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Abstract 
Lectins are proteins having the ability to specifically 

bind to selective carbohydrates or sugars located on 

the cell surface and molecules. This binding activity is 

highly specific, suggesting that each lectin protein is 

tailored to recognize and interact with a particular type 

of sugar molecule. The specificity of lectins plays a 

critical role in various biological processes including 

cell-to-cell recognition, communication and adhesion. 

By selectively binding to specific sugars, lectins help to 

facilitate the exchange of information between cells 

and molecules, enabling the proper execution of 

various physiological functions. The research aimed to 

investigate to partially purify and to characterize 

lectins from Terminalia catappa seeds. The process 

involved extracting the lectin from the seeds using 

physiological saline, partial purification by ammonium 

sulfate precipitation followed by dialysis.  

 

The partially purified lectin extract was tested for 

multiple parameters.  Hemagglutination assay 

revealed the highest lectin activity for human blood 

group B+ve, its sugar specificity towards galactose 

and lactose, loss of its hemagglutination activity by 

EDTA, enhanced hemagglutination by metal ions like 

Mg, Cr, Ca, Fe, etc. Effect of pH was found in the range 

of 4 to 11 and effect of temperature between 20 to 600C. 

The potential of the lectin for antimicrobial activity 

against E.coli and S. aureus was assessed by agar well 

diffusion method. Protein concentration was 

determined by Lowry's method, performed on a UV-Vis 

Spectrophotometer (Systronics model number 118). 
 

Keywords: Lectins, Terminalia catappa seeds, 

Hemagglutination assay, Sugar specificity. 

 

Introduction 
Terminalia catappa is native to Southeast Asia also known 

as Indian almond. It grows best in moist tropical climates22. 

Plant lectin induced cytotoxicity, initiation of apoptosis and 

triggering of caspase cascade action leading to shrinkage and 

death of cancer cells are demonstrated in cell lines21. The 

other mechanism displayed by plant lectins includes 

polyamine sequestration, protein synthesis inhibition, 

reduced expression of telomerase activity and angiogenesis 

inhibition in tumor cells40. Lectins are proteins belonging to 

structurally diverse class that binds to carbohydrate moiety 

of the glyco-conjugates found on the animal cell surface. 

They occur ubiquitously in nature and are highly specific for 

sugar moieties.  

 

During interaction, they form agglutinates with animal cells 

or precipitate as glyco-conjugates38. William Boyd 

discovered that the Latin word "legere," which means "to 

select," is the source of the English term "lectin"29. This 

generalized term was coined to incorporate all sugar-specific 

agglutinins of non-immune origin, irrespective of blood type 

specificity and source32. 

 

Lectins from plants are the most studied ones and many of 

them are isolated and characterized as hemagglutinins7.The 

occurrence in nature of erythrocyte-agglutinating proteins 

has been known since the 19th century33. The Rhesus factor-

based ABO blood group system consists of unique 

determinants and lectins bind to particular kinds of antigen 

found on red blood cells1. The simple procedure to detect a 

lectin is to probe its erythrocyte agglutination ability or to 

precipitate glycoconjugates using the Hemagglutination 

test15. 

 

The aim of this study is to partially purify and to characterize 

lectin like protein from seeds of Terminalia catappa. This 

study places particular emphasis on examining the protein's 

specificity toward various sugars, their effect of temperature, 

effect of EDTA, effect of metal ions and effect of pH, 

conducting a hemagglutination assay. 

 

Material and Methods 
Chemicals and reagents: All the chemicals used in this 

research work were of analytical grade. Solvents obtained 

from Himedia (India), SRL (India), Loba chemie (India), 

PCL (India) and Chemsworth (India) were of analytical 

grade. Human blood (RBCs) samples were collected from 

Blood Diagnostic Centre, Mumbai, Maharashtra, India. 

 

Collection of sample: Natural samples of Terminalia 

catappa including seeds, leaves and fruits, were collected 

from Mumbai, Maharashtra, India and subsequently 

deposited at the Blatter Herbarium of St. Xavier’s College 

(Autonomous) in Mumbai, Maharashtra, India, for 

identification and authentication. 

 

Isolation of lectin from Terminalia catappa seeds: The 

extraction of lectin from Terminalia catappa seeds was done 

as per the method of Hiremath et al17 with minor 

adjustments. Good quality Terminalia catappa seeds were 
allowed to soak in distilled water for 3 days at room 

temperature. The softened coat was peeled off and 30g seeds 

were ground in mortar and pestle and the powdered meal was 
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subjected to delipidation by adding 1:10 petroleum ether and 

by stirring with 4 changes every 30 mins. The delipidated 

powder was kept for extraction in physiological saline at 4oC 

for 8 hours. The homogenate was centrifuged at 4000 rpm 

for 20-25 mins. Re-extraction was carried out and the 

combined supernatants were fractionally subjected for 

precipitation for 20%, 40%, 60% and 80% saturation 

respectively. 

 

Purification of crude extract: The crude extract of 

Terminalia catappa seeds was partially purified using three 

steps: 

 
1. Ammonium Sulphate precipitation was carried out as per 

the procedure of Hiremath et al17 method. 

2. Dialysis: The precipitated protein was further subjected to 

extensive dialysis using a dialysis tubing of molecular cut 

off 12-14 kDa as per the procedure of Haryanto et al16. The 

dialysis was carried out extensively as per the procedure of 

Ferreras et al13. The dialysed protein was centrifuged and the 

supernatant was stored at 4°C. 

 

Estimation of Protein: The amount of protein in the extract 

was determined using the method of Lowry et al27 by 

measuring the absorbance of light at 660 nm after reacting 

the samples with Folin-Ciocalteau reagent. A standard 

protein curve was plotted using bovine serum albumin 

(BSA) to calculate the protein concentration of each sample. 

 

Hemagglutination assay: The hemagglutination assay was 

performed using 2 % suspension of normal human 

erythrocytes in saline and was carried out in a microtitre 

plate by using the two-fold serial dilution method of Jawade 

et al19. 100µl of the erythrocyte suspension was mixed with 

100µl of serially diluted lectin. Agglutination activity was 

examined visually after incubation for 30 min at 37oC. The 

highest dilution of the lectin that showed complete 

agglutination, is defined as the unit of hemagglutination 

activity (U) and termed as titer according to Dongre et al11. 

 

Sugar specificity: The inhibition of lectin-induced 

hemagglutination by various sugars was performed to 

investigate the sugar specificity. Mannose, glucose, 

galactose, dextrose, fructose and lactose sugar samples were 

prepared in saline. The sugar samples were mixed with an 

equal volume of a solution of serially diluted lectin. The 

mixture was allowed to stand for 30 min at 37oC and then 

mixed with 2% human erythrocyte suspension. The known 

sugar which gives an agglutination with blood suspension 

and no agglutination of red blood cells in presence of lectin 

means that the tested lectin is specific to that sugar type11. 

 

Effect of EDTA on the Hemagglutination assay: The 

effect of EDTA on the Hemagglutination assay was done as 

per the procedure of Benseghir et al6. 100µl of EDTA at 
concentrations of 20mM, 30mM, 40mM and 50mM were 

added to 100µl of lectin solution that had been serially 

diluted. The mixture was then incubated at 37°C for 30 

minutes. After this, a 2% suspension of erythrocytes was 

added. Two control tests were performed as positive control 

test where the hemagglutinating assay was tested without 

EDTA and a negative control test where no lectin was added. 

 

Metal ion dependence: The effect on metal ion on 

Hemagglutination activity of lectin was studied as per the 

procedure of Sun et al35. The protein sample was pre-

incubated at 37oC for 30 mins with metal salts namely Mg+2 

(MgSO4), Cr+2 (Cr2(SO4)3), Ca+2 (CaCO3), Zn+2 (ZnCl2), 

Fe+2 (FeCl2) and Hg+2 (HgSO4) followed by 

hemagglutination activity. 

 

Effect of pH: The effect of pH was examined as per 

procedure of Jawade et al19 by using buffer ranging from pH 

1-12. pH 1-5 (0.2M Sodium acetate and Acetic acid buffer) 

and pH 6-12 (0.2M Disodium hydrogen phosphate and 

Sodium dihydrogen phosphate buffer) buffers were used. 

Equal volumes of serially diluted lectin sample and pH 

solutions were mixed and incubated at 37oC for 30 mins and 

then hemagglutination assay with 2% erythrocytes was 

performed. 

 

Effect of Temperature: The effect of temperature on the 

hemagglutination activity of the lectin was studied according 

to procedure of Jawade et al19 by incubating the lectin 

solutions at various temperatures, ranging from 20°C to 

100°C, for a duration of 30 mins followed by a 

hemagglutination test performed with a suspension of 2% 

erythrocytes. 

 

Antimicrobial activity: The antibacterial activity of the 

partially purified lectin against the bacterial pathogens, 

including E. coli and S. aureus, was assessed using the agar 

well diffusion method as per the procedure of Dongre et al11. 

Wells measuring 8mm in depth were made on the agar using 

sterile cork borer. 100µl of partially purified lectin was 

added to the wells. The plates were incubated at 37℃ for 

24hrs. 

 

Results and Discussion 
The lectin was partially purified from Terminalia catappa 

seeds, by using ammonium sulphate precipitation between 

20-80% followed by dialysis and centrifugation. The protein 

concentration of Terminalia catappa seeds lectin extract was 

found to be 1mg/ml by using Lowry's method of protein 

estimation. Hemagglutination assay was performed on 

human blood groups A, B and O using partially purified 

lectins extracted from Terminalia catappa seeds. These 

lectins showed positive agglutination activity against the 

ABO blood group system as summarized in table 1. 

 

Negative hemagglutination activity is shown by a button 

formation and positive hemagglutination activity is inferred 

by observing mat formation at the bottom of the well. Blood 

group B+ showed the highest hemagglutination assay upto a 

dilution 1/512, Blood group O+ showed hemagglutination 

activity upto a dilution 1/32. Blood group A+ showed 
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hemagglutination activity up to the dilution of 1/8 as 

mentioned in figure 2. 

 

 
Figure 1: Terminalia catappa seeds 

 

 
Figure 2:  Hemagglutination activity of Terminalia 

catappa seeds lectin with 2% erythrocytes. 

 

 
Figure 3:  Hemagglutination activity of blood group B 

in saline extract 

 

 
Figure 4: Hemagglutination activity of blood group B 

after dialysis 

 

 
Figure 5:  Sugar specificity of Terminalia catappa lectin 

 
Figure 6: Hemagglutination activity on EDTA 

 
Figure 7:  Effect on metal ions 

 

 
Figure 8: Effect of pH on the hemagglutination activity 

 

 
Figure 9: Effect of temperature on the 

hemagglutination activity 

 

Hemagglutination activity results in Table 1 revealed that the 

human blood group B+ shows strong agglutination 

compared to O+ and A+. Blood group B+ showed a 

significant increase in hemagglutination activity after 

dialysis. In saline extract, hemagglutination activity was 

observed up to a dilution of 1/64. However, after dialysis, 

the hemagglutination activity increased substantially, 

reaching up to a dilution of 1/512. This is clearly depicted in 

table 2 and further illustrated in figures 3 and 4. The results 

of our study are in agreement with other studies from 

moringa oleifera seed lectin studied by Benseghir et al6
.  

 

Lectin from leaves of Euphorbia tithymaloides (L.)  showed 

hemagglutination activity in human blood group O+19 and 

Phaseolus vulgaris (Red Kidney Bean) lectins showed 

hemagglutination activity in human blood group A+11. 

Chlorella sorokiniana lectin (CSL) showed 

hemagglutination activity towards chicken erythrocytes and 

no activity was found with human RBCs of A, B and O blood 

groups4. 

 

Sugar specificity: The hemagglutination activity of 

Terminalia catappa seed lectin was inhibited by galactose 

and lactose, thereby confirming the sugar moiety to be 

galactose and lactose. However, hemagglutination activity 

was observed in presence of mannose, glucose, dextrose and 
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fructose as summarized in table 2 and as shown in figure 5, 

thereby ruling out their presence as sugar moiety. These 

observations are in line with the studies on lectin reported in 

many instances, for example, hemagglutination activity of 

the purified red kidney beans lectin was not inhibited by 

mostsimple sugars such as glucose, galactose, fructose, 

sucrose and dextrose. However, it was successfully inhibited 

by xylose and maltose11. 

 

Lectin from Loach Skin Mucus showed that the 

hemagglutination activity was inhibited by glucose, 

arabinose, galactose, xylose, lactose, mannitol, N-acetyl-D-

galactosamine, N-acetyl-D-glucosamine and L-fucose35. 

The indian borage plant (Plectranthus amboinicus) lectin 

binds specifically to galactose, dextrose, sucrose and 

raffinose, which proved to be potent inhibitor of its 

hemagglutination activity. Dextrose is the most effective 

inhibitor of indian borage plant (Plectranthus amboinicus) 

lectin3. 

 

Effect of EDTA: There was no hemagglutination activity 

visible in different concentrations (20mM, 30mM, 40mM 

and 50mM) of EDTA. In figure 6, the absence of 

hemagglutination activity in the presence of EDTA suggests 

that Terminalia catappa seed lectin might be a 

metalloprotein, with metal ions affecting its activity.  

 

Effect of metal ions: Enhanced hemagglutination activity of 

lectin is visible in the presence of metal ions like Mg+2, Cr+2, 

Ca+2, Zn+2, Fe+2 and inhibited presence of Hg+2 ion as seen 

in figure 7, indicating that Terminalia catappa seed lectin 

may be a metalloprotein.
 

 

Table 1 
Hemagglutination assay of lectins of Terminalia catappa seeds with Human erythrocytes 

Human Blood group A B O 

Agglutination + +++ ++ 

 

Table 2 

Purification profile of Terminalia catappa seed lectin 

 Total Hemagglutination Activity (HU) 

Hemagglutination activity of blood 

group B in saline 

1/64 

After Dialysis  Hemagglutination activity of 

blood group B 

1/512 

 

Table 3 

Sugar specificity test of Terminalia catappa seed lectin 

Sugar Hemagglutination 

activity 

Mannose + 

Glucose + 

Galactose - 

Dextrose + 

Fructose + 

Lactose - 

 
 

Table 4 

Hemagglutination activity at different pH 

pH Hemagglutination activity 

1 - 

2 - 

3 - 

4 + 

5 + 

6 + 

7 ++ 

8 ++ 

9 + 

10 + 

11 + 

12 + 
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Table 5 

Hemagglutination activity at different temperature 

Temperature  

in oC 

20oC 40oC 60oC 80oC 100oC 

Hemagglutination 

activity 

++ ++ + + - 

 

Researchers on lectins have reported significant effect of 

metal ions on lectin activity. Tetradesmus obliquus lectin34, 

which showed hemagglutination activity was inhibited by 

Fe+2, Ca+2, Mg+2, Zn+2 and Cu+2. Loach skin mucus lectin 

lost its hemagglutination activity after dialysis against 

EDTA solution and regained activity when incubated with 

Ca+2, suggesting it as a metalloprotein where Ca+2 plays a 

crucial role in its function and structure35.  

 

Moringa oleifera lectin is not a metaloprotein, hence it does 

not need metals for its activity6. The hemagglutination 

activity of Chlorella sorokiniana lectin (CSL) was not 

inhibited by Ca+2 ions but was slightly inhibited by Mg+2 

ions compared to the initial activity4. Lectin from seeds of 

Erythrina speciosa is Ca+2 and Mn+2 dependent 

metaloprotein24. 

 

Effect of pH: There is no hemagglutination activity 

observed in the pH range 1-3 and at 12 whereas it is visible 

in the pH range 4-11 with maximum hemagglutination 

activity observed at pH 7 and 8 as summarized in table 4. 

Hence it can be inferred that Terminalia catappa seed lectin 

is stable in the pH range 4-11 as can be seen in the graph of 

pH vs titer value as in figure 8.  

 

According to literature reviews, similar result were obtained 

in the lectin from the leaves of Euphorbia tithymaloides (L.) 

(pH 4-11)19, Bryothamnion triquetrum (pH 4–11)14, 

Phaseolus vulgaris (Red Kidney Bean) lectin (pH 3-10)11 

and Moringa oleifera lectin (pH 3-6)6. 

 

Effect of Temperature: Hemagglutination activity is 

observed between the temperature range 20°C- 40°C. The 

graph of temperature vs titer value indicates that as the 

temperature changes above and below this range, lectin 

activity gradually decreases and is totally absent at 100°C. 

From the figure 9, we can deduce that Terminalia catappa 

seeds contain lectin which has a high stability between 20°C 

and 40°C as shown by the peaks in the curve.  

 

As the temperature exceeds 60°C, activity and stability 

gradually decrease and cease at 100°C. Similar results were 

observed in the seed lectins of Phaseolus vulgaris (Red 

Kidney Bean) 11, Erythrina speciosa seed lectin24 and leaf 

lectin of Euphorbia tithymaloides (L.)19, while Moringa 

oleifera lectin6 and Chlorella sorokiniana lectin (CSL)4 

showed hemagglutination activity up to 70oC. 

 

Antimicrobial activity: Preliminary study of the partially 

purified Terminalia catappa lectin showed inhibitory effect 

on the growth of E.coli and S. aureus. Further detail study in 

this area will be interesting to study. Studies by El-Araby et 

al12 on the lectins from Egyptian cultivars (fava bean, lentil 

and pea) showed antibacterial activity against 

Staphylococcus aureus, Streptococcus mutants, 

Pseudomonas aeruginosa and Klebsiella pneumonia but not 

against Escherichia coli. Phaseolus vulgaris (Red Kidney 

Bean) lectin showed antibacterial activity against 
Escherichia colli, Pseudomonas, Klebsiella and S.aureus, 

while the lectin had no antibacterial activity against S. 

typhi11. 

 

Conclusion 
In this work lectin isolated from seeds of Terminalia catappa 

was partially purified by using ammonium sulphate 

precipitation method between 20-80% saturation and 

dialysis. Protein concentration was found to be 1mg/ml 

using Lowry’s method of protein estimation. Partially 

purified Terminalia catappa seeds lectin exhibited strong 

agglutination with human erythrocytes with the titer against 

the blood group B+ as compared to O+ and A+. For blood 

group B+, hemagglutination activity was observed up to a 

dilution of 1/64 in saline extract. After dialysis, the activity 

increased and was detectable up to a dilution of 1/512. Sugar 

specificity of isolated lectin is towards galactose and lactose.  

 

The absence of hemagglutination activity in the presence of 

EDTA suggests that Terminalia catappa seed lectin might 

be a metalloprotein. Enhanced hemagglutination activity of 

Terminalia catappa seed lectin is visible in various metals 

such as Mg+2, Cr+2, Ca+2, Zn+2, Fe+2 and not visible in Hg+2. 

These observations indicate that Terminalia catappa seed 

lectin is a metalloprotein that responds positively towards 

above mentioned metal ions for its functionality. This lectin 

showed optimum activity in the pH range 7-8 and 

temperature range 20-40°C. Highly acidic and basic pH 

inhibit the activity of Terminalia catappa seed lectins 

whereas hemagglutination activity starts minimizing at 60oC 

and loses their activity at 100ºC.  

 

Preliminary study indicated the presence of antimicrobial 

activity against E.coli and S.aureus which needs to be 

studied in detail. It is evident from reviews and descriptions 

of the literature that lectin is important in the field of 

medicinal, molecular and cellular biology. Lectins have vast 

applications such as in the treatment of different illnesses, as 

a possible medicinal agent and play a role as biomarkers. 

Lectins have gained immense importance in various studies 

these days. In order to have lectins for the food and medicine 

of the future, these plants should be investigated through 

experimental research. 
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