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ABSTRACT 

 

 

Lectins are proteins which are well distributed in nature. They are found in both plants and 

animals but plants are the richest source. On the surface of the cell lectins are attached with 

their sugar binding site. Lectins are found to be toxic, as it is poisonous it  results in the death 

of cells both in vivo and  in vitro. Leguminous plants serve as the main source of  lectin, most 

of the lectins are derieved from seed, present in cytoplasm of  the seed. Ricin is the toxic 

lectin which is derived from the castor bean plant Ricinus communis belong to the family of  

Euphorbiaceae. The toxicity of  Ricin is bound with their two chain A and B chain. The A 

and B chains of ricin, more toxic  to mammalian cells. Lectins exhibit a promising diagnostic 

and therapeutic approach for treating cancer. The study of this project encompasses the 

purification of ricin through affinity chromatography, characterization of ricin through 

haemagglutination assay and SDS-PAGE. The cytotoxicity on cancer cells is yet to be 

explored in order to showcase its anti-cancer property. 
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                                        INTRODUCTION 

 
Lectins are  proteins with carbohydrate binding pockets. These proteins form reversible 

complexes with mono- or oligosaccharide structures. Lectins are well distributed in nature 

found in both plants and animals.Although lectins are  present in almost all organisms, plants 

are the richest source of lectin. Lectin is nonimmune in origin and bind to carbohydrates 

reversibly without modifying them (Goldstein et al., 1980). Lectins are found in many plant 

species and are differ from one another on the basis of their structure and specific activities.  

 In plants lectins may have many physiological role also (Van Damme et al., 1998). In 

leguminous plants lectins may involved in the establishment of symbiosis with bacteria 

Rhizobia .  In some plants lectin protects the plants from various types of infections by acting 

as a defence proteins (Cavada et al., 1993)  . 

   

In many cases the cellular ligands for lectins are the carbohydrate chains of glycoproteins and 

glycolipids.  Binding of lectins to this cell surface glycoproteins and glycolipids  result in the 

formation of cross-linked complexes which are often associated with the biological responses 

of cells (Nicolson, 1976). 

 

Lectin is very poisonous in nature.It cannot be degraded by digestive enzymes ,so intake of 

food that contains lectin causes many health disorders like vomiting, diarrhea 

etc(Vasconcelos IM, et at.,2004). Particularly the epithelial cell microvilli are affected by 

lectin exposure and initiates disruption and shedding of these membrane rich surface 

projections (Hart CA  et al., 1988). 

 

Because of their varying carbohydrate-binding specificities lectins are classified into different 

types according to the small carbohydrate haptens they recognize, such as mannose-binding 

lectins , galactose-binding lectins or GlcNAc-binding lectins. 
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Leguminosae  is the best-characterized family of plant lectins . Other families of plant lectins 

are the Gramineae , Solanaceae, Euphorbiaceae etc. These lectins differ considerably in terms 

of primary/secondary/tertiary structure. 

Lectins have the ability to distinguish carbohydrate determinants in human blood cells, so 

blood typing can be performed by lectins . Lectins are useful in immunological studies, 

because at low concentrations, some lectins are mitogenic to peripheral blood lymphocytes. 

However, some lectins, such as ConA and Ricin are extremely cytotoxic to cells at higher 

concentrations and may be used  for cancer treatment.  

Ricin and RCA are lactose-specific lectins, possessing sugar binding sites. These are  highly 

toxic proteins found in the  castor seed (Ricinus communis) (Lord et al., 1994). It was first 

described by H. Stillmark in the late nineteenth century.  

Ricin is a polypeptide, it belongs to the Type 2 ribosome-inactivating proteins (RIPs).It is a 

potent cytotoxin. It has two glycoprotein chains, A-chain and B-chain, which are covalently 

bound by disulfide bridges. The A-chain is an N-glycosidase enzyme   and  it is  the active 

toxic component, that can enzymatically inactivate a large number of ribosomes; while the B 

chain is necessary for binding of this toxin to the cell surface and there by B-chain helps A-

chain to enter into the cell. 

 Ricinus communis agglutin(RCA) is a strong haemagglutinin but a weak cytotoxin (Nicolson 

et al.,1974). RCA is a tetramer having two ricin-like heterodimers, each of which consists of 

an A and a B chain. 
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REVIEW OF LITERATURE 

 

Lectin: Ricin 
Lectins are the most violent toxins of the earth. These are present almost in all the organisms 

starting from bacteria to many higher plants and animals. Lectins defined as proteins which 

interact non-covalently with carbohydrate moieties, showing high affinity and specificity for 

their ligands. Many plant seeds are the richest source of lectins and large number of plant 

lectins have been isolated at present with established biochemical characteristics . Recently 

by x-ray diffraction a number of three-dimensional structures of plant lectins have been 

observed (Bourne et al., 1990). 

 

Among the various toxic plant lectins Ricin and Ricinus communis agglutinin (RCA) are the 

two most poisonous lectins on earth.These two lectins are found in the endosperm of Castor 

seed (Ricinus communis). 

Plant description:  

The castor oil plant, Ricinus communis is an herbaceous plant belongs to the family 

Euphorbiaceae .Castor is widely distributed in the tropics . It is a monoecious flowering 

plant. It’s fruit is a capsule containing the highly toxic castor bean which contains  oil and 

lectins in it.  

   

 

               Figure1: Castor plant                                         Figure2: Castor seed 
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Ricin Location: 
Ricin and RCA are stored in protein bodies in endosperm cells of maturing Ricinus seeds 

(Lord et al., 1994). Structurally these lectins differ in seeds of different origin and even 

within the same seed . Seeds within the lower portion of the raceme are more toxic.  

Structure: 

The castor bean contains two potent toxins Ricin and Ricinus communis agglutinin (RCA). 

These are glycoproteins and  present in the protein bodies of the endosperm tissue(Tully et 

al.,1976). 

 Ricin is  a heterodimeric protein , it composed of two subunits A-chain and B-chain linked 

by a single disulfide linkage. A-chain  is the actual toxic component and the B-chain only 

helps  in entry of the toxin to the cell by interacting with the cell surface.The A-chain is 

composed of 267 amino acid residues and B-chain consists of 262 amino acid residues.The 

active A-chain of ricin is approximately 30% helical and contains 7 alpha helices and also it 

contains about 15% beta structure that made up of 5 standard beta sheet.  

RCA is structurally similar to ricin , however, RCA is composed of two A-chains and two B-

chains and RCA is less toxic then ricin (Saltvedt,1976). 

Ricin- A Chain: 
The A chain of ricin is a ribosome-inactivating protein (Lord et al., 1994).Its molecular 

weight is 32 kDa .This subunit  permanently prevents protein synthesis by depurinating the 

28S rRNA of ribosome. The A and B chains together are highly toxic and are referred to as 

heterodimeric toxins. 

Ricin -B Chain: 
B chain is the lectin portion of ricin.B-chain binds to the cell surface by attaching to the 

glycoproteins and glycolipids present in the membrane (Lord et al., 1994). The B chain binds 

more strongly to complex galatosides than to simple sugars. The B chain has four disulfide 

bonds that provide N-acetylgalactosaminebinding activity.  This four disulfide bonds form 

subdomains   that may represent a conserved 40 residue peptide which is repeated four times 

through gene duplication (Robertus et al., 1985). B chain has the ability to bind up to 108 

ricin molecules to an individual cell by hydrogen bonds (Robertus, 1991). 
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                                       Figure3: Structure of Ricin 

 

Toxicity and mode of action:  
Ricin is a highly toxic protein. It works by getting inside the cells of a person's body and 

preventing the cells from making the proteins they need  and without the proteins, cells die.  

In a rabbits body ricin has a LD50 of 1 ppm (Khvostova, 1986).  

 

Ricin is a cytotoxin, it consists of an enzymic polypeptide the A-chain  that catalyzes the N-

glycosidic cleavage of a specific adenine residue from 28S ribosomal RNA. So, the ribosome 

with depurinated RNA is not able to synthesize the protein.The A-chain cannot enter the cell 

alone so,the B-chain helps the A-chain to get enter into the cell (Robertus, 1991). 

 

Ricinus communis agglutinin(RCA) is a another lectin found in Castor seeds. It consists of 

four subunits, two A-chains and  two B-chains.RCA has high affinity and great specificity for 

glycoproteins and glycolipids present on the cellwall (Nicolson and Blaustein, 1972) .It is a 

strong agglutinin but a poor cytotoxin. 
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                                         MATERIALS AND METHODS 

 
Chemicals: 
Sodium hydroxide (NaOH), Sodium carbonate (Na2CO3), Glycine,Cuppersulphate( CuSO4) , 

Potassium sodium tartarate (KNaC4H4O6) were purchased from SRL, Sisco Research 

laboratories Pvt. Ltd., Mumbai. Acrylamide, bisacrylamide, Ammonium persulphate (APS), 

Sodium dodecyl sulphate (SDS), N,N,N’,N’-tetramethylenediamine ( TEMED), Bovine 

serum albumin( BSA), Tris were purchased from Sigma Aldrich, USA. Folin-Ciocalteau 

phenol reagent, Potassium Dihydrogen Phosphate (KH2PO4), Potassium hydrogen phosphate 

(K2HPO4)  were purchased from S.D. fine chem. Ltd., Mumbai. Acetic acid, Bromophenol 

blue,  agarose were purchased from Himedia, Mumbai. Glycerol was purchased from 

Rankem Pvt Ltd. Ethanol purchased from Trimurty Chemicals, India. Pre stained molecular 

weight marker was purchased from Bio-Rad, India. Methanol, Silver nitrate, Sodium 

thiosulphate were purchased from Nice chemicals Pvt.Ltd. India.  

Sample Collection: 

The Castor Seeds (Ricinus communis) were collected for  isolation and purification of Lectins   

from the Department of Biotechnology ,  Indian Institute of  Technology, Kharagpur and  

blood sample was collected from CWS Hospital ,  Rourkela.   

 

Seed Coat Removal: 

Castor seeds were taken and grinded in a mixer for removal of seed coats and 45gms of 

uncoated seed were taken for the study. The uncoated seeds were deeped in PBS of 100 ml 

for one day. Then the seeds were grinded with PBS and the pastes were collected in 50 ml 

Centrifuge tubes and the weights were made equal by measuring the weights by the electronic 

weighing balance. Then the samples were centrifuged by the eppendorf centrifuge with 

7500rpm, at 40 c for 20 mins. The supernatant were taken after centrifuge and measured by a 

measuring cylinder. Some supernatant were stored in an eppendorf  tube as crude at 40 C and 

the remaining were taken for salting out process. 
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Salting Out: 

Salting out is a process in which separation of proteins takes place as they are less soluble at 

high salt concentrations. The concentration of salt requires for precipitation of the protein out 

of the solution is varies greatly in different proteins. It is also used to 

concentrate dilute solutions of proteins. Ammonium sulphate salt was taken in the salting out 

process. 40ml of crude were taken for 30% cut off in the salting out process. According to the 

salt chart 6.56 gm of ammonium sulphate were added to the crude by pinch wise and 

continues stirring was done by magnetic stirrer. 

                        

                                  Figure 4:  Salting out with Magnetic Stirrer 

Then the sample was stored for overnight at 40 C and in the next day the sample was taken for 

centrifugation , then supernatant and pellet was collected. The amount of supernatant was 

measured by a measuring cylinder and taken for 90% cut off. 38ml of supernatant was taken 

and 15.276 gm of ammonium sulphate salt was added in pinch wise and continuous stirring 

was done by magnetic stirrer.  
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Preparation of Lactamyl Sepharose 4B affinity matrix: 

4gm of lactamyl sepharose 4B matrix was washed with 6ml distilled water and mixed with 

2.6ml of 2N NaOH and 0.66ml epichlorohydrin were added so that the final concentration of 

the various components were 30% v/v sepharose, 5% epichlorohydrin, 0.4 M NaOH. It was 

cover with aluminum foil and incubated at 400 C for 2h with shaking. It was then transferred 

to a glass filter funnel and the gel was washed with 500 ml of distilled water. 

Preparation of Amino Sepharose 4B: 

Epoxy activated sepharose 4B was suspended in 1.5 volume of concentrated ammonia 

solution i.e. 6 ml. The suspension was incubated at 400 C for one and half hour. It was then 

again transferred to a glass filter funnel and the gel was washed with distilled water. 

Coupling of Lactose with amino sepharose 4B: 

4 gms of suction dried amino sepharose 4B was suspended in 3ml of 0.2M K2HPO4 buffer, 

which was contain 51mg NaCNBH3 and 104 mg of lactose. The Suspension was incubated at 

room temperature for 10 days with occasionally shaking. The free amino groups which 

remained in the gel were acetylated by adding 2 ml of acetic anhydride. The suspension was 

incubated in the room temperature for 1 hour. The lactamyl sepharose 4B thus obtained was 

subsequently washed with distilled water, 0.1 M NaOH, distilled water and 10 mM PBS 

subsequently. It was stored in distilled water with traces of sodium azide at 40 C. 

Affinity chromatography: 

The lactamyl sepharose column  washed by PBS solution (pH7.2) and O.D of the washed 

PBS was measured at 280nm. When the OD value decreases and tend to zero then the protein 

sample of 90% cut off was passed through  lactamyl  sepharose beads and the eluted sample 

was collected and its O.D was measure at 280nm. 

Lactatamyl sepharose beads were again washed with PBS solution (pH7.2) and the O.D of 

the washed PBS was measured at 280nm. When the OD value decreases and tends to zero 

then 20ml lactose solution was loaded on lactose sepharose beads and O.D of the eluent was 

measured at 280nm. The eluent was collected for dialysis in PBS (pH 7.2) and stored at 40c 

for 1day.  
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Dialysis: 

Dialysis was done against PBS at 40C of 30%cut off, 90% cut off and 90% Affinity samples. 

 

        Figure 5 : Dialysis of sample with PBS 

Determination of concentration of protein: 

The concentration of crude, 30% cut ,  90% cut, and 90% affinity were measured by Lowry’s 

Method. 

Lowry’s Method: 

Reagent A=Sodium hydroxide(0.5%) 

                   Sodium carbonate(2%) make it upto 1 litre 

Reagent B1=1% Copper sulphate 

Reagent B2=2% Sodium potassium tartarate 

Reagent C=A:B1:B2=100:1:1 

BSA Standard=1mg/ml 

Folinciocalteau’s reagent=1N (5 ml solution +5 ml distill water) 

 

Different concentration of BSA solution from stock solution were taken and  distilled water 

was added to it and made up to 2ml. Ricin protein taken unknown quantity dissolved in 1ml 

distilled water and added reagent C of 5 ml and protein of 0.5ml. Mixed properly and 

incubate for 10 mins. Then  0.5 ml of  Folin reagent was added and incubated for 30min. was 

taken OD at 750nm. 
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Preparation of Human Erythrocyte:  

Healthy human venous blood was collected by a syringe and poured  into a 15 ml tube to 

which the anticoagulant EDTA was previously added.   

Haemagglutination Assay:  

1ml blood sample was centrifuged in 2ml microtube at 1000 rpm for 5min at room 

temperature by eppendorf mini spin. Then the pellet was collected and to it 10ml of PBS was 

added . The mixture of blood and PBS was centrifuged at 1000 rpm for 5min at room 

temperature. After centrifugation the pellets was collected and  from this 100l of pellet was  

taken and added to10ml of PBS solution (pH 7.2). The Haemagglutination activity of castor  

lectin was  detected when blood  erythrocytes were added to it. The assay was carried out in a 

96 well  round bottom micro-titre plate. The first well of each row  was served  as positive 

control to which 100l of normalized sample and 100l of blood was added and the last well 

served as negative control since it contained 100l of blood and 100l of PBS solution. 

Between the positive and negative control each well contains blood, PBS and lectins. First of 

all 100l PBS was added to all the wells. Then 100l of normalized crude was poured to the 

first well and it was serially diluted till the negative control. Similar procedure was followed 

for the other samples. Finally 100l of processed blood sample was poured to each well. 

After that the plate was placed in a plane surface without disturbing it. After 30mins the 

haemagglutination assay result was observed. 
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                                  Figure 6: Protocol for Haemagglutination assay 

 

SDS-PAGE:  

The molecular mass of the subunits of the lectins was estimated by SDS-PAGE. The poly- 

acrylamide gel electrophoresis was done according to the protocol given in the Book 

“Molecular cloning” by Sambrook & Russell on a 12% gel. For the native 12% 

polyacrylamide was employed and SDS along with β-mercapto ethanol was not added. The 

mixture of 10l of sample, 10l of sample loading buffer and 5l of Coomassie Brilliant 

Blue were added to the well. In my experiment crude,  90% and 90% affinity was added with 

sample loading buffer and Coomassie Brilliant Blue. The gel was again stained with Silver 

salts. Silver nitrate was used in the preparation of silver staining. 

 

 

 

Centrifuge 1000 rpm, 5 mins, at room temprature

Take pellet and add 10 ml of PBS and centrifuge

Collect the pellet and take 100l blood and add 10 ml of PBS

Take 96 plate U bottom

Serial dilute sample

Collect 1ml of blood with anticoagulant
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                                    RESULT 

 

Purification of Ricin: 

 The solutions of eluted protein had bound on Lactose sugar of lactamyl  beads. 

 Lactose was removed from the protein by the method of dialysis in PBS solution (pH-

7.2) for 1day. 
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 Figure7: Lactose elution graph 
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Estimation of protein concentration by taking OD at 280nm: 

Table 1: Total protein estimation 

Sample Volume OD(280nm) Concentration 

(mg/ml) 

Total protein 

concentration 

Crude 40ml 0.771 46.26 1850.4 

30% 38ml 0.641 38.46 1461.48 

90% 35ml 0.497 3.18 111.328 

Affinity 33ml 0.430 1.75 56.76 

 

 

Haemagglutination Result: 

 Agglutination activity of normalized sample of ricin  was  tested with human RBC. 

 The haemagglutination assay  is used to determine titre value of proteins based on 

their ability to attach to molecules present on the surface of red blood cells.  

 

                                 Figure 8: Haemagglutination assay 
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  Table 2: Haemagglutination result 

SAMPLE HA VALUE 

Crude 1:210  

 

30% 1:210  

 

90% 1:213 

 

Affinity 1:214 

 

 

1) Crude HA=1:210,means that the protein was titered by Hemagglutination Assay (HA), 

and the endpoint for the assay was a dilution of 1:210, that is 1: 1024. 

2) 30%  HA=1:210 means that the protein  was tittered by Hemagglutination Assay (HA), 

and the endpoint for the assay was a dilution of 1:210, that is 1: 1024. 

3) 90% HA=1: 213 means that the protein  was tittered by Hemagglutination Assay (HA), 

and the endpoint for the assay was a dilution of 1:210, that is 1:8190  

4) Affinity HA =1: 214 means that the protein  was tittered by Hemagglutination Assay 

(HA), and the endpoint for the assay was a dilution of 1:210, that is 1:16,384  

 

So, from the haemagglutination result it is found that affinity value is higher which indicates 

the presence of  high concentration of protein.  
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SDS-PAGE Result 

                               

                                                    ( std .protein marker) affinity              90% 30% crude 

 

                                                        Figure 9:SDS-PAGE 

Two chain of ricin was identified, A chain with its  molecular weight 32 kD and B chain with 

its  molecular weight 34 kD. 
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DISCUSSION 

The haemagglutination assay is used to determine titre value of proteins based on their ability 

to attach to molecules present on the surface of red blood cells. The red blood cells are 

agglutinated by protein suspension which ensures there is no settling of RBCs out of 

suspension. Serial dilution of a protein is performed in a 96-well plate and with consistent 

addition of red blood cells, an estimation of the amount of protein in crude, 30 %, 90 % and 

purified protein present is estimated. 

Positive controls are seen with a uniform film with indistinctive shape covering the bottom of 

the tube. Negative control is seen perfectly outlined with round "button" of cells settled at the 

bottom of the tube. Irregular clumps of cells are specified for the intermediately positive 

results and  are seen at the bottom of the tube. 

The highest dilution of protein suspension that produces a positive result is termed as the end 

point . HA (haemagglutination assay) is where the protein is mixed with diluted red blood 

cells, the protein forms a network (lattice formation) with the red blood cells. The red blood 

cells spread out as these "lattice" formations settle to the bottom of the tubes. If the protein is 

absent, then the red blood cells are unable to form the lattice, and instead they settle down at  

the bottom of the tube as a condensed button; interpreting the immunological property of 

ricin, which is a weak agglutinin. 

SDS PAGE : The purpose of SDS-PAGE is to separate proteins according to their size. The 

molecular weight of desired protein after affinity was determined with respect to the 

corresponding molecular weight of standard protein marker. We found out that Ricin 

comprises of two chains A chain : 32 kD and B chain : 34 kD. 
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CONCLUSION 

SDS-PAGE enhanced our measurement of protein of interest, Ricin . Significantly, which are 

of 32kD and 34 kD, characterized as A-chain and B-chain .  

Ricin is a weak agglutinin. As it is toxic, its cytotoxicity on normal cells and cancer cells 

should be further explored to quote its anti-cancer property. Further researches are required 

for its application in different cancer cell lines to see whether it has inhibitory action on 

proliferation. 
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