

None

-

128

Neuraminidase (C. perfringens)

Neu Ac-D-GalNeuAc-D-GalNAc

8

TABLE 9.
HEMAGGLUTINATION INHIBITION OF THE COELOMIC FLUID LECTIN OF THE STARFISH, P. LINCKII BY DESIALYLATED
GLYCOPROTEIN (PSM)
Glycoprotein treatment

HAI titre

PSM untreated

1024

PSM + Neuraminidase

128

4. DISCUSSION
A sialic acid specific natural lectin (Protoreaster linckii lectin- PLL) was purified by affinity
column chromatography using PSM-linked Sepharose 4B. The purification of lectin from the
starfish, P. linckii resulted in 3354.76 fold increase in specific activity. Affinity purification is
considered as the best method to purify echinoderm lectins, since it could yield 99% pure lectins.
A number of lectins from starfish have been purified by affinity purification. The purified lectin
agglutinated rabbit, human A, B and O erythrocytes with great avidity.
Electrophoretic studies revealed the presence of a single lectin with a molecular mass of 73
kDa on SDS-PAGE. Single homogenous lectins were also reported in a number of echinoderms
including 13 kDa in Paracentrotus lividus [23], 200 kDa in seminal plasma of sea urchin, P.
lividus [24], 44 kDa in Cucumaria japonica [25].
HAI studies recorded a drastic increase in the inhibitory potential of PLL. The agglutinability
of the pure lectin was inhibited by GalNAc > D- galactosamine = trehalose > D-glucose- 6phosphate = sucrose = lactose > glucose > raffinose = L- fucose > D- fucose > melibiose. The
hapten inhibition study shows that the agglutinin of the P. linckii is inhibited by GalNAc like that
of Asterina pectinifera, Toxopneustes pileolus, Cucumaria echinata, Stichopus japonicas,
Holothuria grisea [26] and Holothuria atra [27].
Inhibition study with glycoproteins provides valuable information pertaining to the sialyl
oligosaccharide preference of the lectin from the starfish of P. linckii. The sialyl oligosaccharides
of inhibitory glycoproteins are presented in Table 6. PSM containing 90% N- acetyl neuraminic
acid [28] is proved to be a potent inhibitor. The presence of PSM specific lectin was also
reported in some echinoderms.
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Purified lectin obtained from the coelomic fluid of P. linckii showed the affinity towards
erythrocytes indicating that the purified agglutinin is a lectin [29]. Though capable of
agglutinating a variety of erythrocytes, the agglutinin showed high affinity for rabbit, human A,
B and O. As the common receptor component of the glycocalyx of rabbit and human
erythrocytes is NeuAc [30] [31] [32] [33] and the specific inhibitor, PSM has NeuAc it can be
considered that starfish lectin may have preference for NeuAc as reported in the starfish Asterias
amurensis.
Sialidase treatment of rabbit erythrocytes reduced their hemagglutination ability thereby
revealing the affinity of the lectin to sialic acid on the surface of the rabbit erythrocytes which is
further confirmed by the fact that the inhibitory potency of the desialylated PSM is greatly
reduced than the native PSM. So the starfish, P. linckii has a lectin in the coelomic fluid with
affinity for sialic acid that can be used in the detection of sialic acid related glycosidic linkages
in cell- surface glycoproteins and glycolipids. Sialic acids play an important role as ligands in
cell sociology. Sialylation of glycoproteins changes under pathological conditions as well as
during developmental stages and altered sialylation often has significant implications in the
physiological role of glycoproteins [34] [35]. Malignant transformation is associated with
alterations in cell surface carbohydrate architecture [36]. Among the various types of sugar
residues, sialic acid is extremely important as increased sialylation in the cellular
glycoconjugates has been found to be associated with tumour progression and metastasis [37].
Over expression of sialylated antigens at the surface of lung cancer cells [38] [39] and presence
of 9-O-acetyl-NeuAc [40] and N-glycolyl neuraminic acid [41] as well as α 2, 6-linked sialic
acids [42] in human colon carcinoma have been reported. Lectins endowed with the ability to
bind to carbohydrate residues of specific structure and configuration has emerged as a powerful
tool to detect such changes [43].
Aberrant sialylation in cell surface carbohydrate architecture is a characteristic feature of
cancer cells. Over expression of sialyl-lewisx (SLex) and sialyl-lewisa (SLea) in lung carcinoma
was found to be associated with increased metastatic ability and poor survival of the patients.
Furthermore the sialylation status of the serum glycans has been found to be altered in NSCLC
(Non Small Cell Lung Cancer) [44]. It has been suggested that the increased level of sialic acid
in the sera of cancer patients might be caused by spontaneous shedding of aberrant sialic acid
rich glycoproteins and glycolipids from the cell surface into the extracellular milieu and
profound sialylation of the serum microenvironment might interrupt adhesion and influence
metastasis [45] [46]. Thus lectins that can detect such altered pattern of sialylation may have the
diagnostic potential for NSCLC.
Thus the result of the present investigation strongly suggest that P. linckii has a sialic acid
specific lectin in the coelomic fluid thus rendering it a powerful tool to study sialic acid
containing structures associated with pathological process. The sialic acid recognizing lectin
would be of immense value in identifying and discriminating sialic acids on the surface of the
cancer cells as well as in distinguishing highly pathogenic strains of bacteria.
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