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Abstract 

Lectins one of the defensive protein molecules have become the focus of intense interest for 

biologists and in particular for the research and applications in medicine. In this study, a lectin 

GaLec was purified from the marine crab Grapsus albolineatus by affinity chromatography 

using Fetuin-Sepharose 4B column. GaLec showed specific affinity for rat erythrocytes as 

evident from the hemagglutination assay. Physico chemical analysis of the GaLec 

demonstrated high hemagglutination activity ranging from pH 7.5 to 9 and temperature 0 to 

40˚C. The GaLec was dependent on calcium, magnesium and manganese. It was reversibly 

sensitive to EDTA and trisodium citrate. Hemagglutination activity was inhibited by the sugar 

N-acetyl D-glucosamine and N-acetyl D-galactosamine and the glycoproteins fetuin and 

lactoferrin. Reduction in HA with disialylated fetuin confirms the sialic acid specificity of the 

lectin. The reduction of HAI following de-O-acetylation confirms the specificity of the lectin 

for O-acetyl sialic acid.  
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1. Introduction 

 Invertebrate lectins make an important contribution to innate immune protection and 

work along with epithelial barriers, cellular defence such as phagocytosis and pattern 

recognition receptors that trigger pro-inflammatory signalling cascades (Shibata et al. 1989). 

Lectins are glycoproteins that are characterized by their capability to bind to carbohydrates 

such as mannose, galactose, lactose, N-acetyl glucosamine, N-acetyl galactosamine, fucose and 

rhamnose with significant specificity. They differ from enzymes because their carbohydrate 

binding properties never change, and they are unlike antibodies, not induced as an immune 

response (Faheina-Martins et al. 2012). Lectins with specificity for different kinds of sialic 

acids and their glycosidic linkages serve as potential diagnostic tools (Mercy and Ravindranath 

1992). Therefore, lectins that specifically recognize various sialic acids and their carbohydrate 

binding patterns can be used in investigations related to the cellular and tissue transport of 

carbohydrates, glycoproteins and calcium (Vasta 1992), cell adhesion (Devi et al. 2010), 

migration and apoptosis (Ponraj et al. 2016) and as cytolytic and cytotoxic factors (Armstrong 

et al. 1996). Purifying a lectin present in the hemolymph of decapod crustaceans is tedious as 

it has to be separated from abundant proteins such as hemocyanin, lipoproteins which tend to 

aggregate and stick to foreign surfaces as clotting factors and phenoloxidase (Stratakis et al. 

1992). In affinity chromatography a potent inhibitor (sugar/glycoprotein) is immobilized on an 

insoluble matrix by coupling to agarose activated with Cyanogen bromide (Ravindranath et al. 

1985).  

Sialic acid specific lectins has wide applications in the field of immunology, cell 

biology, glycobiology, oncology and other areas of research activities and many reports predict 

their occurrence among arthropods and molluscs. Sialic acid specific lectins have been reported 

from crabs such as Cancer antennarius (Ravindarnath et al. 1985), Scylla serrata (Mercy and 

Ravindranath 1992), Callinectus danae (Moura et al. 2015), Portunus trituberculatus (Lu et al. 

2017) and Atergratis integerrimus (Elayabharathi et al. 2019) and Lamella lamellifrons (Mary 

Mettilda Bai & Basil Rose 2020). Hence it was decided to purify the hemagglutinin or lectin 

of the marine crab G. albolineatus following affinity chromatography method using fetuin 

linked Sepharose 4B, based on the physico chemical characterization. 

 

2. Materials and Methods 

2.1 Animal Collection  

The marine crab Grapsus albolineatus were collected from Kadiyapatanam (8.1262°N 

latitude and 77.3196°E longitude) and Muttom (37.6428°N latitude and 78.3924°E longitude) 

coasts, Kanyakumari, Tamilnadu, India.  

 

2.2 Collection of hemolymph from crab 

 Hemolymph was drawn from both male and female healthy crabs. The clot and the 

cellular elements were removed by ultra-centrifugation at 30,000 rpm at 4°C. The serum was 

either used immediately or stored in freezer (-20°C).  
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2.3 Hemagglutination assay  

Hemagglutination assays were carried out as described by Ravindranath and Paulson 

(1987) to find out the presence of hemagglutinin and to know the erythrocyte specificity. The 

strategies for adsorption and elution steps, especially pH, temperature, calcium ion requirement 

and sugar/glycoprotein specificity were formulated based on previous reports (Rathika et al. 

2022). 

 

2.4 Chemicals 

Purchased Polypropylene econo columns from Bio-Rad; Cyanogen bromide activated 

Sepharose 4B, sugars, glycoproteins, Clostridium perfrigens Neuraminidase (Type X) from 

Sigma, Bangalore and prestained molecular weight protein markers from Genei, Bangalore. 

 

2.5 Buffers 

  Buffers used in this study were identified in the text by the following abbreviations: 

TBS (Tris Buffered Saline)- 50 mM Tris-HCl, pH 7.5, 100 mM NaCl, 10 mM CaCl2; TBS-

BSA (Tris Buffered Saline with Bovine Serum Albumin)- TBS, pH 7.5 with 0.05% BSA; HSB 

(High Salt Buffer)- 50 mM Tris HCl, pH 7.5, 1 M NaCl, 10 mM CaCl2; EB (Elution Buffer)- 

50 mM Tris-HCl, pH 7.5, 0.3 M NaCl, 10 mM disodium EDTA; Acetate buffer- 0.1 M sodium 

acetate, 0.5 M NaCl, pH 4; Coupling buffer- 0.1 M sodium bicarbonate, 0.5 M NaCl, pH 8.3; 

PBS (Phosphate Buffered Saline)- 75 mM NaCl, 75 mM Na2HPO4, pH 7.5; PBS-BSA 

(Phosphate Buffered Saline with Bovine Serum Albumin)- pH 7.5, with 0.05% BSA. 

 

2.6 Purification of lectin 

 The lectin was purified by affinity chromatography by the method of Roche (1975). 

Clarified serum (20 ml) was applied to 3.5 ml of fetuin-Sepharose 4B econo column (Bio-Rad) 

previously equilibrated with TBS at 4°C. The effluent was collected at a rate of 0.6 ml/minute. 

The column was washed with HSB until the absorbency of the effluent at 280 nm was lesser 

than 0.002 and the effluent was tested for HA activity. The column was further washed with 

LSB at 4°C until the absorbency of the effluent was lesser than 0.002 at 280 nm and it was then 

washed with warm LSB (30±2°C) until the A280 of the effluent was lesser than 0.002. This step 

was necessary for obtaining homogenous lectin as it eluted the extra inert protein. All the 

buffers so far used containing the calcium required for lectin binding to fetuin-Sepharose 4B. 

The elution of lectin was done with EB that contained 10 mM disodium EDTA and collected 

as 1 ml fractions on ice in polypropylene tubes containing 10 µl of 10 mM calcium chloride at 

the rate of 0.3 ml/minute. The fractions were vortexed immediately after collection and kept 

on ice. Fractions containing lectin were pooled on the same day and dialysed against 10 mM 

CaCl2 at 4°C for 30 minutes to 1 hour and the dialysate was then aliquoted, lyophilized (Lyodel-

DPRG-1GH)) and stored at 20°C. The protein concentration of the lectin was estimated by 

Folin Ciocalteau Method (Lowry et al. 1951). The specific lectin activity was obtained by 

dividing the HA titer with the protein concentration of the sample (Suzuki and Nazori 1983; 

Wang et al. 2000). 
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2.7 Determining the molecular weight 

 Sodium dodecyl sulphate polyacrylamide 11% slab gel electrophoresis was performed 

according to Laemmli (1970). Samples were heated for 3 minutes at 100°C in sample buffer 

(25% 1 M Tris-HCl, pH 6.8), 4% SDS; 2% β-mercaptoethanol and 5% glycerol. Gels were 

fixed and stained with a solution containing 0.05% coomassie blue R-250, 7% acetic acid and 

50% isopropyl alcohol and destained with a solution containing 50% ethanol and 7% acetic 

acid at room temperature (30±2°C). 

 

2.8 pH and thermal stability  

pH and thermal dependence of agglutinin was measured by pre-incubating the 

hemolymph at specific pH (5.5-11.5) and temperature (0˚C-100˚C) for 1 hour before adding 

erythrocyte suspension for hemagglutination assay. 

 

2.9 Cations and EDTA 

Cations and EDTA treatment to study divalent cations (Ca2+, Mg2+ and Mn2+) 

dependence of Hemagglutinin, HA assays were performed in TBS (pH 7.5) without and with 

these ions at varying concentrations. To study the effect of calcium chelators (EDTA and 

trisodium citrate) on the agglutinin, the hemolymph was pre-incubated at different 

concentrations (0 to 100 mM) of EDTA and trisodium citrate for 1 hour before adding 

erythrocyte suspension for HA assay 

 

2.10 Hemagglutination Inhibition Assay  

The Hemagglutination inhibition (HAI) assay was carried out with known 

concentration of glycoproteins and sugars by following the procedure of Ravindranath et al. 

(1985) to know the carbohydrate specificity of the agglutinin. 

 

2.11 Sialic acid specificity of the purified lectin 

 To find out whether the lectin is sialic acid specific or not, HA and HAI assays were 

performed with sialidase treated erythrocytes and glycoproteins respectively. 

 

2.12 Sialidase treatment of erythrocytes and sialoglycoproteins 

To study the sialic acid/neuraminic acid specificity, hemagglutination assay was 

performed with asialo erythrocytes (Ravindranath et al. 1988; Mercy and Ravindranath 1993). 

A reaction mixture (total 5 ml) containing 10% washed erythrocytes in PBS-BSA (pH 7.5) and 

140 mU (milli units) neuraminidase of Clostridium perferigens (Type X sigma) was incubated 

for 4 hours at room temperature. The treated cells were washed with PBS-BSA three times and 

pelleted by low speed centrifugation. Finally they were washed in TBS-BSA (pH 7.5) and used 

for HA activity analysis. 

 Asialofetuin was prepared by incubating 2 mg of glycoproteins with 0.1 unit of 

Clostridium perfringens sialidase (Type X, Sigma) in 400 µl of 5 mM acetate buffer, pH 5.5 

for 3 hours at 37°C. As a control, fetuin was treated similarly without sialidase treatment. HAI 

assay was performed with purified lectins for treated and untreated glycoprotein against 1.5% 

of rat erythrocytes. 
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2.13 O-acetyl specificity 

 De-O-acetylation of silaic acids in the glycoprotein fetuin was performed following the 

procedures of Sarris and Palade (1979) and Schauer (1982). A solution of 750 µl of 

glycoprotein fetuin (5 mg/ml) was added to 250 µl of 0.04 N of NaOH, vortexed and incubated 

on ice for 45 minutes and neutralized with 1 ml of 0.01 N HCl. For control, untreated fetuin 

was reconstituted in TBS. The HAI assay was performed using base treated and untreated fetuin 

against purified lectin with 1.5% suspension of rat erythrocytes. 

 

3. Results 

3.1 Purification of lectin affinity chromatography  

 Lectin from the hemolymph of the marine crab G. albolineatus was purified by affinity 

chromatography on fetuin coupled Sepharose 4B. Major portion of the protein is removed from 

the column when washing with high salt buffer and low salt buffer. The purification fold of 

lectin from hemolymph by affinity chromatography resulted in 170 fold increase in specific 

activity (Table -1). 

 

Table 1: Purification of lectin from the marine crab G. albolineatus 

Sample Volume 

(ml) 

Protein Total 

activity 

(HA units) 

Specific 

activity 

(HA 

units/mg) 

Purification 

fold 

Crude 

hemolymph 

30 3203.1 2.45×106 767.25 1 

Clarified  

serum 

20 1423.6 4.04×105 287.72 37.5 

Purified lectin 

using Fetuin 

Sepharose 

affinity column 

15 4.71 6.14×105 1.3×105 170.01 

 

3.2 Electrophoresis analysis 

The purified lectin (GaLec) was analysed using SDS-PAGE electrophoresis. GaLec 

showed a single protein band with a molecular weight of 95 kDa (Fig 1). 
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Fig 1 SDS-PAGE of purified lectin from the hemolymph of the crab G. albolineatus 

 

 
 

3.3 Hemagglutination assay 

 The hemolymph lectin of the marine crab G. albolineatus agglutinated a wide variety 

of mammalian erythrocytes with varying HA titer: rat > goat = mice > ox = rabbit = buffalo > 

guinea pig = pig = human B = human O. Maximum HA titer (2048) was observed with rat 

erythrocytes (Table 2). 

Table 2: HA titer of GaLec 

Erythrocytes 

(n=5) 

HA titer 

Native Purified 

Rat 2048 2048 

Goat 8 8 

Mice 16 16 

Rabbit 2 2 

Buffalo 2 2 

Pig 0 0 

Human B 2 2 

Human O 0 0 

 

3.4 Effect of pH and temperature 

Hemagglutination activity of the hemolymph lectin was sensitive to pH and 

temperature. The HA activity was maximum between pH 7.5-9 which gradually decreased with 

either increased acidity or alkalinity. Maximum HA was observed between temperature 0˚- 

40˚C. When the sample was heated above 70˚C, a complete loss of hemagglutination was 

observed (Table - 3). 
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Table 3: Effect of pH and temperature on GaLec 

pH 

(n=10) 

HA titer Temperature (˚C) 

(n=10) 

HA titer 

Native Purified Native Purified 

5.5 

6 

6.5 

7 

7.5 

8 

8.5 

9 

9.5 

10 

10.5 

11 

256 

512 

512 

2048 

2048 

2048 

2048 

2048 

1024 

512 

512 

256 

256 

512 

512 

2048 

2048 

2048 

2048 

2048 

1024 

512 

512 

256 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

2048 

2048 

2048 

2048 

2048 

1024 

512 

128 

0 

0 

0 

2048 

2048 

2048 

2048 

2048 

1024 

512 

128 

0 

0 

0 

 

3.5 Effect of cations and chelators on EDTA 

 HA titer value was altered with the different concentrations of divalent cations like 

Ca2+, Mn2+ and Mg2+. 10 mM concentration of Ca2+, Mn2+ and Mg2+ was found to be the 

optimum concentration. Presence of EDTA had a significant effect on the HA activity of the 

hemolymph lectin (GaLec). There was no reduction in HA up to 1 mM and a great reduction 

was observed at 10 mM and complete loss at 20 mM of disodium EDTA (Table – 4 & 5). 

 

Table 4: Effect of cations on GaLec 

Concentration 

of cations 

(Mm) 

(n=10) 

HA titer 

Ca2+ Mg2+ Mn2+ 

native Purified native Purified native  Purified 

0 

0.01 

0.1 

1 

10 

20 

30 

40 

50 

100 

1024 

1024 

1024 

1024 

2048 

1024 

1024 

1024 

512 

256 

1024 

1024 

1024 

1024 

2048 

1024 

1024 

1024 

512 

256 

1024 

1024 

1024 

1024 

2048 

1024 

1024 

512 

256 

128 

1024 

1024 

1024 

1024 

2048 

1024 

1024 

512 

256 

128 

1024 

1024 

1024 

1024 

2048 

1024 

512 

512 

128 

128 

1024 

1024 

1024 

1024 

2048 

1024 

512 

512 

128 

128 
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Table 5: Effect of calcium chelators on GaLec 

Concentration of 

calcium 

chelators (mM) 

(n=10) 

HA titer 

Disodium EDTA Tetra sodium 

EDTA 

Trisodium citrate 

Native  Purified Native Purified Native Purified 

0 

0.01 

0.1 

1 

10 

20 

30 

40 

50 

100 

1024 

2048 

2048 

2048 

512 

0 

0 

0 

0 

0 

1024 

2048 

2048 

2048 

512 

0 

0 

0 

0 

0 

1024 

2048 

2048 

2048 

2048 

512 

512 

256 

0 

0 

1024 

2048 

2048 

2048 

2048 

512 

512 

256 

0 

0 

1024 

1024 

1024 

1024 

2048 

1024 

256 

128 

0 

0 

1024 

1024 

1024 

1024 

2048 

1024 

256 

128 

0 

0 

 

3.6 Hemagglutination Inhibition Assay 

 Sugar binding specificity of hemolymph lectin was examined by hemagglutination 

inhibition tests using carbohydrates and glycoproteins. Agglutinability was inhibited by sugars 

like GlcNAc and GalNAc. Of the various glycoprotein tested hemagglutinability was inhibited 

by fetuin and lactoferrin (Table 6 & 7). 

Table 6: HAI titer of the GaLec by sugars 

Sugars HAI titer Minimum 

concentrations 

required for 

inhibition (mM) 

Relative 

Inhibitory 

Potency (%) 
Native Purified 

D-Galactosamine 4 4 50 6.25 

D-Glucose-6-

Phosphate 

4 4 50 6.25 

α-lactose 8 4 50 6.25 

Trehalose 8 8 25 12.5 

D-Mannosamine 8 8 25 12.5 

N-acetyl 

neuraminic acid 

16 16 12.5 25 

N-acetyl-D-

Glucosamine 

64 64 3.12 100 

N-acetyl-D-

Galactosamine 

64 64 3.12 100 
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Table 7: HAI titer of the GaLec by glycoprotein 

3.7 Sialic acid specificity of the purified lectin 

64 fold reduction in the HA titer of the lectin was noticed with the sialidase tested rat 

erythrocytes. This inferred the sialic acid specificity of the lectin. 

 

Table 8: HA/HAI titer of GaLec with sialidase treated and untreated 

erythrocyte/glycoprotein 

Treatment (n=3) HA/HAI titer 

Rat erythrocytes Untreated 2048 

Treated 32 

Glycoprotein fetuin Untreated 32 

Treated 16 

 

3.8 De-O-acetylation  

De-O-acetylation of fetuin declines the hemagglutination inhibition activity. It reveals 

the O-acetyl specific nature of the lectin (Table 9). 

 

Table 9: HAI titer of GaLec with De-O-acetylated fetuin 

Treatment (n=3) HAI titer 

Untreated 32 

Treated 16 

Glycoproteins HAI titer Sialic acid Minimum 

concentrati

ons 

required 

for 

inhibition 

(µg/ml) 

Relative 

inhibitory 

Potency Native Purifie

d 

Nature Linkage 

BSM 2 2 NeuAc/N

euGc 

α 2-6 

GalNAc 

2500 6.25 

PSM 2 2 NeuAc α 2-3 Gal β 

1-3 GalNAc 

2500 6.25 

Transferrin 2 2 NeuGc α, 2-3 GaL 

1-4 GluNAc 

β1 

2500 6.25 

Apotransferrin 4 4 NeuGc - 1250 12.5 

Thyroglobulin 8 8 NeuGc α 2-6 Gal 625 25 

Lactoferrin 16 16 NeuAc/N

euGc 

- 312.5 50 

Fetuin 32 32 NeuGc α 2-3 Gal 62.5 100 
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4. Discussion 

The hemolymph lectin of the marine crab Grapsus albolineatus (GaLec) was purified 

by affinity chromatography. The hemagglutinability of the lectin showed the greater affinity 

for rat erythrocytes may be due to the presence of sialic acid residues in the appropriate position 

that could be easily recognised by the G. albolineatus hemolymph lectin. The glycocalyx of rat 

erythrocytes contain NeuGc/NeuAc/4(9)-O-acetylated sialic acids, NeuAc α 2-3 Galβ1, 

GalNAc β1-4 Gal (3-2α NeuGc) β1-4 Glcβ1 in addition to NeuGc α, 2-3 Galβ1-4 GluNAcβ1 

residues. These results also suggest that the RBC types agglutinated by a lectin from the marine 

crab G. albolineatus probably share a common surface receptor but with a quantitative 

difference in HA sites. 

The HA activity of the hemolymph lectin GaLec was optimum between pH 7.5-9 and 

it was sensitive to low or high pH. Basic neutral pH represents the natural environment of 

animals. The polymeric hemocyanin molecules are in equilibrium with agglutinin molecules 

and with rise in pH at and above 7.5 the hemocyanin molecules may dissociate and release the 

agglutinin. These could be the cause for the increase in HA activity at and above pH 7.5 which 

remained stable upto pH 9. Hemagglutination was stable between temperatures 0˚- 40˚C, but 

the activity was completely abolished beyond 80˚C. The loss of hemagglutinability with 

increasing temperature is evidently due to heat induced denaturation of lectin. These 

denaturation may weaken the interaction between lectin and the carbohydrate ligand leading to 

attenuated agglutinating activity (Qadir et al. 2013). HA titer value was altered with the 

different concentrations of divalent cations like Ca2+, Mg2+ and Mn2+. 10 mM concentration of 

Ca2+, Mg2+ and Mn2+ was found to be the optimum concentration. Very low and high 

concentrations of divalent cations are significant in stabilizing the primary structure of 

hemagglutinins (Anderson & Good 1975).  

In hemagglutination inhibition assay the specificity of the lectin towards carbohydrates 

is mainly N-acetyl-D-Galactosamine and N-acetyl-D-Glucosamine and the glycoprotein fetuin 

and lactoferrin.  The N-glycosidically linked units of fetuin includes a single polypeptide chain 

to which three heteropolysaccaride units made up of sialic acid, galactose, GluNAc and 

mannose are attached through asparagine residues (3:3:3:5) (Baennziger and Fiete 1979). The 

heteropolysaccaride units also include the presence of two residues of α 2-3 and one residue of 

α 2-6 sialic acids. Fetuin thus contains sialic acid α 2-3 and sialic acid α 2-6 in a 2:1 ratio. The 

distal end of glycan chains are linked via α 2-3 linkage to Gal and GalNAc to sialic acid (Tsuji 

et al. 1996), α 2-3 linkage to GalNAc (Murali Krishna et al. 1992) and α 2-6 linkage to GlcNAc 

(Green et al. 1995). Lactoferrin consists of single polypeptide chain, with two glycans attached 

to it through N-glycosidic linkages. They possess N-acetyl neuraminic acid, mannose, fucose, 

N-acetyl glucosamine and N-acetyl Galactosamine (Coderville et al. 1992).  

A sialic acid specific lectin from the marine crab Grapsus albolineatus was purified by 

affinity chromatography using fetuin coupled Sepharose 4B column. The purified lectin was 

designated as GaLec. The marine crab G. albolineatus hemolymph lectin (GaLec) resulted in 

170 fold increase in specific activity. The physico-chemical characterization of the hemolymph 

lectin was more or less same as the native (Rathika et al. 2022). The purified lectin was 

homogenous lectin with a single band at 95 kDa. Homogenous lectin with different molecular 

weight were also reported in the arthropods (Nowak and Barondes 1975, Ponraj et al. 2016, 

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 11 (Nov) - 2022

http://ymerdigital.com

Page No:1110



Mary Mettilda Bai and Basil Rose 2020). Sialidase treatment of rat erythrocytes and 

sialoglycoproteins resulted in the depletion in the affinity of the lectin to desialylated 

erythrocytes and glycoproteins, confirming its sialic acid specificity. Also de-O-acetylation of 

glycoprotein reduced the inhibitory ability of the glycoprotein fetuin tremendously. Hence it 

could be suggested that the inhibitory potency of fetuin may be due to O-acetyl group (Wasik 

et al. 2017). Thus it confirms the O-acetyl sialic acid specificity of the lectin isolated from the 

crab G. albolineatus and could be used to identify malignant cells as that of the lectin isolated 

from the crab Cancer antennarius (Ravindranath et al. 1985). 

 

5. Conclusion 

 The hemolymph lectin (GaLec) was purified from the marine crab Grapsus 

albolineatus. The results presented here provide evidence of the purified lectin GaLec which 

possesses carbohydrate binding site for specific sugars GlcNAc and GalNAc and glycoproteins 

fetuin and lactoferrin. The study of invertebrate lectins, a host defence system may lead to 

useful applications, such as discovery of unique molecules of pharmacological importance and 

the development of strategies for control of harmful microorganisms, insects and parasites. 

Isolation of an O-acetyl sialic specific lectin is of prime importance as it can be applied in lectin 

targeted therapy against cancer cells. Moreover, this lectin can be conjugated to nanomaterials 

that are biocompatible and applied as nano based drug delivery system to treat microbial 

disease and cancer and the invitro studies are in progress.  
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