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CHAPTER 1: INTRODUCTION 
 


1.1 Background information 
 
 
Lectins are carbohydrate-binding proteins of non-immune origin that are able to agglutinate cells or 


precipitate glycoconjugates without altering their chemical structure. Lectins may display at least 


one catalytic domain, which reversibly binds to specific mono or oligosaccharides (daSilva et al., 


2005; Biswas and Kayastha, 2002; Martinez-Cruz., et al 2001). Several lectins have been isolated 


from many organisms ranging from viruses and bacteria to plants and animals (daSilva et al., 2005; 


Vornholt et al., 2007; Gour and Verma, 2008). These carbohydrate binding proteins are known to 


play a key role in a variety of biological processes (daSilva et al., 2005) such as host-pathogen 


interactions, protein targeting within cells, lymphocyte homing and tissue development (Elgavish 


and Shaanan, 2001).  Lectins are regarded as being an extremely useful tool for investigating 


carbohydrate expression on cell surfaces, and lymphocyte polyclonal activation.  


Lectin–carbohydrate interactions have gained much attention because sugars play a role in the 


storage or in relaying information within or between cells. Within the cell lectin-carbohydrate 


interactions may thus be employed to improve delivery and targeting of active compounds to their 


site of actions (Santi-Gadelha et al., 2006). Most of the early research on lectins focused on the 


study of different aspects of legume seed lectins. These studies included the isolation and 


characterization (Freire et al., 2002) and studies of their crystal structures (Einspahr et al., 1986). As 


a result, many legume lectins have been characterized in great detail with respect to their 


biochemical and physicochemical properties and carbohydrate-binding specificity. Studies have also 


been done on the partial or complete chemical sequencing of legume lectins but more recently, the 


molecular cloning of some lectins has also been performed and these studies provides information 
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about the amino acid sequences of lectin polypeptides from the legume family (Gubaidullin et al., 


2006).  


 


In an analysis of the data available on legume lectin properties, Van damme et al., (1995) reported 


that in spite of the obvious differences in sugar binding specificity, all legume lectins closely 


resemble each other with respect to their biochemical/physicochemical properties and, in addition, 


show an important degree of sequence homology.   


 


The tree Lonchocarpus capassa, commonly known as the apple leaf tree, is a dicotyledonous tree 


belonging to a plant genus in the legume family Fabaceae (Ngara, 2000). The tree grows in low 


altitude areas in open woodlands, bushveld and on the banks of seasonal watercourses. 


Lonchocarpus capassa lectin is found in mature seeds (Figure 1.1) of the tree.  


 


Jourbert et al. (1986) purified a galactose-specific lectin from Lonchocarpus capassa seeds (figure 


1.1) that was shown to be a glycoprotein containing 3.8 % neutral carbohydrate comprised of 


mannose, N-acetylglucosamine. The lectin has a 29 kDa subunit. Ngara (2000) also purified and 


partially characterized the same 29 kDa subunit together with the mannose-specific 10 kDa, 16 kDa 


and 28 kDa lectin subunits. The genes coding for these lectin subunits have not been sequenced yet 


and their relationship is not yet understood. An understanding of the gene sequences of the lectins 


found within the same seed will give an insight into the biosynthesis and processing of lectin genes. 
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Figure 1.1: Mature seed of Lonchocarpus capassa. 
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1.2 Problem statement 


Previous studies done on L. capassa seeds indicate that the seeds contain five lectin subunits. A 


galactose-specific lectin subunit of 29 kDa, a 45 kDa lectin subunit that has specificity for both 


galactose and mannose and the mannose specific 10 kDa, 16 kDa and 28 kDa lectin subunits (Ngara, 


2000; Jourbert et al., 1986). The molecular relationship between the L. capassa seed lectins is not 


yet understood. Sequencing of the 29 kDa lectin subunit will contribute to the knowledge and 


understanding of these lectins. 
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1.3 Aims and objectives 


 


1.3.1 Aim of the study 


This study aims to clone and sequence the 29 kDa galactose-binding lectin subunit to determine the 


molecular relationship between this lectin and other sequenced legume lectins using their primary 


structures.  


 


1.3.2 The specific objectives of this research study are: 


 To purify the 29 kDa galactose-binding lectin 


 To obtain the N-terminal and internal amino acid sequences of the 29 kDa lectin subunit 


 To use primers designed from the N-terminal and internal sequences of the lectin in isolation 


of the gene that codes for the 29 kDa lectin from cDNA 


 To sequence the gene that codes for the 29 kDa lectin 


 To clone the full 29 kDa lectin gene in E. coli 


 To use bioinformatics tools in comparing the nucleotide and amino acid sequences of the 29 


kDa lectin subunit with other known legume lectins.  
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CHAPTER 2: LITERATURE REVIEW 


 


2.1 Lectins in nature 


Lectins have been isolated from bacteria, molds, lichens, sponges, fish, sera, eggs, animal cell 


membranes (Vornholt et al., 2007), and, very commonly, from plant seeds (Parks et al., 1986). 


Yeasts have also been reported to have lectins as evident in flocculation studies (Thiebault et al., 


2002). Flocculation is a phenomenon of spontaneous cell aggregation where lectins recognize and 


bind the structures of glycosidic polymers called phosphopeptidomannons (PPM) on adjacent cells. 


The flocculation of cells can be inhibited by specific sugars (Thiebault et al., 2002). The flocculation 


on the yeast Saccharomyces cereviceae is inhibited by mannose and mannose derivatives while 


flocculation on the yeast Klyveromyces cereviceae is inhibited by galactose and galactose derivatives 


(Thiebault et al., 2002). 


 


2.1.1 Animal lectins 


Animal lectins are a diverse group of non-immunoglobulin, non-enzymatic carbohydrate-binding 


proteins that are involved in a variety of biological processes (Russell et al., 2008). The lectins play 


an important role in innate animal immune response by serving as pattern recognition receptors, 


opsonins, or effector molecules (Sun et al., 2008). These also include innate defense recognition of 


molecular patterns found on infectious agents (Russell et al., 2008; Wang et al., 2008).  


Animal lectins have been reported to play an important role in pathogen recognition and clearance in 


inverterbrate animals (Wang et al., 2008). Sun et al. (2007) reported that the lectin rFc-hsl from 


Chinese shrimp Fernneropenaeus chinensis has binding activity towards some Gram-positive and 


Gram-negative bacteria with high antimicrobial activity against some bacteria and fungi. 
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2.1.2 Plant lectins 


Plant lectins are a group of very heterogeneous glycoproteins classified together on their ability to 


specifically recognize and bind carbohydrate ligands (Van Damme et al., 1995). Plant lectins may 


play a role in the protection against animals, fungal and bacterial predators and may possibly interact 


with storage proteins or enzymes of the plant (Vornholt et al., 2007).   


 


The physiological role of lectins in plants is not yet fully understood but substantial evidence 


suggests that legume lectins are involved during infection of plant root hairs by their respective 


bacterial symbionts like the Rhizobia (Parks et al., 1986; Young and Oomen, 1992). Rhizobium 


colonization results in the formation of root nodules that are essential to the conversion of nitrogen 


into ammonia in the legumes. The nitrogen fixed by this symbiotic relationship is of considerable 


agricultural and economic importance (Parks et al., 1986; Young and Oomen, 1992). It is believed 


that some lectins play a role in plant defense (Machuka et a., 1999; Young and Oomen, 1992).  


Some lectins like the peanut lectin, Arachis hypogaea are regarded as storage proteins (Shanker and 


Das, 2001). 


 


2.2 Carbohydrate specificity of lectins  


Lectins have two or more carbohydrate-binding sites which enable them to agglutinate cells and 


precipitate complex carbohydrates. But their specificity is based on their most potent 


monosaccharide inhibitor. Lectins can be classified into several specificity groups: the mannose/ 


glucose, N-Acetylglucosamine, alpha 1.6 focusyltransferase, galactose, N-Acetylgalactosamine and 


N-Acetylneuraminic binding lectins (Sharma et al. 1998)  
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2.3 Classification of plant lectins 


Plant lectins were previously classified according to their carbohydrate binding specificities but have 


recently been classified according to their structural and evolutionary relationships. The lectins have 


been divided into seven families, jacalin-related lectins, chitin-binding lectins, monocot mannose- 


binding lectins, the legume lectins, type II ribosome inactivating proteins (RIP), amaranthin lectins 


and cucurbitaceae phloem lectins (Nakamura et al., 2002; Wright et al., 1999). Four of these 


families, the legume lectins, RIPs, chitin-binding lectins and the monocot mannose-binding lectins 


are considered to be large families while the amaranthins, cucurbitaceae phloem and the jacalin 


lectins are considered the small families because they comprise a small number of individual lectins 


(Wright et al., 1999). 


 


2.3.1 Jacalin binding lectins 


The jacalin family consists of lectins from moraceae, convulvulaceae, granmineae and musaceae 


(Rao et al., 2004). Jacalin lectins occur in the seeds and vegetative tissues of both the monocot and 


dicot plants (Nakamura et al., 2002). This lectin family exhibits high sequence homology and 


members adopt a similar structural motif called the β-prism as revealed by X-ray crystallography 


(Nakamura et al., 2002). The family has been divided into two groups; the galactose and mannose 


specific lectins. The two groups share a common β-prism fold but have variations in their amino acid 


sequence (Rao et al., 2004). The galactose specific lectins which include the Jacalin, T-antigen 


specific lectin  from Artocarpus intergrifolia and MPA from Maclura pomifera are cytoplasmic 


proteins (Wright et al., 1999) while the mannose-specific lectins are found in the storage vacuoles of 


cells (Rao et al., 2004). It has been proposed that galactose specificity of lectins in the Jacalin family 


is due to post-translational modifications in some lectins. The splitting of the polypeptide chains into 
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two may be crucial for galactose specificity. The mannose-specific members of the family are 


homodimers of homotetramers (Wright et al., 1999) that consist of single chain protein subunits that 


lack modifications (Rao et al., 2004). 


 


2.3.2 Chitin-binding lectins 


Chitin binding lectins are lectins composed of hevein domains and are widespread in the plant 


kingdom. All members of this family consist of protomers built up of one, two, three, four or seven 


hevein domains (Wright et al., 1999). The amino acid sequences and the three dimensional 


structures of the hevein domains are conserved (Wright et al., 1999). This explains the similar 


carbohydrate binding specificities of chitin binding lectins. Examples of chitin-binding lectins are 


the wheatgerm agglutinin and pokeweed mitogen (Wright et al., 1999). 


 


Chitin binding lectins have been reported to play a role in defending plants against fungi and insects.  


In vitro studies have demonstrated that lectins from the stinging nettle Urtica dioica inhibit the 


growth of Botrytis cinerea, Trychoderma hamatum and Phycomyces blakesleanus. The mechanism 


of action of the nettle lectin is not yet understood but the synthesis of the cell wall components 


appears to be affected because of disturbed chitin synthesis and / or deposition (Wright et al., 1999). 


 


2.3.3 Monocot mannose-binding lectins  


Monocot mannose binding lectins are widely distributed in Amatullidaceae, Orchidaceae and 


Liliaceae, Alliaceae, Aracaea (Sun et al., 2008; Chen et al., 2005; Wright et al., 1999). Most 


monocot mannose-binding lectins are built up of one, two or four protomers that consist of a single 
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domain of approximately 12 kDa but there are also those that compose of one, two or four protomers 


consisting of two similar domains of approximately 12 kDa.  


 


Extensive studies of numerous monocot mannose-binding lectins and molecular cloning of their 


corresponding genes have shown that they all belong to a single super-family of evolutionarily 


related proteins, which not only have a marked sequence homology but also exhibit an exclusive 


specificity towards mannose (Chen et al., 2005; Wright et al., 1999). But despite the obvious 


structural similarities and sequence homology between the monocot mannose-binding lectins, 


detailed studies of the carbohydrate-binding specificity and biological activities of different 


members of this lectin family suggest that there are important differences in the structure of their 


mannose-binding sites (Barre et al., 1996).   


 


Some monocot mannose-binding lectins are considered as storage proteins but current research 


reveals that some lectins play an important role in plant defense (Fei et al., 2003; Wright et al., 


1999).  For example the lectin from snowdrop (Galanthus invalid) or Galanthus nivalis agglutinin 


(GNA) was identified to be toxic towards homoptera insects such as rice brown plant-hopers and 


aphids when tested in artificial diets (Fei et al., 2003). Thus the lectin is currently widely used in 


transgenosis of agricultural plants, due to its ability to seriously interfere with intestinal digestion 


and absoption by binding to glycoconjugates, especially in piercing-sucking insects and nematodes 


(Sun et al., 2008). 


 


The exclusive specificity of monocot mannose-binding lectins towards mannose has   been exploited 


for the isolation and analysis of mannose-containing glyconjugates (Chen et al., 2005). Other 
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applications in biomedical research are based on the potent inhibitory effect of some monocot 


mannose-binding lectins on human and animal retroviruses (including HIV) (Wright et al., 1999; 


Barre et al., 1996) by interaction with sugar chain of coat protein of the retroviral and on their ability 


to block the adhesion receptors of mannose-fibriated  Escherichia coli in the small intestine of rats 


(Barre et al., 1996).  


 
 
2.3.4 Legume lectins 


Legume lectins are a family of closely related proteins that are exclusively found in the plant family 


Leguminosae (Goldstein and Hays, 1978; Wright et al., 1999). They are predominantly found in 


mature seed with smaller quantities of lectins found in vegetative tissues such as nodules, roots, 


tuber and leaves (Goldstein and Hays, 1978). However, lectins are absent in immature seeds of some 


legumes (Galasso et al., 2004). Several legume species contain more than one lectin with different 


carbohydrate binding specificities and in different proportions. In some cases legumes may contain 


more than one gene coding for different lectins (Galasso et al., 2004).  Three dimensional structures 


of a number of legume lectins have been described (Ramos et al., 2000). Although these lectins 


belong to the same taxon (Ramos et al., 2000), present many common biochemical characteristics 


(Ramos et al., 2000), have regions of extensive homology in their primary and secondary structures 


and very similar three dimensional structures (Write et al., 1999), they exhibit different 


monosaccharide/ glycan binding specificities as illustrated in table 2.1 and quaternary arrangements 


(Elgavish and Shannan, 2001; Ramos et al., 2000; Write et al., 1999). Legume lectins have also 


elicited a lot of interest due to the suggested evolutionary linkages between them. All lectins contain 


a large proportion of ß-pleated sheets and negligible amount of α-helices (Swami et al., 1985).  
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Table 2.1: Lectins from Leguminoseae family (Ramos et al., 2000). 


             


Tribe or sub-tribe   Species    Specificity 
             


 
Diocleinae     Canavalia ensiformis    Man/Glc 


C. brasiliensis    Man/Glc 
Dioclea grandiflora   Man/Glc 
Cratylia floribunda        Man/Glc 


 
Hedysareae      Onobrychis vicifolia    Man/Glc 
Dalbergieae     Vatairea macrocarpa    Gal 


 
Vicieae      Pisum sativum    Man/Glc 


Vicia faba      Man/Glc 
V. villosa-B4    GalNAc 
Lens culinaris     Man/Glc 


       Lathyrus ochrus    Man/Glc 
 


Genisteae     Crotalaria striata   GalNAc 
Ulex europaeus I  L-Fucose 
Ulex europaeus II    GlcNAc 


 
Trifolieae     Medicago sativa  Gal 


M. truncatulata  Man/Glc 
Trifolium repens             Gal 


 
Glycineae     Glycine max    GalNAc 


 
Phaseoleae     Phaseolus vulgaris      Complex 


Dolichos biflorus   GalNAc 
Arachis hypogaea   Gal 


 
Hedysareae      Onobrychis vicifolia    Glc/Man 


 
Shophoreae     Shophora japonica    GalNAc 
Erytrineae     Erythrina velutina     Gal 
Lotae      Lotus tetragonolobus   L-Fucose 


 
Bauhinieae     Griffonia simplicifolia   GalNAc 


Bauhinia purpurea   GalNAc 
Parkieae     Parkia platycephala       Man/Glc 
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2.4 Biological significance of plant lectins 


Lectin activity in legume seeds was demonstrated from as early as 1888 (Loris et al., 1998). Despite 


the lack of knowledge on their in vivo activity, lectins have proved to be useful tools in immunology 


and glycobiology because of their wide range of specificities for complex carbohydrates (Loris et al., 


1998). Plant lectins are a model system of choice to study the molecular basis of the recognition 


between proteins and carbohydrates because these interactions are of prime importance in many 


biological processes. These include the viral, bacterial, mycoplasmal and parasitic infections, 


targeting of cells and soluble components, fertilization, cancer metastasis and growth and 


differentiation (Loris et al., 1998). 


 


2.5 Structural features of lectins  


Lectins from taxonomically related sources show extensive sequence homology which demonstrates 


evolutionary conservation. This was evident from the amino acid and nucleic acid sequence analyses 


of legume lectins (Elgavish and Shaanan, 2001; Young and Oomen, 1992; Imbrie-Milligan et al., 


1989). One suggestion has been that lectin genes evolved from a common ancestral gene (Vodkin et 


al., 1983). 


 


Alignment of some legume lectin protein sequences has revealed that amino acids responsible for 


metal binding are conserved (Young and Oomen, 1992; Rodriguez-Arango et al., 1992) while 


several amino acids comprising the hydrophobic cavity of legume lectins and those involved in 


carbohydrate binding are invariant (Rodriguez-Arango et al., 1992). 
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Research has also shown that crystal structures outside of the glucose/ mannose class such as the D-


galactose specific lectin from Erythrina corallodendron have their binding sites at identical positions 


within the monomer structures as suggested by sequence homology (Young and Oomen, 1992; 


Sharon and Lis, 1990), metal requirements and chemical modifications (Young and Oomen, 1992). 


Conserved residues, aspartic acid and asparagines in galactose specific lectins have been reported to 


play a key role in sugar-binding and are positioned by their interaction with calcium ion (Young and 


Oomen, 1992).  


 


X-ray crystallography has been used in many studies to get information for molecular dynamics 


simulations, homology modeling and protein structure determination (Loris et al., 1994). Three 


dimensional structures of legume lectins such as Conncavalin A, Pea lectin, Lathyrus lectin, Lentil 


lectin, lectin IV from Griffonia simplicifolia and the lectin from Erythrina corallodendron have been 


determined by X-ray crystallography (Loris et al., 1994).  


 
X-ray crystallography was used to identify the structural basis for the selective sugar recognition 


shallow groove on the surface of a well conserved structural fold. The selectivity is achieved 


primarily through the geometry of hydrogen bonds between sugar hydroxyl groups and protein main 


and side chains and through water-mediated hydrogen bonds. The affinity of legume lectins for 


complex carbohydrate ligands is enhanced by means of subsites in the lectin monomer that extend 


the monosaccharide binding groove (De Souza et al., 2003). The monomeric folds of legume lectins 


are very similar but differ significantly in their association into Dimers or tetramers and are 


controlled by the presence of covalently bound carbohydrates and point mutations (Loris et al., 


1994).  
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2.6 Applications of lectins 


2.6.1 Lectins as affinity chromatography ligands 


Lectins are useful for separation and characterization of glycoconjugates (Powell and Whitney, 


1984) as well as the separation and purification of lipids, polysaccharides, enzyme and antibody 


conjugates and membrane vesicles (Vornholt et al., 2007). The purification of glycoconjugates can 


be achieved through affinity chromatography whereby a lectin is coupled to a matrix or resin and 


acts as a receptor glycoconjugate (Nakajima et al., 2006; Manyumwa, 1998, Powell and Whitney, 


1984). Lectins have been used to isolate cell populations and to classify cells on the basis of their 


cell surface glycoproteins and glycolipids. A large number of purified plant lectins are commonly 


available for these purposes (Parks et al., 1986). 


Lectins can also be used for capillary affinity electrophoresis (CAE) (Nakajima et al., 2006). Lectin 


CAE is a method for analyzing oligosaccharides based on their affinities for lectins. It is a tool used 


to analyze complex mixtures of oligosaccharides in biological samples, because the structural 


determination is achieved without isolating individual oligosaccharides. CAE analysis involves first 


the analysis of a mixture of oligosaccharides in the absence of a lectin and then the same mixture is 


later analyzed in the presence of a lectin. Changes in migration in the presence of the lectin suggest 


partial structures characteristic of the lectin binding. The comparison of migrations obtained with an 


appropriate set of lectins allows characterization of the structures of the oligosaccharides, even in 


mixtures (Nakajima et al., 2006). 


2.6.2 Use of lectins in cell biology 


Lectins are useful as molecular tools for isolating carbohydrate-containing cells. The lectins have 


been used for blood typing, studying the structure of blood group substances, mitogenic stimulation 


of lymphocytes, and agglutination of cells (Parks et al., 1986). Phaseolus vulgaris has been 
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extensively used as a lymphocyte-agglutinating agent as it binds to glycosidic receptors on 


lymphocyte surface membranes (Biswas and Kayastha, 2002). Red blood cells of different blood 


groups can be distinguished by the use of some lectins (Parks et al., 1986). Lotus tetragonolobus and 


Ulex europeus lectins are used to identify group O blood cells (Kilpatrick and Green, 1992). The 


lectin from Dolichus biflorus is used to distinguish between A1 and A2 subgroups (Kilpatrick and 


Green, 1992). 


 


The lectin concanavalin A from Canavalia ensiformis is used in blood typing due to its ability to 


stimulate the immune system by unspecific activation of T-cells, the lectin binds to different 


membrane receptors which leads to a proliferation of these cells (Vornholt et al., 2007). The lectins 


of Viscum album (European mistletoe) are used in cancer therapy because the lectins have a 


cytotoxic and immunostimulating effect on cancer cells and there are also clues that auxiliary cancer 


therapy with these lectins increases the quality of life (Vornholt et al., 2007). 


 


Studies done by Van der meer et al. ( 2007) on the use of lectins as antiviral agents have showed that 


the lectins Hippeastrum hybride agglutinin (HHA), Galantus Nivalis agglutinin (GNA), pramicin-A 


(PRM-A) and cyanovirin-N (CV-N) inhibit virus infection at low concentrations. The lectins 


specifically target the glycosylated viral coats. The four lectins were able to inhibit viral infections 


on coronaviruses (Transmitable gastroenteritis virus, infectious bronchitis virus, feline coronaviruses 


serotypes I and II, mouse hepatitis virus), Arteriviruses such as equine arteritis virus, porcine 


respiratory and reproductive syndrome virus as well as the totovirus; equine Berne virus (Van der 


meer et al., 2007). 
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2.6.3 Use of lectins as probes 


Due to their different sugar binding specificities, lectins have been used as probes to investigate the 


distribution and function of carbohydrates on animal cell surfaces (Imbrie-Milligan et al., 1989). As 


well as probes to determine sugar composition of glycan and glycoconjugates like bacterial 


lipopolysacharide, cell surface glycoproteins and glycolipids in marine invertebrates (Gowda et al., 


2008).  


 


Lectins have been used in glycosylation studies as glycosylation is one of the most common and 


important events in post-translational modification. Cellular glycoconjugates play important roles in 


many biological processes such as cancer development, retrovirus infection and other diseases. 


Lectins bind to specific oligosaccharides, and can serve as markers to identify certain cell types or 


cellular components (Champoux et al., 2006). Lectins such as the concanavalin A labeled with biotin 


(Biotin-labelled Con A) have been used as probes in western analysis to detect various glycoproteins 


(Champoux et al., 2006). 
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2.7 Molecular biology techniques 


2.7.1 Polymerase chain reaction (PCR) 


PCR is a molecular biology technique used to amplify DNA without using a living organism. The 


technique allows a small sample of DNA to be copied multiple times in vitro (Roux, 1995). PCR is 


commonly used in medical and biological research laboratories for a variety of tasks, such as the 


detection of hereditary diseases, the identification of genetic fingerprinting (Li et al., 2005 and 


Nascimento et al., 2005), the diagnosis of genetic disorders (Wells, 2004), infectious diseases 


(Stankovic, 1999) and in cloning experiments. 


 


The PCR technique uses the enzyme DNA polymerase which occurs naturally in living organism. 


The first DNA polymerase enzyme used had to be improved because it was not thermostable and 


was therefore destroyed in the denaturing step at 96 ºC. PCR technique was later improved by using 


using DNA Polymerase from thermostable organisms such as Thermus aquaticus, which is stable at 


high temperatures. This allowed the automation of the technique as it eliminated the need to add 


DNA polymerase after each cycle. The specificity of PCR thus rests on the amplification of only the 


target site resulting in the generation of the expected product (Dassanayake and Samarnayake, 


2003).        


 


2.7.2 Genome walking 


Genome walking refers to PCR-based techniques used to isolate unknown DNA fragments flanking 


a known locus (Nthangeni et a., 2005; Ashoub and Abdalla., 2006; Kilstrup and Kristiansen., 2000) 


The PCR techniques used include the inverse PCR, Vectorette PCR, the cassette (adapter/linker) 


ligation-mediated PCR (Nthangeni et al., 2005; Kilstrup and Kristiansen., 2000) and Primer-based 
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technique (Ashoub and Abdalla., 2006). The PCR based techniques are preferred over the traditional 


approaches consisting of the construction of DNA libraries and screening because they are relatively 


fast and less laborious.  


 


The cassette ligation-mediated PCR method was used in the current study (Figure 2.1). The methods 


is based on the over digestion of genomic DNA with restriction enzymes that were used to release 


the cassette from a vector and the ligation of the over-digested DNA to the cassette. This results in 


ligation reactions where an unknown locus is flanked by known DNA sequences enabling the design 


of primers that use the ligated product as a template for conventional PCR. This allows walking into 


unknown regions in the genome (Nthangeni et al., 2005). 
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Figure 2.1. Vectorette PCR. Genomic DNA is extracted (step 1) and digested with a restriction 
enzyme followed by the ligation of annealed synthetic oligonucleotides (vectorettes)(step 2). PCR 
amplification from vectorette libraries employs a specific primer that recognizes the region of 
interest and one primer that anneals to the vectorette. In the first cycle of amplification, primer 
extension only proceeds from the specific primer (S). Amplification from vectorettes (in gray) does 
not occur because the vectorette primer (V) only anneals to the complement of the bottom strand of 
the vectorette. In the second and subsequent cycle of PCR, priming occurs from both the specific 
primer and the vectorette primer (Taken from Ramagoma , F masters dissertation). 
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CHAPTER 3: MATERIALS AND METHODS 


 


3.1 Extraction of L. capassa seed lectin  


3.1.1 From mature seeds 


Extraction of protein from mature dry L. capassa seeds was carried out by grinding seeds using 


mortar and pestle to obtain a seed meal. The seed meal was defatted in hexane (5 ml of hexane/g of 


seed powder) for one hour while stirring at room temperature followed by filtration through 


cheesecloth. The fat-free meal was left to dry in a fume cupboard. Protein was extracted from the 


seed meal using saline-azide (0.15 M NaCl and 0.02 %, w/v, NaN3) (5 ml solution/g of fat free seed 


meal) while stirring overnight at 4 0C. The homogenate was then split into 2 ml volumes in micro-


centrifuge tubes and centrifuged for 30 minutes at 12000 rpm in a micro-centrifuge to remove the 


seed debris.  


 


The crude extract was subjected to 30 % ammonium sulphate saturation while stirring for 30 


minutes. The precipitated protein was removed by centrifugation for 30 minutes at 12000 rpm in a 


micro-centrifuge. The clarified supernatant was further subjected to 60 % ammonium sulphate 


saturation and stirred for 30 minutes at room temperature. The pellet containing lectins (Joubert et 


al., 1986) was re-suspended in saline azide solution and dialyzed overnight against saline azide at 


4 0


Fresh L. capassa seeds were frozen in liquid nitrogen and ground to a seed meal using mortar and 


pestle. The ground seed meal (10 g) was defatted with ice cold acetone (5 ml of acetone/g of seed 


C.   


 


3.1.2 From maturing seeds 
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powder) for one hour while stirring at room temperature. The seed meal was filtered through 


cheesecloth and the fat free meal left to dry. Protein extraction and precipitation was performed as 


described in section 3.1.    


 


3.2 Assaying for lectin activity in the protein extracts  


 3.2.1 Treatment of mammalian blood 


Lectin activity of the crude extract was assessed by haemagglutination activity assay using rabbit 


erythrocytes. Rabbit blood was collected by bleeding a rabbit through the marginal ear vein. The 


blood was collected into an equal volume of Alsever’s solution (2.05 g glucose, 0.8 g sodium citrate, 


and 0.4 g citric acid in 100 ml distilled water, the pH adjusted to 7.2 with 10 % citric acid). 


Erythrocytes were washed repeatedly with excess saline azide in 50 ml centrifuge tubes by 


centrifugation for 30 minutes at 201 g until the access saline became clear. The erythrocyte pellet 


was kept at 4 0


Heamagglutination assays were carried out in U-shaped microtitre plates. The first column carried 


negative controls containing 25 µl of saline-azide. The rest of the wells in each row contained 25 µl 


saline-azide. In the second well of each row 25 µl of lectin was added, the lectin was serially diluted 


(2 x dilution) with equal volume of saline-azide solution until the last well. The last 25 µl was 


discarded, giving a total volume of 25 µl of diluted lectin sample per well. To each well, 50 µl of 


4 % (v/v) rabbit erythrocyte suspension prepared in saline azide was added. The plates were 


incubated for one hour at room temperature. Haemagglutination activity was estimated visually and 


C in saline azide.  


  


3.2.2 Haemagglutination assay 
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expressed as agglutination titre which is the reciprocal of the maximum dilution that gives visible 


agglutination. 


 


3.2.3 Carbohydrate and glycoprotein inhibition assays 


Carbohydrate and glycoprotein assays were performed to establish the specificity of the isolated 


lectin. The following sugars were used for inhibition assays: galactose, mannose, glucose, maltose, 


fructose, glucosamine, methyl-α-D- mannopyranoside, methyl-β-D-glucopyranoside, N-acetyl-D-


glucosamine, N-acetyl-galactosamine, melibiose, α-lactose monohydrate and the glycoproteins used 


were mucin type I, thyroglobulin, , horse reddish peroxidase. 


 


Inhibition tests were carried out in U-shaped microtiter plates. The first column of the plate only 


contained 25 µl of saline azide solution without any sugar to act as a negative control, where the 


lectin agglutinated the red blood cells since lectins agglutinate red blood cells in the absence of 


sugar. A total of 25 µl of the respective sugar (0.2 M) was added to each well starting from the 


second column and then 25 µl of the lectin sample was added to all the wells. Plates were incubated 


for 15-20 minutes at room temperature to allow for lectin/sugar interactions. After incubation, 50 µl 


of the 4 % (v/v) rabbit erythrocyte suspensions was then added to all wells and the plates incubated 


for 1 hour at room temperature. Inhibition of agglutination was observed visually where inhibition 


was detected as sedimentation of the erythrocytes to the bottom of the well.  


 


3.3 Lectin purification by affinity chromatography 


Crude protein sample (2-4 ml) was loaded onto a galactose-sepharose column that was pre-


equilibrated with saline azide. The column was washed with saline azide solution to remove 
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unbound proteins and elution was carried out with 0.2 M galactose. The purified protein sample was 


dialysed overnight against saline azide to remove the sugar.  


 


3.4 SDS-polyacrylamide gel electrophoresis 


Protein samples were electrophoresed on 15 % SDS-PAGE gels to separate protein subunits 


according to their molecular weight. The gels were prepared according to Laemmli (1970). Samples 


were boiled for 5 minutes before loading onto the gel. Electrophoresis was performed at a low 


voltage of 100 V until samples were in the stacking gel followed by a high voltage of 200 V. 


Following electrophoresis, the gels were stained with Coomassie brilliant blue R250 s (400 mg 


Coomassie brilliant blue, 45 % (v/v) ethanol, 10 % (v/v) acetic acid, made up to 1L with distilled 


water) with gentle shaking for 30 minutes to an hour at room temperature. The gels were destained 


by boiling in distilled water. 


  


3.5 Western blotting 


Protein fractions separated  on 15 % SDS PAGE were transferred onto nitrocellulose membrane 


using electroblotting apparatus (Biorad) and transfer buffer (25 mM Tris, 192 mM Glycine and 10 % 


methanol) at 100 volts for 2 hours. The nitrocellulose membrane was blocked using blocking 


solution (PBS, 3 % BSA and 0.05 % Tween 20). Antiserum previously raised in rabbits against the 


mannose-specific 10 kDa and 16 kDa Lonchocarpus capassa lectins (1: 500) in PBS-BSA was 


added onto the nitrocellulose membrane and incubated with shaking at room temperature for 45 


minutes. The membrane was washed with PBS-BSA five times at 5 minutes per wash. Horse raddish 


peroxidase (HRP)-anti-rabbit IgG (1: 1000) in PBS-BSA was added onto the nitrocellulose 


membrane and incubated with shaking at room temperature for 45 minutes. The washing step was 
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repeated with PBS containing 0.1 % Tween 20. The substrate (6 mg 3.3’-Diaminobenzidine in 9 ml 


of 50 mM Tris, pH 7.6 and 0.1 % H2O2) which stains brown in the presence of horseradish 


peroxidase was added and allowed to react for a few minutes. When staining was totally visible the 


substrate was washed off using distilled water.   


 


3.6 Determination of Protein concentration by Bicinchoninic Acid (BCA) Assay 


The BCA assay which measures the protein concentration of a sample was performed by mixing 1 


part of Cu2+ pentahydrate (4 % (w/v) solution) with 50 parts BCA solution to form the working BCA 


solution. Ten microliters of the sample solution in a flat well microtitre plate was mixed with 200 µl 


working solution and incubated for 30 minutes at room temperature. The absorbance was measured 


at 595 nm using multi mode detector DTX880 against BSA standards (10-100 µg/ml) which were 


prepared from a stock solution of 2 mg/ml BSA. 


 


3.7 Protein sequencing 


Protein fractions ran  on 15 % SDS PAGE were transferred onto Polyvinylidine fluoride (PVDF) 


membrane (pre-socked in 100 % methanol) using transfer apparatus in transfer buffer (25 mM Tris, 


192 mM Glycine and 10 % methanol)  at 100 volts for two hours. The membrane was stained with 


Ponceau S stain (0.1 Ponceau s and 5 % acetic acid) to detect the presence of proteins. The stain was 


washed off using distilled water and protein bands were cut out and then sent to the University of 


Edinburgh for sequencing using the LC-MS and Edman sequencing method. 
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3.8 Primer Design 


The degenerate reverse primer 2BR used with the abridged forward primer provided with the  5´ 


RACE kit (5´-GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG- 3´)  to amplify the 5’ end of 


the gene using the 5’RACE (Rapid amplification of cDNA ends) system was designed from the 


internal sequence that was obtained from protein sequencing (Protein sequenced by LC-MS and 


Edman sequencing method. The amplified fragments were cloned in E. coli Top 10 cells and 


sequenced as outlined below in section 3.9.4. The nucleotide sequence obtained from sequencing of 


the 5’ cloned gene fragments was used to design the N-terminal gene specific primer GS1 (5´ 


GGCTATCCTCTGCTCATCAAATCCTCCGACTCTCC 3´). The rest of the degenerate primers 


used in the attempt to amplify the 3´ end of the gene were designed from conserved regions found in 


legume lectins. The degenerate primers were designed according to the peptide sequences located in 


Table 3.1. 
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Table 3.1: List of degenerate primer names and the sequences they were designed from. The 


sequences are from conserved regions in legume lectins  


Degenerate primer name Amino acid sequence used Primer sequences 


2AR & 2BR 


 


LCL1F 


LCL4F 


LCL3Re 


LCL2Re 


LCL5Re 


LCL6Re 


LCL7Re 


LCL9Re 


LCL10Re 


5´ GYDPAD 3´ 


 


5´ VGVEFDTY 3´ 


5´ FVGLEFDL 3´ 


5´ VGVEFDTY 3´ 


5´ VGVEFDTY 3´ 


5´ FVGLEFDL 3´ 


5´ HVGIDVNS 3´ 


5´ HIGIDINS 3´ 


5´ AWSFTSTL 3´ 


5´ SWSFTSNL 3´ 


5´ CRT CNG CNG GRT CRT ANCC 3´ 
5´ CRT CNG CIG GRT CRT ANCC 3´ 
 
 
5´ GTN GCN GTN GAR TTY GAY AC 3´ 
 
5´ GTN GGN GTN GAR TTT GAY AC 3´ 
 
5´ AAN GTR TCR AAY TCN CAN GC 3´ 
 
5´ GTR TCR AAY TCN CAN GCN AC 3´ 
 
5´ TAN GTR TCR AAY TCN CAN CC 3´ 
 
5´ TTN ACR TCD ATN CCN ACR TG 3´ 
 
5´ TTN ACR TCD ATN CCI ACR TG 3´ 
 
5´ AAC GTN SWN GCA AAN SWC C 3´ 
 
5´ AGC GTN SWN GCG AAN SWC C 3´ 


Key words: Re- Reverse primer 
        F- Forward primer 
        Degenerate primer letters: R- A/G 
                  N- A/C/G/T  
       Y- C/T 
       W- C/T 
        S- G/C 
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3.9 Cloning and sequencing of the lectin gene 


3.9.1 RNA extraction 


Fresh L. capassa seeds were frozen in liquid nitrogen and ground to a seed meal using mortar and 


pestle (pre-treated by rinsing with 0.1 % Diethyl Pyrocarbonate (DEPC) and autoclaving to remove 


residual DEPC). Briefly, the total RNA reversibly binds onto a silica-based Hi-Bind matrix and a 


special formulated high salt buffer allows more than 100 µg of RNA greater than 200 bases to bind 


to the matrix while cellular debris and other contaminants are washed out. High quality RNA is then 


eluted with sterile DEPC- treated water. RNA quality was assessed on 0.8 % (w/v) agarose gel. Total 


RNA was stored at – 84 º


The second strand synthesis was done by PCR using the abridged forward primer supplied with the 


5´ RACE system and the reverse primer 2BR designed from sequences obtained from protein 


sequencing of the 29 kDa lectin protein. The PCR reactions were carried out in total volumes of 50 


µl with a PCR kit (Invitrogen) and reaction were as follows:  Initial denaturation at 94 ºC for 7 


minutes followed by 15 cycles of 94 ºC for 1 minute, 40 ºC for 1 minute and 65 ºC for 2 minutes and 


C in RNase free water.  


 


3.9.2 cDNA synthesis 


cDNA ends were synthesized using the 5’ RACE system. First strand cDNA synthesis (The reverse 


transcription step) was done using degenerate primers 2BR that was designed from internal protein 


sequence obtained from protein sequencing (Table 3.1) and carried out according to the 


manufacturer’s specifications. RACE amplifies nucleic acid sequences from a messenger RNA 


template between a defined internal site and an unknown sequence at either the 3’ or the 5’ end of 


the mRNA.  
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then 20 cycles at 94 ºC for 1 minute, 52 ºC for 1 minute, 65 ºC for 2 minutes and then final extension 


at 65 ºC for 7 minutes.  


 


3.9.3 Vector ligation 


The PCR products were ligated overnight at 22 ºC to the plasmid pTZ57R/T (Figure 3.1, 


InsT/Aclone PCR product cloning kit, MBI Fermentas, GmbH, Germany) according to the 


manufacture’s instructions. The pTZ57R/T plasmid vector has been treated with terminal 


deoxynucleotidyl transferase to create 3’ ddT overhangs at both ends which were used for cloning 


and sequencing of PCR fragments. The vector is suitable for cloning of PCR fragments with 3’dA 


overhangs, which is the case when a DNA polymerase without 3’ proofreading activity is used.   


 


 


 


Figure 3.1: Restriction map and cloning sites of the pTZ57R/T vector (Fermentas) used in this work 
as a cloning and sequencing vector   
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3.9.4 Preparation of competent E. coli cells 


E.coli Top 10 cells were cultured on LB medium (5 g/L yeast extract, 10 g/L tryptone, 5 g/L NaCl, 


pH 7.5) in 50 ml sterile tubes and grown overnight at 37 0C with vigorous shaking. The overnight 


cultures were diluted with fresh LB medium (1:50) and grown at 37 0C with shaking for 1-2 hours 


until the OD600 reached between 0.3-0.6. The cells were harvested by centrifugation at 3000 g for 5 


minutes. The pellet was gently resuspended in half the volume of cold 100 mM CaCl2 and incubated 


on ice for 20 minutes. The E. coli cells were then centrifuged as above and the pellet resuspended in 


1/10 volume of cold 100 mM CaCl2 and incubated for an hour on ice. Competent cells were 


aliquoted into micro-centrifuge tubes with equal volumes of 80 % glycerol and kept at -80 0C.  


 


3.9.5 Transformation of E. coli cells with recombinant pTZ57R/T vector 


Competent Top 10 cells (50µl) were mixed with ~0.5 µg of recombinant vector and incubated on ice 


for 30 minutes. The mixture was placed in a 42 0C water bath for 45 seconds then placed back on ice 


for 2 minutes. LB broth (2 ml) was then added and incubated at 37 0C for 45 minutes. The cells were 


spread on LB agar plates (LB medium and 15 g/L agar) with 100µg/ml carbenicillin antibiotic and 


grown overnight at 37 0


All individual colonies were picked and grown on LB broth medium at 37 


C followed by screening for recombinants by plasmid isolation and 


digestion.  


 


3.9.6 Plasmid isolation and restriction endonuclease digestion 


0C overnight with 


shaking. Plasmid DNA was isolated using the alkaline lysis method from Sambrook et al. (1989) 


with minor modifications.  The culture (2 ml) was centrifuged for 1 minute at maximum speed in a 


micro-centrifuge. The pellet was resuspended in 300 µl of buffer PI (50 mM Tris-HCl, 10 mM 
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EDTA, pH 8.0 supplemented with100 µg/ml RNase). Freshly prepared 200 mM NaOH-1 % SDS 


solution (300 µl) was used to lyse the cells by gentle mixing and incubating at room temperature for 


5 minutes. Chromosomal DNA was removed by precipitation in 300 µl of 2.6 M potassium acetate, 


pH 4.8 and quick mixing by inverting the tube several times followed by centrifugation in a micro-


centrifuge for 10 minutes at maximum speed (12000 rpm). The supernatant was transferred into a 


new micro-centrifuge tube. Plasmid DNA was then precipitated by adding 0.8 volumes of 


isopropanol and incubating at room temperature for 15 minutes followed by centrifugation for 10 


minutes and washing the pellet twice using 500 µl of 70 % ethanol. The DNA was dried for 30 


minutes using a heating block and then dissolved in 50 µl sterile distilled water. Plasmid DNA (5 µl) 


was electrophoresed on 0.8 % agarose gel to check for the presence and purity of the plasmid DNA. 


 


The isolated plasmid was digested with Eco RI according to the manufacturer’s instructions to check 


for the presence of insert in the vector by size exclusion. The fragments were separated by 


electrophoresis on 1.5 % agarose and the sizes and concentrations of the fragments were determined 


by comparing them with the molecular weight standard λ/Pst I (Lambda DNA digested with Pst I) 


and a linear vector (Supplied with the kit) without an insert. The vectors which had inserts of about 


350bp to 400 bp were sequenced.  


 


3.9.7 DNA sequencing  


The vector pTZ57R/T containing the PCR fragments was sequenced by the method of Sanger et al. 


(1977) by amplification using M13 forward and reverse primers (M13 forward 5’-


GTTAAAACGACGGCCAGT-3’ and reverse 5’CAGGAAAACAGCTATGAC-3’). The cycle 


sequence reaction was performed using a Big Dye Terminator v3.1 cycle sequencing kit (Applied 
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Biosystems). Non incorporated dye terminators were removed by ethanol precipitation and samples 


were allowed to migrate on an ABI3100 Genetic Analyzer (Available at Leuven University, 


Belgium). DNA sequences were translated into protein sequences using the software CLC free 


Workbench v.3.0.2 from CLC Bio A/S. The alignment of the resulting sequences with other known 


legume protein sequences that show high sequence homology were done using Clustal W 


(Thompson et al., 1994) in order to determine the molecular relationship between the lectins. 


 


3.10 Attempts to amplify the 3´ end of the gene 


In an attempt to obtain the full L. capassa seed lectin gene, two approaches were used i.e.: i) 


Amplification from the genomic DNA and ii) Genome Walking.  


 
                                                          


3.11 Amplification from the genomic DNA 


3.11.1 DNA extraction 


Fresh L. capassa seeds were ground to a seed meal using a pellet pestle in micro centrifuge tubes. 


DNA extraction was performed using the peqDold HP plant DNA mini kit. The kit allows rapid and 


reliable isolation of high quality genomic DNA from fresh and dried plant tissue samples. The kit 


relies on the well established properties of the detergent, cetyltrimethyyl ammonium bromide in 


conjunction with the selective DNA binding of the HIBind matrix. High quality DNA is then eluted 


with the elution buffer provided. DNA quality was assessed on 0.8% (w/v) agarose gel. DNA was 


stored at -80 0


 


C. 
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3.11.2 Polymerase chain reaction 


The attempts to amplify the full L. capassa lectin gene were done using a combination of the N-


terminal gene-specific primer and each of the degenerate primers synthesized from conserved 


regions of legume lectins. The PCR reactions were carried out as stated in section 3.8.2. Vector 


ligation, transformation, and screening for positive clones was done following the protocol reported 


in paragraphs 3.9.3 – 3.9.6.  


 


3.12 Genome walking 


Locus specific-primers were designed from both the genome walking cassette and sequences from 


the 5’ end of the L. capassa lectin gene (Table 3.2).    


Table 3.2: Primers used for genome walking studies 


Primer 
name 


Source Primer sequences 


LCLSP-1  
LCLSP-2   
LCLSP-3 
CSP-R3 
CSP-R2 
CSP-R1 
CSP-F1 
CSP-F2 
CSP-F3 
 
 


LCL  
LCL  
LCL 
Cassette 
Cassette 
Cassette 
Cassette 
Cassette 
Cassette 


5´GGCTATCCTCTGCTCATCAAATCCTCCGACTCTCC3´ 
5´CAAGATTTTGGACAACGGGGTCTTGCCACTAATC3´ 
5´CTGGGACGCCACCACAGGCAACGTTTTAAGCTTTG3´ 
5´AGTCGAAGGGCTTCCGAAGTC3´ 
5´GGTAGCGGCAGTCGGGGCTGCAGCCCAGACACC3´ 
5´CGGCTGTGCAATACCTTGACCGCTCGGTAG3´ 
5´GAAAGGGTTTGATGACCAGACCCGC3´ 
5´CGGCGATGAAGCCGGGGCATTGCAGGCGGC3´ 
5´CGTATGTTGCTCATGTGCAG3´ 


Key words: LCLSP- Gene specific primers 
      CSP-R- Reverse cassette primers 
      CSP-F- forward cassette primers     
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3.12.1 Cassette preparation 


E.coli strain XL 10 Gold with pMBE LCS 2 plasmid vector was inoculated in 5ml LB broth 


supplemented with ampicillin. The plasmid pMBE LCS 2 contains the cassette used for genome 


walking. pMBE lcs2 plasmid was isolated from the overnight culture using biospin plasmid DNA 


extraction Kit (Bioflux). The plasmid was digested for an hour at 37 ºC using a combination of 


restriction enzymes to release the cassette (Xho I/ Kpn I, Pst I/ Bam HI, Xbal/ Sma I, Eco RI/ Hind 


III and Xbal/ Sac I) The digestion mixtures were run on a 1 % agarose gel, the cassette bands were 


cut out and purified using the Biospin gel extraction kit (Separation scientific). Cassette recovery 


was checked by electrophoresis on 1 % agarose gel.  


 


3.12.2 Genomic DNA preparation  


Stored genomic DNA extracted as stated in section 3.11.1 was over digested with 11 restriction 


enzymes in separate reactions (Xho I, Kpn I, Pst I, Bam HI, Xbal, Sma I, Xbal, Sac I, Nhel, Hind III, 


Eco RI and Sal I) at 37 ºC and then de-phosphorylated by adding 2µl (5000 U/ml) of antartic 


phosphatase and incubated at 37 ºC for an hour. The digested DNA was purified using the Biospin 


gel extraction kit (Bioflux) according to the manufacture’s instructions. 


 


3.12.3. Cassette/ DNA ligation and PCR  


The cassette and DNA were ligated overnight at 4 ºC at a ratio of 4:1 respectively. The ligation was 


done using T4 DNA ligase (Promega) according to the manufacture’s instructions. An aliquot of the 


ligation mixture was used as a template for the Single-Strand Amplification PCR (SSA-PCR) using a 


gene specific primer-1 (LCL LSP1) as a lone primer under the following conditions:  Initial 


denaturation at 94 ºC for 2 minutes followed by 30 cycles of 94 ºC for 30 seconds, 52 ºC for 30 
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seconds and 72 ºC for 4 minutes and then final extension at 72 ºC for 10 minutes. Second round PCR 


was performed using nested primers (LCL LSP2 with CSP-R3 and CSP-F3 as cassette specific 


primers) and first round PCR product as the template under the following conditions: Initial 


denaturation at 94 ºC for 2 minutes followed by 30 cycles of 94 ºC for 30 seconds, 55 ºC for 30 


seconds and 72 ºC for 3 minutes and then final extension at 72 ºC for 10 minutes. This was then 


followed by the third round PCR using the second round PCR product as the template and primer 


LCL LSP3 with primers CSP-R2 and CSP-F2. The PCR conditions were kept constant except for an 


increased annealing temperature of 58 ºC and 2 minutes extension time.  


 


3.12.4 Vector ligation and Transformation 


Consistent bands with all nested primers were cut out and purified using the Biospin gel extraction 


kit (Bioflux) and ligated to pGEM T Easy plasmid vector (Fermentas) over night at 4 ºC and 


transformed into E. coli as stated in section 3.9.5. Screening of transformants was also done as in 


section 3.9.6 using M13 forward and reverse primers. The expected band sizes were sent for 


sequencing. 
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Figure 3.2: Restriction map and cloning sites of the pGEMT-Easy vector (Fermentas) used as a 
cloning and sequencing vector for genome walking. 
 
 
 
3.12.5 DNA sequence determination sequencing 
 
DNA sequencing was performed with the BigDye Terminator Cycle sequencing kit (Pertkin Elmer), 


in a 377 Perkin Elmer DNA sequencer (Inqaba Biotech) using T7 and Sp6 Universal primers and the 


resulting sequences analysed as stated in section 3.9.7 
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CHAPTER 4: RESULTS 


 


4.1 Isolation and purification  


Using a two step purification involving ammonium sulphate precipitation and affinity 


chromatography on mannose and galactose sepharose columns, the galactose and mannose specific 


lectins were successfully purified from both the fresh and mature L. capassa seeds. The elution 


profile of the galactose-specific lectin from fresh seeds on the galactose-sepharose column is shown 


in Figure 4.1, where the first peak is the unbound protein while the second peak is the purified 


protein eluted with 0.2M galactose. 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 4.1: The elution profile of the galactose-sepharose column (20 x 1 cm), the first peak 
represents the unbound fraction while the second peak is of the purified galactose specific lectin 
eluted with 0.2M galactose (The arrow indicates the elution point). A flow rate of 0.5 ml/min was 
used throughout the chromatography 
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4.1.1 SDS PAGE 


An SDS-PAGE of protein fractions was run to check for the presence and purity of the L capassa 


lectins (Figure 4.2). The galactose-sepharose fraction only had a 45 and 29 kDa sub-units while the 


mannose-sepharose fraction contained other bands in addition to the 45 and a 28 kDa subunits.  


                               1            2               3             4                5 


                         


Figure 4.2: A 15% SDS PAGE gel of purified L. capassa lectins. Lane 1: maturing crude extract 
seed fraction (Extraction method 2), Lane 2: maturing crude extract (Extraction method 1), Lane 3: 
Mature crude extract, Lane 4: Galactose-sepharose fraction, Lane 5: mannose-sepharose fraction. 
The molecular weight were estimated based on well established relative mobility (Rf) values and 
migration patterns for the same lectins extracted from mature seeds. 
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4.1.2 Lectin activity 


Lectin activity was assessed by the haemagglutination assay where both the mannose and galactose 


samples were tested. Both crude samples agglutinated rabbit erythrocytes at 163 960 titre units/mg 


for the maturing seeds and 32 160 titre units/mg for the mature seeds.   


 


4.1.3 Sugar/Glycoprotein inhibition assay 


Sugar and glycoprotein inhibition assays were carried out to investigate the sugar and glycoprotein 


specificity of the fresh seed and mature seed crude extracts and to investigate any differences 


between the two crude fractions. Both the fresh seed crude lectin and the mature seed crude lectin 


were inhibited by mannose and Methyl-α- D- Mannopyranoside but the fresh seed extract was also 


inhibited by thyroglobulin, glucose and maltose as recorded in Table 4.1. 
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Table 4.1: Inhibition of L capassa lectin haemagglutination of rabbit erythrocytes by sugars and 
glycoproteins  
 
 


Sugar/Glycoprotein Maturing seed agglutination Mature seed agglutination 


Mucin I    +    + 


Thyroglobulin    -    + 


Melibiose    +    + 


Horse Reddish Peroxidase     +    + 


Galactose    +    + 


Mannose    -    - 


Glucose    -    + 


Maltose    -    + 


Fructose    +    + 


Glucosamine    +    + 


Methyl-α- D- Mannopyranoside    -    - 


Methyl-β-D-glucopyranoside    +    + 


N-Acetyl-D-Glucosamine    +    + 


N-Acetyl-Galactosamine    +    + 


α-Lactose Monohydrate    +    + 


Key words 
(+) Agglutination  
(-) Inhibition 
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4.1.4 Immuno diffusion Assay 
 
The antibody previously raised against the 10 and 16 kDa lectin subunits was tested for activity 


using the Oucterlony method on the mature seed crude extract. The antibody was still active and 


reacted with mature seed lectin fraction resulting in a strong blue line between points A and C 


(Figure 4.3). The antibodies were to be used for western blots where the antibody was expected to 


react/bind with the mannose-specific lectins and not the galactose specific ones which would prove 


that L.capassa seeds have both galactose and mannose specific lectins. 


 


 
 


 
 
Figure 4.3: Double immunodiffusion assay of mature seed fraction. A: mature seed  
fraction, B: pre immune serum and C: hyperimmune serum.  
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4.1.5 Western blot 


Western analysis was done the crude fraction and on mannose and galactose specific fractions using 


the antibody tested above (paragraph 4.1.4). The antibody reacted with all mannose specific protein 


subunits in all fractions except for the galactose specific lectin (Figure 4.4). Binding of the antibody 


was also noticed on the 28 kDa and 45 kDa lectin subunits of the mannose sepharose fraction. 


 


    1      2      3       4      5                                        1         2        3         4        5   


                          
                    A                                                                        B         
                         
Figure 4.4:15% SDS PAGE (A) and Western blot (B) of L. capassa lectin fractions. Lane 1: Fresh 
seed fraction (Extraction method 2), Lane 2: fresh seed fraction (Extraction method 1), Lane 3: 
Mature Seed Fraction, Lane 4: galactose sepharose Fraction, Lane 5: mannose sepharose fraction. 
The molecular weight were estimated based on well established relative mobility (Rf) values and 
migration patterns for the same lectins extracted from mature seeds. 
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4.1.6 N-Terminus and Peptide Sequencing 
 
The galactose 29 kDa and 45 kDa protein subunits were digested with trypsin and run on RP HPLC 


resulting in six peptide peaks for each lectin subunits (Figures 4.5 and 4.6). The trypsin digest was 


followed by Edman sequencing method to obtain the sequences of the lectin peptides (Table 4.2). 


However the N-terminal sequence of the 45 kDa lectin subunit could not be obtained as it was 


capped. 
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29 kDA’s Peak 2 
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29 kDA’s Peak 4 
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29 kDA’s Peak 6 
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Figure 4.5: Mass spectra for peaks 1-6 of the digested 29kDa galactose lectin peptides from the 
HPLC. 
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45 kDa’s Peak 3 
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45 kDa’s Peak 5 
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Figure 4.6: Mass spectra for peaks 1-6 of the digested 45 kDa galactose lectin peptides from the 
HPLC 
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Table 4.2: Amino acid sequences obtained from the sequencing of tryptic digest peptide fragments 
from the 29 kDa galactose specific lectin  
 
 
 
Peak 


 
 
Sequences 


 
 
N-Terminal 


 
 
AQVVSFNFTKFTPG 


 
 
Peak 1 


 
 
GSDGGYLGLXNPN 


 
 
Peak 3 and 4 


 
 
PADGIVFLLAPP 


 
 
Peak 5 


 
 
GYDPADGIVFLLAPP 
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4.2 Cloning and sequencing of the 5´ end of the gene 


4.2.1 RNA extraction 


RNA extraction from fresh L. capassa seeds gave intact total RNA with sharp and clear 28S and 18S 


rRNA bands (Figure 4.7). The 28S rRNA band was approximately twice as intense as the 18S rRNA 


band as expected in intact total RNA preparations.    


 


                 


                                  M                           1                              2 


                       


Figure 4.7: Total RNA extracted from fresh L.capassa seeds using a peqGOLD Total  
                    RNA kit (peqlaBiotechnology) with both the 28S and 18S still intact.  
                    Lane M: Marker, Lane 1 and 2: Total RNA showing intact 28S and 16S  
                    ribosomal subunits.  
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4.2.2 cDNA synthesis 


A 360 bp cDNA (Figure 4.8)  from the 5’ end of the L. capassa gene was amplified by PCR using 


the 5’ RACE system and a combination of the abridged primer (Primer supplied with the 5’ race kit) 


with primers  2AR and 2BR (Internal reverse primers). The PCR product was cloned into the 


pTZ57R/T plasmid vector and successfully propagated in E. coli Top 10 cells. 


 


                        M                1                  2               3 


               


Figure 4.8: cDNA ends amplified by the 5’ race system and two combinations of primers. Lane M: 
Marker, Lane1: Negative control, Lane 2: Primers Abridged+2AR, Lane3: Abridged+2BR.   
 
 


4.2.3 Plasmid isolation and digestion. 


 To confirm the presence of inserts, plasmid isolation was done and the isolated plasmids linearized 


with the restriction enzyme EcoRI. The restricted vectors were run on 1.5% (w/v) agarose gel 


electrophoresis (Figure 4.9) and the size of the inserts determined by comparing the molecular 


weight of the digested plasmid to the molecular weight standart λ Pst and a control linearized vector 
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without an insert. The linearized vectors that were estimated to have a 360bp fragment were sent for 


sequencing   


                    M          1          2          3            4           5          6            7 


               


           Figure 4.9: Digested plasmid vectors with different sized inserts. Lanes 1-7  
           Shows linearized plasmids of variable sizes due to the different sizes of the  
           inserts. 
  
 


4.2.3 DNA sequencing and sequence alignment 


The nucleotide sequence obtained from sequencing was translated into protein sequences (Figure 


4.10) using the software CLC free Workbench v.3.0.2 from CLC Bio A/S. The resultant amino acid 


sequence and the additional sequence obtained from protein sequencing (sequences highlighted in 


blue, Figure 4.11) were aligned with other legume lectin  sequences that showed high sequence 


homology during the blast search (Figure 4.11). The deduced amino acid sequence showed regions 


of extensive sequence homology with precursor sequences of Robinia pseudoacacia   Bark lectin, a 


non seed lectin from Pisum sativum (pea), and the galatose specific Peanut agglutinin (PNA) 
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from Arachis hypogaea. The alignment (Figure 4.11) also shows the leader sequences, conserved 


regions, metal-binding residues, binding loops as well as highlight the conserved regions that were 


used to design degenerate primers used in this study. 


  


 


5´M   A   I   L   C   S   S   N   P   P   T   L   L   
 atg gct atc ctc tgc tca tca aat cct ccg act ctc ctt  
  
 S   V   I   F   T   A   F   L   L   L   L   A   R   E      
tca gtc ata ttc aca gcc ttc ctt ctc ttg ttg gca aga gag  
 
 V   N   S   A   Q   V   V   S   F   N   F   T   K   F 
gtg aac tca gca caa gta gtt tcc ttc aac ttc acc aag ttc  
 
 T   P   G   S   S   S   I   T   L   Q   G   N   A   K     
acc cca ggt tca tca agc ata acc ctc caa ggc aat gcc aag 
 
 I   L   D   N   G   V   L   P   L   I   N   R   D   R     
att ttg gac aac ggg gtc ttg cca cta atc aac cgt gac agg  
 
 P   Q   N   N   V   G   R   A   L   Y   S   T   P   I  
cct cag aac aac gta ggc cgt gcc ttg tac tct aca cca att 
 
 P   I   W   D   A   T   T   G   N   V   L   S   F   V    
ccc atc tgg gac gcc acc aca ggc aac gtt tta agc ttt gtc 
  
 T   S   F   S   F   V   I   E   D   V   K   G   Y   D     
act tct ttc tct ttt gtc ata gag gat gtg aaa gga tac gac 
 
 P   A   D   3´ 
cca gca gat 
 
Figure 4.10: Amino acid sequence and the corresponding nucleotide sequence of the  
                    5´ end of the lectin gene.  
 
 
 
 
 
 
 
 
                                                        



http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3818�
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                                                           GS-1 
 
Lonchocarpus_capassa      ILCSSNPPTLLSVIFTAFLLLL--AREVNSAQVVSFNFTKFTPGSSSITLQGNAKILDNGV 
Robinia_pseudoacacia      PFNPETVYALLAMLISFFVLLA-SARKENSDEGISFNFTNFTRGDQGVTLLGQANIMANGI 
Arachis_hypogaea          -------MKPFCVFLTFFLLLAASSKKVNSAETVSFNFNSFSEGNPAINFQGDVTVLSNGN 
Pisum sativum             --------SLVSIM---FVLLA-T-----N


                                   !----            LCL1F&4F------  
Lonchocarpus_capassa      PP------GSDGGYLGLXNPN--------------------------------------- 
Robinia_pseudoacacia      PEA-RIPDNSAGGQLGIVNANKAYNPFVGVEFDTYSNN--WDPKSAHIGIDASSLISLRT 
Arachis_hypogaea          PEDTQIPAGSIGGGTLGVSDTKGAGHFVGVEFDTYSNSEYNDPPTDHVGIDVNSVDSVKT 
Pisum sativum             PPDTEIPNNS-QSQYLGVVDSKTSINRFVGLEFDLYANSF-DPYMRHIGIDINSLISTKT 


IEALSFNFPKITPGNTAITLQGNAKILANGV                         
                                                                                A     
                                        E                                      ----- 
                                       -----                                       !   ! 
Lonchocarpus_capassa      LPLINRDR-----PQNNVGRALYSTPIPIWDATTGNVLSFVTSFSFVIEDVKGYDPADGIVFLLA 
Robinia_pseudoacacia      LALTNHTN--PTW---NTGRALYSKPVPIWDSATGNVASFVTSFSFVVQEIKGAIPADGIVFFLA 
Arachis_hypogaea          IQLTN-LNKVN-----SVGRVLYAMPVRIWSSATGNVASFLTSFSFEMKDIKDYDPADGIIFFIA 
Pisum sativum             LALTNSTQIPPTTTFPSTGRALYSTPVPLWDSATGNVASFVTSFSFVILNPSGRVPTDGLVFFIA 
                                      
                                     B                        C 


      
                                                   LCL2R,3R&5R             LCL6R&7R                                                           
 
Lonchocarpus_capassa      ------------------------------------------------------------ 
Robinia_pseudoacacia      VKWNKVSGSLVKVSIIYDSLSKTLSVVVTHENGQISTIAQVVDLKAVLGEKVRVGFTAAT 
Arachis_hypogaea          VPWNSVSGAVVQVTVIYDSSTKTLSVAVTNENGDITTIAQVVDLKAKLPERVKFGFSASG 
Pisum sativum             VRYNFVSGSLTKVTIIYDSPSNTLTAVITYENGQISTISQNVDLKAVLPKDVSVGFSATS                                                                                       
                         
                           D 
                          ------ 
Lonchocarpus_capassa      ----------------------------------------- 
Robinia_pseudoacacia      TTG-RELYDIHAWSFTSTLVTATSSTSKN-----MNIASYA 
Arachis_hypogaea          SLGGRQIHLIRSWSFTSTLITTTRRSIDNNEKKIMNMATA- 
Pisum sativum             TIA-VS-HNIHSWSFTSNLEATT-----G------NIVSQV   
                                     
                                    LCL9R&10R 


Figure 4.11 Alignment of the deduced amino acid sequence of ~360bp cDNA fragment and 
sequences deduced from cDNA sequencing with precursor sequences of other legume lectins. The 
underlined regions show leader sequences, the red highlighted sequences show conserved regions, 
exclamation marks show metal-binding residues, broken lines show the sugar binding loops (letters 
A-E) and the green highlighted sequences show conserved regions that were used to design 
degenerate primers used with the gene specific N-terminal primer to try and amplify the full gene 
while the arrows show the direction of the primers. The blue sequence is the sequence obtained from 
protein sequencing.  
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4.3 Attempts to amplification of the full L. capassa lectin gene 
 


Attempts to amplify the full L. capassa lectin gene were done using two methods; Amplification 


from the genomic DNA and Genome Walking.  


 


4.3.1 Amplification from genomic DNA 


The Genomic DNA was successfully extracted from L. capassa fresh seeds (Figure 4.12). The 


eleven primer pairs used to amplify different regions on the L. capassa lectin gene successfully 


amplified the expected band sizes but also had a lot more band which resulted from non-specific 


binding of the primers on genomic DNA (Figure 4.13). The expected band sizes from each primer 


pair were recovered, ligated to the pTZ57R/T and propagated in E. coli. Sequencing of expected size 


inserts resultant from plasmid isolation and digestion resulted in inconclusive results when a basic 


alignment search was done against legume lectins.  
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Figure 4.12: Genomic DNA Extracted from L. capassa fresh seeds using the peqGold HP Plant 
DNA mini kit.  
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Figure 4.13: PCR products with Genomic DNA as a template. M: Marker, Lane 1: Expected band 
size: 252 bp, Lane 2: Expected band size: 381bp, Lane 3: Expected band size: 381bp , Lane 4: 
Expected band size: 269 bp, Lane 5: Expected band size: 441 bp , Lane 6: Expected band size, Lane 
7: Expected band size: 681 bp, Lane 8: Expected band size: 687 bp, Lane 9: Expected band size: 336 
bp, Lane 10: Expected band size: 336 bp and Lane 11: Expected band size: 252 bp).  
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4.3.2 Genome walking 


The cassette used in the genome walking experiments was recovered from the plasmid vector pMBE 


LCS2 by restriction enzyme digestion with Hind III and Eco RI restriction enzymes. Figure 4.14 


shows the skeleton plasmid and the released cassette sequence of almost 300pb. The cassette was 


then gel recovered and its purity checked on 1% agarose electrophoresis (Figure 4.15). 


 


 


Figure 4.14: Cassette released from pMBE LCS2 plasmid vector using a combination   
                      of Eco RI and Hind III  
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Gel 
recovered 
cassette


Figure 4.15: Gel recovery of the cassette released from pMBE LCS2 plasmid vector with Hind III 


and Eco RI restriction enzymes 


 
 
4.3.2.1 Genome walking PCR 
 


First round PCR was done using the Eco RI and Hind III DNA ligation mixtures as template and a 


single locus specific primer LCLSP-1 .This resulted in no visible DNA bands but the expected smear 


(Figure 4.16) due to the use of a single primer to produce single stranded PCR product. Single strand 


PCR’s are used to increase the amount of template in a reaction mixture with no visible bands when 


electrophoresed on agarose gels. Second round PCR was done using the primer pair LCLSP-2- CSP-


F3 for Hind III, LCLSP-2- CSP-R3 for Eco RI and the first round PCR products as template. This 
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resulted in a 700bp band for the Hind III reaction and a 1300bp band for the Eco RI reaction (Figure 


4.17). The focus was on bands higher than 500 bp as dictated by the L. capassa locus specific primer 


positions on the sequenced 5´ end of the gene and the fact that the sequenced 5´ end of the gene is 


342bp long. 


 


Figure 4.16: First round Genome Walking PCR using a single L. capassa locus specific primer 
LCLSP-1.The PCR reaction for Hind III and Eco RI ligates resulted in the expected smear Lane M: 
Marker, Lane 1 Hind III product and Lane 2: Eco RI product. 
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Figure 4.17: Second round Genome Walking PCR Lane M: Marker, Lane 1: Hind III product, Lane 
2: Eco RI product. The strong low molecular weight bands on both lanes were assumed to result 
from non-specific binding. 
 
 
Third round PCR was done using the second round PCR products as templates and primer pair 


LCLSP-2- CSP-F3 which resulted in the amplification of a 600 bp band for Hind III which was the 


expected reduction of the 700bp band and no amplification for Eco RI reaction with primer pair 


LCLSP-2- CSP-R3 for (Figure 4.18). The principle dictates that the third round PCR should result in 


a smaller fragment to the second round PCR because the second Round PCR product was used as 


template and nested primers were used   


 
 
Second round 
PCR product 
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Figure 4.18: Third round PCR reaction Lane M: Marker, Lane 1: Hind III product from primer pair 
LCLSP3- CSP-F2 and Lane 2: Eco RI product from primer pair LCLSP3- CSP-R2 
 


 


4.3.2.2 Vector ligation and screening 


The 700bp Hind III second round PCR, 600bp third round Hind III and 1300 second round Eco RI 


bands were gel recovered and ligated to the plasmid vector pGEM-T and propagated in E. coli. The 


presence of inserts was checked by PCR with M13 forward and reverse primers. Multiple variable 


sized PCR products were obtained   (Figure 4.19). 


 


 
Third round PCR 
Product 
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Figure 4.19: Screening of transformants by PCR with M13 forward and reverse primers. Lane M: 
Marker, Lanes 1-6 Second round Hind III PCR Product, Lanes 7-14 Third round Hind III product 
and lanes, 15&16 Eco RI second round PCR Product.  
 
 


4.3.2.3 Sequencing and gene analysis 


Samples from lanes 1,2,3,5,7,10,13,15 and 16 (Figure 4.19) were sequenced.  A 288 bp L.capassa 


lectin gene sequence was obtained from the Hind III samples (Figure 4.20). The gene sequence 


showed that the Hind III restriction enzyme cut within the L. capassa lectin gene and gave the gene 


sequence already obtained from the cDNA with minor differences. The deduced protein sequence 


was aligned to the deduced protein sequence of the 5 end of the gene obtained from cDNA cloning 


and showed only minor variations in the two sequences (Figure 4.21).  However, although the two 


sequences show high homology at the amino acid level the nucleotide sequence alignment (Figure 


4.22) showed a difference in codon usage.  
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5´ A   I   L   C   S   S   N   P   P   T   L   L    
  ggc tat cct ctg ctc atc aaa tcc tcc gac tct cct 
 L   V   I   F   T   A   F   L   L   L   L   A   R    
ttt agt cat att cac agc ctt cct tct ctt gtt ggc aag 
 G   V   N   S   A   Q   V   V   S   F   N   F   P    
ggg ggt gaa ctc agc aca agt agt ttc ctt caa ctt ccc 
 K   F   T   P   G   S   S   S   I   T   L   Q   G    
caa gtt cac ccc agg ttc atc aag cat aac cct cca agg   
 S   V   K   I   L   D   N   G   V   L   P   L   I    
cag tgt caa gat ttt gga caa cgg ggt ctt gcc aca aaa 
 N   R   E   N   P   Q   N   N   V   G   R   A   L    
caa cgt agg ccg tgc ctt gta ctc tac acc aat cta atc 
 Y   S   T   P   I   P   I   W   D   A   S   T   G    
aac cgt gaa aat cct tcc cat ctg gga cgc ctc cac agg 
 N   V   A   S   F   S   3´ 
caa cgt tgc aag ctt ctc  
 
Figure 4.20: Amino acid sequence and the corresponding nucleotide sequence of the  
                    Sequenced genome walking product.   
 
 


 
 
cDNA sequence           5´M   A   I   L   C   S   S   N   P   P   T   L   L   
Genome walking sequence       A   I   L   C   S   S   N   P   P   T   L   L  
                              !  
cDNA sequence                 S   V   I   F   T   A   F   L   L   L   L   A        
Genome walking sequence       L   V   I   F   T   A   F   L   L   L   L   A  
                                  ! 
cDNA sequence                 R   E   V   N   S   A   Q   V   V   S   F   N        
Genome walking sequence       R   G   V   N   S   A   Q   V   V   S   F   N    
                                  ! 
cDNA sequence                 F   T   K   F   T   P   G   S   S   S   I   T    
Genome walking sequence       F   P   K   F   T   P   G   S   S   S   I   T   
                                          !   !   
cDNA sequence                 L   Q   G   N   A   K   I   L   D   N   G    
Genome walking sequence       L   Q   G   S   V   K   I   L   D   N   G    
                                                          !   !  
cDNA sequence                 V   L   P   L   I   N   R   D   R   P   Q   N      
Genome walking sequence       V   L   P   L   I   N   R   E   N   P   Q   N        
 
cDNA sequence                 N   V   G   R   A   L   Y   S   T   P   I   P 
Genome walking sequence       N   V   G   R   A   L   Y   S   T   P   I   P 
                                              !    
cDNA sequence                 I   W   D   A   T   T   G   N   V   L   S   F       
Genome walking sequence       I   W   D   A   S   T   G   N   V   A   S   F 
                              !     
cDNA sequence                 V   T   S   F   S   F   V   I   E   D   V   K    
Genome walking sequence       S   -   -   -   -   -   -   -   -   -   -   -       
                              
cDNA sequence                 G   Y   D   P   A   D   3´ 
Genome walking sequence       -   -   -   -   -   - 
 


Figure 4.21: Manual alignment of the cDNA and Genome walking 5´ sequences of the L. capassa 
lectin gene. The two sequences show a high sequence homology with an exception of a few amino 
acids indicated by red exclamation marks.  
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5´    
 atg gct atc ctc tgc tca tca aat cct ccg act ctc ctt  
     ggc tat cct ctg ctc atc aaa tcc tcc gac tct cct 
  
tca gtc ata ttc aca gcc ttc ctt ctc ttg ttg gca aga gag  
ttt agt cat att cac agc ctt cct tct ctt gtt ggc aag ggg 
 
gtg aac tca gca caa gta gtt tcc ttc aac ttc acc aag ttc  
ggt gaa ctc agc aca agt agt ttc ctt caa ctt ccc caa gtt  
 
acc cca ggt tca tca agc ata acc ctc caa ggc aat gcc aag 
cac ccc agg ttc atc aag cat aac cct cca agg cag tgt caa    
    
att ttg gac aac ggg gtc ttg cca cta atc aac cgt gac agg  
gat ttt gga caa cgg ggt ctt gcc aca aaa caa cgt agg ccg  
 
cct cag aac aac gta ggc cgt gcc ttg tac tct aca cca att 
tgc ctt gta ctc tac acc aat cta atc aac cgt gaa aat cct 
   
ccc atc tgg gac gcc acc aca ggc aac gtt tta agc ttt gtc 
tcc cat ctg gga cgc ctc cac agg caa cgt tgc aag ctt ctc  
     
act tct ttc tct ttt gtc ata gag gat gtg aaa gga tac gac 
--- --- --- --- --- --- --- --- --- --- --- --- --- ---                             
            3´ 
cca gca gat 
--- --- --- 
 
Figure 4.22: Manual alignment of the cDNA (black sequences) and Genome walking 5´ (red 
sequences) DNA sequences of the L. capassa lectin gene. Although the protein sequence alignment 
(Figure 4.2.1) showed high homology between the two sequences, the nucleotide sequences show 
different codon usage.  
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CHAPTER 5: DISCUSSION 
 
 


 
5.1 Purification  and characterization 


5.1.1 Affinity chromatography  


Jourbert et al. (1986) and Ngara (2000) isolated and partially characterized the galactose specific 29 


and 45 kDa lectin subunits found in the seeds of the leguminous plant L. capassa. In the current 


study, initial investigations were done to verify the specificity of the L. capassa lectins and confirm 


the presence of both the galactose and mannose specific lectins in maturing L. capassa seeds as 


compared to mature seeds documented by Ngara (2000). It was important to also confirm the 


presence of the lectins in maturing seeds as legume lectins are predominantly found in mature seed 


with smaller quantities of lectins found in vegetative tissues such as nodules, roots, tuber and leaves 


(Goldstein and Hays, 1978). The presence of lectins in L. capassa fresh seeds had never been 


established. The current research focused on the reverse transcription of the mRNA from maturing 


seeds to fish out the galactose specific lectin genes. Maturing seeds instead of mature seeds were 


used as a source of mRNA as the lectin mRNA is only available during lectin biosynthesis in 


maturing cells.  


 
 
The presence of legume lectins in mature seeds as well as vegetative tissues such as leaves, stems 


and roots have been well documented in literature (Van Damme et al., 1995).  Affinity 


chromatography on a galactose-Sepharose column purified a lectin of 29 kDa similar to that found in 


mature seeds (Figure 4.1 and Figure 4.2).  This confirms the presence of a galactose specific lectin in 


seeds at this level of development. The current study is the first to show the presence of lectins in 


maturing L. capassa seeds.  All the L. capassa lectins previously isolated by Jourbert et al. (1986) 
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and Ngara (2000) from mature seeds were found in fresh L. capassa seeds (Figure 4.2). However the 


fresh seed crude protein extract gave a lower agglutination titer and protein concentration when 


compared to that of the mature seed. This result was expected and gives insight into the lectin 


synthesis as although the presence of active L. capassa lectins was detected in maturing seeds the 


lectin concentration increases as the seeds mature. This is attributed to continued lectin biosynthesis 


as the seeds mature a stage that is desirable for lectin mRNA isolation. The presence of legume 


lectins in mature seeds as well as vegetative tissues such as leaves, stems and roots have been well 


documented in literature (Van Damme et al., 1995). 


 


Comparison of the sugar inhibition assay of the fresh and mature seed fractions showed that both 


fractions were inhibited by mannose, methyl-α- Dmannopyranoside but the fresh seed fraction was 


also inhibited by thyroglobulin, glucose and maltose (Table 4.1).  


 


The progression of the research still relied heavily on proof that a 29 kDa galactose specific lectin is 


present in the seeds. Thus the presence of this lectin was then verified by western blot (Figure 4.4) 


using the mannose specific antibody serum previously raised against the mannose specific lectins. 


Non binding of the antibody to the 29 kDa lectin subunit while binding occurred on all the mannose-


specific lectins (including binding on the 28 kDa and 45 kDa lectin subunits of the mannose 


Sepharose fraction) as well as the lectin purification that was earlier done using galactose served as 


further confirmation that the 29 kDa galactose-specific lectin was indeed present in L. capassa seeds.  


These findings verify that L. capassa plant seeds investigated have a 28 kDa mannose specific lectin, 


a 29 kDa galactose specific lectin and also suggest that the 45 kDa lectin might be present in forms 


that have specificity for both mannose and galactose.  
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5.2 Protein sequencing 


Initial N-terminus sequencing of both the 29 kDA and 45 kDa galactose specific lectin subunits 


showed that the 45 kDa subunit was capped. A blast search of the N-terminal sequence (Table 4.2) 


of the 29 kDa against other legume lectins in the Swissprot database confirmed that the 29 kDA 


lectin is indeed from the leguminous family. This was concluded from the conserved regions of the 


29 kDa lectin and N-terminal sequences of other legume lectins such as Robinia pseudoacacia   bark 


lectin, a non seed lectin from Pisum sativum (pea), and the galactose specific peanut agglutinin 


(PNA) from Arachis hypogaea. Internal peptide sequences were obtained by Edman sequencing of 6 


peptides from the reverse phase HPLC of a tryptic digest of the 29 kDa lectin. Comparison of the 


MALDI spectra trypsin digest of the 29 kDa and 45 kDa resultant peaks showed peptides of similar 


sizes but different spectra. This may indicate the presence of conserved regions between the two 


lectin subunits (Figure 4.6). This may be attributed to the high sequence similarity found in legume 


lectins. Further subjection of the 29 kDa lectin subunit peptides to automatic Edman degradation 


resulted in amino acid sequences of the internal sequences (Table 4.19). These sequences where then 


used to design degenerate primers for the amplification of the 5´ end of the gene. 


 


5.3 Cloning and sequencing of the lectin gene 


The current study was set out to clone and sequence the 29 kDa lectin subunit so as to determine the 


molecular relationship between this lectin and other L. capassa lectins and known legume lectins 


using their primary structures. The confirmation of the presence of a 29 kDa galactose-specific lectin 


in maturing seeds and subsequent sequencing of peptides from its subunit facilitated the cloning and 


sequencing of the lectin gene in order to determine the molecular relationship between this lectin and 



http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3818�
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other sequenced legume lectins using their primary structures.  Cloning was carried out using the 


reverse transcription of mRNA.  


 


A 342 bp nucleic acid sequence was amplified by the 5´ RACE system. The amino 


acid sequence deduced from the nucleic acid sequence shows that the lectin gene 


starts with an ATG start codon followed by a signal sequence corresponding to 29 


amino acid residues. The signal peptide ends at the beginning of the N-terminal 


sequence that had the conserved amino acids of other legume lectins as 


documented from legume lectin sequence literature (Young and Oomen., 1992; Sharma 


and Surolia., 1997).  Alignment of the 114 amino acid sequence (5´ end sequence) with 


other galactose-specific legume lectin sequences shows significant sequence 


homology to Robinia pseudoacacia   bark lectin (50% sequence homology), a non seed lectin 


from Pisum sativum (pea) (50% sequence homology), and the peanut agglutinin (PNA) 


from Arachis hypogaea (40% sequence homology), with conserved regions found on 


other legume lectins as well as metal and sugar binding sites. The high sequence 


homology between the L. capassa seed lectin and the three legume lectins was  


expected since amino acid and nucleic acid sequence analysis have shown that the 


legume lectin sequences constitute a family of homologous proteins and that the 


lectin genes evolved from a common ancestral gene (Imbrie-Milligan et al., 


1989).  


 
5.4 Primary and 3D structure 
 
The L. capassa lectin sequences obtained through DNA and protein sequencing in this study showed 


the presence of the loop sequences of loop E (PQNNVG), loop A (EDVKGYDPAD) and parts of 


loop B (GSDGGYLGLXNPN) at positions consistent with other legume lectins as well as having the 


conserved amino acids responsible for binding metal ions; Asp in loop A and Ser in loop B (Young 
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and Oomen., 1992). Legume lectins have a high level of primary structure identity but present 


remarkable variations in carbohydrate binding (Gubaidullin at al., 2007; Imbrie-Milligan et al., 


1989). Studies done on the carbohydrate binding sites of legume lectins show that the variations in 


these domains are increased by the occurrence of both insertions and deletions of one or more amino 


acids in their carbohydrate binding sites but it is also worth noting that loop length of these 


carbohydrate binding sites is also essential for the affinity of a lectin to a certain carbohydrate 


(Gubaidullim et al., 2007; Baiymiev et al., 2001). X-ray crystallography studies to investigate the 


structural basis for selective sugar recognition and binding have revealed that the primary binding 


sites of leguminous lectins are located in the shallow groove on the surface of a well conserved 


structural fold (Loris et al., 2004; de Souza et al., 2003).   


 
 


The carbohydrate-binding site of legume lectins is a shallow depression on loops associated with the 


concave face of the seven-stranded curved beta-sheet. The loops consist of residues belonging to five 


polypeptide stretches, termed A to E according to Sharma and Surolia. (1997); (Loris et al., 2004; 


Young and Oomen., 1992; Sharma et al., 1998). These loops have differing degrees of variability 


and their conformation is determined by the presence of a structural calcium ion and a transition 


metal ion. The absence of the ions results in a local unfolding and loss of carbohydrate–binding 


capability (Loris et al., 2004).  


 


Sequence analysis of the alignment of L. capassa lectin sequence with lectin sequences from PNA, 


pea as well as the bark agglutinin showed consistency with literature whereby a general conservation 


and high sequence homology was observed in regions consistent with sequences of other legume 


lectins (Gubaidullin et al., 2006; Sharma and Surolia., 1997; Young and Oomen., 1992). Studies 
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show that the greatest variation in legume lectin sequences occurs in the region around the 


carbohydrate binding site but it is important to note that there are still few amino acid residues that 


are highly conserved within this site and are responsible for monosaccharide binding (Gubaidullin et 


al., 2006; Young and Oomen., 1992). This was observed on the sequences of loops A and B of the 


current study (Figure 4.12) where the conserved amino acids (Pro and Asp in loop A as well as Ser 


in loop B) were found within these sites. These results are consistent with the observations made by 


Young and Oomen (1992) on the structural variability analysis on 12 legume lectins where the 


greatest variability on legume lectin sequences was shown to occur in the region around the 


carbohydrate binding site.  


 


Plant lectins are subdivided into five groups based on their most potent monosaccharide inhibitor. 


The lectins are then classified as one of the following D-mannose/ D-glucose, D-galactose/ N-


Acetyl-D-galactosamine, N-Acetyl-D-glucosamine, L-fucose and and N-acetylnearaminic binding 


lectins (Olivereira and Vasconcelos., 2004; Sharma and Surolia., 1997; Sharma et al. 1998). Thus 


depending on the specificity towards a given monosacharides the lectin will selectively bind to one 


of the above mentioned sugars (Olivereira and Vasconcelos., 2004). In Gal/GalNAc binding the 


primary interactions of galactose orient the pyranonose ring such that the C2-OH faces loop C, 


which exhibits considerable variation in size and sequence (Sharman et al., 1998). The size of this 


loop varies by up to two residues and influences the binding in such a way that lectins with shorter 


loops recognize GalNAc with higher affinities than those with longer loops such as the PNA lectin 


which is a galactose specific lectin that does not have affinity for GalNAc and whose crystal 


structure is known and documented (Sharma et al., 1998). Sharman et al. (1998) attributes the PNA 


lectin’s inability to bind GalNAc to the longer C loop as well as the Glu residue at position 129. The 
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C loop sequence of L. capassa was unfortunately not obtained from the current study but the sugar 


inhibition studies (L. capassa was not inhibited by N-acetylgalactosamine), the lectin purification by 


affinity chromatography on a galactose sepharose column and successful elution with 0.2M 


galactose, as well as the high sequence homology observed on the L. capassa sequence alignment 


with the sequence of PNA (Figure 4.11) allows the deduction that the sequence of the 29 kDa  L. 


capassa lectin subunit may also have a longer C loop sequence.  


 


Attempts to amplify the full gene using the two methods: Amplification from the genomic DNA and 


genome walking were unsuccessful. Amplification from the genomic DNA gave inconclusive results 


while the Genome walking methods which relies on the over digestion of genomic DNA with 


restriction enzymes, ligation of the restricted DNA to the cassette ultimately resulting in walking 


into unknown regions in the genome (Nthangeni et al., 2005) successfully amplified 288 bp (Figure 


4.20) of the 342 bp (Figure 4.10) sequence already obtained through the 5´ RACE system. Although 


genome walking with Hind III and Eco RI restriction enzymes did not result in the amplification of 


the full gene, it proved that the 5´ end of the gene already sequenced from the cDNA is the correct 


sequence for the 29 kDa galactose specific L. capassa lectin. This is evident from the high sequence 


homology observed on the manual amino acid alignment (figure 4.21) of the two sequences This 


also provides further proof to the presence of a galactose specific gene in L. capassa seeds, however 


the different codon usage of the two sequences as observed in figure 4.22 may suggest the presence 


of more than one galactose specific lectin gene in the seeds.  . 
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CHAPTER 6: CONCLUSION 


 


The current study aimed to clone and sequence the 29 kDa galactose-binding lectin subunit to 


determine the molecular relationship between this lectin and other sequenced legume lectins using 


primary structures. Also, since the L. capassa seeds contain at least 3 lectins, comparison of 


sequences of the galactose lectin and sequences of the other two lectins would provide an insight 


into the biosynthesis. A partial sequence of the 29 kDa galactose specific lectin was sequenced and 


aligned to other legume lectins. The sugar binding properties, conserved regions as well as sugar 


binding and metal binding sites gave significant insight into the primary structure of the lectin. Due 


to the inability to obtain the full sequence, the relationship between this lectin and other legume 


lectins could not be fully analyzed. For instance crystal structures show that one of the distinguishing 


factors between Man/Glc and Gal/galNAc binding lectins is the size of loop D which could not be 


obtained in this study. The variations in the length of the loops are said to change the structure of the 


binding site without influencing the overall three dimensional structure (Gubaidullin et al., 2007). It 


would have been of great interest to observe the D loop of the L. capassa lectin. Sharma and Surolia. 


(1997)  also showed that the classification of legume lectins based on the sequence analyses of 


carbohydrate binding loops shows a correlation between the length of loop D and monosacharide 


specificity as well as the size variations of loop C. 


 


Although significant information is reported on the partial sequence in this study the information 


was obtained through deduction from literature on galactose specific lectin whose three dimensional 


structures are known and from sequence alignment with other legume Lectins. It will thus be very 
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important to sequence the entire protein, align the protein to a wide range of legume lectins with 


different specificities and predict the three dimensional structure of the protein. This would allow the 


determination of the relationship between this lectin and other legume lectins. It would be of interest 


to also perform similar studies on the rest of the L. capassa lectins which might eventually provide 


information into the biosynthesis and the relationship between these lectins. 
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CHAPTER 7: RECOMENDATIONS 


 


Cloning and sequencing of the full galactose specific lectin gene by using the genome walking 


technique. But the restriction enzyme limitations on the cassette experienced in this study would 


have to be addressed first. Genome walking employs the use of primers designed from restriction 


sites engineered into the cassette. The number and specific restriction enzyme sites on the cassette 


produced limitations in the number of restriction enzymes that can be used to restrict the genome. In 


order for the Genome walking cassette used in this study to be used to clone the full gene new 


restriction enzyme sites would have to be introduced into the cassette. 
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ABSTRACT 


A 29 kDa lectin that shows specificity for galactose was isolated from Lonchocarpus capassa 


seeds by a combination of ammonium sulphate precipitation and affinity chromatography on a 


galactose-sepharose column.  The 29 kDa lectin subunit co-purified with a 45 kDa subunit.  


The N-terminal sequence of the 29 kDa subunit showed homology to other legume lectins 


while that of 45 kDa subunit was capped. A 360 bp fragment was amplified using degenerate 


primers designed from internal protein sequences of the 29 kDa subunit and a 5´ RACE system 


primer. The cDNA fragment was cloned into pTz57R/Tvector and transformed into E. coli. 


The partial amino acid sequence of the lectin subunit was deduced from the nucleotide 


sequence of the clone. The 360 bp fragment consisted of 342 bp sequence coding for the start 


codon, leader sequence, N-Terminal sequence and sequences of the 79 amino acids from N-


terminus. Comparison of the deduced amino acid sequence with other legume lectins showed 


regions of sequence homology with precursor sequences of Robinia pseudoacacia   Bark 


lectin, a non seed lectin from Pisum sativum (pea), and the galactose specific peanut agglutinin 


(PNA) from Arachis hypogaea. Alignment of these sequences showed conserved regions 


including the metal binding sites found in all legume lectins. The 5´ end DNA sequence was 


used to design locus-specific primers which were used with genome walking cassette primers 


in an attempt to amplify the full L. capassa lectin gene. The cassette primers were designed 


from restriction enzyme sites on the cassette. Of all the restriction enzymes on the cassette 


Hind III and the L. capassa gene-specific primers amplified 288 bp of the 342 bp sequence 


already obtained from sequencing of the cDNA sequence with minor amino acid differences. 


Although the full lectin sequence was not obtained the study confirmed the presence of a 


galactose-specific lectin in L. capassa seeds. 
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