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ABSTRACT 
Lectin from Erythrophleum suaveolens stem bark was partially purified and evaluated in terms of its haemagglutination activity. Ground, dried stem 
bark of Erythrophleum suaveolens was extracted by aqueous method and the protein extract was concentrated in 20-90 % saturation. The ammonium 
sulfate precipitate was subjected to gel filtration chromatography using Sephadex G-75 resin and fractions were tested for haemagglutination activity. 
The two fractions obtained with the highest hemmaglutinating activity were further subjected separately to ion-exchange chromatography using Sp-
Sephadex C-50 resin. Isolated lectins were found to agglutinate chicken erythrocytes; fractions from gel filtration chromatography showed 
haemagglutinating activity of 0.1 HU/µL and 0.091 HU/µL, while the ion exchange fractions showed haemagglutinating activity of 0.05 HU/µL and 
all were stable at the temperature range of 30-600C and pH range of 3-7. The carbohydrate content of the crude extract, Gel I, Gel II, Ion I and Ion II 
fractions were 0.04 %, 0.04 %, 0.03 %, 0.02 %, respectively. The crude and purified lectins inhibited agglutination in the presence of mannose and N-
acetyl- glucoseamine sugars and showed five bands at positions 38kDa, 28kDa, 26kDa, 11kDa and 9kDa on a SDS-PAGE electrophoregram. 
Keywords: Haemagglutinating activity, lectin, Bark, Erythrophleum suaveolens, ordeal tree, erythrocytes 
 
INTRODUCTION 
Plants are the richest and most convenient source of 
lectins1. Plant lectin has been attracting much attention 
because of their ease of isolation and their usefulness as 
reagents for glycol-conjugates in solution and on cell 
surface1. According to Sharon, lectins were discovered by 
their ability to agglutinate erythrocytes and hence the 
easiest and most convenient method of detecting lectin 
activity remains agglutination of a part of human, animal 
red blood cells or other cells. Generally lectins are 
particularly prevalent in leguminous plants, where they 
are localized in the cotyledons of the seeds and roots1. 
Most lectins are basically non-enzymatic in action and 
non-immune in origin and bind to a carbohydrate moiety 
that is in solution or to one that is a part of 
protein/particulate body1. Lectins have been found in 
diverse types of organisms, including animals2-4. In recent 
years, lectins have drawn large attention from researchers 
owing to their various biological activities such as 
antitumor5, mitogenic6, immunomodulatory2,3, 
antifungal7, antiviral8 and anti-insect activities9. Lectins 
also have immense value in glycomics study, lectin 
microarray, has become a rapid and a simple tool of 
protein glycosylation, and lectin-modified micro-channels 
for mammalian cell capture and purification have been 
reported10. The isolation and characterization of non-
leguminous lectins is of importance in order to study the 

minor structural differences that can lead to dramatic 
differences in biological properties and also to investigate 
the ubiquitous nature of the lectins11. Considering the 
number of the lectins available in nature, the ease with 
which they could be prepared in the purified form, their 
amenability to chemical manipulation and the fact that 
they can be inhibited by simple sugars makes them 
attractive, therefore purification and characterization of 
lectins from variety of plant species interest researchers in 
the field of glycobiology11. Erythrophleum suaveolens is a 
poisonous plant that belongs to the fabaceae family and is 
wide spread throughout tropical Africa. The bark extract 
has an excellent local anesthetic activity on the eyes and 
skin, although it causes irritation on the conjunctiva, trials 
using it as anesthetic in operations or tooth extractions 
were less successful, because symptoms of poisoning 
occurred in higher doses12. From literature search, lectin 
has never been isolated or purified from Erythrophleum 
suaveolens hence, our decision to embark on this study. 
This study reports the purification and characterization 
the lectin from Erythrophleum suaveolens stem bark.   
 
MATERIALS AND METHODS 
The plant stem bark and leaves were collected from 
Kagarko, Kaduna State, Nigeria in the month of June, 
2011 and identified to be Erythrophleum suaveolens with 
voucher number 242 at the Herbarium, Botany Unit, 
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Ahmadu Bello University, Zaria, Kaduna state. 
Erythrocyte samples were collected from a blend of 
chickens in Samaru slaughter house and used 
immediately. Sephadex G-75 and SP- sephadex C-50 
were purchased from Sigma (USA) and Pharmacia 
(USA), respectively. Standard proteins were purchased 
from Gibco-BRL (Life Tech., USA).All other reagents 
used were of analytical grades. 
 
Extraction and Concentration of Lectin 
Powdered bark of Erythrophleum suaveolens bark (25 g) 
was suspended in 0.02M phosphate buffer saline (PBS) at 
pH 7.2 (1:20 w/v). The suspension was filtered through 
muslin cloth and then the filtrate was centrifuged at 8000 
g for 15 minutes at 7°C13,14. The crude extract was 
brought from 20 % - 90 % ammonium sulphate 
saturation15. The precipitate was collected by 
centrifugation at 8000 g for 15 minutes15 and re-dissolved 
in PBS at pH 7.2. The concentrated protein solution was 
subjected to further purification. Protein concentrations 
were determined according to Bradford16 using Bovine 
serum albumin as standard. Subsequently 2 % v/v chicken 
erythrocytes were prepared in 0.2M phosphate buffer 
saline (PBS) pH 7.2 as described by Oyedapo17. 
Haemagglutinating activity (HA) was determined as 
described by Calderón de la Barca18. Aliquots (100 μL) of 
phosphate buffer saline solution saline solution were 
added to each well of a 96-well microtiter plate, and a 100 
μl of the sample was transferred to the first well. Serial 
dilutions (base 2) were prepared by transferring a 100 μl 
aliquot of a more concentrated sample to adjacent well 
containing diluents alone, it was mixed and dilution 
procedure continued. An aliquot (100 μl) of 2 % 
suspension of erythrocytes prepared from chicken 
erythrocytes was added to each well and the microtiter 
plate was maintained at room temperature. HA was 
determined visually after 1 hour and the results were 
expressed in haemagglutination units (HU), defined as the 
reciprocal of the maximum dilution presenting visible 
agglutination of red blood cells (that is, if the 1/4 titre 
represented the maximum dilution exhibiting 
agglutination and the volume of sample assayed was 100 
μl, then the HA value would be 4 HU/100 μl). Negative 
control samples consisted of phosphate buffer saline 
solution saline solution and erythrocyte suspension only. 
 
Partial purification of Erythrophleum suaveolens 
Lectin 
1 ml of the ammonium sulphate precipitate (mg/ml) was 
loaded on Sephadex G-75 column (9 x 2 cm3), previously 
equilibrated with  phosphate buffer, pH 7.2, fractions of 5 
ml were collected, elution was monitored at 280 nm and 
the fractions were assayed for heamagglutination activity. 
Ion exchange chromatography was carried out as 
described by Knight19 using Sp-Sephadex C-50 cation 
exchanger. The column was pre-equilibrated with 0.02M 
Phosphate buffer pH 7.2. The fractions that showed 
haemagglutination activity from gel filtration 
chromatography were loaded separately on the column 
and was eluted with NaCl gradient (0.01- 0.3M) at a flow 

rate of 4 ml / 5 minutes. A total of 25 fractions of 5mls 
each were collected and assayed for haemagglutination 
activity and total protein. SDS-PAGE of the purified 
lectins were carried out as described by Laemmli20. The 
gel was silver stained by the method of Vari and Bell21. 
 
Characterization of Erythrophleum suaveolens Lectins 
Effect of Temperature on Erythrophleum suaveolens 
Lectin 
The effect of temperature on lectin activity was 
determined as described by Sampaio22. Aliquots of the 
purified lectin were incubated in a water bath for 30 
minutes at temperatures from 30°C-100°C and then 
cooled on ice and assayed for haemagglutination activity. 
The haemagglutination activity of the control that was 
kept at 20°C for 30 minutes was used as reference. 
 
Effect of pH on Haemagglutination Activity Using 
Different Buffers 
The effect of pH on the haemagglutinating activity was 
determined by carrying out the haemagglutinating assay 
of the lectins using the following buffers at different pH 
values; 0.2M glycine-NaOH buffer, pH 10-12; 0.2M 
citrate-phosphate buffer, pH 3-7, and 0.2M borate buffer, 
pH 7.5-8.5 and 9.0-9.5. The control values were the 
hemagglutination titre of the lectin using 0.2M 
Phosphate buffer saline, pH 7.2. 
 
Sugar Inhibition Test 
The inhibitory effects of various sugars on the 
haemagglutinating activity of chicken erythrocyte by the 
isolated lectins were determined as described by Kuku23. 
For each sugar, 50 µL each of 1 M and 0.5 M were placed 
in separate microtitre plates wells. This was followed by 
the addition of 50 µL of the lectins to each well. Then 50 
µL of 2 % (v/v) erythrocyte suspension was added to each 
mixture, mixed and monitored for agglutination after 1 
hour. The sugars used for this experiment were: N-acetyl 
glucosamine, glucose, maltose, lactose, galactose, 
arabinose, raffinose, maltose , mannose and xylose. 
 
Carbohydrate Content of Erythrophleum suaveolens 
Lectin 
The carbohydrate content was determined by phenol-
sulphuric method of Dubois24 using D-glucose as 
standard. 
 
RESULTS AND DISCUSSION 
Saline extract of Erythrophleum suaveolens lectin 
agglutinated chicken erythrocytes. This hemagglutinating 
activity was inhibited by both N- acetyl-glucoseamine and 
D- mannose of all the sugars tested. (Table 1) 
The 20-90 % ammonium sulphate fractionation of the 
bark extract when subjected to gel filtration on Sephadex 
G-75 (Figure 1) gave two major protein peaks, which 
showed hemagglutinating activity. The sample of the 
active peaks from gel filtration chromatography was 
further purified on Sp-sehadex C-50 Ion exchange 
chromatography independently.  
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Table 1: Summary of Purification Steps of Lectins from the Stem Bark of Erythrophleum suaveolens 
 

Steps Total protein (mg) Total activity (HU) Specific Activity (Unit/mg) Purification fold % yield 
Crude extract 22,380 550 0.03 1 100 

NH4SO4 3176 90 0.03 1 16.36 
Gel I 125.95 7 0.06 2 1.27 
Gel II 145.6 8 0.05 1.67 1.46 
Ion I 1.06 2.5 2.36 78.67 0.46 
Ion II 1.5 2.5 1.67 55.67 0.46 

Data for 25 g of Erythrophleum suaveolens stem bark. Volume of the crude extract used was 500 ml.  
HU- One hemagglutination unit (HU) is defined as the reciprocal of the maximum dilution still causing a visible agglutination. Gel I and Gel II are 

the different fractions from gel filtration chromatography. Ion I and Ion II are the different fractions from ion exchange chromatography. 
 

Table 2: Sugar Inhibition of Haemagglutination activity of Erythrophleum suaveolens stem bark lectin 
 

Agglutination Titre 21 22 23 24 25 26 27 28 29 210 211 212 
Control + + + + + + + - - - - - 
Glactose + + + - - - - - - - - - 
Lactose + + + + + + - - - - - - 
Fructose + + + + - - - - - - - - 
N-acetyl-

Glucosamine 
- - - - - - - - - - - - 

Arabinose + + + - - - - - - - - - 
Raffinose + + - - - - - - - - - - 
Glucose + + + + - - - - - - - - 
Xylose + + + + - - - - - - - - 

Mannose - - - - - - - - - - - - 
Maltose + + + + - - - - - - - - 

Each experiment consisted of 100 μl of serially diluted extract in a microtitre plate well. 100 μl of 0.5 M sugar solution and 50 μl of 2 % suspension 
of erythrocytes (chicken) were added to each well. 

 
Table 3: Sugar Inhibition of Heamagglutination Activity of Erythrophleum suaveolens stem bark extract 

 
Agglutination Titre 21 22 23 24 25 26 27 28 29 210 211 212 

Control + + + + + + + - - - - - 
Glactose - - - - - - - - - - - - 
Lactose + + + + _ _ - - - - - - 
Fructose + + _ _ - - - - - - - - 
N-acetyl-

Glucosamine 
- - - - - - - - - - - - 

Arabinose + + + - - - - - - - - - 
Raffinose + + + - - - - - - - - - 
Glucose + + + + - - - - - - - - 
Xylose + + + - - - - - - - - - 

Mannose - - - - - - - - - - - - 
Maltose + + + - - - - - - - - - 

Each experiment consisted of 100 μl of serially diluted extract in a microtitre plate well. 100 μl of 1M sugar solution and 50 μl of 2 % suspension of 
erythrocytes (chicken) was added to each well. 
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Figure 1: Elution Profile and Haemagglutination Activity of 20-90 % Ammonium Sulphate Fractions of  Erythrophleum suaveolens Lectin 
from Sephadex G-75 Gel Filtration Column 

 
 

Figure 2: Elution Profile of Pooled Ion Exchange Chromatographic Column Fraction I of Erythrophleum suaveolens Lectin from Sp- 
Sephedex C-50 

 

 
 

Figure 3: Elution Profile of Pooled Ion Exchange Chromatographic Column Fraction II of Erythrophleum suaveolens Lectin from Sp- 
Sephedex C-50 

 

 
 

Figure 4: Effect of Temperature on the Haemagglutinating Activity of Erythrophleum suaveolens stem bark lectin 
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Figure 6: Effect of pH on the Haemagglutinating Activity of Erythrophleum suaveolens stem bark lectin 
 

 
 

Plate 1: Electophoregram of Proteins from the Various Fractions 
Lane 1- Molecular Markers, Lane 2- Crude Extract (38KDa), Lane 3- NH4SO4 Concentrate (36KDa), Lane 4 - Gel I (28KDa),  

Lane 5- Gel II (26KDa), Lane 6- Ion I (11KDa),Lane 7- Ion II (9KDa). 
 
The elution profile of fraction 14 (peak I) is represented in 
(Figure 2). A single peak was obtained with 
haemagglutination activity of 0.5 HU/ml. While the 
elution profile of fraction 38 (peak II) is represented in 
(Figure 3). A single peak was also obtained with 
haemagglutination activity of 0.5 HU/ml.  
The electrophoregram of the crude and purified proteins is 
represented in Plate 1. The molecular makers are 
represented in lane 1. The crude lectin showed one band 
with molecular weight of 38KDa as represented on lane 2. 
The NH4SO4 concentrated protein also showed a single 
band with molecular weight of 36KDa as represented on 
lane 3. Gel fractions I and II both showed single bands 
each with molecular weights of 28KDa, and 26KDa 
(shown on lanes 4 and 5) respectively. Ion fractions I and 
II also showed single bands each with molecular weights 

of 11KDa and 9KDa (shown on lanes 6 and 7) 
respectively. Evaluation of Myracrodruon urundeuva 
bark lectin and Myracrodruon urundeuva hardwood lectin 
by electrophoresis showed single polypeptide bands in 
PAGE as reported by Roberto et al25. The detection of 
single band only in PAGE for basic proteins revealed that 
both lectins have positive net charge and that the 
established purification protocols yielded homogeneous 
lectins25. 
Inhibition occurred with mannose and N-acetyl-
glucoseamine at both 0.5M and 1M concentrations 
respectively. This inhibition indicates that the sugar-lectin 
interaction was stronger than the erythrocyte-lectin 
attraction and consequently formed a distinct button of the 
erythrocytes at the bottom of the well. Therefore, 
Erythrophleum suaveolens lectin is mannose and N-
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acetyl-glucoseamine sugar specific. Bourne et al26 

reported that carbohydrate binding specificity was 
exhibited by jacalin, the seed lectin from Artocarpus 
integrifolia towards galactose and mannose. Structural 
analysis demonstrated that this may be due to the large 
size of the carbohydrate-binding site of jacalin that 
enables it to accommodate monosaccharides with 
different hydroxyl conformations27. The saccharide 
binding specificities of lectins can be utilized in the 
purification, characterization and sequencing of 
polysaccharides, polypeptides and glycoproteins15. D-
Mannosamine and N-acetyl-D-glucosamine was reported 
to inhibit agglutination of promastigotes28. This inhibition 
indicates that the lectin contains numerous binding sites 
that were compatible with a wide range of 
monosaccharides receptors. Non-inhibition of 
agglutination by some of the sugar molecules indicates 
that erythrocyte-lectin interaction may be due to affinity 
for lectin substitution at certain positions of the sugar 
moiety which determines their specificity27. It could also 
be as a result of the non specificity of lectin binding sites 
to the individual sugar anomers29. The erythrocytes-lectin 
binding may not be affected by the size and shape of 
sugar residues29. The carbohydrate containing the sugar or 
its derivatives may cross react with the lectin29. 
Erythrophleum suaveolens is stable up to 600C30, but 
when heated above this temperature there is a rapid loss 
of activity and at 90oC activity was completely lost 
(Figure 4).  
Hevea brasiliensis lectin was reported, to have a stable 
haemagglutinating activity at 60oC28 while Ptilota filicina 
lectin was reported to be stable at 50oC22. Stability over a 
wide temperature range is typical of plant lectins and can 
be attributed to their role in plant defense mechanisms 
against environmental stress31. The stability of lectins 
from Erythrophleum suaveolens, similar to other plant 
lectins was probably dependent upon several structural 
characteristics. The compact globular structures of lectins 
due to high number of hydrophobic interactions, hydrogen 
bonds and disulphide bridges (intra and inter chains), 
molecular aggregation and glycosylation in general results 
in high structural stability of native lectins32,33. 
Erythrophleum suaveolens are glycoproteins in nature 
because they gave orange yellow color in the presence of 
phenol-sulfuric acid with different carbohydrate contents 
which is in accordance with the report of Khan et al34 on 
Chorchorus  olitorius lectins which contained 1.3 %, 1.2 
% and 0.8 % neutral sugars, Syed et al  35 also reported the 
formation of orange yellow color in the presence of 
phenol-sulfuric acid by rice-bran lectin with sugar and 
neutral content of 4 % and 5.4 % Kuku et al23 reported 
that a purplish pink color was obtained by staining 
Kalanchoe crenata lectin with Schiffs reagent. Purified 
Erythrophleum suaveolens lectin had a stable 
haemagglutination activity within the pH range of 3-7. 
The activity, however, fell off fairly rapidly thereafter, 
with essentially all activity lost after pH 9.2 as 
represented in Figure 5. It is possible that changes in the 
ionization state with an increase in pH may have led to a 
weaker binding of the metal ions, which were apparently 
required for the maintenance of the structure that was 
required for maximal activity23. The pH dependence, 

which is observed in virtually all enzyme reactions, is a 
consequence of the protein composition23.  
Protein molecule and the active center were capable of 
reacting with H+ or OH− 23. Any pH change is therefore 
associated with a change in the ionization state of the 
molecule, which in turn, determines the binding forces 
between enzyme and substrate36. It is also possible that 
the increase in OH− ions causes a change in the ionization 
state of the lectin, thereby affecting the binding forces 
between the lectin and the erythrocyte membrane that 
eventually lead to loss of activity. The lectin of Pitilota 
filicina was also stable in the pH range of 4-9, retaining 
50 % of its activity at pH 3 and 10, and 25 % of its 
activity at pH 11-1223. The lectin from Parkia javanica 
beans was stable in the pH range of 7-1036. It was also 
reported that, more acidic or basic pH decreases both the 
stability and activity of lectins37. 
 
CONCLUSION 
In this work, lectins were successfully isolated, partially 
purified and partially characterized from Erythrophleum 
suaveolens. 
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